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A . Electron Capture Collisions 

H + H  - > H . + H t +  . . . . . . . . . . . . . . . . . . . . . . . .  
H + H z  -> H- + H z  . . . . . . . . . . . . . . . . . . . . . . .  
H + He -> H- + He' . . . . . . . . . . . . . . . . . . . . . . .  
H + L i  -> H -  + Li* . . . . . . . . . . . . . . . . . . . . . . .  
H + H . - >  H . + H  . . . . . . . . . . . . . . . . . . . . . . . .  
Ht + 
Ht + 
Ht + 

Ht + 
Ht + 
Hf + 

H+ + 

H+ + 
H+ *. 
H t  + 

H - 3 1 1 + H H 1  . . .  
H e  -> H + ~ e +  . . 
H e  -> H- + H e 2 +  
~i -> H + Lit . . 
H- -> H- + Ht . .  

R z - > H  . . . . .  
H 2 - > W -  . . . . .  

w- -> 2H . . . .  
H e +  -> a(He2+ Total) 
H e +  -> H + H e 2 +  
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+ H -> H 2  + HI . . . . . . . . . . . . . . . . . . . . . . .  

H Z +  + H e  -> H2 + H e +  . . . . . . . . . . . . . . . . . . . . . .  
H~'(u) + H 2 - > H 2  . . . . . . . . . . . . . . . . . . . . . . . .  
tie+ + N -> ~e + H +  . . . . . . . . . . . . . . . . . . . . . . .  
H e +  + H- -> H e  + H . . . . . . . . . . . . . . . . . . . . . . .  
H e +  + H2 -> H e  . . . . . . . . . . . . . . . . . . . . . . . . .  
H e '  + H e  -> R e  + H e '  . . . . . . . . . . . . . . . . . . . . . .  
H e +  + L i  -> H e  + Lit . . .  : . . . . . . . . . . . . . . . . . .  

: ; ' + H z - > H 2  . . . . . . . . . . . . . . . . . . . . . . . . .  

H e +  + He' -> H e  + He2'  . . . . . . . . . . . . . . . . . . . . .  
H e 2 +  
H e 2  + 

H e 2 +  
H e 2 +  
H d +  
H e 2 +  
He2+ 
He2+ 
He2+ 

+ H e +  -> H e +  + H e 2 + ( P a x t i a l  & 

+ H -> H e +  + H +  . . . . . .  
+ H~ -> tie+ . . . . . . . .  
+ H~ -> He . . . . . . . . .  
+ H e  . 2. H e +  + He+ . . . . .  
f H e  -> H e  + H e Z t  . . . . .  
+ ~i -> H e  + L i z +  . . . . .  

+H.. > H e + + H  . . . . . .  

+ L i  -> H e +  + Lit . . . . .  
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B . Electron Capture into Excited States 

Ht t H . .  > I i ( Z s )  + H t  . . . . . . . . . . . . . . . . . . . . . .  
H+ + H -> H(2p) + H+ . . . . . . . . . . . . . . . . . . . . . .  

H+ + H~ -> ~ ( ~ p ~ a n - a  T O ~ E I ~ )  . . . . . . . . . . . . . . . . . . .  
H* t H? -> H(Aalmer-a) . . . . . . . . . . . . . . . . . . . . .  
Ht + H2 -> H(Ba1mer-B) . . . . . . . . . . . . . . . . . . . . .  

H+ + H2 -> H(2s) . . . . . . . . . . . . . . . . . . . . . . . .  
H+ + H2 -> H(2p) . . . . . . . . . . . . . . . . . . . . . . . .  

H+ + H2 -> H(3s) . . . . . . . . . . . . . . . . . . . . . . . .  
€I+ + Hz -> H(3p) . . . . . . . . . . . . . . . . . . . . . . . .  
H + + H 2 - > H ( 3 d )  . . . . . . . . . . . . . . . . . . . . . . . .  
Ht + He -> H(2s) + He+ . . . . . . . . . . . . . . . . . . . . .  
H+ + He -> H(2p) + He' . . . . . . . . . . . . . . . . . . . . .  
Hi + ~e -> H(Balmer-il) + He+ . . . . . . . . . . . . . . . . . .  
Ht -1- He -> H(3p) + He+ . . . . . . . . . . . . . . . . . . . . .  
€1' + L i  -> ~ ( 2 s )  + Li+ . . . . . . . . . . . . . . . . . . . . .  
H+ + Li -> ~ ( 2 p )  + L i t  . . . . . . . . . . . . . . . . . . . . .  
H+ + Li -> H(3s) + L i t  . . . . . . . . . . . . . . . . . . . . .  
Ht + L i  -> H(3p) + L i t  . . . . . . . . . . . . . . . . . . . . .  

Hi + He -> H(3s) + He+ . . . . . . . . . . . . . . . . . . . . .  
Ht + He -> H(3d) + He+ . . . . . . . . . . . . . . . . . . . . .  

H+ + L i  -> H(3d) + Lit . . . . . . . . . . . . . . . . . . . . .  
He+ + H2 -> H(2'S + 23S) . . . . . . . . . . . . . . . . . . . .  
He' + H2 -> He(2'P) . . . . . . . . . . . . . . . . . . . . . . .  
He+ + H2 -> He(3'P) . . . . . . . . . . . . . . . . . . . . . . .  
He+ + H2 -> He(x = 447.1 nni) . . . . . . . . . . . . . . . . . .  
He' + H2 -> He(x = 587.6 nin) . . . . . . . . . . . . . . . . . .  
He+ + He -> He(2'S + 2%) + He+ . . . . . . . . . . . . . . . . .  
We+ + He -> He(2'P) + He' . . . . . . . . . . . . . . . . . . . .  

He+ + He -> He(3lD) + He' . . . . . . . . . . . . . . . . . . . .  
He+ + He -> H E ( ~ ~ S )  + He+ . . . . . . . . . . . . . . . . . . . .  

He+ t H~ -> He(x = 667.8 nm) . . . . . . . . . . . . . . . . . .  

He+ + He -> IIe(3lS) + He' . . . . . . . . . . . . . . . . . . . .  
He+ + He -> He(3'P) + Het . . . . . . . . . . . . . . . . . . . .  

He+ -I He -> He(33P) + He+ . . . . . . . . . . . . . . . . . . . .  
He+ t He -> He(3%) + He+ . . . . . . . . . . . . . . . . . . . .  
He+ + He -> He(4lS) + He' . . . . . . . . . . . . . . . . . . . .  
He+ d- He -> He(4lP) + He+ . . . . . . . . . . . . . . . . . . . .  
He+ + He -> He(4'D) + He+ . . . . . . . . . . . . . . . . . . . .  
He+ + He -> Hc?(~~P) + He' . . . . . . . . . . . . . . . . . . . .  
He+ + He -> He(43D) + He+ . . . . . . . . . . . . . . . . . . . .  
He+ + Li -> He(58.4 mi) + L i t  . . . . . . . . . . . . . . . . . .  

He+ + He -> He(43S) + He+ . . . . . . . . . . . . . . . . . . . .  

He' + L i  -> He(53.7 nm) + Lit . . . . . . . . . . . . . . . . . .  
He2+ + H -> He+(2s) + H+ 
He2+ + H -> He+(2p) + H+ 
He2+ + H -> Het(Lynian-a) 
He2' -I- H -> He+(Lynian-B) 
He2+ -+ H -> He+(Lynian-r) 
He2' + H -> Het(Baliner-a) 
He2+ + H -> He+(3p) + H+ 
He2+ + H -> Het(3s+3d) + 
H@~+ + H -> ~e+(4p) + H+ 
He2+ + H2 -> He'(2s) . 
He2+ + H2 -> He'(2p) . 
He2+ + H2 -> He+(Lyman-a) 
He2+ + H2 -> Hef(Lyman-8) 

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
t H+ . . . . . . . . . . . . . . . . . .  
+ H C  . . . . . . . . . . . . . . . . . .  
+ H +  . . . . . . . . . . . . . . . . . .  
+ w +  . . . . . . . . . . . . . . . . . .  

M +  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

8-2 
D-8 
B-14 
B-14 
8-16 
B-18 
B-18 
B-20 
B-20 
8-20 
8-22 
B-28 
D-34 
R-40 
8-46 
B-52 
D-58 
8-58 
A-60 
13-60 
B-60 

8-62 
B-64 
B-64 
H-66 
B-66 
8-66 
8-68 
B-74 
B-80 
A-80 
8-80 
8-82 
B-82 
B-82 
B-84 
B-84 
R-84 
B-86 
B-86 
8-86 
8-88 
B-88 

B-90 
R-96 
8-102 
B-102 
8-102 
R-1.02 
8-104 
B-104 
13-104 
B-106 
6-106 
8-108 
E-108 
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B . E l e c t r o n  C a p t u r e  i n t o  E x c i t e d  States (Cont'dl 

H e 2 +  
we2+ 

H e 2 +  
H e 2 +  
H@2+ 

H e 2 +  
He2+ 
He2 + 

He2+ 
H d +  
H e z t  
H@2+ 

H e 2 +  
ne2+ 
He2+ 

He2' 
He2+ 

He2'  

+ H2 -> He+(Lynian-r)  . . .  
+ H2 -> He+(Balmer-=) . . .  
+ H2 -> Het(36+3d) . . . .  
+ H2 -> Ht?+(4P) . . . . .  
+ H e  -> He'(2s) + H e +  . .  
+ L i  -> ~e+(2p) + L i t  . .  
+ L i  .-9 ~e+(3p) + L i t  . .  
+ L i  -> ~e+(4p) + L i t  . .  
f L i  -> HE?+(33i3cl) + L i t  . 
+ L i  -> ~ e + ( 4 ~ + 4 d )  + L i t  . 
+ L i  -> He+(Lyman-=)  + L i t  
+ L i  -> He'(Lyn1an-6) t L i t  
+ L i  -> H e t ( L y n a n - r )  + ti' 
+ L i  -> He'(Ba1mer-a)  + L i t  
+ L i  -> H e + ( 8 a l m e r - e )  + Lit 
t L i  -> He'(Ba1nter-T) + ] L i t  
+ Li -> H e + ( B a l m e r - o )  + L i t  

+ H2 -> He+(3p) . . . . .  
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C . E x c i t a t i o n  and Spectral L i n e  Emission 

8-108 
8-108 
8-110 
8-110 
B-llQ 
0 - 1 1 2  
8-118 
E-118 
8-118 
R - 1 1 8  
W-118 
B-120 
8 - 1 2 0  
B-120 
B-122 
R-122 
8 - 1 2 2  
8 - 1 2 2  

H + H - > H ( 2 S )  . . . . . . . . . . . . . . . . . . . . . . . . .  C-2 
- > P 1 ( 2 p )  . . . . . . . . . . . . . . . . . . . . . . . . .  C-2 
->H(3S) . . . . . . . . . . . . . . . . . . . . . . . . .  c-4 
->H(3p) . . . . . . . . . . . . . . . . . . . . . . . . .  C-4 

-> H ( B a l m e r - a )  . . . . . . . . . . . . . . . . . . . . . .  C-4 
- > H ( 3 d )  . . . . . . . . . . . . . . . . . . . . . . . . .  C-4 

H + HZ -> 
-> 
-> 
-> 
-> 
-> 
-> 
-> 
-> 
-> 
-> 

H ( 2 r ; )  [projectile] . . . . . . . . . . . . . . . . . .  
H ( 2p ) [ pxoject i l e  ] . . . . . . . . . . . . . . . . . .  
( 2 s )  [ t a r g e t ]  . . . . . . . . . . . . . . . . . . . . .  
( P p )  [ t a r g e t ]  . . . . . . . . . . . . . . . . . . . . .  
(Lynian-a) . . . . . . . . . . . . . . . . . . . . . . .  
H(3p+3d) . . . . . . . . . . . . . . . . . . . . . . .  
H (  B a l m e r - a )  . . . . . . . . . . . . . . . . . . . . . .  
H(4 i ; )  . . . . . . . . . . . . . . . . . . . . . . . . .  
pI(4p+4d)  . . . . . . . . . . . . . . . . . . . . . . .  
H( Balmer-8) . . . . . . . . . . . . . . . . . . . . . .  

H ( 3 S )  . . . . . . . . . . . . . . . . . . . . . . . . .  

c-6 
C- 6 
C-6 
C-6 
C-8 
C-10 
C-10 
c - 1 2  
C-14 
c-14 
C- 14 

H ( 2 6 )  + H2 -> H(Lyman-n) . . . . . . . . . . . . . . . . . . . .  C-16 

-> H ( B a l m e r - a )  . . . . . . . . . . . . . . . . . . .  C-18 

H ( 2 6 )  + H e  -> H ( L p a n - a )  . . . . . . . . . . . . . . . . . . . .  C-20 

-> m( Balltier.. a) . . . . . . . . . . . . . . . . . . . .  C-22 

- > H ( ~ s )  . . . . . . . . . . . . . . . . . . . . . .  C-18 

->H(3S) . . . . . . . . . . . . . . . . . . . . . . .  e-22 
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-> 
-> 
-> 
-> 
-> 
-> 
-> 
.-> 
-> 
-> 

U ( Lyman-= ) . . . . . . . . . . . . . . . . . . . . . .  
H ( 2 S )  . . . . . . . . . . . . . . . . . . . . . . . . .  
H ( 2 p )  . . . . . . . . . . . . . . . . . . . . . . . . .  
H ( 3 S )  . . . . . . . . . . . . . . . . . . . . . . . . .  
H(3p) . . . . . . . . . . . . . . . . . . . . . . . . .  
H(3d) . . . . . . . . . . . . . . . . . . . . . . . . .  
H ( B a l m e r - 8  ) . . . . . . . . . . . . . . . . . . . . . .  
H(4s) . . . . . . . . . . . . . . . . . . . . . . . . .  
H( 4 p t 4 d )  . . . . . . . . . . . . . . . . . . . . . . .  
~ e 1 3 ' ~ )  . . . . . . . . . . . . . . . . . . . . . . . .  

H( 3p+3d) . . . . . . . . . . . . . . . . . . . . . . .  
H ( 8 a l m e r - a )  . . . . . . . . . . . . . . . . . . . . . .  
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C-32 
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C - 3 6  
C-36 
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H + He .. > 
-> 
-> 
-> 
-> 
-> 
.. > 
-> 

He(33~) . . . . . . . . . . . . . . . . . . . . . . . .  
He(3%! . . . . . . . . . . . . . . . . . . . . . . . .  
He(4'S) . . . . . . . . . . . . . . . . . . . . . . . .  
I I ~ ( ~ ' P )  . . . . . . . . . . . . . . . . . . . . . . . .  
He(4'D) . . . . . . . . . . . . . . . . . . . . . . . .  
H E ? ( ~ ~ S )  . . . . . . . . . . . . . . . . . . . . . . . .  
He(43P) . . . . . . . . . . . . . . . . . . . . . . . .  
He(43D) . . . . . . . . . . . . . . . . . . . . . . . .  

Ht d- H -> M(26) . . . . . . . . . . . . . . . . . . . . . . . . .  
-> H(2p) . . . . . . . . . . . . . . . . . . . . . . . . .  
-> H(n=2) . . . . . . . . . . . . . . . . . . . . . . . .  
-> H(n=3) . . . . . . . . . . . . . . . . . . . . . . . .  
-> H(n=4) . . . . . . . . . . . . . . . . . . . . . . . .  

H t + H ~ - > H t + H ( 2 ~ )  + H  . . . . . . . . . . . . . . . . . . . .  
-> H+ + H(2p) t H . . . . . . . . . . . . . . . . . . . .  
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-> H ( B a l m s r - 8  1 . . . . . . . . . . . . . . . . . . . . .  
-> H (Bal.mer-7 1 . . . . . . . . . . . . . . . . . . . . .  
-> H2 ( Lynian-Band) . . . . . . . . . . . . . . . . . . . .  

-> H ( t y i n a n - a )  . . . . . . . . . . . . . . . . . . . . . .  

.. > H2 ( Lyman-Band) . . . . . . . . . . . . . . . . . . . .  
H+ + He -> He(2'S) 

-> He(2lP) 
-> He(2lS i- 
.-> He(3lS) 
-> He(3lP) 
-> He(3'D) 
-> He(4lS) 
-> ~ e ( 4 l ~ )  
-> He(4'D) 
-> v.u.v.(20 

. .  . .  
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FOREWORD 

The Controlled Fusion Atomic Data Center (CFADC) was 
founded informally at Oak Ridge National Laboratory by Clarence. 
F. Barnett in 1959, and was officially established six years 
later. The continuing mission of the CFADC is to identify, 
compile, evaluate and recommend data on atomic and molecular 
collision processes which are important in fusion energy 
research. "Barney" dedicated much of his professional career to 
the promotion of effective scientific communication between the 
atomic and fusion research communities, and was still actively 
engaged in this mission at the time of his death in 1989. This 
"Redbook" volume represents a major part of his continuing 
professional efforts during the years following his formal 
retirement from ORNL in 1985. Barnett's insights, guidance and 
dedication to this mission will be sorely missed by the CFADC 
and by the fusion research community. 

Ronald A .  Phaneuf 
Hamilton T. Hunter 
M. Imogene Kirkpatrick 
David H. Crandall (DOE) 

This photo is from his "official" retirement in 1985. His 
spirit will continue to encourage us in the future. 
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ABSTRACT 

This report provides a handbook of recommended 
cross-section and rate-coefficient data f o r  inelastic 
collisions between hydrogen, helium and lithium atoms, 
molecules and ions, and encompasses more than 400 
different reactions of primary interest in fusion 
research. Published experimental and theoretical data 
have been collected and evaluated, and the recommended 
data are presented in tabular, graphical and 
parametrized form. Processes include excitation and 
spectral line emission, charge exchange, ionization, 
stripping, dissociation and particle interchange 
reactions. The range of collision energies is 
appropriate to applications in fusion-energy research. 





This volume contains recommended cross-section and rate- 
coefficient data for inelastic collisions between hydrogen, 
helium and lithiurn atoms, molecules and ions, and encompasses 
383  different reactions of primary interest in fusion research. 
Published experimental and theoretical data have been collected 
and evaluated, and the recommended data are presented in 
tabular, graphical and parametrized form. Inelastic processes 
include excitation and spectral-line emission, charge exchange, 
ionization, stripping, dissociation and particle interchange 
reactions. Emphasis has been given to the range ~f collision 
energies appropriate to diagnostic and modelling applications in 
fusion-energy research. 

The data which form the basis for this volume of 
recommended data are those which were available as of September 
1988. The bibliographic files of the O W L  Controlled Fusion 
Atomic Data Center provided the lists of references for this 
volume. In the vast majority of cases, the numerical data were 
obtained from the original publications, either from tables 
where available, or from figures using a precision graphical. 
digitizer system. The m s  uncertainty associated with the 
digitization system was determined t o  be less than 2%. 

The recommended data in this compilation are based almost 
exclusively on experimental data. Theoretical data have been 
considered when it was desirable to extend the measurements to 
higher or lower collision energies, and also f o r  a few important 
reactions where experimental data were unavailable. Specific 
references to the literature and notes are presented for each 
reaction, along with an estimated uncertainty in the recommended 
cross section. The latter was determined from uncertainties 
quoted in the original data sources, and also from the 
consistency of the data when mare than one source was available. 
To determine the recommended cross sections in the latter case, 
relative weightings were made an the basis of the reliability of 
the different experimental methods used. In some cases, 
possible effects on the measurements due to other competing 
processes were also considered in determining the recommended 
cross section and its estimated uncertainty. For some 
reactions, it was not possible to estimate an uncertainty. In 
all cases, the estimated accuracies of the recommended data are 
believed to have been conservatively estimated, and are intended 
to represent upper limits. 

Reaction rate coefficients have been calculated from the 
recommended cross-section data where appropriate for fusion 
applications, and where the energy range of the avaPlab9e data 
permits. These are based on Maxwellian velocity distributions 
for each reactant, where each may be characterized by a 
different temperature, and also for the case of a monoenergetic 



(neutral) beam interacting with a Ma ellian distribution. The 
temperature ranges for the calculated rate coefficients are 
constrained by the energy range over which cross-section data 
are available. The tabulated values for the rate coefficients 
have been flagged in those temperature ranges where the limited 
energy range a f  the data appreciably influences their accuracy. 

For convenience, least-squares Chebyshev polynomial fits to 
the recommended cross-sections and rate coefficients are pre- 
sented for each reaction. These polynomial flts are indicated 
graphically, and a statement is made concerning the accuracy of 
each fit to the recornended data. Practical details on the 
least-squares fits and sample computer programs for rapidly 
generating the reco ended cross sections and rate coefficients 
from the fitting coefficients are presented in Appendix 1. 

F o r  further ease of retrieval arid application of the recom- 
mended cross-section data, a PC-DOS formatted diskette has been 
prepared and is available for distribution. Included on this 
diskette are data files with the Chebyshev fitting coefficients 

reaction encoded in W D I N  along with a copy 
of the ALAaDIN program (written in FORTRZaN-77). The MADDIN 
program and data files may also be conveniently transmitted by 
electronic mail. Further details about ALMDIN are presented in 
Appendix 2, along with samples of the data entries from each 
chapter. Information about how to obtain the program and data 
files for this and other compilations may also be found in 
Appendix 2. 

1. 

2. 

R .  A. NuPse, "The ALADDIN Atomic Physics Database System,Ii  
pp- 63-72 in Atomic Processes in Plasmas, AIP Conference 
Proceedings 206, ed. Y. K. Kim and R. C, Elton, AIP, New 
York, 1990. 

ALADDIN Manual, A System for Storase, Exchanse and Manacle- 
ment of Atomic and Molecular Data for Fusion, IAEA-NDS-BM- 
17, Atomic and Molecular Data Unit, Nuclear Data Section, 
International Atomic Energy Agency, Vienna, June 1989. 









A- 2 

Energy 

(ev/amu) 

2 .OE+03 
4.OE+03 
7.OE+03 
l.OE+OQ 
1.6E+04 

2.0E+04 
3.1E+04 
4.OE+04 
7.OE+04 
7.3E+04 

E l e c t r o n  Cap tu re  Cross  S e c t i o n s  f o r  

H + H -> H- i H+ 

Ve loc it y 

(cm/s) 

Cross  S e c t i o n  

(cm2) 

1.566-18 
3.64E-18 
7.63E-18 
1.18E-17 
1.633-17 
1.55E-17 
9.98E-18 
5.586-18 
1.483-18 

1.373-18 

Refe rences :  33, 34, 396 

Accuracy: E < 8x103 eV/amu - 50%; E > 8x103 eV/amu - 20% 
For e n e r g i e s  less t h a n  8x103 eV/amu l a r g e  d i s c r e p a n c i e s  e x i s t  between t h e  data. 

For a Chebyshev f i t  of t h e  above c r o s s  s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  pa rame te r s .  

E m i n  = 2.QE+03 eV/amu, Emax = 7.3E+04 eV/amu 

Chebyshev F i t t i n g  Pa rame te r s  f o r  C r ~ s s  S e c t i o n s  

A0 A1 A2 A3 A4 A5 A6 A7 A8 

-79.9637 .00368622 -1.08628 v.302134 .0745111 .148356 -.0426883 .0535533 -.0289283 

The f i t  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n s  wi th  an rms d e v i a t i o n  of 1 . 0 % .  

The maximum d e v i a t i o n  is 2.0% a t  2.0Ei04 eV/amu. 

See appendix f o r  Chebyshev f i t r  d e t a i l s .  



A-3 

._.. ... .. 

H + H ->H- + Ht 

Cross Section vs. Energy 

10-’6r I I 1 1 1 I I l l  I 

io3 1 0’ 1 o5 
Energy (eV/awiu> 



A-4 

Electron Capture Rate Coefficients for 
H + H -> H- + H+ 

H 
Temp. Equal 

(ev) Temp. 

1.96E-14 
2.57E-12 
3.36E-11 
1.29E-LO 
2.58E--10 
7.64E-LO 
1.463-09 
I. 72E-09 
1.65E-09 
1.14E-09* 

Maxwellian - Maxwellian Rake Coefficients (crn3/s) 

1000 .  

7.56E-11 
9.22E-11 
1.29E-10 
1.90E-10 
2.58E-10 
5.10E-10 
9.91E-IO 
1.463-09 
1.66E-09 
1.63E-09 

2000. 

2.82E-10 
3.0 6E-10 
3.56E-10 
4.32E-10 
5.10E-10 
7.643-10 
1.18E-09 
1.55E-09 
1.7 OE-09 
1 ..60E-09 

Accuracy: * - Possible Error Greater Than 
** - Possible Error Greater Than 

H Temp. (eV) 
5000. 10000. 12000. 

1.01E-09 
1.03E-09 
1.07E-09 
1.13E-09 
1.18E-09 
1.3 4E-0 9 
1.556-09 
1.7UE-09 
1.7213-09 
1.52E-09 

10% 
100% 

1.62E-09 
1.63E-09 
1.64E-09 
1.65E-09 
1.66E-09 
1.70E-09 
1.72E-09 
1.7 1E-0 9 
1.65E-09 

1.38E-09 

1.70E-09 
1.70E-09 
1.71E-09 
I. 7 1E-09 
1.72E-09 
1.723-09 
1.72E-09 
1.67E-09 
1.60E-09 
1.33E-09 

15000. 

1.72E-09 
1.72E-09 
1.723-09 
1.72E-09 
1.72E-09 
1.71E-09 
1.67E-09 
1.60E-09 
1.52E-09 
1.26E-09* 

20000. 

1.65E-09 
1.65E-09 
1.64E-09 
1.63E-0 9 
1.63E-09 
1.60E-09 
1.55E-09 
1.47E-09 
1 .3 8 E --0 9 
1.14E-09* 

Note: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 1.OE+02 eV, Emax = 2.OE+04 eV 

Chebyshev-Fitting Parameters for Rate Coefficas 
H 
Temp. 

(ev) A0 A1 A2 A3 A4 A5 A6 

1000.  -4.34136E+01 1.77058E+00 -2.19086E-02 -2.545393-01 -5.12704E-02 1.82644E-02 9.128153-03 
2000. -4.22141E+01 l.O2952E+OU 3.42057E-02 -1.66830E-01 -5.60021E-02 5.86271E-03 8.15346E-03 
5000. -4.09368E+01 2.82198E-01 -5.96305E-03 -7.32604E-02 -3-541913-02 -5.057273-03 2.39134E-03 
10000. -4.04860E+01 -3.08846E-02 -5.68396E-02 -4.3428OE-02 -1.90470E-02 -4.61028E-03 -1.80695E-05 
12000. -4.04639E+01 -7.77066E-02 -6.689058-02 -3.99404E-02 -1.61322E-02 -3.99466E-03 -2.040423-04 
15000. -4.04949E+01 -1.183253-01 -7.60484E-02 -3.69771E-02 -1.33535E-02 -3.24675E-03 -2.69603E-04 
20000. -4.06294E-tOl -1.47825E-01 -8.236143-02 -3.42640E-02 -1.08621E-02 -2.44826E-03 -2.60694E-04 

Equal Temp. -4.70326E+01 4.8962lE+OO -2.27782E+OO 4.670428-01 -2.66936E-01 1.22082E-01 -1.65425E-02 

See appendix for Chebyshev fit details. 
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H + H ->H- + H" 

Maxweilian - Muxwelliun 

. .  

Q X5000. 

?4 = 10000. 

(33 = 12000. 

83 = 15000. 

=20000. 

Recommended 

I I I I 1  

H Temp. (eV> 
- ..... 



A-6 

Electron Capture Rate Coefficients for 
H + €3 -> H- Jr €1' 

n 
Temp. 
(ev)  10000. 

l.OE+OO 
2.OE+DO 
4.OEf00 
7. OE t O O  
l.OE+Ol 
2.OEt01 
4.OE+01 
7.OE+01 
1.OE+02 
2.OE+02 
4.0E+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.OE+03 
7.OE+03 
1.OE+04 
2.OE+04 

1.63E-09** 
1.63E-09* 
1.63E-09* 
1.63E-09* 
1.63E-09* 
1.53E-09* 
1.63E-09* 
1.63E-09* 
1.64E-09* 
1.66E-09* 
1.71E-09* 
1.76E-09* 
1.80E-09* 
1.88E-09* 
1.90E-09 
1.86E-09* 
1.78E-0 9* 
1.48E-09* 

Beam - Maxwellian Rate Coefficients (cm3/s) 

20000. 

3.03E-09** 
3.03E-09* 
3.02E-09* 
3.02E-09* 
3.01E-09" 
3.00E-09* 
2.98E-09* 
2.96E-09* 
2.94E-09* 
2.89E-09* 
2.81E-09* 
2.71E-09* 

2.62E-09* 
2.40E-09* 
2.12E-09* 
1.85E-09* 
1.67E-09* 
1.29E-09* 

H Energy (eV/amu) 
40000. 45000. 50000. 60000. 70000. 

1.55E-09** 
1.55E-09** 
1.55E-09** 
1.55E-09** 
1.55E-09** 
1.54E-09** 
1.54E-09** 
1.54E-09** 
1.54E-09** 
1.5 4E-09** 
1.55E-09* 
1.55E-09* 
1.54E-09* 
1.52E-09* 
1.42E-09* 
1.28E-09* 
1.16E-09* 
9.21E-10* 

1.24E-09** 
1.24E-09** 
1.2 4E-09* * 
1.2 4E-0 9* * 
1.24E-09** 
1.24E-09** 
1.25E-09"" 
1.2.5E-09"* 
1.25E-09** 
1.25E-i)9** 
1.26E-09** 
1.27E-09** 
1.28E-09* 
1.27E-09* 
1.21E-O9* 
1.12E-09* 
1.03E-09* 
8.39E-10* 

1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.03E-09** 
1.03E-09** 
1.04E-09** 
1.05E-09** 

1.05E-09** 
1.0 5E-0 9" * 
1.02E-09** 
9.66E-10* 
9.10E-10* 
7.61E-10** 

7.26E-10** 
7.26E-10** 
7.26E-10** 
7.26E-19** 
7.26E-10*" 
7.26E-10** 

7.27E-10** 
7.28E-10** 

7.29E-10** 
7.298-10** 
7.19E-10** 
7.03E-10** 
6.93E-10** 
6.86E-10** 
6.97E-10** 
7.01E-10** 
6.90E-10** 
6.22E-10** 

5.45E-10** 
5.45E-10** 
5.45E-10** 
5.45E-10** 
5.43E-10** 
5.27E-10** 
4.94E-10** 
4.62E-10** 
4.42E-10** 
4.10E-10** 
3.91E-10** 
3 .8 6 E--1 0 * * 
3.88E-10** 
4.08E-10** 
4.51E-10** 
4.92E-10** 
5.11E-10** 
5.03E-10** 

Accuracy: * .- Possib1.e Error Greater Than 10% 

* *  - Possible Error Greater Than 100% 

Note: FOL Chebyshev fits of the above rate coefficients it is  necessary to use the following parameters. 
E,in = l.OE+OO eV, E,,,,, = 2.OE+04 e77 

Chebyshev Fitting Parameters for Rate Coefficients 
H 
Energy 

(eV/amu) A0 A 1  A2 A3 A4 A5 A6 

10000. -4.04105E+01 2.91340E-02 -2.63688E-02 -6.02938E-02 -4.80367E-02 -1.897218-02 -1.81756E-03 
20000. -3.96573E+Ol -3.51288E-01 -1.95694E-01 -7.65178E-02 -1.76176E-02 6.76024E-05 8.202028-04 
40000. -4.07630E+01 -1.72032E-01 -1.30927E-01 -6.12602E-02 -3.70555E-02 -8.68416E-03 3.26863E-03 
45000. -4.11299E+01 -1.16178E-01 -1.03253E-01 -7.22628E-02 -3-627338-02 -1.028396-02 1.83555E-03 
50000. -4.14810Et01 -7.82977E-02 -7.66264E-02 -5.87240E-02 -3.177028-02 -1.031778-02 -4.83902E-04 
60000. -4.21440E+01 -5.01687E-02 -2.65441E-02 -1.11314E-02 -8.496863-03 -1.30422E-02 -1.43358E-02 
70000. -4.28827E+01 -7.90160E-02 1.09848E-01 8.45395E-02 -3.13642E-02 -4.50109E-02 -6.86268E-03 

See appendix for Chebyshev fit details. 
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.... 

H -t- H -> H- + H" 

io5 
10-lD K 

IO" Id 1 o2 lo3 10" 
H Temp. (eV) 

V =4Q000. 

x =45000. 

8 = 5 Q O Q O .  

ffl -60000. 

=70000. 

Recommended 
Data 

- - - - -  Chebyshev Fit 
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Energy 

(ev/amu) 

4.OE+01 
7.OE+01 
1 a OE+O2 
1.4E+02 
2.OE+02 
4.OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.OE+03 
7.OE+03 
1.OE+04 
2.OE+04 
4.OE+O 4 
7.OE+04 
1.OE+05 
2.OE+05 
4.OE+05 
4.6E+05 

E l e c t r o n  Cap tu re  Cross  S e c t i o n s  f o r  

H + 82 -> H- 

8.79E+06 
1.16E+r)7 
1.39E+07 
1.643+07 
1.96E+07 
2.78E+07 
3.68E+07 
4.39Et07 
6.213+07 
8.7 9E+07 
1.16EI-08 
1.39E+08 
1.96E+08 
2.78E+08 
3.68E+08 

4.39E+OR 
6.21E-108 
8.7BE+O8 
9.42E+08 

Cross  S e c t i o n  

1.0 5E-18 
1.78E-18 
2.52E-18 
3.08E-18 
2.74E-18 
1.70~-18 
1.24E-18 
1.31E-18 
5.283-18 
1.46E-17 
2.18E-17 
2.32E-17 
1.91E-17 

9.933-18 
4.07E-18 

1.68E-18 
1.72E-19 

6.12E-21 
2.9713-2 1 

Refe rences :  26, 27, 28, 29, 30, 31, 32, 33, 35, 396 

A c c u ~ :  25% 

~ Note: The quoted r e s u l t s  are  b e l i e v e d  t o  be a c c u r a t e  t o  w i t h i n  25%, a l t h o u g h  t h e  d a t a  p r e s e n t e d  

i n  some of t h e  r e f e r e n c e s  may d e v i a t e  by 50-60%. 

For a Chebyshev f i t  of  t h e  above CKOSS s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  fo l lowing  pa rame te r s .  

E m i n  = 4.OE+01 eV/amu, E,,, = 4.6E+05 eV/amu 

Chebvshev F i t t i n q  Pa rame te r s  f o r  Cross..-Sections 

A0 A1 A2 A3 A 4  A5 A6 A7 A8 
-82.8333 -1.65457 -2.60408 -1.53870 -.368649 .413620 -.165702 -.127116 .256041 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n s  w i t h  an  r m s  d e v i a t i o n  of 9.5%. 
The maximum d e v i a t i o n  is 26.2% a t  1.OE+03 eV/amu. 

See appendix for Chebyshev f i t  d e t a i l s .  
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H + H, ->H- 

Cross Section vs. Energy 

1 o - ' " E - - r r m n - ~ - m r m r 7 T 1 - - - m q  

En erg y (eV/a m u) 



Energy 

(ev/arnu) 

7.7E+02 

1 .OEi03  

2.OEi-03 

3.OE+03 

4.OE+03 

5.OE-kO3 

6.OE+O3 

7.OE+03 

9.OE+03 

1.OE+04 

2.OE+04 

3.OE+04 

4.OE+O 4 

7.OE+04 

1.OE+05 

2.OE+05 

4.OE+05 

7.OE+05 

7 .6E+05  

E l e c t r o n  C a p t u r e  Cross  S e c t i o n s  f o r  

H + H e  ->  H- + H e +  

Ve l o c  it y 

(cm/s) 

Cross  S e c t i o n  

( d - 1  

1.47E-19 

2.158-19 

5.80E-19 

1.04E-18 

1.61E-18 

2.233-18 

2.883-18 

3.46E-18 

4.343-18 

4.83E-18 

6.5 1 E - 1 8  

6 .06E-18 

5.28E-18 

2.92E-18 

1.46E-18 

2 ,333-19  

2.473-20 

1 . 8 7 3 - 2 1  

1.16E-21 

Refe rences :  2 6 ,  2 7 ,  2 9 ,  3 5 ,  2 6 8 ,  2 6 9 ,  270 

Accuracy: 3 0 %  

For a Chebyshev f i t  o f  t h e  above c r o s s  s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  pa rame te r s  

E,in = 7.7E-tO2 eV/amu, Emax = 7 .6E+05  eV/arnu 

Chebyshev F i t t i n g  Pa rame te r s  f o r  C r o s s  S e c t i o n s  
I 

A0 A 1  A2 A 3  A 4  A5 A6 A7 A8 

-85 .5215  -1 .87685  -3.06302 - .492323  .117220  - .0269941 - .0479364  - .0315786  - .0439288  

The f i t  r e p r e s e n t s  t h e  above  c r o s s  s e c t i o n s  w i t h  an  rms d e v i a t i o n  of 1 . 8 % .  

The maximum d e v i a t i o n  is  2 . 9 %  a t  7.OE+05 eV/amu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  



A - 1 1  

H + He -> t-I- 4- He* 

Cross Section vs. Energy 

..... 



Electr-on Capture Rate C o e f f i c i e n t s  f o r  

H + He ->  H- + He+ 

H 
Temp. Equal 

(ev) Temp. 

7.OE+01 
1 .OE+02 
2.OE+02 
4.OE+02 
7.OE+02 
1 .OE+03 
2.OE+03 
4.OE+03 
7 . 0 E+O 3 
1.OE+04 
2.0E+O 4 

3.79E-15 
5.02E-14 
1.14E-12 
7.50E-12 
2.48E-11 
5.00E-11 

1.67E-10 
4.19E-10 

7.02E-IO 
8.7 3 E-10 

1.0 4E-0 9 

Maxwellian - Maxwellian Rate C o e f f i c i e n t s  (cm3/s) 

1. 

4.61E-16 
1.13E-14 
5.09E-13 
4.40E-12 
1.57E-ll 
3.24E-11 

1.16E-10 
3.22E-10 
5.86E-10 

7.70G-10 
1.02E-09 

100.  

7.47~-15 
5.02E-14 
7.92E-13 
5.11E-12 
1.69E-11 
3.40E-11 
1.19E-10 
3.25E-10 
5.88E-10 
7.71E-10 
1.07.E-09 

500. 

4.58E-13 
7.923-13 
2.54E-12 
8.38E-12 
2.20E-11 
4.08E-11 
1.29E-10 
3.353-10 
5.96E-10 
7.76E-10 
1.02E-09 

He Temp. (eV) 

1000 .  

2.43E-12 
3.11E-12 
5.86E-12 
1.34E-11 
2.93E-11 
5.00E-11 
1.41E-10 
3.47E-10 
6.05E-10 
7.82E-10 
1.02E-09 

5000. 

5.5 4E-ll 
5.78E-11 
6.60E-11 

8.33E--11 
1.11E-10 
1.41E-10 
2.45E-10 
4.4 2E-10 

6.72E-10 
8.2 6E-10 

1.02E-09 

1.0000. 

1.74E-10 
1.77E-10 
1.87 E-10 
2.08E-10 
2.40E-10 
2.71E-10 
3.72E-10 
5.48E-10 
7.44E-10 
8.73E-10 
1.03E-03 

20000. 

4.26E-10 
4.28E-10 
4.37E-10 
4.553-10 
4.8 2E-10 
5.08E-IO 
5.86E-10 
7.17E-IO 

8.55E-10 
9.43E-10 
1.04E-09 

Notes: For Chebyshev f i t s  of t h e  above r a t e  c o e f f i c i e n t s  i t  is  necessary t o  use t h e  following p a r a m t e r s .  

E,in = 7.OE+01 e V ,  E,,, = 2.OE+04 eV 

I Chegshev -. .. -... ...-..-. F i t t i n g  Parameters f o r  Rate C q e f f i c i e n t s  

He 

Temp. 

(ev)  A0 A 1  A2 A3 A4 A5 

1. 
100. 

500. 
1000. 

5000. 
10000. 

20000. 
Equa 1 Temp. 

-5.10941E+01 
-5.00589E+01 
-4.817083+01 
-4.71671Et01 
-4.45966Et01 
-4.34391Et01 
-4.24393Ei-01 
-4.97998E+01 

6.549728+00 
5.62889E+00 
4.05303E+00 
3.28859E+00 
1.61569E+00 
9.76929E-01 
4.84530E-01 
5.73848E+00 

-2.07764E+00 6.21336E-01 
-1.42974E+00 2.3401l.E-01 
-4.72178E-01 -2.11436E-01 
-1.32390E-01 -2.90109E-01 
1.93393E-01 -1.64393E-01 
1.85422E-01 -8.18919E-02 
1.19557E-01 -3.07242E-02 

-1.74839E+00 4.04712E-01 

-3.71355E-01 
-1.747623-01 
-1.16459E-02 
-1.07340E-02 
-5.914383-02 
-5.25533E-02 
-3.26702E-02 
-2.79431E-01 

1.34135E-01 
5.17776E-02 
1.30366E-02 
2.1469GE-02 
7.61287E-03 

-5.26730E-03 
-9.20869E-03 
1.17900E-01 

A6 

-1.5 140 4E-0 2 
1.40144E-02 
9.5 122 5E-03 
2.38292E-03 
6.5 4831E-03 
3.99780E-03 
1.642 44E-0 4 

-2.07435E-02 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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H + He ->H- + He' 

Maxwellian - Maxwellian 

c-' 
S 

He Temp. 

(eV> 

A = I .  

x =loo. 

v ~ 5 0 0 .  

=1000. 

@ =5000. 

83 =10000. 

=20000. 

Recommended 
Data 

- - - - -  Chebyshev Fit 

-. Equal Temp. 

1 0' IO2 Id 1 o4 
H Temp. (eV) 
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Electron Capture Rate C o e f f i c i e n t s  f o r  

He + H ->  H- t He+ 

H 

Temp. 

( eV) 10000. 

l.OE+OO 6.69E-10 
2.OE+OO 6.68E-10 
4.OE+00 6.67E-10 
7.OE+00 6.66E-10 
l.OE+Ol 6.65E-10 
2.OE+Ol 6.64E-10 
4.OE+01 6.63E-10 
7.OEt01 6.63E-10 
1.0Et02 6.643-10 
2.OEt02 6.69E-10 
4.OE+02 6.82E-10 
7.OEt02 7.04E-10 
l.OE+03 7.25E-10 
2.OE+03 7.876-10 
4.OE+03 8.79E-10 
7.0 E+O 3 9.65E-10 
1.OE+04 1.01E-09 
2.OE+04 1.05E-09 

Beam 

20000. 

1.28E-09 
1.27 E-0 9 
1.273-09 
1.27E-09 
1.273-09 
1.27E-09 
1.26E-09 
1.26E-09 
1.25E-0 9 
1.2 4E-0 9 
1.24E-09 
1.23E-09 
1.22E-09 
1.218-03 
1.18E-09 
1.15E-09 
1.12E-09 
1.04E-09 

Maxwellian Rate CoefFicients  (cm3/s) 

He Energy  (eV/amu) 

40000. 

1.46E-09 
1.46E-09 
1.46E-09 
1.46E-0 9 
1.46E-09 
1.46E-09 
1.45E-09 
1.45E-09 
1.44E-09 
1.43E-09 
1.42E-09 
3.40E-09 
1.393-09 
1.34E-09 

1.27E-09 
1.18E-09 
1.llE-09 
9.50E-10 

70000. 

1.07E-09 
1.07E-09 
1.078-09 
1.07E-09 
1.07E-09 
1.06E-09 
1.06E-09 
1.06E-09 
1.05E-09 
I. 0 5E-0 9 
1.0 4E-0 9 
1.03E-09 
1.02E-09 
9.96E-10 
9.60E-10 
9.11E-10 
8.67E-10 
7.54E-10 

100000.  

6.41E-10 
6.40E-10 
6.40E-10 
6.3 9E-10 
6.39E-10 
6.38E-10 
6.37E-10 
6.36E-10 
6.35E-10 
6 .3 3 E--1 0 
6.31E-10 
6.3 OE-10 
6.30E-10 
6.29E-10 
6.26E-10 
6.18E-10 
6.07E-10 
5.638-10 

200000. 

1.45E-10 
1.45E-10 
1.45E-10 
1.44E-10 
1.44E-10 
1.44E-10 
1 I 44E-10 
1.44E-10 
1.44E-10 
1.44E-10 
1.44E-10 
1.44E-10 
1.45E-10 
1.47E-10 

1.52E-10 
1.60E-10 
1.68E-10 
1.90E-10 

500000. 

8.6 6E-12* * 
8.67E-12** 
8.67E-12** 
8.67E-12** 
8.67E-12** 
8.61E-12** 
8.68E-12** 
8.68E-12** 
8.698-12** 
8.72E-12** 
8.77E-12* 
8.85E-12* 
8.93E-12* 
9.208-12* 
9.70E-12* 
1.04E-ll* 
1.1OE-11* 
1.34E-ll* 

Accuracy: * - Dossible Error Greater  Than 10% 

* *  - Poss ib le  Error Greater  Than 100% 

Notes: For Chebyshev f i t s  of t h e  above r a t e  c o e f f i c i e n t s  i t  is necessary t o  use t h e  following parameters. 

Emin = 1.OEtOO eV, Emax = 2.OE+04 eV 

Chebyshev F i t t i n g  Parameters f o r  Rate C o e f f i c i e n t s  

H e  

Energy  

(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -4.19935E+01 2.19891E-01 1.24242E-01 2.58739E-02 -1.96928E-02 -2.106623-02 -9.413033-03 
20000. -4.10635E+01 -7.94718E-02 -3.940313-02 -1.87660E-02 -9.93076E-03 -4.654783-03 -1.66689E-03 
40000. -4.08823Et01 -1.64742E-01 -9.93840E-02 -4.75948E-02 -1.79398E-02 -4.36181E-03 4.08769E-04 
70000. -4.14695B+01 -1.305568-01 -7.61140B-02 -3.808093-02 -1.75717E-02 -6.97521E-03 -1.71873E-03 
100000. -4.238788+01 -4.003958-02 -2.39094E-02 -1.67316E-02 -1.22134E-02 -7.11472E-03 -2.89733E-03 
200000. -4.52157E+01 9.17644E-02 7.160768-02 4.20628E-02 1.78905E-02 4.62301E-03 -6.38872E-04 
500000. -5.07701E+01 1.526408-01 1.03844E-01 5.55224E-02 2.32810E-02 7.676168-03 2.39728E-03 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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He + H ->H-  + tie' 

x =20000. 

v =40000. 

Data 

Chebyshev Fit 

c3 =100000. 

E =200000. 

Recommended 

1 d " I  I I r l " r l '  I 1 1 1 1 ' 1 1 '  I I 1 " 1 " 1 '  

IO0 IO' 1 o2 io3 io4 IO' 
H Temp. (eV> 
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Electron Capture Cross Sections for 
H + Li -> H- + Li+ 

Ve loc it y 

(cm/s) 

7.61E+08 
8.78E+08 
9.82&+08 
1.08E+09 
1.16E+09 
1.2 4E+O 9 
1.32EtQ9 
1.39E+09 

Cross Section 

(cm2) 

1.7 1E-18 
8.97E-19 
6.993-19 
6.13E-19 
5.48E-19 
4.93E-19 
4.493-19 
4.15E-19 

References: 268 

Accuras 30% 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 3.OE+05 eV/amu, E,,, = 1.OE+06 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-83.5167 -.651028 .130590 -.Q639887 .0130205 6.98064E-03 -3.26857E-03 5.16789E-05 

The fit represents the above cross sections with an rms deviation of 0.0%. 
The maximum deviation is 0.0%. 

See appendix for Chebyshev fit details. 
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*.. '... . 

16.0 

14.0 

8.0 

6.0 

4.0 
1 d 

H + Li -> I--I- .t 1-i" 

Cross Section vs. Energy 

Keco mi me nded 
OcltCI 

- - - - -  Chebyshev Fif 

Energy (eV/amu) 
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Electron Capture Rate Coefficients for 
Li + H -> H- + Li+ 

Beam - Maxwellian Rate Coefficients (cm3/s) 

H 
Temp. Li .Energy (eV/amu) 
(eV) 300000. 350000. 400000. 450000. 500000. 550000. 600000. 

l.OE+OO 
2.OE+00 
4.OE+00 
7 .OE+OO 
l.OE+01 
2.0Et01 

4.OE+01 
7.0E+01 
1. CE+02 
2.0E+02 

4.OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.OE+03 
7.OE+03 
1.OE+04 
2.OEI-04 

6.49E-10** 
6.48E-10** 
6.47E-10** 
6.46E-10** 
6.45E-10** 
6.43E-10** 
6.40E-10** 
6.37E-10** 

6.34E-10** 
6.28E-10** 
6.19E-10** 
6.09E-10** 
6.02E-10** 
5.84E-10** 
5.62E-10** 
5.43E-10** 
5.31E-10** 
5.11E-10** 

9.94E-10** 
9.94E-10** 
9.94E-10** 
9.94E-10** 
9.94E-10** 
9.94E-10** 
9.95E-10** 
9.95E-10** 

9.95E-10** 
9.95E-10** 
9.96E-10** 
9.87E-10** 
9.70E-10** 
9.04E-10** 
8.10E-10** 

7.33E-10** 
6.89E-10** 

6.17E-10** 

7.89E-10** 
7.8 9E-10* * 
7.89E-10** 
7.90E-10** 
7.90E-10** 
7.91E-10** 
7.93E-10** 
7.95E-10** 

7.96E-10** 
7.99E-10** 
8.05E-10** 
8.10E-10** 
8.15E-10** 
8.2 4E-10** 
8.13E-10** 
7.78E-10** 
7.46E-10** 
6.75E-10** 

7.33E-10** 
7.33E-10** 
7.33E-10** 
7.33E-10** 
7.33E-10** 
7.33E-10** 
7.33E-10** 
7.33E-10** 
7.33E-10** 
7 . 3  3 E -1 O *  * 
7.33E-10** 
7.33E-10** 
7.34E-10** 
7.39E-10** 
7.49E-10** 
7.49E-10** 
7.39E-10** 
6.96E-10** 

6.87E-10** 
6.87E-10** 
6.87E-10** 
6.87E-10** 
6.87E-10** 
6.87E-10** 
6.88E-10** 
6.88E-10** 
6.89E-10** 
6,89E-10* * 
6.91E-10** 
6.92E-10** 
6.93E-10** 
6.96E-10** 
7.02E-10** 
7.09E-10** 

7.11E-10** 
6.92E-10** 

6.72E-10** 
6.728-lo** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.72E-10** 
6.74E-10** 
6.76E-10** 
6.81E-10** 
6.8 4E-10** 
6.77E-10** 

6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.59E-10** 
6.60E-10** 
6.61E-10** 
6.63E-10** 
6.5SE-10** 

Accuracy: * - Possible Error Greater 'Than 10% 

* *  - Possible Error Greater Than 100% 

Note: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshej Fitting Parameters for R a t e  CoefficieLt-s 
Li 
Energy 

(ev/amu) A0 A 1  A2 A3 A4 A5 A6 

300000. -4.24630E+01 -1.12797E-01 -4.73823E-02 -9.523193-03 2.18237E-03 2.88098E-03 1.39108E-03 
350000. -4.16874E+01 -2.00135E-01 -1.31634E-01 -5.41437E-02 -1.93565E-03 1.56830E-02 1.05923E-02 
400000. -4.19480E+01 -3.48038E-02 -4.56039B-02 -3.81117E-02 -2.13775E-02 -6.73960E-03 1.93438E-03 
450000. -4.20718E+01 -4.96888E-03 -8.42094E-03 -1.19219E-02 -1.194118-02 -8.709758-03 -4.48543E-03 
500000. -4.21803E+01 1.24481E-02 3.32025E-03 -3.09575E-03 -5.02533E-03 -4.35643E-03 -3.20289E-03 
550000. -4.223448+01 5.60707E-03 3.46072E-03 4.86332E-04 -1.43623E-03 -1.965143-03 -1.82432E-03 
600000. -4.22797E+01 -3.01170E-04 -3.84669E-04 -9.550803-04 -1.27882E-03 -1.246803-03 -1.161493-03 

See appendix f o r  Chebyshev fit details. 



Li + i-i -> ti- -+ Li" 

Beam - Maxwellion 

A-19 

0 
X 

I 
7 

.-*J c 
Q, 
0 
.- . .- 
't 

8.0 

-7.0 

6.0 

5.0 
IO" Id 1 o2 ,I d 1 o5 

H Temp. (eV) 

rrrq-7' I I I 1 1 1 1 1  I I I I 1 1 1 1 1  r 

Li E n e r g y  

( e V h  m u ) 

A z 300000. 

x =350000.  

Q 1400000.  

x -1450000. 

6, i500000. 

Recommended 
Du ta 

-_____.-- 

_ -  Chebyshev FI t 

IO" Id 1 o2 ,I d io4 I 0' 
H Temp. (eV) 

Li E n e r g y  

( e V h  m u ) 

a zz 300000. 

x =350000.  

Q 1400000.  

x ~ 4 5 0 0 0 0 .  

~ 6, i500000. 
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En e r g  y 

(ev/amu) 

2.  OEiOO 

4.OE+00 

7.OE+OO 

1.OECOl 
2.OE+01 

4.OE+O1 

7.0E+01 

9.9E+01 

2.OE+02 

A.OE+02 

7.0E+02 

I. O E i 0 3  

2.OE+O3 

4.OE+03 

7.1E+03 

E l e c t r o n  C a p t u r e  Cross  S e c t i o n s  f o r  

n + n- --> n- i n 

1 . 9  6E+O 6 

2.788-to6 

3.688+06 

4.39E+06 

6.213+06 

8 . 7  9E+O 6 

1.16E+07 

1.38E+07 

1.96E+07 

2.78E+07 

3 .68Ei07  

4.39E+07 

6.21E+07 

8.79E+07 

1.17E+08 

C r o s s  S e c t i o n  

( c m 2 )  

1.33E-14 

1 . 2  4E-14 

1.15E-14 

1.078-14 

8.97E-15 

7.24E-15 

5.9 9E-15 

5.27E-15 

4.20E-15 

3.19E-15 

2.43E-15 

1.90E-15 

9.493-16 

3.29E-16 

1.03 E-1 6 

References: -- 1 6 2 ,  271,  272 ,  2 8 1  

Accuracy:  30% 

Note: For e n e r g i e s  less t h a n  40 e V  t h e  d a t a  w e r e  t a k e n  f rom t h e  t h e o r e t i c a l  p a p e r s  of  R e f .  271 

and  212.  

F o r  a Chebyshev f i t  o f  t h e  a b o v e  c ross  s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

E,in = 2.OE+OO eV/amu, E,,, = 7.1E+03 eV/amu 

Chebyshev  F i t t i n q  P a r a m e t e r s  f o r  Cross S e c t i o n 2  

A0 A 1  A2 A 3  A4 A5 A6 A7 A8 
-67.0414 -2.13773-.748888 -.288550 - .136764 -.0116298 .0247820 .00770226 2.25210E-04 

The f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n s  w i t h  an  r m s  d e v i a t i o n  o f  0 .3%.  

The maximum d e v i a t i o n  is  0 . 7 %  a t  4,0E+02 eV/amu.  

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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A 

"E 
0 

W 

H + H-->I-I--t H 

Cross 5ection vs. Enerqy 

Recommended 
Data 

Chebyshev Fit 
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Elec t ron  Capture  Cross  S e c t i o n s  f o r  
Ht t H -> H t Ht 

Energy 

(eV/amu) 

1.2E-01 
2.OE-01 
4.OE-01 
7.OE-01 
1 . OE+OO 
2.OEt00 
4.OEt00 
7. OEtOO 
1.OEt01 
Z.OE+Ol 
4.OEt01 
7.OE+Ol 
l.OE+02 
2.OEt02 
4.OE+02 
7.OEt02 
1.OE+03 

2.OEt03 
4.OEt03 

7.OEt03 
1.0E+04 
2.OEt04 
4.OEt04 
7.OE-+04 
1.OE+05 
2.OEt05 
4.OE.605 
6.3Et05 

Ve loc it y 

( cn / s )  

4.79E+05 
6.21Ei05 
8.79Et05 
1.16EtOG 
1.3 9E+O 6 
1.96E+06 
2.78E+06 
3.68Et06 
4.39Et06 
6.211+06 
8.79Et06 
1.16E+07 
1.39Et07 
1.96Et07 
2.78Ef07 
3.68E+07 
4.39E+07 
6.21Et07 
8.79E+07 
1.16Et08 
1.39Et08 
1.96E+O8 
2.78E+08 
3.68E+08 
4.398+08 
6.21Et08 
8.78E+08 
l.lOE+09 

Cross S e c t i o n  

( c m 2 )  

4.961-15 
4.70E-15 
4.45E-15 
4.24E-15 
4.10E-15 
3.83E-15 
3.58E-15 
3.338-15 
3.17E-15 
2.93E-15 
2.70E-15 
2.543-15 
2.44E-15 
2.22E-15 
2.03E-15 
1.88B-15 
1.71E-15 
1.44E-15 
1.20E-15 
9.42E-16 
7.751-16 
4.45E-16 
1.67E-16 
3.77E-17 
1.01E-17 
6.09E-19 
1.7 6E-2 0 
1.3 5E-2 1 

B f e r e n c e s :  1, 2 ,  3, 4, 5, 6, 7, 8, 9, 10, 273, 395 

&CuraCv: Ht Energy: < 10 eV/amu, 108; 1 0  eV/amu - lx103 eV/amu, 15%; lx103 eV/amu - lx105 
eV/arnu, 5%; lx105 eV/amu - 6 . 2 5 ~ 1 0 ~  eV/amu, 20% 

Notes: (1) This  r e a c t i o n  h a s  been measured by t h r e e  d i f f e r e n t  t echn iques :  1. S t a t i c  Gas 

Ta rge t ,  2. Cross Reams, 3. Merged Beams. 

( 2 )  The maximum d e v i a t i o n  of t h e  recommended d a t a  from t h e  d a t a  p o i n t s  i n  t h e  r e f e r e n c e s  

c i t e d  is less t h a n  45%. 
(3) Newman i n  ce fe rence  9 found t h a t  when D atoms were t h e  t a r g e t  t h e  c r o s s  s e c t i o n  

decreased 168 from t h a t  u s ing  H atoms a t  an energy of .12 eV. A t  h igh  e n e r g i e s  t h e  

c r o s s  s e c t i o n s  were t h e  same. 
(4) The r ecen t  r e f .  273 ex tends  t h e  measurements ug t o  an  energy o f  7 . 5 ~ 1 0 ~  eV/amu. 

The c r o s s  s e c t i o n s  a r e  ( a )  2 . 0 ~ 1 0 ~  ev/amu - 5 . 2 5 ~ 1 0 - ~ ~  c ~ . ~ :  (bl 3 . 5 ~ 1 0 ~  eV/amu - 
2 . 1 4 ~ 1 0 - ~ ~  c m 2 ;  ( c )  5 . 0 ~ 1 0 ~  eV/amu -- 3.1~10-'~ c m 2 ;  (d )  7 . 5 ~ 1 0 ~  eV/amu - 4 . 1 0 ~ 1 0 - ~ ~  cm2. 

Quoted e r r o r s  a r e  a s  g r e a t  a s  43%. 

For a Chebyshev f i t  of t h e  above C K O S S  s e c t i o n s  i t  is necessa ry  t o  u s e  t h e  fo l lowing  pa rame te r s .  

E m i n  = 1.2E-01 eV/amu, Emax = 6.3Et05 eV/amu 

Chebvshev FLKinq  ParameterS-..fgr Cross  S e c t i o n s  

A0 A 1  A2 A3 n4 n5 A6 A7 A 8  
-72.6656 -5.49142 -3.42948 -1.98377 -.878009 -.198932 .OB37431 .121252 .0827182 

The f i t  r e p r e s e n t s  t h e  above CKOSS s e c t i o n s  wi th  an rms d e v i a t i o n  of 4.5%. 
The maximum d e v i a t i o n  is  13.5% a t  l.OEt05 eV/amu. 

See appendix for  Chebyohev f i t  d e t a i l s .  
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..... 

H+ + t-i - > H  + H' 

Cross Llection vs. Energy 

1 0 - ' 4 7 m l r m T m m - T  
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Electron Capture Rate Coefficients for 
H+ + H -> H + H+ 

H+ 
Temp. Equal. 

(eV1 Temp. 

l.OE+OO 8.10E-09 

2.OE+00 1.06E-08 
4.OE+00 1.38E-08 
7.OE+00 1.71E-08 
l.OE+Ol 1.96E-08 
2.0E+01 2.568-08 
4.OE+01 3.33E-08 
7.0E+01 4.10E-08 
1.0E+02 4.66E-08 
2.OE+02 5.88E-08 
4.OE+02 7.21E-08 
7.OE+02 8.30E-08 
1.OE+03 8.92E-08 
2.OE+03 9.70E -08 
4.OE+03 9.36E-OB 
7.0E+03 8.06E-08 
1.OEt04 6.84E-08 
2.OE+04 4.23E-08 

Maxwellian - Maxwellian Rate Coefficients (Cn3/s) 

1. 

8.10E-09 
9.50E-09 
1.16E-08 
1.38E-08 
1.56E-08 
2.00E-08 
2.59E-08 
3.18E-08 
3.63E-08 
4.673-08 
5.89E-08 
6.95E-08 
7.65E-08 
8.92E-08 
9.703-08 
9.54E-08 
8.95E-08 
6.84E-08 

10. 

1.56E-08 
1.61E-08 
1.71E-08 
1.85E-08 
1.96E-08 
2.30E-08 
2.79E-08 
3.33E-08 
3.75E-08 
4.7 4E-08 
5.933-08 
6.98E-08 
7.67E-08 
8.93E-08 
9.70E-08 
9.54E-08 
8.95E-08 
6.84E-08 

H Temp. (eV) 
100 .  1000. 

3.63E-08 
3.64E-08 
3.67E-08 
3.71E-08 
3.75E-08 
3.87E-08 
4.10 E- 0 8 
4.40E-08 
4.66E-08 
5.36E-0 8 
6.30E-08 
7.21E-08 
7.84E-08 
9.00E-08 
9.713-08 
9.52E-08 
8.93E-08 
6.83E-08 

7.65B-08 
7.65E-08 
7.66E-08 
7.668-08 
7.67E-08 
7.69E-08 
7.73E-08 
7.78E-08 
7.8 4E-08 
8.00E-08 
8.30E-08 
8. C5E-08 
8.92E-08 
9.48E-08 
9.74E-08 
9.36E-08 
8.73E-08 
6.66E-08 

5000. 

9.74E-08 
9.74E-08 
9.74E-08 
9.74E-08 
9.748-08 
9.74E-08 
9.74E-08 
9.74E-08 
9.74E-08 
9.73E-08 
9.72E-08 
9.70E-08 

9.67E-08 
9.54E-08 
9.17E-08 
8.51E-08 
7.84E-08 
6. OOE-08 

10000 .  

8.95E-08 
8.95E-08 
8.95E-08 
8.95E-08 
8.95E-08 
8.95E-08 
8.94E-08 
8.94E-08 
8.93E-08 
8.91E-08 
8.87E-08 
8.80E-08 
8.73E-08 
8.51E-08 
8.06E-08 
7.43E-08 
6.84E-08 
5.30E-08 

20000. 

6.84E-08 
6.84E-08 
6.84E-08 
6.84E-08 
6.84E-08 
6.843-08 
6.84E-08 
6.83E-08 
6.83E-08 
6.81E-08 
6 .7 7 E-- 0 8 
6.72E-08 
6.66E-08 
6.49 E-0 I? 

6.16E-08 
5.70E-08 
5.30E-08 
4.233-08 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 

A0 A1 A2 A3 A4 A5 A6 

1. -3.44869E+01 1.2790lE+OO -2.75515E-01 -1.94518E-01 -4.149133-02 -1.79417E-02 -4.17985E-03 
10. -3.41227E+01 9.80499E-01 -1.17702E-01 -2.36330E-01 -4.90489E-02 -5.73981E-03 -8.76848E-03 
100. -3.34478E+01 5.02257E-01 -2.99001E-03 -1.75672E-01 -9.201263-02 -1.06753E-02 3.21804E-03 
1000. -3.26740E+01 4.695333-02 -4.61309E-02 -8.81367E-02 -6.79803E-02 -2.93’7388-02 -4.42210E-03 
5000. -3.24495E+01 -1.48073E-01 -1.15160E-01 -7.59145E-02 -4.138913-02 -1.79143E-02 -5.55664E-03 
10000. -3.26521E+01 -1.74458E-01 -1.25225E-01 -7.36305E-02 -3.55149E-02 -1.38261E-02 -4.10388E-03 
20000. -3.31787E+01 -1.635383-01 -1.15089E-01 -6.54004E-02 -3.01053E-02 -1.10769E-02 -3.10752E-03 

Equal Temp. -3.44313E+01 1.06711E+00 -5.19907E-01 -2.29247E-01 -6.98896E-02 -1.365783-02 4.42580E-04 

See appendix for Chebyshev fit details. 
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t-i' + H -3 H + H' 

Maxwellian -- Maxwellian 

X 
H Temp. 

(eV> 

n r 1 .  

x =IO. 

v 1-100. 

H = 1000. 

e' -- 5000. 

=10000. 

El =20000.  

Recommended 
Data _I-- 

- - - - -  Chebyshev Fit 

Equal Temp. ___. 

IO" Id IO2 1 o3 io4 io5 
H* Temp. (eV) 
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H+ 

(ev) 1 0 0 0 0 .  

Temp 

l.OE+OO 1.08E-07 
2.OE+00 1.07E-07 
4.OE+00 1.07E-07 
7.OE+00 1.07E-07 
l.OE+Ol 1.07E-07 
2.OE+Ol 1.07E-07 
4.OEt01 1.07E-07 
7.OE+01 1.06E-07 
1.OE+02 1.06E-07 
2.OE+02 1.05E-07 
4.OE+02 1.04E-07 
7 . 0 E+O 2 1.0 3 E -0 7 
1.OE+03 1.01E-07 
2.OE+03 9.70E-08 
4.OE+03 9.00E-08 
7.OE+03 8.16E-08 
1.OE+04 7.46E--08 
2.0€+04 5.70E-OE 

E l e c t r o n  Cap tu re  Rate  C o e f f i c i e n t s  f o r  

H + H+ ->  H + H" 

Beam - Maxwellian Ra te  C o e f f i c i e n t s  (cm3/s) 

20000. 

8.72E-08 
8.71E-08 
8.70E-08 

8.69E-08 
8.68E-08 
8.65E-08 
8.6 1E-0 8 
8.57E-08 
8.53E-08 
8.45E-08 
8.34E-08 
8.21E-08 
8.10E-08 
7.79E-OB 
7 .2 4 E- 0 8 
6.57E-08 
6.03E-08 
4.7 2t-0 8 

H Energy (eV/amu) 

40000. 

4.62E-08 
4.62E-08 
4.61E-08 
4.60E-08 
4.59E-08 
4.57E-08 
4.55E-08 
4.523-08 
4.50E-08 
4.45E-08 
4.393-08 
4.343-08 
4.3 1E-0 8 
4.23E-08 
4.11E-08 
3.92E-08 
3.74E-08 
3.20E-08 

70000. 

1.386-08 
1 I 38E-08 
1.38E-08 
1.38E-08 
1.38E-08 
1.37E-08 
1.3 7E-0 8 
1.37E-08 
1.37E-08 
1.37E-08 
1.37B-08 
1.38B-08 
1.4OE-08 
1.46E-08 
1.568-08 
1.66E-08 
1.72E-08 
1.75E-08 

100000 .  

4.43E-09 
4.43E-09 
4.43E-09 
4.43E-09 
4.43E-09 
4.433-09 
4.44E-09 
4.44E-09 
4.45E-09 
4.48E-09 
4.55E-09 
4.67E-09 
4.79E-09 
5.17E-09 
5.91E-09 
6.9OE--09 
7.74E-09 
9.462-09 

200000. 

3.78E-10 
3.78E-10 
3.77E-10 
3.77E-10 
3.773-10 
3.77E-10 
3.76E-10 
3.76E-10 
3.76E-10 
3.77E-10 
3.79E-10 
3.84E-10 
3.89E-10 
4.11E-10 
4.643-10 
5.69E-10 
7.01E-10 

1.28E-0 9 

500000. 

4.79E-12** 
4.79E-12** 
4.79E-12** 
4.79E-12** 
4.79E-12** 
4.79E-12* * 
4.80E-12* * 
4.80E-12** 
4.81E-12** 
4.83E-12** 
4.88E-12** 
4.96E-12** 
5.03E-12** 
5.29E-12** 
5.82E-12* 
6.71E-12* 
7.80E-12* 
1.36E-ll* 

Accuracy: * - P o s s i b l e  F r r o r  C-reiitcr 'Than 1 0 %  

* *  - Possible Erro r  Greater  Than 1 0 0 %  

Notes: For Chebysbev f i t s  of t h e  Above race c o e f f i c i e n t s  it i s  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

E,liin = l.OE+OO eV, E,,, =- 2.OE+04 e V  

Chebyshfv . -F i t t ing  Pa rame te r s  f o r  Ra te  C o e t f i c i e n t s  

E? 

Energy  

(eV/aniu)  A0 A. 1 A2 A3 A4 A5 AG 

1 O O C O .  -3.23588E+01 -2.2842DE-01 -1.475398-01 -7.73418E-02 -3.290028-02 -1.09141E-02 -2.931588-03 
20000. -3.27E29Et01 -2.26775E-01 -1.38750E-01 -7.04432E-02 -3.03096E-02 -1.00013E-02 -1.47228E-03 
40000. -3.39547E"Ol -1.3655OC-01 -7.15786E-02 -3.65602C-02 -2.10115E-02 -1.113558-02 -4.140628-03 
70000. -3.60736[+01 1.09084E-01 7.35296E-02 2.31264E-02 -7.74992E.-03 -1.38165E-02 -8.49906E-03 
100000. -3.81082E+01 3.09107E-01 1.95996E-01 8.14408E-02 1.35787E-02 -9.213468-03 -1.02081E-02 
200000. -4.29608C+Ol 3.9672GE-01 2.93000E-01 1.81207E-01 8.74182E-02 3.26701E-02 7.33350E-03 
500000. -5.175648+01 3.37283E-01 2.43298E-01 1.48098E-01 7.72749E-02 3.54105E-02 1.56884E-C2 

See appendix  f o r  Chebyshev f i t  d e t a i l s .  
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H -t H" --> H + H i  

Beam - Maxwellian 

t i  Energy 

(eV/a m u) 

A = 10000. 

'x 120000.  

v =40000. 

x =70000. 

'3 = 100000. 

-200000. 

=50@000.  

Recommended 
Data 

_ _ _ _ -  Chebyshev Fit 

IO' 1 o2 I o3 io5 
t-I" Temp. (e\/) 
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Electron Capture Cross Sections f o r  

H+ t H2 -> H 

Energy 

(eV/amu) 

2.6E+00 
4.OE+00 
4.7E+00 

7.OE+00 
l.OE+Ol 
1.4E+01 
2.OE+01 
4.OE+01 
7.OE+01 
I. OE+02 
Z.OE+O2 
4.OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.OE+03 
7.OE+03 

1.OE+04 
Z.OE+O 4 
4.OE+04 
7.OE+04 
1.OE+05 
2.OE+05 
4.OE+05 
7.OE+05 
1.OE+O6 
2.OE+06 
4.OE+06 

Velocity 

( cm/s 1 

2.24E+06 
2.78E+06 
3.01Ei-06 
3;68E-b06 
4.3 9 E<-0 6 
5.20Et06 
6.21E+06 
8.79E-1-06 
1.16E+07 
1.39E+07 
1.96E+07 
2.78E+07 
3.68E+07 

4.39E+07 
6.21E+07 
8.79Et07 
1.16E+O 8 
1.39E-to8 
1.963908 

2.78 E+08 
3.68E+08 

4.39E+08 
6.21E+08 
8.781+08 
1.16Et09 
1.39E+09 
1.96E+09 

2.77E+09 

Cross Section 

(cm2) 

1.81E-17 
4.96E-17 
5.68E-17 
2.76E-17 
1.30E-17 
1.01E-17 
1.llE-17 
1.68E-17 
2.61E-17 
3.65E-17 
6.963-17 
1.56E-16 
2.93E-16 

4.26E-16 
6.883-16 
9.33'~-16 
9.573-16 
8.66E-16 
5.79E-16 
2.50E-16 
7.78E-17 
2.91E-17 
1.76E-18 
6.09E-20 
3.643-21 
4.14E.-2 2 
1.683-23 
1.03E-24 

References: 7, 27. 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 47, 48, 62, 273, 395 

Accuracy: E < 1 0 0  eV/amu -- Unknown; E > 100 eV/amu - 10% 

w; (1) The peak i n  t he  CKOSS s ec t ion  a t  4 eV comes from t h e  da ta  of reference 41. The 

o r ig in  of t h i s  maximum is unknown. 

(2) Recent da ta  of reference 273 extend the  energy range t o  7 . 5 ~ 1 0 ~  eV/amu. The c ross  

sec t ions  reported a re :  ( a )  2 . 0 ~ 1 0 ~  eV/amu - 7 . 0 0 ~ 1 0 - ~ ~  cm2; (b) 3 . 5 ~ 1 0 ~  eV/annu - 
4 . 8 5 ~ 1 0 - ~ ~  cm2; ( c )  5 . 0 ~ 1 0 ~  eV/amu - 6.47 x ~ O - ~ ~  cm2:(d) 7 . 5 ~ 1 0 ~  eV/amu - 6 . 3 0 ~ 1 0 ~ ~ ~  

c m 2 ,  Errors of 10-15% a r e  reported. 

For a Chebyshev f i t  of t h e  above c ross  sec t ions  it is necessary t o  use the  following parameters. 

Emin = 2.6E+OO eV/amu, Ernax = 4.OE+06 eV/amo 

Chebvshev F i t t i n q  Parameters fo r  Cross Sections 

A 0  A 1  A2 A3 A 4  A5 A6 A7 A6 
-82.5164 -6.70755 -6.10977 -2.62810 .709759 -639033 .lo2980 .261240 -.263817 

The f i t  represents t he  above cross  sec t ions  w i t h  an rms devia t ion  of 15.5%. 
The maximum devia t ion  is 41.3% a t  l.OE+Ol eV/anu. 

See appendix for  Chebyshev f i t  d e t a i l s .  
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H' + H, -> H 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 
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Energy 

(ev/arnu) 

2.OE+02 
4.OE+02 
7.0E+02 
1 .OE+03 
2.OE+03 
4.0E+03 
7.0E+03 
1.OEj-0 4 
2.OE4 0 4 
4.0E+04 
7.OE+04 
1.0E+05 
2.OE+05 
4.OE+05 
7.OE+05 
I. OE+06 

Double Electron Capture Cross Sec t ions  f o r  

H+ + H2 -> H- + 2H+ 

1.96E+07 

2.78E+07 
3.68E+07 
4.3 9E+O 7 
6.21E+07 
8.79E+O 7 
1.16E+08 
1.39E+08 
1.96E+08 
2.78E+08 
3.68E.tO8 
4.393+08 
6.21E+08 
8.783+08 
1.16E+09 
1.39E+09 

CKCXS Sec t ion  

(cm2) 

1.17E-20 
2.22E-20 
4.82E-20 
8.94E-20 
2.80E-19 
8.64E-19 
2.093-18 
3.633-18 
8.898-18 
2.21E-18 
2.42E-19 

3.15E-20 
1.84~22 

7.22E-25 
6.6 43-27 
2.7OE-28 

References: 35, 44, 50, 51, 52, 53, 54 

__ Accuracy: E < lx104 eV/amu - 25%; lr104 eV/amu < E C lx105 eV/amu - 15%; E > lx105 eV/amu - 40% 
For a Chebyshev f i t  of t h e  above c r o s s  s e c t i o n s  it is necessary t o  use t h e  fol lowing parameters. 

E m i n  = 2.OE+02 eV/amu, E,,, = 1.OE+06 eV/anu 

Chebyshev F i t t i n q  ParameLers f o r  Cross Sec t ions  

A 0  A 1  A2 A3 A 4  AS A6 A7 A8 

-95.8165 -7.17049 -7.48288 -1.93034 -761153 .556689 -.0542859 -.270184 -.0147551 

T h e  f i t  represents  t h e  above c r o s s  s e c t i o n s  with an rms d e v i a t i o n  of 9.4%. 
The maximum devia t ion  is 15.0% a t  1.OE+04 eV/amu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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H+ + H, -> H-' + 2Ht 

.... 

Cross Section vs. Energy 

10" 1 o4 io5 IO6 

Recommended 
Data -- 

Chebyshev Fit 

Energy (eV/amu> 
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Energy 
(ev/amu) 

9.9E+01 
2.OE+02 
4.OE+02 
7.OE+02 
1.0E+03 
2.OE+03 
4.OE+03 
7.OE+03 
l,OE+04 
2 .OE+04 
2.4E+04 
4.OE+04 
7.OE+04 
1.OE+05 
2.OE+05 
4,OE+05 
7.OE+05 
1.OE+06 
2.OE+06 
4.OEi06 
7.OE+06 
1 I OE+07 
1.1E+07 

Electron Capture Cross Sections for 
n+ + He -> H + He+ 

Velocity 

(cm/s) 

1.38E+07 
1.96E+07 
2.78Et07 
3.68E+07 
4.39E+07 
6.2lEt07 
8.79E+07 
1.16E-i-08 
1.39E+08 
1.96E+08 
2.15E+08 
2.78Ei08 
3.68Et08 
4.39&+08 
6.21Et08 

8.78E+08 
I. 16E+09 
1.39E+09 
I. 96E+09 
2.77E+09 
3.65E+09 
4.36E+09 
4.57E+09 

Cross Section 

(cm2) 

4.283-22 
2.46E-21 
1.77E-2 0 
1.12E-19 
4.733-19 

4.25E-18 
1.98E-17 
5.18E-17 
8.52E-17 
1.7%-l6 
1.833-16 
1.41E-16 
6.98E-17 
3.38E-17 
3.95E-18 
3.22E-19 
3.07E-20 
5.42E-21 
I. 42E-22 
3.29E-24 
1.62E-25 
2.093-26 
1.02E-26 

References: 27, 35, 371 40, 47, 49, 51, 82, 83, 84, 85, 86, 87, 88, 89, 272 

Accuracy: E < 5x103 eV/amu - 40%; E > 5x103 eV/amu .- 20% 

For a Chebyshev fit of the above cross sections it is necessary t o  use the following parameters. 
Emin = 9.9E+01 eV/amu, Emax = l.lE+07 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-92.781.9 -4.69073 -8.99666 -.490484 .935276 -.0504853 -.0410750 -.0730136 .Ole9320 

The fit represents the above cross sections with an rms deviation of 10.0%. 
The maximum deviation is 18.7% at 7.OE+02 eV/amu. 
See appendix for Chebyshev fit details. 
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H’ + He - > H  + He’ 

Cross 5ection vs. Energy 

IQ-’ 

lo-’ 

lo-‘ 
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Electron Capture Rate Coefficients for 
Ht + He -> H + He+ 

ti+ 

Temp. Equal 

eV) Temp. 

OE+Ol 7.21E-14 
OE+02 2.793-13 
OE+02 4.14E-12 

4.OE+02 4.51E-11 
7.OE+02 2.273-10 
1.OEi-03 5.60E-10 
2.0E+03 2.54E-09 
4.OE+03 8.33E-09 
7.OE+03 1.62E-08 
1.OE+04 2.12E-08 
2.0E+04 2.60E-08 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

He Temp. (eV) 
50. 100. 500. 1000. 5000. 10000. 20000. 

5.8 1E-14 
1.85E-13 
2.236-12 
2.436-71 
1.29E-10 
3.32E-10 
1.64E-09 
5.94E-09 
1.29E-08 
1.82E-08 
2.5512-08 

9.77E-14 
2.79E-13 
2.78E-12 
2.68E-11 
1.36E-10 
3.42E-10 
1.66E-09 
5.97E-09 
1.29E-08 
1.82E-08 
2.553-08 

1.6 OE-12 
2.78E-12 
1.08E-11 
5.24E-11 
1.94E-10 
4.333-10 
1.83E-09 
6.21E-09 
1.31E-08 
1.83E-08 
2.55E-08 

1.02E-11 
1.39E-11 
3.22E-11 
9.92E-11 
2.82E-10 
5.60E-10 

2.0 6E-0 9 
6.5 2E-0 9 
1.3 4E-08 
1.85E-08 
2.55E-0 8 

6.38C-10 
6.7 3E-10 
7.95E-10 
1.07E-0 9 
1.53E-09 
2.0 6E-09 
4.15E-09 
8.93E-09 
1.536-08 
1.98E-08 
2.573-08 

2.68E-09 
2.74E-09 
2.958-09 
3.37E-09 
4.03E-09 
4.73E-09 
7.123-09 
1.18E-08 
1.74E-08 
2.12E-08 
2.59E-08 

8.50E-09 
8.57E-09 
8.81E-09 
9.2 8E-0 9 
9.9 9E-0 9 
1.07E-08 

1.29E-08 
1.66E-08 
2.07E-08 
2.33E-08 
2.603-08 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 7.OE+01 eV, Emax = 2.OE+04 e V  

Chebyshev Fittinq Parameters for Rate Coefficients 
He 

Temp. 

(ev) A0 A1 A2 A3 A4 A5 

50. -4.54767E+01 
100. -4.51974E+01 
500. -4.35812E+Ol 

1000. -4.237533+01 
5000. -3.90038E+01 
10000. -3.75454Ei01 
20000. -3.62570E+01 

Equal. Temp. -4.47894E+01 

6.67186E+00 -1.30388E100 -1.33476E-01 4.396323-02 -4.528893-02 
6.44612E+00 -1.18362E+OO -1.721273-01 4.66619E-02 -4.04263E-02 
5.17359Ei00 -5.65656E-01 -3.289853-01 3.26661E-02 -7.75934E-03 
4.27018E+00 -2.07470E-01 -3.69408E-01 -9.50854E-04 1.17863E-02 
2.05191E+00 2.491243-01 -2.12101E-01 -8.19217E-02 7.92950E-03 
1.24999E+00 2.32693E-01 -1.10685E-01 -6.99375E-02 -5.62572E-03 
6.126708-01 1.45612E-01 -4.25717E-02 -4.33562E-02 -1.033618-02 
6.48647E+00 -1.503638+00 -5.564653-02 1.008978-02 -3.20031E-02 

A6 

1.85 83 1E-0 2 
1.55388E-02 
1.09010E-03 

-8.41076E-04 
1.06018E-02 
6.74424E-03 
9.234413-04 
2.61002E-02 

See appendix for Chebyshev fit details. 
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Electron CapLure Rate Coefficjents for 
H e  + H i -  -> H + H e +  

H+ 

Temp. 
(eV1 10000. 

l.OE+OO 1.18E-08 
2.OE+00 1.18E-08 
4.OE+00 1.18E-08 
7.OE+00 1.18E-08 
l.OE+Ol 1.18E-08 
2.OE+01 1 .18E-08  

4.OE+01 1.19E-08 
7.OE+01 1.19E-08 
1.OE+02 1.20E-08 
2.OE+02 1.24E-08 
4.OE+02 1.31E-08 
7.OE+02 1.41E-08 
1. OE t03 1.51E-08 

2.OE+03 1.77E-08 
4.OE+03 2.11E-08 
7.OE+03 2.393-08 
1.OE+04 2.54E-08 
2.OE+04 2.64E-08 

Beam - Maxwellian Rate Coefficients (cm3/s) 

20000. 

3.43E-08, 
3.42E-08 
3.42E-08 
3.41E-08 
3.41E-08 
3.40E-08 
3.38E-0 8 
3.37E-08 
3.36E-08 
3.33E-08 
3.29E-08 
3.25E-08 
3.21E-08 
3.14E-08 
3.05E-08 
2.95E-08 
2.87E-08 
2.6l.E-08 

H e  Energy (eV/amu) 
40000. 

3.91E-08 
3.91E-08 
3.90E-08 
3.90E-08 
3.89E-08 
3.88E-08 
3.87E-08 
3.85E-08 
3.84E-08 
3.80E-08 
3.76E-08 
3.70E-08 
3.66E-08 
3.53E-08 
3.30E-08 
3.03E-08 
2.82E-08 
2.37E-08 

70000. 

2.56E-08 
2.56E-08 
2.56E-08 
2.55E-08 
2.55E-08 
2.55.72-08 
2.54E-08 
2.53E-08 
2.53E-08 
2.51E-08 
2.49E-08 
2.47E-OB 
2.46E-08 
2.42E-08 
2.34E-08 
2.23E-08 
2.12E-0 8 
1.83E-08 

100000. 

1.483-08 
1.48E-08 
1.48E-OB 
1.48E-08 
1.48E-08 
1.47E-08 
1.47E-08 
1.46E-08 
1.46E-08 
1.45E-08 
1.45E-08 
1.44E-08 
1.44E-08 
1.44E-08 
1.44E-08 
1.433-08 
1.41E-08 
1.32E-08 

200000. 

2.45E-09 
2.45E-09 
2.453-09 
2.45E-09 
2.456-09 
2.45E-09 
2.45E-09 
2.45E-0 9 
2.45E-0 9 
2.45E-09 

2.45E-0 9 
2.473-09 
2.48E-0 9 
2.553-09 
2.7OE-09 
2.9 4E-0 9 
3.18E-09 
3.84E-09 

500000. 

1.24E-10 
1.24E-10 
1.24E-10 
1.24E-10 
1.24E-10 
1.24E-10 
1.2 4E-10 
1 - 2 4E-10 
1.2 4E-10 
1.2 4E-10 
1.25E-10 
1.26E-10 
1.27E-10 
1.30E-10 
1.3 6E-10 
1.45E-10 
1.55E-10 
1.94E-10 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, E,,, = 2.OEI-04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 
HC? 

Energy 

(ev/anu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.59874E+01 4.17430E-01 1.93060E-01 1.41316E-02 -4.62466E-02 -3.20698E-02 -6.144663-03 
20000. -3.45210E+01 -1.10051E-01 -5.31364E-02 -2.09508E-02 -8.289163-03 -4.29131B-03 -2.80760E-03 
40000. -3.43497E+01 -1.93363E-01 -1.15051E-01 -5.41354E-02 -1.98052E-02 -4.140438-03 1.32023E-03 
70000. -3.51059E+Ol -1.20106E-01 -7.36757E-02 -4.02144E-02 -2.03546E-02 -8.65732E-03 -2.24607E-03 
100000. -3.61082E+01 -3.88036E-02 -1.739768-02 -1.163878-02 -1.05935E-02 -.7.51826E-03 -3.79933E-03 
200000. -3.94814Et01 1.55478E-01 1.145128-01 6.41579E-02 2.61502E-02 6.20889E-03 -1.41106E-03 
500000. -4.54567E+01 1.49642E-01 1.06212E-01 6.21478E-02 3.03614E-02 1.26308E-02 4.94057E-03 

See appendix for Chebyshev fit details. 
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He + H' - > H  + He" 

Beam - Maxwellion 

IO-' 

Io--" 

10-gl 
io5 

lo-' 
IO" I d  1 o2 1 o3 1 o4 

H' Temp. (eV) 

He Energy 

(eV/a m u> 

A 10000. 

x =20000.  

V =40000. 

H =70000. 

@ =100000. 

ffl =200000. 

=500000.  

Recommended 
Data 

- - - - -  Chebyshev Fit 



A-38 

Energy 
(ev/amu) 

4.7E+02 
7.OEi02 
l.OEt03 
2 .OEt03 
4.OE-I-0 3 
7 .OE+03 
1.OE+04 
2.OE.tO4 
3.2Et04 
4.OE+04 
7.OE-t-0 4 
1.OE+05 
2.OE+05 
4.0E+05 
7.OE+05 
l.OE+O6 

Double Electron Capture Cross Sections for 
H +  + He -> 3- + ~ e 2 +  

Velocity 

(cm/s) 

Cross Section 

(cm2) 

2.703-22 
5.75E-22 
1.12E-21 
4.20E-21 
1.7 8E-2 0 

5.08E-20 
1.06E-19 
3.753-19 
7.08E-19 
6.42E-19 
1.73 E-19 
3.76E-20 
9.67E-2 2 
7.64E-24 
9.68E-26 
3.76E-27 

References: 35, 50, 52, 53, 54 
l--__l_ 

Accuracx E < 1 ~ 1 0 4  ev/amu - factor 2 or more; E > 1x104 ev/amu - 40% 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 

Emin = 4.7E+02 eV/amu, Emax = 9.93+05 eV/amu 

Chebyshev FCLin-9 Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-98.3453 -4.13574 -6.43185 -1.70697 .435158 .417370 -.125015 -.191020 .0356727 

The fit represents the above cross sections with an rms deviation of 10.0%. 
The maximum deviation is 20.7% at 2.OE+04 eV/arnu. 
See appendix for Chebyshev fit details. 
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Electron Capture Cross Sec t ions  f o r  

H+ + L i  -> H + L i +  

Energy 

( ev/amu ) 

2.5E+02 
3.OE+02 
4.OE+02 
5.OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
3.0E+03 
3.6E+03 
5.OE+03 
8.OE+03 
l.OE+O 4 
I. 5E+04 
3.0E+04 
5.OE+04 
8.OE+04 
1.5E+05 
2.OE+O5 
3.03+05 
4.OE+05 
5.OE+O5 
5.6E+05 

Vel oc it y 

(cm/s) 

Cross Sec t ion  

1.75E-16 
2.38E-16 
3 -793-16 
5.40E-16 
8.9 5E-16 
I. 40E-15 
3.28E-15 
4.26E-15 
4.353-15 
4.07E-15 
2.683-15 
1.80E-15 
7.52E-16 
7.98E-17 
2 .E 4E-17 
1.773-17 
8.733-18 
5.21E-18 
3.88E-18 
7.17E-19 
2.93B-19 
2.02E-19 

References: 230, 231, 232, 233, 234, 235, 236, 237, 238, 239 

Accura% 30% 

Notes: (1) Gruebler e t  a l .  (Ref. 235) found up t o  a f a c t o r  of 2 g r e a t e r  c r o s s  s e c t i o n  when H+ 
was t h e  p r o j e c t i l e  compared t o  D+ inc ident  a t  equiva len t  v e l o c i t i e s .  

(2) For d a t a  on e l e c t r o n  capture  c r o s s  s e c t i o n s  of L i +  + H s e e  re ferences  247, 248, 252, 
253. 

For a Chebyshev f i t  of t h e  above c r o s s  s e c t i o n s  it  is  necessary t o  u s e  t h e  fol lowing parameters .  

Emin = 2.53+02 eV/amu, E,,, = 5.63+05 eV/amu 

Chebyshev F i t t i n q  Parameters f o r  Cross Sec t ions  

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-74.2905 -3.64125 -2.48131 .598612 .0178325 -.507845 -.166745 -177271 .132733 

The f i t  represents  t h e  above c r o s s  s e c t i o n s  with an rms d e v i a t i o n  of 6.4%. 
The maximum devia t ion  is 17.7% a t  3.OE+04 eV/amu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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n +  

(ev) 10000. 
Temp. 

l.OE+OO 
2*OE+OO 
4.OEi00 
7.OE+00 
l.OE+Ol 
2.OE+01 
4.OEi01 
7.OE-tO1 
1.OEi02 
2.OE+02 
4.OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.OEi03 
7.OE+03 
1 .OE+04 
2.OEi04 

2.50E-07 
2.493-07 
2.49E-07 
2.49E-07 
2.49E-07 
2.48E-07 
2.48E-07 
2.48E-07 
2.47E-07 
2.44E-07 
2.333-07 
2.30E-07 
2.21E-07 
1.96E-07 
1.64E-07 
1.3 4E-07 
1.14E-07 
7.50E-0 8 

A-4 2 

Electron Capture Rate Coefficients for 

Beam 

20000. 

5.82E-08 
5.83E-08 
5.83E-08 
5.8 4E--08 
5.84E-08 
5.86E-08 
5.89E-08 
5.95E-OR 
6.00E-08 
6.17E-08 
6. ME-08 
6.81E-08 
7. IOE-08 
7.73E-08 
8.02E-08 
7.67E-08 
7.14E-08 
5.52E-08 

Li + H +  -> H + Li+ 

Haxwellian Rate Coefficients (cm3/s) 

Li Energy (eV/amu) 
40000. 

1.24E-08 
1.24E-08 
1.24E-08 
1.243-08 
1.24E-08 
1.24E-08 
1.24E-08 
1.24E-08 
1.24E-08 
1.25E-08 
1.27E-08 
1.3 OE-08 
1.3 5E-0 8 

1.56E-08 
2.04E-08 
2.593-08 
2.90E-08 
3.08E-08 

70000. 

7.44E-09 
7.44E-09 
7.44E-09 
7.44E-09 
7.4 4E-0 9 

7.44E-09 
7.448-09 
7.44E-09 
7.44E-09 
7.443-09 
7.44E-09 
7.44E-03 
7.45E-09 
7.53E-09 
7.94E-09 
9.12E-09 
1.06E-08 
1.44E-08 

100000. 

6.05E-09* 
6.05E-09* 
6.05E-09* 
6.05E-09* 
6.05E-09* 
6.05E-09* 
6.05E-09 
6.0 5E-0 9 

6.05E-09 
6.05E-09 
6.05E-09 
6.05E-09 
6.05E-09 
6.04E-09 
6.04E-09 
6.14E-0 9 
6.44E-09 
8.16E-09 

200000. 

3.23E-09* 
3.23E-09* 
3.23E-09* 
3.23E-09* 
3.23E-09* 
3.22E-09* 
3.22E-09* 
3.21E-09* 
3.21E-09* 
3.20E-09* 
3.19E-09* 
3.18E-09* 
3.17E-09* 
3.16E-09* 
3.14E-09* 
3.11E-09 
3.08E-09 
3.06E-09 

500000. 

2.88E-10** 
2.88E-10** 
2.88E-10** 
2.88E-10** 
2.88E-10** 
2.89E-10** 
2.89E-10** 
2.89E-10** 
2.90E-10** 
2.91E-10** 
2.93E-10** 
2.93E-10** 
2.91E-10** 
2.86E-10** 
2.85E-10** 
2.9 4E-10** 
3.08E-10** 
3.61E-10** 

Accuracy: * - Possible Error Greater Than 10% 

* *  - Possible Error Greater Than 100% 

Notes: F O K  Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev Fitting Parameters f o r  Rate Coefficients 

Li 
Energy 
(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.09481E+01 -4.64901E-01 -2.95108E-01 -1.33838E-01 -3.59323E-02 -1.29218E-03 8.76916E-04 
20000. -3.31581E+01 9.29024E-02 -3.27874E-02 -9.34862E-02 -7.42714E-02 -2.98862E-02 -6.366103-04 
40000. -3.590403+01 4.303133-01 2.62445E-01 8.26693E-02 -2.56118E-02 -5.35625E-02 -3.78039E-02 
70000. -3.72045E+01 2.09566E-01 1.66816E-01 1.08374E-01 5.50349E-02 1.81051E-02 -2.94289E-03 
100000. -3.77748E+01 7.11403E-02 6.19800E-02 5.19417E-02 3.83027E-02 2.39693E-02 1.32084E-02 
200000. -3.92351E+01 -2.54412E-02 -9.350708-03 -2.34861E-03 -2.746603-04 3.66029E-04 9.29558E-04 
500000. -4.38736E+01 5.64031E-02 4.45512E-02 3.82771E-02 3.084483-02 1.91863E-02 5.93228E-03 

See appendix for Chebyshev fit details. 
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Energy 

(eV/amu) 

5.9Et01 
6.4E+01 
6.9E+01 
7.4E+01 
8.OE+dl 
B.lE+Ol 
8.4Et01 
8.9E+01 
9.4E+01 
9.9E+01 
l.OE+02 
1.1E+02 
1.2Et02 
1.3E+02 
1.4Et02 
1.5E+02 
1.6E+02 
1.7E+02 
1.8E+02 
1.9Et02 
Z.OE+OZ 
2.5E+02 
3.OE+02 
3.5E+02 
4.OE+02 
4.5E102 
4.7E+02 
5.0Et02 
6.OE+02 
8.OE+02 
8.4E+02 
l.OE+03 
l.lE+03 

Double E lec t ron  Capture  Cross S e c t i o n s  f o r  

H+ + H- -> H- + H+ 

Veloc it y 

(cm/s) 

1.07Ec07 
1.llE+07 
,4.15E+O 7 
1.19E+07 
1.24E+07 
1.25E+07 
1.27E+07 
1.31E+07 
1.35E+07 
1.38Et07 
1.39Et07 
1.46Et07 
1.52E+07 
1.58Et07 
1.64E+07 
1.70E+07 
1.76Et07 
1.81E+07 
1.86E+07 
1.91E+07 
1.96E+07 
2.20E+07 
2.41E+07 
2.603+07 
2.78E+07 
2.95E+07 
3.01E+07 
3.11E+07 
3.40E+07 
3.93E+07 
4.03E+07 
4.39E+07 
4.61E+07 

Cross Sec t ion  

(cm2) 

9.98E-17 
1.02E-16 
8.45E-17 
5.631-17 
3.96E-17 
3.95E-17 
4.63E-17 
6.llE-17 
7.54E-17 
8.723-17 
8.8 2E-17 
6.84E-17 
4.70E-17 
4.23E-17 
4.84E-17 
6.33E-17 
7.20E-17 
6.12E-17 
4.27E-17 
4.10E-17 
4.623-17 
8.33E-17 
1.08E-16 
1.27E-16 
1.44E-16 
1.50E-16 
1.51E-16 
1.50E-16 
1.4 OE-16 
1.14E-16 
1.07E-16 
8.79E-17 
7.48E-17 

References:  69, 274, 275, 276 

Lccuracv: 30% 

lQ&s (1) The o s c i l l a t o r y  behaviour  r e s u l t s  from t h e  formation of a quasi-H2 molecule.  
(2) The c r o s s  s e c t i o n  as p l o t t e d  is an ave rage  of t h a t  measured by Bear t  (Ref.  274) and 

t h a t  of B r o u i l l a r d  e t  al. (Ref. 275). 

(3) P l o t t e d  a r e  t h e  H +  e n e r g i e s  w i t h  t h e  H- 

1 4 )  The i n t e r a c t i o n  energy is  g iven  by E i n t = . y  for equal masses. t .  

For a Chebyshev f i t  of t h e  above c r o s s  s e c t i o n s  i t  is necessa ry  t o  use t h e  fo l lowing  parameters .  

E,,i,, = 5.9Et01 eV/amu, Emax = l.lEt03 eV/amu 

Chebvshev F i t t i n q  P a i a m t e r s  f o r  Cro! s S L C ~  i ons  

The f i t  r e p r e s e n t s  t h e  above c i o s s  sec t iovs  wl th  an rrns der!.al :on of ? 7% 
The maximum d e v i a t i o n  is 46.4% a t  8.lEt01 eV/ariu. 

See  appendix f o r  Chebyshev f i t  d e t a i l s .  
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Mutual Neutral . izat ion Cross Sec t ions  f o r  

H+ + H- -> H + H 

Energy 

(ev/arnu) 

2.OE-01 
4.OE-01 
7.OE-01 
l.OE+OO 
2.OE+OO 
4.OE+OO 
7.OE+OO 
l.OE+Ol 
2.OE+01 
4.OE+01 
7.OE+01 
1 .OE+02 
2.OE+02 
4.OE+02 
7.OE+02 
l.OE+03 
2 .OE+03 
4.OE+03 
4.8E+03 

Veloci ty  

(cm/s) 

6.21E+05 
8.79E+05 
1.16E+06 
1.39E+0 6 
1.96E+O 6 
2 .7 8 Ei-0 6 
3.683+06 
4.39E+06 
6.21E+O 6 
8.7 9E+O 6 
1.16E+07 
1.39E+07 
1.96E+07 
2.7 8E+07 
3.68E+07 
4.3 9E+07 
6.21E+07 
8.7 9E+07 
9.62E+07 

Cross Sect ion 

(cm2) 

1.69E-13 
9.09E-14 
5.743-14 
4.27E-14 
2.40E-14 
1.40E-14 
9.21E-15 
7.36E-15 
6.53E-15 
7.llE-15 
8.20E-15 
8.8OE-15 
1.0 6E-14 
1.30E-14 
1.39E-14 
1.383-14 
1.17E-14 
7.541-15 
6.3 6E-15 

References: 63, 64, 65, 66, 67, 68, 69, 280 

Accuracy: E > 20 eV/arnu - 20%; E < 20 eV/amu - f a c t o r  2 ( s e e  notes )  

Notes: (1) Measurements made i n  t h e  1970's showed s t r u c t u r e  i n  t h e  c r o s s  s e c t i o n  curve i n  t h e  

energy range of 40 - 700 eV/amu. More recent  measurements (Ref. 67 and 68) show no 

evidence of s t r u c t u r e  and t h e  c r o s s  s e c t i o n s  a r e  approximately a f a c t o r  of 2 less  than 

those  reported i n  Refs. 63-66 f o r  energ ies  less  than 400 eV. 

( 2 )  Mosley (Ref. 63) found a sharp r i s e  i n  t h e  c r o s s  s e c t i o n  f o r  energ ies  l e s s  than 30 
eV/amu. In t h e  region of overlap,  w i t h  t h e  most recent  papers ,  Mosely was a f a c t o r  of 

two g r e a t e r .  Thus, t h e  d a t a  of Mosely have been reduced by approximately a f a c t o r  of 

two which more near ly  co inc ides  w i t h  t h e  t h e o r e t i c a l  d a t a  of Ref. 280. 
(3) The da ta  below 1 0  eV/amu should be used w i t h  cau t ion .  

(4) P l o t t e d  is  t h e  H+ energy with H- a t  r e s t .  

( 5 )  The i n t e r a c t i o n  energy i s  given by E i n t = E H + / 2 .  

(6) See Dolder 's  review (Ref. 69) f o r  a d i scuss ion  of t h i s  reac t ion .  

For a Chebyshev f i t  of t h e  above c r o s s  s e c t i o n s  it is necessary t o  u s e  t h e  following parameters. 

E,,in = 2.OE-01 eV/amu, Emax = 4.8E+03 eV/amu 

C&bysJ.v F i t t i n g  -Parameters f o r  Cross Sec t ions  

A 0  A1 A2 A3 A 4  A5 A6 A7 A8 
-63.1439 -1.23277 .753504 -.408901 -.276190 .0381613 .0408940 -.0423914 .00269073 

The f i t  represents  t h e  above c r o s s  s e c t i o n s  with an rms devia t ion  of 2.4%. 
The maximum devia t ion  is  5.8% a t  1.OE+01 eV/amu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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Sum o f  t h e  E l e c t r o n  C a p t u r e  and  I o n i z a t i o n  Cross S e c t i o n s  fo r  
H+ + He+ -> [ ( H  + H e 2 + )  + ( H +  + H e 2 +  + e - ) ]  

E n e r g y  

(ev/amu) 

3.3E+03 

4 . 0 ~ 0 3  

7 .OE+03 

1.OE+04 

2.OE+04 

4.031-04 

7.OE+04 

1 .OE+05 

2.OE1-05 

4.OE+05 

5.2E+05 

7.98E+07 

8 .7  9E+07 

1.16E-tO8 

1 . 3  9E+O8 

1.96E+08 

2.78E+08 

3.68E+08 

4.39E+08 

6 . 2  1E+O8 

8.78E+O 8 

1.00E-t-09 

C r o s s  S e c t i o n  

(Ciil2) 

7.43E-20 

1.04E-19 

3.62E-19 

9.89E-19 

1.00E-17 

2.31E-17 

2.55E-17 

2.19E-17 

1.38E-17 

6.84E-18 

4.823-18 

R e f e r e n c e s :  5 9 ,  7 3 ,  7 5 ,  76, 77,  81, 277,  278,  279 

Accuracy:  20% 

Notes: (I) P l o t t e d  a r e  H+ e n e r g i e s  w i t h  t h e  H e 3  p a r t i c  es a t  r e s t .  

( 2 )  The i n t e r a c t i o n  e n e r g y  is g i v e n  by Eint = -~ 
JH+ 

1 . 2 5 '  

For a Chebyshev f i t  o f  t h e  a b o v e  c r o s s  s e c t i o n s  i t  is  n e c e s s a r y  t o  use t h e  f o l l o w i n g  p a r a m e t e r s .  

E m i n  = 3.3E+03 eV/amu, Emax = 5.2E+05 eV/amu 

Chebyshev F i t t i n g  P a r a m e ! x E  f o r  C r o s s  S e c t i o n s  

A0 A 1  A2 A 3  A4 A5 A6 A7 A8 

-80.8329 2.22908 -1.82091 - .0490894 .341964 -.160988 -.0383566 .0746090 -.0322523 

The  f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n s  w i t h  a n  rms d e v i a t i o n  of 4.3%. 

The maximum d e v i a t i o n  is  9.2% a t  1.OE+04 eV/amu. 

See a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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Sum of the Electron Capture and Ionization Rate Coefficients for 
H+ + He+ -> [ (H + He2'-) + (H' + He2+ + e- )  ] 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

H+ 

Temp. Equal 
(ev) Temp. 500. 

2.OE+02 
4.OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.0E+03 
7.OE+03 
l.OE+O 4 
2.0E+04 

5.59E-17 
3.71E-14 
7.08E-13 
2.83E-12 
3.19E-11 
2.798-10 
1.02E-09 
1.90E-09 
4.31E-09 

1 .llE-15 
5.08E-14 
5.498-13 
1.92E-12 
1.82E-11 
1.62E-10 
6.66E-10 
1.34E-09 
3.51E-09 

He+ Temp. (eV) 
750. 1000. 2500. 5000. 

5.53E-15 
1.00E-13 
7.52E-13 
2.35E-12 
2.01E.-ll 
1.69E-10 
6.79E-10 
1.36E-09 
3.52E-09 

1.78E-14 
1.74E-13 
9.96E-13 
2.83E-12 
2.22E-11 
1.7 6E-10 
6.92E-10 
1.37E-09 
3.536-09 

5.49E-13 
1.35E-12 
3.49E-12 
7.15E-12 
3.77E-11 
2.25E-10 
7.72E-10 
1.46E-09 
3.60E-09 

4.80E-12 
7.55E-12 
1.35E-11 
2.22E-11 
7.69E-11 
3.186-10 
9.10E-10 
1.6 1E-0 9 
3.71E-09 

10000. 20000. 

4.15E-11 
5.28E-11 
7.31E-11 
9.75E-11 
2.08~-in 
5.41E-10 
1 .2 0 E-- 0 9 
1.90E-0 9 
3.92E-09 

3.10E-10 
3.42E-IO 
3.93E-10 
4.46E-10 
6.41E-10 
1.08E-09 
1.78E-0 9 
2.47E-09 
4.31E-09 

Notes: For Chebyshev fits of the above rate coefficients it is necessary t o  use the following parameters. 
E,in = 2.OE+O2 e V ,  Emax = 2.OE+04 eV 

Chebysh-ex--Fittinq Parameters for Rate ~ ~ e f f i c - 1 ~  

He+ 

Temp. 
(ev) A 0  A 1  A2 A3 A4 A5 A6 

500. 
750. 
1000. 
2500. 
5000. 
10000. 
20000. 

Equal Temp. 

-5.13885E+01 
-5.05826E+01 
-4.99515E+01 
-4.775678+01 
-4.593 6 4E+Ol 
-4.38282E+01 
-4.167 49E+0 1 
-5.18052E+01 

7.38050Ei-00 -1.17079E+00 
6.73738E+00 -8.10583E-01 
6.24899E+00 -5.58489E-01 
4.68556E+00 6.56666E-02 
3.571818+00 2.68644E-01 
2.41498E+00 3.24673E-01 
1.36451E+00 2.925098-01 
8.42203E+00 -2.1019lE+OO 

6.7 0967%-02 -1.42287E-0 1 
-8.730948-02 -9.21944E-02 
-1.82760E-01 -6.616056-02 
-3.34420E-01 -3.90804E-02 
-2.79208E-01 -4.431086-02 
-1.502893-01 -4.794148-02 
-4.41725E-02 -3.60762E-02 
5.09552E-01 -3.49726E-01 

3.79317E-02 
3.17877E-02 
3.20 49 0 E-0 2 
4.27066E-02 
3.19685E-02 
9.612668-03 
-3.52436E-03 
1.505968-01 

5.35545E-02 
4.71527E-02 
4.02355E-02 
1.48636E-02 
6.39440E-03 
5.76632E-03 
2.65593E-03 
1.11481E-02 

See appendix f o r  Chebyshev fit details. 
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H' + He' -> ((H + He2'> + (H' + He2" + e- ) )  

Maxweilian - Maxwellian 

H' Temp. (eV) 
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H+ Temp. 
( ev )  

1. OE+OO 
Z.OE+OO 
4.OE+OO 
7.OE+OO 
1.OE+01 
2.OE+01 
4.OE+01 
5.OE+01 
l.OE+02 
2.0E+O2 
4.OE+02 
7.OE+02 
l.OE+O3 
2.OE+03 
4.0E+03 
7.0E+03 
l.OE+04 
2.OE+04 

10000. 

1.42E-10 
1.43E-10 
1.43E-10 
1.4415-10 
1.456-10 
1.47E-10 
1.5313-10 
1.60E-10 
1.68E-10 
1.94E-10 
2.53E-10 
3.50E-10 
4.49E-10 
7.69E-10 
1.37E-09 
2 18E-09 
2.88E-09 
4.6SE-09 

Total Electron Capture Rate Coefficients for  
~ e +  t H +  --> ( ( H  + ~ e ~ + )  + (H+ + €]e2+ + e - ) )  

B ~ L U I I  - Maxwellian Rate Coefficients ( ~ d / s )  

20000. 

1.95E-09 
1.94E-09 
1.94E-09 
1.93E-09 
1.92E-09 
1.91E-09 
1.90E-09 
1.89t?-09 
1 89E-09 
1.90E-09 
1.953-09 
2.06E-09 
2.17E-09 
2.52E-09 
3.llE-09 
3.79E-09 
4.33E-09 
5.54E-09 

Accuracy: * - Possible Error 
** - Possible Error 

40000. 

6.39E-09 
6.396-09 
6.38E-09 
6.3712-09 
6.36E-09 
6.3413-09 
6.31E-09 
6.29E-09 
6.27E-09 
6.22E-09 
6 18E-09 
6.15E-09 
6.16E-09 
6.19E-09 
6.29E-09 
6.44E3--09 
6.57E-09 
6.93E-09 

Greater 
Greater 

He+ Energy ( e v / a i u \  
70000. 100000. 

9.3 PE-09 
9.31E-09 
9.3 1E-09 
9.31E-09 
9.3OE-09 
9.29E-09 

9.25E-09 
9.23E-09 
9.19E-09 
9. S3E-09 
9.07E-09 
9.02E-Q9 
8 + 90E--09 
8.70E-09 
8.49E-09 
8.34E-09 
8.06E-09 

9.27~-09 

Than 10% 
Than 100% 

9.56E-09 
9.56E--09 
9.55E-09 
9.55E-09 
9.55E-09 
9.55E-09 
9.541~-09 
9.53E-09 
9 - 53E-09 
9.51E-09 
9.49E-09 
9.463-09 
9.44E-09 
9.36E-09 
9 - 23E-09 
9 05E-09 
8.89E-09 
8.483-09 

200000. 

8.57E-09 
8.57E-09 
8.56E-09 
8.56E-09 
8.56E-09 
8.55E-09 
8. T'JE-09 
8.54B-09 
8.53E-09 
8.521.3-09 
8.49E-09 
8.47E-09 
8.45E-09 
8.39E.3-09 
S.32E-09 
8.23E-09 
8.16E-09 
7.90E-09 

500000. 

4.98E-09 
4.98E-09 
4-983-09 
4.98E-09 
4.98E-09 
4.98E-09 
4.9SE-09 
4.943-09 
4.873-09 
4.59E-09 
4.20E-09* 
3.88E-09* 
3.69E-09* 
3.40E-09* 
3.18E-09* 
3.05E-09* 
2.99E-09* 
2.90E-09* 

Notes: F o r  Chebyshev f i t s  of the above r a t e  coeff ic ients  it is necessary t o  u s e  
t h e  f ol lowing parameters. 
En,in = l.OE+OO eV, E,l,ax = 2.OE+04 eV 

Chebyshev F i t t i nq  Parameters fo r  Rate Coefficients 

He+ 
Energy 

( e V / a m u )  

10000. 
20000. 
40000. 
70000. 
100000. 
200000. 
500000. 

A0 

-43.1609 
-39.6126 
-37.7344 
-37.0628 
-36.9842 
-37.1894 
-38.6322 

A 1  

1.70961 
.447496 
.0172991 

-.0628379 
-.0440273 
-.0312141 
-. 298865 

A2 

.748336 

.287036 

.0327260 
-.0317506 
-.0277168 -. 0170352 
-.0952539 

A3 

.0779426 

.0983789 

.0232302 
-.0103654 
-.0140155 
-.00770730 
.0317736 

A4 

-. 109478 
-.00499034 
.00718786 

-.00206175 
-.00593012 
-.00339568 
.0355560 

A5 A6 

-. 0550219 .00900977 
-.0233174 -.00975898 
6.9851323-05 -.00119392 
4.854519E-04 .00112569 
-.00184524 -1.575483E-04 
-.00158336 -7.8834933-04 
-.00369627 -.0132072 

See appendix for Chebyshev f i t  de ta i l s  
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He' + H" -> ((H + lie2') + (H' + He" + e-)) 

Beam - Maxwellian 
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E n e r g y  

( elJ/amu ) 

E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H+ + H e +  -> H + He2+ 

5.89E+07 

6.21E+07 

8.793+07 

1.16E+08 

1.39E+08 

1.963+08 

2.78E+08 

2.91E+08 

3.29E+08 

3.68E+08 

4.39E+03 

6 .2  1E+OB 
6.80E+08 

C r o s s  S e c t i o n  

(cm2) 

5.84E-22 

1.55E-21 

8.8 4E-20 

4.912-19 

1.40E-18 

1.17E-17 

2.46E-17 

2.48E-17 

2.353-17 

1.92E-17 

1.20E-17 

4.06E-18 

3.06E-18 

-___ R e f e r e n c e s :  69 ,  71 ,  73 ,  7 4 ,  7 5 ,  7 6 ,  7 7 ,  78. 79,  80 

Accuracy-; E < l x 1 0 4  eV/amu - f a c t o r  2; lX104 eV/amu < E < 2 . 2 ~ 1 0 ~  eV/amu - 25% 

Notes :  (1) A t  e n e r g i e s  less  t h a n  l x 1 0 4  eV/amu t h e  a s s u m p t i o n  was made t h a t  t h e  e l e c t r o n  c a p t u r e  

cross s e c t i o n  (uc)  is e q u a l  t o  t h e  t o t a l  cross s e c t i o n  ( u T ) .  uc: H+ + H e +  -> H + H e 2 + ;  

aT: H +  t H e +  -> [ ( H  + H e + )  + ( H +  + H e 2 +  + e-) I .  
( 2 )  Data be low 3x103 eV/amu r e l y  o n  t h e o r y  of r e f e r e n c e s  7 1 ,  7 9 ,  and  80 .  

( 3 )  P l o t t e d  is  t h e  H+ e n e r g y  w i t h  H e +  a t  r e s t .  

( 4 )  The i n t e r a c t i o n  e n e r g y  is g i v e n  b y  Eint = ~ 

EH+ 
1 . 2 5 '  

F o r  a Chebyshev  f i t  o f  t h e  a b o v e  c ros s  s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

E m i n  = 1.8E+03 eV/amu, Emax = 2.4E+05 eV/amu 

Chebyshev  F i t t i n g  P a r a m e t e r s  fo r  C r o s s  S e c t i o n s  

A0  A 1  A2 A3 A4 A5 A6 A7 

-83 .5391 3.94447 -2.70255 .0791337 - .0544615 .290337 - .133801 -.0294272 

A8 

0518279 

The f i t  r e p r e s e n t s  t h e  a b o v e  c ross  s e c t i o n s  w i t h  a n  rms d e v i a t i o n  o f  2.4%. 

The maximum d e v i a t i o n  is  3.8% a t  4.OE+04 eV/amu. 

See a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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H+ 4- Me+ - > t i  + He2+ 

Cross Section vs. Energy 
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Electron Capture Rate Coefficients for 
H+ + He+ -> H + He2+ 

I? + 

Temp. Equal 

(eV) Temp. 

1.OE+02 1.84E-19 
2.0E-l-02 3.92E-16 
4.0E+02 4.67E-14 
7.0 E+O 2 7.57 E-1 3 
1.OE+03 3.26E-12 
2.OE+03 4.04E-11 
4.OE1-03 3.33E-10 
7.OE.tO3 1.14E-09 
1.0E+04 2.023-09 
2.OE+04 3.87E-09 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

Hei Temp. (eV) 
200. 750. 1000. 2500. 5000. 10000. 20000. 

2.17E-18 
3.923-16 
2.52E-14 
3.783-13 
1.63E-12 
2.02E-11 
1.87E-10 
7.48E-10 
1.46E-09 
3.3 4E-09 

1.20E-15 
9.86E-15 
1.13E-13 
8.05E-13 
2.67 E-12 
2.5 4E-11 
2.06E-10 
7.79E-10 
1.49E-09 
3.35E-09 

4.99E-15 
2.52E-14 
1.89E-13 
1.08E-12 
3.26E-12 
2.81E-11 
2.14E-10 
7.93E-10 
1.50E-09 
3.36E-09 

3.22E-13 
5.8 4E-13 
1.4EE-12 
4.07E-12 
8.743-12 
4.77E-11 
2.71E-10 
8.80E-10 
1.593-09 
3.41E-09 

4.38E-12 
5.73E-12 
9.25E-12 
1.69E-11 
2.81E-11 
9.59E-11 
3.7 7E-10 
1.03E-09 
1.74E-09 
3.493-09 

4.62E-11 
5.24E-11 
6.64E-11 
9.13E-11 
1 I 21E-10 
2.51E-10 
6.27E-10 
1.32E-09 
2.02E-09 
3.638-09 

3.50E-10 
3.68E-10 
4.05E-10 
4.62E-10 
5.22E-10 
7.37E-10 
1.20E-09 
1.91E-09 
2.533-09 
3.87E-09 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 

Eiciin = 1.OE+02 eV, Emax = 2.OE+04 eV 

Chebyshev FittiEq Parameters for Rate Coefficients 
He+ 

Temp. 
(ev) A0 A1 A2 A3 A4 A5 A6 

200. -5.566913+01 
750. -5.243223+01 
1000. -5.15600E+01 
2500. -4.861363+01 
5000. -4.63267E+01 
10000. -4.39403E+Ol 
20000. -4.16815E+01 

Equal Temp. -5.56573E+01 

1.039313+01 -2.17666E+00 2.00410E-01 -1.29725E-01 -1.82527E-02 
7.77856E+00 -7.52983E-01 -3.38100E-01 -3.27433E-03 -1.92121E-02 
7.11555E+00 -4.59118E-01 -4.02692E-01 -1.26409E-02 -3.27140E-03 
5.03638E+00 2.33460E-01 -4.36889E-01 -7.67903E-02 3.44015E-02 
3.63467E+00 4.336293-01 -3.186418-01 -1.01089E-01 2.48311E-02 
2.341463+00 4.31460E-01 -1.58490E-01 -8.814248-02 -4.91624E-04 
1.25619E+00 3.219173-01 -4.30200E-02 -5.44652E-02 -1.22828E-02 
1.11221E+01 -3.07961E+00 6.630796-01 -3.65584E-01 9.91144E-02 

4.71659E-02 
3.80958E-02 
3.15657E-02 
1.99228E-02 
1.64483E-02 
1.03754E-02 
2.563683-03 
1.994143-02 

See appendix f o r  Chebyshev fit details. 
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ti* + He.' --> H + He'' 

axweiliar? - Maxweliian 

He' Temp. 

(f?W 

n =200.  

x ~ 7 5 0 .  

I7 = 1000. 

H ~ 2 5 0 0 .  

@ --'5000. 

a 10000. 

a =20000.  

R ec o M m e tided 
Data 

- - - - -  Chebyshev Fit 

-- Equal Temp. 

I I I 1 I I l l 1  

IO2 IO3 I 0" io5 
H' Temp. (eV) 
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Electron Capture Cross Sec t ions  f o r  

H2+ + H -> H2 + H+ H2+ + H2 -> H2 + H2' H2+ + He -> H2 + Ne+ 

Energy Cross qec t ion  Energy Cross 3ec t ion  Energy Cross gection 
ev/amu cm ev/amu cm ev/amu c m  

2.OEt00 1.223-15 5.OE+01 8.00E-16 1.2E+03 1.39E-18 
4.OE+00 l.12E-15 7.OE+01 8.36E-16 2.OE+03 1.50E-18 
7.OE+00 1.06E-15 1.OE+02 8.75E-16 4.OE+03 1.64E-18 
1.OEt01 1.01E-15 2.OE+02 9.543-16 7.OE+03 1.73E-18 
2.OEt01 9.21E-16 4.0E+02 1.02E-15 8.OE+03 1.823-18 
4.0E+01 7.83E-16 7.OE+02 1.07E-15 9.OE+03 2.183-18 
8.OEt01 6.06E-16 1.OE+03 1.093-15 1.OE+04 2.68E-18 
1.OE+02 5.64E-16 2.OE+03 1.02E-15 1.55+04 5.453-18 
2.0Et02 4.95E-16 3.5E+Q3 8.963-16 2.OE+04 7.26E-18 
3.OE+02 4.89E-16 5.OE+03 7.233-16 2.4E+04 7.49E-18 
6.OE+02 4.96E-16 
8.OE+02 5.28E-16 
1.OE+03 5.3.93-16 
2.OE+03 5.49E-16 
3.OE+03 5.268-16 
5.OEt03 4.81E-16 
8.OE+03 3.86E-16 
1.OE+04 3.39E-16 
2.0E+04 2,04E-16 
3.OE+04 1.26E-16 
5.OE+04 4.58E-17 
6.OE+04 2.72E-17 
8.OE+04 1.15E-17 
1.OE+05 6.43E-18 

References: H2f + H2 - 39, 43, 82, 208, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220 
+ H - 3, 228 
t He - 82 

Accuracy: H + + H~ - 30% E < iX103 ev/amu; 20% E > ~ 0 3  ev/anu 
+ H - 30% $' + He - unknown 

- Notes: (1) A t  energ ies  less than 1 . 5 ~ 1 0 ~  eV/amu t h e  c ros s  sec t ions  were determined by measuring 
t h e  slow ion cu r ren t  produced in  t h e  c o l l i s i o n s .  The c ross  sec t ion  was ca l cu la t ed  
assuming t h a t  H2+ ions  formed in ion iz ing  c o l l i s i o n s  were neg l ig ib l e .  L t imer e t  a l .  
(Ref. 213) found t h e  r a t i o  of H+/ produced t o  be .024 a t  7.5~10' eV/amu and 
increased monotonically t o  .2  a t  25x1OY2eV/amu. 

(2) A propor t iona l  counter was used i n  many experiments a t  energ ies  g r e a t e r  than lx103 
eV/amu t o  measure H2 formed in  t h e  c o l l i s i o n .  

(3) I t  is w e l l  known t h a t  t h e  H e lec t ron  cap tu re  c ros s  sec t ions  a r e  dependent on t h e  
v ib ra t iona l  l e v e l s  of t h e  inc i zen t  H2+ ion. See t h e  following set of da ta  f o r  t h e  
magnitude of t h i s  e f f e c t  which increases  a s  t h e  energy decreases.  

(4) Ka-c@ts f t  a l .  (Ref. 228) fouyfl thf r a t e  cons tan ts  a t  thermal energ ies  t o  be 
6.4~10 cm / s  f o r  H2+ + H and 5x10- c m  / s  f o r  D2+ + D. 

(5) Electron capture  da t a  f o r  H2' i n  He a r e  very scarce ,  
be used with caut ion .  

The da ta  presented here should 

For Chebyshev f i t s  of t h e  above c ross  sec t ions  i t  is necessary t o  u s e  t h e  following parameters. 

H + + H2: E m i n  I 2.OE+00 eV/amu, +, I 1.OE+05 eV/amu 
H2+ + H: - 5.OE+01 ev/amu, max - 5.OE+03 ev/amu 
Hi+ t He: = 1.2E+03 ev/amu, E,,, = 2.4E+04 ev/amu 

chebvshev F i t t i n q  Parameters f o r  Cross Sec t ions  

A0 A1 A2 A3 A4 A5 A6 A7 A8 
H2+ + H2: -71.4572 -1.88878 -.go6965 -.676593 -.388666 -.0528444 .0283239 -.0386419 .00767518 

H2' t H: 

H2+ + H e :  -81.0697 .916248 -310573 .0729101 -.I20222 -.148642 .0679087 

-69.2642 .0203046 -.153359 -.OS96508 -.0175975 -.00448389 -.00355258 -.00672273 -.00592839 

The f i t  represents  t h e  H2+ t H 
The maximum devia t ion  is 7.12 a t  8.1E+04 eV/amu. 

The f i t  r ep resen t s  t h e  H2+ + H c ross  sec t ion  with an rms devia t ion  of 
The maximum devia t ion  is 0.2% a t  7.OE+02 eV/amu. 

The f i t  represents  t he  H2+ + He c ross  sec t ion  with an rms devia t ion  of 
The maximum devia t ion  is 4.0% a t  8.0E+03 eV/amu. 

c ros s  sec t ion  with an rms devia t ion  of 3.8%. 

0.1%. 

2.0%. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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H2' + H, H,, He -> H, 

Cross Section vs. Energy 

Energy W4''a-n~) 
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E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H~'(w = 0,1,2,3) t H2 -> H2 

( v  = 0)  

Energy  Cross g e c t i o n  
ev/amu c m  

7.65E-16 
7.7dE-16 
7.90E-16 
8.05E-16 
8.03E-16 
8.04E-16 
8.03E-16 
8.09E-16 
8.07E-16 
8.093-16 
7.86E-16 
7.193-16 
6.83E-16 
6.9dE-16 
7.llE-16 
7.20E-16 

(w = 1) (w = 2) 

Energy  C r o s s  p c t i o n  Energy  Cross g e c t i o n  
ell/amu cm ev/amu Cm 

1.20E-1.5 
1.15E-15 
1.llE-15 
1.05E-15 
9.973-16 
9.54E-16 
9.163-16 
8.723-16 
8.09E-16 
7.743-16 
7.62E-16 
7.433-16 

4.OE+00 
6.OE+OO 
7.5E+00 
1.5E+01 
2.5E+01 
4.OE+01 
7.OE+01 
7.5E+01 
I .OE+02 
2 - OE+O2 
5.OE+02 

1.22E-15 
1.14E-15 
1.10E-15 
1.04E-15 
9.98E-16 
9.56 E-16 
9.llE-16 
9.03E-16 
8.55E-16 
7.45E-16 
5.97E-16 

Energy  
ev/amu 

4.OE+00 
7.5E+00 
l.OE+Ol 
1.5E+01 
3.OE+01 
6.OE+01 
7.5E+01 
1.5E+02 
2.0E+02 
4.OE+02 
5.OE+02 

(w = 3) 

Cross 3 e c t i o n  
c m  

1.10E-15 
1.09E-15 
1.05E-15 
9.92E-16 
8.95E-16 
7.98E-16 
7.65E-16 
7.36E-16 
7.20E-16 
6.753-16 
6.59E-16 

R e f e r e n c e s :  221, 222, 223, 224, 225, 226, 227, 295 

Accuracy:  unknown 

Note: (1) T h e s e  e x p e r i m e n t a l  d a t a  a re  t a k e n  f rom Campbel l  e t  a l .  ( R e f .  221). F o r  f u r t h e r  
i n f o r m a t i o n  see t h e o r e t i c a l  r e f e r e n c e s  222 - 227 and e x p e r i m e n t a l  m e a s u r e m e n t s  of  L i a o  
e t  a l .  ( R e f .  295). 

F o r  Chebyshev f i t s  of t h e  a b o v e  cross s e c t i o n s  it is  n e c e s s a r y  t o  use t h e  f o l l o w i n g  p a r a m e t e r s .  

( v  = 0 )  E m i n  = 4.OEi00 eV/amu, Emax = 5.OE+02 eV/amu 
( v  = 1) E m i n  = 4.OE+00 eV/amu, px = 5.OE+02 eV/amo 
(w = 2) Emin = 4.OE+00 eV/amu, = 5.OE+02 ev/amu 
(w = 3) E m i r ,  = 4.OE+00 eV/amu, Et:: = 5.OE+02 eV/amu 

Chebvshev F i t t i n q  P a r a m e t e r s  f o r  C r o s s  S e c t i o n s  

A0 A1 A2 A3 A4 A5 A6 A7 A 8  

( V  = 0 )  -69.6245 -.0593713 -.0380137 -0269366 .0238283 .0156238 -.00842422 -.0146446 -.00321688 

( v  = 1) -69.2068 -.245756 .00730004 .0108746 .0127040 .00132443 -.00641668 -.00611834 -.00633415 

(W = 2) -69.2536 -.288634 -.0220048 -.0199150 2.452008-04 -.0241700 -.0316741 -.0245964 -.0170459 

(W = 3) -69.3794 ---283633 .0144526 .0213835 -.0200482 -.00269142 .-.00368054 .00893694 -5.086893-04 

The f i t  r e p r e s e n t s  t h e  v=O c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0.6%. 
The maximum d e v i a t i o n  is  0.9% a t  2.OE+02 eV/amu. 

The f i t  r e p r e s e n t s  t h e  v = l  c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0 .1%.  
The maximum d e v i a t i o n  is 0.2% a t  2.0E+02 eV/amu. 

The f i t  r e p r e s e n t s  t h e  v=2 cross s e c t i o n  w i t h  a n  r m s  d e v i a t i o n  of  0 .1%.  
The maximum d e v i a t i o n  is  0.2% a t  4.OE+01 eV/arnu. 

The f i t  r e p r e s e n t s  t h e  v=3 cross s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0.3%. 
The maximum d e v i a t i o n  is  0.7% a t  7.5E+01 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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Energy 
(ev/amu) 

Electron Capture Cross Sections for 
ne+ i m -> H e  + n3 

2.20E407 
2.78E+07 
3.68E+07 
4.3934-07 
6.21EiO 7 
8.79Ei07 
1.16E+08 
1.39E+08 
1.96E+08 
2.783+08 
3.68E+08 
4.393+08 
6.21E+08 
8.78E+08 
1.16E+09 

Cross Sect ion 

(cm2) 

1.543-17 
2.393-17 
3.993-17 
4.74E-17 
5.57E-17 
9.08E-17 
1.71E-16 
2.33E-16 
2.42E-16 
1.00E-16 
2.971-17 
1.2913-17 
1.01E-18 
7.94E-20 
2.46E-21 

References: 7, 22, 59, 60, 61 

Accuracy: E < 600 eV/amu - unknown; E > 600 eV - 30% 

Note: The lowest experimental measurement was at an energy of 500 eV/arnu. Data was 
extrapolated to 250 eV/amu by using the theoretical results of R e f .  61. 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 2.5E+02 eV/amu, Emax = 7.0E+05 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-79.2449 -3.43445 -3.38701 -.953151 .0800233 .153935 -.198503 -.126958 .0492936 

The fit represents the above cross sections with an rms deviation of 6.7%. 
The maximum deviation is 15.8% at 2.OE+05 eV/amu. 
See appendix for Chebyshev fit details. 
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Election Capture Rate Coefficients for 
He+ + H -> He + B+ 

He+ 
Temp. Equal 

(ev) Temp. 

7.0E+01 7.00E-11 
1.OE+02 1.74E-10 
2.0E+02 5.93E-10 
4.OE+02 1.37E-09 
7.OE+02 2.50E-09 
1.OE+03 3.79E-09 
2.0E+03 9.08E-09 
4.OE+03 1.88E-08 
7.OE+03 2.63E-08 
1.OE+04 2.863-08 
2.OE+04 2.59E-08 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

10. 

1.60E-13 
1.05E-12 
1.89E-11 
1.29E-10 
3.71E-10 
6.26E-10 
1.40E-09 
2 95E-09 
5.83 E-0 9 
9.13 E-09 
1.88E-08 

100.  

1.51E-10 
1.74E-10 
2.54E-10 
4.23 E-10 
6.76E-10 
9.18E-10 
1.67E-09 
3.25E-09 
6.21E-09 
9.53E-09 
1.91E-OB 

H Temp. (eV) 
1000. 2500, 

2.97E-09 
3.00E-09 
3.08E-09 
3.25E-09 
3.52E-09 
3.793-09 
4.763-09 
6.87E-09 
1.02E-08 
1.34E-08 
2.15E-0 8 

9.16E-09 
9.20E-0 9 
9.3 1E-09 
9.53E-0 9 
9.863-09 
1.02E-08 
1.13E-08 
1.34E-08 
1.638-08 
1.888-08 
2.46E-08 

5000. 

1.88E-08 
1.88E-08 
1.89E-08 
1.91E-08 
1.93E-08 
1.953-08 
2.02E-08 
2.15E-08 
2.32E-08 
2.46E-08 
2.75E-08 

10000. 

2.75E-08 
2.75E-08 
2.75E-08 
2.75E-OR 
2.763-08 
2.77E-0 8 

2.78E-08 
2.81E-08 
2.84E-08 
2.86E-08 
2.88E-08 

20000. 

2.77E-08 
2.773-08 
2.77E-08 
2.77E-08 
2.77E-08 
2.773-08 
2.76E-08 
2.74E-08 
2.72E-08 
2.693-08 
2.593-08 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 7.OE+01 eV, Emax = 2.OE+04 eV 

.- Chebyshev Fitting Parameters for Kate Coefficients 
H 

Temp. 

(eV1 A0 A1 A2 A3 A4 A5 A6 

10. -4.44012E+01 
100. -4.08648E+01 
1000. -3.791603+01 
2500. -3.63706E+01 
5000. -3.53362E+01 
10000. -3.478408+01 
20000. -3.48330E+01 - 

Equal Temp. -3.92825E+Ol 

5.33316E+OO -1.31634E+00 5.53831E-01 -1.05230E-01 -4.75481E-02 -6.48771E-03 
2.48428E+00 2.58050E-01 -3.12250E-02 9.54007E-04 -3.30158E-02 -2.12794E-02 
9.81592E-01 3.54607E-01 2.81517E-02 -3.71282E-02 -1.95845E-02 -3.450878-03 
4.769563-01 1.86293E-01 2.58640E-02 -1.33869E-02 -9.40073E-03 -2.40891E-03 
1.79870E-01 7.40800E-02 1.32222E-02 -3.814653-03 -3.864053-03 -1.31950E-03 
2.528953-02 8.72489E-03 -3.061003-04 -2.09262E-03 -1.25992E-03 -3.740908-04 
.2.63999E-02 -1.50886E-02 -6.644673-03 -2.397053-03 -7.47129E-04 -1.92495E-04 
2.95989B+00 -6.50284E-01 -6.36867E-02 -1.59695E-01 6.25401E-02 2.55537E-02 

See appendix for Chebyshev fit details. 
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Electron Capture Rate Coefficients for 
H + H e +  -> He + H+ 

Bean - Maxwellian Rate Coefficients (cm3/s) 

H e +  

Temp. 
(ev) 10000. 

1 .OEi-00 3.19E-08 
2.OE+00 3.23E-08 
4.OE+00 3.22E-08 
7.OE+OO 3.22E-08 
l.OE+Ol 3.21E-08 
2.0E+01 3.21E-08 
4.OE+01 3.193-08 
7.OE+01 3.18E-08 
1.0E+02 3.17E-08 
2.OE+02 3.16E-08 
4.OE+02 3.14E-08 
7.OE+02 3.12E-OB 
1.OE+03 3.12E-08 
2 .OE-i03 3.12E-08 
4.OE+03 3.153-08 
7.OE+03 3.173-08 
1.OE+04 3.18E-08 
2.OE+04 3.13E-08 

20000. 

4.74E-08 
4.74E-08 
4.733-08 
4.723-08 
4.71E-08 
4.70E-08 
4.6 8E-0 8 
4.65E-0 8 
4.63E-08 
4.5 8E-0 8 
4.51E-0 8 
4.44E-08 
4.38E-08 
4.24E-08 
4.04E-08 
3.82E-08 
3.65E-08 
3.26E-0 8 

H Energy (eV/arnu) 
40000. 

2.77E-08 
2 77 E-0 8 
2.77E-08 
2.77E-0 8 
2.77E-08 
2.766-08 
2.76E-08 
2.75E-08 
2.74E-08 
2.73E-08 
2.72E-08 
2.70E-08 
2.68E-08 
2.65E-08 
2.6Z.E-08 
2.57E-08 
2.53E-0 8 
2.3 7E-08 

70000. 

1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.09E-08 
1.0 9E-0 8 
1.0 9E-0 8 
1.lOE-08 
1.11E-08 
1.13E-08 
1.15E-08 
1.18E-08 

100000. 

5.66E-09 
5.66E-09 
5.65E-09 
5.653-09 
5.65E-09 
5.64E-09 
5.633-09 
5.621-09 
5.61E-09 
5.59E-09 
5.56E-09 
5.54E-09 
5.52E-09 
5.50E-09 
5.5 1E-0 9 
5.56E-09 
5.63E-09 
5.92E-09 

200000. 

6.28E-10 
6.27E-IO 
6.27E-10 
6.27E-10 
6.27E-10 
6.27E-10 
6.28E-10 
6.2RE-10 
6.2RE-10 
6.29E-10 
6.30E-10 
6.32E-10 
6.3 4E-10 
6.41E-10 
6.55E-10 
6.77E-10 
7.0 IE-10 
7.89E-10 

500000. 

1.95E-ll** 
I.. 95E-ll** 
1.95E-ll** 
1.95E-ll* * 
1.95E-ll** 
1.95E-ll** 
1.95E-ll** 
1.95E-ll** 
1.95E-11* * 
1.96E-ll** 
1.96E-ll** 
1.97E-ll** 
1.98E-ll* 
2.01E-11" 
2.07E-l1* 
2.17 E-11* 
2.26E-11* 
2.5 4E-ll* 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Enin = l.OE+OO e V ,  Emax = 2.OE+04 eV 

Chebvshev Fittinq Parameters for Rate Coefficients 
H 
Energy 

(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.45301E+01 -1.164603-02 2.95116E-03 6.60447E-03 -4.301593-03 -3.334393-03 -4.15571E-03 
20000. -3.392593+01 -1.54811E-01 -7.89802E-02 -3.03904E-02 -9.789233-03 -2.835853-03 -6.350263-04 
40000. -3.487708+01 -5.98881E-02 -3.03031E-02 -1.359668-02 -7.008073-03 -4.08339E-03 -2.348243-03 
70000. -3.663513+01 2.84585E-02 2.06398E-02 1.05841E-02 3.322773-03 -4.797143-05 -9.38437E-04 
100000. -3.798743+01 2.727103-03 1.558028-02 1.57294E-02 9.39045E-03 3.99108E-03 1.23431E-03 
200000.  -4.22957E+01 7.458563-02 5.411153-02 3.23181E-02 1.660503-02 6.94819E-03 2.78456E-03 
500000. -4.92176E+01 9.14498E-02 6.40861E-02 3.57259E-02 1.570663-02 5.13868E-03 8.46885E-04 

See appendix for Chebyshev fit details. 
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A- G 8 

Elec t ron  Capture  Cross  S e c t i o n s  f o r  

Het t H; -> He 

Energy 

( ev/amu ) 

2.4E-03 
7.OE-03 
1.OE-02 
4.OE-02 
1.OE-01 
4.OE-01 
7.OE-01 
1.OEt00 
1.3Et00 
1.5E+00 
3 .  OEtOO 
4.OEt00 
7.OE+OO 
l.OEt01 
4.OEt01 
7.OEt01 
1.OEt02 
4.OEt02 
7 .OEt02 
1.OE+03 
4.0E+03 
7.OE+03 
1.OEt04 
1.6E+04 
4.OEt04 
7.OE+04 
1.OEt05 
4.OEt05 
7.OEtD5 

Veloc it y 

(cm/s) 

6. 81Et04 
.1.16E+05 
1.39Et05 
2.78Et05 
4.39Et05 
8.79Et05 
1.16Et06 
1.39Et06 
1.58Et06 
1.70Et06 
2.41Et06 
2.78Et06 
3.68Et06 
4.39Et06 
8.79Et06 
1.16E+07 
1.39E+07 
2.78Et07 
3.68EtD7 
4.39Et07 
8.79Et07 
1.16Et08 
1.39Et08 
1.76E+08 
2.783+08 
3.70Et08 
4.39E+08 
8.78E+O8 
1.16Et09 

Cross S e c t i o n  

(cm2) 

1.651-18 
1.20E-18 
1.07E-18 
6.66E-19 
4.35E-19 
1.89E-19 
9.93E-20 
5.21E-20 
4.40E-20 
5.70E-20 
2.15E-19 
2.41E-19 
2.653-19 
2.77E-19 
5.03 E-19 
1.13E-18 
1.88E-18 
1.18E-17 
2.46E-17 
3.77E-17 
1.42E-16 
2.098-16 
2.42E-16 
2.69E-16 
1.54E-16 
6.41E-17 
2.84E-17 
2.15E-19 
1.35E-20 

References:  7, 2 2 ,  82, 91, 96, 97, 98, 99, 100. 101. 102. 103, 104, 105, 106, 107 

pccuracy:  E < 2x103 ev/amu - unknown; E > 2x103 ev/amu - 20% 

_l_l Notes: (1) The d a t a  between 40 - 2000 eV/amuhave been i n t e r p o l a t e d  

(2) The d a t a  of Moran and Conrad6 (Ref. 107) a r e  e s s e n t i a l l y  independent  of energy i n  

t h e  250 - 800 eV/amu region and axe  approximately a f a c t o r  o f  1 0  above t h e  v a l u e s  shown. 

(3) The low energy d a t a  ( E < 2x103 eV/amu) of S tede fo rd  and Hasted (Ref. 8 2 )  a r e  1 t o  

2 orders of magnitude g r e a t e r  t han  t h e  e x t r a p o l a t e d  d a t a .  

(4) The d a t a  helow 2x10) eV/amu have l a r g e  u n c e r t a i n t i e s  

(5) In  t h e  experiments  c i t e d  t h e  H e t  me ta s t ab le  s t a t e  popu la t ion  is dependent  on t h e  ion  

source  used and t h e  o p e r a t i n g  pa rame te r s  of t h e  sou rce .  A8 t h e  m e t a s t a b l e  popu la t ion  

i n c r e a s e s  t h e  t o t a l  c r o s s  s e c t i o n  i n c r e a s e s .  

FOK a Chebyshev f i t  o f  t h e  above c ross '  s e c t i o n s  it is necessa ry  t o  use t h e  fol lowing parameters .  

Emin = 2.41-03 eV/amu, Emax = 7.0Et05 eV/amu 

- Che&Kh-@v F i t t i n g  Pp_r-ans~ers f o r  Cross  S e c t i o n s  

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-81.9486 .720256 -.E56412 -3.13728 -1.68226 .0267213 .0474764 3.15823E-03 .164787 

The f i t  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n s  wi th  an r m s  d e v i a t i o n  o f  34.8%. 
The maximum d e v i a t i o n  is 132.4% a t  1.3E+00 eV/amu. 

See appendix for Chebyshev f i t  d e t a i l s .  
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Energy 
(ev/arnu ) 

4.OE-02 
7.OE-02 
1.OE-01 
2.OE-01 
4.OE-01 
7.OE-01 
1 .OE+OO 
2.OE+OO 
4.OE+00 
7 .OE+OO 
l.OE1-01 

2.OE+01 
4.OE+01 
7.OE+01 
1.0E+02 
2.OE+02 
4.OE+O2 
7.OEi-02 
1.OE+03 
2.OE+03 
4.OE+03 
7.OE+03 
l.OE+04 
2.OE+04 
4.OE+04 
7.OE+O 4 
1.OE+05 
2.0E+05 
4.OE+05 
5.38+05 

Electron Captuce Cross Sections for 
He+ + He -> He + He+ 

Velocity 
(crn/s) 

2.78E+05 
3.683+05 
4.39E+05 
6.21E+05 
8.79E+05 
1.16E+06 
1.393+06 
1.96E+06 
2.78E+06 
3.683+06 
4.39E+06 
6.213+06 
8.79E+O 6 
1.16E+07 
1 - 39E+07 
1.96E+07 
2.78E+07 
3.68E+07 
4,39E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.393+08 
1.963+08 
2.78E+08 
3.68E+08 
4.393+08 
6.21E+08 
8.78E+08 
1.01E+09 

Cross Section 

(crn2) 

3.32E-15 
3.12E-15 
2,97E-15 
2.85E-15 
2.643-15 
2.433-15 
2.31E-15 
2.1OE-15 
I. 963-15 
1.83E-15 
1.75E-15 

1.5 4E-15 
1.39E-15 
1.31E-15 
1.26E-15 
1.llE-15 
9.873-16 
8.563-16 
7.923-16 
6.483-16 
5.263-16 
4.22E-16 
3.603-16 
2.36E-16 
1.283-16 
5.58E-17 
2.683-17 
5.49E-18 
4.12E-19 
1.08E-19 

References: 91, 96, 97, 98, 99, 103# 104, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 
118, 119, 120, 390, 397 

Accuracy: 20% throughout the energy range 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 4.OE-02 eV/amu, Emax = 5.3E+05 eV/amu 

Chebyshevxttinq Parameters f o r  Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-71.6915 -3.72702 -1.97026 -1.16040 -.605858 -.259050 -.0892322 -.0165873 9.757838-03 

The fit represents the above cross sections with an rms deviation of 2.4%. 
The maximum deviation is 9.2% at 1.OE+05 eV/amu. 
See appendix for Chebyshev fit details. 
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Electron Capture Rate Coefficients for 
He+ + He ->  He + He+ 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

He+ 
Temp. Equal 
(ev) Temp. 

I.OE+OO 2.66E-09 
2.OE+OO 3.453-09 
4.OE+00 4.49E-09 
7.OE+00 5.54E-09 

l.OE+Ol 6.30E-09 
2.0E+01 8.06E-09 
4.OE+01 1.03E-08 
740E+01 1.26E-08 
1.0E+02 1.43E-08 
2.0E+02 1.82E-08 
4.0E+02 2.28E-08 
7.0E+02 2.69E-08 
1.OE+03 2.96E-08 
2.0E+03 3.50E-08 
4.0E+03 4.03E-08 
7.0E+03 4.373-08 
I. OEi-04 4.51E-08 
2.OE+O4 4.47E-08 

3 .  

2.66E-0 9 
3.10E-09 
3.758-09 
4.49E-09 
5.06E-09 
6.42E-09 
8.13 E-0 9 
9.87 E-0 9 
1.12E-0 8 
1.44E-08 
1.833-08 
2.19E-08 
2.44E-08 
2.96E-08 
3.50E-08 
3.93E-08 
4.38E-08 
4.51E-08 

100 .  

1.12E-08 
1.13E-08 
1.13E-08 
1.15E-08 
1.16E-08 
1.19E-08 
1.26E-08 
1.35E-08 
1.43E-08 
1.65E-08 
1.963-08 
2.28E-08 
2.51E-08 
2.99E-08 
3.52E-08 
3.9 4E-08 
4.18E-08 
4.51E-08 

500. 

1.97E-08 
1.97E-08 
1.97E-08 
1.97E-08 
1.983-08 
1.99E-08 
2.01E-08 
2.05E-08 
2.08E-08 
2.19E-0 8 
2.36E-08 
2.57E-08 
2.74E-08 
3.13E-08 
3.59E-08 
3.983-08 
4.21E-08 
4.51E-08 

He Temp. (eV) 
1000. 

2.44E-08 
2.443-08 
2.44E-08 
2.44E-08 

2.4 4E-0 8 
2.45E-0 8 
2.47E-08 
2.49E-08 
2.51E-08 
2.57E-08 
2.69E-08 
2.83E-08 
2.96E-08 
3.27E-08 
3.68E-08 
4.03E-08 
4.24E-08 
4.523-08 

5000. 

3.68E-08 
3.68E-08 
3.68E-08 
3.68E-08 
3.683-08 
3.68E-08 
3.68E-08 
3.69E-08 
3.69E-08 
3.71E-08 
3.74E-08 
3.78E-08 
3.82E-08 
3.93E-08 
4.11E-08 
4.2 9E-0 8 
4.403-08 
4.55E-08 

10000. 

4.18E-08 
4.18E-0 8 
4.18E-08 
4.18E-08 
4.18E-08 
4.18E-08 
4.18E-GB 
4.18E-08 
4.18E-08 
4.19E-08 
4.20E-08 
4.22B-08 
4.24E-08 
4.293-08 
4.373-08 
4.463-08 
4.5 1E-08 
4.5 4E-08 

20000. 

4.51E-08 
4.51E-08 
4.51E-08 
4.51E-08 
4.51E-08 
4.51E-G8 
4.51E-08 
4.51E-08 
4.51E-08 
4.51E-08 
4.51E-08 
4.52E-08 
4.52E-08 
4.53E-08 
4.54E-08 
4.55E-08 
4.54E-08 
4.47E-08 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,,,in = l.OE+OO eV, Emax = 2.0EtOQ eV 

Chebyshev Fitting Parameters for Rate Coefficients 
He 

Temp. 
(ev) A0 A1 A2 A3 A4 A5 A6 

1. -3.65091E+01 
100. -3.55092E+01 
500. -3.49239E+01 
1000. -3.46672E+01 
5000. -3.41193E+Ol 
10000. -3.39337E+01 
20000. -3.38270E+01 

Equal Temp. -3.62362E+Ol 

1.503478+00 -7.73477E-02 -8.344243-02 -7.59297E-04 -3.17776E-03 2.46929E-03 
7.61944E-01 1.84506E-01 -6.996063-02 -4.58282E-02 5.01278E-03 6.023653-03 
4.305143-01 1.66682E-01 -1.76952E-03 -3.51444E-02 -1.39113E-02 1.275783-03 
3.078543-01 1.38199E-01 1.530483-02 -2.27026E-02 -1.52299E-02 -2.878643-03 
9.724993-02 5.39119E-02 1.55767E-02 -2.97046E-03 -6.16891E-03 -3.80972E-03 
3.944793-02 2.21217E-02 6.22476E-03 -1.76048E-03 -3.261933-03 -2.26998E-03 
1.35988E-03 -9.13724E-04 -2.77809E-03 -3.019788-03 -2.17733E-03 -1.25142E-03 
1.48422E+00 -1.94700E-01 -6.90443E-02 -1.942573-02 -1.35547E-03 -2.792028-03 

See appendix for Chebyshev fit details. 
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Electron Capture Rate C o e f f i c i e n t s  f o r  

H e  + H e +  ->  H e  + H e +  

He + 

Temp. 

( P V )  1 0 0 0 0 .  

l.OE+OO 5.00E-08 
2.OE+00 5.00E-08 
4.OE+00 5.00E-08 
7.OE+00 4.99E-08 
l.OE+Ol 4.998-08 
2.OE+Ol 4.99E-08 
4.OE+01 4.99E-08 
7.0E+01 4.98E-08 
1.OE+02 4.983-08 
2.OE+02 4.97E-08 
4.OEt02 4.95E-08 
7.OE+02 4.943-08 
1.OE+03 4.93E-08 
2.OE+03 4.898-08 
4.OE+03 4.833-08 
S.OE+03 4.75E-08 
1.0E+04 4.68E-08 
2.OE+04 4.48E-08 

Beam - 

20000. 

4.63E-08 
4.63E-0 8 
4.63E-08 
4.63E-08 
4.63E-08 
4.62E-08 
4.62E-08 
4.6lE-08 
4.6lE-0 8 
4.60E-08 
4.58E-08 
4.57E-08 
4.55E-08 
4.52E-08 
4.46E-08 
4.39E-08 
4.31E-08 
4.09E-08 

Accuracy: * - Poss ib le  Error Greater  

Haxwellian Rate C o e f f i c i e n t s  (crn3/s) 

He Energy (eV/amu) 

40000. 

3.55E-08 
3.55E-08 
3.55E-08 
3.55E-08 
3.55E-08 
3.54E-08 
3.54E-08 
3.53E-08 
3.53E-08 
3.51E-08 
3.503-08 
3.483-08 
3.47E-08 
3.43E-08 
3.38E-08 
3.323-08 
3.28E-08 
3.13E-08 

Than 1 0 %  

70000. 

2.05E-08 
2.05E-08 
2.0 5E-0 8 
2.05E-08 
2.05E-08 
2.05E-08 
2.04E-08 
2.04E-08 
2.04E-08 
2.03E-08 
2.03E-08 
2.023-08 
2 e 02E-08 
2.01E-08 
2.00E-08 
1.99E-08 
1.98E-08 
1.96E-08 

100000.  

1.18E-08 
1.18E-08 

1.18E-08 
1.18E-08 
1.18E-08 
1.18E-08 
1.18E-08 
1. HE-08 
1.18E-0 8 
1.17E-08 
1.17E-08 
1.173-08 
1.18E-08 
1..18E-08 
1. 18E-08 
1.19E-08 
1.20E-08 
1.2 2E-0 8 

200000. 

3.413-09* 
3.40E-09* 
3.40E-09* 
3.40E-09* 
3.40E-09* 
3.40E-09* 
3.39E-09* 
3.39E-0 9* 
3.38E-09* 
3.37E-09* 
3.36E-09* 
3.3 4E-09* 
3.33E-09 
3.31E-09 
3.30E-09 
3.293-09 
3.30E-09 
3.37E-09 

400000.  

3.61E-10** 
3.62E-10** 
3.61E-10** 
3.61E-10** 
3.61E-10** 
3.61E-10** 
3.61E-10** 
3.61E-lO** 
3.60E-10** 
3.60E-10** 
3.60E-10** 
3.59E-10** 
3.59E-10** 
3.60E-10** 
3.62E-10** 
3.67E-10** 
3.72E-10** 
3.9LE-10* 

* *  - Poss ib le  Error Greater  Than 1 0 0 %  

Notes: For Chebyshev f i t s  of t h e  above r a t e  c o e f f i c i e n t s  it is  necessary t o  u s e  t h e  following parameters. 

E m i n  = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev F i t t i n q  Parameters f o r  Rate C o e f f i c i e n t s  

He 
Energy 

(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.36725E+01 -4.07805E-02 -2.43723E-02 -1.21532E-02 -5.34881E-03 -2.01573E-03 -5.49929E-04 
20000. -3.383003+01 -4.55632E-02 -2.59923E-02 -1.37596E-02 -6.60783E-03 -3.00454E-03 -1.25225E-03 
40000. -3.43690E+01 -5.00191E-02 -2.614603-02 -1.10247E-02 -4.45099E-03 -1.923723-03 -9.15345E-04 
70000. -3.543363+01 -2.00865E-02 -7.82001E-03 -2.034613-03 -7.58265E-04 -7.02792E-04 -6.079966-04 
100000. -3.650323+01 1.22086E-02 1.007983-02 5.919143-03 2.15183E-03 3.37849E-04 -2.72081E-04 
200000. -3.90194E+01 -1.48944E-02 8.12695E-04 5.76317E-03 5.00317E-03 2.193843-03 1.079613-03 
400000. -4.346143+01 2.08264E-02 2.00251E-02 1.466603-02 7.48524E-03 3.55071E-03 7.163573-04 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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Energy 
(ev/amu) 

Electron Capture Cross Sections for 
He+ + Li -> He + Li+ 

l.llE+07 
1.39E-bO7 
1.96E+07 

3.93E+07 
3.31E+07 

4.3 9E+O7 
6.21E+07 
8.79E+07 
i.16~+oe 
1.39E+08 
1.96E+08 
2'.20E+O8 
2.41E+08 
2.78E+08 
3. ii~+oe 
3 .6e~+o8 
4.39E+08 

Cross Section 
(Ci2) 

7.80E-16 
1.53B-15 
3.273-15 
5.25E-15 
5.613-15 
5.60E-15 
5.123-15 
4.17E-15 
2.93E-15 
1.7 6E-15 
3.26E-16 
1.333-16 
6.37E-17 
4.17E-17 
3.42E-17 
2.60E-17 
2.00E-17 

References: 230, 231, 232, 233, 234, 242 

Accuracy: 30% 

- Note: For electron capture cross sections of Li+ and Li2+ in He see references 249, 250, 251, 
254. 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
E,in = 6.4Ei01 eV/arnu, Emax = 1.OE+05 eV/amu 

Chebyshev Fitting-PsEgt-ers for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-69.9420 -2,17479 -1.90237 -153408 .309985 .316010 .0848497 -.318385 -.140948 

The fit represents the above cross sections with an rms deviation of 8.8%. 
The maximum deviation is 26.5% at 3.OE+04 eV/amu. 
See appendix for Chebyshev fit details. 
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Electron Capture Rate Coefficients for 
Li + He+ -> He + Li+ 

He+ 
Temp. 
(eV) 10000. 

l.OE+OO 2.44E-07 
2.OE+00 2.44E-07 
4.OE+00 2.43E-07 
7.OE+00 2.433-07 
l.OE+Ol 2.42E-07 
2.OE+01 2.423-07 
4.OE+01 2.403-07 
7.OE+01 2.39E-07 
1.OEi02 2.38E-07 
2.OE+02 2.36E-07 
4.OE+02 2.343-07 
7.OE+02 2.31E-07 
1.OE+03 2.29E-07 
2.0E+03 2.21E-07 
4.0E+03 2.09E-07 
7.03+03 1.933-07 
1.OE+04 1.8OE-07 
2.OE+04 1.50E-07 

Beam - Maxwellian Rate Coefficients (cm3/s) 

20000. 

6.38E-08* 
6.38E-08* 
6.37E-08* 
6.35E-08' 
6.35E-08* 
6.32E-08* 
6.30E-08" 
6.27E-08* 
6.25E-08* 
6.22E-08* 
6.19E-08* 
6.19E-08* 
6.22E-08* 
6.38E-08* 
6.77E-08* 
7.223-08 
7.48E-08 
7.63E-08 

30000. 
Li Energy (eV/arnu) 

1.54E-08** 
1.54E-08** 
1.55E-08** 
1.55E-08** 
1.55E-08** 
1 56E-08** 
1.58E-08** 
1.59E-08** 
1.60E-OR** 
1.64E-08** 
1.70E-0 8** 
1.77E-08* 
1.83E-08* 
2.03E-O8* 
2.36E-08* 
2.7RE-08* 
3.14E-08* 
3.93E-08* 

40000. 60000. 80000. 100000. 

