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The work desc r ibed  in t h i s  report was sponsored by t h e  Ihergy 
Research and Development A&ri in is t ra t ion  and i s  p a r t  of a s e r i e s  of 
ORNL reports on atomic and molecular processes of interest In fusion 
energy technology. The r e p o r t s  j n  t h i s  sei-ies art': ORNL-3113, 
May 1961 ; ORNL-3113 Revi sed, Rugust 1964 ; Ol?NL-5206, F i r s t  Volume, 
February 1977 ; arid ORNL-5207 Second Vohmune of O R I I L - ~ ~ ~ ~ ,  February 1977. 
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Presented i s  an eval-uated graphi-cal and tt~bu1-a.r compi la t ion  of  
atomic and molecular  cross sections o€ Lnterest t o  control.led therrrio- 
n u c l e a r  r e sea rch .  T h e  c r o s s  sect ion: ;  are t a b u l a t e d  and graphed as a 
f u n c t i o n  of eneygy fo-r c o l l i s i o n  processes invol.ving heavy p a r t i c l e s ,  
e l e c t r o n s ,  and photons with atoms and ions .  A l s o  inc luded  are s e c t t o n s  
on data f o r  p a r t i c l e  p e n e t r a t i o n  through inacroscopi.~ m a t t e r ,  payticle 
t i -anspor t  p r o p e r t i e s ,  p a r t i c l e  i n t e r a c t t o n s  with s u r f a c e s ,  and. p e r t i n e n t  
charged p a r t i c l e  nuclear c r o s s  s e c t i o n s  and r e a c t i o n  rates. In most 
cases estimates have been made o f  the data accuracy. 

.- .. . 
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INTRODUCTION 

This r e p o r t  i s  an expanded r e v i s i o n  of a previous  compi la t ion  of 
atomic and molecular  c r o s s  s e c t i o n s  i s sued  i n  1964 as ORNL-3113R. One 
d i f f i c u l t y  encountered i n  us ing  t h e  prev ious  e d i t i o n  was the  problem of  
o b t a i n i n g  the  d a t a  from graphs cover ing  s e v e r a l  o r d e r s  o f  magnit1J.de. 
Th i s  problem has been so lved  by p r e s e n t i n g  t h e  d a t a  i n  both t a b u l a r  and 
g r a p h i c a l  form. 
t h e  data were obta ined .  
d a t a  was made r e s u l t i n g  i n  a s i n g l e  curve.  E s t i m a t e s  have been made of 
khe accuracy  or confidence level of t h e  d a t a .  

For each set of d a t a ,  r e f e r e n c e s  are g iven  From which 
All data were p l o t t e d  and a best-f i t  t o  the 

The cross s e c t i o n  n o t a t i o n  used i s  t h a t  i n  c u r r e n t  use. The c r o s s  
s e c t i o n  O i f  r e p r e s e n t s  the  c r o s s  s e c t i o n  of an e n e r g e t i c  p a r t i c l e  of  
i n i t i a l  charge  s ta te  i and f i n a l  charge s ta te  f .  A l l  c r o s s  s e c t i o n s  
are p l o t t e d  i n  terms of cm2/molecule o r  cm2/atom f o r  a montonic gas .  
P a r t i c u l a r  a t t e n t i o n  should be  g iven  t o  the explana tory  no te s  found i n  
each s e c t i o n .  

-4 d i l i g e n t  e f f o r t  hac, been made t o  ensure t h e  accuracy of t h e  
p u b l i c a t i o n  process .  However, i n  an  e f f o r t  of t h i s  magnitude errors 
w i l l  ex is t .  The a u t h o r s  would g r e a t l y  a p p r e c i a t e  t h e  users b r i n g i n g  
Lhese t o  our a t t e n t i o n .  An annual  up-dating of  t h e  d a t a  i s  planned.  
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Total S c a t t e r i n g  of  E lec t rons  

(1ne l .as t ic  and Elastic) i n  Gases 

( H ,  H2, and Iie) 

e + H + e + H  

2 e + H2 -f e + H 

e + He -f e + H e  

Cross Sect ion  
( cm2 ) 

l . 0  E 00 
2 . 0  E 00 
3.0 E 00 
4.0 E 00 
6.0 E 00 
8.0 E 00 
1 .0  E 01  
1.5 E 0 1  
2 .0  E 01 
2.5 E 01 
3.0 E 01 
4.0 E 0 1  
6.0 E 01. 
8.0 E 0 1  
1 . 0  E 02 
2.0 E 02 
3.0 E 02 
4 .0  E 02 

He - H 2  - H 
I 

l . O l c  E-15 
8.19 E-16 
6.58 E-16 
5.41 E-16 

1.31 E-15 
1.51 E-15 
1 .58  E-1.5 
1 .49  E-15 

1 - 0 9  ~ - 1 5  

7.04 13-16 
5.66 E-16 

3.70 E-1.6 

1 .84  E-16 

1.18 E-16 
6.90 E-1.7 

1.29 E-15 

9.40 E-16 

4.90 E-16 
4.40 E-16 

2.65 E-16 

1 . 4 7  E-16 

5 .OO E-17 

5.33 E-16 
5.93 E-16 
5.80 E-16 
5.48 E-16 
lc.87 E-16 
4.32 E-16 
3.92 E-16 

2.62 E-16 
2.27 E-16 

1 .90  E-16 
1 .69  E-16 
1.42 E-16 
1 .19  E-16 
8.2'7 E-17 

3.1.1 E-16 

2.03 E-16 

4.'78 E-17 
3.70 E-17 

References : 

e + H ,  Experimental:  B e s t  f i t  t o  experimental data as deduced by 
L,J. Kieffer, A t o m i c  Data 2, 293 (1971) .  

e f H 2 ,  Experimental :  D .E .  Golden, H.W. Bandel,  and J.A. Salerno ,  
Phys. Rev. - 146,  40 (1966) .  C.E.  Normand, Phys. Rev. I 35, 121.7 (1930) .  

e + He, Experimental: D.E. Golden and H.W. Bandel,  Ynys. Rev. 138, 
A14 (1965) .  C .E .  Normand, Phys. Rev. I 35, 1217 (1930) .  

Accuracy: e + i-I - n o t  specific. 
e + He - random and systematic errors < + - 3%. 

e + B2 - random and systematic errors < 5 3 % .  

Note: - 
See Note (1) at end of chapter .  
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c.1.6 

Elastic D i f f e r e n t i a l  (In Angle) 

S c a t t e r i n g  of' Electrons oil Ii 

3 . 0  3 31 
3.5 d 01 
14.0 E 01 
6,o E 01 
8.0 t 01 
1.0 E 02 
1.2 E 02 

.... _._____...___^___I _- ..... _- Impact En e P gy 

-____ 3.8 eV 5.7 eV 9.4. 

1.39 E-16 
1.3'1 3-1.6 
1.32 3-16 

1.31 E-16 

1.30 2-16 
1.30  E-16 

1 .o?  12-16 
1.08 E-16 9.1.0 E-15 
1 . O ) k  E-16 8.30 E-15 
8.60 d-15 6.10 3-15 

6.00 E-15 14.30 E-15 
5.50 E-15 3.80 E-15 

7.10 ~ - 1 5  5 .OO 3-1.5 

Reference : 

e + H, Zxperimental: H.13. Gil.body, R.F. Stebbings, and W.L. F t e ,  
Phys. Xev. - 5  121. 794 (1961) I 

Accuracy: 

Systematic e r r o r  < I + 203. 



c.1.7 

1.0 

0.5 

0 

................ .... ......... - .......... ........... ............... ............... ...... . . . . . . .  
._ - 



c.1.8 

'7.84 E-17 3.75 E-18 
1.25 2-18 

5.80 E-17 

6.00 E-17 2.59 E-17 

2 - 0  E 01 5.80 Z--17 1.1 .45 3-17 3 .0  E 0 1  
4 . 0  E 01 6.38 E-17 I.. 56 Z-1-7 5.0 E 0 1  6.88 E - U  9.88 E-18 6 .0  E 01  

6.53 E-18 7 .0  E 01 7.77 E-17 
8.97 Z-1'7 4 . 5 8  E-18 8 . 0  E 01. 
1..08 E-1.6 3.38 E-18 9.0 01 
1.11 E-16 2.63 E-18 1 . 0  73 02 
1.22 2-16 2.22 E-18 1.1 E 02 1 .31 E-16 2.08 E-18 l . 2  E 02 

1 . 3  3 02 1-39 3-1.6 
7. IC E 02 1 . 4 5  E-16 
1 . 5  3 02 I.. 52 E-1.6 

1 . 7  E 02 1 . 6 4  E-16 
- -~ -- ~. . . - ~ z ~ ~ ~ - - A r 2 - . -  .-------======- - .~  

5.1.2 E-19 
2.50 E-19 
1.49 E-19 
1.00 E-19 
7.11. E-20 
j . 2 0  E-20 

2 .85 E-20 
2 .16  E-20 

3.81 E-20 

1 . 6  3 02 1 .62  -&-16 

-~...__Ts=====---==== 

References-: 

e + H2( a t  1 . 0  e V )  : H .  Ehrhardt  and F. Linder as quoted by N.P.  Lane 
and S .  Geltman, Phys. REV. &, J+6 (1969) .  C .  Ralnsaltlre- and R .  Kol la th ,  
Ann. Physik - 4, 91 (198). 

e + H 2 ( a t  30 m d  200 e V )  : K . G .  Tdi l l jamym Abstracts of P a p e r s ,  6 t h  
I n t l .  Conf. on t h e  Physics  of E l e c t r o n i c  C o l l i s i o n s  (MIT Press, 
Cmbridge ,  1969) page 735. 

Accuracy : 

Random e r r o r  < 2 2%. 

Notes : 

See Note ( 2 )  at end of c h a p t e r .  
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c.1.10 

5 . 0  Is: 00 

2.0 E 01. 
3 . 0  z 01 
>.O E 0 1  

1.0 E 01 

4 . 0  d 01- 

6.0 E 01 
7.0 r.; 01 
8 .0  3 01 
9.0 E 01 
1.0 JT 02 
1.1 E 02 
1 . 2  r: 02 
1 .3  E 02 
l"4 9 02 
1.5 E 02 

1.62 E-17 

8.60 E-18 
7.20 z-18 
6.20 g-18 
5.68 E-18 

5.10 E-18 

5.36 E-18 

1-10 2-17 

5.30 z-1.8 

5.00 E-18 
5.07 R - 1 8  

5.82 E-18 

5.42 3-17 
3.61 E-1 i 

6.30 E-18 
3.14 E-18 
1 .75 E-18 

1 -40 E-17 

1 .16 b-18 
8.07 E-19 
6.04 E-1-9 
4.85 E-19 
3.82 E-19 
3.28 $2-19 
2.90 E-19 
2. (0 E-19 
2.68 E-19 
2.68 S-1-9 

1. 28 E-l-r 
3.50 E-18 
1.31 E-18 
5 . 1.0 E.--19 
2.50 E-1~9 
1.36 E.-19 
8 - 8 0  E-20 
6 -06  E - 2 0  
4.68 fi-20 
3.92 E.--20 
3.55 E-20 
3.32 E-20 
3.30 E-20 
2.56 2-20 

Accuracy : 

Random e r r o r  < +- 1 5 %  at 3.1 eV. Randorn e r r o r  3% at a.11 Other e n e r g i e s .  ' 

Notes : 

See Notje ( 3 )  a t  end of chap te r .  
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c.1.12 

D i f f e r e n t i a l  ( I n  ~ngle) Cross Sec t ions  for 

Ine l a sL ic  and Elastic S c a t t e r i n g  

2.0 E-01 
5 . o  2-01 
l.0 i3 00 
2 , o  E 00 
3.0 E 00 
4.0 E 00 
5.0 E 00 
6.0 s 00 
7.0 P; 00 

9.0 E 00 
8.0 E 00 

1.0 2 01 

Elastic I n e l a s t i c  
-.- 

2.04 S-17 

1.65 3-17 
1. 03 E-1-7 

1.94 E-17 

5.60  13-18 
2.90 E-18 
1.61 z-18 

5.21. ~ - 1 9  
3.20 3-19 

9.09 s-19 

2.25 I.:-19 
2.00 IC-19 

1.42 s-16 

‘7.24 E-18 
2.70 E-18 

2.40 E-17 

1. I:( E-18 
5.78 E-19 
3.1.0 E-19 
1.85 E-19 
1.18 E-19 
7.52 E-20 

Reference : ----- 

e + He, Experimental: 
Phys. Rev. A 8, 304 (1973). 

H.F. Wellenstei.n, R.A. Bonham, R . C .  Ulsh, 

Accuracy : 
IC__-- 

Systematic e r r o r  < + .- 2%. Random e r r o r  < - + 2%. 
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2 

10-16 

5 

2 

10-19 

5 

2 

10-20 





C.1.15 

Notes 

( I )  Acccsrdirig t o  U S E .  Golden, H e  W. Randel, and t J .A.  Sa le rno ,  Phys. R ~ Y .  
146 h D  (1966), the  cross s e c t i o n  r"or D2 is i d e n t i c a l  t o  t h a t  f o r  I f 2 .  
.-.-..-7 

(2) References c i t e d  incl.ude data f o r  o the r  energies between 1 .0  a n d  
200 ev. A l s o  r e  l a t i v e  va lues  t o  91.2 eV are gi.veri by Webb, Phys, 
Rev. - 14.7, 381.1 (1935). 







c .2 .2  

C o l l i s i o n a l  E x c i t a t i o n  of H by E lec t ron  Impact: 

e i- H ( n ' R ? )  -+ e + S(n,R) 

At s u f f i c i e n t l y  h igh  impact e n e r g i e s  t h e  e x c i t a t i o n  Cross s e c t i o n  

i s  given by t h e  Bethe formula: 

are cons t an t s  'nt,t' , n ~  Dn R ,nR 
Here E i s  t h e  electron impact energy; 

depend on ly  on t h e  quantum s t a t e s  involved.  

only f o r  " o p t i c a l l y  allowed" t r a n s i t i o n s  (i .e. , R-R ' = 1). 
This  equat ion i s  v a l i d  

Given i n  t h e  tables on t h e  f ac ing  page a r e  t a b u l a r  va lues  o f  t h e  t v o  

constants for e x c i t a t i o n  even t s  where t h e  p r i n c i p a l  quantum number i n c r e a s e s  

by one o r  two ( i . e . ,  n-nt = 1 or  2 )  and t h e  angular momentum quantum number 

inc reases  by one ( i - e .  , R-R' = 1). When t h e s e  cons t an t s  are i n s e r t e d  i n  t h e  

above equat ion  wi th  t h e  energy E i n  e l e c t r o n  v o l t s ,  t hen  t h e  cross s e c t i o n  

Q i s  giver, i n  u n i t s  of cm2. 

impact ene rg ie s  above 100 ev f o r  Is -f nR t r a n s i t i o n s  and above 50 e V  f o r  

a l l  other t r a n s i t i o n s .  

The cross s e c t i o n s  should  be q u i t e  a c c u r a t e  at 

These t h e o r e t i c a l  values  are by G. G ,  McCoy4 and S. N. Milford, Phys. 

Rev. 130, 206 (1963). 

10. 

Note that the  number i n  p a r e n t h e s i s  denotes power of - 
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c , 2 . 4 

C o l l i s i o n a l  Excika t ion  of Hydrogenic Ions by Z l e c t r o n  Tinpaci : 

(General Forrnulaiiori) 

Seaton ( i n  Atomic and  Molecular Processes ,  Ed, D.R, Hates ,  Academic 

P r e s s ,  N.Y. 1962 p .  389) p r e s e n t s  curves showing 1.s -+ 2s and 1.s -+ 2p e x c i t a t i o n  

c r o s s  s e c t i o n s  as a f u n c t i o n  of t a rge t .  nij-c':l~ear charge for hydrogenic i o n s .  

fiei-e Z is n u c l e a r  cha.rge, Q i s  c r o s s  s e c t t o n  i n  cm , W i s  i n c i d e n t  energy,  

and AE i s  t h e  -tra.nsiti.on energy for the exci'iakion p r o c e s s .  

2 

The resulLs as presented  here  are of q u a l i t a t j - v e  i n t e r e s t  on ly ,  as 

t h e  b a s i c  t h e o r e t i c a l  method (Horn approximation) i s  i n a c c u r a t e  a t  the 

energy range covered heye. 

I n  g e n e r a l  one may esti-mate a c r o s s  s e c t i o n  f o r  e x c i t a t i o n  o f  any 

hydrogenic ion  a t  p r o  jer:t,ile impact e n e r g i e s  five o r  more t imes t h r e s h o l d  

energy by t h e  followirig procedure.  Taking the c r o s s  s e c t i o n  f o r  

e x c i t a t i o n  of t h e  r e q u i r e d  s t a t e  i n  ;I from ej . ther  of t h e  two prt?-:eii.ing 

d a t a  t a b l e s  : 
I! 

( i )  Tncrease c r o s s  s e c t i o n  va lues  by a f a c t o r  of Z 

t a r g e t  mic lear  charge.  

(where Z is tile 

2 
( i i )  I n c r e a s e  energy s c a l e  by a f a c t o r  o f  Z . 
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C.2.6 

C o l l i s i o n a l  dxcitation of H by Electl-ons: 

e + ii + e + ~ ( 2 ~ , 2 p , n = 3 , 3 ~ , 1 + ~ )  

Exuer iment a1 Theoreti c a1 Exueriment al. 

1,0 i, 01 
1.1 E: 01 
1.2 d 01  
1 . 3  1: 0 1  
1,4 r; 31 
1,5 E: 01 
1,6 4: 01 
1*7 3 01 
1 . 8  P: 01 
1 . 9  4 0 1  
2 - 0  d 01 
3.0 d 01 
4.0 01  
5.0 d 0 1  
6.0 E' 01 
8.0 i: 01 
1 , o  4 02 
1.5 d 02 
2.0 d 02 
3.0 i: 02 
4 .0  E 02 
5.0 d 02 
6 .0  4 02 
8.0 'r: 02 
1 . 0  3 03 

2s 
.- 

2 * >  3-1.8 
1.44 2-17 
1 . 5 0  21-17 
1.34  E-;'j' 
1 - ~ 2 6  s-1-7 
1 .20  d-1.T 
1 . 1 4  E-17 
1 . 1 0  E-1'7 
1.05 Is-1.7 
l . 0 3  3-1'7 
1 . 0 0  a-1.7 
8.60 E-18 
8 . 0 1  E-1-8 
7.70 z-18 
'I. 40 ~ 1 . 8  
6.70 2-18 
6 .  1.0 .d-1.3 
4.90 3-18 
4.02 d-1.8 
3.00 2-18 
2.311 d-18 
1-94 E-18 
1.62 r:-:t~8 

9.9 E-19 
l . 2 3  ~-18 

- 2P 

7.9 E.-18 
2.20 3-1-( 
3.38 E-17 
4.00 3-i.i 
4.51 d-17 
4.95 E-17 
5 .  33 Z . - l ' . (  
5.65  3-1'1 
5.95 3.-lS7 
6.15 
6.40 3-17 
7.30 3-17, 
1.59 H-1.7 
'7.40 E-17 
7.10 E-1.7 
6.60 3-17 
6-1.5 E-17 
5.05 E-1.r 
4.28 3-17 

3s 
~I 

2.70 E-18 
2.40 .E-18 
2.20 4-18 
2.014 ~ - 1 8  
1 . 6 1  E-13 
1.50 E-18 
1 . ~ 7  E-18 
1.25 d-1.8 
1.02 E-18 
8.6 d-1-9 
6.0 3-19 
4.7 e 4 9  
3 . 3  3-2.9 

'! S _-- 

1.09 E-18 
8. 'i L -1-9 
7.8 e-19 
7 . 3  E 4 9  
5.75 3-19 
5.42 E-19 
5.02 E-19 
4.63  h L 1 - 9  
3 . 8 h  3-19 
3.24 E-I9 
2.24 E-19 
1 . 7 5  E-l9 
1 . 2 2  24-19 

Balmer c1 

1.20 E-18 
2. (5 E-18 
IL. 01. E-1 8 
3.60 E-18 
3.30 5-18 
3.30 E-18 
3.37 11:-18 
3.35 a 4 8  
3.27 E-18 
3.70 E-18 
1.30 d-18 
3.30 3-18 
3.18 g-18 
2 - 8 1  13-18 
2.45 A-18 
1.84 E-18 
1 .56 d-18 
1.211 E-1 8 

e + H - e + ~ ( 2 s )  ~ x p . :  W . E .  Kauppila,  :I.!x. O t ' i ,  W.L .  )lite, 
Phys. Rev. A - 1, 1099 (1970). 
chap te r .  

See 1.Jotes (I), ( 3 ) ,  and (4) at elld of 

e + H + e f II(2p) Exp.: Y.L. Fite an.d R.T. Hrackmann, Phys. R e v .  112, 
11.51 (1958); W.L. F j - t e ,  R.F. j t ebb ings  and  R.T. Rrack.mann, Phys. R e v .  
- 1.16, .... .- 356 (1959) ; R.T.,. Long, D.M. Case, S.J. S m i t h ,  tJ. X e s .  TJBS, A 72, 
527. (1968). See dotes ( Z ) ,  ( 3 ) ,  and (4) at end of chapter. 

[To  be cont inued a t  end of chap te r . ]  
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c.2.8 

I- 
Cross Sections f o r  E x c i t a t i o n  o f  3 by Elec t rons  : 2 

- I -  .I- 
e + H 2 (v-O) + e + H 2 (EpoU,2p7il1) 

E n e r a  T h e o r e t i c a l  Cross Sec t ions  

...- 
( m2 ) 

~ . . - .  
(ev) 

2pTirll 
__I- 

2POU -.____- 
2.0 :z 01 1.00 ~ . - 1 6  

3.0 E 01 3.. 87 ~ - 1 6  3.87 E-17 

6.0 E 01 8.25 E--17 b.00 E-l<{ 
8.0 3 01. 6.90 .d-17 3.66 E-1.7 

1.5 E 02 4.50 E-J.7 2.25 E-17 

2.5  3 02 2.98 E-1-77 2.10 E-17 
3.0 E 02 2,60 E-l'q 1.89 E-1.7 

4.0 E 02 2,10 E-l '(  1.48 E-17 

2.5 E 01 1.81 E-J-6 

4.0 E 01 1.02 E-16 4.28 3-17 

l.0 F: 02 5.95 3-1y 3.38 E-17 

2.0 2; 02  3.62 E-l'y 2.39 E-17 

3.5 E 02 2.28 :Z--17 l.70 E-17 

References:  .L 

t -I- 
e t H2 (v=O) + e 

- 47, 4102 (1967). 

e + HZ (v=O) + e + H2 ( 2 p n u ) ,  T h e o r e t i c a l :  
1+7, b102 (1967) .  

H2 ( 2 p O u ) ,  T h e o r e t i c a l :  B.F. Rozsnyai,  J .  Chem. Phys. 
See Note ( 5 )  a t  end o f  chapt2r .  

t- -I- B.F. Hozsnyai,  J. Chem. Phys. 
See Note (6) at end of chap te r .  .- 
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c.2.10 

Cross Sec-Lions for Dissociation o f  H into 

Excited. Fragments by Electron impact: 

e t- H2 -)- e + 11 1. d(2p,n=3,n=4) 

2 

. . .~ .._____ -- .. ....... ____ -____.. .... ~. . . _____ . ~ -  ~ _ _ _  .. ___ ....... -. - -- __ --_i_.. 

Znei-gy .Kxperimental Cross Sec ti.ons 

- (ZV) ( em2) _- ~ ............ ___-__. 

1 . 0  E 01  
1 . 5  2 02. 
2.0  3 01 
2 .5  E 01 
3.0 E 01. 
)+.0 E 01 
6.0 E 01 
8.0 Z 01. 
1 . 0  3 02 
1 . 5  E 32 
2.0  E 02 
4.0 X 02 
6 .0  z 02 
8 . 0  z 02 
1.0 3 03 
2.0 1 93 
4.0 X 03 
6.0 E 03 

H ( 2 p )  
Lylnari Alpiia 

E m i s s i o r i  (121.6 2) 

2 . 8  E-1.8 
9 . 1  E-18 
I..%!? E-17( 
l*l( E-1~7 
1.28 E-1'7 
1." 32 d -1.7 
1.30 z-l'-( 
1 .22  z-17 
1.03 E--17 
8.80 x 18 
5.08 E..-18 
3.63 E-18 
2.90 3-18 
2.45 +;-I8 
1 . 4 2  2-18 
8.00 s:-1.9 
j . 64  E.-19 

-3 ( n:=3 ) 
3a.l mer Aliiha 

Emission (6562-a) _. . . . .. . . . . . . . . .. 

3.4  E-19 
6.60 E-19 
6. i o  ~ - 1 9  
6 .  - io d-19 
8:(0 E-19 
9.20 .d-i9 
9.60 3-19 

8.80 E-1.9 
7.20 E-19 
6 .00 E-1-9 

9.30 3-19 

3.50 E-19 
2.148 3-19 
1.90 E-19 
1.56 E-19 
8.50 E-20 
4.65 E020 
3.35 E-20 

H( n=h)  
3almer B e t a  

Einission (4431a 

1.88 ~ - 1 9  
1.82 E-19 
1.70 e-19 
1-.38 x-1-9 
1 . 1 2  Z-19 
6 .10  3-20 
4.10 E-20 
3.10 E-20 
2.50 E-20 
1.25 E-20 

4.5 E-21- 
6.5 ~-21 

- 
e + €iiL + e t- H + H ( 2 p 3  T,ymart alpha): ~ x p . :  J . W .  McConkey m d  F.G. Donalson, 
Can,  J .  Phys. 50, 221 (1972). 

e 3- X2 -f e 1- €i + H(n=3, Ha.l.iner a lpi ia) ,  Exp. : D.A. Vroom and F.J. de Heel-, 
J. Chem. Pnys. _I_ 53, $80 (1969). 

e f : I 2  + e + IT -i- H(n=b, B a l m e r  b e t a ) :  
Chein. Phys. 50, 580 (1.969) [T'Jo'ce t h a t  t h i . s  refererice ineludes kLl;a 
t ~ w o u g ~ i  n = 67. 

D.A.  Vi-oom m d  F . J .  de Heer, J. 

Accuracy : 

A 

2p s t a t e  - systematic error < + - ICI,~; random error < - F 2%. 

n = 3 - systemat,ic error < - + 1 2 % ;  random error < f 11%. 

n = 4 - systematic error < - i- 7%; random error < 4%. 



to’ 2 5 10‘ 2 5 
ENERGY (eV) 

io3 2 5 104 



c.2.12 

2 

I n t o  dxci t .ed Fragments by E l e c t r o n s :  

Ci-OSS Sections f o r  Bissoc ia t j -on  of D 

1 . 4  ;j: 01 
1 . 5  E 01 
2"0 r: 01 
7 " 5  E 01 
3.0 E 01 
h.0 E 0 1  
6.0 E 01 
8.0 x 01 
3.0 E 02 
1.5 E 02 
2.0  E 02 
4.0 fl u2 
6 . 0  2 02 
8.0 E 02 
l . 0  b' 03 
1 . 5  E 03 
2.0 E 03 
4 .0  E 03 
6.0 E 03 

9 . 0  E-21 
2.1+1. E-19 
2.70 E-18 
3.00 E-18 
3.10 E-18 
3.42 E-18 
3.45 E-18 
3.42 E-18 
3.24 E-18 
2-85 s-18 
2 3 2  E-18 
1.70 E-18 

9.60 E-18  
9 .00  E-18  
8.30 E-18 
6 .90  E-18 
5 .a0 E-18 
3.5'1 d-18 
2.55 z-18 
2 - 0 0  E-18 
1 - 6 7  E-18 
1 . 1 9  e-18 

5.20 E-19 
9.20 Z-19 

3.74 E-19 

2.00 d-19 

5 .a2  d-19 

( .go  E-1.9 
71.90 E-1-9 
7 .52 E-13 
6.47 s-19 
5.40 Z-19 
3.03 3-19 

4.20 E-19 
5.50 E-19 

7.11 g-19 

p-10 E-19 
1.55 E-19 
1.25 E-19 
8 - 5 2  E-20 
6.55 E-20 

2,112 E-?O 
3.30 E-20 

1.51 x-J9 

1.116 E-19 
1.18 E-19 
9.60 2-20 
5.16 L-20 
3.37 E -20 
2.48  E-20 

1.54 d-19 

1 . 9 5  E-20 
1 . 2 9  E.20 
9 .80  E-21 
5.10 E-?] 
3.49 E-21 

References:  

e + DZ + e + D f D( 2s) Zxp. : 
21128 ( 1972) . 

U.M.  C O X  and S . J .  Smith,  Phys.  Rev. A 5, 

c + Dz + e + I3 f D(2p, Lyman Alpha) Exp.: D.A.  V r o o m  and F.J. 4- Hecr, 
J .  Chem. PhyS. 50, 580 (1969)  [ t h e s e  data have been normalized] 

e 3- D2 + e t D + Ll(n=3, Balmer Alpha) :  D.A.  Vroom and F.J. d r  Heer ,  
J .  Cheid. Phys. s, 580 ( 1 9 6 9 ) .  

e .f D2 + e + U f D ( n = 4  Balmpr Beta): 
J .  Chem. Phys. 2, 580 (1969)  
through n=6]. 

D.A. Vroon and P.J. de Heer, 
[ n o t e  that  t h i s  r e f e r - n c r  i n c l u d e s  data 

Accuracy: 

2s s t a t e  - sys te ina t ie  e r r o r  < 3 1-4%; random er ror  < f 5%. 
s y s t e m a t i c  error < d- 15%; random e r r o r  < .t- 5%. 
. I -  12%;  random error-< + 47. 
e r r o r  < +- 4%. 