1.16E-OB** 
1.16E-08** 
1.16E-08** 
1.16E-08** 
1.16E-08** 
1.16E-08** 
1.16E-O8** 
1.17E-O8** 
1.17E-08** 
1.17E-O8** 
1.18E-08** 
1.19E-08** 
1.19E-08** 
1.22E-08** 
1.31E-08** 
1.48E-08* 
1.66E-08* 
2.22E-08* 

1.00E-08** 
1.00E-08** 
1.00E-08** 
1.00E-08** 
1.00E-08** 
1.00E-08** 
1.00E-08** 
1.00E-O8** 
1.00E-O8** 
1.0 OE-08** 
l.OOE-08** 
1.OOE-0 8** 
1.0OE-08** 
1.00E-08* * 
1.01E-08** 
1.01E-08** 
1.01E-O8** 
1.08E-08** 

9.26E-09** 
9.26E-09** 
9.26E-09** 
9.26E-09** 
9.26E-09** 
9.26E-09** 

9.26E-09** 
9.2 6E-0 9** 
9.26E-09** 
9.26E-09** 
9.263-09** 
9.26E-09** 
9.2 4E-09* * 
9.09E-09** 
8.59E-09** 
7.97E-09** 
7.5 4E-0 9* * 
6.91E-09** 

4.39E-09** 
4.39E-09** 
4.39E-09** 
4.39E-09** 
4.39E-09** 
4.3 8E-0 9* * 
4.38E-09** 
4.38E-09** 
4.37E-09** 
4.36E-09** 
4.35E-09** 
4.34E-0 9* * 
4.33E-09** 
4.30E-0 9* * 
4.26E-09** 
4.22E-09** 
4.18E-09** 
4.13E-09** 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev Fitting Parameters f o r  Rate Coefficients 
Li 
Energy 

( ev/amu 1 A0 A1 A2 A3 A4 A5 A6 

10000. -3.06784E+01 -1.83367E-01 -1.085623-01 -5.42037B-02 -2.28601E-02 -6.74194E-03 -2.90887E-04 
20000. -3.30630E+01 7.50860E-02 6.655453-02 2.87114E-02 -2.24836E-03 -1.239583-02 -1.01177E-02 
30000. -3.54800E+01 4.01173E-01 2.164793-01 7.71491E-02 1.07563E-02 -8.061473-03 -8.046223-03 
40000. -3.62976E+01 2.18893E-01 1.57718E-01 9.39441E-02 4.47005E-02 1.4299OE-02 -8.038053-04 
60000. -3.681923+01 1.63206E-02 1.40921E-02 1.21589E-02 9.29880E-03 6.22735E-03 4.24079E-03 
80000. -3.71186E+01 -1.09657E-01 -8.05414E-02 -4.26549E-02 -1.26465E-02 3.18261E-03 7.94923E-03 
100000. -3.85227E+01 -2.71037E-02 -1.31775E-02 -4.13455E-03 -5.05274E-04 3.90860E-04 4.43525E-04 

See appendix for Chebyshev fit details. 
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Energy 
(ev/amu) 

1.5E+04 
2.OE+04 
3.OE+04 
4.OE+04 
5 .OE+04 
6.OE+04 
7.OE+04 
9.OE+04 
1.OE+05 
1.5E+05 
2.OE+05 
2.3E+05 

Electron Capture Cross Sections for 
He+ + He+ -> He + He2+ 

Velocity 

(cm/s) 
Cross Section 

1.95E-18 
3.25E-18 
6.283-18 
9.443-18 
1.22E-17 
1.45E-17 
1.64E-17 
1.883-17 
1.90E-17 
1.733-17 
1.423-17 
1.24E-17 

References: 69, 277, 278, 283, 284 

Accuracy: 20% 

Note: (1) Good agreement of the experimental data exists with the theoretical data of Ref. 
284. 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 1.5E+04 eV/amu, Emax = 2.3E+05 eV/amu 

Chebvshev Fittinq Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-78.6559 .981266 -.533866 -.0667013 -0133417 .00898626 .00154609 .00128923 -.00693562 

The fit represents the above cross sections with an rms deviation of 0.3%. 
The maximum deviation is 0.6% at 1.OE+05 eV/amu. 
See appendix for Chebyshev fit details. 
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Electron Capture Rate Coefficients for 
He'. + Hei -> ne + He2+ 

He+ 
Temp. Equal 
(ev) Temp 

4.OE+03 8.29E-13 
6.OE+03 9.943-12 
8.03+03 3.60E-11 
1.OE+04 8.08E-11 
1.2Ei04 1.43E-10 
1.4E+-04 2.19E-10 
1.6E+04 3.08E-10 
1.8E+04 4.07E-10 
2.OE+04 5.14E-10 
2.2E-tO4 6.28E-10 
2.4E+04 7.49E-10 

kxwellian - Maxwellian Rate Coefficients (cm3/s) 

10000. 

2.06E-11 
3.60E-11 
5.613-11 
8.08E-11 
1. IOE-10 
1.43E-10 
1.79E-10 
2.19E-10 
2.623-10 
3.08E-10 
3.56E-10 

12000. 

3.60E-11 
5.61E-11 
8.08E-11 
1.10E-IO 
1.433-10 
1.7 9E-1.0 
2.19E-10 
2.623-10 
3.083-10 
3.56E-10 
4.07E-10 

He+ Temp. (eV) 
14000. 16000. 18000. 

5.61E-11 
8.08E-11 
1.103-10 
1.43E-IO 
1.79E-10 
2.19E-10 
2.62E-10 
3. O8E-IO 
3.56E-10 
4.07E-IO 
4.60E-10 

8.0 8E-11 
1.10E-10 
1.43E-10 
1.79~-10 
2.19E-10 
2.623-10 
3.08E-10 
3.56E-10 
4.07E-IO 
4.60E-IO 
5.14E-IO 

l.lOE-10 
1.43E-10 
i.79~-10 
2.19E-10 
2.623-10 
3.08E-10 
3.56E-10 
4.07E-10 
4.603-10 
5.14E-10 
5.71E-IO 

20000. 

1.433-10 
1.79E-10 
2.19E-IO 
2.623-10 
3.08E-10 
3.56E-IO 
4.07E-10 
4.60E-10 
5.14E-10 
5.71E-10 
6.28E-IO 

25000. 

2.40E-IO 
2.85E-IO 
3.32E-IO 
3.81E-IO 
4.333-10 
4.87E-10 
5.42E-10 
5.99E-10 
6.58E-LO 
7.18E-10 
7.80E-10 

Notes: F O K  Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 4.OE+03 eV, Emax = 2.4E+04 eV 

Chebyshev Fittinq Paraineters for Rate Coefficients 
He+ 

Temp. 

(ev) A0 A 1  A2 A3 A4 A5 A6 

10000. 
12000. 
14000. 
16000. 
18000. 
20000. 
25000. 

Equal Temp. 

1.43962E+00 
1.224123+00 
1.05998E+00 
9.31470E-01 
8.285488-01 
7.44390E-01 
5.88552E-01 
3.30679E+00 - 

4.63030E-02 -1.49060E-02 -2.301493-04 
6.31757E-02 -1.135593-02 -6.21329E-04 
7.17125E-02 -8.34828E-03 -9.77820E-04 
7.537593-02 -5.937733-03 -1.188323-03 
7.61027B-02 -4.06263E-03 -1.22968E-03 ~ 

7.51176E-02 -2.636293-03 -1.17745E-03 - 
7.03846E-02 -1.20370E-04 -1.13108E-03 
.5.53811E-01 9.53225E-02 -1.3096OE-02 

2.448553-04 -4.28539E-05 
1.52187E-04 1.970603-04 
2.309 2 0 E-0 4 -9.5 1457 E-O 6 
1.950113-04 -1.89337E-04 
.1.526993-05 -1.377613-04 
.2.47636E-04 7.548633-05 
1.84062E-04 -1.45794E-04 
6.76109E-04 1.60674E-04 

See appendix for Chebyshev fit details. 
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P a r t i a l  and Tota l  Electron Capture Cross Sec t ions  f o r  

He2-1- + ne+ --> ~ e +  + neZ+ 

( P a r t i a l )  (Tot a 1) 

He+ Energy 
ev/amu 

7. OEiOO 
l.OE+Ol 
1.5E+01 
2.0E+01 
2.5E+01 
3.OE+01 
4.OE+01 
6.0E+01 
7.0E+01 
1 .OE+02 
2.OE+02 
4.OE+02 
7.OE+02 
1.0E+03 
2.0E+03 
4.OE+03 
7.0Ei03 
1,OE+04 
1.6E+04 

Cross s e c t i o n  
Cm 

3.04E-17 
4.02E-17 
7.57E-17 
2.00E-16 
2.98E-16 
3.48E-16 
4.0 4E-16 
4.45E-16 
4.553-16 
4.7YE-16 
4.843-16 
4.64E-16 
4.38E-16 
4.193-16 
3.76E-16 
3.28E-16 
2.83E-16 
2.52E-16 
2.07E-16 

H e i  Energy 
ev/amu 

8.5E+OO 
l.OE+Ol 
1 . 5 E + i l l  
2.OE+01 
4.OE+01 
7.0Ei01 
1.0E+02 
2.OF+02 
4.OE+02 
7 .OE+02 
1.OE+03 
2 .OEiO3 
4.OE+03 
7.0E+03 
1.0E+04 

4. OEiO 4 
7.OE+04 
1 .OE+Q5 
1.5E+05 
2.OE+05 
2.5Et05 
3.OE+05 

2.OEt-0 4 

Cross gec t ion  
cm 

3.39E-16 
4.09E-16 
6.01E-16 
6.993-16 
7.77E-16 
7.80E-16 
7.66E-16 
7.16E-16 
6.64E-16 
6.13E-16 
5.75E-16 
5.01E-16 
4.303-16 
3.763-16 
3.23E-16 
2.03E-16 
1.01E-16 
4.50E-17 
2.65E-17 
1.33E-17 
6.34E-18 
2.83E-18 
1.27E-18 

References: 69, 288, 391, 392, 393 

ACCUKaCx. unknown 

Notes: ( l $ + I n  t h e  measurements a problem a r i s e s  from t h e  mutual repuls ion between t h e  He+ and 
H e  . The repuls ion  r e s u l t s  i n  s c a t t e r i n g  with some of t h e  ions not reaching t h e  
d e t e c t o r  which has a f i n i t e  acceptance angle .  These measurements a r e  termed p a r t i a l  
c r o s s  s e c t i o n s .  
(2) The t o t a l  c r o s s  s e c t i o n  d a t a  a r e  from t h e o r e t i c a l  va lues  i n  . 28 and 391, T h e  
t h e o r e t i c a l  d a t a  has been joined w i t h  a smooth curve between 6xlOfje:nd 10' eV/amu. 
(3) For t h i s  simple one e l e c t r o n ,  resonant  system, t h e  t h e o r e t i c a l  d a t a  s h o u l d  be 
accura te  t o  wi th in  20%. 

For Chebyshev f i t s  of t h e  above c r o s s  s e c t i o n s  it is  necessary t o  use t h e  following parameters. 

( P a r t i a l )  E . = 7.1E+00 eV/amu, = 1.6E+04 eV/amu 
(Tota l )  EL:: = 8.5E+00 eV/aniu, Emax = 3.OEi05 eV/amu 

_l_l_ 

-. Chebyshev F i t t i n g  Parameters f o r  Cross Sec t ions  

A0 A1 A2 A3 A4 A5 A6 A7 A8 

( P a r t i a l )  -72.2134 .725003 -1.00558 .400148 -.150634 -.0556029 .119500 -.118086 .0830868 

( T o t a l )  -72.8308 -2.29484 -1.54555 -.441776 -.328931 -.00327441 -.0709033 -.0333345 -.0595299 

The f i t  represents  t h e  p a r t i a l  c r o s s  s e c t i o n  w i t h  an rms d e v i a t i o n  of 7.4%. 
The maximum devia t ion  is 25.2% a t  1.5E+01 eV/amu. 

The f i t  represents  t h e  t o t a l  c r o s s  s e c t i o n  with an rms devia t ion  of 2.8%. 
The maximum devia t ion  is  5.6% a t  7.OE+04 eV/amu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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Single  Electron Capture Cross Sec t ions  f o r  

He2+ + H- 

Energy Cross Sec t ion  

eV/amu cm2 

4.7E-01 
5.OE-01 
6.OE-01 
8.OE-01 
1. OEtOO 
Z.OE+OO 
3.OE+OO 
4.OE+00 
6.OE+00 
8.OE+00 
l.OE+Ol 
2.OE+01 
3.OE+01 
5.OE+01 
8.OE+01 
I. OE+02 
2.OE+02 
4.OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
3.OEa03 

1.82E-13 
1.71E-13 
1.52E-13 
1.30E-13 
1.17E-13 
8.90E-14 
7.78E-14 
7.13E-14 
6.44E- 14 
6.01E-14 
5.793-14 
5.31E-14 
5.08E-14 
4.77E-14 
4.55E-14 
4.433-14 
4.123-14 ' 
3.73E-14 
3.44E-14 
3.22E-14 
2.79E-14 
2.50E-14 

H e 2 +  + H- -> He+ + H 

He+ + H- -> He + H 

Het + H- 

Energy Cross Section 

ev/amu C,"2 

4.2E+01 3.03E-14 
5.OE+01 2.18E-14 
6.OE+01 1.83E-14 
7.OE+01 1.66E-14 
8.OE+01 1.56E-14 
1.OE?02 1.46E-14 
1.5E+02 1.40E-14 
2.OE+02 1.373-14 
3.OE+02 1.32E-14 
4.OE+02 1.30E-14 
5.OE+02 1.28E-14 
7.OE+02 1.24E-14 
1.OE+03 1.19E-14 
2.OEt03 9.783-15 
3.OEt03 7.893-15 
4.OE?03 6.06E-15 
5.OE+03 4.40E-15 
7.OE+03 2.431-15 
7.7Et03 2.01E-15 

References! (He' + H-) 68, 292, 293, 394 ; ( H e 2 +  + H-) 69, 290, 291, 294 

_I-.--. Accuracx  (He+ + H-) - 20%; (He2+ + H-) - 40% 
Notes: (1) I n  t h e  energy region of overlap,  t h e  H e 2 +  t H- c ros s  sec t ions  of Terao e t  a 1  ( r e f .  

290, 291) a r e  cons i s t en t ly  g r e a t e r  than those  of t h e  Dolder and Pear t  group ( r e f .  69, 

294). 
(2) The measurements i nd ica t e  some s t r u c t u r e  in  the  c ros s  sec t ions  f o r  both t h e  H e +  and 

He2+ reac t ions .  T h i s  o s c i l l a t i o n  has been smoothed out i n  the  da ta  presented here. 

For Chebyshev f i t s  of t he  above c ross  sec t ions  it is necessary t o  use t h e  following parameters. 

(He2+ t A-) Emin = 4.7E-01 eV/amu, Emax = 3.OE+03 eV/amu 

( H e +  + H - )  E,in = 4.2E+Ol eV/amu, E,,, = 7.7E+03 eV/amu 

Chebyshev F i t t i n g  Parameters f o r  Cross Sect ions  

A0 A1 A2 A3 A4 A5 A6 A7 A8 

( H e 2 +  t H-) -61.0067 -.E55510 .155087 -.126012 .0124474 -6.60133E-04 -4.30771E-04 -.00636246 .00615254 
(Het + H-) -64.4915 -.959186 -.269411 -.331423 -e00745857 -.0611579 .0257220 -.00396428 .0113568 

The f i t  represents  t h e  He2+ + H- c ros s  sec t ion  with an rms devia t ion  of 

The maximum devia t ion  is 0.8% a t  5.OE-01 eV/amu. 

0.4%. 

The f i t  represents  the  He+ + H- c ross  sec t ion  w i t h  an rnls c k v i i r t i c n  G E  
The maximum devia t ion  is 1.2% a t  I.OC+02 eV/mu. 

0.6% 

See appendix for Chebyshev f i t  d e t a i l s .  
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Electron Capture Cross Sections f o r  

He2+ + H -> He+ + Hf- 

Energy 
(ev/amu) 

7.OE+01 
1.OE+02 
2.OE+02 
4.OE+02 
5.OE+02 
7.OE+02 
1.OE+O3 

2.OE+03 
4.OE+03 
7.OE+03 
1.OE+04 
2.OE+04 
4.OE+04 

7.OE+O 4 
I. OE+05 
2.OE+05 
4.OE+05 
5.OE+05 

1.. 16E+07 
1.3 9E+07 
1.96&+07 
2.783+07 
3.llE+07 
3.68E+07 
4.39E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.96E+08 

2.78E+08 
3.68Et08 
4.39E+08 
6.21E+08 
8.78E+08 
9.82E+08 

Cross Section 

(cm2) 

I. 25E-20 
2.2OE-19 
3.10E-18 
1 I 90E-17 
3.24E-17 
8.67E-17 
1.873-16 
5.96E-16 
9.74E-16 
1.18E-15 
1.223-35 
1.09E-15 
5.283-16 
1.59E-16 
5.233-17 
4.63E-18 
2.6 4E-19 
1.15E-19 

References:5, 7, 21, 22, 23, 24, 25, 57, 58 

Accuracy: He2+ E < 600 eV/amu - unknown; He2+ E > 600 eV/amu - 20% 

Notes: (1) At eneIgies less than 2 keV/ainu the results of Fite et al. (Ref. 5) and Nutt et 
al. (Ref. 23) diverge by as much as a factor of l o .  This is believed to be due to 
the fact that the results reported by Fite et al.were obtained by measuring the slow ions 
Produced in the collision, and are less reliable than those of Nutt et a1 at low energies. 
(2) No experimental data exist below 500 eV/amu. Cross sections below 500 eV/arnu were 
taken from calculations of Ref. 57 and 5 8  using multi-state close coupling methods. 

FOK a Chebyshev fit of the above CKOSS sections it is necessary to use the following parameters. 
Emin = 7.OE+01 eV/amu, Emax = 5.OE+O5 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 

A0 A1 A2 A3 A 4  A5 A6 A7 A8 
-78.3976 .773499 -5.12346 -.125575 -.232331 .261317 -.0479652 .189434 -.138708 

The fit represents the above cross sections with an r m s  deviation of 3.9%. 
The maximum deviation is 7.6% at 5.0E+02 eV/amu. 
See appendix for Chebyshev fit details. 
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He2+ + H ->He" + H+ 

Cross Section vs. Ener-qy 

 IO-^^^-^^^^^, I I 1 1 1 1 1 1 1  I I I l r q  

Recommended 
Data 

_ _ _ _ _  Chebyshev Fit 

IO' IO2 1 o3 1 0' io5 IO6 
Energy (eV/amu) 
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He2+ 
Temp. Equal 
(ev) Temp- 

2.OE+01 6.28E-13 
4.OE+01 1.04E-11 
7.OE+01 6.863-11 
1.OE+02 2.1OE-10 
2.OE+02 1.49E-09 
4.0E+02 7.21E-09 
7.OE+02 1.92E-08 

1.OE+03 3.18E-08 
2.OE+03 6.80E-08 
4.OE+03 1.13E-07 
7.OE+03 1.43E-07 
1.OE+04 1.50E-07 
2.OE+04 1.32E-07 

Electron Capture Rate Coefficients f o r  

ne2+ + n -> ne+ + H+ 

Maxwellian - Maxwellian Rate Coefficients ( em3/ , )  

10. 

4.123-14 
2.093-13 
9.71E-13 
2.70E-12 
1.97E-11 
1.42E-10 
6.633-10 
1.65E-09 
7.50E-09 
2 .38E-08 
4.783-08 
6.833-08 
1.14E-07 

100. 

1.22E-10 
1.42E-10 
1.74E-10 
2.10E-10 
3.63E-10 
8.23E-10 
1.89E-09 
3.373-09 
1.02E-08 
2.68E-08 
5.05E-08 
7.05E-08 
1.15E-07 

500. 

7.3 6E-0 9 
7.50E-09 
7.72E-09 
7.943-09 
8.68E-09 
1.02E-08 
1.26E-0 8 

1.50E-08 
2.34E-08 
3.993-08 
6.16E-08 
7.973-08 
1.19E-07 

H Temp. (eV) 
1000. 

2 -36E-08 
2.38E-08 
2.403-08 
2.43E-08 
2.513-08 
2.68E-08 
2.93E-08 
3.18E-08 
3.99E-08 
5.48E-08 
7.40E-08 
8.98E-08 
1.25E-07 

5000. 

1.14E-07 
1.14E-07 
1.14E-07 
1.14E-07 
1.14E-07 
1.15E-07 
1.16E-07 
1.17E-07 
1.19E-07 
1.25E-07 
1.31E-07 
1.36E-07 
I. 47E-07 

10000. 

1.47E-07 
1.47E-07 
1.47E-07 
1.47E-07 
1.47E-07 
1.47E-07 
1.47E-07 
1.47E-07 
1.48E-07 
1.49E-07 
1.493-07 
1.50E-07 
1.49E-07 

20000. 

1.42E-07 
1.42E-07 
1.42E-07 
1.42E-07 
1.42E-07 
1.423-07 
1.42E-07 
1.42E-07 
1.41E-07 
1.40E-07 
1.393-07 
1.37E-07 
1.32E-07 

Notes: For Chebyshev fits of  the above rate coefficients it is necessary to use the following parameters. 
E,in = 2.OE+01 eV, Emax = 2.OE+04 eV 

Chebysbev Fittinq Parameters for Rate Coefficients 
H 

Temp. 
(ev) A0 A1 A2 A3 A4 A5 A6 

10. -4.49742E+01 
100. -3.94867E+01 
500. -3.54181E+01 
1000. -3.40218E+01 

5000. -3.18356E+01 
10000. -3.14549E+01 
20000. -3.15643E+01 - 

Equal Temp. -3.99202E+Ol 

7.78326E+00 -l.O0928E+OO -3.95746E-01 8.29111E-02 3.18952E-02 5.49793E-03 
3.76780E+00 4.07631E-01 -4.05432E-01 -7.75944E-02 6.09541E-02 1.078173-02 
1.44543E+00 4.43041E-01 -3.740338-02 -7.535783-02 -1.52405E-02 7.25877E-03 
8.22262E-01 3.19564E-01 2.78648E-02 -3.66721E-02 -1.86208E-02 -1.77688E-03 
1.16105E-01 5.74535E-02 1.526693-02 -1.09084E-03 -3.28086E-03 -1.76834E-03 
1.12080E-02 3.75806E-03 -1.00216E-03 -2.026578-03 -1.36406B-03 -6.16274E-04 
-2.69513E-02 -1.69052E-02 -8.31717E-03 -3.31404E-03 -1.08242E-03 -2.94451E-04 
6.04131E+OO -1.994478+00 9.395123-02 1.34081E-02 -1.226958-02 -2.340713-02 

See appendix f o r  Chebyshev fit details. 
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He" + H ->He' + H' 

Maxwellian - Maxwellian 

I I I I I I l l 1  I I I I lllg 

H Temp. 

x := 100. 

v 1 5 0 0 .  

X =1000. 

83 :-5000. 

88 10000. 

fa -20000.  

Recommended 
Data 

_ - - - -  Chebyshev Fit 

II_. Equal Temp. 

IO- l41 
I 1 I I i 1 1 1 l  I 1 1  I 1 1 1 1 1  I I i I I l l l l  1 I I I I I  

He2" Temp. (eV) 
1 0' 1 o2 1 o3 IO" io5 
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He2+ 

Temp. 
(ev) 10000. 

l.OE+OO 1.693-07 
2.OE+OO 1.69E-07 
4,0E+OO 1.69E-07 
7.OE1-00 1.69E-07 
l.OE+Ol 1.693-07 
2.OE+01 1.69E-07 
4.OE+01 1.69E-07 
7.0 E+O 1 1.69E-07 
1.OE+02 1.68E-07 
2.OE+02 1.683-07 
4.OE+02 1.68E-07 
7.OE+02 1.68E-07 
1.OE+03 1.67E-07 
2.OE+03 1.673-07 
4.OE+03 1.67E-07 
7.OE+03 1.66E-07 
l.OE+04 1.65E-07 
2.0E+04 1.61E-07 

Beam . 

20000. 

2.34E-07 
2.14E-07 
2.13E-07 
2.13E-OS 
2.13E-07 
2.12E-07 
2.12E-07 
2.llE-07 
2.10E-07 
2.09E-07 
2.073-07 
2.04E-07 
2.03E-07 
1.98E-07 
1.92E-07 
1.84E-07 
1.78E-07 
1.62E-07 

Electron Capture Rate Coefficients for 

- 1  

H + He2+ ->  He+..+ H+ 

Maxwellian Rate Coefficients (cm3/s) 

H .Epergy (eV/arnu) 
40000. 70000. 

1.46E-07 
1.46E-07 
1.46E-07 
1.46E-07 
1.46E-07 
1.461-07 
1.453-07 
1.45E-07 
1.44E-07 
1.44E-07 
1.42E-07 
1.41E-07 
1.40E-07 
1.38E-07 
1.353-07 
1.32E-07 
1.29E-07 
1.20E-07 

5.84E-08 
5.83E-08 
5.83E-08 
5.83E-08 
5.82E--08 
5.82E-08 
5.81E-08 
5.80E-08 
5.79E-08 
5.77E-08 
5.753-08 
5 .7 3 E-0 8 
5.72E-08 
5.71E-08 
5.74E-08 
5.796-08 
5.853-08 
5.95E-08 

100000.  

2.30E-08 
2.30E-08 
2.30E-08 
2.30E-08 
2 3 OE-08 

2 29E-08 
2.29E-08 
2.29E-08 
2.29E-08 
2.29E-08 
2 30E-OB 
2.30E-08 
2.31E-08 
2.343-08 
2.40E-OR 
2.48E-08 
2.563-08 
2.79E-08 

200000. 

2.88E-09* 
2.87E-09* 
2.87E-09* 
2.87E-09* 
2.87E-09* 
2.87E-09* 

2.87E-09* 
2.87E-09* 
2.87E-09* 
2.87E-09* 
2.87E-09* 
2.87E-09* 
2.87E-09* 
2.89E-09* 
2.94E-09 
3.02E-09 
3.10E-09 
3.453-09 

400000. 

2.32E-10** 
2.32E-10** 
2.32E-10** 
2.32E-10** 
2.32E-10** 
2.32E-10** 
2.32E-10** 
2.32E-10** 
2.32E-10** 
2.33E-10** 
2.33E-10** 
2.34E-10** 
2.35E-10** 
2.37E-10* * 
2.41E-10** 
2.468-10** 
2.503-lo** 
2.65E-10** 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in = l.OE+OO eV, Emax = 2.0€+04 eV 

Chebyshev Fitting Paramet-ezfor Rate Coefficients 
H 

Energy 
(eV/arnu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.12062F+Ol -1.74693E-02 -8.099393-03 -4.73707E-03 -3.773138-03 -2.525733-03 -1.15127E-03 
20000. -3.08555E+Ol -1.09982E-01 -5.81296E-02 -2.433253-02 -9.221653-03 -3.45740E-03 -1.26420E-03 
40000. -3.157513+01 -7.97019E-02 -.4.01409E-02 -1.6501OE-02 -6.97466E-03 -3.39246E-03 -1.78170E-03 
70000. -3.332023+01 3.45964E-04 1.03619E-02 9.160318-03 3.805113-03 1.91641E-04 -1.025748-03 
100000. -3.51051E+01 6.707756-02 4.92944E-02 2.763388-02 1.12857E-02 2.98288E-03 1.23487E-05 
200000. -3.92776E+01 5.41564E-02 4.43066E-02 2.88380E-02 1.56821E-02 6-684303-03 2.77948E-03 
400000. -4.431333+01 4.82448E-02 3.15762E-02 1.67996E-02 7.005326-03 2.755633-03 5.24833E-04 

See appendix for Chebyshev fit details. 
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H + He2+ -> He' + H' 

Beam - Maxwellion 

t 

IO-' 
r 

1-1 Energy 

C;eV/a m u> 

a .I 10000. 

x 120000. 

v ~~40000. 

H =70000. 

@ =100000. 

m =200000.  

=400000. 

Recommended 
Data 

_ _ _ I -  Chebyshev Fit 

IO0 10' 1 o2 1 o3 10" 1 o5 
He2' Temp. (e"> 
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Energy  

( ev/amu ) 

E l e c t r o n  C a p t u r e  CKOSS S e c t i o n s  f o r  

He2+ + H2 -> He+ 

I. 4E+02 
1.7E+02 
2.OE+02 
2.6E+02 
4.OE+O2 
7.OE+02 
1.OE+03 
2.0E+03 
4.0E+03 
7.OE+03 
1.OE+04 
2,OE+04 
4.OE+04 
7 .QE+04 
1.OE+05 
2.OE+05 
4.OE+05 
7.OE+05 
1.OE+06 

Ve 1 oc it y 

(cm/s)  

C r o s s  S e c t  i o n  

(cm2) 

3.70E-17 
5.83E-17 
7.31E-17 
8.77E-17 
1.07E-16 
1.323-16 
1.52E-16 
2.20E-16 
4.12E-16 
6.41E-16 
8.01E-16 
1.07E-15 
7.233-16 
3.13E-16 
1.39E-16 
1.463-17 
1.02E-18 
9.04E-20 
1.63 E-20 

R e f e r e n c e s :  7, 22, 23, 24, 90, 91, 92, 93, 94, 95, 101, 142 

Accuracy:  20% 

For a Chebyshev f i t  of  t h e  a b o v e  cross s e c t i o n s  it is n e c e s s a r y  t o  use t h e  f o l l o w i n g  p a r a m e t e r s .  

E m i n  = 1.4E+02 eV/amu, Emax = 1.OE-t.06 eV/amu 

Chebyshev F i t t i n g  P a r a m e t e r s  f o r  CKOSS S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 
-76.3856 -3.05275 -3.46462 -1.13751 .0656712 .340604 -.0614851 -.(I248706 -.0398477 

The f i t  r e p r e s e n t s  t h e  a b o v e  cross  s e c t i o n s  w i t h  a n  rms d e v i a t i o n  o f  2.2%. 
The maximum d . e v i s t i o n  is 4.1% a t  2.OE+03 eV/amu. 

S e e  a p p e n d i x  for Chebyshev f i t  d e t a i l s .  
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He2+ + H, -> He' 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 
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Energy 
(ev/amu) 

3.OE+02 
4.0E+02 
5.6E+02 
7.OE+O2 
1.OE+03 
2.OE+03 
2.7E+03 
4.0E+03 
7.0E+03 
1.OE+04 
2.OE+04 
2 3E+04 
4.0E+04 
7.OE+04 
l.OE+05 
2 - OE+05 
3.7E+05 

Double Electron Capture Cross Sections for 
He2+ + H2 -> He + 2H+ 

Ve loc it y 

(CJS) 

Cross Section 

(cm2) 

3.683-17 
6.05E-17 
7.02E-17 
6.633-17 
4.70E-17 
1.343-17 
1.20E-17 
1.563-17 
2.75E-17 
3.743-17 
5.51E-17 
5.71E-17 
3.84E-17 
9.91E-18 
3.33E-18 
1.623-19 
3.88E-21 

References: 7, 22, 27, 90, 91, 92, 93, 94* 95 

Accuracy: E < 2 . 5 ~ 1 0 ~  eV/amu - unknown; 2 . 5 ~ 1 0 ~  eV/amu < E < lx105 eV/amu - 40%; E > lx105 

eV/amu - 50% 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 3.OE+02 eV/amu, Emax = 3.7E+05 eV/amu 

Chebyshev F ~ i n q  Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-79.5999 -3.55036 -2.20554 -1.45406 -.357248 .498461 -.146918 -.0680202 .0918861 

The fit represents the above cross sections with an rms deviation of 6.8%. 
The maximum deviation is 12.8% at 2.OE+03 eV/amu. 
See appendix for Chebyshev fit details. 
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He” + H, ->He + 2H’ 

Cross Section vs. Energy 

lO-l6k I I I 1 I 1 1 1 1  1 I 1 1 I I l l 1  1 I I l l l l l ~  I 1 I 1 1  

Recommended 
Data 

Chebyshev Fit 

I 1 1 I I 1 1 1 1  I I 1 1 1 1 1 1 1  I I I I I 1 1 1 1  I I I I I I l l  

IO’ 10’ I 0‘ I o5 1 o6 
Energy (eV/amu> 
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E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

€le2+ t He -> He" t Het 

E n e r g y  

(eV/amu) 

2 .4E-04  

4.OE-04 

1.OE-03 

4.OE-03 

1.OE-02 

4.OE-02 

1.OE-01 

4. DE-01 

7.OE-01 

1 .OEt00  

1 .6E+00  

4. OEtOO 

1 . O E t 0 1  

4 . O E t 0 1  

1 . O E t 0 2  

4 .OEt02  

1 . O E t 0 3  

4.OE+03 

1.OE+04 

2.OEtO4 

4 . O E t 0 4  

7.OEtO4 

1 . O E t 0 5  

4 . O E t 0 5  

7 . 0 E t 0 5  

l . O E t 0 6  

2.OE+06 

2 .153+04  

2 . 7 8 E t 0 4  

4 . 3 9 E t 0 4  

8 . 7 9 E t 0 4  

1 . 3 9 E t 0 5  

2 .78E+05  

4 . 3 9 E t 0 5  

8 . 7 9 E t 0 5  

1 . 1 6 E t 0 6  

1 . 3 9 E t 0 6  

1 . 7 6 E t 0 6  

2 . 7 8 E t 0 6  

4 . 3 9 E t 0 6  

8 . 7 9 E t 0 6  

1 . 3 9 E t 0 7  

2 . 7 8 E t 0 7  

4 . 3 9 E t 0 7  

8 . 7 9 3 + 0 7  

1 . 3 9 E t O 8  

1.96E+OB 

2 . 7 8 E + 0 8  

3 .68E+08  

4 . 3 9 E t 0 8  

8 . 7 8 E t O 8  

1 . 1 6 E + 0 9  

1 . 3 9 E t 0 9  

1 . 9 6 E t 0 9  

C r o s s  S e c t i o n  

(cm2) 

1 .19E-18  

9.33E-19 

5.95E-19 

> .01E-19 

1.90E-19 

8.18E-20 

5.2613-20 

3 .05E-20  

2 .5  4E-20 

2.29E-20 

2.21E-20 

3 .66E-20  

1.07E-19 

5 .15E-19  

1.44E-18 

6.588-18 

1 .75E-17  

6.42E-17 

1.52E-16 

2 .72E-16  

3.03E-16 

1.89E-16 

1 . l l E - 1 6  

3 . 9 4 2 - 1 8  

3 .613-19  

6.99E-20 

3.33 E-2 1 

R e f e r e n c e s :  9 0 ,  9 1 ,  9 2 ,  9 4 ,  9 7 ,  1 1 7 ,  1 4 0 ,  1 4 1 ,  1 4 2 ,  1 4 3 ,  1 4 4 ,  1 4 5 ,  1 4 6 ,  1 4 7 ,  1 4 8 ,  1 4 9 ,  2 6 5 ,  

2 6 6 ,  2 8 2  

A c c u r a c y :  E < 2 5 0  ev/amu - see notes ;  E > 2 5 0  eV/amu - 2 0 %  

Notes: (1) T h o  d a t a  f o r  energies less  t h a n  2 5 0  eV/arnu h a v e  b e e n  o b t a i n e d  u s i n g  t h e  t h e o r e t i c a l  

r e s u 1 . t ~  o f  C o h e n  a n d  B a r d s l e y  ( R e f .  1 4 9 ) .  F rom 2 5 0  eV/amu t h e  data h a v e  b e e n  

e x t r a p o l a t e d  down t o  2 . 5  eV/amu t o  j o i n  s m o o t h l y  w i t h  t h e  t h e o r e t i c a l  r e su l t s .  

( 2 )  J o h n s o n  e t  a l .  ( R e f .  2 6 5 )  h a v e  m e a s u r e d  t h e  r a t e  c o e f f i c i e n t  t o  be 4 . 8 ~ 1 0 - ~ ~  cm3/s 

a t  a t e m p e r a t u r e  o f  3 0 0  K. 
( 3 )  T h e o r e t i c a l  v a l u e s  of t h e  ra te  c o e f f i c i e n t  of B a r d s l e y  e t  a l .  ( R e f .  2 6 6 )  are: 
T=100 K ,  k = 4 . 4 3 x 1 0 - I 4  cm3/s; 300 K, 4 . 2 4 ~ 1 0 - l ~  cm3/s; 6 0 0  K, 4 . 0 2 ~ 1 0 - l ~  cm3/s;  1000 K ,  

3 . 7 9 ~ 1 0 - l ~  cm3/s; 3 0 0 0  K, 3 . 2 5 ~ 1 0 - l ~  cm3/s. 

- 

For a C h e b y s h e v  f i t  of t h e  above CKOSS s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  parameters. 

E m i n  = 2.4E-04 eV/amu,  Emax = 2.OE+06 eV/amu 

Chebyshe-vvFitting P a r a m e t e r s - f o r  C r o s s  S e c t i o n s  

A0 A1 A2 A3 A4 A5 A6 A7 A 8  

- 8 3 . 5 4 4 7  . 7 5 8 4 2 1  - . 6 7 3 8 0 3  -3 .68088  -2 .02719  - . 1 4 8 1 6 6  . 0 2 3 7 9 5 1  - .0738396  . 2 4 3 9 9 3  

T h e  f i t  r e p r e s e n t s  t h e  above c ross  s e c t i o n s  w i t h  a n  rms d e v i a t i o n  of 1 9 . 9 % .  

T h e  maximum d e v i a t i o n  is 5 2 . 7 %  a t  2.OEt00 eV/amu. 

See a p p e n d i x  f o s  C h e b y s h e v  f i t  d e t a i l s .  
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He2' + He -> He' + He' 

Cross Section vs. Energy 

n 

"E 
0 

c 
0 

v 

.- 



El-ectron Capture Rate C o e f f i c i e n t s  f o r  

H e 2 +  + H e  -> Hef -I He+ 
, 

H e 2 +  

Temp. Equal 
(eV) Temp. 

1.OEt00 3.05E-14 
2.OEi-00 4.41E-14 
4.OEf00 9.66E-14 
7 .  OEtOO 2.21E-13 
l.OE+Ol 3.88E-13 
2.OE+01 3.19E-12 
4.OE+01 3.68E-12 
7.OE+01 9.12E-12 
l.OE+O2 1.62E-11 
2.OE+02 4.94E-11 
4.0E+02 1.50E-10 
7.OE+02 3.52E-10 
1.0E+03 5.98E-10 
2.0E+03 1.63E-09 
4.0E+03 4.40E-09 
7.0E+03 9.66E-09 
1.OE+04 1.55E-08 
?.OE+04 3.28E-08 

Maxwellian - Maxwellian Rate C o e f f i c i e n t s  (cm3/s) 

1. 

3.05~'-14 
3.6 1E-14 
5.44E-14 
9.66E- 14 
1.53E-13 
4.20E-13 
1.24E-12 
3.033-12 
5.38E-12 
1.63E-11 
4.96E-11 
1.21E-10 
2.12E-10 
5.98E-10 
1.63E-09 
3.64E-09 
6.04E-09 
1.55E-08 

100 .  

5.38E-12 
5.46E-12 
5.6 4E-12 
5.90E-12 
6.17E-12 
7.llE-12 
9.12E-12 
1.25E-11 
1.62E-11 
3.11E-11 
7.08E-11 
1.50E-10 
2.45E-10 
6.42E-10 
1.69E-09 
3.71E-09 
6.13E-09 
1.566-08 

500. 

7.10E-11 
7.13E-ll 
7.17E-11 
7.24E-11 
7.31E-11 
7.54E-11 
8 .OlE-ll 
8.74E-11 
9.48E-11 
1.21E-10 
1.80E-10 
2.796-10 
3.91E-IO 
8.28E-10 
1.93E-0 3 
4.01E-03 
6.47E.-03 
1.598-08 

He Temp. ( e V )  

1000 .  

2.12E-10 
2.12E-10 
2.13E-10 
2.14E-10 
2.15E-10 
2.18E-10 
2.25E-10 
2.353-10 
2.45E-l0 
2.7 9E-10 
3.52E--10 
4.71E-10 
5.98E-10 
1.08E-09 
2.25E-09 
4.40E-09 
6.93E-09 
1.64E-08 

5000. 

2.2 5E-0 9 
2.25E-09 
2.2 5E-0 9 
2.25E-09 
2.26E-09 
2.26E-09 
2.27E-09 
2.29E-09 
2.31E-09 
2.38E-09 
2.513-09 
2.71E-09 
2.92E-0 9 
3.64E-09 
5.20E-09 
7.80E-09 
1.06E-08 
2.03E-08 

10000 .  

6 . 0 4 E - 0 9 
6.0 4E-0 9 
6.04E-09 
6.0 5E-09 
6.05E-09 
6.06E-09 
6.07E-09 
6.1 OE-09 
6.13E-09 
6.2 1.E-0 9 
6.383-09 
6.64E-09 
6.91E-09 
7.80E-09 
9.66E-09 
1.25E-08 
1.55E-08 
2.48E-08 

20000. 

1.55E-08 
1.55E-08 
1.553-08 
1.553-08 
1.55E-08 
1.55E-08 
1.553-08 
1.55E-08 
1.56E-08 
1.573-08 
1.59E-08 
1.61E-08 
1.64E-08 
1.743-08 
1.93E-08 
2.213-08 
2.48E-08 
3.28E-08 

Notes: For Chebyshev f i t s  of t h e  above r a t e  c o e f f i c i e n t s  it i s  necessary t o  use t h e  following parameters. 

E,,in = l.OE+OO eV, Emax = 2.0E+04 eV 

Chebj-shev F i t t i n g  Parameters f o r  R a t e c o e f f i c i e n t s  

KC? 

Temp. 

(eV) A0 A1 A2 A3 A4 A5 A6 

1. 
100. 
500. 
1000. 
5000. 
10000. 

20000. 
Equal Temp. 

6.98068E+00 
4.093386+00 
2.5870 3E+O C 
1.98401E+00 
8.875346-01 
5.46062E-01 
2.80620E--01 
7 . 3  190 7 EA+ 0 0 

4.23808E-01 
1.25172E+00 
1.1462 4E+00 
1.00005E+00 
5.45829E-01 
3.51272E-01 
1 .8 5 8 0 2 E-- 0 1 
4.09101E-02 

-3.99615E-01 
-1.33442E-01 
1.66058E-01 
2.447943-0 1 
2.27039E-01 
1.61982E-01 
9.167068-02 

-2.98991E-01 

1.34075E-Ol -2.04534E-02 -6.31634E-03 
-1.61511E-01 2.93643E-02 3.24079E-02 
-1.03603E-01 -4.978573-02 9.073943-03 
-4.33832E-02 -5.53954B-02 -1.11309E-02 
4.75018E-02 -3.2002lB-02 -1.64614E-02 
4.68205B-02 1.29171E-03 -8.13292E-03 
3.156813-02 5.20354E-03 -2.256048-03 
1.03426E-01 --6.776563-02 6.42732E-03 

See appendix €or  Chebyshev f i t  d e t a i l s .  
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._ ..... 

He2' + He --> He' + He' 

Maxwellian - Maxwellian 

He Temp. 

(eV> 

A = I .  

x = 100. 

v =500 ,  

= 1000. 

@ =5000. 

= 10000. 

PJ =20000.  

Rec o m n-1 e n d ed 
Data 

Chebyshev Fit ---I- 

Equal Temp. _ .  

IO" 1 0' 1 0' 1 o3 io4 1 o5 
He2+ Temp. (eV) 
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Electron Capture Rate C o e f f i c i e n t s  f o r  

He + He2+ -> He" t He+ 

H&+ 
Temp. 

(ev) 10000.  

l.OE+OO 2.50E-08 
2.OEi00 2.15E-08 
4.OE+00 2.11E-08 
7.OE+00 2.11E-08 
l.OE4-01 2.11E-08 
2.OE+01 2.11E-08 
4.OE+01 2.11E-08 
7.OE+01 2.11E-08 
1.0E+02 2.12E-08 
2.OEc02 2.13E-08 
4.OE+02 2.15E-08 
7.0E+02 2.19E-08 
1.0Et03 2.22E-08 
2.OE+03 2.35E-08 
4.OE+03 2.60E-08 
7.OE+03 2.933-08 
1.OE+04 3.22E-08 
2.OE+04 3.96E-08 

Beam - Maxwellian Rate C o e f f i c i e n t s  (crn3/s) 

20000. 

5.92E-08 
5.40E-08 
5.33E-08 
5.33E-08 
5.333-08 
5.32E-08 
5.31E-08 
5.303-08 
5.30E-08 
5.29E-08 
5.28E-08 
5.27E-08 
5.28E-08 
5.31E-08 
5.38E-08 
5.47 E-0 8 
5.55E-08 
5.7 OE-08 

He Energy (eV/arnu) 

40000. 

8.41E-08 
8.40E-08 
8.40E-08 
8.398-08 
8.3 9E-0 8 
8.388-08 
8.3 6 E-08 
8.343-08 
8.33E-08 
8.29E-08 
8.23E-08 
8.18E-08 
8.13E-08 
8.OlE-08 
7.84E-08 
7.63E-08 
7.47E-08 
7.03E-08 

70000 .  

6.94E-08 
6.94E-08 
6.94E-08 
6.93E-08 
6.93 E-0 8 
6.92E-08 
6.923-08 
6.91E-08 
6.903-08 
6.88E-08 
6.85E-08 
6.82E-08 
6.80E-08 
6.74E-08 
6.66E-08 
6.56E-08 
6.47E-08 
6.19E-08 

100000.  

4.873-08 
4.87E-08 
4.87E-08 
4.87E-08 
4.87E-08 
4.873-08 
4.863-08 
4.86E-08 
4.863-08 
4.85E-08 
4.84E-08 
4.84E-08 
4.83E-08 
4.82E-08 
4.8OE-08 
4.70E-08 
4.76E-08 
4.68E-08 

200000. 

1.84E-08 
1.84E-08 
1.843-08 
1.84E-08 
1.83E-08 
1.83E-08 
1.833-08 
1.83E-08 
1.833-08 
1.8 2E-0 8 
1.82E-08 
1.81E-08 
1.81E-08 
1.80E-03 

1.79E-08 
1.78E-08 
1.783-08 
1.798-08 

500000. 

1.49E-09 
1.493-09 
1.49E-09 
1.49E-09 
1.49E-09 
1.493-09 
1.49E-09 
1.493-09 
1.49E-09 
1.49E-09 
1.5 OE-0 9 
1.50E-09 
1.50E-09 
1.51E-09 
1.53E-09 
I. 56E-09 
1.583-09 
I. 67E-09 

Notes: For Chebyshev f i t s  of t h e  above r a t e  c o e f f i c i e n t s  i t  is necessary t o  use t h e  following parameters. 

Emin = l.OE+OO eV, Emax = 2.0E+04 eV 

Chebyshev F i t t i n q  Parameters fo-LRate C o e f f i c i e n t s  

He 

Energy 

(ev/arnu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.50304E+Ol 2.06181E-01 1.92296E-01 4.56411E-02 4.15838B-02 -1.64172E-02 5.89475E-03 
20000. -3.34502E+Ol -1.69065E-03 4.25743E-02 -4.85577E-03 1.65855E-02 -1.02931E-02 4.96346E-03 
40000. -3.26729E+01 -7.16579E-02 -3.83983E-02 -1.62201E-02 -5.97032E-03 -1.96773E-03 -5.29171E-04 
70000. -3.30216E+Ol -4.420893-02 -2.40130E-02 -1.096823-02 -4.88645E-03 -2.288596-03 -1.09577E-03 
100000. -3.369383+01 -1.546673-02 -7.60687E-03 -3.317476-03 -1.90471E-03 -1.15086E-03 -7.19346E-04 
200000. -3.56481E+Ol -1.62738E-02 -3.50236E-03 1.52811E-03 2.39339E-03 1.003083-03 6.34282E-04 

500000. -4.06040Et01 3.82554E-02 2.68882E-02 1.51307E-02 6.78931E-03 2.33434E-03 4.95076E-04 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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He + He2+ -> He' 1- He' 

Beam - Maxwellian 

tie Energy 

(&/am u> 

A =10000. 

x r ~ 2 0 0 0 0 .  

1-70000. 

El =100000. 

=200000. 

-500000.  

Recommended 
Data 

Chebyshev Fit _ _ _ _  

IO0 IO' 1 o3 10" io5 
He2+ Temp. (eV) 
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Energy  

(eV/amu) 

7.OE+OO 
1.OEt01 

2.OEi.O 1 
4.OE1-0 1 

7 .  0m-n 1 

i . o w 2  

2.OEt02 

4.OEt02 

7.OEt02 

1.OEt03 

2.OE+03 

4.OEi-03 

7.OE1-03 

l .OEt04  

2.OEt04 

4.OEi-04 

7.OE+04 

1. O E + D ~  

2.OEi-05 

4.OEi-05 

Double  E l e c t r o n  C a p t u r e  Cross S e c t i o n s  f o r  

H e 2 +  t H e  -> H e  t €re2+ 

3.68E+06 

4.39E+06 

6.21E+06 

8.79E+06 

1.16Ei-07 

1.39E+07 

1.96Ei-07 

2.78E+07 

3.683+07 

4.3 9E+07 

6.21Ei-0 7 

8 .79Et07  

1.16Ei-08 

1.39Ei-08 

1 . 9 6 E t 0 8  

2.78Ei-08 

3.68E+08 

4 , 3 9 3 t 0 8  

6.21E+08 

8 .78Et08  

Cross S e c t i o n  

( c m 2 )  

4.62E-16 

4.48E-16 

4.10E-16 

3.83E-16 

3.58E-16 

3.44E-16 

3.19E-16 

2.883-16 

2.623-16 

2.44E-16 

2.10E-16 

1.733-16 
1.463-16 

1.29E-16 

9.68E-17 

6.08E-17 

2.73E-17 

9.83E-18 

6.36E-19 

2.093-20 

R e f e r e n c e s :  90 ,  91 ,  92 ,  94 ,  1 4 0 ,  1 4 4 ,  1 4 5 ,  1 4 8 ,  1 5 0 ,  1 5 1 ,  1 5 2 ,  1 5 3 ,  282 

Accuracy:  20% t h r o u g h o u t  t h e  e n e r g y  r a n g e  ~. .. 

Note: (1) The d a t a  b e l o w  1 0 0  eV/amu are  t h e o r e t i c a l  d a t a  o f  r e f e r e n c e  1 5 3  ( F e r g u s o n  and  

M o i s e i w i t s c h )  . 
For  a Chebyshev f i t  of t h e  a b o v e  c r o s s  s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

Emin = 7.OE+00 eV/amu, Emax = 4.OEt05 eV/amu 

Chebyshev F i t t i n g  P a r a m e t e r s  f o r  Cross S e c t i o n s  

A0 A 1  A 2  A3 A4 A5 A6 A7 A8 

-75.3410 -3.70255 -2.16467 -1.23660 -.590825 - .179613 .0396927 . l o 2 7 6 8  .0774058 

The  f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n s  w i t h  a n  rms d e v i a t i o n  o f  3 . 2 % .  

The maximum d e v i a t i o n  is 6.8% a t  2.OE+04 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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He2+ + He -> He + He2+ 

Cross Section vs. Energy 

Energy (e\//amu> 



A-106 

Double Electron Capture Rate Coefficients for 
He2+ + He -> He + He2+ 

He2+ 
Temp. EqIial 

(ev) Temp. 

2.OE+00 5.213-12 
4.OE+00 1.36E-10 
7.OE+00 5.25E-10 
l.OE+Ol 8.99E-10 
2.OE.f-01 1.73E-09 
4,OE+01 2.60E-09 
7.OE+01 3.36E-09 
1.OE+02 3.90E-09 
2.OE+02 5.123-09 
4.OEi02 6.603-09 
7.0E+02 8.00E-09 
1.0E+03 8.97E-09 
2.OE+03 1.lOE-08 
4.0E+03 1.31E-08 
7.OE+03 1.48E-08 
1.OE-1-0 4 1.57E-08 
2.0E+04 1.69E-08 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

3 .  

5.68E-13 
1.94E-lI 
1.36E-10 
3.22E-10 
9.54E-10 
1.76E-09 
2.45E-09 
2.90E-09 
3.91E-09 
5.12E-09 
6.303-09 
7.14E-09 
8.973-09 
1.lOE-08 
3.27E-08 
1.38E-08 
1.57E-08 

100. 

2.92E-09 
2.94E-09 
2.98E-0 9 
3.0 2E-09 
3.143-09 
3.363-09 
3.65E-09 
3.90E-09 
4.58E-09 
5.57E-09 
6.60E-09 
7.38E-09 
9.10E-09 
1.11E-OB 
1.28E-OB 
1.38E-08 
1.573-03 

500. 

5.58E-09 
5.58E-09 
5.60E-09 
5.61E-09 
5.65E-09 
5.73E-0 9 
5.84E-09 
5.953-09 
6.30E-09 
6.88E-09 
7.60E-09 
8.18E-09 
9.60E-09 
1.14E-08 
1.29E-08 
1.3 9E-08 
1.58E-08 

He Temp. (eV) 
1000. 5000. 

7.14E-09 
7.15E-09 
7.16E-09 
7.16E-09 
7.193-09 
7.24E-09 
7.31E-09 
7.3 BE-09 
7.603-09 
8.00E-09 
8.523-09 
8.97E-0 9 
1.01E-08 
1.17E-08 
1.31E-08 
1.41E-0 8 
1.58E-08 

1.17E-08 
1.17E-0 8 
1.17E-0 8 
1.17E-08 
1.17E-08 
1.1713-08 
1.17E-08 
1.17E-08 
1.18E-08 
1.19E-0 8 
1.21E-08 
1.27.E-08 
1.27E-OB 
1.35E-08 
1.43E-08 
1.50E-08 
1.62E-08 

10000" 

1.38E-08 
1.38E-08 
1.383-08 
1.3 BE-08 
1.38E-08 
1.38E-OB 
1.383-08 
1,38E-08 
1.393-08 
1.393-08 
1.40E-08 
1.41E-08 
1.43E-08 
1.48E-08 
I. 53E-08 
1.57E-08 
1.66E-08 

20000. 

1.57E-08 
1.573-08 
1.573-08 
I. 57E-08 
1.573-08 
1.57E-08 
1.573-08 
1.57E-OB 
1.573-08 
1.58E-08 
1.58E-08 
1.58E-08 
1.60E-08 
1.6l.E-OB 
1.64E-08 
I 66E-OB 
1.69E-OB 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 2.OE+OO eV, Emax = 2.0E+04 eV 

Chebyshev Fitting--Parameters for Rate Coefficients 
He 
T einp . 
( e W  A0 A1 A2 A3 A4 A5 A6 

1. -4.15949E+01 
100. -3.794353+01 
500. -3.72996E-kOl 
1000. -3.70111E+01 
5000. -3.63583E+Ol 
10000. -3.61072E+01 
20000. -3.59012E-i-01 

Equal Temp. -4.01576E+01 

4.05943E+00 -1.862226+00 9.53695E-01 -4.316283-01 1.13605E-01 1.67894E-03 
9.091673-01 1.91522E-01 -7.513453-02 -3.333153-02 9.43860E-03 3.832863-03 
5.308963-01 1.952953-01 -2.21372E-03 -3.37015E-02 -9.199233-03 3.899473-03 
3.90475E-01 1.688833-01 1.915423-02 -2.19861E-02 -1.21205E-02 -1.71700E-04 
1.43130E-01 8.030333-02 2.652273-02 7.892553-04 -4.74954E-03 -3.105753-03 
7.576043-02 4.507813-02 1.733883-02 2.65954E-03 -1.73029E-03 -1.75170E-03 
2.91780E-02 1.754293-02 6.74273E-03 9.129663-04 -9.12778E-04 -9.71523E-04 
3.310993+00 -1.35722E+00 7.35133E-01 -4.329563-01 1.86361E-01 -6.652063-02 

See appendix for Chebyshev fit details. 
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He” + He -> t ie + He” 

Maxwellian -- Maxwellian 

He Temp. 

(eV> 

a =1. 

x =loo .  

v ~ 5 0 0 .  

x 11000 .  

@ =5000.  

=10000. 

PJ =20000. 

Recommended 
Data 

- - - - -  Chebyshev Fit 

Equal Temp. -- 

-A- 

1 oo 10’ 1 o2 I o3 10” 
He’+ Temp. (eV> 
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Double Electron Capture Rate Coefficients for 
He + He2+ -> He f He2+ 

He2+ 
Temp. 
(SV) 10000. 

l.OE+OO 1.79E-08 
2.OE+OO 1.79E-08 
4.OE+00 1.79E-08 
7.OE+OO 1.79E-08 
l.OE+Ol 1.79E-08 
2.OE+01 1.79E-08 
4.OE+Ol 1.79E-08 
7.0El-01 1.79E-08 
1.OE+02 1.793-08 
2.OE+02 1.79E-08 
4.OE+02 1.79E-08 
7.OE+02 1.79E-08 
l .OE. tO3  1.783-08 
2.OE.t.03 1.78E-08 
4.OE-t03 1.78E-08 
7.OE+03 1.773-08 
1.OE+04 1.76E-08 
2.OE+04 1.74E-08 

Beam - Maxwellian Rate Coefficients (cn3/s) 

20000. 

1.90E-08 
1.90E-08 
1.90E-08 
1.90E-08 
1.90E-08 
1.90E-08 
1.90E-08 
1.89E-08 
1.89E-0 8 
1.89E-08 
1.88E-08 
1.88E-0 8 
1.87 E-n 8 

i.84~-118 

i.79~-118 

1.86E-08 

1.813-0 8 

1.71E-08 

He -Energy (eV/amu) 
40000. 

1.693-08 
1.693-08 
1 - 69E-0 8 

1.68E-0 8 
1.68E-08 
1.68E-08 
1.68E-08 
1.673-08 
1.67E-0 8 
1.663-08 
1.65%-08 
1.64E-08 
1.63E-08 
1.61E-08 
1.58E-08 
1.54E-08 
1.51E-08 
1.42E-08 

70000. 

1.00E-08 
1.00E-08 
1.00E-08 
9.99E-09 
9.993-09 
9.97E-09 
9.94E-09 
9.91E-09 
9.896-09 
9.83E-09 
9.76E-09 
9.68~-09 
9.63E-09 
9.50E-09 
9.3 4E-0 9 
9.20E-09 
9.083-09 
8.74E-09 

100000. 

4.31E-09 
4.31E-09 
4.31E-09 
4.31E-09 
4.31E-09 
4.30E-09 
4.29E-09 
4.29E-09 
4.28E-09 
4.27E-09 
4.26E-09 
4.26E-0 9 
4.26E-09 
4.28E-09 
4.34E-03 
4.42E-09 
4.49E-09 
4.65E-09 

200000. 

3.95E-10* 
3.95E-10* 
3.95~-111* 
3.94~-10* 
3.94E-10* 
3.94E-10* 
3.94E- 10" 
3.93E-10* 
3.93E-10* 
3.93E-10* 
3.93E-10* 
3.93E-10* 
3.94E-10* 
3.97E-10* 
4.06E-10* 
4.21E-10* 
4.39~-10 
5.07E-10 

400000. 

9.21E-12** 
9.22E-12** 
9.24E-12** 
9.26E-12** 
9.28E-12** 
9.32E-12** 
9.39E-12** 
9.45E-12** 
9.51E-12** 
9.65E-12** 
9.86E-12** 
l.OlE-ll** 
1.03E-ll** 
1.08E-ll** 
1.17E-ll** 
1.28E-ll** 
1.38E-ll** 
1.71E-ll** 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible ErrOK Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 

Emin = l.OE+OO eV, Emax = 2.03+04 eV 

Ch eb ys hev Fit t i ng Pa r a!!eJ e r s for Rake--Cogf f i c i en t s 
ne 
Energy 
(ev/arnu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.56880Ef01 -1.04856E-02 -6.222913-03 -3.54221E-03 -2.04547E-03 -1.065393-03 -4.438023-.04 
20000. -3.56043Et01 -3.86901E-02 -2.24247E-02 -1.12950E-02 -5.53082E-03 -2.66314E-03 -1.231983-03 
40000. -3.58798El-01 -6.74672E-02 -3.603843-02 -1.56499E-02 -6.43318E-03 -2.742073-03 -1.24709E-03 
70000. -3.69171E+01 -5.93014E-02 -2.54553E-02 -7.53787E-03 -2.21925E-03 -1.22692E-03 -8.872763-04 
100000. -3.850348+01 2.31019E-02 2.39390E-02 1.48606E-02 4.98011E-03 -1.803253-05 -1.31207E-03 
200000. -4.322773+01 7.43187E-02 6.13383E-02 4.015083-02 2.17045E-02 9.215888-03 3.71392E-03 
400000. -5.05148E+01 2.45518E-01 1.33039E-01 5.66724E-02 2.09008E-02 7.13076E-03 2.41652E-03 

See appendix for Chebyshev fit details. 



A-109 

He + He2+ -> He + He” 

Beam - Maxwellian 

I 0 - ’ h  

IO-’ i 
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IV 

IO0 1 O2 1 o3 
He2’ Temp. (eV> 

He Energy 

(eV/a rn u> 

a ~ 1 0 0 0 0 .  

x =20000.  

0 =40000. 

H =70000. 

El =100000. 

a =200000. 

=400000. 
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-_ Data 

- - - - -  Chebyshev Fit 

io5 



A - 1 1 0  

References: 230, 

Energy 

(eV/amu) 

1.OE+O2 
2.OE+02 
4.OE+O2 
7.OE+02 
1.OE+03 
2.OE+03 
4.OE+03 
7.OE+03 
l.OE+04 
1.5E+04 
2.OE+04 
3.OE+04 
5.OE+O 4 
7.0E+04 
1.0E+05 
1.5E+05 
2.OE+05 
2.5E+05 
3.OE+05 
4.OE+05 
5.OE+O5 
5.9E+05 

31, 232, 2 

Electron Capture Cross Sec t ions  f o r  

ne?-+ + L i  -> ne+ + L i +  

Veloci ty  

(cm/s) 

1.39E+07 
1.96E+07 
2.78E+07 
3.68E+07 
4.39E+07 

6.21E+07 
8.79E+07 
1.16E+08 
1.3 9E+08 
I. 7 OE+O 8 
1.96Ei-08 
2.41E+08 
3.llE+08 
3.68E+08 
4.39Ei08 
5.38Ei08 
6.21E+08 
6.94E+08 
7.611+08 
8.78E+08 
9.82E+08 
1.07E+09 

4, 241, 242, 244, 246 

Cross Sec t ion  

(CKl2)  

4.223-15 
6.95E-15 
9.643-15 
1.llE-14 
1.15E-14 
1.14E-14 
1.06E-14 
9.25E-15 
7.393-15 
4.51E-15 
2.243-15 
6.70E-16 
2.llE-16 
1.433-16 
9.57E-17 
5.793-17 
3.82E-17 
2.32E-17 
1.38E-17 
5.17E-18 
2.263-18 
1.21E-18 

Accuracy: E < 2x105 ev/amu - 30%; E > 2x105 ev/amu - 40% 

Notes: (1) For d a t a  of t h e  sum of t h e  s i n g l e  and double [ t o t a l )  c r o s s  s e c t i o n s  s e e  Kadota e t  a1 

references 243 and 245. 

(2) For t h e  e l e c t r o n  capture  c r o s s  s e c t i o n s  f o r  L i + ,  L i z +  + H e  see re ferences  249, 250, 
251, and 254. 

For a Chebyshev f i t  of t h e  above c r o s s  s e c t i o n s  it is necessary t o  u s e  t h e  fol lowing parameters .  

Emin = 1.OE+02 eV/amu, Emax = 5.93+05 eV/amu 

Chebyshev F i t t i n q  Parameters f o r  Cross Sec t ions  

A0 A 1  A2 A3 A4 A5 A6 A7 A 8  
-69.9969 -3.86583 -2.18937 .0319758 .0613388 -.163069 -.271234 -.111623 .204819 

The f i t  represents  t h e  above cross s e c t i o n s  w i t h  an rms d e v i a t i o n  of 1 1 . 0 % .  

The maximum devia t ion  is 22.5% a t  5.OE+04 eV/amu. 

See appendix fo r  Chebyshev f i t  d e t a i l s .  
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Electron Capture Rate Coefficients for 
Li + He2+ -> He+ + Li+ 

He2+ 
Temp. 

(ev) 10000. 

l.OE+OO 1.02E-06 
2.OE+00 1.02E-06 

4.OE+00 1.02E-06 
7.OE+OO 1.02E-06 
l.OE+Ol 1.02E-06 
2.OE+01 1.02E-06 
4.OE+01 1.02E-06 
7.OE+01 1.01E-06 
1.OE+02 1.01E-06 
2.OE+02 1.00E-06 
4.OE+02 9.93E-07 
7.OE+02 9.81E-07 
1.0E+03 9.693-07 
2.OE+03 9.35E-07 
4.OE+03 8.74E-07 
7.OE+03 8.033-07 
1.OE+04 7.48E-07 
2.0E+04 6.25E-07 

Beam - Maxwellian Rate Coefficients (cm3/a) 

20000. 

4.40E-07 
4.3 9E-07 
4.3 9E-07 
4.3 9E-07 

4.3 9 E-07 
4.38E-07 
4.38E-07 
4.37E-07 
4.37E-07 
4.37E-01 
4.39E-07 
4.41E-07 
4.423-07 
4.45E-07 
4.45E-07 
4.383-07 
4.293-07 
3.94E-07 

Li Energy (eV/amu) 
40000. 

9.71E-08 
9.71E-08 
9.71E-08 

9.71E-08 
9.71E-08 
9.71E-08 
9.72E-08 
9.72E-08 
9.72E-08 
9.74E-08 
9.763-08 
9.81E-0 8 
9.86E-08 
1.01E-07 
1.06E-07 
3.16E-07 
1.25E-07 
1.48E-07 

70000. 

5.26E-08 
5.26E-08 
5.263-08 
5.26E-08 
5.26E-08 
5.26E-08 
5.26E-0 8 
5.2 6E-0 8 
5.268-08 
5.26E-08 
5.263-08 
5.26E-08 
5.26E-08 
5.27E-08 
5.293-08 
5.36E-08 
5.46E-08 
5.95E-08 

100000. 

4.20E-08* 
4.20E-08* 
4.20E-08* 
4.20E-08* 

4.20E-08* 
4.20E-08* 
4.20E-08* 
4.20E-08* 
4.20E-08 
4.20E-08 
4.20E-08 
4.19E-08 
4.19E-08 
4.19E-08 
4.18E-08 
4.18E-08 
4.18E-08 
4.2 1E-08 

200000. 

2.37E-08* 
2.37E-08* 
2.37E-08* 
2.3 7E-08* 
2.37E-O8* 
2.37E-08* 
2.37E-08* 
2.36E-08* 
2.36E-08* 
2.36E-08* 
2.35E-08* 
2.34E-08* 
2.34E-08* 
2.33E-08* 
2.31E-08* 
2.30E-08* 
2.283-08 
2.25E-08 

500000. 

2.20E-09** 
2.23E-09** 

2.22E-09** 
2.22E-09** 
2.22E-09** 
2.22E-0 9** 
2.22E-09** 
2.22E-09** 
2.22E-09** 
2.2 2E-09* * 
2.22E-09** 
2.22E-09* * 
2.23E-09** 
2.24E-09** 
2.25E-09** 
2.2 6E-0 9* * 
2.26E-09** 
2.28E-09** 

Accuracy: * - Possible Error Greater Than 10% 

** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev Pitting Parameters for Rate Coefficients 
Li 
Energy 

(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -2.78062E+01 -1.87483E-01 -1.15766E-01 -5.63757E-02 -2.078643-02 -4.180923-03 1.20353E-03 
20000. -2.93011E+01 -2.38001E-02 -2.23600E-02 -2.23853E-02 -1.68257E-02 -8.26641E-03 -2.16146E-03 
40000. -3.21294E+01 1.47297E-01 1.06505E-01 5-966043-02 2.42461E-02 4.761113-03 -3.24711E-03 
70000. -3.34880E+01 3.30410E-02 2.70085E-02 2.03864E-02 1.35662E-02 7.66428E-03 3.818773-03 
100000. -3.39729E+01 -1.63250E-03 3.97915E-04 1.54890E-03 1.480963-03 1.08056E-03 6.820153-04 
200000. -3.51439E+01 -2.29742E-02 -1.03372E-02 -3.67071E-03 -8.357263-04 -5.218143-04 -6.93460E-05 
500000. -3.98397E+01 1.28943E-02 5.77153E-03 3.54906E-03 -1.13575E-03 6.68011E-04 -9.250013-04 

See appendix for Chebyshev fit details. 
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E n e r g y  

(ev/amu) 

6.1E+03 

7.OE+03 

9.0E303 

l.OE+O 4 

1.5E+04 

2.OE+O 4 

3.OE+04 

5.OE+04 

7.OE+04 

1.OE+05 

1.5E+05 

2.OE+05 

2.5E305 

3.OE+05 

4.OE+05 

5 . 0 ~ 0 5  

Double  E l e c t r o n  C a p t u r e  Cross S e c t i o n s  f o r  

He2+ 3 L i  ->  H e  + L i 2 +  

V e l o c i t y  

(cm/s) 

1.08E+08 

1.16E+08 

1.32E+08 

1 . 3 9 E t 0 8  

1.70E+08 

1.96E+08 

2.41E+08 

3.11E+08 

3.68El-08 

4.3 9 E30 8 

5.38E+08 

6.21E+08 

6.94E+08 

7 .613+08 

8.78E+08 

9.82E+08 

Cross S e c t i o n  

(cm2) 

9.12E-18 

1.3 0 E-- 17  

2.393-17 

2.99E-17 

4.44E-17 

4.03E-17 

2.663-17 

1.42E-17 

9.17E-18 

5.86E-18 

3.12E-18 

1.17E-18 

3.16E-19 

1.05E-19 

1.623-20 

1.03E-20 

R e f e r e n c e s :  231 ,  232,  2 4 1 ,  242 ,  244 ,  246 

A c c u r a c E  30% 

Notes: (1) I n  t h e  r e g i o n  (1-3x104 eV/amu) w h e r e  t h e  c ross  s e c t i o n  is  a maximum t h e  e x p e r i m e n t a l  

d a t a  f l u c t u a t e s  by a f a c t o r  of k 2 .  W e  b e l i e v e  t h a t  t h e  v a l u e  q u o t e d  c a n  b e  r e l i e d  o n  

t o  30%.  

( 2 )  F o r  d a t a  o f  t h e  sum o f  t h e  s i n g l e  and 

r e f e r e n c e s  243 and  245.  

( 3 )  FOK e l e c t r o n  c a p t u r e  cross s e c t i o n s  o f  L 

a n d  254. 

d o u b l e  e l e c t r o n  c a p t u r e  see K a d o t a  e t  a1 

+, L i z +  + H e  see r e f e r e n c e s  249 ,  250 ,  251,  

F o r  a Chebysheu  f i t  o f  t h e  a b o v e  c ross  s e c t i o n s  it is n e c e s s a r y  t o  use t h e  f o l l o w i n g  p a r a m e t e r s .  

E,in = 6.1E.tO3 eV/amu, Emax = 5.0E+05 eV/amu 

__ ChebyEh-eu F i t t i n q  P a r a m e t e r s  f o r  C r o s s  S e c t i o n s  

A0 A l  A2 A3 A4 A5 A6 A7 A8 

-81.1888 -3.55493 -2.11208 - .149724 - .232101 -216608 .275776 .0980514 .0367760 

The f i t  r e p r e s e n t s  t h e  a b o v e  c r o s s  s e c t i o n s  w i t h  a n  r m s  d e v i a t i o n  of 3.1%. 

The maximum d e v i a t i o n  is 8 .4% a t  2.5E+05 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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He2+ + Li -> He + Li2+ 
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Double Electron Capture Rate Coefficients for 
Li + H e 2 +  --> He I -  Liz+ 

He2' 
Temp. 
(ev) 10000. 

1.OEt00 4.14E-09 
2.OE+00 4.14E-09 
4.OE+00 4.13E-09 
7.OEi00 4.12E-09 
l.OE+Ol 4.12E-09 
2.OE+Ol 4.10E-09 
4.OE+01 4.09E-09 
7.OEi01 4.08E-09 
1.OE+02 4.07E-09 
2.OE+02 4.07E-09 
4.OE+02 4.083-09 
7.OE+02 4.13E-09 
1.OE+03 4.18E-09 
2 OE+03 4.31E-09 
4.OEt03 4.51E-09 
7.OE-tO3 4.68E-09 
1.OEt04 4.793-09 
2.OEt04 4.953-09 

Beam - Maxwellian Rate Coefficients (cm3/s) 

20000. 

7.91E-09 
7.90E-0 9 
7.90E-09 
7.89E-09 
7.88E-09 
7.87E-09 
7.85E-09 
7.83E-09 
7.81E-09 
7.76E-09 
7.70E-09 
7.62E-09 
7.55E-09 
7.34E-09 
6.99E-09 
6.60E-09 
6.3 1E-0 9 
5.71E-0 9 

Li Energy (eV/amu) 
40000. 

5.19E-09 
5.19E-09 
5.196-09 
5.19E-09 
5.19E-09 
5.19E-09 
5.19E-09 
5.19E-09 
5.19E-09 
5.19E-09 
5.19E-09 
5.19E-03 
5.19E-09 
5.19E-09 

5.19E-09 
5.163-09 
5.11E-09 
4.90E-09 

70000. 

3.37E-09 
3.37E-09 
3.3 7E-0 9 
3.3 7 E--0 9 

3.37E-09 
3.3 7E-09 
3.3 7E-0 9 
3.37E-09 
3.37E-09 
3.37E-09 
3.37E-09 
3.38E-09 
3.38E-09 
3.38E-09 
3.39E-09 
3.40E-09 
3.40E-09 
3.40E-09 

100000.  

2.57E-09 
2.57E-09 
2.57E-09 
2.57E-09 
2.57E-09 
2.57E-09 
2.57 E-0 9 
2.57E-09 
2.573-09 
2.56E-09 
2.563-0'3 
2.563-09 
2.553-09 
2.55~-09 
2.5 4E-0 9 
2.53E-09 
2.523-09 
2.50E-09 

200000. 

7.25E-10* 
7.25E-10* 
7.25E-10* 
7. 24E-lO* 
7.23E-10* 
7.22E-10f 
7.20E-10* 
7.18E-10* 
7.17E-10 
7.14E-10 
7.10E-10 
7.07E-10 
7.05E-10 
7.03E-10 
7.07E-10 
7.16E-10 
7.26E-10 
7.51E-IO 

400000. 

1.43E-ll** 
1.43E-ll* * 
1.43 E-ll** 
1.43E-ll** 
1.43 E-1 1** 
1.4 4E-ll* * 
1.44E-ll** 
1.45E-ll** 
1.45E-ll** 
1.47E-ll** 
1.49E-11** 
I. 51E-ll* * 
1.53E-ll** 
1.59E-ll** 
1.68E-ll** 
1.81E-ll** 
1.93E-ll** 
2.35E-ll* * 

Accuracy: - Possible Error Greater Than 10% 

* *  - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OEi00 eV, Emax = 2.OEt04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 
Li 
Energy 
(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.85237E+01 7.92423E-02 5.63215E-02 1.721188-02 -5.29456E-03 -7.47819E-03 -2.5258lE-03 
20000. -3.74702E+Ol -1.30340E-01 -7.610203-02 -3.32737E-02 -9.675266-03 -1.15041E-04 2.05695E-03 
40000. -3.81678E+01 -1.43365E-02 -1.25875E-02 -1.01317E-02 -6.93426E-03 -3.91276E-03 -1.88591E-03 
70000. -3.90109E+Ol 4.430653-03 2.10527E-03 3.09061E-04 -4.54509E-04 -5.21843E-04 -3.711723-04 
100000. -3.957173+01 -1.188003-02 -5.53013E-03 -2.04086E-03 -8.301133-04 -4.87010E-04 -3.29738E-04 
200000. -4.209843+01 1.49204E-03 1.622343-02 1.48608E-02 6.78142E-03 1.372833-03 -7.46341B-04 
400000. -4.971863+01 1.87794E-01 1.11341E-01 5.29149E-02 2.28786E-02 8.25402E-03 3.38953E-03 

See appendix f o r  Chebyshev fit details. 
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B . (Cont'd) 

Electron Capture by He2+ . . . . . . . . . .  
He2+ + 
He2+ + 
He2+ + 
He2+ f 

He2+ + 
He2+ + 
He2+ + 
He2+ + 
He2+ + 
He2+ + 
H e 2 +  + 
He2+ + 
He2"- + 
He2+ + 
He2+ + 
He2+ + 
He2+ + 
He2+ + 
He2+ + 
He2+ + 
He2+ -t 
He2+ + 
He2+ + 
He2'- + 
He2' + 
He2+ + 
He2' + 

He + 

He2' + 
He2.' + 

He2+ + 

H .-> H e ' ( 2 ~ )  + H' . . . . . . . .  
H .-> He'(2p) + H+ . . . . . . . .  
H .-> He+(bynian., ) + H+ . . . . . .  
H .-> He+(Lyman-s) + H+ . . . . . .  
H .-> He'(Lpan-r) . t- H' . . . . . .  

H .-> He+(3~+3d) + H+ . . . . . . .  
H2 .-> He'(2~) . . . . . . . . . .  
H2 .-> He'(2p) . . . . . . . . . .  
H2 .-> He'(Lynian., ) . . . . . . . .  

H2 -> He+(Balrner., ) . . . . . . . .  
H2 .-> He'(3p) . . . . . . . . . .  
Hz .-> He'(354-3d) . . . . . . . . .  

Li .-> He'(2p) + Li+ . . . . . . .  

H -> He+(Balmer., ) + H+ . . . . . .  
H .-> He'(3p) + H' . . . . . . . .  
H .-> He'(4p) + H+ . . . . . . . .  

H2 -> He+(Lyman-o) . . . . . . . .  
H2 .-> He+(Lyrrtan-r) . . . . . . . .  

H2 .-> He'(4p) . . . . . . . . . .  
He ->  He+(2s) + He-' . . . . . . .  
Li .-> He'(3p) + Lit . . . . . . .  
Li .-> He'(4p) + Lit . . . . . . .  
Li .-> He+(3s+3d) + Li' . . . . . .  
Li .-> He+(4s+4d) + Lif . . . . . .  
Li .-> He+(Lyman., ) -t Li' . . . . .  
Li .-> He+(Lyman-s) + Li+ . . . . .  
Li .-> He+(Balmer., ) + Li' . . . . .  
Li .-> He+(Balmer-o) + Li' . . . . .  
Li .-> He'(Ba1mer-r) + Lit . . . . .  
Li .-> H ~ + ( B ~ I X ~ X - .  o )  + ~ i +  . . . . .  

Li .-> He+(Lyman-r) + Li' . . . . .  
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B-104 
B-104 
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B-106 
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R-1 08 
B-108  
b-108 
R-3.08 
B-110 
R - 1 1 0  
B-110 
R - 1 7  2* 
5-118 
R-118 
B-118 
R- 11.8 
B-118 
13-120 
8-1-20 
R-120 
u-122 
8-122 
8-122 
B-122 
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Electron Capture Cross Sections for 
H" + H -> H(2.5) + H+ 

Energy 
(ev/amu) 

2.OE+03 
3.OE+03 
4.OE+03 
5.OE+03 
6.OEt03 
7.OE+03 
1.OEi-0 4 
2.OE+04 
4.OE+04 
5.OE+04 
6.OE+04 
7.OE+04 
1.OE+05 
2 OE+05 

Velocity 

(cm/s) 

6.21E+07 
7.61E+07 
8.79Ei07 
9.823+07 
1.08E+08 
1.16E+08 
1.39E+O 8 
1.961+08 
2.78Ei08 
3.llEi08 
3.40EiOB 
3.68E+OB 
4.39EiO 8 
6.21E+O 8 

Cross Section 

1.41E-18 
2.77 E-18 
4.59E-18 
6.78E-18 
8.91E-18 
1.19E-17 
1.98E-17 
3.65E-17 
2.17E-l7 
1.39E-17 
9.05E-18 
5.56E-18 
1.93E-18 
2.593-19 

References: I, 11, 12, 13, 14, 15, 16, 70, 71, 72 

Accuracy: Energy < 3x103 eV/arnu - factor 2; 3x103 eV/amu < E < lx105 eV/amu - 30%; E > lx105 
eV/amu - 50% 

Notes: (1) For energies greater than 5x103 eV/amu, the crossed beam results of references 12 
and 14 are in good agreement with the data obtained using the tungsten oven H cell 
employed in the other experimental references. 
(2) No corrections were applied for cascading but the effect is believed to be n o  more 
than 5%. 
(3) Data for energies greater than 1.21~10~ eV/amu were taken from the theoretical paper 
by Shakeshaft (ref. 70) who computed the cross sections using time-dependent impact 
parameter coupled-state equations. 
( 4 )  Cross sections in the energy range lx103 - 5x103 eV/amu rely on the experimental 
results of Morgan et a1 (ref. 15) and theoretical results of ref. 71 and 72. 
(5) Cross sections for the 2s state were found by mixing the 2s and 2p states with an 
electric field. 

For a Chebyshev fit of the above cross section it is necessary to use the following parameters. 
Emin = 2.OE+03 eV/arnu, E,,, = 2.OE+05 eV/amu 

Chebvshev Fittinq Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-80.2974 -.711716 -2.02522 -.193493 .250985 .0856986 -.0237110 -.0276091 -.00357455 

The fit represents the above cross sections with an rms deviation of 1.3%. 
The maximum deviation is 2.4% at 7.OE+04 eV/arnu. 
See appendix for Chebyshev fit details. 



B-3 

H' + H -> H(2s) + H" 

Cross Section vs. Energy 

'0-16] 

io-'' 
io3 1 0" io5 IO6 

Energy (eV/amu> 



Electron Capture Rate Coefficients for 
H' + H -> H(2S) + H+ 

H.1- 

Temp. Equal 
(ev) Temp. 

1.OE+02 1.863-14 
2.OE+02 2.59E-12 
4.03+02 3.83E-11 
7.03+02 1.693-10 
1 . 0 E - t O 3  3.72E-10 
2.OE-t03 1.30E-09 
4.0E+03 2.96E-09 
7.OE+03 4.053-09 
1.OEt04 4.23E-09 
2 . 0 E i - 0 4  3.42E-09 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

500. 

1.48E-11 
2.51E-ll 
5.41E-11 
1.16E-10 
1.98E-10 
5.80E-10 
1.55E-09 

2.80E-09 
3.59E-09 
4.22E-09 

1000. 

9.32E-11 
1.163-10 
1.69E-10 
2.63E-10 
3.723-10 
8.12E-10 
1.79E-09 
2.96E-09 
3.68E-09 
4.22E-09 

2000. 

4.11E-10 
4.523-10 
5.36E-10 
6.70E-IO 
8.12E-3.0 
1.30E-09 
2.23E-09 
3 "  25E-09 
3.83E-09 
4.203-09 

H Temp. (eV) 
4000. 

1.353-09 
1.40E-09 
1.50E-09 
I. 653-09 
1.79E-09 
2.23E-09 
2.96E-09 
3.68E-09 
4.05E-09 
4.14E-09 

7000. 

2.66E-09 
2.70E-09 
2.77E-09 
2.87E-09 
2.96E-09 
3.25E-09 

3.68E-09 
4.0 5E-0 9 
4.20E-09 
4.033-09 

10000. 

3.50E-09 
3.52E-09 
3.57 E-09 
3.62E-09 
3.68E-09 
3.83E-09 
4.0 53-0 9 
4.20E-09 
4.23E-09 
3.90E-09 

20000. 

4.23E-09 
4.23E-09 
4.23E-09 
4.22E-09 
4.22E-09 

4.20E-09 
4.14E-09 
4.03E-0 9 
3.90E-09 
3.42E-09 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in = 1.OE+02 eV, E,,,, = 2.OE+04 e V  

ChebyshzL&tting Parameters for Rate Coefficients 
H 

Temp. 

(ev) A0 A1 A2 A3 A4 A5 A6 

500. 

1000. 
2000. 
4000. 
7000. 
10000. 

20000. 
E q u a l  Temp. 

3.12293E+OO -1.60004E-01 
2.14668E+OO 6.37440E-02 
1.31982E+00 1.21498E-01 
6.46066E-01 8.599768-02 
2.575413-01 2.91176E-02 
9.11341E-02 -6.21649E-03 
-7.798013-02 -5.028183-02 
5.50322E+00 -2.23799E+00 

-3.10412E-01 -2.36074E-02 1.60083E-02 
-2.579683-01 -5.56388E-02 1.724683-02 
-1.62370E-01 -6.16572E-02 4.432613-03 
-8.09184E-02 -4.48832E-02 -5.52064E-03 
-4.352793-02 -2.76600E-02 -6.637363-03 
-3.19458E-02 -1,892263-02 -5.58779E-03 
-2.49832E-02 -9.47407E-03 -2.56718E-03 
4.38735E-01 -2.58100E-01 1.18690E-01 

6.195243-03 
8.38626E-03 
8.172483-0 3 
3.62665E-03 
5.077273-04 
-2.28503E-04 
-3.98810E-04 
-1.94375E-02 

See appendix for Chebyshev fit details. 
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H+ t- H -> H(2s) + H+ 
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Electron Capture Rate Coefficients for 
H + H+ -> H(2s) + H+ 

Bean - Maxwellian Rate Coefficients (cm3/s) 

H+ 

(ev) 10000. 
Temp. 

l.OE+OO 2.74E-09 
2.OE+00 2.74E-09 
4.OE+OO 2.74E-09 
7.OE+00 2.74E-09 
1.OE+01 2.73E-09 
2.OE+Ol 2.73E-09 
4.OE+01 2.743-09 
7.OE+01 2.75E-09 
l.OE+02 2.76E-09 
2.OEt02 2.82E-09 
4.OE+02 2.95E-09 
7.OE+02 3.14E-09 
1.OE+03 3.30E-09 
2.0E+03 3.69E-09 
4.OE+03 4.10 E-09 
7.OE+03 4.35E-09 
1.OE+04 4.40E-09 
2.OE+04 4.08E-09 

20000 * 

7.12E-09 
7.11E-09 
7.08E-09 
7.05E-09 
7.03E-09 
6.97E-09 
6.89E-09 
6.81E-09 
6.75E-09 
6.603-09 
6.40E-09 
6.21E-09 
6.08E-09 
5.773-09 
5.35E-09 
4.90E-09 
4.57E-0 9 
3.80E-09 

H Energy (eV/amu) 
40000. 

6.01E-09* 
6.00E-09* 
5.99E-0 9* 
5.97E-09* 
5.96 E-0 9 
5.94E-09 
5.90E-0 9 
5.86E-09 
5.83E-09 
5.753-09 
5.64E-09 
5.52E-09 
5.42E-09 
5.14E-09 
4.69E-09 
4.19E-09 
3.82E-09 
3.073-09 

60000. 

3.07E-09* 
3.07E-09* 
3.07E-09* 
3.07E-09* 
3.06E-09* 
3.06E-09* 
3.05E-09* 
3 05E-09* 
3.04E--09* 
3.04E-09* 
3.04E-09 
3.05E-09 
3.05E-09 
3.05E-09 
3.00E-09 
2.88E-09 
2.74E-09 
2.353-09 

80000. 

1.47E-09** 
1.47E-09** 
1.47E-09* 
1.47E-09* 
1.47E-09* 
1.47E-09* 

1.47E-09* 
1.48E-09* 
1.48E-09* 
1.49E-09* 
1.51E-09* 
1.5 4E-0 9* 
1.57E-09* 
1.65E-09* 
1.75E-09* 
I. 82E-09* 
1.84E-09 
1.743-09 

100000. 150000. 

8.48E-10** 
8.48E-10** 
8.48E-10** 
8.48E-10** 
8.48E-10** 
8.49E-10** 
8.50E-10* 
8.51E-10* 
8.53E-10* 
8.57E-10* 
8.66E-10* 
8.80E-10* 
8.94E-10* 
9.42E-10* 
1.03E-09* 
1.14E-09* 
1.20E-0 9* 
1.26E-09* 

3.21E-10** 
3.21E-10** 
3.21E-10** 

3.21E-10** 
3.21E-10** 
3.21E-10** 

3.21E-10** 
3.21E-10** 
3.22E-10** 
3.23E-10** 
3.25E-10** 
3.28E-10** 
3.30E-10** 
3.3 7E-1 O* * 
3.52E-10** 
3.87E-10** 
4.28E-10* 
5.48E-10* 

Accuracy: * - Possible Error Greater Than 10% 
* *  - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in = l.OE+OO eV, E,,, = 2.OE+04 eV 

Chebyshev Fitting Parameters f o r  Rate Coefficients 
H 
Energy 

(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.91129E+01 2.483473-01 9.68613E-02 -2.22662E-02 -5.163343-02 -2.86624E-02 -4.225123-03 
20000. -3.78678E+01 -2.642628-01 -1.229683-01 -4.41549E-02 -1.57924E-02 -6.00867E-03 -1.438733-03 
40000. -3.81878E+01 -2.652053-01 -1.509643-01 -6.70004E-02 -2.27907E-02 -3.96914E-03 2.122593-03 
60000. -3.92919E+01 -7.869943-02 -5.90240E-02 -4.39866E-02 -2.753653-02 -1.195253-02 -2.201713-03 
80000. -4.05364E+Ol 1.08994E-01 4.62123E-02 -5.38404E-03 -2.37480E-02 -1.87047E-02 -8.06980E-03 
100000. -4.15580Et01 1.824333-01 1.07666E-01 3.518903-02 -4.95054E-03 -1.53694E-02 -1.205553-02 
150000. -4.352108+01 1.78485E-01 1.28691E-01 7.631493-02 3.780403-02 1.494493-02 2.43305E-03 

See appendix for Chebyshev fit details. 
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E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H+ + H -> H(2p)  1- 13' 

E n e r g y  

(ev/amu) 

3.40E+07 

3.68E+07 

4.39E+07 

5.38E+07 

6.21E+07 

7.613+07 

8.7 9E+07 

1.16E+08 

1.39E+08 

1.96E+08 

2.41E+08 

2.78E+08 

3.68E-I-08 

4.39E+08 

6 .2  1E+O 8 

6.80E+08 

Cross S e c t i o n  

(cm2) 

6.05E-18 

8.69E-18 

I .85E-17 

3.10E-17 

3.0 5E-17 

2.87E-17 

2.8 9E-17 

3.06E-17 

2.993-17 

1.793-17 

1.01E-17 

5.83E-18 

1 .463-18  

6.183-19 

1.41E-19 

1.00E-19 

R e f e r e n c e s :  1 7 ,  1 8 ,  1 9 ,  20, 70 

Accuracy:  E < 2x103 eV/amu - 40%; 2x103 eV/amu < E < 3x104 eV/amu - 25%;  E > 3x104 eV/amu - 
unknown 

N o t e s :  (1) Thomas i n  r e f .  20  h a s  a p p l i e d  a c o r r e c t i o n  t o  r e f .  1 9 .  

( 2 )  A l l  cross s e c t i o n s  h a v e  b e e n  n o r m a l i z e d  t o  e i t h e r  t h e  H+ + H2 -> H ( 2 p )  + HZ" or e- + 
H ( 1 s )  -> e- + H ( 2 p )  c ross  s e c t i o n s .  

( 3 )  Cross s e c t i o n s  f o r  H i m p a c t  e n e r g i e s  g r e a t e r  t h a n  3x104 eV/amu r e l y  on  c o m p u t a t i o n s  

of S h a k e s h a f t  ( r e f .  7 0 ) .  D a t a  were o b t a i n e d  u s i n g  t i m e - d e p e n d e n t  i m p a c t  p a r a m e t e r  

c o u p l e d - s t a t e  e q u a t i o n s .  

( 4 )  The c r o s s  s e c t i o n  ( u i )  f o r  c a p t u r e  i n t o  s t a t e  i is  d e t e r m i n e d  b y  m e a s u r i n g  t h e  

emission CKOSS s e c t i o n  ( u .  . )  f o r  a t r a n s i t i o n  f rom s t a t e  i t o  j, c o r r e c t i n g  f o r  a n y  

b r a n c h i n g  f rom s t a t e  i, a n d  c o r r e c t i n g  f o r  c a s c a d i n g  f r o m  u p p e r  s t a t e s .  

( 5 )  C a s c a d i n g  f rom u p p e r  s t a t e s  t o  t h e  2p s t a t e  is less t h a n  5 % .  Thus  u ( 2 p )  = 
o(Lyman-a)  e m i s s i o n  cross s e c t i o n .  

1 3  

For  a Chebyshev f i t  o f  t h e  a b o v e  c r o s s  s e c t i o n s  it is n e c e s s a r y  t o  use t h e  f o l l o w i n g  parameters. 

E m i n  = 6.OE+02 eV/amu, Emax = 2.4E+O5 eV/arnu 

Chebyshev  F i t t i n g  P a r a m e t e r s  f o y  Cross S e c t i o n s  

A 0  A 1  A2 A 3  A4 A5 A6 A7 A8 

-79.9812 -2.30968 -1.73621 . I 1 0 2 6 5  .0489823 .217654 - .0576541 -.0617916 .0399669 

The f i t  r e p r e s e n t s  t h e  a b o v e  c r o s s  s e c t i o n s  w i t h  a n  r m s  d e v i a t i o n  o f  2 .8%.  

The maximum d e v i a t i o n  is 5.8% a t  2.OE+04 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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Electron Capture Rate Coefficients for 
H+ + H ->  H(2p) + H+ 

H+ 
Temp. Equal 

(ev) Temp 

4.OE+01 5.58E-13 
7.OE+01 1.45E-11 
1.OE+02 5.743-11 
2.OE+02 3.33E-10 
4.OE+02 8.99E-10 
7.OE+02 1.49E-09 
1.OE+03 1.90E-09 
2.OE+03 2.683-09 
4.OE+03 3.073-09 
7.OE+03 2.84E-09 
1.OE+04 2.47E-09 
2.OE+04 1.593-09 

Maxwellian - Maxwellian Rate Coefficients [cm3/s) 

H Temp. (eV) 
50. 100. 500. 1000. 5000. 10000. 20000. 

1.283-12 
6.91E-12 
1.95E-11 
1.13E-10 
4.11E-10 
8.38E-10 
1.17E-09 
1.93E-09 
2.70E-09 
3.05E-09 
3.033-09 
2.473-09 

1.45E-11 
3.22E-11 
5.74E-11 
l.81E-10 
4.88E-10 
8.99 E-10 
1.223-09 
1.963-09 
2.7 1E-0 9 
3.05E-09 
3.03E-09 
2.463-09 

5.48E-10 
5.92E-10 
6.36E-10 
7.73E-10 
1.02E-09 
1.32E-09 
1.563-09 
2.17E-09 
2.79E-09 
3.06E-09 
3.02E-09 
2.44E-09 

1.16E-09 
1.19E-09 
1.22E-09 
1.32E-09 
1.493-09 
1.71E-09 
1.90E-09 
2.3 8E-0 9 
2.88E-09 
3.07E-09 
3.00E-09 
2.41~-09 

2.88E-09 
2.893-09 
2.89E-09 
2.91E-09 
2.931-09 
2.963-09 
2.993-09 
3.05E-09 
3.06E-09 
2.953-09 
2.7 8E-0 9 
2.19E-09 

3.03E-09 
3.033-09 
3.03E-09 
3.03E-09 
3.02E-09 
3.01E-09 
3.00E-09 
2.953-09 
2.84E-09 
2.65E-09 
2.473-09 
1.96E-09 

2.473-0 9 
2.47E-09 

2.46E-0 9 
2.463-09 
2.453-09 
2.433-09 
2.41E-09 
2.36E-09 
2.253-09 
2.09E-09 
1.96E-09 
1.593-09 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 4.OE+01 eV, E,,, = 2.OE+04 eV 

Chebyshev Fittinq Parameters for RateCLefficients 
H 

T~ip. 
(ev) A0 A1 A2 A3 A4 A5 A6 

50. -4.42667E+01 3.68258E+00 -1.49113E+00 1.599243-01 3.18208E-03 -6.21884E-02 2.01934E-02 
100. -4.30926E+01 2.69099B+00 -8.96227E-01 -7.60448E-02 4.64849E-02 -4.79878E-02 6.77301E-03 
500. -4.08437E+01 9.29788E-01 -3.25719E--O1 -1.893316-01 -3.21599E-02 5.88363E-03 2.45244E-03 
1000. -4.02252E+01 5.066983-01 -5.164603-02 -1.449268-01 -4.91357E-02 2.77891E-03 6.06624E-03 
5000. -3.93773E+01 -6.84093E-02 -8.56458E-02 -6.23155E-02 -2.73651E-02 -6.00122E-03 5.77484E-04 
10000. -3.94214E+01 -1.65783E-01 -1.04137E-01 -4.965246-02 -1.77141E-02 -4.10624E-03 -1.51335E-04 
20000. -3.98550E+01 -1.76608E-01 -9.99144E-02 -4.14670E-02 -1.28283E-02 -2.761713-03 -2.52981E-04 

Equal Temp. -4.38515E+01 3.354603+00 -2.04640E+00 5.49669E-01 -2.675033-01 7.12101E-02 2.83428E-03 

See appendix for Chebyshev fit details. 
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Electron Capture Rate Coefficients for 
H + H+ -> H(2p) + Ht 

H+ 

Temp (. 
(ev) 10000. 

l.OE+OO 4.14E-09 
2.OE+00 4.133-09 
4.OE+00 4.12E-09 
7.0 E+OO 4.1 I E-09 
l.OE+Ol 4.10E-09 
2.OE+01 4.08E-09 
4.OE+01 4.06E-09 

7.OE+01 4.03E-09 
1.OE+02 4.00E-09 
2.OEt02 3.943-09 
4.OE+02 3.863-09 
7.OE+02 3.773-09 
1.OE+03 3.693-09 
2.OE+03 3.50E-09 
~ . o E + o ~  3.23~-119 
7.OE+03 2.933-09 
1.03+04 2.69E-09 
2.0E+04 2.10E-09 

Beam - Maxwellian Rate Coefficients (cm3/s) 

20000. 

3.51E.-09 
3.50E-09 
3.50E-09 
3.49E-09 
3.49E-09 
3.47E-09 
3.46~09 
3.44E-09 
3.42E-09 
3.393-09 
3.34E-09 
3.273-09 
3.22E-09 
3.05E-09 
2.77E-09 
2.46E-09 
2.25E-09 
1.76E-09 

H Energy (eV/amu) 
40000. 

1.62E-09* 
1.62E-09* 
1.61E-09* 
1.61E-09* 
1.61E-09* 
1.61E-09 
1.61E-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.5 9E-09 
1.57E-09 
1.50E-09 
1.43E-09 
1.233-09 

60000. 

I .27E-10* 
7.27E-10* 
7.28E-10* 
7.28~-10* 
7.28E-10* 
7.28E-10* 
7.29E-10* 
7.30E-10* 
7.31E-10* 
7.35E-10* 
7.42E-10* 
7.53E-10* 
7.64E-10* 
7.95E-10 
8.403-10 
8.76E-10 
8.88E-10 
8.56E-10 

80000. 

4.16E-10** 
4.16E-10** 
4.16E-10** 
4.16E-10** 
4.16E-10* 
4.16E-10* 
4.16E-10* 
4.17E-10* 
4.17E-10* 
4.19E-101 
4.22E-10* 
4.273-10* 
4.32E-10* 
4.49E-10* 
4.85E-10* 
5.29E-10* 
5.60E-10* 
5.99E-10 

100000. 

2.72E-10** 
2.72E-10** 
2.72E-10** 
2.72E-10** 
2.72E-10** 
2.72E-10** 
2.733-lo** 
2.73E-10* 
2.73E-10* 
2.75E-10* 
2.77E-10* 
2.80E-10* 
2.82E-10* 
2.92E-10* 
3.123-10* 
3.42E-10* 
3.69E-10* 
4.24E-10* 

200000. 

8.76E-ll** 
8.76E-ll** 
8.76E-11** 
8.77E-ll* * 
8.77E-11** 
8.77E-11** 
8.78E-11** 
8.99E-ll** 
8.79E-ll** 
8.81E-ll** 
8.83E-11** 
8.80E-ll** 
8.71E-ll** 
8.40E-l1** 
8.06E-ll** 
8.00E-ll** 
8.18E-ll** 
9.59E-11** 

Accuracy: * - Possible E r r o r  Greater Than 10% 
* *  - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary t o  use the following parameters. 
E,jn = l.OE+OO eV, Enax = 2.03+04 eV 

Chebyshev Pitting Parameters for Rate Coefficients 
B 

Energy 

(eV/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.89330Et01 -2.63479E-01 -1.46563E-01 -6.61908E-02 -2.64497E-02 -9.587723-03 -3.32633E-03 
20000. -3.92573E+01 -2.652133-01 -1.59204E-01 -7.45512E-02 -2.59202E-02 -4.409313-03 1.71443E-03 
40000. -4.058063+01 -8.23737E-02 -5.96947E-02 -4.222683-02 -2.58735E-02 -1.174193-02 -3.021533-03 
60000. -4.19604E+01 9.70829E-02 4.52599E-02 7.29529E-04 -1.72682E-02 -1.545613-02 -7.903473-03 
80000. -4.30171E+01 1.567353-01 9.77827E-02 3.772453-02 1.87118E-03 -9.857093-03 -9.467533-03 
100000. -4.38524E+01 1.71818E-01 1.11913E-01 5.358173-02 1.640283-02 -2.85661E-04 -5.460803-03 
200000. -4.63327Et01 -9.297993-03 6.37363E-03 2.65872E-02 3.44937E-02 2.70598E-02 1.284303-02 

See appendix for Chebyshev fit details. 
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E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H +  4 I12 -> H(2s,2p) 

H(2S) 
Energy Cross S e c t i o n  

ev/amu C d  

2.0E+03 
4.OEt03 
7.OE+03 
1.0E+04 
2.0E+04 
2.5Et04 
4.OEt04 
7.OE+04 
1.OEtOS 
2.OE+05 

2.64E-18 
5.08E-18 
9.24E-18 
1.37E-17 
2.69E-17 
2.793-17 
2.21E-17 
9.53E-18 
4.20E-18 

4.24E-19 

H(2p) 

Energy Cross S e c t i o n  

ev/amu Cm2 

4.OEt03 
7.OE+03 

1.OE+04 
1.4E+04 
2.OE+04 
4.OE+04 
7.OE+04 
1.OEt05 
1.5E+05 

1.99E-17 
2.37E-17 
2.64E-17 
2.72E-17 
2.35E-17 
8.74E-18 
3.39E-18 
1.75E-18 
1.00E-18 

R e f e r e n c e s :  H(2s) - 13, 16, 18, 121, 122, 123, 124, 125, 126; H(2p) - 18, 122, 124, 128 

Accuracy:  See  n o t e s  

I__ Notes:  (1) L a r g e  e r r o r s  a r e  u s u a l l y  a s s o c i a t e d  w i t h  measu r ing  e m i s s i o n  from e x c i t e d  s t a t e s  t o  

o b t a i n  e i t h e r  e l e c t r o n  c a p t u r e ,  d i s s o c i a t i v e  o r  e x c i t a t i o n  e m i s s i o n  cross s e c t i o n s .  The 

c r o s s  s e c t i o n s  r e p o r t e d  h e r e  a r e  e m i s s i o n  c r o s s  s e c t i o n s  from e l e c t r o n  c a p t u r e  

c o l l i s i o n s .  The H(2s) c r o s s  s e c t i o n s  a r e  d e t e r m i n e d  by o b s e r v i n g  t h e  e x c i t e d  H atom i n  

a n  e l e c t r i c  f i e l d  which mixes  t h e  2s s t a t e  w i t h  t h e  2p s t a t e .  The scat ter  o f  t h e  d a t a  

i n  t h e  r e f e r e n c e s  is a f a c t o r  o f  2 f o r  H(2s) c a p t u r e  and  20% f o r  H(2p) .  W e  e s t i m a t e  

t h a t  t h e  d a t a  p r e s e n t e d  h e r e  have  a c o n f i d e n c e  l e v e l  t o  w i t h i n  50%. 
(2) For  t h e  c o l l i s i o n s  i n  an e l e c t r o m a g n e t i c  f i e l d  s u f f i c i e n t  t o  mix t h e  2s and  2p, t h e  

Lyman-a e m i s s i o n  c r o s s  s e c t i o n  is o b t a i n e d  from a(2s)+a(2p). 

(3) The c r o s s  s e c t i o n  ( a i )  f o r  c a p t u r e  i n t o  s t a t e  i i s  d e t e r m i n e d  by measu r ing  t h e  

e m i s s i o n  c r o s s  s e c t i o n  f o r  a t r a n s i t i o n  from s t a t e  i t o  j ,  c o r r e c t i n g  f o r  any b r a n c h i n g  

from s t a t e  i and c o r r e c t i n g  f o r  c a s c a d i n g  from upper  s ta tes .  

(4) S i n c e  c a s c a d i n g  t o  t h e  2p s t a t e  i s  less t h a n  5% n(Zp)=a(Lyman-a )  e m i s s i o n .  

For  Chebyshev f i t s  o f  t h e  above c r o s s  s e c t i o n s  it i s  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

H(2sI E m i n  = 2.OEt03 eV/amu, = 2.OE+05 ev/amu 

H(2p)  E m i n  = 4.OE+03 eV/amu, Emax = 1.5Et05 eV/amu 

Chebyshev F i t t i n q L a L a m e t e r s  f o r  C r o s s  S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 

H(2S) -79.7252 -.533265 -1.56108 -.431130 .0810709 .OS19074 -.0478876 -.00197365 
H(2p) -78.7561 -1.60375 -.734004 .lo6262 .120750 -.0254921 .00605546 .0276214 .0341018 

The f i t  r e p r e s e n t s  t h e  H(2s) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  1.3%. 
The maximum d e v i a t i o n  i s  2.5% a t  l.OEt04 eV/amu. 

The f i t  r e p r e s e n t s  t h e  H(2p) c r o s s  s e c t i o n  w i t h  an  rms d e v i a t i o n  of 1.5%. 

The maximum d e v i a t i o n  i s  8.5% a t  1.3E+05 eV/arnu. 

See  append ix  f o r  Chebyshev f i t  d e t a i l s .  
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Line Emission Cross  S e c t i o n s  of E l e c t r o n  Cap tu re  C o l l i s i o n s  f o r  

H+ + H2 ->  H(Ly,) T o t a l  

Energy 

(ev/amu ) 

8.2E+01 
1.OE+02 
2.OE+O2 
4.0E+02 
7 .OE+02 
1.OE+03 
1.5E-kO3 
2.OE+03 
3.OE+03 
4.OE+03 
7.OE+03 
1.OE.1-0 4 
1.4E.f-04 
2.OE+O 4 
4.0E+04 
7.0E+04 
1.OE+05 
1.4E+05 

1.263+07 
1.39E+O 7 
1.96E+07 
2.783+07 
3.68E+07 
4.39E+07 
5.38E+07 
6.21E+07 
7.61E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.64E+08 
1.96E+08 
2.7a~+08 
3.68E+08 
4.39E+08 
5.20E+08 

Cross  S e c t i o n  

( c m 2 )  

7.15E-20 
1.37E-19 
9.34E-19 
4.56E-18 
1.20E-17 
1.69E-17 
1.97E-17 
2.llE-17 
2.398-17 
2.94E-17 
4.30E-17 
5.22E-17 
5.61E-17 
4.873-17 
2.973-17 
1.94E-17 
1.46E-17 
1.19E-17 

References:  124, 128, 187, 188, 193, 195, 197 

Accuracy: 40% 

Notes:  (1) The c r o s s  s e c t i o n  a i  f o r  c a p t u r e  i n t o  s t a t e  i is determined by measuring t h e  

emis s ion  c r o s s  s e c t i o n  ( u i j )  f o r  a t r a n s i t i o n  from s t a t e  i t o  j ,  c o r r e c t i n g  f o r  any 

b ranch ing  from s t a t e  i and c o r r e c t i n g  f o r  c a s c a d i n g  from upper  states.  

(2) The c a p t u r e  c r o s s  s e c t i o n  i n t o  e x c i t e d  s ta tes  is measured by making use of t h e  

Doppler s h i f t .  The t o t a l  IT (Ly,) was determined from t h e  t o t a l  of t h e  s h i f t e d  and 

u n s h i f t e d  r a d i a t i o n .  

For a Chebyshev f i t  of t h e  above c r o s s  s e c t i o n s  i t  is n e c e s s a r y  t o  use t h e  fo l lowing  pa rame te r s .  

Emill = 8.2E+01 eV/amu, E,,, = l.4E+05 eV/amu 

Chebyshev F i t t i n g  Pa rame te r s  f o r  Cross  S e c t i o n s  

A 0  A1 A2 A3 A4 A5 A6 A7 A8 

-79.2785 2.29244 -1.84261 .243522 -.113691 .0377226 .155522 -.0201741 m.0977164 

The f i t  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n s  w i t h  an  r m s  d e v i a t i o n  of  3.4%. 
The maximum d e v i a t i o n  is 6 .0% a t  2.OE+04 eV/amu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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Line Emission Cross Sections of Electron Capture Collisions for 

Ht + Ha -> H(H,, H g )  

(Ha) 

eV/amu CJ2 

Energy Cross Section 

5.OE+02 2.44E-19 
7.OE+02 6.10E-19 
l.OEi03 1.13E-18 
2.OEt03 2.13E-18 
4.OEt03 3.11E-18 
7.OEiQ3 4.17E-18 
1.OE+Q4 4.953-18 
2.OEt04 7.18E-18 
3.OEt04 8.523-18 
4.OE+Q4 7.68E-18 
7.OE+O4 3.34E-18 
l.OE+OS 1.25E-18 
2.OE+05 1.06E-19 
4.OE+05 4.17E-21 

References: (Ha) - 131, 133, 134, 135, 136, 137, 138, 139; (Hg) 

( H p  1 
Energy Cross Section 
eV/amu 

5.OE+02 
7.OEi02 
l.OE+03 
2.OEt03 
4.OE+03 
7.OEt03 
l.OEtQ4 
2.OE+04 
4.OE+04 
7 .OE+04 
1.OE+05 
1.5E+05 

' 137, 138, 139 

Cm2 

4.24E-20 
9.36E-20 
1.61E-19 
3.12E-19 
4.271-19 
4.96E-19 
5.173-19 
4.82E-19 
2.94E-19 
1.llE-19 
4.45E-20 
1.74E-20 

Accuracy: See notes 

Notes: (1) Large errors are usually associated with measuring optical emission from excited 
states which arise from electron capture, dissociative or  excitation collisions. The 
cross sections reported here are for electron capture collisions resulting in Dalmec-a 
emifision (n=3->2), 1-6562.79 A) and BalmeK-p emission (n=4->2, ~=4861.33 A ) .  Errors 
arise mainly from the detecter calibration which for the visible spectrum varies over 
many orders of magnitude. We can only estimate the error to be moce than a factor of 2 

( 2 )  Tne Ha emission cross section is found from the following relation - n(H,) = a ( 3 s )  t 
.ll8~(3p) + u(3d). 
(3) Cascading from upper levels contribute no more than 5% to the measured cross 
sect ions. 

( 4 )  Ha cross sections below 3x103 eV/amu were found by normalizing Hess's results (ref. 
137 and 138) to other results at 3x103 eV/amu. 
(5) Very little data are available for Balmer-p (Hg) emission cross sections. 
(6) H cross sections below 3x103 eV/amu were found by normalizing Hess's data (refs. 
137 and 138) at 3x103 eV/amu to Hughes et a1 data (ref. 139). 
(7) No estimate is given f o r  errors in the HB data. 
(8) Data are available for capture in the 4s state (see refs. 130 and 132). 

for Ha. 

For Chebyshev fits of the above cross sections it is necessary to use the following parameters. 

(Bo) E,in = 5.GE+O2 eV/amu, Emax = 4.OE+05 eV/amu 
(Hg) Emin = 5.OE+02 eV/amu, Emax = 1.5Et05 eV/amu 

C&by.shev Fitting Parameters for Cross Sections 

A0 A1 A 2  A3 A4 A5 A6 A7 A8 

(Ha) .-83.9403 -1.52055 -2.66829 -.703430 -.220654 .245822 .0371514 -.0525595 -.0727916 
(Hp)  -86.8907 -.394318 

The fit represents the (Ha 
The maximum deviation is 
The fit represents the (Ha 

The maximum deviation is 
See appendix for  Chebyshev 

1.51191 -.164906 -.148036 .OB16213 .0463644 .0309715 .00687359 

cross section with an rms deviation of 2.2%. 
5.1% at 2.OE+04 eV/amu. 

1.1% at 1.OEt03 eV/amu. 
fit details. 

cross section with an rms deviation of 0.6%. 



B-19 

H+ + H, -> H(H,, H,) 
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Electron Capture Cross Sections for 

H+ + H 2  -> H(3s,3p,3d) t H2' 

H(3s) H (3P) H(3d) 
Eilergy Cross Section Energy Cross Section Energy Cross Section 
ev/amu cm2 ev/amu cm* ev/amu cm2 

1.OE+03 3.33E-19 
2.OE+03 5.253-19 
4.OEt03 8.67E-19 
7.OEt03 1.45E-18 
1.OE+04 2.10E-18 
2 .OE+04 4.90E-18 
3.2E+04 7.211-18 
4.OE+04 6.54E-18 
7.OEt04 2.88E-18 
1.OE+05 1.16E-18 
2.QE+05 9.99E-20 
3.OE+05 1.83E-20 

2.2E+03 1.18E-18 
4.OE+03 3.49E-18 
5.93+03 4.19E-18 
7.OE+03 4.173-18 
1.OE+04 3.86E-18 
2.OE+04 2.833-18 
3.2Et04 1.63E-18 
4.0E+04 1.07E-18 
7.OE+04 2.96E-19 
1.OE+05 1.35E-19 
1.6E+05 4.763-20 
2.OEt05 3.13E-20 
3.4E+05 1.01E-20 

1.4E+03 4.27E-19 
2.OE+03 5.56E-19 
4.OE+03 8.89E-19 
7.0E+03 1.27E-18 
1.0E+04 1.576-18 
l.lE+04 1.60E-18 
2.OE+04 1.04E-18 
4.OE+04 3.94E-19 
7.OE+04 1.03E-19 
1.OE+05 3.09E-20 
1.4E+05 8.93E-21 
2.OE+05 4.39E-21 
3.OE+05 2.473-21 

.References: H(3S) 129, 130, 131. 132, 133, 134, ,135; H(3p) 122, 131, 133, 134, 136; H(3d) 131, 
134, 136 

ACCUT~C~: See notes 

(1) Large errors are usually associated with measuring optical emission from excited 
states which arise either from electron capture, dissociative, or excitation collisions. 
The cross sections reported here are for electron capture of the fast proton into a fast 
H atom. Errors arise mainly from absolute calibration of the detector which for the 
visible spectrum varies over orders of magnitude from blue to red. #e estimate the data 
presented to be accurate to a factor of 2. 
(2) The cross section (ai) for capture into state i is determined by measuring the 
emission cross section (aij) for a transition from state i to j, correcting for any 
branching from state i and correcting for cascading from upper states. 
(3) For the n=3 levels cascading is less than 5%. 

For Chebyshev fits of the above cross sections it is necessary to use the following parameters. 

H(3s) %in = 1.OEt03 eV/amu, Emax = 3.OE+05 eV/amu 

H(3p) Emin = 2.2E1-03 eV/amu, Emax = 3.41+05 eV/amu 

H(3d) E,in = 1.4E+03 eV/amur Emax = 3.0E+05 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 

A0 A 1  A2 A3 A4 A5 A6 A7 A8 
H(3S) -84.0392 -.728083 -2.03457 -.E60699 .0489259 .212089 .0319211 -.0748778 -.0241098 
H(3p) -84.5768 -2.73107 -1.38696 .326474 .0471408 .0427739 -.0758510 -.0181499 .0430074 
H(3d) -86.9132 -2.76179 -1.74766 .0813682 .392354 .lo1286 .0203703 .00824074 -.Of305033 

The fit represents the H(3s) cross section with an rms deviation of 2.3%. 
The maximuin deviation is 4.0% at 7.OE+04 eV/amu. 

The fit represents the H(3p) cross section with an rms deviation of 1.3%. 
The maximum deviation is 2.6% at 1.6E+05 eV/amu. 

Tna fit represents the H(3d) CKOSS section with an rms deviation of 5.0%. 
The maximum deviation is 10.4% at 7.OE+03 eV/amu. 

See appendix for Chebyshev fit details. 
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Energy 
(eV/amu) 

2.8E+03 
4.OE+03 
7.OE+03 
1 . OE+O 4 
1.4E+04 
2.0E+04 
3.0Et44 
4.OE+04 
5.OE+O 4 
7.0E+04 
1.OE+05 

2.OE+05 

Electron Capture Cross Sections for 
Hf + H e  -> H ( 2 S )  + H e +  

Ve loc it y 

(cm/s) 

7.35E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.643308 
1.96Ec08 
2.41E+O8 
2.783+08 
3.11E+O8 
3.68E+08 
4.39E+08 
6.2 1E+08 

Cross Section 

(Cd) 

5.16E-2 0 
1.453-19 
5.913-19 
1.03E-18 
1.473-18 
2.44E-18 
5.61E-18 
7.74E-18 
8.08E-18 
6.60E-18 
3.753-18 

4.23E-19 

References: 16, 121, 125, 126, 183, 184, 189, 190, 191 

Accuracy: 50% 

Note: (1) The 4 2 s )  cross section is found by mixing the 2s state with the 2p state by an 
electric field. 

For Chebyshev fit of the above cross sections it is necessary t o  use the following parameters. 
Emin = 2.8E+03 eV/amu, E,,, = 2.OE-tO5 eV/amu 

Chebyshev Fittinq Parameters f o r  Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 
-83.0478 1.54023 -1.55597 -.364564 -.186200 .0423931 -.0198717 -.166625 

A8 
.0726702 

The fit represents the above cross sections with an rms deviation of 2.5%. 
The maximum deviation is 4.2% at 5.OE+04 eV/amu. 
See appendix for Chebyshev fit details. 
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H+ + He -> H(2s) + He' 

Cross Section vs. Energy 
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Electron Capture Rate Coefficients for 
H+ + He -> H(2s) + He+ 

H+ 
Temp. Equal 

(ev) Temp. 

2.OE+02 2.85E-16 
4.OE+02 8.08E-14 
7.OE+02 1.18E-12 
1.0E+03 4.16E-12 
2.OE+03 2.70E-11 
4.OE+03 1.20E-10 
'7.0E+03 3.54E-10 
1.OE+04 6.20E-10 
2.OEi04 1.21E-09 

Maxwellian - Maxwellian Rate Coefficients (Crn3/s) 

500. 

3.73E-15 
1.07E-13 
9.323-13 
2.94E-12 
1.8312-11 

8.03E-11 
2.43E-10 
4.53 E-10 
1.04E-09 

1000.  

4.233-14 
3.253-13 
3.61E-12 
4.16E-12 
2.1lE-11 
8.55E-11 
2.51E-10 
4.62E-10 
1.05E-09 

2000. 

4.6a~-i3 
1.32E-12 
3.64E-12 
7.24E-12 
2.70E-11 
9.64E-11 
2.68E-10 
4.80E-10 
1.06E-09 

He Temp. (eV) 
4000. 7000. 

3.64E-12 
5.90E-12 
1.03E-11 
1.58E-11 
4.07E-11 
1.20E-10 
3.02E-10 
5.15E-10 
1.08E-09 

1.48E-11 
1.89E-11 
2.58E-11 
3.35E-11 
6.58E-11 
1.59E-10 
3.54E-10 
5.68E-10 
1.llE-09 

10000 .  

3.22E-11 
3.78E-11 
4.68E-11 
5.68E-11 
9.64E-11 
2.03E-10 
4.08E-10 
6.20E-10 
1.13E-09 

20000. 

1.30E-10 
1.40E-10 
1.57E-10 
1.7 4E-10 
2.3SE-10 
3.72E-10 
5.86E-IO 
7.81E-10 
1.21E-09 

Notes: For Chebyshev fits of the above r a t e  coefficients it is necessary to use the following parameters. 

Emin = 2.OE+O2 eV, Emax 2.OE+04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 
He 

Temp. 

( e l 0  A0 A1 A2 A3 A4 A5 A6 

500. 
1000. 
2000. 
4000. 
7000. 
10000. 
20000. 

Equal Temp. 

-1.10703E+00 1.83503E-01 
-5.67743E-01 -2.34476E-02 
-9.26042E-02 -1.426873-01 
2.18123E-01 -1.579873-01 
3.28511E-01 -1.26781E-01 
3.36913E-01 -1.002273-01 
2.58458E-01 -4.78379E-02 
-1.90084E+00 5.723226-01 

-6.31506E-02 -4.181333-02 -5.16887E-03 
-1.29792E-02 -4.58512E-02 -5.85869E-03 
-1.51195E-02 -3.17168E-02 -6.621453-03 
-4.76884E-02 -1.64944E-02 -1.20711E-03 
-6.47340E-02 -1.05302E-02 4.12821E-03 
-6.441373-02 -9.37217E-03 4.939223-03 
-4.40287E-02 -8.692958-03 2.457573-03 
-2.68910E-01 2.663818-02 -1.15409E-02 

See appendix for Chebyshev fit details. 
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H' + He -> H(2s) f He' 
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Electron Capture Rate Coefficients f o r  

He + H+ -> Ii(2s) + He+ 

H+ 
Temp - 
(ev) 10000. 

1.43E-10** 
1.43E-10** 
1.43E-10** 
1.42E-10** 
1.42E-10** 

1.42E-10** 
1.43E-10* 
1.44E-10* 
1.45E-10* 
1.49E-10* 
1.59E-10* 
1.77E-10* 
1.97E-10* 
2.791.:-10* 
4.63E-l0* 
7.llE-10 
9.07E-10 
1.27E-09 

B e a m  - Maxwellian Rate Coefficients (em3/s) 

20000. 

4.81E-10** 
4.81E-10** 
4.82E-10** 
4.84E-10* 
4.85E-10* 
4.88E-10* 
4.93E-10* 
5.00E-10* 
5.07E-10* 
5.28E-10* 
5.68E-10* 
6.23E-10* 
6.73E-10* 
8.12E-10* 
1.01E-03* 
1.19E-09 
1.29E-09 
1.42E-09 

He Energy (eV/amu) 
40000. 

2.14E-09* 
2.14E-09* 
2.14E-09* 
2.14E-09* 
2.13E-09* 
2.13E-09" 
2.12E-09* 
2.llE-09* 
2.11E-09* 
2.09E-09* 
2.07E-09* 
2.05E-09* 
2.03E-09* 
1.98E-09* 
1.90E-09 
1.81E-09 
1.73E-09 
1.543-09 

60000. 

2.46E-09* 
2.46E-09* 
2.46E-09* 
2.46E-09* 
2.46E-09* 
2.46E-09* 
2.46E-09* 
2.46E-09* 
2.46E-09* 
2.46E-09* 
2.45E-09* 
2.42E-09* 
2.39E-09* 
2.29E-09* 
2.12E-09* 
1.9 2E-09* 
1.78E-09* 
1.47E-09* 

80000.  

2.10E-09** 
2.10E-09** 
2.1OE-04** 
2.30E-09* 
2.10E-09* 
2.10E-09* 
2.10E-09* 
2.10E-09* 
2.10E-09* 
2.10E-09" 
2.09E-09* 
2.08E-09* 
2.06E-O9* 
1.9 9 E --n 9 * 
1.87E-09* 
1.723-09* 
1.59E-09* 
1.31E-09* 

100000 .  

1.64E-09** 
1.64E-09** 
1.64E-09** 

1.64E-09** 
1.63E-09** 
1.63E--09* 
1.62E-09* 
1.61E-09* 
1.61E-OS* 
1.59E-09* 
1.57E-09* 
1.56E-09* 
1.54E-09* 
1.51E-09* 
1.46E-09* 
1.38E-09* 
1.3 1E-09* 
1.12E-09* 

120000. 

1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.02E-09** 
1.023-09** 
1.02E-O9** 
1.02E-09** 
1.03E-09** 
1.03E-09* 
1.04E-09* 
1.05E-09* 
1.06E-09* 
1.07E-09* 
1.05E-09* 
1.02E-09* 
9.16E-10* 

Accuracy: * - Possible EKKOK Greater Than 10% 

** - Possible Error Greater Than 100% 

Notes: FOK Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, Emax = 2.OE-t-04 eV 

Chebyshev Fitting Para-ntggz for Rate Coefficients -._I_._. .... ..... 
He 
Energy 

(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -4.414738+01 1.00293E+00 5.772643-01 1.69345E-01 -4.202783-02 -7.82819E-02 -4.04936E-02 
20000. -4.221263+01 5.46817E-01 2.445713-01 2.72848E-02 -4.377573-02 -3.23001E-02 -7.56613E-03 
40000. -4.00821E+01 -1.29340E-01 -7.161213-02 -3.331383-02 -1.32072E-02 -4.05181E-03 -1.23221E-03 
60000. -3.98602E+01 -1.91480E-01 -1.30757E-01 -6.51877E-02 -2.04843E-02 -1.380033-03 2.124628-03 
80000. -4.014993+01 -1.66211E-01 -1.18429E-01 -6.40569B-02 -2.40368E-02 -4.53618E-03 8.86157E-04 
100000. -4.05316E+01 -1.42002E-01 -8.01346E-02 -4.14812E-02 -2,15460E-02 -9.87334E-03 -2.92063E-03 
120000. -4.141463+01 -1.03802E-02 -2.66264E-02 -3.13729E-02 -2.24983E-02 -1.04122E-02 -2.88295E-03 

See appendix for Chebyshev fit details. 
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E n e r g y  

( ev/ amu ) 

7.OE+02 

1.OE+03 

2.0E+03 

4.OE+03 

7.OE+03 

l.OE+04 

2.OE+04 

3 .0Ei04  

4.OE+04 

7.OE+04 

1.OE+05 

2.0E+05 

3.OE+05 

E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H* + H e  ->  H(2p)  + H e t  

V e l  o c  it y 

(cm/s)  

3 .683+07 

4.39E+07 

6.2 1 E i 0 7  

8-79E-tO7 

1.16E+08 

1.3 9E+08 

1.96E+08 

2.41E+OR 

2.78E+08 

3.68E+08 

4.393+08 

6 .21Ei08  

7.61EiO8 

C r o s s  S e c t i o n  

(Cl"2.) 

2.02E-20 

4.48E-20 

2.10E-19 

6.83E-19 

1.573-18 

2.323-18 

3.143-18 

2.88E-18 

2.173-18 

8.526-19 

3.93E-19 

3.86E-20 

9.74E-21 

R e f e r e n c e s :  24 ,  46,  1 2 5 ,  1 6 3 ,  1 6 4 ,  1 6 5 ,  1 6 6 ,  1 8 3 ,  1 8 4 ,  1 8 5 ,  1 8 6 ,  187,  188, 245 

Accuracy:  3 0 %  

Notes: (1) If c a s c a d e  is n e g l e c t e d  a ( H  Ly,) = a ( H  2 p ) .  C a s c a d e  c o n t r i b u t i o n s  a r e  less t h a n  5%.  

( 2 )  The c r o s s  s e c t i o n s  f o r  c a p t u r e  i n t o  t h e  2 p  s t a t e  or  Ly, e m i s s i o n  h a v e  l a r g e  

d i s c r e p a n c i e s  a t  e n e r g i e s  less t h a n  l x 1 0 4  eV/amu. T h e s e  d j s c r e p a n c i e s  a r e  t h o u g h t  t o  be 
d u e  t o  a s m a l l  amount o f  Ho p r e s e n t  i n  t h e  2' beam d u r i n g  m e a s u r e m e n t s .  The c ross  

s e c t i o n  f o r  e x c i t a t i o n  of H + He -> H ( 2 p )  is a p p r o x i m a t l y  2 o r d e r s  o f  m a g n i t u d e  g r e a t e r  

t h a n  H+ + HE -> H(2p)  + H e + .  

For a Chebyshev f i t  o€ t h e  a b o v e  cross s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

E,,in = 7.OE+02 eV/amu, Emax = 3.OEi05 eV/amu 

Chebyshev F i t t i n g  P a r a m e t e r s  f o r  Cross S e c t i o n s  

A 0  A 1  A2 A3 A4 A5 A6 A7 A8 

-86.2710 -.0743636 -2.70622 -.368010 .0743936 .0747662 .0195366 -00225497 .0337284 

The f i t  r e p r e s e n t s  t h e  a b o v e  c r o s s  s e c t i o n s  w i t h  a n  rms d e v i a t i o n  o f  1 .9%.  

The maximum d e v i a t i o n  is 4.1% a t  7.OE1-04 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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H+ + He -> HC2p) + He' 
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Electron Capture Rate Coefficients for 
H+ + He -> II(2p) f He+ 

H+ 
Temp. Equal 
(ev) Temp.. 

4.OE+01 3.31E-18 
7.OE+01 1.22E-15 
1.OE+02 1.36E-14 
2.OE+02 2.97E-13 
4.OE+02 2.383-12 
7.0E+02 9.283-12 
l.OE+03 2.02E-11 
2.0E+03 7.433-11 
4.OE-t03 1.96E-10 
7.OE+03 3.273-10 
1.OE+04 3.98E-10 
2.0E+04 4.333-10 

Maxwellian - Naxwellian Rate Coefficients (crn3/s) 

100. 

7.92E-17 
2.29E-15 
1.36E-14 
2 -03E-13 
1 - 53E-12 
6.00E-12 
1.32E-11 
5.16E-lL 
1.50E-10 
2.76E-10 
3.57E-10 
4.38E-10 

1000. 

4.9 0 E-13 
6.693-13 
8 -7813-13 
1.793-12 
4.61E-12 
1.12E-11 
2.02E-11 
6.21E-11 
1.61E-10 
2.83E-10 
3.62E--10 
4.39E-10 

2000. 

2.90E-12 
3.33E-12 
3.79E-12 
5.523-12 
9.89E-12 
1.85E-11 
2.93E-11 
7.433-11 
1.73 E-10 
2.92E-10 
3.66E-10 
4.39E-10 

He Temp. (eV) 
4000. 

1.36E-11 
1.45E-11 
1.54E-11 
1.85E-11 
2.55E-11 
3.733-11 
5.053-11 
9.92E-11 
1.96E-10 
3.07E-10 
3.75E-10 
4.3 9E-10 

7000. 

4.1lE-11 
4.25E-11 
4.383-11 
4.82E-11 
5.74E-11 
7.18E-ll 
8.66E-11 
1.3 7E-10 
2.28E-10 
3.273-10 
3.87E-10 
4.3 8E-10 

10000. 

7.62E-11 
7.77 E-1 1 
7.92E-11 
8.411~-I 1 
9.42E-11 
1.09E-10 
1.24E-10 
1.73E-10 
2.57E-10 
3.45E-10 
3.98E-10 
4.38E-10 

20000. 

1.98E-1Q 
1.99E-10 
2.00E-10 
2.05E-10 
2.13E-10 
2,26E-10 
2.38E-10 
2.75E-IO 
3.34E-10 
3.91E-10 
4.223-10 
4 3 3E-10 

N a t e s :  For Cbebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in 4.OE+O1 eV, EIOdX = 2.OE+04 cV 

Chebyshev Fitting Parameters for Rate Coefficients 
He 

Temp. 

(ev) A0 A1 A2 A3 A4 A5 

100. -5.42320E+Ol 

1000. -4.970053+01 
2000. -4.83079E+01 
4000. -4.690203+01 
7000. -4.578993+01 
10000. -4.512953+02 
20000. -4.40453E.tOl 

Equal Temp. -5.473973+01 

7.442913+00 -2.03521E+00 2.942023-01 -1.857843-01 2.90590E-02 
3.78186E+00 -7.01113E-02 -4.115093-01 -2.839203-02 2.87633E-02 
2.82754E+00 1.63410E-01 -3.46227E-01 -7.46954E-02 2.85450E-02 
1.95707E+00 2.50111E-01 -2.30851E-01 -9.41042E-02 9.453498-03 
1.327808+00 2.413513-01 -1.388213-01 -8.61534E-02 -6.49649E-03 
9.784576-01 2.08879E-01 -9.242173-02 -7.294863-02 -1.279858-02 
4.43773E-01 1.12537E-01 -3.78696E-02 -4.2088hE-02 -1.39142E-02 
8.28139E+00 -2.97971E+00 8.65229E-01 -5.12815E-01 1.971418-01 

A6 

2.43336E-02 
2.44756E-03 
8.40255E-03 
1.19992E-02 
8.83775E-03 
5.37477E-03 

,- 2.7 4 45 1 E -0 4 

-4.18893E-02 

See appendix f o r  Chebyshev fit details. 
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Electron Capture Rate Coefficients for 
He + H+ -> H(2p) + He+ 

n+ 
Temp. 
( eV) 10000. 

1. OE (-0 0 
2.OE+00 
4.OE+OO 
7.OE+OO 
l.OE+Ol 
2 " OE+01 
4.OE+01 
7. OE+Ol 
1.03+02 

2.OE+02 
4.OE+02 
7.OES02 
1.OE-t-03 
2.OE.tO 3 
4.OE4-03 
7.OE+03 
I. OES04 
2.OE+OI 

3.21E-10 
3.21E-10 
3.20E-10 
3.20E-10 
3.19E-10 
3.18E-10 
3.18E-10 
3.17E-10 
3.17E-10 
3.19E-10 
3.25E-10 
3.35E-10 
3.46E-10 
3.753-10 
4.13E-10 
4.40E-10 
4.50E-10 
4.33E-10 

Beam 

20000. 

6.15E-10 
6.15E-10 
6.14E-10 
6.13E-10 
6.123-10 
6.10E-10 
6.08E-10 
6.05E-10 
6.03E-10 

5.99E-10 
5.94E-10 
5.88E-10 
5.82E-10 
5.64E-10 
5.34E-10 
5.0l.E-10 
4.753-10 
4.12E-10 

Maxwellian Rate Coefficients (cm3/s1 

He Energy (eV/'amu) 
40000. 

6.02E-10 
6.01E-10 
6.01E-10 
6.00E-10 
5.99E-10 
5.98E-10 
5.96E-10 
5.93E-10 
5.92N-10 

5.87E-10 
5.81E-10 
5.72E-10 
5.643-10 
5.41E--10 
5.02E-10 
4.583-10 
4.2 4E--lO 
3.51E-IO 

60000. 

3.75E-10 
3.75E-10* 
3.75E-10* 
3.753-10 
3.75E-10 
3.75E-10 
3.75E-10 
3.75E-10 
3.76E-10 
3.76E-10 
3.763-10 
3.7 7 E-10 
3.77E-10 
3.75E-10 
3.66E:lO 
3.49E-10 
3.31E-10 
2.83E-10 

80000. 

2.51E-10* 
2.51E-10* 
2.51E-10* 
2.51E-10* 
2.51E-10* 
2.51E-10* 
2.51E-10 
2.51E-10 
2.51E-10 
2.52E-10 
2.52E-10 
2.52E-10 
2.53E-10 
2.53E-10 
2.52E-10 
2.493-10 
2.44E-10 
2.223-10 

100000 .  

1.72E-10* 
1.72E-10* 
1.72E-10* 
1.72E-10* 
1.72E-10* 
1.71E-10* 
1.7 1E-10* 
1.70E-10* 
1.70E-10* 
I. 69E-10* 
1.68E-10 
1.68E-10 
1.68E-10 
1.68E-10 
1.71E-10 
1.74E-10 
3.75R-10 
1.71E-10 

200000. 

2.40E-ll** 
2.4OE-ll* * 
2.40E-ll** 
2.40E-ll** 
2.40E-ll** 
2.4OE-ll** 
2.40E-l1** 
2.4OE-ll** 
2.4OE-ll** 
2.4IE-ll** 
2.43E-11** 
2.45E-11** 
2.48E-11** 
2.56E-11* 
2.75E-11* 
3.04E-ll* 
3.34E-ll* 
4.25E-11* 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in = 1.OE.tOO eV, E,,, = 2.OE+04 eV 

Chebyshev Fittinq Parameters for Rate Coefficients 
He 
Energy 

(ev/amu 1 A0 A 1  A2 A3 A4 A5 A6 

10000. -4.35175E+01 1.70837E-01 8.907103-02 3.52059E-03 -3.19243E-02 -2.56283E-02 -9.067658-03 
20000. -4.26087E+01 -1.54555B-01 -8.94632E-02 -4.26611E-02 -1.61171E-02 -3.24065E-03 7.744723-04 
40000. -4.27112E+01 -2.071963-01 -1.26305E-01 -5.98268E-02 -2.070643-02 -3.39655E-03 1.43741E-03 
60000. -4.34961E+01 -8.327803-02 -6.90413E-02 -4.75586E-02 -2.579983-02 -1.00636E-02 -1.679433-03 
80000. --4.424033+01 -2.773683-02 -2.78472E-02 -2.36213E-02 -1.56284E-02 -8.38900E-03 -4.204443-03 
100000. -4.49754E+01 -4.83485E-04 1.158593-02 4.48823E-03 -4.64650E-03 -6.95457E-03 -5.16220E-03 
200000. -4.86802E+01 2.01513E-01 1.40611E-01 7.660203-02 3.17782E-02 8.85564E-03 7.47137E-05 

See appendix for Chebyshev fit details. 



8-33 

I ..... 

He + H" -> HUp) + He" 

Beam - Maxwellicrn 

x =20000. 

=40000. 

=60000. 

@ =80000. 

E4 =100000. 

=200000. 

Recommended 
Data -- 

Chebyshev Fit . - - - -  

1 o2 io3 105 
Hi Temp. (e") 
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L i n e  E m i s s i o n  Cross S e c t i o n s  of E l e c t r o n  C a p t u r e  C o l l i s i o n s  f o r  

H+ + H e  ->  H(H,) i- H e +  

i 

Energy  Ve loc it  y Cross S e c t i o n  

7.OE+03 

1.0E+04 

2.OE+04 

4.0E+04 

7.1Ei-04 

1.0Ei-05 

2.OE+05 

3.OEi-05 

cm2) 

94E-21 

626-20 

73E-20 

2.14E-19 

4.2 9E-19 

1 . 4 5 ~ 1 8  

2.92E-18 

1.9QE- 18 

1.13E-18 

1.74E-19 

4.133-20 

R e f e r e n c e s :  1 2 2 ,  1 3 4 ,  1 3 6 ,  1 3 6 ,  1 5 6 ,  160, 1 9 2  

Accuracy:  40% 

?I-. (1) H Balmer-a e m i s s i o n  is H, w i t h  A=656.3 nm. 

( 2 )  Balmer- a e m i s s i o n  is t h e  n=3->2 t r a n s i t i o n  a n d  is e q u a l  t o  ~ ( 3 s )  + .118 a ( 3 p )  + 
a ( 3 d )  w h e r e  ~ ( 3 1 )  is t h e  cross s e c t i o n  f o r  c a p t u r e  i n t o  e a c h  n=3 a n g u l a r  momentum s t a t e .  

The factor .118 is  f o r  t h e  b r a n c h i n g  r a t i o  o f  t h e  3 p  s t a t e .  

( 3 )  I f  t h e  c ross  s e c t i o n s  from p a g e s  B-40, B-46 a n d  B-52 a r e  summed u s i n g  t h i s  f o r m u l a  

t h e n  t h e  H, c r o s s  s e c t i o n s  a r e  w i t h i n  10-20% of t h e  e v a l u a t e d  suns. 

For a Chebyshev  f i t  of t h e  a b o v e  cross s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

Emin = 1.3E+03 eV/amu,  Emax = 3.OE+05 eV/amu 

Chebyshev  F i t t i n g  P a r a m e t e r s  f o r  Cross S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 

-85.7431 1 .47945 -2.26092 -.605332 .0536620 -125835 -.00401562 - .0314533 - .0205645 

The f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n s  w i t h  a n  rms d e v i a t i o n  of 2 . 4 % .  
The maximum d e v i a t i o n  is 5 . 5 %  a t  7.1E+04 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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H+ + He -> H(HOI) + He' 

Cross Section vs. Energy 
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Line Emissio? Rate C o e f f i c i e n t s  of Electron Capture C o l l i s i o n s  f o r  

H+ + He -> H ( H , )  + H e +  

Maxwellian - Maxwellian Rate C o e f f i c i e n t s  (cm3/s] 

H +  

(ev)  Temp. 1 0 0 .  500. 1000.  5000. 10000. 15000. 20000. 
Temp. Equal He Temp. (eV) 

l.OE+O2 
2.OE+02 
4.OE+02 
7.OE.t-02 
1.OEi03 
2.OE+03 
4.OE+03 
7.0E+03 
1.0E+04 
2 .OE+04 

4.62G17 
8.393-15 

1.54E-13 
8.251-13 
2.143-12 
1.21E-11 
5.67E-11 
1.54E-10 
2.49~.-1n 
4.27E-3.0 

4.623-17 
4.63E-15 
8.75E-14 
4.86E-13 
1.27E-12 
7.263-12 
3.60E-11 
1.08E-10 
1.88E-10 
3.80E-10 

4.63E-15 
3.00E-14 
1.81E-13 
7.01E-13 
1.62E-12 
8.18E-12 
3.79E-11 
1.10E-10 
1.91E-10 
3.81E-10 

4.llE-14 
1.0 7E-13 

3.533-13 
1.03E-12 
2.14E-12 
9.40E-12 
4.04E-11 
1.14s-10 
1.94E-10 
3.83E-10 

2.61E-12 
3.14E-12 

4.36E-12 
6.62E-12 
9.40E-12 
2.24E-11 
6.25E-11 
1.41E-10 
2.20E-10 
3.943-10 

1.33E-11 
1.45E-11 
1.72E-11 
2.16E-11 
2.64E-11 
4.56E-11 
9.38E-11 
1.75E-10 
2.49E-10 
4.07E-10 

3.27E-11 
3.45E-11 
3.84E-11 
4.46E-11 
5.1 IE-11 
7.47E-11 
1.27E-10 
2.07E-10 
2.77E-10 
4.18E-10 

5.90E-11 
6.13E-11 

6.61E-11 
7.34E-11 
8.1OE-11 
1.07E-10 
1.61E-10 
2.38E-10 
3.02E-10 
4.27E-10 

Notes: For Chebyshev f i t s  of t h e  above r a t e  c o e f f i c i e n t s  it is necessary t o  use t h e  following parameters. 

Emin = 1.OE+02 eV, E,,, = 2.OE+04 eV 

Che&s-hw FittingFp_arameters f o r  Rate C o e f f i c i e n t s  

He 

Temp. 

(ev)  A 0  A1 A2 A3 A4 A5 

100. -5.56271E+Ol 
500. -5.35452E+Ol 

i noo .  -5.22967~+01 
5000. -4.896938+01 
10000, -4.72849E+01 
15000. -4.627483+01 
20000. -4.55796E+Ol 

Equal Temp. -5.48859EtOl 

7,54225E+OO 

5.8063 6 E:+O 0 

4.84928E+00 
2.71099E+00 
1.8271'7E+00 
1.34714E+00 
1.03752Ei-00 
7.464103+00 

-1.586643+00 
-5.23960E-01 
-6.695323-02 
4.02894E-01 
3.81313E-01 
3.25406E-01 
2.73271E-01 
-1.79561E+00 

3.76818E-01 -2.663003-01 4.31633E-02 
-1.37429E-01 -6.799723-02 -9.798358-03 
-2.78274E-01 -4.61871E-02 -1.88369E-03 
-2.04786E-01 -8,92702E-02 1.657913-03 
-1.07442E-01 -7.83908E-02 -9.54437E-03 
-6.01114E-02 -6.204963-02 -1.28087E-02 
-3.472458-02 -4.87660E-02 -1.295003-02 
4.528708-01 -3.47418E-01 1.034393-01 

A6 

1.35706E-02 
1.775163-02 
9.077213-03 
8.93841E-03 
6.43829E-03 
3.45512E-03 

1.49966E-03 
-8.2 456 3 E-0 3 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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H+ + He -> H(Ha) + He" 

Maxweliicln - Mcnxwelliilln 

He Temp. 

(eV) 

A =loo .  

x =500.  

v =1000. 

?+ =5OQO.  

a3 =10000. 

15000. 

=20000. 

Recommended 
Datci 

Chebyshev Fit --I-- 

Equal Temp. -. 

lo3 I 0" io5 
H' Temp. (eV) 

. .  
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Line Emission Rate Coefficients of Electron Capture Collisions for 
He + H+ ->  H(Ha) + He+ 

Beam - Maxwellian Rate Coefficients (cm3/s) 

H+ 

( eV) 10000. 

Temp I 

5.96E-ll* 
5.96E-ll* 
5.96E-ll* 
5.97E-ll* 
5.98E-ll* 
6.01E-ll* 
6.088-11* 
6.18E-ll* 
6.29E-ll* 
6.67E-11 
7.45E-11 
8.65E-11 
9.83E-11 
1.36E-10 
2.05E-10 
2.87E-10 
3.46E-1.0 
4.46E-10 

20000. 

2.84E-10* 
2.84~-111* 

2.83E-10* 
2.83E-10* 
2.83E-10* 
2.823-10 
2.82E-10 
2.82E-10 
2.83E-10 
2.85E-IO 
2.923-10 
3.0 4E-10 
3.16E-10 
3.52E-10 
4.00E-10 
4.40E-10 
4.63E-10 
4.86E-10 

H e  Energy (eV/amu) 
40000. 

8.07E-10* 
8.06E-10* 
8.03E-10* 
8.01E-10* 
7.99E-10 
7.94B-10 
7.87E-10 
7. BOE-10 
7.74E-10 
7.60E-10 
7.42E-10 
7.24E-10 
7.llE-10 
6.80E-10 
6.43E-10 
6.04E-10 
5.75E-10 
5.07E-10 

60000. 

7.33E-10* 
7.33E-10* 
7.33E-10* 
7.33E-10* 
7.33E-10* 
7.33E-10* 
7.33E-10 
7.33E-10 
7.33E-10 
7.33E-10 
7.31E-10 
7.27E-10 
7.22E-10 
7.02E-10 
6.60E-10 
6.0 8E-10 
5.68E-10 
4.793-10 

80000. 

6.23E-10* 
6.23E-10* 
6.23E-10* 
6.23E-10* 
6.23E-10* 
6.23E-10* 
6.23E-10* 
6.23E-10* 
6.23E-10* 
6.23E-10 
6.21E-10 
6.17E-10 
6.12E-10 
5.97E-10 
5.69E-10 
5.33 E-10 
5.02E-10 
4.27E-10 

100000. 

4.95E-10* 
4.95E-10* 
4.94E-10* 
4.94E-10* 
4.93E-10* 
4.92E-10* 
4.90E-10* 
4.88E-10* 
4.87E-10* 
4.8 4E-10* 
4.79E-10* 
4.75E-10* 
4.72E-10* 
4.64E-10* 
4.51E-10 
4.33E-10 
4.16E-10 
3.67E-10 

200000. 

1.08E-10* * 
1.083-lo** 
1.08E-10** 
1.08E-10** 
1.08E-10** 
1.08E-10** 
1.07E-10** 
1.07E-10* * 
1.07E-10** 
1.07E-10** 
1.07E-10** 
1.07E-10** 
1.07E-10** 
1.09E-10* 
1.12E-10* 
1.17E-10* 

1.22E-10* 
1.33E-10* 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, E,,, = 2.OE+04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 

He 
Energy 
(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -4.58848E+01 9.718073-01 4.83279E-01 9.1113BE-02 -6.12690E-02 -5.767233-02 -1.79106E-02 
20000. -4.36507Ei01 2.64211E-01 1.435553-01 2.70221E-02 -2.48764E-02 -2.400623-02 -7.548028-03 
40000. -4.21414E+01 -2.00867E-01 -8.98633E-02 -2.870273-02 -8.54506E-03 -3.26747E-03 -1.21561E-03 
60000. -4.223693+01 -1.51900E-01 -1.08731E-01 -5.90440E-02 -2.19357E-02 -3.21591E-03 2.30144E-03 
80000. -4.25414E+01 -1.324453-01 -9.43661E-02 -5.171833-02 -2.054603-02 -5.15132E-03 -3.150036-04 
100000. -4.29896E+01 -1.10475E-01 -6.22264E-02 -3.20171E-02 -1.657633-02 -7.76766E-03 -2.70010E-03 
200000. -4.58241E+01 7.16963E-02 5.83098E-02 3.321163-02 1.21459E-02 1.47440E-03 -1.876943-03 

See appendix for Chebyshev fit details. 
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1 0- 

He Energy 

(eV/a m u> 

A Z 120000. 

x =20000. 

V =40000. 

H =00000. 

@ =80000. 

=100000. 

-2200000. 

Recommended 
Oata 

Chebyshev Fif - - - - -  
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E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H+ + He -> H ( 3 s )  + H e "  

V e l o c i t y  

(cm/s) .. 
4.81E+07 

6 .21Et07  

8.79E+07 

1.16E-tO8 

1.39E+08 

1.96E+Q8 

2.78E+08 

2.913+08 

3.68E+08 

4.39E+08 

6.21E+08 

8.78E+08 

1.16E+09 

1.39E+09 

1.58E+09 

C r o s s  S e c t i o n  

7.90E-20 

9.72E-20 

1.39E-19 

1.94E-19 

2.59E-19 

6.57E-19 

1.65E-18 

1.67E-18 

1.20E-18 

7.58E-19 

1 . 6  5E-19 

1.lOE-20 

1.16E-21 

2.40E-22 

6.65E-23 

R e f e r e n c e s :  20 ,  1 2 9 ,  1 3 0 ,  1 3 4 ,  1 5 4 p  1 5 5 ,  1 5 6 ,  1 5 7 ,  1 5 8 ,  1 5 9 ,  1 6 0 ,  1 6 1  

Accuracy:  unknown 

N o t e s :  (1) Very  few p a p e r s  repor t  a b s o l u t e  c r o s s  s e c t i o n s .  The o v e r a l l  a s s e s s m e n t  o f  t h e  d a t a  

i s  i n  dolubt d u e  t o  t h e  v a l i d i t y  o f  t h e  d i f f e r e n t  n o r m a l i z a t i o n  schemes .  

(21 C a s c a d e  f rom h i g h e r  s t a t e s  i s  u s u a l l y  n e g l e c t e d  and  c a n  c o n t r i b u t e  u p  t o  a 5 %  e r ro r  

i n  t h e  r e p o r t e d  C K O S S  s e c t i o n s .  

( 3 )  The c r o s s  s e c t i o n  (si)  f o r  c a p t u r e  i n t o  s t a t e  i is d e t e r m i n e d  by m e a s u r i n g  t h e  

e m i s s i o n  cross s e c t i o n  ( a i , )  f o r  a t r a n s i t i o n  f rom s t a t e  i t o  j ,  c o r r e c t i n g  f o r  a n y  

b r a n c h i n g  and  c o r r e c t i n g  f o r  c a s c a d i n g  f rom u p p e r  s t a t e s .  F o r  Balmer-  a e m i s s i o n  f r o m  

t h e  n=3 s t a t e ,  t h e  cross s e c t i o n  o ( H , ) = u ( 3 s )  + .188  a ( 3 p )  + a ( 3 d ) .  

F o r  a Chebyshev f i t  o f  t h e  a b o v e  c ross  s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  parameters. 

Emin = 1.2E+03 eV/amu, Emax = 1.3E+06 eV/amu 

Chebyshev F i t t i n g  P a r a m e t e r s  f o r - C r o s s  S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 

-89.3963 -2.75333 -3.10976 -.952686 .352124 .248416 -.119805 -.0706000 .0607563 

The f i t  r e p r e s e n t s  t h e  a b o v e  c ross  s e c t i o n s  w i t h  a n  rms d e v i a t i o n  of 7.1%. 

The maximum d e v i a t i o n  is 12.3% at 7.OE+04 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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H+ + He -> H(3s) + He' 

Cross Section vs. Enerqy 

Recoin sn e rid e d 
Data 

Chebyshev Fit 
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Electron Capture Rate Coefficients for 
H' + He -> H(3s) + He+ 

H+ 
Temp. Equal 
(ev) Temp. 

1.OE+02 1.04E-15 
2.OE+02 1.02E-13 
4.OE+02 1.02E-12 
7.OE+02 2.98E-12 
l.OEi03 4.99E-12 
2.OE+03 1.23E-11 
4.OE+03 3.44E-11 
7.OE+03 8.42E-11 
1.OE+04 1.37E-10 
2.OE+04 2.48E-10 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

100. 

1.04E-15 
6.14E- 1.4 
6.72E-13 
2.17E-I 2 
3.78E-12 
9.31E-12 
2.44E-11 
5.983-11 
1.03E-10 
2.17E-10 

500. 

6.14E-14 
2.9 2E- 13 
1.14E-12 
2.71E-12 
4.323-12 
9.91E-12 
2.54E-ll 
6.12E-11 
1.04E-10 
2.17E-10 

1000.  

3.76E-13 
7.83E-13 
1.78E-12 
3.38E-12 
4.993-12 
1.07E-11 
2.66E-11 
6.29E-11 
1.06E-10 
2.18E-10 

He Temp. (eV) 
5000. 10000. 

5.53E-12 
6.07 E-12 
7.17E-12 
8 .E 7 E-1 2 
1.07E-11 
1.77E-11 
3.72E-11 
7.70E-11 
1.20E-10 
2.26E-10 

1.30E-11 
1.36E-11 
1.51E-11 
1.73E-11 
1.97E-11 
2.91E-11 
5.27E-11 
9.50E-11 
1.37E-10 
2.343-10 

15000. 

2.28E-11 
2.37 E-11 
2.56E-11 
2.86E-11 
3.17E-11 
4.3 2E-11 
6.98E-11 
1.13E-10 
1.53E-10 
2.42E-10 

20000. 

3.55E-11 
3.67E-11 
3.90E-11 
4.26E-11 
4.63E-11 
5.94E-11 
8.78E-11 
1.30E-10 
1.68E-10 
2.48E-10 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,in = 1.OE+02 eV, E,,, = 2.OE+04 eV 

Chebvs hev -F&t-&x--.Pa ramet e r s f o r  Rat e Coe f f ic i en t s 
He 

Temp. 

(ev) A0 A1 A2 A3 A4 A5 A6 

100. -5.37012E+01 
500. -5.193903+01 
1000. -5.097253+01 
5000. -4.89296E+01 
10000. -4.7952OE+Ol 
15000. -4.72456E+Ol 
20000. -4.66818E+01 

Equal Temp. -5.31267E+01 

5.51736E+00 -1.26631E+OO 6.41819E--01 -2-597173-01 -3.50690E-02 -8.79675E-04 
4.01666E+00 -2.936563-01 1.47807E-01 -7.57652E-02 -7.86568E-02 3.19866E-03 
3.25191E+00 1.17635E-01 -4.42960E-03 -5.45641E-02 -6.544373-02 -4.41120E-03 
1.94263E+00 4.86039E-01 -5.63401E-02 -8.77510E-02 -3.17734E-02 -1.68441E-04 
1.507553+00 4.27186E-01 -3.56552E-02 -7.51944E-02 -2.470793-02 1.68707E-03 
1.22338E+00 3.57663E-01 -2.27359E-02 -5.99425E-02 -2.007763-02 7.63417E-04 
1.00201E+00 2,996493-01 -1.36330E-02 -4.72262E-02 -1.656993-02 -1.65257E-05 
5.47937E+OO -1.36275Ec00 6.939163-01 -3.79924E-01 1.827893-02 -3.07574E-03 

See appendix f o r  Chebysl~ev fit details. 
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H' + He -> H(3s) + He' 

Maxwellian - Maxwellian 

He Temp. 

(eV> 

a =loo. 

x ~ 5 0 0 .  

v =1000. 

x = 5000. 

63 = 10000. 

= 15000. 

=20000.  

Recommended 
Data 

Chcbyshev Fit 

Equal Temp. -. 

io3 1 o4 
H' Temp. (e") 
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Electron Capture Rate Coefficients for 
He t H+ -> H(3s) + He+ 

H+ 

Temp. 

(ev) 10000. 

l.OE+OO 3.61E-11 
2.OE+OO 3.62E-11 
4.OE+00 3.62E-11 
7.OE+00 3.633-11 
l.OE+OI 3.64E-11 
2.OE-i -0  1 3.67E-11 
4.OE+01 3.72E-11 
7.OE+01 3.78E-11 
1.OE+02 3.83E-11 
2.OE+02 4.01E-11 
4.OE+02 4.353-11 
7.OE+02 4.86E-11 
1.OE+03 5.37E-11 
2.OE+03 7.17E-11 
4.OE+03 1.08E-10 
7.OE+03 1.56E-10 
1.OE+04 1.93E-10 
2.OE-t04 2.61E-10 

Ream - Maxwellian Rate Coefficients (cm3/s) 

20000. 

1.29E-10 
I. 29E-10 
1.29E-10 
1.29E-10 
1.29E-10 
1.30E-10 
1.30E-10 
1.31E-10 
1.32E-10 
1.35E-10 
1.40E-10 
1.49E-10 
1.57E-10 
1.82E-10 
2.16E-10 
2.47E-10 
2.66E-10 
2.90E-IO 

He Energy (eV/amu) 
40000. 

4.57E-I0 
4.56E-IO 
4.55E-10 
4.5 4E-IO 
4.5 4E-IO 
4.52E-10 
4.50E-10 
4.47E-10 
4.44E-10 
4.38E-10 
4.293-10 
4.193-10 
4.12E-IO 
3.96E-10 
3.783-10 
3.593-10 
3.46E-10 
3.13E-10 

70000. 

4.40E-10 
4 40E-10 
4.40E-10 
4.40E-10 
4.3 9E-10 
4.39E-10 
4.38E-10 
4.373-10 
4.363-10 
4.33E-10 
4.30E-10 
4.27E-10 
4.2 4E-10 
4.14E-IO 
3.93E-10 
3.663-10 
3.44E-10 
2.94E-10 

100000.  