2p s ta te  _- - 
n-;3 - s y s t e m a t i c  e r r o r  < - 

< + 7%; random n=6 - s y s t e m a t i c  e '~i*or  ...- - - 



lo-’ 

5 

2 

5 

2 

5 

2 

10- 2’ 

5 io3 2 5 10’ 2 5 I O 2  2 
ENERGY ( e ? / )  



c .2.14 

Cross Sec t ions  for zxcitation of H by E lec t rons :  2 

e 4- 32 -f f 32(1_230 R , H , C , D )  

Cross Sect ions  
( e m 2  

1.5 d 01 
2.0 il: 01 
3.13 d 31 
4.0 z 01 
5.0 E 01 
6 . 0 J') 01 
8.0 i 01 
1.0 3 J2 
1.5 r: 0? 
2-0 i 02 
3.0 r: 03 
5.0 4, 32 
1.0 3 03 

Enission of 1230 8 
Werner Band l3 Sta te  

- -I-.-.__.- 
c-+x( 3 ,,() 

5.1.0 3-19 
9.92 3-19 
1.$2 z-1.8 

1.52 d-18 
1.51 z-18 
1. 11-3 3-1..8 
1.34 E-18 
1.15 rL-1-8 
1.01- d-18 
7.9T 3-19 
5.67 E-19 

J_.52 E - 1 8  

3 .  42 &.!9 

3.36 E-1.7 
J+.  26 E--l'.( 

4.75 2-1'7 
h . 55 ~-117 
11.12 d-17 
3.75 s-17 
3.00  J3-17 
2-51 ~ - i 7  
2,OO E-1'7 

4.79 3-17 

C Sta te  D S t a t e  

8.58 E-19 
3-01 L - I 8  
2.63. z-18 
2.89 E-18 
2 99 E-18 
2.98 .:--I8 
?.8/ 2-18 
2.91 13-18 
?,25 z-18 
1.80 E-18 

Refcrclnces : 

c + H, + e .+ Ii2(1230 8 Werner Band) E X ~ . :  
J .  Cheiil. Phys. 55, 3829 (1_9'Tl).[This rei"eyencz a l s o  incJ-udes d a t a  f o r  
the 1.J-61 8 Tdcrnei- BarLd. Fur the r  i-nformation on relative i n t e n s i t i e s  i n  
these bands are t o  be found i n  E.J. Stone and E.C.  Z i p ? ,  J .  Chem. Phys. 
56,  4546 ( 1.972) 1 . 
e I- HZ + e -1- 3 2 ( i 3 3 C )  Theore t ica l - :  S .P .  Khare ,  Pnys. Rev. 149, 33 (1.966). 

e + H 2  + e -1. H 2 ( D )  Theoret ical- :  

__ ..... ~ . -  

F . J .  de HeeT 3,nd J . D .  C a r r i e r e ,  

S .P .  Kbare, Phys. Rev. A 3  152 7(h  (1966). 

Accuracy: .- 
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Cross S e c t i o n s  f o r  Vibra t iona l  Lxci- ta t ion of  H by iC1 ~ c t r o i l s :  
2 

e t- H ~ ( v = O )  + e + H (v-:1,2,3) 
2 

Experimental  Cross Sect ions  
(cm') 

J--5 F: 00 
2 . 0  I3 00 
3.0 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 
8.0 E 00 
1.0 I3 01 
1.5 r: 01 
2.0 E 01 
IJ . 0 ?> 0 1  
6.0 d 01 
8.0 E 01 
1.0 d O? 

v= 1 

2 ~ 50 d-1-7 
3.90 E-I'T 
5.06 ~-17 
4.63 E--2.7 
3.75 E-1'7 
2,80 d-17 

8.60 E-18 

L- 

1.55 iC-17 

1.71 3-J-8 
J-%24 Z- I8  
1.12 E.-1.8 

8.20 S-19 
8.10 d-19 

8.99 3-19 

v= 3 _..._._I 

1,20 E-18 1-22 7-19 
3.58 E-19 3.2L E-1.8 

4.04  E-18 4.30 &--I9 
3.97 E - L ~  3 .>1  E-19 
3.32 E-18 2 - 8 0  Z-19 

8.50 E-19 
l.18 Z-19 

1.75 d-18 

4.2)! E-20 
4.54 E-20 

References:  

e 3 H? + e -k ;12(v"1) Exp.: S .  T r a j m a r ,  D . G .  Truhlar ,  J~.K. M e e ,  
A. Kuppermann, J. Chem. Phys jl - 52, 4516 (1970) .  
P. Linder ,  I i . 3 .  'i'aylor, Phys. Rev. L_ 173, 222 (1968) .  

11. Zhrhardt  , L. Langhms, 

e I- H2 + e + H2(V=2) Exp.: S .  Trajniar, D.G, Truhlar, J i .K.  Ki.ce, 
A. Kuppemann, 5. Chem. Phys. .._I- 52, 4516 (1970). 
F. Linder ,  H . S .  Taylor ,  Phys, Rev. .- 173, 222 (1.968). 

e + H2 -> e + Hz(v=:3) E X ~ . :  S. 'i'rajmar, D.G. Truhlar, J.K. Rice, 
A. Kuppermann, J .  Chem. Phys .  52, 4516 (1.970). I f .  Ehrhardt ,  L .  Langhans, 
F. Li.nder, 3 .  S. Taylor ,  Phys I 8ev. __ 173, 222 (1968) I 

[ T ~  be continued at end of chapter - 1 

H .  Ehrhard t ,  L .  Langhans, 

Accuracy: 
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c.2.18 

Cross Sections fop Excitation of ileliurii by El.ectrons: 

Energy 
(ev) 

Experimental  Cross S e c t i o n s  
( cm2) 

4ls 

2 . 5  E 0 1  1.14 E-19 
3.0 E 01 1.63 2-19 
3.5 E 01 1.80 Til-19 

- 4.0 E 0 1  1 . 7 6  d-19 
5 . 0  2 01. 1 .58  R-19 
6 . 0  E 01  1 .46  2-19 
7 . 0  I. 01 1.35 z-19 
8.0 E 0 1  l.?G E-19 
1 . 0  F: 02 I ”12 E 4 9  
1 . 5  3 02 9.40 E-20 
2 . 0  3 02 8.10 d-20 
L t . 3  r7 02 )l. (5 E-20 
6 .0  Z 02 3.38 Z-20 
8 .0  r: 02 2.58 E-20 
1 . 0  E 33 2.08 E-20 
1 . 5  E 03 1.41+ 3-20 
2 . 0  E 03 1 . 1 0  E-20 
3.0 r: 03 7.40 E - 2 1  
4 . 0  S 03 5.60 E-71 
5.0 r: 03 4 .50  E - 2 1  
6 . 0  6 03 3. (8 E - 2 1  

_.-.I 3lP 

4.03 %-19 
8.90 i3-1.9 
1 .~3% E-18 
1 .67  &-if! 
2 2 3  E - I a  
2.60 E-1.8 
2 . 8 1  E-18 
2,9)-i. 2-1.8 
2.99 2-18 
2.75 E-18 

1 .67  E - l 8  
1 , 2 7  2-1.8 
L.33 E-18 
8.70 .E-l.g 
6.60 X-19 
5 . J-to &“:!g 
h.15 3-19 
3. 148 E-1.9 
3.05 3-19 
2 ,  ho N-J.9 

2 ,44  F-18 

4% ..._.- 

8.65 z-20 
1 . 1 3  h.i .9 
I-- 32 E-19 
1.38 E-1.5 

1 , 2 0  E-19 
1 .09  E-1.9 
9 .00  3-20 
6.1~0 E-%O 
1+.45 E-20 

L,26 E--20 
9.60 ~ - 2 i  
7.80 E - 2 1  
h.35 E-21 
3.75 E-21 
2.40 E-21 
1.81 E.-21 
1 . 4 4 3-2 1. 
1. I-’-( z-21 

1.39 73-19 
1.31 E-19 

1 . 9 5  .E-20 

3 
14 s 

3.1.5 E-19 
2.96 x- ig  
2.55 E-19 
2 . 0 1  e-19 
i , 2 0  3-19 
7 .  IC5 .E-20 
4.84 E-20 
3 .40 E--20 
1 . 9 0  E - ~ O  
8.40 E-21 
h.70 E-21 
1. ”13 E-21 
5 . 1 5  E--22 
2-80 E-22 
1 J 8  2-22 

313P 

5.1’( E-19 
3.80 13-19 
2,7(1 3-19 
?‘ ,oo E-1-9 
1,48 E-19 
8.20 X-30 
3.01 E-20 
1 .49  E-70 
2,60 E--21 
1 . 0 0  fi-71. 
5.70 rL22 
4.00 E-22 
2 .62  E-22 

References:  

A . b ’ . J .  V a n  Raan ,  J . D .  de Jongh, J. V a n  Eck, and H.G. Seideman, Physica 1 53, 
45 (19rl). 
517 ( 1 9 6 9 ) .  [These data normalized t o  Van Raan a t  2000 eV a n d  used only  
above that energy f o r  t h e  1k1S, 3 l Y ,  and h l U  s i a t e s . ]  For inforii iation on 
other states see t h e s e  two r e f e r m c e s ,  

H.M. Moustafa Moussa, F . J .  de Heer,  and J. Schutten, Physica __ 40, 

Accuracy : 

2yste:natic error < 2 10;. 
-..-.___ 

Random e r r o r  < - 4 7%. 
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c.2.30 

Cross Seciions for dmission of -le 11 Speciral .  Lines 

Induced by Zlec t ron  impact on He: 

e + 3 e  > . + H e  + e  

de + He f hv 

+* 

+’fi f 

8.0 3 01 
1 . 0  K 02 
1.5 E 02 
2.0 I 132 
3.0 E 03 
) I . .  0 r: 02 
6.0 z 02 
8.0 02 
1.0 r: 33 
1 ” 5  4 03 
2.0 S 03 
3.0 d 03 

2 “  98 2-20 
5.1.8 E-20 
7.75 8-20 
8.00 E-20 
6.90 s-20 
5.80 z-20 
4.30 s-20 
3.38 Z-20 
2.78 ,320 
1.~87 E-20 
1.38 E-20 

2 ” 2 1  d-20 
P - 8 5  3-20 
2.73 E-20 
%,27 z-20 
1.85 d-20 
1.34 3-20 
1.03 3-20 
8.40 2-21 
5.50 d-21- 
4.011 ,3-21 

1 . 3 6  d-19 
2.33  E-19 
3.55 C-19 
3. I5 E-19 
3.05 A-1-9 
2.48 E-19 

1.43 8-19 
I... 82 2;-19 

1.18 2-19 
7.98 z-20 
5.35 3-20 
3.75 ri,-20 

3.15 d-23. 
4.78 E-21 
4.85 ~-21. 
11.20 E-21 
3.55 E--21. 
2.60 E-21  
2,05 d-21 
1.~68 F:-21 
1 . 1 4  Z-21. 
8.70 E--22 
5.80 E-22 

____I~.~ ..... __ ...... ___.___..__. ..... .... __ ....... __ ..... ___ ... ..___._. .__ . . . - . ~ - - - ~ . I _ - . _ _ _ _ . , .  . __ ..... __ ..... 

Reference: 

Systematic e r r o r  < C - 307;. Random tmor < 2 5%. 
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c.2.22 

4- 
Col lisional E x c i t a t i o n  of H e  by E l e c t r o n  l x p a c t :  

e + He 3 e + He ( ? s , 3 s , h s )  
+ ‘i 

Theoreiical- 
_ _ _ 1 1 - . . . - ~  

Experi mental  
--mL_ ....... -.- 

h .  0 11: 01 
4.2 E 01 
! I . )L  ;I: 131 
4.6 E 01 
11.8 X 01 
5.0 R 01 
5.5 E: 01 
6.0 5 01 
8.0 E 01 
1.0 z 02 
2.0 z 02 
4.0 E 02 
6.0 r: 02 
8 . 3  02 
1.0 3 03 

2s 

2.60 E-19 

- 

6 . 3 5  z-19 
6.115 E--1.9 
6.50 ~ - 1 3  
6 . 5 2  E-19 
6.50 &-19 
6. J I O  ~ 1 . 9  
6.15 E-19 
5.18 J3--19 
4.65 3-1~3 
3.5j E-1.9 
2-66 E-19 
2.0% E-19 
1.46 3-19 
1.24 2-19 

35 - 

1.15 L-19 
1 . ~ 3 2  E-19 
1.112 d-19 
1-79 E-19 
1.57 d-19 
1.04 E-19 

45 

3.63 G-20 
li.23 E-20 
h .  70 ~ 2 0  
> .66 z-20 
3.83 E-20 
5.70 2,-20 

References: 

e + He .)- e + He ( 2 s )  Zxp,:  K.T.  Dol-der, B. P e a r t ,  J. Phys. R 6, 241.5 
(1973), See Notes (I) and (3) at eild of chapter .  

..... -,..---- 

-t 4- 

4- 4- 
e 4- IIe + e -+ H e  (3s ,4s)  T h e o r e t i c a l :  M.R.C. McDowel-1, L.A. Morgan, 
V.P. bverscough, J. I’hys. E3 6-, 1435 (1.g7(3). 

Accuracy: ..._ .... ____ 
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C.2.24 

3xci-tat ion of Carbon by Z l e c  t rons  : 

____ ~. .  ....... ___ __ ...~ ..... __ ____.~ ....- ~___.. .. ..~ ~ .... ___.- ^___~......_I_ ....-. _I_-.._-.___.. -___-_I 

E ne r gy Theoretical Cross Sections 
(ev) ( cm2 ) 

1.0 d 00 
2.0 d 00 
3.0 E 01) 
b.O P: 00 
6.0 E 00 
8.0 3 00 
1.0 E 01 
2.0 E 01 
3.0 ic 01 
4.0 E 01 
6.0 73 01 
8.0 r: 01. 
1.0 4 02 
2.0 r: 02 
4.0 r: 02 
6.0 d (12 
8.0 s 32 
1.0 E 33 

1.70 d-16 
i..'[5 E-16 
1.46 2-16 
1.06 2-16 
8.40 z-17 
7.00 d-17 
3.38 z-17 
1.70 .z-17 
9.20 E-18 
2 ~ 5  z-18 
1.16 d-18 
6.00 E-19 
-(.40 E-20 
9.29 3:-21. 
2.75 E-21. 
1.1.6 d-21 
5.95 3-22 

2 1. 
21, s 

8.00 E-18 
1,58 E-17 
1.lc2 E-17 
1.18 E--l ' (  
i. 00 E-17 
4.90 2-18 

1.25 8-18 
3.39 3-19 
1.43 3-19 

2.55 d-18 

7.32 E-20 
9.15 E-?? 
1,14 E-21 
3.39 Z-?2 
1.- 43 E-22 
i.33 E-23 

References: 

e -I- C -t e + C(2p D, 2p S) Theoretical: R . J . W .  Henry, P.G. Burke, 
a n d  A.T,. Sinfa i lam,  Phys. Rev. 178, 218 (1969). 

2 1  2 1  

~ 

Accuracy: 
~ 

See ~ o i ; e  (7) at end of chap te r .  
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c . 2 . 2 6  

Z x c i t a t i o n  of Carbon I o n s  by li : lectrons : 

e + C ( 2 p  P ) + See R+?frrence Below i- 2 0  

c + ~ 5 . +  + Sce Hererenee Below 

. .... .. ... . .. . . . .. .. , . . -. . . . -- -- ._ ..................... - ....... ~ . ~ -....... ~ ____ -~ .... 
~ . .. ~- 

The ore t i c a1 C r o  s s Se c Lions 
( cm2 ) 

..---............I ~ -. ._ . . . . . . . . . . . . . . . . . . . . . . . . - - .-. 

C2*(2!, 3r) C4+(2S 111 'SI 

1.0 d 01 
1-5 J5 01 
2.0 ?s 01 
3 . 0  r: 01  
4 . 0  r: 0 1  
6 . 3  E 31 
8. 0 +: 01 
1 - 0  J 02 
1.5 A 02 
?*0 d 02 
'1.0 z 02 
6.0 (07 
8.0 d 02 
1.0 d 03  
1-5 r: 03 
2.0 r: 31 
3.0 ,3 33 
4 . 0 F> 03 
6.0 i 03  
8.0 5 03 
1.0 3 i)/, 

8.30 d.- lR 8.50 5-17 
j1.6 d-18 3.99 !?:-I6 
3.1 L-18 5.00 E-16 

5.20 E-16 
4.90 E-16 
14.19 E 4 6  
4.55 E-16 
3.01 A-16 
2+20 12-16 
1. (6 E-16 

1. 51 H 1 - 1 7  
6.08 E-18 
? .90 r:-18 
1.6,~ E-18 
5.42 e-19 
2,30 3-19 
6.93 3-20 
3.00 E-20 
9.10 +,-pi 
3.87 E-21 
1.98 H-71 

. . .. . . . . -- ~ . . . . . . . . . . . . . . - _____=_=_ .. .~ .. .... . .._, __-_____ _- .__..-_____I_ _______ ...... ~.. - - . ~  

Keferences : 

e + C : 'There i s  no  c r o s s  section in format ion  but som::: t h e o r e t i c a l  
c o l l i s i o n  streng-?,hs are given by D.R. Flower and J . M .  Launay, J. Phys. 

-t 

.ti - i, 2207 ( iyici) .  

[Continued ai; end of chap te r .  ] 
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c . 2 . 2 8  

Z x c i t a t i i m  of 0 by LElectrons: 

4 1. e c 0(2p4 'P) + e + O(2p D, 2p4 IS, and 1340 2 Z m i s s i o n )  

Cross Seci;i.ons 
( Cln2 ) 

2.0 d 00 
3.0 d 00 
4.0 L 00 
5.0 r: oo 
6 .0  z 00 
8 .0  E 00 
1.0 x 01 
1.5 il: 0J. 
2.0 E 01 
3 . 0  fi 01 
l+.o J z  01 
6 . 0  d 01 
8 . 0  *: 91 
1 . 0  El 02 
1. 5 r: 112 
2.0 E 02 
3.0 E U? 
4.0 E 02 
6.0 E 0% 
8.0 R 02 
1 . 0  E 03 

The ore  t i c a l  I___ Experimental  . . . . . . . .- 

1304 8 Emission 
-. -. . .. 

4 I 
2p D 

...ID_. [3s 3s -b 2pb .- 3 P ]  .- - 

1.57 3-17 
2.55 E-1'7 
2.80 Z-1-7 
2.80 E-17 
2.75 z-1-( 
2.33 Z-17' 
1.. 85 Z - Y (  
1.50 E-17 
1 .19  E-17 
7.50 E-18  
3.50 3-18 
1-63 E-18 
'T.50 2-19 
2.25 G I . ?  
9.70 E-20 
2.77 E-20 
1.1y 3:-20 
3.47 E-20 
I la6 E-21. 
'-(.50 z-22 

1.00 E-18 
1.50 E-1.8 
2 -20  Z-18 
2,42 E-18 
;root? E-18 
1 - 8 7  e-1.8 
1.41-1 E-18 
1 , 1 0  s-18 
5.40 ~ - 1 9  
2-15 d-19 
1.~00 E-19 
2.75 ,MO 
1.12 E-20 
3.33 3-21~ 
I . h 0  E-27. 
4 .16 E-22 
1.75 x-22 
9.00 E-23 

5.80 d-18 

5.20 d:-17 
4.75 E-lC{ 

4.50 E- l ' (  

4 .21  E-17 
3 . 4 4  E-1.7 
3.00 d-17 
2 .  (0 E-17 
2 .28  E-1( 

References:  

4 
e + 0 + e + O(2p 
A.L.. Sinfailarm, Phys. Rev. -. 178, . . . .. .- 218 (1969) .  

e -1- 0 + e I- O(2p l s p  S) Theoretlcal: H.J.W. Xenry, P.G. Burke, and 
A.L. S i n f a i l a m ,  Phys. Rev. - 178, 218 (1969) .  

e + 0 + e + O ( 1 3 O b  emiss ion)  Exp.: E.C.  Zipf - as quoted by T .  Sawad.a, 
and P.S.  Garas, Phys. Rev. A - ' 7 ,  617 (19'73). 

lsp '11) T h e o r e t i c a l :  R.J-.W. Henry, P.G. Burke, a n d  

4 1 

J o t e s  : 

See IJoter, (7) (accuracy  of  t h e o r y ) ,  (8) (accuracy  of experiment,  and 
(9) ( a d d i t i o n a l  t h e o r e t i c a l  d a t a ) .  
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C.2.30 

bIxci ta t ion Df Oxygen lons  by Z lec t rons :  

2+ 
e + 0 See Xeference Below 

6+ e i- 0 See Reference 3elow 

e + o‘+ See  Hererenee h el ow 

Theore t ica l .  Cr os s See t i o n s  
( cm2 1 

I. 413 r: 01 11. 31. E-17 
1.50 E 01. 6.80 8-17 
1. ‘[‘j r: 01 3.90 E-17 1.21. 3-16 
2.00 4 0 1  4 .  49 3-7.7 1.65 d-1.6 

JJ .84 x.-17 2.00 E-16 2-25 01 
2.50 2 01 5.06 Z-17{ 2.30 2-16 
2.75 E 0 1 ~  5.30 $--17 2.52 z-16 
3.00 ii: 01 5.41 E-1.l 2.66 g-16 

5.45 &J.7 2 , ’ / 5  E-16 3.2’5 E 01 
2.80 E-16 3.50 3 31. 5.113 h:.-17 

h.00 E 0 1  2 - 8 3  E--16 
6.00 K 01 2.63 E-16 
8.00 E 01 2.34 3-1.6 
7..00 E 02 
1.50 E 02 i..7j E-7.6 

1 . 5 5  E-16 2=00 E 02 
1. E-1.6 2.50 E 02 

2.10 d-16 

-- -_=__1___ ._ - . . . . . . . . _____e_ . . .. . . . . .. -*__-_* 

References : 
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C.2.32 

1- 
e + o2 + e + 0 (j632 8 Band Fmtssion) + e 

2 
.- - .-~. -.- ....__.. .... .... ~ . . . . . .. . . . . .. .. . . .. . ..... . -. . . . .. . . . . . ..... ~.. 

Energy dxperiniental  Cross Sect ions  
( ev )  ( cm2 ) 

Oi(b 4 X-) 
g 

2.0 E 01 2 -00 2-18 3.20 t3-18 1:(0 d-1.g 
3.0 E 01 3.61. ~-18 8.51- z-1.8 1.46 2-1.8 
4.0 X 01 3.96 E-18 1. ~ 41 z-iri 2.57 Z-18 
5.0 d 01 3.41 E.-18 1.90 3-1.7 3.32 3-18 

8.0 Z 01 2.98 E-1.7 4.3.9 S-18 
6.0 d 01 2 *72 3-18 2-30 &-lr( ?I.'./? Z - l L  

1.0 r: 02 3.18 E-1'9 4.33 .z-18 
1.5 E 02 2.82 E-17 b.1.9 e-18 
2.0 r: d2 2-53 3-17 3.90 E-18 

5.0 r: 02 1.62 z-17 2.48 2-1.8 
6.0 73 02 1.47 E-17 2.22 z-18 

1..04 E-17 1. j y  S-18 
1.5 z 03 7.99 2x8 

3.0 z 03 4.86 3-7.8 
4.0 Z 03 3.96 S-18 
5.0 z 03 3.39 E-18 

3.0 2 02 ~ , J . J . .  E-1.7 3.22 E-18 
jh.0 z 92 1,82 &ir( 2.80 E-18 

8.0 d 02 1.21 d-l'./ 1.85 E-18 
1 , O  T? 03 

2*0 E 03 6.50 E-18 

__ .~-  .~ I - - ~- ...~ _. . .. . . . . .... . ... . - 
~ - _____ ..... ... .... ~ -. 

References : 

e I- 0 2  + e + O r ( a  'A,) Exp. : 
H. S u z u k i  .) J. Phys SOC. Japan 2? , 526 (1970). 

e c O 2  -+ e + O b ( b  4C-) f- e ,  .Expa: 
Phys, R - 2 ,  529 (19697. 

e + 0, + e 1- 0; (5632 8 bank emission ) +- e ,  Exp. : 
Z i p f ,  Phys, Rev. A 1, 1410 (1970). 

A. Konishi, ic. Walsiya, M. Ya,msmoto,  
- 

J . W .  McCoiikey and. J.M. Woolsey, J .  

If. L. Boi - s t  and E 
- 

C 
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c.2.34 

Dissociation of 0 i n t o  d x c i t e d  Fragments by S l e c t r o n s  : 2 

e + 0 -+ e + 0 -f O(1300 M u l t i p l e t ,  3s2  3S0 + 2p4 'P) 
2 

1.300 a 
A m i  s s i on 

11.5 E 01 
2.0 E 01 
3.0 3 01 
1+.0 E 01 
5.0 E 0 1  
6 . 0  2 01 
8.0 A 01 
1.0 3 02 
1.5 E 02 
2 . 0  E 32 
3 . 0  d 02 

2-53 E-18 
4.57 3-18 
6.59 3-18 
8.36 3-18 

1.1.2 E-17 
1.1~7 .~-17 
1.12 d-1'1 
1.02 d-I7 
8.00 E-18 

9.89 3-1.8 

7.65 ~ - 1 9  
1.42 z - ~ 8  

3.3)-I E-18 
3.60 3-18 
3.80 E-18 
3.74 2-18 
3.18 z-18 
2,68 E-18 

2.37 E-18 
2.95 3-1.8 

2,09 E-1.8 

References:  

e + 0 2  -* e + 0 + 0( S ) Exp.: j1 .C.  Wells ,  W.L. hi-s t ,  and E.C.  'Zipf, 
Chem. Phys,  Letts. 1.2, 288 (1971). 

e 1- 0 2  + e + 0 + O(1300 8 )  Exp.: M . J .  M i m a  and. K . C .  Z i p f ,  J .  Chern. 
Piys .  5 5 ,  1661 (1971-). 

5 0  
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c .2 .36  

Z x c i t a t i o n  of Ueon by Zlectrons. 

S e l e c t e d  E x c i t a t i o n  and Emission Cross Sec t ions :  

2 
e + ilTe + e 1- ?Je [ P1, 5852 8 Emission] 

+ 
e t- Jz  + e + Ne [3378 8 Finission] + e 

[2677 2 Emission] + 2e 2+ 
e t- lie e -+ Ne 

..____ ....... ......... ....... _ ~ .  ... - ____ ...... ___ .... -__ - - .- I___ ..... ._ - ~. - 

Energy Experiments1 Cross S e c t i o n s  
(ev) ( cm2 1 

P1 S t a t e  h i s s i o n  d m i  s s i o n  Emission 

~- 2 

2-2 E 31 
2 . 8  E 31 
3.0 9; 0 1  
Jl .0 E 0 1  
5.1, r: 0 1  
6 .0  e 01 
8.0 d 01 
1.0 s O? 
1.4 d 02 
1.6 d 02 
2 . 0  E 02 
3 - 5  E 02 
3.0 ii 02 
4.3 d 02 
5 . 0  4 0% 

8.50 A--19 
1-53 E-18 
1 .70  d-18 
2.30 z-18 
2,19 d-18 
2.10 Z-18 
1 .80  E-_i 8 
1 .56  s-18 
1.30 d-18 
1.08 11:-18 
8.96 &L9 

8.10 i3-19 
1.~62 E-18 
1. (8 3-18 
2.20 jl-18 
2,31 z-18 
2.23 d-18 
1.94  E-18 

i. 3'1 3-18 
l " 2 1  E - - 1 8  
1.,00 E-18 

1.70 G-18 

2.33 E-20 
)[.go 1.:-20 
6.29 E-20 
7.20 P : . . ~ O  
7.1.5 z-20 
6.78 g-20 
6.09 z-20 
5.50 d-20 

8.50 3-21 
1.36 e-20 
2.13 E-20 
2-74 H-20 
2 * 8 3  2-20 
2.79 z--20 
2,614 E-20 

........ ......... .......... I.. - .~ ..... ___ ......... ...-.I__ I _ ~ -  ...... ._.___ ....... ... 

References : 

2 
e -t Ne + e - I -  l i e (  PI) Exp.:  F.A. Sharpton, R.M.  St. John,  C . C .  iin, 
F.E .  Fa jen ,  Phys.  Rev. A 2 ,  1305 (1970). 

e f Ne ~-> e + Ne(5852 8 Zmission) Exp.: 

e + Ne -f e + Ne (3378 8 Hml.ssion) Xxp.: 
Phys. Rev. A 6, .._ 240 (1972). 

e + Ne i- c + Ne 
Optics  and Specty.  - 32,  333 (1972). 

F.A. Sharpton e t  a l .  (see above).  

K.G. Walker and R.M. St, Jo'm, 
-b 

2+ (2677 8 Emissi-on) Exp.: Yu.M. Smirnov and Yu. D .  Sharonov, 

Accuracy: - 

2617 a Line - no accuracy l i m i t s  s p e c i f i e d .  
e r r o r  < + 10%;  random error < + 5 % "  

A l l  o t h e r s  - sys temat ic  
- I_ 

Notes : 

See Notes (lo), (11), and ( 1 2 )  a t  end of  c h a p t e r .  

_I.__ 
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c.2.38 

E x c i t a t i o n  of Neon Ions by E:l.ectrons: 

54- 

6.t 
e +- Ne- See References B e l o w  

e + Ne See References Below 

e + N ~ ~ + Q ~ )  + + EJ '+ (~~)  
8.r e + Ne See References Below 

e + NegC See References BeloTilr 

..._____..... .. .- ....... ILI._____ __ ..... __ __ _-.. ... __I__. .......................... _.-_II-- ...... ..... .......... ..... 

Energy T h e o r e t i c a l  Cross Sec t ion  
(ev)  ( cm2 ) 

2 - 0  E 01 
2 * 5  I O 1  
3.0 E 01 
4.0 E 01 
5.0 E 01 
6.0 E 01 
8.0 E 01 
l * O  E 02 
1.5 B 02 
2-0 z 02 
2 - 5  E 02 
3.0 ii 02 

h.50 E-17 
1.1.6 ~-16 

1.76 e-16 
1.47 E-16 

1.80 E-16 
1.77 E-16 
1.611 E--1%; 
1.51 E-16 
1.26 E-16 
1.3-0 E-16 
9.80 E---l7 
8.98 ~ - 1 7  

.... ....... ......... ........ ............ ......... . .  ..... -._ - __ . ..... .. -A- 3 A 2 - .- ..---~..~-~.-....--_-. 

References : 

e 4- Ne5+: 
theore-Lica l  ea lc id3 , t ions  of  c o l l i s i o n  s t r e n g t h s  given by D.E.  Osterboch 
J ,  Phys. B zy 149 (1970). 

61. e + Ne : There are no cross  sec ' i ion d a t a  bu t  experimental  r a t e  c o e f f i c i e n t s  
are given by: H.  J .  Kunze, Phys . Rev. A .... lt , 111 (1971) ; G .  Rondel1.n and R.W.F. 
McWhirter, J. Phys. B. - 4, 71.5 (1.371). 

.... 

There aye no CTOSS sec- t ion d a t a  for t h i s  i.oii, but theye are  

7+ 
e .E- Ne7+(2s) -t e .t N e  ( 2 p )  T h e o r e t i c a l :  K,C. Mathur ,  A.N. Tr ipa th j . ,  and 
S,K. Joshi, Int1.. J. Mass Spectrom. Ion Phys. 7, 167 (1971.). [See also 
W.D. Johnston a.nd H.J. Kwizz, Pnys. Rev. A b ,  @2 ( lY(1 )  f o r  experirnental  
rate c o e f f i c i e n - t s .  Also 0. Bely,  Pro@. i-'hys, Soc. 88, 58'1 (1966) Tor R 

p r e s c r i p t i o n  whereby t h e s e  cross s e c t i o n s  may be calcii.l.ated. ] 

[Continued a t  end of  c b p t e r .  1 
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C.2.40 

E x c i t a t i o n  o f  Argon by d l e c t r o n s :  

e + AI- -+ e + Ar(ls 2 f 1.s4, 1067 8 Eiuission, '-(TO3 8 Emission) 
e + Ar -f e + Ar (4765 2 h i s s j . o : n )  + e 

f 

Is2 & I S l +  

S t a t e s  
(sum of Two States) 

1067 8 
( l s I + - + l p ~  ) 
Emission 

1.5 ii: 01 
2.0 3 01 
2.5 x 01 
3.0 E 01  
4 . 0  3 01 
5 . 0  E 01 
6.0 E 01 
8.0 E 01 
1 . 0  E 02 
1 . 5  E 02 
2.0 E 02 
2.5 E 02 
3.0 E O? 
4.0 J? 02 
5.0 E 02 
6.0 r, 02 

F 8.0 E 02 
1 . 0  ,3 03 

2.50 z-i'-[ 
3.67 X--l '-f 
)i. 20 3-17 
4 . 4 4  Z-"lr(  
4.40 ~ 1 - r  
4 . 2 1  d-1.7 

3 .61 E-1.7 

2 - 6 5  13-1.7 

4.00 E-3.7 

3.27 d-l'r 

2-24 E-l'.( 

1.71 E-3.7 
1.40 ~-i'-( 
1.19 e-1.7 
L,03 E-l( 
8.46 $1-18 
7.10 ~-18 

1.93 E-17 

9.20 d-18 
1.68 ~-17 
2-09 E-17 
2.17 E-1.7 
I, h)+ %:-I.'.( 
1.23 E-l'l  
1." 11 z-1.7 
9.99 E-18 
9.04 E-18  
'1.39 E-18 
6.20 E--1.8 
5.35 E-18 

3. 86 z--1.8 

2.86 E-18 

1.92 E-18 

4.72 x-18 

3.28  E-18  

2.30 E-18 

9.38 3-18 
8.62 E-18 
7 .38  13-18 
6.95 E-18 
6.88 z-18 
7.22 ~ : - i 8  
7.?2 3-18 
6.82 ~-18 
6.30 3-18 
5.30 ~ ~ - 1  8 
4.60 E-18 

1.70 E-1.9 
4.46 E-1-9 
4 . 8'1 
5 .oh E-19 
5 .00  E-1.9 
3.88 E-19 
3.28 E-19 

References:  
____.._. .. . .- - 

e + Ar + e f k ( l s 2  + ~ S L ,  s ta tes  t o g e t h e y )  Exp.: J . W .  McConkey and 
F.G. Donal.tlson, C a n .  J .  Phys. 51, 867 (1973) .  

e + Ar -+ e + A~(lO67 8 m i s s i o n )  Exp.: 
Can. J .  Phys. 51, 86'7 (1973) .  

e + Ar -+ e + Ar(7503 8 emiss ion)  Exp.: 
F.E. Fajen ,  Phys. Hev. A 8, 1797 (19'73). 

e + Ar -+ e +. Ar (4765 8 emission) Exp.: 
Phys . Rev. A 1, 1612 (3-970) . 

J.W. McConkey aild F.G. Donaldson, 

J.K. Balloir ,  C . C .  L i n ,  and 

+ 1 . D .  L a t i m e r  and R.M. S t .  John, 

Notes : 

See Notes (10) and (12) a t  end of c h a p t e r .  
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c.2.42 

d x c i t a t i ( i i i  Df Argon 102s by 3lectrons : 

+ 
e + A r  +- 2 + Ar'(ja658 8 arid 11880 8 Emissions) 

'i t 
e + Ar * See Xeference 3e lcw  

e -t Ar -t See Reference Below 17+ 

Expei-jmental Cross Sections 
( c m 2 )  

1.7 d 01 
1.8 R 01 
1.9 r: L)L 
2,0 3 31 
2"l r: 31 
> - ?  E 01 
2 " 3  E 01 
2.11 E 01 
2 , j  ,3 31 
2.6 z 01 
2.( 3 31 
2.8 4: 01 
2,3 i 0 1  
3.0 Z 01 
3.1. E 01 
3.2 5 31 
3.3 3 01 
3.L 3 01 
3.5 z 01 

2-00 2-49 
9.60 d-19 
1.75 E.-I 8 
2.54 d-18 
3.25 x-18 
3.60 E-18 
2,111 d-<8  
2.211 d-18 
2 -64 3-18 

3.58 g-18 
3.62 2-18 
3.58 ~ 1 8  

2-95 ~ - 1 8  

3.21 3-18 
3.111 E-18 

3.41 Z-I 8 
3.20 2,-18 

2.68 K-18 

4880 8 E m i s g i o n  
(4p  i)3+11s P3) 7 .  

2 ..-- 2 .--.__ 

6.50 3-19 
2 89 .3-.1.8 

1.00 E-17 

8.67 2-18 
7.79 E-18 

9.80 E-18 
1.18 E-1'7 
1.28 E-.! 7 
1.30 E-I , (  
1.. 2'/ E--17 
1 .23  E-l ' f  
1..19 E-1.7 
1.1.3 E-17 
1.08 E--17 
1.02 & l r 7  

5.30 E-18 
7.80 E-18 

1 ~ 13 E-I~'( 

8.10 2-18 

Hefei-ences: 

.I- + 
e f Ar 
I.P. Zapesochnyi, and V.A.  Kel. 'man., Zh. Eks. i. Yeor. E ' iz .  P i s .  Ked. 1.5, 
71.2 (19,-(2) [JETP L e t t e r s  l'5-, 503 (1972) 1 .  

+ e -'.. A r  (4658 and 14883 8 Emission) h p .  ; A.M.  Ime, A . I .  Dashchenko, 
1 

7+ + Ai" : There itre no cross s e c t i o n  d . a t a ,  hilt raLc c o e f f i c i e n t s  have 
See H . V .  Datla,  H.J. Kunze, beea measured i n  a plasma (kTe % 2550 eV). 

and D. P e t r i n i  Phys Rev. A .. 6, .- 38 (1972). 

e + Ar : 'The excitati .on of Liie hydrogeai-c ioi1 is covered i.iz the genera1 
formulation at t h e  beginning of this chapter .  

i ' i +  

Accuracy : _-.____-.. -1 
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c.2.44 

6.0 2 01 
8 . 0  E cii 
1.0 E 02 
1.5 E 0? 
2.3 E 02 
3.0 E 02 
4 . 0  Z 02 
5.0 b: 02 
6.0 J3 02 
8.0 E 0? 
1.0 i5 03 
1..5 E 03 
2.0 E 03 
3.0 l3 03 
4.0 r: 03 
>.0 2 03 
6.0 h 03 
8.0 E 03 

1.5 J3 04 
1 . 0  z 011 

2 . 0  l3 04 
3.0 E o h  

2% 

2.14 3-19 
1.79 E-19 
1.34 x-1.9 
1.07 E-19 
7.1.5 z-20 
5.36 E-20 
3.57 E-20 
2 -68 E 2 0  
2 - l . b  S---20 

1.34 3-20 
1.79 d-20 

1.0'7 -13-20 
,.15 ~-21. 
5.36 E-21- 
3.57 E-21  

r- 

1.99 z.-18 
1.81 E-18 
1 . 5 5  E 4 8  
1.32 E-18 
9.92 ~ - 1 - 9  
8.10 E-19 
6.06 E-19 
.90 3-13 

4.16 2-19 
3.60 E.--1-9 
2.87 tc-19 
2.h1 l3-19 
1. 71; E-19 
1-38 E-19 
1.00 E--19 

23 s 

2.30 E-17 

8.20 E-18 

1.40 E-18 

l . . b O  A-17 

2.99 h-18 

11.61 z-19 
2.00 2-19 
1.01 E49 
5.80 E-20 

1.13 2-20 
2.30 E-30 

3.05 d--21 

References : 

e + L i  + e +. L i  ( 2  S,2 P )  T h e o r e t i c a l :  Y-.Ic .  Ki.m and Y. Iiioku-Li, 
Phys. Rev, A 1, 1132 (1.970). ['This r e f e r z n c e  also prov-ides a 
p r e s c r i p t i o n  For e s t i m a t i n g  c r o s s  s e c t i o n s  t o  hignei- singlet s ta tes  ] 

e + L i  --> e + Li (2.S) T n e o r e i i c a l :  I.L. Heigmm and T,.&. Vai -nsh te in ,  
Zh, dks .  i Teor .  Fiz. 5 2 ,  18j (1967) [Sovie t  Phys. J-ETP 25, 119 (196'()]. 

Acciiracy : 

See Note ('0 a t  end of chap te r .  

i + 1 1  

- 

f + ?  

--I.^ ... .̂_ 

.I_.____ 



ORML- DVYG 75-2239 

2 

10-’7 

5 

2 

IO-’$ 

..-. 5 

E 
(u 

V - 
2 

2 E) 
I-- 

cn 8 

5 

5 

l_l_ 

__._ 

....... 

. . . . ... ._ 

-. 

5 5 
ENERGY ( e V )  



c.2.46 

Exci-tat  ion of Nickel- by Z l e c t r o n s :  

" 1.2+ e i- NI- See References Below 

1.. 0 3: 03 7.58 E-19 
1.5 3 03 7.09 3-1.9 2.25 E-19 
2.3 E 03 6.32 E-19 2.12 E-1.9 
2.5 E 03 5.80 E-19 1~ " 97 E-1~9 

1.5 E 03 4.66 3-19 1-60 E-1.9 
11.0 r!: 03 LL.20 d-19 1.Lo E-1-9 

5.0 6 0.3 1.10 3-19 

6.0 z 33 8.70 E-20 
6.> E 03 '-1.90 13-20 

3.0 03 5.1.5 E-1.9 1.80 E-19 

4.5 3 03 3.75 .3-19 1.23 E-19 

5 . 5  4 33 9.70 E-20 

......... ~. . . .  .......... .... _____ ......... ...... . -. .. .___ ........ -. - .____........_I . 
~~ ....... 

References : ___ ........ _- 
1%+. 

e + Ni . 'There a.re no  c ros s  s e c t i o n  d a t a ,  but col l . i s ion  s t r e n g t h s  a t ,  
and very c l o s e  t o ,  threshol-d have been c a l c u l a t e d  by S.J. Czyzak et al. 
? r o c .  ~ h y s .  S O C .  

e + Ni '-"( 3 s )  + c . I -  Ni 
2340 (1970). 

e + Ni ( 3 p )  + e + Ni (3d )  Theoretical: M. Golshan i ,  Phys.. Rev. A 2? 
23140 (1970). 

(London)  - 929  1146 (1967). 
1.7+ (3p) Thzoretic8.l :  M. GoJ-shani , Phys. Rev. A - 2? 

i.'i.t- 17+ 

Accuracy-: 

See Note ( 7 )  a t  end of  chap te r .  
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C.2.48 

E x c i t a t i o n  of I ron  by &lec t i -ons  : 
1 g + 

e + Fe ( 3 s )  -+ e t- j?e15'(3p) 

F o r  All Other S t a t e s  o f  Ioni-zat ion See Reference L i s t  Below 

3s -> 3p 

3.5 E 01  8.50 E-18 
h . 0 E 01. 2.1.0 3.-18 
11.5 3 01 3.10 l3-18 

3.58 E.-1.8 5.0 A 01. 

5.5 3 01 3.85 E-18 
6 . 0  E 01. 4.01 E-1.8 
8 .0  E 0 1  ).I .17 .E-1.8 
1.0 11: 02 4.00 E-18 
1.5 E 02 3.40 E:-1.8 
2 . 0  J 3  02 2.83  E.-1.8 
3 .0  E 02 ?,60 3-18 

.......... ...... ......... ..... .......... _ ~ _  ~ 
..____ ____ . --_ ~ ..... .-- - ~ ~ - -  ......... - __ . ___ . . ~ .  . -. 

References:  

e -1- Fe15' + e + FelS+(3p) :Theore t ica1:  
S,K, J o s h i ,  Int l . ,  J. Mass Speetrom. %on Pliys. - '7, 167 (1.9'Tl). 

1_.- 

K.C. Mathur, A.W. T r i p a t h i ,  and 

For o t h e r  s t a t e s  of i o n i z a t i o n  t h e r e  are no  CTOSS s e c t i o n  informat ion .  
However t h e o r e t i c a l  c o l l i s i o n  s t r e n g t h s  c l o s e  t o  t h r e s h o l d  a r e  t o  be found 
in t h e  fo l lowing  r e f e r e n c e s :  D.R.  Flower,  J. Phys. B 4 697 (3-970) [E'eI2+, 
FeL3+, Fe14+, YeL6+]; S.J. Czyzak, e t  a l . ,  Mon. Not. R T ' A s t r .  SOC. 148 361 
(19'70) [Fell ' ] ;  M. Blaha,  Astrophys.  ..J, 157, 473 (1969) [FeL2+, Fe 
13. P e t r i n i ,  As t ron .  & Astrophys,  I ,  139 'TCF69) [Fe"""]; F. Bely,  etg,, 
Ann. d 'Astrophys.  29, 343 (1966) 7FeL2*]; S . J .  Szyzak, Proc. Phys. S O C ,  
90,  619 (1967) [Fen+]; S . J .  Szyzak  e t  al. Proc.  Phys. Soc. 92,  1146 
(1.967) [Fel", Fe12']. 

5-.+l-.; 

-.- 
I_ 9 --*s 

Accuracy : -.- ._..-_._.. - 
See Note ( '7 )  al; end o f  chap te r .  
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c . 2. 51. 

Co l l i s io r i a l  E x c i t a t i o n  of H by E lec t rons  : 

K i p h e r  Energ ies :  

~o in  iii.gher ( n o n - r e l a t i v i s t i c )  impact mergies  the c r o s s  sections given 
here for the 2s, 32, and 4s stat;es may be ex t r apo la t ed  by the formula 
CI = A/E. For extrapoI.ation of t h e  2x1 cress section sze graph. 

_-I. 

Cross S e c t i o n s  f o r  Vib ra t iona l ,  dxcj.ta.tion of H by E lec t rons  2 

( Cont h u e d )  

e -f- C2+ -F e c C2+(2$P)  - T h e o r e t i c a l :  
J. E B s .  i Teor.  Fiz. 52 
Corrected. by a fsc-Lor of lo3 [ S e e  D.E. Osterbrock, J. p'ilys. B 2, 1149 
(lyi"7I) . T h i s  reference also ha.5 some cisllisi.or1 s t r e n g t h  ca.lculati.ons. ] 

e f C3' + e 4 C3'(2p .P 'Theoretical . :  K.C. Mt~timr,  A,N. '!?yipathi, and 
S.K. Joshi., h t l ,  J .  Mass Spectrom. Ton Pbys. ' 7 ,  1.67 (1,971)" [T'nis 
r e fe rence  a,l.so has data for other l eve ls  I 1 
strengths at; low e n e r g i e s ;  A s t r o r i .  R: Astrnphy:;. 1.7, 410 (1?,7;2) . 
e + C -+ e +. I: (2s S) Theoretical: 1 . L .  Ueigman arid L.A. V a i n i h t e i n ,  

Rete c o e f f i c i e n t s  have beert meas-ared in a plasma (ET 
H . J .  Kunze e t  a l . ,  Phys. Rev. 165 267 (1.968). e 

e + C5+: 
formuLation st %?le beginning  of  6h:i.s c h a p t e r -  

T.L. Aeigman and LlSA4. Vains- te in ,  
185 (1967) [Sov ie t  Physics JETP 25, 119 (1965')]. -5  

2. o 

- 
P e t r i n i  also gives coll isi .ori  
- 

4 + 4+ 3 

m,  E B ~ .  i '17eor. Fiz. 52,  1-85 (196'7). [Sov ie t  Phys ics  JETP 25, 113 (i967).] - 
% 250V). See 

J Y  

The e x c i t a t i o n  o f  t h e  hydrogenic  Cs+ ion i s  covered i n  t h e  gene ra l  

Notes : 

See Note (7 )  (accuracy) a t  end of  chap te r .  



c.2.52 

E x c i t a t i o n  o f  Carbon Ions by E lec t rons  

( Continued) 

2-t 2 e + c2+ + e + c 
J. E k s ,  i Teor. F i z .  5 2 ,  185 (1.96'~) 
Corrected by a f a c t o r  of l.03 
(1970) .  

e a c3+ -+ e .+ ~ ~ - ~ ( 2 ~  P ) 'i'iieoretica].: 
S.K. J o s h i ,  I n t l .  J.  Nass Spectyom. Ion Phys. -(. 1-67 (19'71). 
r e fe rence  also has d a t a  f o r  o t h e r  1.eveJ.s . ]  
s t r e n g t h s  a-t low e n e r g i e s ;  Astron.  & Astrophy-s. 17, )+lo (1972). 

e + C  + e + C  
Zh, E k s .  i Teor.  Fiz 52, 185 (1967) .  [Soviei; Physics  J-ETF 2 5 ?  119 (1 .96 '~ ) . ]  
Xatc coe f f i c i e r i t s  have been measwed i n  a. plksma (kTe % 250.-.eV). 
z,J. Kunza e t  a l . ,  Phys. Rev. 165, 267 (1968) I 

e f C5-': 
fo rmi ih t ion  a-t t h e  begi.-nming of  t h i s  chap te r .  

(22 P) T h e o r e t i c a l :  I . L .  Heigman and. L . A .  Va ins t e in ,  
[Sovie t  ?hys ics  .JETP - 25, 119 (196711. 

[See D.S. Osterbrock ,  J .  F'hys. B - 3, 149 
'Phis r e fe rence  a l s o  has sone c o l l i s i o n  s t r e n g t h  c a l c u l a t i o n s .  ] 

2 0  K.C. Matiiur, A . N .  Ti-ipaii-ii, and 
[This 

PeTr in i  also gives co l . l i s ion  

ria 3 
(2s  S )  T h e o r e t i c a l :  I.L. Beigman m d  L . A .  Vainshte in ,  44- 

See 
.. 

Tho e x c i t a t i o n  of t h e  hydrogenic C 5 +  ion  i s  covered i n  -the genera l  

Notes : .________I_ 

See Note ( 7 )  (accuracy)  a t  end o f  chap te r .  

E x c i t a t i o n  of Oxygen Ions by XlEi!:Ll-GaS 

( Continued) 

6+ e -1- 0 : There a m  no cross  sec t io i l  d a t a ,  but; r a t e  c o e f f i c i e n t s  have 
been measiired i n  a plasma (k'll Q 251) eV). See R . C .  Eldon amd. W.X. 
Koppendorfe::., Fhys. Rev. 160 ,e1(3h (1967) ; a l s o  H .  J .  Eliinze 
and L f s  Grien;, Phys. Rev. - 105, 267 (1968); see al-so t h e o r e i i c a l  d a t a  
of 0. 8ely Phys. Letts. A'!26, __ $08 (1968). 
e 4- O'T+: 
gene ra l  fomu1.a-tion a t  the begi-nniiig o f  t h i s  chap te r .  

A.H. Gabr ie l ,  
--7-- 

The e x c i t a t i o n  of t h e  hyili-ogenic O'Ts i on  i s  covered in t h e  

Notes : 

See Note ( ' 7 )  ( accu racy ) .  

._I..- 

E x c i t a t i o n  of  Neon on Ions  by ElecLrons 
( Continued) 

e + Ne8+: There a r e  no c r o s s  secti.ou d a t a ,  bu t  experimental  vaJ.ues o f  
c o l l i s i o n a l  r a t e  c o e f f i c i e n t s  ar-e t o  be found i n  W .  I h g e l h a r d t  et. al., 
I'fiys, Rev. A - 6 ,  1908 (1~972). 
e f Ne!?': the  exc i ta t , ion  o f  t h e  hydrogenic Beg" i.on i s  covered i n  t h e  
genera l  formulat ion a t  t h e  beginning  of  t h i s  chap te r .  

Accuracy: 

See Note ( ' 7 )  ai; end o f  chap te r .  



c.2.53 
-. ..... 

-. ..... 

These d a t a  a rc  t h e  c r o s s  s e c t i o n  %or formation of t he  e x c i t e d  st,at;e 
by a l l  meeharii.sms incl-u.ding di.rect exiti.tation and a l s o  cascade from 
h ighe r  states. I n  this case  cascade i s  b e l i e v e d  tc 'ne an apprectahle 
c o n t r i b u t i o n  t o  t h e  t o t a l .  c r o s s  s e c t i o n .  

These d a t a  are t h e  c ros s  s e c t i o n  for formation of t h e  e x c i t e d  
sta-Le by a l l  n~ehanisms includi.ng d i r e c t  exc i t , a t i on  and also c a ~ c ~ i d e  
from h ighe r  s-t;ates. I n  this case  cascade i s  believed t o  be a sxnal.1 
cont r ib : i t ion  t o  the t o t a l  cross s e c t i o n ,  

Tne exper imenta l  magnitudes a€ these experimental .  d a t a  were 
established by normal iz ing  t o  theory  at high  ene rg ie s .  
i s  b e l i e v e d  t o  be Quite r e l i a b l e .  

A t  impact ene rg ie s  just above th re sho ld  these  c ross  :;ee-tions exhibit 
cons ide rab le  resonant  t ype  s t r u c t u m .  This can be observed onlg 
when us ing  electron. beams of very f i n e  energy r e s o l u t i o n  (100 r ~ e V  o r  
b e t t e r ) ;  it, ecmnot be d i sp layed  on t h e  scale i ~ s e d  i n .  'r,he present  
g r a p h i c a l  p re se r i t a t ions .  For d e t a i l s  see fo r  example : 3 ,  KoscIirriLi~der, 
V. Raible ,  =id 8. Kleinpoppen, Piys. Rev. A 8, 1365 (1913); A. Oed, 

Rev. Mod. Phys. - 40, 238 (1968). 

The 2pcr state o f  H, i s  r e p u l s i v e  and d i s s o c i a t e s  -to form li -f. X(1s). 
Cross s e c t i o n s  f o r  exe i ta t i .on  from e.xcited vibrati.ona.1 s t a . t e s  of 13, 
( i . e .  f o r  v $ 0 )  are -to be fow-d i n  J.M. Peek, Pkrys. Hev. l h 0 ,  AI.]. 
(1965). 
The 2pTru state of  I€, 

These d a t a  are t h e o r e t i c a l  cross  s e c t i o n s .  There has been no test 
of t h e  t h e o p j ' s  va l id i . t y  a t  all; t h e  d a t a  are 1ilwl-y Lo be very 
i n a c c u r a t e  at, ene rg ie s  close t o  t h re sho ld .  

There i s  some evidence t h a t  t h e s e  experirnerital- data :iye t o  high i n  
a b s o l u t e  magnitude by a f a c t o r  of two. Fur-themore there i s  
certfai .nly an apprec iab le  c o n t r i b u t i o n  froin c s c a d e  t ,ym:si t ions 
i n t o  t h e  e x c i t e d  s ta te .  

A usei"u1 s e t  c~f' c ros s  sec-Lions f o r  e x c i t a t i o n  of 0 i s  given by P . A .  
K a z a k s  et al. , Phys ~ R e v .  A - 6 2169 (1972) ~ Thoughvnot of as high. 
accuracy as t h e  d . a t a  we quote here, t hey  c ~ : i i  he of grea t  practical. 
u t i l i t y .  

Xotiation used here f o r  excited neu- t r a l  rare gas atoms is the Paschen 
form. For i d . e n t i f i c a t i o n  i n  o t h e r  imtations see "A.totnic Znergy 
Levels" 'Valimc. 1, NBS Circular 467 (1949) by C.E. Moore. 

'The emission data sho.nim here have been a.rbitrari1.y chosiw from 
t he  very large nim'oer of c ross  s e c t i o n s  shoim i n  t h e  c i t e d  
re ferences , .  I'aser a c t i o n  has been identified- f o r  each of the 
l i n e s  t a b u l a t e d  here. 

T h i s  

Phys. L e t t s .  A I 34, 435 (19'91); B.L. Moiseiwitsch, <md S. J. SIIL~~B, 

+ t. 

ti. I- 

+ 4" i s  r e p u l s i v e  and dissocLates t o  forrra. IS. JC B(2pi). 

Each r e fe rence  cited includes d a t a  €GI- it nutnber of o t h e r  exci ted  
states. 







(2.3.2 

+ Cross Sec t ions  f o r  t he  Di s soc ia t ion  of 0 Ions 
and H2 Molecules by E lec t ron  Tmpact 

2 

........... ...... _.._ ....... - _ ~ . . _ _ _  __---.- .- 

Energy 
(ev> 

Cross S e c t i o n s  f o r  D i s s o c i a t i o n  
(CD2 1 

9.0 E 00 
1 .0  E 01 
1.2 E 01 
1 . 5  E 0 1  
1.7 E 01 
2.0 E 01. 
3.0 E 01 
4.0 E 011. 
5.0 E 01 
6.0 E 01. 
7.5 E 01  
1 . 0  E 02 

2.0 E 02 
2.5 E 02 
4.0 E 02 
5.0 E 02 

1.5 E 02 

f 
e -t- 0 2  

2.20 E-16 
2.30 E-16 
2.80 E-16 
3.20 E-16 
3.43 E-16 
3.58 E-16 
3.64 E-16 
3.52 E-16 
3.30 E-16 
2.99 E-16 
2.73 E-16 
2.11 E-16 
1.88 E-16 

e -+ H* 

7.0 E-18 
2 .5  E-17 
6.5 E-17 
8.8 E-17 
8.8 E-17 
8.0 E-17 
3.8 E-17 
2.0 E-l r (  
1.1 E-17 
5.0 E-18 
1 . 0  E-1.8 

References:  

0 2  : B. Van Zyl and G.H. D u n ,  Phys. liev. 163,  43 (196'7). 

H 2 :  S . J .B.  Corrigan, J. Chem. Phys. 9, 4381. (1.965). 

+ 

Accuracy: 

0 2  : 
energy scale. 

-t The t o t a l  e r r o r  i s  be l i eved  not t o  exceed -I f 20% over iiiost of the 

H 2 :  The total e r r o r  i s  be l ieved  n o t  t o  exceed - + 50%. 

Xote: 

0 2  : The t a r g e t  0 2  ions  a r e  t y p i c a l  of those formed by bombardment of 0 2  
by high (150 eV) energy e l e c t r o n s  i n  a low-pressure t o r r )  i on  SOUTCF,  
and may thus be a m i x t u r e  o f  ground- and e x c i t e d - s t a t e  molpcular ions. 

_I 

4- + 
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c.3.4 

-+ + 
Cross Sec t ions  for t h e  Di s soc ia t ion  Reactions e + H A X 3- H f e ? 

3- 
and e +- N + N" i- Other Products  2 

.......... .-..- .......... 
I c ~  ~ 

-- ........__.-.__I -__I-- .... - I 

1.1. ........... 

Cross Sec t ions  f o r  D i s s o c i a t i o n  
( em2 1 

1.0 E 01 
1.5 z 01 
2.0 E 01 
2.5 E 01 
3.0 E 01 
5.0 d 01 
8.0 E 01 
1.0 E O? 

2.5 E 03 
1.5 rl 02 

3.5 E 02 
5.0 E O? 
7.0 E 02 

-t 
e -k N 2  

3.6 E- i r i  
1.2 E-I6 

2.6 ~-16 

3.7 E-16 
3.9 E-16 

3.5 E-16 
2.8 E-JA 

1.8 E-16 

2$0 E-16 

3.0 E-16 

j .7  E-16 

2.1 d-I6 

4.3 E-16 
3.8 E-16 
2.8 2-16 
2.1 2-16 
1.8 ~i-16 

9.3 E-17 
7.0 E-17 
>.2 e-l'C 
)+.2 E-17 

1.4 E-16 

... .I.-- -.-.. .- .... ....... ______ _I_-. 
..........._____I..--... _- -.-.....I ____I____ .-.. 