3.32E-10 
3.323-10 
3.323-10 
3.32E-10 
3.3 1E-10 
3.31E-10 
3.30E-10 
3.293-10 
3.28E-10 
3.26E-10 
3.242-10 
3.213-10 
3.19E-10 
3.14E-30 
3.06E-10 

2.93E-10 
2 82E-10 
2.48E-10 

200000. 

1.02E-10 
1.02E-10 
1.02E-10 
1.02E-10 
1.02E-10 
1.02E-10 

1.01E-10 
1.01E-10 
1.OlE-10 
9.993-11 
9.92E-11 
9.86E-11 
9.82E-11 
9.78E-11 
9.84E-11 
1.00 E-10 
1.OZE-10 
1.0 6E-10 

500000. 

4.40E-12* 
4.40E-12* 
4.40E-12* 
4.40E-12* 
4.40E-12* 
4.41E-12* 
4.41E-L2* 
4.41E-12* 
4.41E-12" 
4.423-12 
4.44E-12 
4.47E-12 
4.50E-12 
4.60E-12 
4.813-12 
5.14E-12 
5.51E-12 
7.043-12 

ACCUKaCy: * - Possible Error Greater Than 10% 

** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the fol.lowing parameters. 
E,in = 1.OE-kOO eV, E,,, = 2.0E+04 PV 

Chebyshev Fitting Parameters f o r  Rate Coefficients 
He 
Energy 
(eV/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -4.69590E+01 9.17776E-01 4.84822E-01 1.28148E-01 -3.38227E-02 -5.589643-02 -2.93167E-02 
20000. -4.50524E+01 3.956773-01 1.97669E-01 3.56569E-02 -3.01554E-02 -2.886583-02 -8.74226E-03 
40000. -4.322893+01 -1.650743-01 -7.60355E-02 -2.21081E-02 -4.24972E-03 -1.820333-03 -1.77544E-03 
70000. -4.32620E+Ol -1.48289E-01 -9.51993E-02 -4.970513-02 -2.06125E-02 -5.32942E-03 1.01964E-03 
100000. -4.37786E+01 -1.05527E-01 -6.216043-02 -3.28418E-02 -1.67902E-02 -7.71384E-03 -2.68575E-03 
200000. -4.602323+01 3.14283E-05 2.124713-02 1.95060E-02 8.72740E-03 1.21515E-03 -1.62989E-03 
500000. -5,21281E+01 1.52077E-01 1.10093E-01 6.67186E-02 3.41707E-02 1.49151E-02 5.83661E-03 

See appendix f o r  Chebyshev fit details. 
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Energy  

(ev/amu) 

1 .7Et03  

2.OE+03 

4.OEt03 

7.OE+03 

l.OE+04 

2.OE+04 

3.6E+04 

4.OE+O4 

7.OE+04 

l ,OE+05 

2.OE+05 

4.OE+05 

7.OE+05 

1.0E+06 

1.2E+06 

E l e c t r o n  C a p t u r e  Cross S e c t i o n s  f o r  

H+ + He -> H ( 3 p )  + H e t  

V e l  o c  it y 

(cm/s) 

5 .73Et07  

6.21E+07 

8.79E+O 7 

1.163+08 

1 .39Et08  

1 . 9 6 E t 0 8  

2.6 4E+O 8 

2. .I 8 E+O 8 

3.68E+08 

4.3 9E+08 

6.21E+08 

8.78E+08 

1.16E+09 

1 . 3 9 E t 0 9  

1.52Ed-09 

C r o s s  S e c t i o n  

( c m 2 )  

1.35E-19 

1.48E-19 

2.45E-19 

3.84E-19 

5.13E-19 

8.57E-19 

1.14F-18 

1.14E-18 

7.28E-19 

3.49E-19 

3.95E-20 

1 .753-21  

1.02E-22 

1.44E-23 

4.953-24 

R e f e r e n c e s :  1 3 4 ,  1 3 6 ,  1 5 6 ,  1 5 7 ,  159 ,  1 6 0 ,  1 6 3 ,  1 6 4 ,  1 6 5 ,  1 6 6 ,  1 6 7  

Accuracy:  Unknown 

Notes: (1) Very  few p a p e r s  report  a b s o l u t e  c r o s s  s e c t i o n s .  The o v e r a l l  a s s e s s m e n t  of t h e  d a t a  

is  i n  d o u b t  d u e  t o  t h e  v a l i d i t y  o f  t h e  d i f f e r e n t  n o r m a l i z a t i o n  schemes .  

( 2 )  C a s c a d e  f rom h i g h e r  s ta tes  is u s u a l l y  n e g l e c t e d  b u t  c a n  c o n t r i b u t e  u p  t o  5% e r ro r  i n  

t h e  r e p o r t e d  c r o s s  s e c t i o n  measurements .  

( 3 )  The c r o s s  s e c t i o n  ( a i )  f o r  c a p t u r e  i n t o  s t a t e  i is  d e t e r m i n e d  by m e a s u r i n g  t h e  

e m i s s i o n  c r o s s  s e c t i o n  (ei,) f o r  a t r a n s i t i o n  f rom s t a t e  i t o  j ,  c o r r e c t i n g  f o r  

c a s c a d i n g  f r o m  u p p e r  s t a t e s  a n d  c o r r e c t i n g  f o r  a n y  b r a n c h i n g .  F o r  B a l m e r - a  e m i s s i o n  

f rom t h e  n=3 s t a t e  t h e  c r o s s  s e c t i o n  u ( H , ) = u ( 3 s )  + . 1 1 8 0 ( 3 p )  + o ( 3 d ) .  

F o r  a Chebyshev f i t  o f  t h e  a b o v e  cross s e c t i o n s  it is  n e c e s s a r y  t o  use t h e  f o l l o w i n g  p a r a m e t e r s .  

E m i n  = 1.7E+03 eV/amu, Emax = 1.2EtO6 eV/amu 

C h e  by s hev F i t  t in-9-parcame t e r s f o r C r o s s S e c t  i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 

-90.6049 -4.52585 -3.52507 - .678448 .325826 .143519 - .0657813 - .0500666 .0154546 

The f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n s  w i t h  a n  r m s  d e v i a t i o n  o f  1 . 7 % .  

The maximum d e v i a t i o n  is 3 .6% a t  2.OE+04 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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Cross Section vs. Energy 

K ec o in m end e d 
Data 

Chebyshev Fit 
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Electron Capture Rate Coefficients for 
H+ + He ->  H(3p) + He+ 

H+ 

Temp. Equal 
(ev) Temp. 

1.OE+02 4.48E-17 
2.OE+02 3.19E-14 
4.OE+02 8.463-13 
7.OE+02 3.743-12 

1.0Ei03 7.38E--12 
2,OEi03 2.12E-11 

Maxwellian - Maxwellian Rate Coefficients (crn3/s) 

He Temp. (eV) 
100. 500. 1000. 5000. 10000. 15000. 20000. 

4.OEi03 5.24E-11 3 
7.OEi03 9.843-11 7 
1.OE+04 1.35E-10 1 
2.0Ei04 1.90E-10 1 

Notes:  For Chebyshev f 

4.48E-17 1.54E-14 2.06E-13 8.41E-12 2.24E-11 3.77E-11 5.37E-11 
1.54E-14 1.44E-13 5.85E-13 9.46E-12 2.36E-11 3.90E-11 5.49E-11 
4.713-13 9.92E-13 1.85E-12 1.16E-11 2.60E-11 4.15E-11 5.753-11 
2.443-12 3.29E-12 4.43E-12 1.49E-11 2.96E-11 4.54E-11 6.14E-11 
5.15E-12 6.13E-12 7.383-12 1.83E-11 3.34E-11 4.92E-11 6.52E-11 
1.57E-11 1.69E-ll 1.83E-11 3.02E-11 4.60E-11 6.20E-11 7.773-11 
99E-11 4.12E-11 4.28E-11 5.56E-11 7.15E-11 8.68E-11 1.01E-10 
80E-11 7.93E-11 8.08E-11 9.26E-11 1.07E-10 1.19E-IO 1.31E-IO 
12E-10 1.13E-10 1.14E-10 1.24E-10 1.35E-10 1.45E-IO 1.53E-10 
78E-10 1.78E-10 1.79E-10 1.82E-10 1.85E-10 1.88E-IO 1.90E-10 

ts of the above rate coefficients it is necessary to use the following parameters. 
Emin = 1.OE+02 eV, Emax = 2.OE+04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 
He 

Temp. 

(ev) A0 A1 A2 A3 A4 A5 A6 

100. -5.48603E-t.01 
500. -5.23540Et01 
1000. -5.09960Ei-01 
5000. -4.834693+01 
10000. -4.73425E+01 
15000. -4.674593+01 
20000. -4.63234E+01 

Equal Temp. -5.42194Ei01 

6.73175E+00 
4.57847E+00 
3.48139E+00 
1.64909E+00 
1.12338E+OO 
8.477333-01 
6.64850E-01 
6.56075Et00 

-2.3375OE+OO 8.57032E-01 -2.92258E-01 
-9.34127E-01 1.525743-01 -2.98508E-02 
-3.334043-01 -6.24733E-02 4.55378E-04 
2.61394E-01 -1.052163-01 -5.382733-02 
2.55051E-01 -5.63104E-02 -5.16563E-02 
2.16661E-01 -3.366643-02 -4.249293-02 
1.80257E-01 -2.17729E-02 -3.47781E-02 
-2.45975Et00 9.872653-91 -4.35539E-01 

8.89193E-03 
-5.41726E-02 
-3.70467E-02 
-7.49908E-03 
-1.13825E-02 
-1.19700E-02 
-1.13742E-02 
8.21003E-02 

1.192673-02 
1.560473-02 
2.759253-03 
7.09196E-04 
1.382993-03 
4.13866E-04 
-1.56934E-04 
-9.92180E-03 

See appendix for Chebyshev fit details. 
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H" + He -> H(3p) + He' 

Maxwellian - Maxwellian 

I I I I I I l l 1  

id 1 o4 1d 
ti" Temp. (eW 

He Temp. 

(eW 

A =loo. 

R eco m in ended 
. Data 

Chebyshev Fit 

Equal Temp. 
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Electron Capture Rate C o e f f i c i e n t s  f o r  

He + H+ -> H(3p) t He' 

H f 

Temp. 

(ev)  10000.  

l.OE+OO 7.33E-11 
2.OE+00 7.13E-11 
4.OE+OO 7.13E-11 
7.OE+OO 7.13E-11 
l.OE+Ol 7.13E-11 
2.OE+01 7.15E-11 
4.0Et01 7.17E-11 
7.0E+01 7.21E-11 
1.OEt02 7.26E-11 
2.OE.tO2 7.41E-11 
4.OEt02 7.71E-11 

7.0E+02 8.16E-11 
i.o~+m 8.6i~--ii 
2.OE+03 1.00E-10 
4.OE+03 1.243-10 
7.0Et03 1.51E-10 
1.OE+04 1.70E-10 
2.0Et04 1.95E-IO 

Beam - Maxwellian Rate C o e f f i c i e n t s  (cm3/s) 

20000. 

1.68E-10 
1.68E-10 
1.68E-10 
1.68E-10 
1.68E-10 
1.68E-10 
1.68E-10 
1.68E-10 

1.68E-IO 
1.69E-10 
1.71E-10 
1.74E-10 
1.77E-10 
1.86E-10 
1.96E-10 
2.04E-10 
2.07E-10 
2.03E-IO 

H e  Energy (eV/amu) 

40000. 

3.16E-10 
3.16E-10 
3.15E-10 
3.1%-10 
3.14E-10 
3.14E-10 
3.12E-10 
3.llE-IO 

3.09E-10 
3.06E-10 
3.OlE-10 
2.95E-IO 
2.90E-10 
2.79E-10 
2.63E-10 
2.45E-10 
2.3 OE-10 
1.97E-10 

70000. 

2.673-10 
2.67E-10 
2 ~ 66E-IO 
2 a 66E-10 
2.65E-10 
2.64E-10 
2.63E-10 
2.62E-10 
2.61E-10 
2.58E-10 
2. S4E-10 

2.5 OE-10 
2 I 47E-10 
2.39E-16 
2 25E-10 
2-O8E-IO 
1.9%-IO 
1.6 4E-10 

100000.  

1.53E-10 
1.53E-10 
1.53E-10 
1.53E-10 
1.52E-10 
1.52E-10 

1.52E-IO 
1.51E-10 
1.51E-10 
1.50E-10 
1.49E-IO 
1.49E-IO 
1.49E-10 
1.48E-10 
1.46E-10 
I. 42E-10 
I. 3 8E-10 
I. 2 4E-10 

200000. 

2.45E-11 
2.45G-11 
2.4%-11 
2.44E-11 
2.44E-11 
2.44E-11 
2.43E-11 
2.43E-11 
2.42E-11 
2.42E-11 
2.42E-11 
2.423-11 
2.43E-11 
2.49E-11 
2.63E-11 
2.88E-11 
3.12E-11 
3.753-11 

500000. 

5.53E-13* 
5.53E-13* 
5.53E-13* 
5.53E-13* 
5.53E-13* 
5.54E-13* 
5.54l?-13* 
5.55E-13 
5.55E-13 
5.573-13 
5.61E-13 
5.68E-13 
5.7 4E-13 
5.97E-13 
6.43E-13 
7.173-13 
8.02E-13 
1.18E-12 

Accuracy: * - Poss ib le  Error Greater  Than 10% 

** - Poss ib le  Error Greater  Than 100% 

Notes: For Chebyshev f i t s  of t h e  above r a t e  c o e f f i c i e n t s  it is  necessary t o  use t h e  fol lowing parameters. 

E,in = l.OEt00 eV, E,,, = 2.OEi04 eV 

Chebyshev F i t t i n g  Parameters f o r  Rate C o e f f i c i e n t s  

H e  

Energy 

( ev/amu) A0 A 1  A2 A3 A4 A5 A6 

10000. -4.61593E+01 4.69768E-01 2.55845E-01 6.75806E-02 -2.060183-02 -3.21005E-02 -1.716783-02 
20000. -4.48832E+01 1.05388B-01 5.13750E-02 1.87880E-03 -1.773153-02 -1.43595E-02 -5.26979E-03 
40000. -4.39844E+01 -1.887163-01 -1.03793E-01 -4.31001E-02 -1.446958-02 -4.32136E-03 -8.32803E-04 
70000. -4.43219E+01 -1-884513-01 -1.07258E-01 -4.991273-02 -2.00817E-02 -6.25364E-03 -3.66359E-04 
100000. -4.52889Et01 -7.00699E-02 -4.15959E-02 -2.66009E-02 -1.74699E-02 -9.19908E-03 -3.006703-03 
200000. -4.87156E+01 1.426343-01 1.14850E-01 6.700063-02 2.67000E-02 5.12084E-03 -2.837266-03 
500000. -5.61687E+01 2.49112E-01 1.78331E-01 1.059793-01 5.28963E-02 2.25156E-02 8.83834E-03 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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He + t i '  -> H(3p) + He* 

Beam - Maxwellion 

He Energy 

(eV/amu> 

Q =10000. 

x =20000.  

V =40000. 

% =70000. 

@ =100000. 

=200000. 

=500000.  

Recommended 
Data -- 

Chebyshev Fit - - - - -  

__I- 

IO" 1 0' 1 O2 io3 10" 
H' Temp. (eV) 
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Energy 
(ev/amu) 

3.0E+03 
4.OE+03 
7.OE+03 
1 . OE+O 4 
2.OE+O 4 
4.OE+04 
7.OE+04 
l.OE+OS 
2.OE+05 
2.7E+OS 
3.2E-t-05 

Electron Capture Cross Sections for 
Hi i He ->  H(3d) + He'+ 

Ve loc it y 

(cm/s) 

Cross Section 

(cm2) 

1.16E-19 
1.36E-19 
1.65E-19 
1.71E-19 

1.43E-19 
8.3 3E-20 
3.953-20 
1.53E-20 
I. 4 4E-21 
4.00E-22 
I. 67E-22 

References: 134, 136, 156, 157, 158, 159, 160 

Accuracy: Unknown 

Notes: (1) Very few papers report the absolute cross sections. The overall assessment of the 
data is in doubt due to the validity of the different normalization schemes. 
(2) Cascade from higher states is usually neglected, but can contribute up to a 5% e r r o r  

in the reported cross section. 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters 
E,in = 3.OEt03 eV/amu, E,,, = 3.23+05 eV/arnu 

Chebyshev -tinq Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-90.4702 -2.99013 -1.60913 -.296858 -.0140200 .0353005 .0153108 -.0221875 -.0321765 

The fit represents the above cross sections with an rms deviation of 1.9%. 
The maximum deviation is 3.1% at 1.OE+05 eV/amu. 
See appendix for Chebyshev fit details. 
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Cross Section vs. Energy 
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Electron Capture Rate Coefficients f o r  

H i  f He -> H ( 3 d )  + He+ 

H+ 
Temp. E q u a l  

(eV1 Temp. 

2.OEi-02 2.41E-16 
4.OE+02 7.71E-14 
7.OE+02 8.89E-13 
1.OE+03 2.383-12 
2.OE+03 7.793-12 
4.OE+03 1.48E-11 
7.OE+03 1.94E-11 
l.OE+04 2.10E-11 
2.OE+O4 2.01E-11 

Maxwellian - Maxwellian Rate Coefficients (crn3/s) 

100. 

6.60E-17 
2.80E-14 
4.533-13 
1.43E-12 

5.85E-12 
1.26E-11 
1.7 8E-11 
2.01E-11 
2.09E-11 

500. 

3.49E--15 
1.01E-13 
7.29E-13 
1.846-12 
6.28E-12 
1.29~-11 
1.79E-11. 
2.02E-11 
2.09E-11 

1000. 

4.08E-14 
2.883-13 
1.15E-12 
2.38E-12 
6.80E-12 
1.32E-11 
1.80E-11 
2.02E-11 
2.09E-11 

He Temp. (eV) 
5000. 10000. 

3.273-12 
4.193-12 
5.53E-12 
6.803-12 
1.04E-11 
1.52E-ll 
1.90E-11 
2.06E-11 
2.08E-11 

8.54E-12 
9.26E-12 
1.03E-11 
1.12E-11 
1.37E-11 
1.7213-11 
1.98E-11 
2.10E-11 
2.05E-11 

15000. 

1.24E-11 
1.29E-11 
1.36E-11 
1.43E-11 
1.6lE-11 
1.85E-11 
2.04E-ll 
2.12E-11 
2.03 E-ll 

20000. 

1.52E-11 
1.55E-11 
1.60E-11 

1.65E-11 
1.78E-11 
1.95E-11 
2.OBE-11 
2.12E-11 
2.01E-11 

Notes:  For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Ernin = 2.OE+02 eV, Emax = 2.OE+04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 
He 

Temp. 
(ev) A 0  A1 A2 A3 A4 A5 A6 

100. 
500. 
1000. 

5000. 
10000. 

15000. 
20000. 

Equal Temp. 

-5.63688E+01 
-5.46783E-kOl 
-5.34861E+01 
-5.080923+01 
-5.00260E+01 
-4.96848Ei01 
-4.949563+01 
-5.53820E+01 

5.53526E+00 -2.5303lE+OO 7.68047E-01 
4.075583+00 -1.583183+00 2.94914E-01 
3.08285EiOO -l.O0328E+OO 6.05624E-02 

1.02925E+00 -1.15489E-01 -1.11263B-01 
5.096128-01 -1.91665E-02 -7.344883-02 
2.981783-01 -7.68530E-03 -5.18119E-02 
1.81879E-01 -1.04948E-02 -3.99118E-02 
4.85397E+OO -2.35173Ei-00 7.57520E-01 

-2.09210E-01 
-2.76037E-02 
3.07528E-02 
1.29497E-04 
-1.56542E-02 
-1.659533-02 
-1.50920E-02 
-2.46645E-01 

3.02777E-02 

-2.07878E-02 
-2.37156E-02 

5.31512E-03 
2.568938-03 
-3.35169E-04 
-1.49095E-03 
5.44226E-02 

8.992883-04 

1.01392E-02 
4.91264E-03 
-1.44689E-03 
7.98864E-04 
1.07168E-03 
1.11348E-03 
-8.31810E-03 

See appendix for Chebyshev fit details. 
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Electron Capture Rate Coefficients for 
He + H+ -> H(3d) + He+ 

H+ 
Temp. 
(ev) 10000. 

l.OE+OO 2.37E-11 
2.OE+00 2.37E-11 
4.OE+00 2.37E-11 
7.OE-100 2.363-11 
l.OE+Ol 2.36E-11 
2.OE1-01 2.36E-11 
4.0E+01 2.35E-11 
7.OE+01 2.34E-11 
1.OE+02 2.34E-11 
2.OE+02 2.33E-11 

4.OE+02 2.31E-ll 
7.OE+02 2.30E-11 
1.OE+03 2.29E-11 
2.03+03 2.263-11 
4.OE+03 2.24E-11 
7.0E+03 2.22E-11 
1.OE+04 2.18E-11 
2.OE+04 1.98E-11 

Beam 

20000. 

2.80E-11 
2.80E-11 
2.80E-11 
2.793-11 
2.79E-11 
2.78E-11 
2.77E-11 
2.76E-11 
2.75~-11 
2.73E-11 
2.70E-11 
2.66E-11 
2.63E-11 
2.55E-11 
2.41E-11 
2.26E-11 
2.14E-11 
1.83E-11 

Maxwellian Rate Coefficients (crn3/s) 

He Energy (eV/amu) 
40000. 

2.31E-11 
2.31E-11 
2.31E-11 
2.30E-11 
2.30E-11 
2.30E-11 
2.29E-11 
2.28E-11 
2.28E-11 
2.263-11 

2.24E-11 
2.22E-11 
2.20E-11 
2.15E-11 
2.05E-11 
1.92E-11 
l.SOE--ll 
1.51E-11 

60000. 

1.65E-11 
1.65E-11 
1.65E-11 
1.65E-11 
1.65E-11 
1.65E-11 
1.65E-11 
1.6 5E-11 
1.65E-11 
1.65E-11 

1.65E-11 
1.64E-11 
1.63E-11 
1.59E-11 
1.53E-11 
1.45E-11 
1.38E-11 
1.20E-11 

80000. 

1.09E-11 
1.09E-11 
1.09E-11 
1.09E-11 
1.09E-ll 
1.09E-11 
1 e 09E-11 
1.09E-11 
1.09E-ll 
1.lOE-11 

1.10E-11 
1.lOE-11 
1.09E-11 
l.OBE--11 
1.06E-11 
1.04E-11 
1.OlE-11 
9.263-12 

100000. 

6.71E-12" 
6.71E-12* 
6.70E-12* 
6.70E-12* 
6.70E-12* 
6.69E-12 
6.68E-12 
6.673-12 
6.673,-12 
6.6 6E-12 

6.68E-12 
6.7 2E-12 
6.76E-12 
6.90E-12 
7.06E-12 
7.19E-12 
7.22E-12 
7.06E-12 

200000. 

8.943-13** 
8.93E-13** 
8.93E-13** 
8.92E-13** 
8.92E-13** 
8.91E-13** 
8.90E-13** 
8.89E-13* 
8.89E--13* 
8.89E-13* 
8.92E-13* 
8.98E-13* 
9.05E-13* 
9.35E-13* 
1.01E-12* 
1.13E-12* 
I. 26E-12* 
1.66E-12* 

Accuracy: * - Possible Error Greater Than 10% 

* *  - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E,i, = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev Pitting Paraneters for Rate Coefficients 
He 

Energy  

(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -4.90115E+01 -6.26583E-02 -3.14715E-02 -1.74368E-02 -1.18746E-02 -8.003453-03 -5.51328E-03 
20000. -4.87965E+01 -1.63847E-01 -9.400393-02 -4.326263-02 -1.65508E-02 -4.78447E-03 -6.28354E-04 
40000. -4.91665E+01 -1.54448E-01 -9.66541E-02 -5.08695E-02 -2.30319E-02 -8.09916E-03 -1.06973E-03 
60000. -4.97788E+01 -1.11497E-01 -7.933983-02 -4.38613E-02 -1.80124E-02 -5.25241E-03 -1.28373E-03 
80000. -5.05382E+01 -4.92366E-02 -4.11913E-02 -2.64723E-02 -1.18809E-02 -3.95220E-03 -2.08141E-03 
100000. -5.14178E+01 3.35427E-02 2.01516E-02 3.56710E-04 -9.44387E-03 -8.21678E-03 -3.581713-03 
200000. -5.525833+01 2.09996E-01 1.57946E-01 9.13682E-02 3.946693-02 1.12103E-02 -2.26555E-04 

See appendix for Chebyshev fit details. 
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Energy 

eV/arnu 

9.6E+02 
1.9E+03 
2.4Et03 
2.9E+03 
4.8Et03 
6.7Et03 
8.6Et03 
9. 5E+03 
1.4E+04 
1.9E+04 

2.4E+04 

3.8Et04 
4.9E+04 
5.9E+04 
6.8E+04 
8.8E+04 
9.8E+04 
1.3E+05 

E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H~ t L i  -> ~(2s,2p) + L i +  

C r o s s  S e c t i o n  

.m2 

1.09E-15 
2.22E-15 

2.523-15 
2.56E-15 
2.06E-15 
1.39E-15 
9.00E-16 
7.263-16 
2.73E- 16 
1.23 E--1 6 

6.20E- 17 
1.40E-17 
6.29E-18 
3.553-18 
2.22E--18 
9.76E-19 
6.77E-19 
2.723-19 

H(2p) 
Energy Cross S e c t i o n  

ev/amu cm2 

9.8Et02 
2.OEt03 

2.9E+03 
3.4Et03 
4.9Et03 
6.8Et03 
9.7E+03 
1.4Et04 
1.9EtO 4 
2.4Et04 

2.9E+O 4 
3.9E+04 
4.9Et04 
5.9Et04 
6.9Et04 
8.9Et04 
I. 1Et05 

1.44E-15 
2.37E-15 
2.95E-15 
3.05E-15 
2.75E-15 
2.028-15 
1.13E-15 
3.01E-16 
9.71E-17 
3.76E-17 
1.76E-17 

3.98E-18 
1.21E-18 
4.47E-19 
1.94E-19 

4.96E-20 
1.69E-20 

R e f e r e n c e s :  255, 256, 257 

A c c u r a c x  E < 2x104 eV/amu - 60%; E > 2x104 eV/ainu - unknown 

.Motes: (1) The cross s e c t i o n  d a t a  f o r  e n e r g i e s  g r e a t e r  t h a n  2x104 eV/amu a r e  t h e o r e t i c a l  

r e s u l t s  of Ermolaev ( r e f .  257); f o r  e x c i t a t i o n  of t h e  L i ( 2 p )  l e v e l  by p r o t o n s  s e e  r e f .  

258. 
(2) Cascad ing  from h i g h e r  s t a t e s  is less t h a n  5 % ,  t h u s  a(2p) o(Ly , ) .  

Fo r  Chebyshev f i t s  of t h e  above  c r o s s  s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

H(2s) E m i n  = 9.55Et02 e V / a m u ,  E,,, = 1.3E+05 eV/amu 

H(2p) Emin = 9.8~+02 ev/amu, E,,, = l.lEt05 ev/amu 

Chebyshev F i t t i n g  P a r a m e t e r s  f o r  C r o s s  S.e-qt.13 

A0 A1 A2 A3 A4 A5 A6 A7 AB 

H(2S) -73.9306 -4.42348 -1.68271 -337287 .a753407 -.0624317 -.0223686 6.11347E-04 -.00573178 
H(2P) -75.0922 -5.75721 -2.57021 .0939967 .255624 -.0329880 -.Ole4241 .0249338 .0333479 

The f i t  eep resen l l s  t h e  H(2s) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0.9%. 
The maximum d e v i a t i o n  is 1.7% a t  4.8E+04 eV/amu. 

The f i t  represents t h e  H(2p) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  of 3.2%. 
The maximum d e v i a t i o n  is 5.5% a t  1.9E+04 eV/amu. 

S e e  append jx  f o r  Chebyshev f i t  d e t a i l s .  
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Elec t ron  Capture  Cross  S e c t i o n s  f o r  

Ht t L i  -> H(3s,3p,3d) t L i +  

(3s) 
Energy Cross  S e c t i o n  

ev/amu 0 2  

1.3E+03 7.96E-17 
2.OEt03 9.603-17 
2.98+03 1.23E-16 
3.9Et03 1.55E-16 
4.9Et03 2.071-16 
6.OEtC3 3.46E-16 
6.9Et03 4.43E-16 
7.9E+03 4.55E-16 
8.9E+03 4.293-16 
l.OE+OP 3.83E-16 
1.5E+04 1.641-16 
2.OE+04 6.88E-17 
2.5Et04 3.151-17 
3.5Et0.4 7.97E-18 
4.91+04 1.966-18 
6.OE+04 1.03E-18 
8.OEt04 3.69E-19 
1.OEt05 1.81E-19 
1.3Et05 8.92E-20 

(3P) (3d) 
Energy Cross  Sec t ion  Energy Cross  S e c i i o n  

ev/amu cm2 ev/amu cm2 

9. 8Et02 
1.5E+03 
2.OEt03 
2.9Et03 
3.9E+03 
4.9E+03 
6.9E+03 
8.9E.1-03 
9.9Et03 
1.5Et04 
2.OEt04 
2.5Et04 
3.OE+04 
3.5E+04 
4.5Et04 
5.OE+04 
6.OEt04 
7.OE+04 
9.OE+04 
1.OEt05 
3.3Et05 

1.28E-16 
1.51E-16 
1.76E-16 
2.33E-16 
3.17E-16 
3.65E-16 
3.45E-16 
2.81E-16 
2.47E-16 
1.23E-16 
5.12E-17 
2.18E-17 
1.05E-17 
6.04E-18 
2.258-18 
1.43E-18 
6.60E-19 
3.86E-19 
1.48E-19 
9.251-20 
3.87E-20 

3.1E-tO3 7.47E-1.7 
3.9Et03 8.78E-17 
4.8Et03 9.791-17 
6.8E+03 1.06E-16 
9.7Et03 8.39E-17 
1.3E+04 4.31E-17 
1.5E+04 2.78E-17 
2.OE+04 1.16E-17 
2.9E+04 2.971-18 
3.9Et04 1.11E-18 
4.9E+04 4.65E-19 
7.OE+04 1.443-19 
9.9Et04 3.633-20 
1.3Et05 1.20E-20 
1.5Et05 7.57E-21 

References:  256, 257 

Accuracx  E < ~ ~ 1 0 4  ev/arnu - 6 0 8 ;  E > ~ ~ 1 0 4  ev/amu - unknown 

Notes: (I) The c r o s s  s e c t i o n  d a t a  f o r  e n e r g i e s  g r e a t e r  t han  2x104 eV/amu a r e  t h e  t h e o r e t i c a l  

r e s u l t s  of Ermolaev ( r e f .  257). 

( 2 )  The c r o s s  s e c t i o n  ( a i )  f o r  c a p t u r e  i n t o  s ta te  i is determined by measucing t h e  

emission c r o s s  s e c t i o n  [a. . )  f o r  a t r a n s i t i o n  from s t a t e  i t o  j, c o r r e c t i n g  €or any 

branching from s t a t e  i and c o r r e c t i n g  f o r  cascad ing  from upper s t a t e s .  
11 

For Chebyshev f i t s  of t h e  above CEOSS s e c t i o n s  it is necessa ry  t o  use t h e  fo l lowing  parameters .  

(3s) Emin = 1.3E+03 eV/amu, E,,, = 1.2Et05 eV/amu 

(3p) E,in = 9.8E+02 eV/amu, Emax = 1.2Et05 eV/amu 

(3d) E m i n  = 3.1Et03 eV/amu, Emax = 1.5Et05 eV/amu 

Chebyshev F i t t i n g  PaLCmeters f o r  C r o s ~ - - S e c t i o n s  

A 0  A 1  A2 A3 A 4  A5 A6 A 7  A8 

(3s) -77.4321 -3.51092 -2.10742 .lo2860 -543346 -.0941225 -.179427 .114301 -.00463843 
(3p) -77.4555 -4.03388 -2.19950 .00628310 .364180 -.0330367 -.0799875 .00340643 -.00766823 
(3d) -80.9668 -4.92271 -1.27692 .391264 -.0254482 -.0874189 .0722031 .0109053 -.0235328 

The f i t  r e p r e s e n t s  t h e  (3s) c r o s s  s e c t i o n  wi th  an rms d e v i a t i o n  of 6.8%. 

The naximum d e v i a t i o n  i s  19.4% a t  4.9Et03 eV/arnu. 

The f i t  r e p r e s e n t s  t h e  (3pl c r o s s  s e c t i o n  wi th  an rms d e v i a t i o n  of 3.7%. 
The maximum d e v i a t i o n  is 6 . 6 8  a t  3.OEt04 eV/amu. 

The f i t  r e p r e s e n t s  t h e  (3d) c r o s s  s e c t i o n  wi th  an rms d e v i a t i o n  of 3.2%. 
The maxinum d e v i a t i o n  is  6.5% a t  4.9E+04 eV/nmu. 

See appendix f o r  Chebyshfv f i t  d e t a i l s .  
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H+ + Li -> H(3sI3p,3d) + Li' 
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Energy 
(ev/aniu) 

Electron Capture Cross Sections for 

He+ + €I2 -> He(2lS + 23S) 

Velocity 

(cm/s) 

6.95E+O 7 
7.61E+07 
8.79E+O 7 
9.82E+07 
1.16E+08 
1.3 2E+O 8 

1.39E+08 
1.70E+08 
1.96E+08 
2.20E+08 
2.60E+08 
2.95E+08 
3.llE+08 
3.40E+08 
3.51E+08 

Cross Section 

(cm21 

6.75E-18 
9.57E-18 
1.58E-17 
2.18E-17 
3.14E-17 
4.14E-17 
4.6 3E-17 
6.54E-17 
7.00E-17 
6.69E-17 
5.283-17 
4.03E-17 
3.52E-17 
2.75E-17 
2.48E-17 

References: 98, 102, 196, 197, 198 

Accuracy: 40% 

Note: The cross sections are for capture into the metastable states 2’5 and Z3S. 

For Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 2.5E+03 eV/amu, Emax = 6.431-04 eV/amu 

Chebyshev Fitting Parameters f o r  Cross Sections 

A0 A 1  A 2  A3 A4 A5 A6 A7 A8 
-76.2905 .717609 -.746846 -.0903391 1.71246E-03 .0416862 -7.59576E-04 -.0179523 6.07163E-03 

The fit represents the above cross sections with an rms deviation of 0.5%. 
The maximum deviation is 0.9% at 4.0E+03 eV/amu. 
See appendix f o r  Chebyshev fit details. 
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E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  :or 

H e +  + H 2  -> H e ( 2 l P , 3 l P )  

( 2 l P )  

Energy  C r o s s  S e c t i o n  

ev/amu c m 2  

1.3Ei-03 

1.5Ei-03 

2.OE-tO3 

3.OEI-03 

3.5E-t03 

4.3 E - t o  3 

5 .OE+03 

5.8E+03 

6.5E+03 

7.OE+03 

8.0E+03 

8.5E+03 

8.8E+03 

2 A5E-17 

3.02E-17 

3.37E-17 

3.67E-17 

3.903-17 

4.12E-17 

4.22E-17 

4.19E-17 

4.133-17 

4.11E-17 

4.05E-17 

3.96E-17 

3.92E-17 

(31p) 
Energy  Cross  S e c t i o n  

ev/amu 0 2  

2 . 5 E  4-0 3 

3.OEi-03 

3.5E+03 

4.3E+03 

5.OE+03 

5.8E+03 

6.5E+03 

7.OE+03 

8.OE+03 

8.5E+03 

9.0E+03 

2.05E-18 

1.89E-18 

1.61E-18 

1.45E-18 

1.33E-18 

1.28E-18 

1.33E-18 

1.47E-18 

1.64E-18 

1.83E-18 

1.91E-18 

R e f e r e n c e s :  20 ,  1 6 3  
--._I__^ 

A c c u r w  60% 

___I_._ Notes :  (1) The c r o s s  s e c t - i o n  ( a i )  f o r  c a p t u r e  i n t o  s t a t e  i is  d e t e r m i n e d  by m e a s u r i n g  t h e  

e m i s s i o n  c r o s s  s e c t i o n  ( a .  . )  f o r  a t r a n s i t i o n  f rom s t a t e  i t o  j ,  c o r r e c t i n g  f o r  a n y  

b r a n c h i n g  f rom s t a t e  i and  c o r r e c t i n g  f o r  c a s c a d i n g  f r o m  upper s ta tes .  

( 2 )  I n  t h e s e  measurements  c a s c a d e  was n e g l e c t e d  i n  t h e  a n a l y s i s  o f  t h e  C K O S S  s e c t i o n .  

11 

For Chebyshev  f i t s  of t h e  a b o v e  cross s e c t i o n s  it is n e c e s s a r y  t o  use t h e  f o l l o w i n g  p a r a m e t e r s .  

( 2 l P )  Emin = 1.3E+O3 eV/amu, Emax = 8.8E+03 eV/amu 

( 3 l P )  E m i n  = 2.5E+03 e V / a m u ,  Enax 9.OE+03 eV/amu 

Chebyshev F i t t i n g  P a r a m e t e r s  f o r  Cross S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 

( Z I P )  -75.7187 .173380 - .0602524 - .0334767 .00459756 -00195946 .00158847 -4.27148E-04 - .00726785 

( 3 l P )  -81.8842 -.0794869 .196956 .0554748 - .00702131 -.0164034 -.0116162 .00548035 1.56409E-04 

The  f i t  r e p r e s e n t s  t h e  (2’P) c r o s s  s e c t i o n s  w i t h  a n  rms d e v i a t i o n  of 0.2%. 

The maximum d e v i a t i o n  is 0 .2% a t  6 .46+03 eV/amu. 

The f i t  r e p r e s e n t s  t h e  (3’P) cross s e c t i o n s  w i t h  a n  rms d e v i a t i o n  o f  0.2%. 

The maximum d e v i a t i o n  is  0 .4% a t  7 . 9 E t 0 3  eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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He’ + H, -> He(2’P, 3’P) 

Cross Section vs. Energy 

lo-’“, I I I I I I l l  

3 
IO” io4 

Energy (eV/amu> 

Recommended 
Data -- 

- - - _  Chebyshev Fit 
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L i n e  Emission C r o s s  S e c t i o n s  of  E l e c t r o n  C a p t u r e  C o l l i s i o n s  f o r  

He+ + H~ -> He(587.6, 447.1, 667.8 nmj 

(587.6 nm) 

Energy 

ev/amu 

1.7E+01 
2.OE+O1 
2.5E+01 
3.OE+01 
4.OE+01 
5.OE+01 
6.OE+01 
8.2E+01 
1.OE3-02 
1.5E+02 
2.OE-t.02 
2.4E+02 
3.OE+02 
5.2E-t-02 
8.3Ei02 
1.OEt03 
1.6E+03 
2.OE+03 
3.OE+03 
4.OE+03 
5.2Et03 
7.8E+03 

R e f e r e n c e s :  199, 200 

C r o s s  S e c t i o n  

cm2 

1.12E-21 
3.588-21 
7.00E-21 
8.74E-21 
1.26E-20 
1.81E-20 
2.83E-20 
7.80E-20 
1.72E-19 
6.40E-19 
1.12E-18 
1.17E-18 
1.16E-18 
1.02E-18 
8.33E-19 
7.69E-19 
7.00E-19 
6.93E-19 
7.25E-19 
7.68E-19 
8.05E-19 
8.90E-19 

(667.8 nm) (447.1 nm) 

Energy C r o s s  S e c t i o n  Energy 

ev/amu cm2 eV/amu 

3.7E+01 9.97E-22 2.OE+Ol 
5.OE+01 7.92E-21 2.5E+01 
6.OE+01 1.47E-20 3.OE+01 
8.OE+01 4.70E-20 4.OE+01 
1.OE+02 1.04E-19 5.OE+01 
1.5E+02 2.70E-19 6.OE+01 
1.8E+02 3.35E-19 7.OE+01 
2.OE+02 3.95E-19 8.OE+O1 

1.OE+O2 
1.2E+02 
1.5E+02 
2.OE+O2 
2.5E+OZ 
3.OE+02 
4.OE+OZ 
6.OE+02 
8.OE+02 
l.OE+03 
1.5E+03 
2.OE+03 
3.OE+03 
4.OEt03 
5.OE+03 
6.OE+03 
7.2E+03 
8.2E+03 
1.0E+04 

C r o s s  S e c t i o n  

cm2 

9.983-22 
2.673-21 
3.75E-21 
5.02E-21 
6.21E-21 
7.65E-21 
1.00E-20 
1.77E-20 
6.11E-20 
9.53E-20 
1.30E-19 
1.60E-19 
1.75E-19 
1.82E-19 
1.81E-19 
1.631-19 
1.456-19 
1.31E-19 
1 .OTE-19 
9.32E-20 
8.588-20 
8.98E-20 
9.72E-20 
1.06E-19 
1.16E-19 
1.27E-19 
1.48E-19 

Accuracy:  40% 

Notes:  (1) R e l a t i v e  d a t a  o f  Po lyakova  e t  a 1  ( r e f .  200) have  been n o r m a l i z e d  t o  d a t a  o f  Isler 

e t  a 1  ( r e f .  199) a t  125 eV/amu. 

(2) The 587.6 nm t r a n s i t i o n  is t h e  s t r o n g e s t  H e  e m i s s i o n  from He+ c a p t u r e  c o l l i s i o n s  i n  

(3) The 43D -> Z3P t r a n s i t i o n  is 447.1 nm, t h e  33D -> Z3P t r a n s i t i o n  i s  587.6 nm, and 

t h e  3lD -> 2lP t r a n s i t i o n  is 667.8 nm. 

H2' 

F o r  Chebyshev f i t s  o f  t h e  above cross s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

(587.6 nm) Emin = 1.7E+01 eV/amu, Emax = 7.8E+03 eV/amu 

(667.8 nm) E,in = 3.7E+01 eV/amu, E,,, = 2.0~+02 ev/amu 

(447.1 nm) E m j n  = Z.OE+Ol eV/amu, E,,, = 1.OE+04 eV/amu 

Chebyshev .- _.__. F i t t i n g  P a r s m s g s f o r  Cross S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 
(587.6 nml -86.6646 2.83888 -1.58217 .357959 -371758 -.133932 -.263367 .286400 -.lo4165 
(667.8 nm) -89.3928 2.77428 -.477421 -0466864 -.123082 .139543 -.0694321 .0304386 
(447.1 nm) -80.4303 1.99037 -1.26304 -473572 .362531 -.le3668 -.0812802 .198425 -.197268 
The 

The 

The 
The  

The 

The 

see 

f i t  r e p r e s e n t s  t h e  587.6 nm c r o s s  s e c t i o n  w i t h  a n  r m s  d e v i a t i o n  o f  4.7%. 
maximum d e v i a t i o n  i s  10.8% a t  3.1E+02 eV/amu. 

f i t  r e p r e s e n t s  t h e  667.8 nm c r o s s  s e c t i o n  w i t h  a n  ~ m s  d e v i a t i o n  o f  0.Oa. 
maximum d e v i a t i o n  is 0.Oa. 
f i t  r e p r e s e n t s  t h e  447.1 nm cross s e c t i o n  w i t h  an  rms d e v i a t i o n  of 14.7%. 
maximum d e v i a t i o n  is 42.6% a t  7.1Et01 eV/amu. 

append ix  f o r  Chebyshev f i t  d e t a i l s .  
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n 

0 
"E 
W 

He' + H, -> He(587.6, 667.8, 447.1 nm) 

Cross Section vs. Energy 

10-17c I I I I I I l l 1  1 I I I 1 1 1 1 ~  I I I 1 1 1 1 1 - 1  

587.6 nm 

667.8 nm 

447.1 nrn 

Recommended 
Data 

Ch ebvshev Fit 
10-2j I 1 I I I I l l 1  I I I I 1 1 1 1 1  I 1 I I 1 1 1 1  

1 0' 1 0' io3 10" 
Energy (eV/amu) 
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Energy  

(ev/arnu) 

l.OE+Ol 

1 .5E+01 

3.0E+01 

5.OE+O1 

8.0E+01 

1.5E+02 

3.OE+02 

6.OE+02 

1.5E+03 

2.5E+03 

4.OE+03 

6.OE4-03 

9.OE+03 

1.OE+04 

1.5E+04 

3.3E+04 

5 . OE+O 4 

E l e c t r o n  C a p t u r e  C r o s s  S e c t i o n s  f o r  

H e +  + H e  -> H e ( 2 l S  + 23S) 

V e l o c i t y  

( cm/ 5 ) 

4.39E+06 

5.3 8E+O 6 

7.61E+06 

9.823+06 

1 .243+07 

1.70E+07 

2.41E+07 

3.40E+07 

5.38E+07 

6.95E+0'7 

8.796+07 

1.08E+08 

1.32E+08 

1.39E+08 

1.70E+08 

2.50E+08 

3 . l l E + 0 8  

C r o s s  S e c t i o n  

(cm2) 

1.00E-19 

1.94E-19 

7.49E-19 

1.69E-18 

2.33E-18 

2.81E-18 

2.99E-18 

3.35E-18 

4.5 4E-18 

6.5 4E-18 

9.49E-18 

1.463-17 

2 - 40E-17 

2.613-17 

2.41E-17 

1.85E-17 

1.52E-17 

R e f e r e n c e s :  9 8 ,  1 9 6 ,  1 9 7 ,  203 ,  202 

Accuracy:  40% 

Noo (1) T h e o r e t i c a l  v a l u e s  of S u r a l  e t  a 1  ( r e f .  202)  a r e  u s e d  t o  e x t r a p a l a t e  t h e  d a t a  of 

9 8 )  a t  5x103 eV/amu t o  t h o s e  of MacVicar  and  B a r s t  ( r e f .  201)  a t  5 5  G i l b o d y  e t  a1  ( r e f .  

eV/amu. 

For a Chebyshev €it o f  t h e  a b o v e  c r o s s  s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

E , i n  = l.OE+Ol eV/amu, Emax = 5.OE+04 eV/amu 

Chebysh-e-y---F-ltting Parameers f o r  Cross Sect- 

A0 A 1  A2 A 3  A4 A5 A6 A7 A 8  
-80.6529 2 .39212 - .649912 .218666 - .468812 - .126058 -149096 .0275996 .0661909 

The f i t  r e p r e s e n t s  t h e  a b o v e  c r o s s  s e c t i o n s  w i t h  a n  rms d e v i a t i o n  of 5 .2%.  

The maximum d e v i a t i o n  is  1 2 . 8 %  a t  1.5E+04 eV/arnu. 

S e e  a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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Hef + He -> He(2’S + 23S)  

Cross Section vs. Energy 

n 

“E 
... 

0 
W 

IO’ 1 0’ 1 o3 1 0’ io5 
Energy (eV/amu) 
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Electron Capture Rate Coefficients for 
He+ + He -> He(2IS + z3S) 

He+ 
Temp. Equal 

(ev) Temp. 

2.OE+00 9.32E-17 
4.OE+00 1.30E-14 
7.OE+00 1.29E-13 
l.OE+Ol 3.83E-13 
2.OE+01 2.09E-12 
4.OE+01 7.413-12 
7.OE+01 1.56E-li 
1.OE+02 2.27E-li 
2.OE+02 4.08E-li 
4.OE+02 6.75E-11 
7.OE+02 1.03E-10 
l.OE+03 1.40E-10 
2.OE+03 2.88E-10 
4.0E+03 7.07E-10 
7.OE+03 1.40E-09 
1.OE+04 1.97E-09 
2.OE+04 2.98E-09 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

10. 

7.503-14 
1.293-13 
2.393-13 
3.83E-13 
1.09E-12 
3.29E-i2 
7.41E-12 
1.16E-11 
2.38E-11 
4.153-11 
6.20E-11 
8.02E-11 
1.41E-10 
2.89E-10 
5.93E-10 
9.45E-10 
1.97E-09 

100. 

1.05E- 11 
1.08E-11 
1.12E-11 
1.16E-11 
1.30E-11 
1.56E-11 
1.93E-ll 
2.27~-11 
3.25E-11 
4.81E-11 
6.75E-11 
8.5512-11 
1.46E-10 
2.97E-IO 
6.03E-10 
9.56E-10 
1.98E-09 

500. 

4.83E-11 
4.84E-11 
4.86E-11 
4.883-11 
4.95E-11 
5.09E-11 
5.29E-11 
5.493-11 
6.13E-11 
7.3 6E-11 
9.14E-11 
1.09E-10 
1.73E-10 
3.33E-10 
6.49E-IO 
1.00E-09 
2.01E-09 

He Temp. (eV) 
1000. 

7.97E-11 
7.98E-11 
8.00E-11 
8.02E-11 
8.08E-11 
8.19E-11 
8.37E-il 
8.55E-11 
9.14E-11 
1.03E-10 
1.21.E-10 

1.40E-IO 
2.09E-10 
3.80E-10 
7.07E-10 
1.06E-09 
2.05E-09 

5000. 

3.80E-IO 
3.80E-10 
3.81E-10 
3.81E-10 
3.82E-10 
3.8 4E-10 
3.87E-10 
3.90E-10 
3.99E-10 
4.19E-10 
4.50E-10 
4.82E-10 
5.92E-10 
8.25E-10 
1.18E-09 
1.50E-09 
2.33E-09 

10000.  

9.44E-10 
9.44E-10 
9.45E-10 
9.45E-10 
9.46E-10 
9.48E-10 
9.52E-10 
9.56E-10 
9.67E-10 
9.91E-10 
1.03E-09 
1.06E-09 
1.18E-09 
1.40E-09 
1.70E-09 
1.973-09 
2.62E-09 

20000. 

1.97E-09 
1.973-09 
1.973-09 
I. 97E-09 
1.973-09 
1.973-03 
1.97E-09 
1.98E-09 
1.98E-09 
2.00E-09 
2.03E-09 
2.05E-09 
2.13E-09 
2.27E-09 
2.46E-09 
2.62E-09 
2.983-09 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 2.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev Fitting Parameters for Rate Coefficients 

He 

Temp. 
(eV) A0 

10. -5.00830E+01 
100. -4.68137E+01 
500. -4.53295E+01 
1000. -4.46993E+01 
5000. -4.243533+01 
10000. -4.10534E+01 
20000. -3.98951E+01 

Equal Temp. -5.11417E+01 

A1 A2 A3 A4 A5 A6 

5.12336E+OO 
2.591243+00 
1.72678E+00 
1.4677OE+OO 
7.863 47 E-0 1 
4.26270E-01 
1.675033-01 
7.32023E+OO 

-2.628083-01 
7.95345E-01 
8 I 43 47 5E-0 1 
7.781103-01 
4.496073-01 
2.51921 E-01 
I. 0 3 069E-0 1 
-2.04605E+00 

8.40742E-02 2.48250E-01 -1.231698-01 
5.350336-02 1.896753-03 -1.71822E-02 
1.98073E-01 -3.44676E-02 -5.47555E-02 
2.191623-01 -2.15385E-02 -5.87801E-02 
1.53041E-01 5.53429E-03 -2.941563-02 
9.52564E-02 1.32834E-02 -1.033213-02 
4.324233-02 9.86815E-03 -1.829693-03 
1.248373+00 -5.12909E-01 3.38169E-02 

-7.591163-02 
-5.25035E-02 
-3.448003-02 
-3.66707E-02 
-2.10243E-02 
-9.66498E-03 
-3.51334E-03 
-1.21200E-01 

See appendix for Chebyshev fit details. 
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He' + He -> He(% + 2 3 S )  

Maxwellian - Maxwellian 
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Electron Capture Rate Coefficients for 
HE + He+ ->  ne(2.1~ + 2%) 

Beam - Maxwellian Rate Coefficients (cm3/s) 

ne+ 

Temp a He Energy (ev/amu) 
(ev) 10000. 15000. 20000. 25000. 30000. 35000. 40000. 

1. OEtOO 
2.OEi00 
4.OE+00 
7.OEt00 
1.OEtOl 
2.OE+Ol 
4.OE+01 
7.OE+01 
l.OE+02 
2.OE+02 
4.OE+02 
7.OE+O2 
1.OE+03 
2.OE+03 
4.0E+03 
7.OE+03 
1.OE+04 
2.OEi-04 

3.62E-09** 
3.61E-09** 
3.61E-09** 
3.60E-09** 
3.59E-09** 
3.58E-09** 
3.57E-09** 
3.55E-09** 
3.53E-09** 
3.50E-09** 
3.45E-09** 
3.40E-09** 
3.37E-09** 
3.31E-09** 
3.28E-09* 
3.30E-09* 
3.34E-09* 
3 43E-09* 

4.10E-09** 
4.10E-09** 
4.10E-09** 
4.10E-09** 
4.10E-09** 
4.09E-09** 
4.09E-09** 
4.09E-09** 

4.09E-09** 
4.08E-09** 
4,08E-09** 
4.07E-09** 
4.06E-09** 
4.03E-09** 
3.98E-09** 
3.93E-09** 
3.89E-09** 
3.71E-09* 

4.29E-09** 
4.29E-09** 
4.29E-09** 
4.29E-09** 
4.29E-09** 
4.293-09** 
4.29E-09** 
4.2 9 E-0 9 * * 
4.2 9 E-0 9 * *. 
4.29E-09** 
4.29E-09** 
4.29E-09** 
4.29E-09** 
4.29E-09** 
4.28E-09** 
4.23E-09** 
4.14E-09** 
3.77E-09** 

4.44E-09** 
4.44E-09** 
4.44E-09** 
4.44E-09** 
4.44E-09** 
4.44E-09** 
4.44E--09** 

4.45E-09** 
4.45E-09** 
4.45E-09** 
4.45E-09** 
4,45E-09** 
4.45E-09** 
4.451.:-04** 
4.43 E-09* 
4.34E-09** 
4.18E-09** 
3.65E-09** 

4.57E-09** 
4.57E-09** 
4.57E-09** 
4.57E-09** 
4.57E-09** 
4.57E-09** 
4.57E-09** 
4.57E-09** 
4.57E-09** 
4.57E-09** 
4.573-09** 
4.57E-D9** 
4.57E-09*’ 
4.56E-O9* * 
4.47E-09** 
4.25E-09”* 
4.02E-09** 
3.40E-09** 

4.65E-09** 
4.65E-09** 
4.65E-09** 
4.65E-09** 
4.65E-09** 
4.65E-09** 
4.65E-09** 
4.65E-09** 
4.65E-09** 
4.65E-09** 
4.64E-09** 
4.64E-09** 
4.64E-09** 
4.57E-09** 
4.32E-09** 
3.96E-09** 
3.67E-09** 
3.07E-09** 

4.68E-09** 
4.68E-09** 
4.68E-09** 
4.68E-Q9** 
4.68E-09** 
4.68E-09** 
4.68E-09** 
4.68E-09** 
4.683-0 9** 
4.68E-0?** 
4.67E-09** 
4.64E-09** 
4.58E-09** 
4.30E-09** 
3.86E-09** 
3.45E-0?** 
3.18E-09** 
2.68E-09** 

Accuracy: * - Possible Error Greater Than 10% 

** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emj.n = l.OE+OO eV, Emax = 2.0Sl-04 eV 

Chebyshev-Fittinq Parameters f o r  Rate Coef f ici.e-Lts 
He 

Energy 

(eV/am!i) A0 A 1  A2 A3 A4 A5 A6 

10000. -3.89516E+01 -4.51244E-02 1.69953E-03 1.65062E-02 1.06870E-02 2.64417E-03 -1.07811E-03 
15000. -3.86669E+01 -3.54627E-02 -2.26753E-02 -1.21671E-02 -5.34610E-03 -1.80140E-03 -7.78336E-04 
20000. -3.856’71E+01 -3.27909E-02 -2.82327E-02 -2.24375E-02 -1.53665E-02 -8.81047E-03 -4.39280E-03 
25000. -3.85158Ei-01 -5.09890E-02 -4.363933-02 -3.40163E-02 -2.27913E-02 -1.25967E-02 -5.50588E-03 
30000. -3.84991E+01 -8.72591E-02 -7.045963-02 -4.87052E-02 -2.79930E-02 -1.24934E-02 -2.97299E-03 
35000. -3.85280E+01 -1.39891E-01 -1.066342-01 -6.39054E-02 -2.79358E-02 -6.05892E-03 3.51648E-03 
40000. -3.86081E+01 -2.17036E-01 -1.488053-01 -7.02850E-02 -1.442583-02 8.74155E-03 8.889093-03 

See appendix for Chebyshev fit details. 
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He + He’ -> He(2’S + z3S) 

52.5 

50.0 

47.5 

45.0 

42.5 

40.0 

37.5 

35.0 

32.5 

30.0 

27.5 

25.0 

Beam - Maxwellian 

--- .  

I I I I  

He Energy 

(eV/a m u> 

a =10000. 

x z 15000. 

v =20000.  

=25000.  

@ =30000. 

tfl =35000.  

=40000. 

Recommended 
Data 

Chebyshev Fit - - - -  

IO0 1 0’ IO’ 1 o3 10‘ io5 
He’ Temp. (eV) 
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Energy 

( e V / a m u )  

1.3E+03 
2.0E+03 
3.0E+03 

5.OE+03 
8.OE+33 
1.OE-i-04 
2.OE+04 
4.OE+04 
7.OE+04 
1.OE+05 
1.5E+05 
2.OEi05 
2.5E+05 

E l e c t r o n  Cap tu re  Cross  S e c t i o n s  f o r  

He' + H e  -> H P ( 2 l P )  + H e +  

V e l o c i t y  

( c d s )  

4.91E+07 
6.21E+07 
7.61E+07 
9.82E+07 
1.24E+08 
1.39E+08 
1.96E+O 8 
2.78E+08 
3.68E+08 
4.39E+O8 
5.38E+O 8 
6.2 lE+O 8 
6.94E+08 

Cross  S e c t i o n  

(cm2) 

1.25E-18 
1.18E-18 
1.07E-18 
9.00E-19 
7.673-19 
7.03E-19 
5.17E-19 
3.523-19 
2.29E-19 
1.46E-19 
4.86E-20 
1 60E-20 
6.01E-21 

Refe rences :  163, 203 

Accuracy: Unknown 

Notes:  (1) Data between 1.2 - 9x113~ eV/amu were neve r  p u b l i s h e d  i n  a r e f e r r e d  j o u r n a l .  

( 2 )  Cross  s e c t i o n s  between 9x113~ and lx105 eV/amu were o b t a i n e d  by i n t e r p o l a t i o n  between 

t h e  low and h igh  energy d a t a .  

(3) For e n e r g i e s  less t h a n  lx105 eV/amu t h e  c r o s s  s e c t i o n s  measured by Hipp le r  e t  a1 

( r e f .  203) d i v e r g e  from t h e  d a t a  p r e s e n t e d  he re .  

For a Chebyshev f i t  of  t h e  above c r o s s  s e c t i o n s  it is  n e c e s s a r y  t o  u s e  t h e  fo l lowing  pa rame te r s .  

E,in = 1.3E+O3 eV/amu, E,,, = 2.53+05 eV/amu 

Chebyshev F i t t i n g  Pa rame te r s  f o r  Cross  S e c t i o n s  

A0 A 1  A 2  A3 A 4  A5 A6 A7 A8 

-85.5425 -2.19593 -.936988 -.450041 -.224752 -.0551700 .0123849 .0330118 .0293219 

The f i t  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n s  w i t h  an rms d e v i a t i o n  of  1.0%. 
The maximum d e v i a t i o n  is  2.0% a t  7.OE-i-04 eV/amu.  

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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.- 

He' + He -> He(2'P) + He' 

Cross Section vs. Energy 

A 

"E 
0 

C 
W 

Recommended 
Data 

Chebyshev Fit 
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He+ 
Temp. Equal 

( e W  Temp. 

4.OE+02 3.803-13 
7.OE+02 4.54E-12 
1.OE+03 1.19E-11 
2.OEi03 3.54E-11 
4.OE+03 5.99E-11 
7.OE+03 7.523-11 
1.OE+04 8.263-11 
2.OE+04 9.16E-11 

Electron Capture Rate Coefficients for 
He+ + He -> He(2IP) + Be+ 

Haxwellian - Maxwellian Rate Coefficients (crn3/s) 

500. 

7.28E-13 
2.64E-12 
5.64E-12 
1.85E-11 
3.98E-11 
5.79E-11 
6.80E-ll 
8.30E-11 

1000. 

4. S4E-12 
8.03E-12 
1.19E-11 
2.48E-11 
4.383-11 
5.993-11 . 
6.92E-11 
8 .3 4E _- 1 1 

2000. 

1.72E-11 
2.llE-11 
2.48E-11 
3.5 4E-11 
5.03E-11 
6.36E-11 
7.15E-11 
8.42E-11 

He Temp. (eV) 
4000. 7000 

3.90E-11 
4.15E-11 
4.3 RE-11 
5.033-11 
5.99E-11 
6.923-11 
7.52E-11 
8.5GE-11 

5.753-11 
5.87E-11 
5.99E-11 
6.36E-11 
6.92E-11 
7.52E-11 
7.95E-11 
8.73E-11 

10000 .  

6.778-11 
6.85E-11 
6.92E-11 
7.15E-11 
7.52E-11 
7.95E-11 
8.26E-11 
8.87E-11 

20000. 

8.29E-11 
8.32E-11 
8.34E-11 
8.42E-11 
8.56E-11 
8.73E-11 
8.87E-11 
9.16E-11 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 

Emin = 4.OE+02 eV, Emax = 2.OE+04 eV 

~ Chebjshev Fit.ting Parameters fio-g.-maLg Coeff icienns 
He 

Temp. 
(evt A0 A1 A2 A3 A4 A5 A6 

500. 
1000. 

2000. 
4000. 
7000. 

10000 .  
20000. 

Equal Temp. 

-4.9 929 5 E + Q  1 
-4.883013+01 
-4.78833E+01 
-4.71958E+01 
-4.6 8029B+0 1 
-4.66140E+01 
-4.6 3 5 2 4E+O 1 
-4.943853+01 

2.33819E+00 -6.500903-01 4.21924E-02 3.49426E-02 -1.24395s-02 -1.11193E-Q4 
1.49821E+00 -2.72937E-01 -4.12913E-02 2.797833-02 -2.24988E-03 -2.387933-03 
8.38347E-01 -5.35952E-02 -4.838026-02 7.583423-03 3.249016-03 -8.41972E-04 
4.15561E-01 2.609343-02 -2.42784E-02 -3.22992E-03 1.670693-03 3.02996E-04 
2.17494E-01 3.41131E-02 -8.30328E-03 -3.82190E-03 -5.16068E-05 2.232423-04 
1.38147E-01 2.862683-02 -2.78051E-03 -2.761273-03 -4.585423-04 5.63634E-05 
4.94719E-02 1.41098E-02 5.11657E-04 -9.997443-04 -2.34546E-04 -2.76502E-04 
2.39001Et00 -1.04807E+00 3.37080E-01 -8.59497E-02 1.50447E-02 -2.446813-03 

See appendix for Chebyshev fit details. 
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He' + He -> He(2'P) + He' 

Maxwellian - Maxwellian 

Recommended 

IO2 id io3 1 0" 
He' Temp. (eV) 
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Electron Capture Rate Coefficients for 
He + He.t -> He(2lP) + He+ 

He+ 

Temp I 
(eV) 10000. 

l.OE+OO 9.76E-11 
2.OE+00 9.76E-11 
4.OE+00 9.76E-11 
7.OE+00 9.76E-11 
1.OEt-01 9.76E-11 
2.OE+01 9.76E-11 
4.OE+01 9.761.:-11 
7.OE+01 9.75E-11 
l.OEt02 9.75E-11 
2.0E-t-02 9.75E-11 
4.OE4 02 9.74E-11 
7.OE+02 9.73E-11 
1,OE+03 9.72E-11 
2.0E+03 9.70E-11 
4.OE+03 9.68E-11 
7.0E-t-03 9.633-11 
1.OEt04 9.59E-11 
2.OE+04 9.52E-11 

Beam - Maxwellian Rate Coefficients (cm3/s) 

20000. 

1.02E-10* 
1.02E-10 
1.02E-10 
1.02E-10 
1.OlE-10 
1.01E-10 

1.01E-10 
1.01E-10 
1.01E-10 
1.01E-10 

l.0lE-10 
1.01E-IO 
1.01E-10 
I. 0 1E-lo 
1.00E-10 
9.96E-11 
9.90E-11 
9.7 1E-11 

He Energy (eV/amu) 
40000. 

9.78E-ll* 
9.78E-11* 
9.77E-11* 
9.77E-11* 
9.77E-11* 
9.77E-l1* 
9.76E-11* 
9.75E-11 
9.75E-11 
9.74E-11 
9.72E-11 
9.70E-11 
9.68E-11 
9.64E-11 
9.58E-11 
9.51E-11 
9.43E-11 
9.18E-11 

60000. 

8.77E-11* 
8.77E-11* 
8.77E-llx 
8.77E-11* 
8.7 7E-11* 
8.77E-11* 
8.77E-11* 
8.77E-ll* 
8.77E-11* 
8.77E-11 
8 .7 7 F -1 3. 

8.77E-11 
8.76E-11 
8.74E-11 
8.68E-11 
8.59E-11 
8.50'~-1.1 
8.18E-11 

80000. 

7.60E-ll* 
7.60E-ll* 
7.60E-ll* 
7.60E-ll* 
7.60E-ll* 
7.60E-11" 
7.60E-ll* 
7.60E-ll* 
7.60E-ll* 
7.60E-ll* 
7.60E-ll* 
7.60E-l1* 
7.60E-ll* 
7.58E-ll* 
7.50E-11 
7.38E-11 
7.26E-11 
6.923-11 

100000.  

6.40E-ll* 
6.40E-11* 
6.40E-ll* 
6.39E-11* 
6.39E-11* 
6.38E-11* 
6.36E-11* 
6.35E-11* 
6.33E-11* 
6.30E-ll* 
6.26E-11" 
6.21E-l1* 
6.18E-ll* 
6.10E-ll* 
5.99E-ll* 
5.88E-ll* 
5.80E-ll* 
5.56E-ll* 

120000. 

4.2t?E-ll** 
4.28E-11** 
4.28E-11** 
4.28E-11** 
4.28E-ll** 
4.28E--ll** 
4.2 9 E--1 1* 
4.29E-11* 
4.29E-ll* 
4.29E-ll* 
4.30E-ll* 
4.3 lE-.ll* 
4.32E-11* 
4.34E-11* 
4.36E-11* 
4.36E-11* 
4.35E-ll* 
4.27E-ll* 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, F,,, = 2.OE+04 eV 

Chebyshev Fit t ing Pa ramet e r s . for.  Rat e Coeff-&c.l&s 

ne 
Energy 
(eii/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -4.61121E+01 -1.015403-02 -5.73295E-03 -2.50999E-03 -8.40721E-04 -1.26867E-04 1.76279E-04 
20000. -4.60412E+01 -1.63968E-02 -9.47895E-03 -4.78055E-03 -2.357443-03 -1.14505E-03 -5.31594E-04 
40000. -4.61253E;Ol -2.31383E-02 -1.333313-02 -6.624586-03 -3.18902E-03 -1.53689E-03 -7.59534E-04 
60000. -4.63375E+01 -2.16963E-02 -1.670173-02 -1.07850E-02 -5.66807E-03 -2.33604E-03 -7.64767E-04 
80000. -4.66323Et01 -2.965003-02 -2.31326E-02 -1.479608-02 -7.40205E-03 -2.579533-03 -2.97132E-04 
100000. -4.70209E+Ol -5.97314E-02 -2.79167E-02 -9.52672E-03 -2.960023-03 -1.17463E-03 -6.06512E-04 
120000. -4.77385E+01 5.70178E-03 -3.34664E-04 -4.37655B-03 -4.62136E-03 -2.70887E-03 -7-416403-04 

See appendix for Chebyshev f i ' i  details. 
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X 

11.0 

He + He’ -> He(2’P) + He’ 

I I I 1 1 1 1 1 ~  1 I r r l l l l ,  I , I , 1 1 1 1  I I I 1 1 1 1 1 ~  I I I l l l l l -  

He Energy 

(eV/a m u> - - 
A ~ 1 0 0 0 0 .  

( x z 2 o o o o .  

12.0 7 

10.0 - 
E 

- 
n 

T 
“E 9.0 - 

P C  

- 
0 

C .- a, 
0 8.0 - 

?= 

v 
+ 

.- - 

V =40000. 

M 1-60000. 

@ =80000. 

m -- 100000. 



(315) 
Energy Cross Section 
eV/amu CM2 

2.5E+03 2.17E-19 
3 ~ OEb03 2.02E-19 
3.8E+03 1.94E-19 
5.OE+03 2.13E-19 
7.OE+03 2.79E-19 
8.OE+03 3.30E-19 
1 .OE+04 4.93E-19 
1.5E+04 8.44E-19 
2.OEt04 1.13E-18 
2.5E+Q4 1.27E-18 
3.5 E-kO 4 1.38E-18 
4.OE+04 1.40E-18 

B-80 

Electron Capture Cross Sections for 

He+ + He -> He(3’S,3lP,3’D) + He+ 

l3lP) 
Energy 
ev/ am 11 

7.5E+02 
l.OE+03 
1.5E+03 
2.OE+03 
2.5EtQ3 
2.6E+03 
3.OE+03 
3.56+03 
5.OE+03 
6.5E+03 
8.OE+Q3 
1.OE+04 
1.3E+04 
1.5E+04 
2.OE+04 
2.2E+04 
2.5E+04 
3.OE+04 
3.5E+Q4 
3.8E+04 

Cross Section 

2.34E-19 
2.53E-19 
3.57E-19 
6.16E-19 
7.91E-19 
7.9 6E-19 
7.341-19 
6.28E-19 
5.00E-19 

4.72E-19 
5.03E-19 
5.97E-19 
8.63E-19 
1.12E-18 
1.44E-18 
1.45E-18 
I. 40E-18 
1.24E-18 
1.02E-18 
8.6 9E-19 

13lD33 
Energy 
eV/amu 

2.OE+03 
2.5E+03 
3.OEb03 
3.51+03 
4.OEt03 
5.OEt03 
6.OE+O3 
7 . 0 E-t O 3 
1.OE+04 
1.5Et04 
Z.OE+Q4 
2.5E+04 
3.OE+O 4 
3.7E+04 

Cross Section 
cm2 

5.30E-19 
4.91E-19 
5.42E-19 
6.64E-19 
7.76E-19 
8.93E-19 
9.23E-19 
9.13E-19 
8.17E-19 
6.2BE-19 
4.69E-19 
3.48E-19 
2.50E-19 
1.41E-19 

References: 3l.7 - 204; 3’P - 20, 204, 205, 206; 3lD - 20, 204, 206 

ACCUKax. 40% 

-- Notes: (1) The quoted accuracy is only an estimate. The disagreement between the data sets i s  

as large as a factor of 2 or more. 
(2) The cross section (oil for capture into state i is determined by measuring the 
emission cross section ( n .  . )  for a transition from state i to j, correcting for any 
branching from state i and correcting for cascading from upper states. 

11 

FOL Chebyshev fits of the above cross sections it is necessary to use the following parameters. 

(3’s) E,in = 2.5E+Q3 eV/amu, EmBX = 4.OE+04 eV/amu 

(3lP) Emin = 7.5Ei-02 eV/amu, Emax = 3.8E+04 eV/amn 

(3lD) Emin = 2.OE+03 eV/arnu, Emnx = 3.7E+04 eV/amu 

_I_ Cheblcev Fitting Pacamexcs for Cross Sectiqns 

A0 A 1  A?. A3 A4 A5 A6 A7 A 8  
(3 ’s)  -84.2567 1.14450 .0774864 -.?48351 .00546389 .0475617 -6.68831E-04 -.0125101 .00445413 
(3’P) -83.9443 .784951 -.124752 .0431388 -.173909 -.262303 .0929503 .OB81888 -.0630714 
(3’0) -84.3847 -.485772 -.595547 -.0904580 .0360540 -.0805642 .0223178 -.00673603 -.0137040 

The fit represents the (3lS) cross section with an rms deviation of 1.2%. 
The maximum deviation is 1.9% at 8.OE+03 eV/amu. 

TI12 fit represents the (3lP) cross section with an rms deviation of 3.7%. 
The maxim!irn deviation i s  9.7% at 3.5E+Q3 eV/amu. 

The fit represents the (3’0) cross section with an rms deviation of 1.0%. 
The maximum deviation is 2 . 5 %  at 3.OE+03 eV/amu. 

See appendix for Chebyshev fit details. 
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He' + He -> He(3'S,3'P,3'D) + He' 

Cross Section vs. Energy 

IO2 I o3 1 0" io5 
En erg y kV/a m u) 
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E l e c t r o n  C a p t u r e  Cross S e c t i o n s  f o r  

He* i H e  -> Xe(33S,33P,33D) t He’ 

(33s) 
Energy C r o s s  S e c t i o n  

eV/amu cm2 

5.OE+03 4.523-19 
6.OEt03 4.65E-19 
7.OE+03 4.893-19 
9.OE+03 5.87E-19 
1.OE+04 6.64E-19 
1.5E+04 1.26E-18 
2.OE+04 1.938-18 
2.5El-04 2.68E-18 
3.OE+04 3.06E-18 

(33,) (33D) 
Energy C r o s s  S e c t i o n  Energy C r o s s  S e c t  i o n  

ev/amu 0 2  ev/amu cm2 

2.5E+02 
3.OE+02 
4.OE+OZ 
6.OE+02 
8.OE+02 
1.OE+03 
1.5EtQ3 
2.OE+03 
2.5E+03 
3.OE+03 
4.0E+03 
6.OE+03 
8.OE+03 
9.9E+03 
1.5E+04 
2 OE+04 
3.OE4-04 
3.7E+04 

2.053-19 
2.02E-19 
2.01F-19 
2.33E-19 
3.03E-19 
3.79E-19 
6.168-19 
8.05E-19 
6.58E-19 
6.313-19 
6.603-19 
7.15E-19 
7.71E-19 
8.3 5 E-19 
9.99E-19 
1.11E-18 
1.25E-18 
1.31E-18 

2.5E+02 

5.OE+O2 
7.OE+02 
8.OE+02 
9.OE+02 
l.OE-Nl3 
1.4E+03 
1.7Et03 
2.OEtQ3 
2.5E+03 
2.8E+Q3 
3.4E+03 
3.8E+03 
4.5Et03 
5.4E+03 
5.9E+03 
6.5E+03 
7.1EiD3 
7.7E+03 
8.5E+03 
1.OEt04 
1.2E+O 4 
1.5E+04 
1.7E+04 
2.2E+04 
2.9E+04 
3.8E+04 

3.5~+02 
1.34E-18 
1.21E-18 
1.07E-18 
8.97E-19 
8.81E-19 
8.94E-19 
9.433-19 
1.35E-18 
1.08E-18 
7.98E-19 
6.61E-19 
7.273-19 
8.22E-19 
8.50E-19 
8.12E-19 
6.94E-19 
6.69E-19 
7.03E-19 
8.22E-19 
9.52E-19 
9.90E-19 
9.53E-19 
8.48E-19 
6.73E-19 
5.33E-19 
3.49E-19 
2.34E-19 
1.63E-19 

R e f e r e n c e s :  (33s) - 20, 206; (33~) - 20, 204, 205, 206; (33D) - 20, 204, 205, 206 
Accuracy:  40% 

-__ Notes:  (1) Tile q u o t e d  a c c u r a c y  

a s  l a r g e  as a factor  o f  

(2) The c r o s s  s e c t i o n  

e m i s s i o n  c r o s s  s e c t i o n  

is o n l y  an  estimate. The d i s a g r e e m e n t  between t h e  d a t a  sets i s  

2 or  more. 

( a i )  fo r  c a p t u r e  i n t o  s ta te  i is d e t e r m i n e d  by measu r ing  t h e  

( a i , )  f o r  a t r a n s i t i o n  from s t a t e  i t o  j. c o r r e c t i n g  f o r  any  
b r a n c h i n g  from s t a t e  i and c o r r e c t i n g  f o r  c a s c a d i n g  from upper  s t a t e s  

For Chebyshev f i ts  o f  t h e  above c r o s s  s e c t i o n s  i t  is n e c e s s a r y  t o  use t h e  f o l l o w i n g  p a r a m e t e r s .  

(33S) E,in = 5.OE+03 eV/amu, Emax = 3.OE+04 eV/arnu 

(j3P) Emin = 2.5E+02 PV/amu, E,,, = 3.7E+Q4 eV/amu 

(33D) Emin = 2.5E+02 eV/amu, EOlaX = 3.8E+04 eV/amu 

Chebyshev F i t t i n g  Paramt.E-rlg.-for Cross S e c t i o n s  

A0 A l  A2 A3 A4 A5 A6 A7 AB 
(3jS) -82.7952 1.05996 .146880 -.0978993 -.0162972 -00664821 -.0131980 -.0124651 -.OD414755 
(33P) -84.1155 .979750 -.132417 .00802795 .I21042 -.129354 -.0123880 .0827080 -.0303641 
(33D) -83.6677 -.841000 -.315720 -.312650 -.0741395 -.00902084 .OB14994 .122383 ---0655599 

T h e  f i t  r e p r e s e n t s  t h e  (33S) cross s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0 .0%.  

The naxiinuni d e v i a t i o n  is 0.0% a t  6.OE+03 eV/amu. 

The f i t  r e p r e s e n t s  t h e  (33P) c r o s s  s e c t i o n  w i t h  an  rrns d e v i a t i o n  o f  5.3%. 
The maximum d e v i a t i o n  is 9 . 0 %  a t  3.OE+03 eV/amu, 

The f i t  r e p r e s e n t s  t h e  (33D) c r o s s  s e c t i o t i  w i t h  a n  rms d e v i a t i o n  o f  1 1 . 0 % .  

The maximum d e v i a t i o n  is 23.9% a t  2.5E+03 eV/amu. 

S e e  append ix  f o r  Chebyshev f i t  d e t a i l s .  
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IO-" 

lo-' 

lo-" 

He' + He -> He(33S,33P,33D) + He' 

Cross Section vs. Energy 

I 1 I I I I I l l 1  I I I I I I l l 1  

P 

Recommended 
Data 1- 
Chebyshev Fit - _ _ _ _  

I I 1 I I I l l 1  I I I I I I I I I  I I 1 I 1 1 1 1  

IO2 1 0' 10" io5 
Energy (eV/amu) 



R-84 

(415) 
Energy Cross  S e c t i o n  

eV/amu cm2 

Elec t ron  Capture  Cross  S e c t i o n s  f o r  

H@+ -t He -> He(41s,41P,41D) + H e +  

(4lP) 

6.2E+O 2 8 . 6 6  E-21 
7.3E+02 l.llE-20 
9.4E+02 1.29E-20 
1.OE+03 1.30E-20 
1.2Et03 1.231-20 
1.3Et03 1.16E-20 
1.4E+03 l.18E-20 
1.5Et03 1.33E-20 
1.6E+03 1.65E-20 
1.8E+03 2.32E-20 
2.OE+03 2.87E-20 
2.3E+03 3.62E-20 
2.6Et03 3.87E-20 
2.7E+03 3.931-20 
3.OE+03 3.833-20 
3.2E+03 3.723-20 
3.7E+03 3.62E-20 
4.1Et03 3.69E-20 
4.9E+03 4.02E-20 
6.5E+03 5.18E-20 
7.93+03 6.191-20 
9.6E+O3 7.73E-20 
1.2E+04 1.00E-19 
1.4E+04 1.39E-19 
1.6E+04 1.74E-19 
1.9E+04 2.02E-19 
2.2E+04 2.20E-19 
2.8E+04 2.29E-19 
3.3Ei04 2.25E-19 
3.8E+04 2.14E-19 

Energy 

eV/amu 

1.OE+03 
l.lE+03 
1.2E+03 
1.3E+03 
1.3 Et0 3 
1.4Et03 
1.6EtQ3 
1.8Et03 
2.2E+03 
2.6EtQ3 
3.23t03 
3.6E+O3 
3.9E+03 
4.33+03 
4.9E+03 
5.4E+03 
6.4Et03 
7.5Ei03 
8.6EI.03 
1.OEt04 
l.lE+04 
1.3Ei04 
1.6E+04 
1.8E+04 
2.OE+04 
2” 4E+04 
2.8E+04 
3.2E+04 
3.7Et04 
3.9E+04 

Cross S e c t i o n  

C , 2  

8.65E-20 
6.69E-20 
5.338-20 
4.82E-20 
4.83E-20 
5.17E-20 
6.04E-20 
7.45E-20 
9.50E-20 
1.16E-19 
1.41E-19 
1.61E-19 
1.631-19 
1.61E-19 
1.52E-19 
1.521-19 
1.6 4E-19 
1.86E-19 
2.323-19 
2.90E-19 
3.50E-19 
4.29E-19 
5.01E-19 
5.80E-19 
6.08E-19 
5.83E-19 
5.20E-19 
4.48E-19 
3.78E-19 
3.538-19 

Energy 

eV/amu 

2.51302 
3.OE+02 
3.5E+02 
4.1E+02 
5.OE+02 
6.2E+02 
7.2E+02 
8.1E+O2 
9.1E+02 
1.0E+03 
l.lEt03 
1.3E+03 
1.6EI.03 
1.9Et03 
2.1E+03 
2.2E+03 
2.4EC03 
2.5E+03 
2.7Et03 
2.9E+03 
3.OE+03 
3.1E+03 
3.3E+03 
3.5E+03 
3.7Et03 
3.9E+03 
4.1E+03 
4.4E+03 
4.8E+03 
5.6E+03 
7.OE+03 
8.3E+03 
9.7Et03 
1.2Et04 
2.OEt04 
3.OE+O4 
3.8E+@4 

Cross S e c t i o n  

.i112 

7.24E-20 
9.38E-20 
1.03E-19 
8.76 E-20 
5.10E-20 
3.5 5E-20 
3.991-20 
4.86E-20 
6.14E-20 
7.603-20 
7.86E-20 
7.94E-20 
8.07E-20 
8.23E-20 
8.65E-20 
1.04E-19 
1.16E-19 
l.18E-19 
l.lOE-19 
8.95E-20 
7.13E-20 
6.36E-20 
6.241-20 
6.40E-20 
7.OlE-20 
8.14E-20 
9.94E-20 
1.18E-19 
1.42E-19 
1.71E-19 
2.11E-19 
2.42E- 19 
2.75E-19 
3.12E-19 
2.7 3E-19 
8.42E-20 
4.33E-20 

References:  (41s) - 20, 204, 205, 205, 207; (41~) - 20, 166, 204, 205; (4lD) - 20, 166, 204, 
205, 206 

Accuracy: 40% 

Notes: (1) The quoted accu racy  i s  on ly  an e s t i m a t e .  The disagreement  between t h e  d a t a  s e t s  i s  

as large 3s  a f a c t o r  of 2 or  more. 

(2) The c r o s s  s e c t i o n  (oi)  f o r  c a p t u t e  i n t o  s ta te  i is determined by measuring t h e  

emission c r o s s  s e c t i o n  ( e i j )  f o r  a t r a n s i t i o n  from s t a t e  i t o  j ,  c o r r e c t i n g  f o r  any 

branching from s t a t e  i and c o r r e c t i n g  f o r  cascad ing  from upper s t a t e s .  

For Chebyshev f i t s  of t h e  above c r o s s  s e c t i o n s  it is necessa ry  t o  use t h e  fo l lowing  parameters .  

(4l.5) E,in - 6.2E+02 eV/amu, E,,, = 3.8E+04 eV/amu 

14’P) Emin 1.OE+03 eV/amu, Eniax = 3.9E+04 eV/amu 

(4lDI Emin - 2.5E+02 eV/amu, Emax = 3.81+04 eV/anu 

_ i l  Chebyshev F i t t  i&q_EdP+FEtecs f o r  CEo-Sect i o n s  

A0 A1 A2 A3 A4 A5 A6 A 7  A8 
(4’5’) -88.9247 1.69591 .0188804 -.0955575 -.0823400 -.127347 -.00167808 .149767 -.0930805 
(4’P) -86.2453 1.12538 -.147764 -.263207 -.Of537178 -.168724 .I68441 .00791441 -.0240953 
( 4 ’ 0 )  -87.4670 .304065 -.224271 -.683543 -.287424 -.118320 -.@304248 .229919 -.141272 

The 

The 

The 

The 

The 

The 

see 

f i t  r e p r e s e n t s  t h e  (4lS) c r o s s  s e c t i o n  wi th  an  ems d e v i a t i o n  o f  8.5%. 
maximiin d e v i a t i o n  is  17.4% a t  7.3E+02 eV/amu. 

f i t  r e p r e s e n t s  t h e  (4lP) c r o s s  s e c t i o n  wi th  an rms d e v i a t i o n  of 3.5%. 
maximum d e v i a t i o n  is 7.1% a t  2.6E+03 eV/arnu. 

f i t  r e p r e s e n t s  t h e  (4lD) cross s e c t i o n  with an rn18 d e v i a t i o n  of 16.5%. 
maximum d e v i a t i o n  is 37.8% a t  3.3Ec03 eV/amu. 

appendix f o r  Chebyshev f i t  d e t a i l s .  
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n-. 

HeS + He -> He(4'S74'P,4'D) + He' 

Cross Section vs. Energy 

a := (;F'P) 

x = (4's) 
V = (4'0) 

Recommended 
Data __I 

- _ _ _  Chebyshev Fit 



B-86 

E l e c t r o n  Capture  Cross  S e c t i o n s  f o r  

He+ t He - >  He(43S,43P,43D) t He+ 

(d3p1 (43s) 
Energy Cross S e c t i o n  Znergy 

eV/amu 

3.73+02 
4.OEt02 
S.OE+02 

8.6E+02 
9.7Et02 
l.lEt03 
1.3E+03 
1.5E+03 
1.7E+03 
2. OE b03 
2.4E+03 
2.6Et03 
3.OE+03 
3.6E+03 
4.1E+03 
5.5Et03 
7.6Et03 
9.7E+03 
1.2E+04 
1.5E+04 
1.7E+04 
2.1Et04 
2.6Et04 
3.OEi04 

cm2 

3.99E-20 
3.251-20 
2.09E-20 
2.12E-20 
3.06E-20 
3.582-20 
3.44E-20 
3.17E-20 
3.08E-20 
3.30E-20 
4.12E-20 
4.94E-20 
6.01E-20 
6.91E-20 
7.00E-20 
6.90E-20 
6.548-20 
6.71E-20 
7.97E-20 
1.09R-19 
1.48E-19 
1.96E-19 
2.73E-19 
3.88B-19 
5.52E-19 
7.13E-19 
8.28E-19 
8.61E-19 
R.65E-19 

eV/arnu 

2.5Ei02 
3.OE+02 
4.OE+02 
5.OE+02 
5.3E.tO2 
5.6Et02 
5.7Et02 
6.3Et02 
6.7EC02 
7.5E+O2 
8.  3E+Q2 
9.23+02 
1.OEi03 
l.lE+Q3 
1.4E+03 
1.7E+03 
2.OE+03 
2.3Ei03 
2.6E+03 
3 .OE+03 
3.5E+03 
4.OE+03 
4.7E+03 
4,8Et@3 
5.2Et03 
6.3E+03 
8.8E+03 
1.4Et04 
2.OEt04 
2.7Et04 
3.3Et04 
3.8Et04 

CKOGG S e c t i o n  

cm2 

3.05E-20 
2.38E-20 
1.78E-20 
1.62E-20 
1.64E-20 
1.95E-20 
3.00E-20 
4.53E-20 
3.971-20 
3.37E-20 
2.95E-20 
2.72E-20 
2.64E-20 
2.85E-20 
3.84E-20 
4.83E-20 
6.20E-20 
8.50E-20 
9.79E-20 
1.02E-19 
9.51E-20 
8.498-20 
7.843-20 
7.76E-20 
8.09E-20 
9.53E-20 
1.28E-19 
1.888-19 
2.47E-19 
3.26E-19 
3. 87E-19 
4.0723-19 

(43D) 
Energy Cross  S e c t i o n  

ev/amu 

2.5E+02 
3.OE.tO2 
3.5Et02 
3.8E+02 
4.2Et02 
4.9Ei02 
5.7Et02 
6.8E+02 
7.7E+02 
8.  1E+02 
8.9E+02 
9.9E+02 
1.1E+03 
1.2E+03 
1.3E+03 
1.5E+03 
1.7E+03 
2.OE+03 
2.4E+03 
2.6E+03 
2.9Et03 
3.2E+03 
3.4Et03 
3.8E+03 
4.4EN3 
5.1E+03 
6.1Et03 
7.3Et03 
8.4EC03 
9.8E+03 
l.lE+04 
1.3E+04 
1.4E+04 
1.6Et04 
2.OEiQI 
2.51+04 
3.OE+04 
3.4Et04 
3.8E+O4 

2. 84E-19 
3.39E-19 
3.623-19 ~. 
3.561-19 
3.26E-19 
2.51E-19 
2.06E-19 
1.76E-19 
1.66E-19 
1.71E-19 
1.97E-19 
2.33E-19 
2.68E-19 
2.89E-19 
2.89E-19 
2.64E-19 
1.26E-ig 
1.858-19 
1.50E-19 
1.358-19 
1.21E-19 
1.20E-19 
1.2 3E-19 
1.372-19 
1.60E-19 
1.91E-19 
2.30E-19 
2.77E-19 
3.08E-19 
3.2EE-19 
3.24E-19 
2.96E-19 
2.63E-ig 
2.29E-19 
1.78E-19 
1.31E-19 
1.07E-19 
E.18E-20 
6.62E-20 

I__- References:  (43s) - 20, 166, 204, 205, 206, 207; ( 4 3 ~ )  - 20, 166, 204, 205, 207; (43D) - 20, 
Accuracy: 40% 

166, 204, 205, 206, 207 

- Motes: (1) The quoted  accuracy  is o n l y  an e s t i m a t e .  The d isagreement  be tveen  t h e  d a t a  sets is  

as l a r g e  a s  a f a c t o r  of 2 or more. 

(2) The c r o s s  s e c t i o n  (ui) f o r  c a p t u r e  i n t o  s t a t e  i is determined by measuring t h e  

emiss ion  CKOSS s e c t i o n  ( a i j )  f o r  a t r a n s i t i o n  from s t a t e  i t o  j ,  c o r r e c t i n g  f o r  any 

branching  from s t a t e  i and c o r r e c t i n g  for cascading  from upper s t a t e s .  

For Chebyshrv f i t s  of t h e  above c r o s s  s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  fo l lowing  p a r a n e t e r s .  

Emin = 3.7E+02 eV/amu, Emax - 3.7Et04 eV/amu 

Emin = 2.SB+02 eV/amu, E,,, = 3.7Et04 eV/ama 

Emin = 2.5E+02 eV/aau, Emax = 3.8EtO4 eV/amu 

Chehwhew F i t t i n q  P a r a m e a r s  f o r  Cross  S e c t i o n s  

A0 A1 A2 A3 A4 A5 A6 A7 AB 
-87.3205 1.78746 .468525 -.0126958 .0197677 -.212447 6.18482E-04 -.0153550 .0609384 
-87.9948 1.50655 .179990 -.0510960 .136680 -.148566 -.0170060 -.0293030 .130037 
-86.1432 -.506204 -.0953983 -.353322 -.207541 .0157713 .0723366 .167609 -.197508 

The f i t  r e p r e s e n t s  t h e  (43S) c r o s s  s e c t i o n  w i t h  an rms d e v i a t i o n  of 9.9%. 
The maxinium d e v i a t i o n  is 20.9% a t  1.3EiQ3 eV/amu. 

The f i t  r e p r e s e n t s  t h e  (S3P) c r o s s  s e c t i o n  wi th  an rms d r v l a t i c n  o f  19.8%. 
The maximum d e v i a t i o n  is 45.5% a t  5.3E402 eV/amu. 

The f i t  r e p r e s e n t s  t h e  (43D) cr06s  s e c t i o n  wi th  an x m 6  d e v i s t i o n  of 11.3%. 
The maximiim d e v i a t i o n  is 34.8% a t  3.OE+02 eV/arnu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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1 0- 

lo-2' 
IO' 

He' + He -> He(43S,43P,43D) + Het 

Cross Section vs, Energy 

Recommended 
Data 

Chebyshev Fit 

io5 



9.-88 

Energy 

eV/amu 

5.OE+02 
1.OE+03 
1.3Et0 3 

1.5E+03 
2.0E+03 
2.5E+03 
3.03+03 
3.5E+03 
4.OE+03 
4.5Et03 
5.OE+03 

Refe rences :  267 

Accuracy? Unknown 

(1) The 3p 'Po 

Line Emission Cross  S e c t i o n s  of  E l e c t r o n  Cap tu re  C o l l i s i o n s  f o r  

He+ + 6 i  -? He(58.4,53.7) + L i +  

(58.4 nnl 

Cross  S e c t i o n  

0 2  

1.543-16 
2.45E-16 
2.63E-16 
2.68E-16 
2.87E-16 
3.31E-16 
4.383-16 
5.02~16 
5.21~2-16 
5.38E-16 
5.53E-16 

(53.7 nrn) 

Energy Cross  S e c t i o n  

e V / a m u  cm2 

1.29E-18 
4.50E-18 
6.81E-38 
1.05E-17 
1.47E-17 
2.06E-17 
2.933-17 
3.983-17 
4.53E-17 
4.77E-17 
4.80E-17 

ls2 ' 5  t r a n s i t i o n  g i v e s  r i s e  t o  t h e  53.7 nm l i n e  w i t h  t h e  58.4 l i n e  

r a d i a t i o n  coming from t h e  2p 'Po - Is?- Is t r a n s i t i o n .  

For Chebyshev f i t s  o f  t h e  above c r o s s  s e c t i o n s  it i s  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  pa rame te r s .  

(58.4 nm) E m i n  = 5.OE+02 eV/amu, Einax = 5.OE+03 e V / a m u  

(53.7 nm) E,in = 5.OE+02 eV/amu, Emax = 5.OE+03 eV/amu 

-. Chebyshev .. .. . . F i t t i n q  Pa rame te r s  f o r  Cross  S e c t i o n s  

A0 A1 A2 A3 A4 A 5  A6 A7 

(58.4 nm) -70.6362 -.lo7414 ,390900 .lo6996 '-.435807 .414268 -.355868 .226467 
(53.7 nm) -78.5786 2.06788 -.344623 .0776140 .0263737 -.246781 .172594 -.0896915 

The f i t  r e p r e s e n t s  t h e  58.4 nrn c r o s s  s e c t i o n  wi th  an rms d e v i a t i o n  of 1.3%. 
The maximum d e v i a t i o n  is  2 .6% a t  2.5E403 eV/amu. 

The f i t  r e p r e s e n t s  t h e  53.7 nrn c ross  s e c t i o n  w i t h  an rrns d e v i a t i o n  of 0 .6%.  

The maximum d e v i a t i o n  is 1.4% a t  4.OE+03 eV/arnu. 

A8 

.0503910 

.0520900 

See appendix ? o r  Chebyshev f i t  d e t a i l s .  
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He' + Li --> HeC58.4,53.7) + Lit 

A 

"E 
0 

W 

Cross Section vs. Energy 
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E l e c t r o n  Cap tu re  Cross  S e c t i o n s  f o r  

H e 2 +  t H ->  He+(2s) f €1' 

Energy 

(ev/amu) 

2.3Ei01 
4.OEi01 
7.0E+01 
1.OEt02 
2.OE+02 
4.0E+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.OEi03 
7.0E+03 
1.OE+04 
2.OE+04 
4.OE+04 
7.0E+04 
1.0Et05 
2.OE+05 
4.OE+05 
7.0E+05 
1.OE+06 
2.OE+06 
2.5Et06 

References= 21, 24, 25, 56, 

V e  1 oc it y 

( c m / s )  

6.66Et06 
8.79E+06 
1.16E+07 
1.39E+O7 
1.96E+07 
2.78E+07 
3.68EfO7 
4.3 9EiO 7 
6.21E-kO7 
8.79E+O7 
1.16E+08 
1.39E+O8 
1.96E+O8 
2.78EtQ8 
3.68Ef-08 
4.39E (-08 
6.21Et08 
8.78E+08 
16E+O9 
39Et09 
96EtQ9 
19Et09 

1, 172, 173 

Cross  S e c t i o n  

(C*L2) 

1.01E-23 
1.93E-22 
2.96E-21 
1.64E-20 
5.153-19 
5.71E-18 
2.19E-17 
3.92E-17 
9.06E-17 
1.356-16 
1.573-16 
1.63E-16 
1.40E-16 
6.73E-17 
1.95E-17 
7.15E-18 
6.07E-19 
3.70E-20 
3.233-21 
6.01E-22 
1.56E-23 
4.77E-21 

Accuracy: E < 1 . 5 ~ 1 0 ~  eV/amu - unknown; 1.5~10' eV/amu < E < 1 . 2 ~ 1 0 ~  eV/amu - 40%; E > 1 . 2 ~ 1 0 ~  
eV/amu - unknown 

...I-- Not@s: (1) Data f o r  e n e r g i e s  less  than  1 . 5 ~ 1 0 ~  eV/amu and g r e a t e r  t han  1 . 2 ~ 1 0 ~  eV/arnu a r e  

t h e o r e t i c a l  d a t a .  

(2) The He+(2s)  p o p u l a t i o n  is o b t a i n e d  by quenching i n  an E l e c t r i c  f i e l d  and m a n u r i n g  

t h e  a d d i t i o n a l  30.4 nm photons observed.  

F o r  a Chebyshev f i t  o f  t h e  above c r o s s  s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h c  f o l l o w i n g  pa rame te r s .  

E,in = 2.3E+01 e V / a m u ,  Emax = 2.5E+06 eV/ainu 

Chebyshev F i t t i n g  Pa rame te r s  f o r  Cross  S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 
-89.4268 -.438776 -8.73454 .130314 --.0101210 .0343355 .227699 -.188121 -.130396 

The f i t  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n s  w i t h  an rins d e v i a t i o n  of 8.2%. 
The maximum d e v i a t i o n  is 19.6% at 2.0E+06 eV/anu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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.- ,._ . . . . 

He2+ + H -> He'(2s) + H+ 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 



0-92 

Electron Capture Rate Coefficients for 
~ e 2 +  + H -> He+(2s) i H+ 

He2+ 
Temp. Equal 

( ev) Temp. 

7.OE+OO 2.97B-16 
I. 0E.i-0 1 2.0 8E-15 
2.OE+01 8.24E-14 
4.OE+01 2.043-12 
7.OE+01 1.70E--ll 
1.OEi02 5.34E-11 
2.OE4-02 3.27E-10 
4.OE+O2 1.29E-09 
7.OE+02 3.033-09 
1.OE+03 4.75E-09 
2.OE+03 9.49E-09 
4.OE+03 1.53E-08 
7 . 0 E+O 3 1.8 8 E- 0 8 

1.OE+04 1.96E-08 
2.OE+04 1.71E-08 

Maxwfllian - Naxwellian Rate Coefficients (crn3/.5) 

10. 

1.49E-15 
2.08E-15 
5.56E-15 
2.59E-14 
1.33 E-13 
4.24E-13 
4.25E-12 
3.60E-11 
1.58E-10 
3.57E-10 
1.33E-09 
3 -666-09 
6.873-09 
9.52E-09 
1.53E-08 

100. 

2.81E-11 
2.88E-11 
3.11E-11 
3.60E-11 
4.42E-11 
5.34E-11 
9.04E-11 
1.93E-10 
4.04E-10 
6.67E--PO 
1.74E-09 
4.07E-09 
7.2lE-09 
9.80E-09 
1.543-08 

H Temp. (eV) 
500. 1000. 5000. 

1.30E-09 
1.30E-09 
1.3 IE-0 9 
1.33E-09 
1.37E-09 
1.40E-09 
1.51E.-09 
1.748-09 
2.09E-09 
2.44E-09 
3.61E-09 
5.81E-09 
8.66E-09 
1.10E-08 
1.60E-08 

3 .6 2 E- 0 9 
3.63E-09 
3.64E-09 
3.66E-09 
3.69E-0 9 
3.73E-09 
3.84E-09 
4.0 7E-09 
4.41E-09 
4. '7 5 E-0 9 
5.81E-09 
7.77 E-09 
1.03 E--08 
1.233-08 
1.66E-08 

1.533-08 
1.533-08 
1.533-08 
1.53E-08 
1.53E-08 
1.533-08 
1.53E-08 
1.543-08 
1.55E-0 8 

1.56E-08 
1.60E-08 
1.66E-08 
1.74E-08 
1.81E-08 
1.93E-08 

10000 .  

I. 93E-08 
1.93E-08 
1.93E-08 
1.93E-08 
1.93E-08 
1.933-08 
1.93E-08 
1.93E-08 
1.93E-08 
1.94E-08 
1.94E-08 
1.95E-08 
1.96E-08 
1.9 6E-0 8 
1.95E-08 

20000. 

1.84E-08 
1.84E-08 
1.84E-08 
1.84E-08 
1.84E-08 
1.84E-08 
1.84E-08 
1.846-08 
1.84E-08 
1.84E-08 
1.83E-0 8 
1.823-08 
1.8OE-08 

1.78E-08 
1.71E-08 

Notes: For  Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = 7.OE+00 eV, En,ax = 2.OE+04 e V  

- Chebys-kev Fitting parameters for Rate Coefficients 
H 

Teiiip. 

(ev) A0 A1 A2 A3 A4 A5 A6 

10. 

100. 

500. 
1000. 
5000. 
10000. 
20000. 

Equal Temp. 

-5.09308E+01 
-4.33040E+01 
-3.92464Et01 
-3.79446&+01 
-3.587078+01 
-3.551753+01 
-3.56488E+01 - 
-4.73886E+01 

8.87617E+00 -8.39518E--01 
3.46156E+00 6.25707E-01 
1.26410E+00 4.89137E-01 
7.26279E-01 3.335933-01 
1.02283E-01 5.59105E-02 
7.32263E-03 2.24624E-03 
.2.68120E-02 -1.78967E-02 
8.61752EiOO -3.14861E+00 

-8.53899E-01 3.051648-01 
-3.52271E-01 -1.41060E-01 
2.198746-02 -7.43310E-02 
6.065748-02 -2.84279E-02 
1.82827E-02 7.913253-04 

-1.322493-03 -2 ~ I9045E-03 
-9.56011E-03 -4.192493-03 
4.07425E-01 -9.02464E-03 

4.68396E-02 
4.763653-02 

-3.13817E-02 
-2.454343-02 
-3.188863-03 
-1.61111E-03 
-1.52887E-03 
-8.82451E-02 

-6.90001E-02 
2.50861E-02 
1.62905E-03 
-6.72865E-03 
-2.27033E-03 
-8.21561E-04 
- 4.5 6 49 4 E-0 4 
3.10401E-02 

See appendix f o r  Chcbyshev fit details. 
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He2' + H --> He'(2s) + H' 

Maxwellian - Maxwellian 

H Temp. 

(eW 

n = 10. 

x = 100. 

V =500.  

* =1000. 

@ =5000.  

-10000. 

0 =20000. 

Recommended 
Data -- 

Chebyshev Fit - - - - -  

Equal Temp. 

IO0 10' 1 0' io3 IO" 
He2+ Temp. (eV) 
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Electron Capture Rate Coefficients for 
H + He2+ -> He+(2s) + H+ 

He2+ 
Temp. 
(ev) 10000. 

l.OE+OO 2.26E-08 
2.OE+00 2.26E-08 
4.OE+00 2.26E-08 
7.OE+00 2.26E-08 
l.OE+Ol 2.26E-08 
2.OE+01 2.26E-08 
4.OE+01 2.25E-08 
7.OE+01 2.253-08 
1.OE+02 2.25E-0 8 
2.OE+02 2.24E-08 
4.OE+02 2.23 E-08 

7.03+02 2.23E-08 
1.03+03 2.22E-08 
2.03+03 2.21E-08 
4.OE+03 2.203-08 
7.OE+03 2.193-08 
l.OE+04 2.17E-08 
2.OE+04 2.11E-08 

Beam - Maxwellian Rate Coefficients (cm3/s) 

20000. 

2.75E-08 
2.74E-08 
2.74E-08 
2.74E-08 
2.743-08 
2.73E-08 
2.723-08 
2.71E-08 
2.70E-08 
2.693-08 
2.66E-08 
2.633-08 
2.61E-08 
2.553-08 
2.47E-08 
2.383-08 
2.30E-08 
2.09E-0 8 

H Energy (eV/amu) 
40000. 

1.873-08 
1.873-08 
1.86E-08 
1.863-08 
1.863-08 
1.863-08 
1.853-08 
1.85E-08 
1.843-08 
1.83E-08 
1.81E-08 
1.80E-08 
1.783-08 
1.753-08 
1.72E-08 
1.67E-08 
1.64E-08 
1.533-08 

70000. 

7.16E-0 9 
7.16E-0 9 
7.16E-09 
7.15E-09 
7.153-09 
7.15E-09 
7.14E-09 
7.13E-09 
7.13E-09 
7.123-09 
7 .llE-09 
7.10E-09 
7.10E-09 
7.llE-09 
7.183-09 
7.283-09 
7.373-09 
7.543-09 

100000. 

3.14E-09 

3.14E-09 
3.141-09 
3.14E-09 
3.133-09 
3.133-09 
3.13E-09 
3.13E-09 
3.12E-09 
3.123-09 
3.12E-09 
3.12E-09 
3.12E-09 
3.14E-09 
3.193-09 
3.27E-09 
3 -353-09 
3.613-09 

200000. 

3.77E-10 
3.77E-10 
3.77E-10 
3.773-10 
3.77E-10 
3.77E-10 
3.76E-10 
3.76E-10 
3.76E-10 
3.76E-10 
3.76E-10 
3.77E-10 
3.78E-10 
3.81E-10 
3.87E-10 
3.993-10 
4.11E-10 
4.58E-10 

500000. 

1.37E-11 
1.37E-11 
1.37E-11 
1.37E-11 
1.37E-11 
1.37E-11 
1.37E-11 
1.37E-11 
1.37E-11 
1.38E-11 
1.38E-11 
1.38E-11 
1.3 8E-11 
1.39E-11 
1.41E-11 
1.44E-11 
1.47E-11 
1.57E-11 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
Emin = l.OE+OO eV, Emax = 2.OE+04 eV 

Chebyshev Fittinq Parameters for Rate Coefficients 
H 
Energy 
(ev/arnu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.52453E+01 -2.729663-02 -1.25046E-02 -5.94386E-03 -3.93360E-03 -2.52788E-03 -1.152263-03 
20000. -3.49559E+Ol -1.072343-01 -5.741263-02 -2.46077E-02 -9.61541E-03 -3.68199E-03 -1.33552E-03 
40000. -3.56977E+01 -8.13307E-02 -4.02505E-02 -1.59626E-02 -6.46672E-03 -3.09676E-03 -1.648273-03 
70000. -3.74954E+01 1.58892E-02 1.66995E-02 1.041653-02 3.588413-03 -1.14383E-04 -1.185693-03 
100000. -3.91164E+01 4.26359E-02 3.67186E-02 2.356873-02 1.10156E-02 3.70448E-03 6.549323-04 
200000. -4.333363+01 5.991773-02 4.72882E-02 2.99739E-02 1.60765E-02 6.77381E-03 2.807293-03 
500000. -4.99733E+01 4.335623-02 3.10236E-02 1.830533-02 8.97845E-03 3.668583-03 1.279653-03 

See appendix for Chebyshev fit details. 
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.I .,_ . . . .. 

H f He2' -> He'(2s) + H+ 

Beurn - Muxwellian 

H Energy 

(eV/amu> 

n = 10000. 

x =20000.  

V =40000. 

=70000. 

@ -100000. 

=200000. 

!7J =500000. 

Recommended 
Data 

Chebyshev Fit - - - - -  

10," 10' 1 o2 1 0" io4 io5 
He2' Temp. (eV) 
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Energy 
(ev/amu) 

Electron Capture Cross Sections for 
He2+ + E1 -> He+(2p) + H+ 

Velocity 
(cm/s) 

2.413+07 
2.78E+07 
3.11E+07 
3.68E+07 
4.17E+07 
4.39E+07 
5.38E+07 
6.2 1E+O 7 
6.95E+07 
7.61E+07 
8.79E+07 
9.82E+07 
1.16E+08 
1.32E+08 
1.70E+08 
1.96E+08 
2.20E+08 
2.41E+08 
2.78E+08 
3.11E+08 
3.40EtO8 
3.93~08 
4.39E+08 
5.383+08 
6.213+08 
6.94E+08 
7.61E+08 
8.78E+Q8 
1.05E+09 

Cross Section 

2.55E-17 
4.12E-11 
5.94E-17 
1.04E-16 
1.61E-16 
1.91E-16 
3.443-16 
4.71E-16 
5.68E-16 
6.57E-16 
7.80E-16 
8.63E-16 
9.31E-16 
9.393-16 
8.733-16 
7.123-16 
5.353-16 
3.89E-16 
2.13E-16 
1.19~3-16 
7.18E-17 
3.12E-17 
1.36E-17 
3.323-18 
1.243-18 
6.06E-19 
3.48E-19 
1.81E-19 
1.01E-19 

References: 169, 170, 172, 173, 174, 175, 176 

Accuracy: 1 < E < lX104 eV/amu - 20% 

Note. (1) References 172 and 173 (Ciric et al.) are the only experimental results. Other data 
are theoretical data which in the energy region of overlap agree well with experiment. 

For a Chebychev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 3.0E+02 eV/amu, Emax = 5.7Et.05 eV/ami; 

Chebyshev Fitti-cq Parameters foE.Cross Sections 

A0 P. 1 A2 A3 A4 A5 A6 A7 A 8  
-76.4723 -2.98918 -3.20835 -0657861 .450590 .217258 .0371010 -.0738139 -.0123768 

The fit represents the above cross sections with an rms deviation of 2.8%. 
The maximum deviation is 5.3% at 9.OE+03 eV/anu. 
See appendix for Chebyshev fit details. 
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He2+ + H -> He'(2p) + Hf 

Cross Section vs. Energy 

I I I I I I l l 1  I I I 1 1 1 -  

Recommended 
Data 

Chebyshev Fit - - - - -  

IO' 1 o3 10" 1 o5 
Energy (eV/amu) 
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Electron Capture Rate Coefficients for 
He2+ i H -> He+(2p) i [Ii 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

He2+ 
Temp. Equal 
(evl Temp. 100. 500. 

l.OEi02 
2.0Ei02 
4.OE+02 
7.OEi-02 
1.OE+03 
2.OEtC3 
4.OEi03 
7.OEi.03 
1.GE+04 
2.OE+04 

2.98E-10 
1.72E-09 
6.78E-09 
1.65E-08 
2.65E-08 
5.463-08 
8.6 8E-0 8 
1.0 2E-07 
1.0 1E-07 
7.833-08 

2.98E-10 
4.98E-10 
1.03E-09 
2.llE-09 
3.483-09 
9.26E-09 
2.26 E-08 
4.12E-08 
5.65E-08 
8.76E-08 

7.39E-09 
8.00E-09 
9.26E-OP 
1.12E-08 
1.32E-08 
1.99E-08 
3.29E-OS 
4.98E-08 
6.33E-08 
9.06E-08 

H Temp.  (eV) 
1000. 5000 I 10000. 

2.06E-08 
2.12E-08 
2.263-08 
2.46E-08 
2.65E-08 
3.29E-08 
4.45E-08 
5.92E-08 
7.08E-08 
9.363-08 

8.70E-08 

8 . 7  2E-0 8 
8.76E-08 
8.82E-08 

8.87E-G8 
9 .06E-08 
9.36E-08 
9.71E-08 
9.96E-08 
1.0 3E-0 7 

I. 03E-07 
1.03E-07 
1.03E-07 
1.0 3E-0 7 
1.03E-0 7 
1.03E-07 
1.02E-07 
1.0 2E-07 
1.01E-07 
9.733-08 

15000. 

9.733-08 
9.72E-08 
9.7 1E.-0 8 

9.703-08 
9.693-08 
9.64E-OB 
9.55E-OR 
9.41E-08 
9.27~48 
8.7 8 e:-0 8 

20000 

8.77E-08 
8.77 E-0 8 
8.76E-08 
8.746-08 
8.733-08 
8.68E-08 
8.58E-08 
8.44E-08 
8.30E-08 
7.83E-08 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use t h e  following parameters. 
E , i n  = 1.OE+02 eV, E,,, = 2.OE+04 e V  

Chebyshev Fittinq Parameters for Rate Coefficients 
H 

Temp. 

(ev) A0 A1 A2 A3 A4 A5 A6 

100. -3.80891E+01 
500. -3.53407E+01 
1000. -3.42278Ei-01 
5000. -3.239313+01 
10000. -3.22047E+01 
15000. -3.23427E+01 
20000. -3.25558E+Ol 

E q u a l  Temp. -3.61487E+01 

3.042693+00 -5.03692E-02 -2.14921E-01 7.024893-03 1.339363-02 -3.51323E-03 
1.33422E+00 2.37587E-01 -8.168833-02 -4.11875E-02 4.978203-04 3.60655E-03 
7.87638E-01 2.02270E-01 -2.32859E-02 -3.105883-02 -7.16158E-03 1.05223E-03 
8.58442E-02 2.79249E-02 -7.64042E-04 -5.28180E-03 -2.736253-03 -8.72863E-04 
-1.7901SE-02 -1.27932E-02 -7.35687E-03 -3.35962E-03 -1.200093-03 -3.44007E-04 
-4.11290E-02 -2.234063-02 -9.190843-03 -3.13037E-03 -9.49262E-04 -2.08801E-04 
-4.631753-02 -2.45398E-02 -9.65926E-03 -2.98432E-03 -7.431233-04 -1.577918-04 
2.77246Ei00 -1.05020Ei00 7.78393E-03 -2.497813-02 4.651153-03 2.17778E-03 

See appendix for Chebyshev fit details. 
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- ..... ... .. 

He" + H -> Hef(2p) + H' 

Maxwellian - Maxwellian 

H Temp. 

(eV> 

A =loo. 

x ~ 5 0 0 .  

p =1000. 

x ~ 5 0 0 0 .  

a3 =10000. 

= 15000. 

=20000. 

Recommended 
Data -- 

- - - - -  Chebyshev Fit 

Equal Temp. I_. 

IO' io3 1 0" 
He2+ Temp. (eV> 
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Electron Capture Rate Coefficients for 

H -t He2+ -> ~e+(2p) + H+ 

He2+ 
Temp 

(ev) 10000. 

l.OE+OO 1.28E-07 
2.OE+00 1.283-07 
4.OE+OO 1.28E-07 
7.OE+00 1.28E-07 
l.OE+Ol 1.29E-07 
2.0E+01 1.29E-07 
4.OE+01 1.293-07 
7.OE+01 1.29E-07 
l.OE+02 1.29E-07 
2.OE+02 1.29E-07 
4.OE+02 1.28E-07 
7.OE+02 1.28E-07 
1.OE+03 1.28E-07 
2.OE+03 1.28E-07 
4.OE+03 1.26E-07 
7.OE+03 1.223-07 
1.OE+04 1.19E-07 
2.OE+04 l.lOE-07 

Beam - 3iaxwellian Rate Coefficients (cm3/s) 

20000. 

1.40E-07 
1.40E-07 
1.40E-07 
1.39E-07 
1.3 9E-07 
1.39E-0’7 
1.39E-07 
1.39E-07 
1.383-07 
1.38E-07 
1.37E-07 
1.36E-07 
1.34E-07 
1.3 1E-07 
1.25E-07 
1.18E-07 
1.13E-07 
9.85E-08 

H Energy (eV/amu) 
40000. 

5.91E.-08 
5.9l.E-08 
5.91E-08 
5.91E-08 
5.90E-08 
5.90E-08 
5.89E-08 
5.893-08 
5.883-08 
5.88E-08 
5.87E-08 
5.87E-08 
5.87E-08 
5.893-08 
5.93E-08 
5.95E-08 
5.93E-08 
5.733-08 

70000. 

1.69E-08 
1.69E-08 
1.69E-08 
1.69E-08 
1.69E-08 
1.69E--08 
1.69E-08 
I. 69E-08 
1.69E-0 8 

1.69E-08 
1.70E-08 
1.71E-08 
1.71E-OS 
1.74E-08 
1.78E-08 
1.85E-08 
1.923-08 
2.12E-08 

100000. 

5.97E-09 
5.98E-09 
5.983-09 
5.98E-09 
5.98E-09 
5.98E-09 
5.99E-09 
5.99E-09 
6.00E-09 
6.02E-09 
6.05E-09 
6.09E-09 
6.14E-09 
6.28E-09 
6.53E-09 
6.88E-09 
7.22E-09 
8.38E-09 

200000. 

7.71E-10** 
7.70E-10** 
7.70E-10** 
7.71E-10** 
7.7 1E-10* * 
7.71E-10** 
7.71E-10** 
7.72E-10* 
7.72E-10* 
7.73E-10* 
7.75E-10* 
7.77E-10* 
7.80E-10* 
7.88E-10* 
8.03E-10* 
8.27E-10* 
8.52E-10* 
9.47E-10* 

500000. 

1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E--10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.23E-10** 
1.21E-10** 
1.18E-10** 
1.14E-10** 
1.06E-10** 

Accuracy: * - Possible Error Greater Than 10% 

* *  - Possible Error Greater Than 100% 

Notes: For Cbebyshev fits of the above rate coefficients it is necessary to use the following parameters. 

Emin = l.OE+OO eV,  E,,, = 2.OE+O4 eV 

Chebyshev Fittinq Parameters for.-Rate Coefficients 
H 

Energy 

(eV/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.17882E+01 -4.922763-02 -3.825393-02 -2.43393E-02 -1.22728E-02 -4.54785E-03 -7.79239E-04 
20000.  -3.17232E+01 -1.307163-01 -8.13104E-02 -4.04778E-02 -1.578093-02 -3.98767E-03 3.368903-05 
40000. -3.32955E+01 -5.40047E-03 -1.99166E-03 -4.45358B-03 -6.278913-03 -5.141993-03 -2.92410E-03 
70000. -3.57028E+01 8.028483-02 5.54250E-02 3.03851E-02 1.3309OE-02 4.494053-03 7.729713-04 
100000. -3.773383+01 1.197993-01 7.98553E-02 4.24318E-02 1.81018E-02 6.30836E-03 2.006353-03 
200000. -4.189163+01 6.78830E-02 4.78977E-02 2.81571E-02 1.45668E-02 6.265343-03 2.691383-03 
500000. -4.56871E+01 -4.63255E-02 -3.72726E-02 -2.45372E-02 -1.26363E-02 -4.18959E-03 7.180963-04 

See appendix for Chebyshev fit details. 
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H + He" -> He'(2p) + H' 

Beam - Maxwellian 

f 
IO-+ L 

E 

H Energy 

(eV/a m u> 

A =10000. 

x =20000. 

V =40000. 

x =70000. 

@ =100000. 

Efl =200000. 

-500000. 

Recommended 
Data 

Chebyshev Fit 

IO" IO' He" IO2 Temp. io3 (eV> IO" io5 



B-102 

Energy 

ev/amu 

1.2E+03 
1.5E+03 
2.2E+03 
2.9E+03 
3.61+03 
4.3E+03 
5.OE+03 
5.7E-t.03 
6.5E+03 
7.2E+03 
7.9E+03 
8.6E+03 
9.3Et03 
1.OEt04 

L i n e  Emission C r o s s  S e c t i o n s  of E l e c t r o n  C a p t u r e  C o l l i s i o n s  f o r  

He2+ + H -> He+(Lya,Ly$,Lyy,Ha) t Ht 

Cross  S e c t i o n  

cm2 

2.68E-16 
3.21E-16 
4.90E-16 
6.3 5E-16 
7.498-16 
8.30E-16 
8.82E-16 
9.11E-16 
9.31E-16 
9.5 0 E-16 
9.59 E-16 
9.73E-16 
9.87 E-16 
9.91E-16 

Energy 

ev/amu 

1.6E+03 
2.23+03 
2.9E+03 
3.6E+03 
4.3E+03 
5.OE+03 
5.7Et03 
6.5Et03 
7.2Et03 
7.9Et03 
8.63+03 
9.3Et03 
1.OE+04 

Cross S e c t i o n  

cm2 

6.373-18 
1.30E-17 
1.93E-17 
2.18E-17 
2.32E-17 
2.39E-17 
2.47E-17 
2.54E-17 
2.643-17 
2.75E-17 
2.87 E-1 7 
3.0 4E-1'7 
3.24E-17 

Znergy 

eV/amu 

4.8E+03 
5.OE+03 
5.7E+03 
6.4E+03 
7.2E+03 
7.9Et03 
8.6E+03 
9.1E+03 
9.3E+03 
1.OEt04 

C r o s s  S e c t i o n  

cm2 

2.39E-18 
2.45E-18 
2.75E-18 
3.08E-18 
3.483-18 
3.96E-18 
4.47E-18 
4.89E-18 
5.08E-18 
5.843-18 

Energy 

ev/amu 

2.8E+03 
2.9E+03 
3.6E+03 
4.3E+03 
5.OE+03 
5.7E+03 
6.5E+03 
7.2E+03 
7.9E+03 
8.6Et03 
9.3E+03 
1.OE+04 

C r o s s  S e c t i o n  

cm2 

1.99E-17 
2.03E-17 
2.363-17 
2.73E-17 
3.17E-17 
3.70E-17 
4.22E-17 
4.70E-17 
5.03E-17 
5.24E-17 
5.353-17 
5.40E-17 

Refe rences :  173 

Accuracy: 30% 

- Notes:  (11 T r a n s i t i o n  wave leng ths  are: Lyman- - (2p->ls) 30.4 nm; Lyman-# - (3p->ls )  25.6 nm; 

Lyman-y - (4p->ls) 24.3 nm; Balmer-n - (n=3->2)  164 nm. 

(2) The Balmer-p e m i s s i o n  c a n n o t  b e  measured s i n c e  t h e  t r a n s i t i o n  h a s  t h e  same wave 

l e n g t h  as t h e  Lyman-n r a d i a t i o n .  

For Chebyshev f i t s  of t h e  above c r o s s  s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

(LY,) E m i n  = 1.2E-tO3 eV/amu, E,,, = 1.OEt04 eV/amu 

(LY,,) E,in = 1.6Et03 eV/amu, E,,, = 1.OE+04 eV/amu 

(LY71 E m i n  = 4.8Et03 eV/amu, Emax = 1.OE+04 eV/amu 

( H a )  E m i n  = 2.8Et03 eV/amu, Emax = 1.OE+04 eV/amu 

Chebvshev F i t t i n q  P a r a m e t e r s  f o r  Cross S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 A7 A8 

(LYa) -70.0765 .658545 -.176878 -.00575199 .0163374 .00346973 -.00221833 -.00217295 -4.61984E-04 

(LYg) -77.0977 .692364 -.245444 .142376 -.00794442 -.0119412 .0163687 -.00929968 .00446139 
(LYy) -80,3639 -441485 .0512890 .00405517 9.452943-04 .00161819 .00182462 -4.78184E-04 -6.340568-04 

(Ha) -75.8681 -546644 -.0142448 -.OS16937 -.0137147 .00553121 .00525928 -.00130955 9.09970E-05 

The 

The 

The 

The 

The 

The 
The 

The 

see 

f i t  r e p r e s e n t s  t h e  (LYq) c r o s s  s e c t i o n  w i t h  an  rms d e v i a t i o n  of 0.1%. 

maximum d e v i a t i o n  is 0.2% a t  7.9E+03 eV/amu. 

fit  r e p r e s e n t s  t h e  ( W p )  c r o s s  s e c t i o n  w i t h  an  rms d e v i a t i o n  of 0.2%. 
maximum d e v i a t i o n  is 0.38 a t  8.6E+03 eV/amu. 

f i t  r e p r e s e n t s  t h e  (Ly,) c r o s s  s e c t i o n  w i t h  an rms d e v i a t i o n  o f  0.1%. 

maximum d e v i a t i o n  is 0.28 a t  8.6E+03 eV/amu. 

f i t  r e p r e s e n t s  t h e  (Ha) c r o s s  s e c t i o n  w i t h  an  rms d e v i a t i o n  of 0.1%. 

maximum d e v i a t i o n  is 0.2% a t  6.41+03 eV/amu. 

append ix  for  Chebyshev f i t  d e t a i l s .  
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He2' + H -> He'cLy Lys, Ly , H ) + H' 
a, v a  

Cross Section vs. Energy 

I I I I I I I 1  . _  

io3 io4 
Energy (eV/amu> 

P 

Recommended 
Data 

Chebyshev Fit - - - - -  
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Electron Capture Cross Sections for 

He2+ t H -> Het(3p,3st3d,4p) t H' 

(3P) 
Energy Cross Section 

ev/amu 

1.6Et03 
2.OE+03 
2.5Et03 
3.OE+03 
3.5Et03 
4.OE+03 

4.5Et03 

5.5Et03 
6.OEt03 
7.OEt03 

8.OEt03 

9.OEt03 
l.OEt04 

cm2 

7.71E-18 
1.46E-17 
2.09E-17 
2 .  40E-17 
2.63E-17 
2.83E-17 

2.97E-17 
3.20E-17 
3.29E-17 
3.43E-17 

3.57E-17 

3.67E-17 
3.74E-17 

(3st3d) (4P) 
Energy Cross Section Energy CKOSS Section 

ev/amu cm2 ev/amu cm2 

2.5Et03 
3.OEt03 
3.5Et03 
4.OEt03 
4.5E+03 

5.OE+03 
6.OEt03 

7.OEt03 
8.OEt03 
9.OE+03 

1.OEi04 

1.78E-17 5.OEt03 2.49E-18 
5.5Ei03 2.73E-18 1.87E-17 

2.01E-17 6.OE+03 2.99E-18 
2.233-17 7.OEt03 3.56E-18 
2.513-17 8.0E+03 4.22E-18 
2.81E-17 9.OE+03 4.96E-18 

3.49E-17 1. OEtO 4 6.03E-18 

4.15E-17 
4.63E-17 
4.89E-17 

4.97E-17 

References: 172, 173 

Accuracy: 30% 
^ 

Notes: (1) The 3s and 3d states could not be determined separately due to the degeneracy of 
states in He+. 
(2) Capture into the ground state is negligible at low energies for a H target. 
(3) The cross section (ai) for capture into state i is determined by measuring the 
emission cross section (ai,) for a transition from state i to j, correcting for any 
branching from state i and correcting for cascading from upper states. 

For Chebyshev fits of the above cross sections it is necessary to use the following parameters. 

(3p) Emin = 1.6E+03 ev/arnu, = 1 . 0 ~ 0 4  ev/amu 

(3s+3dl Emin = 2.5Et03 eV/amu, Emax = 1.OEtO4 eV/amu 

(4p) Emin = 5.OE+03 eV/amu, Emax = 1.OE-r-04 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 
A0 A1 A2 A3 A4 A5 A6 A7 A8 

(3p) -76.6256 .667773 -.257128 .115045 -.0496129 .0142615 9.03999E-04 -.00746439 .00421196 
(3~+3d) -76.1346 .575824 .0291040 -.0715718 -.0133196 .00539953 -.00104695 .00377347 -.00137059 
(4p) -80.2658 .432003 -0343796 .00725815 .00469173 .00296970 .00183023 

The fit represents the (3p) cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.3% at 4.5Et03 eV/amu. 
The fit represents the (3s+3d) cross section with an rms deviation of 0.1%. 

The maximum deviation is 0.1% at 4.OEt03 eV/amu. 
The fit represents the (4p) cross section with an rms deviation of 0.0%. 
The maximum deviation is 0.0% 

See appendix for Chebyshev fit details. 
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A 

"E 
0 

c 
0 

W 

.- 
-e 

He2+ + H -> He+(3p,3s+3d,4p) + H+ 

Cross Section vs. Energy 

Recommended 
. Data 

Chebyshev Fit 

. _  

Energy (eV/umu> 
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Electron Capture Cross Sections for 

He+ (2p) 
Energy Cross Section 
ev/amu cm2 

4.90E-17 
5.94E-17 
8.22E-17 
1.35E-16 
2.15E-16 
3.16E-16 
4.79E-16 
6.18E-16 
7.08E-16 

Het(2s) 
Energy Cross Section 
ev/amu cm2 

2 a OE+03 

3.OE+03 
4.03+03 
5.03+03 
5.5E+03 
6.OE+03 
7.OE+03 
7.5E+03 
8.OE+03 
9.0E+Q3 
l.OE+O4 
1.53+04 

7.99E-18 
1.97E-17 
3.33E-17 
4.563-17 
5.123-17 
5.7 6E-17 
7.463-17 
8.86E-17 
9.88E-17 
1.17E-16 
1.28E-16 
1.37E-16 

References: ~ ~ ~ ( 2 s )  - 56, 145, 177; He+(2p) - 172, 173 

..._I.-- Accuracy_: ~ Het(2s) - 60%; He+(2p) - 30% 

For Chebyshev fits of the above cross sections it is necessary to use the following parameters. 

Hef(2p) E,in = 1.2E+03 eV/amu, Emax = l.OEi-04 eV/amu 

He+(2s) Emin = 2.OEi03 eV/amu, Emax = 2.OE-f-04 eV/amu 

Chebyshev Fitting Parameters for Cross Secti-oAs 

A0 A1 A2 A3 A4 A5 A6 A7 A8 

He+(2p) -72.5057 1.39004 .0296375 -.0736032 -.0100517 .0209333 .0217835 -.00206200 -.00793171 
He+(2s) -75.1849 1.42417 -.425662 -.0917408 -.0265286 .0447348 -0526597 

The fit represents the He'(2p) cross section with an rnis deviation of 
The maximum deviation is 0.0% 

0.0%. 

The fit represents the He+(Zs) cross section with an rms deviation of 
The maximum deviation is 4.6% at 1.3E+04 eV/amu. 

2.4%. 

See appendix for Chebyshev fit details. 
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He” + H, -> He’Vs, 2p) 

Cross Section vs. Energy 

2P 
25 

Recommended 
Data 

Chebyshev Fit 
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Energy 

eV/amu 

1.3E+03 

1 .5Et03  

2.2E+03 

2.9Et03 

3.6E+Q3 

4.3Et03 

5.OE+03 

5.7E+03 

6 .5Et03  

7.2Et03 

7.9E+03 

8.61+03 

9.3E+03 

1.OE+04 

L i n e  Emiss ion  C r o s s  S e c t i o n s  of  E l e c t r o n  C a p t u r e  C o l l i s i o n s  f o r  

rIe2+ + H 2  -> He+(Lya.Lyp,Lyy,H,) 

LY .a 
C r o s s  S e c t i o n  

cm2 

4.82E-17 

5.62E-17 

9.21E-17 

1.37E-16 

1.90E-16 

2.58E-16 

3.253-16 

3.94E-16 

4.591-16 

5.24E-16 

5.88E-16 

6.561-16 

7 , 3  6E-16 

8.06E-16 

Energy 

ev/amu 

2.5E+03 

2.9E+03 

3.6E+03 

4.3Et03 

5.OE+03 

5.7E+03 

6.4E+03 

7.2E+03 

7.9E+O3 

8 .6Et03  

9 .3Et03  

l.OE+04 

Ha 
C r o s s  S e c t i o n  

cm2 

6.4 4E-18 

7.44E-18 

9.633-18 

1.18E-17 

1.441-17 

1.75E-17 

2.10E-17 

2.48E-17 

2.89E-17 

3.23E-17 

3.49E-17 

3.653-17 

Energy 

eV/amu 

1.7E+03 

2.2E+03 

2.9E+03 

3 .6Et03  

4.33+03 

5.OE+03 

5.7Et03 

6.4E+03 

7.2E+03 

7.9E+03 

8.6E+03 

9.3E+03 

l.OE+04 

C r o s s  S e c t i o n  

cm2 

1.77E-18 

2.52E-18 

3.751-18 

5.18E-18 

6.94E-18 

8.79 E-18 

1.06E-17 

1.24E-17 

1.42E-17 

1.51E-17 

1.551-17 

1.561-17 

1.523-17 

Energy 

eV/amu 

5.OEt03 

5 .7Et03  

6.5E+03 

7 .2Ei03  

7 .9Et03  

8.6E+03 

9 .3Et03  

1.OE+04 

Cross S e c t i o n  

cm2 

4.93E-19 

7.563-19 

1.15E-18 

1.77E-18 

2.3 2E-18 

2.6 8E-18 

2.94E-18 

3.15E-18 

R e f e r e n c e s :  173  

Accuracy_: 30% 

N9t.s~ (1) T r a n s i t i o n  w a v e l e n g t h s  are: Lyman-a ( 2 p - > l s )  30.4 nm: Lyman-0 ( 3 p - > l s )  25.6 nm; 

Lyman-r ( 4 p - > l s )  24.3 nm; Balmer-a (Ha, n=3->2) 1 6 4  nm. 

( 2 )  The Balmer-$ r a d i a t i o n  c a n n o t  b e  measured  s i n c e  t h e  t r a n s i t i o n  h a s  t h e  same wave 

l e n g t h  a s  t h e  Lyman-a r a d i a t i o n .  

For  Chebyshev f i t s  of t h e  above  cross s e c t i o n s  i t  is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

(LYa) E,in = 1.3E+03 eV/amu, Emax = 1.OE+04 eV/amu 

(Ho) Emin = 2.5E+03 eV/amu, EmaX = 1.OEt04 eV/amu 

(Lyp) E,in = 1.7Et03 eV/amu, Emax = 1.OE+04 eV/amu 

(Ly,) E,in = 5.0E+03 eV/amu, Emax = 1.OE+04 eV/anu 

Chebyshev F i t t i n g  P a s m e t e r s  f o r  JXp-ss S e c t i o n s  

A 0  A 1  A2 A3 A4 A5 A6 A7 A8 

(Lye) -72.3892 1.45574 .0140540 -.0435817 .00709587 ,00345598 .0136342 -.00698786 -.00272240 

(Ha) -77.4506 .go4442 .0279735 -.0253175 -.0268277 -.00920018 .00430881 -.00254202 .00325844 

(Lyg) -79.3508 1.17675 -.116050 -.0780599 -.a348000 -.0102977 .0150173 -.0123659 .0116818 

ILy.,) -82.1736 .953689 -.126724 -.0689492 .0127445 .0372528 -.0256612 .00533416 

The f i t  r e p r e s e n t s  t h e  Ly, cross s e c t i o n  w i t h  a n  rms d e v i a t i o n  of 0.3%. 

The maximum d e v i a t i o n  i s  0.6% a t  3.6E+03 eV/amu,  

The f i t  r e p r e s e n t s  t h e  Ha c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  of 0.16. 
The maximum d e v i a t i o n  i s  0.2% a t  7.1E+03 eV/amu. 

The f i t  r e p r e s e n t s  t h e  Lye c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  of 0 .4%.  

The m a x i m u m  d e v i a t i o n  is  0.7% a t  8.6E+03 eV/amu. 

The f i t  r e p r e s e n t s  t h e  Lyy cross  s e c t i o n  w i t h  an rms d e v i a t i o n  o f  0.06. 

The maximum d e v i a t i o n  i s  0.0%.  

S e e  a p p e n d i x  for Chebyshev f i t  d e t a i l s .  
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He2+ + H, -> He'(Ly Ly,, Ly , H ) 
v a  a, 

Cross Section vs. Energy 

Recommended 
Data 1- 

- - - - -  Chebyshev Fit 
1 0 - l ~  

io3 10" 
Energy (eV/amu) 
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Electron Capture Cross Sections for 

HeZ+ + ti2 --> He+(3p,3s+3d,4p) 

(3P) (3s+3d) 
Energy Cross Section Energy Cross Section 
ev/amu cm2 ev/amuc cm2 

2.5E+03 
3.OEt03 

3.5Et03 
4.3E+03 
5.OE+03 
5. J?E+03 
6.5E+03 
7.3E+03 

8.OE+03 
8.5E+03 
9.3E+03 

1.OE+04 

6.703-18 
7.05E-18 
9.24E-18 
1.17E-17 
1.45E-17 
1.75E-17 
2.05E-17 

2.35E-17 
2.65E-17 
2.96E-17 
3.25E-17 
3.54E-17 

1.9E+03 
2.3Et03 

3.OE+03 
3.5E+03 
4.3E+03 
5.OEt03 
5.8E+03 
6.5E+03 
7.3E+03 
8.0Et03 
8.5Et03 

9.3E+03 
1.0E+04 

1.96E-18 
2.64E-18 

4.59E-18 
6.18E-I 8 
7.72E-18 
9.58E-18 
1.17E-17 
1.38E-17 

1.56E-17 
1.68E-17 
1.753-17 

1.78E-17 
1.71E-17 

(4p) 
Energy Cross Section 
eV/ am ti cu12 

5.OEt03 5.78E-19 
5.8E+03 9.10E-19 
6.5Et03 1.393-18 
7.3E+03 2.10E-18 
8.OE+03 2.823-18 
8.53+03 3.30E-18 
9.3Et03 3.64E-18 

1.OEt04 3.84E-18 

References: 173 -______ 

Accuracy_: 30% 

Notes: (1) The 3s and 3d states could not be determined separately due to the degeneracy of 
states in He+. 
( 2 )  The cross section for capture into state i is determined by measuring the emission 
cross section (ai,) for a transition from state i to j, correcting for any branching 
from state i and correcting for cascading from upper states. 

For Chebyshev fits of the above cross sections it is necessary to use the following parameters. 

( 3 ~ )  Emin = 2.5E+03 ev/amu, emnx = ~ . o E + o ~  ev/amu 
(3s+3d) Emin = 1.9E+03 eV/amu, Emax = 1.OE+04 eV/amu 
(4p) Emin = 5.OE+03 eV/amu, Emax = 1.OE+04 eV/amu 

C heb y s hev Fit +Ang-.Pa-r amet e r s f or-.Cs-oss-- Sect ions 

A0 A1 A2 A3 A4 A5 A6 A7 A8 

(3p) -77.5134 .E77384 .0236181 -.0330936 .0119138 -.00648625 .00667714 -.00553227 .00234918 
(3st3d) -78.9402 1.10256 -.166612 -.0123653 -.0567272 -.00713119 .00939783 4.30617E-04 -.00609836 
(4p) -81.8167 -998271 -.145948 -.0608582 .0111762 .0174494 -.00474599 -.00803524 

The fit represents the 3p CKOSS section with an rms deviation of 0.1%. 
The maximum deviation is 0.1% at 7.9E-+03 eV/amu. 

The fit represents the 3s+3d cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.4% at 8.6E+O3 eV/amu. 

The fit represents the 4p cross section with an rms deviation of 0.0%. 

The maximum deviation is 0.0%. 

See appendix f o r  Chebyshev fit details. 
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I O V  

I d '  

lo-' 

He2+ + ti, -> He+(3p, 3~+3d,  4p) 

Cross Section vs. Energy 

I 1 I 1 I I I I  

A 3p 

x = 3s + 3d 

v I= 4p 

Recommended 
Data 

- - - -  - Chebyshev Fit 

id 10' 
Energy (eV/amu> 
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Energy 
(ev/amu) 

2.OE+03 
3.OE+03 
4.OE+03 
5.OE+03 
7.OEt03 
9.OEt03 
1.OE+04 
1.5E+04 
2.OE+04 
2.5E+04 
3.OE+04 
4.OE-tO4 
6.OE+04 
8.OE+04 
l.OE+OS 
1.5E+05 
2.OE+05 
2.5E+05 
3.OE+05 
4.OE+05 
4.7Ei05 

Electron Capture Cross Sections for 
~ e 2 +  t He --> He+(2s) + He+ 

Velocity 

(cm/s) 

6.21E+O7 
7.61E+07 
8.79 E+07 
9.82E.kO7 
1.16E+08 

1.3 2E+08 
1.39E+O 8 
1.70E+O 8 
1.96E.E-08 
2.20E+08 
2.41E+08 
2.78Et08 
3.40E-1-08 
3.93E+08 
4.39E+08 
5.38E+08 
6.21E+08 
6.94E+08 
7.61E+OB 
8.7 8E+08 
9.5 2E-t0 8 

Cross Section 

(cm2) 

2.793-16 
3.30E-18 
4.04E-18 
5.32E-18 
9.18E-18 
1.37E-17 
1.623-17 
3.04E-17 
3.75E-17 
3.90E-17 
3.843-17 
3.363-17 
2.213-17 
1.40E-17 
8.65E-18 
2.83E-18 
1.263-18 
6.87E-19 
4.10E-19 
1.75E-19 
1.273-19 

Leferences: 56, 145, 177, 378, 179, 180, 181,  182 

Accuracy: E < 2x104 eV/amu - 50%; E > 2x104 eV/an?u - unknown 

Notes: (1) Experimental data (ref. 56, 145, 177) extends only to 2x104 eV/amu. In the energy 
region of overlap ( 7 ~ 1 0 ~  eV/amu-2x104 eV/amu) between experimental data and theoretical 
data (ref. 178, 180, 181) the theoretical data is greater than experimental by 1.5-2.5 
orders of magnitude, 
(2) No experimental data exists for He2+ + He -> He+(2p). 

Data above 2x104 eV/amu should be used with caution. 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emin = 2.OE+03 eV/amu, Emax = 4.7E+05 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A8 
-80.4752 -1.31324 -2.07504 -.281865 .383911 5.87536E-03 -.0220039 .0340012 -.0262370 

The fit represents the above cross sections with an rms deviation of 2.7%. 
The maximum deviation is 5.6% at 4.OE+05 eV/amu. 
See appendix for Chebyshev fit details. 
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He" + He -> He'(2s) + He' 

Cross Section vs. Energy 
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E l e c t r o n  C a p t u r e  Rate  C o e f f i c i e n t s  f o r  

H e 2 +  t H e  -> H e + ( 2 s )  f He+ 

M a x w e l l i a n  - M a x w e l l i a n  Rate C o e f f i c i e n t s  (cin3/s) 

H e 2 +  

Temp. E q u a l  He Temp. ( eV)  

(eV1 Temp. 5 0 0 .  1 0 0 0 .  2000 .  4000.  7 0 0 0 .  1 0 0 0 0 .  2 0 0 0 0 .  

7.OE+02 1.96E-12 7.88E-13 5.12E-12 2.78E-11 1.11E-10 3.08E-10 5.88E-10 1 .848-09  

1 .OEt03  1.OlE-11 2.81E-12 1.01E-11 3 .76E-11  1.27E-10 3.32E-10 6.20E-10 1.88E-09 

2.0E+03 7.73E-11 2.20E-11 3.76E-11 7 .73E-11  1.86E-10 4.20E-10 7.31E-10 2.02E-09 

4.OEi03 3.32E-10 1.01E-10 1.27E-IO 1.86E--10 3.32E.-10 6.20E-10 9.70E-10 2.28E-09 

7.OEi03 9 .703-10  2.923-10 3.32E-10 4.20E-10 6.20E-10 9.70E-10 1.35E-09 2.65E-09 

1.OE+04 1 .75E-09  5.67E-10 6.20E-10 7.31E-10 9.70E-10 1.35E-09 1.75E-09 3.01E-09 

2 . 0 E i 0 4  4.01E-09 1.82E-09 1.88E-09 2.02E-09 2.28E-09 2.65E-09 3.01E-09 4-01E-09 

Notes: For C h e b y s h e v  f i t s  of t h e  a b o v e  r a t e  c o e f f i c i e n t s  it is  n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  parameters. 

Emin = 7.OE+02 eV, Emax = 2.OE?-04 e V  

C h e b y s h e v  F i t t i n q  P a r a m e t e r s  f o r  R a t _ e - C g e f f i c i e n t s  

H e  

Temp. 

(eV) A0 A 1  A2 A3 A4 A 5  A6 

5 0 0 .  

1 0 0 0 .  

2000 .  

4000 .  

7 0 0 0 .  

1 0 0 0 0 .  

20000 .  

E q u a l  Temp. 

3 .78408E+00 -4.25225E-01 1 .09485E-01  -1.88308E-02 -2.18471E-02 1.64914E-03 

2 .96506Et00  -5.94375E.-02 4.015196-03 -9.10887E-03 -1.53339E-02 -4.97257E-04 

2.18675E+00 1.67647B-01 -3.86105E-02 -1.57224E-02 -6.51960E-03 -3.71278E-04 

1 .54495Ef00  2 .39004E-01  -3.13418E-02 -1.96927E-02 -2.77831E-03 6.46638E-04 

1.09232E+00 2.10178E-01 -1.36333E-02 -1.495393-02 -2.16792B-03 5.39745E-04 

8.21778E-01 1 .74596E-01  -3.48824E-03 -1.10046E-02 -2.36544E-03 -2.58516E-04 

3.84302E-01 9.69796E-02 5.67825E-03 -3.920223-03 -1.53584E-03 -5.16122E-04 

3.65780E4-00 -6.02220E-01 1 .337943-01  -9.85265E-02 2.12708E-02 8.03123E-03 

See a p p e n d i x  €or  C h e b y s h e v  f i t  d e t a i l s .  



8-115 

He2' + He -> He'(2s) + He' 

Maxwellian - Maxwellian 

He Temp. 

(eV> 

A T500. 

x -1000. 

B =2000.  

H =4000. 

@ =7000. 

=10000. 

a =2QOQO. 

R eco m mend e d 
Data 

- - - - -  Chebyshev Fit 

-. Equal Temp. 
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IO2 io3 1 0" io5 

He2' Temp. (eV) 



Electron Capture Rate Coefficients for 
He + He2+ -> He+(2s) + Re+ 

l.OE+OO 2.253-09 
2.OE+00 2.253-09 
4.OE+00 2.25E-09 
7.0E+00 2.25E-09 
l.OE+Ol 2.25E-09 
2.OE+01 2.26E-09 
4.OE+01 2.26E-09 

7.OE+OI 2.27E-09 
l.OE+O?. 2.28E-09 
2.OE4-02 2.31E-09 
4.OE+02 2.37E-09 
7.OE+02 2.453-09 
1.0Et03 2.54E-09 
2.OE+03 2.79E-09 
4.OE+03 3.20E-09 
7.OE+03 3.68E-09 
l .OE4-04 4.06E-09 
2.OE+Q4 4.94E-09 

Beam 

20000. 

7.35E-09 
7.36E-09 
7.356-09 
7.35E-09 
7.34E-09 
7.33E-09 
7.32E-09 
7.31E-09 
7.30E-09 
7.283-09 
7.263-09 
7.23E-09 
7.223-09 
7.173-09 
7.11E-09 
7.05E-09 
7.01E-09 
6.91E-09 

Maxwellian Rate Coefficients [cm3/s) 

H e  Energy (eV/amu) 
40000. 

9.33E-09 
9.32E-09 
9.32E-Q9 
9 - 3  1E--0 9 
9.31E-09 
9.303-09 
9.29E-09 
9.27E-09 
9.26E-09 
9.23 E-09 

9.19E--09 
9.14E-09 
9.10E-09 
8.99E-0 9 
8.813-09 
8.57E-09 
8.35E-09 
7.723-09 

60000. 

7.51E-03 
7.51E-09 
7.51E-09 
7.51E-09 
7.50E-09 
7.50E-Q 9 
7.49E-09 

7.48E-09 
7.47E-09 
7.45E-09 
7.43E-09 
7.403-09 
7.383-09 
7.3 2E-0 9 
7.2 3 E--0 9 
7.11E-09 
6.98E-09 
6.583-09 

80000. 

5.50E-09* 
5.50E-09* 
5.49E-09* 
5.493-09 
5.493-09 
5.49E-09 
5.48E-09 
5.48E-Q 9 
5.47E-09 
5.46E-09 
5.458-09 
5.43E-09 
5.42E-09 
5.403-09 
5.36E-09 
5.31E-09 
5.25E-09 
5.0 8E-0 9 

100000.  

3.80E-09* 
3.80E-09* 
3.80E-09* 
3.79E-09* 
3.79E-09* 
3.79E-09* 
3.79E-09* 
3.78E-09* 
3.78E-09 
3.78E-09 
3.77E-09 
3.76E-0 9 
3.76E-09 
3.766-09 
3.763-09 
3.7 7E-09 
3.77E-09 
3.753-09 

200000.  

7.83E-10** 
7.83E-10** 
7.83E-10** 
7.83E-10** 
7.83E-10** 
7.83E-10** 
7.83E-10** 
7.83E-10** 
7.83E-10* 
7.84E-10* 
7 . 8 5 ~ 1 0 ~  

7.87E-10* 
7.88E-10* 
7.93E-10* 
8.02E-10* 
8.15E-10* 
8.29E-10* 
8.76E-10* 

Accuracy: * - Possible Error Greater Than 10% 
* *  - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients j . t  is necessary to use the following parameters. 
E,in = l.OE+OO eV, Emax = 2.OE+04 e V  

Chebyshev FittinJ..Paraineters for Rate Coefficients 
He 
Energy 
(ev/amu) A0 A1 A2 A3 A4 A5 A6 

10000. -3.94248E+Ol 3.34599E-01 1.940153-01 6.86806B-02 4.956943-03 -9.995642-03 -6.10649E-03 
20000. -3.74937E+Ol -2.78645E-02 -1.11501E-02 -3.09862E-03 -9.335853-04 8.712203-06 1.095503-04 
40000. -3.70648E+01 -6.954743-02 -4.17914E-02 -2.130443-02 -9.811073-03 -3.95679E-03 -1.20270E-03 
60000. -3.74705Ei01 -4.74430E-02 -2.812613-02 -1.48208E-02 -7.60963E-03 -3.68669E-03 -1.563033-03 
80000. -3.80745E+Ol -2.90089E-02 -1.587633-02 -8.00256E-03 -4.247773-03 -2.176378-03 -8.776013-04 
100000. -3.87879E+Q1 -5.76796E-03 1.27600E-04 8.95128E-04 -2.39349E-04 -7.732948-04 -5.69452E-04 
200000. -4.18939E+Ol 3.77781E-02 2.64380E-02 1.53165E-02 7.526593-03 3.097066-03 1.144093-03 

See appendix for Chebyshev fit details, 
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He + He'' -> He'(2s) + He' 

Beum - Maxwellian 
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Electron Capture Cross Sections for 

He2+ t Li -> He’./2p,3p,4p,3~+3d,4~+4d) t L i +  

(2P) (3P) (4P) (3st3d) (4s+4d) 
Energy Cross Section Energy Cross Section Energy Cross Section EneKgy Cross Section Energy Cross Section 

ev/amu 0 2  ev/amu cm2 ev/anu cm2 ev/amu cm2 ev/anu Cm2 

l.lEt04 3.70E-16 5.6Et02 
1.5Et04 2.71E-16 7.1Ei02 
2.OEt04 1.97E-16 9.1Ee02 
3.OEt04 1.15E-16 1.5Et03 
3.8Et04 5.903-17 2.0Et03 

3.OEt03 
5.OEt03 
7.OEt03 
1.OEi-04 
1.5Et04 
2.OEt04 
2.5Ei-0 4 
3.OEt04 
3.2Et04 

4.96E-15 1.3Et03 
4.56E-15 1.5E-t03 
4.203-15 2.OEt03 
3.55E-15 3.OEt03 
3.23E-15 4.OEt03 
2.82E-15 6.OEt03 
2.24E-15 7.OEt03 
1.68E-15 8.6E+03 
9.50E-16 1.OEt04 
3.536-16 1.5Et04 
1.45E-16 2.OEt04 
5.49E-17 2.5E+04 
1.77E-17 3.OEt04 
1.08E-17 3.8Et04 

2.993-16 
3.54E-16 
4.293-16 
5.30E-16 
6.0 8E-16 
7.51E-16 
8.00E-16 
8.361-16 
7.94E-16 
4.72E-16 
2.34E-16 
9.89E-17 
4.393-17 
1.44E-17 

3.8Ei03 6.02E-15 3.8Et03 9.77E-16 
5.OEf-03 5.31E-15 5.OEt03 1.39E-15 
7.OEt03 4.173-15 6.OEt03 1.51E-15 
1.OEt04 2.64E-15 7.OEt03 1.50E-15 
1.5Et04 9.31E-16 1.0Et04 1.28E-15 
2.OEt04 3.60E-16 1.5Et04 6.27E-16 
2.5Et04 1.50E-16 2.OEt04 3.38E-16 
3.0Et04 7.39E-17 2.5Et04 1.89E-16 
3.8Ei04 2.19E-17 3.OEt04 1.18E-16 

3.7Et04 6.50E-17 

References: 240, 243, 245, 259, 262, 263, 2 6 4  
__I_____ 

Notes: (1) Cross sections into excited states are determined by measuring the emission from the 
state and subtracting cascade transitions from higher states and making corrections for 
the branching ratios. 
(2) It is believed that the data are accurate to within 60%. 
(3) References 263 and 264 contain theoretical data that were not included in compiling 
the present data. 

For Chebyshev fits of the above CKOSS sections it is necessary to use the following parameters. 

(2p) Emin = l.lEt04 eV/amu, Emax = 3.8E+04 eV/amu 

(3p) Emin = 5.6Et02 eV/amu, Emax = 3.2Et04 eV/anu 

(4p) Emin = 1.3Et03 eV/amu, Emax = 3.8Et04 eV/amu 

(3st3d) Emin = 3.8Et03 eV/amu, Emax = 3.8Et04 eV/amu 
(4st4d) Emin = 3.8Et03 eV/amu, Emax = 3.7Et04 eV/amu 

Chebvshev Fittinq Parameters for Cross Sections 

A0 A1 A2 A3 A4 A5 A6 A7 A 8  

(2p) -72.5775 -.a54328 -.132073 -.0636576 -.0301663 

(3p) .-69.3960 -2.53366 -1.15152 -.477703 -.lo9491 -.0224733 -.0359280 -.0364469 -.0124596 
(4p) -71.9553 -1.18550 -1.26810 -.417040 -.0333091 .0822485 -0142456 .DO155260 .00317940 
(36+3d) -69.5364 -2.77071 -.724373 -.0233068 .0383153 -.0274998 -.OS11074 .0199350 -.0465182 
(4st4d) -70.4843 -1.46194 -.666629 .0919477 .a166653 -.00399733 -.0199710 .0194456 -.00484478 

The fit represents the above cross sections with an rms deviation of 0.0%. 
The naximum deviation is 0.0%. 
The fit represents the above cross sections with an rms deviation of 0.8%. 
The maximum deviation is 1.5% at 3.OEt04 eV/amu. 
The fit represents the above cross sections with an rna deviation of 1 . 2 % .  

The maximum deviation is 2.7% at 1.5Et04 eV/amu. 
The €it represents the above cross sections with an rns deviation of 0.0%. 

The maximum deviation is 0.0%. 
The fit represents the above cross sections with an rms deviation of 1.1%. 
The maximum deviation is 1.7% at 7.OEt03 eV/anu. 

See appendix f o r  Chebyshev fit details. 
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He" + Li --> He'(2p, 3p, 4p, 3s+3d, 4s+4d) + Lit 

Cross Section vs. Energy 
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L i n e  Emission C r o s s  S e c t i o n s  of E l e c t r o n  C a p t u r e  C o l l i s i o n s  f o r  

H e 2 +  + L i  -> He+(by,,Lyp,Ly7) + b i +  

(LY,) 
Energy C r o s s  S e c t i o n  

eV/amu CI"2 

8.1E-01 4.72E-16 
l.OE+OO 4.83E-16 
1.5E+00 5.53E-16 
2.OE+00 7.30E-16 
2.5E+OO 9.40E-16 
3.OE+00 l.12E-15 
4.OE+00 1.26E-15 
6.OE+00 1.28E-15 
8.OE+00 1.2l.E-15 
l.OE+Ol 1.13E-15 
1.3E+01 1.04E-15 
5.4E+02 7.23E-15 
8.OE+02 7.35E-15 
1.OE+03 7.30E-15 
1.5E+03 7.3l.E-15 
2.OE+03 7.27E-15 
3.OE+03 7.07E-15 
5.OE+03 6.77~-15 
6.9E+03 5.67E-15 
1.OE+04 4.10E-15 
1.5E+04 2.04E-15 
2.OE+04 1.00E-15 
3.OE+04 3.39E-16 
3.8E+04 1.798-16 

Erie r gy 

eV/amu 

8.3E-01 
l.OE+OO 
1.5E+OO 
2.0E+OO 
3.OE+OO 
4.OE+OO 
S.OE+OO 
6.OE+OO 
8.OE+OO 
l.OE+Ol 
1.4E+01 
5.4E+02 
7.OE+02 
9.OE+02 
9.9Et02 
1.5E+03 
2.OE+03 
3.OE+03 
4.OEfO3 
5.OE.tO 3 
7.OE+03 
9.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
3.OE+04 
3.8EC04 

Cross S e c t i o n  

C,2 

3.71E-16 
4.42E-16 
6.233-16 
7.70E-16 
8.833-16 
8.42E-16 
7.65E-16 
7.02E-16 
5.99E-16 
5.32E-16 
4.436-16 
4.68E-15 
4.04E-15 
3.59E-15 
3.42E-15 
2.93E-15 
2.75E-15 
2.67E-15 
2.63E-15 
2.51E-15 
2.03E-15 
1.491-15 
1.29E-15 
5.97E-16 
3.02E-16 
6.52E-17 
2.20E-17 

Energy C r o s s  S e c t i o n  

ev/amu cm2 

1.3Et03 2.55E-16 
1.53+03 3.01E-16 
2.OE+03 3.77E-16 
3.OE+03 4.69E-16 
4.OE+03 5.31E-16 
6.OE+03 6.25E-16 
8.OE+03 6.86E-16 
9.1E+03 6.94E-16 
1.OE+04 6.74E-16 
1.5E+04 4.06E-16 
2.OE+04 2.02E-16 
2.5E+04 8.813-17 
3.OE+04 4.00E-17 
3.53+04 1.98E-17 

Refe rences :  240, 243, 245, 259, 262 _I._____ 

Accuracy:  unknown 

Notes: (1) On p u r p o s e , n o  a t t e m p t  h a s  been made t o  e x t r a p o l a t e  t h e  d a t a  between t h e  low and h i g h  

e n e r g y  r e g i o n s .  

(2) The e m i s s i o n  c r o s s  s e c t i o n  is d e f i n e d  as t h e  pho ton  e m i s s i o n  from s t a t e  n l  w i t h  n o  

c o r r e c t i o n  f o r  c a s c a d i n g  from h i g h e r  s t a t e s .  