References : 

H2+: B, P e a r t  and K.T. Dolder,  J .  Phys. B 2, 860 (1972), 
1- 

N, : A .  V a n  Zyl amd G.H. D u n n ,  Phys. Xev. -.I 163, 43 (196.0. 

Accuracy : 

H2 : sys temat ic  e r r o r  - < k 8%, random error - < + 8%. N 2  : The T o t a l  e r r o r  
is be l i eved  no t  t o  exceed 4 20% over most of  the energy s c a l e .  

+ 3- 

Notes : 
4- c state; they  have a v i b r a t i o n a l  d i s t r i b u t i o n  

co ld  hydroqm gas by f a s t  e l e c t r o n s .  lsa f H2 : The r I ,  ions  a r e  i n  t'nz 
corresponding to t h e  i o n i z a t i o n  o 
The €1 atoms formed may be i n  e x c i t e d  states; .  

N2 : The t a r g e t  N? ions  a r e  t y p i c a l  o f  those formed. by bombai-dment o f  
N2 by h igh  (150 e V )  energy e l e c t r o n s  i n  a low-pres su re  
sou rce ,  and may thiis be a mixture  o f  ground- and e x c i t e d - s t a t e  molecular  
i ons .  

4- -I- 

torla) i o n  
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c .3 .6  

1 mergy spectra of Protons Obtained i n  Dissoci a t i v e  

I o n i z a t i o n  of H? Molecules by E l e c t i o n  Impact 

(The incidpnt, e l e c t r o n  e n e r g i e s  2rc i n d i c a t e d  a l o n s s i d e  

t h e  g r a p h s .  Dat,a were iaken a t  an angle of 27' t o  

t h e  e l e c t r o n  b e m  d i r e c i i o n .  ) 

Tabular  d a t a  not  p r e s e n t e d  'oecause t h e  d a t a  a r e  n o t  c r o s s  s e c t i o n s ,  and 
t h e  curves have a lot of s t r u c t u r e .  

Keference : 

A.  Crowe and J.W. McConkey, P2ys. Rev. L e t t s .  -- 31, 192 (1.973). 

. .I___-_I 
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C.3.8 

Angular Distributions of  Protons Produced i n  D i s s o c i a t i v e  

ionization o f  H Molecules by E lec t roa  ImpacL 2 

( t h e  protons come f r o m  the 2L '1 H2'. 
U 

T'he inciclent e l e c t y o n  energies are shown by the  graphs - ) 

-. . . . . . . . . . . . . . . . . ...~.......... ~ _.._ .-.l.............._._ ___ - ___ _. 

Angle 
[ deg 1 

5.0 E 01 
5.5 F: 01 
6.0 E 01 
6 . 5  F: 01 
7.0 E 01 
'(.5 E 01 
8.0 E 01 
8.5 E 01 
9.0 E 01 
9.5 E: 01 
1.0 F: 02 
1.1 E 02 
1.2 E 02 
1.3 r: 02 

33.3 e V  

?%?2 E 00 
1.98 ,Y 00 
1.76 E 00 
1.57 g 00 
1 " 40 3 00 
1.26 F 00 
1.15 E 00 
1.06 4: 00 
1,OO x 00 
1.03 E 00 
1.10 14: 00 
1+30 E 00 
1.62 x 00 
1.84 E 00 

48.3 eV ... 

1-33 E 00 
1.28 x 00 
1.23 E 00 
1.18 x 00 
1.1.1 E 00 
1.06 E 00 
1-03 E 00 
1.01 l3 00 
1.00 E 00 
1,01 E 00 
1.07 E 00 

1.13 E 00 
1.20 E 00 

1-07 E 00 

98.3 e V  

1-03 E 00 
l . O ?  E 00 
l.O? G 00 
1.02 E 00 
1.02 E 00 
1.01 E 00 
l.00 E 00 
1.00 2 00 
1.00 E 00 
1,OO E 00 
9.90 E-01 
9.80 E--01 
9.76 E-01 
9.61~ E-01 

298.3  eV 

9.70 E-01- 
9.80 E-01 
9.33 E-01 
1-00 E 00 
1.01 E 00 
1.01 E 00 
1.01. E 00 
1.00 E 00 
1.00 II: 00 
9.90 E-01 
9.80 E-01 
3.60 E-01 
9.26 E-07 
8.80 E-01 

.- .. ... . . . . . . . . . . . . . . . . ._ .-. ___ . . . . . . . . . . . .. . . . . .-. 

Reft.rence : 

A. Crowe and J.W. McConkey, J. Phys, B 6, 2088 (1973). - 
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c.4.2 

Cross Sec t ions  ci for Sing le  I o n i z a t i o n  of Hydrogen 

and Oxygen Atom? by Elec t ron  Impact 

Cross S e c t i o n s  
( cm2 1 

2.0 E-02 

3.0 E-02 
4.0 E-02 
6.0 E-02 
8.0 E-02 

2.5 E-02 

1.0 E-01 
1 . 5  E-01 
2.0 E-01 
2 . 5  E-01  
3.0 E-01  
4.0 E-01 
6.0 E-01 
8.0 E-01 

+ e+H-+H +2e 

Experiment a1 

3.00 E-17 

5.27 E-17 
4.37 E-J.7 

6.21.~ E-17 
7.66 ~ - 1 7  
6.59 E-17 
6.08 E-17 
4.80 E-17 
4.13 E-17 
3.57 E-17 
3.19 E-17 
2 .51  E-1'7 
1 .80  E-17 
1.41 E-17 

Theore t i c a1 

1 .0  E 00 
5.0 E 00 
1 . 0  E 01 
5.0 E 01 
1.0 E 02 
5 .0  E 02 
1 . 0  E 03 
5.0 E 03 
1 . 0  E 04 
5.0 E 04 
1.0 E 05 

1 . 2  E-17 
2 . 8  E-18 
1 . 5  E-18 
3.9 E-19 
2.3 E-19 
1 . 0  E-19 
9.3 E-20 
9.7 E-20 
1.0 E-19 
1 . 2  E-19 
1.3 E-19 

+- 
e+O% +2e 

Exper iment al 

5.60 E-17 
8.70 ~-17 
1.08 E-16 
1.32 E-16 
1.52 E-16 
1.58 E-16 
1 .55  E-16 
1.42 E-16 
1.31 E-16 
1.22 E-15 
1.10 E-16 
9.26 ~ - 1 7  

References : 

e -I- H: 
A.  Boksenberg, Thes i s ,  Univ. of London (1961). E.W. Rothe, L.L. Marino, 
R .H.  Neynaber, and S.M. T r u j i l l o ,  Phys. Rev. - 125, 582 (1962) .  
Argonrie N a t l .  Lab. Report ~ ~ ~ - 6 7 6 9  (1963) .  

W.L. F i t e  and H.T. Brackmann, Phys. Rev. - 112, 1141 (1958).  

M. Inokuti, 

e + 0 :  
A. Boksenberg, Thes i s ,  Univ. of London (1961) .  

W.L. F i t e  and R.T.  B racbann ,  Phys. Rev. - 113, 815 (1959). 

Ac curacy : 

The total e r r o r  i s  be l i eved  not to exceed + 15% f o r  H and + 30% fo r  0 .  - - 
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c .4 ,4  

Electl-on Impact ionization Cross S e c t i o n  of Atomic Hydrogen 

i n  t h e  Metasbable 2s S t a t e  

E l e c t r o n  Impact Eon?. z a t i o n  
cross Section (em2) 

8 .3  E 00 
J.,O E 01 
1.3 E 01 
2.0 E 01 
3.0 E 03 
4 .0  E 01 
5.0 z 01 
7 .0  E 01 
1 .0  E 02 
1.5 E 02 
2.0 E 02 
3.0 E 02 
4 .0  E 02 
5.0 E 02 

7.17 E-16 
8.72 3-16 
9.115 !:-I 6 
7.58 E-16 
G .06 E-16 
5.20 E-16 
4.62 E-16 
3.80 E-16 
3.11 E-16 
2 “50 g-16 
2z11 E.-I6 
1.65 E-16 
1.38 E-16 
1.18 E-16 

- .-. . ____ ___ ....... ~~ ~. . . . . . . . ..-. .. . . -. . -. . ..... . . . . . . . . . . . . . . . . . -. _______ ~... .. 

Reference : - 

A . J .  Dixon, A. Von Rngel ,  and M.F.A. Harri-son, P r o c .  
333 (J-975) .  

Accuracy : - ~ ~ -  

30y. 

- ... 

sac. 

The - t o t a l  e r r o r  is b e l i e v e d  n o t  ‘LO exceed + 25%. 
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c . 4 . 6  

Cross Sec t ions  ?or I o n i z a t i o n  of Atomic and Molecular Hydrogen 

by E lec t ron  Impact Near Threshold 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.. . . -. . . . . . . . . . . . . . . . . . . . . - -- ~~ ..... __ ____~ .......... ~ . .  ...... ..~~. . . _ _ ~  

4. 4- 
e + H + H  + 2 e  ~f + H -f Yf + 2e 

2 3 __I .I._--. ̂.I_ 

1.355 E 01 
1.360 E 0 1  
1.365 3 01 
1.370 Z 01 
1.375 E 0 1  
1.380 E 01. 
1.385 z 01 
1.390 I;: 01. 
1 .39> E 0 1  

1.2 H-20 
6.0 E-20 
2 . 0  d-19 
4.0 G1.9 
6.2 E-19  
9 . 0  e;-i9 
1 .3  E-18 
1.9 E-J.8 
1.8 E-18 

1.545 E 01 

1.555 x 01. 
1 .560  E 01 
1. 570 r: 01 
1.580 E 01 
1.590 H 01 
1.600 E 0 1  
1.610 ii: 01 
1.620 z 01 

1.550 z 01 
J..1. E-20 
2 .2  E--:?O 
14 . o  E-20 
6 . 3  E-20 
1 . 2  73-1.9 
1 . 9  3-19 
2.4 z-7.9 
3.2 1":--.1.3 
3.3 E-1.9 
h . 5  E-113 

References : 

e + 11: 

-.̂........ll.l_ sl 

J.W. McGowan and E,M. Clarke, Phys. Rev. lisp 167 ,  43 (1968) .  

e + H - J.W. McGowan, M.A. Fineman, E.M. Clarke,  and H.P. 3anFon, 
2' 

Phys . Rev. 167, 52 (1968) .  __ 
Accuracy: 

The t o t a l  e r r o r  i.s be l i eved  not  t o  exceed .I- 30%. - 
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T o t a l  C T O S S  Sec t ions  0 f o r  I o n i z a t i o n  o f  Hydrogen 

and Deuterium Molecules by E l e c t r o a  Irnpact 
T 

Cross S e c t i o n s  
( cm2 ) 

2,O E-02 

4.0 E-02 
8.0 X-02 
1.0 z-oi 
2,o i3-01 
3.0 E-01 
4 .0  E-01 
8 . 0  E-01 
1.0 E 00 
2.0 F: 30 
4.0 E 00 
6.0 z 00 
1.0 2 01 
2.0 z 01 

3.0 i.;-02 

5.0 E 01 
1.0 3 02 
5.0 E 02 
1 - 0  E 03 
5.0 E 03 
1.0 3 0)I 
5.0 F: 04 
1.0 E 05 

2.70 ~ - 1 7  
6 .91  E-1.7 
8.59 Z-lr(  
9.70 E-17 
9 . 2 3  E-17 
7 .21  E-1.7 
5.72  E-17 
4.71. e-17 
2 ,'14 ~-:1.7 

1. 1.8 12-1.7 
6.26 2-18 
IC ,132 2-18 
2.82 E-18 
1.60 E-18 

2,24 E-l 'r  

Theore-Li tal. - ~ 

7 . 6  E-19 
4.6 E-1.9 
2 .I E-19 
1 .9  E-19 
2 . 0  E-19 
2.2  E-19 
2.6 3-19 
2.8 E-19 

e +- 7 ) ~  

Experiment a1 ___-- 

2.80 d-17 
6.65 ~-17 
8.59 3-17 
9. ( 5  3-17 

7.25 E-1'7 
9.3'1 2-17 

5.80 L-77 
11.93 E-1 i 
3.00 E--1-7 

1.35 3-17 
6.95 ~-18 
4,20 E-1.8 
2.35 E-18 
1.20 5-18 

2.50  E-17 

References:  

e + Hz: J.'l'. Tate and P . T .  Smith, Phys. Rev. 39, 270 (1932) .  B .L .  Schraiii, 
F.J. de Heer, M.J. van der  X i e l ,  and J. K i s t e m z e r ,  Physica 31, 94 (19614). 
D. Rapp and P. Englander-Golden, J. Chem. Phys. 43, 11164 (1965). F.F.  
Hieke ,and W. Prcpejchal  

I___. . .- I .- 

Phys. Rev. A 6 ,  I 1507 (ly73). 

e + 112: H . L .  S c h r a v p  F . J .  de Heer, M.J. van der  Wiel,  and J. Kistemaker,  
PhysiLca 31, 911 (196L). 
- 43, 11164 (1965). 

1). Rapp a.nd P .  Enqlander-.Golden, J .  Chem.  Phys . 

Ac c urit c y : 

The t o t a l  e r r o r  i s  be l i eved  not t o  exceed -I-- 12% fo-r H 2  and D2. 
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c.4.10 

Cross S e c t i o n s  for t h e  D i s s o c i a t i v e  loni zetion or̂  H and U Molecules 
2 2 

+ + 
by E l e c t r o n  Impact YieIdilig Produci 11 and IT Ions wi th  Kinetic-: Energies 

Greater t h a n  2 , 5  and 0.25 e V ,  Respect ively 

Cross Sec t ion  
( ern2 ) 

2.5  E 01 
3.0 P: 01. 
4 .0  E 0 1  
6 .0  01 
8.0 E 0 1  
1 . 0  E 07 
1.5 F: 02 
3 - 0  E 02 
2.5  e 07 
3.0 E 02 
4.0 R O? 
6.0 E 02 
8.0 E 07 
1 . 0  E 03 

2 
e + N  

7 
e + B  

1.52  E-19 
1.35 E-18 
4 .02  E-18 
5.37 3-18 
5 . r ( j  E-18 
5.32 E-18 
4.148 E-18 
3-75 E-18 
3 .21  E-18 
~ ~ 4 6  d-18 
1.5-j 2-18 
1.1~2 E-18 
8.b0 E-19 

2 .  30 E-1-8 
1.30 E-17 

5.30 E-l’T 
3 .81 ~-17 

5.95 2-1-7 
6.1.2 E-LT 

4.45 3-17 
3.63 ~-17 
2.71 E - I T  
2. 20 z-”.-f 
I . 9 1  E-17 

5.50 3-17 
4.97 E-17 

I ................ ......... ...... ...... ___ __ ............. - - ____ - -. . . __. 

References : 

e +- (H2,N2): 
Co. Report  ~ ~ ~ - 6 - ’ 7 4 - 6 4 - 1 - Z  (1964)  , P a l o  A l t o ,  C a l i f o r n i a .  D. Rapp, 
F. Englander.--Golden, and D.Tl- Brig]-ia,  J. Chern. Phys. h2, 11081 (1965). 

P.  Englander-Golden and r). Happ, Lockheed Missiles and Space 

Accuracy : 

The t o t a l  e r r o r  i s  believed n o t  t o  exceed .... -t 3 0 % ,  

-__ 



10' 2 5 

ORNL- DW( 

102 2 

? t N *  

1 
5 

'5- 2246 

io3 
ENERGY (eV)  



C.4,12 

2-b Hat ios  o f  Cross Sec t ions  CI /OT in I o n i z a t i o n  of Atomic gic1i.m 
n-t and  ci /a, i n  Ionization of Atomic Jeon by E lec t ron  impact 

1.0 3 02 
l.> E 02 
2 . 0  3 02 
4 .0  E 02 
6.0 E 02 
8 .0  J3 02 
1.0 E 03 
2 .0  E 03 

6 . 0  E 03 
8.0 $ 03 
1 . 0  3 04 

14.0 r: 0 3  

1. 5 x ob  

7.0 E-011 
2.)1- li--03 
3 .8  E-03 
6 . 3  E-03 
6.6 13-33 
6 .2  3-03 
5 .9  X-3? 
4.7 E-03 
3.  i E-03 
3.3 s-03 
3 .1  E--03 
2 . 9  E-03 
2.7 E-03 

8.0 E 01  
1 . 0  F: 02 
1 . 5  E 02 
2*0 E 02 
) L . O  E 02 
6.0 ~3 o? 
8.0 E 02 
1.0 !A 03 
2 - 0  F: 03  
11.0 E 03 
6 .0  E 03 

1.0 E 94 
8 . 0  E 03 

1 . 5  E 04 

7.0 2-03 
I .  4 E-02 
3 .2  d-02 
L.> Z-O? 
5 . 4  E-02 
4.8 E-02 
4.4 E.-02 
4.1 E-02 
3 . 4  i3-02 
2.8  E-02 
2 , 6  d-03 
2.4 E-02 
2.3 g--02  
2-2 E-02 

-*.".-".. . . . . . . . . . . .. . . . ... . .. -. . ~. . . . . . . .__ . ... ... -. . . . -. . . . . . . . - . .__ . ... .. . . . . . . . . . . . ... ___ .. . . .. . .. . . . . .. - ___ 

e + Ne 

3.0 2 02 
JL.O E 02 
5.0 2 02 
i . O  z 02 
8.0 E 02 
1 . 0  E 03 
2 . 0  E 03 
h .  0 I;: 03 
6 .0  E 03 
8 . 0  E 03 
1.0 E 011 
1.5 E O J I  

n = 3  n = 14 n = 5  

1..8 E-03 
1 . 9  Z-03 
1 . 9  E-03 
1 . 9  E-03 
1 . 9  s-03 
1 . 9  E-03  
1.9 i3-03 
1. ( E--03 
1 . 6  E-03 
1 . 5  5-03 
1.4 3-03 
1 .3  E-03 

4.0 E-0) 
5 . 0  E-05 
5 .3  g--05 
5 .9  E-05 
9 .9  d-05 
1.1 E-04 

1.2 E-04 
1.2 E-011 

I. 3 E-04 
1.3 E-04 

h.0 E-O/ 
7.9 E-07 
4.5 E:--06 
6 .9  ~ - 0 6  
7 .O E-06 
7i.o 3-06 
7 . 0  2-06 
6.8 ~ - 0 6  

Reference: 

L .  J .  Kie f f e r ,  Atomic D a t a  1, 19 (1969) .  

Accuracy . : 

The total e r r o r  i s  bel-ieved n o t  t o  exceed + - 20%. 
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io-’ 

5 

2 

10-2 

5 
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C.4.14 

Cross Sect ions  f o r  Sjngle 1oniz;tti.on of Helium Atoms arid 

Molcciilar Nitrogen by El.ectroii Impact Xear Thrcsho'l d 

+ 
-_~__I____ 

.- ~ . ... ........ 
e t H e  + 3e + ;?e 

Energy Cross S e c t i o n  Energy Cross  Sec t ion  
( ev )  ( c m 2 )  (ev)  ( cm2 ) 

2.> 5: 01 
2-6 E 01 
3 ~ -[ r: 01 
2.8 E 01 
2a9 E 01 
3.0 E 01 
3.1 07. 
3.2 4; 01 

6.0 E-19 
1.9 E-18 

4.5 P C - 1 8  
5.8 E-18 

8.4 3-18 
9.7 E-18 

3.2 E-18 

7.1 E-18 

1.60 E 01 
1.65 E 01 
1.70 E 01 
1.75 E 01 

1.85 F; 01 
1.90 z 01 
1.95 s 01 
2.00 E 01 
2.05 E 01 
2 10 E 01 

1. 80 ill. 

1.5 E-18 

5.0 A-18 
3.2 2-18 

7.1 E-18 
9.2 Z - l a  

1 .)L d-17 
1. ( E-1-7 
2 . o  E-17 
2 - 3  E-17 
2.6 E-17 

J..1 73-17 

..... ......... . ~..______ ............. .......... ........ ... ............... ... .- . - _~.______ ______ - ~ *  -. . ________ __ - _ _ ~  

Heferences:  

e +- X e :  

e t B 

Accuracy : 

R.E. Fox, J .  Chem. Phys. 35, 1.379 (1961). 

R.E. Fox, J. C h c m .  Phys. _. 35, ..... 1379 (1961). 
2 :  

The t o t a l  e r r o r  i s  bel ieved not  to exc3ed f 25%. - 

Note : 

On t h e  curve f o r  N 2 ,  t h e  a r rows  i n d i c a t e  the onse t  o f  product ion o f  t h e  
dpsigr la t rd  s ta tes  o f  t h e  N z f  ion. 
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c .4 1.6 

Total Cross Sec t ions  0 f o r  Ion iza t , j on  of Hcl iuv,  Xcon, 

and Argo~i Atoms by E l  ?cix*on Impact 
T 

Energy 
(keV) 

Cross S e c t i o n s  
( em2 ) 

2 . 0  3-02 
2 . 5  3-02 
11.0 E-02 
6.0  z-02 
8.0 3-02 
1.0 2-01 
2 . 0  E-01 
4 . 0  E-01  
8.0 3-01 
1 . 0  'J 00 
2 .0  E 00 
3 . 0  d 00 
4 . 0  3 00 

8 .0  E 00 
6 .0  E 00 

l . 0  E 01  
1 . 5  E 0 1  
2 . 0  E 0 1  

1 . 0  E 02 
5.0 E 02 
1 . 0  E 03 
5 .0  Z 03 
1 . 0  E 04 
5.0 d 04 
1 . 0  2 05 

5.0 E 01 

e f Ne e f AT 
..I_____ 

e f He -.___._ 

8.80 31-19 
1.71 ~ - - i , r  
2 .99 E--1.7 
3 .41  3-1'7 
3.60 z-17 
3.38 E-1'7 
2.44 3-J.7 
1 . 4 8  z.-17 
1 . 2 2  JY-1-r 
6.92 Z-18 
5.20 E-18 
4.19 .E-1.8 
3.00 E-18 
2 31. iC.-J.8 

4 .10  E-18 
2 , 3 0  E-1'7 
4.65 X-1-f 
6 .12  ~-17 
7.00 2-17 
8.10 E--1.7 
6 .48  E-]? 
4.27 E-l'j' 
3.60 E-17 
2 .00 E-17 
1.41 E-1.7 
J- ,08 E-17 
' T .  80 E-18 
5.90 E-18 

7.40 E-1 f 
1 . 5 0  R--J6 
2.48 E-16 

3 . 0 0  E-16 

2 .50  13-16 

2.85 E-15 

3 .01  E-16 

1.80 E - ~ 6  
1 .oi 3-1 6 
8.50 &-17[ 
4 .  yo E.-17 
3.38 E-u 
2.68 E-1-7 
1 .98  !d-l'( 
1 .58  E-17 

Theocet i c a l  

1.9 13-1.8 

j .1 3-19 
3.1. E-19 
1 . 4  2-1.9 
1 .3  E-19 
1.4 E-1.9 

1 . 8  E-19 
1,5 2-19 

1 . 9  e-19 

5.20 E-18 

2,70 E-18 
3.60 E-1-8 

1 .20  E-1.7 
8 .20  3 -18  

- References : 

L . J .  K i e f f e r ,  Atomic Data 1, 19 (1969) ;  M. I n o k u t i  and Yong-Ki K i m ,  Phys. 
R e v .  186, 1 0 0  (1969) ;  J. F ik t che r  and ImR. Cowling,  J. Phys. 8 - 6 ,  T,-2',8 
(19735- 

Accuracy-: 

e + He: 
t o t a l  error i s  be l i eved  not  t o  exceed b- 15%.  e +- Ar: The t o t a l  e n o r  i s  
bel i -eved not t o  exceed - 3- 25%. 

The total. error i s  be l i eved  not; t o  exeed __ .I- 12%- e + Ne: The 
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c . I + .  18 

T o t a l  Cross Secti-ons 0 for  Ionization of  Nitrogen T 

ALorns and Carbon Monoxide Molc-eules by Clec ir~on Impact 

e + co - . . . . . . . . .- e + N  ___. 

2.0 3 01 
2.> 01 
3.0 2 01 
'1.0 i3 07 
6.0 rl 01 
8.0 E 01 
1.0 E 02 
1.5 Z 07 
2"O v, 02 
3.5 E 07 
3.0 .: 02 
4.0 d 0? 
6.0 r? 02 
8,0 E O? 
1.0 r: 03 

4.79 2-17 

9.40 E-17 
6.50 E-17 

1.36 E - ~ G  
1.50 z-16 
1 . 5 3  E-16 

1.18 ~ - 1 6  
1.08 2-16 
8.93 !:.-I ( 
6 .10  E-l( 
)I. 21- z-17 

1.40 t3.-16 
1.30 E-16 

4.29 2-17 

1.27 E-16 
a. 819 E-.] 7 
1.83 3-16 
2 .4 'i d--16 
2.83. E-16 
2.89 3-16 
2.72 E-16 
2-)-19 E-1.6 
2.26 3-16 
2.05 E-IC 
i:(2 E-16 
1.~33 3-3.6 
1.10 E-16 
9.h0 E-1.7 

References : 

e + M: A . C . H .  Smith,  X. Capl inger ,  R . X .  Neynaber, .ZSW. Rothe, and 
S.M. T r u j i l l o ,  Phys. Rev. 127, 164.7 (1.962). 

e 1- C O :  J . T .  Ta te  and P.T.  Smith, Phys. Rev. - 39, 270 (1932). R.K. 
Asundi, J.D. Craggs, and M.V. Kurepa, Proc.  Phys. S O C .  8 2 ,  367 (1963). 
D. Rapp and P.  Englander-Gol.d.en, J.  Chm. Phys. -- 43, 146&-(1.965). 

Accuracy : 
1111-_-- 

e t N: The t o t a l  e r r o r  i s  be l ieved  not t o  exceed + 30%. 
I 

e C- C O :  The t o t a l  e r ror  i s  be l ieved  not t o  exceed i 18%. 
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C.4.20 

T o t a l  Cross Sec t ions  0 f o r  l o n i z a t i o n  of 

Nitrogen and Oxygen Molecules by g l ~ c t r o i i  T-flpact 

T 

........ ........ ._____ 
~I - - -- .. . .. . . . . . . . -. .................... _____ .. ... . . .. . . . . . .. . . . .. . . ~  ...-. .... ~ . .  ~- . . I ~ _  

Ener . y (4 Cross Seciioris 
( C n 2  ) 

2 . 0  E 01 
2 . 5  E 0 1  
3.0 R 01 
4.0 E 01 
6 . 0  r: 01 
8.0 E 01 
1 . 0  E 02 
1.5 3 02 
2*0 E 02 
2 . 5  l3 02 
3.0 E 02 
11.0 E 02 
6 . 0  F: 02 
8.0 N 02 
1 . 0  E 03 
2 . 0  E 03 
4.0 R 03 
6.0 E 03 
8.0 Z 03  
1.0 F: 011 
1 . 5  3 04 

2 
e + N  

3.19  E-17 
6.36 3-17 

2.34  E-16 
2 . 6 1  E-16 
2.69 E-1.6 
2 .h2  E-16 
2 .)-LO E-16 
2 - 1 9  111-16 

9.33 E-17 
1.55 13-16 

2 . 0 1  x-16 
i .<p E-16 
I.. 34 E-16 
1.10 E-16 
9.36 ~ - 1 7  
5.30 E-17 
2.92 E-1 - i  
1.96  &1.7 
1 .50  E-17 
1 - 2 3  E - l ' r  
8.80 &-l8 

e + O2 

3 . 12 
5 .92 ~ 1 . 7  

2 .32 346 
2.62 E-16 
2 .77 E-I..~ 
2.74 E-1.6 

2.38 E--1-6 
2.17 E--16 
1.85 E-1.6 
1 .42  x-16 
1.15 E.-1.6 
9.76 x-17 
5.42 E-1.7 

8.82 E-1.7 
1.50 3-16 

2.59 E-16 

3.00 E-17 
2.19 E-1.7 
1 .69 E-l.'r 

9 .93 E-1.8 
1.110 ~ - 1 7  

References : 

e + N 2 :  
F . J .  de Xeer, M.J. van der  Wi.el, and J. Ki.s-tenaken., Physica 31, 914 (1961~). 
D .  Rapp and P. Engiander-Golden 

e f 0 2 :  5 . T .  Tate and P.T. Smith,  Phys. Rev. 3 9 ,  270 ( 1 9 3 2 ) .  R . K .  Asundi 
J.D. Craggs, and M.V. Kurepa, Proc.  Phys. Y o c . ~ ,  967 ( 1 9 6 3 ) .  
F . J .  de Heer,  M . J .  van der W i e l . ,  a n d  J .  Kistemakey, Physica 31, 94 (1964). 
1). Rapp and P. England-er-Golden, J .  Chern. Phys. II_ 43, 1j-164 (19%). 

J.T. Tate m d  P.T. S m i t h ,  Phys. Rev. - 39,  270 (1932). B . L .  Schram,, 

J .  Chern. Phys. I 43, 1464 ( 1 9 5 ) .  