For Chebyshev f i t s  o f  t h e  above cross s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e s s .  

(LY,) E,in = 8.1E-01 eV/amu, Emax = 3.8E+04 eV/amu 

(LYp) Emin = 8.3E-01 eV/amu, Emax = 3.8E+04 eV/amu 

(LY7) E,in = 1.3E+03 eV/amu, Emax = 3.8E+04 eV/amu 

_I Chebyshev F i t t  inq. .Parameters f o r - c r o s s  S e c t  i o n s  

A0 A 1  A2 A3 A4 A5 A 6  A7 A8 

(Ly,) -68.3492 .342390 -1.29878 -.EO2770 -.377264 .0373709 -.0758118 -.0906659 -182862 

(Lya)  -69.8158 -.378103 -1.48217 -1.03893 -.380773 .0694862 -.330382 -.0604033 .195831 

(LyT)  -72.2366 -1.16996 -1.25436 -.404927 -.0551144 -0691596 .0107803 -.0171457 -.0103497 

The f i t  r e p r e s e n t s  t h e  (Ly,) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  of 3.3%. 
The maximum d e v i a t i o n  is 6.3% a t  2.OE+00 eV/aniu. 

The f i t  r e p r e s e n t s  t h e  (Lyp)  cross s e c t i o n  w i t h  an  r m s  d e v i a t i o n  o f  4.6%. 
The maximum d e v i a t i o n  is 7.3% a t  1.4E+01 eV/amu. 

The f i t  r e p r e s e n t s  t h e  (Ly7) c r o s s  s e c t i o n  w i t h  an  rms d e v i a t i o n  o f  1.4%. 
The maximum d e v i a t i o n  is 2.7% a t  1.5E+O4 eV/amu. 

S e e  append ix  f o r  Chebyshev f i t  d e t a i l s .  
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Cross Section vs. Energy 
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Energy 

eV/amu 

3 . 9 ~ 0 3  
5.1Et03 
6.1Et03 
7.1Et03 
8.1E+03 
1.OEt04 
1.5Et04 

2.OEt04 
2.5Et04 
3.OEt04 
3.7Et04 

L i n e  Emission C r o s s  S e c t i o n s  of E l e c t r o n  C a p t u r e  C o l l i s i o n s  f o r  

He2+ t L i  -> He+(H,,,HB,Hy,H6) t Lit 

C r o s s  S e c t i o n  

0 2  

9.19E-15 
8.03E-15 
7.23 E-1 5 
6.55E-15 
5.73E-15 
4.073-15 
1.49E-15 
6.02E-16 
2.60E-16 
1.03E-16 
4.3 6E-17 

e n e r g y  

eiI/amu 

3.8Et03 
5.1Et03 
6.OEt03 
7.1Et03 
1 .OEt04 
1.5Et04 
2.OEt04 

3 .OEt04 
3.8Et04 

C r o s s  S e c t i o n  

cm2 

7.87E-16 
1.05E-15 
1.10E-15 
1.llE-15 
9.79E-16 
5.20E-16 
2.71E-16 
9.35E-17 
5.04E-17 

Energy 

ev/amu 

5.OE+03 
6.OEt03 
7.1Et03 
8.OE+03 
1.OEt04 
1.5Et04 
2 . 0 ~ 0 4  

2.5Et04 
3.00t04 
3.8E+04 

C r o s s  S e c t i o n  

Cm2 

2.26E-16 
3.19E-16 
3.60E-16 
3.66E-16 
3.41E-16 
2 . 3  3E-16 
1.46E-16 

7.358-17 
4.61E-17 
2.998-17 

Energy 

eV/amu 

5.0Et03 
6.OEt03 
8.1Et03 
l.OE+04 
1.5E+04 
2.OE+04 
2.5Et04 

3.OEt04 
3.8Et04 

C r o s s  S e c t i o n  

cie2 

1.19~16 
1.24E-16 
1.32E-16 
1.38E-16 
1.29E-16 
8.23E-17 
3.58E-17 
2.30E-17 
1.59E-17 

Refe rence=  240, 243. 245, 262 

Accuracy:  6 0 %  

Notes: (1) The e m i s s i o n  c r o s s  s e c t i o n  j s  d e f i n e d  a s  t h e  pho ton  e m i s s i o n  from s t a t e  n 1  w i t h  n o  

c o r r e c t i o n s  f o r  c a s c a d i n g  i.e. Balmer- a e m i s s i o n  c r o s s  s e c t i o n  is t h e  e m i s s i o n  o f  

p h o t o n s  i n  t h e  3 ->2 t r a n s i t i o n  a t  L =164 nm which d o e s  n o t  i n c l u d e  any  o t h e r  

t r a n s i t i o n s .  

(2) The p r o b a b l e  a c c u r a c y  o f  t h e  d a t a  is e s t i m a t e d  at. 6 0 % .  

F o r  Chebyshev f i t s  of t h e  above cross  s e c t i o n s  it is n e c e s s a r y  t o  u s e  t h e  f o l l o w i n g  p a r a m e t e r s .  

(Ha) = 3.9Et03 ev/amu, Emax = 3.7Et04 eV/amu 

(Hg) Emin = 3.8Bt03 eV/amu, Emax = 3.RE+04 eV/amu 

(H7) Emin = 5.OEt03 eV/amu, Emax = 3.8Et04 eV/amu 

(Ha) E m i n  = 5.0Et03 eV/amu, Emax = 3.8Et04 eV/amu 

ChebyskKv. .Fi t t ing P a r a m e t e r s  f o r  C r o s s  S e c t i o n s  

A0 A1 A2 A3 A 4  A5 A6 A7 A8 

(Ha) -68.6366 -2.68265 -.765389 -.0308549 .0354272 .00127287 .0359553 .0365120 .0161142 

(Hg)  -71.0392 -1.46157 -.677621 .0638841 -0375648 .00465953 -.00918230 .0189071 .0164169 

(H,,) -72.9366 -1.14183 -.554068 .lo5201 .0358399 .0591287 -.00855619 -.0336544 -.0423521 

(Hb) -71.4125 -.995923 -.511481 -.0119520 .159667 .0670561 -.0432569 -.0655825 -.0724875 

The f i t  r e p r e s e n t s  t h e  (Ha) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0.6%. 
The maximum d e v i a t i o n  is 1 . 0 %  a t  2.OEt04 eV/amu. 

The f i t  r e p r e s e n t s  t h e  ( H g )  c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  of 0 . 0 % .  

The maximum d e v i a t i o n  is 0.0%. 
The f i t  r e p r e s e n t s  t h e  (HI) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0.5%. 
The maximum d e v i a t i o n  i s  1.1% a t  8.0Et03 eV/amu.  

The f i t  r e p r e s e n t s  t h e  (Hb) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0 .0%.  

The rnaxirnum d e v i a t i o n  i s  0 . 0 % .  

S e e  append ix  for Chebyshev f i t  d e t a i l s  
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R er 0 m m e i l  d e d 
Data _. . . . . 

10' I 0" 
En e t-cj y (eV/a t-n c-r) 







c . (Cont'd) 

13' 3- H ->  H(2s) . . . . . . . . . . . . . .  C - 4 4  
.-> 11(2p) . . . . . . . . . . . . . .  c-44* 
.. > H ( n = 2 )  . . . . . . . . . . . . . .  C - 4 8  
->  H ( n : : 3 )  . . . . . . . . . . . . . .  c-48 
-.> H ( n = 4 )  . . . . . . . . . . . . . .  c-48 

€1' 4- Hz ->  H ' .I. H(2S) + H . . . . . . . . .  
-.-> H +  4- H(2p) I H . . . . . . . . .  
-> H+ 9. H ( 3 g )  -i- w . . . . . . . . .  
.. > EI ( I.lymaan-, ) . . . . . . . . . . .  
-> H ( U a l r n e r - a )  . . . . . . . . . . .  
-> H ( R a l r n e r . - s )  . . . . . . . . . . .  
->  M( Salmer-.r) . . . . . . . . . . .  
-> 112 ( Lyman- B a n d )  . . . . . . . . .  
-> H+yman-Pand) . . . . . . . . .  

11' + H e  -> I I e ( 2 1 S )  . . .  
-> I i e ( 2 1 P )  . . .  
-> He(21S 4- 2119 
->  He(31S) . . .  
-> H e ( 3 ' P )  . . .  
.. > H e ( 3 1 D )  . . .  
->  He(41S) . . .  
-> I I e ( 4 l P )  . . .  
-> He(4'D) . . .  
->  ~ . ~ . ~ . ( 2 0 - 1 4 0  

. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
nm) . . . . . . . .  

1'-50 
c -50  
e - 5 2  
c-54 
c-56 
C-56  
(1-56 
(2-58 
c - 5 8  

C - 6 0 *  
C-GO* 
C - 6 0  
(1-66 
c-66 
c - 6 6  
c-68 
C.. 6 8  
c-68 
c-"70 

Me.'- + HI --> EI(n=2) . . . . . . . . . . . . .  c - 7 2  
... > N(2s;) . . . . . . . . . .  , . . .  c-74 
->  W( 2p) . . . . . . . . . . . . . .  c-74.i 

He-' -+ Hz .. > H(X.yma n -a )  . . . . . . . . . . .  
->  H ( B a l r n e r - w  ) . . . . . . . . . .  
.. > I1( BaLn1el-.. . 8 )  . . . . . . . . . .  
.. > H ( 2 p )  . . . . . . . . . . . . .  
- ' H ( 3 S )  . . . . . . . . . . . . .  
... > 1€(3p)  . . . . . . . . . . . . .  
--> I ' l e f ( 2 s )  . . . . . . . . . . . .  

->  H(Lyman-~)  . . . . . . . . . . .  

- > H ( 2 s )  , . . . . . . . . . . . .  

[ t a r g e t ]  
[target] 
[target] 

[ t a r g e t ]  
[ target; ] 
[ t-arget ] 

[ t a r g e t ]  
[ target 3 

[target] 
[ target 3 

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  

c-78 
c-78 
c-80 
c-so 
C -  $ 2  
c-82 
C - 9 4  
c-84 
c-86 

c-88 
c-88 
C-90  
C - 9 0  
c-92 
c-92 
c-92 
(11-94 
C.. 9 4  
c-94 







.....\ .. . 



c-2 

Energy 
(eV/aniu ) 

2.OE+03 
3.OEt03 
4.OE+03 
5.OE+03 
6.OE+03 
7.OE+03 
8.OE+03 
9.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
3.OE+04 
4.OE+04 
5.OE+04 
6.OE+04 
7.OE-1-04 
8.OEt04 
9.OE+04 

References: 15, 

Excitation Cross Sections fo r  

H + H -> H(2S12p) + H ( X )  

Cross Section 
( cn12 ) 

8.036-18 
9.80E-18 
1.15E-17 
1.29E-17 
1.43E-17 
1.51E-17 
1.56E-17 
1.59E-17 
1.60E-17 
1 37E-17 
1.04E-17 
6.64E-18 
4.65E-18 
3.48E-18 
2.74E-18 
2.28E-18 
2.02E-18 
1.84E-18 

Energy 
(eV/a i iu  ) 

4.OEi03 
5.OE+03 
6.OE+03 
. I .  OE+03 
8.OE+03 
9.OE+03 
1.OE+04 
1.5?3+04 
2.OE+04 
3.OE+04 

592, 593, 594, 595, 596, 597, 598 

Cross Section 
( Clll * ) 
1.62E-17 
2.29E-17 
2.44E-17 
2.47E-17 
2.413-17 
2.35E-17 
2.28E-17 
1.92E-17 
1.58E-17 
1.17E-17 

Accuracy: Unknown 

Notes: (1) The symbol H ( c )  denotes t h a t  the t a rge t  atom may be l e f t  i n  any 
[exci ted]  s t a t e  a f t e r  the col l is ion.  (2) A l l  theoret ical  treatments of the 
H -I- H excitation cross sections are i n  serious disagreement w i t h  
experiment and w i t h  each other both i n  absolute inagni.tude and energy 
dependence. For various theoret ical  treatments see Flannery (Ref. 594 - 
four State  iilipact parameter method), McLaughlin and Bell (Ref. 595 - close 
coupling exchanye), Shingal et a l .  (Ref. 596 - f o u r  s t a t e  seiniclassical 
impact parameter), and Khurana e t  a l .  (Ref. 597 - 2nd Box-11 approxiiiiation 
and also dis tor ted wave Born). 

Chebyshev F i t t i i l q  Parameters for  Cross Sections 

H(2S) El,,i,, 2.OEt03, E,,, = 9.OE+Q4 
= 3.OE+04 H(  2p) E,,,in 4.OE+03, %ax 

A 0  A 1  A2 A3 A4 A5 A 0  6 

H(2S) -79.1098 -.781062 -.651'723 .0462865 .114234 -.00487654 -.0114391 
H(2p) -77.1082 -.256046 -.232311 .0701782 --0315673 -0229762 -00612383 

The f i t  represents the H(2s) cross section w i t h  an riw deviation of 1.2%. 
The maximum devi a t  i on i s  2.8% a t  2.OE+04 oV/aruu. 

The f i t  represents the H(2p) cross section w i t h  an rills deviation of 0 . 3 % .  
The maximum deviation i s  0.6% a t  6.OEi03 eV/aiiu. 

See appendix f o r  Chebyshev f i t  de t a i l s .  



c-3 

10- l ‘  

A 

0 
W 

(n rn 
0 

cfj 

H + H -> H(2~,2p> 

Cross Section vs. Energy 
I I I 1  l l l l l  1 I I I I I I I  

Recommended 
Data 

Chebyshev Fit 

IO* 
Energy (eV,amu) 

10” 



E x c i t a t i o n  

l.OE+03 
2.OE+03 
4.OE+03 
7.OEt03 
1.OEt04 
2.OEt04 
4.OEt04 
7 .OEt04 
1.OE-hO5 
2.OE+05 
4.OE+05 
7 .OEt05 
l.OE+06 

1 * 68E-18 
6.73E-18 
1.22E-17 
8 . 5 9 ~ 1 8  
6 -47E-18 
3.48E-18 
1.76E-18 
1.07E-18 
7.69E-19 
4.08E-19 
2.11E - 19 
1.20E-19 
0 . 7  2E-20 

c-4 

and S p e c t r a l  L ine  Emission Cross S e c t i o n s  for 

H + H -> H(3sr3p,3d) + H(z) 
-> Bal i i ie r - -u  eiiii s s i o n  

1.OE+03 
2.OE+03 
4 .OEt03 
6 .  OE 1-03 
7.0E+03 
1.OE+04 
2. OE I O 4  
4 0 OGt04 
7.OEt04 
l.OE+05 
2.OEt05 
4 * OE-t 05 
7.OE+05 
l.OE+06 

7.24E-19 
5.76E-18 
1.45E-17 
1.63E-17 
1.591.3-17 
1.34E-17 
7.42E-18 
4.27E-18 
3.llE-18 
2.55E-18 
1.61E-18 
9.29B-19 
5.57E-19 
4.00E-19 

H(3d) 

Energy 0 

(ev/ariiu ) ( cin2 ) 

1. OE I03 
2.OE+03 
4.OEt03 
6.0E+03 
7.OEt03 
1.OE+04 
2.OE+04 
4.OE-k04 
7.OEt04 
l.OE+05 
2.OE+05 
4.OE+05 
7.OE+05 
1.OEi-06 

2.53E-20 
3.22E-19 
1.14E-18 
1.39E-18 
1.38E-18 
1.18E-18 
6.78E-19 
4.llE-19 
2.99E-19 
2 -44E-19 
1.50E-19 
8.23~20 
4 o 91E-20 
3.56E-20 

Ilu 

1.87E-18 
a. 27~-18 
1.45E-17 
1.20E-17 
9.34E-18 
5.05E-18 
2.68E-18 
1.71E-18 
1.32E-18 
7.60E-19 
3.97E-19 
2.32E-19 
I. 65E-19 

Refe rence :  598 

Accuracy: Unknown 

P Notes: (1) We are n o t  aware of any  e x p e r i m e n t a l  d a t a  f o r  tile e x c i t a t i o n  
of t h e  n = 3 l e v e l s  of H by H iiiipact. (2) The data shown are o b t a i n e d  froin 
McLaughlin and  B e l l  (Ref .  598) u s i n g  f i r s t  order exchange  t h e o r y .  They 
a l so  c a l c u l a t e d  t h e s e  e x c i t a t i o n  cross s e c t i o n s  u s i n g  t h e  f i r s t  Born 
approxi ina t ion .  Below I O 5  eV/amu t h e  Born c a l c u l a t i o n s  are as much as a 
factor of 5 below Lhe da t3  o b t a i n e d  from Lhe exchange  t h e o r y .  These  data  
are p l a c e d  h e r r  t o  p r o v i d e  an i n s i g h t  as t o  t h e  inagnitude and e n e r g y  
dependence  of t h e  n = 3 e x c i t a l i o n  cross s e c t i o n s .  (3) The Ha e m i s s i o n  
cross s e c t i o n  i s  g i v e n  by Hu = o(3s) + 0.118 o(3p) + o(3d). (4) The s y i i b o l  
z denotes t h a t  t h e  target  atum niay be l e f t  i n  any state.  

Chebyshev F i t t i n q  Paramters f o r  Cross S e c t i o n s  

H(3s) El,,in = 1.OE+03 e V / a r u i r ,  E,,, = 1.01i:+O6 eV/aiiu 
1.OE+06 eV/aiiu 

= 1.OE+06 eV/aiiu 
H(3p) EiIlin 1 1.OEt03 eV/anru, Enlax 

= 1.OE+06 eV/aiiu 
%ax H(3d) E,,,in - 1.OE+03 eV/amu, 

Ha E,i.n = 1.OE+03 eV/auu, 

A0 A 1  A 2  A 3  A4 A5 A 6  

H(3s) -82.5799 -2.05302 -.go8967 -534101 -.249917 .0520636 -0418468 
H(3P) -81.2005 -.954175 -1.20328 .638574 -.328341 ,0263311 -0719202 
H(3d) -86.3820 -a612848 -1.47849 -754596 -.362929 -0428931 -0876543 
Hff -81.7586 -1.76650 -. 933877 -519497 -264797 .0406777 ,0464266 

The 
The 
The 
The 
The 
The 
The 
The  

f i t  r e p r e s e n t s  t h e  H(3s) cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of  4 .2%.  
inaximum d e v i a t i o n  i s  6.2% a t  2. OE F O 3  eV/amu. 
f i t  r e p r e s e n t s  t h e  H(3p) cross s e c t i o n  w i t h  an  niis d e v i a t i o n  of 2.0%. 
Itlaximum d e v i a t i o n  i s  2.9% a t  2 .  OE+OE, ev/aunu. 
f i t  r e p r e s e n t s  t h e  H ( 3 d )  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 2.6%. 
iiiaxiiuuni d e v i a t i o n  is 4.6% a t  2. OE t04 eV/aniu. 
f i t  represclnts t h e  Ha cross s e c t i o n  w i t h  an rms d e v i a t i o n  of  1.6%. 
maximum d e v i a t i o n  is  2.2% a t  2.OE+03 e v / m u .  

See  appendix  for Chebyshev f i t  d e t a i l s .  
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C-6 

P r o j e c t i l e  E x c i t a t i o n  and T a r g e t  D i s s o c i a t i v e  E x c i t a t i o n  Cross S e c t i o n s  for 

2.OEi-03 
3.0Ei-03 
4 e OE+03 
5.OE+03 
6.OE+O3 
7.OE+03 
8.OEi-03 
9.OE+03 
l.OE+04 
1.5E+04 
2.OE+04 
2.5E+04 

5.56E-18 
6.69E-18 
7.62E-18 
8.47E-18 
9.19E-18 
9 . 9 0 ~ - 1 8  
1.05E-17 
1 . l l E - 1 7  
1.16E-17 
1.32E-17 
1.20E-17 
9.84E-18 

H i- H, 

5.OEt03 
6.OE+03 
7.OEt03 
8.OEt03 
9.OE+O3 
1.OE+04 
1.5E+04 
2.OE+04 
2.5E+O4 

4. DE-17 
3.53E-17 
3 . l lE - I7  
2.79E-17 
2.61E-17 
2.49E-17 
2.4OE-I7 
2-08E-17 
1.78E-17 

-> x H + H(ZS,2P) 

H (  2 s )  [ targ.  ] 

Energy 
( F?V/aliIU ) 

5. mi-03 
6.OEi03 
7.OEt03 
R.OE+03 
9.OEi-03 
I. O E t  04 
1.3Ei-04 
1.5E+04 
2.OEt04 
2 . 5 ~ 0 4  

0 

( Clll ) 

2.78E-18 
3. 26E-18 
3.5’7E-18 
3.75E-18 
3.81E-18 
3.86E--18 
3.88E-18 
3.83E-18 
3.68E-18 
3.5313-18 

5.OE+03 
6.OE+03 
7.0E+03 
8.OEi-03 
9.OEi-03 
1.OE+04 
1.3Et04 
1.5Et04 
2.OEi-04 
2.5E+04 

6.9OE-38 
8.6OE-48 
9.97E-18 
1.12E-17 
1.22E-17 
1 . 3  2E-17 
1.39E-17 
1 - 3 7 E- 1 7  
1.16E-17 
9.03E-18 

References: 124 ,  592 

Accuracy: Unknown 

---- 

Notes: (1) H i s  c o n s i d e r e d  t h e  p r o j e c t i l e  and H z  t h e  t a r g e t .  ( 2 )  The symbol L’ 
d e n o t e s  a l l  s ta tes  i n  which Lhe p r o d u c t s  are l e f t .  ( 3 )  The n=2->1 t r a n s i t i o n  
i s  a t  wave leng th  121.57nm. 

Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross S e c t i o n s  

= 2.5E+04 eV/anw W(2fi) p r o j .  
H ( 2 p )  proj.  EIliin = 5.OEi03 eV/aniu, = 2.5E+04 eV/amu 

= 2.5Ei-04 eV/aiiu 
= 2.5Ei04 eV/ruiiu 

H (  2 s )  t a r y .  E i i n  = 5.OE+03 eV/amu, 
H (  2p) t a r y .  En,in = 5.OE+03 eV/aniu, 

ElIlin = 2.OE+03 e V / a i u ,  Emax 

A0 A 1  A2 A3 A4 A5 A6 

H ( 2 s )  p r o j .  -78 .5298 . 3 8 1 1 9 3  - . 1 5 3 2 4 1  - .0881960 - .0354361 - . 0 0 8 3 9 6 8 9  . 0 0 7 5 6 2 4 2  
H(2p) p r o j .  -76 .3640 - .378165 . 0 4 0 9 3 3 0  - .0624299 -.0180012 . 0 1 9 7 8 4 4  . 0 1 2 5 3 2 4  
H ( 2 s )  targ. - 8 0 . 3 8 3 1  . 0 9 0 3 8 1 9  - . l o 9 4 1 5  .0282363 - . 0 0 6 7 6 5 6 8  . 0 0 0 9 0 3 0 3 4  . 0 0 3 0 3 5 2 2  
H ( 2 p )  targ. -78 .2178 .158165 - . 2 6 9 3 4 1  -.0251991 .00457227 . 0 0 1 4 5 1 5 8  - .00685275 

The f i t  r e p r e s e n t s  t h e  H ( 2 s )  p r o j .  cross s e c t i o n  w i t h  an  rim d e v i a t i o n  
The isaximuni d e v i a t i o n  is  0.8% a t  1.OEi-04 eV/aniu. 

The fit  r e p r e s e n t s  t h e  H(2p)  proj .  cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  
The inaxi.mum d e v i a t i o n  i s  0 . 3 %  a t  8.OE+03 eV/aniu. 

The f i t  r e p r e s e n t s  t h e  H ( 2 s )  t a r g .  cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  
The maxiinuni d e v i a t i o n  i s  0 . 3 %  a t  9.OE+O3 eV/aniu. 

The f i t  r e p r e s e n t s  t h e  H(2p)  t a r y .  c r o s s  s e c t i o n  w i t h  an  rnis d e v i a t i o n  
The maximum d e v F a t i o n  i s  0 .7% a t  1.3E+04 eV/aliiu. 

of 0 .5%.  

o f  0 .2%.  

of 0 .2%.  

of 0.48. 

See appendix  f o r  Chebyshev f i t  detai ls .  
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H + H, -> H(%s,&) t EH 
H + H, -> I H  + H!2s,2p) 2 H 

Cross Section vs. Energy 

A 
N 

E 
0 

W 

r- 

En erg y (eV/a rn u> 



Total S p e c t r a l  L ine  Emission Cross S e c t i o n s  for 

pi + plz -> I I (Lyman-a)  

Energy 
( e\l/auuu ) 

1.5E+03 
2. OE k 0 3  
3.OEs03 
4 e OEi03 
5.OE+03 
6. O E t  03 
7.013~3 
8.OE+03 
9. OE t03 
1.OE+04 
1.5E+04 
2.0El04 
2. W+04 
3.OE+O4 
4.01.:+04 
5.OE+04 
6. OEi  04 
7.0t.;+04 
8.OE+04 
9.OE+04 
1.OE+03 
1.3Ef 05 

Veloc j.t  y 
(CIl l /S)  

5.38E+07 
6 . 2  If: i 0 7 
7.61~07 
8.79E b Q 7  
9.82E+07 
1 - 08W08 
1.16E+08 
1.24E+08 
1.32E+08 
1.39E+08 
1.70E bo8 
1.96E+08 
2.20E+08 
2.41Ei 08  
2.18E+08 
3.1lE+OD 
3.40E+08 
3.688+08 
3.93E+OE 
4.17Et 08 

5.01E+08 
4.39E+08 

Cross S e c t i o n  
( Clll ) 

7.17E-17 
6.67E-17 

5.38E-17 

4.5OF:-17 

5.98E-17 

4.91E-17 

4.22E-17 
4.04E-17 
3.92E-J 7 
3 - 80E-17 
3 -48E-17 
3.20E-17 
2.97E-17 
2.81E-17 
2 52E-17 
2.28E-17 
2.15E-17 
2.06E-17 
1 m 98E-17 
1.92E-17 
1.88E-31 
1.77E-ll 

Refe rences :  124, 194, 333 

Accuracy: Unknown 

_I Note: The t o t a l  s p e c t r a l  l i n e  e m i s s i o n  i n c l u d e s  r a d i a t i o n  from e x c i t a t i o n  
of t h e  H p r o j e c t i l e  and t h e  d i s s o c i a t i v e  e x c i t a t i o n  of t h e  H2 t a r g e t .  

Chebyshev F i t t i n q  Pa rame te r s  for  Cross SecLions  

E,,in = 1.5E+03 eV/anlu, E Illax 1.3E+05 eV/aniu 

A 0  A l  A2 A3 A4 A5 A6 

-75.7615 -.720784 -0118290 .00540110 -.00257496 .0252003 -.00232715 

The f i t  r e p r e s e n t s  t h e  above cross section w i t h  an  rnis d e v i a t i o n  of 1.2% 
The maxiiiiuiii d e v i a t i o n  i s  2.4% a t  2.OE+03 eV/aniu. 

See append ix  for Chebyshev f i t  dotai . ls .  
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Excitation Cross Sections for 

H + H2 ---> H ( 3 S )  + I?* 
-> 14(3p+3d) + H 2  

H(3s) H( 3p-13d) 

Energy Cross Section Energy Cross Section* 
( ev/anu ) ( Clll ) (eV/aunu ) ( ell1 * ) 

1 .  R4E-18 
4 E 61E-  e8 
5.66E-18 
5.61E-18 
4.95E-18 
3.53E-18 
2.96E-18 
2.43E-18 
2 3 6 E- 18 
2.46E-18 
3.21~-ie 
4.07E-18 
4 - Q1E-18 
4 46E-3 8 

2 . 8 6 E - 1 8  

4 * 50E-18 

3.59E-18 

2 e 73E- 1R 

2.OE+02 
4.OE+02 
7.OE+02 
1.OE+03 
1.5E603 
2 ..OW03 
3.OE+03 
4-.OE+03 
7.OE+03 
l.OEt04 
1.5E3+34 
2.OE+04 
4 e OE+04 
. I .  OE+04 
1.OE+O5 

5.723-18 
1.01E- 17 
1.25E- 1 7 
1.35E-17 
1.28E-17 
1.17E--17 
8.66E-18 
6.34E-18 
3.91E-18 
3.64E.-18 
3.13E-1S 
2.13E-18 
1.29E-i8 
I. 17E-18 
1.16E--If? 

* see n o t e s  (3) and (4) 

References: 133, 500, 601  

Accuracy: Unknown 

Notes: (1) Because of i t s  much longer l i fe t ime,  the 3s exci ta t ion is resolvable 
i n  t h e  Balii~er-~ emission. ( 2 )  The 3s cross section represents t h a t  for  
exci ta t ion of t h e  H pro jec t i l e  only. ( 3 )  The cross section labelled H(3p + 3d) 
is  determined by subtracting a (  3s) froiii the t o t a l  Balmer-n einission cross  
section, and therefore represents a (  3d) + 0.12 o( 3p) because of branching 
r a t io s .  (4) For enerqi-es above 2 keV/aniu,  t h e  H(3p + 3d) cross  sect ion 
represents exci ta t ion of the p ro jec t i l e  o n l y .  A t  lower energies, contributions 
from dissociat ive excitation of H 2  target. molecules are  included. Comparison 
of the data sugqests t ha t  these contributions are  siaall. 

Chebysihsv Fittinq Parmeters fo r  Cross Sections 

H(3S) E,,in = 2.OE+02 ev/aInu, Emax == 1.OE+05 eV/.uiiu 
H ( 3p I-3d 1 E,in = 2.OEi-02 e V / m i u ,  E,,,, = 1.OE+O5 eV/aiiu 

A 0  A1 A 2  A 3  A4 A5 A6 

H(3S) -80.5534 -SO150679 -.145036 -109627 -.341180 .113781 .131159 
H(3pt3d)  -80.1203 -1.13376 -.496856 .359704 -00520846 -.0168457 .0653151 

The f i t  represents t h e  H(3s) cross s r c t i o n  wjth an m s  deviation o f  3 .2%.  
The inaxinium deviation i s  1.0% a t  4.OE604 eV/aiiu. 

The f i t  represents the H(3p+3d) cioss section w i t h  an rills deviation of 7.1%. 
The iiiaximiii deviation i s  14. 5% a t  7.OE+03 eV/amu. 

See appent1j.x fo r  Chebyshev f i t  details. 
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‘Total S p e c t r a l  L ine  Eniissi.on Cross S e c t i o n s  for 

H + H2 -> (Ballller-a) 

5.OEt01 
7. OEtOl 
l.OE+O2 
1.5Et02 
2.OE+02 
Q.OE+02 
7.OEt02 
9.OE+02 
l.OE+03 
1.5E+03 
2. OE b03 
4.OE+03 
7.OE+03 
8.OEt03 
l.OE+04 
1.4Et-04 
2.OE+04 
4.OE+04 
7.OE+Od 
l.OE4-05 

1.98E-19 
6.35E-19 
1.67E-18 
4.93E-18 
7.69E-18 
1.47~-17 
1.80E-17 
1.84E-17 
1.82E-17 
1.75E-17 
1.56E-L7 
1.10E-17 
8.76E-18 
8.69E-18 
9.54E-18 
1.01E-17 
9.84E-48 
7.14E-18 
5.26E-18 
4,61E-18 

2.OE+03 
3.OE+03 
4 OE+03 
5.OEt03 
6.OEt03 
7.OEt03 
8.OEt03 
9.OE+O3 
l.OE+04 
1.5E+OQ 
2.OE+04 
2 . 3 ~ 0 4  
3.0E-f 04 
4.OE+04 
5.OE+O4 
6. OE to4 
7.OEt04 
8.OE+04 
9.OE+04 
1.OEt05 

1.90~-18 
1.87E-18 
1.90E-18 
1 - 95E-18 
2.02E-18 
2,llE--18 
2.24E-18 
2.3 7E-18 
2.54E-18 
2.94E--18 
3.15G-18 
3.18E-18 
2.89E-18 
2.30E-18 
1 93E-18 
1.63E-18 
1.41E-18 
1.24E-18 
1.llE-18 
1.01E-18 

2.OE+03 
3 .  OE t03 
4.OE+03 
5.OE+03 
6.OF!+03 
7.OEt03 
7.5E+O3 
8 . 0 ~ 0 3  
9.OEi03 
l.OE+O4 
1.5E+04 
2.OE+04 
3.OE-f-04 
4.OE+04 
5.OE+04 
6.OE-t-04 
7.OE+04 
8.OE+04 
9.OE+04 
1.OEt05 

1-588-17 
1.14F-17 
9.06E-18 
7.6 1E-18 
6.83E-18 
6 - 54E-18 
6.52E-18 
6.62E-18 
6 - 88E-18 
7.04E-18 
7. PlE-18 
6.69E-18 
5.39E-18 
4.73E-18 
4.43E-18 
4 e 25E-18 
4 201.:-18 
4 a 18E-18 
4.17E-18 
4.17E-18 

References:, 133, 500, 601 

Accuracy: Unknown 

Notes: (1) The  t o t a l  Balmer-a eii i ission cross s e c t i o n  Ha i s  equal t o  t h e  nuin 
of t h e  emission froin t h e  p r o j e c t i l e  ( H p p )  and t h e  t a r g e t  (HT ) .  (2) Balmc-r- 
a rad ia t ion  i s  from t h e  n=3->n=2 t r a n s i t i o n  i n  H w i t h  x - 256.28nm. 

Chebyshev F i t t i . n q  Parameters fo r  Cross S e c t i o n s  

Total E,,in 5. O E i  01 ~ V / ~ I I L I ,  = 1.0Ki-05 eV/iunu 
H2 E,,,in - 2.OEtO3 e V / a m i ,  %ax = 1.0E+05 eV/cuiiu 

= 1.OE405 eV/asnu R E,in = 2.OE+03 eV/aJnu,  Elllax 

A0 A1 A2 A3 A4 A5 A 6  

Total -79.7992 ,953923 -1.39403 .663856 --e262806 -e0749405 -0516520 
H2 -81.5995 -.I83064 -.361113 -.185120 -0559114 -0591802 -.0130234 
H -79.0077 -.627859 .128139 -.0950362 .0772477 -0565053 -.0596124 

The f i t  r e p r e s e n t s  Lhe Total c r o s s  s e c t i o n  w i t h  a n  ms d c v i a t i o n  of 7.0%. 
The iiiaxinium d e v i a t i o n  i s  13.6% at  i.OEi03 eV/aniu.  

The P i t  r e p r e s e n t s  t h e  H2 cross s e c t i o n  w j t h  an  rills d e v i a t i o n  of 1.4%. 
The iiiaxinium d e v i a t i o n  i s  3.0% (at 4.0E+04 eV/auu. 

T h e  €it r e p r e s e n t s  t h e  H cross section w i t h  an  rills d e v i a t i o n  of 1.9%. 
The  mdximuin d e v i a t i o n  is  3.4’1, a t  3.OE+03 eV/annu. 

See appendix f o r  Chebyshev f i t  details. 
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Total Excitation and Spectral  1,ine Emission Cross Sections for 

H + Hz -> H(4S,4p+4d) 
-> 11 (Balmer-8) 

Energy 
( ev/ amu 

2.OE-1-02 
3.OE+02 
4.OE+82 
5.OE+02 
6.OE+02 
7.OE+02 
8.OE+02 
9.OE+02 
1.0E+03 
1.5E-FO3 
2 * OE+0.3 
2.5!2+03 

References: 

H(4S) 

4 

( cn12 ) 

2.69E-19 
5.20E-19 
8.30E-19 
1.01E-18 
1.11E-18 
1.12E-18 
1.10E-18 
1.06E-18 
1.02E-18 
8.58E-19 
7.48~~19 
6.67E-19 

6 0 0 ,  601 

H ( 4pt 4d)  

Energy U 

(ev/amu ) ( CIll ) 

9.253-19 
1.5QE-18 
1.91E-18 
2.20E-18 
2.40E-18 
2.5412-18 
2.66E-18 
2.76E-18 
2.86E-18 
2.99E-18 
2. 9~E-18 
2.84E-18 
2 a 64E-18 

H ( Balnler-8 ) 

Energy 0 

( Cll12 ) (eV/aniu) 

3.13E-20 
5.98E-20 
2.19E-19 
7.38E-19 
1.24~-18 
2.67E-18 
3 - 66E-18 
3.90E-18 
3.95E-18 
3 - 69E-18 
3.3 7E-18 

Accuracy : Unknown 

Notes: (1) The cross sections include exci ta t ion of the p r o j e c t i l e  €1, 
dissociat ive exci ta t ion of the t a rge t  H2, and H Balmer-0 l i n e  emission from both 
p ro jec t i l e  and t a rge t .  ( 2 )  The Balmer-8 radiation has a wavelength of 486.13n111, 
and corresponds to the n=4->n=2 t r ans i t i on  i n  H. 

Chebyshev F i t t i nq  Parameters fo r  cross Sections 

H ( 4 s )  = 2.OE+02 eV/EUNI, E = 2.5E+O3 eV/auuu 
H (4p+4d) = 2.OE+02 eV/aniu, E;;;:; = 2.5E+03 eV/aniu 
H (  Balmer-8) EnIin = 6.OE+01 eV/auu, %ax = 2.5E+03 eV/aniu 

A0 A1 A2 A3 A4 A5 A6 

H ( 4 s )  -83.7360 -403599 -.495244 -0926298 -0476553 -.0421657 -00996875 
H (4p+4d) -81.4782 .513746 -.253426 .oi20434 -.0154708 -.ooi46007 .0079524a 
H(Bal !uer -B)  -82.9678 2.14325 -1.06498 .222304 -.0396703 -.0277369 .0217573 

T h e  f i t  represents the H(4s) cross section w i t h  an  L-111s deviation of 0.4%. 
The maximum deviation i s  1.1% a t  5.OE+02 eV/axiu. 

The f i t  represents the H(4p+4d) cross section w i t h  an riiis deviation of 0.3%. 
The maximum deviation is  0.4% a t  4.OE+02 eV/aniu. 

The fit represents t he  H ( B a 1 m e r - 8 )  cross section w i t h  an rills deviation of 1 . 6 % .  
The  maximum deviation i s  2.5% a t  1.OE+02 eV/aniu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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Energy 
(9V/anlU) 

7.OEi-03 
8.OE+03 
9.OE+03 
1. OE i-04 
1 . 1 E + 0 4  
1.2E+O4 
1 .3 E (-04 
1 . 4 E + 0 4  
1 . 5 E t 0 4  
I. 6 E + 0 4  
1 . 7 E + 0 4  
1 . 8 E + 0 4  
1 . 9 E t 0 4  
2.OE-t.04 
2 .  1 E + 0 4  
2.2E+O4 
2.3E-t 04 
2 .  4 E + 0 4  
2 . 5 E + 0 4  
2.6E-t 0 4  

T o t a l  S p e c t r a l  L ine  Emiss ion  Cross Sect ions for  

H ( 2 s )  t H2 -> H(Lyiian-a) 

V e l o c i t y  
( cm/ s ) 

1.16E+O8 
1 . 2 4 E  t08 
1 .3  2E+08 
1 .3  9 E + 0 8  
1 . 4 6 E + 0 8  
1 .52E+O8 
1 . 5 8 E t 0 8  
1 .64Et-08  
1.70E+OS 
1 . 7 6 E + 0 8  
1 .81E-f -08  
1. S6E+O8 
1 . 9 1 S + 0 8  
1 . 9 6 E + 0 8  
2.01E+O8 
2 . 0 6 E + 0 8  
2 . l l E + 0 8  
2.15E-t.08 
2 . 2 0 E + 0 8  
2 . 2 4 E + 0 8  

Cross S e c t i o n  
( Clll2 ) 

1 . 4 6 E - 1 6  
1 . 4 9 E - 1 6  
1 - 50E-16 
1 . 4 9 E - I 6  
1 . 4 8 E - 1 6  
1 . 4 6 E - 1 6  
1 . 4 3 E - 1 6  
1 . 4 l E -  1 6  
1 3 8 E - 1 6  
1 . 3 4 E - 1 6  
1 . 3 1 E - 1 6  
1 . 2 7 E - 1 6  
1 . 2 3 E - 1 6  
1 . 2 0 E - 1 6  
1 . 1 6 E - - 1 6  
1. H E - 1 6  
1. 1OE-16 
1.071.:-16 
1 . 0 4 E - 1 6  
1 02E-16 

Refe rences :  333,  6 9 2  

Accuracy: 60% 

Notes: (1) These d a t a  i n c l u d e  e m i s s i o n  from e x c i t a t i o n  of t h e  p r o j e c t i l e  R and 
from t h e  d i s s o c i a t i v e  e x c i t a t i o n  o f  H 2 .  ( 2 )  e m i s s i o n  o c c u r s  a t  a 
wave leng th  o f  1 2 1 . 5 7 n m .  

Chebyshev F i t t i n q  Parancters f o r  Cross S e c t i o n s  

= 2 . 6 E t 0 4  eV/amu Enlax Emin = 7.OE+03 eV/aniu, 

A 0  A1 A2 A3 A 4  A5 A6 

- 7 3 . 1 3 7 0  - . 1 8 3 7 9 1  -SO767839 . 0 0 1 3 0 6 1 1  - 0 0 2 5 2 3 7 9  - 0 0 2 8 4 1 2 3  - 8 . 7 0 4 3 6 E - 0 5  

The f i t  r e p r e s e n t s  t h e  above c r o s s  section w i t h  an  rms d e v i a t i o n  o f  0 . 2 % .  
The maximum d e v i a t i o n  is  0.4% a t  1.3E-t.04 eV/anu. 

See  appendix  for Chebyshev f i t  d e t a i l s .  
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Excitation and Spectral Line Emission Cross Sections for 

H(2S) + Hz -> H(3S) 
-> H(Baliner-o) 

M ( Balmer-a) 

Energy Cross Section 
(eV/aniu 1 ( Clul ) 

5.OE+03 
6.0E+03 
R.OE+03 
l.OE+04 
1 . 2 ~ 0 4  
1.4E+04 
1.6E+04 
1.8E+04 
2.OEt04 
2.2E.l-04 
2-4E4-04 
2.6E+04 

2.27E-17 
2.29~-17 

2.3 2E-17 

2.31E-I7 

2.06E-17 

2.3 1E-17 

2.333-17 

2.223-17 

I - 88E-17 
1.75E-17 
1.66E-17 
1.58E-17 

H(3s) 

Energy Cross Section 
( eV/tuPiu ) ( ell1 * ) 
5.OE+03 
6.OE+03 
8.OE+03 
9.OE+03 
l.OE+04 
1 2E+Q4 
1.4E+04 
1.6E+04 
1. B E + 0 4  
2.OE+04 
2.2E4-04 
2.4E-t04 
2,6E+04 

1.58E-17 
l .60E-1'7 
1.64E-17 
1.65E- 1.7 
1.64E-17 
1.60E-17 
1.53E-17 
1.45E-17 
1.36E-17 
1.28E-17 
1.21E-17 
1.15E-17 
1.10E-17 

Reference: 691 

Accuracy: 50% 

Notes: (1) The Aalmer-a cross sections are deterruined by measuring t h e  eiiiission 
at h = 656.28nm from the n = 3 staLes of H and are  re la ted t o  the l eve l  
exci ta t ion cross sections as follows: u(f1,) -- 0(3s) + 0.118 0(3p)  + o(3d). The 
f ac to r  0.118 a r i s e s  from the branching r a t i o  fo r  deray of the 3p s t a t e .  (2) The 
a(3s) have been corrected for cascading. 

Chebyshev F i t t i nq  Parameters fo r  Cross Sections 

= 5.OEt03 eV/amu, E,,,, = 2.6E+04 e V / a n l U  

= 2.6E+04 eV/anu 
Emi n H (Balnner-a) 

H(3s) E,,kin = 5.OE+03 eV/amu, Einax 

A0 A1 A2 A3 A4 A5 A6 

H(Ba1mer-a) -76.8150 -.162721 -.lo9854 -.0325036 .0085463 .0165529 .00525437 
H(3S) -77.5541 -.175436 -.lo1810 -.00744771 .0115273 .00202386 -7.458893-05 

The fit  represents t h e  N(Ba1iiier-a) cross section w i t h  an rms deviation of 0.5%. 
The niaxinium deviation i s  1.0% a t  2.OEi-04 eV/amu. 

The f i t  represents the H(3s) cross Section w i t h  an rnis deviation of 0.1%. 
The maximu~ii deviation i s  0.1% a t  1.OEt04 eV/arnu. 

See appendix fo r  Chebyshev f i t  de t a i l s .  
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X = H(3s) 

I I I I 

Recommended 
Data 

_ _ _ - -  Chebyshev Fit. 

5.0 10.0 15.0 20.0 25.0 30.0 

Energy (eV/amu> *lo3 



c - 2 0  

Energy 
(ev/amu 

l.OE+04 
1.1E+04 
1.2E+04 
1.3E+04 
1.4E+04 
1.5E+04 
1 6E+04 
1.7E-t04 
1.8E+04 
1.9E+04 
2.OE+04 
2.1EtQ4 
2.2E+04 
2.3E+04 
2.4E+04 
2.5E+04 
2.6E+04 

S p e c t r a l  L ine  Emiss ion  Cross S e c t i o n s  for  

H ( 2 s )  + He -> H(Lynian-a) 

ve 1 oc i t y 
( cln/ s ) 

1,39E+08 
1.46E.t-08 
1,52E+08 
1,58E+08 
1.64I?+08 
1,70E+08 

1,816+08 
1,86E+08 
1.91Ei-08 
1,96E+08 
2,01E+08 
2,06E+08 
2.11E+08 
2.15Ei-08 
2 + 20E+08 
2,24E+08 

1.76Ei-08 

C r o s s  S e c t i o n  
( c1n2 ) 

1.86E.3-17 
1.75E-17 
1.65E-17 
1.56E.3-17 
1.48E-17 
1.46E-17 
1.43E-17 
1.41E-17 
1.37E-17 
1.3 2E-17 
1.28E-17 
1.24E-17 
1.22E-17 
1.20E-17 
1.19E-17 
1.19E-17 
1.18E-17 

Reference: 333  

Accuracy: 80% 

Note: The H Lynian-a r a d i a t i o n  i s  a t  a wavelength  of 121.57nm. 

Chebyshev F i t t i n q  Paranieters f o r  Cross S e c t i o n s  

Enlin = 1.OE+04 eV/anu, Emax = 2.  6E-tO4 eV/amu 

A0 A1 A 2  A3 A4 A5 A6 

-77.5542 -.232829 -0249886 -.00284785 -0873114 .010603.7 -.00679600 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rills d e v i a t i o n  o f  0.5%. 
The maxinim d e v i a t i o n  i s  1. 2% at 1.4E-t04 eV/anu. 

See append ix  f o r  Chebyshev f i t  detaj.1.s. 
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m 
'0 - 19.0 * 

18.0 

17.0 

13.0 

12.0 

11.0 

H(2s) + He -> H(Ly,) 

Cr-oss Section vs. Energy 
I I I I I I 

\ 

a = c y ,  

Recorn mended 
Data -_ 

Chebyshev Fit - - - - -  

10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 

En erg y (eV/a ni u> *io3 
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Excitation and Spectral Line Emission Cross Sentions For 

H(2s) I- He -> H(3s) 
-> H ( Balmer-n) 

H (3s) H [ Balme r -a ) 

Energy Cross Section Energy Cross Section 
( eV/anu ) ( cm2 ) (eV/aruu) ( Clli ) 

7.05E-18 
6.62E-18 
5.95E-18 
5.53E-18 
5.21E--18 
5.05E-18 
4.95E-18 
4.83E-18 
4.67E-18 
4.44E--18 
4.23E-18 
4.07E-18 

5.OE+03 
6.OE+03 
8.OE+03 
1.OE+04 
1.2E f 04 
1.4E+04 
1.6Et04 
1.8E+04 
2.OE+04 
2.2Et04 
2.4E+04 
2.6E+04 

1.15E-17 
1.llE-17 
1 04E-17 
9.86E-18 
9.3 5E-18 
8.976-18 
8- 66E-18 
8.37B-18 
8.13E-18 
7 -87E-18 
7 64E-18 
7.4z-18 

Refererice; 691 

Accuracy: 50% 

~- Notes: (1) The Baliiier-rz emission cross section i s  given by o(3s) t 0.118 o(3p) 
f o(3d). The factor  0.118 i s  t o  correct fo r  the branching r a t i o  of the 3p s t a t e .  
( 2 )  The n(3s) has been corrected fo r  cascading. (3) The Baliner-a radiation i s  
a t  a wavelength of 656.28nnis 

Chebyshev f i t t i n q  Paramet-ers fo r  Cross Sections 

H(3s) E,in = 5.OEt03 eV/anu, = 2.6EI-04 eV/amu 
A( Balmer-a) E,,in = 5.OEi-03 eV/aniu, :;::tz = 2.6Et04 eV/amu 

A 0  A 1  A 2  A3 A4 A5 A6 

H(3f3) - 7 9 . 5 2 3 0  - . 2 5 8 9 7 2  7 .15363E-04 - .0165922 -.0141266 -2 .93267E-04 . 0 0 5 9 6 8 5 6  
H(Ba1mer-a) - 7 8 . 4 1 5 1  - . 2 1 8 1 7 9  - . 0 1 4 0 6 5 9  2 .10927E-05 -.00210701 - . 0 0 1 1 8 3 1 3  3 . 3 5 8 9 2 3 - 0 4  

The f i t  represents the H(3s) cross section w i t h  an riiis deviation o f  0.3%. 
The maximuni deviation is 0.5% a t  8.OE+03 eV/aw. 

The f i t  represents the W(Baliner-a) cross section w i t h  an  rms deviation o f  0.1%. 
The maximum deviation is  0.1% a t  8.OE+03 eV/amu. 

See appendix fo r  Chebyshev f i t  d e t a i l s .  
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10.0 
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5.0 

H(2s) + He --> H 
H(2s) + He -> H(fs) 

Cross Section vs. Energy 
I I I I 

4.0 
5.0 10.0 15.0 20.0 25.0 

Energy (eV/amu> 
30.0 
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Recommended 
Data -- 

--I-- Chebyshev Fit 

. .- ., 
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Energy 
( ev/anw ) 

3.OE+01 
4.0E+01 
7.OEi01 
l.OE+02 
2.OEi02 
4.OE+02 
7.OE+02 
l.OEi03 
2.OE+03 
7.OE+03 
l.OE+04 
2.OEi04 
4.OE+04 
7.0E+04 
9.OEi-04 

Spectral 1,ine Emission Cross Sections fo r  

W + H e  -> H (  Lyiian-a) 

Ve loc i  t y 
( cm/ s 

7.61E+06 
8.79E+06 
1.16E+07 
1.39E+07 
1.96E+07 
2.78E+07 
3.686+07 
4.39E+07 
6.21Ei07 
1.16E+08 
1.39E+08 
1.96Ei08 
2.78E+08 
3.68Et08 
4 17E+08 

Cross Section 
( C1112 

1.01E-17 
2 -41E-17 
4.35E-17 
5.23E-17 
6 - 65E-I 7 
6-966-17 
6.90E-17 
6.58E-17 
5- 61E-I7 
2.63E-17 
1.95E-17 
1- 00E-17 
4-40E-18 
1 90E-IS 
1.26E-18 

References: 46, 639, 6 4 3 ,  644, 645, 651 

ACCUKaCY: 80% 

Note: The Lyinrln-a emission a t  121.6nm includes snia1 1 contributions due  t o  
cascade from the n = 3 and higher levels .  

Chebysliev F i t t i n q  Parameters fo r  Cross Sections 

A0 A1 A2 A3 A4 A5 A6 

-77.2423 -1.27626 -1.33104 -105602 -.131109 .0901017 -.0744630 

The f i t  representfi the above cross sections w i t h  an  rills deviation of 3.8%. 
The maximum deviation i s  5.8% a t  3.OE+01 eV/;unu. 

See appendix f o r  Chebyshev f i t  de t a i l s .  
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n 

"E 
0 

W 

H + He ->H(Lyman) 

Ct-oss Section vs. Energy 
IO+ I I I I I I I I I  I I 1 1 1 1 1 1 1  I I I I I l l l l  1 I I I I l l  

v, 
v, 
P u 

lo-" I I I I I I I I I  I I I I11111 I I I I I 1 1 1 1  I I I I I l l  

Recommended 
Data 

Chebyshev Fi t  

1 o2 1 o3 I 0" 
En erg y (eV/a rn u) 



H 
Temp. 

(@J) 

1.OEtOl 
2.OEt01 
4.OEtO1 
6.OEt01 
8.OEtO1 
l.OEt02 
2. OE to2 
4.OEt02 
6.OEt02 
8.OEtOZ 
1.OEt03 
2.OEt03 
4.OEt03 
6.OEt03 
8.OEt03 
l.OEt04 
1.5Et04 
2.OEt04 

C-26 

Spectral Line Eiiiission Rate C o e f f i c i e n t s  for  

- Maxwellian 

i1 + He -> H(Lyn~an-~) 

Maxwellian Rate Coefficients (cm3/s) 

Equal 
Temp. 

4.37E-11* 
1.86E-10* 
4.643-10 
6.92E-10 
8. 8OE-10 
1.04E-09 
1.61E-09 
2.223-09 
2.55E-09 
2.74F-09 
2.86E-09 
3.02E-09 
2.85B-09 
2.62E-09 
2.42E-09 
2.24E-09 
1.883-09 
1.61E-09 

Accuracy: - 

# -  

10. 
100. 
500. 
1000. 
5000. 
10000. 
20000. 
Equal Temp. 

10. 

4.37E-ll* 
1.56E-10* 
3.86E-10 
5.84E-10 
7.52E-10 
8.97E-10 
1.43E-09 
2.03E-0’3 
2.38E-09 
Z.60E-09 
2.743-09 
3.00E-09 
2.943-09 
2.76E-09 
2.583-09 
2.423-09 
2.08E-09 
1.82E-09 

Possible 
Possible 

100. 

3.03E-10 
4.13E-10 
6.06E-10 
7.71E-IO 
9.1SE-IO 
1.04E-09 
1.5 1E-09 
2.08E-09 
2.41E-09 
2.62E-03 
2.75E-09 
3.00E-09 
2.94E-09 
2.76E-09 
2.58E-09 
2.41E-09 
2.08E-03 
1.82E-09 

He Temp. (eV) 
500. 

1.10E-09 
1.15E-09 
1.26E-09 
1.35E-09 
1.44E-09 
1.51E-09 
1.84E-09 
2.26E-09 
2.53E-09 
2.69E-09 
2.811.: -09 
3.01E-09 
2.93E-09 
2.73E-09 
2.573-09 
2.41E-09 
2.07E-09 
1.81E-09 

1000. 

1.64E-09 
1.67E-09 
1.74E-09 
1. BOE-09 
1. 85E-09 
1.91E-09 
2.13E-09 
2.443-09 
2.64E-09 
2.77E-09 
2.86E-09 
3.01E-09 
2.923-09 
2.74E-09 
2.56E-09 
2.40E-09 
2.07E-09 
1.81E-09 

Error Greater Than 10% 
Error Greater Than 100% 

5000. 

2.86E-09 
2.87E-09 
2.87E-09 
2.88E-09 
2.89E-09 
2.89E-09 
2.92E-09 
2.96B-09 
2.99E-09 
3.00E-09 
3.01E-09 
2.99E-09 
2.83E-09 
2.643-09 
2.473-09 
2.32E-09 
2.01E-09 
1.76E-09 

10000. 

3.02E-09 
3.02E-09 
3.OZE-09 
3.02E-09 
3.02E-09 
3.02E-09 
3.01E-09 
3.01E-09 
3.00E-09 
2.99E-09 
2.983-09 
2.90E-09 
2.71E-09 
2.54E-09 
2.383-09 
2.243-09 
1.94E-09 
1.71E-09 

Chebyshev Fittinq Parameters for Ratn Coefficients 

E,[\in = l.OE+Ol eV, EiIla, = 2.OE+04 eV 

A0 

-41.8408 
-41.0379 
-40.2599 
-39.955 1 
-39.4938 
-39.4782 
-39.6096 
-41.7630 

A1 

1.73612 
1.03224 
.410395 
.le5465 

-. 156752 
-.210389 
-.218997 
1.61688 

A2 

-1.00696 
-.535100 
-.247167 
-. 185562 
-. 142409 
-. 141402 
-. 135741 
-1.06969 

A3 

.lo7279 
-. 134058 -. 176225 
-.151177 
-.OB47522 
-.0704827 
-. 0627840 
.147665 

A4 

-.0576945 
.0352264 
.00337909 

-.0159001 
-.0277793 
-. 0240167 
-.0213979 
-.0861736 

A5 

.0226348 
- .002 15004 
.0177532 
.0155346 

-. 00101284 
-.00386296 
-.00486653 
.0380393 

20000. 

2.85E-09 
2.853-09 
2.853-09 
2.85E-09 
2.843-09 
2.843-09 
2.83E-09 
2.81E-09 
2.80E-09 
2.78E-09 
2.763-09 
2.673-09 
2.50E-09 
2.343-09 
2.20E-09 
2.08E-09 
1.82E-09 
1.61E-09 

A6 

-.00478217 
-.00222457 
-.00518248 

-1.779043-04 
.00283315 

8.944933-04 
-4.40643E-04 
-.0145355 

See appendix for Chebyshev fit details. 
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H + He -> H(Lymana) 

a, 
0 

a, 

.- .- 
\+- 
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8 
a, 
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-w 

Maxwellian - Maxwellian 

E3 =10000. 

=20000. 

Recommended 

H Temp. (eV) 
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H 
Temp. 
(ev) 

1. OE to0 
2 .  OEtOO 
4. OEt 0 0  

7. OE t 0 0  

1.OEtOl 
2.OEt01 
4.OEt01 
7. OEtOl 
1.OEt02 
2.OEt02 
4. OE t o 2  
7.OE+02 
1.OEt03 
2 .  OEt 03 
4.OE+03 
7.OEt03 
l.OEt04 
2.OE+04 

10000. 

2.68E-09 
2.68E-09 
2.683-09 
2.683-09 
2.68E-09 
2.68E-09 
2.68E-09 
2.673-09 
2.673-09 
2.663-09 
2.64E-09 
2.61E-09 
2.583-09 
2.493-09 
2.32E-09 
2.12E-09 
1.963-09 
1.533-09 

Spectral Line E m i s s i o n  Rate Coefficients for 

He + I1 -> He + H(Lyman-a) 

Remi - Maxwellian Rate Coefficients ( cm3/s ) 

20000. 

1.96E-09 
1.963-09 
1.963-09 
1.963-09 
1.96F-09 
1.96E-09 
1.95E-09 
1.95E-09 
1.95E-09 
1.94E-09 
1.93E-09 
1.923-09 
1.91E-09 
1.883-09 
1.81E-09 
1.70E-09 
1.59E-09 
1.29E-09 

He Energy (eV/amu 
30000. 40000. 

1.493-09 
1.493-09 
1.493-09 
1.49E-09 
1.493-09 
1.493-09 
1.49E-09 
1.493-09 
1.49E-09 
1.49E-09 
1.49E-09 
1.4gE-09 
1.4BE-09 
1.473-09 
1.44E-09 
1.37E-09 
1.30E-09 
1.08E-09* 

1.22E-09 
1.22E-09 
1.22E-09 
1.223-03 
1.22E-09 
1.223-09 
1.22E-09 
1.21E-09 
1.21E-09 
1.21E-09 
1.20E-09 
1.20E-09 
1.20E-09 
1.19E-09 
1.16E-09 
1.llE-09 
1.06s-09 
9.04E-10* 

1 )  

50000. 

9.78E-10 
9.78E-10 
9.78E-10 
9.78E-10 
9.78E-10 
3.783-10 
9.78E-10 
9.78E-10 
9.79E-10 
9.80E-10 
9.8l.E-10 
9. 81E-10 
9. BOE-10 
9.733-10 
9.43E-10 
8.98E-10 
8.60E-10* 
7.54E-10" 

60000. 

8.153-10 
8.15E-10 
8.15E-10 
8.15E-10 
8.15E-10 
8.15E-10 
8.15E-10 
8.15E-10 
8.15E-10 
8.16E-10 
6.17E-10 
8.17E-10 
8.13E-10 
7.92E-10 
7.53E-10* 
7.15E-10* 
6.90E-10* 
6.26E-10* 

Accuracy: * - Possible Error Greater Than 10% 
# - PossibLe Error Greater Than 100% 

Chebyshev Fittinq Parameters for Rate Coefficients 

E,in = 1.OE+00 eV, E,,,ax = 2.OE+04 eV 

El?? 

Energy 
(eV/amu) AO 

10000. -39.6987 
20000. -40.2569 
30000. -40.7530 
40000. -41.1570 
50000. -41.5800 
60000. -41.9647 
70000. -42.3333 

A1 

-.197802 -. 138429 
-. 0951522 
-.0957055 
-. 0821883 
-.0972904 
-. 139674 

A2 

-.134319 
-.0956246 
- .0755129 
-.0666225 
-.0654040 
-.0701222 
-. 0746309 

A3 

-.0723203 
-.0581643 
-. 0512811 
-.0426726 
-.0420679 
-.0364437 
-.0176390 

A4 

-. 0304433 
-. 0310565 
-. 0288116 
-. 0248045 -. 0203976 
-.0102495 
.00996598 

A5 

-.00974030 
-.0136698 
-.0130297 -. 0119141 
-.00620683 
.002 15119 
.0106575 

70000. 

6.98E-10 
6.983-10 
6.98E-10 
6.97E-10 
6.97E-10 
6.97E-10 
6.97E-10 
6.96E- 10 
6.963-10 
6.95E- 10 
6.90E- 10 
6.74E- 10 
6.583-10 
6.1BE-10* 
5. 81E-lO* 
5.59E-10* 
5.47E-10* 
5.18E-lO* 

A6 

-.00251684 
-.00449523 
-.00477600 
-.00390059 

2.458513-06 
.00335803 

-8.59901E-05 

See appendix for Chebyshev f i t  de t a i l s .  
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30.0 

27.5 

25.0 

22.5 

20.0 

17.5 

15.0 

12.5 

10.0 

7.5 

5.0 

H + He -> H(Lymana) 

Bearn - Maxwelliun 

x =20000. 

V =30000. 

x 1-40000. 

@ =50000. 

=6oooo. 

i!l =70000. 

Recommended 
Data 

Chebyshev Fit 

IO0 Id IO2 10' io" 
H Temp. (eV) 

.... 



C - 3 0  

E x c i t a t i o n  C r o s s  S e c t i o n s  f o r  

H + H e  -> H(20,2p) 

E I ( 2 S )  H(2P) 

(eV/amu) ( cm2 ) ( e V / a m u )  ( c m 2  1 
Energy Cross S e c t i o n  Energy C r o s s  S e c t i o n  

6.OE+01 
7.OE+01 
I. OE+02 
2.0E+02 
4,OE+02 
7.OE+02 
8.6Et02 
l.OE+03 
2.OE+03 
4 OE+03 
7.OE+03 
1.OE+O4 
2.OE+04 
4 OE+04 
7.OE+04 

1.4&+05 
1 OE 1-05 

1.43E-18 
1.81E-18 
3 - 04E-18 
6.70E-18 
1 10E-17 
1.29E-17 
1.31E- 17 
1.30E-17 
1.10E-17 
8*41E--18 
6.54E- 18 
5.51E-18 
4.15E-18 
3.64E-18 
2 -  673-18 
2.04E-18 
1.59E-18 

2.OE+01 
4.OE+01 
7.0E+Ol 
1.OE+02 
2.OE+02 
4.0E:+02 
7.OE+02 
l.OE+03 

4 OE+03 
7.0E+03 
l.OE+O4 
2.OE-tO4 
4 + OE+04 
7.OE+04 
1.OE+O5 

2.OE-1-03 

1.87E-18 
2.36E-17 
4.333-17 
5.22E-17 
6.08E-17 
6.30E-17 
6.llE-17 
5.81E-17 
5.16E-17 
3.733-17 
2.583-17 
1.95E-17 
1.01E-17 
5.16E-18 
4.52E-18 
4.41E-18 

Refe rences :  46, 639, 640, 641, 642, 643, 644, 645, 646,  648, 650 

50% 

Notes: (1) E x c i t a t i o n  o f  an  e x c i t e d  s t a t e  is  found by iueasur ing  t h e  
e m i s s i o n  from t h a t  s ta te  and c o r r e c t i n g  f o r  cascades i n t o  t h a t  s ta te .  (2) 
The 2 s  s ta te  c r o a s  s e c t i o n s  are found froni t h e  e l e c t r i c - f i e l d - i n d u c e d  
t r a n s i t i o n  (2s -> 2p -> Is). (3) If c a s c a d i n g  i s  n e g l e c t e d  t h e  
e m i s s i o n  cross s e c t i o n s  are q u a l  t o  t h e  2p e x c i t a t i o n  cross s e c t i o n s .  

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

H ( 2 s )  E,,ii, = 6.OE+01 eV/ariiu, E,,, = 1.4E+05 eV/amu 
= 1.OE+05 eV/aniu H( 2p) E,,,in = 2.OE+01 eV/aniu, Ellla, 

A 0  A1 A2 A3 A4 A5 A6 

H(2s) -80.0462 -.212388 -.933176 -333291 -SO922211 -a0813910 -00473762 
H(2p) -77.4567 -.447338 -1.40980 -577607 -.164863 .291318 --0758830 

The f i t  r e p r e s e n t s  t h e  R(2s) cross s e c t i o n  w i t h  an  rms d e v i a t i o n  of 2.2%. 
The maximum d e v i a t i o n  i s  4.3% a t  1.OE+05 eV/aniu. 

The f i t :  r e p r e s e n t s  t h e  H(2p) cross s e c t i o n  w i t h  an  rills d e v i a t i o n  o f  3.8%. 
The maximun d e v i a t i o n  is  6.9% a t  4.OE+04 eV/aiiu.  

See append ix  for Chebyshev f i t  de ta i l s .  
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E x c i t a t i o n  Cross S e c t i o n s  for 

H -1- He -> 14(3s ,3p ,3d)  
.-> H(3p+3d) 

1 .5Et02  
2. OE-4-02 
4.  OE t02  
6.OE+02 
7.OE+02 
l.OE+Q? 
2.OE+03 
4.OE+03 
7.OE+03 
1.OEtQ4 
2. OE-1-04 
3.5E+04 

1.00E-18 
1.84E-18 
4.18E-18 
4.64E-18 
4.57E-18 
3.99E-18 
2.74E-18 
1.90E-18 
1 -46E-18 
1.26E--18 
9.39E-19 
7.98E-19 

H(3P)  

Energy a 
( eV/alRu ) ( cm2 ) 

5.OE+03 
5.53!03 
6.OE+03 
7.OE+03 
8.0W03 
9.OE+03 
1.5E+O4 
2.OE+O4 
2.5F+04 
3.OE+84 
3.5E t04 
4 O E + 0 4  

2.41F:-18 
2.33E-18 
2.25E-18 
2.08E-18 
1.94E-18 
1.82E-18 
1.38E-18 
1.15E-18 
1.02E-18 
9.31E-19 
8.75E-19 
8.4OE-19 

H(3d)  

Energy a 
(ev/aiiu 1 ( osii’ 1 

l.OE+04 1 . 2 0 E - - l 8  
1.3E+04 1.05E-18 
1.5E+04 8.64E-19 
2.OE+04 5.96E--19 
2.5E+O4 4.88E-19 
3.OE+04 4.48E-19 
3.5E+04 4,41E-19 

1.3Ei-02 
2.OEt02 
3.OE-vC2 
4.OE+02 
5.OE+02 
6. OE t02 
7.OE+02 
8.OE+02 
9.OE-t02 
1.OEt-03 
1.5E+03 
2.OE+O3 
2.5Et03 

2.54E--18 
3.28E-18 
4.24E-18 
4.4I.E-18 
4.33E-18 
4.26E-18 
4.17E-18 
4.08E-18 
4 -  02E-18 
3.95E-18 
3.70E-18 
3 . 5 0 E - 1 8  
3.36E-18 

References: 500, 601, 645 

Accuracy: See notes 

Notes: (1) The e x c i t a t i o n  cross s e c t i o n  i s  f o u n d  b y  measu r ing  t h e  eiiiissi.on 
cross s e c t i o n  from t h a t  s ta te  and c o r r e c t i n g  f o r  c a s c a d e  from iiieasureiiients or 
u s i n g  known t r a n s i t i o n  p r o b a b i l i t i e s .  ( 2 )  E x c i t a t i o n  cross s e c t i o n s  are o f t e n  
i n a c c u r a t e  due  t o  probleiiis w i t h  the a b s o l u t e  c a l i b r a t i o n  of the pho ton  
detector. 

F i t t b Q -  Parameters f o r  C i o s s  S e c t i o n s  

A0 A 1  A 2  A3 A4 A5 A6 

H ( 3 s )  -81-8143 --503310 -.548175 -379377 -.131005 .0123345 .0265299 
I4(3P1 -82.1981 -.551194 -00275721 -0217903 -00543228 -00224727 -.00356334 
H ( 3 d )  -83.6281 -a558730 -0544644 -0648205 --.0102811 -.00660745 .00511818 
H(3p+3d)  -80,3437 -0712330 -.198360 -0790347 --0169614 -.00946588 .0121131 

The f i t  r e p r e s e n t s  t h e  H ( 3 s )  crosL; s e c t i o n  w i t h  an riiis d e v i a t i o n  of 0 .5%.  
The maximum d e v i a t i o n  i s  1.1% a t  l . O E - t O 3  eV/amu. 

The f i t  r e p r e s e n t s  t h e  H(3p)  cross s e c t i o n  w i t h  an  riiis deviation of 0.2%. 
The maxi.nium d e v i a t i o n  i s  0.5% a t  2.OE+04 e V / m u .  

The f i t  r e p r e s e n t s  t h e  H(3d)  cross section w i t h  an  rms dev ia t j -on  of 0.0%. 
The maximum clevi.ation i s  0.0% a t  2.OE+04 eV/aiiu. 

The f i t  r e p r e s e n t s  t h e  H ( 3 p t J d )  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  o f  0.3%. 
The maximuin dev ia t i . on  is 0.7% a t  5.OE+02 eV/ariiu. 

See  appendix  f o r  Chebyshev f i t  de t a i l s .  
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16" 
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10-I '  

H + He -> H(3s,3d,3 1 
H + He -> H(3p+Jd Y 

Cross Section vs. Energy 
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S p e c t r a l  L ine  Eiiiission Cross S e c t i o n s  for 

H + H e  -> H ( Ballner-a, Bal i i i@r-B ) 

H (Balmer-a) H ( BalniePr-0) 

Energy Cross S e c t i o n  Energy Cross Sect i on 
(ev/ailu 1 ( Clll? ) (eV/aiiu) (CRl* 1 

3.OEi-01 
4.OEt01 
7.OEt01 
1. OE 1-02 
1 .5E t 0 2 
2.OE+02 
4.OE+02 
5. OE 1-02 
7.OE+02 
l.OEt03 
2. OE t-03 
4.OE+03 
7.OE-m 
l.OE+04 
2.OE+04 
3.OE+04 
3.5E+04 

5.3 5E-20 
2.73~-19 
9.03E-19 
1.36E-18 
3.37E-18 
5.llE-18 
8.998-18 
9.14E-18 
8.77E-18 
7.86E-18 
6.22E-18 
4 . 5 5 ~ 1 8  
3.35E-18 
2.72E-18 
1.64E-18 
1.39E-18 
1.35E-18 

4.OE4-01 
7.OE+01 
1.OE+02 
1.5Et02 
2.OEi-02 
4.OE+02 
7.OEt02 
1.0EtO3 
2.OEt03 
2.5Et03 

2 - 19E-20 
8- 68E-20 
1.51E-19 
4.00E-19 
7.19E-19 
1 - 886-18 
2.28E-18 
2.17E-18 
1 . 7 3 E - 1 8  
1.60E-18 

Refe rences :  500,  601 

Accuracy: 50% 

Notes: (1) The B i p ~ i l l e ~ - o  wavelenyth  i s  656.311111 and t h e  Balmer-0 wave leng th  ifl 

486.lnm. ( 2 )  These cross sec t ions  dre f o r  t h e  t o t a l  l i n e  eiri ission i n c l u d i n g  
cascade c o n t r i b u t i o n s  and b r a n c h i n g  c o r r e c t i o n s .  B a l n l e r - a  c r o s s  sect ions are t h e  
sum of o(38) + 0.118 a(3p) + o ( 4 D )  where t h e  f a c t o r  0.118 is t h e  f r a c t i o n  of t h e  
3p s ta te  d e c a y i n g  by Baliiier-a r a d i a t i o n .  Balmer-8 e m i s s i o n  cross s e c t i o n s  are 
f o r  t h e  n=4-r2 t r a n s i t i o n s  with the b ranch inq  r a t i o  of t h e  4s t o  31, t r a n s i t i o n  
b e i n g  0.584. 

Chehyshuv F i t t i n c l  Pa rame te r s  for Cross S e c t i o n s  

A0 A1 A2 A3 A4 A5 A6 

H ( B a l n i e r - a )  -81.8706 .929497 -1.66225 -554407 -.0518605 -00374127 -.0418064 
M(Ba11cer-8) -84.3982 2.15229 -.976804 -.0709114 ,119448 .0571307 -.0675516 

The fit r e p r e s e n t s  t h e  H ( B a 1 m e r - a )  cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  of 13.9%. 
The maximum d e v i a t i o n  i s  35.9% a t  l.OEt02 eV/amu. 

T h e  f i t  r e p r e s e n t s  t h e  H (  Balmer - 8 )  CZQSS s e c l i o n  w i t h  ari rlils d e v i a t i o n  of 3.6%. 
The riiaximum d e v i a e i o n  i s  8.7% a t  1.OEt02 eV/anu. 

See append ix  f o r  Chebyshev fit details. 
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IO-” 

H + He --> Ha, Hp 

Cross Section vs. Energy 
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Excitation Cross S e c t i o n s  for 

H + He -> H(4~,4~+4d) 

H(4s) H ( 4p+4d ) 

Energy Cross S e c t i o n  Energy Cross S e c t i o n  
( ev/amu ) ( c1112 ) (eV/aniu) (C1112 ) 

1.30E-19 
2.60E-19 
4.77E-19 
6. 75E-19 
8.10E-19 
8.78E-19 
8.79E-19 
8.728-19 
8.40E-19 
7.99K-19 
7.56E-19 
6.06E-19 
5.21E-19 
4.62E-19 

3.07E-19 
5.35E-19 
1.06E-18 
1.30E-18 
1 e 37E-18 
1.38E-18 
1.373-18 
1.353-18 
1.33E-18 
1.3lE-18 
1-233-18 
1.19E-18 
1.163-18 

Refe rence :  601 

Accuracy:  503 

Notes: (1) As far  as w e  are aware only one measurement h a s  been  made of t h e  
n = 4 e x c i t e d  tatate fo rma t ion .  Thus,  t h e  s ta ted a c c u r a c y  only i n c l u d e s  
a c c o u n t a b l e  errors. ( 2 )  T h e s e  da ta  have i g n o r e d  any cascade c o n t r i b u t i o n s .  

Chebyshev F i t t i n q  Parameters €or Cross Sections 

W(45) Eiilin 1 1. 5EtQ2 eV/mu,  = 2 .  51.: 1-03 eV/aniu 
H(4p+4d) Ell,in - 1.5E+02 eV/amu, %iax = 2.5E+03 eV/anu 

A 0  A l  A2 A3 A 4  A5 A6 

H l $ s )  -84,5175 -519837 -.602123 -107056 -0399676 .00471154 -.0330016 
H($p+4d) -83,0777 -537485 -.440970 -159743 -.00409905 -.0305454 .0217549 

The f i t  r e p r e s e n t s  t h e  H ( 4 s )  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0.7%. 
The maximum d e v i a t i o n  i s  1.3% a t  2.OE+03 ~V/amu.  

The f i t  r e p r e s e n t s  t h e  H(4p+4d) cross s e c t i o n  w i t h  an  i i i i s  d e v i a t i o n  of 0.6%. 
The maximum d e v i a t i o n  i s  1.1% a t  1.5E+03 eV/amu. 

See append ix  for Chebyshev f i t  de ta i l s .  
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H + He -> H(4s,4p+4d) 

- Cross Section vs. Energy 
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IO2 io3 10" 
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A = H(4pf4d) 
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E x c i t a t i o n  Cross S e c t i o n s  for  

H + H e  -> H c ( ~ ~ P , ~ ~ P , ~ ~ D )  

He(3’P) He(33P) Ile ( 3 3~ 

Energy 0 Energy 0 Energy 0 

( e V / m u )  ( Clll2 (eV/aiiu ) ( Clll* ) (eV/ainu) ( Clll2 ) 

1.OE+O4 
1.3E+04 
I. 5E+04 
1.8E+04 
2.OEt04 
2.3E+O4 
2.5Et-04 
2.8E+Q4 
3.OE-t 04 
3 .33  toll 
3.5E+O4 

5 . 6 0 ~ ~ - 2 0  
1.16E-19 
1.79E-19 
2.19E-19 
2.53E-19 
2.83E-19 
3.14E-19 
3 -46E-19 
3 -75E-19 
4.01E-19 
4.29E-19 

9.6 YE-19 
1.16F:-18 
1 . 1 8 E - 1 8  
1.04E-18 
8 -  64E-19 
7.19E-19 
5.93E-19 
4.92E-19 
4.07E-19 
3.33E-19 
2.72E-19 

1.OF+04 
1 .3Et04  
1.4Ei-04 
1.5E+04 
1.8E+04 
2.OEi-04 
2.3E+04 
2.5E+04 
2.8Ei04 
3. 0E.I-04 
3.3E+04 
3.5Et04 

1.60E-19 
2.19E-19 
2.37E-19 
2.32E-19 
1.91iE-19 
1.62E-19 
1.37E-19 
1.17E--19 
1.00E-19 
8.62E-20 
7.57E-20 
6.86E-20 

References!” 1 6 6 ,  678, 683, 684 

Accuracy: Unknown 

Notes: (1) Only one absol .u te  iiieasureiiient of cross s e c t i o n s  f o r  e x c i t a t i o n  of 
t h e s e  s ta tes  h a s  been  inade. See: Van Eck e t  a l .  (Ref. 6 7 8 ) .  These  d a t a  have  
been  corrected i n  t h e  r ev iew p a p e r s  of de Heer ( R e f .  1 6 6 )  and  Thoinas (Ref. 
684) .  The corrected v a l u e s  are p r o b a b l y  too low by a factor  of 2-3. 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

He(3 lP )  E,,lin = 1.OE+04 eV/anu ,  Eiil,, = 3.5E-1-04 eV/aiiu 
= 3,5E+04 eV/aniu 
= 3.5Et04 eV/anu H c ? ( ~ ~ D )  EInin = 1.OE+O4 e V / a n u ,  

H e (  33P) E,,lin = 1.OEi04 eV/aniu, El,,, 
%ax 

A0 A 1  A 2  A3 A4 A5 A6 

Ile(3’P) -86.1894 .957985 -.222479 .0796768 -.00575983 -.0194864 .0121076 
He(33P)  -83.6070 -.654163 -,317139 .0375222 -3.81314E-04 -.0176396 .00667369 
He(33D) -86.8654 -.!io3446 -.290764 . l o3755  -,00276954 -a0224516 -0247251 

The fit r e p r e s e n t s  t h e  He(3 lP)  cross s e c t i o n  w i t h  an  r n i s  d e v i a t i o n  of C.3%. 
The maximum d e v i a t i o n  is  0.6% a t  1.8E+04 eV/anu. 

The f i t  r e p r e s e n t s  t h e  He(33P) cross s e c t i o n  w i t h  an  rins d e v i a t i o n  of 0 .2%.  
The maximum d e v i a t i o n  i s  0 .3% a t  2.OE+04 eV/aiiu. 

The f i t  r e p r e s e n t s  t h e  He(33D) cross s e c t i o n  w i t h  a n  riiis d e v i a t i o n  of 0.4%. 
The maximum d e v i a t i o n  i s  0.8% a t  1.OEIO4 eV/aiiu. 

See appendix  f o r  Chebyshev f i t  d e t a i l s .  
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E x c i t a t i o n  Cross S e c t i o n s  f o r  

H + He -> He(41S,41P,a1D) 

Energy 0 Energy 
(eV/amu) ( a n 2  ( ev/amu ) 

lIOE+04 
1.5E+04 
2. OE 1-04 
2.5E+04 
3.OE+04 
3.5E+04 
4.OEt-04 
4 5Ei04 
5 e OE+04 
5.5E+04 
6.OE+04 
6.5E 1-04 
7.OE+04 
i.5~+04 
8.0E+04 
8.5E+04 
9. OE 1-04 
9.5E+04 
1.OEs05 

2.87E-19 1.OE.t 04 
3.64E-19 1.3E+04 
4.09E-19 lf5E+04 
4.34E-19 2.OE+04 
4.34E-19 2.5E+04 
4.27E-19 3.0E+04 
4 a 08E-19 3.5E+04 
3.88E-19 
3.68E-19 
3.51E-19 
3.33E-19 
3slOE--19 
2.81E-19 
2.48E-19 
2 - 20E-19 
1-97E-19 
1-80E-19 
1.69E-19 
1-61E-19 

0 

( Clll* ) 

6 - 3 9E-20 
1.30E-19 
1-92E-19 
3 - 03E-19 
3.8OE-19 
4.48E-19 
5- 13E-19 

Energy 
(e\r/iunu) 

l.OE+04 
1.5EtCC 
2.OE+04 
2.5E+04 
3.OE+04 
3.OE+04 
3.7E+04 
4.OE+04 
4.5E t04 
5.OE-1-04 
5.5EcQ4 
6.OE+04 
6.5E+04 
7.0E+04 
7.5E+04 
8.OE+04 
8.5E+04 
9.0EtQ4 
9.5E+04 
l.OE+05 

0 

( c1n* ) 

5.34E-20 
8.41E-20 
9.12E-20 
8.01E-20 
7.68E-20 
7.72E-20 
8 - 87E-20 
8.79E-20 
8.51E-20 
8-48E-20 
8 -  24E-20 
7 - 83E-20 
7.27E-20 
6.66E-20 
6 28E-20 
6.00E-20 
5.81E-20 
5.62E-20 
5.47E-20 
5.34E-20 

Refe rences :  166, 677, 678, 679, 684 

Accuracy:  E > 2x103 eV/aniu - 40% 
E < 2x103 eV/aniu - Unknown 

__c* Motes: (1) The data have been o b t a i n e d  by measur ing  t h e  l i n e  e m i s s i o n s  f o r  t h e  
f o l l o w i n g  t r a n s i t i o n n :  ( a )  4lS -> 2’P, 504.7n111, (b) 4’D -> 2’P, 492.2nm, ( c )  
4’P -> 2’S, 396.5mil. (2) The cross s e c t i o n  d a t a  have been c o r r e c t e d  f o r  c a s c a d e s  
u s i n g  known t r a n s l t i o n  p r o b a b i l i t i e s .  (3) The c o r r e c t e d  data of Van Eck e t  al. 
( R e f .  6 7 8 )  - (see c o r r e c t i o n s  of  de Heer Ref. 166 and Thoinas R e f .  684) have  
been  n o n n a l i z e d  t o  t h e  data of Blair e t  a l .  ( R e f .  677) a t  2x10’ eV/amu for t h e  
4’s and 4 ‘ ~  statefi. 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

H e  (4ls 1 E , , , ~ ~ ~  = 1. OE+W ev/aunu E,,, = 1.0~+05 ev/aniu 
He(4lP) EInin = l.OE-kO4 eV/amu, Emax = 3.5Es04 eV/aau 
He(4’D) Emin = 1.OE+O4 eV/amu, E,,,,, = 1.OE+05 ev/anu  

A 0  A 1  A2 A3 A4 A5 A6 

He(4’S) -85.2953 --.236370 -,375570 -.0526312 1.43777E-04 -.00898368 .03 14058 

He(4lD) -88.1942 -.0703862 -.233023 .0274405 -.0616908 .0587687 .0287005 
He(4lP) -85.8813 .991657 -.212955 .0558510 -.00900116 .00987058 -.00878102 

f i t  r e p r e s e n t s  t h e  ~ e ( 4 l ~ )  cross sect ion w i t h  an  rms d e v i a t i o n  o f  1.7%. 
The maximum d e v i a t i o n  is 2.7% a t  5.OE+04 eV/aiiu. 
The f i t  r e p r e s e n t s  t h e  He(4lP) cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  o f  0.1%. 
The maximum d e v i a t i o n  is 5.0% a t  1.2E+04 eV/aniu. 
The f i t  r e p r e s e n t s  t h e  He(42D) cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  of 3.1%. 
The maximum d e v i a t i o n  is  5.3% a t  2.9E+04 eV/aruu. 

See append ix  f o r  Chebyshev f i t  d e t a i l s .  
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H + He -> He(4'S,4'P,dD) 

Cross Section vs. Energy 
IO-'* 
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A = H(4'P) 

X = He(4'S) 

V = He(4'0) 
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E x c i t a t i o n  Cross S e c t i o n s  f o r  

H + H e  -> He(43S,43P,43D) 

H e  ( 4’s ) H e  ( 4’P ) H e  ( 4’D) 
Erie r g y  0 Energy 0 Energy 0 

( ev/aniu ) ( cn1’ ) (eV/amu) ( Clil ’ ) ( e V / m u  ) (cni’ ) 

l.OE+04 
1.5E+04 
2.OE-+04 
3.OE+04 
4.0!?+04 
5.OF+04 
6.0134-04 
7.OE+O4 
8.OE+04 
9.OE+04 
1.0E+05 

3-693-19 
8.38E-19 
1.00E-18 
R.70E-19 
5.43E-19 
3.56E-19 
2.48E-19 
1.7%-19 
1.25E-19 
9.92E-20 
8.50E-20 

I e OW04 
1.2E+04 
1.4E+04 
1.5E+04 
2.OEt04 
2 .  W+04 
3.OE+04 
3.5E+04 

8.78E-19 
1.08E-18 
1.15E-18 
1.15E-18 
8.82E-19 
6.05F-19 
4 . l lE -19  
3*OOE;-19 

l.OE+04 
1.5E+04 
2.OE+04 
2.5E-tO4 
3. Of!! 1-04 
3.5E+04 
4.OE+04 
5.OE+04 
6.0E+04 

8.OE+04 
9.OE+O4 

7.OE-t04 

1.OE+05 

1.593-29 
2 . 0 6 ~ - 1 9  
1.71E-19 
1-333-19 
9.92E-20 
a .  0 3 ~ - - 2 0  
6.71E-20 
5.21E-20 
4.36E-20 
3.80E-20 
3.38E-20 
3.05E-20 
2.80E-20 

Refe rences :  166 ,  677, 678, 684 

Accuracy: E > 2x10’ eV/aniu .- 40% 
E < 2x103 eV/aniu - Unknown 

Notes: (1) The dat-a have been o b t a i n e d  by measu r ing  t h e  l i n e  e in i s s ions  f o r  
m o l l o w i n g  t r a n s i t i o n s :  ( a )  43S -> z 3 P ,  471.3nm, ( b )  43P -> 2’S, 318.8nir1, 
( c )  43D -> z3P ,  447.1nm. ( 2 )  The c r o s s  s e c t i o n  d a t a  have  been c o r r e c t e d  
for c a s c a d i n g  u s i n g  known t r a n s i t i o n  p r o b a b i l i t i e s .  ( 3 )  The c o r r e c t e d  d a t a  
of Van Eck e t  a l .  ( R e f .  678)  .- (see c o r r e c t i o n s  of  d e  Heer Ref. 166 and  
Thomas, Ref ,  684)  have been no rma l i zed  t o  t h e  d a t a  of  B l a i r  e t  al. ( R e f .  
671)  a t  2x10’ eV/mu  f o r  t h e  4 lS  and 4’D states.  

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

= 1.OE+05 eV/amu ~ e ( 4 ~ ~ )  E , ~ ~ ~  = I.OE+O~ ev/amu, Entax 
= 3.5G+04 eV/anu Re(43P)  Entin = 1.OE+04 eV/a?iu, E,,,, 

He(4’D) E,,,in = I . O E + O $  eV/a iu ,  Elllax = I.OEt05 eV/a~nu 

A0 A1 A 2  A3 A4 A5 A 6 

He(4’S) -84.9236 -.910048 --.757778 .164455 .0260068 -7.50878E-04 .00468518 
1 1 e ( a 3 P )  -83.6191 -.587215 -.319615 .0516334 .0108396 -.00145124 .00476885 
Me(4’D) -87.8723 -1.03617 -.177049 .184100 --.0530501 -.0167810 .012241.8 

T h e  f i t  r e p r e s e n t s  t h e  He(4’S) cross s e c t i o n  w i t h  a n  rins d e v i a t i o n  of 2.2%. 
T h e  iiiaxiinuiii d e v i a t i o n  i s  2.6% a t  8.OE+04 eV/aunu. 

The f i t  r e p r e s e n t s  t h e  He(4’P) c r o s s  s e c t i o n  w i t h  an  riiis d e v i a t i o n  of  0.2%. 
The maximum d e v i a t i  on i s  0. 5% a t  1.4E+04 eV/ainu - 
The f i t  r e p L e s e n t s  t h e  He(43D) CPOSR s e c t i o n  w i t h  an  rms d e v i a t i o n  of  0.6%. 
T h e  maxiinuin d e v i a t i o n  i s  1.1% a t  2.OE+04 eV/cunu I 

See  appendix  fo r  Chebyshev f i t  d e t a i l s .  
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- 

I 1 1  

H + He --> He(43S,43P,43Q) 

A 

"E 
0 

W 

C 
0 .- 



Energy 
(eV/aniu ) 

5.OE+03 
6.0Et03 
7.OE+03 
8.OE+03 
9.OE-t-03 
l.OE+04 
1.2E+04 
1.5E+04 
2.OE+04 
2.5E+04 

c-44 

E x c i t a t i o n  Cross S e c t i o n s  Tor 

H +  + H -> H' + H(2sI2p) 

Cross S e c t  i o n  Energy 
( Clll2 ) (eV/aiiu) 

5.423-18 
5.38E- 18 
5.36E-18 
5.40E-18 
5.43E-18 
5.543-18 
5 - 8 7E - 18 
8.62E-18 
1.04E-17 
1.06E-17 

C r o s s  S e c t i o n  
( c1112 ) 

2 -43E-18 
8.90E-18 
1.64E-17 
2.03E-17 
2.25E-17 
2.41E-17 
2.73E-17 
2.80E-17 
2.91E-17 
2.97E-17 
3.02E-17 
3.06E-17 
2.98E-17 
2.78E-17 
2.56E-17 
2 - 40E-17 
2.35E-17 
2 81E-17 
3.65E-17 
5.50E-17 

Refe rences :  II(2s) - 12, 14 
H[2p) - 14, 17, 712 

Accuracy: H(2s) - Unknown 
H(2p) - 40% 

Notes: (1) S i n c e  t h e  c a s c a d i n g  i n t o  t h e  2p s t a t e  i s  less t h a n  5%, t h e  
cross s e c t i o n  f o r  e x c i t a t i o n  of t h e  2p s t a t e  i s  e s s e n t i a l l y  t h e  sane as 

e m i s s i o n  cross s e c t i o n .  The 2p d a t a  h a s  n o t  been c o r r e c t e d  f o r  
c a s c a d i n g .  ( 2 )  The two sets o f  data fo r  t h e  2s s ta te  d i f f e r  by a factor 
of 2 t o  3. 

Chebyshev F i t t i r i q  Parameters for Cross S e c t i o n s  

H(2s) E,,in = 5.OE+03 e V / a n u ,  :Illax = 2.5Et04 eV/aniu 
= 3.OE+04 eV/amu H (  2p) EIllin = 5.OEt02 eV/amu, 'inax 

A0 A 1  A2 A3 A4 A5 A6 

tI(2S) -78.9900 -401365 -0930849 -a0759638 -SO649979 -00791412 SO468211 
H(2p) -76.6674 -854989 -.35'7230 -529'756 -.161903 -168930 --.136550 

T h e  f i t  r e p r e s e n t s  t h e  H(2s) cross s e c t i o n  w i t h  a n  rins d e v i a t i o n  of 2.3%. 
The maxiiiium d e v i a t i o n  i s  4.8% a t  1.2E+04 eV/aniu. 

The  f i t  r e p r e s e n t s  t h e  ti(2p) cross s e c t i o n  w i t h  an r r m  d e v i a t i o n  of 3.7%. 
The maximum d e v i a t i o n  is 6.3% a t  l.lE104 eV/sunu. 

See append ix  f o r  Chebyshev €it d e t a i l - s .  
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n 

0 

C 
0 

0 
Q) cn 
v) cn 
0 

"E 
W 

.- 
4-J 

t 

1 6 '  

lo-': 

H+ + H -> H+ + H(2~,2p) 

Cross Section vs. Energy 
I I I I 1 1 1 1 1  I I I I I I I I I  I I 1 1 1 1 1  

J 

lo-" 1 I 1 I I l l l l  I I 1 1 1  1 1 1 1  I I I I I l l  

IO' io3 10' io5 
En erg y (eV/a m u) 

Recommended 
Do ta 

Chebyshev Fit 



H 
Temp. 
(@VI 

5.OE+OZ 
7.5E+02 
l.OE+03 
1.3E+03 
1.5Et03 
1.8E+03 
2.OE+03 
3.OEt03 
4.OE+03 
5.OE+03 
6.OE+03 
7.OE+03 
8.OE+03 
9.OEt03 

1.2E+04 
1.5Et04 
2.OE+04 

1.03+04 

Maxwe 

Equal 
Temp. 

1.16E-09 1 
1.583-09 
1.90F-09 
2.16E-09 
2.38E-09 
2.59E-09 
2.80E-09 
3.483-09 
3.91F-09* 
4.09E-09* 
4.10E-09* 
4.00E-09* 
3.85E-09# 
3.67E-09# 
3.48E-09# 
3.llE-09# 
2.62E-09# 
2.02E-09# 

C-46 

E x c i t a t i o n  Rate C o e f f i c i e n t s  for 

l i a n  

500. 

16E-09 
1.393.:-09 
1.583-09 
1.753-09 
1.90E-09 
2.03E-09 
2.16E-09 
2.593-09 
2.993-09 
3.333-09 
3.61E-09* 
3.83E-09* 
3.98E-09* 
4.07E-09* 
4.llE-09* 
4.08E-09* 
3.89E-09# 
3.43E-09# 

Ht + H -.> Ht + H ( 2 p )  

- Maxwellian Rate C o e f f i c i e n t s  ( c11i3/s) 

H Temp. (eV) 
750. 1000. 1250. 5000. 10000. 

1.393-09 
1.583-09 
1.753-09 
1.90E-09 
2.03E-09 
2.16E-09 
2.273-09 
2.70E-09 
3.08E-09 
3.41E-09 
3.67E-09* 
3.871-09* 
4.00E-09* 
4.08E-09* 
4.11E-09* 
4.07E-09* 
3.87E-09# 
3.41E-09# 

1.58E-09 
1.753-09 
1.90E-09 
2.03E-09 
2.16E-09 
2.273-09 
2.383-09 
2. BOE-09 
3.17E-09 
3. d8E-09 
3.73E-09* 
3.91E-09* 
4.03E-09* 
4.09E-09* 
4.llE-09* 
4.06E-09* 
3.85E-0911 
3.39E-09# 

1.75E-09 
1.90E-09 
2.03E-09 
2.16E-09 
2.273-09 
2.38E-09 
2.49E-09 
2.893-09 
3.251-09 
3.553-09 
3.78E-09* 
3.94E-09* 
4.051-09* 
4.10E-09* 
4.llE-09* 
4.05E-09* 
3.83E-09# 
3.36E-09# 

3.33E-09 
3.41E-09 
3.48E-09 
3.551.:-09 
3.61E-09* 
3.67E-09* 
3.73E-09* 
3.91E-09* 
4.03E-09* 
4.09E-09* 
4.llE-09* 
4.10E-09* 
4.06E-09* 
4.00E-09* 
3.93E-09# 
3.76E-09# 
3.48K-09# 
3.02E-09# 

4.llE-09* 
4.llE-09* 
4.llE-09* 
4.llE-09* 
4.llE-09* 
4.10E-09* 
4.10E-09* 
4.06E-09* 
4.00E-09* 
3.93E-09# 
3.85E-09# 
3.76E-09# 
3.67E-09# 
3.5BE-O?# 
3.48E-09# 
3.29E-09# 
3.02E-09# 
2.62E-09# 

A c c u r a c y :  * - Possible E r r o r  Greater T h a n  10% 
# - P o s s i b l e  Error Greater Than  100% 

C h e b y s h e v  F i t t i n q  P a r a m e t e r s  fo r  C r o s s  S e c t i o n s  

E,,,in = 5.OE+02 eV, E,,,ax = 2 . O E - k O 4  e V  

H 
Temp. 
(eV) A0 

500. 
750. 
1000. 
1250. 
5000. 
10000. 
20000. 
Equal 

-39.7100 
-39.5923 
-39.4997 
-39.4237 
-38.9001 
-38.8452 
-39.3124 

Temp. -39.7457 

A1 

.631450 

.543848 

.476362 

.421755 

.0101105 
.. 187122 
. .240533 
.353158 

A2 

-. 153568 -. 128283 -. 113723 -. 105533 
-. 108849 -. 105864 
-.0956162 -. 421145 

A3 

-. 0909606 
- .097 17 54 
-.0995434 
-.0997854 
.-.0609619 -. 037 1107 
-. 025 1663 -. 103566 

A4 A5 

-. 0319929 2.01118E-04 
-.0299354 .00227565 
-.0281721 .00377301 
-.0264000 .00472594 
-. 0111639 .00213821 
-.00678512 2.66271E-04 
-.00414891 -1.62169E-04 
-3.86751E-04 .272186 

20000. 

3.43E-09# 
3.41E-09# 
3.39E-09# 
3.36E-09# 
3.34E-09# 
3.31E-09# 
3.29E-09# 
3.20E-09# 
3.llE-09# 
3.02E-09# 
2.94E-09# 
2.85E-09# 
2.77E-09# 
2.70E-09# 
2.62E-09# 
2.48E-09# 
2.29E-09# 
2.02E-O9# 

A6 

.00981582 

.00859152 

.00746751 

.00647214 

.00143014 
5.36963E-04 
1.56753E-04 
-.00215387 

See appendix for C h e b y s h e v  fit details. 
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H+ + H -> H+ + HC2p) 

... ...... 

50.0 

45.0 

40.0 

35.0 

30.0 

25.0 

20.0 

15.0 

10.0 

Maxwellian - Maxwellian 

I I I I I I l l 1  1 I I I 1 1 1 1 1  I 1 1 1 1 1  

H Temp. 

(eV> 

A z 5 0 0 .  

x -750. 

v = 1000. 

% = 1250. 

@ =5000. 

=10000. 

a =20000. 

Recommended 
Data _I 

- - - -.Chebyshev Fit 

Equal Temp. -.. 

Id io3 1 0' 10' 
H* Temp. (eV) 



E x c i t a t i o n  Cross S e c t i o n s  for 

B+ + H -> HC + H(ri-2,3,4) 

H ( n=2 ) 

Energy 0 

(ev/aiiu 1 ( c1n2 1 

1.5E+04 
2.OE+O4 
2.5E+04 
3.OEi-04 
4.OE+04 
5.OEi-04 
5.5E+O4 
6.OE+O4 
' ? .OE+04 
8. OE to4 
9.OE+04 
l.OE+05 
1.5E+05 
2.0E+O5 

3.43E-17 
5.22E-17 
6.64E-17 
7.89E-17 
9.59~17 
1.05B-16 
1.07E-16 
1.07E-I6 
1.03E-16 
9.72E-17 
9.28E-17 
8.90E-17 
7.48E-17 
6.53E-17 

M(n-3) H ( 11-4 ) 

Energy 0 Energy 0 

(eV/aniu) ( c1n2 ) (eV/amu) ( Clll ) 

1.5E+04 
2.OE+04 

3.OE+04 
4.OE+04 
5.OE+04 
6.OE+04 
7.OE+04 
8.OE+04 
9.OEt04 
1.OE-I-05 
1.5E+O5 
2.OE+05 

2.5E-t04 

1.0%-17 
1.29E-17 
1.53E-17 
1.80E-17 
2.33E-17 
2.546-17 
2.51E-17 
2.42E-17 
2.32E-17 
2.21E-17 
2.14E-17 
1.7QE-17 
1.36E-17 

2.5E+04 
3.OI.:+O4 
4.OE4-04 
5 .  O E + 0 4  
6.OF+04 
7.OEtO4 
8.OE+04 

l.OE+05 
1.5E+05 
2.OE+05 

9. OE 1-04 

7.63E-18 
8.68E-18 
1.0 2E- 1.7 
1.12E-1'7 
1.18E.-17 
1.19E-17 
1.18E--17 
1.14E-17 
1.10E-17 
9.06E-18 
7.69E-18 

Refe rences :  '709, 710, 711 

Accuracy: 40% 

Motes: (1) These cross s e c t i o n s  were de te rmined  by measur ing  t h e  e n e r g y  loss  
o f  t h e  inc iden t ;  p r o t o n  beam a f t e r  p a s s i n g  t h r o u g h  an  H target .  The e n e r g y  
r e e o l u t i o n  was n o t  s u f f i c i e n t  t o  s e p a r a t e  t h e  n l  l e v e l s .  ( 2 )  To o b t a i n  a b s o l u t e  
cross s e c t i o n s  t h e  r e s u l t s  were norma1.i zed  t o  t h e  Born approx ima t ion  of Bates 
and  G r i f f i n g  (Ref .  711) a t  200 keV. 

Chebyshev Fittinq Parameters f o r  Cross S e c t i o n s  

H(n=2)  E i i n  = 1.5E+04 eV/aniu, 2.OE+O5 eV/mln 
- 2.OE+05 eV/miu H(n-3)  E,,in = 1.5E+O4 eV/mu,  

H(n-4) Entin = 2.5E+Q4 eV/antu, = 2.OE-!05 eV/miu 

E,,la, 

A0 A1 A2 A3 A4 A5 A6 

H(n=2)  -74.4276 ,262934 -.386115 .0616937 .0293129 -.00255599 -. 0190829 
H(n=3)  -77.2720 .149236 -.351549 -.0157777 .0573.627 -.0247442 -. 0161701 
H(n=4) -78.4118 -.00702352 -.213691 .00801652 .0182541 -8.70179E-04 -.00538651 

The f i t  r e p r e s e n t s  t h e  H(n-2) cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  of 0.5%. 
The maximuna d e v i a t i o n  is 0.9% a t  8.OE-I-04 eV/anu. 

The f i t  r e p r e s e n t s  t h e  H(n-3) cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  of 1 . 2 % .  
The maximmi d e v i a t i o n  i s  1.5% a t  7.OE+04 ev/anu .  

The f i t  r e p r e s e n t s  t h e  B(n -4 )  cross s e c t i o n  w i t h  a n  rim d e v i a t i o n  of 0.2%. 
The maxilaurn d e v i a t i o n  i s  0.2% a t  5.OEt-04 eV/aniu. 

See  appendix  f o r  Chebyshev f i . t  d e t a i l s .  
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..... 

H' + H -> H(n=2,3,4) Target 

Cross Section vs. Energy 

A = H(n=2) 

X = H(n=3) 

D = H(n=4) 

Recommended 
Data -- 

Chebyshev Fit 

io4 io5 IO6 
Energy (eV/amu> 

.- ..... 
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Dissociative Excitation Cross Sections for  

H' + H2 -> H' f U(2Sf2p) + H 

H(2s) H(2P) 

( eV/amu)  ( CIli * ) (eV/aI1iu) ( c1112 ) 
Energy Cross Section Energy Cross Section 

5.OE1-03 
7.OEP03 
l . O E + 0 4  
1.5E+04 
2.OE+O4 
4. OE-1-04 
7.OE+O4 
l.OE+05 
1.5E+05 
2.OEP05 
4 OE+05 
7.OE+05 
l . O E + O €  

1.32E-18 
3.59~3-18 
4.70F-18 
5.73E-18 
6.38E-18 
7.69E-18 
8.00E-18 
7.88E-10 
7.04E--18 
6.236-18 
4 18E-18 
2 7 5E -- 10 
2. OOE -- 18 

4. OE t03 
'7.OE+03 
1.OE+04 
1.5Et04 
2.OE+04 
4.OE+04 
7.0E+04 
I. OE+05 
1.5E+05 
2.OE+05 
4.OE+05 
7.OE+05 
1.OE+06 

6.36E-18 
1.84E-17 
2.76E-17 
3.12E-17 
2.963-17 
2.14E-I7 
1.483-17 
1-21E-17 
9.23E-18 
7.42E-18 
4-343-18 
2.81E--18 
2 . 1 4 ~ 1 8  

References:* 122, 124, 128, 649 

Accuracy: 50% 

_I_ Notes: (1) The  2s cross section has been measured by field-induced 
emission of radiation (2s -z 2p -> 1s). If cascade i s  neglected, 
t h i s  i s  equal to the cross section for  H(2s) formation. ( 2 )  T h e  2p c rcs s  
section w a s  determined by measuring the emission, I f  cascade is 
negiected, this i s  equal to the cross section fo r  H(2p) formation. 

Chebyshev F i t L i n q  Parameters fo r  Cross Sections 

H(2s) El,,in = 5.OE+03 e V / a n i u ,  E1,Elx = l.OE+Q6 eV/amu 
H(2p) El,lin = 4.OE+03 eV/aI i iu ,  Emax = 1.OE+06 eV/aiiu 

A0 A1 A2 A3 A4 A5 A6 

H(2S) -80.1116 -e0216909 -.735933 -117161 -.0952706 -0960395 -.0678732 
H(2p) -78.5497. -.910686 -.758592 -347330 -e131263 -0249389 -0249642 

T h e  f i t  represents the H(2s) cross section with an m s  deviation of 3.1%. 
The maximum deviation is  5.9% a t  1.OE+04 eV/aniu. 

T h e  f i t  represents the H(2p) cross secti.on w i t h  an rnis deviation of 1 .6%.  
T h e  iiiaximuni deviation i s  2.5% a t  7.0E-103 eV/aniu. 

See appendix fo r  Chebyshev f i t  de t a i l s .  
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H+ + H, -> Hf + H(2~,2p) 

Cross Section vs. Energy 
10-16r- I ' ' I I l l l l  I I I I 1 1 1 1 1  I I I 1 I I l l  

I 
10--'q I I I I I 1 1 1 1  

I 1 I I l l l l l  I 1 I I I I l l  
. _  

io3 10" 1 o5 
Energy (eV/amu> 

IO6 

Recommended 
Data -- 

Chebyshev Fit 
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Energy 
( eV/allu ) 

1.5Et04 
1.6EiO4 
I .  7E+04 
1.8E+04 
1.9E4 04 
2.OE+O4 
2 I lE+04 
2.2E+04 
2.3E+04 
2.4E+O4 
2.5Ei04 
2.6E+04 
2 . 7 ~ 0 4  
2.8E+04 
2.9E+O4 
3.OEi04 

D i s s o c i a t i v e  E x c i t a t i o n  Cross S e c t i o n s  for 

H+ i H2 -> H+ + W(3p) + H 

V e l o c i t y  
( cm/s ) 

1.70E+Q9 
1.76E+08 
1.81E+08 
1.86E+08 
1.91E+08 
1.96E+08 
2.01E+08 
2.06E+Q8 
2 11E+08 
2.15E+08 
2.20E+08 
2.243+08 
2.28E+OE 
2.32E+08 
2.37E+08 
2.41E+08 

Cross S e c t i o n  
( ell1 * ) 

1.99E-18 
2.14E-18 
2.25E-18 
2.34~-18 
2.38E-18 
2.39E-18 
2.36E-18 
2.31E-18 
2 24E-l8 
2 - 16E-18 
2 e 07E-18 
1.95E-18 
1.81E-18 
1.65E-18 
1.45E-18 
1.20E-18 

Refe rence :  122 

Accuracy: 30% 

Note: The cross s e c t i o n s  f o r  H(3p) fo r ina t ion  deduced from e m i s s i o n  
measurements on t h e  ( u n s u b s t a n t i a t e d )  aasuiiiption t h a t  cascade may be 
neglected. 

Chebyshev Fittinq Parameters f o r  Cross S e c t i o n s  

EnIin = 1.5E+04 eV/<mu, E,,, = 3.OE+04 eV/aniu 

A0 A1 A2 A3 A4 A 5  A6 

-81.5559 -a198605 -.205491 -.0404366 -so225806 -.0130785 -+00450361 

The f i t  r e p r e s e n t s  the above cross section with an  rms dev i . a t ion  of 0.2%. 
The maximum d e v i a t i o n  i s  0.4% a t  2.7E+O4 eV/aiiu. 

See append ix  for  Chebyshev f i t  d e t a i l s ,  
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24.0 

22.0 

20.0 

18.0 

16.0 

14.0 

12.0 

H' + t i 2  --> H(3p) Target 

Crass Section vs. Energy 

Recommended 
Data -1-1 

- - - - -  Chebyshev Fit 

15.0 17.5 20.0 22.5 25.0 27.5 30.0 
Energy (eV/amu> *io3 



Energy 
(eV/alllu) 

5.OEt02 
7.OE+02 
l.OE+03 
1.5E-tO3 
2.OE-1-03 
4.OE+03 
7.OE+03 
l.OE+O4 
1.5E+04 
2 - OE bo4 
4.0E+04 
7.OE+O4 

1.4E+05 
l.OE-kO5 

S p e c t r a l  L ine  Eniission C r o s s  S e c t i o n s  f o r  

H +  + H2 --> H(Lyliian-a) 

V e l o c i t y  
(cm/s) 

3.llE-1-07 
3.68E+07 
4.39E+07 
5.38E+07 
6.21!2+07 
8.793+07 

1.39E+OR 
1.70E+08 

2.78E+O8 
3.68E+08 
4 . 3  9W08 
5.20E+08 

1.16E-1-08 

1.96E.I-QD 

Cross S e c t i o n  
( Clll2 ) 

6.561’;-18 
9.30E-18 
1 - 3 1E-17 
1.86E -17 
2.3 5E-17 
3 74E-17 
4 98E-17 
5.68E-17 
6.17E-17 
5.50E-17 
2 . 7 8 ~ 1 7  
1.77E-17 
1.40E-17 
1.20E-1’7 

References: 188, 194 ,  195 ,  676 

Accuracy: 50% 

Note* Cross s e c t i o n s  c o r r e s p o n d  t o  121.5?’1m erii ission r e s u l t i n g  f roiii 

&cia t l .ve  e x c i t a t i o n  of H2 by p r o t o n  impac t .  

Chebyshev F. i t t i .nq Para ine te rs  f o r  Cross S e c t i o n s  

= 1.4E+05 eV/aiiu Elllax 
E,,in = 5.OE+02 eV/aiiu, 

A 0  A 1  A 2  A3 A4 A 5  A6 

-76.9474 ,258573 -.911806 -SO361054 -132508 -0899171 -e00698679 

The f i t  r e p r e s e n t s  t h e  above cross section w i t h  an  rms d e v i a t i o n  o f  4 ,5%.  
The maxinium d e v i a t i o n  is  10 .4% a t  4.OE+04 eV/aniu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  
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I d "  

lo-'; 

1 0 - I '  

H' + ti2 -> Lya Target 

Cross Section vs. Energy 

102 
1 I I 1 I 1 1 1 1  1 I I I I l l l l  I I I l U L L (  1 1 1 1 1 1 1  

lo3 I o4 1 o5 
Energy (eV/amu> 

A = Ly, 

Recommended 
Data -- 

Chebyshev Fit - _ _ _ _  

IO6 
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S p e c t r a l  L ine  Einission Cross S e c t i o n s  f o r  

H+ + Hz -> H (  Baliuer-a,Balmer-B, Balmer-r) 

Ha 

Energy 0 

(eV/amu ) ( Clll2 ) 

1.5E+03 
2.OE+03 
4.OE+03 
7.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
4 I) OE-to4 
i.OE+Oc% 
1.OEd-05 
1.5E+05 
2.OEi-05 
4,OE-I-05 
7.OE+05 
1.OE+06 

2.09E-19 
2.70E-i9 
5.80E- 19 
1.51E-18 
2.24E-18 
2.62E-18 
2 -44E-18 
1.55E-18 
9.06E-19 
6.50E-19 
4.57E-19 
3.57E-19 
1.96E-19 
1.20E-19 
8.90E;-20 

Energy 
(eV/aniu ) 

5.OE+03 
6.OE+03 
7.OE+O3 
8.OWO3 
9.OF+O3 
l.OEtO4 
1.5E+04 
2.OE+04 
3.OE+04 
4.OE+04 
5.OE+04 
6.OEtO4 
7.OEtO4 
8.OE+04 
9.OE-I-04 
l.OE+05 
1.5E+05 
2.OE+05 
3 .OE+05 
4 a OE+05 
5.OE+05 
6.OE+05 
7.OE+05 
8.OE+05 
9.OEt05 
l.OE+06 

0 

( Clll ) 

1.75E-19 
2.37E-19 
2.98E-19 
3.53E-19 
3.95~-19 
4.28E-19 
4 TOE-19 
4 -  22E-19 
3.0OE-19 
2.29E-19 
1.88E-I9 
1.59E-19 
1.37E-19 
1.21E-19 
1.08E-19 
9.78E-20 
6.72E-20 
5.18E-20 
3.60E-20 
2.75E-20 
2.25E-20 
1.90E-20 
1.66E-20 
1-46E-20 
1.323-20 
1.19E-20 

Energy 
(eV/amu 1 

lfOE+04 
1.4E+04 
1 .  W i O 4  
2.OE+04 
3.OE+O4 
4.OE+04 
5.OE+04 
6.OE+04 
7.OE+04 
8.OE-t-04 
9.OEc04 
1.OE+05 
1.5E+05 
2.OE+05 
3.OEt05 
4 OE+05 
5.OE+05 
6.OE+05 
7.OE+05 
8.0E+05 
9.OE+O5 
l,OE+O6 

0 

( Clll* ) 

1.00E-19 
1.09E-19 
1.08E-19 
9.91E-20 
7.64E-20 
5.00E-20 
4.93E-20 
4. 21E-20 
3.69E-20 
3.29E-20 
2.96E-20 
2.7OE-20 
1.87E -20 
1.46E-20 
1.02E-20 
7.97E-21 
6.52E-21 
5.57E-21 
4.88E-21 
4 - 3 BE-2 1 
3.98E-21 
3.65E-21 

Refe rences :  133, 139, 655 

Accuracy: 50% 

Motes: (1) The data c o r r e s p o n d  t o  Balmer-series e m i s s i o n  r e s u l t i n g  from 
dissociative e x c i t a t i o n  of HZ, and have been i iorinalized i n  t h e  h i y h  e n e r g y  
r e g i o n  t o  d a t a  o f  Edwards and Thomas ( R e f .  655). (2) D i f f e r e n c e s  i n  
magn i tudes  of t h e  r e p o r t e d  cross s e c t i o n s  f o r  each t r a n s i t i o n  are due t o  
d i f f e r e n c e s  i n  c a l i b r a t i o n  between t h e  expe r in i en ta l  sys t ems .  ( 3  ) The 
wave leng ths  are as follows: Ha= 656.28nm; Hg=486.13nm; H7=434.05nni. 

Chebyshev F i t t i n q  Pa ramc te r s  f o r  Cross  S e c t i o n s  

= 1.OE+06 eV/amu H, Emin = 1.5E+03 eV/;unu, 'inax 
E-1s E m i n  = 6.OE+03 eV/aniu, = l.OEt06 e V / m u  

= 1.OE+06 eV/aniu HY Eillin = 1.OE+04 eV/aniu, E1nax 

A0 A1 A2 A 3  A4 A5 A6 

11, -84.6647 -.627902 -1.285ai .366073 -150564 -.204615 .0536705 
Hg -87.6626 -1.78903 -e434179 -278457 -.129747 .0301375 .0113784 
Hy -90.3588 -1.79519 --.168084 -119053 -.0545231 -0225899 -.00228534 

The f i t  r ep re f i en t s  t h e  Ha cross s e c t i o n  w i t h  an  ms d e v i a t i o n  of 5.4%. 
The niaximuiii d e v i a t i o n  is  12.3% a t  4.OE+03 eV/aniu. 
The f i t  r e p r e s e n t s  t h e  Hg cross s e c t i o n  w i t h  an  rins d e v i a t i o n  of 1.4%. 
The maximum d e v i a t i o n  is  3.1% a t  4.OEt04 eV/iuiiu. 
The fit r e p r e s e n t s  t h e  Hy cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  of 0.4%. 
The niaxiiiium d e v i a t i o n  i s  0.8% a t  5.OE+04 eV/arnu. 

See append ix  for Chebyshev fie: d e t a i l s .  
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S p e c t r a l  Band Bi i i s s ion  Cross Sectj on6 f o r  

K+ -b H2 -> Ht + H 2 *  

160.6nm Band 418. Onni Band 

Energy Cross S e c t i o n  
(ev/alllu ) ( cm* ) 

7.OF+03 
8.OE+03 
9.OE+03 
l.OE+04 
1.5E+04 
2 OEt04 
3.OE+04 
4.OEt04 
5.OEi-04 
6.OE+04 
7.OE+O4 
8 OW04 
9.OE+04 
1.0E+05 
1 .3Et05  

2.17E-18 
2 - 3  1 E-- 1 8 
2 -44E-18 
2.566-18 
3.00E-18 
3.30E-18 
3.696-18 
3.84E-18 
3.873-18 
3.83E-18 
3.76E-18 
3.67E-18 
3.55E-18 
3.42E-18 
3.01E-18 

Energy Cross Section 
(SV/anlU ) ( e1112 ) 

1.5E+05 
2.0E+05 
2.5E+05 
3. OE t05  
3.5E905 
4 e OE+05 
5.OE+05 
6.OG+05 
7.OE+05 
8. OE (-05 
9.OE-kO5 

8.06E-21 
6.25E-21 
5-06E-21 
4.21E-21 
3.62E-21 
3.17E-21 
2.54E-21 
2 . l lE -21  
1 . 8 1 E - 2 1  
1.59E-21 
1.39E-21 

Re ie rencesL  194,  654 

Accuracy: 50% 

Note: The  160.6nm Rand i s  t h e  Lyman band of H2 [ R  'xu+ -> x 'E + r  ( 4 , 1 1 1 ,  ( 5 ~ 2 )  g 
and ( 6 , 1 3 ) ] .  T h e  418.Onm Band of  HZ Is f o r  the t r a n s i t i o n s  [3d  'ng -> 2p 'eu-( 
( 1 l O ) l .  

Chebyshev Fittinq Paramete r s  fo r  Cross S e c t i o n s  

160.6 nm E,,in = 7.OE+03 eV/mu,  E,,,, = 1.3E+05 eV/ailu 
418.0 nil\ = 1.5Et05  eV/amu, E,,,, = 9.OE+OS eV/amu 

A0 A1 A2 A3 A4 A5 A6 

160.6 nm -80.6464 .194014 -.181339 -.0301739 -.00212964 3.138083-04 -.00210888 
418.0 nm -94.2526 -.881302 -.0131335 .00371515 -.00433338 -6.456023-04 -.00195489 

The f i t  r e p r e s e n t s  t h e  16O.611111 enij s s i o n  c r o s s  section w i l h  a n  rias d e v i a t i o n  
of 0 . 2 % .  
The maximusa, d e v i a t i o n  is 0.3% a t  2.OE+04 eV/amu. 

The fit represents t h e  418.Onni emission cross sec t ion  w i t h  a n  rins devi atioin 
of 0.2%. 
The maximum devia t ion  i s  0.3% a t  7.0E33-05 eV/aniu. 

See append ix  for Chebyshev f i t  de ta i l s .  
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ti' + H, -> 160.6, 418.0 nm 

n 

"E 
0 v 

Cross Section v s  Energy 

A = 160.6 nm 

X = 418.0 nm 

Recommended 
Datu 

--_..._ Chebyshev Fit 

io3 io4 10" 
Energy (eV/amu> 
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Excitation Cross Sections for 

H+ i He -> H+ + H~*(z's,z~P) 
Ht + He*(21S + 21P) 

II~(~'s) 

Energy 0 

( ev/anu ) ( cni' 

2.5E+04 
3.OEi04 
3.511:+04 
4.01?+04 
4.5Ei04 
5.OE+04 
5.5E+04 
6.0E+04 
7.OE+04 
8.OE+04 
9.OEt04 
l.OE+05 

3-793-18 
4.52E-18 
5.28E-18 
6.05E-10 
6.68E-18 
6.87E-18 
6.59E-18 
6.22E-18 
5.33E-18 
4.94E-18 
5.16E-18 
5.43E-18 

Energy 
( ev/aInu ) 

2.3E+04 
2.5E+04 
3.OE+04 
3.5E+04 
4.OE+04 
4.5Et04 
5.OE+04 
5.5E+04 
6.OE+04 
7.OE+04 
8.OE+04 
9.OE+04 
l.OEi05 
1.2E+05 
1.5E+05 
2.OEi05 
2.5E+05 
3.OE+05 
3.5E+05 
4.OE+05 
5.OE+05 
6.OE+05 
7.OE+05 
R.OEi05 
9.OE+05 
l.OE+Q6 

0 

( Clll2 ) 

2.00'~-18 
2.44E-18 
3.44E-18 
4.61E-18 
5.76E-I8 
6.91E-18 
7.65E-18 
7.96E-18 
8.39E-18 
9.3%~-18 
1.08E-17 
1.233-17 
1.36E-47 
1.43E-17 
1.35E-17 
1.21E--17 
1.10E-17 
1.01E-17 
9.32E-10 
8.71E-18 
7.00E-18 
6.91E-18 
6.31E-18 
5.88E-18 
5 -  52E-18 
5.23E-I8 

Energy 
(eV/a11u) 

2.3Et04 
3.OE+04 
4.OE+04 
5.OE+04 
6.OE+04 
7.OEt04 
8.OEi04 
9.OE+O4 
l.OE+05 
1.3E+05 

0 

( c n i 2  ) 

5.38E-38 
7.52E-18 
1.12E-4 7 
1.476-17 
1.50E-17 
1.48s-17 
1.55E-17 
1.71E-17 
1.793-17 
1.62E-17 

References: 665, 680, 681, 682 

Accuracy: E < 1.5~10' eV/aniu - 50% 
E > 1.5~10' eV/anu - 30% 

Note: For angular distributions see Park et al. (Ref. 681), and Kvale et al. 
(Ref. 665). 

Chebyshev Fittinq Parameters for Cross Sections 

= 1.OE+05 eV/altu He* ( 2 l ~ )  E,in = 2.5Ec04 eV/amu, Enlax 
We* ( Z I P )  Enlin = 2.3E+04 eV/ariiu, = 1.OE+06 eV/aniu 

= 1.3E+05 eV/anu He*(2lS + 2lP) E,in = 2.3E+O4 eV/amu, Enlax 
A0 A 1  A2 A3 A4 A5 A6 

He* (2's) -79 .6082 . 1 1 7 2 1 3  - .178720 . 0 6 1 6 4 7 0  . 0 7 6 4 2 2 1  .00195815 - . 0 2 7 3 9 4 4  
He* ( ZIP) - 7 9 . 1 7 6 1  . 3 1 8 2 9 6  - .694295 . 1 6 1 2 1 2  . 0 2 4 0 0 8 3  - .00395403 - . 0 2 8 5 4 1 1  
He*(ZIS t 2lP) -77 .9705 .598490 - .190056 . 0 1 3 6 7 4 6  .00624072 -.Of319807 - . 0 4 4 0 0 1 5  

The fit represents the He*(2'S) cross section with an rins deviation of 0.5%. 
The ntaxiniuni deviation is 0 .  1% at B.OE+04 pV/arnu. 
The fit represents the He*(2lP) cross section with an r n i s  deviation of 3.7%. 
The niaxirnuni deviation is 8.4% at I.OE+04 eV/aniu. 
The fit represents the He*(ZIS + 2lP) cross sec t ion  with an niis deviation of 1.6% 
The maximum deviation i s  2.0% at 7.OE+O4 e V / a i i u .  

See appendix fur Chebyshev f i t .  details. 
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1 0.- ' 

10- 

lo-' 

H+ + He ->HeQ1S,2'P,2'S + 2'P) 

Ct-mss Section vs. Energy 
I I I I I I I I I  I I I I I I I I  

I I I I I I l I l  I I I I I I I L  

10" io5 IO6 
Energy (eV/amu> 

Recommended 
Data 

Chebyshev Fit , - - - _ .  
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n 
Tamp. 
(ev) 

1. O E I O O  

2.OE+OO 
4. OEtOO 
7.OEi00 
1.OEtOl 
2.OE+01 
4.OE+01 
7.OEt01 
1.OEt02 
2.OEt02 
4.OEt02 
7. OEt 0 2  

l.OE+03 
2.OE+03 
4.OEt03 
7.OE+03 
l.OEt04 
2 .OEt04 

30000. 

1.09E-09 
1.09E-09 
1.09E-09 
1.09E-09 
1.09E-09 
1.09E-09 
1.09E-09 
1.09E-09 
1.09E-09 
1.07E-09 
1.04E-09 
1.04E-09* 
1.05E-09* 
1.10E-09* 
1.17E-09* 
1.23E-09* 
1.23E-09* 
1.15E-09* 

Excitation Rate Coefficients for 

ile i- H+ -> H+ + ~e*(2ls) 

R e m  - Maxwellian Rate Coefficients ( cm3/s ) 

40000. 

1.683-09 
1.68E-09 
1.68E-09 
1.683-09 
1.68E-09 
1.68E-09 
1.68E-09 
1.683-09 
1.68E-09 
1.68E-09 
1.683-09 
1.67E-09 
1.66E-09 
1.61E-09 
1.553-09 
1.47E-09 
1.38E-09* 
1.15E-09* 

50000. 

2.13E-09 
2.13E-09 
2.13E-09 
2.12E-09 
2.12E-09 
2.12E-09 
2.llE-09 
2.10E-09 
2.09E-09 
2.08E-09 
2.04E-09 
2.00E-09 
1.97E-09 
1.893-09 
1.753-09 
1.57E-09* 
1.43E-09* 
1.12E-09* 

HE Energy ( e V / a m a )  
60000. 70000. 

2.11E-09 
2.11E-09 
2.llE-09 
2.llE-09 
2.11E-09 
2.llE-09 
2.11E-09 
2.10E-09 
2.10E-09 
2.09E-09 
2.07E-09 
2.06E-09 
2.04E-09 
1.973-09 
1.79E-09* 
1.56E-09* 
1.39E-09* 
1.06E.-09* 

1.96E-09 
1.96E-09 
1.96E-09 
1.96E-09 
1.96E-09 
1.97E-09 
1.97E-09 
1.97E-09 
1.98E-09 
1.99E-09 
2.00E-09 
2.01E-09 
2.00E-09 
1.91E-09 
1.69E-09* 
1.45E-09* 
1.29E-09* 
9.83E-10# 

8 0 0 0 0 .  

1.94E-09 
1.953-09 
1.953-09 
1.953-09 
1.953-09 
1.96E-09 
1.96E-09 
1.973-09 
1.98E-09 
2.00E-09 
2.00E-09 
1.953-09 
1.89E-09* 
1.71E-09* 
1.48E-09* 
1.28E-09* 
1.15E-09* 
8.92E-10# 

Accuracy: * - Possible Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev Fittinq Parameters for Rate Coefficients 

E ~ , , ~ ~  = l . O E + O O  eV, E,,,,, = 2.OE+04 eV 

ne 
Energy 

(aV/amu) 

30000. 
40000. 
50000. 
60000. 
70000. 
80000. 
100000. 

A0 

-41.2314 
-40.5478 
-40.2209 
-40.2314 
-40.3601 
-40.4485 
-41.3985 

A1 

.0438795 
-. 126080 
-.240437 
-.246864 
-.241292 -. 303064 
-. 220781 

A2 

.0359901 
-.Ogle486 
-. 148187 
-. 171734 
-. 189416 
-.213746 
-.0969877 

A 3  

.0113183 
-.0530702 
-.0719185 
-.0935161 
-. 108326 
-.0974470 
-.0320398 

A4 

-.01831772 
-.0226281 
-.0283797 
-.0372433 
- .0372244 
-.0150843 
-.0136188 

A5 

-.0298761 
-.00730499 
-.00898769 - 
-.00687580 
.00170975 
.0124774 

-.00923349 

100000. 

1.19E-09R 
1.18E-09# 
1.18E-09# 
1.18E-09# 
1.17E-09# 
1.16E-09# 
1.15E-09# 
1.14E-09# 
1.13E-09# 
1.llE-09# 
1.07E-09# 
1.04E-09# 
1.02E-09# 
9.77E-10# 
9.29E-10W 
8.753-10# 
8.27E-10# 
7.02E-lOR 

A6 

-.0164179 
-.00342970 

,8.657033-04 
.00536462 
-0115451 
.00596267 

-.00545964 

See appendix for Chebyshev fit details. 



c-63 

He + H' --> ti' + He(2'S) 

0 
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C - 6 4  

H 

( e v )  

Temp I 

l.OEt00 
2 .  OEtOO 
4.0EtOO 
7. OEtOO 
l.OE+Ol 
2.OEtO1 
4.OEt01 
7.OEt01 
1.OEt02 
2.OEt02 
4.OEt02 
7.OE+02 
l.OEt03 
2.OEt03 
4.OEt03 
7.OEt03 
l.OEt04 
2.OEt04 

30000. 

8.28E-10 
8.28E-10 
8.29E-10 
8.29E-10 
8.30E-10 
8.32E-10 
8.36E-10 
8.41E-10 
8.47E-10 
a. ~ O E - ~ O  
8.80E-10 
9.14E-10 
9.51E-10 
1.07E-09 
1.30E-09 
1.633-09 
1.93E-09 
2.793-09 

Accuracy: * - 
# -  

Excitation Rate Coefficients f o r  

ne + I? -> H' + H ~ * ( P P )  

H e w i  - Maxwellian Rate Coefficients ( cm3/s) 

40000. 

1.60E-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.61E-09 
1.61E-09 
1.61E-09 
1.633-09 
1.653-09 
1.673-09 
1,693-09 
1.78E-09 
1.97E-09 
2.2BE-09 
2.573-09 
3.32E-09 

60000. 

2.86E-09 
2.86E-09 
2.86E-09 
2.86E-09 
2.86E-09 
2.863-09 
2.8613-09 
2.87E-09 
2.87E-09 
2.893-09 
2.92E-09 
2.963-09 
2.99E-09 
3.12E-09 
3.33E-09 
3.58E-09 
3.783-09 
4.293-09 

H e  Energy ( e V / a m u )  
80000. 100000. 

4.243-09 
4.24E-09 
4.243-09 
4.25E-09 
4.25E-09 
4.25E-09 
4.25E-09 
4.26E-09 
4.27E-09 
4.286-09 
4.32E-09 
4.36E-09 
4.41E-09 
4.51E-09 
4.63E-09 
4.7 5E-09 
4. 85E-09 
5.09E-09 

5.97E-09 
5.96E-09 
5.96E-09 
5.963-09 
5.95E-09 
5.94E-09 
5.933-09 
5.92E-09 
5.91E-09 
5.893-09 
5.87E-09 
5.843-09 
5.823-09 
5.773-09 
5.73E-09 
5.70E-09 
5.69E-09 
5.743-09 

Possible Error Greater Than 10% 
Possible Error Greater Than 100% 

200000. 

7.52E-09 
7.52E-09 
7.513-09 
7.51E-09 
7.51E-09 
7.513-09 
7.51E-09 
7.5 1E-09 
7.51E-09 
7.51E-09 
7.50E-09 
7.51E-09 
7.50E-09 
7.50E-09 
7.483-09 
7.45E-09 
7.41E-09 
7.273-09 

Chebyshev Fi t t inq Parameters for  Rate Coefficients 

E,in = I . O K + 0 0  eV, E,,,, = 2.OE+04 eV 

He 
Energy 
(eV/amu ) A0 A1 

3 0 0 0 0 .  -41.2504 .486127 
40000. -40.1898 .273759 
60000.  -39.1561 .162678 
aoooo. -38.4598 .0783748 
100000. -37.9111 -.0245928 
200000. -37.4242 -.0102227 
400000. -37.3788 -.00169868 

A2 

.299576 

.le1714 

.0999502 

.0416546 
-.00529346 
-.00738113 
-.00156122 

A3 

.128300 

.0905572 

.0424831 

.0129989 

.00275039 
-.00482593 
-.00125546 

A4 

.0302620 

.0322161 

.00981070 

.00102165 

.00343274 
-.00285436 

-8.18521E-04 

A5 

-.00574350 
.00429196 

-.00141938 
-5.190123-04 

.00202305 
-.00141545 

-4.467243-04 

400000. 

7.65E-09 
7.653-09 
7.653-09 
7.65E-09 
7.65E-09 
7.65E-09 
7.65E-09 
7.65E-09 
7.65E-09 
7.653-09 
7.653-09 
7.65E-09 
7.653-09 
7.653-09 
7.653-09 
7.643-09 
7.633-09 
7.60E-09 

A6 

-.00993827 
-.00603203 
-. 00247916 

6.568793-04 
8.641463-04 

-4.703573-04 
-1.48377E-04 

See appendix for Chebyshev f i t  d e t a i l s .  
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A Î  30000. 
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0 z: 100000. 

68 =200000. 
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E x c i - t a t i o n  Cross S e c t i o n s  for  

H +  d- He -> H +  + He*(3lS ,3 lP ,3 lD)  

Ht?*(31S) H e *  ( 3' P ) He* (3 lD)  

Energy 0 Energy 0 Energy 0 

(ev/amu) ( cm2 ) (ev/aniu) ( en12 ) ( ev/iunu ) ( Clll* ) 

5.OEd-03 
6.OE+03 
7.OE+03 
8.0E+03 
9.OE+O3 
1.OE+04 
1.5E+04 
2.OE-t-04 
3 . O E - t  04 
Q.OE+04 
5.OE+Q4 
6.OE+04 
7.OE+04 
8.06404 
9.0E+04 
1.OE-t-05 
1.56+05 
2.OE+05 
2.5E+05 

6 - 81E-20 
1.08E-19 
1.65E-19 
2.266-19 
2.96E-19 
3 65E-19 
5.83E-19 
9.53E-19 
1.30E-18 
1-43E-18 
1-39E-18 
1.29E-P8 
1.21E-18 
1.12E-18 
1-03E-18 
9.63E-19 
5.92E-19 
5 -  07E-19 
3.91E-19 

2.OEi03 
4.OEi03 
7.OE+03 
1.OE+04 
1.5E+04 
2.OEd-04 
2.7Ed-04 
4.OE+04 
7.OEd04 
I. OE+05 
1.3E+05 
2.OE+05 
4.OE+05 
7.OEd-05 
1.OE+06 

7.41E-21 
4 0 38E-20 
1.90E-19 
5.041;-19 
1.04E-18 
1.25E-18 
1.21E;lS 
1.56E-18 
2.50E-18 
3.05E-18 
3.27E-18 
3.13E-18 
2.35E-18 
1.57E-18 
1.30E-18 

4.5I.E-20 
6.18E-20 
3.llE-19 
3.90E-19 
4.30E-19 
3.74E-19 
2.83E-19 
3.57E-19 
3.82E-19 
3.47E-19 
2.68E-19 
2.02E-19 

R e f e r e n c e s :  680, 685, 686, 687, 688, 689, 590 

Accuracy: 40% 

Motes: None 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A 6 

He*(3lS)  -84.4433 . 775561  -1.55948 .110960 .0219972 -.00305073 -.00996704 
He*(3 lP )  -84.5124 2.50529 -1.63211 .183239 -.0277337 -.0862483 .168352 

.123942 Ile*(3lD) -85.9726 .503209 --.748814 .283442 -.187874 -.0352298 

The f i t  r e p r e s e n t s  t h e  He*(3lS)  cross sect-ion w i t h  an  rms d e v i - a t i o n  of 1.6%. 
The iuaximum d e v i a t i o n  i s  3.9% a t  6.OE+03 eV/cuuu. 

Tine f i t  r e p r e s e n t s  the He*(3'P) cross s e c t i o n  w i t h  an  rni8 d e v i a t i o n  of 9 .8%.  
The maximum d e v i a t i o n  i s  1.8.7% a t  2:7E-t04 eV/aniu. 

The f i t  r e p r e s e n t s  t h o  He*(3lD) cross s e c t i o n  w i t h  an riiis d e v i a t i o n  of 6 .2%.  
The maximum d e v i a t i o n  i s  13.9% a t  2.8E+04 eV/aunu. 

See append ix  fo r  Chebyshev C i t  de ta i l s .  
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H* + He -> He(3'S,3'P,3'D) 

Cross Section vs. Energy 
IO- 17L I I I I I I l l 1  1 I I 1 I 1 1 1 1  I I I I I I I I J  

lo-' 

lo-' 

A = He(3'P) 

x = He(3'S) 

V = He(3'Q) 

Recommended 
Data -__- 

- - - - -  Chebyshev f i t  
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Excitation Cross Sections fo r  

A +  + HF: -> H+ + H~*(~~s,~~P,$'D) 

He* ( 4' s He* (4l P) Hef(4'D) 

Eneryy 0 Energy 0 Energy 0 

( ev/aniu) ( cn12 1 (eV/aniu 1 ( ClllZ ) (ev/aniu) ( ClllZ ) 

1.OE+03 
2.OE.1-03 
3.0E+03 
4.OE+03 
4.5Ei-03 
7.OE+03 
l.OE604 
1.5E+04 
2.OE-bO4 
4.OEt04 
4.4E+O4 
7.OE+04 
1.OE+05 
1.5E+05 
2.0Et05 
4.OEt05 
7.OE+05 
1. OEt06 

2 - 093-22 
1.64E-21 
2.98E-21 
2.02E-21 
1.70E-21 
3.94E-20 
8.8833-20 
1.34E-19 
2-15E-19 
4.94E-19 
5 -  15E-19 
4.01E-19 
2.a7~-19 
1 - 93%-19 
1 -41E-19 
6.74E-20 
3.94E-20 
2.69E-20 

l.OE+04 
1.5E+04 
2.OE+04 
3.OE+04 
4.OE+04 
5.OE+04 
6.OE+04 
7.OE+04 
8.OE+04 
9.OE+04 
l.OE+05 
1.3Ei-05 
1.5E+Q5 
2 I OE+05 
3.OE+05 
4.OEt05 
5 . 0 ~ 0 5  
6.OE+05 
7.0E+05 
8.OE+05 
9.0E+05 
l.OE+06 

1.19E-19 
2.63%-19 
3.19E-19 
3.61E-19 
4.49E3--19 
5.72E-19 
6.923-19 
7.73E-19 
8.43E-19 
9.14E-19 
9.72E-19 
1.06E-18 
I. - 05%-18 
1.00E-18 
8.79E-19 
7.84E-19 
6.81E-19 
6.07E-19 
5.46E-19 
5 - 00E-19 
4.50E-19 
4.00E-19 

2.OE+03 
4.OE+03 
7 .OE+03 
l.OE+04 
1.3E+04 
2.OEi04 
2.6E+04 
4.OE+04 
5.OE+04 
7.OE+04 
l.OE+05 
1.5E+05 
2.OE+05 
4.OE+05 
4.OE+05 
7.OEt05 
I. OE+06 

2.21E-21 
7.14E-21 
7.63E-20 
1.52E-19 
1.79E-19 
1.18E-19 
1 05E-19 
1.30E-19 
1 -3 8E - 1 9 
1.31E-19 
1.07E-19 
7.17E-20 
5.12E-20 
2.42E-20 
2 -42E-20 
1.34E-20 
9.00E-21 

References: 680, 685, 686, 687, 688, 689, 690 

Accuracy: 40% 

Notes: None 

Chebyshev Fittinq Paraneters for Cross Sections 

= 1.OE+Q6 eV/aniu He*(4lS) E,in = 1.OE+03 eV/aniu, Emax 
He*(4lP) E,,in = 1.OE+04 eV/ainu, E,,,, = 1.OE+06 eV/amu 

= 1.OEtO6 eV/amu He*(4lD) EInin = 2.OE-t03 eV/anu, Enlax 

A 0  A1 A2 A3 A4 A5 A6 

He*(4lS) -90.7744 2.47036 -2.37315 -.J12038 .549272 -.0385738 - a  264616 
IIe*(4lP) -84.4673 .568166 -.658688 -.0606377 -0615161 -0857392 -.0897306 
He*(4lD) -90.3972 .468672 -1.92730 -452357 7-328886-04 --125659 .290353 

T h e  fit reprefientfi the He*(a'S) cross section with an rnis deviation of 6 0 . 6 % .  
T h e  maximum deviation is 217.9% at 4.5El03 eV/anu. 

The fit represents the He*(4lP) cross section with an rnis deviation of 2.4%. 
The maximum devi a t i o n  is 4.9% a t  3.OEt04 eV/aiiu. 

The fit represents the Hr*(4lD) cross section with an riiis deviation of 25.2%. 
The maximum deviation is 50.7% at 2.6E+04 eV/anu. 

See appendix for Chebyshev fit details. 
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H* + He --> H+ + He(4’Sj4’P,4’D) 

Cross Section vs. Enerqy 
J /  

IO-”, I I I I I l l l l  I I I I 1 1 1 1 1  I I I I I l l q  

Energy (eV/amu> 
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Total Vacuum U l L r a v i o l e t  Emiss ion  Cross S e c t i o n s  f o r  

H+ + H e  -> V.U.V.  ( A  = 20-140nm) 

V e l o c i t y  
( c d s  ) 

9.00Ei-07 
9.82E+07 
1.08E+O8 
1.16E+08 
1.24E+08 
1.3 2E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.41~08 
2.781:+08 
3.llE+08 
3, clOE+08 
3.68E+OD 
3.93E+OR 
4.17E+08 
4.391.:+08 
5.38E+08 

Cross S e c t  i o n  
( Clll ) 

1.05E-18 
1.25E-18 
1-49E-18 
1.70E-18 
1.89E-18 
2.05E-18 
2.20E-18 
2.73E-18 
3.00E-18 
3.21E-18 
3.3OE-18 
3.33E-18 
3.34E-18 
3.32E-I8 
3.31E-18 
3.28E-18 
3.25E-18 
3.14E-18 

Refe rence :  654 

Accuracy: 40% 

Mote: Values  shown i n  t h e  g r a p h  c o r r e s p o n d  t o  v a l u e s  of riieasured cross s e c t i o n s  
for  V . U . V .  emlsfiion which have been c o r r e c t e d  fo r  t h e  p h o t o e l e c t r i c  y i e l d  
i n t e g r a t e d  o v e r  t h e  wavelength  r ange  of s e n s i t i v i t y  of t h e  detector ( approx .  
2O-14OnIU). 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

= 1.5E+05 eV/anu Enlax E , , , ~ ~  = 4.2E+03 ev/amu, 

A0 A1 A2 A3 A4 A5 A6 

-81.1574 -502834 -a275390 -0508166 -00293296 -.00661360 -00122541 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rins d e v i a t i o n  of 0.3%. 
The rnaxiniuin d e v i a t i o n  i s  0.5% a t  3.OE+04 eV/aniu. 

See append ix  f o r  Chebyshev f i t  detai ls .  
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Energy 
(eV/anlu) 

3 . 8 E + 0 3  
4.OE-1-03 
5.OE+03 
6 . O E i 0 3  

8.OE+03 
9.OE+03 
1.OE+04 
1 . 5 E + 0 4  
2.OEiO4 
3.OE-t-04 
4.OE+04 
5 . 0 ~ 0 4  
5.2E+04 

7.OEt-03 

Excj t a t  i.on Cross  S e c t i o n s  f o r  

He+ + H -> H ( n = 2 )  

V e l o c i t y  
( Clll/S ) 

8.56E+O7 
8 . 7 9 E + 0 7  
9 . 8 2 E + 0 7  
1 . 0 8 E + O 8  
1 . 1 6 E + 0 8  
1 . 2 4 E + 0 8  
1 . 3 2 E + 0 8  
1 . 3 9 E + O 8  
1 . 7 0 E + 0 8  
1 . 9 6 E + 0 8  
2 . 4 1 E + 0 8  
2 . 7 8 E + 0 8  
3 . l l E + 0 8  
3 . 1 7 E + 0 8  

Cross S e c t i o n  
( mi2 

5.98E-17 
6 . 0 1 E - 1 7  
6.07E-1.1 
6 . 1 3 E - 1  I 
6.1613-17 
6 .19E-17 
6 .18E-17 
6.17E-1'7 
6 .17E-17 
6 .27E-17 
6 . 5 9 3 - 1 7  
7 .52E-17 
8 . 9 6 E - 1 7  
9 . 3 0 E - 1 7  

Refe rence :  7 1 6  

Accuracy: 50% 

Note: These  da ta  were o b t a i n e d  by measu r ing  t h e  enesgy loss of t h e  Be' i o n  
a f t e r  c o l l i s i o n .  The r e s o l u t i o n  o f  t h e  energy-loss s p e c t r o m e t e r  was n o t  
s u f f i c i e n t  t o  r e s o l v e  t h e  2 s  and 2 p  s ta tes .  

Chebyshev F i t t i n q  Parameters f q r  C r o s s  S e c t i o n s  

= 5.2E+04 eV/aniu Emax E i i n  = 3 . 8 E + 0 3  eV/anw, 

The f i t  r e p r e s f ? n t s  t h e  above cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  o f  0.3%. 
The iiiaxiniuiii d e v i a t i o n  is  0.5% a t  3 .0E+04 eV/aiiu. 

See a p p e n d i x  fo r  Chebyshev f i t  d e t a i l s .  
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A = H(n=2) 

Reco 17-1 mended 
Data 

Chebyshev Fit - - _ _ -  



Energy 
(eV/arnu) 

1.5E-r-03 
2.OE+03 
2.8E+03 
3.OE+03 
4 OE+03 
4.7Et03 
5.0EC03 
6.OEt03 
6.6E+0’3 

c-74 

E x c i t a t i o n  C r o s s  S e c t i o n s  for  

Het + €3 -> 

H(2S) 

Cross S e c t i o n  
( CIlP 

1.04~17 
6.59E-18 
4.60E-18 
4.61E-I8 
7 .  Y5E-18 
1.12E--17 
J . I l k : -  17 
5.82E-18 
4.51E-I8 

H e t  + H(2s,2p) 

2P) 

Cross S e c t i o n  
( c1112 ) 

9.03E-18 
1.36E-17 
2.18E-17 
2.95E-17 
3.22E-17 
3 - 3 9E-17 
3.51E-17 
3.60E-17 
3.66E-17 
3.72E-17 
3.75E-17 
3.85E-17 
3 - 90E-17 
3.96E-17 
3.98E-17 
4.02E-17 
4.04E-17 
4.07E-17 
4.07E-17 
4.08E-17 
4.08E-17 

Refe rences :  701, 712, 7 1 5  

Accuracy: 30% 

Note: The data for  t h e  e x c i t a t i . o n  of t h e  2p state are ( w i t h i n  t h e  
exper i i i i en ta l  error)  t h e  salic as t h e  emis s ion  cross s e c t i o n .  

Chebyshev F i t t i n q  ParmeLers f o r  Cross S e c t i o n s  

H( 2 s )  E,,,in := 1.5E403 e V / a i i u ,  EI,,,X = 6.6E+03 eV/mu 
= 9.6E+03 eV/dmu H(2p) Emin = 1.3E+02 e V / a n u ,  Ei,,X 

A 0  A 1  A2 A3 A4 A5 A6 

~ ( 2 s )  -7a.9847 -.i24567 .ii4965 -.358545 -.i99857 
H( 2p) -76.1170 -522520 -.318078 -179576 --.0921414 -0455819 -.0220305 

The f i t  r e p r e s e n t s  t h e  H(2s) CKOSS s e c t i o n  w i t h  an  rills d e v i a t i o n  of 10.1%. 
The niaximuiu d e v i a t i o n  i s  25.2% a t  6.OE+03 eV/ariiu. 

The f i t  r e p r e s e n t s  t h e  H(2p) cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0.5%. 
The iiiaxiiuum d e v i a t i o n  is  0.8% a t  1.5Et.03 e V / a n u .  

See appendix  f o r  Chebyshev f i t  d e t a i l s .  



c-75 

lo-' 

lo-" 

IO2 

He' + H -> Hef + H(Zs,2p) 

Cross Section vs. Energy 
I I I 1 I l l l ,  I I I I l l ,  

' I  u '. , 
x 

I I I I I l l l l  I I I I I L J J  

1 o3 
En erg y (eV/a m u) 

Recommended 
Data 

Chebyshev Fit _ - - - -  

IO" 
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Excitation Rate Coefficients for 

Het + H -> He+ + ~ ( 2 p )  

He 
Temp. 
(evj 

l.OE+02 
2.OE+02 
3.OE+02 
4.OEt02 
5.OE+02 
5.OEt02 
7.OEt02 
8.OE+02 
9.OEt02 
1 .OEt03 
2.OEt03 
4.OEt03 
6. OEt 03 

8.OEt03 
l.OE+04 
1.2Et04 
1.5Et04 
2.OEt04 

Equal 
Temp. 

Maxwellian - Maxwellian Rate Coefficients (cm3/6) 

3.27E-10* 
6.983-10 
9.74E- 10 
1.20E-09 
1.393-09 
1.563-09 
1.7 1E-09 
1.853-09 
1.98E-09 
2.10E-09 
2.76E-09* 
2.53E-09* 
1.993-09# 
1.57E-09# 
1.27E-09# 
1.04E-09# 
8.10E-10# 
5.71E-10# 

100. 

3.27E-10* 
4.123-10 
4.91E-10 
5.65E.-10 
6.34E-10 
6.983-10 
7.59E-10 
8.17E-10 
8.72E-10 
9.24E-IO 
1.353-09 
1.966-09 
2 .  ME-09 
2.653-09 
2.783.-09" 
2.82E-09* 
2.75E-09* 
2.51E-09* 

200. 

6.34E-10 
6.983-10 
7.59E-10 
8.17E-10 
8.72E-10 
9.24E-10 
9.74E-10 
1.02E-09 
1.07E-09 
1.11E-09 
1.49E-09 
2.05E-09 
2.45E-09 
2.683-09 
2.79E-09* 
2.8lE-O9* 
2.74E-09* 
2.49E-09* 

500. 

1.24E-09 
1.28E-09 
1.31E-09 
1.353-09 
1.39E-09 
1.42E-09 
1.461-09 
1.493-09 
1.53E-09 
1.563-09 
1.853-09 
2.313-09 
2.61E-09 
2.763-09' 
2.81E-09* 
2.79E-09* 
2.68E-09* 
2.42E-09* 

1000. 

1.88E-09 
1.90E-09 
1.93E-09 
1.963-09 
1.98E-09 
2.01E-09 
2.03E-09 
2.05E-09 
2.08E-09 
2.10E-09 
2 . 3  LE-09 
2.61E-09 
2.76E-09* 
2.81E-09* 
2.79E-09* 
2.73E-09* 
2.58E-09* 
2.31E-09# 

H Temp. (eV) 
5000. 10000. 

2.52E-09* 
2.52E-09* 
2.51E-09* 
2.51E-09* 
2.50E-09* 
2.50E-09* 
2.49E-09* 
2.49E-09* 
2.48E-09* 
2.47E-09* 
2.42E-09* 
2.31E-09# 
2.20E-09# 
2.09E-09# 
1.99E-09# 
1.90E-09# 
1.76E-091 
1.57E-09# 

1.57E-09# 
1.563-0911 
1.56E-09# 
1.56E-09# 
1.55E-09# 
1.55E-09# 
1.54E-09# 
1.54E-09# 
1154E-09# 
1.53E-09# 
1.50E-09# 
1.44E-09# 
1.38E-09# 
1.3E-09# 
1.27E-09# 
1.22E-09# 
1.15E-09# 
1.04E-09# 

Accuracy: * - Possible Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev Fittinq Parameters f o r  Rate Coefficients 

E,,,in = 1.OE+02 eV, E,,,,, = 2.OE+04 eV 

H 
Temp. 
(ev) A 0  

100. 
2 0 0 .  

500. 
1000. 
5000. 
10000. 
20000. 
Equal 

-41.3676 
-40.8770 
-40.2738 
-39.8495 
-39.8387 
-40.7661 
-42.1667 

Temp. -41.3902 

A1 

1.16527 . E21004 
.442909 
.187131 

-. 195041 -. 170203 
-. 113121 
.353784 

A2 

-.lo3922 -. 0109340 
.00923768 

-.0287907 
-. 104148 
-.OB65943 
- .0579411 
-. 866154 

A3 

-.132163 
-. 127376 
-.0979147 
-.0768304 
-.0404533 -. 0313220 
-. 0213073 
-.123235 

A4 A5 

-. 0348422 
-. 0485804 
-.0519441 
-.0399746 
-.0115750 
-.00824330 
-.00583215 
.00687538 

-.0167981 
-.0120056 
-.0112276 
-.00851390 
-.00220721 
-.00148203 
-.00116246 
.0519228 

20000. 

7.49E-101 
7.48E-10# 
7.47E-10# 
7.46E-10# 
7.45E-10# 
7.44E-10# 
7.43E-10# 
7.42E-10# 
7.41E-10# 
7.40E-10# 
7.29E-10# 
7.08E-10# 
6.88E-10# 
6.69E- 10# 
6.51E-10# 
6.343-1011 
6.09E-l0# 
5.71E-10# 

A6 

-.00106673 
7.63058E-04 
.00362652 
.00286700 

-2.401963-06 
-7.885733-05 
-1.360853-04 
-.00558678 

See appendix for Chebyshev fit details 
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35.0 

30.0 

25.0 

20.0 

15.0 

10.0 

5.0 

0.0 

Hef + H -> He' + H(2p) 

Maxwellian - Maxwellian 

I I I I I I I I I  I I I I I l l 1 1  I I I I I I  

- I I I I 1  I I I l  I 1 I 1 1 1 1  

H Temp. 

bV>  

a =loo. 

x 1 2 0 0 .  

V =500.  

54 =1000. 

@ =5000.  

= 10000. 

E3 =20000. 

Recommended 
Data 

Chebyshev Fit - - _ _  

Equal Temp. -.. 

IO' io3 1 0" io5 
He' Temp. (eV) 
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S p e c t r a l  L ine  Emission Cross S e c t  i o n s  for 

H e +  + H 2  -> H(Lyliian--a,Lyliian-6) 

H (Lyman-u) H ( Lynan-B ) 

Energy Cross S e c t i o n  Energy Cross S e c t i o n  
( eV/aiiu ) ( C1112 ) (eV/anu)  ( Clll ) 

7.7E+00 
8.OE+OO 
1.OEt-Ql 
2.OE+01 
4.0E+01 
7.OE+01 
1.OE+02 
2.OEt02 
4 OE+02 
7.OE+02 
1.OE+03 

4.OE+03 
5.OE+03 
7.OE+03 
7.4E+03 

2.OE-t-03 

4.33E-18 
5.16E-18 
1.05E-17 
3.393-17 
5.51E-17 
6.19E-17 
6 01E-17 
4.57E-17 
3.56E-17 
3.20E-17 
3.13E-17 
3.35E-17 
4.4517- 17 
4 6 1E-17 
4.53E-17 
4,485-17 

1.06E-18 
2.15E-18 
3.68E-18 
5. a2~-18 
7.07E-18 
7.81E-18 
8.21E-18 
a. 57~-18 
8.64E-I8 
8.56E-18 
8.46E-18 
7.67E-18 
6.78E-18 

Refe rences :  188, 195, 199, 700 

Accuracy: 40% 

Notes: (1) The Ly1iall-a t r a n s i t i o n  i s  a t  121.57nm and t h e  Lyman-6 t r a n s i t i o n  is 
a t  102.57ruii. (2) Data on p o l a r i z a t i o n  of e m i s s i o n s  may be found  i n  Isler and  
Nathan (Ref .  199) and Young e t  a l .  (Ref .  700). 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

= 7.4!2+03 e V / a m i  H ( Lyman-a ) Emir, = 7 . 7E+00 e V / a i i L i ,  %iax 
H( Lyman-8) Emin = 1.2Et01 eV/aiiu, = 2.OE-t-02 eV/aiiu 

A 0  A 1  A2 A3 A4 A5 A6 

H ( ) -76.0522 .584543 -.527735 .587085 -.202654 -.0240480 -.0420581 
H ( Lyman-B ) -79.7592 .79025i -.524833 .ii4ioo -.048276i .0226572 -.0069a738 

The f i t  r e p r e s e n t s  t h e  H(Lpian-a) cross s e c t i o n  w i t h  an  r n i s  d e v i a t i o n  of 2.5%. 
The maximum d e v i a t i o n  i s  3.5% a t  7.7Et00 eV/amu. 

The f i t  r e p r e s e n t s  t h e  B(Lyiian-8) cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of 0.5%.  
The maximum d e v i a t i o n  is 1.0% a t  6.OE+01 eV/aniu. 

See  appendix  f o r  Chebysliev f i t  d e t a i l s .  
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He' + H,-> H(Lyman-a, Lyman-6) 

A = L.y, 
x = Lyo 

Recommended 
Data 

- - - - -  Chebyshev Fit 
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Spectral Line Emission Cross Sections for  

Me' f N2 -> H( Balnler-a,Dalnier-5) 

H ( Raliiier-a) H( Balmer-5) 

Energy Cross Section 
(eV/anu) ( cm2 ) 

8.81E-19 
4.79E-18 
7.18E-18 
6.36E-18 
5.16E-18 
3.09E-18 
2-266-18 
1.99E-18 
1.93E-18 
2.12E-18 
3.00E-18 
3.39E-18 
3.29E-18 

Energy Cross Section 
(eV/alunu ) ( Clll2 ) 

1.5E+01 
2.OE+01 
4.OE+01 
5 . O E - t o 1  

1.OE+02 
2. OE t02 
4.OE+02 
7.OE+02 
1.OE-f 03 
2.0E+03 
4.OE+03 
5.OE+03 
7.OEt03 
R.OE+03 

7. oE+ai  

2.00E-19 
5.60E-19 
1.33E-18 
1.41E-18 
1.34E-18 
1.10E-18 
5.50E-19 
3.47E-19 
2.9RE-19 
3.12E-19 
3.91E-19 
5.56E-19 
5-786-19 
5.286-19 
4.83E-19 

References: 166, 199, 461, 464, 693, 694, 695 

Accuracy: Unknown 

Notes: (1)  The Dalmer-a eiiiission i s  from the n=3->2 t r ans i t i on  (656.28ntn). (2) 
The Dalmer-5 emission i s  from the n=4->2 t r ans i t i on  (486.13nm). (3) Data on 
polarization of emissions may be f o u n d  i n  Islerr and Nathan (Refs. 199 and 694). 

Chebyshev F i t t i i i q  Parameters f o r  Cross Sections 

H ( Balaier-a) E,in 1.OE+01 eV/amu, E,,,, = 1.OE+04 eV/am 
= 8.OE+Q3 eV/amu H ( Balnierr -B ) Emin = 1.5E+01 eV/a.tuu, Ell,,, 

A0 A1 A2 A3 A 4  A5 A6 

H(Baliiier-a) -80.7189 .0329782 -. 173449 .608331 -. 355301 .0179138 .-. 0168644 
H(Ba1mer-8) -84.1448 -.135846 -.0820835 .566238 -.436982 -.00523445 -.0131479 

The f i t  represents the H(Balmcr-a) cross section w i t h  an rills deviation of 2.2%. 
The maximum deviation i s  4.5% a t  2.OE+02 eV/aiiu. 

The f i t -  represents the H(Ra11ner-B) cross section w i t h  an rills deviation of 2.9%. 
The maximum deviation is 4.9% at 4-OE+O1 eV/aniu. 

See appendix fo r  Chebyshev f i t  de t a i l s .  



C-81 

He’ + H, -> H(BaInm=--a, Balrner-@) 

.-. 

Cross Section vs. Energy 
IO-” 

IO-’‘ 

IO-’’ 

a 

P 

Recommended 
Data __II 

Chebyshev Fit 

1 0’ 1 o2 1 o3 
Energy (eV/arnu> 
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Dissociative Excitation Cross Sections for 

He+ + H 2  -> He+ + H(2s,2p) + H(c)  

H(2s) 

Energy Cross Section 
(ev/annu ) ( Clll2 ) 

1.4E+03 
1.5E+03 
1.7E+03 
2.OE+03 
2.5E+03 
3.OE+03 
3.5E+03 
4. OE t03 
4.5Ei-03 
5.OE+03 
5.5E-1-03 
6,OEI-03 
6.4E+03 

4.92E-18 
4.93E-18 
4 I 93E-18 
4.92E-18 
4.93E-18 
4-91E-18 
4.93E-18 
4.91E-18 
4.91E-18 
4.91E-18 
4.91E-18 
4.91E-18 
4.92E-18 

H ( 2 p )  

(eV/aiiu) ( Clil ) 
Energy  Cross Section 

1.3E+01 
2.OE+01 
4 O E + 0 1  
6.OE+01 
7.OE+01 
1.OE+02 
2.OE+02 
4: OE+02 
7.OE+02 
1.OE+03 
2.OE+03 
4.OE+03 
5. OE 1-03 
7.OE+03 
7.4E+03 

2.llE-17 
3 -62E-17 
5.59E-17 
5.8l.E-17 
5.806-17 
5.61E-17 
4.75E-17 
3.75E-17 
3.31E-17 
3.24E-17 
3.32E-17 
3.73E-17 
3.81E-17 
3.75E-17 
3.72E-1’7 

References: 183, 195, 700, 701 

Accuracy: W i t h i n  a factor  of 2 

Notes: (1) The excitation cross sections for  H ( 2 s )  and H(2p) are  
deterniined by the field-induced emission of Lyman-a (2s -> 2p -> I s ) ,  and 
by Lynian-u emission (2p -> I s ) ,  respectively. If cascade can be neglected, 
these are  equal t o  the cross sections fo r  the forniation of the W(2s) and 
H(2p) s t a t e s .  (2) The notation H ( z )  designates all possible s t a t e s  fo r  the 
other f raqiient (unspecified) . 

Chebyshev Fittiriq Parameters fo r  CKOSS Sections 

M(2S) E,,,in 1.4E+03 eV/a.~n~, Eiiiax = 6.4!3+03 eV/aniu 
F I ( 2 p )  E,,in = 1.3E+01 eV/amu, %ax = 7.4E+03 eV/aiiu 

A0 A 1  A2 A3 A4 A5 A6 

H(2S) -79.7066 - .00160282 1.58249E-05 7.60977E-04 2.44985E-04 6.183383-04 
B(2p) -75.6225 .00962025 -.178354 .293814 -. 115895 -.0206130 -.00983973 

The f i t  represents the H(2s) cross section w i t h  an rms deviation of 0.1%. 
The niaximum deviation i s  0.2% a t  3.OE+03 eV/amu ~ 

The f i t  represents the H(2p) cross section w i t h  an rills deviation of 0.8%. 
T h e  maximum deviation i s  0.9% a t  7.OE+01 eV/amu. 

See append1.x fo r  Chebyshev f i t  de t a i l s .  
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He' + H, -> He' + H(2s,2p) + H(1) 

1 0 - I  
1 0' IO' 1 0' 10" 

En erg y (eV/a m u> 

I Recommended 
Data -- 

Chebyshev Fit - - - - _  



Energy 
( eV/aniu ) 

c-a4 

D i s s o c i a t i v e  E x c i t a t i o n  Cross  S e c t i o n s  f o r  

2 .  5E4-03 
3.OE+03 
3.5E+03 
4 e OF;-!-03 
4.5E+03 
5.OE+03 
5.5E+03 
6.OE+03 
7.OE+03 

H e t  t H 2  -> H e +  + H ( 3 s , 3 p )  

Cross S e c t i o n  
( cni2 

2.16E-19 
2.2RE-19 
2.34E-19 
2 e 37E-19 
2.37E-19 
2.35E-19 
2.333-19 
2 2813-19 
2.19E-19 

Energy 
( e V  / aniu ) 

2.5E+03 
3.OEt03 
3.5E+03 
4.OE+03 
4.5Et03 
5.0E+03 
5.5Et03 
6.0E+03 
7.OEt03 
7.6E+03 

Cross S e c t i o n  
( c n 1 2  ) 

2.363-18 
2 29E-18 
2.32E-18 
2.413-18 
2.55E-18 
2.70E-18 
2 . 7 7 ~ ~ 1 8  
2.76E-18 
2.56E-18 
2.29E-18 

Refe rences :  183 ,  702 

Accuracy: 50% 

NQtes. (1) The H ( 3 s )  and H(3p)  cross sections are deduced from s p e c t r a l -  * emission measurements on t h e  ( u n s u b s t a n t i a t e d )  a s sumpt ion  t h a t  
cascade can  be n e g l e c t e d .  ( 2 )  T h e  n o t a t i o n  H ( z )  d e s i g n a t e s  a l l  p o s s i b l e  
s ta tes  f o r  t h e  o t h e r  fragnient ( u n s p e c i . f i e d ) .  

Chebyshev F i t t i n q  Paraiieters for  Cross S e c t i o n s  

= 7.0F:+03 eV/aiiu 
= 7.6E+03 eV/aunu 

H(3S)  Emin 7 2.5Et03 eV/aiiu, Eniax 
H(3P)  En,in - 2.5E+03 eV/ai iu ,  

A0 A1 A2 A3 A4 A5 A 6  

H(3s) -85.8579 .00631068 -.0437007 -2.235383-05 -1.272463-04 5.58521E-04 6.281753-04 
~ ( 3 p )  -ei.o948 .0512586 -.0390305 -.0692130 -.0155312 .00341300 -5.63877~-04 

The f i t  r e p r e s e n t s  t h e  H ( 3 s )  cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  o f  0.1%. 
The maximuin d e v i a t i o n  i s  0 .2% a t  5.0Ei03 eV/anu. 

The f i t  r e p r e s e n t s  t h e  H(3p)  c r o s s  s e c t i o n  w i t h  a n  rim d e v i a t i o n  of 0.3%. 
The maxinium d e v i a t i o n  i s  0.5% a t  6.OE+03 eV/miu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  
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IO- l7 

10-l8- 

IO-’’ 

He’ + H, -> He’ + H(3s,3p> + HE)  

I I I I I I I 1  - 
- 
I 

- 
- 

A = H(3p) 

X = H(3s) 
- 

- 
- - 

- Recommended 
Data - - 

- 
Chebyshev Fit - - _ _ _  - 

- 

I 

- - 
1 I I I I 1 I 1  
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Energy  
( eV/aniu ) 

2.5E+03 
3.OE+03 
3.5E+03 
4.OE+03 
4.5E+03 
5.OE+03 
5.5E+03 
6.OE+03 
7.OE+03 
7.6E+03 

P r o j e c t i l e  E x c i t a t i o n  Cross Sect i o n s  for 

Hef + H2 -> H e t ( 2 s )  t- H 2  

V e l o c i t y  
( cm/ s ) 

6.95E+07 
7.61E+O'7 
8.22E+Ol 
8.79E+07 
9.3 2E+07 

1.03E+08 
1.08E+08 
1.16E+08 
1.21E+08 

9 . a 2 ~ + 0 7  

Cross S e c t i o n  
( cn i2  

1.38E-20 
2.18E-20 
3.25E-20 
4 ' 58E-20 
6.18E-20 
8.10E-20 
1.04E-19 
1.30E-19 
1.928-19 
2.31E-19 

Reference: 706 

Accuracy:  F a c t o r  o f  2 

Notes: None 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

= 7.6ti+O3 eV/anu E,,, Elnin = 2. 5E+03 eV/anu, 

A 0  A 1  A2 A3 A4 A5 A6 

-88.6255 1.42095 -.00467445 -.00728965 -.00322272 -.00472755 -3.43794E-05 

The f i t  r e p r e s e n t s  t h e  above  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0.1%.  
The maximum d e v i a t i o n  is 0.15 a t  6.OE+03 eV/aiiu. 

See a p p e n d i x  for Chebyshev f i t  de ta i l s .  
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10-l8 

He' + H, -> He'(2s) + H, 

I I 

lo-' 

1 1 I I I I I 1  

io3 10" 
Energy (eV/amu> 

Recommended 
Data ~- 

i ebyshev  Fit I _ _ - - _  ct 
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E x c i t a t i o n  Cross S e c t i o n s  fo r  

H e +  + H e  .-> H e +  + He*(2 lS ,2 lP )  

He* (2l.5) He* ( 2l P ) 

Energy Cross  S e c t i o n  Energy Cross S e c t i o n  
(eV/a i iu  1 ( cin2 ) ( eV/amu) ( em2 ) 

2.98E-18 
2.41E-18 
2 e 03E-18 
1. 76E-18 
1.09E-18 
9.3 9E--19 
1.09E-18 
1.4113-18 

9 . 4 1 E -  18 
7 .  iE-18 
4.60E-18 
2.90E-18 
2 52E-18 
4.97E-18 
9.22E-18 
1.08E-17 
1.13E-17 
1.07E-17 

Refe rences :  203, 684, 697, 699, 704, 705, 707, 717  

Accuracy: 40% 

Notes: (1) F o r  r e l a t i v e  cross s e c t i o n s  see Ref s .  697, 705, and  7 0 1 .  ( 2 )  For 
cross s e c t i o n s  He+(ls) + He(ls2)'S -3. He+(ls) I- I l e ( l ~ Z p ) ' , ~ P  see Bordenave- 
Montesquieu e t  a l .  (Ref .  7 0 4 ) .  ( 3 )  See Thomas (Ref .  684)  f o r  iilore d e t a i l s .  

Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross  S e c t i o n s  

= 3.OE+04 eV/aiiu 
= 2.5Ei05 eV/anIu 

Enlax 
Emax 

He* ( 2's ) EIllin = i'.OE+03 eV/aiiu, 

He*(Z'P) E,,,in = 6.OE+03 eV/aiiu, 

A0 A 1  A 2  A3 A4 A5 A6 

He*(2'S) -82.0676 -.a38515 .304992 .0789808 .0643720 -.0146204 -.00639777 
He*(2'P) -79.0520 .385720 .388654 -.432765 -.00474225 .126047 -.0106668 

The f i t  r e p r e s e n t s  t h e  He*(2'S) cr-oss s e c t i o n  w i t h  an  rms d e v i a t i o n  of 0.0%. 
The maxiniiuiii d e v i a t i o n  is 0.0% a t  l.OE-tO4 eV/aniu. 

The f i t  r e p r e s e n t s  t h e  He*(2 lP )  cross section w i t h  an  rnis d e v i a t i o n  of 3.4%. 
The maximum d e v i a t i o n  i s  5.8% a t  2.OEt04 eV/aiiu. 

See  appendix  for Chebyshev f i t  d e t a i l s .  
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He' + He -> Hef + He(2'S,2'P) 

En erg y (eV/a m u) 
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E x c i t a t i o n  Cross S e c t i o n s  f o r  

He+ + He --> We+ + He*(2'S,23P) 

He* ( 23S) He* ( 23P) 

Energy Cross S e c t i o n  Energy Cross S e c t i o n  
( eV/amu ) ( c1112 ) (eV/aJiiu) ( cniz  

6.4E-t-03 
7 .OE.I -03  
8.OE+O3 
9.OE+03 
1.OE+04 
1.5E+04 
2.OE+O4 

3.OE+04 
2. 5E-I 04 

2.82E-18 
3.22E-18 
3.92E-18 
4.5lE-18 
5.07E-18 
5.8 1 E  -18 
4.77E-18 
3.38E-18 
2 20E-18 

6.5E+03 
7.OEt03 
8.OEt03 
8.4Et03 
9.OE-t-03 
l.OEt04 
1.5Et04 
2.OEt04 
2.5Ei-04 
3.OE+04 
3.2E+04 

4.49E-18 
5 -  91E-18 
8.72E-18 
9.llE-18 
8.19E-18 
5.45E-18 
3.23E-18 
2.53E-18 
2.01E-18 
1.18E-18 
1.00E-18 

Refe rences :  6 1 7 ,  684, 697, 699, 704, 7 0 8 ,  717 

Accuracy: E < 7 . 5 ~ 1 0 ~  eV/anu - 75% 
E > 7 . 5 ~ 1 0 ~  eV/aJnu - 40% 

Notes: (1) F o r  r e l a t i v e  cross s e c t i o n s  a t  lower e n e r g i e s  see Dordenave- 
Montesquieu e t  a?. (Ref. 704) and DworetBky e t  al.. (708). (2) For  cross 
s e c t i o n s :  He'(l8) + He+(ls) -> H e ' ( 1 s )  + He(l~zp)',~P see R e f .  704. ( 3 )  For  more 
details B e e  Thoinas (Ref .  684). 

Chebyshev F i t t i n q  Par meters fo r  Cross S e c t i o n s  

= 3.OE+04 eV/auuu 
= 3.2E+04 eY/amu 

He*( 2%) EIilin = 6.4Et03 eV/unu, Entax 
EIlHX He* ( 23P) E,,lin = 6. 5El03 eV/amu, 

A0 A 1  A2 A3 A4 A5 A6 

He*(Z3S) -80 .2166 - .0867600 - .430158 - .0323601 .00266805 - .00483153 . 0 0 1 7 2 7 8 8  
He*(Z3P) -80 .5638 - .E97275 - .226853 .OB54789 - . 2 2 8 8 4 6  .0840160 . 0 1 6 8 1 9 2  

The f i t  r e p r e s e n t s  the HE?*(~~S) cross s e c t i o n  with an riw d e v i a t i o n  of 0.1%. 
T h e  maximum d e v i a t i o n  i s  0.2% a t  1.OE+04 e V / a i i t i  - 
The f i t  r e p r e s e n t s  t h e  ~ e " ( 2 ~ P )  cross s e c t i o n  with a n  rills d e v i a t i o n  of 6.8%. 
The inaxiniuiii d e v i a t i o n  is 14.1% a t  1.OE+04 eV/aiiu. 

See appendix  for  Chebyshev f i . t  d e t a i l s .  
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lo-' 

lo-" 

He' + He -> He' + He(23S,23P) 

Cross Section vs. Energy 
I I I I I I l I l  1 1- 

1 I I I I I l r l  I I I I I I I L  

io3 1 o4 1 6  
Energy (eV/amu> 

A = He(23S) 

X = He(23P) 

Recommended 
Data 

Chebyshev Fit . - - - -  

.... 
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He*(3'S) 

Energy 0 

(eV/luu ( cni2 

3.OE+03 
3.5E+03 
3.7E+03 
4.OE+03 
4 5E+03 
5.OE+03 
5.5E+03 
6.OE.tO3 
7.OE+03 
8.OE+03 

2.96E-19 
2.78E-19 
2.75E-19 
2.93E-19 
3.33E-19 
3.641~-19 
3.83E-19 
3 s 98E-19 
4.03E-19 
4- 02E-19 

Excitation Cross Sections for  

He' -t He -> Be' + He*(31S,.31P,31D) 

He* (3lP) He* (3lD) 

Energy 0 Energy 0 

(eV/mu ) (tin' (eV/alnu ) ( c1n2 ) 

1.8E+03 
2.0Et03 
3.5E+03 
4 OE+03 
5.OE+03 
7 .OE+O3 
9.OE+03 
l.OE+04 
1.5E+04 
2.OE+04 
4.OE+04 
7.OE+04 
l.OE+05 
1.5E+05 
2.OE+05 
3.OE+05 

4 a 84E-19 2.5Ei03 3.98E-19 
5.24E-19 3.OE+03 5.16E-19 

4*OE+03 8.25E-19 6.61E-19 
6.50E-19 5.OE+03 1.02E-18 

8.19E-19 7.OE+03 1 .03E-18 
9.18E-19 7.6E+03 1.02E-18 

6.2RE-19 6. OE b03 1.04E-18 

9.04E-19 
6.73E-19 
5.6215-19 
I .49E-18 
2.34E-18 
2.81E-18 
3.07E-18 
3.14E-18 
2.90E-18 

References: 204, 696, 697, 698, 705, 708 

Accuracy: 30% 

- Notes: (1) For r e l a t ive  cross sections a t  lower energies see Refs. 697, 705, 
and 708. (2) For more d e t a i l s  see Ref. 684. (3) Acceptable polynoniial f i t s  were 
not possible for  the He*(3'P) data. 

Chebyshev F i t t i nq  Paraneters fo r  Cross Sections 

He* (3lS 1 Ell,in = 3.OE+03 eV/amu, = 8.OE+03 eV/aniu 
= 7.6E+03 eV/ani-i He*(3'D) = 2.5E+03 eV/aniu, 'inax 

A0 A1 A2 A3 A4 A 5  A6 

He*(3lS) -85.0346 .210040 -.00809700 -.0618979 .0267187 .00449587 -.0121214 
He*(3'D) -83.4873 .491131 -.174973 -SO270949 -0308684 -00651934 -.00951236 

The f i t  represents the He*(3'S) cross section w i t h  an rnis deviation of 0.6%. 
The maximum deviation i s  1.2% a t  3.7E+03 eV/anu. 

No f i t  t o  He*(3lP) data. 

The f i t  represents the He*(3lD) cross section w i t h  an rins deviation of 0.0%.  
The niaxinium deviation i s  0.0% a t  O.OE+OO eV/anu. 

See appendix fo r  Chebyshev f i t  de t a i l s .  
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IC)-' 

0 .- +-J 
0 1 6  
I/) 
v, m 
P u 

IO+ 

He+ + He -> He* + He(3'S,3'P,3'Di 

Cross Section vs. Energy 
I I I I I I I I I  I I I I 1 1 1 1 1  I I I I I l l  

io3 

I 1 I 1 I I l l 1  I I I 1 I I l l l  I I 1 1 1 1 1 l  

io4 lo5 
En erg y (eV/a m u) 

A = tie(3'D) 

X = He(3'P) 

V = He(3'S) 

Recommended 
Data 

Chebyshev Fit 

IO6 



Excitation Cross Sections for 

He+ i He --z He+ i He*(33S,33P,33D) 

He*( 33S) He* ( 33P) 

Energy 0 Energy 0 

( eV/ainu ) ( Clll* ) (eV/aunu) ( Clll2 ) 

2.5E+03 
3.0Et03 
3.5El03 
4.0EiQ3 
4.5E+Q3 
5.OE+03 
5.5E+03 
6.OE+03 
7. OE f03 
7.7E+03 

6- 21E-19 
5.84E-19 
5.93E-19 
6.58E-19 
7.44E-19 
8.49E-19 
9.21E-19 
9.87E-19 
1.05E-18 
1.08E-18 

2.05E-19 
1.89E-19 
2.19E-19 
3.28E-19 
3.30E-19 
1.93E-19 
1.78E-19 
3.17E-19 
4.30E-19 
5.78E-19 
5.65E-19 
5.12E-19 
6.98E-19 
9-858-19 
1.07E-18 
8.19E-19 
4.05E-19 

He* ( 33D) 

Energy 0 

(eV/ainu ) ( Clll* ) 

2.5E+02 
3.7E+02 
4.OE+02 
6.0Ei02 
7. UE+02 
1.OE+03 
1.5E+03 
2.OE+03 
3.OE+03 
4.OE-tO3 
GfOE+03 
7.OE+03 
1.OE+04 
2.OE+04 
4.OE+04 

1.49E-18 
1-233-18 
1 + 24E-18 
1.44E-18 
1.35E-18 
9.74E-19 
7.928-19 
9.07E-19 
7.59E-19 
9 - 50E-19 
1-47E-18 
1.30F-18 
8- 73E-19 
3-36E-19 
1.3 5E-19 

ReEerences: 204, 696, 697, 705, 707, 708 

Accuracy: Unknown 

-- Nokes: (1) Relative cross sections inay be found in Refs. 697, 705, 707, and 
708. (2) Accuracies reported in Refs. 204 and 696 are: systemtic error < 10%; 
random error < 5% on each; however, results differ by a factor of 2 at some 
energies cornion to both experiments. (3 ) Acceptable polynoniial fits to the 
He*(33P) and He*(3’D) data were not possible. 

Chebyslrev Fittinq Parameters for Cross Sections 

= 7.7E+03 eV/anu Emax He*(33S) = 2. 5E+03 eV/anu, 

A 0  A1 A 2  A3 A4 A5 A6 

He*(33S) -83.4063 .336147 .0620301 -.0763959 -.00323136 .0169475 -.00192645 

The fit represents the He*(33S) cross section with an riiis deviation of 0.3%. 
The iiiaxinium deviation is 0.5% at 4.5E+03 eV/;uuu. 

NO fit to He*(3’P) data. 

No fit to He*(33D) data. 

See appendix for  Chebyshev fit details. 
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He+ + He -> Hef + He(3 3 c .  4 3  3 P,33D) 

Cross Section vs. Energy 
IO-" -1 I 1 1 1 1 (  I I I I I 1 1 1 1  I I I I I l l  

1 I 1 1 I I l l 1  I I 1 I I l l l l  I I 1 1 1 1 ~  

A = He(3%) 

X = He(33P) 

V = He(3'0) 

Recommended 
Data 

Chebyshev Fit .-I__ 

io3 10' 
Energy (eV/amu> 
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E x c i t a t i o n  Cross  S e c t i o n s  f o r  

H e t  + He --> tie+ + He*(4'Sf41Pf41D) 

He* (4lS) 

Energy 
(eV/aiiu) 

5.OE+02 
5.8E+02 
7.OE+02 
1.OE+03 
1,2E (-03 
1.5E+03 
2.OE+03 
2.7K+03 
3.5E+03 
4.OE+03 
3.OEf03 
6.OE+03 
7 . 0 ~ 0 3  
1.OE-t-04 
1.3E+04 
2 . 0 ~ 0 4  
4.OE+04 
7.OE+04 
1.OE+05 
2.OE+05 
3.OE+05 

0 

( C1ll2 ) 

7.34E-21 
6.87E--21 
8.2 8E - 2 1 
1.49E-20 
1.81E-20 
1.72E- 20 
3.22E-20 
4 40E-20 
4 2 I E - 20 
4.27E-20 
4.928-20 
6.048--20 
6.58E-20 
9.65E-20 
1.17E-19 
9.49E - 20 
2 -3 7 E .- 19 
2.99E-19 
2.82E-19 
1.95E-19 
1.41E-19 

He*(4'P) 

Enerqy a 
(eV/amu ) ( c1n2 

3.OE+03 
3-5Ei-03 
4.OE-1-03 
4 5E+03 
5.OE+03 
5.5EbO3 
6.OE+03 
6,6E+03 
7.OE+03 
8.OE+03 
9.OE+03 
1.OE4-04 
1.5E+04 
2.OE+04 

2.03E-19 
2.63E-19 
2.93E-19 

2.95E-19 
3.07~-19 

2.70E-19 
2.44E-19 
2.35E-19 
2 -43E-19 
2.82E-19 
3.12E-19 
3.19E-19 
2 60E-1.9 
2.11E-19 

He* (4lD) 

2.5E t 0 2  
3.OE+ )2 
3.5E+02 
4.OE+Q2 
5. QE+02 
6.OE+02 
7.OE+02 
l.OEtO3 
1.5E+03 
2.OEtO3 
3.08+03 
4 O E + 0 3  
7.OE+03 
8.5E+03 
1. OEl04 
1.5E+04 
2.OE+04 
2.3E+04 
3.OE+04 
4. OE+O4 
5.5E+04 
7.OE+04 
1.OE+05 
1.5E+05 
2.OE+05 
3.OE+05 

8.39E-20 

9.18E-20 
9- 35E-20 

8.228 -20 
6.48E-20 
5.93~20 
5.92E-20 
6.79E-20 
6.27~-20 
7.15E-20 
1.03E.-19 
1.55E-19 
4. IOE-19 
4.92E-19 
4.31E-19 
2.02E-19 
1- 21E-19 
1.16E-19 
1.36E-19 
1.74E-19 
1.9OE-19 
1.82E-10 
1.518-19 

8.42E-20 
5.94E-20 

1.1OE-19 

Refe rences :  204, 696, 698, 703, 705 ,-- 

Accuracy: Unknown 

Notes: ( 1 )  R e l a t i v e  cross s e c t i o n s  may be found i n  Ref. 705. (2) A c c u r a c j e s  
r e p o r t e d  i n  Ref s .  204 and 696 are: s y s t e m a t i c  e r r o r  < 10%; randoin e r r o r  < 5% 
on each ;  however, r e s u l t s  d i f f e r  by a f a c t o r  of  2 a t  some e n e r g i e s  coiiunon t o  
b o t h  expe r imen t s .  (3) Accep tab le  pnlynomia l  f i t s  Lo t h e  He*(4'D) data were not: 
p o s s i b l e .  

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

He*(4lS) E ~ ~ , ~ ~  = 5.0~+02 eV/aiiu, Elllax = 3.OE+05 eV/amu 

He*(4lP) E,,,in = 3.OE+03 eV/aiuu, E,,,, = 2.OE+04 eV/amu 

A 0  AI A2 A3 A4 A5 A6 

He*(4lS) -88.4744 1.72014 -.628284 -.185014 . -137545 --.0287794 -0855418 
We*(4lP) -85.6466 -.0468093 -.204458 -.0516457 -.0853529 -120960 .0910818 

The f i t  r e p r e s e n t s  t h e  He*(4'S) cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  of  13.5%. 
T h e  iliaximum d e v i a t i o n  is 38.5% a t  2.OEi04 eV/amu. 

The f i t  r e p r e s e n t s  t h e  He*(4lP) cross s e c t i o n  w i t h  an rills d e v i a t i o n  of 3 .0%.  
T h e  maxiiiiuiii d e v i a t i o n  is  5.1% a t  1.OE+04 eV/amu. 

N o  f i t  Lo €Ie*(4lD) data. 

See  appendix  f o r  Chebyshev f i t  detai ls .  
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He' + He -> He" + He(4'5,4'P,4'0) 

A 

"E 
0 v 

C 
0 

0 
a, 
!A 

.- 
-tJ 

v, cn 
E! u 

Cross Section vs. Energy 

A = He(4'P) 

x = ~ e ( 4 ' S )  

V = He(4'D) 

Recommended 
Data 

- - _ _ _  Chebyshev Fit 

1G2' 
IO' 10' 1 0" 1 o5 IO6 

En e r-g y (eV/a m u> 



c-98 

Energy 
(eV/anu) 

1.2E+03 
1 . 8 ~ 0 3  
2.OF+03 
2.4E+03 
3.6E3+03 
4 I OE+03 
5.2E+03 
7.OE+03 
l.OE+04 
1.5E+04 
2.OE+04 
2.6EtO4 

References E 

2 

Excitation Cross Sections f o r  

He+ + He -> He' t He*(43S,43P,43D) 

He"(43PI 

0 Energy 
( cm2 ) (e'J/am ) 

24E-20 2.5E+O2 
4.12E-20 
3.93E-20 
3 - 38E-20 
7.03E-20 
6 . 5 0 E  -20 
4. 84~-20 

1.28~ -19 
6 .  R7E-20 

1.96E-19 
2.54E-19 
2.25E-19 

3.3E+O2 
4.OE-102 
4-.7E+02 
7.OE+02 
l.OE-lO3 
1.5E+03 
2.OEt03 
4.OE-1-03 
4 5E+03 
5.51:+03 
7.OE+03 
1.OE+Q4 
1.5Et04 
2.OE-t04 
2.7E+04 
3.2EtC94 
3.7E+04 

204, 696, 703, 705, 708 

(7 

( Cll12 ) 

2.15E-20 
2.30E-20 
2.13E-20 
1.96E-20 
2.97E--2O 

2.63E-20 

1.15E-19 
1.1715-19 

1.24E-19 

2.60E-19 

1.411~-19 
1.70E-19 

2 . 0 6 E - 2 0  

3.87E-20 

1.13E-19 

1 . 8 4 E -  1 9  

2.06E-19 

1.41E-19 

He* ( 43D) 

2.9lE-19 
3.48E-19 
3.37E-19 
1.96E-19 
1.82E-19 
2.06E-19 
Z.05E-19 
1.59E-19 
1.36E-19 
1-33B-19 
1.53E-19 
1 5QE-19 
1.54E-19 
3.55E-19 
3. 7jE-19 
3.40E-19 
1.57E-19 
6.48E-20 

Accuracy: Unknown 

Notes: (1) Relative cross secti-oris isiay be found i n  Refs. 705 and 708. (2) 
Accuracies reported i n  Refs, 204 and 696  are: systematic e r ro r  < 10%; random 
e r ro r  i 5% on each; however, r e su l t s  d i f f e r  by a factor  of 2 a t  some energies 
coiiua!on t o  both experimente. (3) Acceptable polynoiiiial f i t s  t o  these data were 
not possible. 

Chebyshev Fi t t inq Parameters fo r  Cross Sections 

No f i t s  t o  t h e  cross sections. 

See appendix for  Chebyshev f i t  de t a i l s .  
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He' + He -> He' + H E ? ( ~ ~ S , ~ ~ P , ~ ~ D )  

I I I I I I l l 1  I I I I I l l 1 1  I I 1 I I l l  

IQ-" 

lo-2' I I I I I I l l 1  I I I I I I I I l  I I I 1 I I l J  

A =: He(4%) 

X = He(43P) 

V = He(4'D) 

Recommended 
Data ___- 

Id io3 lo4 io5 
En erg y (eV/a m u> 
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Energy 
( ell/aruu) 

1.OE+03 
1.7E+03 
2.OE+03 
3.OE+03 
4.OE+03 

6.OE+03 
7.OEt03 

9.OE+03 
1.OE+04 
2.OE-f-04 
2.5EtO4 
3.0E-P.04 
4.OE+04 

5.OE-1-03 

8.OE-t-03 

Project i le  Excitation Cross Sections for  

He+ -t- H e  -> Het(n=2) + HE 

Velocity 
(cm/s 

4.39E+07 
5.73Et07 
6.21EI 07 
7.61F+07 
8.79E+07 
9.82Ej 07 
1.08E+08 
1.16E+O8 

1.3 2 E+08 
1.39E+08 
1.96Et 08 
2.20E-f-08 
2.41~+08 
2.786+08 

1.24E-I 08 

Cross Section 
( c1112 ) 

3.84E-18 
8 -  16E-18 
7.62E-18 
5.30E-18 
4 + 3 5E-18 
3.80E-18 
3 -43E-18 
3.16E-18 
2.96E-18 
2. ROE-18 
2.68B-18 
2.30E-18 
2.11E-18 
1 - 91E-18 
1.55E --18 

Refereiices: 699, 704, 705, 713, 714 

Accuracy: E < 703 

Notes: (1) See R e f .  705 fo r  r e l a t ive  cross sections for exci ta t ion of He' 
2'P. (2) For coiilbined excitation of target  and p ro jec t i l e  see Ref. 714. 

Chebyshev F i t t i nq  Parameters for Cross Sections 

E, , in  1.OE+03 eV/axiu,  E,,,,, = 4.OE+04 eV/anu 

A 0 A 1  A 2  A3 A4 A 5  A6 

-80.4224 -.698320 -a116751 -174729 --194669 -0663496 -e0346561 

T h e  fit represents the above cross section w i t h  an r i n s  deviation of 1.43. 
The maximum deviation is 2.7% a t  3.OE-t-03 eV/amu. 

See appendix for Chehyshev f i t  d e t a i l s .  
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Energy 
( eV/arnu ) 

7.4E+03 
8.OE+03 

l.OE+04 
1.5E+04 
2.OE+04 
2.5E+04 

9.OE-t-03 

Project i le  Excitation Cross Sections for  

~ e +  i H e  -> ~ e ~ ( n - 3 )  + ~e 

Velocity 
(cm/s ) 

1. igE+oa 
1.24E+08 
1.3 2E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.20E+08 

Cross Section 
(C1112 ) 

2.93E-19 
4.13E-19 
6.76E-19 
8.88E-19 
1.66E-18 
2.43E.3-18 
3.54E-18 

References: 7 0 5 ,  713 

Accuracy: Unknown 

Note: Ref. 705  gives r e l a t ive  cross sections fo r  exci ta t ion of 3*P level .  

Chebyshev F i t t i n q  Paraneters for  Cross Sections 

= 2.5E+04 eV/amu E,in = 7.4Et03 eV/aau, E,lElX 

A 0  A1 A2 A3 A4 A5 A6 

-82.4466 1.12862 - e  190981 -124483 -.0202534 

The f i t  represents the above cross section w i t h  a n  rim deviation of 1.4%. 
The maxislirim deviation i s  2.9% a t  8.OE+03 eV/amu. 

See appendix fo r  Chebyshev f i t  d e t a i l s .  
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S p e c t r a l  L i n e  E m i s s i o n  Cross  S e c t i o n s  for  

He + H2 --> H(Bal~iier--~,Bal~iier-B) 

I1 ( E a l ~ n e r - ~ )  H ( Aalmer-6) 

E n e  r yy C r o s s  S e c t i o n  
( e V / a a u )  ( cni’ ) 

1.5E+02 
2.0E4.02 
3.OE4.02 
4.OE+02 
5.OE+02 
6.OE+02 
7.OE+02 
8.OE+02 
9.OEt-02 
1.OE+03 
2.OE+03 
3.OE+03 
4.OE+03 
5.OE+03 
6.OEt03 
7. OEt  0 3  
7.6E+03 

6.77E.3-19 
7.82E-19 
9.61E-19 
1.08E-18 
1.18E-18 
1.26E-18 
1.348-18 
1.40E-18 
1.45E-18 
1.518-18 
1.80E-18 
1. R9E-I8 
1.89B.-18 
1.84E-18 
1.76E-18 
1 65E-18 
1.58E-18 

E n e r g y  Cross S e c t i o n  
(eV/amu) ( Clll2 ) 

J..2E+02 
1.5Et02 
2.OE+02 
3.OE+02 
4 e OE+O2 
5.OE+02 
6.OE+02 
7.OE+02 
8.OE+02 
9. OE t02 
1.OEi-03 
1.3Et03 
2. OE t 03 
3.OE+03 
4.OE+03 
5.OEt03 
6.OEt03 
7.OE+03 
8 .  OE t 03 

6.93E-20 
L.  346-19 
2,lRE-19 
3.34E-19 
4.llE-19 
4.56E-I9 
4.85E-19 
5.07E-19 
5.25E-19 
5.35E-19 
5 44E-19 
5 52E-19 
5.47E-19 
5.24E-19 
4.97E-19 
4.75E-19 
4.54E-19 
4.36E-19 
4.20E-19 

R e f e r e n c e :  461 

A c c u r a c y :  Unknown 

____ Notes: (1) The h y d r o y e n  Balmer l i n e  e m i s s i o n  r e s u l t s  f roni  d i s s o c i a t i v e  
e x c i t a t i o n  o f  € I 2 .  ( 2 )  The Balmer-a e m i s s i o n  i s  t h e  n=3->2 t r a n s i t i o i i  (656.28niii). 
( 3  ) The Balmer-p e m i s s i o n  i s  t h e  n=4->2 t r a n s i t i o n  (486.13niii). 

Chebyshev  F i t t i n q  P a a m e t e r s  f o r  Cross S e c t i o n s  

= 7.6E+03 eV/amu 
= D.OEe03 eV/aiiu 

H ( B a l m e r  -a) E,,in = 1.5E4.02 eV/aniu, E,,,, 
H ( Balmer -8 ) EIllin 1. 2E+02 eV/amu, E,,,,, 

A0 A 1  A2 A 3  A4 A5 A 6  

H(Ba1mer-a) - 8 2 . 3 9 6 0  . 4 7 2 3 2 4  - . 1 9 7 3 1 5  - . 0 4 3 8 4 1 3  - . 0 1 7 6 3 6 6  - . 0 0 3 0 8 2 4 8  5 . 3 4 2 5 0 E - 0 5  

H(Ba1mer-8) - 8 5 . 1 2 6 4  . 6 7 8 9 4 3  - . 5 6 1 8 6 3  . l e 2 5 6 0  - . 0 7 1 6 6 4 3  . 0 3 2 1 0 3 7  - . 0 1 5 8 5 7 3  

The f F t  r e p r e s e n t s  t h e  H ( B a l m e r - a )  cross s e c t i o n  w i t h  an rnis d e v i a t i o n  of 0.3%. 
The iiiaxiniun d e v i a t i o n  i s  0.5% a t  2.OE+02 eV/amu. 

The f i t  r e p r e s e n t s  t h e  H ( B a 1 m e r - 8 )  cross s e c t i o n  w i t h  an riiis d e v i a t i o n  of 0.9%. 
The maximum d e v i a t i o n  i s  1.4% a t  2.OE+02 e V / m u .  

See a p p e n d i x  f o r  Chebyshev  f i t  de ta i l s .  
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- 
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He + H, -> H(Balmer-a, Balmer-p) 

Cross Section vs. Energy 
IQ-", I I I I I I I l (  1 I I I I I I ,  

Recommended 
Data 

Chebyshev Fit 



1.6E+01 
2 . O E - t O 1  
2.5E+01 
3.OE+01 
3. 5E-I 01 
4.OEtOl 
4.5EtOl  
5.OEt01 
5.5E+01 
6 .OEl01 
7.OE+01 
7.4E+01 

Exci ta t ion  Cross Sect ions f o r  

He + H e  -> He(21S121P) 

H e ( 2 l S )  

Cross Sect i on 
(Clll' ) 

1.00E-19 
6.25E-19 
1.17E-18 
1.52E-1.8 
1 .733-18 
1.90E-18 
2.07E-18 
2.20E --I8 

2.44E-18 

2.72E.-18 

2.3313-18 

2.65E-18 

Energy 
(ev/aniu) 

1 . 3 E i O l  
1 . 5 E + 0 1  
2.OE-t-01 
2.5E-io1 
3.OEt01 
3.5E-I-01 
4.OE+01 
5.0k+01 
6.OE+01 
7.OE-cOl 
8.OE-1-01 
9,OE+01 
1.OE+02 
1 . 5 E t 0 2  

Cross Sect ion 
( (51112 ) 

4.83E - 1.8 
7.85E-18 
1.52E-I7 
2.39E-17 
3.03E-17 
3.59E-17 
4.635E- 1 7  
4 7@E-17 
5.25E-17 
5-62E-17 
5.956-17 
6.19E-17 
6-39E-17 
7 24E-17 

References: 719 ,  721 ,  722 

Accuracy: Unknown 

Notes: ( 1 )  The  da t a  for 2 l S  s t a t e  are t h e o r e t i c a l  da t a  of O l s o n  e t  a l .  
(Ref,  7 2 1 ) .  The 2'P s ta te  da ta  a r e  the experirriental da t a  of Kemptcr et 81. 
(Ref.  719) and a l e  approxiiiiately a f a c t o r  of 2 grea te r  Lhan those  of 01~011 
e t  a1 . ( 2 )  The experimental da ta  were dcternuined by measuring ml ssioii  
l i n e  in tensi t ies  and co r rec t ing  f o r  branching r a t i o s  using known 
t r a n s i t i o n  p r o b a b i l i t i e s .  W i t h  Hc , cascading con t r ibu t ions  s h o u l d  be less 
than 3%. 

Chebyshev Fi  t L i n q  Paraneters f o r  Cross Sect ions 

~ e ( 2 l ~ )  EInin = 1 . 6 E + 0 1  e V / a l r u ,  Einax = 7.  4E+01 eV/aiiu 

~ e ( 2 l ~ )  EIllin = 1.3E+Ol eV/amu,  Elllax - 1 . 5 E t 0 2  eV/aunu 

A0 A1 A 2  A3 A4 A5 A6 

He(2lS) -82.7427 1 . 3 0 3 3 1  - .579333 .299739 - .133372 .04.73667 - .0142447 
H e ( 2 l P )  -76.1505 1 . 2 3 5 3 1  -.420131 .116081 - .0158137 - .00167796 - .0033629 

'The f i t  represents  the Be(2lS) c ros s  sec t ion  w i t h  an riiis devia t ion  of 0 .5%.  
T h e  maximuin devia t ion  i s  0.9% a t  2.5Et01 eV/amu. 

T h e  f i t  represent-& t h e  He(2'P) c ros s  s e c t i o n  w i t h  an  rills devia t ion  of 1 . 2 % .  
The maxiniium devia t ion  i s  3.0% a t  2.00+01 eV/aiiu. 

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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He + He -> He(2’S,2’P) 

Cross Section vs. Energy 
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Energy 
(eV/aiiu j 

2.5E+02 
3.OE-f-02 
4.OE-1-02 
5.OE-I-0 2 
6.OE+02 
7.OEt02 
8.OE+02 
9.OE.r-02 
1.OE+03 
1.2E+03 

0 

( c1n2 

2 a 27E-18 
2.12E-18 
1.93E-18 
1.83E-18 
1 . 7 7 ~ 1 8  
1.76E-18 
1.76E-18 
1.76E-18 
1.77E.-18 
1.80E-18 

E x c i t a t i o n  Cross  S e c t i o n  f o r  

He + He -> He(31P,31D,33P,33D) 

He(3lD) N e  ( 3 3~ ) 

Energy 
(eV/aiiu) 

2.5E+01 
3.OE+01 
4. OEtOl 
5.0F,+01 
6.OE+01 
7.0E+O1 
8.OE+01 
9.OE+01 
l.OEt02 
1.1E+02 
1.5E+02 

0 

( Cl1l2 ) 

1.12E-19 
2. DE-19 
5.21E-19 
9.01E-19 
1 . 3 3 E -  18 
1.71E-18 
1.92E-18 
1.81E-18 
1.74E-18 
1.74E-18 
2.31E-18 

Energy 
(ev /amu)  

2.5E+01 
4.OEtQ1 
7.OE+01 
1.OE+02 
2.OE+02 
4.OE-t02 
7.OE+02 
I. OE+03 
1.2E-to3 

0 

( C11l2 ) 

l.49E-19 
9.97E-19 
2.45E-18 
2.68E-18 
2.20E-18 
1.58E-18 
1.3511:-18 
1.47E-18 
1.64E-18 

Energy 
(ev/aniu 1 

2.5E+01 
3.OE+01 
4.OE+01 
5.OE+01 
6.OE+01 
7,OE+01 
8.OE+01 
9.OE+01 
1. OEi 02 
1.5E-1-02 

33D) 

0 

( C1112 ) 

1.67E-19 
4.68E-19 
1.09E-18 
1.55E-I8 
1.98E-18 
2 39E--18 
2.68E-18 
2 - 80E-18 
2-77E-18 
2.44E-18 

Refe rences :  718, 719, 723 

Accuracy: Unknown 

Note: The recoinmended data  f o r  33P s t a t e  have been  i n t e r p o l a t e d  between t h e  
data o f  Kiiiiura e t  al. (Ref .  718) (E > 2 . 5 ~ 1 0 '  eV/;unu) and t h e  low-energy data 
o f  Kentpter e t  al. (Ref .  719). T h i s  e x t r a p o l a t i o n  i s  u n c e r t a i n  due t o  d i f f e r e n t  
e n e r g y  dependenc ie s .  

Chebyshev F i t t i n q  Parameters f o r  Cross  S e c t i o n s  

He(3'P) Eilin = 2.5E+02 eV/anu, Entax ~ 1. 2E+G3 eV/amu 
He(3lD) ELllill = 2.5E+01 eV/amii, Emax - 1.5E+02 eV/aiiu 
I ' i e ( 3 3 P )  El,,in = 2.5E+01 eV/amu, Eiiiax - 1.7Et03 eV/anu 

= 1.5E+02 eV/aiiu He(33D) Emin = 2.5E+01 eV/aniu, E,,,,, 

A 0  A 1  A 2  A3 A4 A5 A6 

He(3lP) -81.5965 -.116911 .0573167 8.08164E-04 -.00364047 6.11763E-05 .00187028 
Ke(3'D) -83.4302 1.37998 -.506774 .0626383 .0986308 .0721865 3.46628E-04 

r ( ~ ? ( 3 ~ D )  -82.5242 1.15604 -.602651 .117602 -.0538056 .0673126 .0230997 
He(3'P) -82.5431 .625566 - . 7 8 2 0 7 0  .545218 .0310014 .00459533 -. 100346 

The 
The 

The 
The 

The  
The 

The 
The 

f i t  r e p r e s e n t s  t h e  :1e(3l~) 
maximum dev ia t j -on  i s  0 .  3 %  

f i t  r e p r e s e n t s  t h e  He(3'D) 
maximum deviation i s  2 .  8% 

f i t  r e p r e s e n t s  t h e  H I ~ ( ~ ~ P )  
iiiaxiriium d e v i a t i o n  is 1.1% 

f i t  r e p r e s e n t s  t h e  He(33D) 
iiiaximum d e v i a t i o n  i s  0.3% 

c r o s s  s e c t i o n  w i t h  an  rills d e v i a t i o n  
a t  6.OE+G2 eV/aiiu. 

cross s e c t i o n  w i t h  an  rills d e v i a t i o n  
at 9.OEt01 e V / a i i u .  

cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  
a t  1. OE+O~ ev/aiiu,  

cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  
a t  9.0~+01 eV/amu. 

of 0.1%.  

of  1.9%. 

of 0 .1%.  

of 0.1%. 

See append ix  fo r  Chebyshev f i t  d e t a i l s .  
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He + He -> He(3'P,3'D,33PP,33DD) 

A = He(3'P) 

X=He(33D) 

v = ~ e ( 3 ~ ~ )  

X=He(3'D) 

Recommended 
Data 

Chebyshev Fit - - - - -  
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En e rg y (eV/a m u) 
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E x c i t a t  ion  Cross S e c t i o n s  

H e  + H e  -> He(41S141P) 

H e  ( 4 l S )  He(4 lS )  cont .  

Energy 0 Energy 0 

( e V / a m i  ) ( cin2 ) (ev/ariiu) ( a l l  ) 

1.7E+01 

3.OE+01 
4 a OE+01 
5.OE+01 
6.OEi-01 
7.OE-4-01 
7.9K+Ql 
9.OE+OI 
lIOE+02 
1.5Et02 
1.8E+02 

2.OE-1-01 
2.00E-20 
2.98E-20 
9.53E-20 
2.37E-19 
4.71E-19 
7-06E-19 
8.91E-19 
1.05E-18 
1.19E--18 
1.33E-18 
1.90E-18 
2.15E-18 

2 - 96E-19 
3.37E-19 
3.78E-19 
4 . l lE-19  
4.40E-19 
4.61E-19 
5 . l lE-19  
4 7 2 E - 1 9  
4.22E-19 

f o r  

H e  ( 4 l  P ) 

0 

( c1nZ ) 

3.65E-19 
3.88E -19 
4.06E-19 
4.23E-19 
4 06E-19 
3.85E-19 
3.60E-19 
2.61E-19 
1.88E-19 
1.5OE-19 

Refe rences :  703, 719, 723 

Accuracy: Unknown 

Note: 'The 4's data i n  t h e  l o w  and h igh  e n e r g y  r a n g e s  are p l o t t e d  
i n d i v i d u a l l y  t o  i n d i c a t e  t h e  problems i n v o l v e d  i n  cotiiparing and  
i n t e r p o l a t i n g  between l o w  and h igh  ene rgy  data .  U s e  t h e s e  d a t a  w i t h  
c a u t i o n .  

Chebyshev F i t t i n y  Pa rame te r s  f o r  Cross  S e c t i o n s  

= 1.8E+02 eV/;uiiu 
= 2.5E+04 eV/amu 
== 2.4Ei-04 eV/aiiu 

~ e ( 4 l ~ )  qnin = 1.7E+01 eV/axiu, Etiiax 
He ( 4l  s ) Elnin = 5.OE+03 eV/anu, Enlax 

Emax He(4 lP )  Enlin = 5.OE+03 eV/aniu, 

A0 A 1  A 2  A3 A4 A5 A6 

He(4 lS )  -85.2188 2.41501 -.487597 -.0727179 .111514 -.00381501 -.0352846 
He(4'S) -84.6731 -196616 -.160691 -.0239012 .00732614 .00447306 .00338388 
He(4lD) -85.4091 -.479796 -.191704 .0341683 -.0126641 .00116120 .00977808 

The f i t  r e p r e s e n t s  t h e  He(4'S) c r o s s  s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  1 . 2 % .  
The maximum d e v i a t i o n  i s  2.3% a t  4.OEi01 eV/anu. 

The f i t  r e p r e s e n t s  t h e  He(4 lS )  cross s c c t i o n  w i t h  an  rills d e v i a t i o n  o f  0 .2%.  
The niaximum d e v i a t i o n  i s  0.4% a t  7. IE+03 eV/amu. 

The f i t  r e p r e s e n t s  t h e  I Je(4 lP)  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0.3%. 
The iiiaximuin d e v i a t i o n  i s  0.6% a t  8.OEi-03 eV/amu. 

See  appendix  fo r  Chebyshev f i t  d e t a i l s .  
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He + He -> He(4'S,4'P) 

CI-(~SS Section vs. Energy 
IO-'' 

1 0 - I  

10-I 

1 0' 

I I I 1 I I l l 1  I I I I I I I I I  

A = t i e ( 4 ' ~ )  

X = He(4'S) 

v = ~ e ( 4 ' ~ )  

Recommended 
Data __I- 

Chebyshev Fit - - - - -  
T 

IO2 1 o3 1 0" 
Energy (eV/amu> 

lo5 



c-112 

E x c i t a t i o n  C r o s s  S e c t i o n s  f o r  

He + He -> He(43S,43P) 

He ( 43S ) ~ e ( 4 ~ ~ )  c o n t .  

Energy 0 Energy  0 

(ev/amu ) (C1112 ) ( eV/anu ) ( cnlz ) 

2.4W+01 
2. SE+01 
3.OE+01 
3.5E+01 

4.5E+01 
5.OEi01 
5.5E+01 
6.OE+01 
7.OE+01 
8.OE+OI 
8.8E+01 

4.OE-kOl 

2.53E-20 
2.90E-20 
5.97E-20 
1.071~-19 
1.59E-19 
2.08E-19 
2.62E-19 
3.15E--I 9 
3.653-19 
4 61E-19 
5.43E-19 
5.95E-99 

5.OE+03 
5.5Ei-03 
6.OE+03 
7.OE+03 
8.OEi03 
9.OE+03 
I. OE+04 

1.5E+04 
2.OE+04 

1.1E-1-04 

2.5Ei-04 

4.37E-19 
4 -47E-19 
4 - 66E-19 
4.90E-19 
5.29E-13 
S.47E-13 
5.14E-19 
4.88E-19 
5.30E-13 
6.12E-19 
6.77E-19 

H e  ( 43P) 

Energy 0 

( ev /anu  ] ( cn12 ) 

2 . 5 E + 0 2  
4.OE+02 
7.OE+02 
l.OE+03 
2.OE+03 
4,OE+03 
7.OE+03 
l.OE+04 
1 e 5E+04 
2. OEi 04 

2.78E-18 
1.38E-18 
8.79E-19 
8.23E-19 
7.68E-19 
7.14E-19 
7.07E-19 
5.62E-19 
3 llE-19 
1.95E-19 

Refe rences :  703, 718, 719, 720, 723 

Accuracy: Unknown 

P Note: N o  a t t e m p t  h a s  been made t o  i n t e r p o l a t e  between t h e  l o w  and h i g h  
e n e r g y  data f o r  t h e  43S s ta te .  U s e  t h e s e  d a t a  w i t h  c a u t i o n .  

Chebyshev F i t t i n q  Parameters for  Cross S e c t i o n s  

He('I3S) E,,in = 2.4E+01 eV/amu, = 8.8E+01 eV/auuu 
= 2.5E+04 eV/anw He(43S) E,,,in = 5.OE+03 eV/aniu, Enlax 
= 2.OE+04 eV/aniu He(43P) E,,1in = 2.5E+02 eV/anu, Enlax 

A 0  A 1  A2 A3 A4 A5 A6 

He(4'S) -86.5334 1.5-7661 -.301332 .0231287 .0147011 -.0218801 .0103488 
He(43S) -84.1641 -186801 .0274621 .0565092 -.00857002 -.0283410 .0102453 
He(43P)  -83.4554 -.954640 -.0267074 -.366176 -.0251284 -.0183797 .0210686 

The f i t  r e p r e s e n t s  t h e  He(43S) cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of  0.4%. 
The maximum d e v i a t i o n  i s  1.0% a t  4.5E+01 eV/a?iu. 

The f i t  r e p r e s e n t s  t h e  He(43S) cross s e c t i o n  w i t h  a n  rms d e v i a t i o n  of 2.1%. 
The maximuni d e v i a t i o n  i s  3.6% a t  l.lE+04 eV/aiiu. 

The fit r e p r e s e n t s  the H e ( 4 3 P )  cross s e c t i o n  w i t h  an  rins d e v i a t i o n  of 3 .5%.  
The maximum d e v i a t i o n  i s  6.2% a t  4.OE+03 eV/amu. 

See appendix  f o r  Chebyshev f i t  d e t a i l s .  



C-113 

He + He -> He(43S,43P) 

A = He(43S) 

X = He(4%) 

V = He(4 'PI 

Recommended 
Data 

Chebyshev Fit - - - _ _  

1 0' 1 d 1 0' 1 0" io5 
En erg y (eV/a m u) 



Energy 0 

(ev/amu) (cm2) 

2.5Et03 6.83E-20 
3.OEt03 8.843-20 
4.OEt03 1.32E-19 
5.OEt03 1.80E-19 
6.OEt03 2.28E-19 
7.OEt03 2.82E-19 
8.OEt03 3.37E-19 
9.OEt03 3.90E-19 
1.OEt04 4.33E-19 
1.4Et04 5.20E-19 
1.5Et04 5.19E-19 
2.OEt04 4.54E-19 
3.OEt04 3.313-19 
3.5Et04 2.86E-19 

c-114 

E x c i t a l i o n  and Ion -Pa i r  P roduc t ion  Cross S p c t i o n s  f o r  

H e  t H e  -> A u t o i o n i z i n g  S t a t e s  

2s2p 3P 

Energy 0 

(ev/arnu) (em2) 

2.5Et03 1.723-20 
3.OEt03 2.04E-20 
4.OEt03 2.70E-20 
5.OEt03 3.37E-20 
6.OEt03 4.01E-20 
7.OEt03 4.74E-20 
8.OEt03 5.42E-20 
9.OEt03 6.16E-20 
1.OEt04 6.96E-20 
1.5Et04 1.30E-19 
2.OEt04 2.51E-19 
3.OEt04 4.28E-19 
3.5Et04 4.92E-19 

2p2 ID 

Energy a 
(eV/arnu) ( cm2 ) 

2.5Et03 2.01E-19 
3.OEt03 2.55E-19 
4.OEt03 3.573-19 
5.OEt03 4.423-19 
6.OEt03 5.18E-19 
7.OEt03 5.74E-19 
8.OEt03 6.166-19 
9.OEt03 6.49E-19 
1.OEt04 6.7ZE-19 
1.2Et04 6.89E-19 
1.5Et04 5.58E-19 
2.OEt04 3.42E-19 
3.OEt04 1.57E-19 
3.5E-04 1.2 

References: 724, 725, 126 

Accuracy: Unknown 

Note: The ls2s2 ' S  s t a t e  i s  t h e  a u t o d e t a c h  

3-19 

ng 

2 s 2 p  I P  

2.5Et03 
3 ~ OEt03 
4.OEt03 
5.OEt03 
6.OEt03 
7.OEt03 
8.OEt03 
9.OEt03 
l.OEt04 
1.3Et04 
1.5Et04 
2.0Et04 
3.OEt04 
3.5Et04 

1.13E-19 
1.52E-19 
2.27E-19 
2.91E-19 
3.483-19 
4.05E-19 
4.533-19 
5.053-19 
5.49E- 19 
6.18E-19 
5.92E-19 
4.82E-19 
3.38E-19 
2.89E-19 

s ta te  of He-. 

He-( ls2s2) 2 S  

Energy 0 

(eV/amu) ( c m 2 )  

3.7Et03 2.45E-19 
4 .OEt03 2.6oE-19 
5.OEt03 3.05E-19 
6.OEt03 3.43E-19 
7.OEt03 3.763-19 
7.7Et03 3.83E-19 
8.OEt03 3.803-19 
9.OEt03 3.41E-19 
1.OEt04 2.8OE-19 
1.5Et04 8.38E-20 
2.OEt04 3.763-20 
3.OEt04 2.22E-20 
3.5Et04 1.99E--20 

Chebyshev F i t t i n q  Paraxeters f o r  C r o s s  S e c t i o n s  

2 2  E,,,in = 2. 5EtQ: eV/anu, Emax = 3.5!3+04 eV/aniu 

2p2 'D E,,,in = 2.5E+O3 eV/cunu, Elllax = 3.5E+04 eV/amu 
2s2p lP E,,in 2 .  5 ~ + 0 3  eV/anu ,  Ellla, = 3. 5E+04 eV/amu 
H e -  ( 1 s 2 s2 ) 'S = 3.7EtO3 eV/aniu, E,,,,, = 3.5Et04 eV/aiw 

2s2p 3~ F&, = 2.5E+03 eV/aniu, E,,,,, = 3.5Et04 eV/amu 

A 0  A 1  A2 A3 A4 A5 A 6  

2s2 1s -85.8524 .799247 -.526341 -.114359 .0439092 .0371210 -.00499344 
.0132924 2s2p 3P -87.8698 1.74012 .165859 -.0382066 -.0794670 -.0352277 

2p2 'D -85.2799 -.217724 -.729656 -.0810841 .0662609 .0581753 .00536077 
2s2p lP -85.2994 .497649 -.530222 -.0630468 .0249202 .0444313 -5.437663-04 
He-(ls2s2)% -87.4403 -1.52170 -.498463 .350749 .157944 -.0929551 -.0455722 

The 
The 

The 
T h e  

The 
The 

The 
The 

The 
The 

See 

f i t  r e p r e s e n t s  t h e  2 s '  'S c r o s s  s e c t i o n  w i t h  a n  m s  d c v i a t i o n  of 1.1%. 
ruaxiniurn d e v i a t i o n  i s  2.2% a t  2.OEi04 eV/aiicm. 

f i t  r e p r e s e n t s  t h e  2s2p 3P cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 2.43.  
maximum dcv iaL ion  i s  5.23 a t  1.5E+04 eV/aniu. 

f i t  r e p r e s e n t s  t h e  2p2 ID cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  of 2 .01 .  
inaximuln d e v i a t i o n  i s  3 . 6 %  a t  2 . O E t 0 4  eV/amu. 

f i t  r e p r e s e n t s  t h e  2s2p 'P  C L O S S  s e c t i o n  w i t h  an rills d e v i a t i o n  of 1.8%. 
Inaxiiitum dcvi  a t i o n  i s  3 .  7% a t  2.OE+O4 p V / a n u .  

f i t  r e p r e s e n t s  t h e  We-(ls2s2)'S c r o s s  section w i t h  an  rills d e v i a t i o n  of 1.9%.  
niaxinium d e v i a t i o n  i s 3.4% a t  l15E+04 eV/amu. 

append ix  f o r  Chebyshev f i t  d e t a i l s .  



C-115 

He + He -> He(2s2p2P, 2s2p'P&sZ'S, 2p2'D) 
He + He -> HeXls2s S> 

En erg y (eV/a m u> 



C-116 

E x c i t a t i o n  Cross S e c t i o n s  f o r  

H e ”  t H --> H(2sr2p) 

H(2s) H(2P) 

(ev/amu) ( cn12 ) (eV/aniu) ( cn12 ) 
Energy Cross S e c t i o n  Energy Cross S e c t i o n  

1.41E-16 
1.16E-16 
8.70E-17 
6.97E-17 
5.77E-17 
4.98E-17 
4.378-17 
3.86E-17 
3.50E-17 
2.353-17 
1.793-17 
1.22E-17 
9.42E-18 
‘1.75E-18 
7.06E-18 

2.5E t 04 
3.OE+04 
4.OEt04 
5.OEt-04 
6.OWO4 
7.OE+04 
8. OE 1-04 
9.OE+04 
l.OEt05 
1.5E+O5 
2.OE+O5 
3.OE+05 
4 a OE+05 
5.OE+05 
5.4E+Q5 

1.68E-16 
1.75E-16 
1.84E-16 
1.92E-16 
1.97E-16 
2.01E--16 
2.05E-16 
2.06E-16 
2.08E-1.6 
2.07E-16 
1. 97E-16 
1.69E-16 
1.45E-16 
1.31E-16 
1-293-16 

Reference :  174 

Accuracy: Unknown 

Note: The c u r v e s  are r e s u l t s  of theore t ica l  c a l c u l a t i o n s  f o r  t h e  e x c i t a t i o n  of 
H(1s) by H e 2 ’  i n p a c t .  Ref. 174 compares t h e  r e s u l t s  of c a l c u l a t i o n s  u s i n g  
a l t e r n a t i v e  basis sets together w i t h  a f u l l  e x p l a n a t i o n  o f  t h e  estimated 
a c c u r a c y  a t  d i f f e r e n t  He2+ e n e r g i e s .  

Chebyshev F i t t i n g  Parameters fo r  Cross S e c t i o n s  

A 0  A1 A2 A3 A 4  A5 A6 

H(2s) -76.0595 -1.50152 -0300296 -00522842 -00296312 -4.05387E 04.00159617 
H(2p) -72.5902 -.122617 -.180664 -.0249549 -0157733 .0139456 .00499314 

T h e  f i t  r e p r e s e n t s  H(2s) cross s e c t i o n  w j . t h  an  rills d e v i a t i o n  o f  0.2%. 
The maximuni d e v i a t i o n  i s  0.5% a t  6.OE+04 eV/anu. 

The f i t  r e p r e s e n t f i  A(2p) cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of  0.2%. 
T h e  maximum d e v i a t i o n  i s  0.3% a t  4,OE+04 eV/anu. 

See a p p n d i x  f o r  Chehyshev f i t  detai ls .  
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C-117 

He'' + H -> H(2~,2p) 

10' io5 lo6 
Energy (eV/amu> 



C-118 

Energy 
( eV/mtu) 

5. Or: 1 3: 
6.OE+01 
7.OE+01 
8. OEtQl 
9. O K  EO1 
l.OE+02 
1.5E+02 
2.OE+02 
2.5Ek02 
3. OE 102 
$.OE+02 
5.OE+02 
6.0K+02 
I .  OE+02 
8.OE+02 
9.OE102 
1.OR403 
1.2E+03 

P r o j c c t i k  E x c i t a t i o n  Cross S e c t i o n s  for  

He(z3S) ! ::e(llS) -> He(3'P) k I I e  

Velocity 
( cm/ s ) 

9.82E+O6 
1.08E+07 
1.161.:+07 
l.24E+O7 
l.32E 507 
1.39E+07 
1.70E+07 
1.96E+O7 
2.20E+07 
2.41r; 13 7 
2.78bd+07 
3.llE+0i 
3.40E+3/ 
3.68Ei 07 
3.936+07 
4.17E+O 7 
4.39E 7 07 
4 81F:+07 

Cross Section 
( C0l2 ) 

3.44F-1.8 
4.55E-18 
5.27E-18 
5 .  66K-4.8 
5. B4E- 18 
5.93-18 
4.63E-18 
3.94E-18 
4 4 41;: .- I 8 
5.5-7E-18 
6.82E-i8 
6.97E-18 
6.76K.3--18 
S .  356-18 
5.88E-18 
5.35E.3--18 
4.80E-1.8 
3.50E-I8 

References: 728, 729 

Accuracy: Unknown 

Notes: (1) R e s u l t s  froni R e € .  728 cor re spond  t o  p r o j e r t i l e  e m i s s i o n  
Iiieasureinents and 110 c o r r e c t i o n s  were made f o r  c o n t a m i n a t i o n  o f  m e t a s t a b l e  
atomic beail w i t h  ground s t a t e  atoms. R e s u l t s  have been nor rna l ized  by t h c  
a u t h o r s  t o  p r e v i o u s  r e s u l t s  on e x c i t a t i o n .  (2) Exper imen ta l  d e t a i l s  o f  
Ref. 729 are IJnknown. 

Chebyshev F i t t i n q  Parameters for Cross S e c t i o n s  

= 1.2E+03 eV/amu E,,,, En,in = 5.OE+01 eV/amu, 

A 0  A 1  A2 A3 A4 A5 A6 

-79.7131 -0521928 -.176441 -.0874202 -e203462 -0710365 -0424143 

The f i t  r e p r e s e n t s  t h e  above cross section w i t h  an  m s  d e v i a t i o n  of 4.9%. 
The maximur:i d e v i a t i o n  is 10.5% a t  2.OE+02 e V / a i i i i .  

See appendix  for  Chebyshev T i t  d e t a i l s .  
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.... 

A 

NE 
0 

W 

c 
0 

0 
Q, 
I/) 

.- -r 

v) 
v) 

P 
V 

He(23S) + He(1'S) -> He(3'P) + He 

Cr-oss Section vs. Energy 
1 I I I I I l l [  I I I I 1 1 1 1 1  I I I I I l l  

10-ld I I I 1 I I l l l  I I 1 1 1 1 1 1 1  1 I 1 I I I U  

Energy (eV/amu> 

A = He(3'P) 

Recommended 
Data 

Chebyshev Fit 

- ..... 



c-120 

Vncryy 
(2V/.Ti,liI 1 

3.5E to1 
4 e OE+01 
5.OEt01 
6. OE S O 1  
7. OE S O 1  
8 .  O E W I  
9. OE t o1  
1.OE+02 
1.5E+02 
2.0E102 
2.5Et02 
3.OE+Q2 
4 OE+O2 
5.OE+C2 
6. OE+02 
7. OE I O 2  
E.OE+O? 
9.OEi02 
1.OE IO3 
1.3Et03 

Projecti le Excitailon Cross Sections f o c  

tKe(23S) t Ile(1'S) -> H e ( 3 3 ? )  1 :Ie 

V n b O C l t f  
( CUI/ 5 ) 

8.22Ef 06 
8.79E+OG 
9.82E t06 
1. ODE t07 
1.16E+07 
1.2clEW7 
1.32E+07 
1.39E+07 
1.70E+07 
1.96Ei 07 
2.20E+07 
2.41~+07 
2.78~+07 
3.llE60i 

3.93~z-105 

3.40E+O I 
3.68E+07 

4 17E+07 
4.3 9Et07 
5.01E+07 

Cross Section 
( Cll12 ) 

3.51E-17 
4.070-11 
5-05;; -17 
5.96E-17 
6.6 I L - i i  
1 - 23K--17 
7.70E-17 
8.1 It.:-I I 
9.36E-I7 
9.948-17 
1.02E-16 
1.03E-16 
1 . 0 2 E - 1 6  
1.00F-16 
9.93E-17 
9.82E-11 
9.68E-17 
9.49E-1 I 
9.35E-17 
8.48E-17 

References: 728, 729 

Accuracy: Unknown 

Notes: (1) R e s u l t s  froin R e f .  728 correspond to project i lp  oiiiission 
measureirtents and no correct ions were made for  c o n t a m i n a t i o n  of iiieLastah1P 
atoiiile bean w i t h  ground s t a t e  atoilis. ( 2 ) Results have been normalized by 
the authors t o  previous r e s u l t s  on excltation. (3) Experiinental d e t a i l s  
of Ref. 729 are unknown. 

Chebyshev F i t t i n y  Paraiieters f o r  Cross Sections 

AO A 1  A2 A3 A4 A5 .4 6 

-74.2632 -399374 -.300481 .0525981 -+0111543 - .00859422 -*OO474980 

The f i t  represents t h e  above cross section w i t h  an  rills deviation of 0.4%. 
The inaxiniiiiu deviation i s  0.8% a t  5.0Et01 cV/miu.  

See appendix fo r  Chebyshev f i t  de ta i l s .  
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IC, - 11.0 x 

10.0 

9.0 

A 

"E 8.0 
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c 
0 

Q) 
v, 
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.- 
-6 7.0 

cn 
cn g 6.0 

5.0 

4.0 

3.0 

He@S) + He(1'S) -> He(33P) + He 

Cross Section vs. Energy 
I I i i I 1 1 1 1  I I I I I I l l 1  i I 1 I I l l  

1 I I 1 I l l l l  I I I I 1 1 1 1 l  - 

Recam mended 
Da to 

Chebyshev Fit _ _ _ _ _  

IO' 1 o2 io3 IO" 
Energy (eV/amu) 



c -  !2% 

EnerGy 
[ c’Jlwn:1) 

7 .  OE t 0 i  
8 . 0 E 1 0 1  
9.OE+O 1. 
1.OE+O2 
1 . 5 E  f C 2  
3 . 0 E F 0 2 
3.OE+32 
l.OE+D/I 
1.5H+04 
?.OF+04 
2. 5E+D1 
2.7E+O% 

Cross Sectioii 
( Chi* ) 

1.17E -18 
9.49F-19 
8 . 3 9 E - 1 9  
7. 8lE-19 
1.221.; -18 
1.62E-18 
1.99E -18 
2.70E-18 
2.15E-18 
1.1bE-18 
1.19E-18 
1.39t -18 

Energy 
{ =:I/ 311111 ) 

G.OEtO1 
7.OE+01 
8.OE+Ol 
9.OE+01 
l.OE<O? 
1.5EtO3 
2.OE+02 
2.50+02 
3.OE+02 
Q,OE+02 
5.0 r: 5 0 2 
6 . OL f 0 2 
/ .  OE+O2 
8.OEt02 
9.OFtC2 
1. OF{ 03 
1.5E+03 
2.OE+03 
3.OEtO3 
4 * OE+03 
5.0!?!03 
G. W+03 
/.OE+03 
8. O E  t 03 
9. O E i  03 
l.OE+04 
1 . 5 E t Q ?  
2. ow01 
2.5E+Od 

Cross Set’tioh 
( Gill* ) 

5.95E-18 
I .  Y8E-18 
9.02~-18 
9.945 15 
1.0 7 c.- i 7 
1.36E-17 
1.49E-1 I 
1.5?c  17 

1.15E-17 
1 - 05h- 17 
1 . 0 9 h  17 
1.16E-17 
1.21E-4/ 

1.29E-17 
1.39% 1 i 

1.33E- 1 I 
1.22E-17 
1.1IE 77 
1 . 0 0 E - 1 7  
9.02E-18 

l.42E-17 

1 - 26P:- 1 7 

1.39E-17 

a .  I ~ E - J ~  
7.36E-18 
6.61E-18 
3.87E-18 
2.28~; 18 
1 -4lE-18 

Notes: (1) R e s u l t s  frmr R e f .  738 c o ~ f e s p ~ n d  to p r o j e c t i l e  eiiiission cross 
ee~Lions and no C o i E e L L i u i I  ws; m d r  for c o ~ ? t & n n a t i o n  of I i~etaatable  .?toniic 
bem with ground state a tom.  (2) ResulLs have hcnn norlstalized by the 
authoib t o  previous r e s u l t s  on exc i t a t ion .  (3) Experiiwntal  Lietails o f  
R r f .  779 x e  unknown. (4) Dotird curve f o r  43S ex~itar~on b-tween .3 and 
10 keV/ami  repr-smts a n  :nt~rpolation between t h r  da t a  of Ref. 727 and 
Ref, 729, and has a l a L y e  uncer tamty .  

.-_- Chebysiiev Fit&l!!>g P9raiirgkeis .,f_3_r (3% Sec’iioi~g 

EIP(ba3S) = 7 . O E t 0 1  eV/aJllu, E,,,,, 2 - 7E-1-04 eV/aiiu 
= 2.5EI-04 ev/aI1ru 

iiiax 
H e / 4 3 D )  E,,,ii, 7 6.OE+01 ~ V / ~ I I I U , .  E 

A0 41 A2 A 3  A 4  P. 5 A6 A7 A8 

He(43Sj -81.7091 .309903 - . 4 7 3 2 4 - 1  - . C 7 4 1 h 6 3  . 0 1 7 5 9 2 9  - . I 1 2 7 2 1  . 0 8 1 2 8 8 ?  - . 0 4 1 6 8 1 1  . 0437011  
He(43Dj - ? 8 . 8 4 0 0  - . 6 3 7 1 6 7  - . 7 1 ? 5 6 0  - . 1 h 6 5 5 2  - . l o 8 7 0 6  . 0 6 8 9 6 2 4  . 0 1 1 5 2 2 2  -.0618008 .0358345 

f i t .  represents  t h e  H E ( ~ ~ S )  cross sec t ion  w i t l i  ai-! rliis r k v i a t i o h  of 2.6%. 
~ ~ ! ~ ~ x I . I I I u ~ I I  devia’iion i s  7. 0% a t  1. OE+ 02 eV,’?m::. 

1i.t mpresen t s  t h e  He(43D) c ross  sec t ion  wi.t-h an riiis devia t ion  of 3.7%. 
:iiaxiit1uilt devint  ion i s  9 . 8 %  at 5.0t?+O2 evjaiw. 

appendix f o r  Chnhvshcv f i l ;  d e t a i l s .  
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HeQ3S) + He -> He(43S,43D) + He 

Cross Section vs. Energy 

A =: He(4’S) 

X = He(4’D) 

Recommended 
Data /--- 

--I-- Chebyshev Fit 

I I I 1 I Ill1 I I I I I l l l l  1 I I I I l l 1 1  I I 1 I I I I L  

IO’ 1 0’ 10’ 10’ io5 
Energy (eV/amu> 

J 
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T a r g e t  E x c i t a t i o n  Crosss S e c t i o n s  for  

He(23S) + H e ( l l S )  -> H e  + He(43S,43D) 

H e  ( 4 3 S  H e  (4’D) 

Energy Cross S e c t i o n  Energy C r a s s  S e c t i o n  
(eV/mnu ) (cm* (ev/an1u) ( c1112 ) 

5.OE+03 
6.OE+03 
7.OE+03 
8.OE+03 
9.OE+03 
1. OE t04  
1.5E+04 
2.OE+04 
2.5Et04 

6.41E-18 
7.20E-18 
7.72E-18 
7.92E-18 
8.01E-.l8 
7.83E-18 
5.87E-18 
3.35E-18 
1.50E-18 

5.OE+03 
6.OE+03 
7.OE+03 
7.5E+03 
8.0E+03 
9.OE+03 

1.2E+04 
1.5Ei04 
2.OEi04 
2.3E+04 

1. OE 4-04 

1.17E-17 
1.39E-17 
1.4812-17 
1.49E-17 
1.47E-17 
1.3812-17 
1.22E-17 
6.16E-18 
3.51E-18 
1.74E-18 
1.28E-18 

Refe rences :  727, 730 

Accuracy: 40% 

Note: Data are f o r  e x c i t a t i o n  of t h e  ground s ta te  H e  t a r g e t  atoni by t h e  
inetastable ~ e ( 2 ~ ~ )  project i le  atom. 

Chebyshev F i t t i n y  Parameters f o r  C r o s s  S e c t i o n s  

H e  + He(43S) Elnin = 5.OEt03 eV/ainu, E,,,,, = 2.5E+04 eV/aniu 
WE + He(43D) Enlin = 5.OE+03 eV/amu, Emax = 2.33+04 eV/amu 

A0 A 1  A2 A3 A4 A5 A6 

He t He(4’S) -79 .6926 - .631297 - . 4 4 5 1 9 1  - .09103aa -.0216050 - .00467890 . o o i a 2 9 5 9  
He t He(43D) -79 .4099 -1.23537 - .423173 .177825 .0609486 - . 0 5 3 7 1 4 9  - . 0 2 7 0 9 4 1  

The f i t  r e p r e s e n t s  H e  + He(43S) cross s e c t i o n  w i t h  an  rins d e v i a t i o n  
The inaxiiiium d e v i a t i o n  i s  0.4% a t  8.OE+03 eV/anu. 

The f i t  r e p r e s e n t s  H e  + He(43D) c r o s s  s e c t i o n  w i t h  an  rills d e v i a t i o n  
The maximum d e v i a t i o n  is  10.7% a t  1.2E+04 eV/anu. 

of 0.2%. 

of 4.4%. 

See  append ix  f o r  Chebyshev €it d e t a i l s .  
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._..._ 

He(Z3S) + He(1’S) -> He(43S,43D) + He 

Cross Section vs. Energy - _  

10- 

k 
I I I 1 I I I l l  I I 1 I I I l l  

10’ io4 io5 
Energy (eV/amu> 

A = He(dt3S) 

X = He(43D> 

Recommended 
Data 

Chebyshev Fit - - - - _  

. .- . 
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Excitation and Spectral Line Einission Cross Sections for 

H+ + ~i(2s) -> H +  + ~i(2p) 
-> 11’ + Li( 670.8nm) 

Energy 
(ev/anu 

5.OE+02 
7.OE+02 
l.OE+03 
1.5E+03 
2.OE+03 
4.OE+03 
7.OE+03 
I. OE+04 
1.3E+04 
2.OE+04 
4.OEi04 
7.OE+04 
l.OE+05 
1.3E+05 

Cross Section 
( Cll12 ) 

9.56E-16 
1.20E-15 
I. 5012-15 
1.91E-15 
2.25E-15 
3.06E-15 
3.62E-15 
3-96E-15 
3.99E-15 
3.88E-15 
2.38E-15 
1.42E-15 
1-03E--l5 
8.1713-16 

Li ( 6 7 0.8nm ) 

Energy Cross Section 
(ev/anu) ( ClU2 

2.OE+03 
2.5E+03 
3.OE+03 
4.OE+03 
5.OE+03 
6.OE+03 
7.OE+03 
8.OE-tO3 
9.OE+03 
1.OE+04 
I. 5E+Oa 
2.OE+04 

2.97E-15 
3.35E-15 
3.69E-15 
4.04E-15 
4 . 2 7 ~ 1 5  
4.43E-15 
4.53E-15 
4.6OE-15 
4 a 6 5E-15 
4.69E --15 
4.73E-15 
4.55E-15 

References: Li( 2p) J 257, 285 
Li(670.8nm) emission; 258, 732, 734 

Accuracy: Unknown 

Notes: (1) The ground state of Li is the 2s state. (2) The resonance line of 
Li is the 2p -> 2s transition at a wavelength o€ 670.8nm. (3) Myers et al. 
(Red. 734) have also measured eiiiission cross sections for  this reaction i n  the 
energy region 100-1500 eV/aunu. Their results are iiiore than an order of 
magnitude lower than the reconutiended data in t h e  energy overlap region. 

Chebvshev Fittinq Paraiiieters for  CKGSS Sections 

= 1.3E+05 e V / a n u  
~ 2.OE+04 eV/anu 

L i  ( 2p ) E,llin = 5.OE+02 eV/aiiu, Eiiiax . 
Li( 670.8 nm) ElIlin = 2.OE+03 eV/amu, ‘max 

A0 A 1  A2 A3 A4 A5 A6 

Li(2P) -67.9437 - .00943077 - .745522 - .112088 . 0 4 5 3 1 0 6  .OS12591 . 0 1 5 5 0 8 1  
Li(67O.E nm) - 6 6 . 2 6 7 1  .208206 - . a 9 7 6 2 3 1  .00760915 - .00712239 - . 0 0 2 2 7 5 5 0  .OD106025 

The fit represents Li(2p) cross section with an rills deviation of 1.9%. 
The maxiilium deviation is 3.6% a t  4.OEt04 eV/aiiu.  

The fit represents Li(670.8 nnl) cross section w i t h  an rni6 deviation of 0.3%. 
The maxiniuxii deviation is 0.43 at 2.5El-03 eV/aniu. 

See appendix for  Chebyshev fit detai.ls. 
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. ...- . 

lo-’ 

lo-’! 

H+ + Li(2s) -> Li(2p, 670.8 nm emission) 

Cross Section vs. Energy 
I I I I I I I I I  I I I I l l 1 1 (  I I I I I I I I I  I I I I I ~  

lo-’( I I 1 I I I l l 1  I I I I I l l l l  I I I 1 I r r l l  1 I I l l l l  

A = Li(670.8 nm) 

X = Li(2p) 

Recommended 
Do ta -- 

Chebyshev Fit - - - -  

io3 io4 io5 
En erg y (eV/a m u) 

... 
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T o t a l  S p e c t r a l  L ine  Emission Cross  S e c t i o n s  €or 

He+ + L i ( 2 s )  -> H e +  + Li(670.8nin) 

Energy 
( e ~ ~ / m u  1 

5.OE+02 
6.OE-102 
7.OE+02 
8.0Et02 
9. OEi 02 
1.OE+03 
1.5E+03 
2.0Ei03 
2.5E t 03 
3.OEt03 
4.0Et03 
4.5Et03 
5.OE+03 

V e l o c i t y  
( C l l ) / S )  

3.llE+07 
3,40E+07 
3.68Et07 
3.93E-107 
4.17E+07 
4.39E3+07 
5.38E+07 
6.21E+07 
6.95E+07 
7.61E+07 
8.79E3+07 
9.3 2E+07 
9.82E+07 

C r o s s  S e c t i  on 
(Cll l*  ) 

5.58E-16 
6 - 55E-16 
7.48E-16 
8.43E-16 
9 - 33E-16 
1.03E-15 
1 -47E-15 
1.93E-15 
2 -43%-15 
2.90E-15 
3.39E-15 
3 .  51.E-15 
3.52E-15 

RefeKenCes: 267, 732, 734 

A c c u r a c G  Unknown 

Notes: (1) T h e  2p -> 2s t r a n s i t i o n  a t  670.8nm i s  t h e  r e sonance  t r a n s i t i o n  
of I d .  ( 2 )  The e m i s s i o n  cross s e c t i o n  i n c l u d e s  c a s c a d i n g  i n t o  t h e  2p s t a t e  
from t h e  upper  J e v e l s .  (3) As f a r  as w e  are aware no  da ta  f o r  t h e  cross 
s e c t i o n s  for  t h e  2p s t a t e  e x c i t a t i o n  e x i s t .  ( 4 )  Myers e t  a l .  (Ref .  134) 
o b t a i n e d  data f o r  t h e  c in iss ion  cross s e c t i o n s  i n  t h ~  e n e r g y  r a n g e  50-375 
FV/anu. T h e i r  iiieasurements are an  o r d e r  of  magni tude  less t h a n  t h e  
reconuuended d a t a  a t  400 eV/ar i i r i .  

Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross S e c t i o n s  

= 5.OEt03 eV/aiiu E,,,in = 5.OE-1-02 eV/aniu, Enlax 

AQ A1 A2 A3 A 4  A5 A6 

-68.2494 -976730 -*0528574 -.0520709 -.0299645 -.00494558 ,00671922 

The € i t  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0 . 5 % .  
The niax.hum d e v i a t i o n  i s  0.8% a t  2.OE+03 eV/niu .  

See  appendix  f o r  Chebyshev €it d e t a i l s .  
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- ..... .. . 

HeS + Li(2s) -> Li(2p) (670.8 nrn ernjssion) 

Cross Section vs. Energy 

10' 
lo-' 

IO2 io3 
Energy (eV/amu> 

Recommended 
Data 

- - - - -  Chebyshev Fit 
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Excitation and Spectral Line Eiilission Cross Sections fo r  

~ e ' +  + ~i(2s) -> H e 2 +  + ~i(2p) 
-> He2+ t Li(670.8nm) 

Li ( 2p) 

Energy 0 

( ev / a l l l l d  ) ( CIl12 ) 

1.4E+02 
2.OE+02 
3.OE1-02 
4.OE-t 02 
5.OE+02 
6.OE+02 
7.OE+02 
8.OEtO2 
9. OE 1-02 
1. O E i  03 
1.5E+03 
2.OE+O3 

3.90E-17 
6.43E-17 
1.llE-16 
1.62E-16 
2.18E-16 
2.73E-16 
3.286- 16 
3.84E-16 
4 36E-16 
4.9OE-16 
7.52E-16 
9-89E-16 

Li(2p) (cont.) Li (670. Dnnr) 

Energy 0 Energy 0 

(ev/aniu) (C111* ) ( eV/alnu) ( Cll12 ) 

3.8E+03 
4.OE+03 
7.OEt03 
l.OE+04 
2.OEt04 
2.6E+04 
4 - OE+04 
7.OEt04 
l.OEt05 
2. OE 1-05 
4 e OE+05 
7.OE+05 
1 . O E l - 0 6  
2. OE b06 
2.7E+06 

2.79E-15 
2.94E-15 
4.93E-15 
6.57E-15 
7.93E-15 
8.12E-15 
7.5GE-15 
6.04E-15 
5.1OE-15 
3.25E-15 
1.82E-15 
1 . 0 9 E -  15 
7.68E-16 
3.93E-16 
2.95E-36 

3.7E+03 
4.OE+03 
7.OE+03 
l.OE+O4 
1.5E+04 
2.OEt04 
2.6E+04 
4.OE+O4 
7.OEt04 
1.OE+05 
1.5E+05 

2.92E-15 
3.13E-15 
5.2lE-15 
6.961~-15 
8.45E- 15 
9.07E-15 
9.21E-15 
8.693-15 
6.94E-15 
5.81E-15 
4.70E-15 

Referencest Li( 2p); 731, 733, 735 
L,i(670.8nnr) emission; 259, 733, 735 

A c c u r a c ~ ~  Unknown 

Notes: (1) The 2p -> 2s is the resonance transition of Li with A = 670.8nin. 
(2) No attempt has been iilade to join the l o w  energy data of Darrett and 
Leventhal ( R e f .  259) to the data of Kadota et a l .  (Ref. 733). (3) The data of 
Kadota et al. have been extended to 2.5~10~ e V / a i i u  using the theoretical data 
of Ermolaev e t  al. (Ref. 731). 

Chebyshev Fittinq Parameters for Cross Sections 

Li(2P) E,,in 1 1.4Et02 eV/aiiu, Elllax = 2.OEt03 eV/anu 
Li(2P) Emin ::: 3.8E+03 eV/alIIu - 2 . 4 E + 0 6  eV/aiiu 
Li(670.8 nm) - 3.7E+03 eV/alnu, E,,, = 1.5E+05 eV/amu 

A 0  A 1  A2 A3 A4 A5 A6 

L i ( 2 P )  -72.1632 1.62490 -.0826001 -.0110092 .00206946 .00270599 -.00427450 

L i ( Z P )  -67.5365 -1.31752 -.067548 .198209 -.0106036 .00110019 .0110240 
L i ( 6 7 0 . 8  nm) -65.6114 .210669 -.460211 .0351576 .0330529 -.00874795 .00505234 

'The fit represents Li(2p) excitation cross section with an rnis deviation of 
0.2%. 
The maximum deviation is 0.4% at 4.OEc02 eV/aunu. 

The fi.t represents Li(2p) cross section with an rills deviation of 1.1%. 
The maximum deviation is 2.3% at 7.OEtO3 eV/aniu.  

The fit represents Li(670.8 nin) cross section w j . t h  an rills deviation of 0.4%. 
The inaximum deviation is 0.5% a t  7.OE-I-04 eV/aiiiu. 
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Cross Section vs. Energy 

Recommended 
Data _I__.. 







D . ( C o n t ' d )  

H e +  i H ->  H e +  + H+ + e . . . . . . . . . . . . . .  D - 7 2 *  

H e +  + H2 ->  T o t a l  S low P o s i t i v e  Ion  P r o d u c t i o n  . . D-76 
.-> T o t a l  Slow E l e c t r o n  P r o d u c t i o n  . . . .  D.. 7 6  

H e +  + H2 -> ( H e  + H2+) o r  ( H e +  + H Z t  I- e )  . . . . .  d-'18 
->  T o t a l  H+ P r o d u c t i o n  . . . . . . . . . .  D - 7 8  
.-> He+ + H t  + H+ + 2e . . . . . . . . . .  D - 7 %  

He' + H e  ->  T o t a l  S low P o s i t i v e  Ion P r o d u c t i o n  . . D - 8 0 *  
-> T o t a l  S l o w  E l e c t r o n  P r o d u c t i o n  . . . .  D.--8Of 
- > H e + + H e ' . + e  . . . . . . . . . . . . .  D-90* 
->  He' -f- H e 2 +  + 2e . . . . . . . . . . . .  D- g o *  

H e 2 +  + H -> He2+ + H+ i e . . . . . . . . . . . . .  n .._ 9 6 * 

H e 2 +  +- H2 .-> T o t a l  Slow P o s i t i v e  Ion  P r o d u c t i o n  . . D-100 
->  T o t a l  S low E lec t ron  P r o d u c t i o n  . . . .  D-100 
.-> Tota l  H t  P r o d u c t i o n  . . . . . . . . .  U-102 
.-> H+ P r o d u c t i o n  by I o n i z a t i o n  C o l l i s i o n s  D-102 
->  T o t a b  H2' P r o d u c t i o n  . . . . . . . . .  13.. 1 0 2  
.-> I-I?' P r o d u c t i o n  by S i n g l e - I o n i z a t i o n  . D - 1 0 2  

He2+ + H e  .-> T o t a l  S low P o s i t i v e  I o n  P r o d u c t i o n  . . Ci-104" 
.-> T o t a l  S l o w  E l e c t r o n  P r o d u c t i o n  . . . .  U - 1 0 4 *  
.-r He2+ + He+ +- e . . . . . . . . . . . .  D - l l 4 *  
.-> H e 2 +  + H e 2 '  + 2e . . . . . . . . . . .  L ) - I l 4 *  

He' + L i  . .-> H e +  + Li.'. + e . . . . . . . . . . . . .  D-126 





D-2 

Cross S e c t i o n s  f o r  Sl.ow P o s i t i v e - I o n  a n d  E l e c t r o n  P r o d u c t i o n  i n  C o l l  isions 
of Hydrogen Atoms w i t h  Molecul .ar  Hydrogen 

H + H 2  -> T o t a l  Slow P o s i t i v e  Ion  P r o d .  
I1 + H 2  --r T o t a l  Slow E l e c t r o n  Prod .  

S1 o w  P o s i t i v e  Ion P r o d u c t i o n  

Cross S e c t i o n  
( CJll' ) 

5.51E-19 
1.65E-18 
2 - 5 1 E - 1 8  
3.37E-18 
3.17E-18 
3.26E-18 
4.73E-18 
7.28E-18 
1.97E-17 
5.06E-17 
1.27E-16 
1.75B-16 
1.60E-16 
1.15E-16 
8.14E-17 
5.02E-17 

E l e c t r o n  P r o d u c t i o n  

E n e r g y  C r o s s  S e c t i o n  
(eV/aniu ) ( C11IZ ) 

8 OE+01 
1.OE+02 
2.OE+02 
4.OE+02 
7.OE+02 
1,OE+03 
2.OE+03 
3.OE+03 
4.OE+03 
5.OE+03 
7.OEt03 
1.OE+04 
2.OE+04 
3.OEt04 
4 .  O E  k04 
7.OE+04 
1.OE+05 
2.0E+05 
4.OE+05 

2.83E-19 
5.71E-19 
2.65E-18 
9 . 6 7 E - 1 8  
2.38E-17 
3.98E-17 
9.33E-17 
1.24E-16 
l .29E-16 
1-32E-16 
1.50E-16 
2 .  OOE- 1 6  
2.90E-16 
3.08E-16 
2.983-16 
2.56E-16 
2.268-16 
1 .  S8E-16 
I -02E-16 

R e f e r e n c e s :  2 8 ,  30, 1 4 3 1  287,  315, 323,  324 

A c c u r a c y :  20% 

Notes: (1) The s l o w  p o s i t i v e  c h a r g e  f o r m a t i o n  cross section is  t h e  +sum o f  t h y  
i o n i z a t i o n  cross s e c t i o n  a n d  t h e  e l e c t r o n  c a p t u r e  cross s e c t i o n .  o = 01 (HZ 
+ e )  + aO-l (H- + H2+). The  d i s s o c i a t i v e  i o n i z a t i o n  cross s e c t i o n  ( H  + H 2  -> H 
+ H+ + tl + e )  i s  o n l y  2-55 of t h e  132' f o r m a t i o n  cross s e c t i o n  i n  t h i s  e n e r g y  
range. ( 2 )  A t  l o w  energies most of t h e  HZ+ a r i s e s  f r o m  e l e c t r o n  c a p t i i r e  
c o l l j  s i o n s .  (3 ) The e l e c t r o n  p r o d u c t i o n  cross secLion i s  t+he suni o f  ioni+zat ion 
a n d  t h e  e l e c t r o n  loss or  s t - r i p p j n g  cross s e c t i o n  o+ = ai ( ~ 2  t e )  + 001 (H + e ) .  

Chebyshev  F i t t i n q  P a r a m e t e r s  f o r  Cross Sect ions 

P o s i t i v e  Ions  E,i.n 1 4.OE+01 eV/aiiu, Ellla, = 4.Oti-1-05 eV/aiiu 
E I.ect ron s Elniil - 8.OE+01 e V / a n u ,  E,,,, = 4.OE+05 eV/aniu 

A0 A 1  A2 A3 A4 A 5  A6 

Pos.  Ions  -77.2533 2.45645 - .972849 - .533057 - .0537388 . 3 6 5 7 7 1  - .154454 
E l e c t r o n s  -75.9790 2.77048 -1.73727 .139659 - .0624901 - .00991339 -0680936 

The  f i t  r e p r e s e n t s  t h e  P o s i t i v e  I o n s  cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of 6 . 7 % .  
The  maximum devia t ion  i s  1 4 . 9 %  a t  7.OE+01 eV/aiiu. 

The  f i t  r e p r e s e n t s  t h e  E l e c t r o n s  cross s e c t i o n  w i t h  an rills d e v i a t i o n  of 8.5%. 
The  maximurn d e v i a t i o n  .is 17.8% a t  7.OE+03 eV/aniu. 

See a p p e n d i x  €or Chebyshev  f i t  de ta i l s .  
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H + H, -> Sum of Slow Positive Charges 
H + H, -> Sum of Electrons Produced 

Cross Section vs. Eneray 

..- 

el 

1 0- 
1 0' IO' 1 o3 1 0" lo5 IO6 

Energy (eV/amu) 
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I o n i z a t i o n  Cross S e c t i o n s  fo r  
+ 

H + H 2  -> H + H 2  + e  

Energy 
(eV/aniu 1 

2.OEt02 
4 . O E + 0 2  
7.OE+02 
1.OE+03 
2.OE+03 
4.OEi-03 
7.OE+03 
1.OE+04 
2.OE+04 
2.8E+O4 
4.OE+04 
7.OW04 
l.OE+05 
2.OE+05 
4.OE+05 

V e l o c i t y  
(CIl l /S)  

3.96E+O7 
2.78E+0? 
3.68E+07 
4.39E+07 
6 . 2 1 E t 0 7  
8.79E+07 
1.16Ei08 
1.39E+Q8 
1.96Ei08 
2.32E+08 
2.78E+08 
3.68E+08 
4.39E+O8 
6.21E t O B  
8.78E+O8 

Cross S e c t i o n  
( Clll* ) 

4.04E-19 
1.42E-18 
3.32E-18 
5.48E-18 
1. a9E-17 
3.7173-17 
6.72E-17 
9.30E-17 
1.45~16 
1.54E-16 
1.46E-16 
1.236-16 
1.08E-16 
8.13E-17 
4.993-17 

References: 28, 3 0 ,  143, 308, 315, 323, 325 

Accuracy: 30% 

Notes: (1) The i q n i z a t i o n  c r o s s  s e c t i o n  i s  deterininEd from e i the r  of t w o  
r e l a t i o n s :  a i  = a - aO1 or  oi - a+ - 0 0 - ~ ,  where 4 i s  t h e  cross s e c t i o n  f o r  
formation of elrctrons, aol i s  t h e  loss  o r  s t r i p p i n g  cross s e c t i o n ,  at is 
t h e  c r o s e  s e c t i o n  f o r  slow i o n  f o r m a t i o n ,  and o ~ - ~  i s  t h e  e l e c t r o n  c a p t u r e  
cross s e c t i o n .  ( 2 )  There  i s  c o n s i d e r a b l e  scatter i n  t h e  data among t h e  
v a r i o u s  i n v e s t  i q a t o r s .  

Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross Sec t ions  

= 2.OE+02 eV/aniu, E,l,,, = 4.OE+05 e V / m u  

A 0  A 1  A 2  A3 A4 A5 A6 

-77.1205 2.47663 -1.43551 -.126243 .lo0447 .0662120 -.0477593 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  r i l ls  d e v i a t i o n  of 2.7%. 
The maximum d e v i a t i o n  i s  4 1% a t  7.OE+04 eV/aiiu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  
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H + H, -> H + H,' + e 

Cross Section vs. Energy 
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Recommended 
Data 

- _ _ _ _  Chebyshev Fit 

. 



D-6 

Energy 
(eV/aniu 1 

9.4E+03 
1.OE+04 
1.5E+04 
2.OE+04 
3.OEt-04 
4.OEt04 
4 5E.I-04 
5.OE+04 
6.OE+04 
7.OE+04 
8.OEt04 
9.OE4-04 
l.OE+O5 
1.5E F05 
2.OE+05 
3.OE+05 
4 OE+05 
7.OE+05 
l.OEi06 
1. 5E-t 06 

I o n i z a t i o n  Cross S e c t i o n s  for  
+ t + 

B + B - > H  + B  t e  

V e l o c i t y  
( cm/ s ) 

1.356+08 
1.39E+08 
1.70E+08 
1.96E-t-08 
2.4J.E+08 
2.78F+08 
2.95E+08 
3.llE+08 
3-40Ei-08 
3.68E+08 
3.93E+08 
4 17Et08 
4 39E+08 
5.38E+08 
6.21E+08 
7.61E+OS 
8.78E+08 
1.16E-kO3 
1.39E609 
1.7OE+09 

Cross S e c t i o n  
( c1n2 ) 

1.628-17 
1.84E-17 
4s21E-17 
7.20E-17 
1.21E-16 
1 3 9E-16 
1 -41E-16 
1.40E-16 
1.37E-16 
1 - 30E--  1 6  
1.23E-16 
1.16~-16 
1.10E-16 
8.72E-17 
7 . 1 4 E - 1 . 1  
5.14E-17 
4.04E-17 
2.54~-17 
1.88E.3-17 
1.34E-17 

Refe rences :  4, 261, 335, 336, 337, 338, 339, 340, 341, 342, 383, 586 

Accuracy: E > 4x10' eV/;unu - 25% 
E < 4x10' eV/aiiu - Unknown 

Notes: (1) Data above 4x10' eV/amu are t h e  recommended data of Rudd, e t  a l .  
( R e f .  335) .  R p l o w  t h i s  ene rgy ,  t h e  r e c e n t  d a t a  of Shah e t  a l .  ( R e f .  336) 
i n d i c a t e  a marked d e p a r t u r e  from t h e  e v a l u a t e d  d a t a  of Rudd. The data  p l o t t e d  
h e r e  i n  t h e  low e n e r g y  r ange  are t h e  r e c e n t  r e s u l t s  of Shah e t  al. ( R e f .  336). 
( 2 )  For a hydxogen atoni t a r g e t ,  t h e  cross s e c t i o n s  f o r  slow e l e c t r o n  p r o d u c t i o n  
( a i )  are e q u a l  t o  t h e  i o n i z a t i o n  cross s e c t i o n s  (oi). For s l o w  i o n  p r o d u c t i o n  
( a  ) t h e  cross sections are t h e  suiii o f  t h e  e l e c t r o n  c a p t u r e  cross s e c t i o n s  (ool) 
and t h e  i o n i z a t i o n  cross s e c t i o n s  a t  h igh  e n e r g i e s  O- = o+ = oi. 

Chebyshev F i t t i n q  Parameters f o r  Cross  S e c t i o n s  

= 1.5E+O6 eV/aJiiu E,,,, E,in = 9.4E+03 eV/anlu, 

A 0  A 1  A2 A3 A4 A5 A6 

-75.5053 -.409785 -.996553 -355360 --049000 -.0349984 .043 782 5 

The fit r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  xnis d e v i a t i o n  of 1.7%. 
The maximum d e v i a t i o n  i s  2.7% a t  4.OE+05 eV/amu. 

See  appendFx fo r  Chebyshev € i t  d e t a i l s .  
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H+ + H ->H' f H+ + e 

Cross Section vs. Energy 
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Ionization Rate Coefficients for 

H+ 
Temp. 
(@J) 

l.OEt03 
1.5Et03 
2.OEt03 
2.5Et03 
3.OEt03 
3.5Et03 
4. OEt 0 3  
4.5Et03 
5.OEt03 
5.5E+03 
6.OEt03 
8.OEt03 
1.OEt04 
1.2Et04 
1.4Et04 
1.6Et04 
1.8Et04 
2.OEt04 

H+ + H -> H+ + 

Maxwell-ian - Maxwellian Rate 

Equal 
Temp. 

9.60E-11# 
5.16E-10# 
1.29E-09* 
2.35E-09* 
3.61E-09* 
4.99E-09* 
6.44E-09* 
7.92E-09 
9.40E-09 
1.08E-08 
1.23E-08 
i.74~-oe 
2.16E-08 
2.5OE-08 
2.78E-08 
3.01E-08 
3.19E-08 
3.353-08 

1000.  

9.60E-ll# 
2.59E-106 
5.16E-10# 
8.64F-10# 
1.29E-09' 
I .  79E-09* 
2.35E-09* 
2.96E-09* 
3.61E-09* 
4.29E-09* 
4.99E-09' 
7.923-09 
1.08E-08 
1.36E-08 
1.62E-08 
1.85E-08 
2.06E-08 
2.25s-08 

Accuracy: * - Possible 
# - Possible 

H 
Temp. 

(ev) 
1000. 
2 0 0 0 .  
4000. 
7000. 
10000. 
15000. 
20000.  

Equal 

2 0 0 0 .  

5.16E-10# 
8.64E-10# 
1.29E-09* 
1.79E-09* 
2.35E-09* 
2.96E-09' 
3.6 1 E - 0 9  * 
4.29E.-09* 
4.99E-09* 
5.71E-09* 
6.44E-09* 
9.40E-09 
1.23E-08 
1.49E-08 
1.74E-08 
1.968-08 
2.16E-08 
2.34E-08 

4000. 

2.35E-09* 
2.96E-09" 
3.61E-09* 
4.29E-09* 
4.99E-09* 
5.71E-09* 
6.44E-09* 
7.18E-09 
7.92E-09 
8.66E-09 
9.40E-09 
1.23E-08 
1.49E-08 
1.74E-08 
1.96E-08 
2.16E-08 
2.34E-08 
2.50E-08 

H+ + e 

Coefficients (cm3/s) 

H+ Temp. (eV) 
7000. 

6.44E-09* 
7.18E-09 
7.92E-09 
8.66E-09 
9.40E-09 
1.01E-08 
1.08E-08 
1.16E-08 
1.23E-08 
1.29E-08 
1.36E-08 
i.62~-08 
1.85E-08 
2.06%-08 
2.25E-08 
2.42E-08 
2.58E-08 
2.72E-08 

Error Greater Than 10% 
Error Greater Than  100% 

10000. 

1.08E-08 
1.16E-08 
1.23E-08 
1.29E-08 
1.36E-08 
1.43E-08 
1.49E-08 
1.563-08 
1.62E-08 
1.68E-08 
1.74E -08 
1.96E-08 
2.16E-08 
2.343-08 
2.50E-08 
2.65E-08 
2.78E-08 
2.90E-08 

15000. 

1.74E-08 
1.79E-OB 
1.85E-08 
1.91E-08 
1.96E-08 
2.01E-08 
2.06E-08 
2.11E-08 
2.16E-08 
2.21E-08 
2.25E-08 
2.42E-08 
2.58E-08 
2.723-08 
2.84E-08 
2.95E-08 
3.06E-08 
3.15E-08 

Chebyshev Fi t t ina  Parameters for Rate Coefficients 

El,,in - 1 . O K {  03 eV, El,,ax - 2.OEt04 eV 

A0 
-40.0051 
-38.7629 
-37.4352 
-36.4087 
-35.8193 
-35.2393 
-34.8966 

Temp. -38.7626 

A 1  
2.76605 
1.97055 
1.22903 
.743427 
.504234 
.301656 
.198907 
2.81265 

A2 
-.344647 
-.lo0798 
.0356592 
.OG91035 
.0663753 
.0518339 
.0391475 
-. 736000 

A3 
-. 0369496 
-. 0656759 
-.0490361 
-.0248017 
-.0124429 
-.00363904 

-5.009338E-04 
.lo6667 

A4 
.00899170 
.0461132 

-.00390032 
-.00589077 
-.00494956 
-.00313907 
-.00198385 
-. 0206e i6  

A5  
-3.564719E-04 

.00211656 

.00203472 
5.652350E-04 

-1.095647E-04 
-4.112259E-04 
-3.8866163-04 

.00733904 

2 0 0 0 0 .  

2.253-08 
2.30E-08 
2.34E-08 
2.38F-08 
2.426-08 
2 . 4 5 E - 0 8  

2.50E-08 
2.54E-08 
2.58E-08 
Z.61E-08 
2.65E-08 
2.78E-08 
2.90E-08 
3.OlE-08 
3.10E-08 
3.19E-08 
3.27E-08 
3.35E-08 

A6 
4.064999E-04 

-1.279077E-04 
2.011422E-04 
3.380127E-04 
2.357336E-04 
8.863478E-05 
1.159612E-05 

-.00185096 

See appendix for  Chebyshev f i t  de ta i l s .  
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H' + H - > H f +  H' + e 

...-. 
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Ionization Rate Coefficients for 

H* 
Temp 

(e") 

l.OEt00 
2 .  OEtOO 
4. OEt 00 
7 .OEtOO 
l.OEt01 
2.OEt01 
4.OFt01 
7.OEt01 
1.0EtO2 
2.OEt02 
4.OEt02 
7.OEt02 
l.OEt03 
2.OEt03 
4.OEt03 
7.OEtO3 
1.OEt04 
2.OE+04 

10000. 

2.563-09 
2.56E-09 
2.53E-09 
2.413-09 
2.40E-09 
2.27E-09* 
2.19E-09* 
2.18E-09* 
2.22E--09* 
2.42E-09* 
2.883-09' 
3.58E-09* 
4.25E-09* 
6.40E-09 
1.02E-08 
1.49E-08 
1. 86E-OB 
2.13E-OB 

H 1- €1 

Beau - Maxwellian 

20000. 

1.41E-08 
1.416-08 
1.41E-08 
1.41E-08 
1.41E-08 
1.41E-08 
1.4lE-08 
1.41E-08 
1.42E-08 
1.44E-08 
1.49E-08 
1.563-08 
1.638-08 
1.81E-08 
2.09E-08 
2.40E-08 
2.64E-08 
3.18E-08 

40000. 

3.86E-08 
3.86E-08 
3.85E-08 
3.85E-OR 
3.85E-08 
3.85E-08 
3.84E-08 
3.84E-08 
3.83E-08 
3.82E-08 
3.81E-08 
3.79E-08 
3.77E-08 
3.74E-08 
3.71E-08 
3.70E-08 
3.72E-08 
3.82E-08 

t t F 
- > H  - t H  + e  

70000. 

4.78E-08 
4.78E-08 
4.783-08 
4.78E-08 
4 . 7 e ~ - o ~  

4.77~-oe 
4.77E.-08 

4.77E-08 
4.77E-08 
4.77E-08 
4.76E-08 
4.75E-08 
4.73E-08 
4.69E-08 
4.62E-08 
4.52E-08 
4.45E-08 
4.31E-08 

Accuracy: * - Possible Error Greater Than 
# - Possible Error Greater Than 

H 
Energy 
(eV/amu) A0 

10000. -38.2968 
20000. -35.7290 
40000. -34.1679 
70000. -33.7606 
100000. -33.7204 
2 0 0 0 0 0 .  -33.8801 

100000. 

4.836-08 
4.83E-08 
4.83E-08 
4. B3E-08 
4.83E-08 
4. R3E-08 
4.83~-oe 

4. e3~-08 
4.83E-08 

4.82E-08 
4.82E-08 
4.81E-08 
4.81E-08 
4.79E-08 
4.76E-08 
4.70E-08 
4.64E-08 
4.47E-08 

10% 
100% 

2 0 0 0 0 0 .  

4.43E-08 
4.43E-08 
4.43E-08 
4.43E-08 
4.43E-08 
4.43E-08 
4.43E-OB 
4.43E-OB 
4.43E-OB 
4.433-08 
4.42E-08 
4.426-08 
4.41E-08 
4.40E-08 
4.38E-08 
4.36E-08 
4.33E-08 
4.26E-08 

Chebyshev Fittinq Parmeters for R a L e  Coefficients 

E,,,in = l.OE+00 eV, 

A1 A2 A3 

1.12152 .644681 .lo0717 
.356274 .202092 .Of520743 

-.0162401 3.246363E-04 .00754856 
-.0400418 -.0258461 -.0120904 
-.0256605 -.0180094 -.0107132 
-.014617l -.ob932218 -.00477874 

500000. -34.4565 -7.913823E-04 -5.710595E-04 -3.486254E-04 

= 2.OE+04 eV 

500000. 

3.3OE-08 
3.30E-OB 
3.30E-08 
3.30E-OB 
3.30E-08 
3.30E-08 
3.30E-08 
3.30E-08 
3.30E-08 
3.30E-08 
3.30E-08 
3.30E-08 
3.30E-08 
3.30E-OB 
3.30E-08 
3.293-08 
3.293-08 
3.29E-08 

A4 A5 

-.0395957 -. 100166 
-.00276894 -.0115918 
.00728055 .00420183 

-.00336001 2.548592E-04 
-.00535053 -.oozoe86z 
-.00229897 -9.828762F-04 
-1.820028E-04 -8.154704E-05 

A 6  

.00265964 
-.00410154 
.00124748 

9.663075E-04 
-4.645604E-04 
-3.658987E-04 
-3.512063E-05 

See appendix for Chebyshcv fit detai1.s. 
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H + H' ->H' + H' + e 

Beam - Maxwellian 
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Energy 
(ev/aniu ) 

2.OE-03 
4 OE-03 
7.OE-03 
I. OE-02 
2-OE-02 
4 OE-02 
7 - OE-02 
1.OE-01 
2.OE-01 
4 OE-01 
7.OE-01 
l.OE+OO 
2.OE+OO 
4.OE+OO 
7.OE+OO 

Associative Detachment Cross Sections for  

H+ + H- -> H2+ + E 

Velocity 
( cm/ s ) 

6.2 1W04 
8.79E+04 
1.16E+05 
1.39E+05 
1.96E+05 
2.78E+05 
3.68E+05 
4.39Et-05 
6.21E+05 
8.793+05 
1.16E+06 
1.39E+06 
1.96E+06 
2.78E+06 
3.68E+06 

Cross Section 
( cn12 ) 

5.12E-14 
2.23E-14 
1.36E-14 
1.08E-14 
6.77E-15 
3.77E-15 
2.19E-15 
1.55E-15 
8.79E-16 
4.96E-16 
3. 25E-16 
2.32E-16 
1.27E-16 
5.18E-17 
2.378-17 

References: 417, 418, 419 

Accuracy: 30% 

Notes: (1) The theoret ical  data of (Ref. 4 1 7 )  are w i t h i n  a few percent +of 
the experiinental data of (Ref. 418). (2) Measurements of Dt + D- -> D2 + 
e are consistently 30-50% below those fo r  H f  f H-. A t  energies greater 
t h a n  1 eV/aniu the fluctuations i n  the data ~nasli t h i s  difference.  

Chebyshev F i t t i n u  Parameters fo r  Cross Sections 

= ~ . o E + o ~  eV/aunu Emax E,in 2.OE-03 eV/amu, 

A0 A1 A2 A3 A4 A 5  A6 

-68.6095 -3.63490 -.153293 -0.133084 -.0284174 -.0787410 -0439445 

The f i t  represents the above cross section w i t h  an rnis deviation of 2.2%. 
The iiiaximum deviation is  3.4% a t  7.OE-03 eV/anu. 

See appendix f o r  Chebyshev f i t  de t a i l s .  
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H+ + H -> H,' + e 

Cross Section vs. Energy 
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T o t a l  Slow Electron Produc t ion  Cross S e c t i o n s  f o x  
+ 

H + H 2  -> c e  

energy 
( ev/amu ) 

5.OE102 
7.OE+02 
1. OE k03 
2 . 0 ~ + 0 3  
4.OEi-03 
7. OE k 0 3  
1.OEt04 
2.OE+04 
4.OEt04 
6.5E+04 
7.OE+04 
1.OEt-05 
2.OEt05 
4.OE+05 
7 . O E i  05  
1.OE+06 
2.OE+06 
4 .  OEi  06 
5.OEt06 

V e l o c i t y  
( cm/s ) 

3 . l lE+07  
3.68Et07 
4.3 9E+07 
6.21E+0’7 
8.79E3+07 
1.16E+08 
1.3 9E+OR 
1.96E+08 
2.78E-t-03 
3.54E+08 
3.638+08 
4.39E+O3 
6.21 E+08 
8.78E+08 
1 - 16E+09 
1.3 9E+03 
1.96E+03 
2.77E+09 
3.09E+09 

Cross S e c t i o n  
( ClI12 ) 

lm4/1E-18 
2.15E-18 
3.32E-18 
7 - 8 5 ~ ~ 1 8  
1.84E-17 
3.67E-17 
5 e 66E-17 
1.18E-16 
1.96E-16 
2.19E-16 
2.19E-16 

1.33E-16 
7.96E-17 
5.08E-17 
3.74E-17 

1.15E-17 
9.50E-18 

1.96E-16 

2-07E-17 

Refe rences :  30,  36, 42, 45, 89 ,  2 1 7 ,  315, 335, 344, 345, 346, 347, 348, 
349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 366 

Accuracy: 25% 

Notes: (1) The d a t a  a rp  t h e  reconuncnclcd d a t a  of  Rudd e t  a l .  (Ref .  3 3 5 ) .  
See  t h i s  r e f e r e n c e  f o r  an a n a l y t i c a l  f i t  t o  t h e  d a t a  a t  low and high 
e n e r g i e s .  ( 2 )  The slay e l e c t r o n  p r o d u y t i o n  cross s e c t i o n s  are t h e  suin t o f  
f o u r  r e a c t i o n s :  ( a )  w + H, -> M~ + H~ + e ( p u r e  i o n i z a t i o n ) ;  ( b )  -> H + 
N + M+ + e ( i o n i z a t i o n  w i t h  d i s s o c i a t i o n ] ;  ( c )  -z Ht + Ht + e ( d o u b l e  
i o n i z a t j o n ) ;  ( d )  -> M f 2 H f  + e (electron c a p t u r e  w i t h  i o n i z a t i o n ) .  

--..p--”-- 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

= 5.OE+06 eV/amu E,,,,, Emin = 5. OE+02 eV/amu I 

A 0  A 1  A 2  A3 A 4  A5 A6 

-76.9159 -969378 -1.91735 -.0245092 -313763 -.000351145 -so992103 

The fit represents t h e  above c r o s s  s e c t i o n  w i t h  an  riits d e v i a t j - o n  of 3.1%. 
The maxiiuum d e v i a t i o n  is 6.2% a t  2.OE405 eV/aniu. 

S e e  append ix  for Chebyshev fit d e t a i l s .  
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lo-" 

Io-' 

10- 

10- 

H" + H, -> ZC? 

Cross Section vs. Energy 
1 I I , l I l l l  I I 1 1 l 1 1 1 1  I 1 1 1 1 1 1 u 1 - l - q  

Recommended 
Data 

Chebyshev Fit 
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Cross Sections fo r  t h e  Formation of Positive Ions i n  Col l i s ions  of H t  w i t h  H.2 

H+ + H, -> H+ t 11,' + e (Single Ionization) 
l-lt 4 t i2  -> Total Production of H,+ ( o r  T O L ~ I  Ion Forination) 
H t  + H2 -> Total Production O f  H' 

Sing1.e Ion ihat  ion H ~ +  Production Ht Production 

Energy Cross Section Energy Cross Section Energy Cross Section 
(ev/aniu ) ( Cit? ) ( ev/aniu ) ( CL112 ) (ev/aniu) ( cin2 ) 

5.OE+03 
7.OE+03 
l.OE+04 
1.5E+04 
2.OE+O4 
3.0E+04 
4.OEt04 
6.OE+04 
7 .OE+04 
1.OE+05 
I. 5E+05 
2.OEt05 
4 OE+05 
7.OEt05 
1.OE+06 
2.OE+06 2.243-17 3.5E+06 1.37E-17 
3.OE+06 1.57E-17 
3.5E+06 1.37E-17 
3.8E+06 1.286-17 

1.23E-17 
1.786-17 
2.63E-17 
4.24E-17 

1.30E-16 
6.23E-17 

1.83E-16 
2.20E-16 
2.17E-16 
2.04E- 16 

1.443-16 

5.54E-17 
4.07E-17 

1.74E-16 

8.71E-17 

6. OE k03 
7.OE+O3 
1. OEi 04 
2.OE+04 
4.OF+04 
7. OE FO4 
1.OE+05 
1.5E+05 
2.OE!05 
4.OE+05 
7.OE+05 
1.OEtO6 
1.5E+06 
2.OE+06 
3. OE t 0 6  

8.23E-16 
8.3 7E-- 16 
8.03F-16 
6.09E-16 
4.13E-16 
2.93E-16 
2.3ZE-16 
1.75E-16 
1.43E-16 

5.51E-17 
4.0 5E-17 

8.69E-17 

2.85E-17 
2.24E-17 
1.566-17 

5.OE+03 
6.OE+03 
7.OE+03 
8.OE+03 
9.OEt03 
I .  OE+04 
1.5E+04 
1.7Et04 
2.0Et04 
2.5E+04 
3.OE+04 
3.5E+04 
4.OE+04 
4.5E! 04 
5.OE+04 

3.71E-17 
4.93E--17 
6.llE-17 
7.25E-17 
8.29E-17 
9.16E-17 
1.17E-16 
1.20E-16 

1.02E-16 
1.17E-16 

8.366-17 
7.03E-17 
6.03E-17 
5.24E-17 
4.62E-17 

References: 30, 36, 40,  89, 315, 346, 348, 350, 353, 354, 356, 360, 
361, 362, 363, 364, 365, 366 

Accuracy: 30% 

Notes: (1) The in te rac t ion  of tit w i t h  H2 t o  produce H 2 +  ions may follow one of 
two pathways: ( a )  H' + H, -> HI + H Z 4  + e ,  s ingle  ionization; ( b )  A t  + H2 -> H 
+ HZtr e lec t ron  capture. F i v e  reactions a re  involved i n  t he  production of Ht 
ions; ( c )  H' + H2' -> H t  + H t 1-1' + e ,  d i ssoc ia t ive  ionization; ( d )  -> L1' + H+ 
+ H+ + 2e, doub1.e ionization; (0' -, -> H t H + H', electroil capture w i t h  
d i ssoc ia t ion ;  ( f )  -> H + H+ + H' + e ,  t r ans fe r  ionization; ( g )  -> H- + 2Ht, 
double e lec t ron  capture. (2) A t  energies less than 150 keV/aiiw the  t o t a l  charge 
production c ross  sec t ions  (at') are  doniinateci by e lec t ron  capture. ( 3 )  W i t h i n  
t h e  experiinental e r r o r  the t o t a l  charge production c ross  sec t ion  is the  sane 
a s  t h e  t o t a l  c ross  section fo r  producing H Z t .  ( 4 )  Above 150 keV t h e  s ing le  
ion iza t ion  C K O S G  section ( reac t ion  a )  i s  the  doruinant process t o  forni pos i t i ve  
chargefi or H2'. (5) Cross sections a re  available for the double ion iza t ion  
( R e f .  36, 348, 356, 360, 365) ( reac t ion  c ) .  However there  a re  l a rge  
discrepancies and these da ta  a re  not included here. 'The cross sec t ions  a re  a t  
l e a s t  an order of magnitude smaller than the  s ing le  ionizati-on c ross  sections. 

Chebyshev F i t t i nq  Parameters f o r  Cross Sections 

Si f i j .  I on .  E , , ~ ~  -= 5.0~+03 ev/anu, E , ~ ~ ~ ~  1 3.8Et06 ev/aniu 
Prod. En,in - 6.OE+03 eV/anu, E,,,, - 3.5E+06 eV/amu 3 Prod. E m i n  5.OE+03 eV/wiu, Elllax = 5.0E+O4 eV/anu 

A 0  A1 A 2  A3 A4 A5 A6 

Sing. Ion -75.4752 -.lo0192 -1.35816 .230586 .187780 -.157087 .0102380 
H7' Prod. -72.9773 -2.12495 -.260502 .0542968 -.0279667 .0221059 -.00372930 
HT 

The 
The 
The 
The 
The 
The 

See 

Prod. -74.4647 .0986066 -.525436 .00183837 .0396132 .0121041 -.00373826 

f i t  represents the Single Ion .  c ross  section with an mi6 deviation of 7.1%. 
maxiinmi deviation i s  '17.3% a t  2.OEt04 eV/aniu. 
f i t  representti the  H2 Prod. cross section w i t h  an rins  deviation of 0.4%. 
maximiam deviation i s  0.7% a t  2.OE+05 eV/ainis. 
f i t  represents t he  H' Prod. czoss section w i t h  a n  rms deviation of 0.6%. 
niaxiniwii deviation i s  1 . 2 %  a t  3.OE+04 eV/amu. 

appendix for Chebyshev f i t  d e t a i l s .  
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.... ... ./ 

H+ + H, -> H+ + H +. + e 
He- + H, -> Total H' 6-oduction 
He- + H, -> Total H,' Production 

Cross Section vs. Energy 

A = ZH,+ (Pos. Ion Form.) 

X = -> H+ -t H,' + e 

V = Z H +  

Recommended 
Data 

_ _ _ _ ^  Chebyshev Fit 

I I I I l l l l l  I I 1 I I 1 1 1 1  I I I 1 I I l l 1  I 1 I l l l !  

io3 1 0" io5 1 o6 IO' 
Energy (eV/amu> 
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S l o w  Nega t ive  Cliarqe P roduc t ion  Cross S e c t i o n s  f o r  

M~ t Ne -> e l e c t r o n s  and  €1- 

Energy 
(ev/aiuuu 1 

4.4E+02 
5.OEI-02 
7 .OE+02 
I. OE+03 

4 OE+O3 
7.OE+03 
1.OE:+04 
2 - OE+04 
4.OE+04 
7.OEt04 
1 . 0 ~ 0 5  
2.OE+05 
4.OEt-05 
7.OE+05 
1.OE+06 
1.5E+06 
2.OE+06 
4.OE+06 
5.OE+06 

2.OE+03 

V e l o c i t y  
( cm/s ) 

2.91~+07 
3.llEi-07 
3.68E+07 
4 3 9E+07 
6.21E+07 
8.79Et-07 
1.16E+08 
1.39E+O8 
1.96E+08 
2.78E t 08 
3.6815+08 
4.39E+08 
6.21E t 08 
8.78E+08 
1.16E+O9 
1.39Et09 
1.70E+09 
1.96E+09 
2.776+09 
3.09Et 09 

Cross S e c t i o n  
( C1112 

9.65E-20 
1.16E-19 
1.926-19 
3.28E-I9 
9.406-39 
2.73E-18 
6.35E-18 
1.09E-17 
2.96E-17 
6.68E-17 
9 I 07E-I 7 
9.28E-17 
6.86E-17 
4 L124E-17 
2.77E-17 
2.096-17 
1.53E-17 
1.20E-17 
6.79E-18 
5.63E-18 

Refe rences :  40, 83, 89, 315, 335, 347, 353, 354, 355, 357, 358, 359, 366, 
367, 368, 369, 370, 371, 372, 373, 374, 315, 376, 377, 378, 
379, 380 

Accuracy: E > 4x104 eV/anu - 20% 
E < 4x104 eV/anu - Unknown - see n o t e  ( 1 )  

Notes: (1) These  d a t a  are t h e  recoiiuuended da ta  of Rudd e t  a l .  ( R e f .  335). The 
da ta  below 4x104 eV/amu are s t r o n g l y  we iyh ted  by t h e  expe r i inen ta l  r e s u l t s  of 
Rudd e t  al. (Ref .  8 3 )  t a k e n  i n  1983. S e v e r a l  i n v e s t i g a t o r s  have i n v e s t i g a t e d  
t h e  l o w  e n e r g y  r e g i o n ,  a l l  of them r e p o r t i n g  cross sections h i g h e r  t h a n  t h e  
recommended data .  ( 2 )  R e a c t i o n s  t h a t  p roduce  slow nega t i -ve  char3:s are: ( a )  Hf  
+ He .-> H' -f H e t  3 e ,  s i n g l e  i o n i z a t i o n ;  (b) H C  I- He -> Ht + H e  I- 2 e ,  doub1.e 
i o n i z a t i o n ;  ( c )  Ht + H e  -> p1 + Het -> H +  + H e f  + e ,  c a p t u r e  w i t h  i o n i z a t i o n  or  
t r a n s f e r  i o n i z a t i o n ;  ( d )  Ht + He -> ti- + HeZf doub le  e l e c t r o n  c a p t u r e .  

Chebyshev F i t t i n q  Pa rame te r s  fo r  Cross S e c t i o n s  

= 5.OE+06 eV/amu E,,,in = 4 . 4 E + 0 2  e V / a i i u ,  Elllax 

A 0  A1 P. 2 A3 A 4 A 5  A6 

-79.6795 2.14499 -2.18192 -.la6158 -36.2843 -0528127 -.123316 

T h e  f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of 4.4%. 
The ruaxiiiium d e v i a t i o n  i s  7. 3% a t  2 . O E + 0 4  eV/amu. 

See append ix  fo r  Chebyshev f i t  d e t a i l s .  
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H' + He -> electrons + H- 

Cross Section vs. Energy 
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B 
Temp. 
(ev) 

l.OEt02 
7.5Et02 
l.OEt03 
1.3Et03 
1.5Et03 
1.8Et03 
2.OEt03 
3 .OE+03 
4.OEt03 
5. OE t03 
6. OEt 03 
7.OEt03 
8.OEt03 
9.OEt03 
l.OE+04 
1.2Et04 
1.5Et04 
2.OEt04 

Slow Negati-ve Charge Production Rate Coefficients f o r  

14' t He -> electrons and H- 

MaxwePlian - Maxwellian R a L e  Coefficients ( cm3/s) 

Equal 
'Semp. 

3.59E-13# 
4.86E-11 
8.7l.E-11 
1.37E-10 
1.97E-10 
2.69E-10 
3.50E-10 
7.76E-10 
1.34E-09 
2.02E-09 
2.783-09 
3.61E-09 
4.483-09 
5.38E-09 
6.30E-09 
8.131.:-09 
1.08E-08 
1.48E-08 

Accuracy: * - 
# -  

He 
Temp 
(ev) 

10. 
750. 
1000. 
1250. 
5000. 
10000. 
20000. 
Equal Temp. 

10. 

1.61E-13# 
3.10E-11 
5.573-11 
8.74E-11 
1.26E-10 
1.7 2E- 10 
2.25E- IO 
5.03E-10 
8.80E-10 

i.34~-09 
1.88E-09 
2.47E-09 
3.llE-09 
3.78E-09 
4.48E-09 
5.93E-09 
8.13E-09 
1.17E-OR 

Possible 
Possible 

750. 

3.94E-12* 
4.863-11 
7.85E-11 
1.16E-10 
1.60E-10 
2.llE-10 
2.69E-10 
5.66E-10 
9.59E-10 
1.44E-09 
1.98E-09 
2.583-09 
3.233-09 
3.91E-09 
4.61E-09 
6.07E-09 
8.27E-09 
1.18E-08 

1000. 

6.17E-12* 
5.54E-11 
8.71E-11 
1.26E-10 
i.72~-10 
2.24E-10 
2.84E-10 
5.88E-10 
9.87E-10 
1.47E-09 
2.02E-09 
2.62E-09 
3.273-09 
3.95E-09 
4.66E-09 
6.llE-09 
8.3 1E-09 
1 * 18E-08 

He Temp. (eV) 
1250. 

8.83E-12+ 
6.26E-11 
9.61E-11 
1.37E-10 
1.84E-10 
2.39E-10 
3.00E-10 
6.10E-10 
1.01E-09 
1.50E-09 
2.05.E-09 
2.66E-09 
3.31E-09 
3.99E-09 
4.70E-09 
6.16E-09 
8.36E-09 
1.19E-08 

Error Greater Than 10% 
Error Greater T h a n  100% 

5000. 

1.02E-10 
2.24E-10 
2.84E-10 
3.50E-10 
4.23E-10 
5.02E-10 
5.88E-10 
9.87E-10 
1.47E-09 
2.02E-09 
2.628-09 
3.27F-09 
3.95E-09 
4.66E-09 
5.38E-09 
6.85E-09 
9.043-09 
1.25E-OB 

15000. 

3.79E-10 
5.88E-10 
6.79E-10 
7.76E-10 
8.79E- 10 
9.87E-10 
1.10E-09 
1.60E-09 
2.16E-09 
2.78E-09 
3.44E-09 
4.13E-09 
4.84E-09 
5.563-09 
6.30E-09 
7.76E-09 
9.92E-09 
1.33E-08 

Chebyshev Fi t t inq Parameters f o r  Rate Coefficients 

= 2.OW04 eV %m E m i n  = 1.OE+O2 eV, 

A0 

-46.5650 
-44.8867 
-44.5760 
-44.3093 
-42.1265 
-40.7163 
-39.1385 
-45.6407 

A1 

5.49971 
4.19397 
3.97780 
3.79820 
2.50907 
1.83020 
1.18831 
5.29550 

A2 

-.475864 
.198206 
.272829 
.326679 
.515276 
.481655 
.377951 

-.441278 

A3 

.0795255 
-.184815 
-.192799 -. 193047 
-. 0994986 
-.0331261 
.O154712 
.00871718 

A4 

-. 103842 
-.0174624 
-.0215899 
-.0272627 
-.Of316701 
-.0467863 
-.0231939 
-. 0827904 

A5 

.0146906 
-.00795734 
-. 00569587 
-.a0347228 
--.00489874 
-.0183645 
-.0206727 
.0101600 

20000. 

1.39E-09 
1.74E-09 
1.87E-09 
2.02E-09 
2.16E-09 
2.31E-09 
2.47E-09 
3.llE-09 
3.78E-09 
4.483-09 
5.20E-09 
5.93E-09 
6.66E-09 
7.40E-09 
8.13E-09 
9.57E-09 
1.17E-08 
1.48E-08 

A6 

5.701499E-04 
.00438872 
.00394217 
.00358121 
.00584793 
.00768600 
.00437997 
.00309937 

See appendix f o r  Chebyshev f i t  de t a i l s .  
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H+ + He -> electrons + H- 

Maxwellian - Maxwelliun 

He Temp. 

(eV> 

A =lo. 

x ~ 7 5 0 .  

v =1000. 

z1250. 

@ =5000. 

=10000. 

eJ =20000. 

Recommended 
Data 

Chebyshev Fit - - - - -  

-. Equal Temp. 

I d  io3 1 0" io5 
H' Temp. (eV) 

... , .... 



D-22 

H+ 

(ev) 
Temp. 

l.OE+OO 
2.OE+OO 
4 OE+OO 
7.OE+OO 
l.OE+Ol 
2.OE+01 
4.OE+01 
7.OEt01 
l.OEt02 
2.OE+02 
4.OEt02 
7.OE+02 
l.OEt03 
2 . 0 ~ 0 3  
4.OEt03 
7 . 0 ~ 0 3  
1 - OE+04 
2.OE+04 

He 
Energy 
( eV/amu) 

10000. 
20000. 
40000. 
70000. 
100000. 
150000. 
200000. 

Slow N e g a t i v e  Charge  P r o d u c t i o n  Rate C o e f f i c i e n t s  f o r  

H e  + Ht -> electrons and  H- 

Beam - Maxwelliair Rate C o e f f i c i e n t s  (cni’/s) 

10000. 

1.51E-09 
1.51E-09 
1.52E-09 
1.523-09 
1.526-09 
1.53E-09 
1.54E-09 
I. 56E-09 
1.58%-09 
1.65s-09 
1.80E-09 
2.03E-09 
2.26E-09 
3.04E-09 
4.66E-09 
7.06E-09 
9.373-09 
I e 59E-08 

20000. 

5.593-09 
5.80E-09 
5.81E.-09 
5.8113-09 
5.81E-09 
5.81E--09 
5.82E -09 
5.85E-09 
5.87E-09 
5.97E-09 
6.17E-09 
6.48E-09 
6.80E-09 
7.83E-09 
9.70E-09 
1 - 21 E-08 
1.43E-08 
1.98E-08 

40000. 

1. 84E-08 
1.85E-08 
1 - 85E-08 
1.85E-08 
1-85E-08 
1.84E-08 
1.843-08 

1.83E-08 
1.84E’-08 

1.83E-08 
1.84E-08 
1.8511-08 
1.87E-OR 
1.92E-08 
2.04E-08 
2.19E-08 
2.31E-08 
2.62E-08 

H e  Energy  (eV/anIu) 
70000. 100000. 

3.llE-08 
3.32E-08 
3.33E-08 
3.32E-08 
3.32E-08 
3.32E-08 
3.31E-08 
3.31E-08 
3 . 3 0 ~ 0 8  

3.28E-08 
3.3%~-08 

3.28E-08 
3.27E-08 
3.27E-08 
3.26E-08 
3.2%-08 
3.25E-08 
3.29E-08 

4.07E-08 
4.07E-08 
4.07E-08 
4.07E-08 
4 a 06E-08 
4 - 06E-08 
4.05E-08 
4.05E-08 
4.04E-08 
4.02E-08 
4.01E-08 
3.99E-08 
3.97E-08 
3.93F-08 
3.8-7E-08 
3.82E-08 
3.77~08 
3.69E-08 

150000. 

4.18E-08 
4 18E-08 
4.18E-08 
4.18E-08 
4.J.8E-08 
4.1DE-08 
4.18E-08 
4.J.8E-08 
4.18E-08 
4” 1811:-08 
4.18E-08 
4.18E-08 
4.18E-08 
4.18E-08 
4.17E-08 
4.13E-08 
4.09E-08 
3.98E-08 

Chebyshev F i t t i n q  Parmeters f o r  Rate C o e f f i c i e n t s  

E,,,ill l.OE+OO e V ,  E,lla, = 2.OE+04 e V  

A0 

-39.3816 
-37.3350 
-35.4715 
-34.4703 
-34.0898 
-33.9953 
-33.9705 

A1 A2 

1.02698 .576534 
.517958 .301257 
.129405 .0937138 
.00355792 -.0123483 

-.0436120 -.0204578 
-.0150052 -.0121264 
-. 0219825 -. 0119088 

A3 

.188719 

.123942 

.0477169 

.0153783 
-.00631264 
-.00832720 
-.00528740 

A4 

4.425971E-05 
.00937576 
.0118588 

-.00669156 
-9.9025553-04 
-.00470324 
-.00226756 

A5 

-.0355917 
-.0100372 

-4.8882013-04 -. 
.00817185 

3.7000603-04 
-.00198547 
-.00102041 

200000. 

4.26E-08 
4.26E-08 
4.26E-08 
4.26E-08 
4s261?-08 
4.25E-08 
4.25E-08 
4*2SE--08 
4 a 25E-08 
4.24E-08 
4- 23E-08 
4.22E-08 
4.22E-08 
4 - 20E-08 
4 - 17E-08 
4.14E-08 
4.llE-08 
4.02E-08 

A6 

-.0198253 
-. 0129438 

003254337E-03 
-.00392000 

5.42”520E-04 
-3.364408E-04 
-4.501627E-04 

See appendix f o r  Chebyshev fit details. 
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He + H' -> electrons + H- 

Beam - Maxwellian 

45.0 

40.0 

35.0 

30.0 .b 

He Energy 

(evhm u> 

A =10000. 

x =20000. 

v ~ ~ 4 0 0 0 0 .  

% =70000. 

@ =100000. 

83 =150000. 

0 =200000. 

Recommended 
Data 

_ _ - - - .  Chebyshev Fit 
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I o n i z a t i o n  a n d  T o t a l  H e '  P r o d u c t i o n  Cross Seetions for  

H' + H e  -> H~ 3 He' + e 
H' + H e  -> ( € 3  + He+) or  ( H '  + Het + e )  

I o n i z a t i o n  T o t a l  He+ P r o d u c t i o n  

Energy  Cross S e c t i o n  Energy  Cross S e c t i o n  
(eV/auau ) ( Cll? ) ( e V / a n u )  ( cn? ) 

l.OE-bO4 
1.5E1-54 
2.OE+04 
3.OE+04 
4. OE 1-04 
7.OE+04 
9.OE+04 
1.OE+05 
1.5E+05 
2.OE+05 
4.OEt05 
7.0t?+05 
1.OE+O6 
1.5Et05 
2.OE+06 
3.OE+06 
4. OE (-06 
5.OE+06 

2.04E-17 
3.49F-17 
4. WE-17 
6.61E-17 

8.28E-17 
7.37F;-17 

8.42E-17 
8.38E-17 
7.65E-17 
6-69E-17 
4. 26E-17 
2.R2E-17 
2.18E-17 
1.61tC-17 
1.29E-17 
8.92E-18 
6.71L.:-18 
5.32E-18 

5.OEi03 
7.OE+03 
1.OE+04 
2. OE t04 
2.3E+04 
4.OE+04 
7. OE t 0 4  
I. O E + 0 5  
2.OE+05 
4.OE+05 
7.OE+05 
1.OE+06 
1.5E106 
2.OE+06 
4.OE+06 
5. OE t-06 

3.82E-17 
7.64E-17 
1.33E-16 
2.39E-16 
2.43E-16 
2.17E-16 
1.58E-16 
1.22E-16 
7.14E-17 
4.27E-17 
2.84E-17 
2.18E-17 
1.61E-17 
1.29E-17 
6.75E-18 
5.31E-18 

R e f e r e n c e s :  83, 87, 89, 315, 353, 354, 359, 368, 371, 372, 375, 
376, 381, 382, 383, 384, 385, 386, 387, 388 

A c c u r a c y 2  30% 

Notes: (1) The t o t a l  cross s e c t i o n  f o r  slow H e +  i o n  p r o d u c t i o n  i s  t h e  sun1 of 
t h e  e l e c t r o n  c a p t u r e  cross (H' t He -> H + He') a n d  t h e  i o n i . z a t i o n  cross s e c t i o n  
(H' -I- H e  -> H t  + Ht + e ) .  (2) The cross s e c t i o n  f o r  p r o d u c t i o n  o f  H e z t  i s  t w o  
o r d e r s  of m a g n i t u d e  less t h a n  t h a t  f o r  Het and c o n t r i b u t e s  a n e g l i g i b l e  m o u n t  
t o  t h e  slow i o n  f o r m a t i o n .  (3) A t  e n e r g i e s  less t h a n  2 x I O 5  eV/amu t h e  e l e c t r o n  
c a p t u r e  CL-oss s e c t i o n  i s  t h e  dominant+ r e a c t i o n  i n  p r o d u c i n g  s l o w  i o n s .  Above 
t h i s  e n e r g y  t h e  cross s e c t i h n  fo r  He for i l ia t ion  is t h e  same as t h e  i o n i z a t i o n  
cross s e c t i o n  to f o r m  H P ~ .  (4) F o r  cross s e c t i o n s  i n v o l v i n g  t h e  f o r m a t i o n  of 
slow H e 2 '  see t h e  follow.i.ng set o f  d a t a .  

Chebyshev F i t t i n q  P a r a m e t e r s  f o r  Cross  S e c t i o n s  

= 5.0E+06 eV/anu 
= 5.OE+06 eV/aniu I o n i z a t i p n  Enlin = 1.OE+04 eV/amu, E,l,,X 

Ell,,, Tot. He Prod.  E,,lin = 5.OE+03 ev/a i iu ,  

A0 A 1  A2 A3 A 4  A5 A6 

Ionization -76 .3648 - .E74453 - .E84552 . 2 2 1 1 0 4  - . 0 2 9 2 4 4 8  - . 0 2 3 4 1 8 4  -.0152807 
Tot. He* ?sod. -75 .4062 -1.41315 - . 9 2 3 7 4 5  .441895 - . 1 9 3 2 2 4  - . 0 0 6 3 6 6 3 5  . 0 3 1 5 7 4 0  

The f i t  r e p r e s e n t s  t h e  I o n i z a t i o n  cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  of 1.6%. 
The maximum d e v i a t i o n  i s  2.5% a t  7.OE+04 eV/aunu. 

The f i t  r e p r e s e n t s  t h e  Tot. Hef Prod.  cross s e c t i o n  w i t h  an rills d e v i a t i o n  of 1 . 3 % .  
The maximu~i~  d e v i a t i o n  i s  1 . 7 %  a t  l.OE.1-04 eV/aniu. 

S e e  a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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. .% ... 

H+ + He -> H+ + He+ + e 
H' + He -> (H + He') or (H' + He' + e> 

Cross Section vs. Energy 
I I I I I I I I I  I I I I I I I I )  I I I I I I l l  

10-l8 

10' 1 0" IO5 IO6 10' 
En erg y (eV/a m u) 
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Ionization Rate Coefficients for 

H+ t He -> H' + He' + e 

w+ 

( e v )  

l.OEt03 
1.5Et03 
2.OEt@3 
2.5Et03 
3.OEt03 
3.5Et03 
4.OEt03 
4.5Et03 
5.OEt03 
5.5Et03 
6 .  OEt 03 
8.OEt03 
l.OEt04 
1.2Et04 
1.4Et04 
1.6E*04 
1.8Et04 
2.OEt04 

Temp. 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

Equal He Temp. (eV) 
Temp. 5000. 6000. 7000. 8000. 10000. 15000. 20000. 

4.07E-12# 
5.5 1E-11# 
2.07E-10# 
4.68E-10# 
8.18E-10# 
1.24E-09# 
1.70F-09* 
2.70E-09* 
2.71E-09* 
3.24E-09* 
3.77E-09* 
5.89E-09* 
7.91E-09 
9.79E-09 
1.15E-08 
1.31E-08 
1.46E-08 
1.60E-08 

1.33E-10# 
2.99E-10# 
5.31E-10# 
8.18E-lO# 
1.15E-09# 
1.51E-09* 
1.89E-09* 
2.30E-09* 
2.71E-09* 
3.13E-09* 
3.56E-09* 
5.26E-09* 
6.92E-09* 
8.48E-09 
9.97E-09 
1.14E-08 
1.27E-OB 
1.39E-08 

2.07E-10# 
4.08E-lO# 
6.69E-10# 
9.78E-10# 
1.32E-09# 
1.70E-09* 
2.09E-09* 
2.50E-09* 
2.92E-09* 
3.35E-09* 
3.77E-09* 
5.47E-09* 
7.12E-09* 
8.68E-09 
1.OlE-08 
1.15E-08 
1.28E-08 
1.40E-08 

2.99E-10# 
5.31E-10# 
8.18E-10U 
1.15E-09U 
1.51E-09* 
1.89E-09* 
2.30E-09+ 
2.71E-09* 
3.13E-09* 
3.56E-09+ 
3.99E-09' 
5.68E-09* 
7.32E-09 
8.87E-09 
1.03E-08 
1.17E-08 
1.30E-08 
1.42E-08 

4.08E-10# 
6.69E-10# 
9.78E-10# 
1.32E-09# 
1.70E-09* 
2.09Ec09* 
2.50E-09* 
2.92E-09* 
3.35E-09* 
3.77E-09* 
4.20E-09* 
5.89E-09* 
7.52E-09 
9.06E-09 
1.05E-08 
1.19E-08 
1.31E-08 
1.43E-08 

6.69E-10# 
9.78E-10# 
1.32E-09U 
1.70F-09' 
2.09E-09* 
2.50E-09* 
2.92e-09* 
3.35E-09* 
3.77E-09* 
4.20E-09+ 
4.62E-09* 
6.30E-09* 
7.91E-09 
9.43E-09 
1.08E-08 
1.22E-08 
1.34E-08 
1.463-08 

1.51E-09* 
1.89E.-09* 
2.30E-09* 
2.71E-09* 
3.13E-09* 
3.56E -09* 
3.99E-09* 
4.41E-09* 
4.84E-09* 
5.26F-O9* 
5.68E-09* 
7.37JE-09 
8.87E-09 
1.03E-08 
1.17E-08 
1.30E-08 
1.42E-08 
1.533-08 

Accuracy: * - Pot : s ib l e  Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev Fittinq Paranieters for Rate Coefficients 

= 2.OE+04 eV max E,,,in = 1.OE+03 eV, E 

He 
Temp, 
(ev) 

5000. 
6000. 
7000. 
8000. 
10000. 
15000. 
20000. 
Eqrial 

2.50E-09' 
2.92E-09* 
3.35E-09* 
3.77E-09* 
4.20E-09' 
4.62E-09* 
5.05E-09* 
5.47E-09* 
5.89E-09* 
6.30E-09* 
6.72E-09* 
8.293-09 
9.79E-09 
1.12E-08 
1.25E-OB 
1.37E-08 
1.49E-08 
1.60E-08 

A0 A1 A 2  A3 A4 A5 A6 

-40.3451 
-40.0282 
-39.7552 
-39.5164 
-39.1158 
-38.3952 
-37.8995 

Temp. -41.9272 

2.34883 
2.14145 
1.96806 
1.82079 
1.58360 
1.19217 
.951741 

3.86757 

-.257537 
-. 186832 
-.132538 
-. 0901635 
-.0298040 
.0455887 
.0744487 

-1.05890 

-. 0218607 
-. 0325594 
-. 0385303 
-.0415358 
-. 0424986 
-. 0348519 
-.0255952 
.?61511 

.0131131 

.0117041 

.00991961 

.00805275 

.@0463840 
-.00101950 
-.00350613 
-.0564975 

-.00170960 
.7.738263-04 
.1.95606E-05 
5.25545E-04 
.00112196 
.00132410 

8.71591E-04 
.00926856 

-2.72133E-04 
-3.91919E-04 
-4.64455E-04 
-4.72996E-04 
-3.85570E-04 
-2.81514E-05 
-4.3940lE-05 

-.00119300 

See appendix for Chebysliev fit details 
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H" + He -> H' + He" + e 

Maxwellian - Maxwellian 

t-le Temp. 

(eV> 

A X5000. 

x -6000. 

v =7000. 

f i  =8000.  

@ =10000. 

15000. 

=20000. 

Recommended 
Data 

_ - - - -  Chebyshev Fit 

-. Equal Temp. 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 
H' Temp. (eV> *io3 
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Hf 
Temp. 
(ev) 

1.OEt00 
2 .OEtOO 
4.OEt00 
7.OEt00 
l.OEt01 
2.OEt01 
4.OEt01 
7.OEt01 
1.OEt02 
2 .  OEt 02 
4. OEt 02 

7.OEt02 
l.OEt03 
2.OEt03 
4.OEt03 
7.OEtO3 
l.OE+04 
2.OEt04 

1 0 0 0 0 .  

1.45E-09* 
1.47E-09* 
1.49E-09* 
1.52E-09* 
1.54E-09* 
1.60E-09* 
1.68E-09* 
1.77E-09* 
1.85E-09* 
2.08E-09* 
2.45E-09* 
2.91E-09* 
3.33E-09* 
4.53E-09* 
6.51E-09* 
8.993-09 
1.12E-08 
1.70E-08 

Ionization Rate Coefficients fo r  

~e + H+ -> ~ e +  + H~ + e 

B e a m  - Maxwellian 

20000.  

9.69E-09 
9.68E-09 
9.67E-09 
9.66E-09 
9.663-09 
9.65E-09 
9.64E-09 
9.64E-09 
9.65E-09 
9.71E-09 
9.85E-09 
1.01E-08 
1.03E-08 
1.10E-OB 
1.233-08 
1.42E-08 
1.58E-08 
2.04E-08 

40000. 

2.05E-08 
2.0SE-08 
2.05E-08 
2.05E-08 
2.04E-08 
2.04E-08 
2.04E-08 
2.04E-08 
2.04E-08 
2.04E-OR 
2.05E-08 
2.06E-08 
2.06E-08 
2.09E-08 
2.15E-08 
2.253-08 
2.343-08 
2.59E-08 

Rate Coefficients ( c ~ I ~ ~ / s )  

He Energy (eV/amu) 
70000. 

3.04E-08 
3.04E-08 
3.04E-08 
3.04E-08 
3.04E-08 
3.04E-08 
3. @4E-08 
3.04E-08 
3.04E-08 
3.04E-08 
3.04E-08 
3.04E-08 
3.04E-08 
3.05E-08 
3.07E-08 
3.09E-08 
3.11E-08 
3.18E-08 

100000. 

3.68E-08 
3.68E-08 
3.68E-08 
3.683-08 
3.68E-08 
3.68E-08 
3.67E-08 
3.67E-08 
3. G7E-08 
3.66E-08 
3.66E-08 
3.65E-08 
3.65E-08 
3.63E-08 
3.62E-08 
3.GOE-08 
3.580-08 
3. S5E-08 

2 0 0 0 0 0 .  

4,15E-08 
4.15E-OB 
4.15E-OB 
4.15E-08 
4.15E-08 
4.15E-OB 
4.15E-08 
4.15E-08 
4.15E-08 
4.14E-08 
4.13E--08 
4.13E-08 
4.12E-08 
4.llE-08 
4.08E-08 
4.05E-08 
4.02E-08 
3.943-08 

Accuracy: * - Possib1.e Error Greater Thai, 10% 
# - Possible Error Greater Than 100% 

Chebyshev Fi t t i nq  Parmeters fo r  Rate Coefficients 

E,,,in = 1 . O E t 0 0  eV, Elliax = 2.OE+04 e V  

He 
Energy 
(ev/amu) 

10000. 
2 0 0 0 0 .  
40000. 
70000. 
100000. 
200000.  

500000. 

A0 A I  

-39.1279 1.16505 
-36.5805 .285887 
-35.3193 .OR16359 
-34.6011 .0145540 
-34.2559 -.0155100 
-34.0175 -.0200973 
-34.3105 -.00181505 

A2 

.469737 

.190126 

.0597659 

.0116645 
-.00743994 
-.0118588 
-.00131097 

A3 

.0813519 

.Of369452 

.0332395 

.00621244 
-.00254453 
-.00582167 

-8.28718E-04 

A4 

-.0228287 
.0237093 
.0137513 
.00251084 

-6.97240E-04 
-.00256998 

-5.05268E-04 

500000. 

3.55E-08 
3.55E-08 
3.55E-08 
3.55E-08 
3.55E-08 
3.558-08 
3.5SE-08 
3.553-08 
3. SSE-08 
3.55E-08 
3.553-08 
3.54E-08 
3.55E-08 
3.55E-08 
3.55E-08 
3.54E-08 
3.54E-OB 
3.53E-OB 

A 5  

-. 0182847 
4.34865E-04 
.00383099 

6.93786E-04 
.1.61490E-i14 
.9.87558E-04 
-2.95214E-04 

A6 

-.00258180 
-3.87928E-03 
1.221613-04 
4.47956E-04 
2.33078E-05 

-2.32402E-04 
-1.01434E-04 

See appendix for  Chebyshev f i t  de t a i l s  
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He + H' -> He' + H+ + e 

Beam - Maxwellian 

IO0 10' 1 o2 io3 10" io5 
H' Temp. (eV> 

x ~ : 2 0 0 0 0 .  

V I 40000. 

H =70000. 

@ -100000. 

=200000. 

eS =:500000. 

Recommended 
Data 

- - - - -  Chebyshev Fit 

.... 



D-3 0 

H+ 

(ev) 
Temp. 

1.OEt03 
1.5Et03 
2 .  OEt 03 
2.5Et03 
3.OEt03 
3.5Et03 
4.OEt03 
4.5Et03 
5.OEt03 
5.5Et03 
6.OEt03 
8.OEt03 
1.OEt04 
1.2Et04 
1.4Et04 
1.6Et04 
1.8Et04 
2.OEt04 

Total He+ Prodrirt  i o n  Rate C o e f f i c i e n t s  for 

Ht t H e  -> ( H  + Het) o r  [Ht + Het + e )  

Mamiel Lian - Maxwelli.an Rate C o e f f i c i e n t s  ( cm3/s) 

Equal He Temp. (eV) 
Temp. 1000. 2000. 4000. 7000. 10000. 15000. 20000. 

3.32E-10# 3.32E-10# 6.71E-10# 1.68E-09# 3.78E-09* 6.26E-09* 1.06E-08* 1.49E-08 
1.39E-09# 1.13E-09# 1.68E-09# 3.02E-09* 5.41E-09* 8.00E-09* 1.24E-08 
3.02E-09* 2.32E-09* 3.02E-09" 4.58E-09* 7.12E-09* 9.77E-09' 1.41E-08 
4.98E-09* 3.78E-09* 4.58E-09* 6.26E-09* 8.88E-09' 1.15E-08 
7.12E-09* 5.41E-09* 6.26E-09* 8.00E-09* 1.06E-08* 1.32E-08 
9.33E-09* 
1.15E-08 
1.37E-08 
1.573-08 
1.77E-08 
1.96E-OB 
2.613-08 
3.12E-08 
3.51E-08 
3. 82E-08 
4.06E-08 
4.25E-08 
4.40E-08 

7.12E-09* 
8.8RE-09* 
1.06E-08* 
1.243-08 
1.41E-08 
1.57G-08 
2.17E-08 
2.67E-08 
3.07E-08 
3.40E-08 
3.67E-08 
3.90E-08 
4.08E-08 

8.00E-09* 
9.77E-09* 
1.15E-08 
1.32E-08 
1.49E-08 
1.653-08 
2.24E-08 
2.72E-08 
3.12E-08 
3.443-08 
3.70E-08 
3.92E-08 
4.10E-08 

9.77E-09* 
1.15E-08 
1.32E-08 
1.49E-08 
1.65E-08 
1.81E-08 
2.37E-08 
2.83E-08 
3.20E-013 
3.51E-08 
3.76E-08 
3.97E-08 
4 ~ 14E-08 

1.24E-08 
1.41E-08 
1.57E-08 
1.73E-08 
1.883-08 
2.03E-08 
2.5512-08 
2.98E-08 
3.323-08 
3.61E-08 
3.84E-08 
4.04E-08 
4.19E-08 

1.49E-08 
1.6E.E-08 
1.81E-08 
1.96E-08 
2.10E-08 
2.24E-08 
2.723-08 
3.12E-08 
3.44E-08 
3.70E-08 
3.92E-08 
4.10E-08 
4.25E-08 

1.57E-08 
1.73E-08 
1.88E-08 
2.03E-08 
2.17E-08 
2.30E-08 
2.433-08 
2.55E-08 
2.98E-08 
3.32E-08 
3.61E-08 
3.84E-08 
4.04E-08 
4.19E-08 
4.33E-08 

Accuracy: * - Possible Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev F i t t i n q  Parameters f o r  Rate C o e f f i c i e n t s  

E,in = 1.0E+03 EV, E,,,, = 2.OE+04 e V  

He 
Temp. 
(ev) 

1000. 
2000. 
4000. 
7000. 
10000. 
15000. 
20000. 
Equal 

1.65E-08 
1.81E-08 
1.96E-08 
2.10E-08 
2.24E-08 
2.37E-08 
2.49E-08 
2.61E-08 
2.72E-08 
2.83E-08 
3.20E-08 
3.51E-08 
3.76E-08 
3.97E-08 
4.14E-08 
4.28E-08 
4 ~ 40E-08 

A0 A1 A2 A3 A4 A5 A6 

-37.7759 
-37.3613 
-36.7649 
-36.1737 
-35.7678 
-35.3028 
-34.9844 

Temp. -37.4591 

2.35765 
2.05214 
1.63391 
1.24696 
.998971 
.734516 
.566598 

2.34257 

-.526776 
-.389347 
-.227162 
-. 108095 
-.0496155 
-.00387920 
.0150211 

-.631509 

.0461542 

.00372548 -. 0328342 
-. 0449948 
-.0432215 
-.0346346 
-. 0267530 
.0945062 

-.00599557 
.00380397 
.00799982 
.00515942 
.00174125 

-.00171864 
-.00313077 
-. 0203712 

.00186274 
3.22896E-04 
4.628503-04 
.00147386 
.00180493 
.00144813 
.00108401 
.00642863 

5.618923-05 
1.927428-07 

-3.572043-04 
-4.772493-04 
-2.033263-04 
-1.44086E-05 
2.07674E-04 
-.00134327 

See appendix  f o r  Chebyshev f i t  d e t a i l s  
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lo-8 

0-31 

t i '  + He -> (H + He') or (H' + He' + e> 

Muxwelliun - Maxwellian 

c I I I I I 
-. 

I I I I I I I 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 
lo-'o~ 

H' Temp. (eV) x io3 

Y -2000. 

v =4000. 

x =7000. 

@ = 10000. 

zz 15000. 

=20000. 

Recommended 
Oata 

Chebyshev Fit - - - - -  

Equal Temp. -. 
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H+ 

(ev) 
Tamp. 