B.L. Schram, 

Accuracy : 

'The t o t a l  e r r o r  i s  b e l i e v e d  n o t  t o  exceed f - l>% for e -b N 2' 

The total e r r o r  i s  beJ ievcd  not  t o  exceed + 15% f o r  e ?- 02. 
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c . 4 . 2 2  

n+ Xat fos  of Cross Sections u /OT in Lor i i za t ion  of Atomic Argon by Electyon h p a c t  

8.0 Z 01 
1 . 0  E 02 
2 . 0  E 02 
3.0 E 02 
h . 3  I3 02 
5.0 E 92 
7 .0  E 02 
8 .0  r; (32 
1 . 0  E d3 
2 . 0  JX 03 
4.0 E 03 
6 .0  d 03 
8 .0  E 03 
1 . 0  ii 04 
1. 5 3 014 

5.0 3 02 
6.0 r: 02 
i . 0  z 02 
8 .0  E 02 
9.0 L 02 
1 . 0  E 03 
1.. 5 I!: 03 
2 .0  Z 03 
4.0 E 03 
6.0 E 03 
8 .0  d 03 
9 .0  E 03 
1 . 0  5 04 
1 . 5  E Oh 

n = 2  
I_- 

7.6 4x12 
'7.9 E-02 
8.0 -E-02 
'7.1 E-02 
6.4 4-02 
5.7  3-02 
5.0 E-02 
4.9 E--32 
4.8 Z-02 
4.6  E.--02 
4.6 Z-W 
4.6 ~ - 4 2  
4.6 3-02 
4 . 6 ?.;--02 
4.6 E - O ~  

n = 5  _____... 

n = 3  n - 4  . ~ -  

2 . 0  E-03 

4 .8  E-03 
3.6 E-03 

6 .5  E-03 
7 .6  E-03 
8 .0  E-03 
8. i GO? 
1 . 0  3-02 
1 . I  E-O? 
1.2 E-32 
1.2 E-02 
1.2 E-02 
1 . 3  E-02 

>. ( g-03 

n - 6  

h .  0 E-0)l 
7 . 9  E-04 
1.2 E-CIj 
1 . 3  3-33 
1 . 5  E-03 
2.0  2-03 
2 .0  E-03 
2 .0  E-03 
2 .0 E-03 
?.0 4-03 
2 .0  1,-33 

n = 7  - 

2 ..I E-06 
h.7 3-06 
,7.8 3-06 
1."2 E-05 
1.5 :3-05 
2 .9  E-05 2 .2  :z-06 

h.0 E-05 5.11 E--06 
4.3 E-05 6.7 3-06 
11.6 E-05 7.  '7 !<--06 
4 . 7  E-05 8.1. 3-06 

3 . 4  3-05 3.2 E-06 

!-k. 8 3-05 8.6 e-06 
5.2 E-05 1 . 0  E-05 

References: 

W. Bleakney, Phys. Rev. 36, 1303 (1930);  3.L" Schram, F.J. de Heer, M . J .  
Van der Wiel, and J-. Kisgmaker ~ Pnysica 2, 94 (1.965). 

..l.._.__l_s__ 

Accuracy : 

The t o t a l  error i s  believed n o t  to exceed -1- 20%. - 
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c .  4.211 

Cross Sec t io t i  f o r  S i n g l e  I o n i z a t i o u  of  L4tomi.c Carbon atid '1;otal Cross Sect;ioii,  
OT, fo-r Soniza i ion  of Water Molecules ?and Gold Atom by E l e c t r o n  Impact 

%ne r gy 
(ev) 

e + Au 
( cn2 

1.5 Z 01 
3.0 E 01 
5 . 0 E (01 
8 .0  E 01 
1 . 0  r: 02 
r . 5  z 02 
2 . 0  E 02 
4.0 E 02 
7.0 & 02 
1.0 A 03 
2 - 5  3 03 
2.0 Z 03 
4.0 E 03 

3.,0 E 04 

2,O E 04 

6 . 0  F: 03 

7 . 5 3; 04 

4.4 E-17 

4.32 E-J.6 
k.03 E-16 

3.32 E-1.6 

3.5 3-16 

3. 7'-( 2-1.6 

p a , 7 2  E-16 
1.,7 l3-1-6 
1.02 E.-1.6 
7 > 5  3-17 
5 .5 &-I--( 

1.00 x-15 
1.98  3-16 1.50  x-i> 

i . < i  E-16 
1 *25  3-16 
9.0 3-17 
6 . 8  3-17 

2.0 E-16 1. 52 H-15 
1.86 3-16 1 .38  E-15 

5.2 E-17 
3.9 E-17 
2 . 2  H-17 
1 . 6  '6-17 
1.0 H-17 
8.0 E-18 
7.0 d-18 

References:  -...__ 

Gold: 
5135 (1973). 

J.M. Schroeei-, D . H .  G k d G g ,  and S. Livings ton ,  J. Chern. Phys. Î  58, 

Carboil: K . L .  Wang and C . K .  Crawyord, "f;:lectron Inpact I o n i z a t i o n  CYOSS 
Sect ions ,"  Tech. Rept, No. 6 ,  P a r t i c l e  Opt ics  Lab., MIT, Cambridge, Mass., 
19'71 ~ ABMI,-TR-70-289. 

J a i e r  Vapor: 3 .  Schutieii ,  k ' . J .  de Heer, H . K .  Moustafa, A . J .  Boerboom, and 
3 .  Kistemaker, J. C h e m ,  Phys. - 411, 39?4 (1966). 

A C  c l.lY acy : 

Gold: The t o t a l  e r r o r  i s  b e l i e v e d  n o t  to exceed $. 50%. Carbon: 'The total .  
emor i s  believed n o t  t o  exceed - + 30%- 
be1i.wed not t o  exceed 3 . _- 30%. 

Water Vapor: 'The t o t a l .  error i s  
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c.4.26 

Cross Sec t ions  toi- I o n i z a t i - o n  of Copper Atoms by El-ectron Impact 

5 . u  F: 01 
6.0 E 01 
8.0 E 01 
1 . 0  E O? 
1.5 E 02 
2,O E 02 
3,O E 02 
4.0 E 02 
5 . 0  E 02 

8.0 E O? 
6.0 E 02 

8 . 5  F: 02 

3 cu - 

? s 5  E-16 

3.3 e-1-6 

2.3 E-16 
2.0 E-16 
1.6 E-16 
1.~3 3-16 
1.0 E-16 
9.0 2-17 
7.3 E-1'i 

3.1 s-16 

3.1 E-16 

7.0 x-l'-( 

++ 
cu 

8.3 E-18 
1 ~ .  4 E-17 
3.1 E-1.7 
5.2 E-1'7 
6.6 E-17 
6.2 ~-1'r 
4.5 E-l'r 
3.1 E--17 
2 , 3  E-17 
1.8 ~ - 1 7  
1. I+ E-1.7 

Reference : 

C.K. Cra.wford, AFML-TR-67-376, A.F. Materials Labora tory ,  Wright-Pat terson 
A.F.R., Ohio 1967. 

Accuracy : 

The t o t a l  e r r o r  i s  believed noi; t o  exceed - +- 30%. 
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c.4.28 

T o L d  Cross Sections OT fo r  I o n i z a t i o n  of  Atomic Rubidium 

and Atomic Potassj.um by dlectron Impact 

6.0 E 00 
l . 0  E 01 
1.2 E 01 
1.. 6 E 01. 
1.8 E 01.. 
2.0 E 01 
2 .4 El 01. 
2.8 E 01 
3.6 E 01. 
4.0 E 01 
6.0 E 01 
8.0 F 01 
1..0 E 02 
1.2 E 02 
i..6 ;i: 02 
2.0 .z 02 
2.h z 02 

6 . 6  E-16 
8 .2  E-16 

8.4 E-16 
8.9 E-16 
9.9 H-16 

8.2 E-16 
8.2 E-16 

1.0 Z-15  
1.0 E - I 5  
1.0 E-15 
1.0 ~ - i 5  
9.6 ~ - 1 6  
9.2 E-16 

{ . g  E-16 
7.2 d-16 
6.5 E-16 

8.7 g-16 

5.0 E 00 
6.0 E 00 
8.0 ti 00 
1..0 E 01 
1.4 ?: 01 
1 - 8  3 01 
2.? E 01 
2.5 E 01 
3.0 E 01 
4.0 E 01 
6.0 I3 01 
8.0 E 01 
1.0 d 02 
1.5 3 02 
2.0 3 02 
3.0 E 02 
1 r . O  E 02 
5 . 0  E 02 

2.5 E-1~6 
5 . 9 1.5 
7.7 E-16 
7.6 E.-16 
6.8 E-16 
6.4 e.-1.6 
6 .9  1 x 6  
7.3 E-1.6 
7.8 E-16 
6. '7 E.-2.6 
5.8 E-1.6 
5.7 13-16 
5.5 E-16 
J I  . 9 F:..-:I 6 
4.3 E-16 
3.11 E-1-6 
2.8 E-16 
2 . 5 z-1-6 

References : 

e i- Rb: 

e + K :  R . H .  McFarlamd and J . D .  Kinney, Phys . Rev. 1-37', A-I 058 (1965) .  
Yu. P .  Korchevoi and. A.M. Przhonskii, Sov. Phys. JE'TP 24, 1089 (1967). 
K.T. Nygaard, t o  be pub1;shed. 

K . J .  Nygaard and Y.B.  Hahn, J. Chem. Phys. _- 58, 3493 (1973). 

- 

Accuracy : 

e -t Rb: The total error is believ-ed not  to exceed + 18%. - 

e f K: The t o t a l  error is believed noi to exceed -- + 20%. 
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T o t a l  Cross S c c t i o n  G~ f o r  Ionization of Atorni-c Sndjurn md 

Cesium, and Cross SFction f o r  Double lonizdtion of 

Atomic Sodium by .F:.l.ectron lrnpact 
...... ...... - ............... ...................... ....... _" 

..11_1-.-. 

..- . . ..................... 
Energy Uyl Energy 2 -+ Znergy "T 

(ev) e + Cs (ev) e + Na (ev) e+Na+iVa2 ++3e 
( cm2 ) ( c m 2  (ern2) 

6.0 E 00 4.8 E-16 
8.0 z 30 7.0 .&16 
1.0 z 01 7 . 3  E-16 
1 . 2  01 'y.2 ~ 1 6  
1.4 F, 01 8.6 e-16 
1.6 ii 01 9 . j  x-16 
%,0 Z 01. 8.3 E-16 
2.1-1 E 01 9.3 &-16 
2.8 3 01 1.0 E-15 
3.2 E 01 1.0 Z-15 
3.6 E 01 I." 0 E-15 
4.0 E 01 9 .9  E-16 
5.0 E 01 9.6 E-16 
6.0 E 01 9.4 2-16 
7.0 E 01 9.1. E-16 
9.0 E 01 8.8 E-16 

6.0 E 00 2.0 ~-76 
7.0 E: 00 3.9 E-1.6 

J . ,O E 01 6.3 2-16 
1.2 d 01 6.'~ x-1-6 
1_.6 E 01 6.7 z-16 
2-0 E 01 6.5 z-:1.6 
3.0 E 31 5 . 8  E-16 

6.0 E 01. 11.3 E-16 
1. o E 02 3.4 x-1.6 
1.2 2 02 3.1 E-16 
1.6 .r: 02 2.7 2.-1.6 

3.0 E 02 2.0 2-16 
4.0 E 02 1 . y  E-16 

8.0 E 00 5.2 e-J-6 

4.0 .C: 01 5.2 E-1.6 

2-0 E 02 2.5 31-1-6 

8.0 Z 01 2.3 E-18 

1.0 F: 02 3.4 E-18 
9.0 E 01 2.8 K-18 

1 . 2  3 02 4 . k  E-18 
1.4 ii: 09 5.3 2-18 
1.6 E 02 6.2 g-18 
1.8 z 02 6.9 E-18 
2.0 E 02 7 .  '7 g-1.8 
2,5 E 02 9.1 E-18 
3.0 3 03 1.0 E - - 1 7  
3.5 E 02 1.1 E-l ' f  
4.0 T 02 1.1 E-17 

References:  

e -+ Cs: K . J .  Nygaard, .J. Chem.  Phys. 49, 1995 (1963). -LnPn Zapesochfiyi 
and I .S. Aleksakhin,  Sov. Phys. JZTP 2 q  )tl (1969). 

uT,e+Na: 
I. lJ. Zapesochnyi and I. 5. Aleksakhi n ~ Sov. Phys . JETP - 28, -. 41 ( 1969). 

CT ,e+lJa: J . T .  rate and P.J. Smi th ,  Fhys, Rev. -- 116, 773 (1931i).  

R . H .  McFarland and J . D .  Kinney, Phys. Rev. - 137, A-1058 (1965). 

2+ 

Accuracy : 

The total- e r r o r  i s  be l i eved  n o t  t o  exceed f 302 for e + Cs. 

't'he t o t a l  error i s  believed not  t o  exceed 4- 18% i i i  0 for P + Ma. 

- 

T - 
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C.4.32 

' I 'oial Cross Section D , ~  f o r  I o n i z a t i o n  o f  Carbon Dioxide 

by E l e c t r o n  Impact,  and Cross Seci ion  for- S i n g l e  

I o n i z a t i o n  of N e  Ions by E l e c t r o n  Impact 
i- 

1.5 E 01 
2.0 E 0 1  
3 . 0 .e 0:i. 
h.0 3 01 
6.0  E OL 
8.0 E 01. 
1 . 0  E 02 
1. . 4 E 0% 
1 . 8  E 02 
2.2 3 02 
2 .6  E 02 
3.0 E 02 
4.0 z 02 
5 .0  E 02 
6 . 0  E: 02 
8.0 E 02 
1 . 0  E 03 

8.6 3-18 
5 . 0  d-l '( 
1.5 E-16 
2.2 E-16 
2 . 9  13-16 
3.h E-16 
3.> E-16 
3.5 E-16 
3.11 x-16 
3.1 E-16 
3.0 E-16 

2 . 1  E-16 
1.9 3-16 

1 . 4  d - 1 6  

2 . 8  E-16 
2 .4  E-16 

1.6 h-16 

5 . 0  i.: 01  
( . >  d 01  
1 . 0  E 02 
1 . 5  E 02 
2 , 0  rl 0? 
2.5 li: 02 
3.0 P: 03 
h . O  E 02 
5 . 0  E 02 
6.0 r: 02 
7.0 E 02 
8 . 0  r: 02 
9.0 9 02 
1 . 0  E 03 

4.3 E-1.8 
1 . 5  E-1~7 
2 . h  E-1.7 
3.0 E-17 
3.1- E-17 
3. 0 E-1.7 
2 -9 E.--.1.7 
2-6 3-17 
2-3 Z-17 
2-2 E-1.7 
2.0 E-l'-T 
1.9 E-:!.7 
1. ~ 8 E-l.'T 
1.6 5:-1.7 

................ - ~ ......... ......................... ~~- - . 

References : 

e -t- C o n :  D. Rapp arid P. EnglmdeP-Golden, J.  Chem.  Phys. 43, 1464 (1965) .  

~ ....... 

-. ._. .- 

Jr 
e i- Ne : K . T .  L)ol.d.er, M.F.A. Z a r r i s o n ,  aiid P.C. Thonemann, Proc.  Roy. 
SOC A-274, 546 (1.963). 

Accuracy: 

e + CG2: The total e r r o r  i s  b e l i e v e d  n o t  t o  exceed -I- 30%. 

e + Ne : M a x i m u m  t o t a l .  e r r o r  < + 10%. 

- 
-I- 

_I - 
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c.4.34 

Cross Sect ion  for iiie Product ion of 

i n  E l e c t r o n  Impacts ori HP'(D2' 

f f  
:i ( D  ) Ions 

I o n s  

e + H~' 

1.5 z 01 
2.0 z 01 
2.5 F 01 
3.0 3 01 
h.0  E 01 
6.0 e: 01 
8.0 ;1: 01 
1.0 r: 02 
1.5 z 03 

R 02 
2"5 E 02 
3.0 r: 02 
4.0 E 02 
6.0 r;: 02 
8.0 4 02 
1.13 Fj 03 
1.5 d 03 

4. (5 5-16 

3.99 E--16  
3.72 E-16 

2 . J c ~  e-16 
2.11 E-16 
1.71 x-16 
1.41 d-16 
1-20 d-16 
1.03 E-16 
8.00 d - l i  
5 .b Z-1-7 

4.31 E-16 

3.32 d-16 
2./8 Z-16 

4.20 d-l 'i  
3.50 H-17 
2.47 E-17 

2 . 78 a--.i1.6 
?,43 E-16 
2 .I,( d-I 0 /, 

i . b i  3-16 
1.20 E-16 

1.71. E-16 

1-03 E-16 
8.00 Z - l ' i  

References : 

e + (H2  ' - ,U2 i- ) :  G.  H. I h im and B. Van 'Lyl, Phys .  Rev. 154, 40 (7967). -- 

Accuracy : _____ 

Notes : 

e Ji H2+: 
r e a c t i o n  e + H2+ + Hf f H f e and twi.i:e t h e  c r o s s  secti .on f o r  t h e  r e a c t i o n  
L - + H2+ +- H+ + H.t- .I- 2e. They have a 
v ib ra t iona l .  dis t r ibu 'c ion corresponding t o  the i o n i z a t i o n  o f  co ld  hydrogen 
gas by fast e l e c t r o n s .  The H atoms fo;*ined i n  the f i r s t  react,l:.on m3.y be 
i n  e x c i t e d  states. 

The q u a n t i t y  p l o t t e d  i s  t he  sura of th.? c r o s s  s e c t i o n  for t h e  

The 132' i.ons are  i n  t h e  lscrg s t a t e .  

e -1. D2': 
r e a c t i o n  e + DZt' + Df f D + e and t w i c e  the cross s e c t i o n  foi. tile y e a c t i o n  
e t- D2+ -+ D" -+ D' + 2e. 
v i b r a t i o n a l  d i s t r i b u t i o n  coi:responding -to the i o n i z a t i o n  o f  c o l d  deu-terium 
gas by fast el .ectrons.  The D atoms formed i.n t he  f i r s t  r e a c t i o n  may be 
7.n e x c i t e d  sta-tes I 

T h e  quan-Li.ly p l o t t e d  i s  the sum of  t h e  c r o s s  s e c t i o n  f o r  t h e  

The D2' i o n s  m e  i n  the l s o g  s t a t e .  They have a 
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c.4.35 

Cross S e c t i o n  f o r  t h e  Product ion of Protons i n  Elec'cmn Inpacts 

on H Ions and Cross Sect ion  f o r  t h e  Dissociat j -ve i o n i z a t i o i l  

Xenction e + K + H~~ t K t 2F: 2 

+ 
2 

i- t- 

..... .......... ....... ........ ........ ___ . __ .. ~. . .  ....... . -. .. ......... ........ ___._ ..... -. -~ __ ___.____. ____ ~ . 

Energy Cross Sec t ion  
(ev)  ( cm2 1 

e + ;12+- 
Dissoci a t i v ?  

l o n i z a t  Lon 

4.0 E 30 9.90 E-16 
8.0 E 00 '1.98 E-16 
1.0 3 01 6. 8;1 
2.0 E 01. 4.73 E-16 1.06 z-18 
4.0 E 01 3.116 5-16 6.90 E-18 

8.0 3 01 2.40 3-46 1.62 
l.0 E 02 2.09 E-16 1.. 'I j E.-1-7 

3.0  !3 02 9.20 E-17 3.71. E-18 
'4.0 E 02 7.50 &i7 7.60 ~-1-8 
8.0 E 92 IC. 20 FL1.7 4.57 E-18 
L O _ D D _ 3 ,  _._______... ... ___. ....... _- ...... - .... 2 0  ...E.-l:r... ....._______....&... .......... 00 ~ : - l a  

6.0 E 01 2.81. 2-16 1.30 E-17 

2 , O  E 02 1. . 2 J-L -1.6 1.33 X-l'{ 

Refzrencps : 

d- e + kI2 (p ro ton  p r o d u c t i o n ) :  
1496 (19'11 ) ; - 5, 155'1- (19'(2). 

e +- H2 ( d i s s o c i a t i v e  i o n i z a t i o n ) :  R. P c a r t  and K . T .  Uolder, J .  Phys. B 

_II 

R. PFarL ai12 K. T .  Dolder,  J. Phys. 3 I- 4, 

t 

- 6 ,  2)1-03 (1973). 

Accuracy: 

e I- 92 ( p r o t o n  p r o d u c t i o n ) :  

e + H:! ( d i s s o c i a t i v e  i o n i z a t i o n ) :  
< + 11% over most of energy rsrrqe. 

i- Systematic  e r r o r  - _  < t- 105. liandom crr-or + - 10%. 
i- Systemat i r  ei-ror < - + 65. i-imdom e r r o r  

I- 

Notes: 

e f HZ (pro ton  prodircti.on): The q u a n t i t y  p l o t t e d  i s  t h e  sum o f  t h e  cross 
sections fo r  t n e  r e a c t i o n s  e d- H: -> H+ d- H + e amd e + H$ + H" + H" + 2 e .  
The H$ i o n s  ar? i x l  t h e  l s a g  s ta te ;  t h e y  have a v ib ra t iona l .  d i s t r i b u t i o n  
corr?spond.i!ig t o  t h e  i o n i z a t i o n  of  cold hydrogen gas by f a s t  e l e c t r o n s .  
'The 9 atoms formed i-n the first r e a c t i o n  may be i n  e x c i t e d  s t a t e s .  

e f IT2 ( d . i s s o c i a t i v c  i o n i z a t i o n ) :  The H2 i o n s  are i n  t h e  lsOg ska te ;  they 
have a v i b r a t i o n a l  d i s t r i b u t i o n  corresponding t o  Lhe i o n i z a t i o n  of  cold 
hydrogen gas by f a s t  e l e c t r o n s .  

--.. 

+ + 
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T o t a l  Cross S e c t i o n ,  0 f o r  I o n i z a i i o n  of Atomic Lithiuq by r:lectron 

iin_nact,  and Cross S e c t i o n  f o r  Produci ion o f  He from 3e by Electron Impact 

T' 
24- 1- 

1 . 0  E 02 
2 . 0  E O? 
3.0 E 02 
ic.0 d 02 
5.0 3 02 
6.0 E 02 
' i . 0  E O? 
8.0  E 02 
9.0 r: 03 
1.0 E 03 
1 . 2  E 03 
1.)~ E 03 
1 . 6  & 03 
1 . 8  E 03 
2.0 E 03 

1.0 .t:-1.6 
'7.4 E-17 
5.5 g-17 
4 . 5  E-17 
3. 6 E-1.7 
3 .0  z-1.7 
2 .5  g-1'( 
2 -2 z--1.7 
2 . o  g-i'-l 

1,5 d-17 
1 .3  S-1-7 

1 , a  E-L'( 

1-*2 d-iT 
1 . 2  E.-17 
1.1 E-1-7 

5 . 5  E 0 1  
6 . 8  E 01 
9.8 E 0 1  
l e 2  E 02 
1.7 E 02 
2 , 0  E 02 
3.0 E 02 
4.0 3 02 
6.0 E 02 
8 .0  E 02 
1 . 0  E 03  
1 . 2  E 03 
1 .6  E 03 
2.0 4 03 
3 .0  Z 33 
14.0 d 03 
6.0 E 03 
8 . 0  i 03 
1.0 I7 O J L  

1 . 3  3-19 
1 . 5  E--1.8 
3 .6  3-18 
4 .0  z-1.8 
L.8 E-18 
4 . 5  E-j.8 
4.2 E - i 8  
3.9 2--.1.8 
3 .1  E-18 
2 .6  13-18 
2.2 2-18 
2.1 3-18 
1 . 6  ~-1~8 
1 . 3  13-18 
9.7 E-1.9 
'(.6 E-19 
5.0 E-19 
3.9 Ell? 
3.2 E-19 

References : 

e f T , i :  

e f He : 

_. 

H. J a l i n ,  R. Hagemann, amid R. B o i i e r ,  J .  Chem. Phys. - 59, 952 (1373) .  

d. Peart, D.S. Walton, and K.T,  Dolder,  J .  Phys. d - 3, 13)L7 (1969). f 

Accuracy : 

e -1- T J i :  

5 
e 3 H e  : Systematic  e r r o r  < 8%. 
range .  

'The total. error i .s b e l i e v e d  n o t  t o  exceed - + 15z. 

Random z r r o r  < 9% OVCT most o f  t h e  ener\;ir 
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C.L.40 

+ 
C r o s s  Seciions f o r  S ing le  and Uoujle Ioniza'Lon of Li Ions ar-d 

Cross Zecti-ons f o r  SLngle Ioniza, t ion c f  Na' and  I(+ I o n s  by Zlectror? Impact 

CYOSS Sectioiis 
( em2 ) 

4 . 0  J 01  
6 . 0  d 01 
8 .0  F 01 
1 . 3  E 02 
1.5 E 02 
2,5 E 02 
3.0 b: 02 
4 . 0  L: 03 
6 . 0  P 02 
1.0 z 03 
1.5 ', 03 
2 3 E 0 3  
2 . 5  r' 03  
3.0 E 33 
6 . 0  fi 03 
1 . 0  2 04 
2-0 3 04 
2 . > r: 011 

. 4- 
..- e+i,i ..... ~ +~i~++22 

I.. j z  E-18 
3.45 z-18 
!-I. 08 E-18 
4 . 1 3  d-1.8 
4.09 E-18 
3.71. 3-18 
2 .85  E-18 
2 .13  d-1-8 
1 .86  E-18 
1.62 z-1-8 
1 . 4 2  E-18 
-1.91 3-1.9 
5.29  E-19 
2 . 9 1  E - 1 9  
2.38 E-19 

i- 
e+-T,i + ~ i ~ + + 3 e  

2 . o h  ii:-21. 
3.80 Z-21 
6.82 E-21  
1 . 0 0  E-20 
9 .56  E-21  
7 . 1 1  E-21 
5.21 7-21 
4. bo E-21 

4 26- e+?Ja +Na +22 ........... __ 

3.30 E-18  
9 . i o  2-1.8 
1 . 5 0  2-1'7 
2.32  .E;--:7 
2.67 E-l'? 
2.64 3-1.7 
2 .50  LILT 
2 .18 E-:'( 
1.68 &-17 
1.28  E-1.7 
1 .06  3-17 
8.90 E-18 
7.50 3-18 

-t 2-t 
etK -+K +-2e 

3.80 ~:--1-7 

9.80 Z-I.'j( 
9.83 Z-1.7 
9.17 E-17 
7.39 E-1.7 
6 .55 i<-:.r( 

5 .55  E-17 
4 .30 rl-1.7 
3 .00 3-17 
2.18 3-1-7 
1 . 8 0  d-1-r 
1 . 5 6  E-17 

I- 

8.514 3-ip( 

1.39 E-:'7 

Hefcrences:  

e -1- Li (sing1.e i o n i z a t i o n ) :  W . C .  L ineberger ,  J.W. Hooper, and g.W. MeDaniel, 
Phys. Rev. -.... l.hl.7 " 151 (1366). 
B- Pear'c, D . S .  'vJal.ton, and K.T .  Dol-der, J .  Phys. H __ 2 ,  134'7 (1969) .  

- ____-__ 
4- 

B. Peart and K.T. Dolder ,  J. Phys. R - I., 8'72 (1-968). 

+ 
e 4- L i  (double  i o n i L a t i o n )  : Y. P e a r t  and K.T .  Dolder,  J .  Phys. K 2 ,  - 1169 (1969) .  

e + ( d a  ,K ) :  2. P e a r t  and K.T. Dolder ,  J .  Phys. ~3 I, 2110 (1968) .  J.W. Hooper, 
\*i.C, Lineberger,  m d  F.M. Bacon, Phys. Rev. - 141 ~ 165'-( 1966) .  

4- -t. 

P.c curacv : 

f 
e + T,i (si .ng~.e i o n i z a t i o n ) :  sys t ema t i c  e r r o r  < - + 8%, random e r r o r  < - + 6% 
over mosL of energy range.  e + Lif (double i o n i z a t i o n ) :  sys t ema t i c  e r r o r  
< -+ g%, r .~ndom e r r o r  < i- 9%. e + N a + :  
F T 2000 eV; - -1- 10% at E-= 3500 ev. maximum total .  errol- = - 3- 6% ai; 
H 2- 1.250 eV; - + 9% a t  Z = 3000 eV. 

maximum total e r r o r  = - + 6% for 
e 4- K': 
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+ 2+ 
Cross S e c t i o n s  for S i n g l e  T o n i z a i i o n  of 11 and J 

Ions by Xlec t ron  Impaci; 

3.0 E 01 
11.0 r: 01 
6.0 d 01 
8.0 r: 01 
1.0 5 02 
1.5 d 02 
2 - 0  3 02 
2.5 r: 9? 
3 . 0  E 92 
i t .  0 b; 02 
6.0 E 02 
8.0 r: 02 

Cross Seci i .ons  
( cm2 ) 

...... ........ + 
e +- W 
_II -. 

1..00 E-18 

3.65 2-17 
1-I.. 56 e-1~7 

14.85 2-17 

1..91 Z - l 7  

4.99 E - l ' (  

4.50 d-17 
4.13 E-17 
3.79 K-LT 
3.16 Z-17 

2+ e t N 

7.80 4 - I 8  
1- . 1+ 1 E -1~ 7 
1.67 z-i'r 
i . '(6 ~.-1.7 
1.69 2-1.7 
1.56 Z - l r (  
7 . )+s E.-1.7 
1 . 2 6  E-1.3 
9.70 Z-18 
7.80 E-1.8 

References:  

f 
e t- N : M.F.A. E a r r i s o n ,  X.T. Dolder,  and P.  C .  Thonemann, Proc .  Phys. 
S O C .  - 82, 368 (1963). 

e + ii 2 -1 
: K . L .  A i t k e n ,  M.F.A. Harr i son ,  and R . D .  Rundel, J .  Phys. H 4, ... 

1189 (1971) .  

Accuracy : 

e + Pi : The total e r r o r  i s  b e l i e v e d  n o t  t o  exceed f 1 5 % .  

e f P i  : Systematic  error < 10%. Random error  < 5%. 

............... 

t- 
- 

2f 





c .4 .44  

Cross Sec t ions  f o r  3icgle i on iza t io r i  ol" 

i- 2+ 
0 and 0 Ions by ElecLron Iinpaci 

......... ..... ....... .......... ____ .. - ......... ______ ____ - ....... 