1. OEt 00 
2 .  OEtOO 
4.9Et00 
7 .OE+OO 
1. OEtO 1 
2 .  OEt 01 
4.OE+01 
7.OEt01 
1.OEt02 
2.OEt02 
4.OEt02 
7. OEt 02 

l.OEt03 
2.OEt03 
4.OEt03 
7.OEt03 
l.OEt04 
2 .  OEt 04 

Total He' Production Rate Coeff ic ien ts  f o r  

H e  t EIt -> (He+ + H )  o r  (Het -1- Ht + e) 

B e a n  - Maxwellian Rate Coeff ic ien ts  ( c11I3/S ) 

10000. 

1.843-08 
1.843-08 
1.84E-08 
1.83E-08 
1.83E-08 
1.83E-08 
1.833-08 
1.83E-08 
1.84E-08 
1.87E-08 
1.95E-08 
2.07E-08 
2.18E-08 
2.51E-08 
3.00E-08 
3.50E-08 
3.86E-08 
4.53E-08 

20000. 

4.68E-08 
4.68E-08 
4.67E-08 
4.663-08 
4.66E-08 
4.64E-08 
4.62E-08 
4.60E-08 
4.59E-08 
4.55E-08 
4.51E-08 
4.48E-08 
4.46E-08 
4.44E-08 
4.47E-08 
4.56E-08 
4.643-08 
4.853-08 

40000. 

6.02E-08 
6 . 0 2 E - 0 8  

6.02E-08 
6.01E-08 
6.01E-08 
6.00E-08 
5.99E-08 
5.98E-08 
5.973-08 
5.94E-08 
5.91E-08 
5.87E-08 
5.85E-08 
5.76E-08 
5.62E-08 
5.46E-08 
5.35E-08 
5.16E-08 

He Energy (eV/aiau) 
70000. 

5.80E-08 
5.80E-08 
5.80E-08 
5. 8OE-08 
5. 8OE-08 
5. BOE-08 
5.79E-08 
5.79E-08 
5.793-08 
5.78E-08 
5.77E-08 
5.75E-08 
5.743-08 
5.71E-08 
5.64E-08 
5.54E-08 
5.45E-08 
5.21E-08 

100000. 

5.36E-08 
5.36E-08 
5.36E-09 
5.36E-OB 
5.363-08 
5.36E-08 
5.36E-08 
5.353-08 
5.35E-08 
5.35E-08 
5.35E-08 
5.34E-08 
5.34E-08 
5.32B-08 
5.30E-08 
5.25E-08 
5.21E-08 
5.05E-08 

2 0 0 0 0 0 .  

4.44E-08 
4.44E-08 
4.44F-OR 
4.44E-08 
4.44E-08 
4.44F-08 
4.44E-08 
4.44E-08 
4.46G-08 
4.443-08 
4.43E - 0 8  

4.44E-08 
4.443-08 
4.44E-08 
4.44E-08 
4.443-08 
4.44E-08 
4.423-08 

He 
Energy 
(eV/amu) A0 

Chebyshev F i t t i n q  Paraneters  f o r  Rate Coef f i c i en t s  

EInin = 1.OE+00 e V ,  E,,,, = 2.0E-604 e V  

10000. -35.1311 
20000.  -33.7784 
40000. -33.3338 
70000. -33.3704 
100000. -33.5061 
200000.  -33.8626 - 
500000. -34.3009 - 

A I  

.412881 
-.00396664 
-.0658860 
-.0391288 
-.0193669 
.6.29120E-04 - 
.7.646173-04 - 

A2 

.228878 

.0221013 
-.0346993 
-.0249640 
-.0135261 
.9.61867E-04 
.4.54422E-04 

A3 

.0583838 

. 0 2 0 8 8 7 3  

-.0127985 
-.0133215 
-.00817621 

-9.42621E-04 
-2.24604E-04 

A4 

-.0173875 
.00921146 

-.00242907 
-.OOGO5125 
-.00432298 

-7.21387E-04 - 
-1.49745E-04 - 

500000. 

3.56E-08 
3.563-08 
3.56E-08 
3.56E-08 
3.563-08 
3.56E-08 
3.56E-08 
3.563-08 
3.56E-08 
3.56E-08 
3.56E-08 
3.563-08 
3.56E-08 
3.56E-08 
3.56E-08 
3.563-08 
3.56E-08 
3.56E-08 

A5 

-.0216039 
.00114081 
. 001 1758 1 

-.00211349 
-.00189118 
.4.47888E-04 
.1.31679E-OJ 

A6 

-.00620616 
-.00146388 
.00179130 

-2.49745E-04 
-6.09453E-04 
-2.11683E-04 
-5.40513E-05 

See appendix fo r  Chebyshev f i t  d e t a i l s  
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D-33 

He + Hf -> (He' + H) or (He' + ti' .+ e> 

Beam - Maxwellian 

I I I l l 1 1 1 ~  I I I 1 1 1 1 1 ~  1 I I 1 1 1 1 1 ~  I I I l l l q - r l l l r l  

I 

/ 

T 

x =20000. 

V = 40000. 

% =70000. 

8 =100000. 

=200000. 

=500000. 

Recommended 
Data 

Chebyshev Fit _ _ _ _ _  

IO" 10' IO2 1 o3 io4 io5 
H' Temp. (eV) 
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I o n i z a t i o n  and Tota l  H e z t  Production Cross S e c t i o n s  f o r  

Ut + H e  -> H' + H e Z t  t 

€If t- H e  -> ( H -  + H e z t )  

I o n i z a t i o n  

Energy Cross Sec t ion  
(eV/amu) ( cin2 

2.OE+04 
3.OE+04 
4.OE+04 
6.OE+04 
8 .  OE! 04 
1.OE+05 
1.5E+05 
2.OEt05 
3.OE+05 
rl-.OE+O5 
6.OE+05 
8.OE+05 
1.OE+06 
1.5E+06 
2.OEi 06 
3.OE+06 
4.OE+06 
5.OE+06 

1.40E--l3 
4.46E-19 
6.68E-I9 

I .07E-18 
9.95E-19 
7.42E-19 

3.67E-19 

I. 38E-19 
9.63E-20 
7.49E-20 

3.72E-20 
2.46E-20 
1.85E-20 
1.46E-20 

9.69E-li 3 

5.59E-19 

2.52E-19 

4.95E-20 

2e 
o r  ( H ~  + HE'+ + 2e) 

T o t a l  H e Z t  Production 

Energy Cross Sec t ion  
(eV/arnu ) ( c m 2  ) 

1.OE+04 
1.5E+04 
2.OE+04 
3.OE+04 
4.0E+04 
5.OE+04 
7.OE+04 
1.OE+05 
1.5Er-05 
2.OE+05 
3 .  OE t05 
4.OE+05 
7.OE+05 
1.OE+06 
1.5E+06 
2.OE+06 
4.OE+06 
5.OEt06 

4.97E-19 

1.49E-18 
2.17E-18 

9.85E-19 

2.38E-18 
2.41E- 18 
2.30E-18 
1.80E-18 
1.04E-18 
6.71E-19 

2.52E-19 
1.14E--19 
7.54E-20 
4.98E-20 
3.74E-20 
1.86E-20 
1.48E-20 

3 -83E-19 

R e f e r e m  83 ,  87, 89, 315, 353, 354, 359, 368, 371, 372, 375, 
376, 381, 3 8 2 :  383, 384, 385, 386, 387, 388 

Accuracy: 20% 

Notes: (1) The t o t a l  c r o s s  s e c t i o n  f o r  producing slow He2+ ions i s  t h e  sum of t h e  
double i o n i z a t i o n  cram s e c t i o n  ( H t  f tle -> H t  + Hezt + 2e) and t h e  electron c a p t u r e  
cross s e c t i o n  ( H t  + H e  -> H- b He2+). ( 2 )  A t  e n e r g i e s  less than 3x105 eV/anlu  t h e  
product ion of H e Z t  i s  rlnniinated by double e l e c t r o n  c a p t u r e  c o l l i s i o n s .  (3) For 
cross secLions involv ing  t h e  fornilation of H e t  see t h e  preceding set of daLa. 

I 

Chebyshev F i t t i n q  Parameter$ fo r  Cross  S e c t i o n s  

I o n i z a t i o n  E,,in -= 2.OE+04 e V / a n u ,  Elllax = 5.OEI-06 eV/aniu 
Tot. H e 2 +  Prod. E,,lin - 1 . O E i - 0 1  eV/anu, E,,,, = 5.OE+06 eV/miu 

A 0  A 1  A2 A 3  A 4  A5 A6 

I o n i z a t i o n  -86,8125 -1.69704 -.988419 .579481 -.la0358 -.0229323 --00915691 
T o t .  H e Z t  Prod. 45.7168 -2.26739 -.307093 .602380 -.0759791 -.lo4008 -0149516 

The f i t  r e p r e s e n t s  t h e  IonizaLion cross s e c t i o n  with an rins d e v i a t i o n  of 2.5%. 
Tire maxirnuiii d e v i a t i o n  i s  4 . 3 %  a t  4.OEt04 e V / a n u .  

The f i t  r e p r e s e n t s  t h e  Tot. H e 2 +  Prod. c r o s s  s e c t i o n  with an rins d e v i a t i o n  of 2.7%. 
The maxiinurn d e v i a t i o n  i s  4.8% a t  2.OEi-85 eV/arnu. 

See appendix fo r  Chehyshev f i t  d e t a i l s .  
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. . ... 

H' + He -> H' + He" + 2e 
H' + He -> (H- + He2+) or (H' + He2' + 2e) 
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H+ 

(QV) 
Tenre,. 

1.OE-t 00 
2.OE+O0 
4.OE+OO 
7.OE+OO 
l.OE+Ol 
2.0E+01 
4.OE+01 
'7.OE+01 
1.OE+02 
2.OE902 
4 e OE+02 
7.OE+02 
l.OE+03 
2 . 0 ~ 0 3  
4 OE+03 
7.OE+03 
1.OE+O4 
2.OE+04 

20000. 

1.42E-ll* 
1-44E-ll* 
1.4613-1 1 * 
1.4913-11" 
1- 52E-ll* 
1.58E-ll* 
1 . 6 8 E - l l *  
1.8OE-11* 
1.90E-ll* 
2.20E-ll* 

3.34E--11* 
2 e 7 0 E  -- I1* 

3.90E-ll* 
5.50E-ll* 
8.11E-11* 
1.13E-10 
1.40E-10 
2.03E-IO 

Double Ionization Rate Coefficients f O K  

Ide + H +  -> I d +  + H+ + 2e 

R e a i l  - Maxwellian Rate Coefficients ( cm3/S) 

40000. 

1.85E-PO 
1.85E-10 
1.85E-10 
1 -85F:--IO 
1.85E-10 
1 85E-10 
1.85W--10 
1 .8 5FJ -- 10 
1.85E-10 
1.85E-10 
1.87E-10 
1.89~-10 
1.92E-10 
2 . 0 0 E - 1 0  
2.15E-PO 
2.32E-10 
2.44E-10 
2-71E-10 

60000. 

3.29E-10 
3.29E-10 
3.29E-10 
3.29E-10 
3.28E-10 
3.28E-10 
3.27E-10 
3.27E-PO 
3.26E-10 
3.2hE-10 
3.25E-10 
3.25E-10 
3.25%-10 
3.24E-10 
3.23E-10 
3.21E-10 
3.20E-10 
3.18E-10 

80000.  

4+20E--10 
4.20E-10 
4.19E-I 0 
4.13E-I0 
4.19E-10 
4.18E-10 
4 17F-10 
4.16E-IO 
4 15E-10 
4 - 13E-10 
4 10E-IO 
4 s 07F-I 0 
4.04E-10 
3.97E-10 
3.85E-I 0 
3.73E-10 
3.64E-10 
3.45~'-10 

- -  
100000. 

4.37E-IO 
4.37~3-10 
4. 36E-10 
4.36E-IO 
4.36E-10 
4.36E-10 
4.35E-10 
4.34E-10 
4.34E-10 
4 32E-10 
4.31E-IO 
4.28E-10 
4.26E-10 
4.19E-10 
4.08E-10 
3.91E-10 
3.83E-I0 
3.58E-10 

200000. 

3.4'7~-PO 
3 -47E-IO 
3.47E--10 
3.47E-10 
3.47E-10 
3.47E-10 
3 . 4 7 ~ 1 0  
3.47~-10 
3.47E-10 
3.47E-10 
3.46~-PO 
3.47E-10 
3.46~-10 
3.46E-10 
3.45E-10 
3.42E-10 
3.39E-10 
3.28E-10 

Accuracy: * - Possible Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev Fittinq Paranieters for Rate Coefficients 

He 
Energy 

(eV/arnu) A 0  A1 A2 A3 

20000. - 4 8 . 1 7 5 4  1 . 3 0 3 0 0  . 4 8 5 1 7 4  . 0 4 8 0 6 0 0  

4 0 0 0 0 .  - 4 4 . 6 4 0 2  . 1 5 5 6 8 3  . l o 0 7 2 1  . 0 4 0 6 7 4 7  
60000. - 4 3 . 6 9 3 8  . 0 1 6 3 9 2 1  - . 0 0 4 7 8 5 2 9  - . 0 0 1 7 9 3 6 0  
80000. - 4 3 . 2 8 6 5  - . 0 8 2 4 3 8 6  - . 0 4 3 5 0 6 6  - . 0 1 6 5 9 7 5  
100000. - 4 3 . 1 9 5 8  - . 0 7 6 7 1 9 9  - . 0 4 6 3 1 2 3  - . 0 2 1 5 5 3 7  

200000. - 4 3 . 5 8 1 1  - . 0 1 7 0 3 0 1  - . 0 1 2 7 1 8 1  - .00866682 

5 0 0 0 0 0 .  - 4 4 . 8 9 7 1  . 0 0 4 8 8 9 7 4  . 0 0 3 3 3 0 8 1  . 0 0 1 6 8 2 0 4  

= 2.OE+04 e V  EN,X 

A4 A5 

-.0219390 - . 0 4 5 7 4 8 3  
. 0 0 5 5 1 1 4 1  - . 0 0 4 8 5 3 8 9  

- . 0 0 1 3 1 6 4 6  -1 .054313-04  
5 . 1 4 1 7 2 3 - 0 4  - . 0 0 3 8 7 1 1 5  

- . 0 0 7 2 7 2 0 8  -9 .944153-04  

- . 0 0 5 3 0 4 1 0  - . 0 0 2 7 8 1 5 3  
5 .29597E-04 -3 .674408-06  

500000. 

1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1- 78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.78E-10 
1.79E-IO 
1 79E-10 
1.80E-10 

A6 

- 7 . 6 5 2 1 0 3 - 0 4  
- . 0 0 4 2 0 5 4 6  

8 .93568E-04 

1 . 1 8 0 4 0 3 - 0 3  
8 .20812E-04 

-1 .19855E-03 
- 7 . 7 2 1 5 2 E - 0 5  

See appendix f o r  Chebyshev fit details 
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He + H+ -> He2+ 4- H+ + 2e 

Beam - Maxwellian 

10-gl 
10- 

He Energy 

@//am u> 

A = 20000. 

x =40000. 

v =60000. 

0 =100000. 

Lfl =200000. 

0 =500000. 

Recommended 
Data .- 

Chebyshev Fit - - - - -  

.-. . .. . 
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H+ 
Temp. 

(ev) 

7.5Et02 
1.OEt03 
1.3Et03 
1.5Et03 
1.8Et03 
2 .  OE t03 
3.OEt03 
4.OEt03 
5.OEt03 
6.OEt03 
7.OEt03 
8.OEt03 
9.OEt03 
l.OEtO4 
1.2EtO4 
1.5EtO4 
2.OEt04 

Equal 
Temp. 

7.68E-15# 
1.04E-13# 
5.03E-13# 
1.45E-12# 
3.12E-1.2# 
5.59E-12# 
2.30E-ll# 
4.92E-11* 
8.03E-ll* 
1.13E-10* 
1.47E-10* 
1.80E-10* 
2.llE-10 
2.41E-10 
2.96E-10 
3.66E-10 
4.50E-10 

T o t a l  HE‘+ Production Hate Coefficients for 

H+ + I I ~  -> (H- + He2+) -+ ( H ~  + HE” + 2e) 

Mnxsve 11 i an 

5000. 

2.03E-12# 
3.55E-12# 
5.59E-12# 
8.15E-12# 
1.12E-llU 
1.47E-li# 
3.27E-ll# 
5.52E-ll* 
8.03E-il* 
1.07E-10* 
1.33E-l0* 
1.60E-10* 
1.86E-10* 
2.llE-10 
2.59E-10 
3.21E-10 
4.04E-10 

- Maxwellian Hate Coefficients ( cm3/s) 

7500. 

6.81E-12# 
9.61E-12# 
1.29E-ll# 
1.66E-l1# 
2.08E-ll# 
2.533-11# 
4,63E-ll* 
7.07E-ll* 
9.66E-l1* 
1.23E-10* 
1.50E-10* 
1.76E-10* 
2.02E-10 
2.27E-10 
2.72E-10 
3.33E-10 
4.12E-10 

10000. 

1.47E-ll# 
1.87E-ll# 
2.30E-ll# 
2.77E-11# 
3.27E-11# 
3.806-11* 
6.12E-11* 
8.68E-ll* 
1.136-10* 
1.40E-10* 
1.67E-10* 
1.92E-10* 
2.18E-10 
2.41E-10 
2.86E-10 
3.44E-10 
4.21E-10 

Accuracy: * - Possible Error Greater T h a n  
# - Possible Error Greater T h a n  

He 
Temp. 
(ev) 

5000. 
7500. 
10000. 
12500. 
15000. 
17500. 
20000.  
Equal Temp. 

He Temp 
12500. 

2.53E-llil 
3.01E-li# 
3.53E-ll* 
4.07E-ll* 
4.632-11” 
5.22E-ll* 
7.70E-11* 
1.03E-10* 
i.3o~-in* 
1.57E-10* 
1.83E-i0* 
2.08E-10 
2.336-10 
2.56E-10 
2.99E-10 
3.55E-10 
4.29E-10 

10% 
100% 

(ev) 
15000. 

3.80E-ll* 
4.35E-ll* 
4.92E-11* 
5.52E-ll* 
6.12E-ll* 
6.75E-11* 
9.33E-11* 
1.20E-10* 
1.47E-10* 
1.73E-10* 
1.99E-10 
2.24E-10 
2.47E-10 
2.70E-10 
3.12E-10 
3.66E-10 
4.36E-10 

17500. 

5.22E-ll* 
5.82E-11* 
6.44E-11* 
7.07E-ll* 
7.70E- 11 * 
8.35E-11’ 
1.10E-10* 
1.37E-10* 
1.63E-10* 
1.89E-10* 
2.14E-10 
2.38E-10 
2.61E-10 
2.83E-10 
3.24E-10 
3.76E-10 
4.443-10 

Chebyshev Fittinq Parameters fox Rate Coefficients 

Elain = 7.5&+02 eV, = 2 . O E t 0 4  eV 

A 0  

-47.9855 
-47.0952 
-46.4732 
-46.0040 
-45.6322 
-45.3276 
-45.0718 
-50.6201 

A1 A2 

2.7 1190 
2.12886 
1.74892 
1.47944 
1.27684 
1.11863 

5.07900 
.991107 

-.299562 
-.119977 
-.0292041 
.0203814 
.0490457 
.0651645 
.0746366 

-1.59808 

A3 

-. 0631734 
-.0784054 
-.0751534 
-.0667770 
-.0581142 
-.0499554 
-. 0430706 
.393560 

A4 

.0152650 

.00701306 
3.232383-04 
-.00376242 
-.00655132 
-.00809607 
-.00880789 
-. 101018 

A 5  A 6  

20000. 

6.75E-11* 
7.38E-ll* 
8.03E-ll* 
8.68E-ll* 
9.33E-11* 
l.QOE-lO* 
1.27E-10* 
1.54E-10* 
1.8OE-10’ 
2.05E-10 
2.30E- 10 
2.53E-10 
2.75E-10 
2.96E-10 
3.35E-10 
3.86E-10 
4.50E-10 

.00140966 

.00151172 

.00245385E 

.00232506 

.00195763 

.00145805 

.00106692 

.0175307 

-4.92425E-04 
-6.61029E-04 

- 0 3  -3.15620E-04 
5.55977E-05 
1.436043-04 
3.73270E-04 
2.575516-04 
-.00147330 

See appendix for Chebyshev fit d e t a i l s  
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H' + He -> (H- + He'") + (H' + He2' -t 2e) 

Maxwellian - Maxwellian 

I I I I I 1 1 1 l  I I I I I I l l 1  I 1 1 I I l l  

He Temp. 

(eV> 

A =5000. 

x =7500. 

v =10000. 

H =12500. 

Q =15000. 

'17500. 

=20000. 

Recommended 
Do to 

Chebyshev Fit - - - -  

Equal Temp. -. 

IO' io3 1 o4 id 
H' Temp. (eV) 



H+ 

( ev) 
Tenip I 

l.OEt00 
2.OEt00 
4. OE to0 
7. OEt 0 0  

l.OE+Ol 
2.OEt01 
4.OEt01 
7.OE+Ol 
1.OEt02 
2.OEt02 
4. OE to2 
7. OEt 02 
1.0Zt03 
2.OEt03 
4.OEt03 
7.OEt03 
1.OE+04 
2.OEt04 

10000. 

3.56E-11* 
3.60E-ll* 
3.67E-11* 
3.74E-1 I* 
3.8OE- 11* 
3.96E-11* 
4.20E-11* 
4.49E- 11* 
4.73E-11* 
5.41E-ll* 
6.55E-11* 
8.03E-ll* 
9.37E-ll* 
1.33E-10* 
1.99E-10 
2.77E-10 
3.39E-10 
4.75E-10 
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Tota l  He2' Production Rate Cuef f i c i e n t s  for 

He + Ht -> (He2' 

B e r n  - Maltwellian 

20000. 

2.92E-10 
2.92E-10 
2.9ZE-10 
2.9ZE-10 
2.91E-10 
2.91E-10 
2.91E-10 
2.91E-10 
2.92E-10 
2.95E-10 
3.01E-10 
3.10E-10 
3.18E-10 
3.4 3E- 10 
3. 84E-10 
4.32E-10 
4.69E-10 
5.41E-10 

40000. 

6.61E-10 
6.61E-10 
6.60E-10 
6. GOE- 10 
6.60E-10 
6.593-10 
6.59E-10 
6.58E-10 
6.58E-10 
6.57E-10 
6.56E-10 
6.55E-10 
6.53E-10 
6.50E- 10 
6.46E-10 
6.41E-10 
5.36E-10 
6.21E-10 

+ H-) - t  (xe2+ 1- 11' + 2e) 

Rate Coefficients (cN~/s) 

He Enerqy (eV/amu) 
70000. 

8.44E-10 
8.44E-10 
8.43E-10 
8.43E-10 
8.42E-10 
8.41E-10 
8.39E-10 
8.37E-10 
8.36E-10 
8.32E-10 
8.26E-10 
8.20E-10 
8.15E-10 
8.00E-10 
7.73E-10 
7.40E-10 
7.12E-10 
6.47E-10 

._ 
100000. 

7.90E-10 
7.893-10 
7.89E-10 
7.88E-10 
7. BBE-10 
7. 85E-10 
7.853-10 
7.83E-10 
7.81E-10 
7.78E-10 
7.72E-10 
7.66E-10 
7.62E-10 
7.48E-10 
7.26E-10 
6.98E-10 
6.74E-10 
6.14E-10 

150000. 

5.593-10 
5.59E- 10 
5.59E-10 
5.59E-IO 
5.59E-10 
5.59E-10 
5.593-10 
5.583-10 
5.58E- 10 
5.58E-10 
5.57E-10 
5.57E-10 
5.57E-10 
5.56E-10 
5.54E-10 
5.49E-10 
5.42E-10 
5.17E-10 

A c c u r a c y :  * - Possible Error Greater Than  10% 
# - Possible Error Greater T h a n  100% 

Chebyshev F i t t i r i q  Parameters for Rate Coefficients 

E,,in l.OE+OO e V ,  E,,,ax = 2.0!3+04 e V  

He 
Energy 

(eV/amu.l A0 AI 

10000. -46.3757 1.27650 
20000. -43.5984 .264368 
40000. -42.3060 -.0238894 
70000. -41.9087 -.io1626 
100000. -42.0360 -.0958542 
150000. -42.6352 -.0233424 
200000. -43.1811 .0113231 

A2 

.480627 

.158736 -. 0125884 
-.0604596 
-.0558944 
-. 0167110 
.00418441 - 

A3 

.0489252 

.0549494 

-. 0289603 
-.0266235 
-. 0116669 

-.oo~ia733 

.8.730513-04 

A4 

-.0511164 
.00162732 

-.00280784 
-. 0112319 -. 0108604 
-.00760143 
-.00251835 

A5 

-.0308a41 
-.00969406 
-.00102524 
-.00285512 
-. 00350631 
-.00419389 
-.00215399 

200000.  

4.17E-10 
4.17E-10 
4.17E-10 
4.17E-10 
4.17E-10 
4.17E-10 
4.17E-10 
4.17E-10 
4.18E-10 
4.18E-IO 
4.19E-10 
4.19E-10 
4.20E-10 
4.22E-10 
4.24E-10 
4.27E-10 
4.28E-10 
4.24E-10 

A6 

-.00542828 
-.00629046 

-4.847303-04 
3.95976F-04 

-4.830593-04 
-.00181500 
-.00136312 

See appendix for  C h e b y s h e v  f i t  de ta i l s  
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He + H+ --> (He2+ + H-) or (He2+ + H' + 2e) 

Beam - Maxwellian 

I I I I I I I I ~  I I I I I I I I ~  I I I I I I I I ~  I I I I I I I I I  I I 1 1 1 r  

I l I l I I I 1 1  I l l 1 1 1 1 1 1  I l I 1 1 1 1 1 1  I I I 1 1 1 1 1 1  I I l l l l  

He Energy 

(eV/am u) 

A x10000. 

x =20000. 

V =40000. 

x =70000. 

@ ==100000. 

=150000. 

-22Q0000. 

Recommended 
Data 

Chebyshev Fit _ - - - -  

IO0 1 0' IO' io3 10' IO' 
H' Temp. (eV) 
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P e n n i n g ,  Associat ive,  and T o t a l  I o n i z a t i o n  Cross  S e c t i o n s  f o r  

H e ( 2 ' S )  + H --> H e  + 13' + e ( G ~ I )  

He(2'S) + H -> HEH' f e ( 0 ~ 1 )  

H e ( 2 l S )  + B -> (apI )  + ( U A I )  ( T o t a l  I o n . )  

Tota l  Ion .  ( T I )  Penn.  I o n .  ( P I )  Assoc. 

Energy 0 Energy  0 Energy  
( e V / a I n u  ) ( C*12 ) ( e V / a m u )  ( c11i2 ) ( cv/ a1111 ) 

2.OE-02 
2- 5E-02 
3.OE-02 
4.OE-02 
6.OE-02 
8.OE-02 
1.OE-01 
1.3E-01 

7.93E-15 
7.35E-15 
6.89E-15 
6.19E-I5 
5.16E-15 
4.51t3-15 
4.02E-15 
3.49~15 

1.8E-02 
2.OE--02 
3.OE-02 
4.OE-02 
6.OE-02 
8 . OE - 0 2 
1.OE-01 
1.3E-01 

6.02E-15 
5.89E-I'P 
5.34E-15 
4.93E-15 
4.29E-15 
3.83E-15 
3 . 4 7 ~ 1 5  
3.11E.45 

1.9E-02 
2.OE-02 
2.5E-02 
3-OF--02 
4.OE-02 
6.OE-02 
8.OE-02 
1,OE-01 
1.3 E-0 1. 

__mp References: 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 
431, 432, 433 

I o n .  ( A I )  

0 

( c m 2  ) 

1.83E-15 
1.77E-15 
1.51E-15 
1.29E-15 

5.79E-16 
9.78E-16 

3.75E -16 
2.60E-16 
1.80E-16 

430, 

P A c c u r m  100% 

Notes: (1) The  t o t a l  i o n i z a t i o n  o f  H by low energy !12(2lS) i s  t h e  sum of P e n n i n g  
i o n i z a t i o n  He(2'S) + H -> H e  + HC + e a n d  associative i o n i z a t i o n  tfe(2lS) { H - 
> B e d  4 e. (2) A l l  data have been normalized t o  t h e o r y  a t  a n  i n t e r a c t i o n  energy 
of 0.04 e V .  (3) 'Total i o n i z a t i o n  i s  so~netiines referred t o  as c h e i n i o n i z a t i o n .  

(4) The energy of t h e  2lS s ta te  i s  20.61 e V  w i t h  a lifetime of 2x1OV2 sec. 

Chebysheu F i t t i n q  Parameters fo r  Cross Sections 

Total Ion. ( T I )  1 2.0~-02 c V / a m u ,  = 1.3E-01 e V / a i i u  
Penn. Ion. ( P I )  ~ 1.8E-02 e V / a n u ,  = 1 . 3 E - 0 1  e V / a n i u  

= 1.3E-01 e V / a ~  
ASSOC. Ion .  ( A I )  ESnin = 1.9E-02 eV/anu ,  Emax 

A0 A1 A2 A3 A4 A5 A6 

T o t a l  Ion. ( T I )  -65 .7017 - . 4 0 9 8 7 5  - . 0 2 8 8 5 4 6  . 0 0 0 7 9 9 0 9 0  . 0 0 0 5 2 6 0 8 5  - . 0 0 1 4 1 6 8 8  . 0 0 0 7 0 1 4 9 7  

Penn .  Ion. ( P I )  - 6 6 . 0 8 4 3  - . 3 3 2 9 6 0  - . 0 3 4 7 0 5 8  . 0 0 1 4 2 2 2 2  . 0 0 2 7 2 4 2 5  . 0 0 1 1 8 7 1 0  . 0 0 0 2 6 4 7 3 2  

Assoc. Ion. ( A I )  - 6 9 . 9 5 2 9  - 1 . 1 8 7 7 5  - . 1 3 5 8 0 4  . 0 2 3 2 8 7 7  . 0 1 7 3 8 9 7  . 0 0 4 5 4 1 0 2  . 0 0 0 9 2 0 8 1 2  

The f i t  represents t h e  ( T I )  cross s e c t i o n  w i t h  an  rins d e v i a k i o n  of 0.1%. 
The maximum d e v i a t i o n  i.s 0. 2% a t  3.OE-02 eV/ai iu .  

The f i t  represents t h e  ( P I )  cross section w i t h  an  rim d e v i a t i o n  of 0.1%. 
T h e  maximum d e v i a t i o n  i s  0.1% a t  6.OE-02 e V / m i u .  

The f i t  represents t h e  ( A I )  cross sect ion w i t h  an  riiis devia t ion  of 0 .3%.  
T h e  maximum d e v i a t i o n  i s  0.4% a t  3.OE-02 e V / a n u .  

See appendix for  Chebyshev f i t  d e t a i l s .  
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IO+ 

He(2'S) + H -> He + H+ + e (a I> 
He(2'S) + H -> HeH' + e (oA,y 

Recommended 
Data 

Chebyshev Fit 

0 
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Penning, A s s o c i a t i v e ,  and Total  I o n i z a t i o n  Cross S e c t i o n s  f o r  

~ ~ ( 2 ~ ~ 1  + H -> ~e + H *  + e ( a p I )  
He(Z3S) + H -> H e H +  1 e ( u A I )  
He&) -1 H -> ( o p I )  + (UAI) (To ta l  I o n . )  

Tota l  Ion .  ( T I )  Penn. Ion .  ( P I )  A s s O c .  Ion.  ( A I )  

Energy 0 Energy 0 EJlerCJy 0 

( e v / a n u )  ( c1nZ ) (ev/axiu)  ( cm2 (eV/anu)  ( cni2 

1.3E-02 
1.5E-02 
2.OE-02 
4.OE-02 
6.OE-02 
8.OE--02 
1.OE-01 
1.5E-01 
2.OE-01 
4.OE-01 
6. DE-01 
8.OE-01 
1. OE too 
1.5E+00 
2.OE+OO 
4.OE+OO 
6.OE+OO 
8.OE+OO 
I. OE+01 
1.3E+01 

4.26E-15 
4.12E-15 
3.84E-15 
3.05E -15 
2.55E-15 
2.24E-15 
2.02E-15 
1.64E-15 
1.40E-15 
9.79E-16 
7.72E-16 
6.31E-16 
5.25E-16 
3 - 92E-16 
3 -44E-16 
2.5413-16 
2.13E-16 
1-898-16 
1.71E-16 
1.53E-16 

1.2E-02 
1.5E-02 
2.OE-02 
4.OE-02 
6.OE-02 
8.OE-02 
I. OE-01 
1.5E-01 
2.OE-01 
3.OE-01 
5.OE-01 
7.OE-01 
1.OE+OO 
1.5Ec00 
2. OE to0 
4.OE+OO 
6.OE+OO 
8.OE+OO 
l.OE+Ol 
1.3Ed-01 

2.95E-15 
2.80E-15 
2.61E-15 
2.20E-15 
1.95E-15 
1.7 7E-15  
1.61E-15 
1.36E-15 
1.19E-15 
9.77E-16 
7.58E-16 
6.13E-16 
4.88E-16 
3.87E-16 
3.36E-16 
2.49E.3-16 
2.10E-16 
1.86E-16 
1.71E-16 
1.51E-16 

1.2E-02 
1.5E-02 
2.OE-02 
4.OE-02 
6.OE-02 
8.OE-02 
I. OE-01 
1.513-01 
2.OE-01 
4.OE-01 
6 i OE-01 
8.OE-01 
I. OE-I-00 
1.5E+00 
2.OE+OO 
4.OE+OO 
6.OE+OO 
8. OE+OO 
I. O E + 0 1  
1.3EfOl 

1.34E-15 
1.25E-15 
1. HE-15 
8.08E-16 
6 - 14E-16 
4.9OE-16 
3.99E-16 
2.67E-16 
1.95E-16 
9.18E-17 
5.98E-17 
4.54E-17 
3.69E-17 
2.53E-17 
1.93E-11 
9.51E-18 
6.12E-18 
4.llE-18 
2.17E- 18 
9.08E-19 

Hefe rences :  420, 421, 422, 423, 424, 423, 425, 426, 421, 428, 429, 
430, 4 3 1 ,  432, 433 

Accuracy: 100% 

Notes: (1) The t o t a l  i o n i z a t i o n  of H by low e n e r g y  m e t a s t a b l e  He(Z3S) i s  t h e  
sun1 of t h e  cross s e c t i o n  fo r  Penning i o n i z a t i o n  upI - He(Z3S) + H -> H e  + H t  + 
e and a s s o c i a t i v e  i o n i z a t i o n  a,, - He(23S) + I4 --z H e H '  f P. (2) Much of t h e  da ta  
have  been  t a k e n  such  t h a t  t h e  e n t i r e  inetastable beam i s  i n  t h e  2% s t a t e .  
Measurements have shown t h a t  t h e  r a t i o  of  s i n g l e t  t o  t r i p l e t  s t a t e s  i n  i o n  
beanas i s  approx ima te ly  0.1. T h i s  assumpt ion  r e s u l t s  i n  a n  erior w e l l  w i t h i n  t h e  
e x p e r i n i e n t a l  errors. (3) Total  i o n i z a t i o n  i s  a l so  referred t o  as 
che in ion iza t ion .  (4) The e n e r g y  l e v e l  of  t h e  Z3S i s  19.82 cV w i t h  a l ifetime of 
'1900 sec. 

Chebyshev F i t t i n q  Pa rame te r s  for C r o s s  Sectiotis 

Total Ion. ( T I )  EIllin = 1 . 3 E - 0 2  eV/ariiu, Enlax = 1.3E+01 eV/aniu 
P e m .  Ion. ( P I )  E&!.,, 7 1. 2E-02 ev /an~u ,  Emax 7 1.3E+01 eV/anu 
ASSOc, Ion .  ( A I )  n,ln -- 1.2E-02 eV/anu, Emax - 1.3E+01 eV/anu 

A0 A1 A2 A3 A4 A 5  A 6  

Total I o n .  (TI) -69.3748 -1.75590 -.0609031 .lo6912 .0109231 -.0140956 -.0257512 
P e n n .  I o n .  (PI) -69.6823 -1.55608 -.lo7728 .0932212 .0140800 -.0224249 -.0110671 
Assoc, I o n .  (AI) -74.3566 -3.45306 -.466805 -.0598336 -.211902 -.116545 -.0298545 

The 
The 
The 
The 
The 
The 

See 

f i t  r e p r e s e n t s  t h e  ( T I )  c r o s s  s e c t i o n  w i t h  an rnis d e v i a t i o n  of  1 .9%.  
maximuni d e v i a t i o n  i s  4 = 7% a t  1.5E+00 eV/aaiu. 
f i t  r e p r e s e n t s  t h e  ( P I )  cross s e c t i o n  w i i h  an  rim d e v i a t i o n  of 0.9%. 
maximum d e v i a t i o n  i s  1.5% a t  1.5Ed-00 eV/aniu. 
f i t  r e p r e s e n t s  t h e  ( A I )  c r o s s  s e c t i o n  wiLh a n  rnis d e v i a t i o n  of 3.2%. 
maxiniuin d e v i a t i o n  is 8.6% at  4.OE+OO eV/aiiu. 

appendix  fo r  Chebyshev f i t  de t a i l s .  
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He(23S) + H -> He + H f  + e (0 ,> 
He(2%) -t H -> HeH' + e (o,,P 

r 1  

"t 
0 v 
C 
0 

0 
Q, cn 

.- 
i-J 

0 
0 

2 u 

Cross Section vs. Energy 

TI ( O N  + nPl) 

PI 

A = CJ 
X = C J  

v = aA, 

Recommended 
Data 

Chebyshev Fit - - - - _  

lo-2 lo-' IO" 1 0' IO' 
Energy (eV/amu> 
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T o t a l ,  Penning, and Rearranyeroent I o n i z a t i o n  Cross S e c t i o n s  for  

He(23S) + H2 -> Ion Format ion  

Total I o n i z a t i o n  ( T I )  Rear.rangenierit 

Energy Cross S e c t i o n  Energy 
(eV/anu)  ( c1112 ) ( “ V / a l I l U )  

2.OE-02 
3.OE-02 
4,OE-02 
5.OE-02 
6.OE-02 
7.OE-02 
8.OE-02 
9.OE-02 
1.OE-01 
1.5E-01 
1.7E-01 

6.1913-17 
1.02E-16 
1- 4 5E-16 
1.89E-16 
2.36E-16 
2.84E-16 
3.34E-16 
3-86E-16 
4.39E-16 
7.21E-16 
8.04E-16 

3.OE-02 
4.OE-02 
5.OE-02 
6.OE-02 
7.OE-02 

9.OE-02 
0.0E-02 

1 . OE -0 1 
1.5E-01 
2.OE-01 
3.OE--01 
4.OE-01 
5.OE-01 
6.OE-01 
7.OE-01 
- 7 . 5 E - O l  

Re fe rences :  412, 421, 433, 434, 435, 436, 437, 438, 
442, 443, 444, 445, 446, 447, 448, 449, 
453, 454, 455, 456 

I o n i z a t i o n  ( R T  ) 

Cross S e c t i o n  
( a l l 2  ) 

1.12E-17 
1.22~17 
1 . 3 7 F: .- 2 7 
1.55E-17 
3.74B-1.1 
1. 92E-17 
2 06E-17 
2.19E-17 
2. 79E-17 
3.35E-17 
4 47E-l‘l 
5.55E-17 
6.50E-17 
7.62E-17 
8.70E--17 
9. 1 8 E - 1 7  

439, 440, 441, 
450, 451, 452, 

Accuracy: Unknown 

Notes: (1) The iiieasurenie!it o f  metastable he l ium i n  NZ is  v e r y  d i f f i c u l t  and  
t h e  e x p e r i m e n t a l  r e s u l t s  are i n c o n s i s t e n t .  T h e r e f o r e  t h e  d a t a  s h o u l d  n o t  be 
t a k e n  a s  a b s o l u t e .  The t o t a l  i o n i z a t i o n  c r o s s  s e c t i o n s  a t  the rn ia l  e n e r g i e s  
which are p l o t t e d  a t  0.03 evliuiiu v a r y  by a f a c t o r  of  s i x  a i~ong e i g h t  
iiieasurenients i n  glow d i s c h a r g e s ,  f l o w i n g  a f t e r g l o w  and merged beans. ( 2) The 
processes t o  forin ions  are: ( a )  Penning i o n i z a t i o n  ( P I ) ,  ~ ~ ( 2 ~ ~ 3  + H Z  -> I - I ~  + 
H2+ f e ;  (b) a s s o c i - a t i v e  i o n i z a t i o n  ( A I )  He(23S) i H z  -> H e H ’  + e; ( c )  
d i s s o c i a t i v e  i o n i z a t i o n  ( D I )  He(2%) + N2 --.> H e  + H’ 3 H -t e; ( d )  Rearrangelllent 
i o n i z a t i o n  ( R I )  H E ? ( ~ ~ S )  i H2 -> HeH+ + H + e; ( e )  Ion p a i r  p r o d u c t i o n  ( I P P )  
He(Z3S) + R2 -> He + H+ i H-. The sum of t h e s e  p r o c e s s e s  i s  know a s  t o t a l  
i o n i z a t i o n  or c h e m i o n i z a t i o n ;  (3) Note t h a t  t h e  t o t a l  i o n i z a t i o n  is the Same 
as Penning  i o n i z a t i o n  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r s ;  (4) The e n e r g y  l e v e l  of 
t h e  23S i s  19.82 eV w i t h  a l i f e t i m e  of  7900 sec. 

Chebyshev F i t t i n q  Parmicters f o r  Cross SecLions  

T o t a l  Ion .  ( T I )  7 2.OE-02 eV/anu, = 1.  7E-01 eviamu 
Rearrang. Ion .  ( R I )  E,,,in .- 3.OE-02 eV/aiiu, 2:; = 7.5E-01 eV/aniu 

A0 A1 A2 A3 A4 A5 A6 

Total Ion. (TI) -72.0362 1.29388 -.00614640 -.00568072 -.00984080 -.00595660 -.00475204 
Rearrang. Ion. (RI) -76.1234 1.06951 . 0 6 1 0 2 5 1  -.000279924 .0164987 -.0176903 .00723031 

The f i e  r e p r e s e n t s  t h e  ( T I )  cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  of  0 . 2 % .  
The maximum d e v i a t i o n  i s  0.3% a t  5.OE-02 eV/aniu. 

The f i t  r e p r e s e n t s  t h e  ( R I )  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  o f  0.5%. 
The maximum d e v i a t i o n  i s  0.9% a t  6.OE-02 eV/anu. 

See  append ix  f o r  Chebyshev f i t  d r t a i l s .  
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1 0 - l ~  

He@S) + H, -> Ion Formation 

. ..... %. 

C 
0 

Q, 
v, 

.- 
-4-J 
0 lo-" 

IO-" 
lo-2 

Recommended 
Data ___. 

Chebyshev Fit 

lo-' 
En erg y (eV/a m u> 

IO0 
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T o t a l ,  P e n n i n g ,  and Rear rangement  I o n i z a t i o n  Cross S e c t i o n s  for 

He(2l .S)  3 H2 -> Ion Fornia t ion  

Total  I o n i z a t i o n  ( T I )  Rear ranyeinent  I o n i z a t i o n  ( R I  ) 

Energy- C r o s s  S e c t i o n  
(eV/amu) ( C11l2 ) 

2. 8E-02 
3.OE-02 
3.5E-02 
4.OE-02 
5.OE-02 
6sOE-02 
7 .OE-02 
8.OE-02 
9 . 0 ~ 4 2  
1.OE-01 
1- 5E-01 
1.8E-01 

9.97E-17 
1.llE-16 
1.3 5 E- 1. 6 
1.58E-16 
2.04E-16 
2.50E-16 
2 94E-16 
3.40E-16 
3.77E-16 
4 07E-16 
5.00E-16 
5.39E-16 

E n e r g y  Cross S e c t i o n  
(eV/a1iu) ( CllP2 ) 

3. OF -02 
4 e OE-02 
5.OE-02 
6.OE--02 
7. m-02 

1. OE-01 

8.OE-02 
9.OE--02 

1.1E-01 
1.5E-01 
2.OE-01. 

3. DE-01 
2.5E-01 

4.OE-01 
5.OE-01 
6.OE-01 
7.OE.--01 
7.5E-01 

1.19E-17 
1.47E-17 
1 . 69E---17 
1. - 90E-17 
2.08E-17 
2.26E-17 
2.41 E-17 
2. 51E.--17 
2.55E-17 
2.19,~-17 
1.83E-17 
1.57~-17 
1.38E-17 
1.12E-17 
9.6I.E-18 
8.38E-18 
7.47E-18 
7.12r:--18 

R e f e r e n c e s :  412, 421, 433, 434, 435, 436, 437, 438, 439, 440, 441, 
442, 4 4 3 ,  444, 445, 446, 447, 448, 449, 450, 451, 452, 
453, 454, 455, 456 

A c c u r a c E  Unknown 

_I----^ Notes: (1) The measurement  of iuetastable h e l i u m  i n  H 2  is v e r y  d i f f i c u l t  and 
t h e  r e s u l t s  are i n c o n s i s t e n t .  T h e r e f o r e ,  t h e  d a t a  s h o u l d  n o t  be t a k e n  as 
absolute .  ( 2 )  The  proc:sses t o  f o r m  i o n s  are: ( a )  P e n n i n g  i o n i z a t i o n  ( P I )  
He(2lS) + H 2  -> Me + W 2  -t E; ( b )  A s s o c i a t i v e  i o n i z a t i o n  ( A I )  He(2lS) + H2 -> 
H e H 2 +  + e; ( c )  D i s s o c i a t i v e  i o n i z a t i o n  ( D I )  I l e ( Z I S )  + H2 -> H e  + H+ + tl + e; 
(ci)  R e a r r a n g e m e n t  i o n i z a t i o n  ( R I )  H e ( z 1 S )  + ti2 -> H~H' + H i- e ;  ( e )  1013 pa i r  
p r o d u c t i o n  ( I P P )  He(2'S) + H 2  -> H e  !- H+ + 14-. The Suin of t h e s e  processes i s  
known as  t o t a l  i o n i z a t i o n  or c h e m i o n i z a t i o n .  (3) Note t h a t  the P e n n i n g  
i o n i z a t i o n  a n d  t h e  total i o n i z a t i o n  are t h e  same w i t h i n  e x p e r i m e n t a l  errors; 
( 4 )  The e n e r g y  of the 2 lS  s ta te  i s  2 0 . 6 1  eV with a lifetime of 2x10-' sec. 

Chebyshev F i t t i n q  P a r m e t e r s  f o r  Czoss Sect- 

Tutal I o n .  (TI) E,,lin 2 2.8E-02 eV/aiiiu, = 1 .8~-01 ev/aniu 
E"'ax - 7. 5E-01 e V / a m u  R e a r r a n g .  I o n .  ( R 1 )  E,,in - 3.OE-02 eV/anlu, E,,,, 

A 0  A 1  A 2  A3 A 4  A 5  A 6  

Total Ion.  ( T I )  - 7 1 . 7 4 4 5  . E 5 1 0 2 3  - . 1 2 8 7 2 9  - . 0 2 0 2 4 4 3  . 0 0 1 1 6 3 8 3  . 0 1 2 4 5 9 7  - . 0 0 0 1 7 9 3 5 6  
Rearrang. Ion. (RI) - 7 7 . 6 7 8 6  -.311173 - . 4 3 4 6 4 4  . 0 8 2 6 3 3 0  . 0 5 8 2 7 5 9  - . 0 4 0 0 3 6 5  - . 0 1 5 0 5 6 4  

The f i t  r e p r e s e n t s  t h e  ( T I )  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0.3%. 
The maximum d e v i a t i o n  i s  0 .6% a t  7.OE-02 eV/dmu. 

The d i t  r e p r e s e n t s  t h e  ( R I )  cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  of 2.1%. 
The maximum d e v i a t i o n  is 2 .9% a t  7.OE-02 cV/amu. 

See a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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He(2'S) + H, -> Ion Form'ation 

lo-2 lo-' 
En erg y (eV/a m u) 

Recommended 
Data 

Chebyshev Fit - - _ _ _  

... 
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I o n i z a t i o n  and H e 2 +  P r o d u c t i o n  Cros6 S e c t i o n s  f o r  

H +  + H e +  -> ( H ~  + H e 2 +  t e )  (ai) 
H t  + H e +  -> ( H +  + H e Z t  + e )  o r  (H’ + H e Z t )  (aHe2t) 

I o n i z a t i o n  He2t 

E n e r g y  
(eV/aniu 1 

2.OE+04 
2.5E+04 
3.OE+04 
3.5Et-04 
4.OE+04 
4.5E+04 
5.OE+04 
6.OE+04 
7.OE+04 
8.OE+04 
9. OE t04 
1.OE+05 
1.5E+05 
2.OE+05 
3.OE+05 
4 OE+05 
5.OE+05 

R e f e r e n c e s :  69, 73, 

A c c u r a c y :  I o n i z a t i o n  

C r o s s  S e c t i o n  
( c1112 ) 

4.20E-19 
7.50E-I9 
1.18E--18 
1.67E-18 
2.21E-18 
2.80E-18 
3.42E-18 
4.69E-18 
5.92E-18 
6.98E-18 
8.00E-18 
8.97E-18 
1.09E-17 
1.01E-17 
7.74E-18 
6.36E-18 
5.19E-18 

75, 76, 77, 81, 

- 60% 

E n e r g y  
( e v / a i i u )  

3.7E+03 
4.OE+03 
5.OE+03 
6.OE+03 
7.OE+03 
8.0EtO3 
9.OE+O3 
l.OE+04 
1.5E+04 
2.OE+04 
2.5Et04 
3.OE+04 
4.OE+04 
4.5E+04 
5.OE+04 
6.OE+04 
7.OE+04 
8.OE304 
9.OE+04 
1.OE+05 
1.5E+05 
2.0E+O5 
3.OE+05 
4.OE+O5 
5.OEt05 

278, 279, 458 

P r o d u c t i o n  

Cross S e c t  i on 
( a n 2  

9.25E-20 
1.08E-19 
1.62E-I9 
2.41E-I9 
3.533-19 
5.35E.-19 
7.92E-19 
1.12E-18 
4.3 1E-18 
9.33E-18 
1.44E-17 
1.89E-17 
2.52E-17 
2.71E-17 
2.86s.-17 

2 . 9 3 ~ 1 7  

2.64E-17 
2.423-17 

1.36E--17 

6.56E-18 
5.12E-18 

2.96E-17 

2.81E-17 

1.75E-17 

8.97E-18 

H e 2 +  P r o d u c t i o n  - 30% 

NMes: (1) The p r o d u c t i o n  of H e ”  arises f r o m  t w o  p r o c e s s e s :  ( a )  C h a r g e  e x c h a n g e  ( H  
+ H e t  -> H + H e 2 + )  a n d  ( h )  I o n i z a t i o n  (W’ + H e f  -> H+ + H e 2 +  + e). (2) At e n e r g i e s  

less t h a n  a p p r o x i i n a t s l y  2.0 - 3 . 0 ~ 1 0 ~  eV/nmu t h e  c h a r g e  e x c h a n g e  process i s  
d o m i n a n t .  Above t h i s  e n e r g y  t h e  i o n i z a t i o n  r e a c t i o n  d o n i i n a t e s .  

Chebyshev  F i t t i n q  P a r a n e t e r s  for Cross S e c t . i o n s  

I o n i z a t i o n  Emin = 2.OE+04 eV/aniu, E,,,, = 5.OE+05 eV/ailu 
He’’ P r o d u c t  i o n  ElIlin = 3.7E+03 eV/aniu, Eltiax = 5.OE+05 eV/amu 

A0 A 1  A2 A3 A4 A5 A6 

I o n i z a t i o n  -80.4308 1.24048 - . 890202  .00345922 .0570045 .0193031 -.00746147 
H e 2 +  P r o d u c t i o n  -80.5893 2.10007 -1.81896 --.00398887 .325128 -.125749 -.00793823 

The f i t  r e p r e s e n t s  t h e  I o n i z a t i o n  cross section w i t h  a n  riiis d e v i a t i o n  o f  1.1%. 
The naxiairnii d e v i a t i o n  i s  2. 1% a t  3 . OE+05 eV/aiiu. 

The f i t  r e p r e s e n t s  t h e  H e 2 +  P r o d u c t i o n  cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  o f  3.2%. 
The maxiiiium d e v i a t i o n  i s  6.2% a t  3.7E+03 eV/aniu. 

S e e  appendix f o r  Chehyshev  f i t  detai ls .  
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...-... 

H' + He' -> (H' + He" + e) or (H + He") (oHe2+) 
H" + He" -> H' + He2' + e (ai> 

Cross Section vs. Ener-clv 
J /  

10-l6t I I I I I l l l l  I I I I I I l l (  I I i I I I I I  

Io-2q I I I I 1  I l l 1  1 I I I I I l l 1  I I I I I 1 1 1 1  

io3 10" io5 IO6 
En erg y (eV/a m u> 

. ...... 
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H +  

Temp. 

(ev) 

1. o w  a0  
2 . O E + O O  
4. OEtOO 
7 f OEtOO 
l.OE+Ol 
2.OEi01 
4 - O E t O l  

7.0E+01 
1.OEt02 
2.OEt02 
4 OE+02 
7.OE+02 
l.OEi03 
2 - OE+03 
4-OEi03 
7.OE+03 
l.OE+04 
2 . 0 ~ 0 4  

20000. 

4.25E-ll* 
4.30E-ll* 
4.37E-11* 
4.46&11* 
4.52E-ll* 
4.70E-11* 
4.98E-ll* 
5.30E-ll* 
5.57E-ll* 
6.36E-ll* 
7.68E-11* 
9.483-11* 
l.12E-10* 
1.69E-10" 
2.88E-10 
4.80E-10 
6.80E-10 
1.34E-09 

Ionization Rate Coefficients for 

He' t A +  -> He2+ t H' + e 

Bean1 - Maxwellian Rate Coefficients (cd/s ) 

40000. 

6.14E-10 
6.14E --lo 
6.141~-10 
6.14E-10 
6.15E-IO 
6.16E--10 
6.18E-10 
6.21E-10 
6*24E--10 
6.35E-10 
6.56E-10 
6.87E-10 
7. 17E-1 0 
8.17E -10 
1.01E-09 
1.27E-09 
1.51E-09 
2.16~-09 

Accuracy: * - Possible Error 
# - Possible Error 

He+ 

E n e r g y  

(eV/amu)  AO 

20000.  - 4 5 . 6 9 4 3  

4 0 0 0 0 .  - 4 1 . 8 1 7 7  

6 0 0 0 0 .  - 4 0 . 2 3 2 4  

80000. - 3 9 . 3 0 5 4  

100000.  - 3 8 . 6 9 2 3  

200000. - 3 7 . 8 2 5 7  

5 0 0 0 0 0 .  - 3 9 . 5 9 3 6  

60000. 

1.60E-09 
1.60E-09 
1.59E-09 
1.59E-09 
1.59F;-09 
1.60E-09 
1.60E-09 
1.60E-09 
1.60E-09 
I. 61E-09 
1.63E-09 
1.67E-09 
1 - 70E-09 
1.80E-09 
1.98E-09 
2.22E-09 
2 a 42E-09 
2.93E-09 

Greater 
Greater 

80000 .  

2.70E-09 
2.74E-09 
2.74E-09 
2.74E-09 
2 + 74E-09 
2.74E-09 
2.74E-09 
2.75E-09 
2.75E-09 
2.76E-09 
2.78E.3-09 
2 - 81E-09 
2 838-09 
2.89E-09 
3.01E-09 
3.17E-09 
3.30E-09 
3.62E-09 

Than 10% 
Than 100% 

100000. 

3.89B-09 
3.93E-09 
3.93E-09 
3.93E-09 
3.938-09 
3.92E-09 
3.92E-09 
3.91E--09 
3.91E-09 
3.90E-09 
3-896-09 
3.89E-09 
3.89E-09 
3.91E-09 
3.96E-09 
4.02E-09 
4.07E-09 
4.21E-09 

200000. 

6.27E-09 
6.27E-09 
6.27E-09 
6.27K.3-09 
6.26E-09 
6.26E-09 
6 . 2 5 ~ 0 9  
6.25E-09 
6.243-09 
6.23E-09 
6.21E-09 
6.19E-09 
6.18E-09 
6.13E-09 
6.05E--09 
5.95E-09 
5.86E-09 
5.6OE-09 

Chebyshev Fittinq Parameters for Rate Coefficients 

I.OE+OO e V ,  E,,,, = 2.OE+04 eV 

A 1  

1 . 5 7 9 0 7  

. 5 1 2 3 4 7  

. 2 3 9 6 9 0  

. 1 1 1 7 4 4  

. 0 2 2 7 0 3 1  

- . 0 4 1 8 8 2 3  

-. 0 1 4 6 7 1 7  

A2 

. 7 1 0 5 8 3  

. 3 1 1 9 4 4  

. 1 5 3 3 2 0  

. 0 6 5 4 7 7 3  

. 0 1 9 5 8 1 9  

'. 0 2 4 8 9 0 2  

.. 00937 1 3 9  

A3 A4 

. 1 7 5 7 6 8  - . 0 0 7 0 5 4 5 1  

. 1 2 6 3 4 0  . 0 2 3 8 8 1 1  

. 0 6 6 1 0 0 5  . 0 1 6 8 8 7 4  

. 03  31289 . 0 0 6 9 9 7 7 4  

. 0 1 4 9 0 7 8  . a 0 2 7 1 8 2 7  

- . 0 1 2 3 8 7 8  - . 0 0 5 5 0 0 3 2  

- . 0 0 5 2 4 3 3 6  - . a 0 2 6 7 6 3 1  

A5 

- . 0 2 8 4 1 3 0  

- . 0 0 8 4 9 6 7 8  

- . 0 0 1 9 5 9 8 4  

. 0 0 2 5 4 9 5 4  

. 0 0 1 1 9 8 7 8  

- . 002OR680  

- . 0 0 1 1 9 1 3 2  

500000. 

2.55E-09# 
2.55E-09R 
2.55E-09# 
2.55E-09# 
2.55E-09# 
2.55E-09# 
2.55E-09# 
2.54E-09# 
2 - 54E-09# 
2.54E-09# 
2.54E-09# 
2.54E-09# 
2- 54E-09H 
2.53E-09# 
2.52E-09# 
2.51E-09# 
2.49E --09# 

2.448-09# 

A6 

- . 0 1 3 9 1 1 7  

- . 0 0 9 6 8 6 5 9  

- . 0 0 3 7 6 8 2 7  

-. 0 0 2 2 2 3 7 3  

- . a 0 1 4 7 5 9 9  

. 5 . 2 7 6 5 8 2 E - 0 4  

- 4 . 0 7 0 6 8 5 E - 0 4  

See appendix f o r  Chebyshev fit details 
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He" + H" -> He2+ + H' + e 

Beam - Maxwellian 

He' Energy 

(eV/a rn u> 

A 20000. 

x =40000. 

V =60000. 

H =80000. 

@ =100000. 

=200000. 

=500000. 

Recommended 
Do to ___. 

Chebyshev Fit 

IO0 1 0' IO2 io3 10' 
H' Temp. (eV> 
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H'- 
Temp. 

(ev) 

3.OE+02 

5.OEt02 

7.OEt02 

9.OEt02 

1.OEt03 

1.3Et03 

1.5Et03 

1.8Et03 

2.OEt03 

4.OEt03 

6.OEt03 

8.OEt03 

l.OEtO4 

1.2Et04 

1.4EtO4 

1.6Et04 

1.8Et04 

2.OEt04 

Hezt Production Rate Coefficients f o r  

Ht + Het -> ( H +  + Hezt + e )  or ( H  -! Hezt) 

Maxwe 11 i a n  

Equal 

Teinp. 1000. 

1.956-15# 

9.7 7 E- 14 # 
5.74E-13# 

1.70E-12# 

2.59E-12# 

6.08E-12* 

1.19E-ll* 

2.08E- 11* 

3.34E-11 

2.97E-10 

8.08E-10 

1.453-09 

2.12E-09 

2.77E-09 

3.383-09 

3.94E-09 

4.443-09 

4.89E-09 

4.34E-14# 

2.70E-13# 

8.33E-13# 

1.86E-12# 

2.59E-12# 

5.22E-12* 

9.26E-12* 

1.51E-ll* 

2.30E-ll* 

1.87E-10 

5.29E-10 

9.92E-10 

1.51E-09 

2.05E-09 

2.58E-09 

3.08E -03 

3.56E-09 

3.99E-09 

Accuracy: * - Possible 
# -- Possible 

1000. 

2000. 

4000. 

7000. 

10000. 

15000. 

20000. 

Equal Temp. 

H e F  Temp. (ev) 

2000. 4000. 7000. 10000. 

3.74E-13# 

1.04E-12# 

2.21E-12# 

4.02E-12* 

5.22E-12' 

9.26E- 12 * 
1.51E-ll* 

2.30E-ll* 

3.34E-11 

2.218-10 

5.82E-10 

1.05E-09 

1.58E-09 

2.12E-09 

2.65E-09 

3.14E-09 

3.61E-09 

4.04E-09 

3.02E-12f 

5.22E-12* 

8.323-12' 

1.25E-il* 

1.51E-11' 

2.30E-11" 

3.34E-11 

4.64E~- 11 

6.23E-li 

2.97E-10 

6.92E-10 

1.18E-09 

1.72E-09 

2.253-09 

2.77E-09 

3.27E-09 

3.72E-09 

4.15E-09 

1.65E-11' 

2.30E-ll* 

3.11E-11+ 

4.08E-11 

4.64E-11 

6.23E-11 

8.llE-11 

1.03E-10 

1.28E-10 

4.30E-10 

8.633-10 

1.38E-09 

1.92E-09 

2.45E-09 

2.96E-09 

3.44E-09 

3.893-09 

4.30F-09 

Error Greater Than 10% 
Error Greater Than 100% 

4.93E-11 

6.23E-11 

7.712-11 

9.39E-11 

1.03E-10 

1.28E-10 

1.56E-10 

1.87E-10 

2.21E-10 

5.82E-10 

1.05E-09 

1.583,-09 

2.12E-09 

2.65E-09 

3.14E-.CN 

3.61E-09 

4. @4E-09 

4.44E-09 

15000. 

1.62E-10 

1.87E-10 

2.14E-10 

2.42E-10 

2.57F-IO 

2.97E-10 

3.39E-10 

3.83E-10 

4.30E-IO 

8.68E-10 

1.38E-09 

1.92E-09 

2.45E-09 

2.96E-09 

3.44E-09 

3.893-09 

4.30E-09 

4.67E-09 

Chebyshev F i t t i nq  Parameters fo r  Rate Coef f icieri ts  

Emin = 3.OE+02 eV, E,,,,, = 2.OE+04 eV 

A0 A 1  A: A3 

-48.8313 

-47.5113 

-45.9304 

-44.4276 

-43.3804 

-42.1743 

-41.3491 

-49.5753 

5.83309 

4.87892 

3.85019 

2.96296 

2.38527 

1.76616 

1.37656 

7.04496 - 

-. 599670 
-. 2 0 5 2 0 6  

.0664286 

.192841 

.238913 

.255545 

.243899 

1.51108 

-. 148905 
-.261188 

-.260544 

-. 194959 
-.143127 

-.0870174 

-.0536024 

,221849 

A 4  A5 

-.0411485 .0351803 

20000. 

3.47E-10 

3.83E-10 

4.20E-10 

4.596- 10 

4.78E-10 

5.29E-10 

5.82E-10 

6.36E-10 

6.92E-10 

I. 18E-09 
1.723-09 

2.25E-09 

2.77E-09 

3.27E-09 

3.728-09 

4.15E-09 

4.54E-09 

4. 89E-09 

A 6  

.00376359 

-.00849826 .0291892 -3.733670E-04 

-.0126575 .0232481 -8.778358E-04 

.00158914 -.0273665 .0145816 

-.0334989 .00836597 .00280697 

-.0337594 .00196449 .00271327 

-.0298721 -.00120071 .00208341 

-.le4942 .lo2821 -.0193609 

See appendix fo r  Cliebyshev fit d e t a i l s .  
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H+ + He+ -> (H’ + He” + e) or (H + He2+) 

Maxwellian - Maxwellian 

I I I I I I l l [  I 1 I I I 1 1 1 l  I I 1 I I l l  

I 

1 He’ Temp. 

4 Q =10000. 

10- 
IO’ io3 1 o4 10’ 

ti’ Temp. (ev) 



D-56 

B+ 

(ev)  

Teinp . 

1. OEtOO 
Z.OE+OO 
4 OE to0  
7.OEtOO 
1.OEd-OP 
2.OE+OI 
4.OE+OP 
7.0E+O1 
I. OE+O2 
2.OE+02 
4 O E + 0 2  
7. OE k 0 2  
1.OE+03 
2.OE403 
4 OE+03 
7.OE+03 
1.OE+O4 
2.OE+O4 

10000. 

1.56E-10 
1.56E-10 
1.57E-IO 
1.57~-10 
1.58E-10 
1.61E-10 
1.66E-PO 
1.74E-I0 
1.83K-iO 
2.12E-10 
2.73E-IO 
3.69E- 10 
4.69E-10 
8.12E--10 
1.49E-09 
2.42E-09 
3.24509 
5.23~39 

He2 '  Production Rate Coefficients for  

He+ + H~ -> ( H e 2 '  + H' + e )  or ( ~ e "  + H )  

B e a n  - Maxwel lian Rate Coefficients (cin3/s) 

20000. 

1.83E-09 
1 83E-09 
1.83E-09 
1.82E-09 
1 - 82E-09 
1.83E-04 
1.83E-09 
1.85E-09 
3. .  86E-09 
1.92E-09 
2.02E-09 
2.18E-Q9 
2.32E-09 
2.766-09 
3.47E-09 
4.29E-09 
4.92E-09 
6.29E-09 

Accuracy: * - Possible E r r O i  

# - Possible Errol 

Het Energy (eV/aJiiu) 

40000. 

6.99E-09 
6.99E-09 
6.9 9 E - 0 9 

6.98E-09 
6.98E-09 
6.98E-09 
6.97E-09 
6.97~09 
6.97E-09 
6.97E-09 
6.99E-09 
7.01E-09 
7*03E--09 
7.llE-09 
7.24E-09 
7.40E-09 
7-526-09 
7.8IE-09 

G re a te  s 
Greaier 

70000. 

1.08E-08 
1.08E-08 
1.08E-08 
1. OBE-O~ 
1.08E-08 
I. 07E-08 
I. 07E-08 
1.07E-08 
1.07E-08 
1 - 0  7 E .- 0 8 

1 - 06E-08 
1.06E-08 
1.05~-0a 
1.03E-08 
1.00E-08 
9.66E-09 
9.41E-09 
8.9 2E-09 

Than 10% 
Than 100% 

100000. 

1.06E-08 
1 .06E-08  

1.06E-08 
1.06U-08 

1.06E-08 
1.06E-08 

1.06E-08 

1.06K-08 

1.06E-08 
1.06E-08 
1 .06E-08 
1- 06E-08 
1.06E-08 
1.05E-08 
1.03E-08 
1.OOE-08 
9.77B-09 
9.18E-09 

200000. 

8.456-09 
8.45E-09 
8.44E-09 
8.44E-09 
8.44E-09 
8.44E-09 
8 .  44;~-09 
8.43E-09 
8.43E-09 
8.42E-09 
8.41kG09 
8.40E-09 
8.40E-09 
8.37E-09 
8.336-09 
8.29E-09 
8.24E-09 
8.01E-09 

Chebyshev F i t t i n q  Parauneters for Rate Coefficients 

E,,,irl = 1 . O E + O O  eTJ, Elllax = 2.0~+04 eV 

He+ 

Energy  

( eV/arnu) A0 A 1  A2 A3 A4 A5 

- . 0 6 1 2 2 8 2  1 0 0 0 0 .  - 4 2 . 9 7 8 3  1 . 7 1 8 5 6  , 7 6 9 2 1 4  . 0 9 4 5 6 4 3  - . l o 5 1 7 5  

20000. - 3 9 . 5 6 9 5  . 5 5 6 7 6 8  . 3 0 3 4 5 8  . 0 8 4 3 9 5 2  - . 0 1 2 2 4 7 3  - . 0 2 2 4 8 8 9  

4 0 0 0 0 .  - 3 7 . 5 1 1 2  . 0 4 2 1 6 6 2  . 0 2 9 9 8 6 6  . 0 1 3 1 9 2 9  . 0 0 2 9 9 5 3 0  -2 .171997E-04 

7 0 0 0 0 .  - 3 6 . 7 8 5 5  - . 0 7 6 1 4 4 6  - . 0 4 6 1 1 2 4  - . 0 1 9 6 1 0 7  - . 0 0 4 1 7 9 1 2  . 0 0 1 4 2 6 0 5  

100000. - 3 6 . 7 7 6 6  - . 0 5 1 5 1 7 3  - . 0 3 6 8 2 5 2  - . 0 2 0 1 8 5 5  - . 0 0 8 0 4 4 2 1  - . 0 0 1 9 4 0 5 6  

200000.  - 3 7 . 2 0 0 3  - . 0 1 7 7 7 9 8  - . 0 1 1 0 6 2 8  - . 0 0 6 2 9 5 4 4  - . 0 0 3 5 5 0 5 1  - . 0 0 1 9 3 0 1 3  

5 0 0 0 0 0 .  -39 .5894 . 0 1 0 4 2 2 2  . 0 0 5 1 4 7 1 5  , 0 0 1 7 4 4 9 0  3 .638925E-04 -8 .415182E-06 

500000. 

2.51E-09# 
2.51E-09# 
2.51E-09H 
2. sm-aw 
2 52E-09# 
2.52E-09# 
2.52@-09# 
2.52E-09# 
2.52E-O9# 
2. §2E-O9# 
2.52E-09# 
2*53E--09# 
2*53E-.09# 
2.53E-09# 
2 + 54E-09# 
2 - 5SE-09# 

2 56E-09# 
2.5RE-09# 

A6 

- 1 . 2 8 2 7 0 5 E - 0 4  

-.DO919993 

-6 .745161E-04 

.00181386 

1 .214410E-04 

- . 0 0 1 0 0 8 2 1  

- 5 . 5 2 0 8 5 7 E - 0 5  

See appendix for  Chebyshev f i t  de ta i l s .  
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He’ + H+ -> (Hezf + H+ + e> or (He” + H) 

Beam - Maxwellian 

lo-’ fi 

.... 

He’ En erg y 

(eV/arn u> 

A =10000. 

x =20000. 

V =40000. 

H =70000. 

0 =100000. 

=200000. 

=500000.  

Reco rn me nded 
Data 

Chebyshev Fit 

I..- 

IO0 Id Id io3 io5 
H’ Temp. (eV) 
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I o n i z a t i o n  and Hezf P r o d u r t i o n  Cross S e c t i o n s  f o r  

Be'  t He' -> (He' + He"  + e )  ( a i )  

He' i Het -> (He + H e 2 ' )  o r  (He' + He2'+ e )  (agezt) 

I o n i z a t i o n  He'' Produc t ion  

Energy C r o s s  Sectiori Energy Cross S e c t i o n  
(eV/arnu) ( cni2 ) (eV/aiiu ) ( cm' ) 

1 . 0 ~ 0 4  
1.5E+04 
2.OE+04 
2 . 5 ~ 0 4  
3.OE-i-04 
3.5E+Q4 
4 e OE+04 
4.5E+04 
5.OE+04 
5.5E+04 
5.8E+Od 

6.35E-19 
1.72E-18 
3.12E-18 
4.75E-18 
6.72.E-18 
8.79E-18 
1.08E-17 
1.32E-17 
1.56E-17 
I. 81E-17 
1.99E-17 

5.9E+03 
6.OE+O3 
7.OE+Q3 
8.OE+Q3 
9 . 0 ~ 0 3  
1.OE;I-04 
1,5Ei-0/-1 
2.OE+04 
2.5E I 0 4  
3,OE+04 
3.5Et0.1 
4 OE 1-04 
4.5E+04 
5.OE+O4 
5.5E+04 
6.OE+04 
6 . 7 E t 0 4  

3 .  46E-18  
3.67E-18 
4.94E-18 
6 - 3  8 E  -- 1 8 
7.84E-18 
9.3clE-18 
1.55E-1 I 
1.98E-  17  
2.75E-17 
2 -  50E - 1 7  
2.69E-17 
2.82E-17 
2.94E-17 
3 .  OOE- 3 7 
3.078-17 
3.03E-17 
2.98E-17 

Refe rences :  6 9 ,  277 ,  457 

Accuracy: ai z-+ F a c t o r  of 2 

Notes: (1)  The p r o d u c t i o n  o€ Be2 '  arises fronu t w o  p r o c p s s e s :  ( a )  Charge  exchange  
(He' + He' --Z He t H e 2 ' ) ;  ( b )  I o n i z a t i o n  ( H e '  + Be' -> H e C  + He2' + e ) .  ( 2 )  A t  
energies less t h a n  2 . 0  - 3 . 0 ~ 1 0 ~  eV/a i iu  t h e  c h a r g e  exchange  r e a c t i o n  domina te s .  
( 3 )  The i n c i d e n t  Het ene rgy  i n  eV/anu i s  p l o t t e d  v6. t h e  s t a t i o n a r y  He+ t a r g e t .  

OHe - 50% 

Chebyshev F i t t i n q  Parmeters . f o r  Cross S e c t i o n s  

-; 5.8E+04 e V / a w  

= 6.7E+04 e V / a ~ ~ u  
I o n i z a t i o n  E,,,in = 1 , O E i - 0 4  eV/aniu, Enax 
Ne2+ Prod. El,lin = 5.9EF03 eV/anu, %ax 

A0 A 1  A 2  A3 A4 A5 A6 

I o n i z a t i o n  -80.1208 1 .69568 -.114597 -0198330 - .00494221 .00648764 . 0 0 1 2 3 0 8 1  

Hezt Prod. -77.5761 1 . 0 4 4 6 5  - .328288 .0385208 - .00883058 - .Q130928 .00201232 

Tile fit r e p r e s o r k s  t h e  I o n i z a t i o n  cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of  0 .5%.  
T n e  maxiinum d e v i a t i o n  i s  1 . 0 %  a t  4.OE+04 eV/amu. 

T h e  f i t  r e p r e s e n t s  t h e  He"  Prod. CL-oss s e c t i o n  w i t h  an  nus d e v i a t i o n  o f  0 . 5 % .  
The inaximuiii d e v i a t i o n  i s  1 . 2 %  at 5.9E+03 e V / a m u .  

See appendix  f o r  Chebyshev f i t  de t a i l s .  
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.... 

A 

"E 
0 v 

c 
0 .- 

He' + He' -> (He' + He2+ + e) or (He -+ He2+) (0,,2+) 
He' + He' -> He' + he2+ + e (ai> 

Cross Section vs. Enerav 

IO-'' 
io3 1 0" io5 

En erg y (eV/a m u) 
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He + 

( e v )  
Temp. 

I. OE+OO 
2.OE+OO 
4.OE+OO 
7.OE+OO 
l.OE+Ol 
2.OE+01 
4 O E + O l  

l.OE+Ol 
I. OE+02 
2.OEi02 
4.OE+02 
7.OE+02 
1 . 0 ~ 0 3  
2.OE+03 
4 OE+03 
7.OE+03 
l.OE+04 
2.0E+04 

Single Ionization Rate Coefficients for  

He+ + He+ .-> He' -1- H e 2 +  + e 

B e m i  - Maxwellian Rate Coefficients ( cin3/s) 

10000. 20000. 

4.5OW-ll* 
4.53E-ll* 
4.59E-3.1" 
4.65E-11" 
4.69E-ll* 
4.82E-ll* 
5.00E-ll* 
5.22E-ll* 
5.39E-ll* 
5.89E-l1* 
6.68E-11* 
7.70E-ll* 
8.64e- 11 * 
1.15E-10" 
1.71E-10" 
2.60E-10* 
3.578:-10 
6.89E-10 

5.85E-10 
6.12E.-10 
6.13E-10 
6-138-10 
6.13E-10 
6.13E-10 
6.14E-10 
6.15E--10 
6.16E-IO 
6 s 21E-10 
6.3 1 E -  10 
6.46E-10 
S.62E--10 
7.16E-10 
8.25E-10 
9.89E-3.0 
1*14E--09 
1.420'-09" 

30000.  

1-628-09 
1.62E-09 
1.62E--09 
1.62E-09 
1.62E-09 
1.62E-09 
1.62E-09 
1.62E-09 
1.62E-09 
1.63E-09 
1- 64E-09 
1.67E-09 
1.69E-09 
lm76E--09 
1.91E-09 
2.04E-09 
2.07E-09* 
1.95E-09" 

Het Energy (eV/aunu) 

(10000. 

2.96E-09 
3.00E-09 
3 - 00E-09 
3.00E-09 
3.00E-09 
3.01E-09 
3.01E-09 
3.011;3-09 
3.02E-09 
3 - 03E-09 
3 -06E-09 
3.09E-09 
3.12E-09 
3 18E-09 
3.llE-09 
2.86E-09* 
2 62E-09* 
2,09E-09* 

50000. 

4a85E-09 
4 85E-09 
4 85E-09 
4.85E-09 
4.85E-09 
4.856-09 
4.85E-09 
4.897-09 
4.86E-09 
4.87E-09 
4 84E-09 
4- WE-09 
4.49E-09* 
3.93E-09* 
.3.28E-09* 
2.75E-09* 
2.44E-09# 
1.88E-09# 

52000. 

5.18E-09 
5.251.;-09 
5.25~09 
5.25E--09 
5.25E-09 
5.26E-09 
5.268-09 
5.26E-09 
5.27E-09 
5.24E--09 
5.05F;3-09 
4.70F:-09* 
4.40i?:-09* 
3.75E-03* 
3.10E-09" 
2.62E-09# 
2.3 3 E-09# 
1.81E-09# 

Accuracy: - Possible Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev F i t t i nq  Paraneters fo r  Rate Coefficients 

En,in 1.OE+00 eV, Enlax = 2.OE+04 eV 

He" 

Energy 
(eY/amu 

10000. 

20000. 

30000. 

40000.  

50000.  

52000.  

55000.  

) A 0  A 1  A 2  

-46 .1185 1 .19034 .579487 

-42.0417 - 3 4 8 2 0 8  .209457 

-40 .3424 . 1 1 4 3 9 3  . 0 5 9 1 6 8 0  

- 3 9 . 3 3 6 9  - .0868409 - . 0 9 5 8 2 2 1  

-38 .7358 - .388572 - .250357 

-38 .6794 -. 462898 -. 2 7 1 2 3 1  

-38.6693 - . 5 8 8 5 6 4  - . 2 6 7 0 8 1  

A 3  

. l e 3 8 4 3  

. l o 2 3 7 1  

. 0 0 3 2 7 2 8 1  

- . 0 7 4 ? 8 2 5  

-. 102423 

- .0815950 

- .0118366 

A4 A5 

.0279475 - . 0 0 7 8 6 8 5 1  

.0130005 - .00449377 

- .0216154 - . 0 2 3 2 8 2 9  

- .0480228 - .0161228 - 
- .00799043 . 0 2 0 1 3 5 1  

. 0 0 8 4 5 8 2 8  .0221265 - 

. 0 2 0 3 9 1 1  - . 0 0 1 6 8 6 1 8  

A6 

- . 0 @ 8 4 3 9 @ 4  

- . 0 1 6 8 8 7 2  

- . 0 1 4 2 4 1 0  

- 1 . 5 5 7 7 4 4 8 - 0 5  

. 0 0 9 5 5 1 2 3  

.7 .933020E-04 

-. 0 1 7 1 8 7 3  

55000. 

5.62E-09 
5.89E-09 
5 90E-09 
5.90E-09 
5.90E-09 
5.91E-09 
5.90E-09 
5.ai~.-o9 
5.67E-09 
5.20E-09* 
4- 60E-09* 
4.10E-09* 
3.79E-09" 
3.24E-09* 
2.74E-09# 
2.36E-09# 
2.13E--09# 
1.69E-09# 

See appendix for  Chebyshev f i t  de t a i l s .  
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He' + He' ->He' + He2" + e 

Beam - Maxwellian 

lo-8 
- - He' Energy 

IO-' 
m€ 
0 

c 
Q) 

0 

0 

W 

-cz 

.- 

.- 
v- 
cc 

s 
0 10-1' 
W 

a 
-+ 

'4 

/ 

-4 

/ 
x =20000. 

0 =30000. 

H =40000. 

@ =soooo. 

a =52ooo. 

0 =55000. 

lo-" 
IO0 Id 1 0' io3 io4 io5 

He' Temp. (eV) 

Recommended 
Data 

Chebyshev Fit - - - - - .  

- .... .. . 



H e t  

Teinp . 
( e v )  

l.OE+OO 
2.OE+OO 
4.OEl00 
7. OE 1-00 
1. OE+Ol 
2.OE+01 
4.0@+01 
7.OE+Ol 
1.OE+02 
2 .  OE-I 02 
4.OE+02 
7.0E+02 
l.OE+03 
2.OE+03 
4.OE+03 
7.OE+03 
1.OE.t-04 
2 OE+O4 

10000. 

1.30E-09 
1.30E-09 
1 - 30E-09 
1.29E-09 
1.293-09 
1.29E-09 
1.29E-09 
1.30E-09 
1.30E-09 
1.31E-09 
1.33E-09 
1.36E-09 
1.39B-09 
1.49E-09 
1- 70E-09 
1.99E-09 
2.26E-09 
3.05E-09 

D-6 2 

m2+ Production Rate Coefficients fo r  

H e +  + He+ -> (Het  f He2+ + e )  or (He + He2+)  

Beauti - Maxwell-ian Rate Coefficients (clI?/s) 

20000.  

3. R9E-09 
3.89E-09 
3.89E-09 
3.883-09 
3.88E-09 
3.88E-09 
3.88E-09 
3.88E-09 
3.88E-09 
3.88E-09 
3.89E-09 
3 - 90E-09 
3.926-09 
3.9RE--09 
4 - l1E-09 
4.31E-09 
4-50E-09 
4.89E-09 

Accuracy: * - Possible Error 

ti - Possible Error 

30000.  

5.71E-09 
5.99E-09 
6.01E-09 
6.01E-09 
6.01E-09 
6.01E--09 
6.0I.E-09 
6.01E-09 
6.01E-09 
6.02E-09 
6.03E-09 
6 - 04F~09 
6.06E-09 
6.10E-09 
6.20E-09 
6.30E-09 
6.32E-09 
6.01E-09* 

He+ Energy (eV/anw) 
40000. 

7.84E-09 
7.83E-09 
7.83E-09 
7.83E-09 
7-846-09 
7.84E-09 
7.84E-09 
7.84E-09 
7.84E-09 
7.85E-09 
7.85~09 
7.86E-09 
7.87E-09 
7.89E-09 
7.87E-09 
7.631~-09 
7.29E-09* 
6.26E-09* 

Greater Than  10% 
Greater Than 100% 

50000. 

9.3 2E-09 
9.3 2E-09 
9.32E-09 
9.31E-09 
9.31E-09 
9.31E-09 
9.3 1E-09 
9.3 1E-09 
9.3 1E-09 
9.30E-09 
9 - 30E-09 
9.29E-09 
9.28E-09 
9.llE-09 
8.50E-09 
7-666-09" 
7.02E-09* 
5.71E-09* 

60000. 

1.03E-08 
1.03E-08 
1.03E-08 
1.03E-08 
1.03E-08 
1.03E-08 
1.03E-08 
1.03E-08 
1.03E-08 
1.03E-08 
9.993-09 
9.46E -09 
9.OOE-O9* 
7.96E-09* 
6.90E-09" 
6.10E-09* 
5.60E-09* 
4.67E-09# 

Chebyshev F i t t i nq  Paranieters f o r  Rate Coefficients 

Enlin = l.OE+OO e V ,  E,,,,, = 2.OE+04 e V  

ne+ 
Energy 

( e V / a m u )  A0 A1 A2 A3 A4 A5 

65000. 

1.06E-08 
1.06E-08 
1.06E-08 
1.06E-08 
1.06E-08 
1.05K--08 
1.OZE-08 
9.57E-09* 
9- llE-09* 
8.19E-09* 
7.34E-09* 
6.76E-09* 
6.44E-09* 
5.87E-09* 
5.36E-09* 
4.95E-09# 
4.67E-09# 
4.08E-09# 

A6 

10000. -40.5559 .324800 .215507 .lo1128 .a305437 .00225930 -.00348368 

-.00206469 zoooo. -313.6393 .oe30639 .0600817 .a314309 .0105748 .00101472 

30000. -37.8497 .0259326 -.00436636 .00382678 -.0161047 -.00327000 -.00929120 

-.00522979 40000. -37.3876 -.0574256 -.a510653 -.0409152 -.0269282 -.0144190 

50000. -37.1678 -.166608 -.125810 -.0745545 -.0317364 -.00593417 .00489997 

60000. -37.1929 -.348477 -.198373 -.0604564 .00910326 .0165438 4.816223E-04 

65000. -37.4160 -.490762 -.135825 .a331097 . 0 0 7 0 8 5 0 3  -.0235912 -.00325326 

See appendix fo r  Chebyshcv f i t  d e t a i l s  
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He' + Het -> (He' + He2' + e> or (He -6 He2') 

Beam - Maxwellion 
m 

I 

O 7 12.0 
-H 

11.0 

10.0 
x =20000. 

9.0 
=30000. 

m f. 8.0 =40000. 

A 

E o 
c 7.0 
a, 
0 

a, 6.0 

W 

-cJ 

.- .- 
cc 
u- 

00 
2 5.0 Recommended 
0 
lY 

4.0 

3.0 

2.0 

1.0 

IO0 1 0' 1 o2 io3 io4 io5 
He' Temp. (eV> 
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Cross S e c t i o n s  f o r  P r o d u c t i n y  Slow I o n s  and E l e c t r o n s  f o r  

H e  + H2 -> c slow i o n s  (a+) 
H e  + H2 -> x slow e l e c t r o n s  ( a - )  

Energy  
(ev/arnu) 

7.6Et02 
8.OE+02 
1.OE+03 
2.OE+03 
4.OE+03 
6.OE+03 
8.OE+03 
l.OE+04 
2.OE+04 
4.OE+04 
6.OE e04 
8.OE+04 

2.OE+05 
2.5E+05 

1.OE-t05 

Cross S e c t i o n  
( cn? ) 

3.28E-11 
3.45E-I1 

6.90E--17 
1,02E--16 

4.21E-17 

1.26E-16 
1.46E-16 

2.171516 
2.54E-16 

2.3 5E .- 1 6 
2.18E-16 

1.17E-16 

1.63E-16 

2.50E-I 6 

1.43E.-16 

Energy 
(e \ r /anu  ) 

1.2E+00 
1.. 3E+00 
1.4E+00 
1.5E+00 
1.7E+00 
2.OE+OO 
2.5E+00 
3.OEcOO 
4.OE+OO 
5.OE+OO 
6.OE+OO 
7.OE+OO 
8. OEfOO 
9.OE+OO 
l.OE+Ol 
4.OE+01 
7.OE+01 
1.OE-tO2 
4.OE+02 
7.OE+02 
I. OE+03 
4.OE+03 
7.OE+03 
1.OE+04 
4.OE+04 
7.OE+04 
I. OE+05 
2.5E+05 

Cross S e c t i o n  
( cin2 ) 

2.30E-20 
2.00E-19 
5.36E-19 
4.86E-19 
4 I 08E-19 
8.65E-19 
2.36E-18 
3.97E-18 

1.02E-17 

1.75E-17 
2.07E-17 
2.31E-17 
2.47E-17 
5.52E-17 
7.17E-17 

6 a 94E-18 

1.353-17 

8.42E-17 
1.46E-16 
1.77E-16 

3.06E-16 
3.53E-16 
3.77E-16 
4.46E-16 

2.00E-16 

4.15E-16 
3.66E-16 
2.06E-16 

R e f e r e n c e s :  at - 143, 459, 463 
O- - 143, 460 

Accuracy:  o' - 20% 
a- - 1.0 eV/amu t o  12 e'?/aniu - 20% 

12 eV/anu t o  3 . 7 ~ 1 0 ~  eV/miu - Unknown 
3 . 7 ~ 1 0 ~  eV/amu t o  2.5~10' eT?/anu - 20% 

Notes: (1) Note t h e  s i n a l l  r e sonance  a t  1.4 eV/amu r e s u l t s  f rom metastable H e .  
m e  cross s e c t i o n  at i s  d e f i n e d  as t h e  sum of cross s e c t i o n s  f o r  all processes 
p r o d u c i n g  slow s i n g l y - c h a r g e d  i o n s  p l u s  twice t h e  cross s e c t i o n  f o r  p r o d u c i n g  
doub ly -cha rged  slow i o n s .  S i n l i l a r l y  t h e  o- cross s e c t i o n  ii; d e f i n e d  a6 t h e  cross 
s e c t i o n  f o c  i o n i z a t i o n  p l u s  t h e  cross s e c t i o n  f o r  e l e c t r o n  loss or s t r i p p i n g .  I n  
t h o s e  r e a c t i o n s  where e l e c t r o n  c a p t u r e  i s  i m p o r t a n t ,  t h e  o' cross s e c t i o n  i s  t h e  
sum of  t h e  i o n i z a t i o n  cross section and t h e  e l e c t r o n  c a p t u r e  cross s e c t i o n .  

Chebyshev F i t t i n a  Pa rame te r s  f o r  Cross  S e c t i o n s  

O+ E,in = 7-6E+02 e'f/-xfllut Emax = 2.5~+05 ev/a,lu 
0- E,,,in = 1.2E+00 eV/amu, E,,, = 2.5Et05 eV/aInu 

A0 A1 A 2  A3 A4 A5 A6 

CT+ -73.4532 .742441 -.556022 -.126285 -.0371599 .0218408 .00032304Q 
O- -75.1363 3.03724 -1.67952 .577117 -.601974 .234746 -. 168549 
T h e  f i t  r e p r e s e n t s  t h e  0' cross s e c t i o n  w i t h  an  r m s  d e v i a t i o n  of 0.3%. 
The maximum d e v i a t i o n  i s  0.4% a t  0.OEi-04 eV/amu. 

The f i t  r e p r e s e n t s  t h e  o- cross s e c t i o n  w i t h  a n  rm8 d e v i a t i o n  o f  52.2%. 
The maximum d e v i a t i o n  i s  286.3% a t  1 .2E- t -00  eV/anu. 

See  append ix  f o r  Chebyshev f i t  de t a i l s .  
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He' + He' -> Z Slow Ions (0') 

He' + He' -> ,E Slow Electrons (a-) 

Energy (eV/amu) 
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I o n i z a t i o n  and H+ Produc t ion  Cross S e c t i o n s  f o r  

I o n i z a t i o n  

Energy 
( e V  / aiiu ) 

7.4Et02 
8.OE+02 
9.OE+O2 
1.OE.t-03 
1.5E+03 
2.OE+83 
3.OE-1-03 
4.OEt03 
5.OEd-03 
6.OEd-03 
7.OE+O3 
8.OEi03 
9.OE+03 
l.OEi04 
1.2E +-a4 

H e  i H2 -> Be i H2' + e 
H e  + H, -> CH+ 

( H ~ +  P r o d u c t i o n )  H+ ( P r o d u c t i o n )  

Cross Sect i o n  
( C11l2 ) 

1.64K..-17 
1.75E-17 
1.93E-17 
2.llE-17 
2.978-17 
3.81E-17 
5.24E-17 
6.55E-17 
7.72E-17 
8.7 1E-17 
9.55E.-17 
1.03E-16 
1.10E-16 
1.15E-16 
1. 24E3--16 

Energy Cross S e c t i o n  
( ev /anu  ) ( C d  ) 

7.4E b02 
8.OEf-02 
9.OE+02 
1.0E+Q3 
1. 5 E + 0 3  
2.OE+03 
3.OEd-03 
4 a OE+O3 
4.3E+03 
5.OE+03 
6.0Et03 
7.OE+03 
8.OEt03 
9.0E+03 
I .  OE+04 
1.1E+O4 

2 * 17E-17 
2 19E-17 
2.23E-17 
2.28E-17 
2. S2E-17 
2.78E-17 
3.32E-17 
3.69E-17 
3.74E-17 
3 . 6 7 ~ 1 7  
3.55~17 
3.52E-17 
3.55E-17 
3.68E-17 
3.87E-17 
4.20E-17 

Refe rences :  459, 461, 462, 463, 464 

Accuracy: Unknown 

Notes: (1) T h e  data of Refs .  461, 462, 463, and 464 are approxinaa tc ly  a f a c t o r  
of 2-3 less t h a n  t h a t  of  R e f .  459 f o r  t h e  p r o d u c t i o n  of H+ i o n s .  The d a t a  
p r e s e n t e d  f o l l o w s  c l o s e l y  Lhe r e s u l t s  of  R e f .  459. 

Chebyshev E ' i t t i n q  Paranetcrs fo r  Cross S e c t i o n s  

= 1 . 2 E + 0 4  eV/aiiu 
= l.l~i04 ev/aniu 

Elllax 
Elllin = 7.4Et02 eV/amu, Eiiiax 

H ~ +  Prod. E,,i = 7. 4 E W 2  e V / a n i u  
H+ Prod. 

A0 A1 A2 A3 A4 A5 A 6  

H2' Prod. -75 .1222 1 . 0 3 4 0 6  - .0748886 - .0222039 - .00237843 - . 0 0 0 7 7 9 5 0 9  . 0 0 0 9 5 4 5 1 5  
H+ Prod. -76 .0878 . 3 1 9 6 3 8  - .0448970 - . 0 1 8 3 9 6 1  .0505953 . 0 3 4 9 8 6 9  -.000131466 

T h e  f i t  r e p r e s e n t s  t h e  H Z t  cross s e c t i o n  wi~th an  rills d e v i a t i o n  o f  0.2%. 
The niaxiniuni d e v i a t i o n  i s  0.4% a t  1.5E+03 e V / a i i u .  

The f i t  r e p r e s e n t s  t h e  H+ cross section wi . th  an rnis dev ia t i . on  o f  1.0%. 
The maxiniuni d e v i a t i o n  i s  1 .8% a t  6.0E+03 e V / a i i u .  

See appendix  €or Chcbyshev f i t  de t a i l s .  
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. . ~ .  

He + H, --> He + H2+ + e (CT +> He + H, -> ZH’ (a,+> H2 

Cross Section vs. Energy 
I I I I 1 1 1 1 1  I I 1 I I I I I I  1 I 1 I I l l  

1 I I I I l l l l  I I I I I I t l l  I I I I I l l  

Recommended 
Do to 

Chebyshev Fit 

io3 1 0” 
Energy (eV/amu> 
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E l e c t r o n  and Slow P o s i t i v e  Ion P roduc t ion  Cross  S e c t i o n s  f o r  

He + H e  -> c slow e l e c t r o n s  ( a - )  
H e  + H e  -> c slow i o n s  ( a ' )  

t 
0 o- ( L o w e r  Energy)  0- ( H i g h e r  Energy)  

Energy  0 Energy 0 Energy  0 

(ev/aniu) ( cn12 ) ( e v / a n u )  ( a n 2  ) ( e v / a n u )  ( cm* ) 

5.OEt03 
6.OE+03 
7.OE+03 
8.OE+03 
9.OE-to3 
l.OE+04 
1.5E+04 
2.OEt04 
3.OE+04 
4.OEt04 
5.OE+04 
6.OE+04 
7.OE+04 
8.OEt04 
9.OE+04 
1.OE+05 
1.5E+05 
2.OE+05 
2.5E+05 

4.45E-17 
5.23E-17 

6.49E-17 
7.076-17 
7.556-37 
9.74E-17 
1.10E-16 
1.23E-16 

1.29E-16 
1. 28E-16 
1.26E- 16 

1.19E-16 
1.16E-16 

8 .  $9E-17 

5.88E-17 

1.28E-16 

1.22E-16 

9.91E-17 

7.44E-17 

2.7E+01 
3.OE+01 
3. 5E-601 
4.OE+01 
5.OE+01 
6.OEt01 
7.OE+01 
8.OE+Ol 
9.OE+01 
l.OE+OZ 
1.5E+02 
2.OEf02 
2.5E+02 
3.OE+02 

2.56E-20 
1.34E-19 
3.31E-19 
4.86E-19 
7.66E-19 
1.06E-18 
1.33E-18 
1.61E-18 
1.88E-18 

3.52E-18 
4.77E-18 
5.89E-18 
6.96E-18 

2.16E-18 

2 -47E-16 
2.50E-16 
2.50E-16 
2.47E-16 
2.43E-16 
2.383-16 
2.33E-16 
2.25E-16 
1.91E-16 
1.67E-16 
1.43E-16 

R e f e r e n c e s :  143, 403, 462, 463, 472, 473, 474, 475 

Acsuracy:  Unknown 

Notes:: (i) The p r o c e s s e s  t o  form slow p o s i t i v e  i o n s  $nd o l y c t r o n s  are: ( a )  H e  + 
H e  -> H e  f H e  + e,  e l e c t r o n  loss;  ( b )  We 4- H e  -> H e  + H e  + 2e ( e l e c t r o n  loss 
w i t h  target  i o n i z a t i o n ) ;  ( c )  H e  t He -> H e  -C H e +  t e,  s i n g l e  i o n i z a t i o n ;  ( d )  H e  
+ H e  -> H e  3- He" + 2e, d o u b l e  i o n i z a t i o n ;  ( e )  H e  + H e  -> He- + H e t ,  electron 
c a p t u r e .  ( 2 )  C r o s s  s e c t i o n s  for slow p o s i t i v e  i o n  forination (at) are t h e  sum o f  
r e a c t i n n s  o ( b )  + ~ ( c )  + a ( d )  + a ( e ) .  (3) For e l e c t r o n s ,  ( 0 - )  i s  t h e  sun1 o f  o ( a )  -t 

2 a ( b )  + o(c) + 2a(d) .  For h i g h e r  e n e r g i e s  o ( e )  i s  v e r y  small and t h u s  ot i s  
a p p r u x l m a t e l y  equal t o  t h e  slim o f  t h e  s i n g l e  and d o u b l e  i o n i z a t i o n  cross s e c t i o n s .  
( 4 )  N o  atteiipt h a s  been made t o  i n t e r p o l a t e  between t h e  h igh -ene rgy  a- and  t h e  
low-energy  data (E < 300 eV/anu) .  

Chehyshev F i t t i n q  Pa rame te r s  f o r  Cross S e c t i o n s  

t 
0 Emin = 5.OE+03 eV/aniu, Elnax = 2.5E+05 eV/aniu 
a- (lower E )  E, , in  = 2.7E-601 eV/aniu, ElnaX = 3.OE+02 eV/aniu 

0- ( H i g h e r  E) Emin = 3.7E+04 eV/amu, E,,, = 2.5E+05 eV/amu 

A0 A 1  A2 A3 A 4  A 5  A6 

O+ -74.0092 .259096 -.395285 -.00216683 .00569771 -.00263905 .00150963 
a- (lower E )  -82.5433 2.19805 -.641453 ,385156 -.256300 .170524 -.lo6115 
0- (Higher E )  -72.2261 -.269539 -.0908126 -.000390444 -.000723589 -.00319421 -.00598024 

The 
The 
The 
Tht? 
The 
The 

see 

f i t  r e p r e s e n t s  t h e  at cross s e c t i o n  w i t h  an  r i n s  d e v i a t i o n  o f  0.4%. 
m & ~ i r ~ m m  d e v i a t i o n  i s  0 .9% a t  1.OEt04 eV/anu. 
f i t  r e p r e s e n t s  t h e  a- ( l o w e r  E )  cross s e c t i o n  w i t h  an  r ins  d e v i s t i o n  o f  6.3%. 
maximum d e v i a t i o n  i s  10.0% a t  4.OE+01 eV/amu. 
f i t  r e p r e s e n t s  t h e  a- (Highe r  E] cross s e c t i o n  w i t h  an  rms d e v i a t j n n  of 0.1%. 
maximuin d e v i a t i o n  i s  0. 2 %  a t  8.OE+04 eV/aniu. 

append ix  f o r  Chebyshev f i t  d e t a i l s .  
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He + He -> ZSlow Electrons (om) 
He + He -> t S l o w  Ions (a+> 

Cross Section vs. Energy 

A = v- 

x = CT- 
V = l J  t. 

Recommended 
Data 

Chebyshev Fit - - - _ _  

IO' IO' io3 1 0' io5 IO6 
En erg y (eV/a m u> 
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S i n g l e  a d  D o u b l e  Ionization Cross Sections for 

HF E [:e > HC ;:e+ t c 
He L !le > H e  1 iIeZt 1 2 9  

Single Ionization 

Energy Cross S e c t i u n  
[ ev/a:vi; ( c1n2 

1.20+04 
1.5t.;!004 
2.OE+OI 
2.5Et04 
3 e O w 0 4  
3 .5Et04  
4.OE+Q? 
4.5E104 

8 .26R 17 
1.03E-16 
1.32E-16 
1.5RF 1 6  

1 .99E-16  
2 .13E- 1 6  

1.80E-16 

2.25E-16 

Douh le I on izat ion 

Energy Cross Section 
( cv/ &nu ) ( C11l2 

1 . 3 E f - 3 1  
1.5EtO4 
2. OE I94 
2.5R t o4  
3.OE-tO4 
3.5Et-04 
4 < Ob: f 04 
4 *  5 K i  94 

9. 93K--i9 
1 -40E-18 
2 1 4 E - 1 8  
2 .59E-I8 
3.1%-P8 
3.59F.-18 
(I .03F-18 
4.4QE-18 

- References! .... ._....- 462,  4-63 

Accu r ac y.i Unknown 

Motes: Norre 

- - _ . ~ -  
___.,..... i_ 

A0 A 1 A 2  A3 A4 A5 A 6  

S i 1 3 g i ~  Ion. -72.9678 .503755 - ,0453017 -.(IO416573 -.00286603 -00135469 -000526378 
Double I o n .  -91.1695 -703077 - , IO6105 .0433845 -.0115100 .00236396 - .00233450 

The f i t  reyreseiils the S i n g l e  Ion. e m s s  s e r t i o n  with an  i i i i s  deviat ioi i  of 0.1%. 
Thc :na:;Lmuru deviation i s  0. 2% a t  3.OE+04 eV/md. 

The fit repri.o?liis the Double Ion. cross sertioii w i t h  an mis dpviation of 0.1%. 
The analtiaiuio d e v i a t i o n  i s  0. It at 3.OEe-04 eV/;lmu. 

See sppc-ndix for CilPbyshev fit r l r t a i i s .  
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Ionization Cross Sections for 

Me+ + H -> ~ e +  + n+ + e 

Velocity 
(cm/s ) 

1 . 1 0 E  b 0 8  
1.16E+08 
1.24E+08 
1.3 ZE-tO8 
1.3 9E+08 
1.70E+08 
1.96E+08 
2.41E-IO8 
2.78E+08 
3.11E-kOB 
3.40E+08 
3.68E+O8 

4.17E+08 
4.3 9E+08 
5.38E to8  
6.21E+08 
7.6 1E+08 

9.82E+08 
I. 08E+09 
1.16E+09 
1.24E+09 
1.3  2E+09 
1.39E+09 
1.96E+09 
2.40E I O 9  
2.7 7E+09 
3.09E+09 
3.39Ei-09 
3.65E+09 
3.90E+09 

3.93~08 

8 . 7 ~ ~ 0 8  

Cross Section 
( c,a2 ) 

1.28E-17 
1.47E-17 
1-75E-17 
2.07E-17 
2 .$5E-17 
4.80E-17 
8.07~17 
1.46E-16 
1 - 98E-16 
2.16E-16 
2 . 1 8 E -  16 
2 - 10E-16 
2.00E-16 
1.91E-16 
1.78E-16 
1.36E--16 
1.10E-16 
8.04E-17 
6.41E-17 
5.36E--17 
4.56~-17 
4e04E-17 
3.61E-17 
3.26E-17 
2.94E-17 
1.59E-17 
1.09E-17 
8.333-18 
6.74E-18 
5.76E-18 
4.9 7E-18 
4 39E-18 

ReEerences: 564, 565, 566 

Accuracy: Unknown 

Notes: (1) As far as we know no published experimental data exist. The data 
plotted are theoretical results. (2) For energies less than l o 5  eV/amu the data 
of Ref. 566 has been plotted. The classical Monte Carlo calculations have been 
quite accurate in predicting similar collisional processes where experimental 
data is available for comparison. (3) For energies greater than l o 5  eV/aniu data 
of Ref. 565 is plotted. These  calculations are Born  approximations which should 
be good at these high energies. At lower energies the cross sections are iiiuch 
higher than those given in Ref. 566. 

Chebyshev Fittinq Parameters for Cross Sections 

EIilin = 6.3E-1-03 eV/aniu, Elllax = 8.OE+06 eV/aniu 

A0 A1 A2 A 3  A4 A5 A6 

-76.1808 - * 896422 --1.40016 .494799 - -  0137803 -. 135113 .110603 

The fit represents the above cross section with an rills deviation of 3.2%. 
The maximum deviation is 6.7% at 1.5~4-04 eV/ai iu .  

See appendix for Chebyshev fit details. 
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0 - 1 3  

He' + H --> Hef + H' -t- e 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 



He+ 
Temp. 
(@V) 

l.OE+OO 
2 + OEtOC 

7 .  OE to0  
l . O E + 0 1  
2.OE+OI 
4.OE+Ol 
7 . O E + 0 1  
1 . O E + 0 2  
2.OE+02 
4 . 0 E + 0 2  
7 .OE+02 
1 . 0 ~ 0 3  
2.OE+03 
4 OE+O3 

1.OE-104 
2.OE-r-04 

4.oE-r-oa 

7 .  0 ~ + 0 3  

10000, 

3 . 4 1 E - 0 9  
3 . 4 1 E - 0 9  
3 -41E-09 
3 . 4 2 E - 0 9  
3 - 433-09 
3 .45E-09 
3 . 4 9 E - 0 9  
3 . 5 5 E - 0 9  
3 . 6 1 ~ - 0 9  
3 .81E-09 
4.2013-09 
4 . 8 4 E - 0 9  
5.52E-09 
7.93E-09 
i . 2 9 ~ - o a  

3. 9 9 ~ - o a  

1 . 9 7 E - 0 8  
2 . 5 6 E - 0 8  
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I o n i z a t i o n  Rate C o e f f i c i e n t s  f o r  

H + ~ e +  -> H+ + He+ + e 

Ream .- Marrrcll ian Rate C o e f f i c i e n t s  ( cm3/s) 

H Energy (eV/aniu) 
20000.  

i . 5 8 ~ - 0 8  
i . 5 ~ ~ - 0 8  
1.58E-OB 
1 . 5 8 E - 0 8  
1.583-08 
1 . 5 8 E - 0 8  
1 . 5 9 E - 0 8  
1 . 6 0 E - 0 8  
1 . 6 1 E - 0 8  
1 . 6 4 f G 0 8  
1 . 7 2 E - 0 8  
i . 8 3 ~ - 0 a  

2 . 7 6 ~ - 0 8  

1 . 9 3 ~ - 0 8  
2 . 2  5E-08 

3 . 3 4 E - 0 8  
3 . 7 8 3 - 0 8  
4 . 7 6 E - 0 8  

40000. 

5.498-08 
5 . 4 9 E - 0 8  
5 . 4 8 E - 0 8  
5 . 4 8 E - 0 8  
5 . 4 7 E - 0 8  
5 . 4 6 E - 0 8  
5 - 4 5 E - 0 8  
5.43E-0E 
5 . 4 3 E - - 0 8  
5. ~ I E  --a8 
5 . 4 0 E - 0 8  
5.3 9E-08 
5 . 3 9 E - 0 8  
5 . 4 1 E - 0 8  
5 . 4 6 6 - 0 8  
5.55t5-08 
5 . 6 3 E - 0 8  
5 . 8 6 E - 0 8  

7 0 0 0 0 .  

7.721.:-08 
7 .71E-08 
7 . 7 1 E - 0 8  
7 . 7 l F - 0 8  
I. 71E-OR 
7 - 71E-08 
7 . 7 1 E - 0 8  
7 . 7 0 E - 0 8  
7 . 7 0 ~  --a8 
7 . 6 9 E - - 0 8  
7 . 6 7 E - 0 8  
7 . 6 5 E - 0 8  
7 . 6 2 E - 0 8  
7 . 5 2 E - 0 8  
7 - 3 4 8 - 0 8  
7 . 1 4 E - 0 8  
6 . 9 9 E - 0 8  
6 . 7 3 E - 0 8  

100000. 

7 . 8 2 E - 0 8  
7.  a 2 ~ - 0 8  

1 .  ~ ~ E - O R  

7 . 8 2 E - 0 0  
7 . 8 2 E - 0 8  

7 . 8 2 E - 0 8  
7 .82E-08 
7 . 8 2 E - 0 8  
7 . 8 2 6 - 0 8  
7 . 8 1 ~ - o a  

7 . 7 9 ~ - o a  
7 . 8 1 E - 0 8  

7 . 7 7 E - 0 8  
7 . 7  2E-08 
7 . 6 2 E - 0 8  
7 . 4 8 E - 0 8  
7 + 35E-OD 
7 . 0 3 ~ 4 8  

2 0 0 0 0 0 .  

6 . 8 3 E - 0 8  
6 - 8 3 E - 0 8  
6 8 3 E - 0 8  
6 . 8 3 E - 0 8  
6 . 8 3 E - 0 8  
6 . 8 3 ~ ~ 0 8  

5. a 3 ~ - 0 8  
6 . 8 3 ~ ~ 0 8  

6 . 8 3 B - 0 8  
6 . 8 3 E - 0 8  

6 .  RZE-08 
6 . 8 2 E - 0 8  
6 . 8 2 E - 0 8  
6 - 81E-08 
6 . 8 0 ~ - - 0 8  
6 . 7 8 E - 0 8  
6 - 7 5E-08 
6 . 6 6 E - 0 8  

Chebyshev Fittinq Parameters f o r  Rate C o e f f i c i e n t s  

E,,,j.,, = 1.OE-kOO e V ,  Emax = ? . o E + ~  ev 

H 
E n e r g y  

(oV/amu) A 0  A I  

10000. - 3 7 . 6 2 5 9  1 . 1 2 3 0 0  
2 0 0 0 0 .  - 3 5 . 3 3 4 1  . 4 8 9 4 0 9  
40000. - 3 3 . 4 2 7 0  . 0 1 6 4 4 5 5  
7 0 0 0 0 .  - 3 2 . 8 1 9 4  - . 0 5 4 8 0 5 9  
100000. - 3 2 . 7 7 0 9  - . 0 3 7 7 5 7 0  
2 0 0 0 0 0 .  - 3 3 . 0 0 7 5  -.00820099 

500000. - 3 3 . 5 2 5 6  - . 0 0 4 1 2 9 0 2  

A 2  

. 6 0 1 8 1 5  

. 2 7 1 9 2 2  

. 0 2 2 8 1 1 5 7  
- .0346997 
-. 0 2 6 4 5 1 0  
-. 0 0 5 6 7 9 8 8  

- . 0 0 2 0 5 1 6 7  

A3 A4 A5 

. 1 6 4 3 7 1  - . 0 3 3 4 0 2 7  -. 0 5 8 0 9 1 6  

. 0 8 0 7 2 2 9  - . 0 0 8 1 5 1 6 6  - . 0 2 0 4 8 3 5  

. 0 1 4 9 1 1 4  . 0 0 5 8 5 5 9 7  . 0 0 1 4 7 2 6 2  
- . 0 1 5 4 1 3 4  - . 0 0 3 3 5 2 0 1  . 0 0 1 3 7 2 4 9  
- . 0 1 4 2 7 8 4  - . 0 0 5 7 5 2 2 6  -.on155112 
- . 0 0 3 4 9 9 3 1  - . 0 0 2 0 1 5 2 2  - . 0 0 1 0 4 7 7 8  

-6 .187466E-04 -2 .150041E-04 - 7 . 9 3 7 7 9 5 3 - 0 5  

500000. 

5 . 2 6 E - 0 8  
5 . 2 6 E - 0 8  
5.26E-08 
5 . 2 6 E - 0 8  
5 . 2 6 E - 0 8  
5 . 2 6 E - 0 8  
5 . 2 6 ~ ~ 0 8  

5 . 2 m - m  

5 . 2 6 E - 0 8  
5. 26fi:-08 

5 . 2 6 E - 0 8  
5 . 2 5 E - 0 8  
5 . 2 5 E - 0 8  
5 . 2 5 E - 0 8  
5 . 2 4 E  -08 
5 . 2 3 E - 0 8  
5 . 2 3 E - 0 8  
5 . 2 1 ~ - 0 8  

A6 

- . 0 2 4 3 6 7 2  
-.00815012 

- 3 . 3 6 7 7 6 7 3 - 0 6  
. 0 0 1 8 5 5 5 2  

- 3 . 5 7 2 9 0 0 E - 0 5  
-4.638534b:-04 

-1 .271717E-04 

See appendix  for Chebyshev f i t  details. 
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H + He" ->He' -+- H' + e 

Beurn - Maxwellian 

H Energy 

(eVh m u> 

n ~ 1 0 6 0 0 .  

x 120000. 

V =40000. 

170000.  

100000. 

=200000. 

=500000. 

Recorn mended 
Data 

Chebyshev Fit 

1 o2 1 o3 10" IO5 
He+ Temp. (ev> 
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Cross S e c t i o n s  f o r  t h e  Broducti.on of S l o w  P o s i t i v e  I o n s  and  
E l e c t r o n s  for  He '  P a s s i n g  Through H2 

He+ t H~ -> 2' slow Ions U +  

-> x E l e c t r o n s  a- 

Slow I o n s  of E l e c t r o n s  a- 

Energy Cross S e c t i o n  Energy Cross S e c t i o n  
(ev/aniu) ( cm2 ) ( e v / a n u )  ( c1n2 ) 

5.5E+02 
8.03+02 
1.OE+03 
1.3E+03 
1.. 5E+03 
2.OEtO3 
4.OE+03 
7.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
3.OE+04 
4 0E-t 04 
7. QE+04 
1.OE+05 
1 . 5 ~ 0 5  
2.OE+05 
4.OEt05 
5.OEt05 

1.28E-16 
1.24E-16 
1.15E-16 
1.llE-16 
1.14E-16 
1.34E-16 
2.66E-16 
3.72E-16 
4.20E-16 
4.65E-16 
4.92E-16 
5.08E-16 
5.03E-16 
4.llE-16 
3.41E-16 
2.50E-16 
2.29E-16 
1.46E-16 
1.24E-16 

2,5E+03 
3.OE+03 
4 a OEm3 
7.OE+03 
l.OE+04 
1 . 5 ~ 0 4  
2.OE+O4 
4.OE+04 
5.OE+Q4 
7.OE+04 
1. OE t05 
1.5E+05 
2.OE+05 
4.OEt05 
5.0E+05 

4 19E-17 
4.59E-17 
5.36E-17 
7.38E--17 
9.89E-11 
1.523-16 
2.01E-16 
3 - 3  OF; -- 1 6 
3.61E--16 
3.63E-16 
3.36E-16 
2.84E-16 
2.46E-16 
1.67E-16 
l.46E-16 

References: 96, 104, 105, 353, 355, 364, 462, 463, 478, 479, 480, 481 

Accuracy: 50% 

Notes: (1) The r e a c t i o n s  t h a t  p roduce  s l o w  i o n s  and  e l e c t r o n s  as r e a c t i p n  
pr0duct.s  are: ( a )  He' + H2 -> He' + H Z t  + e ,  s i n g l e  i o n i z a t i o n ;  (b) H e  + 
W2 -> He + H 2 + ,  sing1.e c a p t u r e ;  ( e )  H e +  + H2 -> H e +  + Ht + H + e ,  
d i s s o c i a t i v e  i o n i z a t i o n ;  ( d )  He+ t H2 -> H e +  t Ht + Ht + 2e, d o u b l e  
i o n i z a t i o n ;  ( e )  He' + H2 -> He t Ht t H, d i s s o c i a t i v e  e l e c t r o n  c a p t u r e ;  ( f )  
xet + H~ -> ~o + H+ + H+ t e ,  e l e c t r o n  c a p t u r e  w i t h  i o n i z a t i o n .  a' is e q u a l  
t o  t h e  sum o ( a )  i o ( b )  -+ ~ ( c )  f 20(d) -t o ( e )  f 20(f). 0- i s  e q u a l  t o  o ( a )  + 
~ ( c )  + 20(ci) + o ( f ) .  (2) For  e n e r g i e s  less t h a n  l o 5  eV/anu t h e  e l e c t r o n  

c a p t u r e  cross s e c t i o n s  t o  form HZt dominate  t h e  a' cross s e c t i - o n s .  ( 3 )  t h e  
O -  cross s e c t i o n s  of Ref.  355 are n o t  p l o t t e d  below 2.5 x l o 3  eV/anu due  
t o  t h e  sinall e n e r g y  dependence of t h e  cross s e c t i o n s .  

Chehyshev F i t t i n q  Pa rame te r s  for Cross Sections 

Sl.ow Ions  0' Emin = 7.5Et02 eV/ariiu, E,,,, = 5.OE+05 eV/aniu 
E l e c t r o n s  u- E,,,in = 2.5E+03 eV/aiiu , E,,, = 5.0E+05 eV/anu 

A0 A 1  A2 A3 A4 A5 A6 

t -72,1635 .115055 -..713665 -.133412 -172753 -.0613895 -0345550 Slow Ions a -  
E l e c t r o n s  o -73.0711 .770468 -.649678 -.116586 .134550 .030041O -.0402778 

The f i t  r e p r e s e n t s  t h e  0' cross secL ion  w i t h  a n  rills d e v i a t i o n  of 3.2%. 
The maxi nium d e v i a t i o n  i s  5.5% a t  2.OE+03 eV/amu. 

T h e  fit r e p r e s e n t s  t h e  O -  cross s e c t i o n  w i t h  an L ~ I S  d e v i a t i o n  of 0.7%. 
The niaxiinum d e v i a t i o n  i s  1.6% at. 1.OE+04 eV/arnu. 

See append ix  f o r  Chebyshev €it de ta i l s .  
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He’ + H2 -> ZSlow Ions !a+> 
He’ + H3 -> ZElectrons (a-> 

Cross Section vs. Enewv 
J /  

lQ-’5 I I I I 1 1 1 1 ,  I I I I I I I I ,  - I I I I I I ” ,  

- 

u 
IO6 

IO- l7 

IO2 10” 10‘ 10” 
Energy (eV/amu> 

Recommended 
Da to 

Chebyshev Fit _ - _ - _  



Cross Sections for the Formation of M2'# H', and 
foi ~ o u b ~ e  Ionization for  He' in 1 1 ~  

He' + H2 -> H e  +t H2' 

I.&' + H2 -> Z Ht [a(H')] 

-> H e  + H2 + e [ o ( H ~ + )  J 

He' 4- H2 -$ He' + H' + W+ + 2e (Double Ionization) 

M ~ +  Production H +  Production Double Ionization 

~ n e r g y  Cr os13 Spction Energy Cross  Section Energy Cross Section 
(ev/&%al) (cm 1 ( ev/an1u ) ( c1n2 ) ( eV/amu ) ( CllP2 

7.3E+02 
8.OE.iO2 
1 .0E4G3 
1.5Ei03 
2. OE+03 
4.OE+03 
7.OEi-03 
l,OE+04 
1.5E+Q4 
2.OE+O4 
4.0E+04 
7.OE+O4 
l.OE+Q5 
1.. 5E+05 
2.OE+05 
4.OWO5 
7.OEi-65 
$.QE+05 

3.08E-17 
3.23%-17 
3.558-17 
4.45E-i7 
5.45c-27 
1.04E-16 
1.848-16 
2 83E-16 
3.95E-16 
4 a 21E-16 
3.93E-15 
3,37E-10 
2 83E-16 
2.22E-16 
1.868-16 
1.25E-16 
9.17E-I7 
8.51E-17 

9.396-17 
8.99E-17 
8,4153-17 
8.0QF-17 
6.92E-'17 
G. 71E-I 7 
6 0 65E-17 
6.70E-17 
6.93E-1? 
7.50E-17 
8.29E-I7 
9.05E-17 
1.02E-i6 
I. 05E-16 
1.04E-16 
9.643-17 
8.49E- 1 7  

2.5E+O4 
3.OE+04 
4 a Om04 
5.OEtO4 
6.OEt04 
7.OE+04 
8. OE t.04 
9.OE+O4 
1.OEi-05  
l.5Et05 
2.OEf-05 
3.0~305 
4.OE-I-05 
5.OEc05 
6.0E+OS 
7.0E+05 
8.8E305 
9.OE+05 

4 e 77E-18 
4.53E-P8 
3 ESE-18 
2.86E-18 
2.31E-18 
1.92E-18 
1.62E-18 
1.40E-18 
1.22E-P8 
6.79E-19 
4 .23E-13  
2.263-19 
1.42E-19 
1.0GE-19 
7.31E-20 
5.833-20 
4.733-20 
4 a 09E-26 

Referencec: 360, 365, 462, 463, 481, 482 

A c c u r a u  o(H3' )  - 20% 
a(H ) - Unknown 
o ( D 0 u b l s  Ion,) - 20% 

_p_s B~tes :  (1) I12' IB formed from ionization of H a  by He+ and from electron capture 
col~isions. (2) H' i 5  formed from ciissuciattve ionization, HE' + H~ -> ~ e '  + H' 
+ H + e ;  from double ionization, He' + H~ -r HE' + W' + H' + 2e; and from 
tranefer ionization, ~ e '  + H~ -> ~e -+ M+ + H' + e. 

Chebvshev F i t t i n q  Faranieters for Cross Sections 

Hz' Prod. Elilin zz 7.3E+02 eV/i l l l l i ,  El,,,, = $.OE+05 eV/miu 
R' Prod. E,in = 7.4E+02 ~ V / ~ ~ I I U ,  Emax = 1.2E+04 eV/Fuau 

= 9.OE+05 e V / m u  Double Ion. E,,in = 2.5B+04 e V / a m u , ,  Elllax 

A 0  AI A 2  A3 A4 A5 A6 

H2' Prod. -73.3806 .601066 -1.00967 -.0679372 -247157 -.0416476 -.0640838 
Qf Prod. -74.0876 $0639707 .162049 -.0778454 -.0615354 -.0437939 -.0172413 
Double Ion.  -84.0918 -2.48636 -.z06izg .0~54195 -.00909082 .oi486s8 -.0060e47i 

The f i t  represents the Hz' Prod. cross section w i t h  an rim deviation of 3.7%. 
The maxifiruni deviation is 9.0% at: 4.0E+04 eV/aniu. 

The fit represents the H' Prod. croes section with an rnis deviation o f  1.8%. 
The inaxinlm deviation is 5.7% at 1.OEi-04 eV/a? iu .  

The fit representB the Dnuble Ion. croes section w i t h  an rnis deviation of 1.1%. 
'Fixe niaxlmzain deviation is i". 5% at 2. OE+OE; eV/;lnu. 

See appendix €or Chebyehsv fit details. 
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He' + H~ -> O(H,+) 
He' + H, -> cr(H"j 

He" + H, -> He' + 2H" + 2e 

Cross Section vs. Energy 
I 1 I I I I I I ]  

V = He' f 2H' + 2e 

Recommended 

io3 1 0" 1 o5 
En erg y (eV/a m u) 

I d  



6.13L-16 
5.83E- 56 
5.052-16 
4.4BE-15 
3.49E-15 
2.68E-16 
2.12L-P6 
1.54E-86 
1.30E-16 
T.58F-17 
4 I72E-I; 
3.53E-15 
I. 94E- 17 
1.452-1; 

l.4OF-17 
2.15E-17 
3.37E-17 
4.46E-IT 
7,56E-17 
1*198--16 
I 59E-16 
1.8lE-16 
1. P3E-16 
1.51E-16 
9.73E-17 
8.39&-17 

96, 104, 105, 355, 364, 388, 463, 472, 478, 479, 480, 487, 493, 
497, a??!' 499, 500, 579 

Res appendix far Chebyehev f i t  detalls. 
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,... 7. 

He' + He -> o-+ 
He* + He -> 0- 

Cross Section vs. Energy 
I I I I I ( I , ,  I I I 1 1 1 1 , 1  I 1 I f-1- 

10" I o5 1 o6 
En erg y (eV/a rn u> 

io7 

Recommended 
-___-I Data 

- - - -  Chebyshev Fit 

. .-.... 



5000. 80610. 

2.78E -On+ 
2,9ZR-OB* 
3 . O f P -  0bl* 
3.lSE-t?B’ 
3.30E:-08* 
3 41E-O$* 
3.52E-68’ 
3.628 -E@* 
3,7I&-QB* 
3.3lP-b?B* 
3. $933-06’ 
4 - 2QE -98’ 
Qa45B-Q8* 
4. S’E-08” 
4.352-5‘1’ 
5 .  02%-0-9 
5.46Z-OE 
5.29E-0e 

A C C J Y ~ C ~ :  f - Possible Error Greater T i i m  
# - Possible Error Greater Thtbai 

Temp. /ev; 
15000. 

4. im-081” 
4 - 26H-PP 
4.33%-OF’ 
4.39Z-OB* 
4.45e-ae* 
4 - SIB-ow 
6.55E-OP’ 
4.52E-Q$f 
4-67E-OI* 
4.7Ze-oP’ 
1 4C$-O$* 
4.94B-QP 
5.0%-02 
5.21B-0: 
5.35E-QG 
5.46pl-08 
5.56E-OF 
5.6%-08 

-34.6840 
-34, QR71 
-34.2083 
-34.0188 
-33.8797 
-33.7274 
-33,5570 
-36.1071 

A1 

,561425 
.450495 
,331032 
,252148 
.2000%9 
.149363 
.lo1222 
1.93272 

nz 

.0084&.561 

.0203888 

.32982K? 

.0310288 
,0298230 
.Q266925 
.0215477 
-.683257 

-. 0219365 
-.0170479 - -0101056 
-.005829$t? 
-.50316385 

-8.7698531 E-O$ 
7.809161B-04 

-177855 

A4 

-2.039961a: -05 
-.00123903 
-.0018743: 
-.0018058C 
-.00155179 
-.00114851 

-6.52575SE-04 
-.0338898 

A5 

.OQ120158 
8.95OS19E-iPB 
4.16770OE-04 
1.3963123-04 

-8.216817B-06 
-1.026825E-06 
-1-278172E-04 

-00493571 

A6 

-1.325802Z-05 
7.412802E-05 
1.213301B-04 
1.67270%-04 
8.11579BE-05 
4.60783PE-95 
1.516335E-05 

-5.499191E-04 
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m 
I 0 * c 

E 
0 v 

He' + He -> 0' 

Maxwellian - Muxweilian 

65.0 

60.0 

55.0 

50.0 

45.0 

40.0 

35.0 

30.0 

25.0 

20.0 

15.0 
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

He' Temp. (eVj *io3 

...-. 



10080. 

6.24E-08 
6 * 24E-08 
6.24E-0 
E .  24E-08 
6.24E-08 
e. 23E-638 
6.23E-08 
6.23E-08 
6 23E-08 
6.23E-08 
6-23E-88 
6.  ,233-OS3 
6.253-83 
6 23E-08 
5 21E-08 
6 e 19E-.OPI 
6.19E-08 
6.28E-08 

20000 e 40800 0 

7.4%-08 
7 * 44E--O% 
7 * 44E-38 

7 .%4E-OS 
T . & % E 4 8  
7.am -08 
7.44%-08 
7.44E-88 
7.44E"-08 
7-44!.; -08 
7 I 44E-08 
7.43E-08 
7 * 432-08 
7.43B-538 
7.43E-0% 
7 .43E-08  
7.44E-08 

7 . 4 4 ~ 4 ~  

IIe? 
700510. 

7.79E-08 
7. 7%-OR 
7 * 79E-08 
7.796-08 
7.79E-08 
7.79E-03 
7.79E-OB 
T * 79E-OB 
7.79E-08 
7.79E-QR 
7.796-08 
7.80E-08 
7.86E- 0s 
7.88E-08 
7 - 81E-OB 
7.8lR. 08 
7 81E-08 
7.82E-08 

Chebyshev F i t t i n t  Paranxeters for Rate Coefficients 

Emin 1-OE+00 eV, Emnx = 2.0E-9-04 eV 

He 
E I I C K ~  
(eV/amu) A 0  &I 

ioooo. -33.1826 - ~ I . ~ Q ~ O B B E - O ~  
20000. -32.9896 .00246657 
40000. -32.8276 -7-0879433-04 
70000. -32.7333 .00154471 

100000. -32.6686 -.00490652 
200000, -32.6778 -.0107031 
500000. -33.2050 -2-6498543-04 

A2 

4.3799863-04 
.00200537 

1.6140743-04 
7.1276623-04 -. 00228784 
-.00545996 

-1.908228R-04 

A3 

-00153621 
.00110670 

4.588880E-04 
1.336512E-04 

-7.224299E-0.1 -. 00203612 
-1.1964808-04 

A4 

-00196721 
3.1420963-04 
3.529485E-04 

-9.9320823-05 
-1.313023E-04 
-5.5713633-04 
-6.7191153-05 

A5 

-00191297 
-7.0690383-05 
1.8367108-04 

-1-2532443-04 
-2.878208E-05 
-8.99G061E-05 
-3.770261E-05 

A6 

-00165579 
-9-2571673-05 

9.7552633-05 
-7.595796E-05 

1.350276E-05 
1.7395833-05 

-2.551690B-05 

See appndix for  Chebyshev f i t  detai ls .  
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He + He' -> cr+ 

Beam - Maxwellian 

7- 
87.5 

85.0 

82.5 

80.0 

77.5 

75.0 

72.5 

70.0 

67.5 

65.0 

tle Energy 

(eV/a m u> 

a -~10000.  

x =20000. 

V z40000. 

=70000. 

- 

- 

- 

I 

- El =100000. 

-=200000. 

=500000. 

- 

- 
Recornrn ended 

- Data 

- 
----I Chebyshev Fit 

I 

IO" Id 1 0' 1 o3 io4 io5 
He' Temp. (eV) 



Ne+ 
Temp. 
( ev )  

1.OEt03 
1.5E+03 
2.OEt03 
2.5E+03 
3.OE103 
3.5Et03 
4.OEt03 
4.53+03 
5.OEt03 
5.5E+03 
6.OEt03 
8.OE+03 
l.OEt04 
1.2E+04 
1.4Et04 
1.6Et04 
1.8Et04 
2.OEt04 

Equal 
Temp. 

2.40E-ll# 
1.23E-10# 
2.86E-10# 
4.89E-10* 
‘7.15E-10* 
9.55F-10* 
1.20E-.0?* 
1.46E-09* 
1.73E-09* 
1.9YE-09* 
2.27E-09* 
3.39E-09 
4.57E-09 
5.783-09 
7.02E-09 
8.27E-09 
9.543-09 
1.08E-08 

Maxwellian 

D-86  

Ionization Rate Coefficients for 

5000. 

7.15E-10* 
8.33E-10* 
9.55E-10* 
l.OBE-09* 
1.20E-09? 
1.33E-09’ 
1.46E-09* 
1.59E-39* 
1.73E-09* 
1.86E-09* 
1.99E-C9* 
2.54E-09 
3.llE-09 
3.6fJE-09 
4.273-09 
4.87E-09 
5.4BE-09 
6.098-09 

~ e +  t He -> O- 

- Maxwellian Rate Coefficients ( CIn3/S) 

6 0 0 0 .  

9.55E-10* 
1.08E-09* 
1.20E-09* 
1.33E-09* 
1.46E-09* 
1.59E-09* 
1.73E-09* 
1.86E-07* 
1.99E-09* 
2.13E-09* 
2.27E-09* 
2.82E-09 
3.3?E-09 
3.98E-09 
4.573-09 
5.17E-09 
5.78E-09 
6.40E-09 

8 0 0 0 .  

1.46E-09‘ 
1.59E-09* 
1.73E-09* 
1.86E-09* 
1.990,- 09* 
&. 13E-09* 
2.27E-09* 
2.4OE-09 
2.54E-09 
2.68E-09 
2.82E-09 
3.39E-09 
3.98E-09 
4.57E-09 
5.17E-09 
5.78E-09 
6.40E-09 
7.02E-09 

Accuracy: * - Possib1.e Error Greater Than 
# - Possible Error Greater Than 

He 
Temp. 
(ev) 

5000. 
6000. 
8000.  
10000. 
12000. 
15000. 
20000. 
E q u a l  

He Temp. 
10000. 

1.99E-09* 
2.13E-09* 
2.276-09” 
2.40E-09 
2.54E-09 
2. 68E-09 
2.82E-09 
2.97E-09 
3.11E-09 
3.25E-09 
3.39E-09 
3.9RE-09 
4.57E-09 
5.17E-09 
5.78E-09 
6.40E-09 
7.02E-09 
7.64E-09 

10% 
100% 

(ev) 
12000. 

2.54E-09 
2.68E-09 
2.82E-09 
2.973-09 
3.11E-09 
3.25E-09 
3.39E-09 
3.54E-09 
3.683-09 
3.83E-09 
3.98E-09 
4.573-09 
5.17E-09 
5.78F-09 
6.40E-09 
7.02E-09 
7.643-09 
8.27E-09 

15000. 

3.39E--09 
3.54E-O? 
3.68E-09 
3.833-09 
3.98E-09 
4.12E-09 
4.27E-09 
4.42E-09 
4.57E-09 
4.723-09 
4.87E-09 
5.483-09 
6.09E-09 
6.71E-09 
7.33E-09 
7.96E-09 
8.59E-OS 
9.223-09 

Chebyshev Fi t t inq Parameters fo r  R a t e  Coefficients 

Elnin = 1.OEi03 e V ,  E,,ax = 2.OE+04 ev 

A 0  

-40.2451 
-39.9198 
-39.4021 
-38.9951 
-38.6575 
-38.2374 
-37.6842 

Temp. -41.6708 

A1 

1.08016 
.955399 
.782041 
.665607 
.5a0938 
.488850 
.386897 

2.88394 

A2 A3 

.137224 - 

.144445 - 

.145020 

.138788 

.130790 

.118758 

.lo1410 
..522363 

.. 00960777 
-.00462863 
.00249323 
.00682158 
.009424 19 
.0114760 
.0124848 
.167306 

A4 A5 

-.00225681 .00426467 
-.002?7896 1.656917E-04 
-.00313214 -2.249516E-04 
-.00268049 -4.2857233-04 
-.00211989 -5.139889E-04 
-.00136912 -5.3136473-04 
-5.0964083-04 -4.658120E-04 
-.0405614 .00499358 

20000. 

4.87E-09 
5.02E-09 
5.17E-09 
5.32E-09 
5.48E-09 
5.63E-99 
5.78E-09 
5.93E-09 
6.09E-09 
6.24E-09 
6.401~-09 
7.026-09 
7.64E-09 
8.91E-09 8.27E-09 

9.54E-09 
1.02E-08 
1.08E-08 

A6 

-3.7073873-05 
3.6383823-05 
6.938838E-05 
4.558085F-05 
1.312445E-05 

-2.876352B-05 
-7.014682E-05 
-2.402961E-04 

See appendix €or  Chebyshev f i t  d e t a i l s .  



12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

~ - 8 7  

He' + He -> 0-  

Maxwellian - Maxwellian 

I 1 I 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

He' Temp. (eV) *io3 

He Temp. 

h?V> 

A = 5000. 

x ~ 6 0 0 0 .  

=8000. 

H = IOOGO. 

@ = 12000. 

@ = 15000. 

=20000. 

Recommended 
Data 

_ _ - _  Chebyshev Fit 

Equal Temp. _II. 



o-aa 

He+ 

( ev )  

l .Ot . :+OO 
2.OE+OO 
4 .  OE t O Q  
7.06-1-00 
1 . 0 E + 0 1  
2 .  O E t O l  
4 .  OF; I O 1  
7 . O E t O l  
I. OEt02 
2.OKi02 
4.0E+02 
7 * 0E+02 
l.OE+03 
2 . 0 ~ 0 3  
4 . 0 E t 0 3  
7. O E i  0 3  
l.OEiG4 
2 . O E  I 0.2 

T ~ m p  . 

He 
Energy 

(eV/arnu) 

10000. 

a .  9 9 ~  -09 
7.46E-09 
5.44E-09 
6.22E-09 
6.20E-09 
6.20F-09 
6.2iE--09 
6.22E-09 
6.23R--O? 
6.26E-Q9 
6.33E-09 
6 * 438-09 
6.53E-09 
6.87E-09 
7.55E-09 
a.  5 7 ~ - 0 9  
9.57E-09 
1.29E- 08 

Ionization Rate Coefficients for 

~e + HC+ --> 0- 

Beam - MaxwePlian Rate Coefricients ( c r n 3 / o )  

20000. 

3.51E-09 
9 . 8 5 ~ ~ 0 9  
I. 4oE-08 

i.4aE-oa 
1.486-08 

1.493-oa 

1.48E-.08 
1.48F-08 

1.49E-08 

1.49E-OR 
1 . 4 9 ~ 0 8  
1.5OE-OB 
1.51E-08 
I.. 5 w - 0 8  
i. 6 2 ~ 0 8  
1 . 7 2 ~ ~ 0 8  
I. a 2 ~ - 0 8  
2.16E-08 

40000. 

2.12E-OR 
2 . a a E - w  
3.24E-08 
3.3013-08 
3.30E-08 
3.30E-03 
3. ~ O E - O ~  
3.30E-08 
3.30E-48 
3.30E-08 
3 . 3  x - o a  
3.313-08 
3.32E-08 
3 . 3  5E-08 
3 .41E-08  
3.50E-08 
3 . 5 8 ~ 0 8  
3. a m - 0 8  

He 
70000. 

5. aaE-08 
5. giE-08 
5 . 8 4 ~ ~ 0 8  
5 . 8 4 ~ ~ 1 8  
5. 84E-08 
5 -  am-oa 

5.846-08 
5. a 4 ~ - 0 8  
5 . 8 4 ~ -  08 
5 . 8 4 ~ .  oa 
5. a 4 ~ - 0 a  

5 . 9 4 ~  -oa 

5.84E-08 
5.84E-08 

5.86E-08 
5.  R9E-08 

5.99E-08 
5.111.:-08 

Energy (eV/anu) 
100000. 

8.73E-08 
8.45E- 08 
8.03E-03 
7 . 9 5 ~ - o a  

I .  9413-0a 

7 . 9 4 ~ 4 8  
~ . 9 3 ~ - o a  

7. ~ Z E  -08 
7. giE-08 

7.94E-00 

7.94E-08 

7.93E-08 

7.90E-08 
7.87B-08 
7.83E-08 
7 .  78E--08 
7.74E- (38 
7.66E-08 

200000. 

9.38E.3-08 
9 . 3 8 ~ ~ 0 8  
9.38E-08 
9.37E-08 
9.37E-08 

9.37E-08 
9.36E-08 
9 36E - Q 8  
9.3 5E-08 
9.34E-Qa 
9.33E-08 
9 3 2E-OB 
9.30E-06 
9.27E-OS 
9.22E-08 

9.3 7 ~ 4 a  

9. 2 0 ~ - 0 a  
9.13E-08 

I Chebyshev Fittiiiq Parameters __. for  Rata? Coefficients 

EIllin = 1.0E+00 eV, E,,,,, = 2.OE+Q4 FV 

A0 A 1  A2 A 3  A4 A 5  

400000 I 

a .  5 9 ~ - 0 8  
8. s a t m a  

8. 5ae-08 

a .  5 ~ ~ 4 3  

a .  5 a ~ - 0 8  
a .  5 a ~ 0 8  

8 . 5 7 ~ - 0 a  
a .  5 7 ~ 0 8  
a.  5 6 ~ 0 8  
8 . 5 1 ~ - o a  

8.5DE-08 

8.58E-08 

8.58E-08 
8.58E-OR 

8 . 5 8 E - G 8  
8 -  58E-08 

8 . 3  9E-08 
7.91E--88 

A 6  

10000. -37 .376!  . 1 5 2 5 8 6  . 2 7 1 2 5 1  . 0 2 8 6 6 2 7  . 0 7 2 0 5 5 0  - . 0 0 4 1 7 8 8 9  1 . 8 8 5 6 4 7 E - 0 4  

20000.  -35.292: . 4 9 8 7 4 6  - . 2 2 3 6 5 1  .296%85 - . I 4 2 5 7 7  . l o 3 8 6 0  -. 0 4 6 5 0 4 9  

4 0 0 0 0 .  - 3 4 . 5 1 4 6  .168467 - .0600577 . 0 9 9 1 4 8 1  - . 0 3 9 8 5 7 1  . 0 3 2 5 3 0 5  - . 0 1 2 3 5 8 1  

70000. - 3 3 . 2 9 1 5  . 0 1 1 9 3 5 7  .0143042 . 0 @ 5 5 3 4 4 6  . 0 0 2 8 3 8 2 9  . 0 0 1 2 4 8 9 4  - . 0 0 1 3 6 3 1 5  

100000. - 3 2 . 6 8 1 0  - . 0 4 5 7 1 6 4  .016559@ - . 0 1 9 8 8 3 2  . 0 0 7 5 0 6 3 6  - . 0 0 1 4 6 3 7 3  - . 0 0 2 0 0 7 2 6  

2 0 0 0 0 0 .  - 3 2 . 3 7 9 2  - . 0 1 1 3 0 3 2  - . 0 0 5 6 6 5 3 1  - . 0 0 2 0 4 8 8 8  -5 .329708E-04 -7 .815125E-05 1 . 6 4 0 0 9 8 E - 0 5  

400000. - 3 2 . 5 6 3 5  - . 0 2 1 1 7 4 2  -.0170066 - . 0 1 4 0 2 1 5  - . 0 @ 9 4 3 7 7 @  - . 0 0 5 8 9 7 2 4  - . 0 0 2 9 3 3 6 3  

See appendix for Chebyshev fit de ta i l s .  
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D-89 

He + He' -> 6 

Beam - Maxwellion 

IO0 10' 1 0' io3 10" io5 
He' Temp. (eV) 

x ~ 2 0 0 0 0 .  

v =40000. 

x =-7OOOO. 

@ =100000. 

=200O00. 

=400000. 

Recommended 
Data 

Chebyshev Fit --I-- 

......- 



D-90 

SinqLe and Inuble  I o n i z a t i o n  C r o s s  SecLions f o r  Het i n  H e  

15et + He -> H e '  t He+ t e 
-> He' + H e z t  + 2F: 

1 . 2 F i O 4  
1.5E+04 
2.0E+D4 
3. OE b04 
4.0E+04 
6.OE+04 
8. OE t o 4  
1.OE+05 
1.5E+05 
2.OE+05 
3.OE+35 
4.OE I05 
6.OE+05 
7.8E3*05 

4.03E-16 
3.57E-16 
3.07E-16 
2.52E-16 
2.19E-16 
1. 8OE--15  
1.54'~-16 
1.36E- 16 
1. OBE- 16 
9.12E-17 
7.OiE-17 
5.85E-17 
4.53E-17 
3.82E-17 

1.2Ek04 
1 .5E+04  
2.OEt04 
3 . 9 E + 0 4  
4.3E to4 
6.OE+O4 
8.0F:t-04 
1.OE+05 
1.5W05 
2.OEt05 
3.OE+05 
4 1 OE+05 
6. OEt 05 
7.5F+05 

2.16E 18 

3.8%-18 
5.82E-18 
7.76E-18 

9.OAE-18 
7.69E-18 
4 - S 5 E -  18 
3 . 3 2 ~ 1 8  
I. 81E-18 
1.19E-18 
7.14E-3  9 

2.87F:-78 

9.74E-18 

5 .  GOE-19 

References:  388, 462, 463, 494, 495, 496 

Accuracy: 20% 

Note: A t  lower energies t h e  foriliation of Bzt is dohninnted by  s ing le  e l e c t r o n  
c a p t u r e  I 

C!leb.;r;Xev F i t t i n y  Paran!eters . f o r  Cross S e c t i o n s  

A 0  A 1  A2 A3 A4 A5 A 6  

He+ i He+ + E -'73.1564 -1.17268 -.OS34400 - .00896703 .0130892 - .00303440 .000546481  
He' t He2+ t Ze -80.9940 -.EO9711 - .972278 ,157307 . I 4 9 7 9 4  - .0339390  - .0320888 

The f i t  r e p r e s e n t s  t h e  H e +  + Het + e c r o s s  s e c t i o n  with an r lns  d e v i a t i o n  of 0.2%. 
The iliaxiinurn d e v i a t i o n  i s  0.3% a t  1 . O E + 0 5  eV/aniu. 

The f i t  r e p r e s e n t s  the He' + H e 2 +  + 2e c r o s s  s e c t i o n  with an rills d e v i a t i o n  of 2.0%. 
The maximuiri d e v i a t i o n  i s  3.3% at 3.OEt04 eV/ainu. 

See appendix for Chebyshev f i t  d e t a i l s .  



D-91 

He' + He -> He' + He' + e o(He') 
He' + He -> He' + He'+ + 2e a(He2') 



D-92 

H e  + 

( e\J 1 
Temp. 

l.OE+OO 
2.OEi-00  
4. OE-I 00 
?.OE+OQ 
1. O E - t O l  
2.OE+Ol 
4.OE+Ql 
7.OEt01 
l.OE-tO2 
Z.OE+OZ 
4 a O E t 0 2  
7.OE+02 
1.OE+03 
2.OE+03 
4 O M 0 3  
7.OEt03 
1.OEt04 
2.OEtO4 

15000. 

6.0 l E - 0 8  
6. O B E - O ~  
6.08E-08 
6.08E-08 
6 - 08E-08 
6.08E-08 
6.08E-08 
6.08E-08 
6.08E-08 
6.06E-08 
5 s 916-@8 
5.65E-08 
5.45E-08" 
5.05E-08* 
4.13E-08* 
4 59E-08" 
4.55E-08* 
4.61E-08* 

S i n g l e  I o n i z a t i o n  Rate C o e f f i c i e n t s  

He + HE?+ --r ~ e +  + tie+ + e 

B e a n  - M a x i v e l l i a n  Hate C o e f f i c i e n t s  

20000.  

6.03E--08 
6.03E-08 
6.03E-08 
6.03,~-08 
6.03E-08 
6.03E-OR 
6.03F-08 
6.03E-08 
6.O$E-08 
6.04E-08 
6.04E-08 
6*04E--08 
6 - 04E-08 
5.96E-08 
5. 73E-08 

5.36E-08* 
5.496-08 

5.18E-08* 

40000. 

6.08E-08 
6.08E--08 
6.08E-08 
6.08E-08 
6.08E-08 
6.08E-08 
6.08E--08 
6.08E --OB 
6.08E-08 
6.08E-08 
6.09E--08 
6.09E-08 
6.08E-08 
6.09E-08 
6.09E-08 
6.ORE-08 
6.07E-08 
5.98E -08 

70000 

6*08E--08 
6.08E-08 
6.08E-Oe 
6 - 08E-08 
6.08E-08 
6.08E-08 
6 - 0 8 E  -08 
6.08E-08 
6.08E-08 
6.08E-08 
6+08E--08 
6 6 08E-08 
6 - 08E-08 
6.08E-08 
6.07E-08 
6.07E-08 
6.06E-08 
6.03E-08 

R e  Energy (ev/amu) 
200000. 100000. 

5.97E-08 
5.97~-08 
5.97E-08 
5.97E-08 
5.97E-08 
5.976-08 
5.973-08 
5.97E-08 
5.97E-08 
5.97E-08 
5.97E-08 
5 - 97E-08 
5.9712-08 
5.97E-08 
5.97E--08 
5.96E-08 
5.96E-08 
5. gsE-08 

5.66E-08 
5.66E-08 
5.66E-08 
5.66E-08 
5.66E-08 
5.66E-08 
5.66E-08 
5.66E-08 
5.66E-08 
5.661.3-08 
5.66E-08 

5.66E-08 

5.65E-08 

5.66E-08 

5.65E-08 

5.64~-oa 
5.64~-0a 
5.63E-08 

Accuracy: * - P o s s i b l e  Error Greater Than 10% 
# - P o s s i b l e  Error Greater Than 100% 

Chehyshev F i t t i n q  Parameters fo r  Rate C o e f f i c i e n t s  

E,,,in l.OE+OO e V ,  E,,,,, = 2.OE+04 eV 

He 
Energy 
(eV/aiuu) A0 

15000. -33.4287 
20000. -33.3167 
40000. -33.2337 
70000. -33.2330 

100000. -33.2684 
200000. -33.3763 

500000. -33.6268 - 

A I  A2 

-.158108 -.Of577688 
- .0613195 -.0440891 
-.00382566 -.00347023 
-.00284092 - .00208988 
-.00150867 -9.658744E-04 
-.00257819 -.00151167 

.2.54059E-04 -1.83372E-04 

A3 A4 

.0633240 .0303214 
-. 0209720 -.00324850 
-.00301869 -.00227878 

-.00125435 -6.089006E-04 
-5.353513-04 - ~ . g z a 9 7 ~ - 0 4  
-4.93080E-04 -2.11497E-04 
-1.19077E-04 -7.062373-05 

A5 

.0168471 

.00492917 

-.00145508 
-2.3602073-04 

-1.57790E-04 
5.23848E-05 

-4.19110E-05 

5 0 O O O O .  

4.99E.-OR 
4.99E-08 
4.991.7-08 

4.99E-OF3 
4.99E-08 
4.99E- 06 
4.99E-08 
4.99E-08 
4.99E-08 
4.99E -00 
4.99E-08 
4 I 99E-08 
4.99E--03 
4.99E-08 
4.99E-OR 
4 a 99E-08 

4. 9 9 ~  -08 

4 - 99E-oa 

A6 

-.00235247 
.00599209 

.8.  331803E-04 

.6.0708403-05 

-6.49004E-05 
-7.73477E-06 
-3.05576E-05 

See a p p e n d i x  for Chebyshev f i t  d e t a i l s  
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He + He' ->He" + He' + e 

Beam - Maxwellian 

62.5 

65.0 1 
60.0 

57.5 

55.0 

52.5 

I T7T 

Me Energy 

(&'/am u i  

A = 15000. 

x 120000. 

v =40000. 

H -:70000. 

@ = 100000. 

If3 =200000.  

=500000. 

Recommended 
Data -. 

- - _ _  Chebyshev Fit 

.. ...... 



D- 9 4  

He + 

Temp. 
( @‘I 

l.OE+OO 
2.OE:iOO 
4.OF+OO 
7.OE+OO 
l . O E + O l  
2.OE+01 
4.OE+01 
7.OE+Ol 
1.OE+02 
Z.OE+O:! 
4.OE+02 
7.OE-fO2 

2 .OE+ 03 
4 . O E t 0 3  
7.OE+03 
1 .OE+O4 
2.OE+04 

1.OE-l-03 

15000. 

a .  9 0 F - 1 0  
4.88E-10 
4 . 8 8 E - 1 0  
4 . 8 8 E - 1 0  
4 . 8 8 E - 1 0  
4 88E-10 
4 88E-10 
4 . 8 8 E - 1 0  
4.893-10 
4 - 8 9 6 - 1 0  
4 . 8 6 E - I O  
4.81E-10 
4 . 8 0 E - I O  
4 a 91E-10* 
5.3 5 E - 10 * 
6.13E-10* 
6 . 9 3 E - 1 0  
9 . 4 2 E - 1 0  

Double I o n i z a t i o n  Rate CoPff i c i en t s  f o r  

H e  + H e +  -> He+ + He2+ Q e 

Bemi - Maxwellian Rate C o e f f i c i e n t s  (C1113/R) 

20000.  

7.62E-IO 
7 . 6 2 3 - 1 0  
7 . 6 2 E - 1 0  
7 . 6 2 E - 1 0  
7 . 6 2 E - 1 0  
7 .62E-10 
7 . 6 3 F - 1 0  
7 .  M E - 1 0  
7 . 6 4 ~ - 1 0  
7 * 6 7 E - - 1 0  
7 . 7 2 E - 1 0  
7 . 8 1 E - 1 0  
7 . 8 9 E - 1 0  
8 . 1 2 E - 1 0  
8 .60E-1Q 
9 . 3 6 E - 1 0  
1 . 0 1 E - 0 9  
1 . 2 5 E - 0 9  

Accuracy: * - P o s s i b l e  E r r o r  
# - Possible  E r r v r  

ne 
E n e r g y  
(ev/arnu) 

15000. 
20000.  

4 0 0 0 0 .  
7 0 0 0 0 .  
100000. 
200000. 
5 0 0 0 0 0 .  

A0 

-42 I 6 5 0 6  
- 4 1 . 7 9 2 1  
- 3 9 . 8 8 6 2  
- 3 9 . 0 0 8 4  
- 3 9 . 0 4 6 2  
- 4 0 . 0 0 1 9  

- 4 1 . 6 9 6 5  

40000. 

2 .15E-09 
2 .15E-09 
2 .15E-09 
2 .15E-09 
2 - 15E-09 
2 . 1 5 E - 0 9  
2 . 1 5 E - 0 9  
2 . 1 5 E - 0 9  
2 . 1 5 E - 0 9  
2 .14E-09 
2 - 1 4 3 - 0 9  
2 1 4 E - 0 9  
2 .14E-09 
2 , 1 6 E - - 0 9  
2 .19E-09 
2.27.E-09 
2 . 2 5 E - 0 9  
2 , 3 2 8 - 0 9  

Great e r 
Greater 

7 0 0 0 0 .  

3 . 4 5 E - 0 9  
3 - 4 5 E - 0 9  
3 .45E-09 
3 - 4 5 E - 0 9  
3 . 4 5 E - 0 9  
3.45.E-09 
3 - 4 5 E - 0 9  
3 . 4 5 E - 0 9  
3 .45E-09 
3 . 4 5 E - 0 3  
3 . 4 5 E - 0 9  
3 .45E-09 
3 - 4 4 3 - 0 9  
3 .42E-09 
3 . 3 8 E - 0 9  
3 . 3 2 E - 0 9  
3 .26E-09 
3 .12E-09 

Than 10% 
Than 100% 

100000. 

3 .38E-09 
3 . 3 8 E - 0 9  
3 . 3 8 E - 0 9  
3 . 3 8 E - 0 3  
3 .37E-09 
3 .37E-09 
3.371509 
3 . 3 7 E - 0 9  
3 . 3  7E-09 
3 .36E-09 
3 .36E-09 
3 . 3 5 E - 0 9  
3 . 3  5E-09 
3.336-09 
3 . 3 0 E - 0 9  
3 . 2 7 ~ 0 9  
3 . 2 3 E - 0 9  
3 . 1 2 E - 0 9  

200000. 

2.06E-09 
2 . 0 6 E - 0 9  
2 . 0 6 E - 0 9  
2 . 0 6 E - 0 9  
2 .06E-09 
2 . 0 6 E - 0 9  
2 . 0 6 E - 0 9  
2 . 0 6 E - 0 9  
2 . 0 6 E - 0 9  
2 .06E-09 
2 . 0 6 E - 0 9  
2 . 0 6 ~ - 0 9  
2 . 0 6 E - 0 9  
2 .06E--09  
2 .06E-09 
2 . 0 6 E - 0 9  
2 . 0 6 E - 0 9  
2 .05E-09 

Chebyshev F i t t i n q  Para iue te rs  f o r  Rate Coef f i c ix?n t s  

= 2 . O E i 0 4  eV Einax Emin = l.OE+OO eV, 

A1 

. 2 1 0 6 9 7  

. 1 7 3 8 7 3  
, 0 2 5 7 8 3 2  

- . 0 3 3 6 7 7 2  
- .0279022 
- . 0 0 1 8 9 8 0 0  
9 . 4 3 3 1 9 6 - - 0 4  

A2 

. 1 7 0 1 9 1  

. 1 1 9 2 8 0  

. 0 2 1 8 6 1 9  
-. 0 2 5 1 7 3 1  
- . 0 1 7 1 5 6 4  

-8.33043E-04 
7 . 2 9 1 4 2 6 - 0 4  

A3 

. l o 7 5 0 4  

.0639172 

. 0 1 2 2 3 7 7  
-. 0 1 4 7 4 9 0  
-.00916918 

-1 .62792E-04 
4 .97094E-04 

A4 A5 

. 0 5 1 7 3 6 1  . 0 1 1 3 4 5 2  

. 0 2 6 7 4 8 5  . 0 0 8 3 3 9 1 7  
. 0 0 3 6 2 2 0 7  -2 .35724E-04 

- . 0 0 6 2 5 2 5 5  - . 0 0 1 4 3 3 5 5  

500000.  

8 . 8 2 E - 1 0  
R.82E-10 
8 . 8 2 E - 1 0  
8 . 8 2 E - 1 0  
8 . 8 2 E - 1 0  
8 . 8 2 E -  10 
8 . 8 2 E - 1 0  
8 . 8 2 E - 1 0  
8 . 8 2 E -  1 0 
8 . 8 2 E - 1 0  
8 . 8 2 E - 1 0  
8 . 8 2 E - 1 0  
8 . 8 2 E - 1 0  
8 . 8 2 E - 1 0  
8 . 8 2 8 - 1 0  
8 . 8 3 E - 1 0  
8 . 8 3 E - 1 0  
8 . 8 5 E - 1 0  

A 6  

- . 0 0 5 9 9 7 8 i  
. 0 0 1 0 5 4 8 4  

- 9 . 6 6 8 7 7 E - 0 4  
2 . 7 9 5 3 2 8 3 - 0 4  

- . 0 0 4 5 4 7 7 5  - . 0 0 2 0 3 6 5 7  -7 .514507E-04 
-2 .09259E-04 - 7 . 9 5 7 2 3 E - 0 5  -1 .42798E-04 

2 . 9 6 4 5 9 ~ 0 4  1 .50204E-04 6 . 2 6 4 5 0 & 0 5  

See appendix f o r  Chebyshev f i t  de ta i l s .  
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He + He' -> He' 4- He2' + 2e 

I I 1  

).O 4 / 

He Energy 

(e\//arnu) 

A = 15000. 

x =20000.  

V =40000. 

=70000. 

a3 =100000. 

-200000.  