Energy Cross  S e c t i o n s  
(ev) ( c m 2  ) 

2.5 H 01 
3.0 E 01 
4.0 E 01 

8.0 E 01 
1 , O  E 02 
1.5 ii, O? 
2*0 R 02 
2.5 L 07 
3.0 E 02 
h.O r: 03 
6.0 E 02 
8.0 E 02 
1.0 F: 03 

6 .0  ~ 01 

5.00 13-20 

6.89 E-18 

3.68 E-17 

iL.38 s-17 

2.50 E-1-9 

2.64 E-17 

4 .19 li-17 

4.19 Z - l i  
3.93 E-17 
3.70 E-1'7 
3.29 E-17 
7 - 6 6  ~ - i (  
2.21 E-17 
1.85 ~-17 

Reference : 

f 2+ 
e + (0 ,O ) : K.L. Aitken a n d  M.F.A. Ha r r i son ,  J. Phys. 8 - 4, 11-16 (1.971). 

Accuracy : 

e + 0': Systematic  e r ror  < 10%. ~ a u c ~ o m  e r r o r  5%. 

e + 02+: 
d < 63  e ~ .  

Syst;eniatic e r r o r  < 15% at E < 63 e V .  R m d o m  e m o r  - < 15% ai 
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c.4.46 

Cross S e c t i o n s  For r o n i z a t i o n  of Caf and by E l e c t r o n  impact, 

I. i i 01 
2*0 E 01 
3.0 E 01 
5.0 E 01 
7.5 Ir: 01 
8.0 E 01 
1 . 1  E 02 
1.5 fi 02 
2.0 E 02 
3.0 IL 02 
4.0 E 02 
5.0 r: 02 
6.0 E 02 
7.0 0? 
8.0 E 02 

+ 4- 
e + Ca e + Sr 
I__s__ 

4.00 z - l ' i  
1.59 3-16 
1-65 ~-1-6 
1.70 E-16 
1- - 70 ~-.:.6 
1.68 E-16 
1.56 .z-:~6 
i.40 E-16 
1 . 1.0 E:- 1.6 

7.20 E-1.7 
6.00 z.-1.7 

4.50 E-17 

9.00 E-17 

5.20 A-17 

5.20 E-! 7 
8.00 d-17 
2.20 3-16 
2 -50 z-16 
2.60 2-16 
2.59 E-1-6 
2.36 13-16 
2 E-16 
I.. 82 -2-16 
1.45 E-16 
1.23 E-1.6 
1.09 E-16 
1.03 E-16 
1.00 E-iG 

lleference : 

B, Pear t  and K 3 .  Dolder, J .  Phys. B - 8 ,  56 (1975). 

--_. 

Accuracy : 

The t o t a l  e r r o r  i s  be l i eved  n o t  t o  exceed ? 122. 
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c.4.48 

4 + 
Cross Scctions for Single lonizatjon of Ba aucl T1 

Cons by FL?ctron Impact 

C r o s s  Sect ions  
( em2 

1.0 E 01 
1 . 5  d 01 
2 . 0  E 0 1  

3.0 E 01  
2 .5  il: 01 

11.0 d 01 
6.0 E 01 
8.0  L 01 
1 . 0  3 02 
1 . 5  E 02 
2.0 E O? 
2*5 E 02 
3.0 X O? 
4 . 0  d 02 
6 . 0  ii: o? 
8 .0  E 02 
1 . 0  E 03 
J.,5 Z 03 
2.0 ~ 03 

1 . 3 1  E-1-6 
4 .10  13-16 
4.31 E-1.6 
4.37 3-16 
14.33 E--16 
4.14 E.-16 
3.92 3-1~6 
3.72 E-16 
3.26 x-16 
2 -85 E---16 
2.50 E-16 
2.20 E-1.6 
1-85 E-16 
1. 44 E-1-6 
1 .21  E-16 
1 .05  E.-16 
7 .80  E-17 
6,?.0 E.-17 

4- 2+ 
e+T1 +Tl +2e -- 

4- .20 E-1'( 
6.'i5 ~ - 1 . 7  
1.05 E-16 
1.115 E-16 
1 .68  E-1.6 
1.7b  13-16 
1. ~5 E-16 
1.16 E-16 
1.50 E-16 
1.35 ~ - ? , . 6  
1-25 E-16 
1 .08  E-16 
8.90 E-1.7 
7.70 E-17 
6.75 E-17 

)-1.10 i3-1-7 
5.20 ~ - 1 ' 7  

Rcferenees:  

e + 3a': 
(1.9'73). 
(1gr (2) ;  B. Pear t  and K.' i ' .  Dolder ,  J. P'nys. B - 1, 872 ( 1 9 6 8 ) .  

e + TI": 
Phys. Rev. A -- 13, 54 (1.976). 

B, Pear{:, J. G. Stevenson,  and K .  T. Dolder,  J .  Phys. :B 6, 1.46 
H.K. Feeney, J-.W. Hooper, and. MA'. Elfoi-d,  Phys. Rev. A - 6: 1469 

Y.F. Divine,  H . K .  Feeney, N . Z .  Sayle, 11, and ,T -W.  Hoopey, 

Accuracv : 

e +- ?af: M a x i m u m  t o t a l  e r r o r  

e I- TI+: 

?.0% at, E > 20 eV; + 25% at E 7 15 eV. - 

The total error i s  be l i eved  not t o  exceed k 15%. 
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C.4.50 

4- 2 .c 
Cross  Sections rot- S i n g l e  Ionization of  YIg and Mg 

1011s by k2e:tron Impact 

Cross Sections 
( cm2 ) 

2.0 E 01 
2.5 E 01 
3 .0  E 07 
4 . 0  E 01 
6.0 F, 01 
8.0 E 0 1  
1.0 d 02 
1 . 5  3 02 
2 .0  4 02 
2.5 z 02 
3.0 i3 02 
4.0 E 02 
6 . 0  E 02 
8.0 E 02 
1 . 0  E 03 
1 . 5  E 03 
2 . 0  E 03 
2.5 3 03  
3.0 E 03 

3.30 3-17 
4.45 E-l : f  
4.79 H-1-7 
4 . 8 1  E-17 
IC. 511 E-17 
lh.28 E-17 
4.08 E-1'7 

3.41. 3-1'7 
3.70 ~ . - - 1 7  

3.18 3-17 
3.00 E-1'7 
2.69 E-17 
2 -25 x-17 
1.94 E-17 
1 .69 2-17 
1 .22  13-17 

2.70 X-J 8 
9.19 z-18 
1.15 E-17 
1.25 Z-1' i  
I. 30 3-17 
1.30 E-1LJ 
l.21 E-17 
1 . 1 9  E-17 
9.70 E-18 
7.>0 E-18 
6.20 2-18 
5.Lo 7-18 
4.90 E-18 

References : 

e + Mg-t: 

2+ 
e c Mg 

S.O. M a r t i n ,  B. Pear?,  and K . Y .  D o l d e r ,  J. Phys. B - l9 53'1 (1968) .  

: B. Ten i - t ,  S.O. :.lartiii, and K.1'. Oolder, J ,  Phys. B - ?, 1176 (1969). 

Acciiracv : 

e t Mg+. Maximmi total- erroi- < 2 101 a t  6 > 50 eV; i 20% a t  F: = 20 eV. 

e + ~g : Systematic e r r o r  < i 8%.  aianiiom eri-ol- < 2 5%. 

- - 
2+ 
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cross Sections f o r  I o n i m t i o n  of ~ b +  and CS+ Ions by E l e c t r o n  ~rnpac t  

Cross S e c t i o n s  
( ern2 ) 

3 
e i- Rb 

3 
e + Cs 

3.0 H: 01 
4.0 E 01 
> . o  E 01 
6,o E 01 
7.0  3 01 
7.5 r: 01 
8 . 0  d 0 1  
9 .0  E 0 1  
1 . 0  E 02 
1 . 1  2 02 
1.2 r: 02 
1.3 z 02 
1 . 5  E 02 
2*o 3 02 
2"25 L 02 
? n 5  d 02 
3.5 .d 02 
4 .0  & 02 
4.75 E 07 

1..60 E-17 
6.60 Z-1.7 
l . 3 2  e-16 
1.. 52 13-11.6 
1.614 2-16 
1 .68 E.-1.6 
1 .70  E-16 
1 , 6 6  E..-1.6 
1.63 d-16 
I.. 69 e.-1.6 
1 .66  ~-16 
I - 5 3  E.-1.6 
1.36 E-16 
I. , 2 1 E-.-16 
1.1-9 E-16 
1 .16 z-1.6 
9.20 d-i'-( 
8.50  E-1.7 
8.00 3-17 

7.00 E-17 
1 . 4 0  2-16 
1 . 6 2  3-16 
1.68  E-16 
1.72 d.-16 
i . , (6  3-16 
1.82  2-1 6 
1.92 E-16 
1.95 E-16 
1.92 3-16 
1.86 E-16 
1 .78  E-16 
1.60  A-16 
1.30 E-16 
i .PO E-16 
1.06 E-16 
7.10 3-17 
6.00 E-l/ 

Reference : 

B. Penr t  and  K.T. Dolder, J. Phys. 13 E, 56  (1975). 

Accuracv : 

The t o t a l  e r r o r  is b e l i e v e d  no t  t o  exceed ?. 1.2%. 
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c.4.54 

Diffei-enii .al  Cross Sec Lions f o r  djection of  Fl.ectrons from 

Hel.iuin Atoms by E l e c  Lron linpact 

('i'he ci-0s.s szcti .ons a r e  d i f f e m n t i a 1 .  i n  -the e j e c t e d  e l e c t r o n  enerp>y- 

The i n c i d e n t  e l e c t r o n  energy is i n d i c a t e d  al-ongside -the c u ~ v e s .  ) 

D i f f e r e n t i a l  Cross Szcii-nns 
( cm2 / e V )  

5.0 r: 00 
6.0  E 00 
8.0  d 00 
1 . 0  E 01 
1.5 d 01 
2,0 3 01 

3.0 r: 01 
4.0 r: 01 

8.0 E 01 
1.0 E iJ2 
1 - 5  E 02 
2 . 0  E 02 

2 - 5  z 01 

6.0 r: 01 

1000 cv 
-I 

300 eV - 100 eV _ _ . ~  50 eV 

1 . 4 9  2-1.8 1 .82  
i.!h E-18 l.'[i 2-18 

1..04 2-18 1.18 ~ - 1 8  
8.80 E-19 8.20 a-1.9 
8.59 X-1-9 6.26 e-19 

5.00 1L1.9 
4.1 '7  E-19 
3. 57 E-1.9 

1.20 E-1.8 1 .)-bo E-18 

1 .42  E-18 
1 .32  E-18 
1 . 1 5  E - 1 8  
1.00 E-18 
'I. 1'7 E.. I 9  
5.20 E-19 
3.89 E-19 

1.80 Z-19 
3.00 z-19 

7.88 2-20 
4.43 d-20 
2.82 3-20 

4.40 E--19 
h .  h? 4:-19 
3. (8 E-19 
3.30 E-19 
2.39 3-19 
1.si9 3-19 

1-09 ~ : - 1 9  
7.00 E-20 
3.39 E--20 
1.30 E-20 
1.18 17-20 

2.1~6 E-21 

1 .39  E-19 

4.76 3-21 

. . .. . -. . -. - .... ___.-- . .. . . . . . ___ . . . . . . . . . . .- __ . . . . . .. . . . -. -. - . . . . . .- -~ ~ ....... 

Refel-ences : 

e C. H e :  
(1972)  ; JILA l k p o r t  -10. 108, U f i i v  . of Colorado, Boulder, Coloi-adn (1971 ) % 

C . 3 .  O p a l ,  E .C.  Beaty,  and W.K. P e t e r s o n ,  Atomic Data k,  209 

Accuracy : 

The t o t a l  e r r o r  i s  b e l i e v e d  n o t  i o  exceed - + 30%. 
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D i f f e r e n t i a l  Cross S e c t i o n s  for EjecLion  of El-ectrons from H 2 ,  Ti2, a11d 0 

Molecules by Impact of I n c i d e n t  Z l e c t r o n s  with 500 eV Xilergy 

(The cross  s e c t i o n s  are d i f f e r e n t i a l  in the e j e c t e d  elecbron energy.) 

2 

D i  ffei-ent i a1 Cros s S e c t i o n  
( cm2/eV) 

5.0 E 00 
6.0 E 00 
8.0 E 00 
1.0 E 03 
1.5 d 01 
2*0 E 0 1  
2 .5  d 01 
3.0 2 01 
4.0 E 01 
6.0 E 01 
8.0 E 01. 
l , o  E 02 
1.5 E 02 
2.0 fl 02 

2 
e .t €1 

2 .b9 e-18 
2-17 E-18 
1.~64 ~ - i 8  
1 . 2 3  E-18 
6.60 ?:--i9 
1c.04 E-19 
?.74 E-19 
1.98 E-19 
1.13 E-19 
5.18 E-20 
2.89 E-20 
1 .~80 E-20 
1.48 E-21 
h.60 d-21 

e 4- N 
2 

6.11 E-18 
5.7'( g-18 
5.19 E-18 
4.63 Y-18 
3.21 E-18 
2.10 E-18 
1 .44 E-18 
1,06 ~i-18 
6.30 E-19 
2.88 E-19 
1.60 E-I9 
9.83 Z-30 
3.98 E-20 
~ ~ 3 8  2-20 

2 e + O  
__.-- 

6. (9 E-18 

5.42 s-18 
5 .00  .:.-la 
1.00 2-18 
3.02 d-18 
2.30 E-18 
1.75 d-18 

4.90 H-1-9 

1.64 3-19 

14.00 E-20 

6.16 E-18 

1.08  x-18 

2.  (0 E.--1 9 

6.53 d-20 

References : -.....I____I 

ef(Hz,N2,02): 
209 ( 1-9'72) ; JILA Report No. 108, Univ. o f  Colorado, Bouldt?r, Colorado-.-( 1971) . 

C.B.  Opal,  E.C. Beaty, and W.K. Peterson, Atomic Data 4, 

A c  cur ac y : 

ei-(H2>Ti2,O2) : The t o t a l  error i s  believed not to exceed - + 30%. 









c.5.2 

Cross Sec t ion  fo r  Rad ia t ive  Attachment o r  Elec t rons  

t o  Ground-State Hydrogen Atoms ( T h e o r e t i c a l )  

E l e c t r o n  Cross 
Energy Sec t ion  
(ev) ( cm2 

1 .35  E-01 
2.00 E-01 

4.00 E-01 
3.00 E-01 

5.00 E-01 
6.00 E-01 
7.00 E-01 
8.00 E-01 
1.00 E: 00 
1.50 E 00 
2.00 E 00 
3.00 E 00 
4.00 E 00 
6.00 E 00 
8.00 E 00 
1.00 E 0 1  
1.08 E 01 

4.56 E-21c 
5.02 E-24 
5.45 E-24 
5.70 E-2Ic 
5.82 E-24 
5.86 E-24 
5.86 E-24 
5.83 E-24 
5.70 E-21-1 
5.20 E-24 
4.62 E-24 
3.91 E-24 
3.50 E-24 
3.08 E-24 
2.87 E-24 
2.77 E-24 
2.73 E-24 

Reference : 

H.S.W. Massey, E.H.S. Burhop, and H.B. Gi lbody,  "E lec t ron ic  and I o n i c  
Impact Phenomena," Vol. 11, Oxford Univ. P r e s s  (1969), pag? 1260. 

Accuracv : 

The t o t a l  e r r o r  i s  be l i eved  not  -to exceed. + I 5%. 
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Cross Sec t ion  f o r  t h e  Product ion of  H- Ions by Di s soc ia t ive  

Attachment of EXectrons i n  Hydrogen Gas 

e + €1 i- H- -+ products  2 

~ ___ _. . . .- .. . . . .. -. . . . . . . ............. ~... .... ... ... . - __ 
~ -- _.I....___ ~ 

Elec t ron  Cross Sec t ion  
Energy ( em2 ) 
(eV) 

6.00 fi 00 
7.00 rl 00 

9.00 E 00 
8.00 L 00 

1.00 3 01 
1.10 E 01 
1.20 E 01 
1.211- r: 01. 
1.30 E 01 
1.311 H 01 
1.38 E 01 
1.40 E 01 
1.)1-2 E 0 1  
1.46 E 01 
1.118 E 01 

1.54 E 01 
1.50 E 01 

1.60 x 01 
1.70 E 01 
1.80 E 01 
1.90 E 01 
2.00 r: 01 
2.20 E 01 
2.30 E 01 

5 .oo E-22 
1.20 E-21 
4.50 E-21 
1.10 L-20 
1.20 E-20 
7.22 li-20 
1 .26  E-20 
1 .03 E-20 
9.70 E-21 
2.10 E-20 
3.10 E-20 
3.37 E-20 
3.46 E-20 

2.10 E-20 

l . r ( S  E-20 

1.96 E-20 

2.20 E-20 
2.34 E-20 
?.41 E-20 

2.80 E-?O 

1.82 H-?o 

1.83 E-20 

2.32 E-20 

.......... ~ .... ~ ~. ~ _____ ______ .. . ..... . .. . ... _____ .. . . 

Reference: 

G.J. S c h u l z ,  Phys. Rev. .. 11.3, . . . ... .- 816 (1359). 

Ac cui-aey : 

The t o t a l  e r r o r  is be l i eved  not  t o  exceed - -i- 35%. 

No Le : 

- 
B e l o w  13.6 eV, the  r e a c t i o n  i s  e -t- H2 + II -+ H .  Above 13.6 eV, t h e  
r e a c t i o n  e f 112 > HI' f H" can occur .  
produced s imultaneously i n  an " ion-pdir  product ion" process I 

Above 17.2 eV, H- anti H+ can be 
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c . 5 . 6  

Cross Sec t ions  for NegaiF-re T o t i  Formation i i n  H,, HD, and D2 

by T,ow E n e r g y  El.ectrons 

cross  Seciiir11s 
( em2 

3.00 3 00 
3.30 d, 00 
3.110 E 00 
3.60 P: 00 
3.75 E 00 
3.80 P, 00 
)1.00 2 00 

) r  . 110 L 00 
4.60 4 00 
h.80 z 00 
3.00 E 00 
5.30 E 00 
5.40 E 00 

4.30 00 

H'- from H2 
____ 

1.50 E-22 
1. (> PL23 
1.45 2-21- 
8.50 fi-22 
4.25 d-22 
3.60 d-92 
2.50 E-22 
1. (0 E-22 

7.00 5-23 
1 . 1 5  E-22 

1 . i o  E--23 
2.00 x-23 
5.30 E-23 
9.10 E-23 
1.05 E-22 
6.00 E--33 

3.00 r:-23 
2.15 E-23 
1.55 E-21 
1-10 E-23 
'7.00 E-24 
6 .00 E.24 

3.55 E-23 

2 
D- from D 
I- 

7.00 E.-26 
1.30 E-?> 
4.60 E-25 
'(.GO E-25 
8.80 2-25 
5.20 E.-25 
3.55 E-25 
3.55 E-35 
5.15 d-?> 
7.40 E-25 
9.50 E-25 

References : 

G.J. S c h u 1 ~  and  H , K .  Asuni l i ,  Phys. Rev. L e t t s .  15, 9h6 (1965) ;  G . J .  
Schiilz and 3.d. Asundi ,  Phys. Rev. 158, 25 (19677.. 

Acc11rac y : 

The total e r r o r  is believed nodi to exceed - + 30%. 
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c.6.3 

Ca lcu la t ed  Recombination C o e f f i c i e n t  w. f o r  t h e  
n , E  

-I- 
Radiative Recombination of E l e c t ~ o n s  to H Ions in Different F i n a l  

1 
2 
3 
14 

5 
6 
7 
8 
3 
10 
11 
12 

1582 
234 
78.2 
36.3 
19.9 
I%.,% 
'I. 94 
5.48 
3 m 9,c 
2.93 
2.23 
1.74 

536 
204 
96.5 
52.8 
31.6 
20.3 
13.7 
9.73 
7.03 
5.34 
3.99 

173 
109 
66.9 
42.13 
28.8 
20.0 
14,h 
10.6 
7.94 
6.08 

P5.5  
49.4 
37.5 
28.2 
20.9 
15.6 
12.0 
9.15 
"I .22 

17.9 
20.5 5.85 
18.7 8,22 2.00 
15.8 8.59 3.25 0.706 

10.5 7.12 3.83 1-61 0.502 0.100 
8.45 6.20 3.67 1.7'7 0.688 0.203 0.039 
6.85 5.38 3.41 1.83 0,825 0.304 0.084 0.016 

1.2.8 7.97 3.7; 1.28 0.259 

5 
6 
7 a 
9 
10 
11 
12 

1079 
160 
52.9 
24.3 
1.3.2 
7.95 
5.14 
3.52 
2 . 5 0 
1.86 
1.40 
1.09 

324 
12 3 
58.1 
31.3 
18.6 
11.7 
'7.81 
5.45 
3.94 
2.93 
2.23 

90.9 
56.7 
34.9 
22.3 
15.1. 
10.5 
'7.51 
5.50 
4.13 
3.16 

25.7 
22.3 
16.9 
12.7 
9.78 
7.45 
5.74 
4.49 
3.51 

7.54 

7.38 2.96 0.766 
8.10 2.35 

6.43 3.11 l.10 0.267 
5.1.15 3.00 1.28 0.424 0.096 
4.53 2.74 1.32 0.526 0.164 0.036 
3.75 2.46 1 - 2 9  0.5'72 0.215; 0.064 0.014 
3.08 2.17 1..2)-1 0.598 0.252 0,091 0.026 0.006 

. ... . .. . 
Ref erenee : 

D.R.  Ba tes ,  Case Stud ies  i n  Atomic Phjrsies &, 57 (1974). 



c .6 .4  

T o t a l  Recorfibinatioa C o e f f i c i e n t  a f o r  t h e  Rad.iative 
Electon-Ion Xecombinatioa o f  Va:ri.ous Ions  a t  250°K 

..... __.._ .. __ .. ___ ........... __ .-......___......____I ........ ~. ......... ____ ..--. __ _.._.I.xI _I.___ 

Recornbina.l; i.on 
sys~i;i.IIl Coe f f i c i  e n t  a 

~" ........... -. - ~ __l_l_ -.. ...... 
( c n3 / s e c ) 

......... 

H" -+ e 4.8 E-12 
He" C c 4.8 E-12 
c' J- c 4.2 E-12 
Nf + 2 3.6 g-12 
0" c 2 3.7  ~-12 

Heference : 

D = H .  Bates and A. 3a lgarno ,  ..... Atomic and Molecular ._ . . Processes ,  -_I ed. by 3 . R .  Ba tes ,  
Academic P~ess, Mew York, 1962, p.252, 

.- 

........... . . -. ......... ____._ ......... 
---_llll___ .......... .....-.___...-...-- ........ ______ ..... _._l_l_l 

Recombinaiion C o e f f i c i e n t  CI f o r  the 3 a d i  a t i v ?  Recombination 
of E l e c t r o n s  wjth :IC' and :It l o n s  a t  lO,O0OoK 2nd 20,000°K 

...... .......... ___ ........ _______ .....-......... ..7.._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 

Hec0mbinat.i on C o e f f i c i e n t  a ( c n 3 / s e c )  
......... l__ I__.- ..... _..____ll_--l_I_---l.I ........ 

$vel Formed He Er-ci-ted Rxci t e  d He H 

-. ~ e r n ~  ( O K ~ .  __ S t a t e  ....... - ____.._..- 

-----.- I--- Ground He He Any Level Any L e v e l  

10,000 1.59 E,-13 6.30 E-14 2 .io E-1.3 4.31. E-13 4.17 3-13 

~ . I . .  . .-. . T r i p l e  t s 
..-.I____.. _- S i n g l e t s  

20,000 1.15 E-13 3.50 E-14 1.20 E-1.3 2-69 E-1.3 2.51 E-13 

Reference : 

A. Bvrgess and M.F. Seaton,  '4onthly Notices  ol" t h e  Royal Astroaornical 
S o c i e t y  - QI., 1171 (1960). 

_ I O  -__- 

Calcula ted  Radia t ive  Recouibination C o e f f i c i e n t  u f o r  t h e  
Recombination o f  Elec t rons  wLth 0'- Tons 

e 4- Of + 0 4- l1V 

.I .s__ ___._ ............ ...... -. ......_____- _ _ ~  ~ _ _ _ _ _ _  -. -.. ........... ___._. 
Ele c tr on 
Temp, (OK) 

Recombination Coeff ic ien t  CI ( cm3 / s e C )  

........I._..-___...._._.__I __-_ ~ ~ ~ _ _ _ _ .  .... -- -.._^____- 
2.5 E 02 3.h E-12 
5 .0  z 02 2,2 2-12 
1.0 bl 03  1.3 E-12 
2-0 E 0 3  8.0 E-13 

Reference: 

A. Dalgarno, Ann. Geophys. ...... 17,  16 (1961). 
---- 

......... ..........I__ ........ ....... .____.. ___ ......-..--I___ _p___-__l_- 
..........._.I___ - ....... 





Calculate  cl Recom3inat i on  Coe f 'fi tier,% CL for  t h e  C o l l i  s i ocal-Radi a t ive  3econibination of  E l e c t r o n s  wit% 

H" Ions in m O p t i c a l l y  Thin @ Plasma, for V a r i o u s  E l e c t r o n  Temperatures T e 

Electron 
Coccentration 

ne ( c3- ; 
R e  cornbi n a t  i oil C o e f f i c i e c t a 

( ,In3 / s e e  j 

Li, :=it  n,+3 
1.3 E C8 
1.0 E 39 
1 . 0  E 10 
1.0  E ll 
1 .0  3 12  
1 .0  9 13 
1.0 3 14 
1.0 3 1 5  
1.0 E 16 
1 . 0  E 17 
1.0 E 18 
Limit ne- 

T, = 250" K T, = 500" K :le = 1000" K T, = b000" K T, = 16,000" K rile = 64,000" K 

4.6 2-12 3 .1  E-12 2.0 E-12 7.9 E-13  2.9 E-13 
8.8 E-11 1.4 E - l l  4 . 1  E-12 9.2 E-13 3.0 E-13 
4.0 E-10 3.8 E-11 7 .5  E-12 1 . 0  2-12 3.0 E-13 
2 .8  E-09 1 .6  E-10 1 . 9  E-11  1.4 E-12 3.2 E-13 
2 .7  E-08 1 . 0  E-09 6.9 ~-11 2.2 3-12 3.4 E-13 
2.6 E-07 9 .0  E-09 3.9 E-10 4.4 E-12 4.3 E-13 
2 .6  E-06 3.9 E-08 3.1 E-09 1.2 s-11 5.2 E-13 
2 .6  E-05 8.8 3-07 2.9  E-09 5 . 1  ~ - i i  1.2 E-12 

8.8 z-36 2.9 E-07 2 .7  E-10 2 . 3  E-12 
2 . 9  E-06 2 . 3  E-09 5 .0 E-12 

2 . 1  E-08 1.4 E-11 
2.0 3-07 9.6 E-ll 

2.6 E-19 ne 8.8 E-21 ne 2.9 E-22 ne 1.9 E-25 I+ 9.1 3-29 ne 

1 . 0  3-13 
1.0 3-15 
1 . 0  E-13 
1 . 0  E-13 0 

1 . 0  €2-13 cn 
1 . 0  E-13 cn 
1.1 E-23 
1 . 2  3-13 
1 . 6  3-13 
1.9 2-13 
4.4 E-13 
2 . 8  E-12 
2 . 7  E-30 rie 

Reference : 

D . R .  Bates, A.E.  Kicgs-ton, ad. R.W.P. NcWhirter, h o c .  Roy. SOC.  (London) A267, 297 (1962) .  - 
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c . 6 . 8  

Calcu la ted  Secombination Coeff i - j  erit yn for til? Hsdiative 3ecomAh;natioc 
of kXcctrJ,iis t o  Different F i n a l  S t a t e s  of  Hf Ions 

e f- Ek + H(n) 3 kv 
a t  Various r:1 e c t r o n  Temperatures 1' 

e 

Pi- i n  c i p a i  
guan t urn 
Nuniber n 

Recombination Coef f i c i en t  3 n 
( crn3/ScC ) 

1 1 - 0 2  E-12 
2 5 .66  ~ - 1 3  
3 3.90 d-13 
)+ 2 - 9 5  E-13 

6 1.36 E-13 
7 J., 66 d-1~3 
8 1.43 E-13 
9 1 . 2 5  E--13 
10 1.11 E-1.3 
11 9.88 3-1)~ 

5 2-36 J3-1.3 

1 2  ,~ 3.87 &-I_!+ 
Tota.1 4.8)~ E-12 

7.7.7 E-13 
3.  98 E-1.3 
2.72 E-i3 
%,04 E-1-3 
1..62 g-13 

9. 116 Z - I A  

7.13 E-1.4 
6.27 ~-114 
5.56 Z-1.Ji 
3.1.2 3-12 

1 . 3 3  2-,13 
I..ll~ 3-13 

8.7.7 g - ~ 4  

5.07 ~ - 1 3  

1..ICO e-1-3 

8.70 r : . - . ~ h  
7.1.6 E-14 
5.99 E.-l-!& 
5.08 E-14 
14.36 E-1.4 
3-77 3-14 
3.29 3-14 
1 .99  3-12 

2 .'rg Z-13 
1.88 d-13 

1.08 E-13 

1.56 ,.:-I3 
1- -9J.t 2-13 
1 .28  E-1.3 
9 .23 E-14 
6 .99  E-i )+ 

>. J18 E-1. 4 
4 .39 E- lL  
3.59 d - lb  
2 "518 E-llc 
2.51 2-14 
2-13 Z - l h  
1.83 E-111 
1 .26  3..-1~2 

1 1..20 E-13 
2 5.63 3-1)-r 
3 3.1.9 E-1); 
4 2.00 Z - l J L  
5 1.35 3-1h 
6 9.53 3-15 
7 7.02 z-15 
8 5.31.1 E-1.5 
9 4.16 E-15 

11 2,68 1.:-15 

Tot.al  2 .93 E-1-3 

1 0  3.  31 E--1.5 

12 3c 2 . 2 1  i3-1..5 

8.02 d-14 
3.  42 E-1.h 
1 .80  E-14 
1.. 06 R-1-4 
6.87 E-]? 
h71 3-15 
3 .39  2-15 
2.53 A-1-5 
1 .93  2-15 
1.. 52 E-1.5 
1.22 E-15 
9.89  E-1.6 
1-73 E-1.3 

5.1-9 3-111 
1. 95 %-I 4 
3 .46 2-15 
5.33 E-] 5 
3.37 E-15 
2.22 li-15 
1.56 2-15 
1.114 E-15 
8.66 2-16 
6. (2 E-16 
5.33 E-16 
4.30 E-16 
1.00 E-17 

I. 74 E - 2 3  
8.80 z-14 
5.33 d - l4  
3 .53  3-l)l 
2.148 d-J.4 
2.82 3-14 
:- . 3 8 d -1 4 
1.07 3-14 
8.51 3-1-5 
6.88 3-1-5 
5 .65  E-1-5 
b . 7 1  3-15 
4.83 x-13 

Reference:  

I1 .K.  Kates and A .  Dalgarno, Atomic a-'il_lnlolecular_Pr_q_cesses, Ed.  by D . R .  
sates, Ch. 7 ,  E l e c t r o n i c  Recomhiiiaiion, Academic Press New York (1962), 
p.  249. 
-x 
3 m c d  over a1.l f i n a l  s t a t e s .  
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Calcula ted  Cross Sect ions  f o r  t h e  Radia t ive  Cap'cure of El.ertrons 

ti> Various States of a Hydrogen Atom a t  f o u r  O i f f p - e r t t  E l ec t ron  Energies  

3- 
z I- H + H(n) t hv 

Tor,al.* 
Cross Sec t ions  

(ern?) 