=500000. 

f7eco m m e 61 d ed 
Data 

Chebyshev Fit - _ - I  
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3.1E+04 
4 OE+04 
5.OE+04 
6.0EtO4 
7.0E+Q4 
8.OE+04 
9.OE+04 
1.OE+05 
1.5E+05 
2.OE+05 
3.OE+05 
4 OW05 
5.OE.605 
5.5E+05 

I o n i z a t i o n  CKOSS S e c t i o n s  f 01 

He2+ + H -> H e 2 +  i H +  + e 

V e l o c i t y  
( cm/ s ) 

2.45Et08 
2.18EtO8 
3.11EtQ8 
3.40E+08 
3.68E+OR 
3.93Er-08 
4.17E+08 
4.39E+08 
5.38E-tOE 
6.21E10E 

8.18E I O 8  
9.8261 06 
I. 03E+09 

7.61~+08 

Cross S e c t i o n  
( C*112 ) 

2.31E-16 
3.39E-16 
4.05E-16 
4 29E-16 
4.22E-16 
4 - 07E-16 
3.90E-16 
3 .  77E-16 
3.04E-16 
2.53E-46 
1.9CE-iG 
1- 53E-16 
1 28E-16 
1.18E-16 

References: 506, 507,  508, 509, 510, 522, 512, 653 

Accuracy: 30% 

Notes;: (1) As f a r  as w e  dre awxe o n l y  one  e x p e r i m e n t a l  ineasurement h a s  
been nrep0ztt.d ( R e f .  510). Above 100 keV/anu the theoretical results of 
C r o t h e r s  and McCann (Ref .  5 0 7 )  are w i t h i n  10% of t h e  experiiiiental r e s u l t s .  
At. e n e r g i e s  lees t h a n  100 keV/amu t h e  tlieoretical data (Refs. 506, 5 0 7 :  
508, 509, 511, 512) v a r y  by as much as a n  order of  inagnitude. 

Chebysaev F i t t i n g  P a r a m e t e r s  f u r  Cross S e c t i o n s  

= 5. 5E+05 eV/antu Emax E,, ,~~,  = 3 . 1E+04 eV/ainu, 

A0 A1 A 2  A3 A 4  A5 A6 

-11.9027 ---.471110 -.344985 -128260 -.Q459423 .00932704 -00279820 

T h e  f i t  represents t h e  above cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of 0 .5%.  
T h e  nlaxinluili devia t ion  is 0.8% at 9.OEm4 eV/aiiu. 

See appendix  for  C h e b y s h e v  f i t  de ta i l s .  
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He2+ + H -> He2+ + Hf + e 

Cross Section vs. Energy 
I I I I 1 I I I I I T  

Recommended 
Oa ta I__ 

- - -  - Chebyshev Fit 
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Ioiiizatioli Rate Coeff ic ien ts  f o r  

H t H 2 +  -> N +  t tI6?Zt + e 

H e m  - Maxwellian R a t e  Coeff ici eiits (Cll13/S) 

He2+ 
'l'emlp H Energy  (e;r/amu) 
f r V )  3 5000. 40000. 60000. 80000. 100000. 2 0 0 0 0 0 .  500000. 

I. OEI-00 
2.0ECOO 
4.OE+OO 
7.OEt-00 
1.01..+01 
2 . 0 E + 0 1  
4 .OE+01 
7.OE+01 
l.OE'rO2 
2.OE+02 
4 .OE+02 
7.OE1-02 
1.OEcO3 
2.OE+03 
4.OE+03 
7 . 0 3 + 0 3  
1. ot: k 0 4  
2 .  OE-! 04 

7 . 2 1 E - 0 8  
7 - 2 1 E - 0 8  
7 . 2 1 E - 0 8  
7 . 2 1 E - 0 8  
7 . 2 1 E  -08 
7 . 2 1 E - 0 8  
7 * 2 2 6 - 0 8  
7 . 2 2 E - 0 8  
7 .  23E.-08 
7 . 1 9 E - 0 8  
7 . 0 1 ~ 0 8  
6 . 8 0 E - 0 8  
6 67E--08* 
6.54F -08* 
6 . 6 6 E - 0 8 "  
6 . 9 6 E - 0 8 "  
7 . 2 6 E - 0 8 "  
0.06E-O8* 

9 .41E-08 1 . 4 6 E - 0 7  
9.40F-08 1 . 4 6 E - 0 7  
9 . 4 0 E - 0 8  1.46E'-07 
7 -  7 9 - 0 8  1.463-07 
9 . 3 9 1 ' - 0 8  1 . 4 6 E  - 0 7  
9 . 3 8 L - 0 8  1 . 4 6 E - 0 7  
9 . 3 7 E - 0 8  1 . 4 6 6 - 0 7  
9 . 3 5 B - 0 8  1 . 4 5 E - 0 7  
9 . 3 5 E  -08 I .  45B-07 
5 . 3 3 ~ - 0 8  1 . 1 5 E - 0 7  
9 . 3 1 E - 0 8  1 . 4 5 6 - 0 7  
9 .2%-08 1 . 4 4 t ~ 0 7  
0 . 2 5 E  -08 1 . 4 4 E - 0 7  
9.10E:--08 1-431.3-07 
8 . 9 6 E - 0 8  1 . 4 2 E - 0 7  
8 . 9 6 E - 0 8  1 .40E-07 
9 .04E--08* 1 . 3 8 E  0 7  
9.43E- 08* 1 . 3 4 E - - 0 7  

1.6OE-07 
1.60t.: 01 
1.60E-07 
1 . 6 0 E - 0 7  
1- 6 0 E - 0 7  
1 * 6 0 E - - 0 7  
1.60E-07 
1. 601;-07 
1 . 6 0 E - 0 7  
1 . 6 0 E - 0 7  
1.600'-07 
I.  6 0 E - 0  i 
1 . 5 9 E - 0 7  
1 . 5 3 8 - 0 7  
1 . 5 9 3 - 0 7  
i . 5 8 ~ - 0 7  
1 . 5 6 E - 0 7  
1 . 5 3 ~ ' - 0 7  

1 . 6 6 E - 0 7  
1 . 6 6 F -  07 
1 . 6 6 E - 0 7  
1 . 6 6 E - 0  7 
1.65E-07 
1 . 6 5 E - 0 7  
1 ' 6 5 E - - 0  J 
1.65b:.3-07 
1 . 6 5 E - 0 7  
1 65E-07 
1.651?-07 
1 - 6 5 6 - 0 7  
1 . 6 5 B - 0 7  
1 . 6 4 E - 0 7  
1 .640 ' -07  
1.63F:--07 
1 . 6 2 E - 0 7  
1 . 6 0 E - 0 7  

1 . 5 7 E - 0 7  
1 .57~: - -07  
1 - 5 7 3 - 0 7  
l m 5 7 E - - O 7  
1.5 TE-07 
1 - 57E-07 
1 . 5 7 ~ - 0  I' 
1.57%-0 I 
1 . 5 l E - 0 7  
1 . 5 7 E - 0 7  
1 . 5 7 F - 0  I 
1- 57~2.3-07 
1 5 7 E - 0 7  
1 . 5 7 ~ 3 - 0 7  
1 . 5 7 K - 0  I' 
1.5617 -0 I 
1 . 5 6 E - 0 7  
1 . 5 6 E - 0 7  

Accuracy: * - Possible  Error Greater  Than 10% 
# - Possible  E r r o r  Greater  Than 100% 

H 
E n e r g y  

( ev/artiu AO 

35000.  - 3 2 . 8 9 8 5  
40000.  - 3 2 . 3 8 4 4  
60000.  -31 .5217 
80000. - 3 1 . 3 1 4 5  
lOC@OO. - 3 1 . 2 4 3 2  
2 0 0 0 3 0 .  -31 .3365 
500000. - 3 1 . 0 9 6 2  

A1 

. 0 0 5 4 9 4 0 1  
- . 0 1 5 8 0 7 5  
-. 033182a  
- . 0 1 4 8 6 5 /  

~ . 0 1 2 4 3 4 4  
- . 0 0 3 4 5 4 7 6  

- . 3 0 5 9 6 5  

A 2  

. 0 3 6 4 4 1 2  
6 . 8 7 8 2 0 E - 0 4  
- . 0 1 9 0 0 3 7  
-. 0 1 0 5 2 8 9  

- . 0 0 6 9 6 1 7 3  
- . 0 0 1 9 5 5 3 9  - 
- . 0 7 7 9 2 5 5  

A3 

. 0 4 7 4 5 1 7  

. 0 0 9 3 9 7 4 2  
- . 0 0 8 8 5 5 1 7  
- . 0 0 6 5 6 8 6 4  
- . 0 0 3 4 2 1 1 9  
9 .  !053lE-04 
- .O443668 

A4 

. 0 3 1 3 0 4 7  

- .00343877 
- . 0 0 3 5 7 1 0 9  
-.CO172670 

-3 .449953-04  

- . 0 1 5 3 9 5 4  

. o i o a 4 5 6  

A5 

. 0 0 5 6 3 5 1 5  

.00801907 
-9 .09107B-04 

-.0015'3023 

-9 .03335E-04 
-1 .21204E-04 
- 4 . 9 0 5 8 0 8 - 0 4  

1 . 2 6 E - 0 7  
1.2SE-07 
1 . 2 6 E - 0 7  
1 . 2 6 E - 0 7  
1 . 2 6 ~ - 0  I 
1 . 2 6 E - 0 7  
1 . 2 6 ~ 0 7  
1 - 2 6 E - 0 7  
1 . 2 6 E - 0 7  
1 . 2 6 s - 0 7  
1.26E-07 
1 . 2 6 F - 0  I 
1 . 2 5 E - 0 7  
1 - 2 4 3 - 0 7  
1.18%-07 
1 . 1 0 E - 0 7 *  
1 . 0 4 E - 0 7  * 
9 . 3  6E-08" 

A6 

- . 0 0 8 4 0 8 4 1  
. 0 0 3 2 6 4 4 4  

9 . 5 8 8 7 5 E - 0 5  
-5 .08065E-04 
- 4 . 3 9 8 1 6 3 - 0 4  
-2.21966E-05 

. 0 0 5 6 0 3 4 0  

Sea appendix for  Chr?bysRcv fit details. 
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H + He2+ -> H+ + He2' + e 

18.0 !- H Energy 

(eV/a m u> 

n =35000.  

X =40000. 

4f =80000. 

@ =100000. 

:=200000. 

=500000. 

Recommended 
00 tQ 

- _ _ _  Chebyshev Fit 
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Cross S e c t i o n s  f o r  t h e  Production of Slow P o s i t i v e  Ions and E l w t r o n s  
f o r  H e z t  C o l l i d i n g  with H 2  Molecules 

H e z t  t H2 -> B ;H2+ and Ht -Prod.) ai 
-> x Elec t rons  a 

He'' + H Z  ( a ' )  H e z t  + H 2  ( a - )  

Energy Cross Sec t ion  
(ev/amu) ( Cll? ) 

2.OE+03 
4 OFc03 
7.OE+03 
1. OE (-0.1 
1.5E+04 
2.OEt04 
2.3E I 0 4  
4.OE+04 
7.OE+04 
1.OE+05 
1.5E+05 
2 .  OE t05 
3.OE+05 

3.82E-16 
6.17E-16 
8.79E-16 
1.1lE-15 
1.37E-15 
1.47E-15 

1.28E-15 
9.83E-16 

1.496-15 

7.90%-16 
6.21U-16 
5.15E-16 
4.01E-16 

Energy Cross  Sec t ion  
(ev /a tnu)  ( c1112 ) 

2.5E+03 
4.0~03 
5.OEt03 
7.OE+03 
1. OE to4 
1.5F+04 
2.OE+04 
4.OE+04 
7.OE+04 
l.OEc05 
1 . 5 E + 0 5  
2.OE+O5 
4.OE+O5 
5.OE+05 

9.15E-17 
7.80E-17 
7.52E-17 

1.18E-16 
8.35E-17 

2.126-16 
3.17E-16 
6.19E-16 
7.00E-16 

6.OLE-16 

2.51E-16 
1.9OE -16 

6.97E-16 

4.94%-16 

References: 95, 143, 144, 346, 479, 532, 533, 534 

Accuracy: 25% 

Notest (1) The seven reactions producing slow i o n s  and e l e c t r o n s  are: ( a )  Hezt + 
H 2  -> mz* + H 2 +  + e ( s i n g l e  i o n i z a t i o n ) ,  ( b )  He2+ + H 2  -> H e 2 *  + H +  f H + e 
( d i s s o c i a t i v e  i o n i z a t i o n ) ,  ( c )  H e 2 +  + H 2  --5 He2+ + H i  i H +  + 2e (double  
i o n i z a t i o n ) ,  ( d )  He?t + tlz -> Het i Hz' ( s i n g l e  e l e c t r o n  c a p l u r e ) ,  ( e )  H e z t  + H 2  - 
> H e +  + I<+  + H ( d i s s o c i a t i v e  e l e c t r o n  c a p t u r e ) ,  ( f )  HeZt + €I2 -> Het + H +  + Hf F 

e ( e l e c t r o n  capLure with i o n i z a t i o n ) ,  ( g )  H e Z t  H2 -> H e  + H C  + H i  (double 
e l e c t r o n  c a p t u r e ) .  (2) Afrosiiiiov e t  a l .  (Re5. 95) have made a d e t a i l e d  s tudy  of 
t h e s e  r e a c t i o n s  i n  t h e  energy region 2.3~10 t o  2 . 5 ~ 1 0 ~  eV/amu. (3) The cross 
s e c t i o n  f o r  slow e l e c t r o n  product ion (a-) is t h e  sum of a ( a )  + o ( b )  + ?o(c) + a ( f ) .  
(4) The cross s e c t i o n  f o r  slow p o s i t i v e  ion  product ion i s  t h e  sum of o ( a )  + a ( b )  
+ 20(c) i a ( d )  + o ( e )  + 2 a ( f )  + 2 0 ( g ) .  

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

H e 2 +  t Nz (a') Emin = 2.OE+03 eV/amu, E,,,, = 3.OE+05 eV/amu 
He2 '  f H2 ( G - )  Emin = 2.5E+03 eV/amu, E,,, = 5.OEt05 eV/aiiu 

ao A 1  A2 a3 a4 A5 A6 

H e z t  + H2 ( a ' )  -69.8186 .0111387 -.631977 .0179570 .0939313 -.00776735 -.0310932 
H e z t  + H 2  (a-)  -72.0755 .794419 -.668306 -.447465 .196243 -.000576099 -.Of529005 

The f i t  r e p r e s e n t s  t h e  ( a ' )  cross s e c t i o n  w i t h  an rills d e v i a t i o n  of 1.3%. 
The maximum d e v i a t i o n  i s  3.0% a t  4.OE+04 eV/aniu. 

The f i t  repcesents  t h e  ( a - )  c r o s s  s e c t i o n  with an rins d e v i a t i o n  of 3.2%. 
The maxinium d e v i a t i o n  i s  5.8% a t  7.OE+04 e V / a n u .  

See appendix f o r  Chehyshev f i t  d e t a i l s  
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He" + H -> t ( H  + f H') 0' 

He2+ -f H, -> e (T- 

Cross Section vs. Energy 
I I I 1 I , I , ,  1 I 1 I I l l l l  I I I I 1  I ' I J  

10- 1 I I 1 I 1 1 1 1  I I I I 1 1 1 1 1  I 1 1 1 1 1  

io3 IO' 1 o5 IO6 
Energy (eV/arnu> 

... .... . ... 
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C r o s s  SeCl.iOn6 f o r  t h e  P r o d u c t i o n  of  H* and  H z t  l o n s  f o r  H e 2 +  

H e 2 +  + H 2  -> o ( H i )  
-> o ( H 2 ' )  

(Curve  A )  (Curve  B )  
T o t a l  H z t  Prod. S i n g l e  Ion.  H z i  Prod. 

Energy  0 Energy 0 

(eV/alilu) ( c m 2 )  (ev/miiu ? ( cm2 ) 

2.1E 1-03 
7.OEi-03 
1.OE+04 
1.5E+04 
2 .  O E  to4 
3. OE tQ4 
4.OE+04 
7.OE+04 
8.4E+04 
lfOE+05 
1. SEW5 
2.OEi-05 
B.OW05 
5. Wt05 

9.68E-17 
6 - 30E-16 
7.92E-16 
9.00E-16 
9.95E.. 15 
J.48E-15 
3.18E--J5 
5.07E-15 
5.21E-15 
5.18E-J5 
4 a 8017-15 
4.29ti-15 
2.97E-15 
2.50E-15 

2.5E+03 
1.OE+04 
1.5E+04 
2.OE+04 
3.OE+04 
4 OEt04 
8.4E+04 
1.OE+05 
1.5E105 
2.OE+05 
4.OE+05 
5.4E+05 

9.97E-18 
5.30E-17 
1.36E-16 
2.90E-J6 
1.50E-15 

5.19E-15 

4.77E-15 
4.26E3--15 
2.97E-15 

3.20E-15 

5.18E-15 

2.50E-15 

(Curve  C)  
Tota l  H i  Prod. 

2.17E-16 
1.91E-16 
2.15E-16 
2.51E-16 
2.86E-16 
4.53E-16 
6.35E-16 
6.43E-16 
6.3%-16 

4,87E-16 

2.92E-16 

5.59E-16 

3.20E-16 

Cncident  O n  Hz 

(Curvei D) 
Ion .  H Prod. 

Energy  0 

(ev/aInu) ( ClU2 ) 

2.3E+03 
7.OE+03 
l.OE+O$ 
1.5E+04 
2.OE+04 
2.5E+04 
4 .OEt04 
7.OE+04 
1.OE+05 
1.5E+05 
Z.OE+OS 
4.OE+05 
6.OE+O5 

1.66E-16 

1.29E-16 
1.12E-16 

1.60E-16 
1.79E-16 

1.76E-16 
1.90E-16 

1.36E-16 
1.06E-16 
7 .  SlE-17 
5.46E-17 
2.33E-17 
1.50E-17 

References: 95, 316, 553 

Accuracy:  25% 

No+-es: (1) The seven  r e a c t i o n s  p r o d u c i n g  r c a c l i a n  p r o d u r t s  If' and Hz' are: ( a )  H e z t  
f Kz -> H e 2 +  t H Z +  + e,  s i n g l e  i o n i z a t j o n ;  ( b )  He2+ 1 H Z  -> HeZt + H' + H I e,  
d i s s o c i a t i v e  i o n i z a L i a n ;  ( c )  :ie2t + H~ --5 ~ e ' +  + lit + N~ + 2 e ,  cjouble i o n i z a t i o n ;  
(d) H e 2 t  + H2 -> H e t  t H 2 + ,  e l e c t r o n  c a p t u r e ;  ( e )  H*e2' + H 2  --> H e t  + H t  * H ,  
d i s s o c i a t i v e  e l e c t r o n  ca t u r e ;  ( f )  H e Z t  + 9 -> H e +  I H + H+ t e ,  e l e c t r o n  c a p t u r e  
w i t h  i o n i z a t i o n ;  (q) H$' f H2 -> He + 'H". t H', doub le  e l e c t r o n  c a p t u r e ,  (2) 
Afrosimov e t  a l .  (Ref .  96) have made d e t a i l e d  s t u d i e s  o f  tQese r e a c t i o n s .  (3) 
Shown as c u r v e  A i s  t h e  t o t a l  c r o s s  s e c t i o n  f o r  p i o d u c i n g  H2 and i s  t h e  sui11 o f  
o ( a )  and o ( d ) .  ( 4 )  C u r v e  I3 i s  t h e  single i o n i z a t i o n  cross s e c t i o n  f o r  p r o d u c i n g  

H Z t t  o ( a ) .  (5) Curve C i s  t h e  t o t a l  cross s e c t i o n  f o r  p r o d u c i n g  H t  and is t h e  sum 
of  o ( b )  + 20(c) i o ( e )  + 2 o ( f ) .  (6) Curve D i s  t h e  cross section f o r  p r o d u c i n g  11' 
kJy i o n i z a t i o n  c o l l i s i o n s ,  o ( b )  + 2 o ( c ) .  

Chebyshev F i t t i n q  Parameters f o r  C r o s s  S e c t i o n s  

Curve  A E . = 2.1E+O3 eV/anlu, E = 5.4E+05 eV/aniu 
Curve  B = 2.5E+03 eV/illiiu, E::: = 5.4E+05 eV/aiur 
Curve  12 Fmin 7 2.3E+O3 eV/amu, E,,,ax = 4.6E+05 eV/ ;uu i r  

Curve D dniin - 2.3E+O3 eV/aruu, E,nax = 6.OEt05 eV/aniu 

A0 A 1  A2 A3 n A4 A5 A6 

Curve  A -68.8191 1.63697 -.768285 -.163048 -.111162 .206844 -0545283 
Curve  B -70.9500 3.23148 -1.12038 -.650292 .397513 .189249 -. 208238 
Curve c -71.4299 .407648 -.257736 -.323208 .0419822 .078488i .0252954 
Curve  D -74.1448 -.984730 -.626797 -.217335 -186783 -.0134584 -.0263402 

The 
The 
Tile 
The 
The 
The 
The 
The 

f i t  r e p r e s e n t s  the Curve A cross section w i t h  an rnis d e v i a t i o n  o f  12.0%. 
maxiinuiii d e v i a t i o n  i s  23.3% a t  3.OE+04 eV/amu. 
f i t  r e p r e s e n t s  t h e  , c u r v e  B cross s e c t i o n  w i t h  an rm d w i a t i o n  o f  12.7%. 
ilnaxiiiiuiil d e v i a t i o n  is 31.9% a t  2.OE+04 eV/aniu. 
f i t  r e p r e s e n t s  t h e  Curve C cross section w i t h  an  ms d e v j a t i o n  o f  2.3%. 
maxirnucn d e v i a t i o n  is 3.3% a t  J.5Ei05 eV/aniu. 
f i t  r e p r e s e n t s  t h e  Curve D cross section w i t h  an riiis d e v i a t i o n  o f  3.2%. 
illaximum d e v i a t i o n  i s  4.4% a t  7.OE+O4 eV/amu. 

See append ix  f o r  Chebyshev f i t  d e t a i l s .  
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Cross Section vs. Energy 

A = A  

X = 8  

V = C  

X = D  

io3 io4 1 o5 
En era v (eV/a m u) 

Recommended 
Do ta 

Chebyshev Fit 

.... 
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Cross Sections fo r  the Production of Slow Positive Ions and Electrons 
for  IIe2+ ~ o n s  Interactiny w i e h  ~ e .  

HeZt f :le -> u+ 
Hpit + He -> 0- 

H e 2 +  4 H e  ( a + )  H e z +  + HE ( a - )  

Energy Cross Section 
(eV/;lriiu 1 ( c d  j 

9.OE+03 
l.OE+CL! 
1.5F (-04 
2.OE+04 
3.OG-04 
4 I O E t 0 4  
7 .OElO4 
l.OE+05 
1.5E+05 
2.OEd-05 
4 a OE+05 
7.OEi05 
l.OE+06 
1.5Et06 
2,OE+06 
2.9E+06 

3. i2E-16 
4.03E-16 
5.30E-16 
5.87li-16 
6.03E-16 
5.91E-16 
4 98E-16 
d.19E -16 
3.29K 16 
2.738-16 
1.7012-16 
1.14E-16 
8.54*: 17 
6.10E-17 
4.74E-1 i 
3.41E 17 

Heferencesi -. 143, 144, 148, 375, 381, 
538, 539, 540 

Cross Sec t ion  Energy 
(ev/allu ) ( C1112 ) 

5.0Et03 
7.OE+03 
l.OEt04 
1.5Ei04 
2.OF+04 
4.OE+04 
7.OE+04 
1.OEt05 
1.3Ei-05 
1.5E+05 
2.OE+05 
4.OEt05 
7.OE+05 
l.OE+06 
1.5E+06 
2.OE+06 
2.8E+06 

1.59E-18 
4.68E-18 
1.29E.3-17 
3.O7F-17 
5.11E -17 
1.30E-16 
2.20E-16 
2.74E-16 
2.88E-16 
2.84E-16 
2.51E-I6 
1.62E-16 
1.06E-16 
I .  Y6E-17 
5.57E-I7 
4.3 1E-17 
3.39E-17 

382, 479, 495, 532, 534, 537, 

-I Accuracy: 0' -- 30% 
O- - 50% 

.__IIc. Notes: (1) The reactions occurring when HeZt reacts  w i t h  {-:e are:  (a) He2+ + Ne 
--> H e  + H e z t ,  double electron capture; ( b j  Hezt + He -> H e t  + Het, single  
e lectron caoeure; (c) ~ e ~ '  t ~e -> m2+ -c 11e'+ -t- 2e, double ionization; (d) He'' 
+ He --> H e f +  + H e +  + e ,  s i n g l e  ionization; ( e )  H e 2 '  + He -> Ne+ -1 IleZt + e, 
single  capttxe with single ionization. The cross sections fo r  slow electron 
production 0- is 2a(c) + u(d) + ~ ( e ) .  T h e  cross sections for  slow ion production 
'+ is  o ( a )  + o ( b )  + o ( c )  t- ~ ( d )  -t o ( e ) .  (2) F o r  energies l e s s  than I O 5  eV/,unu 
electron capture dominates overionization. 

Chebyshev F i t t i n q  Parameters for  Cross Sections 
___I_ 

= 2.9E+b6 eV/ai iu  
= 2.8E+06 eV/uiiu 

E,,in = 9.OE-1-03 eV/aiIu,  E,l,,SC 

Elllax 

O+ 

0- E,,,in = 5.OE+03 eV/aw, 

A0 A1 A 2  A3 A4 A5 A 6  

at -72.3312 -1.34390 -.519938 .150932 -.0442699 -.00102101 .30498217 
U- -75.4418 1.18618 -1.77854 ,310230 .0670546 -0236438 -.0500356 

The f i t  represents the ot cross section w i t h  an riiis deviktion of 0.6%. 
The ruaximum deviation i s  1.3% at 3.OE+04 eV/aruu. 

T h e  f i t  represents the a- cross secti.on w i t h  an rni3 deviat.i.on of 2.9%. 
The maxi-mum deviation i s  5.1% a t  7 .  OF+03 eV/anu. 

See appendix f o r  Chebyshev f.i.t detai Is. 
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He2" + He -> cr- 
He2+ + He -> CT' 

IO' 1 0' 1 o5 1 o6 10' 
En e r-cj y &?'a rn U) 

... . 



H e 2 +  
Two;, . 
( e?? ) 

3.5Et03 
4.OEt03 
4.5E103 
5.OF+03 
5.5€+03 
5.OE103 
8.OE1-03 
1. OK t o o  
1.2E+04 
1.4EtO4 
1.62+04 
1.8Et04 
2. OEt 04 

Equal 
Temp" 

1.01E-09# 
1.86E-09# 
3.01E-09# 
4.42E-09# 
6.062-09# 
7.893-09U 
1.64E-O8# 
2.57E-O8* 
3.48E-O8* 
4.35E-08* 
5.15E-08* 
5.89E-08*  

6.57E-08* 
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S 2 . o ~  Positive Ion P r o d u c t i o n  Rate Coef  f i c i n n k s  for  

A c c u r a c y :  

5000. 
6000. 
8000. 
10000. 
12000. 
15000. 
20000. 
Equal lemp. 

M a w e l  1 i a n  

5000. 

2.40E-09U 
3.01E-09# 
3.68E-09# 
4.42E-09# 
5.22E-09# 
6.06E-09# 
9.86E-098 
1.42E-084 
1.87E-CB# 
2.33E-08' 
2.80E-08* 
3.26E-08* 
3.70E-08* 

He2+ k H c  -> 

- Maxwel l ian  Rate 

6 0 0 0 .  

3.68E-09# 
4.42E-09# 
5.223-09# 
6.06E-09# 
6.953-09# 
7.89E-09# 
1.20E-08R 
1.64E- O B #  

2.102-O8P 
2.57E-O8* 
3.03E-09* 
3.48E - O B *  

3.92E-08* 

8 0 0 0 .  

6.95E-09U 
7.89E-09# 
8.86E-09# 
9.86E-09U 
1.09E-08fl 
1.20E-O8# 
1. G4E-08# 
2.10€-08# 
2.57E-08* 
3.03E-08* 
3.4BE-08* 
3.92E-08* 
4.35E-08' 

* - Possible Error  Greater Than 
# - P o s s i b l e  Error Greater Than 

H e  Temp. (eV) 
10000. 

1.39E-08# 
1.20E-08# 
1.31E-08# 
1.42E-O8# 
1.53E-@6# 
1.64E-088 
2.10E-05# 
2.57E-O8* 
3.03E-08* 
3.482-08* 
3.92E-08' 
4.35E-08* 
4.76E-08* 

10% 
100% 

12000. 

1.53E-08# 
1.64E-O8# 
1.75E-OB# 
1.87E-08# 
1.99E-08# 
2.10E-OBif 
2.57E-08* 
3.03E-08* 
3.48E-08* 
3.92E-08* 
4.3SE-08* 
4.76E-08* 
5.15E-O8* 

15000. 

2.22E-O8# 
2.33E-O8* 
2.45E-08* 
2.57E-08* 
2.68E-08* 
2.80E-08* 
3.26E-08* 
3.70E-08* 
4.14E-08* 
4.55E-08* 
4.95E-O8* 
5.34E-08* 
5.71E-00* 

- Chebyshev Fitt irig Parameters for Rate Coefficients 

= 2.OE+04 eV %ax = 3.5E+03 e V ,  

A0 

-36.8434 
-36.4161 
-35.7440 
-35.2350 
-34.8337 
-34.3648 
-33.8047 
-36.4417 

41 A2 

1.38333 
1.19746 
.928769 
.745842 
.615060 
.477864 
.336327 
2.02992 

-.0598328 
-.3301418 
.004 11079 
.0201872 
.027888l 
.0321621 
.0310835E-02 

- .  399477 

A3 

-.0157120 
-.0151798 
-.G126285 
-.00979258 
-.00727889 
-.00474753 
-. 00214049 
.0593303 

A4 

.00186832 
9.78258E-04 
1.55066B-04 

-3.75639E-04 
-6.443586-04 
-6.706303-04 
-6.331453-04 
-.00723537 

A5 

1.83603E-04 
1.15739B-04 
2.07816E-04 
2.38560E-04 

-3.66627E-05 
1.2609tE-04 

-5.041608-05 
5.774703-04 

20000.  

3.3:E-08* 
3.48E-O8* 
3.59E-08* 
3.70E-08* 
3.81E-08* 
3.92E-O8* 
4.35E-08* 
4.76E-08* 
5.15E-08* 
5.53E-08* 
5.89E--08* 
6.24E-f38* 
6.5 7E-08' 

A6 

6.053532-05 
-3.58181E-05 
1.379063-04 

-3.336828-05 
4.090923-05 

-4.23094E-05 
-1.09705E-04 
-3.035273-05 

See appendix for  Chebysliev f i t  delails. 
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He2+ + He -> CT+ 

Maxwellian - Muxwellian 

I I I I I I 

- 

He Temp. 

(eV) 

n ~ 5 0 0 0 .  

x -6000.  

v =8000.  

=10000. 

@I = 12000. 

=15000. 

53 =20000. 

Recorn mended 
Datu 

Chebyshev Fit - - - -  

Eq u a I ?em p. _I. 

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

He2" Temp. (eV) *io3 
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Ne2f 
Temp. 
( e v )  

1.OEI-90 
2.OE+00 
4 "  OE+OO 
7.OE+OO 
l.OE+Ol 
2. OE t o 1  
4.OE+Ol 
7.OE+03 
1. OE to2 
2.OEt02 
4.OE+G2 
7.OE+02 
1.OE-1-03 
2.OE+03 
4 .OEt 03 
7. O E t  03 
l.OE+04 
2 * OEi-04 

Accuracy: 

He 
Energy 
(&/arm) 

Slow Posj.tive I o n  Production Rate C o e f f i c i e n t s  for 

He + He2' -> 0' 

Bemi - Maxwellian Rate Coefficients (Cil13/S) 

10000. 

5.6OE-08 
5.60E-08 
5.60E-08 
5.60E-00 
5.60E-08 
5.60E-08 
5 - 55E-08 
5.42E-0% 
5.29E-0% 
4.99E-08" 
4 a 7 x - m *  
4 67E-O8* 
4- 6%E--08* 
4.90E --88* 
5*40E--08* 
6*06E--08* 
6.62E-08* 
8. J 4E-08* 

20000. 

1.15E-07 
1.15E-07 
1.1%-07 
1.15E-07 
1.15E-07 
1.15E-07 
1.1SE-07 
1.15E-07 
1.15E-07 
1 - 15E-07 
1.14E-07 
1 m 14E-07 
1.14E-07 
1.14E-07 
1 - 15E-07 
1.1SE-07 
1.16E-07 
1.20E-07 

* - Possible Error 
# - Possible Error 

40000. 

1.64E-07 
1.6413-07 
1.64E-07 
1.64E-07 
1.64E-67 
1.64E-07 
1.64E-07 
1.64E-07 
1.64E-07 
1.63E-87 
1.63E-07 
1.636-07 
1.636-07 
1.62E-07 
1.62E-07 
1.61E-07 
1.60E-07 
1.59E-07 

He 
70000. 

1.83E-07 
1.83E-07 
1.83E-07 
1.83~-07 
1.83E-07 
1,83Z-07 
1.83E-07 
1.83E-07 
1.83E-07 
1.83E-0'1 
1-823-07 
1.82E-O"? 
1.82E-O7 

I. 81E-07 

1.80E-07 
1.78E-07 

1.82E-07 

1.80E-07 

Greater Than 10% 
Greater Than 100% 

Energy (eV/aniu)  
100000. 200000. 

1.84E-07 
1.84E-07 
1.84E-87 
1 84E-07 
1.84E-07 
1.84E-07 
1.84E-07 
1.84E-07 
1.84E-07 
1.843-07 
1.84~07 
1.83E-07 
1 - 833-07 
1.83E-07 
1.83E-07 
1.82E-07 
1.62E-07 
1 .80E-0 '7  

1.69E-07 
1.70E-07 
1.70E-07 
1.70E-07 
1.70E-07 
1.70E-07 
1.70E-87 
1.70E-07 
1.70E-07 
1.70E-47 
1.69E-07 
1.6933-07 
1.69E-07 
1.69s-07 
1.69E-07 
1.69E-87 
1 - 69E-07 
1.6 9E-07 

_I Chebyshev Fittinq Parameters for Rate Coefficients 

E,llin = l.OE+OO eV, E,,la, = 2.OE+04 eV 

A0 A 1  A2 A3 A4 A5 

10000. -33.3528 .OB88838 .145456 .115375 . 0 2 8 7 7 7 i  -.0197504 
20000. -31.9486 .00733446 .0104567 .30858353 .00505869 .00265079 

500000. 

1.42B-07 
1.42E-07 
1.42E- 0 1  
1.42F:-07 
1.42E-07 
1.42e- 0 1  
1 -42E-07 
1.42E-07 
1.42E-07 
1.42E-07 
1.42E-07 
1.42K-07 
1.42E-07 
I -42E-07 
1.42e-07 
1 - 42E-0 7 
1 -42E-07 
1.42E-G7 

A 6  

-.00975561 
.00155039 

40000. -31.2633 -.0136989 -.00614936 -.00195506 -5.61861E-04 -2.03312E-04 -6.594343-05 
70000. -31.0420 -.0112913 -.00592950 -.00253976 -.00106355 - 4.844573-04 -2.29325E-04 
100000-  -31.0255 -.00737792 -.00415937 -.00198048 -9.126623-04 -4.31500E-04 -1.81183E-04 
200000. -31.1826 - .00193461 -.00125764 -4.52646E-04 -2.53650E-04 2.30595E-05 -3.75081E-05 
500000. -31.5305 -2.56726E-04 -1,78746E-01 -1.04195E-04 -5.27594E-05 -2.69854E-05 -1.83293E-05 

See appendix fof  Chebysheu fit details 
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He + He2+ -> CT' 

Ream - Maxwellion 

- r l l l ( l i l v - - r r r r r  

T 
-:- 

P 

He Energy 

(eV/a m u> 

A I10000.  

x =20000.  

V =40000. 1 

x =70000. 

fB =100000. 

m =200000. 

IZY -500000.  

Recommended 
Data 

- - _ _  Chebyshev Fit 

IO0 Id 1 o2 io3 I 0" IO5 
He" Temp. (eV> 

___) 



He 2+ 
Temp. 
( E V l  

1.5Et03 
2.OEt03 
2.5Et03 
3.OE+03 
3.5Et03 
4.OEt03 
4.5Et03 

5.5Et03 
6.OEt03 
8.OEt03 
1.OEt04 
1.2Et04 
1.43+04 
1.6Et04 
1.8EtO4 
2.OEtOJ 

5.0Et03 

Equal 
Temp. 

1.17E-12# 
6.873-12# 
2.11E-ll# 
4.68E-lln 
8.57E-ll* 
1.39E-10* 
2.07E-10* 
2.91E-10* 
3.89E-10* 
5.0ZE-10* 
1.10E-09 
1.893-09 
2.863-09 
3.993-09 
5.243-09 
6.603-09 
8.06E-09 
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Slow Electron Production Rate Coefficients for  

Maxwellian 

5000. 

6.45E-11# 
8.57E-11" 
l.llE-10* 
1.39E-10* 
1.71E- IO* 
2.07E-10* 
2.47E-10* 
2.91E-10* 
3.38E- 10* 
3.89E-10* 
6.3 OE- 10* 
9.27E-10 
1.28E-09 
1.683-09 
2.12E-09 
2.613-09 
3.13E-09 

HE?'+ + He -> a- 

- Maxwellian Rate Coefficients (cn3/s) 

6000. 

1.llE-10* 
1.39E-10* 
1.71E-10* 
2.07E-10* 
2.47E-10* 
2.91E-10* 
3.38E-10" 
3. 89E-10* 
4.44E-10* 
5.02E-10* 
7.72E-10 
1.10E-09 
1.473-09 
1.893-09 
2.363-09 
2.863-09 
3.413-09 

8000. 

2.47E-l0* 
2.91E-10* 
3.38E- IO* 
3.89E-10* 
4.44E-10* 
5.02E-10* 
5.64E-10* 
6.30E-10* 
6.99E-10 
7.72E-10 
l.lOE-09 
1.47E-09 
1.89E-09 
2.36E-09 
2. 86E-09 
3.41E-09 
3.993-09 

He Temp. 
10000. 

4.44E-10* 
5.02E-10* 
5.64E-10* 
6.30E-10* 
6.99E-10 
7.723-10 
8.40E-10 
9.27E-10 
1.01E-09 
1.10E-09 
1.47E-09 
1.893-09 
2.36E-09 
2.86E-09 
3.41E-09 
3.993-09 
4.60E-09 

(ev) 
12000. 

6.99E-10 
7.72E-10 
0.403-10 
9.273-10 
1.OlE-09 
1.10E-09 
1.18E-09 
1.28E-09 
1.37~09 
1.473-09 
1. 89E-09 
2.363-09 
2.863-09 
3.41E-09 
3.99E-09 
4.60E-09 
5.243-09 

15000. 

1.18E-09 
1.28E-09 
1.37E-09 
1.473-09 
1.573-09 
1.683-09 
1.78E-09 
1.89E-09 
2.00E-09 
2.12E-09 
2.61E-09 
3.13E-09 
3.69E-09 
4.291-09 
4.921-09 
5.57E-09 
6.253-09 

Accuracy: * - Possible Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev Fittinu Parameters for Rate Coefficients 

He 
Temp. 
(ev) 

5000. 
6000.  
8000. 

10000. 
12000. 
15000. 
20000. 
Equal Temp. 

A0 

43.3317 
-42.7445 
-41.8072 
-41.0752 
-40.4766 
-39.7464 
-38.8140 
-44.6706 

Emin 

A1 

1.97188 
1.73787 
1.40305 
1.17389 
1.00680 
.E26618 
.631796 

4.27088 

= 1.5E+03 eV, Emax = 2.OE-i-04 eV 

A2 

.145899 

.165098 

.177579 

.175396 

.167979 

.154121 

.131790 
-.685712 

A3 

-. 0314858 
-.0242892 
-.0125933 
-.00453799 
8.553033-04 
.00577291 
.00946407 
.139921 

A4 

-.00292157 
-.00406700 
-.00472104 
-.00443211 
-.00385784 
-.00294670 -. 00174398 
-. 0311302 

A5 

9.07310E-04 
7.296763-04 
2.21088E-04 

-1.26246E-04 
-3.27458E-04 
-4.58815E-04 
-4.77146E-04 

.00607534 

20000. 

2.24E-09 
2.363-09 
2.483-09 
2.613-09 
2.7 3E-09 
2.863-09 
3.003-09 
3.13E-09 
3.273-09 
3.41E-09 
3.993-09 
4.60E-09 
5.243-09 
5.91E-09 
6.60E-09 
7.32E-09 
8.06E-09 

A6 

6.592338-05 
1.185198-04 
1.43982E-04 
1.202063-04 
8.438933-05 
3.46633E-05 

-1.781253-05 
-8.513323-04 

See appendix for Chebyshev fit details. 



He2" -t He -> (7- 

Max w e I I i c31 rI --- Max vv e I I i Q n 

----I 

v =8000.  

=30000. 

m 15000. 

0 =20000.  

Recoin m ended 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

He2' Temp. (eV) *io3 
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He2 '  
Temp I j  

( e v )  

l.OE+OO 
2.OE+OO 
4.OE-tOO 
7.OE+OO 
l.OE+01 
2.OE+01 
4.OE+Ol 
7.OE+01 
l.OE+02 
2.0E+02 
4.OE+02 
7.OE+02 
1.OEt03 
2.OE+03 
4.OE+03 
7 . 0 ~ 0 3  
l.OE+04 
2.OE+04 

He 
Energy 
( ev/amu ) 

10000.  
20000. 

Slow E l e c t r o n  P roduc t ion  Rate C o e f f i c i e n t s  for  

H e  + H e 2 +  -> O- 

Beam - Maxwellian Rate C o e f f i c i e n t s  ( c l l I3 / s )  

10000. 

1.06E-09 
1.60E-09 
1.78E-09 
1.79E-09 
1.78E-09 
1 + 78E-09 
1.79E-09 
1.79E-09 
1 - 80E-09 
1.83E-09 
1.90E-09 
2.OlE-09 
2.13E-09 
2.51E-09 
3.2'7E-09 
4 + 44E-09 
5.63E-09 
9.85E-09 

20000. 

1.04E-08 
1.00E-08 
1.00E-08 
1 - 00E-08 
1.00E-08 
1.OOE-08 
1.00E-08 
1.00E-08 
1sOOE-08 
1 OOE-OR 
1 - 01E-08 
l e  03E-08 
1.04E--08 
1 09E-08 
1.20E-08 
1.37E-08 
1.54E-08 
2.08E-08 

40000. 

6.65E-08 
4.88E-08 
3.86E-08 
3.63E-08 
3.61E-08 
3.60E-08 
3.60E-08 
3.60E-08 
3.60E-08 
3.60E-08 
3.60E-08 
3.61E-08 
3 62E-08 
3.673-08 
3.79E-08 
3 - 97E-08 
4.14E-08 
4.70E-08 

70000.  

3.41E-08 
6.09E-08 
7 * 70E-08 
8.04E-08 
8.07E-08 
a. o ~ ~ - 0 8  
8. Q7E-08 
8.07E-08 
8.06E-08 
R.06E-08 
8.06E-08 
8.06E-08 
8.OSE-08 
8.09E-08 
8.16E-08 
8.28E-08 
8.38E-08 
8.69E-08 

He Enerqy  (eV/aiiu) 
100000. 

5.3  LE-08 
9.79E-08 
1.18E-07 
1.20E-07 
1.201~-07 
1.20E-07 
1 20E-07 
1.20E-07 
1.20E-07 
1.20E-07 
1.20E-07 
1.19E-07 
1.19E-07 
1.19E-07 
1.19E-07 
1.19E-07 
1.19E-07 
1.19E-07 

200000. 

1.56E-07 
l.56E-0'1 
1. S6E-07 
1.56E-07 
1.563-07 
1.563-07 
1.563-07 
1 - 56E-07 
1.563-07 
1.56E-07 
1.56E-07 
1.55E-07 
1.55E-07 
1.55~-07 
1.55E-07 
1 - 54E-07 
1.54E-07 
1. S2E-07 

Chebyshev F i t t i n q  Parameters fo r  Rate C o e f f i c i e n t s  

E,llin = l.OE+OO e V ,  Emax = 2.OE+04 e V  

A0 A 1  A2 A3 A4 A5 

-39.6384 .794564 .3ie341 .275468 -.0163980 .0386510 
-36.5385 .251533 . i e e 6 1 7  .0914015 .0423640 .00564777 

40000. -33.9830 -.0965962 . 2 1 7 e i e  -.(I655465 .0766555 -.0163273 
.0541651 70000. -32.8790 .25244e -. 174234 .159512 -. 0904273 

iooooo. -32.oe88 .196302 -. 176198 .140458 -.0957365 .059ze74 

500000. 

1.34E-07 
1.34E-0 7 
1 34E-07 
1.343-07 
1.34E-07 
1.34G-07 
1 - 34E-07 
1.34E-07 
1.34E-07 
1.34E-07 
1 34E-07 
1 - 34E-07 
1.34E-07 
1 - 34E-07 
1.34E-0 7 
1.34E-07 
1 - 34E-07 
1.34E-07 

A6 

-.0302765 
.0022539e 

5.77974E-04 -. 0228943 
- . 0 3 i e e i 6  

200000. -31.3593 -.00872687 -.00490003 -.00214295 -9,762243-04 -3.39591B-04 -1.98244E-04 
500000. -31.6466 -3.56481E-04 -2.64796E-04 -1.777093-04 -1.07797E-04 -6.25087E-05 -4.02042E-05 

See appendix for Chebyshev f i t  de ta i l s .  



0-113 

He + He2+ -> 0-  

Beam - Mcrxwellian 

1 0- 

He Energy 

(E!V/Q M U) 

A ~10000. 

x ~ 2 0 0 0 0 .  

V =:40000. 

x =70000. 

tB -100000. 

83 =200000. 

=500000.  

Recommended 
Data ~- 

Chebyshev Fit _ _ - _  

IO0 1 0' 1 o2 I o3 104 105 
He2+ Temp. (eV> 
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S i n g l e  and Double I o n i z a t i o n  Cross S e c t i o n s  for He2 '  + H e  C o l l i s i o n s  

~ e ' +  + HE -> H e 2 +  + HE?+ + e 
HeZ+ + H e  -> H e 2 +  1- He2+ F 2e 

S i n g l e  I o n i z a t i o n  Double I o n i z a t i o n  

Energy Cross S e c t i o n  
( eV/m1u ) ( c,n2 ) 

1.5E+03 
2.OE+03 
4 OK+O3 
7.064-03 
i.OE+04 
I. 5E+O4 
2.OEI-04 
4.OEi-04 
7.OE+04 
1.OE+05 
1.5E+05 
2.OEi-05 
4.OE+05 
7.OEt-05 
1.OE+06 
1.5E+06 
2.OE+06 
2.4E+O6 

2.72E-18 
2.85E- 18 
3.41E-18 
4.73E-18 
5.96E-I8 
8.llE-18 
1.10E-17 
2.92E-17 
1.28E-16 
1.0513-16 
2.09E-16 
2.05E-16 
1 - 5OE-16 
1 - O3E-16 
a.i7~-17 
6.10E-17 
4.97E-17 
4 -46E-17 

Energy Cross S e c t i o n  
(eV/amu) ( cm2 ) 

1.4E+04 
1.5E+04 
21.OE1-04 
4 e OE 1-04 
7.OE+O4 
b. OEi-05 
1.4E405 
1.5Ei05 
2.OE+05 
4.(3E+05 
7 OEi-05 
I. OW06 
1.5Ec06 
2.OE+06 
2.7E+06 

4.43E- 19 
4.701~-19 
6.21E-19 
1.32E-lB 
2.76E-18 
6.06E-18 
7.60E-18 
7.50E-18 
6.653-10 
3 - QlE-18 
1.27E-18 
7.13E-19 
3.51E-19 
2 - 53E-19 
2 I O6E-19 

-.. References: 148, 282, 381, 382, 383, 304,  387, 537, 538, 540 

Accuracy: a ( H e + )  - 309, 
o(HeZt)  -- 50% 

__II Note: The d a t a  o f  DuIiois (Ref .  538) s u p e r c e d e  ear l ier  r e s u l t s  ( R e f .  282) due  
t o  r e c a l i b r a t i o n  of t h e  s l o w  recoi.1 i o n  d e t e c t o r .  These  corrected data  are 
c o r t s i s t e n t  w i t h  those of Afrosimov e t  a l .  ( R e f .  148), w h i c h  d e f i n e  t h e  low- 
e n e r g y  b e h a v i o r  of t h e  cross s e c t i o n .  

Chebyshev F i t t i n q  Pa rame te r s  for  Cross S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 

-.913101 -.705245 -237700 -295143 -. 101724 o(He') -76.5996 1.88840 
o(He2') -82.9537 -.441854 -1.49781 .0576939 .a13751 -.0249295 -.0956323 

The f i t  r e p r e s e n t s  t h e  a ( & ' )  cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of 15.4%. 
T h e  maximum d e v i a t i o n  i s  44.5% a t  4.OE+04 eS/amu. 

The  fit r e p r e s e n t s  t h e  o ( H e 2 + )  cross s e c t i o n  w i t h  an rms d e v i a t i o n  of 8.4%. 
The maximum d e v i a t i o n  i s  18.4% a t  7.OEi-04 eV/anu. 

See appendix  for  Chebyshev f i t  details. 
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He2+ + He -> He2+ + He+ + e 
He2+ + He -> He2+ + He2+ + 2e 

a(He+) 
a(HeZ') 

Cross Section vs. Energy 

Recommended 

1 o3 io4 1 o5 1 0" 
En erg y (eVh m u) 



HeZ+ 
Temp. 

(ev) 

1.OEt03 
1.5Et03 
2.08+03 
2.5Et03 
3.OEt03 
3.5Et03 
4.OEt03 
4.53*03 
5.OEt03 
5.5Et03 
6.OEt03 
8.OE+03 
1.OEt04 
l.ZEt04 
1.4EtO4 
1.6Et04 
1.8E+04 
2.OEt04 
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S i n g l e  Ionizat ion Rate C o e f f i c i e n t s  for 

Maxwe l l i a n  

Equal 
Temp. 

2.02E-11W 
5.26E-118 
8.723-11" 
1.21E-10* 
1.55E-10* 
1.88E-10* 
2.21E-10* 
2.54E-10* 
2.88E-10 
3.23E-10 
3.59E-10 
5.15E-10 
6.99E-10 
9.19E-10 
1.19E-09 
1.51E-09 
1.90E-09 
2.361-09 

1000. 

2 .OZE-ll# 
3.573-118 
5.26E-11# 
6.99E-11" 
8.72E-11* 
1.04E-IO* 
1,21E-10* 
1.38E-10' 
1.55E-10* 
1.71E-10' 
1.88E-10' 
2.54E-10* 
3.236-10 
3.96E-10 
4.74E-10 
5.58E-10 
6.50E-10 
7.50E-10 

- Maxwellian Rate 

2000.  

5.26E- 1 18 
6.99E- 11 
8.72E-11* 
1.04E-10* 
1.21E-l0* 
1.38E-10* 
1.55E-10* 
1.71E-10* 
1.88E- 10 * 
2.04E-10* 
2.21E-10* 
2 .  88E-LO 
3.593-10 
4.34E-10 
5.15.E-10 
6.03E-10 
6.993-10 
8.04E-10 

He Temp. 
4000. 

1.21E-10* 
1.38E-10* 
1.55E-10* 
1.71E-10* 
1. 88E-lOl 
2.04E-10* 
2 . 2  1E-10* 
2.38E-10* 
2.54E-10* 
2.71E-10" 
2.88E-10 
3.59E-10 
4.34E-10 
5.15E-10 
6.03E-10 
6.993-10 
8.04E-10 
9.19E-10 

C o e f f i c i e n t s  (CIII~/S) 

I ev 1 
7000. 

2 . 2  1E-10* 
2.38E-10* 
2.54E-10* 
2.71E-10* 
2 .8BE-lO 
3.05E-10 
3.233-10 
3.41E-10 
3.59E-10 
3.77E-10 
3.96E-10 
4.74E-10 
5.58E-10 
6.50E-10 
7.50E-10 
8.60E-I0 
9.81E-10 
1.llE-09 

10000. 

3.23E-10 
3.41E-10 
3.59E-10 
3.77E-10 
3.96E-10 
4.15E-10 
4.34E-10 
4.54E-10 
4.74E-10 
4.94E-10 
5.15E-10 
6.03E-10 
6.99E-10 
E .  O4E-10 
9.19E-10 
1.05E-09 
1.19E-09 
1.343-09 

15000. 

5.15E-10 
5.36E-10 
5.58E-10 
5. 8OE-10 
6.03E-10 
6.263-10 
6.50E-10 
6.74E-10 
6.99E-10 
7.24E-10 
7.50E-10 
8.60E-10 
9.81E-10 
1.llE-09 
1.263-09 
1.423-09 
1.60E-09 
1.793-09 

Accuracy: * - P o s s i b l e  Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev F i t t i n q  Parameters f o r  Rate C o e f f i c i e n t s  

E,,,in = 1.OE+03 e V ,  E,,,,, = 2.OE+04 eV 

1000. 
2000. 
4000. 
7000. 
10000. 
15000. 
20000. 
Equal Temp. 

A0 

-45.5517 
-44.8184 
-43.9954 
-43.2344 
-42.6662 
-41.8920 
-41.2236 
-44.3188 

A1 A 2  

1.76637 -.0538507 
1.34639 .0940426 
.993020 .171815 
.780722 .188817 
.678316 .186986 
.580941 .178679 
.538493 .169263 

2.21934 -.0710730 

A3 

.0411721 

.0160336 

.0181703 

.0272646 

.0320032 

.0346782 

.0338729 

.154144 - 

A4 

.0121873 

.0100615 

.00532378 

.00407424 

.00435983 

.00461614 

.00410893 

.0123650 

A5 

-.00162780 
7.611623-04 
.00150693 
.00107015 

7.842183-04 
3.945163-04 
1.872213-05 
.00522272 

20000.  

7.50E-IO 
7.76E- 10 
8.04E-10 
8.31E-10 
8.60E-10 
8.89E-10 
9.19E-10 
9.50E-10 
9.81E-10 
1.01E-09 
1.05E-09 
1.19E-09 
1.341-09 
1.51E-09 
1.693-09 
1.90E-09 
2.12E-09 
2.363-09 

A6 

4.71335E-04 
-5.259963-06 
1.33413E-04 
2.33342E-04 
1.42277E-04 

-9.311273-05 
-2.357093-04 

-.00149471 

See appendix for Chebyshev f i t  de t a i l s .  
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He2' + He -> He2+ + He' + e 

Maxwclliarl Mclxwellian 

@ =10000. 

=20000.  

Recommended 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

He2+ Temp. (eV> x103 
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H e 2 +  
Teiiip . 
( @ V )  

1. OEtOQ 
2.OEt00 
4.OE+00 
7 * OE-2 0 0  
1.OEtOl 
2 I OE+ 01 
4.OEt01 
7.0E+01 
I. OEt02 
2.OE+02 
4 * OEt02 
7.OEt02 
1 .OE+03 
2.OE+03 
4 OE+03 
7.OE+Q3 
l.OE+Q4 
2.OE+04 

He 
Energy 

(eV/amu)  

10000. 

7.33E-3 1 
3.50E-10 
6.77E-10 
8 - O 3 E - 1 0  
8.25E-10 
8.30E-I0 
0.31E-10 
a. 33~-10 
8.3 5E-10 
8.40E-10 
8.50E-10 
R.65E 10 
8.80E -30 
9.34E-i0 
1.05E-09 
1 26E-09 
1.50E-09 
2.65E-09 

Sir iy le  Ionization Rate C o e f f i c i e n t s  f o r  

[le -e ~e~~ -> He+ + We2+ t e 

B e a u  - Maxwellian Rate C o e f f i c i e n t s  (cm3/s) 

20000. 

1.69E-10 
9.12E-10 

2.lOE-09 
2.16E-09 
2.17E-09 
2.18E-09 
2.18E-09 
2.19E-09 
2 -  20E-09 
2.23E3--09 
2. 28C-09 
2.3 2E-09 

1.78~~09 

2.461': --09 
2 -  73E-09 
3.20E-69 
3. '78E3--09 
6 . 3  3E-09 

40000. 

9.57B-09 
9.31E-09 
8.43E-09 
8.17~-09 
8.16E-39 
8.18E-09 
8. 22E-09 
3.2615-09 
8.30E--69 
8.40E-09 
8.57E-09 
8.79E-09 
9.OlE-09 
9.68E-09 
1.10E-08 
1.30E-08 
3.48E-08 
2.04~-08 

H e  Enerqy  ( e V / m u )  
70000. 

1,6 1E-08 
3.37E-08 
4.44E-OB 
4 66E-08 
4.68E-08 
4 a 676-08 
4.66E-08 
4.64E-08 
4 63E-08 
4 61E-08 
4 59E-08 
4 57E-08 
4.56E-08 
4.56E-08 
4.61E-08 
4.71E-08 
4 I 81E-88 
5.15E-08 

_ _  
100000. 

7 + 23E-08 
8.37E-08 
8.29E-08 
8.1SF-08 
8.13E-08 
8.1OE-08 
8.09E-08 
8.08E--08 
8.08E-08 
8.06E-08 
8.04~-08 
8.01E-08 
8.00E-08 
7 . 9 7 ~ 0 8  
7.95E-08 
7.94E-08 
7.94E-08 
7.99E-08 

200000. 

1 - 27E-07 
1.27E-07 
1.2 IE-07 
1.2.9E-07 
1.27E-OJ 
1.27E-07 
1.2JE--07 
1.27E-07 
I. 27E-07 
1.27E-07 
1 - 27K-07 
1.27E-07 
1.26E-0 7 
1.26E-07 
1.26B-07 
1.25E-07 
1 24E-07 
1.23E-07 

C h e b y s h e v  F i t t i n q  P a r a m e t e r s  f o r  Rate C o e f f i c i e n t s  

= 2.OEf-04 e V  E,l,ElX 
E,in = 1.OE+00 eV, 

A0 A1 A2 A3 A4 A5 

10000. - 4 2 . 0 8 7 9  1 . 0 5 4 1 6  - . 2 7 8 1 6 8  . 5 7  1 6 0 3  - . 1 7 8 6 9 2  . 1 6 3 4 1 7  
20000. - 4 0 . 2 1 8 3  1 . 0 5 2 1 7  -. 325687 . 5 7 6 8 6 1  - . 2 0 3 7 0 1  . 1 7 5 4 7 4  
4 0 0 0 0 .  - 3 6 . 7 7 1 2  . 2 9 2 7 5 5  . 2 6 7 6 8 4  . 0 7 4 4 6 2 1  . 0 4 5 4 6 1 7  . 0 0 6 9 1 9 3 2  
7 0 0 0 0 .  - 3 4 . 0 3 3 8  . 3 0 0 2 8 2  - . 2 0 7 4 5 6  . 2 0 7 0 3 2  -. 1 0 8 7 9 5  .07  1 5 4 5 3  

500000.  

1.27E-07 
1.27Fi-07 
1.27E-01 
1.27E-07 
1.27E-07 
1.27E-0 7 
1.276-07 
1.27E-07 
1.27E-87 
1.27E-07 
1.2'/E-07 
1.27E-OJ 
1. 27B-07 
1.27E-07 
1.27E.3-07 
1.2SE-07 
1.27E-0J 
1.27E-07 

A 6  

- . 0 4 2 7 3 1 0  
- . 0 5 1 4 2 0 0  
- . 0 1 2 4 2 7 4  
-. 0 3 1 2 1 0 5  
- . 0 1 3 7 5 1 9  1 0 0 0 0 0 .  - 3 2 . 6 8 4 4  . 0 0 4 0 2 2 5 1  - . 0 1 7 7 3 9 6  . 0 2 3 2 1 2 9  - . 0 1 7 5 9 3 2  

2 0 0 0 0 0 .  -31 .7707 - . 0 1 3 5 8 8 8  - . 0 0 6 7 3 2 0 8  - . 0 0 2 5 7 5 6 8  -7 .31948E-04 - 2 . 5 0 1 3 6 3 - 0 4  - 2 . 8 3 6 4 6 E - 0 5  
500000. - 3 1 . 7 6 2 1  -4 .22604E-04 -3 .263433-04  -2 .33365E-04 -1 .51845E-04 - 9 . 2 1 1 8 5 3 - 0 5  -5 .83670E-05 

. 0 1 8 5 6 4 8  

See appendix for C h c b y s h e v  f i t  detai ls .  
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0-119 

HE? + He2+ -> He' -k He2' + e 

Recommended 
Data 

Chebyshev Fit 

.. .. 
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ne2+ 
Tenp . 
( ev )  

l.OE+OO 
2. O E  PO0 
4,OE.i-00 
7. OE !0O 
I, OW01 
2.OEt01 
4.OE+01 
7. O E t O l  
l.OE+QZ 
2.OE{O? 
4.OEi02 
7.OE+02 
1.OE+03 
2.OE+O3 
4.OE+03 
7.OEiO3 
I.OEi04 
2.0E:+O4 

15000. 

9.35E-I1 
8.19E-11 
8.00E-11 
8.00E-I 1 
8.0 1E .- 1 1 
7.98E-11 
7 - 81E- I1 
7.50E-ll 
7,25E-Il* 
6.73F- 11* 
6.47E-11* 
6.39E-ll* 
6.45E-11* 
6 .  a7 E-- pi* 
7.87E-ll* 
9 .41E-ll* 
l.lOE-lO* 
1.66E-JO" 

Doiible Ionization Rate Coefficients 

H e  f He'' -> Hezt + Ne2+ + e 

Seam - Maxwellian Rate Coefficients 

20000. 

la13E--10 
1.21E-10 
1.22E-IO 
1.22E-10 
1 . 2 2 E - 1 0  
1.22E-10 
1.22E-10 
1.232-10 
1.23E-10 
1 . 2 3 E - 1 0  

1.26F -50 
1.24E-10 

I. 27E-IO 
1 . 3 O E - 1 0  
1.37E-10 
1.52E-10 
1.69E-iO 
2.34E-10 

H e  Enerqy  ( eV/;uuu ) 
40000 

1.86E-10 
3.04E-10 
3.59E-IO 
3.6713-10 
3.67E-I0  
3.67E-10 
3.68E-IO 
3.68E-10 
3.69E-10 
3.70F-10 

3.76E- 10 
3.73E-IO 

3.79E-10 
3.90E-PO 
4, LOE-10 
4.43E-IO 
4.78E-10 
6.12E-10 

.~ 
70000. 

1.74E -09 
1.26E-09 
1 - 05E-09 
1.02E-09 
I. 02E-09 
1.02E-09 
1.02E-09 
1.02E-09 
1 03E-09 
1-03E-09 
1.04E- 09 
1 - 06E-09 
1.07E-09 
1 llE-09 
1.18F: -09 
1.26~-09 
1.34E-09 
1.54E-09 

for 

( C,Il3/S ) 

100000. 

1.73E-09 
2.49E-09 
2.6 5E -09 
2.6 5E-09 
2.65E-09 
2.65E3-09 
2.64E-09 
2 63E-09 
2.63E-09 
2-526-09 
2.6OE-09 
2.59E-OS 
2.58E-09 
2.56Li-09 
2.56E-09 
2.56E-09 
2.58E-09 
2.62E-09 

200000. 

4 I 1313-09 
4.13E-09 
4.13E-09 
4.13E-09 
4.12E.-09 
4.12E-09 
4 - 12E-09 
4. l1E-09 
4.llE-09 
4 IOE-09 
4 09E-09 
4.08E-09 
4.07F-09 
4.0513-09 
4.01E-09 
3 . 97t.:--09 
3.94-09 
3.84E-09 

Accuracy: * - Possible Error Greater 'Than 10% 
# .- Possible Error  Greater Than 100% 

Chebyshev F i t t i n q  Parameters f o r  Rate Coef f i c ien ts  

Emin 2 l.OE+OC! eV, E,,,,, = 2.OE+04 eV 

H e  
E n e r g y  
(ev/amu) AO 

1 5 0 0 0 .  - 4 6 . 3 3 1 2  
20000. - 4 5 . 4 3 1 7  
4 0 0 0 0 .  - 4 3 . 4 3 5 6  
7 0 0 0 0 .  - 4 1 . 0 6 4 8  
100000. - 3 9 . 6 2 2 0  
2 0 0 0 0 0 .  - 3 8 . 6 4 7 1  - 
500000.  - 3 9 . 9 6 5 9  

A 1  

. 1 5 3 2 2 4  

. 2 3 1 4 3 2  

.345707 

. 0 1 3 6 6 5 4  

. 0 8 2 2 7 6 7  
. 0 2 8 8 7 0 2  
. 0 0 1 3 5 5 8 6  

A2 

. 2 7 9 7 1 5  

. 1 3 6 1 6 8  
- .0276535 

. 2 2 3 8 7 9  
-.OB34305 
- . 0 1 5 3 7 0 8  
8 . 9 7 1 9 0 3 - 0 4  

A3 A4 

. 1 5 6 8 2 9  . 0 7 2 5 1 5 1  

. l o 5 9 0 8  . 0 3 7 9 2 9 1  

. l e 5 0 7 2  - . 0 4 4 8 5 8 7  
-. 0 4 8 8 1 6 4  . 0 7 1 4 5 1 3  

. 0 8 1 1 3 8 6  -. 0 4 9 2 2 6 5  
- . 0 0 6 3 4 6 3 4  - . 0 0 2 4 8 8 2 7  
4 .16825E-04 1 .05292E-04 

A 5  

. 0 2 4 2 5 6 0  

. 0 2 8 9 0 2 2  

. 0 6 0 4 0 2 6  -. 0 2 7 2 2 1 2  

. 0 3 8 6 9 4 5  
.8 .914433-04  - 
. 2 .  86625E-05 - 

500000. 

2.09E-09 
2.09E-09 
2.09E-09 
2.09E-09 
2.09E- 09 
2.09E-09 
2.09E-09 
2.09E-09 
2.09E-09 
2.10E-09 
2.10E-09 
2.10E-09 
2.10E-09 
2. IOE-09 
2.10E-09 
2.10E-09 
2.10E-09 
2.10E-09 

A6 

. 0 0 7 0 5 8 5 2  

. 0 0 1 7 7 4 9 2  -. 01 8 3 1 9 0  

.00699819 

- . 0 2 3 9 5 4 5  
. 4 . 3 3 3 5 7 1 - 0 4  
.6 .55320E-05 

See appendix for Chebyshev fit details. 
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He + He" -> He2" 5 He2+ C e 

Bean-i - Maxwellicrrn 

He Energy 

(eV/arn u> 

A Z 15000. 

x -.20000. 

V =40000. 

H =70000. 

@ =100000. 

-2200000. 

EJ =sooooo. 

Recommended 
Dota ---- 

Chebyshev Fit 

IV 

IO" 10' 1 oz I o3 10" id 
He2+ Temp. (eV) 
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Cross S e c t i o n s  f o r  t h e  I o n i z a t i o n  of L i  hy P ro ton  Inipact 

I<+ + L i  -> H’ + I , i +  + e 

Energy 
(PV/YW ) 

2.5E+04 
4 ” O E t 0 4  
7.OE+O4 
l.OE+05 
1.5E+05 
2.OEt05 
4.OF+05 
7.OEt05 
1.0W06 
1.5E t06 
2.OEiO6 
2.3fCt06 

.-__. References: 232, 234, 737, 738 

V e l o c i t y  
(CI i l /S)  

2.78~+08 
2.20E+08 

3.6RE+08 
4.3 9E+08 
5.3EE+C8 
6.21E+08 
8.78Et08 
1.16R4 09 
1 . 3  9E+09 
1 - 7 0 E t C 9  
1.96E+O3 
7.10E+09 

Accuracy:  30% 

Note: Cross s e c t i o n s  f o r  double i o n i z a t i o n  
h i z a t i o n  may be found i n  Ref. 234, 

Cross S e c t i o n  
( cn12 ) 

1.20E-15 
7.56E-16 
4.49E-16 
3.22E-16 
2.24E-16 
1.73E-16 
9.48E- 17 
5. T 9 E - 1 7  
4.21E-17 
2.98E 17 
2.36R -17 
7.12E-17 

and e 1.ect ron  t r a n s f e r  

- Ch-hev F i t t i n a x -  Parameters  for  Cross S e c t i o n s  

A 0  A1 A2 A3 A4 A5 A6 

--72.8380 -2.01716 .0360083 --,00414961 .00683897 .00418712 .OO222666 

The fit r e p r e s e n t s  t h e  above CKOSS s e c t i o n  w i t h  a n  rn is  devi-atiori of 0.2%. 
The iriaxhuiii d e v i a t i o n  is  0.4% a t  1.OEt06 e V / m u .  

See appendix  f o r  Chebyshev f i t  details. 
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H' + Li -> H+ f Li" + e 

Cross Section vs. Enet-av 

io" io5 1 o6 
En erg y (eV/a m u) 

10' 

Recammended 
Data 

Chebyshev Fit - -_-I  
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Hi 

( e v )  

l.OE+OO 
2.OE+OO 
4. OE k00 
7.OE+OO 
l.OE+Ol 
2.OE+01 
4.0E>L01 
7.OE+01 
1.OEt02 
2.OEt02 
4.OE+02 
7.OE+02 
1.OEt03 
2.OE-t-03 
4.OE+03 
7 . 0 ~ 0 3  
1.  OE to4  
2.OE+04 

Temp a 
25000. 

1.32E-07* 
1.32E-07* 
1.32E-O 7 *  
1.32E-07* 
1 . 3  2E -07* 
1.32E-07* 
1.32E-07* 

1.32E-07* 
1.32E-07* 
1.32E-07* 
1.32E-07* 
1.32E-07* 
1.33E-07* 
1.33E-07* 
1.34E-07* 
1.35E-07* 

1.32E-07* 

1.36E-07* 

Ionization Rate Coefficients f o r  

L i  t  PI^ -> L i t  + n+ .t e 

Beam - MaxdsLlian Rate Coefficients (cnr3/s) 

30000. 

2.4iE-07 
2.41E-07 
2.41E-07 

2.4 1E-07 
2.41E-07 

2.41E-07 
2 -41E-07 
2.40E-07 
2.37E-07 

2.07E-07* 
2.26~-07 

1.91E-07* 
1.81E-O7* 
1.66E-07* 
1.54E-07* 

1.44E-07* 
1.39E-07* 

1.47E-07* 

Accuracy: * - Possible Error 
# - Possible Error 

Li 
E n e r g y  

f eV/amu) 

25000. 
30000. 
40000.  
70000 .  

100000 .  
200000. 
500000 .  

40000. 

2.10E--07 
2.10E-07 
2.10E-07 
2.10E-07 
2.10E-07 
2.10E-07 
2.10E-07 
2.10E-07 
2.10E-07 
2.10E-07 
2.10E-07 
2.08E-07 
2.05E-07 

L i  Energy (eV/amu) 
70000. 

1.65E-07 
1.65E-07 
1.65E-07 

1.65E-07 
1.65E-07 
1.65E-07 

1.65E-07 

1.65E-07 

1.65E-07 

1.6 5E .-0 i 

1.65E-07 

1.65E-07 
1.65E-07 

1.92E-07 1.653-07 
1.75E-07* 1.64E-07 

1.55E-07* 1.55E-07 
1.63E-07* 1.59E-07 

1.44E-07* 1.43E-07 

Greater Than 10% 
Greater Than 100% 

.. 
100000. 

1 -41E-07 
1.41E-07 
1.41E-07 
1.41E-07 
1.4 1 E  -07 
1.41E-07 
1.41E-07 
1.42~07 
1.42~07 
1.41E-07 
1.42E-07 
1.42E-07 
1.42E-07 
1.42E-07 
1.42E-07 
1.4l.E-07 
1.40E-01 
1 . 3  5E-07 

200000. 

1.07E-07 
1- 07E-07 
1.07E-07 

1.07E-07 
1.07E-07 

1.07E-07 
1.07E-07 
L.07E-07 
1.07E-07 
1.08E-07 
1.07E-07 
1.08E-0 J 
1.08E-07 

1.08E-0'7 
1.08E-07 
1.08E-07 
1.07E-07 

1.08E-07 

Ciiebyshev F i t t i nq  Parameters f o r  Rate Coefficients 

EnIin = l.OE+OO eV, E,,,, = 2.OE+04 eV 

500000. 

7.65E-08 

7.65E-08 
7.65E-08 

7.65E-08 
7.65E-08 
7.65E-08 
7.65E-08 
7 .'65E-08 
7-653-08 

7.65E-08 

7.65E-08 
7.65E-08 

7.65~-oa 

7.64E-08 

7.64E-08 
7.64E-08 
7.64E-08 
7.63E-08 

A0 A 1  A2 A3 A4 A5 A6 

-31.6698 .0118975 .00739492 .00353790 .00119300 1.9359301-04 -1.149263E-04 
-30.8686 - .300540 - . l o 2 7 8 7  ,0265566  ,03755728  4.4067793-04 - . 0128332  
-30 .9410  - .164365 -. 104816 - .0390710  .00300641  .0148191  .00812484  
-31.2792 - .0?15852 - .0337922 - .0234716  - .0135033  - .00588597 - .00106044 

- .00213914  -31.5530 - .0108539  - .0102585 - . a0687341  - .00653162  - .00400398  
-32 .0915  3 .7881093-04  -1.517981E-04 -3.5740763-04 -3.435617E-04 -2.366833E-04 -1 .0241413-04  
-32.7738 -8.3889203-04 -5.417499E-04 -3.0693081--04 -2.0759531-04 -1.5986183-04 -6 .1456413-05  

See appendix f o r  Chebyshev f i t  d e t a i l s  
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Li + H+ -> Li+ + H+ + e 

Beam - Maxwellian 

I I I I  

27.5 i- 
25.0 t 
22.5 

20.0 

17.5 

15.0 

12.5 

10.0 

7.5 

IO0 IO’ 1 0’ 1 o3 10’ 10’ 
H+ Temp. (ev) 

Li Energy 

(eV/am u) 

A z 2 5 0 0 0 .  

x =30000. 

v =40000. 

=70000. 

El = 100000. 

=200000. 

a =500000. 

Recommended 
Data -. 

Chebyshev Fit -I_-_ 
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C r o s s  S e c t i o n s  f o r  t h e  I o n i z a t i o n  of l,i by H e +  Ions. 

H e +  + L i  -> He+ + L i t  + e 

Energy 
( ev /anu  1 

8.2E+O3 
9.OE+03 
l.OE+04 
1.5E+04 
2.OE+04 
2. SE+04 
3.OE-tO4 
3.4Et04 

V e l o c i t y  
(cm/s) 

1.26E+08 
1.3 2E+08 
1.3 9E+08 
1.70E+08 
1.96Et08 
2.20E t-08 
2.41E+08 
2.56E+08 

Cross S e c t i o n  
( c1n2 ) 

1.67E-15 
1.66E-15 
1.65E-15 
1.53E-15 
1.38E-15 
1.17E-15 
9.31E-16 
7.58E-16 

Refe rences :  232, 739 

Ihccuracy: Unknown 

Notes: (1) T h e  t h e o r e t i c a l  c r o s s  s e c t i o n  of Tiwary  e t  81. (Ref .  739)  
c o n t i n u e s  t o  i n c r e a s e  a t  e n e r y i e s  less t h a n  lo4 eV/amu. (2) The 
e x p e r i m e n t a l  data of DuBois (Ref .  232) i n d i c a t e  a maximuni i n  t h e  cross 
s e c t i o n  a t  104 ev/miu. 

Chebyshev F i t t i n q  Parauicters for  Cross S e c t i o n s  

= 3.48+04 eV/anu Enlin = 8.2E+03 eV/;ui iu ,  %ax 

A0 A1 A2 A3 A4 A5 A6 

-68.5495 -*358317 -.141101 .-.0391361 -.00786217 -00262636 -00278361 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rills deviation of 0.0%. 
The maximum d e v i a t i o n  i s  0.1% a t  2.5E+04 eV/amu. 

See appendix  for Chebyshev f i t  d e t a i l s .  
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‘D 
0 * 

I 

c- 

A 

i-‘ E 
0 

c 
0 

0 
Q> 
0 
in 
cn 
0 

W 

.- 
-w 

cts 

17.0 

16.0 

15.0 

14.0 

13.0 

12.0 

11.0 

10.0 

9.0 

8.0 

He’ + Li -> He’ + Lis + e 

Cross Section vs. Energy 

RecommenLd 
Data 

7.0 ’ I I 1 I I 

15.0 20.0 25.0 30.0 35,.0 5.0 10.0 

Energy (eV/amu> x 10’ 

- - - _  Chebyshev Fit 
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Energy 
( eV/aniu ) 

6.6E+03 
7.OE+03 
l.OE+04 
1.5E+04 
2.0E+04 
2.4Et04 
4.OE+04 
7.OE+04 
1.OE+05 
1.5E405 
2.OE+05 
4.OE+05 
7.OE+05 
l.OE+06 
1.5E+06 

Cross S e c t i o n s  for I o n i z a t i o n  of L i  by He2' I o n s  

HF*' + ~i -> ~ e ' +  + r , i +  + e 

VeLocity 
(cm/s) 

1.13E+08 
1.16E+08 
1.39E+08 
1.7OE+08 
1.96E+08 

2.78E+68 
3.68E+08 
4.39E+08 
5.38E+08 
6 .21E+08  
8.78Et08 
1.16Et03 
1.3 9E+O3 
1.70E+09 

2.15~toa 

Cross S e c t i o n  
( cn? ) 

5.62E - 16 
6.85E-16 
1.42E-15 
2 .7  lk: -15 
3.80E-15 
4.06E-15 
3.02E-15 
1.86E-15 
1.35E-15 
9.43E-16 
7.36B-16 
4,011.:-16 
2.51E-16 
1. WE-16 
1.28E-16 

-. References: 232, 234, 264, 731, 735, 731 

AcCuKaCy: E > 2x104 ev/aniu - 30% 
E < 2x104 eV/arnu - Unknown 

Notes: ( 1 )  The t h e o r e t i c a l  data of  S h i p s e y ,  e t  a l .  [ R e f .  264) have  been  
u s e d  t o  extend t h e  expe r i iuen ta l  data below 2x104 eV/amu. A t  h i g h e r  e n e r g i e s  
t h e  t h e o r e t i c a l  data of th is  p a p e r  are approx ima te ly  50% below t h e  
expe r i inen ta l  d a t a .  ( 2 )  See Shah, e t  al. (Ref .  234) f o r  double i o n i z a t i o n  
and  Lransfer i o n i z a l i o n .  

Chebyshev F i t t i n q  Parameters for Cross S e c t i o n s  

A 0  A1 A2 A 3  A4 A5 A6 

-69.7410 -1.20403 -.e64397 -480069 -.1.71618 -.0181494 .0678290 

The f i t  r e p r e s e n t s  t h e  above cross sections w i t h  an rnis d e v i a t i o n  of 3.8%. 
The niaxinwm d e v i a t i o n  i s  6.5% a t  4.OE+04 eV/aniu. 

See append ix  f o r  Chebyshev fit d e t a i l s .  
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HeZS + Li -> He2' + Li' + e 

Recommended 
Do ta 

Chebyshev Fit 



m2+ 
Temp. 
( e v )  

1. O E i O O  
2. OE+OO 
4.OEt00 
7.OE+00 
1.OEi91 
2.OE+01 
4.OE+01 
7.0Ei01 
1.OEt02 
2.OEt02 
4.oeto2 
7.OEt02 
1.0E+03 
2.OE+03 
4. OE t03 
7.OEt03 
1.OEt04 
2 .  OE F04 

Li 
E n e i g y  
( eV/smn)  

10000. 

1.97~07 
1.97E-07 
1.97E-07 
1.97E-07 
1.97E-OS 
1.97E-07 
1.97E-07 
1.986-07 
1.98E-07 
2.01E-07 

2.13E-07 
2.20E-07 

2.06E-07 

2.44E-01 
z.a7~-07 
3.38E-07 
3.7715-07 
4.63E-07 

Iol i izat ion Rate Coefficients fo r  

L i  + ~e’+ -> I , i+ + HC’+ t n 

20000. 

7.45E-07 
7.45E -07 
7.44E-07 
7.44E-07 
7.43E-07 
7.421.3-07 
7.40E-07 
7.39E-07 
7.38E-07 
7,35E3-Q7 
7.32E-07 
7-288-07 
7.23E-07 
7.12E-07 

6.81%-0 7 

6.57E-07 

6.95E-07 

6.72E-0 7 

40000. 

8.39E-07 
8.39E-07 
8.38E-07 
8.38E-07 
8.386-07 
8.37E-07 
8.37E-07 
8.36E-07 
6:. 36E-O?  
8.34E-07 
8.326-07 
8. ?OF-07 
8.28E 07 
8.23%-07 
8.15~07 
8.03E-07 
7.89E- 07 
7.52E-O? 

70000. 

6.84E-07 
6.84E-07 

6.84E-07 
5 .83E  -07 
6.87E-07 
6.835-07 
6.83E-07 
6.83E-07 
6.83E-07 
6.83~07 
6.83E-07 
6.83E-07 
6.826-07 
6.826-07 
6.81E-07 
6.79B-07 
6.72E-07 

6.84~07 

100000. 

5.93~37 
5.93E-07 
5.93E-07 
5.93E-07 
5.93E-07 
5.933-07 
5.9313-07 
5.93E-07 
5.93~-07 
5.933-07 
5.93B-07 
5.93E-07 
5.93E-07 
5.93E-07 
5.931.3-07 
5.93~07 
5.933-07 
5.92E-07 

200000. 

4.57E-07 
4.576-07 
4.57E-07 

4.57E-07 
4.57E-07 
4,57E-07 
4.576-07 
4.57E-07 
4.576-07 
4.57E--07 
4.57E-97 
4.57E-07 
4.57E-07 
4-53E-07 
4.56E-37 
4. %E-07 
4 I 56E-07 

4 - 57B-07 

Chebyshev Fittinq-Parameters f o r  Rate Coef f i c - & e m  

E,,,in = l.OE+OO eV, Ernax - 2.OEkO4 e V  

A0 A 1  A2 A 3  A4 A5 

10000. -30.4517 .363146  .218558  .0797980 .00504386  - .0143333  
20000. -28.2941 - .0576610  - .0273357  - .00812937 3.616003E-04 .00260866 

- . 00660902  - .00299352  40000 .  -28 .0291  - .0386370  - .0241107 - .0131555  
70000 .  -28.3978 - .00517514 - .00356459  - .00231958 - .00145198 -8.487303E-04 
100000 .  -28.6764 -3.661189E-04 -4 .106107E-04 -3.730240E-04 -2 .6065183-04  -1.7147931-04 
200000.  -29.1976 -8.814731E-04 -6 ,1055313-04  -1.2051263-04 -7.285731E-05 1.063444E-04 
500000.  -29 .8691  -1.603658E-04 -9.7798052-05 -3.895455E-05 -5.564509E-06 2.952654E-06 

500000.  

3.27E-07 
3.27E-07 
3.27E-07 
3.27E -07 
3.27E-07 
3.273-07 
3.27E-07 
3.27~07 
3.27E -07 

3.27E-07 
3.27E--07 

3.27E-07 
3.27E-07 
3.27E-07 
3.27E-07 
3.27E-07 

3.27~ --a7 

3.27E-07 

A6 

- .0104786  
.00171889  

- . 0 0 1 0 2 0 7 1  
-4.870846E-04 
-7.710836E-05 

7.216290E-06 
-4.029762E-07 

See appendix f o r  Chebyshev fit d e t a i l s .  
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E-2 

Projecti le E l e c t r o n  L o s s  or S t r i p p i n g  Cross S e c t i o n s  f o r  

H + H - > H C  + H - t E  

Energy 
(ev /amu)  

1.2E+03 
2.OE+03 
4.OE+03 
6.OEi03 
7.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
4 a OE 1-04 
7.OE+04 
1.OE+05 
1.5Et05 
2.OE+05 
4.OE+05 
l.OE+05 
1.OE+06 
1.5E+06 
2.OEt06 
3. 5E.l-06 

V e l o c i t y  
( cm/ s ) 

4.81Ei-07 
6.21E+07 
8.79E+07 
1.08E+08 
1.16E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.78E-! 08 
3.68E+08 
4.3 9E+08 
5.38Et08 
6.21E+08 
8.78E+08 
1.16E+09 
1.3 9E+09 
1.70E+09 
1 .96E to9 
2.59Et 09 

Cross S e c t i o n  
( C1112 ) 

2.89E-18 
1.50E-17 
3.65E-17 
5.22E-17 
5.87E-17 
7.68E-17 
1.07E-16 
1.26E-16 
9.6aE-17 
7.35E-17 
5.98E-17 
4.49E-17 
3.57E-17 
1.96E-17 
1.27E-17 
9.67E-18 
7.08E-18 
5.76E-18 
3.88E-18 

Refe rences :  33, 34, 209, 296, 297, 298, 299, 300, 301 

Accuracy: 20% 

Noh: To o u r  knowledge t h e r e  are no known expe r i iuen ta l  i o n i z a t i o n  cross 
s e c t i o n s  for H i n t e r a c t i n g  w i t h  H atoms. 
P 

Chehyshev F i t t  i.nq Parameters fo r  Cross S e c t i o n s  

= 3 . 5 ~ 0 6  eV/aiiiu 
Ell,,, 

Emin = 1.2E+03 eV/aniu, 

A 0 A 1  A2 A3 A4 A5 A6 

-77.1794 -.451408 -1.51760 -543975 --0355154 -00258954 -.0750900 

T h e  f i t  represents t h e  above cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  of 8.0%.  
The maxiinuna deviation i s  10.3% at: 7.OE+03 e V / a n i u .  

See  appendix f o r  Chebyshev f i . t  de ta i l s .  
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H + ' H  -> H" + H + e 

Cross Section vs. Enerav 
J /  

I I 1 1 1 1 1 1 1  1 I I 1 1 1 1 1 1  I I 1 1 1 1  

lo-'* 1- 
io3 1 o4 1 o5 1 0" 

Energy (eV/amu> 

Recommended 
Data 

Chebyshev Fit - - - - _  
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E-4 

Projecti le E l e c t r o n  L o s s  or S t r i p p i n g  Cross S e c t i o n s  f o r  

~ ( 2 s )  + ~ ( 1 s )  -> H +  t M + e 

Energy 
(ev ja l lu  ) 

5.OEcO3 
6.OE+03 
7.0E+03 
8.OEd-03 
9.OE+O3 
1.OEi04 
1.5Ei04 
2.OE+04 
3.OE+04 
4.OE+C4 
5.OEi04 
6. O E  b O 4  
5 f OEi04 
8.OE+04 
9.0EtO4 
S.OEtO5 

V e  loc it y 
( cm/ s ) 

9.82E+07 
1.08E+O8 
1.16E to8 
1.24E+08 
1.32E+O8 
1.39E+08 
1.70E+08 
1.96Ed-08 
2.4 1 E + 0 8  
2. '78Et08 
3.11W-08 
3. /1OE+08 
3.68E+08 
3.93E 108 
4.17EtQ8 
4 . 3 9 ~ 0 8  

C r o s s  Secti .on 
( c*n2 

2.24E-16 
2.3 9E- 16 
2.51E-16 
2.62E-16 
2.69E.-16 
2.75E-16 
2.95E-16 
2.94E-16 
2.6OE-16 
2.29E-16 
2 - 10E-16 
S.99E-16 
1.91E-16 
1.84E-16 
1.79E-16 
1.74E-16 

Keferences: 33, 285, 302 

Accuracy: Unknown 

-I___ Mote: The e x p e r i m c n t a l  d a t a  of  H i l l ,  e t  a l .  (Ref .  33) have been  
e x t r a p o l a t e d  from 20 keV/amu t o  100 keV/aniu using t h e  t h e o r e t i c a l  d a t a  o f  
A b r i n e s  and P e r c i v a l  (Ref .  285), find Prasad and Unn ik r i shnan  ( R e f .  302). 
I n  t h e  ene rgy  r ange  o f  o v e r l a p  the e x p e r i m e n t a l  and t h e o r e t i c a l  data agree 
t o  w i t h i n  25%. 

Chebyshev FBt t i i iq  Parameters for,- Cross S e c t i o n s  

Emin = 5.OE-103 eV/aiiu, %ax = 1.OE+05 e V / m u  

A 0  AS A2 A3 A4 A 5  A6 

-72-0121 -.164818 - .174972 .0460650 .O293401 -.00$79104 -.O113468 

The f i b  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n  w i t h  an  rius d e v i a t i o n  of 0 .4%.  
The iiiaxFnium d e v i a t i o n  i s  0.5% a t  4.OE+04 eV/anu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  



E-5 

0 - 30.0 ++ 
1 

28.0 

26.0 

A 

"E 
0 

c 
0 

0 w 
0 
(n22.0 

0 

"24.0 

.- -w 

II) 

2 

20.0 

18.0 

16.0 
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E-6 

P ro jec t i l e  ~ I e c C r o n  Loss o r  S t r i p p i n g  C r o s s  S e c t i o n s  fo r  

H t H~ -> H' 4- 1i2 + e 

Energy 
( e V  / a m  ) 

6. OEtGl 
7.OE+01 
1 .OE b o 2  
1.5E to2 
2.OE+02 
4.0E+02 
I .  OE+02 
1.OE+03 
1.5E+03 
2.OEt03 
4 OE+03 
7.OE+03 
1.OEtQ4 
1.5E+04 
2.0E+04 
4.0E+04 
7 3E+04 
l.OE+05 
1.5E+05 
2. OE to5  
4.OEtQ5 
7 .OE+05  
1.OE+06 
1.5E+06 
2.OE+06 
4.OE+06 
7.OE*06 
1.OE+07 
1.5E+07 
2.OE+07 

V e l o c i t y  
(Crn/S ) 

1.08E+07 
1.16E+07 
1.39Et07 
1,70E+OS 
1.96E+07 
2.78E+07 
3.68E+07 
4.39E+Q7 
5.38E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.396+08 
1.70E+08 
I .  96E+Q8 
2.78Ei-08 
3.7 5E+08 
4.39E+08 
5.38Et-08 
6.21E+08 
8.78E+08 
1.16E+09 
1.39E+09 
1.70E+03 
1.96'6+09 
2.77E+09 
3.65E+O9 
4.36E+09 
5.32E+09 
6.llE+09 

Cross S e c t i o n  
( cni2 ) 

1.17E-19 
1.91E-19 
5.24E-19 
1.3 7E--18 
2.39E-18 
8.3 2E-18 
2.09E-17 
3.37E-17 
5.08E-17 
6.3 6E- 17 
8.63E-17 
9.09E-17 
9.21E-17 
1.06E-16 
1.36E-16 
1.54E-16 
1.34E-16 
1.10E--l6 

7.04E-17 

2.63E-1'7 

8.61E-17 

4.2OE-17 

1.91E-17 
1.30E-17 
9.74E-18 
4.60E-18 
2.46E-18 
1.65E-18 
1.02E-18 
7.34E-19 

Refe rences :  26, 2 7 ,  28, 29, 31, 33, 3 ' 7 ,  45, 47, 49, 51, 143, 269, 270, 
296, 298, 299, 301, 303, 304, 305, 306, 307, 3 0 8 ,  310, 313, 
315, 316, 321 

Accuracy: 30% 

*- Note: Many I n v e s t i g a t o r s  have been  i n v o l v e d  i n  these measurements.  
Consequen t ly  t h e r e  i s  large scat ter  i n  t h e  data,  but- most of t h e  
measurements are w i t h i n  t h e  q u o t e d  a c c u r a c y  of 30%. 

Chehyshev F i t t i n q  Parameters far  Cross S e c t i o n s  

El,,in = 6.OEt01 eV/aiiu, Emax = 2.OE+07 eV/aniu 

A0 A1 A2 A3 A4 A5 A6 

-79.0892 -346403 -3.04496 .508490 -.0758661 .lo8006 -00593450 

The f i t -  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 10.7%. 
The Ittaximum d e v i a t i o n  is  29.8% a t  1.OE+04 eV/aniu. 

See appendix  f o r  Chebyshev f i t  d e t a i l s .  
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E-8 

P r o j e c t i l e  E l e c t r o n  Loss or  S t r i p p i n g  Cross Sect ions for 

H ( 2 s )  t- H L  -> H +  + HI? t e 

Energy 
( eV/anu ) 

5.OE+02 
7.OEt02 
1. OE t03 
1.5E+03 
2.OE+03 
4 OK I 03 
/ .OE+03 
1. OE to4 
1.5Ei 04 
2.OE+04 
4.OE+04 
7.OE+04 
1. OE I 05 
1.5b.+05 
2.OE+05 
4.OEI-05 
5.OE+05 

V e  1 oc i t y 
( cm/s ) 

3.11~07 
3.68E+07 
4.3 9E+07 
5.38E t07 
6.21E4-07 
8.79E+07 
1.16Et08 
1,39E+08 
I. 70E+08 
1.96~08 
2.78E to0 
3.688+08 
4.39E+08 
5.38Ed-08 
6.21E-t08 
8.78E+08 
9.82E+O8 

Cross S e c t  j on 
( cn12 ) 

6 14E -17 
1.09E-3 6 
1.90E-16 
2.89E- 16 
3.33E-16 
4.05&-16 
4 I 3 6E -16 
4 SOE-16 

4.76E-16 
4.00E-16 
3.00E-16 

4 63E-16 

2-486-16  
1.95E- 16 
1.59E-16 
9.56E-1 I 
8.13E-17 

Refe rences :  27, 33, 306, 326, 327, 328, 329, 331., 332 

Accuracy: 50% 

Note: Due t o  t h e  u n c e r t a i n t i e s  i n  measur ing  the  H (  2s) metastable f r a c t i o n ,  
the errol-s i n  measu r ing  t h e  cross s c c t i o n s  may be  large. 

Chebyshev F i t t i n q  Pa rame te r s  fgr Cross S e c t i o n s  

A 0  A1 A2 A3 A4 A 5  A6 

-72.3651 -.0686522 -.939077 .160670 -.0746703 -0724502 -.00310739 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  o f  3.2%. 
The maximum d e v i a t i o n  is  7.05 at 7.OE-t02 e V / a n w .  

See  appendix  f o r  Chebyshev f i t  de t a i l s .  
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1 0 - l ~  

H(2s) + H, -> H+ + H, + e 

I I I I I I l l (  I I I I I l l l l  I I I I I I I I I  I I I I I ~  

lo-' 

lo-" 
IO2 io3 1 0" 1 o5 

Energy (eV/amu> 
IO6 

Recommended 
Data 

Chebyshev Fit - _ _ _  



E - J O  

Pruject i le  Electron Loss or Stripping Cross Sect ions f o r  

M + ~e -> H+ I H e  + e 

Energy  
( e V / a n u )  

5.OE+01 
7.OEt01 
1 . 0 E t 0 2 
2.OE+02 
4.OE+02 
7.OE t 02 
1.0E+03 
2.OE+03 
4.OE+Q3 
7.OEt03 
1 . 0 F ! + O 4  
2.OEtO4 
4. OE F04 
7.OE+04 
1.OE+05 
7.OEt05 
4.OEt05 
7.OE+05 
1.OE+06 
2.OE+06 
4.OE+06 
7. OE t06 
l.OE+07 
2.OE+07 

Velocity 
(cm/s j 

9.82Et06 
1.16E+07 
1.39E+07 
1.96EM I 
2.78Et-07 
3.68E+07 
4.39E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.3 9E+O8 
1.96E+08 
2.78E+08 
3.68E! 08 
4.39E+Q8 
6.21E+08 
8.78E+O8 
I. 1 6 E + O 9  
1.39E+09 
1.96E+09 
2.77F:t 09 
3.653+09 
4 36E ! 09 
6.llFt09 

Cross Srction 
( cm2 ) 

2.25E-19 
5.27~19 
1.08E-18 
3.40E-18 
9.54E-18 
2.06E-17 
3.3lE-11 
6.93E-17 
1.07E-16 
1.28E3--16 
1.33E-16 
1.30E-16 
1. 21E-16 
1.05E-16 
8.77E-11 
5 .4 1 E -  17 
3.12E-17 
1.91E-17 
1.38B-17 
7.20E-18 
3.68E-18 
2.13E-18 
1.49E-18 
7.3 1 E -19 

References: 26, 2 7 ,  28, 29, 41, 49, 51, 103, 268, 269, 270, 286, 287, 296, 
299, 3 0 0 ,  3 0 3 ,  307, 309, 313, 314, 316, 317, 318, 319, 320, 
321, 322 

-.- Accuracy: 15% 

Motes: None 

-khev Fi t t inq Parameters for  Cross  Sect- 

= 2 .OE1-07 ~ V / F I I W  ENaX E,,,in 5.OE+01 eV/arnu, 

A0 A1 A2 P. 3 A4 A5 A6 

-79.0638 -107432 -2,86460 -477451 -0989948 -.0319510 --SO136705 

The f i t  r e p r e s e n t s  the above cross section w i t h  an riiis deviation of 4.7%. 
The Inaxiinum deviation 3 s  9.9% at 2.OE+Q4 eV/aiiu. 

See appendix f o r  Chebyshev f i t  de t a i l s .  
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H + He -> H+ + He + e 

...-. 
Recommended 
Do ta 

Chebyshev Fit 



H 

(ev) 
Tninp. 

1.OEtOl 
2.OEt01 
4.OEt01 
6.OEt01 
8.OEt01 
1.OEt02 
2.OEt02 
4.OEt02 
6.OEt02 
8 .  GEt 02 
1. OEt 03 
2.OE+03 
4.OE+03 
6.OEt03 
8. OEt 03 
1.OEt04 
1.5Et04 
2.OEt04 

E - 1 2  

Projectile Electron Loss o r  Stripping Rate Coefficients 

H t He -> Ut + H e  + e 

Maxwellian - Maxwellian Rate Coefficients ( C m 3 / s )  

Equal 
Temp. 

2.29E-13# 
2.53E-12* 
1.40E-11 
3.35&-11 
6.03E-- 11 
9.38E-11 
3.44E-10 
1.09E-09 
1.97E-09 
2.88E-09 
3.77E-09 
7.64E-09 
1.30E-08 
1.663-08 
1.93E-08 
2.15E-08 
2.553-08 
2.813-08 

10 

2.29E-13# 
1.86E-12' 
9.69E-12 
2.28E-11 
4.08E-11 
6.33E-11 
2.35E-10 
7.76E-10 
1.452-09 
2.16E.-09 
2.893-09 
6.22E-09 
1.llE-08 
1.4bE-08 
1.72E-08 
1.93E-08 
2.33E-08 
2.61E-08 

100. 

6.10E-12* 
1.lOE-11 
2.4RE-11 
4.34E-11 
6.64E-11 
9.38E- 11 
2.84E-10 
8.47E-10 
1.533-09 
2.25E-09 
2.97E-09 
6.29E-09 
1.1272-08 
1.46E-08 
1.72E-OR 
1.94E-08 
2.33E-08 
2.61E-OR 

500. 

1.09E-10 
1.25E-10 
1.60E-EO 
1.98E-10 
2.40E- 10 
2.84E-10 
5.43E-10 
1.18E-09 
1. 88E-09 
2.61E-09 
3.33E-09 
6.58E-09 
1.14E-08 
1.48E-08 
1.73E-OB 
1.95E-08 
2.34E-08 
2.61E-08 

He Temp. (eV) 
1000. 

3.69E-10 
3.94E-lO 
4.47E-10 
5.01E-10 
5.58E-10 
6.16E-10 
9.27E-10 
1.62E-09 
2.34E-09 
3.06E-09 
3,77E-09 
6.95E-09 
1.16E-08 
1.49E-08 
1.75E-OB 
1.96E-08 
2.358-08 
2.62E-Oe 

5 0 0 0 .  

3 .  R1E-09 
3.84E-09 
3.913-09 
3.986-09 
4.05E-09 
4.12E-09 
4.46E-09 
5.12E-09 
5.76E-C9 
6.36E-09 
6.95s-09 
9.50E-09 
1.34E-08 
1.63E-08 
I. 86E-08 
2.05E-08 
2.41E-08 
2.66E-08 

10000 

7.663-09 
7.69E-09 
7.74E-09 
7,80E-09 
7.85E-09 
7.90E-09 
8.16E-09 
8.67E-09 
9.15E-09 
9.62E-09 
1.01E-08 
1.21E-08 
1.53E-08 
1.78E-08 
1.98E-08 
2.15E-08 
2.48E-08 
2.71E-OR 

Accuracy: * - Possible Error Greater Than 10% 
# - Possible Error Greater T h a n  100% 

Chebyshev Fittinq Parameters for R a t e  CoefficienLs 

Emin = l.OE+Ol eV, E,,,,, - 2.OE+04 CV 

He 
'Temp. 

(eV) 

10. 
100. 
500. 

1000. 
5000.  

10000. 
20000. 

A0 

-44.0257 
-42.5585 
-40.6373 
-39.6384 
-37.3658 
-36.5490 
-35.8634 

AI 

5.73463 
4.48698 
3.03270 
2.34972 
1.00814 
.622335 
.357047 

A2 A3 

.1.21932 .0247503 
-.446257 -.330879 
.121804 -.344684 
.269827 -.258791 
.315318 -.0289392 
.247753 .0221122 
.168697 .0373094 

A4 

-. 0292957 
.0963671 
.00515230 

-.0440918 
-.05432188 
-.0286150 
-.00809424 

A5 

.0619373 

.0257805 

.0559208 

.0450062 
-.00704923 
-.0130702 4 
-.00961802 

fox 

2 0 0 0 0 .  

1.30E-08 
1.30E-08 
1.30E-08 
1.31E-OR 
1.31E-08 
1.31E-08 
1.33E-08 
1.36E-08 
1.40E-08 
1.43E-08 
1.46E-08 
1.60E-08 
1.83E-08 
Z.03E-08 
2.19E-OB 
2.33E-08 
2.61E-08 
2.81E-08 

A6 

-. 0219438 
-.0137058 

-.00813670 
.00550612 
.00822057 

3925196-04 
-. 0030.1060 

Equal Temp. -43.5995 5.66872 -1.35443 .lo9372 -.0570829 .0766441 -. 0349995 

See appendix for  Chebyshev fit details. 
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E-13 

H + He ->ti’ + He + e  

...-. 

Maxwellian - Maxwellian 

lo-’ ~~ He Temp. 

(eV> 

a =lo.  

x = 100. 

v ~ 5 0 0 .  

36 =1000. 

@ =5000.  

= 10000. 

eJ =20000. 

Recommended 
Data 

- - - - -  Chebyshev Fit 

Equal Temp. -. 

IO’ IO’ io3 1 0“ io5 
H Temp. (eV> 

,_ . .. 



E-14 

Project i le  E l e c t r o n  L o s s  o r  S t r i p p i n g  Cross Sections f o r  

~ ( 2 s )  + ~e --> H +  + lie + e 

Energy 
(ev/arnri ) 

5.OE+02 
7.OEt02 
1.OE+O3 
1.5Et03 
2.OE+O3 
4.OE+03 
7.OE+03 
l.OE+04 
1.5Et04 
2.OE+04 
4.OE+04 
7.0Et04 
l.OE+OS 
1.5E-tO5 
2.OE+05 
4.013-605 
5.OE-t05 

V e l o c i t y  
( cm/ s ) 

3.llEt07 
3.68E+07 
4.39E+07 
5.383107 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E to8 
1.70E+08 
1.96E+08 
2.78Et08 
3.68Et08 
(I. 39Et08 
5.38E+08 
6.21Et08 
8.78E+O8 
9.82E+08 

C r o s s  S e c t i o n  
( c1n2 ) 

3.08E-17 
8 . 2 9 ~ 1 7  
1.37E-16 
1.94E-16 
2.39E-16 
3.28E--16 
3.42E-16 
3.42E-16 
3.32E-16 
3.07E-16 
Z.23E-16 
1.61E-16 
1.26E-16 
9.97E-17 
8.78E-17 
6.97E-17 
6.72E-17 

Refe rences :  29, 324, 326, 327, 329, 332 

Accuracy: 50% 

"P Note: Due t o  the u n c e r t a i n t i e s  i n  measu r ing  t h e  €I( 2s) inetastable f r a c t j - o n  
t h e  errors i n  measu r ing  t h e  c r o s s  s e c t i o n  may be large. For  e n e r g i e s  less 
t h a n  1 k e V / m u  t h e  da ta  should by used w i t h  c a u t i o n .  

Chebyshev F i t t i n s  Parameters f o r  Cross S e c t i o n s  

= 5.OE+05 eV/aniu E,,,in = 5.OEt02 eV/anu, %ax 

A0 A1 A2 A3 A4 A5 A6 

-73.2008 -.0752112 -.927667 -363861 -.03$9147 -08236627 -.056533% 

The f i t  r e p r e s e n t s  t h e  above CXOSE s e c t i o n  w i t h  a n  riiis d e v i - a t i o n  of  2.6%. 
The maximum d e v i a t i o n  is  4.8% a t  1.5E+03 eV/anu. 

See appendix  f o r  Chebyshev f i t  de ta i l s .  
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H(2s) + He -> H’ + He + e 

Cross Section vs. Energy 
IO- 15,--r--m-T---q 

IO- l7 L L  
IO’ 1 o3 10‘ 10” 

Energy (eVhmu) 

,.--.. 



E - - 1 6  

Projecti le Electron Tloss or  S t r i p p i n g  Cross S e c t i o n s  f o r  

He t B -> Het + H t e 

Energy 
( e v / a n u )  

5.OE+04 
6.OE+04 
7.OEt04 
8.OE+04 
9.OEt04 
1.OEtOEi 
1.5E t05 
2.OEt05 
3.OE+05 
4.OE105 
5.OE105 
4.OE+05 
7.OEt05 
8.OE+05 
9.OE+05 
1.OEt06 
1. 2E 4-06 

V e  1 oc it y 
( ClIl/S ) 

3.llEt08 
3.40E+08 
3.68Kt08 
3.93E+08 
4.17Ea08 
4.39E+08 
5.38E+08 
6.21Et08 
7.6 1 E - #  08 
8.78E-108 
9.826+08 
1.08E-FO9 
3 .16W07 
1.24Et09 
1.32E t 0 3  
1.39W07 
1.52Et03 

Cross S e c t i o n  
( Ci1l2 ) 

1.56E-I6 
1.42E-16 
1.31E-16 
1.23E-16 
1.15E-16 
1.09E-16 
8. 49K-17 
6.87E-17 
4 e ROE-17 
3.68E-I7 
2.93E-37 
2.443-17 
2.07E-17 
1.85E-17 
1.65E-17 
1.49E-17 
1.23E-17 

Refe rences :  301, 398 

Accuracy: 15% 

Motes: None -- 

- Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross S e c t i o n s  

= 1.2E+06 eV/aunu Ell,,, E,,,in = 5. OE-l 04 eV/aniu, 

A0 A1 A2 A3 A4 A5 A6 

-75.0809 -1.28466 -.136342 -022921) .0144810 --00700300 -.00377068 

The f i t  r e p r e s e n t s  t h e  above c r o s s  s e c t i o n  w i t h  an rni6 d e v i a t i o n  of 0.4%. 
The maxi.nium d e v i a t i o n  i s  1.3% a t  7.OE+05 ev/anu .  

See append ix  for Chebyshev f i t  details. 



E-17 

He + H -> He' + H + e 

10' 10' 

Recommended 
Datu 

Chebyshev Fit 

.... .. .. 



E-18 

s i n g l e  a n d  Doiible P r o j e c t i l e  E l e c t r o n  L o s s  or S t r i p p i n y  rrms Sprtjons f o r  

11e + I I ~  -> MF+ + H~ e e uol  

H e  t H2 -> H e 2 +  + H2 f 2e  002 

Eiicrgy 
(ev/annu) 

5.OE+02 
7. C E t 0 2  
l.OE+O3 
1 . 5 E  kO3 
2.0E+03 
4 OE+03 
7.OEt03 
1 O E i N  
1. 5Ei 04 
2. OF I O 4  
4 ' OE+04 
7.OE+04 
1 . O E i 0 5  
1.5E+05 
2 .OE+05 
4.OE+05 
7. OE 1.35 
l.OE+O6 

C r o s s  SrcLLon 
( cmz 

9.95B-19 
2.13E-18 
4.68E-18 
9 - 24E-18 
1.33E-17 
2 .  13E-17 
4 . 2 6 E - 1 7  
5.33E-17 
6.75E.-17 
7.93E-17 
1.llE-16 
1.27E-16 
i. 23K-16 
1- 08E-16 
9.38E-17 
6.08E-17 
4 I01E- 1: 
3.00E-17 

Energy 
(eV/aniu) 

5.OE:-04 
6.OE+04 
7.0E+04 
8.OEt04 
9.0l.lt or, 
I-. OE+35 
1.2E k 0 5  
1. ?E+05 
2.OEt05 
3 .  0E G O 5  
4.OE+05 
5.OE+05 
6.OEd-0.5 
7.OEt05 
8.OE+05 

Cross S e c t i o n  
( C1112 ) 

2.59E-18 
3.14E-18 
3.51~18 
3.78E-18 
3.98E-18 
4 07E-18 
4 . 1 0 E - - 1 8  
3.93E-18 
3.46E-18 
2*44E--18 
1.756-18 
1.31E-IE 
1.09E-18 
9.38E-19 
8.21E-19 

Refexeiices~.;  ( S i n g h  Si~ippiny) 9 4 ,  97, 99, 1 0 2 ,  103, 143, 198, 301, 316, 
399, 400, 401, 402, 403, 404, 405, 406, 
407, 408, 409 

( D o u b l e  Stripping) 400, 405 

Accmacy: oo1 - 15% 
uO2 - Unknown 

Notcs: ( 1 )  The s t r i p p i n g  cross s e c t i o n s  are m e a s u r e d  i n  t w o  ways :  (a) b y  
t h e  a t t e n u a t i o n  of t h e  HP bean i n  t h e  H 2  gas cell; ( b )  by t h e  f o r i n a t i o n  of 

fo r  

u o l  
0 0 2  

'Phe 
T h e  

T'h e 
The 

See 

Me'. The a t L e n u a t i o n  niethod g i v p s  the sun1 o f  t h e  s i n g l e  and d o u b l e  
s t r i p p i n g  CPOSB s e c t i o n s .  S i n c e  t h e  d o u b l e - s t r i p p i n g  cross s e c t i o n  i s  a t  
l e a s t  a factor  of 30 less t h a n  t h a t  f o r  s i n g l e - s t r i p p i n g ,  t h e  t w o  niethods 
g i v e  t h e  s m c  cross s e c t i o n s  w i t h i n  t h e  nieasurenient  errors. (2) The da t a  

d o u b l e  s t r i p p i n g  do not  p e r m i t  a n  error e v a l u a t i o n .  

Chebyshev  F i t t i n q  Parameters f o r  Cross S e c t i o n s  

A0 A 1  A2 A3 A 4  A 5  A 6  

-76.5793 1.58458 -1.39956 .0531448 -.0045579 .0891012 . 0 2 3  1543 
-81.3267 --.669570 -.425168 .0911177 -0266527 .a0757367 -.00546826 

f i t  r e p r e s e n t s  t h e  oo1 cross sect ion w i t h  a n  rills d e v i a t i o n  o f  2.5%. 
maximum d e v i a t i o n  is 5.4% a t  7.OE402 e V / m i i .  

f i t  r e p r e s e n t s  t h e  uo2 cross sec t ion  with a n  rills d e v i a t i o n  o f  0.7%. 
tilayimuiii d e v i a t i o n  i s  1.8% a t  5.0E105 cV/amu. 

appendix for  Chebyshev f j t de ta j  Is. 
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He + ti, -> He' + H, + e oo, 
He + H, -> He2+ + H, + 2e oO2 

A 

"E 
0 

W 

1 o2 I o3 1 0" I o5 IO," 
En erg y W/a m u) 

,. . . 



E-20 

Total Metastable Destruction, Electron Stripping, and De-excitat ion 
Cross Sections fo r  

He* -1 8 2  -> He o r  Wet (aT) 
He* + H2 -> Het + H2 + e (00.1) 

He* + H2 -' Me I H2 ( 0 0 * 0 )  

1.8E+03 
2.OE+03 
4 OE+03 
7.OE+03 
8.4~03 
1.OE+O4 
1 e 5E+04 
2.OEt04 
4.OE+04 
7.OE+04 
I.. OE-I-05 
1.2E+05 

3.72E-16 
3.94E-16 
6 a 16E-16 
7.49E-16 
7 -63E-16 
7.54E-16 
6.69E-15 
5.98E-16 
4.323-16 
3.13E-16 
2.49E-16 
2.26E-16 

2.5Et03 
4.OE+03 
7.OE+03 
8.6E+03 
1.OE+04 
1.5E+04 
2.OEt04 
4 OE+04 
7.OE+04 
l.OE! 05 
1.3E+05 

2.34E-16 

5.41E-16 
3.81E-16 

5.53E-16 
5.488-16 
4,88E-16 
4.43E-16 
3.38E-16 
2.66E-16 
2.23E-16 
1.90E-16 

6.3E.I-03 
7.OE+03 
1.OE+04 
1.5Et04 
2.OE+04 
4.0~04 
7.OE+04 
1.OE+05 
1.2E+Q5 

2.09E-16 
2.09E-16 
2.01E-16 
1.77E-16 
1-52E-16 
8.20E-17 
3.66E-17 
1.84E-17 
1.21E-17 

p_s__ References: 102, 198, 402, 408, 410, 411, 412, 413, 414, 415, 416 

ACciIIracy: 50% 

Notes: (1) 'Tawara ( R e f .  102\ has l i s t e d  the  excited s t a t e  l i f e t imes  f o r  He as: 
( a )  2'P - 5.6xlO-'O nec; ( b )  2 P - 1.05~10-~ sec; ( c )  2lS - 0.14 sec; ( d )  z3S - l o 5  
sec. (2) aT = oOh1 + oo'O. (3) Benton, et a l .  (Ref. 412) found t h e  t o t a l  des t ruc t ion  
c ross  sec t ions  of t h e  t r i p l e t  metastable s t a t e  t o  be 6.0x10-16cm2 a t  thermal 
energies.  For e lec t ron  s t r ipp ing  cross  sections of other excited s t a t e s  see 
Pedersen (Ref. 414). 

Chcbyshev F i t t i nq  Parameters f o r  Cross Sections 

*T E,,.,in = 1.8E+03 eV/anuu, Emax 2 1.2E+05 eV/auuu 

00*1 Emin = 2.5E+03 eV/aniu, Enlax = 1.3E+O5 e V / a n w  

O O * ~  E,,,in = 6.3E+03 eV/aniu, Elllax = 1. 2El-05 eV/amu 

A0 A 1  A 2  A 3  A4 A 5  A 6  

OT -70.7481 -.310880 -+437383 .OB56563 -0221775 -.0286798 .0139816 
'O*I -71.3457 --.218099 -.407518 .142300 -.0331160 -.0270893 .OLE39680 
Oo*o  -74.1810 -1.39382 -.a34191 -.0390903 -.00312428 -.00143317 -.000970525 

The f i t  represents t he  G~ cross section w i t h  an rins deviation of 0.6%. 
The maxinuuiii deviation i s  0.6% a t  1.8E+03 eV/aou. 

The f i t  represents t he  oOh1 cross  section w i t h  an  rins deviation of 0.5%. 
T h e  maximum deviation i s  0.9% at 1.5E+04 eV/amu. 

The  f i t  represents t h e  ook0 cross  section w i t h  an riiis deviation of 0.0%. 
The maxiinum deviation i s  0.1% at 7.OEt04 eV/aniu. 

See appendix f o r  Ctiebyshev f i t  de t a i  1 6 .  
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He" + H, -> He' + H, + e (ao.,> 
He* + H, -> He + H, (a;,> 

Cross Section vs. Energy 
10-l~ I I I I 1 1 1 1 1  I I I I 1  1 1 1 1  

lo-' 

lo-' I I I l l l l l l  I I I I I l l l l  I 1 1 I I I l l  

io' io5 
Energy (eV/amu> 

Recommended 
Data 

- - - - ^  Chebyshev Fit 



E - 2 2  

S i n g l e  and  Double Project i le  E l e c t r o n  Loss or S t r i p p i n g  Cross SeCLiOnS f o r  

H e  t He -> !fe+ + H e  I e ( a o l )  
H e  : ne -> ~ e ”  + ne t 22 ( a o 7 )  

00 1 

Energy Cross S e c t i o n  
(ev /amu)  ( c1112 ) 

5.OE+01 1.19E-19 
l.OEt01 2.3OE-19 
1.OE+02 
1.5Et02 
2.OE+02 
4.OEW2 
7.OE+OZ 
I.OE+03 
1.5Et03 
2.OE+03 
4 a OEt03 
l.OEt03 
1.OE+04 
1.5Et04 
2.OEt04 
4.OE+04 
7.OE+04 
l.OE+05 
1.5E+05 
2.OE+05 
4.OE+05 
5.OEt05 

3 -40E-19 
4.19E-19 
4.3lE-19 

3.36E-18 
5.79E-18 
1.07E-17 
1.64E-17 
3.7lE-17 
5.3lE-17 
6.14E -17 
8. N E - 1 1  

1.3lE-18 

9.21E-11 
1.08E-16 
1.00E-16 
9.31E-17 
8.37E-17 
7.40E-17 
4.89E-17 
4.18E-17 

0 0 2  

Energy 
(ev/aniu) 

5 . 0 ~ 0 4  
7.OE+04 
1.OE+05 
1.5E+05 
Z.OE+05 
4.OEt05 
7.OE+05 
1.OEt06 

Cross S e c t i o n  
( c1112 ) 

3.92E-18 
5.00E-18 
5.85E-18 

3.83E-18 

8.71E-19 

5.04E-18 

1.72E-18 

5.50E-19 

R e f e r e n c e s :  aol - 97, 3 9 ,  103, 198, 304, 316, 399, 400, 401, 404, 405, 407, 
408, 410, 465, 466, 461, 468, 469, 410, 471 

002 - 94, 400, 401, 405, 410, 471 

Accuracy:  aol E > lx103 eV/xiin - 20% 
E < iX1o3 ev/amu - 100% 

002 100% 

- Note?: Most of  the data have  been t a k e n  f o r  a mixed bean o f  ground s t a t e  and  
met-astable s ta tes  o f  i n c i d e n t  H e .  

Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross S e c t i o n s  

a01 E,in = 5.OE+01 eV/aniu, E,,,, = 5.OE+05 eV/runu 

002 Emin = 5.OE+04 eV/aniu, Elnax = 1.OE+06 eV/anu 

A0 A1 A2 A3 A5 A6 A? 

O o i  -78.6347 3.20546 -1.37510 -.359168 .le8553 -.0115646 -.0973845 
-81.2653 -1.09626 -.438191 .146687 -.0102958 -.0324691 .0191680 

The f i t  r e p r e s e n t s  t h e  aol cross s e c t i o n  w i t h  an  KIIIS d e v i a t i o n  of 10.2%. 
The maxiinurn d e v i a t i o n  i s  32.1% a t  Z.OE+OZ eV/aiiu. 

The f i t  r e p r e s e n t s  t h e  aO2 cross section w i t h  an  rills d e v i a t i o n  o f  0 .1%. 
The iiiaxiinuni d e v i a t i o n  i s  0.2% a t  2.OE+05 eV/aiiu ~ 

See  append ix  f o r  Chebyshev f i t  de ta i l s .  
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He + He -> He’ -t He + e bo,) 
He + He -> He2+ + He + 2e (a,,) 

n 

“E 
0 

c 
W 

1 0’ IO’ I o3 1 0“ io5 IO6 
Energy (eV/amu> 
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Single Projecti le Electron L o s s  or Stripping Rate Coeffirients for 

H e  + H e  -r Het f Ne + e 

Maxwcllian - Maxwellian Rate Coefficients (CLl13/S) 

He 
Temp. 

(ev) 

1.OEtOl 
Z.OE+Ol 
4.OEt01 
6.OEt01 
6.OEtO1 
1.OE+02 
2.OEtOZ 
4.OE4 02 
6.OEt02 
8.OEt02 
1.OEt03 
2.OEt03 
4.08t03 
6.OEt03 
8.OEt03 
l.OEt04 
1.5E+04 
2.OEt04 

E q u a l  H e  Temp. (eV) 
Teoip. 

2.56E-16# 
3.55E-14# 
4.65E-13# 
1.19E-12* 
2.02E-12* 
2.93E-12* 
9.61E-12 
3.73E-11 
8.46E-11 
1.508-10 
2.31E-10 
7.94E-10 
2.21E-09 
3.69E-09 
5.13E-09 
6.52E-09 
9.69E-09 
1.25E-OB 

10. 

2.56E-16# 
6.78E-15# 
9.72E-14# 
3.17E-13# 
6.30E-13* 
9.95E-13* 
3.17E-12* 
1.01E-11 
2.17E-11 
3.83E-11 
5.98E-11 
2.33E-30 
7.97E-10 
1.49E-09 
2.22B-09 
2.96E-09 
4.783-09 
6.52E-09 

100. 

9.95E-13 * 
1.19E-12* 
1.59E-12 * 
2.02E-12* 
2.46E-12* 
2.93E-12* 
5.75E-12 
1.47E-11 
2.85E-11 
J.74E-11 
7.10E-11 
2.53E-10 
R.27E-10 
1.52E-09 
2.25E-09 
2.99E-09 
4.81E-09 
6.55E-09 

500. 

1.53E-11 
1.58E-ll 
1.70E-11 
1.83E-11 
1.96E- 11 
2.133-11 
Z.85E-11 
4.74E-11 
7.10E-11 
9.93E-11 
1.32E-10 
3.50E-i0 
9.60E-10 
1.67E-09 
2.40E-09 
3.14E-09 
4.95E-09 
6.68E-09 

1000. 

5.98E-11 
6.10E-11 
6.34E-11 
6.59E- 11 
6.853.:-11 
7.10E-11 
8.46E- 11 
1.15E-10 
1.50E-10 
1.88E-10 
2.31E-10 
4.87E-10 
1.13E-09 
1.85E-OJ 
2.583-09 
3.32E-09 
5.13E-09 
6.853.:-09 

5 0 0 0 .  

1.13E-09 
1.14E-09 
1.14E-09 
1.15E-09 
1.16E-09 
1.17E-09 
1.20E-09 
1.27E-09 
1.34E-09 
1.41E-09 
1.48E-09 
1. 85E-09 
2.5 8E -09  

3.32E-09 
4.06E-09 
4.77E-09 
6.52E-09 
8.15E-09 

10000. 

2.963-09 
2.96E-09 
2.97E-09 
2.98E-09 
2.98E-09 
2.99E-09 
3.03E-09 
3.10E-09 
3.18E-09 
3.25E-09 
3.32E-09 
3.69E-09 
4.42E-09 
5.13E-09 
5.83E-09 
6.523-09 
8.15E-09 
9.69E-09 

Accuracy: * - Poss ib le  Error Greater T h a n  10% 
# - Possible Error Greater Thai-I 100% 

C h e b y s h e v  Fi t t inu Parameters for RaLe C o e f f i c i e n t s  

E,,,jn 1 . O E t O l  eV, E,,,, == 2.OE+04 eV 

He 
Temp I 

(ev) 

10. 
100. 
500. 
1000. 
5000. 
10000. 
2 0 0 0 0 .  

E q u a l  Temp. 

A0 A1 A2 A3 A4 A5 

-51.7583 
-47.1268 
-45.2262 
-43.7465 
-40.0664 
-38.6577 
-37.3817 
-49.6803 

8.06294 
4.71689 
3.19352 
2.41883 . E92003 
.504603 
.261777 

7.93762 

-1.24558 
.727833 
.E72249 
.806189 
.435779 
.274535 
.152417 

-1.58981 

.480900 
-. 356780 -. 155633 -. 0302189 
.111572 
.0948483 
.Of318891 
.635046 

- _  345667 
-.134711 
-.153319 
-. 122890 
-.00729485 
.0137433 
.0157868 

-.579197 

.00168045 

.0403620 

.00295441 
-.0208521 
-.0179737 
-.00755328 
5.931023-04 
.290394 

20000 .  

6.52E-09 
6.52E-09 
6.53E-09 
6.548-09 
6.543-09 
6.553-09 
6.58E-09 
6.65E-09 
6.72E-09 
6.78E-09 
6.85s-09 
7.18E-09 
7.83E-09 
8.473-09 
9.08E-09 
9.69E-09 
1.11E-08 
1.253-08 

A6 

.0989086 

.0326103 

.0304174 

.0205933 
-.00576743 
-.00472901 
-.00183208 
-.0450460 

S e e  appendix fo r  Chebyshev f i t  de ta i l s .  
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He -t He ->He+ 3- He + e 

Maxwellian - Maxwellian 

1 He Temp. 

x ~ 1 0 0 .  

v =: 500. 

=: 1000. 

@ 5000. 

EB = 10000. 

=20000.  

Recommended 
nata 

I l 1 1 1 1 1 1 l  

IO’ IO’ io3 1 o4 I$ 
He Temp. (eV) 

._._ 
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Sirigle Projectile Electron L o s s  or Strippirig R i i t e  Coefficients 

Ilc + H e  -> He' +- He + e 

Beam - Maxwellian RatP Coefficients ( c n ~ ~ / s )  

He 
Temp. 
( ev )  

l.OE+OO 
2. OE FOO 
4 OE+00 
7.OE+OO 
1.OEiOl 
2. O E  k O 1  

4 , 0 E (-0 1 
7.OE+01 
1.OE+03. 
2 . 0 E ~ 0 2  
4 * 0 E I 0 2 
7.OEf02 
I. OE+03 
2.OEt03 
4 ,  OE I03  
7.OE+03 
1. OEI 04 
2.OE+04 

10000. 

8.89113-09 
9.34E--09 
9.35E-09 
9.3 5E-09 
9.35E-09 
9.3 5E-09 
9.356-09 
9.35s-09 
9.36E-09 
9*38E3--09 
9 -43E-09 
9.51E-09 
9.6013-09 
9.91E-09 
1.05E-08 
I - 14~-0a 
1 22E-08 
1.46E-08 

20000. 

2.3 7E-08 
I. 908-05 

i .aitz-oa 

1 .  R1E-08 
1.81E- 08 

I. RIE-08 
I. 81E-08 
1.81E-08 
1.80E -08 
1.80E-08 
1 - 8 1  E-08 
1.81E-08 
1.8IE-OR 
1.83E-08 
1.86E-OR 
1.91E -08 
1.96E-08 
2.llE-08 

40000. 

3.00E-08 
3.00E-08 
3 .  OOE -08 

3 .  ooiz-08 
3 .  OOE-OR 

2.99E -0s 
2.99E-08 
2.99E-08 

2.98E 08 
2.97E 08 

2.99B-08 

2.9n-08 
? - 96E-08 
2.95E-08 

2.95R-08 

2.38E-08 

2.95E- 08 

2.95E-08 

Accuracy: * - Possible Error Greater 
# - Possible Error Greater 

$ 1 ~  Energy ( e V / a i i u )  
70000. 100009. 

3.68E-06 

3.67~08 
3-676-08 

3,676-08 
3.67E-08 
3.67E-08 
3.67E-08 
3.67E-00 
3.67E-08 
3 . 6 7 1 ~ ~  
3.67E-08 
3.67E-08 
3 - 6  1 E . 03  
3.67E-OR 
3 678-08 
3 - 68E-08 
3.68E-08 
3-69E-08 

Than 10% 
T h a n  100% 

4 -09E-08 
4.09E-08 
4.09E-08 
4 - o9G-m 
4 ,  ow-oe  

4.09'~-08 
4 a Q9E-08 

4.09E-08 
4 098-88 
4.0?E-08 
4 a 09E-08 
4 - 08E-08 
4.08E-08 
4.08E-08 
4.08E-08 
4 .  O8E -08 
4.08E-08 
4.08E-08 

200000.  

4.60E-08 
4.59E-08 
4.60F: -08 
4.60E-08 
4.59E-03 
4.59~-08 
4.59E-08 
4.59'Z-08 
4.59E-08 
4.59E-08 
4. 59B--08 
4 a sm-oa 
4 58E-08 

4.55~-0a 

4.S7E-08 
4.57E-08 

4. S5E-08 
4 n 528-08 

- Chebyshev F i t t i n q  Parameters for  Rate Coefficients 

= 2.ODt04 e V  
E,ll,X 

= l.OE+OO eV, 

He 
Energy 
(eV/amu) AO A 1  A2 A3 A4 A5 

10000. - 3 6 . 8 0 5 0  .170883 . l o 1 7 0 8  .Of372106 . 0 1 5 6 6 1 7  . 0 1 0 5 7 9 6  
20000.  - 3 5 . 5 3 7 4  - . 0 1 3 1 8 7 9  . 0 9 3 7 5 6 3  - . 0 2 3 5 6 5 7  . 0 4 3 4 4 3 8  -. 0 1 9 5 5 0 3  
4 0 0 0 0 .  - 3 4 . 6 5 8 3  - . 0 0 7 7 8 9 2 4  6 .32056E-04 . @ 0 3 4 9 8 3 0  .00265169 
70000. - 3 4 . 2 3 7 8  9 . 3 8 3 5 6 E - 0 4  . 0 0 1 3 4 0 4 1  9 .62664E-04 4 .31072E-04 6 .92929E-05 
100000. - 3 4 . 0 2 6 0  - 6 . 9 4 3 3 2 3 - 0 4  3 .47489E-05 2 .89415E-04 6 . 8 6 6 0 3 3 - 0 5  -2 .08349E-05 
200000. - 3 3 . 7 9 9 4  - . 0 0 7 0 8 5 2 2  - . 0 0 3 4 1 6 6 5  - . 0 @ 1 6 8 5 0 3  -3 .16686E-04 - 3 . 0 4 2 5 5 6 - 0 4  
500000.  - 3 5 . 4 2 2 5  - . 0 1 4 4 8 1 5  - . 0 0 7 4 6 5 3 4  - . 0 0 2 9 1 4 7 6  -9 .54856E-04 - 2 . 9 3 0 4 5 E - 0 4  

. 0 0 1 2 5 3 7 1  

for 

500000. 

2.05E-08# 
2,05E-08# 
2.05E-08# 
2.05E-08# 
2.05E-03# 
2.05E-08# 
2.05E- OO# 
2.05E-08# 

2*05G--08# 
2.04E-08# 

2.04E-08# 
2.03E-08# 
2.02E-08# 
2 - 01E-08# 
2.00E-08# 
1.98E-08# 

2.  o5~-0a# 

2.04~-0a# 

A 6  

- . 0 0 3 5 6 3 8 4  
. 0 1 4 2 5 2 6  

4 . 6 2 2 2 6 6 - 0 4  
- 2 . 3 1 3 8 6 E - 0 5  

-8 .09043E-05 
1 . 0 4 4 9 6 E - 0 4  

- 9 . 7 6 5 7 8 3 - 0 5  

See appendix fo r  Chebyshev f i t  de t a i l s .  



E-27 

He + He ->He+ + tie + e  

Beam - Maxweilicin 

40.0 f f *  

25.0 1 

He Energy 

(eV/a M u> 

a z 10000" 

x =20000. 

V XZ4.0000. 

H 1-70000, 

!TI ='looooo. 

=200000. 

a =500000. 

Re c o rn r - r i  e n d e d 
Data 

Chebyshev Fit 

IO0 Id 1 d 1 o3 io4 io5 
He Temp. (eV) 



E-28 

Electron P r o j e c t i l e  L o s s  or S t r i p p i r i g  Cross Sections for 

HC+ + R -> H e 2 +  + H + I? 

Eneryy 
( ev/amu ) 

1.2E.t-04 
1.5E+04 
2.OE+04 
4.OE-tO4 
7.OE-FO4 
l.OE+05 
1.5E+05 
2.OE+05 
4.OEt05 
7.OE+Q5 
9,OE+OS 

Veloe it y 
( cm/s 

1.52E+08 
1.70E+08 
1.96E-t-08 
2.78E+08 
3.68E+08 

5.38E33-08 
6.2 1E+0% 
8.78Et08 
1.16E-FO9 
1.32E+09 

4 I 39~+oa 

Cross S e c t i o n  
( cm2 ) 

1.66E-19 
4.71E-19 
1.15E-18 
7.03E-18 
1.llE-17 
1.04E-17 
9 . 3 4 ~ 1 8  
8.17E-18 
5.26E-18 
3.63E--l8 
3.04E- 18 

Refe rences :  301, 476 

Accuracy: 20% 

Notes: None 

- Ch-shev F i t k i n q  Parameters f o r  Cross S e c t i o n s  

E,,,in = 1. 2E+04 e V / a i i u ,  = 9.OE+05 e V / a m u  

A0 A 1  A 2  A3 A4 A5 A6 

-80.7839 1.04755 -1.36971 -441034 -.0292764 -.0527228 -0184479 

The f i t  represents the above cross s e c t i o n  w i t h  an  rim d e v i a t i o n  of 4.3% 
The maxi.nnum d e v a t i o n  i s  8.7% a t  2.OE+04 eV/amu.  

See appendix  f o r  Chebyshev fit d e t a i l s .  



E-29 

He' + H -> He2+ + H + e 

c 
0 .- 
U 

IO" id 
En erg y (eV/a m u) 

Recommended 
Data 

Chebyshev Fit 



E-30 

Project i le  E l e c t r o n  Loss or  S t r i p p i n g  Cross S e c t i o n s  fo r  

Re+ + 1 1 ~  -> ~ e ’ +  -1- H~ t- e 

Energy 
( P V / i U u U )  

5.OE+03 
7.OE+03 
l.OE+04 
1.5E+04 
2.OE+04 
4.OEf 04 
7.OE+04 
1.0L+O5 
1.3Fd+05 
1 - 5E+05 
2.OE+05 
4.OEi05 
I .  OEt 05 
9.5E405 

Velocity 
(cm/s) 

9.82E+07 
1.16Et08 
1.39E+08 
1.70E+08 
1.56E+08 
2.78E +OD 
3.68E+08 
4.39E+08 
5.0115’+08 
5.38E+08 
6.21E+08 
8.78Ei08 
1.16E+09 
1.. 3 5E+09 

Cross S e c t i o n  
( cm2 ) 

1.29E--P9 
1-998-19 
3.25E-19 
6.18E-19 
1.06E-18 
5.77E-18 
1 -45E-17 
2.02E-1.7 
2.16E-1.7 
2.16E -17 
1.85E-17 
1.13E-17 
7.81E-18 
6, 29E-18 

Refe rences :  94, 96, 97, 100, 101, 296, 301, 464, 476, 478 

Accuracy: E < 3x104 eV/aunu - 40% 
E > 3x104 eV/auu - 20% 

MoLes: Hone 

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

A 0  A1 A2 A3 A4 A5 A6 

-80.9631 2.17474 -1.29222 -.291348 -317779 ,0620566 -e0993825 

The f i t  r e p r e s e n t s  t h e  above cross section w i t h  an  rms d e v i a t i o n  of 2.3%. 
The niaxiniurii d e v i a t i o n  i s  5.1% at 2.OE+04 eV/mu.  

See appendix  f o r  Chebyshev f i t  d e t a i l s .  



E-3 1 

Hef + H, -> He2+ + ti2 + e 

Cross Section vs. Erier-gy 
I I I r--r--r- - - 7 - 7 -  

I I I 1 1  

.? 
"E 
0 

c 
0 

-i-J Recommended 0 
0 
v, 
v) 
v) 

P - - - _ _  Chebyshev Fit 0 

W 

. -_ 

Oata 

10' 10" 1 d IO6 
En e rg y (eV/a rri u) 



E-32 

Cross S e c t i o n s  f o r  Projecti le E l e c t r o n  L o s s  
He+ P a s s i n g  Through H e l  iuni 

[le+ -1 He -> He2+ + H e  + e 

Energy 
(EV/anllU) 

3.5E+03 
4 0 ~ 0 3  
7.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
4 a OE+04 
7.OE+04 
1.OEt05 
1.5E+05 
I. 7E+05 
2.0E+O5 
4 e OEtO5 
7.OEt05 
1.OE+06 
1 . 5 ~ 0 6  
2. OE bo6 
4 O E + W  

V e l o c i t y  
( cm/s ) 

8.22E+O 7 
8.79E+07 
1.16E+08 
1.39E+O8 

1.96E+C8 
2.78E+08 
3.68Et 08 
4,39E+OS 
5.38E+08 
5.73Ei-08 
6.2 1E+08 
8.78E+08 
1.16E.kO9 
1.39E+Oo 
1.7QE+09 
1.96Et 09 
2.77E+03 

1.70E-kO8 

or S t r i p p i n g  f o r  

Cross S e c t i o n  
( cm2 ) 

2.63E-19 
3.68E-19 
1.02E-18 
1.64s-18 
2. P4E-18 
3.876-18 
8.89E-18 
1.67E-17 
2.14E-17 
2.35~17 
2.366-17 
2.34E-17 
1.69E-17 
1- 07E-17 
7.73E-18 
5.21E-18 
3.91E-18 
1.98E-18 

References: 94, 96, 97, 101, 296, 375, 471, 477 ,  480, 481, 483, 485, 486, 
487, 488, 489, 400 ,  491, 492, 493 

Accuracy: 20% 

Notes: None 

Chebyshev F, i t t i  n q  Parameters f o r  Cross Sec t ions  

.Emin = 3.5E+03 eV/amuP E,,,, = 4.OE+06 eV/aniu 

A0 A 1  A2 A3 A4 A5 A6 

-80.4254 .937124 -1.62913 .00297670 -154841 -0696031 -*OB92584 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  nus d e v i a t i o n  o f  1.6%. 
The maxiiiiuni d e v i a t i o n  is 3.5% a t  4.OEt04 eV/a i iu .  

See appendix  for Chebyshev f i t  d e t a i l s .  



E-33 
- ...... 

He' + He -> He'+ + He + e 

I o3 10" 1 0' 1 0" IO' 
En e r-g y (eV/a m u) 

.- ... .. 



E-34 

llet 
Temp. 
(ev) 

1 e OE+OO 
2-0E+@@ 
4.0E+OO 
7.OE+OO 
l-OE+Ol 
2.OE+01 
4.OE+01 
7.OEt01 
1.OEt02 
2.OE+02 
4. OE 602  
7.OEt02 
1.OF103 
2.OGt03 
4 . 0 ~ 0 3  
7.OE+03 
l.OE+O.? 
2. OE :-04 

He 
Energy 

( &/arnu ) 

Project i le  Electron Loss or Str ipping Hate Coefficients for 

He + ~e~ -> + Me t e 

Beam - Maxwellian Rate C o e f f i c i e n t s  (CII?/S)  

10000. 

2.93E-10 
2.38E-10 
2.28E-10 
2.2RE-10 
2.28E-10 
2.28E-10 
2.28E-10 
2.29E-10 
2.30E-10 
2.3 2K- 10 
2.36E-10 
2.43E-10 
2.50E-10 
2.72E-10 
3.19E-10 
3.92E-IO 
4.70E-10 
7.54E-10 

20000. 

1.20E-09 
8.92E-10 
7.71E-10 
7.60E-10 
7.61E-10 
7.6 1E-10 
7.6213-10 
7.6315-10 
7.64E-10 
7.67E-lO 
7.74E-10 
7-85E-10 
7.96E-10 
8 - 3 2E-10 
9.05F:-lO 
lmO2F:-09 
1.13E-09 
1.52E-09 

40000. 

8.75E-10 
1.82E-09 
2.38E-09 
2 473-09 
2.47E-09 
2.47E-09 
2.47E-09 
2.47E-09 
2.47E-09 
2.48E-09 
2.496-09 
2.50E-09 
2- 52E-09 
2.57~-09 
2.68E-09 
2.83E-09 
2.99E-09 
3.46E-09 

t%e Energy  (ev/amu) 
70000. 100000. 

4.39E-09 
5- 65E-09 
5 99E-09 
6.09E-09 
6.12E-09 
6. HE-09 
6.12~-09 
6.12E-09 
6 - 12E-09 
6.llE-09 
6.10E-09 
6.10E-09 
6.llE-09 
6.13E-09 
6 - 19E.-09 
6.28E3--09 
6.38E-09 
6.67E-09 

1.06E-08 
9.90E-09 
9.3 7s-09 
9 37E-09 
9.38E-09 
9.38E-09 
9.383-09 
9.3 7E-09 
9.36E-09 
9.3 5E-09 
9.34E-09 
9 - 3 2E-09 
9.3 1E-09 
9.29E-09 
9.29E-09 
9.30E-09 
9.3 2E-09 
9.41E-09 

200000. 

1.45E-03 
1.45E-08 
1.4 5E-08 
1.4%-08 
1.45E-08 
1.45E-08 
1.45E-03 
1.45E-08 
1.4 5E-08 
1.45E-08 
1.45E-08 
1.44E-08 
1.44E-08 
1.44E-08 
1.43E-08 
1.42E-08 
1.42E-08 
1.40E-08 

_.II Cheblshev F i t t i l i q  Paraneters for Rate C o e f f i c i e n t s  

El,,in = 1.OE+00 eV, E,,,ax = 2.OE104 ev 

A0 A i  A2 A3 A4 A5 

500000. 

1.38E-08 
1.38E-08 
1.38E-08 
1.38E-OB 
1.38E-08 
1.38E --06 
1-383-08 
1.38E-08 
1.38E-OR 
1.38E-08 
1.38E-08 
1.38E-08 
1.38E-OR 
1 38E-08 
1-38E-08 
1.38E-08 
1.38E-08 
1.38E-08 

A6 

i oooo .  -43.8442 .378ai3 .344057 .lo5569 .0867559 - . 0 0 8 2 2 3 0 0  .0129056 
.0126729 20000. -41.5896 .123902 .270872 .0115805 .0887436 -.0161519 

40000. -39.7835 .385155 -. 145042 .223297 -. 0998296 .0753339 -.0326980 
70000. -37.8827 .110612 -. 0493705 .0701363 -.0309008 .0252250 -.0129206 

.00207752 100000. -36.9382 -.0374325 .0312796 -.0188116 .0166138 -.00628486 
200000. -36.1132 -.0149848 -.00760145 -.00280029 -8.61479E-04 -1.69493E-04 -3.20142E-05 
500000. -36.1937 -5.70799E-04 -4.553663-04 -3.44110E-04 -2.36175E-04 -1.472463-04 -9.193766E-05 

See appendix fo r  Chebyshev f i t  de t a i l s .  
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E-35 

He + He' ->He2' + He + e  

x -20000, 

V =40000. 

='70000. 

Beam - Maxwellian 

L 

Recommended 
Data 

Chebyshev Fit 
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F-2 

Cross Section fo r  Single Electron Detachment 
and Total H' Formation from 1%- on H 

H- + H ,-> H t €I + c 
H- + H -> ( H  + H + e )  or (H + H - )  [Total H Prod.] 

H + H + ~  Total EI Prod. 

Energy Cross Section 
(ev/amu) ( cm2 ) 

1.1E+02 
2.OE+02 
4 - OE+02 
7.OE+02 
l.OE+03 
1.5E+03 
2.OEi Q3 
4.OE+03 
7.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
4.OEt04 
7. OE t04 
1.OE+05 
1.5E+05 
2.OE+05 
4. OEi 05 
7.OE+05 

1.5E+06 
2.OE+06 
4.OE+06 

l . O E - t O 6  

8.65E-16 
1.28E-15 
1 - 44E-- 15 
1.39% 15 
1.32E-15 
1.19E-15 
1.11E-15 
1.01E-15 
9.75E-16 
8.72E-16 
7.18E-16 

4.25E-16 
2.90E-16 
2.21E-16 

1.27E-16 

6 e 26E-16 

1.6 1E- 16 

7.0413-17 
4.24E-17 
2.99E-17 
2.09E-17 
1.59E-17 
8.23E-18 

Eneryy Cross Section 
(eV/anra ) ( c1112 ) 

6.0Z+Ol 
7.0E+01 
1.OE+02 
1.5E+Q2 
2.OE+02 
4 OE+02 
7.OE+02 
1.OE+03 
1.5E+03 
2. OE I03 
4.OE+03 
7.OE+03 
1.OE+04 
1.5E+04 
2.OE+04 
4.OE+04 
7. OE 604 
1.OE+05 
1.5E-p-05 
2.0E+05 
4.OE+05 
7.OE+05 
1.OE+06 
1.5E+06 
2.OE+06 
4.0E106 

6.64E-15 
6.75E-15 
6.79E-15 
6.48E-15 
6.llE-15 
4.92E-15 
3.83E-15 
3.13E-15 
2.4 5E-15 
2.03E-15 
1.26E-15 
1.01E-15 
8.74E-16 
7.18E-I6 
6.26E-16 
4.25E-16 
2.90E-16 
2.21E-16 
1.6 1E-16 
1.27E-I 6 
7.041~-17 
4.24E-17 
2.99E-17 
2.0%-17 
1.59E-17 
8.23E-I8 

References: 162, 281, 301, 395, 524, 525, 554, 555 

&ccuracy: 30% 

- Note: Data f o r  t o t a l  Ha formation represent the  suiii of the cross sec t ions  f o r  
c o l l i s i o n a l  detachment and charge exchange.. The charge exchange contribution i s  
negl ig ib le  a t  energies above 10 keV/amu. 

Chebyshev F i t t i nq  Paraiueters fo r  Cross Sections 

13 {- H + e E Inin 1 l.lE+02 eV/anlu, E = 4.OEt06 eV/anu 
Total H Prod. Entin - 6.OE+01 ev/aiin, E::: = 4.OE+06 e V / a u u  

A0 A1 A2 A3 A4 A5 A6 

H + H + e  -72.0699 -2.47924 -.936325 .0886530 .0175392 .0545278 -.0645320 
Total H Prod. -70.7835 -3.41032 -.545568 .00370195 -.Of506176 .0839778 .00626877 

The f i t  represents H i- H e cross  section w i t h  an rins deviation of 2.7%. 
The maximum deviation is  5.4% a t  2.OE+03 eV/amu. 

The f i t  repreents Total H Prod. cross section w i t h  an r ins  deviation of 3.7%. 
The maximm deviation is  12.4% a t  4.OE+03 eV/aniu.  

See appendix f o r  Chebyshev f i t  details. 



F-3 

H- + H -> (H + H + e)or (H + H-) 
H- + H -> H + H + e 

,.. . 

A 

"E 
0 

W 

c 
0 

0 
0 
v, 

.- 
e 

cn 
cn 
P u 

Cross Section vs. Energy 

A = Total 

X = H +  H + e  

Recommended 
Data -I- 

Chebyshev Fit 

---- 

1 0' IO' io3 1 0" 1 o5 IO6 IO' 
En erg y (eV/u m u) 

___. .... 



F-4 

Cross S e c t i o n s  for  Double E l e c t r o n  Detachnient of H- i n  M 

Energy 
( eV/amu ) 

1.8E+03 
2.OE+03 
4.OE+03 
7.OEtO3 
1.0E+04 
1.5E-tQ4 
2.OE+04 
4.OE+04 
7.OE+04 
l.OE+05 
1.5E+05 
2.OE+05 
3. OE+05 

V e l o c i t y  
( C!N/S ) 

5.89E+O7 
6.21Et07 
8. 79Et07 
1.16E+08 
1 . 3  9E+08 
1.70E+08 
1.96Eb08 
2.78E+08 
3.68E+08 
4.39E+08 
5.38E+08 
6.21E+09 
7 . 6 1 E + C 8  

C r o s s  S e c t i o n  
( c1n2 ) 

3 . l lE -18  
3.57E-18 
9.35E-I8 
1.5QE-17 
1.77E-17 
1 . 8 7 E - 1 7  
1.85E-17 
1 -43E-17 
9.40E-18 
6.79E-18 
4.6 1E-  18 
3.51E-18 
Z.50E-18 

- Refe rences :  524, 525 

Accuracy: 20% 

Note: There  i s  o n l y  one  s e t  of e x p e r i m e n t a l  i i ieasurexents.  

Chebyshev F i t t i n q  Paraiieters for Cross Sec t j -ons  

AQ A 1  A2 A3 A 4  A5 A6 

-79.0633 -e259790 -.938476 .154218 .0360114 .00411484 -00724986 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  riiis deviation of 0 .9%.  
Thp maximuin deviation i s  1.8% a t  2.OE+03 eV/aniu. 

See appendix  f o r  Chebyshev f i t  de t a i l s .  
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F- 6 

Crosfi Sections for  Si-rigle EleCtKOn Detachiiient of N- C o l l i d i n g  w i t h  €I+ 

H -  + H+ -> H + H+ + e 

Energy 
(eV/aniu) 

2.8Et03 
3.OEt03 
4.OE-t03 
5 . 0 ~ 0 3  
6.OE+03 
7.OE+03 
8.OE+03 
9.OE+03 
1.OE+04 
1.5E+04 
2.OEt04 
3.OEi04 
4.OE+04 
5.OE+04 
6.OE+04 
7.OEi04 

Velocity 
(cm/s) 

7.3 5E+07 
7.61EW7 
8.79E-to7 
9.82E+07 
1.08E+08 
1.16E +OB 
I. 24EtO8 
1.3 2E+08 
1.39E+08 

’ 1.96E+08 
2.41E+08 
2.78E+08 
3.llE+08 
3.40E+08 
3.68Et08 

1.70Ei08 

Cross Section 
( cm2 

3.99E-16 
6.57E-16 
1.55E-15 
2 - 24E-15 
2.73E-15 
3.llE-15 
3. $OE-15 
3.64E-15 
3.82E-15 
4.23E-15 
4.18E-15 
3-88E-15 
3.51E-15 
3.19E-15 
2.92E-15 
2.66E-15 

References: 69, 569, 572, 573 

Accuracy: 40% 

__. Note: Accuracy taken from the o n l y  experimental da ta  available.  
Theoretical calculations presented b y  Fussen and Claeys (Ref. 572), and 
Erinolaev (Ref. 573) agree very well w i t h  experimental data. 

Chebyshev F i t t i n q  Parameters for  Cross Sections 

En,in = 2.8E.003 eV/ami, E,,,,, := 7.OE+04 eV/anIu 

A0 A 1  A2 A3 A 4  A 5  A 6  

-67.3879 -650676 -.658353 ,211309 -.0972717 -0547639 --SO359904 

T h e  f i t  represents the above cross section w i t h  an  rills deviation of 2.6%. 
The maximum deviation i s  5.7% a t  2.88+03 eV/aniu. 

See appendix for  Chebyshev f i t  d e t a i l s .  
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F-8 

Crosfi Sections f o r  S i n g l e  E i e c t r o n  Detachment of H- i n  H Z  

W- + Hz -> H + H2 + e 

Eiiergy 
( ev /anu  ) 

2 3E+00 
4. QE+OO 
7.OE+OO 
1.OE+01 
1.5E+01 
2.0K+01 
4.OE+O1 
7.OE+01 
l.OE+02 
1.5E+02 
2.OEi-02 
4.OE+02 
7.OE+02 
I OE+03 
1.4E+03 
2.OE+03 
4.OE+03 
7. OE t03 
l.OE+04 
1.5E+04 
2.OE+O4 
4.OE+04 
7.OE+04 
1.OE+05 
1.5E105 
2.OE+05 
4.OE+05 
7.OEt 05 
l.OE+O6 
1.5E+O6 
2.OE+06 
4.OE-tO6 
7.OEt06 
l.OE+07 
1 . 5 E d  0 7  
1.7Et07 

V e l o c i t y  
(cm/s ) 

2.llE+06 
2.78Et06 
3.68E b06 
4.39E+06 
5.38Ea06 
6.21E+06 
8.79E+06 
1.16E+O I 
1.3 9 E +O 7 
lf70E+07 
1.96B+O7 
2.78Ej 07 
3.68E+07 
4.39E+07 
5.20E+07 
6.21El07 
8.79Et07 
1.16E+O8 
1.39E+08 
1.70E+08 
1.96E+08 
2.78E+08 
3.68E-tO8 
4.39E+08 
5.38E+08 
6 . 2 1 E t  08 
8.78Ei08 
1.16E+09 
1.39E+09 
1 .70E+09  
1.9SE t 09 
2.77E+09 
3.65E+09 
4.36E+09 
5.32Ft09 
5.65E+09 

Cross S e c t i o n  
( cm2 ) 

8.91E-17 
1.92E-16 
3.18E-16 
3.68E-16 
4.14E-16 
4.28E-16 
4.15E-16 
4-36E-16 
4.80E- 16 
5.60E-16 
6.29E-16 
8.413,-16 
1. OOE- 15 
1.06'~-15 
1.10E-15 
1.13E-15 
1.14E -15 
1.09E-15 
1.02E-15 
9.24E-16 
8.36E-16 
6.33E-16 
4 . 8 2 E - 1 6  
3.95E-16 
3.06E-16 
2.51t.:--16 
1.43E-16 
9.028-17 
6.43E-17 
4.413-17 
3.29E3-17 
1.55~17 
8.13E-18 
5.16E-18 
3.17B-18 
2.72E-18 

References: 27, 32, 82, 269, 299, 301, 303, 307, 321, 395, 513, 514, 515, 
516, 517, 518, 519, 520, 521, 522, 523, 524, 526, 527, 541, 
542, 544 

Accuracy: 25% 

- Note: For t o t a l  de tachment  cross s e c t i o n s  (obl0 + see: M u s c h l i t z ,  
Jr. e t  a l . ,  ( R e f .  514, 516); S t e d e f o r d  and Has tcd  (Ref .  82); Hasted  and 
Sni i th  ( R e f .  515); R i s l e y  and  G e b a l l e  (Ref .  520); R i s l e y  ( R e f .  544); 
J o r g e n s e n ,  Jr .  e t  a l .  ( R e f .  3 2 ) ;  L i c h t e n b e r t  e t  a l .  (Ref .  523) 

Chebyshev F i t t i n q  Paranie te rs  for Cross S e c t i o n s  

= 1.7E+07 eV/;uiiu Eniax E,,in = 2.3E+00 eV/axiu, 

A 0  A1 A2 A3 A4 A5 A6 

-73.1506 -1.75695 -2.00168 -.1902AO .0171353 -127083 -.152313 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an rnis d e v i a t i o n  of 7.2%. 
The maximuru d e v i a t i o n  i s  16.6% a t  7. O E t O l  eV/amu. 

See  appendix f o r  Chebyshev f i t  detai ls .  
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F-10 

Cross S e c t i o n s  f o r  Double Election Detachment  of U- i n  112 

H- + H~ -> W +  I H~ + 2e 

Energy  
( P V / a l I l U  1 

I. OE+03 
2.OEl03 
4 OE+03 
7.OE+03 
l.OE+04 
1.51': I O 4  
2 * OEt 04 
4 I OE+O4 
7.OE+Q4 
1.OE+Q5 
1.5E135 
2.OE+05 
4.OE+05 
7.OE+05 
I. O m 0 6  
1.5Et06 
2.OE+06 
4.OE+O6 
7.OE+S6 
1.OEt03 

V e l o c i t y  
( C111/ S ) 

4.39E+07 
6.21E+07 
8. 79E+07 
1.16E+08 

1.70Et 08 
1.96Ej08 
2.78E+08 
3.68E+08 
4 39E I 08 
5.38E f08 
6.21E+08 

1 .15 X t 0 9 
1.39E+Q9 
1.70E+09 
1.96:: I 09 
2.17E+09 
3.65E+09 
4.36Et09 

1.39~+oa 

a .  79~+08 

Cross Sect i o n  
i CM' ) 

1 - 48E -17 
2-31E-17 
3 - 24E-17 
3.39E-17 
4 - 03E-17 
4.16E-17 
Q. llE-17 
3.97E- 17 
3.36E-17 
2 e a4~-17 
2.20E-17 
1.76E-17 
8.71E--18 
4.98E-18 
3.42E-18 
2,2313-18 
1.67E-18 
8.12E-19 
4.52E-19 
3.13~19 

References: 269, 299, 3 0 3 ,  307, 321, 518, 521, 522, 524, 525, 526, 556, 
5 6 3 ,  557 

Accuraeyi ,  30% 

N m e *  T h e r e  are 110 experimental or  t h e o r e l i c a l  data f o r  e n e r g i e s  below 1 
,-nu. 

Cheb-yshev F i t t i n q  PaLgj>eters  f o r  Cross S e c i i o n s  

1.OE+07 eV/ariiu E,,,,, En,in = 1.OE+03 eV/annu, 

A0 A1 A2 A3 A4 A5 A6 

-79.0159 -2.10252 -I  -212073 .174?99 -106249 --.000434273 -0.0465674 

The f i t  r e p r e s e n t s  t h e  above  cioss sect i o n  w i t h  an  rms d e v i a i i o n  of 2.0%. 
The maximum d e v i a t i o n  is 4 e 3% at 4 OE+05 eV/amu. 

S r e  a p p e n d i x  for Chebyshev f i t  d e t a i l s .  
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F-12 

Cross S e c t i o n s  f o r  S i n g l e  E l e c t r o n  Detachitlent 

H- + H e  -> ti t He L e 

Energy 
(eV/iunu ) 

l.OE+OO 
2.OEt00 
4 e OE+OO 
7.OE+OO 
l.OE+OI 
1 . 5 E + 0 1  
2.OE+01 
4.OE+01 
7.OE+Ol 
1.OE+02 
1.5E+O2 
2.OEt02 
4.OE.tO2 
7.OE+02 
1.OE+03 
1.5E+03 
2.OE+03 
3.4E+03 
4.OE+03 
7.OE+03 
1.OE+O4 
1.5E+04 
2.OE+04 
4 - OE+04 
7.OE+O4 
1.OE+05 
1.5E+05 
2.OE+05 
4.OE+05 
7.OEt05 
1.OE t 06 
1.5E+06 
2.OE4-06 
4.OE+06 
7.OE+06 

1.5E+07 
1,OE+07 

V e l o c i t y  
(cm/s) 

1.3 9E+06 
1.96E+06 
2.78E+06 
3.68E+06 
4.39Et06 
5.386+06 
6.216+06 
8.79E+06 
1.16E+07 
I. 39E+07 
1.70E+07 
1.96E+07 
2.78EtO7 
3.68E t07 
4.39EtO 7 
5.38Et07 
6.2 1E+07 
8.10E+O7 
8.79Et07 
1.16Et08 
1.396+08 
1.70EtQ8 
1.96E+OD 
2 .  78E+08 
3.68Et08 
4.39E to8 
5.38E+08 
6.2lE+08 
8.78E408 
1.16E+09 
1.39E+09 
1.70E+09 
1.968+09 
2.77E+09 
3.65Et09 
4.36E+09 
5.32Et09 

of  H- i n  He 

CLOGS S e c t i o n  
( cni2 

6.13E-11 
1.25E-16 
2.333-16 
2.94E-16 
3.03E-16 
3.14E-16 
3.22E-16 
3.42E- 1 6  
3.70E--16 
3.91E-16 
4.21E-16 
4.48E-16 
5.10E-16 
5.6OE-16 

6.383-I 6 
6.533-16 
6.78E-16 
6.736-16 
6.346-16 
6.08E-16 
5.50E-16 
5.01E-16 
3.83E-16 
2.80E-16 
2.24E-16 

1.42E-16 
8.33E-17 
5.273-17 
4.00E-I7 

5.02E-16 

1.72E-16 

2.92F-11 
2.27E-17 
1.23E-11 
6.98E-18 
4.63E-18 
2.82E-18 

References:- 27, 8 2 ,  269, 299, 300, 303,  307, 318, 321, 510, 519, 520, 521, 
5 2 2 ,  523, 525, 527, 529, 543, 544, 545, 546, 547, 548, 543, 
550, 551, 552, 553, 584 

Accuracy:  25% 

-. Notes: (1) For  total detachiuent  cross s e c L i o n s  (aT0 + 2 0 ~ ~ ~ )  see: S t e d e f o r d  
and Hasted ( R e f .  82); L i c h t e n b e r g  e t  al. (Ref .  523); R i s l e y  (Ref .  544); 
Hasted (Ref .  553); B a i l e y  e t  a l .  (Ref .  543); R i s l e y  and  Geballe ( R e f .  
5 2 0 ) ;  Champion e t  a l .  (Ref .  545); Andersen e t  al. (Ref .  551) 
a l .  ( r e f .  547); Huq e t  a l .  ( R e f .  548); R i s l e y  arid Olson  (Ref .  
(Re f .  318). 

( 2 )  For D- + He -> D see: R i s l e y  (Ref .  544); Berkner  
307); Champion e t  al. ( R e f .  545); Anderson c t  al. (Ref .  543 
(Ref .  548). 

Chebyshev F i t t i n q  Parameters- f o r  C r o s s  S e c t i o n s  

E,n in  = l.OE+OO e V / a ~ n u ,  E,,,ax = 1.5EI-07 e V /  

A0 A 1  A 2  A3 A4 A5 

Anderson e t  
549); R i s l e y  

et a l .  (Ref .  
; !3uq e t  a l .  

llU 

A6 

-73.7795 -1.54839 -1.84526 -.140437 -.0282087 -183809 -.132562 

The fit r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  r n i s  d e v i a t i o n  of 3.0%. 
The m a x i m u m  d e v i a t i o n  i s  14.4% a t  2.OEI00 eV/rui)u. 

See appendix f o r  Chebyshev f i t  detai - l s .  
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Cross S e c t i o n s  

Energy 
(ev/.?nru 

4.OE+02 
7. OE t 0 2  
1.OE+03 
1.5E t 03 
2.OEt03 
4.OE+03 
I .  OE+03 
l.OE+04 
1.5E+04 
2. OE t04 
4.OEf 04 
7.OE+04 
1.OE+05 
1.5E+05 
2.OE-tO5 
4.OE105 
7.OE+05 
1.OE+06 
1.5E I 06 
2.OE+06 
4.OE+06 
7. OE to6 
1.OE+07 
1. %+07 
2. OE t07 
2.3E+07 

Refe rences :  268, 269, 
552, 556, 

ACCuKaCy: 30% 

F-14 

f o r  Double Electron Detachment of H- o n  He 

11- + H e  -> W +  + H e  + 2e 

VelociLy 
( cm/s ) 

2.78B+07 
3.68Et07 
4.39E107 
5.38E+O I 
6.21E+07 
8.79~:+07 
1.16E+08 
1.39E+OS 
1.70E I O 8  
1.96E+08 
2.78E+O8 
3.68E I O 0  
4.39E+08 
5 - 38E+O8 
6.21E+08 
8.788408 
1.16Et09 
1.39E+09 
1.70E+09 
1.96E+O9 
2.77E+O9 
3.65E+09 
4.36Ec09 
5.32E+03 
G.llE+09 
G.54EiO9 

C r o s s  S e c t i o n  
( Ci1l2 ) 

2.03E-18 
7. POE-18 
1.30E-17 
2.32l.c-17 
3.16E-17 
4.963-17 
5.51E-17 
5.46E-17 
5.12E-17 
4.66E-17 
3.25E-17 
2.01E-17 
1 - 37E-17 
8.92E-18 
6.54E-18 
3.16E-18 
1.75E-18 
1- 19E-18 
7.74133-19 
5.59E-19 
2.68E-19 
1.48E-19 
1.01E-19 
6.53E-20 
4.89E-20 
4 l6E-20 

299, 3 0 3 ,  307, 31.8, 321, 518, 521, 522, 523, 525, 
561, 568, 584 

- Note: There  are no e x p e r i m e n t a l  d a t a  f o r  e n e r g i e s  below 400 e V / a w .  
T h e o r e t i c a l  c a l c u l a t i o n s  e x t e n d  down t o  100 eV/a~unu. 

Chebyshev Fittinq Parmeters for Cross S e c t i o n s  

= 2.3E+07 eV/au~u 
Ell,,, 

= 4.OE+02 eV/aniu, 

A 0  A1 A2 A3 A 4 A5 A6 

-81.1984 -2.71121 -1.94690 -784427 -.131737 -0264605 --.00697915 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 2.6%. 
The maximum d e v i a t i o n  is 5.1% a t  2.OE+05 eV/aiiu. 

See appendix  for Chebysliev f i t  d e t a i l s .  
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F-16 

Cross S e c t i o n s  for  S i n g l e  E l e c t r o n  DeLachment of R e -  i n  H 

H e -  + I1 -> He + FI + e 

Erie r (J y 
(eV/anu  j 

3.7E+05 
4.OE+05 
7.0EtO5 
l.OF+06 
1.5E+06 
2.OE-f 06 
/1.OE+06 
7.OE+06 
9.OE+06 

V e l o c i t y  
(cm/s ) 

8.45E+O8 
8. SBE+OB 
1.16E+O9 
1.39E+03 
1.701.:+09 
1.96E+03 
2.77E+09 
3.65E+O3 
4.14Et  03 

Cross S e c t i o n  
( cm2 

6 - 3 3E-16 
6.16E-16 
4.29f3-16 
3 . 2 9 ~ 1 6  
2.39E-.16 
1 .  R 8 E -  16  
1.04E-16 
6 - 3  4E -- 1 7 
4.99E-17 

Referen@= 301, 583 

Accuracy: 40% 

Note: T h e r e  i s  o n l y  one set of e x p e r i m e n t a l  ineasurenien ts .  

Chebyshev  Fitt inJ.--  P a r a i i i e t e r s  for  Cross  S e c t i o n s  

= 3.OE+06 eV/aniu E,nax E,,in = 3. 7E+05 eV/amu, 

A 0  A 1  A2 A 3  A 4  A 5  A6 

-72.3804 -1.28777 -SO622952 -0122474 - .00652473 .000145452 - .00224648 

The f i t  r e p r e s e n t s  t h e  a b o v e  cro6s s e c t i o n  w i t h  a n  rills d e v i a t i o n  of 0.1%. 
T h e  iriaxiniurii d e v i a t i o n  i s  0 .2% a t  2.OE+06 eV/a_iiu. 

See a p p e n d i x  fo r  Chebyshev f i t  d e t a i l s .  
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C r o s s  S e c t i o n s  f o r  S ingle  and Double Eleetron Detachment of He- i n  H1 

Re- t H 2  -> H c  + H2 + e 
-> H e +  + H2 + 2e 

He + H 2  + e 

Energy Cross Sec t ion  
(eV/mniu)  ( cm2 ) 

1.3F.+02 
2.OE+02 
4.OE+02 
7.OE1-02 
1.OE+03 
1.5E+03 
2.OE+03 
4.OE+03 
7.OE+03 
1. OE C04 
1.53+04 
2.OE1-04 
4.OEI 04 
7.0E+04 
1.OE+05 
1.5E+05 
2.OE+05 
4.OE+05 
7.OEI-05 
8.OE+05 

2.15E--15 
2.17E-15 
2 142-15 
2.09E-15 
2.06E-15 
2.02E-15 
1.97E-15 
1.84E-15 
1.69E-15 
1.56E-15 
1.4lE- 15 
1 -30E-15 

7.15E-16 
9.76E- I 6  

5.67E-16 
4.27E-16 
3.44E- 1 6  
3 .97E-M 
1.2aE-16 
I-llE-16 

H e t  + H2 + 2e 

Energy Cross Sec t ion  
( ev/ miu ) ( @I112 1 

2.6E+O4 
3.0E+34 
4.OE+04 
5.OE+04 
G.OE1-04 
7.OE+O4 
e. OE+04 
9.OE+04 
1.OE+05 
1.5E+05 
2.0E+05 
3.OE+05 
4.OE+05 
5.OE+05 
6.OE+05 
7. OES 05 
8.OE+05 

3.86E-17 

3.92E-17 
3.943-17 

3.9 12-17 
3.863-17 

3.89E-17 

3.9lE-17 

3.82E-i7 
3.73E-17 
3.31E-17 

2.42E-77 
2.01E-17 

2.96E-17 

1.72E-17 
1.50E-17 
1-333-17 
1.19~17 

Refercnces: 32, 301, 519, 521, 522, 525, 577, 580, 582, 583 

Accurac-i 30% 

Motes: (1) The total e l e c t r o ~ i  detachment cross s e c t i o n  ( s i n g l o  and double) has 
been measured by Jorgensen and K u y a t t  (Ref .  32). 

(Ref .  519); Heinenieipr et al. (Ref .  581); Kieineiacier e t  a l .  (Ref .  521); Coqgiola 
(Ref. 582); Hvelplrind and Andersen (Ref. 301). 

(2) POL FsJnyle detachment B e e :  Ryding et a l .  (Ref .  577); Stnpsori and Gilbody 

(3) For double d e t a ~ h r i e n t  see: Ryding e t  al. (Ref. 577); Heineiwier pt al. 
(Ref .  581); Heinemeier et a1- ( R e f .  521). 

S i n g l e  rlet. fi$ljn = 1.3E+02 e V / a m u ,  E = a.OE+05 ev/amu 
Double d e t .  = 2.6E104 e V / a n i L ,  - 8.OEi05 eV/anu 

A0 A I  A2 A3 A 4  A5 A 6  

S i n g l e  de'-. -69.4085 -1.41471 -.581942 -.0905120 .0321529 .0250996 -000363782 
Double d e t .  -76.3306 -.578433 -.226903 -.00774557 .0112528 -.00347756 .000402148 

T h e  f i t  r e p r e s e n t s  t h e  s i n g l e  detachiiient cross s e c t i o n  with an rins d e v i a t i o n  of 0 .4%.  
'The iiiaxiiriiirn d e v i a t i o n  i s  0.8% at 1.OEtO4 ev/an\ii. 

The f i t  r e p i e w n t s  t h e  ,double  detachnient cross s e c t l o n  with an rnis d e v i a t i o n  of 0.4%. 
The ~%iiiiuni d e v i a t i o n  16 0.7% a t  6.OE+04 e V / r n w .  

See appendix f o r  Chebyshev f i t  d e t a i l s .  
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He- + H, -> He + H, + e 
He- + H, -> He' + H, + 2e 

Cross Section vs. Energy 
 IO-'"^^ I l I l r l l  I I I 1 I I I I (  1 I I I I I l l 1  I I I I I I l l  

Chebyshev Fit 
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C r o s s  S e c t i o n s  f o r  S i n g l e  and  Double E l e c t r o n  Detachment of He- i n  He 

1%- i R e  -> H e  + H e  + e 
-> B e +  i He 4 2e 

H e  1- H e  + e H e '  + He + 2e 

Energy Cross S e c t i o n  
( eV/ anIJ ) ( CIl? ) 

1.2E+02 
2.OE+02 
3.03+02 
4.OE+02 
7.OE+02 
1.OE+03 
2 - OE+03 
4.0E+03 
7 .0E+03 
1 f OE+04 
2.OE+04 
4.OE+04 
7.OE+OQ 
1.OE+05 
2 .OE+05 
4.OE+05 
I .  OE+05 

1.27E-15 
1.29E-15 
1.32E-15 
1.33E-15 
1.35E-15 
1.3%-I 5 
1.32E- 15 
1.23E-15 
1.12E-15 
1.04E-iEI 
8.07%-16 
5.72E-16 
4.O7E-16 
3.22E-16 
1.94B-15 
1.llE-16 
6.98E-17 

Energy  Cross S e c t i o n  
(eV/aniu ) ( @Iti2 

4.18E-17 
4.16E-I 7 
4.05E-17 
3.90E-17 
3.82E-17 

3.58E-17 
3 -47E-17 

2.98E-17 
2.66E-17 
2.23E-17 
1.9313-17 
1 . 7 2 ~ 1 7  
1 .58%-17 

3.71E-17 

3.37E-7 7 

1.47E-17 
1.36E-17 

R c f e r e x e s :  519 ,  521, 522, 525 ,  575, 576 ,  517, 578, 581, 582 ,  583 

A c c u r a c G  25% 

Nates: (1) The t o t a l  electron de tachmen t  cruss s e c t i o n  (s ingle  and  d o u b l e )  h a s  
G i e a s u r e d  by  Windhan e t  -1. (Ref .  5 7 5 ) ;  N i c h o l a s  e t  a l .  ( R e f .  5 7 8 ) ;  Simpson 
and G i l b o d y  ( R e f .  5 1 9 ) .  

( 2 )  For s i n g l e  de tachmen t  see: Sweettiian ( R e f .  5 7 6 ) ;  Ryding  et  a l .  
( R e f .  5 7 7 ) ;  Heineiueier e t  a l .  ( R e f .  5 8 1 ) ;  He inemeie r  e t  a l .  (Re€"  5 2 1 ) ;  
Coggiola (Ref .  582 ) . 
(Ref .  

( 3 )  For 
521). 

d o u b l e  det achmen 1: see : Ryding e t  a1 . ( R e f .  5 7 7 ) ;  H e i  nemei e r et a1 . 

Chebyshev F i t t i n q  P a r a m e t e r s  f o r  C r o s s  S e c t i o n s  

S i n g l e  det. gin f 1.2E:02 eV/anu, E,,, = 7.OE+05 eV/amu 
Double del:. illin - 2.7E+04 eV/auuu, E,,,, = 8.OEt05 eV/anu 

A0 A 1  A2 A3 A4 A 5  A6 

S i n g l e  d e t .  -70,3313 -1.40200 -.626470 -.0569330 .0458639 .0102379 -.00527677 
Double d e t .  -76.3309 -.571055 -.112122 .0109146 .00565444 .000461742 -.00146987 

The f i t  r e p r e s e n t s  t h e  s i n g l e  det.achnrent cross sect 
The maeiniuiri d e v i a t i o n  is 1.1% a t  4.OE+03 eV/aniu. 

The fit represents the d o u b l e  dst.achinent cross sect 
The niaximuni d e v i a t j . o n  i s  0 .6% a t  5.0E+04 eV/an\u, 

on w i t h  an  rnis d e v i a t i o n  o f  0.5%. 

on w i t h  an rills d e v i a t i o n  o f  0 .4%.  

S e e  appendix f o r  Chebyshev f i t  d e t a j . l s .  
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....rr . ... .... 

He- + He -> He + He + e 
He- + He -> Hs+ + He + 2e 

Cr-oss Section vs. Energy 

'0-147ni' ' 

A = H e  + He 

x = H e +  + He 

Recommended 
Data 

_ - - - -  Chebyshev Fit 
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C r o s s  S e c t i o n s  f o r  S i n g l e  and  Double ELect rmi  Detachnlent o f  Li -  i n  H2 

L i -  + €I2 -> L i  i f12 + e 
-> L i t  + H~ + 2e 

L i  t wz + e 

Energy  Cross S e c t i o n  
(eV/mw 1 ( em2 1 

1.5E+03 
2.OE-tO3 
4.OE+03 
7.OE+03 
1 . O E I  04 
1.5E 1-04 
2 .OE+04 
4.OEi-04 
7.OEeOY 
l.OE+05 
1 . 5 E t 0 5  
2.OE+05 
4.OE+05 

1.89E-15 
1.91E-15 
1.81E-15 
1.64E-15 
1.50E-15 
1.31E-15 

9.45E-16 
7.43E-16 
6.30E-16 
5.15E-16 
4.46E-16 
3.106-16 

1.23E-15 

Lit + H~ + 2e  

Energy  C r o s s  S e c t i o n  
( ev /anu  ) ( CI,? ) 

1.00E-16 
8.79E-17 
7.40E-17 
6.67E-17 
6.27E-17 

5.766-I 7 
5.98E-17 

5.55E-17 
5.43E-17 
5.28E-17' 
4.83E-17 
4.67E-17 

R e f e r e n c e s :  250, 522, 583, 588 

Accuracy:  25% 

111_ Note: For t o t a l  e l e c t r o n  detachinent ( s i n y l n  and d o u b l e )  see: A l l i s i o n  e t  a l .  
( R e f .  2 5 0 ) .  Fo r  b o t h  s i n g l e  and  d o u b l e  de tachnicnt  see: McCullough e t  a l .  ( R e f .  5 8 8 ) .  

Chebyshev F i t t i n q  P a r a m e t e r s  f o r  C r o s s  S e c t i o n s  

S i n g l e  det .  Bin 7 1.5Et03  eV/antu, Enlax = 4.OE+05 e V / a n w  
Double det. min - -  1.5E+04 e V / a x u ,  E,,,, = 1.8E+05 eV/miu 

A0 A l  A2 A3 A4 A 5  A6 

S i n g l e  det .  -69,2100 -.932154 -.198400 .0257913 -.00111248 .00258484 -.00164526 
Double  det .  -74.5383 -.376194 .0491243 -.00831956 -.OO149259 .00388870 -.000530605 

The f i t  represents t h e  s i n g l e  de t achmen t  cross s e c t i o n  w i t h  an  rtns d e v i a t i o n  o f  0 .2%.  
The maximum d e v i a t i o n  i s  0.3% a t  l.OE+Oh, e V / a n u .  

The f i t  reprefients t h e  d o u b l e  de t achmen t  cross s e c t i o n  with a n  riiis d e v i a t i o n  of 0 .2%.  
The niaxiinuni devi-atinn i s  0 .4% a t  8.OEt04 eV/aniu. 

See append ix  f o r  Chebyshnv f i t  de t a i l s  
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- 

: I 

Li- + H, -> Li + H2 + e 
Li- + H, -> Li" 3- H2 -I- 2e 

Recam mended 
Data 

_ _ _ - -  Ct-lebyshev Fit 

,? 

"E 
0 
U 

cn 
cn 
P 
C) 

Cross Section vs. Energy 

\ 'x 

\ 
x 
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Cross Sectlons f o r  Tota l  Electron Detachment of L i -  on Ne 

r , i -  + ~e --> ~ i ,  L i t  

Energy 
( eV/ullu ) 

1.8Ei-02 
2.OEi.02 
4.OEi02 
7.OE+02 
1.OE+03 
I. 5Ei-03 
2.OEtO3 
4.OE+03 
7 . 0 ~ 0 3  
1.OEi-04 
1.53-i-04 
2.OE+04 
4.OE+04 
6.03-to4 

Velor: it y 
( c d s  ) 

1 86E+07 
1.96E+O7 
2.78E3+07 
3.68E+07 
4.39E+07 
5.38E+07 
6.21E+07 

1.16Ei-08 
1.39E+08 
1.70E+O8 
1.963+08 
2.7AE+09 
3.40E+O8 

a. 79~+07 

Cross Section 
( cm2 ) 

4 a 22E-I 6 
4 e 56E-16 
6.65E-I6 
8.07E-16 
8.83E-16 
9 - 57E-16 
9.93E-I6 
1.05E-15 
1.04E-15 
1 - 00E-45 
9 -42E-16 
8.87E-16 
7.43E-16 
6.45E-16 

peferencesi 250, 522, 551, 583, 587 

Accuracy: 25% 

9__ Note: Reported val-ues f u r  crosfi soctions correspond to the sum of those 
for single  and double detachment. 

Chebyshev F i t t i n q  Parameters fo r  Cross Sections 

Emin = 1.8E+02 eV/amu, E,,la, = 6.OEi-04 e V / a m u  

A 0  A1 A2 A3 A 4  A5 A6 

-69.6625 -18135 --.342099 -0241112 -.01173'17 -00823347 -a00361753 

Tine f i t  represents the above cross section w i t h  an r i n s  deviation of 0 .2%.  
The maximnwu deviation i s  0.4% a t  2.OE+03 eV/amu. 

See appendix €or Chebyshev fit d e t a i l s .  
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Li- + He -> Li, Li' 

Cross Section vs. Energy 
10- '11 1 I I 1 1  I i I l  I I I r-1 i i l l  

I I I I I l 1 1 l  1 I I I I I l l 1  1 1 I 1 I l l  

io5 10- l61 

IO' 10' IO" 

Recommended 
Data 

- - - - -  Chebyshev Fit 

Energy (eV/umu> 







G . (Cont'd) 

H3* + H e  -> H'(Tota1) . . . . . . . . . . . .  G-56 
.-> H2+ . . . . . . . . . . . . . . .  G-58 

HeH' + H2 -7  T o t a l  Hen* Dissociation Prod . . G-60 

HeHf  + H e  -7  Total HeH' Dissociation Prod . . G-62 



, ..-. . 



G-2 

Cross S e c t i o n s  fo r  Double ( D i s s o c i a t i v e )  I o n i z a t i o n ,  Double Ion iza t - j  on w i t h  
S t r i p p i n g ,  and Electron Cap tu re  w i t h  I o n i z a t i o n  f u r  H-Atom Impact on H2 

H i H2 -> H + (H' + Hi) + 2e 
H + tr2 -> H' + ( H +  + H I )  + 3e 
H + H~ -> H- + ( H ~  + tit) + e 

( H  + 2~~ + 2e) (Hi + 2 H t  + 3e) (H- + 2Ht + e )  

Energy 0 Energy 0 Energy a 
(e1J/aiiu ) ( c m 2  ) (ev/anu) ( Cll? ) (ev/oniu) ( CIll2 ) 

1.62E-19 
2.59E-19 
3.90E-19 
5.4OE-19 
7.04E-19 
8.88E-19 
1.91E-18 
2. WE-18 
3.22E-18 
3.35E-18 
3.llE-18 

5.7E+03 
7.OE+03 
1. OE+04 
1.3Et04 
1.5E+04 
2.OF+04 
2.5E+04 
3.OEt04 
3.5E+04 
4.OE+04 
4.5E+04 
5.OE+04 
5.2E+04 

1.06E-20 
1.65E-20 
3 .87E-20  
9.90E-20 
1.38E-19 
2.796-19 
4.68E-19 
6.32E-19 
7.82E-19 
9.19~~-19 
1 .00E-18  
1.14E-18 
1.17E-18 

4.7E+03 
7 .OE to3 
8.5E+03 
9.OE+03 
1. OE 1-04 
1.5E+04 
2.OE+04 
2.5E+O4 
3.OE+04 
3 . 5 ~ ~ 0 4  
4.OE+04 
4.5E I04 
5.OE+04 

2.18E-20 
6.65E- 20 
1 . 0 0 E - I 9  
1.17E-19 
1.51E--19 
3.22E-19 
3 .6 9 E- 1 9 
3.47E-19 
3.05E-I 9 
2.70E-19 

2.22E-19 
2.05E-I 9 

2.43E-19 

Refe rence :  30 

Accuracy-L Unknown 

_.___ Note: K i n e t i c  energy of  t h e  slow H t  i o n s  i s  approx ima te ly  9 eV. 

Chebyshev F i t t i n q  Paranet ers fo r  .Cross S e c t i o n s  

(H + 2 ~ +  + 2e) EInin = 5.OE+03 eV/amIl, Ellla, 5.OE+04 eV/aniu 
(HI + 2Ht I 3e) E,,,in = 5.7E+03 eV/axiu, E,llax - 5.2E-P-04 eV/auuu 
(H- + 2 ~ +  t e) E,,lin = 4.7E+03 eV/anu, E,,,, = 5.OE+04 e V / a i ~ ~  

A 0  A 1  A2 A3 A 4  A 5  A 6  

( H  + ZH+ t 2e) -82 .5844  1.50087 - . 5 1 4 1 6 ~  - .0138263  , 0 2 7 4 8 5 8  - . 0 0 8 5 3 8 3 3  - . o i l 6 6 3 7  

. 0 1 2 2 2 9 0  (H' + 2Hf + 3e) -86.7735 2 .46227  - .301192  - . l o 5 8 4 2  , 0 3 7 9 9 9 0  - .00417294  
(H- + 2H+ t e ) -86 .8910  1 . 0 3 5 3 5  - .754871  - .00932842  .0855477  .a300822 - . 0 3 9 3 7 9 2  

The f i t  r e p r e s e n t s  t h e  ( A  + 2Rt + 2e) cross s e c t i o n  w i t h  an ruis d e v i a t i o n  of 0.8%. 
The maximum d e v i a t i o n  i s  1.1% a t  6.OE+03 eV/aau. 

The f i t  repj:esents t h e  ( € 4 '  + 2H' t 362) cross section wikh an  r~ns d e v i a t i o n  of  1.8%. 
The nlaximuin d e v i a t i o n  i s  2.9% at 1.OE+04 eV/anu.  

The f i t  r e p r e s e n t s  the ( H -  + 2Ht  + e )  cross s e c t i o n  w i t h  ail rills d e v i a t i o n  of 1.3%. 
The iiiaxiinuiii d e v i a t i o n  i s  3.0% a t  8.5E+03 eV/anu. 

See  appendix f o r  C h e b y s h r v  f i t  details. 



G-3 

H + H, -> H + (H+ + H') + 2e 
H + H -> H' + (H' + H') + 3e 
H + Ei2 --> H- + (H+ -+- H+) -t e 

Cross Section vs. Energy 
1 Q- l7 

Io-'L 

IO-'! 

IO--2 

I I I 1 1 1 1 1 1  I I I I 1 l 1 1 1  

1 I I I  I I l l  I I 1 I I I I A  

lo4 
Energy kV/arnu> 



G - 4  

Cross Sec t ions  f o r  D i s s o c i a i i v e  I o n i z a t i o n  of 
H2 i n  C o l l i s i o n s  w i t l i  Hydrogen Atmis .  

H + H~ --> H + ( R  + H + )  + e 

v i a  lsog S t a t e  (curve  1) v i a  2p0, State (Curve 2) 

Energy Cross Sec t ion  Energy Cross Sec t ion  
( e v / a n u )  ( em2 ) ( ev / aJIlU ) ( CUI* j 

5.OE+03 
6.OE+U3 
7 . 0 ~ 0 3  
8.OE+03 
9.OE+O3 
1.OE+O4 
1.5E+04 
2. OE to4 
2.5Ei04 
3.OE+04 
3.5E+04 
4.OEt04 
4.5E+04 
5.0E+04 

6.40E-19 
8.21E-I9 
9 .67E3-19 
1.09E-18 
1. JRE-18 

1.40G-18 
1 . 2 5 ~ 1 8  

1 . 3 8 ~ - L B  
i.3i~-in 
1.23E-I8 
i,17~-1a 
1 .12 E - ' 9 
1.06E-18 
1.00E-iR 

5.OE+03 
6.OE+O3 
7.OEt03 

9.OE+O3 
1 I OE+04 
1.5E+04 
2.OE+04 
2.5E t 04 
3.OE+04 
3.5E+O4 
4 OE+04 
4.5E+04 
5 .  O E ?  04 

~ . o E + o ~  

2.256-18 
3.23~-in 

4.97~-ia 
4.12E-18 

5.76E-I8 
6.476-18 
R . 0 7 E - 1 0  
7. ~ I ) E - - s  n 
6.24~-18 
5.138-18 
4.llE-18 

2 5 13-18 
3.24% I9 

1.978-18 

Reference;" 30 

A c ~ z . a z  Unkncm-r 

Motear (1) Cross  s e c t j o n  va lues  p l o t t e d  i n  curve 1 refer t o  t h e  d i s s o c i a t i o n  of t h e  
H2' i o n  f ro% t h e  lsog state .  Energy of t h e  slow i o n  is Approxiiwitely zero.  ( 2 )  Cross 
section valuers plot ted  i n  curve 2 r e f e r  t o  the e l e c t r o n  t r a n s i t i o n s  t o  t h e  2pa, s t a t e  
and also t o  a l l  t h e  exc i te i l  e l e c t r o n  s t a t e s  of t h e  H2' i o n .  Energy of t h e  s low i o n  
i s  approximately 7 eV. 

Chebyshev F i t t i n u  P u ! i e t e r s  ,for Cross Sec t ions  

( v i a  lsog s t a t e )  Emin = 5.OE+03 e V / a n u ,  = 5.OE+04 eV/aiumi 

( v i a  Z p o ,  s t a t e )  E,,,in = 5.OE+03 eV/anu, E,,,ax = 5.OE-1-04 eV/anui 

A 0  A 1  A 2  A 3  A4 A5 A 6  

(via l sn  state) -82.7739 .176787  - .277606  .0497140  -.000803383 - . 0 0 2 7 7 4 2 6  - .00425677  

(via Z p o u  state) -80.0922 - .OS0777 - .663490 - .014@905 .DO850407 -.00531111 - . 00795596  

Tile €it r e p r e s e n t s  t h e  c r o s s  s e c t i o n  ( v i a  lsog s t a t e )  with an rms cirviat ion of 0 . 2 % .  
The rnaximum d e v i a t i o n  i s  0.4% a t  3.OE+04 e ~ / a n u .  

The f i t  r e p r e s e n t s  t h e  cross s e c t i o n  ( v i a  2p0, stat ;?)  with an mis d e v i a t i o n  of 0.6%. 
Tlie naxinruru d e v i a t i o n  i s  1.. 2% a t  4. 5E+04 e V / m u .  

See appendix f o r  Chebyshev f i t  d e t a i l s .  



G - 5  

H + H, -> H + (H + H+) + e 

Cross Section vs. Energy 

n 

"E 
0 

c 
0 

0 
a, 
v, 

W 

.- -e 



G-6 

Cross S e c t i o n s  fo r  D i s s o c i a t i v e  I o n i z a t i o n  o f  H2 by H-Aton1  Impact 
A c c w p a n i e d  by  S t r i p p i n g  of t h e  H ProJec t i le  

H + H 2  -> Hi + (11 + H') + 2 e  

v i a  l sog  s t a t2  (Curve  1) v i a  2p0, s t a t e  (Curve  2 )  

Energy  C r o s s  S e c t i o n  Eneryy Czoss S e c t i o n  
(eV/atnu ) ( cnl* ) (ev/aniu) ( cn? ) 

5.OE+03 
6 .OE4 03 
7.OE+03 
8.OE+O3 
9.OE+03 
l.OE+04 
1 .5Et04  
2. OEf 04 
3.OE+04 
4. QE+04 
5.OE+O4 

2.49E-20 
3 + 2lE-20 
4 a 07E-20 

5. '7 7E- 2 0 
6.68E-20 
1 . 1 5 ~ - 1 9  
1.66E-19 
2.73E-19 

4.10E-19 

4.91E-20 

3.65E-19 

5.OE1-03 
6.OE+03 
7.0E+03 
8. OE k 0 3  
9.OE+O3 
l .OEt04 
1.5E+04 
2.0@+04 
2.5E+04 
3.OE+04 
3.5E-104 
4.0E+04 
4 5E+O.I  
5.OE+04 

2.38E-20 
5.83E-20 

1.66E-19 
1 .07E-19  

2.34E-19 
3.07E-19 
6.88E-19 
1.04E-18 
1.26E-18 
1.37E-18 
1.37E-18 
1.32E-18 

1.13E-18 
1.23E-18 

Refe rence :  30 

Accuracy:  Unknown 

...- Notes: (1) Cross s e c t i o n  v a l u e s  p l o t t e d  i n  c u r v e  1 r e f e r  t o  t h e  d i s s o c i a t i o n  o f  t h e  
H2-n v i a  t h e  lsag state  o f  H2+. Energy of t h e  s l o w  i o n  j.s approx in ia t e ly  zero. ( 2 )  
Cross s e c t i o n  valuefi  p l o t t e d  i n  c u r v e  2 r e f e r  t o  t h e  d i s s o c i a t i o n  o f  t h e  H z t  i o n  v i a  
t h e  2p0, state  and  a lso a l l  h i g h e r  e x c i t e d  e lectronic  s ta tes  o f  t h e  tIzt i o n .  Energy  
of t h s  slow i o n  i s  approx ima te ly  7 e V .  

Chebyshev E 5 t t i n q  Paranietcrrs f o r  Cross S e c t i o n s  

( v i a  l sng s t a t e )  Emin = 5.OE+03 eV/miu, E,,, = 5.OE+04 eV/amu 
( v i a  2poU s t a t e )  Einin = ?.OE+03 eV/aniu, E,,,ax = 5.OE+04 eV/arnu 

A0 A 1  h? A3 A4 A5 A6 

(via 1so state) -87 .2426  1 .43882  -.0948243 - .0308580 - .0190257 -.00744929 - .00364561  

(via 2p0, state) -84.8972 1.86566 - .764017 ,0997586 - .0434187 .0151155 .00206675 

The f i t  r e p r e s e n t s  cross s e c t i o n  ( v i a  l sog  s t a t e )  w i t h  an  rim d e v i a t i o n  of 0.1%. 
The maximum d e v i a t i o n  i s  0.1% a t  2.OEt04 eV/aiiu. ' 

The f i t  r e p r e s e n t s  cross s e c t i o n  ( v i a  2p0, s t a t e )  w i t h  a n  r ins  d e v i a t i o n  of 0.3%. 
The maximum d e v i a t i o n  i s  0 .6% a t  1.5E+04 eV/anu. 

See append ix  for Chebyshev f i t  de ta i l s .  
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H + H, -> Ht + (H + Ht) + 2e 

Cross Section vs. Energy 
I I I I I I I I (  1 I I 1  I 

En erg y (eV/a m u> 



C r o s s  S e c t i o n s  f o r  D i s s o c i a t i v e  E l e c t r o n  C a p t u r e  f rom €I2 by H-Ato,,)s 

v i a  lso9 

Energy  
(ev/amia) 

5.OE-t-03 
6.OE+03 
7 .OE+03 
8.OE+03 
9.OE+03 
1.OE+04 
1.5E+04 
2.OEt04 
2.5E+04 
3.OE+O4 
3.5E+04 
4.OE+04 
4.5E+04 
5.OE+04 

H + H2 -> H- t (H' + 13) 

s ta te  (Curve  1) v i a  2po, s ta te  (Curve  2 )  

C r o s s  S e c t i o n  
( a n 2  ) 

8.20E-20 
1.05E-19 
1.26E-19 
1.45E-19 
1.63E-19 
1-798-19 
2.18E-19 
1.81E-19 
1.31E-19 
1.02E-19 
8.51E-20 
7 * 39E-20 
6.686-20 
6.17E-20 

Energy  
(eV/aniu) 

5.OEi-03 
6.OE+03 
7.OE+03 
8.OE+03 
9.OE+03 
1.OE+04 
1.5E+04 
2.OEt04 
2.5E+04 
3.OE+04 
3.5E-t04 
4.OE+04 
4.5Ei-04 
5.OE+04 

Cross S e c t i o n  
( cm2 ) 

2.91E-19 

6.57E-19 
8.343-19 

4.723-19 

9.97E-19 
1.156-18 

1. H E - 1 8  

5.33E-1.9 
3.61E-19 

1.78E-19 
1.276-19 

1.45E-18 

7.75E-19 

2 48E-19 

R e f e K e n C e :  30 

Accuracy: Unknoain 

Notes: 
Hz7 i o n  
ze+ro. ( 
H 2  i o n  
of t h e  

(1) C r o s s  section v a l u e s +  p l o t t e d  i n  c u r v e  1 r e f e r  t o  t h e  d i s s o c i a t i o n  of t h e  
v i a  t h e  lsog s t a t e  of H2 . The e n e r g y  o f  t h e  s low p a r t i c l e s  i s  a p p r o x i i n a t e l y  

2 )  Cross s e c t i o n  v a l u e s  p l o t t e d  i n  c u r v e  2 r e f e r  t o  t h e  d i s f o c i a t i o n  of t h e  
v i a  t h e  2p0, and  a l s o  a l l  e x c i t e d  e l e c t r o n i c  states o f  t h e  €I2 i o n .  The e n e r g y  
s l o w  p a r t i c l - c s  i s  a p p r o x i m a t e l y  7 e V .  

Chebyshev F i t t i n q  P a r a m e t e r s  f o r  Cross S e c t i o n s  

( v i a  l sog  s ta te )  E,in = 5.OE+03 eV/aniu, E,,, = 5.OE+04 eV/amu 
( v i a  2pu, s t a t e )  En,in = 5.OE+03 eV/anu, Elllax = 5.OE+04 eV/aniu 

A 0  A 1  A2 A3 A4 A5 A6 

( v i a  lsog s t a t e )  -87.2731 -.218951 -.522211 .0736627 .0971637 .00270336 -.0307172 
( v i a  2pa, s ta te )  -84.2975 -.438944 -.978064 .0211660 .0476037 .00159449 -.0175091 

The f i t  r q r e s e n t s  cross s e c t i o n  ( v i a  lsog s t a t e )  w i t h  a n  rms d e v i a t i o n  o f  0 . 8 % .  

The maximum d e v i a t i o n  is  1.5% a t  2.56+04 eV/amu. 

The f i t  r e p r e s e n t s  cross s e c t i o n  ( v i a  2pc,  s t a t e )  w i t h  an rms d e v i a t i o n  of 0.8%. 
The maximum d e v i a t i o n  i s  1.1% a t  4.OE+04 eV/aniu. 

S e e  appenc3i.x fo r  Chebyshev f i t  d e t a i l s .  
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H + H, -> H- + (H + H’) 

Cross Section vs. Energy 
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“E 
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Recommended 
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Chebyshev Fit 

En erg y (eV/a m u> 
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D i s s o c i a t i v e  Double I o n i z a t i o n  Cross S e c t i o n s  for  

H +  + H 2  -> Ut + H i  + Fit + 20 

Energy 
(eV/arou ) 

l.OE+05 
1.5E605 
2.OE+05 
3.OE+05 
7.OE+05 

1.5Et06 
2.OEt06 
3.OE+06 

1.OE-t06 

V e l o c i t y  
( cm/ s ) 

4.39EI-OS 
5.38E+O8 
6.21E+08 

1.16E+O9 
1.39E+O9 
1.70E+09 
1.96E+09 
2.40E+09 

7.61E3-08 

Cross SecLion 
( Clll ) 

3.96E-19 
1.796-19 
1.02E-19 
4.5'OE-20 
1.17E-20 
7.16E-21 
4.30%-21 
3.26E-21 
2.49E-21 

Refe rence :  365 

Accuracy: Wi th in  f a c t o r  of  4 

Note: The data are r e p o r t e d  f o r  t h e  U2 i n t e r n u c l e a r  a x i s  o r i e n t e d  a t  90' 
and 30' r e l a t i v e  t o  t h e  i o n  bean d i r e c t i o n  and no a p p a r e n t  d i f f e r e n c e  w a s  
found between t h e  iiieasured cross s e c t i o n  v a l u e s .  

Chebyshev F ' i t t i n q  Paraneters f o r  Cross S e c t i o n s  

A 0  A I  A2 A3 A4 A5 A 6  

-90.4247 -2.58979 -296205 -0536430 -00747606 .00133207 -00152342 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0.6%. 
The niaximuin d e v i a t i o n  i s  0.9% a t  2.OE+05 eV/amu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  
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H+ -k H, -> H' + H' + H' + 2e 

Cross Section vs. Energy 

...... 



G - 1 2  

Cross S e c t i o n s  f o r  t h e  D i s s o c i a t i v e  Double  I o n i z a t i o n  of H2 By F a s t  He+ 

~ e +  + H~ -> He+ t N+ t 11' t 2 e  

E n e r g y  
(eV/aniu ) 

2.5E+O3 
3.OE+O3 
4.OE+O3 
7.OE+O3 
1.OE+04 
1.5E+04 
2 .  OE I04  
4.OE+04 
7.OE+04 
9.OEt04 

V e l o c i t y  
( cm/ s ) 

6.95E t O  I 
7.61E+O7 
8.79E-t07 
1.16E+08 
1.39E+08 
1.70EiOD 
1 . 9 6 E i 0 8  
2.78E3+08 
3.68E-t08 
4 17E+08 

C r o s s  S e c t i o n  
( Clll* ) 

5.0OE-18 
4 ,  2 2 E - 1 8  
3.12E-18 
1.62E-18 
1 0 2 E - 1 8  
5.89E-19 
3.91E-19 
1.40E--19 
5. 95E-20 
4.02E-20 

R e f e r e n c e :  482 

Accuracy: The a b s o l u t e  cross s e c t i o n  v a l u e s  are estiiiiated t o  with3.n a 
f a c t o r  of 4. 

Note: T h e  data are r e p o r t e d  f o r  t h e  142 i n t e r n u c l e a r  ax is  o r i e n t e d  a t  90° 
and 30° r e l a t i v e  t o  t h e  ion b e a u  d i r e c t i o n ,  a n d  no a p p a r e n t  d i f f e r e n c e  was 
f o u n d  b e t w e e n  t h e  cross s e c t i o n  v a l u e s .  

Chehyshev  F i t t i n q  P a r a m e t e r s  for Cross S e c t i o n s  

= 9.OE-I-04 ~ V / ~ J I I U  E,,,in 2 .  5E+03 e V / m u ,  El,,, 

A 0  A l  A 2  A3 A4 A5 A6 

-84.2206 - 2 , 4 3 6 2 0  --e134853 -0237772 - .00240081 .000622206 - . 0 0 1 0 3 7 8 3  

The f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  of 0 .1%. 
The ~naximurn d e v i a t i o n  i s  0 .2% a t  1.OEt04 eV/aiiu.  

S e e  a p p e n d i x  for Chebyshev fit d e t a i l s .  
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He' + H, -> He' + H' + H' + 2e 

Cross Section vs. Energy 
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Data 

Chebyshev Fit 
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Cross Sections for the Dissociative Ionization of H, by F a s t  HP2' 

He2+ + H2 -> He2* + ( H +  t H )  + e 

3.8E+03 
4 OE+03 
5.OE+03 
6.OE+O3 
7.OE+03 
8.OE+03 
9.OE+03 
1.OE+04 
1.5E+O4 
2.OE+O4 
2.5E+04 

Velocity 
( cm/ s ) 

Cross Section 
( ClllZ ) 

1.10E-19 
1 38E-19 
2.74E-19 
4.31E-19 
5.63E-19 
6.27E-19 
6.48E-19 
6.57E-19 
6.65E--19 
1.04E-18 
1.81E-18 

Reference: 35 

Accuracy: 20% 

Note: TheGe cross secti-ons values refer t o  thc ionization w j . t h  
dissociation of 8 2  via the l s o g  s t a t e  of the H2* ion. 

Chebyshev F i t t i n o  Parameters for  Cross Sections 

= 2.5E+04 eV/aruu %a, E l i n  = 3 .8E:+O3 eV/anu, 

A 0  A 1  A 2  A3 A4 A5 A6 

-84.1813 1.12091 -a170391 -319582 -0335842 -e0467173 -SO198799 

The €it represents the above cross section w i t h  an rills deviation of 1 .0%.  
The maximunl deviation i s  1 . 3 %  a t  5.OE+03 eV/;uuu. 

See appendix for Chebyshev fit deta i l s .  
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IO-” 

c 
0 

0 
a, 
v, 

.- 
-cJ 1 6 ”  

lo-’( 

He” + H2 -> He” + (H+ + H) + e 

Cross Section vs. Energy 
I I I I 1 1 1 1 1  I I I I I I I I  

Recommended 
Data 

- _ - - -  Chebyshev Fit 

10’ 10“ io5 
Energy (eV/amu> 
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Cross S e c t i o n s  f o r  t h e  D i s s o c i a t i v e  I o n i z a t i o n  of  H2 by F a s t  H e z t  

m2+ + H~ -> HE!'+ + ( H +  + H )  + e 

Energy 
(ev /a i iu)  

2.5E+03 
3.OE+03 
4.OE+03 
5.0E+03 
6.OE+03 
7 .OE+03 
8.OE+03 

1.OE+04 
1.5E+04 
2.OE.I-04 
2.5E+04 
3.OE+04 

9.OE-103 

V e l o c i t y  
( c1n/s ) 

6.95E+07 
7.61E+07 
8.79E+07 
9.82E+07 
1.08E+08 
1.16E+08 
1.24E+08 
1.32E+08 
1.39E+08 
1.7OE+08 
1.96E+08 
2.20Et08 
2.416+08 

Cross  S e c t i o n  
( Clll* ) 

1.466-19 
2.05E-19 
4.28E-19 
7.9415-19 
1.05E-18 
1.23E-18 
1.35E-18 
1.42E-18 
1.46E-18 
1.53E-18 
2-236-18 
3.13E-18 
4.22E-18 

Refe rence :  95 

Accuracy: 30% 

N?tes: (1) The c r o s s  s e c t i o n  v a l u e s  aL;e f o r  t h e  i o n i z a t i o n  w i t h  
d i s s o c i a t i o n  of H2 v i a  t h e  2p0, s t a t e  of  H 2  . See r e f e r e n c e  95. (2) The 
measured  e n e r g y  of t h e  s l o w  i o n  i s  approxi i i ia te ly  7 e V .  

Chebyshev F i t t i n q  Paraxie te rs  f o r  Cross S e c t i o n s  

= 3.OE+04 eV/;unu E,ilin = 2.5E+03 eV/aiiu, Eiiiax 

A0 A1 A2 A3 A4 A5 A6 

-82.9850 1.52994 -.280153 .246249 .0922114 -.0977812 -.00881272 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rnis d e v i a t i o n  of  2.1%. 
The ii~aximum d e v i a t i o n  i s  2.9% a t  1.5E+04 eV/amu. 

See appendix  for  Chebyshev f i t  d e t a i l s .  
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He2+ + H, -> He" + (H' + H) -t e 

Cross Section vs. Energy 

n 

"E 
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c 
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.- 
4-J 

2 
0 
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Data 

_ _ - - -  Chebyshev Fit 

En erg y (eV/a ni u> 
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C r o s n  Sections fo r  D i s s o c i a t i v e  E 1 9 ~ 1 ~ 0 1 1  Caplure froin Hz By F a s t  H e 2 +  

H e 2 +  + H2 - >  H e +  + (H+ 4- H )  

1,3E+03 
1.5E t03 
2.OE+03 
3.OE+03 
4 e OE+OJ 
5.0E+O3 
6.OE+03 
l.OE-tO3 
8.OE+03 
9.OE+03 
l.OE+04 
1.5E+04 
2.OEt04 
2.5Et04 

V e l o c i t y  
( CIII/S ) 

5.01E+07 
5.38E+O7 
6.21E+07 
7.61EtO7 
8.79Et 07 
9.82E+07 
1.08E+08 
1.16Et08 
1.24E+08 
1.3 2E+08 
1.39E+O8 
1.70E+08 
1.96E+08 
2.20Et08 

Cross S e c t i o n  
( C1112 ) 

2.77~-ia 
3.0lE-18 
3.47%-18 
4.37E-18 
5.25E-18 
6 17E-18 
6.96E-18 
7.79E-18 
8.51E-18 
9.31E-18 
1 . 0 2 ~ 1 7  
1.27E-17 
1.29E-17 
1.29E-11 

Reference :  95 

Accuracyi 20% 

- Note: The C L O G S  s e c t i o n  v a l u e s  a r e  f o r  c a p l u r e  w i t h  d i s s o c i a t i o n  from t h e  
lsog s t a t e  of t h e  H 2  ion .  

Chebyshev F i t t i n q  Pa ra i i e t e r s  f o r  Cross S e c t i o n s  

Emin = 1.3E+03 eV/auuu, Elllax = 2.5E-t04 eV/aunu 

A0 A1 A2 A3 A 4  A5 A 6  

-79.1499 .E40316 -.0633082 -.0781071 -SO271766 .00205805 .00727217 

The fit r e p r e s e n t s  the above cross s e c t i o n  wi th  an m s  d e v i a t i o n  of 1 .0%. 
The maximuni d e v i a t i o n  is 1.5% a t  2. O E i  04 e\l/aiiu. 

See appendix f o r  Chebysliev f i t  de t a i l s .  
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t-je2' + H, --> He' + (H' + H) 

Cross Section vs. Energy 
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En e t-g y (eV/a m u> 

Reco m rn e n ded 
Dota 

_ _ _ - -  Cliebyshev Fit 



Cross S e c t i o n s  f o r  D i s s o c i a t i v e  E l e c t r o n  C a p t u r e  with 
I o n i z a t i o n  i n  C o l l i s i o n s  of F a s t  H e 2 +  w i t h  H 2  

 HE^^ i z2 -> ~ e +  + ( H ~  + H+) t- e 

1 . 2 E + 0 3  
1 . 5 E i 0 3  
2.OE-kO3 
2 .5E- tO3  
3 . O E + 0 3  
3 . 5 E + 0 3  

5 . O E 1 0 3  
6 .OE+03  
7 . O E + 0 3  
8 . O E + 0 3  
9 .OE+03  
1.OE+04 
1.5E-1-04 
2 . O E i 0 4  
2 . 5 E + 0 4  

4 . O E - t 0 3  

Velocity 
( cer/s ) 

4 . 8 1 E + 0 7  
5 . 3 8 E t  07 
6 . 2 1 E + 0 7  
6 . 9 5 E + 0 7  
7 . 6 1 E + 0 7  
8 . 2 2 t ? + 0 7  
8 . 7 9 E t - 0 7  
9 . 8 2 E + 0 7  
1 . 0 8 E + 0 8  
1 . 1 6 E t 0 8  
1 . 2 4 E t  08 
1 .3  2 E i 0 8  
1 . 3  9 E + 0 8  
1 . 7 0 E  k 0 8  
1 . 9 6 E 4 - 0 8  
2 . 2 0 E + 0 8  

Cross Section 
( cm2 ) 

1 . 1 0 E - - 1 6  
1 . 0 1 E - 1 6  
8 . 8 4 E - 1 7  
8 . 0 1 E - 1 7  
7 . 4 7 E - 1 7  
6 . 8 4 E - 1 7  
6 . 0 1 E - 1 7  
5. 0 4 E -  1 7  
4 . 9 0 E - 1 7  
5 . l l E - 1 7  
5 . 5 3 E - 1 7  
6 . 1 0 E - 1 7  
6 . 5 4 ~ ' - 1 7  

8 . 5 7 ~ 1 7  
7 . 8 8 E - 1 7  

8 . 7 0 E - 1 7  

R e f e r e n c e :  95 

A c c u r a c 1 - L  30% 

Note: T h e  n i e a s u r e d  P n P r g y  of t h e  s l o w  Ht i o n s  i s  a p p r o x i m a t e l y  9 e V .  

-.- 

C h e b y s h e v  F i t t i n q  Paraneters f o r  Cross S e c t i o n s  

A 0  A 1  A2 A 3  A4 A 5  A6 

- 7 4 . 1 5 6 2  -e104398 - 2 7 7 8 0 5  - 0 0 6 3 2 9 2 2  - - . l o 7 3 1 1  - . 0 2 4 7 8 7 0  .0511068 

T h e  f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  a n  rm deviation of 2 .9%.  
T h e  ioaxinium d e v i a t i o n  i s  3 . 9 %  a t  2 . O E + 0 3  eV/anu.  

See appendix f o r  C h e b y s h e v  f i t  d e t a i 1 . s .  
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He" + H, -> He' + (H' + H') + e 

Cross Section v s  Energy 
I I I I I l l l l  I I I l l 1 1 7  

_.- /+ 

io5 10- l~  

io3 1 o4 
Energy (eV/amu) 

Recommended 
Data -- 

_ _ - _ _  Chebyshev Fit 
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Cross S e c t i o n s  for  Double ( D i s s o c i a t i v e )  Ionization of H2 By F a s t  He2+ 

He2+ + H 2  -> H e z t  + ( H +  + H t )  + 2e 

Energy 
(eV/aniu 1 

2 . 5 E + 0 3  
3.0E+03 
4.OE+03 
5.OE+03 
6 . 8 E + 0 3  
7.OE+03 
8.OE+03 
9 .  OE t03 
1.OE+04 
1 . 5 E + 0 4  
2.OE+04 
3 .OE+04 

V e l o c i t y  
( cm/ s ) 

6 . 9 5 E t  0 7  
7 . 6  J.E+07 
8 . 7 9 E + 0 7  
9 . 8 2 E - t 0 7  
1.08E-( 08 
1 . 1 6 E + 0 8  
1 . 2 4 E i  08 
1 . 3  .?fi:+08 
1 . 3 9 E + 0 8  
1 . 7 0 E  I08 
1 . 9 6 E i - 0 8  
2 . 4 1 E + 0 8  

Cross S e c t i v n  
( Clll2 ) 

1.44K.3-19 
2 . 1 5 E - 1 9  
4 . 2 a E - 1 9  
7 . 9 0 E - 1 9  
1 . 0 7 E - 1 8  
1 . 2 5 E - 1 8  
1 .35E--18  
1 . 3 9 E - 1 8  
1 - 4 4 E - 1 8  
1 . 5 2 6 - - 1 8  
2.24E-18 
4 . 2 3 E - 1 8  

Refe rence :  95 

Accuracy: 30% 

Note: The iineasured ene rgy  of  t h e  s1.0~ H+ i o n s  i s  approxi i i ia te ly  9 e V .  

Chebyshev F i t t i n q  Parameters for  Cross S e c t i o n s  

A 0  A 1  A2 A3 A 4  A5 A6 

- 8 2 . 9 5 1 5  1 . 5 4 4 9 4  - . 2 5 4 8 3 3  - 2 5 5 8 6 4  . 0 7 4 9 6 1 3  - . 1 1 3 7 2 6  - - e 0 3 5 9 6 0 9  

The P i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  of 2 . 0 % .  
The inaxiniuiii d e v i a t i o n  i s  4.4% a t  4.OE+03 eV/ainu. 

See  appendix  for Chebyshov f i t  d e t a i l s .  



G-23  

..... 

i 

He2' + H, -> He2' + (H' + H f )  + 2e 

. .._ .. 

Cr-oss Section vs. Energy 

Re co m me n d e d 
Data 

Chebyshev Fit 

..... 



G-24 

C r o s s  S e c t i o n s  for ( D i s s o c i a L i v e )  Double E l e c t r o n  Cap tu re  froiii HI R y  F a s t  HvZt 

H e 2 +  i w2 -> + ( H ~  + H + )  

Energy 
(eV/cunu 1 

1.1E+03 
1 .5Et03  
2.OE-1-03 
2.5J3+03 
3.OE+03 
4.OE+03 
5.OEt03 
6.OE+03 
7.OE+03 
8.OE+03 
9 . 0 ~ 0 3  
1.OE+04 
1.5Ei-04 
2.OE+04 
2.5E+04 

V e l o c i t y  
( cm/ s ) 

4.61E+07 
5.38E t 5 7  
6.21E3+57 
6. 95E-l 07 
7.61E+07 
8 . 7  9E+OI 
9.82Ei 07 
1.08E+O8 
1.16E+08 
1.24Ei 08 
1 . 3  2E+08 
1.39E+08 
1.70E.t 08 
1.96E+08 
2.20Et08 

Cross Secti .on 
( Clll2 ) 

5.15E-17 
3.00E-17 
1.70E-17 
1 .4 5E- 17  
1.42E--17 
1.68E-17 
2.14E-17 
2.55E-17 
2.90E-17 
3.23E-17 
3.49E-17 
3.75E-17 
4.42E-17 
4.59E-17 
4.48E-1'7 

Refe rence :  95 

Accuracy: 15% 

Notes: None 

Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross S e c t i o n s  

= 2.5E+04 eV/aniu E,l,in = l.lE+03 eV/aruu, 'ma, 

A 0  A 1  A 2  A 3  A4 A5 A6 

-75.9688 -211347 -437455 -.355845 -0231353 -0708411 - - 0 5 1 7 1 2 3  

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of  1 .7%.  
The maximum d e v i a t i o n  i s  2 .9% a t  2.OE+03 eV/aiiu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  
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Cross S e c t i o n s  f o r  the C o n v e r s i o n  of F a s t  Hz' I o n s  I n t o  
F a s t  P r o t o n s  i n  P a s s a y e  Through H 2  

Low E n e r g y  

E n e r g y  Cross S e c t i o n  
( e v / a i i u )  ( C17l2 ) 

1.6Et00 
2.OE+OO 
2.5E+OO 
3.OE+OO 
3.5E+00 
4. OE t O O  
4.5E-t 00 
5.OE+OO 

3.31E-17 
6,466-17 
8 -  09E-17 
8.66E-17 
8.67B-17 
8.58E-17 
8.33E-17 
-7.96E-17 

High E n e r g y  

E n e r g y  Cross  S e c t i o n  
( e v / a i i u )  ( cm2 ) 

1.5E+03 
2.OEt03 
4 OE+03  
7.OE+03 
1. OE t 0 4  
1.5E+04 
1.8E+04 
2.OEtO4 
3.OE+04 
4.OEt04 
5.0E404 
8 .OE- tO4  
1.0Et05 
1.5E+05 
2.OEt05 
4.OEi05 
7.OE+OS 
1.OE+06 
I. 5 E i  06 
2.OF+06 
4.OE+06 
7.OE+06 
1.OE+07 

2.03E-16 
2.263-16 
2.42E-16 
2.3115-16 
2.13E-16 
1 88E-16 
I. 80E-16 
1.86E-16 
2.23E-16 
2 - 30E-16 
2.26E-16 
1.99E-16 
1.80E-16 
1.46E-16 
1.21E-16 
1 .$3E-17 
4.22E-17 
2.70E-17 
1.46E-17 
1 . 1 1 E - 1 7  
6. %1E-18 
4 - llE-3 8 
3.28E-18 

R e f e r e n c e s :  8 6 ,  208, 210, 214, 218, 219, 527, 528, 531, 557, 558, 553, 

A c c u r a c y :  25% 

Mote: N o  attempt h a s  b e e n  made to i n t e r p o l a t e  b e t w e e n  t h e  l o w - e n e r g y  da ta  a n d  
t h e  data t a k e n  a t  h i g h e r  e n e r g i e s .  

571, 590 

Chebyshev  F i t t i n q  P a r a m e t e r s  f o r  Cross S e c t i o n s  

= 5 . 0 ~ + 0 0  eV/aiiu 
- 1.OEt07 eV/aniu 

Enlax 
E,,,, 

Low Energy  E , , , ~ ~  = 1.6Et 00 eV/aiiu,  
High E n e r g y  Elllin = 1.5E+03 eV/suiiu, 

A 0  A 1  A2 A3 A4 A 5  A6 

Low E n e r g y  -74.4493 -351878 -.24927Y .0781924 -.0295527 -00853617 -.00490330 
High E n e r g y  -74.9261 -2.19443 -.855834 .0421307 .216227 .0321147 -.0893073 

The f i t  r e p r e s e n t s  t h e  Low Energy  cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  of 0.2%. 
The maximum d e v i a t i o n  i s  0 . 3 %  a t  3.5E+00 eV/anu.  

The  f i t  r e p r e s e n t s  t h e  High E n e r y y  cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  of 6.3%. 
The iuaxiiauni d e v i a t i o n  i s  12.4% a t  I. 8Et04 eV/auu.  

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s .  
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Cross S e c t i o n s  f o r  t h e  C o n v e r s i o n  of F a s t  IT2' Inns T n t o  
F a s t  P r o t o n s  i n  Passage Thi-ougli H A t o m  

E n e r g y  
( e V / a n u )  

1.51303 
2.OE+03 
4.OE+03 
7.OE+03 
1.OEi-04 
1.5E+04 
2.OEt04 
4 .OEt04  
5.OEt04 

V e l o c i t y  
( cm/ s ) 

5.38EtO7 
6.21E+07 
8.79E+07 
1.16Ea08 
1.39E+08 
1.70E+08 
1 e 96E+08 
2.78E+08 
3.llE*08 

Cross S e c t i o n  
( Clll ) 

1.60E-16 
1-83E-16 
2.16E-16 
2.20E--16 
2.15E-16 
2.06E-16 
1.96E-16 
1.69E-16 
1.59E-16 

R e f e r e n c e :  599 

A c c u r a z i  25% 

Notes: None 

Chebyshev F i t t i n q  _.lq_a_rieters for  Cross S e c t i o n s  

A 0  A 1  A2 A 3  A4 A5 A6 

-72.4228 -.0319629 -.156039 -0287214 -,00752456 .000228203 .000525627 

The fit  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n  w i t h  a n  rills d e v i a t i o n  o f  0.1%. 
The maximum d e v i a t i o n  i s  0 . 2 %  a t  2.OE+04 e v / a n u .  

See appendix fo r  Chebyshev f i t  de t a i l s .  
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Cross S e c t i o n  f o r  t h e  Forniptj.on o f  F a s t  H A t o m s  
by  P a s s a g e  o f  H 2  Through H 2  

E n e r g y  
( e v / a n u  1 

2.OE+03 
4.OE+03 

l .OEt04  
1 . 5 E t 0 4  
2.OE+04 
4.OE+O4 
7.OE+04 

7.OE-i-03 

1.OE-b05 

R e f e r e n c e s :  208,  210,  2 1 4  I 

V e l  ocj  t y  
( CllI/S ) 

6.2  1 E + 0 7  
8.79E3+07 
1 .16E-t 0 8  
1.39B+08 
1.7OE+08 
1 . 9 6 E t 0 8  
2.78E+08 
3.68E+08 
4.39E+08 

218,  219,  2 7 1  

Cross S e c t i o n  
( cni2 ) 

4.98E-16 
7 - 09E-16 
8.12E-16 
8.22E-16 
8 + 05E-16 
7 44E-16 
4. TOE-16  
2.21E-16 
1. 21.E-16 

Accuracy:- 20% 

Note: The da ta  r e f e r  t o  t h e  suni o f  t h e  cross s e c t i o n s  f o r  H2+ + H2 -> (H' 
+ H ) p r o , .  a n d  H Z t  + 8, -> ( H  + H ) p r o j . .  

Chebyshev F i . t t  i nq P a r a m e t e r s  f o r  Cross S e c t i o n s  

Enlin = 2.OE+03 eV/aiiu, = 1.OEt05  eV/anu 

A 0  A 1  A2 A3 A4 A 5  A6 

-70,6102 - .632612 - .606521 - .0915143 - .0121710 -0168179 -010479'7 

The f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n  w i t h  a n  rtiis d e v i a t i o n  of 0.3%. 
The niaxiniuin d e v i a t i o n  is 0.6% a t  1.OEt04 eV/aiiu. 

See a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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Energy 
(ev/arllu) 

l . O E + O l  
2.OEt01 
4.0EiOl 
7.OE+01 
1.OE+02 
1.5E+02 
2.OE+02 
4.OE-+02 
7.OE+02 
1.OE+03 
1. 5E-1-03 
2.OE+03 
4.OE+03 
7.OEt03 
1.OEt04 
1.5Et04 
2.OE.tO4 
4.0E+04 
7.OE+04 
l.OEt05 
I. 5E-I-05 
i!.OE+05 
4.OE+05 
7.OEt05 
1.OEt06 

P a r t i a l  Cro+ss S e c t i o n s  f o r  D i s s o c i a t i o n  
of F a s t  Hz  Ions i n  Passage Through H2 

H2' + €I2 -> (tit t H) + H2 

Velocity 
( cm/ s ) 

4.39E+06 
6.21Ei-06 
8.79Et06 
1.16E+07 
1.39E3-07 
1.70Ef 07 
1.966+07 
2.78E+07 
3.68E k07 
4.39Et-07 
5.38E+07 
6.21E+07 
8.79EtO 7 
1.16E+08 
1.39E+08 
1.70E+08 
1,96E+08 
2.78E+08 
3.68Et08 

5.38E+08 
6.21E+08 
8.78Et08 
1.16Et09 
1.3 9E+09 

4.39~toa 

Cross Section 
(Clll* ) 

6.14E-17 
6 - 58E-17 
6.96~-17 
7.648-17 
8.16E-17 
9.19E-17 
1 + 01E- 16 
1.24E-16 
1.47E-16 
1.60E-16 
1.65E-16 
1.676-16 
1.68E-16 
1.6 7E-16 
1.65E-16 
1.5SE-16 
1.47E-16 
1.13E-16 
8,3/1E-17 
6.73E-17 
5.12E-17 
4.22E-17 
2.58F<-17 
1.74E-17 
1.34E-17 

References :  271, 527, 528, 529, 560, 589, 591 

Accuracy: E < 5x104 eV/amu, 40% 
E > 5x104 eV/aniu, 20% 

Notes: (1) A t  t h e  lower impact e n e r g i e s ,  t h e  r e s u l t s  of t h e  v a r i o u s  
i n v e s t i g a t o r s  depend on t h e  i n i t i a l  v i b r a t i o n a l - s t a t e  d i s t r i b u t i o n s  of 
t h e  Hz i o n .  (2) I n  t h e  ev r a n g e ,  H Z C  p r o j e c t i l e s  were used  w i t h  D2 t a r g e t  
and Dz' p r o j e c t i l e s  w i t h  M2 target  (see R e i .  589). 

Chebyshev F i t t i n q  Paraneters f o r  Cross S e c t i o n s  

= 1.OEt06 eV/anu E,l,in = 1.OEi01 eV/amu, E,,,,, 

A 0  A 1  A2 A3 A4 A5 A6 

-74.5723 -.555602 -.go6658 -+238001 -110022 -0251065 -00343160 

T h e  fit r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  of 2.6%. 
The niaxitiuii d e v i a t i o n  i s  5.8% a t  4.OEt03 eV/;unu. 

See  appendix  for  Chebyshpv f i t  details 
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C r o s s  S e c t i o n s  f o r  t h e  F o r m a t i o n  of F a s t  Protons f r o i n  H z t  i n  H e  

H 2 +  + H e  -> T o t a l  €I+ 

E n e r g y  
( ev/aiiu ) 

l . O E + 0 3  
1 . 5 E i - 0 3  
2.OE+03 
4.OE+03 
7.OE+03 
l . O E + 0 4  
I. 5E+04 
2.OE+04 
3.OE+04 
3 . 5 E + 0 4  
4.OE+04 
l . O E + 0 4  
l . O E i 0 5  
1 . 5 E + 0 5  
2.OE+05 
4.OE+05 
6.OE+05 
6 . 5 E + 0 5  

C r o s s  S e c t i o n  
( Clll2 ) 

3 . 6 9 6 - 1 7  
5 - 7 5 E - 1 7  
7 .43E-17 
1 - 17E-16 
1 . 5 3 E - 1 6  
1 . 7 2 E - 1 6  
1 - 8 6 E - 1 6  
1 . 9 4 E - 1 6  
2 .01E-16 
2 - 01E-16 
2 . 0 0 E - 1 6  
1 . 8 4 E - 1 6  
1.57E.3-16 
1- 22E-16 
g . a i ~ - i 7  
5 .21E-17 
3 . 3  5E-17 
3 . 0 6 E - 1 7  

References: 8 6 ,  5 2 7 ,  5 2 8 ,  531, 5 6 2 ,  5 7 0  

A c c u r a c y :  2 0 %  

Notes: (1) More r e c e n t  c r o s s - s e c t i o n  da ta  from Ref .  5 6 2  ( b e t w e e n  2 x 1 0 3  t o  
8x103 e V / a n u )  exceed t h e  e a r l i e r  data by a p p r o x i n i a t e l y  40% a t  8x103 eV/aunu 
to approximately 3 6 0 %  a t  2 x 1 0 3  e V / a i i u .  ( 2 )  aH+(He) refers t o  t h e  sum: O ( H '  

+ H ) p r o j .  + 20(13+ + H t ) p r o j .  

C h e b y s h e v  F i t t i  nq P a r m e t e r s  f o r  Cross Sections 

= 6 . 5 E + 0 5  eV/ai!u Ellla, OH+ ( H e  ) ELllil, = 1.OE+03 eV/aniu,  

A 0  A 1  A2 A 3  A4 A5 A6 

OH+(He) -74.0323 -.0812968 - .900960 -.0399950 -.0205556 .0309465 .00869410 

T h e  f i t  r e p r e s e n t s  t h e  OHt cross s e c t i o n  with an riiis d e v i a t i o n  of 1.0%. 
The  maximum d e v i a t i o n  i s  1.4% a t  2.OE+05 e V / a i i u .  

See a p p e n d i x  fo r  C h e b y s h e v  f i t  d e t a i l s .  
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C r o s s  S e c t i o n s  fo r  D i s s o c i a t i o n  of F a s t  H 2 +  Ions i n  P a s s a q e  Throiiqh H;. 

H,+ f H e  -> ( H I  -1 H )  + H e  

Low Energy  H i g h  E n e r g y  

Energy  Cross S e c t i o n  E n e r g y  Cross S e c t i o n  
(eV/aniu ) ( C11l2 ) ( e V  /aiiu ) ( C1112 ) 

9 . 7 E + 0 0  
1 . 1 E + 0 1  
1 . 2 E - t - 0 1  
1 . 3 E  1-0 1 
1 . 3 E i 0 1  
1 . 5 E i 0 1  
1 . 5 E t 0 1  
1 . 6 ~ + 0 1  
1 . 7 E + 0 1  
l.BE+Ol 
1 . 9 E + 0 1  
2 . O E + 0 1  
2 . 1 E t 0 1  
2 . 2 E + 0 1  
2.3E+O1 
2 . 4 E + 0 1  

6 . 5 5 E - 1 7  
6 . 5 5 E - 1 7  
6 . 5 5 & 1 7  
6 . 5 6 E - 1 7  
6 . 5 6 E - 1 7  
6 . 5 6 E - 1 7  
6 . 5 6 E - 1 7  
6 . 5 6 E - 1 7  
6 . 6 1 E - 1 7  
6 . 5 7 E - 1 7  
6 . 5 5 E - 1 7  
6 . 5 9 E - 1 7  
6 . 5 9 E - 1 7  
6 . l i8E-17  
6 . 5 7 E - 1 7  
6 . 5 5 E - 1 7  

2 .OE+03 
4.OE+03 
7 . 0 E + O 3  
1.OE+04 
1 . 5 E t 0 4  
2 .  OE 1- 06 
rZ.OEt04 
7 .OE+04 
1: OE I05 
1 . 5 E t 0 5  
2 .  OES 05 
4 . O E t 0 5  
7 .  OE 105 
1 . 0 ~ 0 6  

2 . l l E - 1 6  
1 . 9 3 E - 1 6  
1 6 9 E - 1 6  
1 . 4 6 E - 1 6  
1 . 2 2 E - 1 6  
1 . 0 7 E - 1 6  
7 . 3 5 E - 1 7  
5 . 3 9 E - 1 7  
4 .46E-17 
3 . 3 5 E - 1 7  
2 . 6 8 E - 1 7  
1.518-17 
8 8%-1.8 
6 . 3 7 E - 1 8  

R e f e r e n c e s :  5 2 7 ,  5 2 8 ,  560 ,  5 6 2  

II Accuracy:  E 7 5 ~ 1 0 ~  cV/amnu, 20% 
2 x 1 0 3  < E < 8x103 eV/anu,  15% (see R e f .  5 6 2 )  
E < lo2 eV/aiiu, Unknown 

Notes: (1) At. lower i m p a c t  e n e r g i e s  t h e  r e s u l t s  of t h e  v a r i o u s  i n v e s t i g a t o r s  
d e p e n d  on  t h e  i n i t j a l  v i b r a t i o n a l  s t a t e  d i s t r i b u t i o n  of t h e  H2' i o n .  ( 2 )  The 
data a t  10 t o  2 5  eV/anu were t a k e n  w i t h  D2' i n s t e a d  of H 2 +  as t h e  project i le .  
( 3 )  No a t t e m p t  h a s  b e e n  made t o  i n t e r p o l a t e  be tween t h e  l o w  a n d  h i g h  e n e r g y  
data.  

Chebyshev F i t t i n q  P a r a m e t e r s  f o r  Cross S e c t i o n s  

= 2 . 4 E - t o 1  eV/aiiu 
High Energy  E,,,in - 2.OE+03 eV/;uiiu, Emax = l . O E i 0 6  eV/aiiu 

Eltiax 
LOW El?erC~y E,,in 1 9 . 7 W O O  ~ V / ~ I I U ,  

A 0  A I  A 2  A 3  A4 A5 A6 

LOW E n e r g y  - 7 4 . 5 2 5 0  .00171327 - .000929677 -.00133213 - . 0 0 0 6 2 0 6 5 6  - .000378036 - .000458557 
High Energy - 7 5 . 0 0 7 2  -1 .76360  - . 3 3 4 9 3 3  .(IO0919287 - . 0 2 0 0 2 2 0  .(I135139 .0139802 

The f i t  r e p r e s e n t s  t h e  Low Energy  cross s e c t i o n  w i t h  a n  rnis d e v i a t i o n  of 0 . 2 % .  
T h e  maximum d e v i a t i o n  i s  0 . 4 %  a t  1 . 9 E + O 1  eV/aunu. 

T h e  f i t  r e p r e s e n t s  t h e  H i g h  Energy cross s e c t i o n  w i t h  an rills d e v i a t i o n  of 0.8%. 
T h e  tilaximum d e v i a t i o n  i s  1 .3% a t  2 . O E t 0 5  eV/ailnti .  

See a p p e n d i x  f o r  Chebyshev f i t  d e t a i l s .  
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G-38 

C r o s s  S e c t i o n s  for  Formation of F a s t  Ht fo r  
F a s t  [ I 2  Projectiles P a s s i n g  Through H2 

HA + H z  -> H f  ( F a s t , T o t a l )  

LOW E High i? 

Energy  Cross S e c t i o n  Energy Cross S e c t i o n  
(eV/olltu 1 ( Clll* ) (eV/aniu ) ( c m 2 )  

2 . 5 E + 0 3  
4 . 0 ~ 0 3  

1.OE+04 
1 . 5 E + 0 4  
2.OE+04 
2 .4E+04 
3.OEi-04 
4.OE+04 
5.OEi-04 

7.OE-kO3 

2 .04E-17 
2 .62E-11 
3 .61E-17 
4 . 5 2 E - 1 7  
5 . 1 4 E - 1 7  
6 .11E-17 
6 .89E--17  
6 . 2 5 E - 1 7  
4 . 3 4 E - 1 7  
2 a a o ~ - 1 7  

1 . 5 E + 0 5  6.1313-17 
2.OE+05 4 . 6 1 E - 1 7  
2 . 5 E + 0 5  3 . 7 0 E - 1 7  
3 .OE+05 3 . 1 3 E - 1 7  
4 e OE+05 2 . 5 6 E - 1 7  
5 . 0 ~ 0 5  2 . 2 5 E - 1 7  
6 .OE+05 2 . 1 2 ~ - 1 7  

R e f e r e n c e s :  31, 5 3 5  

Accuracy: Unknown 

Notes: (1) The low e n e r g y  d a t a  are from Ref.  3 1 ,  w h i l e  t h e  h i g h  e n e r g y  data are 
t a k e n  from R e f .  525. ( 2 )  T h i s  d a t a  i n v o l v e s  t h e  suiii of t h e  cross s e c t i o n s  f o r  
t h e  p r o d u c t s :  o ( H  + + 20(HC + H + ) P r o j .  f o ( H +  -t H-)proj.. ( 3 )  NO a t t e m p t  
h a s  been iiiade t o  j o i n  t h e  h i g h  and l o w  e n e r g y  data sets. 

Cliebysliev F i t t i n q  Parameters for  Cross S e c t i o n s  

Low E Ellli,, = 2.5Ef-03 eV/aniu, Elllax 7 5.0Ei-04 eV/aniu 
High E E 1 , i r l  = 1 . 5 E + 0 5  C2V/aJllU, Enlax - 6.OE+05 eV/aiiu 

A0 A 1  A2 A3 A 4  A5 A6 

LOW E - 7 5 . 7 1 6 1  - 3 7 1 3 0 1  - . 3 7 3 3 6 3  - . 2 0 9 8 0 5  - . 0 6 7 7 2 6 3  - . 0 0 3 8 9 7 1 9  . 0 2 5 9 7 6 7  
High E - 7 5 . 8 6 1 6  - . 5 4 2 9 8 7  - 0 6 4 2 7 3 3  . 0 1 1 8 7 5 3  -.00148111 - 0 0 0 2 2 1 6 4 9  - 0 0 6 3 6 3 5 8  

The f i t  r e p r e s e n t s  t h e  Low E c r o s s  s e c t i o n  w i t h  an  rnis d e v i a t i o n  of  0 .7%.  
The niaxiniuiii d e v i a t i o n  is  1 . 2 %  a t  1.5E-f-04 eV/amu. 

The f i t  r - e p r e s e n t s  t h e  High E cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  o f  0.0%. 
The maximum d e v i a t i o n  i s  0.0% a t  4*OE+05 e V / a m u .  

See  appendix fo r  Chebyshev f i t  de ta i l s .  
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G-40 

Cross S e c t i o n s  f o r  t h e  Format ion  of Fast. FI from 
F a s t  H2 Projecti.les P a s s i n g  Through H2 

Energy 
(e1l/amu) 

2.5E+03 
3.OE+03 
4.OE+03 
5.OE+03 
6.OE+03 
7.OE-t03 
8.OE+03 
9.OE+03 
I. OE+04 
1.3E+O4 
1.5Et04 
2.OE-1-04 
3.OE+04 
4.OE+04 
5.OE-I-04 

V e l o c i t y  
(cm/s) 

6.95E+07 
7.61E+07 
8.79E+07 
9.82E-t07 
1.08E+08 
1.16E+08 
1.248+08 
1.32E+08 
I. 39E+08 
1.58E-kO8 
1.70E+08 
1.96E+08 
2.41E+08 
2.78E+08 
3.llE+08 

C r o s s  S e c t i o n  
( cn12 ) 

2.626-16 
2.83E-16 
3.08E-16 
3.08E-16 
2.95E-16 
2.85E-16 
2.93E-16 
3.13E-16 
3 -32E-16 
3.46E-16 
3.43E-16 
3.166-16 
2 - 49E-16 
2.00E-I6 
1-65E-16 

Refe rences :  31, 536 

Accuracy: 40% 

Note: T h i s  data i n v o l v e s  t h e  sum of t h e  cross s e c t i o n s  f o r  t h c  p r o d u c t s :  
a(Ht + W ) p , , j .  + 20(H + H)proj.. V a r i a t i o n s  i n  i o n  s o u r c e  c o n d i t i o n s  p roduce  
changes  up t o  10% i n  t h e  iiieasured v a l u e s  (see Ref. 536). 

Chebyshev F i t t i n q  Pa rame te r s  f o r  Cross S e c t i o n s  

E,llin = 2.5E-t-03 eV/aniu, E,,,,, = 5.OE+04 eV/aruu 

A0 AI A2 A3 A4 A5 A6 

-71.7329 -.200109 -.223241 -SO773361 -.0140887 -0563185 -a00955263 

The f i t  r e p r e s e n t s  t h e  above cross section w i t h  an  rills d e v i a t i o n  of 2.5%. 
The maximuin d e v i a t i o n  i s  4.4% a t  7.OE+03 eV/amu. 

See  appendix  for  Chebyshev f i t  de ta i l s .  
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H, -t- H, -> H (Fast, Total) 

(3-9s Section vs. Energy 
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G-42 

Total Destruction Cross Sections fo r  Fast H2 Project i le  i n  H Z  

H, + H 2  --> Total Destruction of Fast H2 Project i le  

Energy 
( ev/aunu 1 

I. 3E-103 
1.5E+03 
2.OE+03 
4.OE3-603 
7 . O E + 0 3  
l.OE3-604 
1.5E+04 
2.OE+04 
4.OE+04 
5.OE+04 

Velocity 
( cm/ s ) 

5.01E+07 

6.21E3-607 
8.79E3-607 
1.lbFi08 
1.39E+08 
1.70Ei08 
1.96E+08 
2.78E3-608 
3.11E3-608 

5.38Ei-07 

Cross Section 
( CIll* ) 

1.59E-16 
1.64E-16 
1.7 6E- 16 
2.16E-16 
2.64E-16 
3.09E-16 
3.45~-16 
3.52E-16 
3 - 17E-16 
2.92E-16 

Reference: 536 

Accuracy: 20% 

I___ Note= (1) T h i s  cross section is t h e  suiii of cross sections f o r  a l l  
reactions tha t  destroy the i a s t  H2 inolecule i n  passage throuyh HZ, 1.e. 
those  producing f a s t  H2+, ( H + H ) ,  ( H + H t ) ,  and ( H t + H t )  products. ( 2 )  Large 
variat ions i n  j on source operating conditions were found t o  produce 
changes up t o  10% i n  the iiieasured cross section ( see  Ref .  536). 

Shebvshev Fi t t inq Parameters for Cross Sections 

- 5.0E+04 eV/anu Emin = 1.3E+03 eV/ainu, El,,,, 

AD A1 A2 A3 A 4  A 5  A 6  

-'71.8671 .380700 -. 137630 --.0886297 -.00459765 -0134628 -00197498 

The f i t  represents the above CKOSS section w i t h  an ms deviation of 0.6%. 
The inaxiiiiuni deviation i s  1.2% a t  7 . O E i O 3  eV/aiiu. 

See appendix for  Chebyshev f i t  de t a i l s .  
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Cross Section vs. Energy 
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Tota l  D e s t r u c t i o n  Cross S e c t i o n s  f o r  H ~ +  Project i le  I o n s  i n  H~ 

Hj+ + Ha --z Total D e s t r u c t i o n  of H3’ 

E n e r g y  
( ev/amu ) 

1.6E+03 
2.OE+03 
4.OE+03 
7.OE+03 
1.OEt04 
1.5E+04 
2.OE+04 
3.OE+O4 
3. 5E-t 04 

V e l o c i t y  
( cln/ s ) 

5 . 5 6 ~ 0 7  
6.2lE+07 
8.79E t07 
1.16E+08 
1.3 9E+08 
1.70E+08 
1.96E+08 
2.41E+08 
2.60E+08 

Cross S e c t i o n  
( cni’ 

3.39E-16 
3.78E-16 
5.07E- 16 
6.10E-16 
6.65E-16 
7.06E-16 
6.8lE-16 
5.9313-16 
5.58E-16 

R e f e r e n c e :  536 

A c c u r a c y :  20% 

WoLes: (1) T h i s  cross s e c t i o n  i s  the suiii of cross s e c t i o n s  f o r  a l l  
r e a c t i o n s  t h a t  d e s t r o y  t h e  H,’ iiiol.ecular i o n  i n  passage t h r o u g h  H2. (2) 
Large v a r i a t i o n s  i n  i o n  soiirce o p e r a t i n g  c o n d i t i o n s  w e r e  f o u n d  t o  p r o d u c e  
c h a n g e s  up t o  10% i n  t h e  measured cross s e c t i o n s  (see R e f .  536). 

CheDvshPv- Fi t t i . n q  P a r a m e t e r s  f o r  Cross S e c t i o n s  

= 1.6E+03 eV/aiiu,  Enlax = 3.5E+04 eV/aniu 

A 0  A 1  A2 A 3  A 4  A 5  A6 

-70.3701 -284601 -.184305 -SO425670 --00921848 -00698594 -00725332 

The f i t  r e p r e s e n t s  t h e  a b o v e  cross s e c t i o n  w i t h  an  s m  d e v i a t i o n  of 0.3%. 
The maxiwum d e v i a t i o n  i s  0. 5% a t  1.OE+04 eV/aunu. 

See a p p e n d i x  f o r  Chebyshev  f i t  de t a i l s .  
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Total  D e s t r u c t i o n  Cross S e c t i o n s  f o r  €I2' Pro jec t i l e  I o n s  i n  H2 

El2' + H2 -> T o t a l  D e s t r u c t i o n  of  El2+ 

Energy 
( ev /anu  1 

1.5E+03 
2.OEI-03 
4.OE-1-03 
7 .0E+03  
l.OE+04 
1.5E+04 
2.OE+04 
4 OE+04 
5.OE+04 

V e l o c i t y  
( cn1/s ) 

5.3 RE + 0 7 
6.21E+07 
8.7YEtO 7 
1.16E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.78E+08 
3 , l l E + 0 8  

Cross S e c t i o n  
( c1nZ ) 

8.12E-16 
8.18E--16 
8.30E-16 
8.15E-16 
8.18E-16 
8 -466-16 
7.756-16 
4.696-16 
3.81E-16 

References: 536, 589 

Accuracy: 20% 

Notes: (1) T h i s  cross s e c t i o n  i s  t h e  suiii of cross s e c t i o n s  f o r  all 
r e a c t i o n s  t h a t  d e s t r o y  the H 2 +  i i iolecular i o n  i n  p a s s a g e  t h r o u g h  H2. ( 2 )  
Large v a r i a t i o r i s  i n  i o n  so i i rce  o p e r a t i n y  c o n d i t i o n s  were found t o  p roduce  
changes  up t o  10% i n  the ineasure cross sections (see R e f .  536) .  

Chebyshev F i t t i n q  Parameters f o r  Cross S e c t i o n s  

Eillin = 1.3E+03 eV/aiiu, E,,ax = 5.OE+04 eV/;uuu 

A0 A 1  A2 A3 A4 A5 A6 

-69.7995 -.288081 -.216489 -. lo2343 -.0344599 .0155290 -0223268 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  riiis d e v i a t i o n  of 0.9%. 
The maxiinuiu d e v i a t i o n  i s  1 .3% a t  1.OE+04 eV/aiiu. 

See appendix  for  Chebyshev f i t  d e t a i l s .  
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H,+ + H, -> Total Destruction of H2+ Projectiles 

Cross Section vs. Energy 
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G-48 

Cross S e c t i o n s  f o r  P roduc t ion  of  F a s t  Ht From H j t  P r o j e c t i l e s  i n  H2 

H3' + H2 --> H C  (Tota1 ,Pro jec t i le )  

Energy 
( eV/anu ) 

4.OE-1-01 
. I .  OE+01 
l.OE+02 
2.OEt02 
4.0Et02 
7.OEt02 
1.OEt03 
1. Set03 
2.OE+03 
4.OEt03 
7.OEI.03 
1.OE+04 
2.OE+04 
4.OE-t-04 
7.OE+04 
1.OE+05 
2.OE+05 
4.OE+05 
6 "  OE+OS 

V e l o c i t y  
( c d s  

8.84E+06 
1.16Et07 
1 . 3  9E+07 
1 . 9 6 E t 0 7  
2.781.:+07 
3.681.:+0'7 
4.3 9Ei-07 
5.18E+07 
6.21Et07 

1.16E+08 
1 .3  9E+08 
1.96E+08 
2.78E+08 
3.68E+08 
4.39Et08 
6.21E+08 
8.78E+08 
1.08Et09 

8.79Et-07 

Cross S e c t i o n  
(C111* ) 

6 .  OOE- 18 
6.91E-18 
7.61E-18 
8.89E-18 
1.19E-17 
1.78E-17 
2.49~-17 
3.99E-17 
5.41E-17 
9.80E-17 
1.421.:-16 
1.77E-16 
2 145-16 
2 - 33E-16 
2.39E-16 
2.28E-16 
1.741.3-16 
1.08E-16 
7.15E-17 

Refe rences :  86, 214, 535, 574 

Accuracy: 308 

Note: Large v a r i a t i o n s  i n  measured d i s s o c i a t i o n  cross s e c t i o n s  have  been  
ascribed t o  t h e  i n f l u e n c e  of  H3' i o n s  fonued  i n  i o n  s o u r c e s  w i t h  v a r y i n g  
d e g r e e s  of v i b r a t i o n a l  e x c i t a t i o n .  

Chebyshev F i t t i n q  Pa rame te r s  for  Cross S e c t i o n s  

Ell,in = 4,OEtOl eV/anu, E,,, = 6.OE+05 eV/anu 

A 0  A 1  A2 A3 A4 A 5 A6 

-75.3369 1.74367 -.759749 -.559135 -0918355 -0438106 -.0940811 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rins d e v i a t i o n  o f  3.4%. 
The  maximuin d e v i a t i o n  i s  5.3% a t  7.OE+02 eV/aniu. 

See  appendix  for Chebyshev f i t  d e t a i l s .  
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G-50 

C r o s s  S e c t i o n s  f o r  P r o d u c t i o n  of F a s t  H2' Froiii H3' P r o j e c t i l e s  i n  tlz 

H3+ + H2 -> H2' ( T o t a 1 , P r o j e c t i l e )  

E n e r g y  
( ev/ai iu  ) 

1.1E+02 
2.OE+02 
4.OE+02 
7.OE+02 
1.OE+03 
I. 5E+03 
2.OE+03 
4.OE-tO3 
7.OE+03 
1.OE+04 
2.OE+04 
4.OE+04 
7.OE+O4 
1.OE+05 
2.OE+05 
4.OE+05 
6.OE+05 

Cross S e c t i o n  
( c1112 ) 

1.34E-17 
1.99E-17 
2.93E--17 
4.17E-17 
5.09E-17 
6.53E-17 
7.96E-17 
1.18E-16 
1.29E-16 
1.29E-16 
1.18E-16 
9.62E-17 
7- 75E-17 
6.62E-17 
4.69E-17 
2.86E-17 
2.03E-17 

R e f e r e n c e s :  86, 214, 535, 514 

A c c u r a c y :  30% 

Note: L a r g e  v a r i a t i o n s  i n  measured d i s s o c i a t i o n  cross s e c t i o n s  h a v e  b e e n  
ascribed t o  t h e  i n f l u e n c e  o f  H j t  ions foriiied i n  i o n  s o u r c e s  w i t h  v a r y i n g  
degrees of v i b r a t i o n a l  e x c i t a t i o n .  

7 

Chebyshev  F i t t i n q  Parameters for Cross S e c t i o n s  

= 6.OE+05 eV/anu E,,in = l.lE+02 eV/aniu, %ax 

A 0  A 1  A2 A3 A4 A 5  A6 

-75.4231 -295854 -.985779 -.0762360 -0980699 --0248092 -a0512818 

The f i t  r e p r e s e n t s  t h e  cross s e c t i o n  w i t h  an  rms d e v i a t i o n  of 2.4%. 
The maximum d e v i a t i o n  i s  4.1% a t  4.OE:+05 eV/aniu. 

S e e  a p p e n d i x  f o r  Chebyshev  f i t  d e t a i l s  
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Cross SPctions for Production of Fast Ii from H3' Project i les  i n  H, 

H ~ +  + 1 1 ~  -> H ( T o t a l , ~ r o j e c t i . ~ e )  

Energy 
(eV/anu) 

1 . 5 E t 0 3  
2.OE+03 
4 .OE+03 
7 .  OEt 03 
1. OEf 04 
1 . 3 E + 0 4  
2.OE+04 
4.OE+Q4 
7 OE+04 
1 . O E i 0 5  
2 . O E i 0 5  
4 5 0E+05 
6. QE+G5 

V e J  ocity 
( cm/ s ) 

5 . 4 2 E i  0 7  
6 . 2 1 E i 0 7  
8 . 7 9 E  k 0 7  
1 . 1 6 E + 0 8  
1 . 3  9E+08 
1.58W08 
1 . 9 6 E + 0 8  
2 . 7 8 E i 0 8  
3 . 6 8 E + 0 8  
4 . 3 9 E + 0 8  
6 .21E-f  08 
8 . 7 8 E + 0 8  
1 . 0 8 E + 0 9  

Cross Section 
( c1112 ) 

3 . 2 0 E - 1 6  
4 . 2 6 E - 1 6  
6 . 9 4 E - 1 6  
8 . 9 0 E - - l 6  
9 . 6 9 E - 1 6  
9 . 9 6 E - 1 6  
9 . 0 2 E - 1 6  
5 . 7 7 E - 1 6  
3 . 5 6 E - 1 6  
2 . 6 2 E - 1 6  
1 + 4 5 E - 1 6  
7. 79E-17 
5 .48E-17 

References: 214,  5 3 5  

Accuracy: 3 0 %  

Note: Large variations i n  iiieasured dissocj a t  ion cross sections have been 
ascribed t o  the influence of H3' ions formed i n  ion sources with varying 
degrees of vibrational. excitation. 

Chebyshev F i t t i n q  Parameters for Cross Sections 

6.OE+OS eV/an~u E,,, E,,in = 1 . 5 E + 0 3  eV/anu, 

A0 A 1  A2 A3 A4 A5 A6 

- 7 1 . 5 3 9 1  - 1 . 0 5 3 4 7  - . 8 2 6 3 4 2  .203507 . O S 3 6 1 4 0  - . 0 4 2 5 7 8 5  -.Q185315 

The f i t  represents the above cross section w i t h  an rills deviation of 1.8%. 
The  maximum deviation i s  2 . 9 %  a t  4 .  OE !-05 eV/anu. 

See appendix for Chebyshev f i t  de ta i l s .  



G-53 

H,' + H, -> H (Total, Projectile) 

Cross Section vs. Energy 

10-'~1 I I I I I l l l l  1 I I I I I l l 1  I I 1 I I I l l  

io3 io" 1 o5 IO6 
En erg y (eV/a m u> 

Recommended 
Qa ta 

Chebyshev Fit - - - - -  



Cross Sections for  Prodnrtion of Fast H2 from H3+ Project i les  i n  Hz 

!I3+ + H2 - Z  H 2  (Tota1,Project i le)  

Energy 
(eV/anu 1 

3,OE+01 
4.06+01 
7.OE+01 
l.OE+02 
1.5Et02 
2.OE+02 
4.OE+02 
7. OE t 02  
l.OE+03 
1.5E+03 
2.06+03 
4.OG+03 
7.06+03 
8.OE+03 
1.06+04 
1.5E+04 
2.OE+04 
4.OE+04 
7.OE+04 
1. O E i  05 
1.5E+05 
2.OEt05 

6.OE+05 
4.OE-t05 

Velocity 
( cm/ s ) 

7.616 t 06 
8.79E+06 
1.166+07 
1.39E+07 
1.70E+07 
1.96E IO7 
2.78E+07 
3.686+0 I 
4.39E I07 
5.38E+07 
6.21Et-07 
8.79E+07 
1.16F k 0 8  
1.24E+08 
1.396 to8 
1.70E+08 
1.96B+08 
2.786+08 
3.68Ei08 
4.39Et08 
5.383+08 
6.21E+08 
8.786-1 08 
1.08E+09 

Cross Section 
( Clll* 

5.03E-17 
5.18E-17 
5.74E-17 
6.29E-17 
7.076-17 
7.82E-17 
1. IOE-16 
1.48E-15 
1.81E-16 
2 25E-16 
2.63E-16 
3-646-16 
4.26E-16 
4 . 3  1E- -  16 
4.30E-16 
3.83E-16 
3.22E-16 
1.50E-16 
6-496-17 
3.65E-17 
1 + 98E-17 
1.346-17 
6.90E-18 
6.09E-18 

References: 214, 535, 585 

Accuracy: 30% 

Note- Large var ia t ions i n  nieasured dissociation cross sections have been 
a b e d  t o  the i n f l u e n c e  of M j t  ions fornied i n  ion source6 w i t h  varying 
degrees of vibrational excitation. 

Chebyshev Fi t t inq Parameters fo r  Cross Sections 

= 6.OEi05 eV/aiiu E,,,in = 3 .OE+01 eV/amu, Emax 

The f i t  represents the above cross section w i t h  an rms deviation of 4.1%. 
The maximunn deviation i s  6.5% a t  1.OE+05 eV/aiiu. 

See appendix fo r  Chebyshev f i t  de t a i l s .  



G-55 

H,' + H, -> H, (Total, Projectile) 

Cross Section vs. Energy 
I I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1 1  I I 1 1 1 1 7  



G-56 

Cross S e c t i o n s  f o r  t h e  F o r m a t i o n  of F a s t  Ht From 
t h e  D i s s o c i a t i o n  of H3' P r o j e c t i l e s  i n  He 

H3+ + H e  -> H+ ( T o t a l )  

Energy  
(eV/aniu) 

l.OE+03 
1.5E+03 
2.OE+03 
4.OE+03 
7.OE+03 
I. OE+04 
1.5E+04 
1.7E+04 

V e l o c i t y  
( c1n/ s ) 

4.39E~1-07 
5.38Et07 
6.21E+07 

l.l6E+08 
1.39E+08 

1.81E+08 

a. 7 9 ~ + 0 7  

1.7o~-toa 

C r o s s  S e c t i o n  
( Clll* ) 

2.19E-17 
3.20E-17 
4 + 18E-17 
7.20E-17 
1.02E-16 
1.20E-16 
1.36E-16 
1.39E-16 

Reference: 86 

Accuracy:  20% 

Notes: None 

Chebyshev F i t t i n q  Parameters f o r  C r o s s  S e c t i o n s  

= 1.7E+O4 eV/aruu EInin = 1.OE+03 eV/amu, Enlax 

A0 A1 A 2  A3 A4 A5 A6 

-74.5849 -941781 -.146192 -.0143319 .000599232 -.00304737 -00231471 

The f i t  r e p r e s e n t s  t h e  above  cross s e c t i o n  w i t h  a n  rim d e v i a t i o n  of 0.1%. 
The maxiiiiutii d e v i a t i o n  i s  0.2% a t  1.OE+04 eV/aiiiu. 

S e e  a p p e n d i x  fo r  Chebyshev f i t  de ta i l s .  



G-57 

H,' + He -> H" (Total) 

Cross Section vs. Energy 
IO- 7 I I I 1  1 1 1 1 1  I I I I 1 I I i  

A 

"E 
0 

c 
0 
0 a 
v, 
rn 
0 

W 

.- 
-+J 

P u 

 IO-'^^ I 
I I I 1 1 1 1 l  I I I I 1 1 1 1  

io3 io" io5 

Recommended 
Data -. 

_ _ _ _ _  Chebyshev Fit 

Energy (eV/amu> 



G - 5 8  

Cross Sect ions f o r  t h e  Forination of Fast :  H 2 t  Froiii 
t h e  D i s s o c i a t i o n  of Fljt P r o j e c t i l e s  i n  H e  

Energy 
(ev/amu ) 

l.OE+O3 
1 .5Et03  

4.OE+03 
7.OE+03 

1.5E+04 
1.7E+04 

2.OEi-03 

1.OEi-04 

V e l o c i t y  
(ClI l /S)  

4,39E+07 
5.3RE+07 
6.2 1 E + 0 7  
8 . 7 9 w 0 7  
1.16E+08 
1.39E+08 
1.7OE+08 
1.8lE+08 

Cross S e c t i o n  
( Clll* ) 

1.67E-17 
2 50E-17 
3 .*25E-17 
5.48E-17 
7.57E-17 
9.00E-17 
1.06E-16 
1.10E-16 

Refe rence :  86 

Accuracy: 20% 

Notes: None 

Chebyshev F i t t i n q  Parameters for  Cross S e c t i o n s  

= 1.7E+04 eV/amu ''inax E,,in = l.OE-FO3 eV/aiiu, 

A0 A 1  A 2  A3 A4 A5 A6 

-75.1127 -939201 -.132028 .00680760 .000497736 -e00339960 -.000620124 

The f i t  represents  t h e  above cross s e c t i o n  w i t h  an  rills d e v i a t i o n  of 0.0%. 
The maxi iiiiim d e v i a t i o n  i s  0.0% a t  l.OE+04 eV/miu. 

See  appendix  for  Chebyshev f i t  d e t a i l s .  



G-59 

H,' + He -> H,+ 

Cross Section vs. Energy 

Energy (eV/umu) 

Recommended 
Data 

Chebyshev Fit _ - - _ _  



G-60 

Total Cross S e c t j o n s  for  the Dissociation 

Hed i H2 -> Total HeH+ Dissociation 

Energy 
( @V/anlU) 

1 . O E i 0 4  
1.5E f 04 
2.OEt04 
4.OE+04 
7.0E+04 
l.OEi05 
1.5E+05 
2.OEt05 

Velocity 
( c1n/s ) 

1.39E-+08 
1.70E+08 
1.96E+08 
2. 78E-1-08 
3.68Et-08 
4.39E+08 
5.38E+08 
6.21Ei-08 

of H ~ H +  i n  H~ 

Products 

Cross Section 
( Clll ) 

6.853-16 
6.33E-1.6 
5.59E-16 
3.65E-16 
2.14E-16 
1 . 4 1 E - 1 6  
1.05E-16 
9.07E-17 

Reference: 610 

Accuracy: 20% 

Notes- (1) T h i s  reaction involves the t o t a l  dissociation cross  section 
&ed from the sun1 of the p a r t i a l  cross sections for  the forination of 
f a s t  p ro j ec t i l e  f r apwnt s ,  i . e .  (He+H), (He++H), (He+$) a n d  ( I l e t t H t ) .  (2) 
See Ref. 610 fo r  p a r t i a l  cross sections i n  the 1-2 x lo5 eV/uriu energy 
range. 

Chebyshev Fittinq Parameters for  Cross Sections 

= 2.OE+05 eV/amu E,,in = 1.OE+04 eV/amu, Ei,,ax 

.9 0 A1 A2 A3 A4 A5 A6 

-71.6345 -1.10463 -e128721 -0876009 -0373958 -00119887 -.0189657 

The f i t  represents the above cross section w i t h  a n  rills deviation of 0.9%. 
T h e  maximum deviation j.s 1.5% a t  l.OE+05 eV/aiiiu. 

See appendix for Chebyshev f i t  de t a i l s .  



G-61 

HeH+ + H, -> Total HeH' Dissociation 

Cross Section vs. Energy 

n 

" E  
0 

c 
0 

0 
0 
v, 
0 
0) 
0 

W 

.- +-J 

cfj 

10- '! 

1 0 - j ~  

1 o5 
En erg y (eV/a m u) 



G-62 

Total Cross S e c t i o n s  f o r  t h e  D i s s o c i a t i o n  of  HEH' i n  Ae 

H e H t  + We -> Total H e H +  D i s s o c i a t i o n  P r o d u c t s  

Energy 
(eV/an1u) 

l.OE+04 
1.5Ei04 
2.OE+04 
3.OEt04 
4.OE+04 
5,OE+04 
6.OE+04 
7 . 0 ~ 0 4  
8.0E+O4 
9.OE+04 
I. OE+05 
1.5E+05 
2.OEi-05 

V e l o c i t y  
( cm/s ) 

1.39E+08 
1.70E t08  
1 .96Ei08  
2.41E+08 
2.783+08 
3. J.lE+08 
3.40E+08 
3.68Ei08 
3.93E+08 
4.17E+08 
4.3 9E+08 
5.38E+08 
6.21E+08 

Cross S e c t i o n  
( Clll* ) 

2.09E-16 
2.983-16 
3.14E-16 
3.00E-16 
2.73E-16 
2.44E-16 
2.15E-16 
1.93E-16 
1. '7 3E- 1 6  
1.58E-16 
1 . 4 4 ~ 1 6  
1.03E-16 
8.54E-17 

Ref erence : 6 10  

Accuracy: 20% 

Notes: (1J T h i s  r e a c t i o n  i n v o l v e s  t h e  t o t a l  d i s s o c i a t i o n  cross section 
o b t a i n e d  from t h e  suiii of t h e  p a r t i a l  c r o s s  s e c t i o n s  f o r  t h e  f o r m a t i o n  of 
f a s t  p r o j e c t i l e  f r a g m e n t s ,  i . e .  (He+H), (He++H), ( H e + H + )  and ( H e + i H + ) .  ( 2 )  
See  Ref.  610 f o r  p a r t i a l  cross secti-ons i n  t h e  1 - 2  x lo5 eV/arnu e n e r g y  
r ange .  

Chebvshev F i t t i n q  Parameters for C r o s s  S e c t i o n s  

E ~ , ~ ~  = l.OE+04 eV/amu, qliax = 2.OEi05 ev/aniu 

A 0  A 1  A 2  A3 A4 A5 A6 

-72.4377 -.561126 -.322720 -0959965 -.00323223 -017197 -.00704447 

The fit r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rills d e v i a t i o n  o f  0.3%. 
The maxiinurn d e v i a t i o n  is  0.6% a t  6.OE+04 eyJ/aniu. 

See  appendix  f o r  Chebyshev f i t  de ta i l s .  



1 0- 

G - 6 3  

HeH' + He -> Total HeH' Dissociation 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit - - - - -  

I 0" 1 o5 
En erg y (eV/a m u) 











H - 2  

Cross Reactions for  Interchange Reactions Between Protons and  D2 

H' + D2 -> Dt + HD 
-> HV' + D 

HD' + D D' + HD 

Energy Cross Section 
(eV/aniu) ( Clll2 ) 

4.5E-01 
7.OE-01 
1 .OE+OO 
1.5E t O O  
2.OE+OO 
4.OE+OO 
7.OE+OO 
l.OE+Ol 
1.5F2+01 
2.OE+01 
4.OE+01 
7.OE+01 
l.OE+02 

1.18E-15 
7.38E-16 
4.69E-16 
2-59E-16 
1.59E-16 
4.15E-17 
1.47E-17 
1.10E-17 
9.8OE-18 
8.78E-18 
5 -  18E-18 
2.90E-18 
2- 01E-18 

Energy Cross Sec-tion 
(eV/aniu) ( Clll* ) 

2.2E+00 
4.OE+OO 
4.5Et00 
7.OEt00 
l.OE+OI 
1.5E+01 
2.OEt01 
4.OE+OI 
7.OE+01 
1.OE+02 

4.67E-18 
2-228-17 
2.26E-17 
1 29E-17 
4.03E-18 
1.28E-18 
6.95K-19 
2.72E-19 
1.87E-19 
1.67~2-19 

References: 602, 603, 604, 605, 606, 620 

Accuracy: Unknown 

Notes: (1) For proton energies about 5 eV the pLoduction of Df may proceed 
also via  Ht  + D2 -> D' + D + H. (2) F o r  t o t a l  reaction cross sections 6ee: 
Maier (Ref. 602); Ochs and Teloy (Ref. 604); Schlier e t +  a l .  (Ref. 605); and 
Holliday e t  a l .  (Ref. 603). ( 3 )  For r e l a t ive  yields of D and HDt see: Krenos 
arid Wo@gang (Ref. 620). ( 4 )  Rate coeff ic ient  fo r  thernial energy is :  k = 
3.7~10- c d / s  from Fehsenfeld e t  a l .  (Ref. 606 ) . 

Chebyshev F i t t i nq  Parameters fo r  Cross Sections 

= 1.OE+02 eV/amu 
= 1.OE+02 eV/aiiu 

Enlax 
Enlax 

D+ 4- HD E,,,~, 7 4.5~-01 eV/aniu, 
HD' -I- D E,,lin = 2.2E+00 eV/aniu, 

A0 A 1  A2 A3 A4 A5 A6 

D' t HD -75.6468 -3.22931 .412113 .0393398 -.261749 .00129512 -120885 
HD' + D -82.0488 -2.46136 -.299817 .833081 -.341103 -.0343948 .0959803 

 he f i t  represents the D~ + HD cross section w i t h  an rills dpviation of 4.9%. 
The ruaximum deviation i s  9.3% a t  7.OE+00 eV/;uuu. 

The f i t  represents t h e  HDt + V cross section w i t h  an zms deviation of 3.5%. 
'The maxiiiium deviation i s  7.0% a t  1 . O E + O I  eV/anu. 

See appendix fo r  Chebyshev f i t  de t a i l s .  



H-3 

H+ f 0, -> D' + HD 
Hf + D, -> HD" + D 

Cross Section vs. Energy 



H-4 

Cross Sections for Interchange Reactions Between HD' and D2 

RD' + D2 -> HD2' + D 
-> D3' + H 

HD~' + D D3' + H 

Energy Cross Section 
( eV/aniu 1 ( c1n* ) 

6.OE-03 
7.OE-03 
1.OE-02 
1.5E-02 
2.OE-02 
4.OE-02 
7.OE-02 
1.OE-01 
1.5E-01 
2.OE-01 
4.OE-01 
7 - OE-01 
l.OE+OO 
1.5E+00 
2 .OE+OO 
4.OE+OO 
4.3E+00 

1.17E-14 
1.10E-14 
9.45E-15 
7.92E-15 
6.933-15 
5.08E-15 
4.llE-15 
3.583-15 
3.07E-15 
2.70E-15 
1.85E-15 
1.llE-15 
7.05E-16 
3.49E-16 
1.82E-16 
1.47E-17 
9.62E-18 

Energy Cross Section 
(ev/anu) ( Clll* ) 

6.OE-03 
7.OE-03 
1,OE-02 
1.5E-02 
2.OE-02 
4.OE-02 
7,OE-02 
1.OE-01 
1.5E-01 
2.OE-01 
4.OE-01 
7.OE-01 
l.OE+OO 
1.5E+00 
2.0EiOO 
4.OE+OO 
4.3E+00 

6.52E-15 
5.99E-15 
5.03E-I5 
4.1513-15 
3.58E-15 
2 -48E-15 
1.80E-15 
1.473-15 
1.14E-15 
9.55E-16 
5.78E-16 
3.54~-16 
2.30E-16 
1.20E-16 
6.60E-17 
6.33E-18 
4.59B-18 

References: 607, 608 

Accuracy: Unknown 

Notes: None 

Chebvshev Fittinq Parameters for Cross Sections 

HD2' + D Ernin = 6.OE-03 eV/anu, E,,, = 4.3E+00 eV/aniu 
D3' + H Emin = 6.OE-03 eV/anu, Emax = 4.3E+00 eV/amu 

A0 A1 A2 A3 A4 A5 A6 

HDz' + D - 6 8 . 6 6 8 3  -2.92522 -1.06891 -.570210 -.198731 -.0387800 -.0184986 
D3' + H -70.3595 -3.11828 -.916067 -.449998 -.194126 -.Of528098 -.00822327 

The fit represents the HDZt + D cross section with an rnis deviation of 1.3%. 
The maximum deviation is 2.9% at 4.3Et00 eV/aniu. 

The fit represents the D3' + W cross section with an riiis deviation of 0.5%. 
The maximum deviation is 0.9% at 4 . O E - t O O  eV/anu. 

See appendix for Chebyshev fit details. 
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Cross Section vs, Energy 



C r o s s  

u = o  

Energy U 
(ev/amii) (crn2) 

1.8E-01 7.763-18 
2.OE-01 7.71E-18 
3.OE-01 7.363-18 
4.OE-01 6.79E-18 
5.OE-01 6.273-18 
6.OE-01 5.793-18 
7.OE-01 5.37E-18 
8.OE-01 5.00E-18 
9.OE-01 4.68E-18 
1.OEi00 4.373-18 
1.5Ei00 3.313-18 
1.lEtOO 3.08E-18 

H-6 

S e c t i o n s  fo r  I n t e r c h a n g e  R e a c t i o n s  Between HDt a n d  H e  

HD+(u) -t H e  -> H e H +  + D 

u =  1 

Energy U 

(ev/amu) (cm2) 

1.92-C1 2.533-17 
2.OE-01 2.443-01 
3.OE-01 1.84E-17 
4.OE-01 1.46E-17 
5.OE-01 1.22E-17 
6.OE-0i 1.04E-17 
7.OE-01 9.22E-18 
8.OE-01 8.26E-18 
9.OE-01 7.52E-18 
1.OEi00 6.94E-18 
1.5E+00 5.29E-18 

u = 2  

Energy U 
( cv/amu) ( cm2 1 

2.OE-01 6.15E-17 
3.OE-01 3.823-17 
4.OE-01 2.48E-17 
5.OE-Dl 1.71E-17 
6.OE-@1 1.27E-17 
7.OE-01 1.04E-17 
8.OE-01 8.98E-18 
9.OE-01 8.083-18 
1.OEt00 7.45E-18 
1.5Et00 6.51E-18 

u =  3 

Energy U 

(ev/amu) ( c m 2 )  

2.OE-01 1.25E-16 
2.5E-01 1.03E-16 
3.OE-01 8.06E-17 
4.OE-01 4.513-17 
5.OE-01 2.543-17 
6.OE-01 1.781-17 
7.OE-01 1.42E-17 
8.OE-01 1.23E-17 
9.OE-01 1.13E-17 
l.OEt00 1.06E-17 
1.5E+00 1.01E-17 

u =  4 

Energy U 
( eVi/arnu) ( c m 2  ) 

1.8E-01 2.25E-16 
2.OE-01 2.06E-16 
3.OE-01 1.26E-16 
4.OE-01 8.053-17 
5.OE-01 5.293-17 
6.OE-01 3.543-17 
7.OE-01 2.44E-17 
8.OE-01 1.69E-17 
9.0E-01 1.22E-17 
1.OEt00 8.94E-18 
1.5Et00 2.363-18 

R e f e r e n c e s :  609, 611 

A c c u r a c y :  Unknown 

-- Notes: (1) C r o s s  
quantuin number U. 

by s e l e c t i v e  phot 
e n e r g y  ( -0 .1  e V )  
p r o d u c t s  i n  Sni i th  

sec t ions  are p r e s e n t e d  as a f u n c t i o n  of i n i t i a l  v i b r a t i o n a l  
( 2 )  The HDt i o n  beam w a s  p r e p a r e d  i n  a g i v e n  v i b r a t i o n a l  state 

:oionizatlon of AD ( T u r n e r  e t  a l .  Ref .  611). (3) The t h e r r n a l -  
r a te  coeff ic ient  k for t h e  HD' i He reactioil l e a d i n g  t o  all 
e t  a l .  ( R e f .  609) is: k = (1.25 5 0 . 1 ) ~ 1 0 - ~ ~  cin3/s .  

Chebyshev F i t t i n q  Parameters fo r  Cross S e c t i o n s  

u = o  Eain = 1.8E-01 eV/anlu, E,,, = 1.7E+00 eV/aInu 
u =  1 En,in 1.9E-01 eV/aniu, E~~~~ = 1.5E+OO e v / a n u  
U 2 = 2.OE-01 eV/amu,  E,,,, = 1.5E+00 eV/iunu 
U = 3 En,in = 2.OE-01 eV/;unu, E,,, = 1.5E+00 eV/amu 
u =  4 = 1.8E-01 eV/amu, E,,, = 1.5E+00 eV/amu 

A0 A1 A2 A3 A4 A5 A6 

u = 0 -79.5223 -.474196 -.lo6022 .00910711 .00412170 .00308534 .00343162 
u = 1 -78.0058 -.EO2720 .000681956 .0202372 .00181675 .000208519 .00196596 

.0143204 u = 2 -77.1958 -1.20851 .141092 .lo1616 -.00786021 -.0159891 
u = 3 -76.1495 -1.42278 .227207 .le2149 -.0607895 -.0178064 .0326454 
IJ = 4 -75.8801 -2.27104 -.369722 -.00864579 .00647117 .00107548 -.00589532 

The f i t  r e p r e s e n t s  t h e  u = 0 cross s e c t i o n  w i t h  a n  rms d e v i a t i o n  o f  0.1%. 
The  iiiaxinium d e v i a t i o n  i s  0.1% a t  4.OE-01 eV/anu. 

The f i t  r e p r e s e n t s  t h e  u = 1 cross s e c t i o n  w i t h  a n  r m s  d e v i a t i o n  of 0.2%. 
The maximuin d a v i a t i o n  i s  0.4% a t  6.OE-01 eV/anu. 

The f i t  r e p r e s e n t s  t h e  u = 2 cross s e c t i o n  w i t h  an  rim d e v i a t i o n  o f  0.2%. 
The iiiaxiinum d e v i a t i o n  i s  0.5% a t  6.OE-01 ev/,miu. 

The  f i t  represents t h e  u = 3 cross s e c t i o n  w i t h  an riiis d e v i a t i o n  of 0.8%. 
The inaxinrun1 d e v i a t i o n  i s  1.4% a t  5.OE-01 eV/aniu. 

The f i t  r e p r e s e n t s  t h e  u = 4 cross s e c t i o n  w i t h  a n  nns d e v i a t i o n  of 0.2%. 
The maximum d e v i a t i o n  is 0.6% a t  8.OE-01 eV/amu. 

S e e  a p p e n d i x  f o r  Chebyshev f i t  detai ls .  
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Cross S e c t i o n s  for  I n t e r c h a n g e  R e a c t i o n s  Between I l z t  and He 

H ~ +  6 H e  -> tIeM+ + H 

Energy 
( eV/amu 1 

5.6E-01 
6.OE-01 
7.OE-01 
8.OE-01 
9.OE-01 
l.OE+OO 
1.5E+00 
2.OE+OO 
3.OE+OO 
4.OE+OO 
5.OE+OO 
6.OE+OO 
7.OE-1-00 
8 . O E + O O  
9.OE+OO 
1. O F W O l  

V e l o c i t y  
(cm/s ) 

1.04E+06 
1.08E+06 
1.16E+06 
1.24E+06 
1.32E+O6 
1.39E+06 
1 .70Et06  
1.96E+06 
2.41E-I 06 
2.78E+06 
3 . l lE+06 
3.40E+06 
3.68E+06 
3.93E3+06 
4 - 17E+06 
4.396+06 

Cross S e c t i o n  
(cni'  

5 .  HE-16 
4.81E-16 
4.17E-16 
3.67E-16 
3.24E-16 
2.86E-16 
1.66E-16 
1.04E-16 
4.91E-17 
3.07E-17 
2.233-17 
1.773-17 
1.49E-17 
1.29E-1'7 
1.16E-17 
1.05E-17 

Refe rences :  609, 611 ,  6 1 2 ,  613 ,  614, 615, 616, 617, 618 ,  619  

Accuracy: Unknown 

Motes: (I) For r e l a t i v e  total .  cross s e c t i o n s  see: Meynaber and  Maynuson 
(Ref .  6 1 8 ) .  ( 2 )  For a b s o l u t e  cross s e c t i o n s  as a f u n c t i o n  o f  v i b r a t i o n a l  
s tates of  H 2  see: Chupka and R u s s e l l  ( R e f .  6 1 6 ) ;  Chupka e t  a l .  ( R e f .  
617) ;  Turne r  e t  a l .  (Ref .  611) ;  and Covers  and Guyon (Ref .  619) .  ( 3 )  For  
a b s o l u t e  ra te  c o n s t a n t s  f o r  p r o d u c t i o n  of H e H +  as a f u n c t i o n  of t h e  e n e r g y  
see: Von Koch and Friedman (Ref .  6 1 5 ) ;  arid Smith e t  a l .  ( R e f .  6 0 9 ) .  ( 4 )  
Rate c o e f f i c i e n t  k ,  a t  ther ina l  ene rgy  f o r  H e H +  p r o d u c t i o n  is: k - [ 1 . 4  ? 
. 1 5 ] ~ 1 0 - ~ ~  cm3/11101 s. ( 5 )  For d a t a  on D Z t  + He -> H e D +  see: Sniith e t  a l .  
( R e f .  6 0 9 ) .  ( 6 )  Rate c o e f f i c i e n t  k a t  t h e r m a l  e n e r y y  f o r  H e D +  p r o d u c t i o n  
is: k = ( 1 . 1 5  0.1]~10-~~ cm3/~no1.s. 

Chebyshev F i t t i n q  Parameters fo r  C r o s s  S e c t i o n s  

A0 A 1  A2 A3 A4 A5 A6 

-74.2766 -2.05811 -.0177676 -136014 e00555409 -,0251696 -*000631817 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an rills d e v i a t i o n  o f  0.6%. 
The iliaximum d e v i a t i o n  i s  1 .4% a t  3.0E+OO eV/sunu. 

See  appendix  f o r  Chebyshev f i t  de t a i l s .  
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H-10 

Cross Sections f o r  I n t e r c h a n g e  Rr?ac t ions  Between HZt and Hz 

Energy 
( e v / m u  ) 

1.OE-02 
2.OE-02 
4eOE-02 
7 .OE-02 
1.OE-01 
2.OE-01 
4.OE-01 
7.OE-01 
l.OE+OO 
1.5E+00 
2. OE+OO 
4.OE+OO 
7.OEi-OQ 

V e l o c i t y  
(cni/s ) 

C r o s s  S e c t i o n  
( cm2 

1.16E-14 
1.03 E- 14 
8.63E-15 
7.20E-15 
6.23E-15 
4.62E-15 
3.27E-15 
2- 43E-15 
1-87E-15 
1.25E-15 
8.51E-16 
2 -09E-16 
2.223-17 

References: 607, 612, 613, 621, 622, 623, 624, 625, 626, 627, 628, 629, 
631, 632, 633, 636, 637 

Accuracy: 5 45% 

Notes: (1) For r e l a t i v e  t o t a l  c r o s s  s e c t i o n s  see: C l o w  and  F u t r e l l  ( R e f .  
and Vance and B a i l e y  (Ref .  628). ( 2 )  For a b s o l u t e  rate c o n s t a n t s  as 

a f u n c t i o n  of t h e  e n e r g y  see:  C l o w  and F u t r e l l  (Re f .  625); B o w e r s  e t  al. 
( R e f .  626); and Reuben and Friedman ( R e f .  627). (3) For e n e r g y  
d i s t r i b u t i o n s  of H3' 6ee: Lees  and Rol (Ref .  638); and G e n t r y  e t  a l .  ( R e f .  
621). (4) For cross s e c t i o n s  as a f u n c t i o n  of v see: Chupka e t  a l .  (Ref .  
629); and Koyano and Tanaka (Ref .  633). (5) For k a6 a f u n c t i o n  o f  u see: 
Thea rd  and  H u n t e r s s  (Ref .  613). (6) Rate c o e f f i c i e n t  k a t  t h e r m a l  e n e r g y  
for p r o d u c t i o n  of H3' is: k = [2.0 ? .15]~10-~ c1ii3/s, from Refs .  613, 621, 
623, 625, 626, 627, 631, 637. 

Chebyshev F i t t i n y  Parameters for Cross S e c t i o n s  

= 1.OE-02 eV/anu ,  E~~~~ = 7.0~+00 eV/aniu % i n  

A0 A1 A 2  A3 A4 A5 A 6 

-65.8902 -2.58783 -1.02353 -.461932 -.229219 -.0763343 --0170793 

The f i t  r e p r e s e n t s  t h e  above cross section w i t h  a n  rim d e v i a t i o n  of 1.2%. 
The niaxiinum d e v i a t i o n  i s  2.7% a t  2.OE+00 eV/anu. 

See  appendix  for Chebyshev f i t  de ta i l s .  
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Cross S e c t i o n s  f o r  I n t e r c h a n g e  r e a c t i o n s  Between D 2 +  and D2 

D2’ i- D2 -> D3+ + D 

Energy 
( ev/aniu ) 

1.6E-01 
2eOE-01 
3.OE-01 
4.OE-01 
5.OE-01 
6.OE-01 
7. OE-01 
8.OE-01 
9.OE-01 
1.OEi-00 
1.5E+00 
2.OE+OO 
3.OE+OO 
4.OEi-00 
4 2E+00 

V e l o c i t y  
( cm/s ) 

5.56~05 
6.21E+05 
7.61E+05 
8.79E+05 
9.82~05 
l.O8E+O6 
1.16E+06 
1.24Et-06 
1 . 3  2E+06 
1.39Et06 
1.70E+06 
1.968+06 
2.41Ei-06 
2.78E+06 
2.85E+06 

Cross S e c t i o n  
( ClllZ ) 

2.60E-15 
2.43E-15 
2.00E-15 
1.69E-15 
1.45E-15 
1.29E-15 
1.16E-15 
1.06E-15 
9.77E-16 
9.073-16 
6.90E-16 
5.55E-16 
4.01E-16 
3.15E-16 
3.04E-16 

References: 623, 625, 626, 627, 631, 647 

Accuracy: Unknown 

Notes: (1) For r e l a t i v e  cross s e c t i o n s  see: C l o w  and F u t r e l l  (Re f .  625). (2) 
For a b s o l u t e  rate c o n s t a n t s  as a f u n c t i o n  of  e n e r g y  see: Drewi t z  ( R e f .  631); 
H a r r i s o n  e t  al. ( R e f .  623); Reuben and  Friechian (Ref .  627); C l o w  and F u t r e l l  
(Re f .  + 625); and B o w e r s  e t  a l .  (Ref .  626). ( 3 )  For  k i n e t i c  e n e r g y  d i s t r i b u t i o n s  
o f  D3 p r o d u c t s  see: Doversp ike  and Champion ( R e f .  647). (4) Rate c o e f f i c i e n t  
for p r o d u c t i o n  of  D3’ is: k = 1.55xlO-’ cm3/mol s from Refs .  623, 625, 626, 627, 
6 3 1 .  The states o f  r e a c t a n t s  are unknown. 

Chebyshev F i t t i n q  Parameters for Cross S e c t i o n s  

A 0  A1 A2 A3 A 4  A5 A6 

-69.1270 -1.09264 -.0827553 -0133959 --.0140139 -00530178 -00343451 

The f i t  r e p r e s e n t s  t h e  above cross s e c t i o n  w i t h  an  rins d e v i a t i o n  o f  0 .2%.  
The maximum d e v i a t i o n  i s  .4% a t  l.OE+OO eV/aniu. 

See  appendix  f o r  Chebyshev f i t  d e t a i l s .  
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H-14 

Cross Sections f o r  Interchange Reactions Between 

D,'(u) + H~ -> H D ~ +  + H 

u =  0 u =  1 

E ne ryy 
(ev/aniu) 

5.5E-02 
6.OE-02 

8.OE-02 
9.OE-02 
1.OE-01 

7.OE-02 

1.5E-01 
2.OE-01 
3.OE-01 
3.5E-01 
4.OE-01 
4.6E-01 

0 

( cm2 ) 

1.88E-15 

1.52E-15 
1.84E-15 

1.20E-15 
9.67E-16 
8.31E-16 
5.70E-16 
4.29E-16 
2.47E-16 
1.81E-16 
1.52E-16 
1.15E-16 

Energy 
(eV/amu) 

5.7E-02 
6.OE-02 
7.OE-02 
8.OE-02 
9.OE-02 
1.OE-01 
1.5E-01 

2.5E-01 
3.OE-01 
3.5E-01 
4.OE-01 
4.5E-01 
4.6E-01 

2.OE-01 

0 

( cm2 ) 

2 -03E-15 
1.928-15 
1.61E-15 
1.29E-15 
1.10E-15 
9.66E-16 
6.93E-16 
5.25E-16 
3.78E-16 

2.00E-16 
1.44E-16 
1.04E-16 

2.79E-16 

9.61E-17 

U' 2 

Energy 
ev/;unu ) 

5. BE-02 
6.OE-02 
7.OE-02 
8.OE-02 
9.OE-02 
1.OE-01 
1.5E-01 
2.OE-01 
2.5E-01 
3.OE-01 
3.515-01 
4.OE-01 
4.5E-01 
4.6E-01 

0 

(cni '  

2.01E-15 
1.96E-15 
1.76E-15 
1.57E-15 
1.42E-15 
1.28E-15 
8.29E-16 
5.66E-16 
3.796-16 

2.01E-16 
2.77E-16 

1.47E-16 
1.04E-16 
9.58E-17 

D2+ and H 2  

u =  3 

Energy 
(ev/aJilnu ) 

5.8E-02 
6.OE-02 
7.OE-02 
8.OE-02 
9.OE-02 
1.OE-01 
1.5E-01 
2.OE-01 

3.OE-01 
3.5E-01 
4.OE-01 
4.5E-01 

2.5E-01 

4.6E-01 

0 

( a n 3  ) 

1.93'~-15 

1.78E-15 

1.49E-15 

1.90E-15 

1.62E-15 

1.36E-15 
8 -81E-16 
5.70E-16 
3.75E-16 
2.466-16 
1.65E-16 
1.12E-16 
7.55E-17 
6.93E-17 

References: 625, 626, 627, 634, 638, 647, 652 

Accuracy: 25% 

Notes: (1) For r e l a t ive  c ross  sections see: C l o w  and Fu t r e l l  (Ref. 625). ( 2 )  For 
r a t e  constants,  energy dependence see: Rowers e t  a l .  (Ref. 626)+; and C l o w  and 
Fu t r e l l  (Ref. 625). (3) For k ine t ic  energy d i s t r ibu t ions  of HDZ products see:  
Lee5 and Rol (Ref .  6 3 8 ) :  Doverspike and Chanpio? (Ref. 647), and Krenos e t  a l .  
(Ref. 6521. (4) Rate coef ic ien t  fo r  reaction D2 + f l 2  -> products is:  k = (3.0 
5 o.6)x10-9 c1u~/mo1s from Clow and Fu t re l l  (Ref. 625). (5) Data a re  presented a s  
a function of u ,  as  reported i n  Anderson e t  a l .  ( R e f .  634). 

Chcbysliev F i t t i nq  Parmeters for  Cross Sections 

u =  0 $n = 5.8C-02 eV/aunu, E,,,,, = 4.6E-01 eV/anu 
u =  1 = 5.7E-02 eV/aiiu, Elllax = 4. 6 E - 0 1  eV/amu 

= 
2 ~l , , i , ,  = 5.8E-02 eV/aiiu, E,,,,, = 4 . 6 E - 0 1  eV/anu 

u -  3 m ~ ~ , l  = 5.8E-02 eV/aniu, Elllax = 4.6E-01 eV/arnu 

A 0  A1 A2 A3 A4 A5 A6 

-.0238082 u = 0 -70.4879 -1.34605 -.0400746 -.0884724 .00327276 .0410225 
u - 1 -70.3174 -1.41371 -.174436 -,131909 -.00594907 -0250115 -. 0140350 
u - 2 -70.1696 -1.46820 -.256068 -.0411502 -.0107313 -.00889023 -.0110482 
u 2 3 -70.3104 -1.61386 -.377596 -e0473991 -.00736333 .000736757 -.00411866 

The f i t  represents the  u = 0 cross section w i t h  an rins deviation of 1.3%. 
The maxirnuni devialion is 3 . 3 %  a t  3.5E-01 eV/aniu. 

T h e  f i t  represents the  u = 1 cross section w i t h  an rnis deviation of 0.7%. 
T h e  maximum deviation i s  1.3% a t  6.OE-02 eV/aniu. 

Tl ie  fit represents the u = 2 cross section w i t h  an rms deviation of 0.7%. 
T h e  inaxiniuin deviation is 1.4% a t  2.5E-01 e V / a u u .  

T h e  f i t  represents the  IJ = 3 cross section w i t h  an rms deviation of 0.3%. 
Tlie maximum deviation i s  0.4% a t  8.OE-02 e V / a n u .  

See appendix fo r  Chebyshev f i t  de t a i l s .  
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C r o s s  S e c t i o n s  f o r  In t e rchange  Reactions Between HZt and DZ 

H~'(u) t D2 -> HDzt + H 

u = o  u =  1 u =  2 u = 3  u = 4  

1.7E-01 
2.OE-01 
3.OE-01 
4.OE-01 
5.OE-01 
6.OE-01 
7.OE-01 
8.OE-01 
9.OE-01 
l.OEt00 
1.5Et00 
2. OEtOO 
3.  @E+ OO 
4. OEt@@ 
4.5Et00 

2.92E-15 
2.91E-15 
2.643-15 
2.26E-15 
1.923-15 
1.623-15 
1.36E-15 
1.14E-15 
9.723-16 
8.51E-16 
5.48E-16 
4.24E-16 
3.023-16 
2.39E-16 
2.19E-16 

1.7E-01 
2.OE-01 
3.OE-01 
4.OE-01 
5.OE-01 
5.OE-01 
6.OE-01 
7.OE-01 
8.OE-01 
9.OE-01 
1.OEt00 
1.5Et00 
2. @Et00 
3.OEt00 
4. OEt 00 
5. OEtOO 

2.53E-15 
2.43%-15 
2.15E-15 
1.91E-15 
1.72E-15 
1.68E- 15 
1.493-15 
1.32E-15 
1.19E-15 
1.08E-15 
9.81E-16 
6.61E-16 
5.13E-16 
3.71E-16 
3.07E-16 
2.74E-16 

1.7E-01 
2.OE-01 
3.OE-01 
4.OE-01 
5.OE-01 
6.OE-01 
7.OE-0: 
8.OE-01 
3.OE-01 
1. OE to0 
1.5E+00 
2 .  OE to0 
3.OEt00 
4. @Et 00 
5.OEt00 
5.4Et00 

2.46E-15 
2.41E-15 
2.12E-15 
1.91E-15 
1.7 1E -15 
1.54E-15 
1.42E-15 
1.30E-15 
1.2 1E-15 
1.13E-15 
8.39E-16 
6.65E-16 
4.65E-16 
3.58E-16 
2.90E-16 
2.7OE-16 

1.8E-01 
2.OE-01 
3.OE-01 
4.OE-01 
5.OE-01 
6.OE-01 
7.OE-01 
8.OE-01 
9.0E-01 
1.0Et00 
1.5Et0@ 
2. OEt 00 
3 .  @Et00 
4. OEt 00 
5.OE+O@ 
5.2Et00 

2.453-15 
2.333-15 
2.13E-15 
1.91E-15 
1.71E-15 
1.58E- 15 
1.463-15 
1.37E-15 
1.23E- 15 
1.23E-15 
9.64E-16 
7.74E-16 
5.21E-16 
3.735-16 
2.85E-16 
2.803-16 

1.8F-01 
2.OE-01 
3. @E-01 
4.OE-01 
5.OE-01 
6.OE-01 
7.OE-01 
8.OE-01 
9.OE-01 
1.0Et00 
1.5Et00 
2.OEt00 
3.OEt00 
4. OEtOO 
4.5Et00 

2.473-15 
2.40E-15 
2.14E-15 
1.953-15 
1.80E-15 
1.6?E-15 
1.56E-15 
1.473-15 
1.39E-15 
1.32E-15 
1.06E-15 
8.60E-16 
5.53E-16 
3.55E-16 
2.84E-16 

Refe rences :  6 2 5 ,  626 ,  627 ,  634, 638, 652 

Accuracy: 25% 

Notes: (1) For  e n e r g y  dependence of ra te  c o n s t a n t s  see: Bowers e t  a l .  ( R e f .  
6 2 6 ) ;  C l o w  and F u t r e l l  (Re f .  6 7 5 ) ;  and Reuben and Frjednian (Ref .  6 2 7 ) .  ( 2 )  For  
k i n e t i c  ene rgy  d i s t r i b u t i o n s  of HDZt p r o d u c t s  see: Lees and  R o l  [Re f .  638); and 
Krmos e t  al. (Ref. 6 5 2 ) .  ( 3 )  For r e l a t i v e  c r o s s  s e c t i o n s  see: C l o w  and F u t r e l l  
(Re f .  6 2 5 ) .  ( 4 )  Rate c o e f f i c i e n t  f o r  r e a c t i o n :  HZt t D2 -> P r o d u c t s  is:  k = ( 3 . 2  

0 . 6 ) ~ 1 0 - ~  cin3/mol.s froin Clow and F u t r e l l  (Re f .  6 2 5 ) .  ( 5 )  Data are p r e s e n t e d  
as a f u n c t i o n  of u ,  as r e p o r t e d  i n  Anderson e t  a l .  (Ref .  6 3 4 ) .  

Chebystiev Fi  t t i r i q  Parameters for  Cross  S e c t i o n s  

U F O  E = 4 . 5 E t 0 0  eV/aniu 
= 5.OE+00 eV/aniu 1 

= 5.4E+00 eV/amu u =  2 

U ' 3  - 1. 8 E - 0 1  eV/aiuu, = 5 . 2 ~ ~ 3 0  cv/amu 
1 . 8 E - 0 1  eV/aniu, E,,,, = 4.5E+00 eV/aiiu 

= 1.7E-01 eV/aiiu, E,,,,x 
En,in = 1.7E-01 e V / a i i i i ,  Emax 
El,lin = 1.7E-01 eV/aiiu, Enlax 

2- 

= ,piin 

A0 A1 A2 A3 A4 A5 A6 

U = 0 -69.2456 -1.40946 -.128223 .139770 -.0170479 -.0330555 .00606671 
u = 1 -69.2502 -1.19199 -.ii6093 .ogii706 .oiga857 -.oiiai62 -.00051045i 
u = 2 -69.1336 -1.12492 -.1761@4 .0165993 .000760447 .@0273230 -.000454863 
IJ = 3 -69.0426 -1.06802 -.zi3967 -.03~a351 -.00493123 .oi6ioi3 .00775590 
U = 4 -68.8659 -.992859 -.258499 -.OB53432 -.0286104 -.00372291 .00520865 

The f i t  r e p r e s e n t s  t h e  IJ = 0 cross s e c t i o n  w i t h  a n  riiis d e v i a t i o n  of 1.3%. 
The maximum d e v i a t i o n  is 2 . 0 %  a t  l.OE+OO eV/aniu. 

The f i t  r e p r e s e n t s  t h e  u = 1 c r o s s  s e c t i o n  w i t h  an  riiis d e v i a t i o n  o f  0 . 6 % .  
The maxiilium d e v i a t i o n  i s  0.8% a t  7.0E--01 eV/aiiu.  

The f i t  r e p r e s e n t s  t h e  u = 2 c r o s s  s e c t i o n  w i t h  an  riiis d e v i a t i o n  of  0.3%. 
The iliaximum d e v i a t i o n  i s  0 .  7 %  a t  3.OE-01 eV/anu. 

The f i t  r e p r e s e n t s  t h e  I) = 3 cross sec t i -on  w i t h  an riiis dev ia t i . on  of 0 .5%.  
The maxiinurn d e v i a t i o n  i s  1.3% a t  5.OE-tOO e V / a n u .  

The f i t  r e p r e s e n t s  t h e  u = 4 cross s e c t i o n  w i t h  an riiis d e v i a t i o n  of 0 . 2 % .  
The maximuin d e v i a t i o n  i s  0.3% a t  3.OE+OO e V / a m u .  

See appendix  f o r  Chebyshev f i t  d e t a i l s .  
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APPENDIX 1 

calculation of Cross Sections and Rat8 Coefficients 
from Cbebvshev Pi t t iacr  Parameters 

For ease of numerical data retrieval, the method of least- 
squares fitting to the recommended cross sections and rate 
coefficients using the Chebyshev orthogonal polynomials has 
been used throughout this compilation. In general, it 
produced high accuracy fits to the recommended data, 

A measure of the accuracy of the Chebyshev fit representation 
to the recommended cross sections has been calculated and 
appears at the bottom of each cross section page as a relative 
rms error with a maximum deviation. In a handful of cases, 
the recommended cross sections had associated Chebyshev fits 
with an error of greater than 100% rms error. These fits 
have not been included and only the recommended cross section 
data is presented. 

The recommended cross-section and rate coefficient data have 
been fitted to the following analytical expression: 

k 
en[o(E) J = A d 2  

where k is the smallest number 
an accurate fit (usually k=6), 

X = [ (tnE - tnEmi,) - (tnE,, 

+ X AiTi(X) , 
i=1 

of coefficients that provides 
and 

and where T i ( X )  are the Chebyshev orthogonal polynomials. 
Pitting ta the natural logarithms of the cross section and 
energy values increasesthe Chebyshev fit accuracy by reducing 
the ranges of values for the cross section and energy by 
several orders of magnitude. 

The values of fitting parameters Ai, EWin, and E,, are given for 
each reaction after each cross-section or rate-coefficient 
table. In each case, the minimurn number of parameters Ai are 
listed which are required to produce a satisfactory fit to the 
data. The cross section tr is given in units of cm2,  with 
collision energies E in units of eV/amu. The rate coefficient 
Q is in units of cm3/s, with Maxwellian temperatures T in 
units of eV. (We follow the convention used frequently in 
plasma physics of expressing temperature in eV energy units, 
recognizing that kT is understood, where k is Boltzmann's 
constant.) The analytic representation of the cross section 
or rate coefficient should be used only in the region between 
Emin and E ,. The expressions for the Chebyshev polynomials 
are reproruced below for convenience. 



T,(X) = x 
T,(X) = 2 x2 - 1 
T4(X) = 8 x4 - 8 w2 4- 1 
T5(X) = 16 x5 - 20 x3 -0- 5 x 

Ts(X) = 128 9 - 256 XQ 4" 160 x b  - 32 x2 f 1 

T3(X) 4 X' - 3 X 

T6(X) == 32 X6 - 4 8  X4 f 18 X2 - 1 
T7(X) 64 X7 - 112 X5 -b 56 X3 - 7 X 

A 1 1  the sate-coefficient and cross-section data in this volume 
may be repsod~ced by using either of the model Chebyshev 
€itting programs listed at the end of this A pendix. For each. 
reaction and pair of reactants there are given Chehyshev 
fitting parameters to be used as input to the CHEBFOR Fortran 
or CHEB Basic code. 

In the plots of recommended data the Chebyshev or alternative 
fi ts  have been added as dashed lines to give a visual 
inspection of the accuracy of the f i t .  A l s o ,  the pages 
containing cross section tables include r m s  deviations sf the 
fit to the recommended data over the ener y range from Emin to 

The sample programs listed below utilize recursion relations 
to rapidly generate the ehebyshev polynomials and require 
input of the parameters Emin, X I  and the Chebyshev 
coefficients A Q ,  AI, ~ 2 ,  . . . to ena~Xe calculation of a rate 
coefficient or cross section at a given energy. The programs 
direct the user to input these parameters at the proper time 
during program execution. To simplify data input, the 
tabulations of coefficients contain the minimum number of 
significant digits required ta produce an accurate 
representation of the polynomial f i t .  

Emx 

The ALADDIN database system may also be used to generate the 
cross-section data dkectly from the fitting coefficients. 
See Appendix 2 for details, 

C 
C 

1000 
14 

199 
1010 
15 

200 

P r o g r a m  CHEBFOR 
This F o r t r a n  program i s  derived from I p r o g r a m  i n  8 € l e m e n t a r y  N u n e r i c a l  A n a l y s i s :  A n  
A l g o r i t h m i c  Approach' , S.  D .  C o n t e  end C. de B o o r ,  HcGrau-Hill, Inc., P.256, 7972. 
DIMEWSIQIB D(10) 
REAL*& ANS, AMSZ 
TYPE 14 
FORMAT(' 
ACCEPT 199, ANS 
FORWAT(A1) 
TYPE 15 
FORMAT(' ENTER THE NUMBER OF C O E F F I C I E N T S ' )  
ACCEPT 200, NTERMS 
FORPIAT ( I 2  1 

I S  T H I S  A F I T  TO RATE COEFFIC IENTS? ; ENTER loY18 FOR YES, "N" FOR NO') 
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SamDle FORTRAN Program (Cont'd.1 

1 

9 

19 
16 

29 

25 

2 

100 

3 
8 

24 
23 

C 
2 6  

& 

10 

20 

69 

45 

48 

4 9  

101 

IF(ANS .EP. I N ' )  GO TO 16 
TYPE 1 
F O R M T ( I  **** ENTER Emin lev) *****I) 
ACCEPT *, EWlN 
TYPE 9 
FORMAT(# **** ENTER Emex (eV) *****I) 

ACCEPT *, E M  
GO TO 25 
FORUAT( I **** ENTER Emin (eV/iuru) ****I) 

TYPE 19 
ACCEPT *, EWlN 
TYPE 29 
FORHAT(' -** ENTER Emax ( e V / m )  * * * * I )  

ACCEPT *, EUAX 
EMIUL=ALOG(EWIN) 
E W L = A L O G ( E W )  
TYPE 2,  NTERMS 
FORMAT(' ENTER ', 12, I COEFFICIENTS I )  

ACCEPT *, (D(J), J=I,NTERMS) 
I F  (ANS .Ea. 'N' IGO TO 24 
TYPE 3, EWIN, EMAX 
FORUAT(' INPUT TEUPERATURE (eV) BETUEEN a , l P E I O . l , ~  AND l , lPEIO. l ,*  FOR THE RATE 

EO TO 26 
TYPE 23,  EMIN, EMAX 
FORWAT(I INPUT ENERGY (eV/arm) BETUEEN i,lPE1O.l,l AND l,lPEIO.l, l FOR THE CROSS SECTION 

TAKE ENERGY FOR CALCULATION AKD USE THREE TERM RECURRENCE RELATION 
K=NTERHS 
CHEB=D(K) 
ACCEPT *, X 
I F ( X  .LT. 0 . )  GO TO 101 
X=ALOG(X) 
K=K- 1 
XNORM=(X-EMINL-(EHAXL-X))/(EMAXL-EMIKL) 
TUOX=2.*XNORM 
PREVL=O. 
PREV=CHEB 
I F ( K  .EP. 1) GO TO 20 
CHEB=D(K)+TUOX*PREV-PREV2 
PREVZ=PREV 
K=K- 1 
GO TO 10 
CWEB=.5*D(l)*XNORU*PREV-PREV2 

FORHAT(' RATE COEFFICIENT (CMS/S) = 8,1PE12.4) 
IFCANS .EP. I N 1 )  TYPE 45, EXP(CHEB) 
FORMAT(' CROSS SECTION (CMZ) = 1,1PE12.4) 
TYPE 48 
FORHAT6' 
ACCEPT 199, ANSZ 
I F t A N S Z  .Ea. ' Y ' )  GO TO 100 
TYPE 49 
FORMAT(' 
ACCEPT 199, ANSZ 
IF(ANS2 .EQ. ' Y ' )  GO TO 1000 
END 

COEFFICIENT CALCULATION I)  

CALCULATION ' 1  

IFCANS .Ea. 1 ~ 1 )  TYPE 69, EXP~CHEB) 

5O YOU UANT ANOTHER CALCULATION FCR T H I S  FIT?, ENTER l8Yls FOR YES; Wa FOR NO') 

DO YOU UANT A 5IFFEREKT F I T  CALCULATION?, ENTER 'lYa FOR YES; FOR NO1) 
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Sample BASIC Prasram 

5 REM CHEB.BAS 
10 REM CHEB PROGRAM IS A BASIC PROGR DERIVED FROM A FORTRAM 
20 REM F'RQGRAW I M  "ELEMENTARY NUMEEl L ANALYSIS: AM AbI;a81THt4KC 
30 RE# APPROACHo1, S. D. CQNTE AND C. de BcNR, 30 REX %CRAW-HILL, INC., P 
40 REM 254, 1972. 
50 DIM D(10)  
60 INPUT 111s THE A RATE FIT?; ENTER I Y r  FOR YES, I N t  FOR MO ",ANSS 
70 I F  AMSf=8mY11 THEN INPUT "ENTER E m i n  (eV) ",E 
80 I F  ANSS=nmYIB THEN INPUT "ENTER E 
90 I F  A13S$-'Wn" THEN INPUT "ENTER E 
100 I F  ANS$=llN1l THEN INPUT "ENTER Emax (eV/aimn) 80,EMAX 
110 IMQUT IIHOCI M N Y  COEFFICIENTS FOR T H I S  FIT?";NXERMS 
120 EXTNL=LOG(EHIN) 
130 EMAXL=LOG(EMAX) 
148 PRINT USING18ENTER # CQEFFICIENTS";NT€RF4S 
150 FOR J= l  TO NTERMS 
160 INPUT D(J):NEXT J 
170 I F  ANSS=loY1o THEN PRINT USING I8INP;)T ENERGY (eV/aw) BETUEEM ###.I AND #,IAAAA FOR THE RATE 
COEFFICIENT CALCUCAT1ON";EnIW;EkAX 
180 I F  ANSS='BNIS" THEN PRINT USING "INPUT ENERGY (eV/amu) BETWEEN ###.# AND b.bAAAA FOR THE CROSS 
SECTIOM CALCULAT1O~";EMIN;EnAX 
190 REM GET ENERGY FOR CALCULATION AND USE THREE TERH RECURRENCE 
200 REM RELATIQH 
210 INPUT X 
220 K=WTERKS 
230 CHEB=D(K) 
240 I F  X<O THEN END 
2 5 0  X=LOG(X) 
260 K=K-1  
270 I F  K=O THEN END 
280 X N O R X = ( X - E n I N h - ( E M A ) ( L - X ) ) / ( E W / h X L - E ~ I ~ ~ ~  
290 TWX=2*XWORFB 
300 PREVZ=O 
310 PREV=CHEB 
320 I F  K = l  GQTO 370 
330 CHEB=D(X)+TWX*PREV-PREVZ 
340 PREVZ=PREV 
350 K=K-1 
360 GOTO 310 
370 CHEB=.5*D(l)+XWOR#*PREV-PREV2 
380 I F  ANSS=BBY88 THEY PRINT USINGW#.##AAAA = RATE COEFFICIENT (CH3/S)";EXP(CHEB) 
390 I F  ANS$="MN" THEM PRINT = CROSS SECTION (CMZ)';EXP(CHEB) 
400 GOTO 170 
410 END 







APPENDIX 2 

atabase W s t e m  and Data F i l e s  

- ..... 

AL?4BdDPNS1* is an atomic physics database system which has 
been developed by 19. A. Hulse of Princeton Plasma Physics 
Laboratory in conjunction with =the Atomic and Molecular Data 
Unit of the International Atomic Energy Agency (IAEA) to 
provide a broadly-based standard medium f o r  the exchange and 
management of atomic. data, ALADDIN has been adopted by the 
IWEA as the standard international atomic physics data 
exchange format fo r  magnetic confinement fusion applications. 

ALADDIN consists of a data fcsmat definition together 
with supporting software f o r  both interactive searches and 
access to the data by plasma modelling and other computer 
codes. The ALA D I N  software has been written in strict 

range of scientific computers. The data are stored in 
straightforward A S C I I  text files either in tabulair x,y o 
parametrized format. Provision has been made within ALADDI 
to incorporate the subroutines which are needed to ex:tract the 
atomic data from each ALADDIN data entry. The Chebyshav 
polynomial fits which are presented for the data in t h i s  
volume are one example of such a parametrization. 

FORTRAN-77 to re compatibility with the widest possible 

All recommended cross-section data from the compilations 
in the Atomic Data for Fusion series are available i n  ATADDIN 
format (including those from this volume). Table 2.1 contains 
a sample A U D D I N  data entry from each chapter of this ~ ~ l u m e .  
Each entry contains a page-number label to expedite locating 
specific data within the file. Complete AXADDIN data files 
for this series and a copy of the ALADDPN Database program are 
available on PC-DOS-formatted diskettes from: 

Cantrolled Fusion Atomic Data Center 
Oak Ridge National Laboratory 
B. 0. Box 2008 

Oak Ridge, TN 37831-6372, U . S . A .  
MS -6 37 2 

A copy of the ALADDIN Manual* which contains instructions 
for its use and a dictionary of abbreviations and symbolic 
notations for collision processes is also available from the 
above address, The ALADDIN code and reference material are 
also available directly from the IAEA (see address below). 

The ALADDIN data f i l e s  and FORTRAN program may also be 
transmitted readily by electronic mail, and are available by 
contacting: 
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With input from a number o f  i n t e r n a t i o n a l  data centers, 
the A t o i v l i c  and Mc~leculas D a t a  U n i t  s f  the IAEA i s  assemnbling 
a larger A L a D D I N  data base of atomic and molecular processes 
relevant to f u s i o n  applications, and i s  providing officially 
recommended data in A U B D I N  format.  Fu r the r  infamPat-$on may 
be obtained by contacting: 

Atomic and Molecu1.a~- Data Unit 
Nuclear Data Section 
International Atomic Energy Agency 
P. 0. Box 100 
A-1400 Vienna, Austria 

or by electronic mail at: 

ET 

1. A. A .  Hulse, "The Database 
System,'! pp. 63-72 i n  s m a s ,  A I P  
Conference Proceedings 206,  ed. Y. K. Kim and H. @. 
Elton, A I P ,  New York, 19363. 

&a for Fusion, IAEA-  
NDS-AM-17, Atomic and Molecular Data Unit, Nuclear Data 
Sect ion ,  International Atomic Energy Agency, Vienna, June 
1989" 

I 
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TABLE 2.1 

SamDle ALADDIN D a t a  File 

$ CX H [+1] H [+O] H [+O]  H [+1] 
& XS EVAL ACC-B ORNL-CFADC DOC-ORNL-6086 A-22 6/90 #CHEB 
- 72.6656 - 5.49142 - 3.42948 -1.98377 -0.878009 
-0.198932 0,0837431 0.121252 0.0827182 0.12 630000. 

$ CXSS He [+2] H [+O] (G) He [+1] (2s) H [+1] 
& XS EVAL ACC-C OWL-CFADC DOC-ORNL-6086 B-89 6/90 #CHEB 
- 89.4268 -0.438776 - 8.73454 0.130314 -0.0101210 
0.0343355 0.227699 -0.188121 -0.130396 23. 2500000. 

$ EXC H [+O] (G) H [+O] (G) H [+O] (2s) H [+O] 

-79.1098 -0.784062 -0.651723 0.0462865 0.114234 
-0.00487654 -0.0114391 0.0 0 . 0  2000. 90000. 

& XS EVAL ACC-? ORNL-CFADC DOC-ORNL-6086 C-2 8/89 #CHEB 

$ ION H [+1] H [+O] H [+l] H [+1] e 
& XS EVAL ACC-B OWL-CFADC DOC-OWL-6086 D-6 5/90 #CHEB 
-75.505348206 -0.409784913 -0.996553540 0.355360299 -0.049000371 
-0,034998417 0.043782476 0.0 0.0 9400. 1500000. 

$ STRIP H [+O] H [+O] H [+1] H [+O] e 
& XS EVAL ACC-B OWL-CFADC DOC-OWL-6086 E-2 5/90 #CHEB 
-77.1793823242 -0.4514082074 -1.5175991058 0.5439749956 -0.0355154276 
0.0025895350 -0.0750899166 0.0 0.0 1200. 3500000. 

$ ELDET H [-I] H [+O] H [+O] H [+O]  e 
& XS EVAL ACC-C OWL-CFADC DOC-OWL-6086 F-2 5/90 #CHEB 
-72.0698776245 -2.4792380333 -0.9363254905 0.0886530057 0.0175392255 
0.0545278080 -0.0645320490 0.0 0.0  110. 4000000. 

$ DISION2 H [+O] H(2) [ + O ]  H [+O] H [+1] H [+1] 2e 
& XS EVAL ACC=? OWL-CFADC DOC-OWL-6086 G-2 6/90 #CHEB 
-82.5844192505 1.5008718967 -0.5141620040 -0.0138262566 0,0274858437 
-0.0085383281 -0.0116637163 0.0 0 . 0  5000. 50000. 

$ PX H [+1] Dt2) [+O] D [+1] HD [+O] 
& XS EVAL ACC-? OWL-CFADC DOC-OWL-6086 H-2 9/89 #CHEB 
-75.6467819214 -3.2291088104 0.4121128917 0.0393397696 -0.2617489398 
0.0012951158 0.1208853275 0.0 0 . 0  0.45 100. 

..... 
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APPENDIX 3 

Atomic Physics 

Handy Conversion Units and Fsrmulas 

Conversion Units 

B electron volt = 1 eV = 8065-76 cm" = 23.069 kcal/mol = 
1,6022 x ergs = 1.6022 x j o u l e s  

1 atomic unit = 1 a.u .  = 2 Rydbergs = 27.21 eV = 1 Hartree 

eontic mass unit = H a.m.u. = 1.6605 x 

~tsmia velocity = velocity of 13.6 ev electron == 2-18 x l o 8  
cmfsec = velocity of 24,97 BreV proton 

tomic Unit of time = atomic kadius/atomic welocity = 2.42 x 
l o - q 7  sec 

oltzmann constant, k = 1.381 x erg/OK 

5 mm Hg = 133.3 pascals = 1 t o r r ;  1 mBar = 100 pascals 

Atomic cross section = R x (atomic r ad ius ) '  = 71-a: = 8.797 x 
cm2 

mol = 6.022169 x molecules = Avogadro's number 

Loscbmidt@s number = number of molecules a t  1 mm Hg at O0C = 
2.687 x cm-3  



where z is the atomic number and n i s  the total quantum 
number. 

(A) = 1.2398 _.______ x 
t3 I 

where E is the photon energy in eV, 

17.34 
A ( A )  = --p- I 

where M , ,  E, a r e  the mass and energy of particle 1 and M,, E, 
are the mass and energy of parkicle 2 ,  respectively, and 8 
is the angle of approach. 
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Plasma Physicg 

Handv Formulas 

*Gaussian units are used in the formulas below except f o r  
the following: 
ions in eV. 
proton mass, mp by 1.1 = m,/m i B in gauss; k is Boltzrnann's 
constant; ne and ni are nu&er densities of electrons and 
ions, respectively, in 2 is the charge state of an 
ion; A is wavelength in A; c is the speed of light i.n vacuum 
(3 x 10'' cm/sec); and frequency is o (rad/sec) = 
2 r .  f (cycles/sec) 

Temperatures, T, of electrons, and Ti of 
Mass of ions, mi is expressed in units of 

For Electrons: 

Plasma frequency, (rad/sec) = 5.64 x IO4 
Gyrofrequency, ace q?ad/sec) = 1.76 x l o 7  B 

Electron thermal velocity, vte (cm/sec) = 4.19 x l o7  nlre1f2 

~lectron deBrogli.0 length, L (A) = r/2 

GyrOradiUS, re (cm) = 2.38 T,'/* B-' 

1 7 . 3 4  
T€? 

For Ions : 

Plasma frequency, 
Gyrofrequency, oCi p$ad/sec) = 9.58 x I O 3  Z piL" B 
Gyroradius, ri (cm) = 1.02 x I O 2  p1I2 Z-'I '  T ' I 2  B-' 
Ion thermal Velocity, Vti (em/sec) = 9.79 x 105 p-li2 T i l l 2  

(rad/sec) = 1.32 x l o 3  2 p-'12 nili2 

i 

Drift velocity of particles in a constant electric field, E 
(volts/cm), perpendicular to a constant magnetic field, B 
(gauss), independent of mass m, or charge 2, of the particle 
is given by: 

Phase velocity, v* (cm/sec] = o/k, where w is in rad/sec and 
k is the wavenumber in cm- . 
Group velocity, vg (cmlsec) = doJdk 

Alfvbn velocity, vA (cm/sec) = 2.18 x 10" p-lI2 ni-I/2 B 

Debye length, A, (cm) = 7 . 4 3  x I O 2  Te112 ne-'/* _ _ _ _  
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