0 .28 eV 0.13 eV 0.069 e\r 0.034 eV 

1 8.10 ~ - 2 i  1.~66 E-20 3.28 E-20 G. ' (O  s.-20 
2 4.211 E-21 8.93 3-21 1 E-20 3.65 2-20 

4 1.88 E-2s 4 .24  E-21 8.84 8-21. 1.~86 E - ~ O  

6 9.90 E-22 2 .)+9 E-21 5.51 E-21. 1 .23  x.20 

3 2.70 ~ - 2 i  5.91- E-21 1..20 E-20 2,.49 E-20 

5 1-36 ~:-a 3.20 z - a  6.89 13-21 1.49 E-20 

1 . 0 3  E.-20 7 7.30 &-22 2 "00 H-21 4.52 E-21 
0 1.62 E-21 3.81 2-21. 8 .75  E-21 
9 1.31 E-21 3.23 3-21 ' T .  5 j E-21.. 
10  1 .04  X - 2 l  2.r(4 e-21. 6.50 E-21  

1.2 2 .oo E-21. 4.52 E-21 
13 1.72 3-23.. 4.03 E-21. 
1 IC 1. J+<( x-21 3.62 E-21- 

1.1. 2 - 3 3  E-21  5.72 E--21. 

15 3.25 E-21. 
1.6 2 - 9 1  E-21 
1 '7 22,62 E-21 
18 2 "35 E-21 

2 (1 2 "3.5 E-22 
19 2 .a9 E - 2 l  

28 3 . 02 E--:2' 
40 4.32 R-22 
T o t a l  _ . ~  . .. 1 . . . . . *1.9 . . . .. . .. . .. 3-19 .- 2.30  E-20 .. . ..... - .... 5.,3.7 .... E S - 0  A?... . . . . .. . . . F d L .  ... ... 

1.50 E-22 

Reference: -. 

H . S . W .  Massey, Ej:ezJronic a ~ ~ ! ~ ~ ~ ~ ~ T ~ ~ i ~ I r n p a c t  Phenomena, Vol. 11, Elec t ron  
Collisions with Molecules and Photo- ionizat ion C1 arendon P res s ,  Oxford 
(19691, p .  1071. 

1c 
T o t a l  Quantum Niunlwi- of Atomic State i n t o  which Elec t ron  i s  Captured. 
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c.6.1~2 

Ca,l.culated Recombination C o e f f i c i e n t  ~1 f o r  the  Coi l isionaJ.-Kadiative 
Recombination of' El. e c t r o n s  w i t h  Ions  i n  Three Differen5 
H4 Plasmas (Optically 'Thin, O?'Yi.ca?ly Thick T o w a r d s  L ines  

of the Lyman S e r i e s ,  and 0p'iical.ly Thick Towards Lines  o f  a l l  S e r i e s )  
fo r  Seve ra l  ElecTron Texperatur5.t; To 

L 

Densi ty  
n (cfi1--3) 

e 

Recombination Coeff i -c ient  ~1 

( cm3/sec)  

~ ........ _- 1 ..__.I.- 

I-. 0 i3 08 1. L d-1.1 
1 . 0  E 09 3.8 5-11 
1.~0 x 10 1.6 d-10 
1.0 E 1.1 1.9 E-09 
i..o L 12 9.0 L-09 
1.0 E 1.3 
1.0 3 lh 
1.3 E I5 
1.~0 E 16 

1.1 z-11 2.6 2-12 9 .2 il:.-13 
3. 3 x-1. 1. 1.1 E - l l  1.0 3-l? 
1.6 z-13 3- .O E-10 1.4 %-12 
1 .0 3-09 1.0 E-09 2.2 E-12 
9.0 E-39 9.0 i m g  4.4 x-7.2 

1.2 3-11 
5.1 d-11 
2 " T  3-10 
2.3 F:..-39 

1..0 E 08 9.2 E-13 
1.0 E 09 1..0 E-?.? 
1.0 r: 10 1.. 2 A?:.--12 
1.0 E 11 2.0 x--1.2 
1.0 E 1-2 3.3 z--12 
1.0 E 13 9.0 E-12 
1.. 0 E lb 3.5 E-11 
1.0 i.: 1-5 1.9 E-10 
1.0 E 16 1.7 3-09 

3.9 E-13 
1.9 E-13 
3.9 E-13 
3.9 Z - 1 3  
5.11 g-13 
2.b 3-12 
2.0 A-11 
1.9 E - i o  
1.7 E-09 

1*8 3-13 
1.8 E-13 
1.8 b ; - i 3  
1.,8 E-13 
2, 0 E-13 
2.4 E. -13  
3.1 R-13 
4.9 3-13 
7 . 3  G I 3  

9.5 E - l ) i  
9. 0 E.-I.)L 
8.8 Z - l h  
8. j E-14 
8.2 E-14 
8.0 E-14 
7.6 E--114 
9.0 Z . - - l J !  
1.8 3-13 

Reference : -____ 
H.S .W.  Massey ,and E.R. Gilbody, 3 l e c t r o i i i c  . ._. -- a.nd I o n i c  IrfipacL .. ._ Phenomena, V o l .  TTi? 
Recombination a.iid F a s t  C o l l ~ i s i o n s  o f  Heavy P a r t i c 1  es, p. 21-35 (Clarendon 
P r e s s ,  Oxford, 1974). 

-x. 
O p t i c a l l y  t h i n .  

Op'cically t h i c k  towards l i .nes of T,yxan ser ies .  .i- 
. I .  

'Opt ical . ly  t h i c k  towards l i n e s  of all ser ies .  
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Calculs ted  Recombination C o e f f i c i e n t  a for the C o l L i s i o n a l - R a d i a t i v ~  
Recombination o f  E l e c t r o n s  with H' Ions  i n  an h' Plasma 
i n  Which Both t h e  N e u t r a l  Gas Temperature T and t h e  Ion 
I'emperaturc Ti a r e  Maintained a t  250' K,  f o r  Various 

Concentrat ions N of Xeutral Atoms i n  the Ground S t a t e  

B 

E l e c t r o n  

n 
Cone e n t r a t  i o n  

e 

Recombination C o e f f i c i e n t  c1 
( em3 / see  ) 

8.6 E 08 
1-0 E 09 
3.0 F 09 
1 . 0  E 1 0  
3.0 E 10 
1 . 0  3 11 
5 . 1  E 11 
1 . 0  R 12 
l n 3  z 12 
3 .0  12 
1.0 E 13 
3. 0 r; 1-3 
1 . 0  E 1 4  

1.0 E l ' j  
3.0 Fi: 14 

N = ~ O  

3.31-1- E-IO 
3.80 E- io  
9.'71 E-IO 
1.*78 E-09 
2 .50  s-09 
3.53 E-09 
4.50 E-09 
4.81 E-09 

2.2'4 3-09 
2 . 9 (  E-09 
3.83 E-09 
4.85 E-09 
11.89 E-09 
5.04 E-09 
4.90 E-09 
4.49 E-09 
3.65 E-09 
3.02 E-09 

5.33 E-09 
6.10 E-09 
6.00 E-09 
5.95 E-09 
5 .45  E-09 
4 .55  E-09 
3.65 E-09 
3.11 E-09 

N=10 cm- 

1 . 0 0  E-08 

7.30 3-09 

4.15 E-09 

2.88 d-09 

9.20 E-09 

5.33 E-09 

3.27 e-09 

2 - 5 0  e-09 

Reference: - 
H.S.W. Massey and X.B. Gilbody, E1ectroni.c a n d  I o n i c  Impact Phenomena, Vol. IV, 
Hecombination and F a s t  C o l l i s i o n s  of Heavy P a r t i c l e s ,  p .  21-45 (Clarendon 
P r e s s ,  Oxford, 197)h). 
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c .6 .16  

Calculated Recombination Coeff i c i e n  L cx f o r  the C01.l.i sio,ial.-iiaciiative 

in H2 at, Various Temperatures T 
Reconbination of ::!.ectrons with Sz3. Ions 

.......... . .............................. . - ..... - _- _- ~~ __ ................... . .___.~_ __ - 
Concentrat ion 
of iI2 Molecul.es 

( CHl- j 

'/l = 125 OK 

1.0 1-7 i..27 ~-08 

1.0 E 1.8 1.30 E - O ~  
3.0 E 18 3.80 3-0'7 
1.0 E l.3 1,30 E-06 
3.0 E 1.9 3.90 d-06 
l . 0  Ji 20 1.2.7 2-05 
7.1- 3 20 1,OO E-04 
1.0 .E 21 

3.6 E 17 4.20 E-08 

Xecornbiaation Coefficient cx 
(cm3/sec)  

T = 350 O.1 -- 
2.91 , G O ~  

2.'(6 S-08 
8.70 E--08 
2 . 5 (  d-Ui 
7.70 ~ - 0 7  
2.37 3-06 

1.00 E-08 

1.75 E--05 
2.51 A-O> 

T = 500 OK 

5.97 E-10 
2 .io 2-09 
5.52 e.-og 
I - 6 >  d-08 
5.22 E.-(38 
1.58 E-07 
5.05 E--07 
3.50 2-06 
5.00 E-06 

1.17 E-10 

1 - 2 1  E-09 
4.60 E - 1 0  

3 . '(0 r; -09 
1 - 111 Z-08 
3.25 4-08 
1.06 E-07 
'i .lo 7-07 
1-00 E-06 

T z 2000 'IC 

1 .00  E-10 
2 *73 E--10 
8.1-0 3-10 
2.61 E.-09 
7.90 E-09 
2 . ) ~ 8  E-08 
1.82 E-O( 
? .57 ~ - 0 7  

....... ..... ................ - . _______ .......... -. . ..................... . . . . . . . . . . .  . - . - __ -..I ___ 

Reference : 

H.S.W. Massey an? H.B. Gilbody, Electronic .... a,nd. Ionic Ijiipact Phenomena, Vol.  IV, 
Recombination ani3 Fast Coll~isions of Heavy Pa r t i c l - e s  , p. 2 ! ~ C ~ ~ r ~ d o n  
Press, Oxford ,  19'14). 

.-- .. ..... ._. 



c.6.17 

.C 

10-4 

5 

2 

10-5 

5 

2 

LL. 
u 
E 10-7 

2 

10-9 

5 

2 

to- 'O 
1 



Calc1ilatc.d Recombination Coeffi  pnt a for tile Co l l i s iona l  -Radiat ive 
Recornbination o f  E lec t~?ons  wi th  JeC ions i n  an O p t i c a l l y  Thick 

Decaying Hef P l a m a  w i t h  Atoll1 Wmpex'atures Maintained a t  250° K 
for Various Conlbentrations N' of Neutl-a1 Atoms i n  t h e  Ground S'Late 

Elec t ron  
Conc e n t r a  Liori 
ne ( on- ) 

Kecombiiiation Coefficient c1 

( cm3/ sec )  

1.0 E 09 
3.0 E 09 
1.0 E 10 
3.6 E io 
1.-0 E II 
2.3 X 11 
1.0 E 1.2 
3.0 E 12 
1,0 E 1-3 
3.0 E 1.3 
1.0 l3 14 
3.0 E 14 
1. 0 8: LS 

~ = i  0 

l.73 E-10 
1.55 E-1.0 
1.23 E-IO 
7 .  40 E-].]. 
4.61. E-11 
3.10 E-1.1 
- 1.53 E-11 
8.95 E-:\.? 
4.88 z-12 

2.36 E:-I.O 
3.00 E-10 
3 . 33 E -1.0 
2.90 E-10 
2.25 11:-10 
1..65 E-IO 
8.61 3-11 
4. 80 3-1.1. 
2.44 d-11 

6.03 E-12 
1. 30 E-1.1 

2 *83 E--1 0 
3.85 %-io 
5.32 E-IO 
5.86 E-10 
5.32 _F-10 
L . 4 >  d-10 
?,89 3-10 

1.06 s.-io 
3.. 85 E-10 

5.30 E-ll 
1.16 E-11 
1.65 E-1.1 
8.07 X - I ?  

-I N=10 5crn-3 

3.21 E-10 
4.90 E--10 
6.60 E - i o  
7. (0 d-10 
7.80 E-10 
7.60 &-.io 
6.60 4-10 

3.64 E - ~ O  
2-27 E-10 

4.24 E - ~ I  

5.20 E-10 

1.33 3:-10 
7.90 E-11 

3.64 E--10 
5.40 E-10 

8.50 E-10 
8.90 E-10 
9.12 E-10 
8.110 E-10 
7.20 2- io  
5.86 E-10 

'r.36 i ~ i o  

4. h 5  g-J 0 
3.21 E-10 
2 *'33 E.-] 0 
1-50 z-10 

Reference : 

H.S.W. Massey and H . R .  Gilbody, Electronic and I o n i c  Impact Phenomena, Vol. I V ,  
Recombination and F a s t  C o l L i s i o n s o f  Heavy Parti rles 
Press, Oxford, 1 9 ' r k ) .  

p .  21 It7 (Clarendon 
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c . 6 . 2 0  

. . .......... ~ .......... ___~ .- __ __-___ .- - . ...... . .  -___. -. . ~. ....... ...._~_I_ .... .~ 

iie A4tom 
D c n s i t y 

( ern'.' ) 
&com’oinati on Coe f f i ci en t cx 

(cm 3 / S P C )  

_..-.. . -~ ____ .......... .I. - -.-____ 

1.0 E 1.7 
3.0 E 17 
1..0 lc 18 
3.0 3 18 
1.0 d 19 
3.0 2 19 
1~.0 2 20 
3 . 0  JT 20 
J. . 0 E 2 I.. 

T=125’ ...... K 

1. 41 E-09 
h.1.5 E-09 
1.34 2-08 
4.00 d-08 

4.00 S-97 

4 . 1 1  E-06 
1 .30  K--05 

1.33 2-97 

1..33 E--06 

‘T=25Oo - K 

1.82 3-10 
14 .93 E-1-0 
1 .52  2-09 
’1.59 E-39 
1 - 5 2  GO8 
4.86 E-08 
1 .79  LO‘( 
5.45 Z.”O.( 
1.90 3-06 

T=j0O0 K 

2.88 &.-ll 
G.52 E-11 
1 - 6 1  r:-?O 
4.96 E-IO 
1.30 E - 0 9  
3.40 13-09 
1 .oo d’.. 08 
2 .09  E-08 
3 .88 .:.-08 

‘1’=1000° ic 

7.30 1 - 1 2  
1 . 2 2  g-11 
2.37 E - l l  

..____..- - _- 

4.54 d-11 
9.44 3-11 
1 .95 i:.-10 
h.13 E-IO 

1.08 3-09 
7.11 f i - I O  

T=2000° K 

2.09 z-1~ 
2.94 5-12 
4.63 2-12 
7.16 z-12 
1.,27 4-1.1. 
1.77 ~ - i i  
2-04 E-11 
2.50 E - 1 1  
3.88 3-11 

“.::!1.000’ K ....... .-_- 

9.02 E-13 
1.10 3-12 
1.40 G-12 
1~:~7 E-19 
2.40 F--G 
3 .2h  E-12 
4.63 E-12 
5.45 E-l’ 
5 . ‘78 F:-12 
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c .6 .22  

C o l l i s i o n a l  -Radi.at i v e  Xe combinat i o n  Coz f f i c t e n t  a 

+ f o r  E l e c t r o n s  w i t h  N Ions i n  N 
2 2 

.............. .......... ...... ....... ._____ -. - ......... __ .... . ...... ....... ______ -. . -. . -. . - . .- - .- ___ I .-. 

Concentrat ion 
of NZ Molecules He c omb i na t i  on C oe f f i c i e n t  a 

( e l f 3 )  ( cm3/sec) 

1.0 x 1 7  
3.0 E 17 
1 . 0  E 18 
3 .0  E 18 
1 - 0  19 
3.0 F 19 
1 . 0  E 20 
3.0 E 20 
1 . 0  E ?l 

T=I.25' K 

2.72 ~ - i o  
'T.90 73-10 
2.65 E-09 
8.00 E-09 
2.65 E-08 
'( .go E-08 
2.65 ~ - 0 7  
7.95 d-07 

'1-250' IC ---..I- 

6.95 ~ - i i  
2.05 E-1.0 
6.90 E-10 
2.05 7;-09 
6.90 E-09 
2.00 E-08 
6.85 E-08 
2.00 &"OF( 
6.78 3-07 

T=500' ......- K 

2-61 E-11 
'i.80 &-i~ 
2,Qo E.-10 
'7. (0 8-10 
2,60 E-09 
'1.80 E-09 
2,60 E-08 
7.80 E-08 
2 .61  E-07 

T=lOOOO K 

1 . 1 5  E-2.1 
3.35 2-11 
1.10 E-! 0 
3.25 d-10 
1 , 0 9  E-09 

1 .o'y ~ - 4 8  
3.25 2-09 

3.20 E-08 
1.04 E-07 

T=2000° K 

5.46  E-L? 
1 .60  E-11  
5 .  30 E--13. 
l.60 E-10 
5.30 E-IO 
1 . 6 0  E-09 
5.40 E-09 
1 . 6 0  E-08 
5.41 E-08 

T=2000' K" _l____ll. 

1 . 0 7  x - 1 ~  

1.90  7-12 
1.40  E-12 

2.50 E-12 
3.35 E- I2  
4,hO E-12 
5.90 d-1-2 
'7.80 E-12 
1.02 x-ll 

Reference : 

H.S.X. Massey and H.B, Gilbody, E l e c t r o n i c  and l o n i c  Impact Phenomena, .--..- Vol. IV, 
Clarendon Press ,  3xford ( 1  974), p.  2153-2154. 

-.-_ 

u 
Vibrat ional-  t r a n s i t i o n s  excluded. 
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c .6 .24  

Co1.l.i s ional-Kadiat ive ite c ornbi n a t  ion Coef f i c ien- t  a for Electrons 

with H+ ions i n  a Magnet ica l ly  Confi-ned Opti-cally 'Thick H" Plasma 

a t  Various Concentrat ions N of Neu t ra l  Akorris . 

Tne ktom Tempera.iure i s  Held at, 250' K. 

...... __ ... __-. - . .. . .~~ .......... .......... ..... ............... ~- _ _ _ ~  ................... _____ ______ I . 

Eie c -iron 
Concentrat ion R e  c ornbi n a I; j. on Co e f f i c i e i1.t cx 

nJcrn-3) (cm3/sec) 

1.0 E 09 
1..9 d 09 
3.0  E 09 
5 .4  3 09 
1.0 E 1 0  
1 . 5  E 10 
3.0  Z 1.0 
4 .8  E io 
1 . 0  E 11 
7..7 e I1 
3 .0  E 11 
4 .3  E .I.]. 
1 . 0  z 12 
3 . 0  E I2 
5.5 E 1-2 
1 . 0  E 13 
3.0 E 1 3  
1 . 0  E 114 

1.0 E 15 
3.  0 E 1.11 

1 2  -3 N = l O  c m  ..... 

3.45 z-lo 
b.50 11:-LO 
5 .20  E-10 
5.66 x - 1 0  
5.46 E-10 
h .90  io 
3.76 E-IO 
3.30 E-JO 
2 , 5 4  E-10 
2 .00  E-10 
1 . 4 2  E-10 
1.28 E-1.0 
7 . 7 1  E-11 
11.50 E - 1 1  
3.17 E-11 

5.1.5 E-10 
7.60 H--I.O 
1.08 E-09 
1 .36  ~-09 
1.48 E-09 
1.38 E-09 
1.25 E-05 
9.84 E-10 
8.20 E-10 
6.55 H-1.0 
5.60 2 - io  
3 .58 11:--10 
2.29  E-10 
1." 6'7 3-10 
1.11. E-10 
6.12 E-1.1. 
3.33 E-11 

1.42  3-09 
1 . 9 1  ~ o g  
2 - 2 5  E-39 

2,8t r:-09 
2.65 E-09 

2 . 0 0  E-09 
i . 5 i  E-09 
9.75 3-10 
7.30 E - - ~ o  
5.56 3-10 
3.11 E - I O  
1 . 5 6  E-10 
(.80 E-1 ! 
3.411 E-11 

2.73 E-09 

2 , 4 2  E-09 
2.19 E-09 

2 . 5 2  E-09 
3.10 E-09 
It .12 d:--09 
4.60 2-09 
ii.98 H-09 

> .J 0 E-09 
4.90 E-09 
4.12 E-09 

5.29 E-09 

2,89 K-09 
2.35 E-09 
1 .86  g-09 
1 . 1 5  E-09 
5.5> E - 1 0  
3 . p  E-10 
2.29 Cl-10 

3.)+3 e-39 
5.08 E-09 
6.20 E-09 
6.89 Z-09 
8.00 E-09 
8 .30  E-09 
8 .43  F:-09 

6.89 E-09 

4.89 7-09 
3.43 i3-09 
2.19 E - O ~  

7.98 E-09 

5 3 0  E-09 

1 ~ 42 E-09 
8.22 1:-10 

......... . .......... .... . . . .  ....... ..... ~ .......... .. -a=== ~ ___ ___ ~. -- . __ 

References : 

D . X .  Bates and A , F o  Kingston,  Proc. !toy. SOC. A-279, -̂ 10 (1-964). 

: I .  S, W. Massdy and H .  H. Gilbody , E l e c t r o n i c  and I o n i c  Impac t Phenomena, 
Vol.  TV, Clarcnilot? Fress, O x f o r d - p r l m ' p : '  21 lL4. 
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c .6 .26  

Re c o rnbi n a t  i on C o e f f i c i en t  ~1 f o r  t h e  C o 11 j s i on a 1 -Rad i. a t i ve lie c omb i 11 at i o n 

f + 
of E lec t rons  w i t t i  B e  Ioris i n  an O p t i c a l l y  Thin  Decaying H e  P l a s m a  

Maintained a t  an Atom Temperature o f  250° K A t  Various 

Conceritrations N o f  NeuLral. Atoms 

Recombination C o e f f i c i e n t  a 
(cm3/sec)  

1 . 8  d 09 4.19 

1.0 E i o  1 . 0 9  ~ - 0 9  

4 .0  E 09 8.80 E-10 
7.9 E 09 1.05  E-09 

1.5 P: 10 1.11 E-09 
2 > 2  E 1 0  1 .06  E-09 
2,6 E 1 0  1 . 0 3  E-09 
J.,O E 11 6.49 K-10 
3.5 E 11 3.35 E-IO 
5.8 E 11 2.50 &-LO 
1.0 E 12 1.80  E-10 
3.0 E 1 2  8 , 7 0  E-11  
1 . 0  E 1 3  3.blc E-11 
3.0 11: 1 3  
1 . 0  E 111 

3.0 E 1 4  
1-0 2 15 

1.39 E-09 
1.85 I+:-09 
2.00 E-09 
2.20 E-09 
2.30 ~ - 0 9  
2.33 E-09 
1.84 E-09 

9.60 E-10 
7.1+8 &-l.O 
4 .20  E-10 
2.0( .d-10 
1 . 0 0  E-10 
4.00 d - J - 1  

1.30 E-09 

2.17 13-09 
2.60 E-09 
3.80 E-09 
4.10 E-09 
h . 4 0  E-09 
5.78 E-69 
4.90 E-09 
11.25 E-09 
3.45 E-09 

1.06 H-09 

2 .28  H-10 
1 . 0 5  E-10 
i*.h6 e ; - - 1 1  

2.05 E-09 

5.30 E-10 

4.20 E-09 

5 . 4 0  E--09 
5.10 lC-09 

8.51 E-09 
9.55 E--09 
8.90 E-09 
8 .51  E--09 
4 .40  E-09 
4.20 E-09 

1 . 0 4  E-09 
4.90 E-10 
1 .98  !d-10 

2.25 E-09 

I. 6 
N = 10 

6.11 5-09 

1.00 g-08 
1.21 E-08 
1 .27  H-08 
1.23 E.:--08 
1.10 E-08 
8 .32  E-09 
5.60 E-09 

2.05 E-09 

6.60 E.-09 

3.4> E-09 

1.11 E-09 

lkfe-rence: 

D.K. Rates and A.F. Kings ton ,  P roc .  Roy. SOC. A 273, ~ 32 (1964) .  
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c.6.28 

Calculated.  C o l l i  s iona l - I I ie lec t ronic  Recombination Coz f fi cient cx 

+ 
P . .   or E l e c t r o n s  i.n an IIe P1a.sv.a f o r  Four J l i f f e r e n t  I ; k c t r o n  Concentl-a-t;.oas n 

e 

Tempers tui-e 
( O K )  

R e  comb i n a t  ion Coe f f i_ c i e n t  a 
(cm3/sec)  

2-4 E 03 

3.0 E 03 

2.0 E 04 
3.0 E Oh 
5.0 E 04 
1.0 E 05 
3.0 E 05 
5.0 x 05 
3.,0 E 06 
1.2 z 06 
2-5 E 06 

2.6 E 03 

1. 0 E (24 

1.76 z-ii 
7.h> d-12 
4.55 E-13 
1._88 E-13 

8.95 E-14 
5.93 E-14 
2.31 3-14 
l.28 A-14 

1.37 E-13 

5.92 E-!5 
3.83 E-15 

1.00 E-12 
8.80 E--1.3 
6.87 2-13 
2 18 3--1.3 
2,5l E-13 
3.26 E--1.3 

4. 75 K-1.3 
3.26 ~ - 1 3  

4.26 E-13 

2.18 E-.-13 
9.1~6 E-l!.+ 
7 . 00 3.- 1.4 
2*07 2-1)+ 

6.49 E-13 
6.00 E-13 

?,I8 E-13 
3.76 z-13 
6.49 2-13 
1-00 g-12 
1 .25 E-12 
8.32 ~ - 1 3  
5.31 E-13 
2 "30 S-13 
1.75 E-13 
5.93 E-lL 

5.31 E-13 

5.53 E-13 
5.20 ~ - 1 3  
4.66 3-13 
2.1.8 3-13 
5.08 s-13 
1..05 E-1.2 
1.61~ E-12 
2 . l.'y E-12 
1.49 Z-12 
9.1.8 E-13 
3.77 E-13 
3.00 3-1.3 
9.16 3-lh 

Reference:  

A. Burgess and H.P. SumrieY"s, Asl,~.ophys. J. - 1 5 7 ,  loo( (1969). 

D.R. Rates,  Cas- Studies i n  Ator0j.c R y s i c s  - 4, (19714). 
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c.6.30 

'Total. Recombination Coef f i  c i -ents  a f m  t h e  Rad ia t ive  
f 

and D i e l e c t r o n i c  Rccoinbination. o f  iie ions wi-Lh E lec t rons  

........ __ .-.. . . . . . . . . . . . . . . . . . . .- ...... .... 
_I_I ........_ ..~ ___ .. - 

Temperature 
(OK) 

To L a 1  Recombination Coef f i c i en t  ci 

( em3 /set) 

1.0 E 04 
3.0 E 04 
3.2 iC 04 
lt.0 E 04 
5.0 E 04 
8.0 E 04 
1.0 z 05 
1..2 E 05 
1.5 r: 05 
2.0 z 05 
3.0 E 05 
3.3 E 05 
5.0 E 05 
8.0 E 05 
1.0 E 06 

1.0 Z 07 

1.0 E 08 

3.0 E 06 

3.0 2 07 

Radia t ive  
de +e+He 

4.19 E-13 
1.88 E-13 
1.68 E-13 
1"bl .E-13 
1.18 Z-13 
7.80 E - l h  
6.81 E-14 
5.60 E-llc 
4.55 E-14 
3.45 X-lh 

t 
-.--_- 

2.30 Z-14 
2.15 2-14 
1.42 i3-14 
8.50 E-15 
7.08 l3-15 

4 .TO e-16 
1.05 E-16 

2-02 E-15 

2,11 E-l'r 

D i  e3.w t r o n i  c 
He'+?l--Me 

1.00 E-17 
7.05 E-16 
5.96 ~ - 1 5  
2.1'7 E-13 
5.43 2-13 
8.97 E-13 
l.59 E-12 
2.35 E-12 
2.95 E-12 
2.95 E-12 
2.64 E-12 
I. .71 2-12 
1...38 E-12 
3.29 E-U 
6.28 E-111 
1.1-18 E-14 
2.68 E-15 

Reference : 

A.  Burgess ,  Astropiiys. J. 139, 776 (196)-I). 

D . R .  Ba te s ,  Case S tud ie s  in Atomic Physics  4, 57 (1971k). - 
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c.7.2 

Total. Recombination Coeff ic ien- t  a f o r  D i s s o c i a t i v e  Recombination 

+ 
of II2 i ons  wi th  E lec t rons  

.... ..... ~ - _.l_l._........____._____i 
~ _I______ 

Elec t ron  
Temperature T o t a l  Recombination C o e f f i c i e n t  (?1 

T (ev) (cm3/sec) e 

T h e o r e t i c a l  
Ii2"+e-+2H 

2 . 5  E-02 
5.0 E-02 
9.0 E-02 
1.5 E-01 
2 . 0  E-01 
j .O E-01. 
1.5 E 00 
3.0 E 00 
5.0 E 00 
9.0 E 00 
1.0 E 01 
1.5 E 01 
2.0 E 01. 
3.0  E 01 
5.0 E 01 
1.0 E 02 

4.27 E-08 
3.70 E-08 

3.33 E-08 
3.63  E-08 

3.36 E-08 
3.21 E-08 

3.12 E-08 
2.15 E-08 
1.30 E-08 
6.80 E-09 
5.37 E-09 
2.95 E-09 
2.44 E-09 
1.45 E-09 
7.21 E-10 
2.18 E-10 

Reference: -- 
H.W. Drawin, C o l l i s i o n  and Transport Cross-Sect ions,  Report  N o  e EUR-CEA- 
FC-383, January 1.967, Associa t ion  EURATOM-C.E.A., Fontenay-aux-Roses (F rance ) .  
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C . 7 . 4  

Cross See t ioas  f o r  Dissociative Xzcoini)ination of Electrons 

+ + 
with ii an.d D Ions 2 2 

3.0 E-01 
4.0 E-01 
5 .O E-01 
6.0 E-01. 
8.0 E-01 
7..0 g 00 
1.5 E 00 
2.0 E 00 
2-5 E 00 
3.0 E 00 
4.0 E 00 

i- 
E + H ~  + 
Neutr-als 

2.33 E--1 5 
1.99 E-15 

1.47 E-15 
8-90 s-16 
6.30 E-1.6 
4.67 E-16 
3.49 ~-16 
2.71 E-16 
2,20 E-16 

1.75 g-J-5 

4- e i- D2 -f 

Neutrals 

3 .79 E-15 
1.66 3-15 

1.41 E-15 
1. I l c  E-15 
9.00 7-16 
6.h8 3-16 
5.13 E-16 

3.35 2-1.6 
2.36 A-16 

1.53 X-15 

4.10 E-16 

References: . .- . 

+ 
H 8. Peart and K.T.  Dolder, J. Phys, B l3 236 (19'14). 2 .  

D2 : 

Accuracy : 

+ 
B, P e a r t  and K.T .  Dolder,  J. Phys. B - 6, L-359 (1973). 

The t o t a l  e r r o r  is believed not to exceed .f 10%. - 
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c .7 .6  

Cross Sec t ion  f o r  Di s s o c i  a t i v e  Recombination of E l e c t r o n s  with J l ons  
3 

Cross Sect ion  
( c1n2 ) 

2.5 E-02 
3 .0  5-02 
11.0 Z-O? 
6.0 +:-02 
8 . 0  E-0% 
l - 0  2 -01  
2*0 2-01 
2 ,  j z-01 
3.0 E-01 
4.0 E.-01 
6.0 E-01 
8.0 G-01 
1.0 E 00 
2,0 14: 00 
2.5 2 00 
3.0  3 30 
4.0 2 00 

2 7 3  E-.l.J4 
2.32 E-;!& 
1.79 E - l h  
1.23 X-14 
9.52 3-15 
'[. 80 E... 1.5 
4.1.7 E-15 
3.40 E--1.5 
2-90 ~ - 1 5  
2 . 22 5 
l... 53 E-15 
1.19 d- i5  
9.65 3-16 
5 . 18 &-:I 6 
4.20 z-16 

2,76 3-16 
3.58 3-1.6 

.................. . . . . . . . . . . . . . . .  ____ ....... . ___.I_ ............ ~ ........... ._ - 

'The total error i s  be l i eved  n o t  t o  exceed - i- J 5 $ .  

The Cross s e c t i o n s  a t  ene rg ie s  bctwt-en 0.05 and 0 , b  eV are  o b t s i n e d  by  
i n k r p o l a t i n g  jetween ihe  lo@ energy microwave af'l;er%low d a t a  of Lei] ~ 

e t  a l . ,  and i h e  higher-enersy i n c l  jned beam d a t a  of P e a r t  and i lolder .  
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C.7.8 

CYOSS Sections for Dissociative Recombination of Electrons 

i- 4- 
w i t h  0 and NO Ions  

2 
.................... ............. -. -.- - ..... ___ ___ . .... ...... -. -. . - . . _ _ _  ___ ~ 

Energy Cmss Sections 
(ev) ( cm2 ) 

4.0 E-02 
6.0 E-02 
8.0 E-O? 
l o o  E-01 
1.5 E-01 
2.0 E-01 
3.0 E-01 
4.0 E-01 
6.0 E-01 
8.0 G O 1  
1.0 E 00 
1.5 r: 00 
2-0 E 00 
3.0 L 00 
4.0 E 00 
6.0 E 00 

2.13 E-15 

1,OO E-15 
7.27 E-1.6 
4.68 E-16 

2,69 E-16 
6-90 E-1.6 
2.85 E-16 
1.91 E-1.6 
1.87 E-16 
2 . 00 e-1.6 

1.55 E-1.5 

3.40 E-1.6 

+ 
e f NO j- 

Neutrals 

1 . S T  d-14 
8.40 E-15 

7.81 E-15 
2.05 E-15 

l.22 E-15 
9.66 &-16 
7.1~2 E-16 
*(.OB ~-16 
5.38 3-16 
2 .r(*i E-16 
2,82 E-16 
1.76 g-16 
1.77 E-16 

5.39 E-15 

1.35 E-15 

............................... .......................... . ________ 
----I____ ........... ................ ........ 

References : - 

F.L. Walls amd G.H. D u n ,  J. Geophys. licsezrch - 79, 19U (1974); Physics 
Today, August 1974, p .  30. 

Accuracy: ........ 

The total error is believed not to exceed -+ 30%. 













D . l . 4  

S p u t t e r i n g  Yie lds  f o r  H' on C y  Graphi te ,  

S i c ,  hl, and Cu (normal inc idence)  

S p u t t e r i n g  C o e f f i c i e n t s ,  S 
(atoms/ion) 

1.0 E 00 
2.0 E 00 
2.5 E 00 
3.0  E 00 
5.0 E 00 
7.5 E 00 
3.3 E 0 1  
5.0 E 01 
7 . 8  E 01 
1.0 E 02 
1.5 E 02 

S i C  
II 

cu - 
3.8 E-02 
3.8 E-02 
3.5 E-02 
3.3 E-02 

5.3 E-03 
3.4 E-03 
2.4 E-03 
1 .6  E-03 
1.1 E-03 

9.0 E-03 
7.0 E-03 

G r  aph i t e 

2.4 E-02 
1.8 E-02 
1.5 E-02 

Reference: 

wf 4- Cu: C, E ,  KenXbight and G. K. Wehner, J .  Appl. Phys. 
(1964); G. K. Wehner, G. S. Anderson, and C .  E .  KenKnight, 
Applied Sc ience  Div is ion ,  L i t t o n  Systems; R. Weissmann and 
Rad. E f f e c t s  1 9 ,  69 (1973);  0. C .  Yonts, C. E .  Normand and 
Harr i son ,  Jr . ,  J .  Appl. Phys. I 31, 447 (1960). 

H' -t- S i c :  R. Behrisch,  e t  al., Max-Planck I n s t i t u t e  F6r  P 
Report  {PPPAR-1974. 

- 

See Notes (l), (2), and (3)  a t  end of c h a p t e r .  

Accuracy : 

35, 322 
Report 83031 
I 

R. Behrisch,  
D. E .  

asmaphysik, 

Unknown 

Notes : 

See Note (4) a t  end of chapter .  





D. l .6  

S p u t t e r i n g  of Fe, S t a i n l e s s  S t e e l ,  Nb,  

and. T a  by P r o t o n s  (normal inc idence)  

-.-........___I .... . .... . 

S p u t t e r i n g  C o e f f i c i e n t s  S 
(atoms / i on )  

5 .o E-01. 
7 .0  E-01  
1.0 E 00 
2 .0  E 00 
3.0 E 00 
5.0 E 00 
7.0 E 00 
1 . 0  E 01 
1.2 E 01 
2.0 E 0 1  
4.0 E 01  
7.0 E 01  
1.0 E 02 

T a  
L 

Nb _- Fe ss 

3 . 2  E-03 
3 . 7  E-03  
4 . 4  E-03 

1 . 0  E-02 6.0 E-03 6 . 3  E-03 
1.1 E-02 7 . 1  E-03 7 . 7  E-03 
1 . 2  E--02 7 . 3  E-03 9 .5  E-03 

6 .2  E-03 1.1 E-02 
1 . 2  E-02 

2 . 2  E-03  
2.0 E-03 
1 ,E  E-03 
1 . 7  E-03 
1 , 6  E-03 2.0 E-02 

References ..- : 

+ 
11 1- Fe: G. K .  Wehner, G .  S .  Anderson, and C .  E.  KemKnight, Repor t  
#3031, Applikd Science D i v i s i o n ,  Li-t ton Systems 

H' -f- SS: E. Behrisch,  -~ e t  al,, Max-Planck I n s t i t u t e  PCr Plasinaphysik, 
Report  #IPPAR-1974 

V .  M. G U S ~ V ,  M.  I .  G u s e v a ,  E.  S .  Ionova, Yu. L .  Krasu l in ,  S .  V.  Mimov, 
and A .  V. Nedospasov, Report #OLS--7-75, 

H' -t- Nb: 
A. J .  Summers, N .  J ,  Freeman and N .  R. Daly, J.  Appb. Phys. 4 2 ,  4774 
(1971)  

R. Behrisch and R.  Weissman, Phys. L e t t i e r s  - 30A, 506 (1969);  

S e e  Note ( 5 )  a t  end of c h a p t e r .  

Accuracy : 

Unknown 

Notes: 

S e e  Note (6) a t  end of chapter .  
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S p u t t e r i n g  of Mo and W 

by P m t o o s  (noimal inc idence)  

Energy 
(keV) 

S p u t t e r i n g  Coef F i c i e n t s  ~ S 
(atoms // i on )  

_ ___ l_l ~ ........... ___lo x... ........... 

Mo - 

1 . 0  E 00 
2,O E 00 
3.0 E 00 
4.0 hi 00 
7 . 0  E 00 
9.0 E 00 
1.1 E 01. 
1 .0  E 02 

1 . 7  E-03 ? , 3  !A-04 

2 - 4  E-0'3 5 .6  E-03 2 - 9  E-Oh 5.2 E.-04 
2 -  7 bA-03 3 , 1  E-04 8.2 E - 0 4  
3.2 E--0'3 3.5 E-01: 

2-1 E-03 2 . 6  E-Ob 2 , 8  E-Olt 

4.0  E-03 
I.*& E-03 

...... .................. ______ .......... ~ .- ........... __ .......... ____ .... .c.I__ ___ ___ - . I___ .._-- 

References : 

1-1." -+ Mo: C,  R .  Fin.Egeld,  Report  #01";0-3557-.1.5; C .  E .  KeiiKnight, and G. K.  
Wehner, J .  A p p l .  Phys .  35, 322 (1964) ;  G. K .  Wehner, G. S .  Anderson, and 
C .  E ,  KenKnight, Report  #3031., Appl-ied Science Div is ion ,  L i - t t o n  Sys tems.  

:I+ + T i :  R. Rehrisch and R .  Neissman, Phys.  Letct._rs - 30A, S O 6  (1966) ;  C .  
E ,  KenIhight and G. K .  Wehi7.e~~ J .  A p p l .  Phys, 35, 322 (196lk); G. K .  
hkhner,  G. S. Anderson, and C.  E:. KenKnight, R2-m-t 83031, Applied 
Science D i v i s i o n ,  L i t t o n  Systems.  

~ . ~ . - . -  

H+ 4 W: C .  R. F i n f g e l d ,  Keporl: #ORO-3557-.i.5. 

€I+ 4- W': C. E .  KenKnight and G .  K .  Wehner, J .  A p p l e  Physics -9 35 322 
( 1 9 6 4 ) ;  J .  N .  SrniL:li, Jr., C, 8.  Meyeu, J r . ,  and J. K. T..ayton, Report 
96,1-813665; G. K .  TJehner, G.  S .  Anderson, and C .  E ,  KenKni.ght, Report  
#3031., Applied Systxms Divis ior l ,  L i t t o n  SysI:e:r6, 

hccui-acv : 

Notes : ..... -. -. .. 

See  Notes ( 7 )  and ( 8 )  a t  end of  chzpter .  
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4- Spi i t t e r ing  Yields  f o r  H on Au, 

Ag, and Zr (normal  inc idence)  

.- .I- -- 

Energy S p u t t e r i n g  C o e f f i c i e n t s  , S 
( atoms / ion) 

4.0 E-01 
6.0 E-01 
1.0 E 00 
1.5 E 00 
2.0  E 00 
2 . 5  E 00 
3.0 E 00 
5.0  E 00 
8.0 E 00 
1.0 E 0 1  
1 . 3  E 0 1  

2.4 E-03 
4.6 E-03 

3.0 E-02 9.5 E-03 
3.1 E-02 1.*4 E-02 
3 . 1  E-02 1 . 7  E-02 
3.1 E-O?. 1 .8  E-02 

3.2 E-02 2.1- E-02 
3 .1  E-02 2 .2  XI:--02 

3.2 E-02 1 . 9  E-02 

3 .1  E-02 
3.1 E-02 

3.2 E-03 
3.4 E-03 

References : 

Ht + Ag: F. Grbnlund and W. J .  Moore, J.  Chem. Phys. 32, 1540 (1960); 
C .  D. O 'Briain,  A. Linder ,  and W. J. Moore, J. Chem. Phys .  29 ,  3 (1958); 
C .  E .  KenKnight and G. K. Wehner, J .  Appl. Phys. 35, 322 ( 1 z 4 ) ;  J .  N .  
Smith, J r . ,  C .  H.  Meyer, J r . ,  and J .  K. Layton, R G o r t  bGA-h13665; G. K. 
Wehner, G. S.  Anderson, and C, E .  KenKnight, Report  #3031, Applied 
Science D i v i s i o n ,  L i t t o n  Systems. 

H d- Au: C .  R. F i n f g e l d ,  Report #OB0-3557-3.5; A. K. F u r r  and C .  R. 
F i n f g e l d ,  J .  Appl. Phys. 4 1 ,  173'3 (1970);  C .  E. KenKnight and G. K. 
Wehner, J. Appl, Phys. 3 5 T 3 2 2  (1964); G. K. Wehner, G. S.  Anderson, 
and C. E .  KenKnight, R e F r t  13031, Applied Science D i v i s i o n ,  L i t t o n  

-i- 

Systems. 

H+ 4- Z r :  
(1964). 

C .  E .  KenI(night and G. K .  Wehner, J. A p p l .  Phys. - 35, 322 

Accuracy : 
___II___ 

Unknown 

Notes : 

S e e  Note (9)  a t  end of  chapter .  
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D.1 .1 .2  

f 
S p u t t e r i n g  CoeCEicients f u r  D on C u ,  A I ,  N i ,  and Fe 

(no mal i n c i d e n c e )  

...... .............. -_ 
__,.I_ __ ............ .................. ...... ___ 

S p u t t e r i n g  C o e f f i c i r n t s  S 
(atoms / ion>  

3.0 E 00 
7 . 0  E 00 
1 . 0  E 0 1  
1.5 E 01. 
2 . 0  E 0 1  
3.0 E 01 
4.0 F: 0 1  
5 .0  E 01 
1.0 E 02 
1.5 E 0 2  
2 .0  E 02 
3.0 E 02  
5.0 E 02 
7 .0  E 02 
1 . 0  E 03 
1.2 E 0 3  

CU -- 

7 . 2  E 0? 
6.5 E-02 
4.4 E 02 
1*8 E-03 
1 - 9  E-02 
2,3 1.:-02 
1 . 9  E-02 
8.0 F-03 
4.5  E 0 3  
3 , l  E-03 
1 . 9  E - 0 3  
1.1 F-93 
7.5 E-Oh 
4.6 EA-04 
3.5 E-04 

A l  

3 . 3  r:-02 

1 .3  E - 9 2  

8 .0  E 4 3  

- 

References : 

Df + Cu: 
Yon&, .......... e t  a l . p  - J .  A p p l .  Phys. - 31, 447 (1960);  0. C .  Y o n t s ,  OKNL-TE-2692 
(1969) ;  1'1. Katninsky, Advances Mass Spec.. - 3, 69 (1966),  single e iys ta l  
(1.00); V .  M. Gusev, M. I. Guseva, V. P.  Vlasenko, I,. P .  El. iStratov, 
B u l l .  Acad. Sci. USSK, Phy-s. Sec. 2 4 *  ...... 696 (1960).  

-._____ ........_ 

G. K .  We1iner9 F i n a l  Rpt,  Lo U S A E C ,  No. 3031 (1966) ;  0. C .  

D+ + A I :  0. C.  Yonts,  ORNL-TM-2692 (1969) ;  G. K. Wehner, Final K p t .  
t o  USAEC,  No, 3031 ( 1  966) .  

D' A F e y  D k  ) N i :  G. I<. Nehner, k i i ia l  K p t .  t o  USAEC, N o .  3031 (1966) .  
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-!- S p u t t e r i n g  C o e f f i c i e n t s  f o r  D on  S t a i n l e s s  S t e e l ,  B e ,  

Mo, and Ag (normal incidence) 

... .... ....._.._. I __I.-_ 

Energy S p u t t e r i n g  C o e f f i c i e n t s  , S 
(a t  oms / ion)  

1 . 0  E 00 
2 . 0  E 00 
3.0 E 00 
5.0 E 00 
7.5 E 00 
1.0 E 0 1  
1 , 2  e 01. 
1 .5  E 01 
2.0 E: 0 1  
3.0 E 01  
1.0 E 02 
1.5 E 0 2  
3.0 E 02 
5.0 E 02 
7 . 5  E 02 
9.0 E 02 

ss .- 

5 .O E-02 
5 - 8  E - 0 2  
5.3 E-02 
4.6 E-02 
3.7 E-02  
2.9 E-02 
2,O E-02 

2.9 E-03 
3.3 E-03 
3 , 7  E-03 
4.4 E-03 
S . 3  E-03 
6 .2  E-83  

9.0 E-02 
9.2 E-O?. 
9.2 E-02 
8.8 E - 0 2  
'7.5 E-02 
6 .2  E-02 

7 . 9  E-03 
l . 0  E-02 

5 . 1  E-03 
4.0 E-03 
2 , s  E-03 
1.9 E-03 
1 .5  E-03 
1.3 E-03 

References;  

Dab -f S S :  M. I. Guseva, Radio Eng.  & ElecCroznic P h y s ,  No. 7 ,  1563 (1962) .  

D+ + Mo: 
0.  C .  Yonts ,  OWL-TM-2692 (1969); G, K. Wehnerl F i n a l  Rpt. t o  USAEC, 
No. 3031 (1966). 

C .  R. F i n f g e l d ,  F i n a l  Report t o  USAEC, N o ,  OK.0-3557-15 (1967) ;  

D' + Ag:  
Kaminsky, Advances Mass. Spec. 3 ,  69 (1966), s i n g l e c r y s t a l  (100); G.  K. 
Wehner, Final- Rpt .  t o  USAEC,  No, 3031 (1966). 

D j. B e :  G .  K.  Wehner, F i n a l  Rpt.. t o  USAEC, No. 3031 (1966). 

F. Grbnlund, W .  J .  Moore, J .  C h e m ,  Phys. 32, 1540 (1960);  M. 

4- 

Ac.ciiracy : 

Unknown 
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1 
S p u t t e r i n g  C o e f f i c i e n t s  f o r  lJG on Nb, N b - Z r ,  

Ta, I.J, snd  Au (normal i n c i d e n c e )  

S p u t t e r i n g  C o e f f i c i e n t s  ~ S 
(at  ollls / F on ) 

5.0  E-01 
7.0 E--01 
l , o  E 00 
1.5 E 00 
2.0 E 00 
3.0 E 00 
5 . 0  E 00 
7.0 E 00 
1.0 E 01 
1 . 2  E 01  
1.5 E 01 
2 , o  h: 01  
3.0 E 0 1  
4.0 E 01 
5.5 E 01. 

Nb - 

8.0 6-03 
5.4 E-03 
4.4 E-03 
3.4  E-03 
2.6 E-03 
1 .5  E-03 

l . 4  E-03 
l . 5  E--03  
1 . 6  E-03 
1 .8  b--03 
2 . 0  6-03 
2 . 3  E-03 
2.9 t4:-03 
3.4 E 03 
4 . 2  E-03 

4.9 E-03 
1 - 3  E-03 .5 .1  E-03 

5 . 3  E-03 

w - 

7 . 2  E-0!+ 

9 .0  E . - O 4  
9.5 E-04 
9. 3 b:-O4 
9 . 2  E-04 
8.9 E-Ol+ 

1.9  E--04 

A u  

1 . 7  E-02 
2 ,2  E-02 
2 - 8  K-02 
3.3 E-02 
3 . 6  E-02 
Ii.1 E-02 
4 . 6  E-02 
5.0 E-02 
s 3 3  E-02 

Keferencea : 

D.'- f Nb and D + Nb-Zr: 
(1971); O. C ,  Yonts, OffiYL-TM-2692 (1969): - 

-....... -.- 

f 
A .  J .  Summers, e t  al,, J .  AppP. Phys, -I- 42, 4774  

D+ +- Ta: C .  R. F i n f g e l d ,  F i n a l  Rpt t o  USAEC, No. OR0-355/-15 ( 1 9 / 6 ) ;  
M .  L. Guseva, Radio Eiig. ti E l e c t r o n i c  Physics  No. 7 ,  1563 ( 1 9 6 2 ) ;  G.  K. 
Wehncr, F i n a l  K p t .  t o  USAEC,  No. 3031 (1966).  

D -f W: C .  R .  F i n f g e l d ,  F i n a l  K p t ,  t o  USAEC, No. 0KO-3557-15 (1976) ;  0. 
C .  Yonts OffiJL-TM-2692 (1969) .  

11' f Au: 
G .  K. Wehuer, F i n a l  R p t .  t o  USAEC, No, 3031 (1.966). 

5 

C .  R. F inEge ld ,  F i n a l  R p t ,  t o  USAEC, No, 0R0-3557-15 (1976) ;  

Accuracy : -. . .- . . . . . . . . . . - 
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Sputtering C o e f f i c i e n i s  f o r  D2' on Be, Al, Fe, SS, 

Ni, Cu, Mo, A g ,  T a ,  and Au (norm.al i n c i d e n c e )  

Sputtering Coef f i - c i en t s  , S 
(atoms / i o n )  

Ag IsoJ-ated P o i n t s  I._ 
I 

cu  - Nb - Fe - B e  - 
2.0 E 00 2 . 1  E-01  

4.0 E 00 2 . 1  E-01 

6.0 E 00 8.0 E-03 2 . 1  E-01  
6.5 E 00 
7.0 E 00 1.8  E - 0 1  2 , 0  E-01  9.5 E-02 (D2 -+ N i )  
7.5 E 00 3.7 E-02 3.7 E-02 
7 .5  E 00 7.5 E-02 (D2' + SS) 
7.5 E 00 9 . 1  E-02 (D2+ + AIJ) 
8.0 E 00 8.0 E-03 2 .0  E-01. 1,8 E-01  
9.0 E 00 3.9 E-02 3.7 E-02 2 .0  E - 0 1  1 . 7  E-01 

1.0 E 0 1  I - .  1 E-02 (D2+ -+ Ta) 
1.6  E 0 1  6.0 E-03 

3.0 E 00 2,1 E-01  

5 .0  E 00 2 . 1  E-01  

1 . 7  E-01. 
I- 

5.9 E-02 (D2+ -f Al) 

1.0 E 0 1  4.0 E-02 3.8 E-02 8.0 E-03 1 . 8  E - - 0 1  1 , 6  E-01  1 . 5  E-02 ( D ~ +  + MO) 

References : 
_I -- 
D2+ -+ Ag: 
K. Wehner, F i n d  Rpt .  t o  USAEC, N o .  3031 (1966). 

F. Grdnluad, W. J. Moore, J. Chcm. Phys.  - 3 2 ,  1540 (1960); G. 

-I- t + + + -k + 
+ Re, D2+ + Fe, D;1 + Cu, D2 + Ni, D2 -+ Al, D2 + SS, B2 -+ Au, 

D2+ D2 -+ Mo, D2 + Ta: G .  K .  Wehner, F i n a l  Rp t .  t o  USAEC, No. 3031, (1966). 

Acciiracy : _cII.- 

Unknown 



D.1.19 

5 

2 

lo-' 

5 

2 

0 2 4 6 8 10 12 
ENERGY (keV)  

14 



D.1.20 

Spu t t e r ing  C o z f f i c i m t s  ai? D3' 011 Be, 41, ! 'e,  

SS, Ni, Cu, No, Rg, ?a, a n d  Ai1 (normal incidence) 

Sputtering C o e f f i c i e n t s ,  S 
(atoms / ion)  

2 .0  E 00 
3.0 E 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 
6.5 E 00 
7.0 E 00 
7.5 E 00 
7.5 b, 00 
7.5 E 00 
8.0 tC 00 
9.0 E 00 
1 . 0  E 0 1  
1 . 0  E 0 1  
1.1 E 0 1  
1.2 E 01 

2.8 E - 0 1  
3.1 E-01 
3 . 7  E-01 
3.2 P:-01 
3 . 2  E-01 

2 . 6  E-01 
2 - 7  E-OL 3.2 E-01 1.5  E - 0 1  ( D  + Ni) 

1 . 0  E-01  (n3" A A I >  

1 . 3  E-01 (I):+ - Au) 

-t 

1.1 E--01 5.7 E-02 
1 . 2  E-01 (03+ -f ss) 

2 . 9  E-01 3 .1  E-01 
8.7 E-02 5.9 E-02 2,9 E - 0 1  2,9 E - 0 1  
7.4 k:-02 6 . 1  E-02 2 . 1  E-01 2 , 7  E-01  2 , 5  E-02 (D 4- f No) 

1.0 E-02 (D3  A T a )  
3+ 

2 .6  E-01  
2 . 7  E-01 

References 

D ~ + +  Ag: 
K.  Wehnerg Fina l  R p t .  to  U S A E G ,  N o .  3031, (1966) .  

F. Grhndlund, W.  J .  Moore, J .  Chem.  Phys. - 32, 1540 (1960) ;  G.  

A l l  other  d a t a :  G .  K. Wehner, Fj.1131 R p t .  t o  USAEC, No. 3031 (1956). 

Accuracy : 

Unknown 
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s p u t t e r i n g  Coef f i c i en t s  of lie+ on 

C, B2, Al, Si, and 'l'i 

Energy 
(keV) 

S p t i t t e r i n g  C o e l f i c i e n t s ,  S 
(a toms /ion) 

1.0 E-01 
2.0 E-01 
3.0 E-01  
6.0 E-01 
1 .0  E 00 
2.0 F, 00 
5.0 E 00 
7.0 E: 00 
9.0  E 00 
2.0 E 0 1  
3.0 E 0 1  
5 .0  E 0 1  
9.0 E 0 1  

C .- 

8.0 E-03 
2 , o  E-02 
3.5 E-02 
8.5 E-02 
1.. 1. c - 0 1  
1 . 3  E-01 
1.,2 E-01 

1..0 E - 0 1  
7.3 E-02 

S e  

4.0 E-02 
9.3 E-02 
1 . 4  E-01. 
2 .5  E-01  
3.5 E-01 
3.1 E-01 
1.1 E-01  
7.6 E-02 
5.7 E 4 2  

S i  - A 1  .- 

1 ,8  E-02 
5 , O  E-03 4.9 E-02 
8.0 E-03 8.0 E-02 
2 . 1  E-02 1 - 6  E 4 1  

2 , O  E-01 
1 - 6  E - 0 1  
8.6 E-02 
6 . 4  E-02 
5.1 E--02 

1 . 7  E-02 2 - 9  E-02 
2 , 2  E-02 
1-7 E-$2 
1.5 E - 0 2  

T i  

1.0 E-02 
3 . 7  E-02 
5.2 E-02 
8.0 E-02 
9.2 E-02 
9.0 E 4 2  
8.2 E-02 
9 .2  E-02 
1.0 E-01. 
1 . 4  E-02 

He-'- >- C :  D. Rosenberg, G .  K.  Tdchnes, J. Appl .  Pbys.  33, 1842 (1962);  V.  
M. G U S ~ V ,  et g . ,  1A.E RR K u r c h a t O ~ ,  MOSCOW, Q S - .  N O ,  03;s-7-75, 

He+ + Be: 
Gases, F a r i s  (1963),  11, 39; D. Rosenberg, G ,  K. Wehner, J. A p p l ,  Phys. 
- 33, 1842 (1962); G. K. Wehner, G.  S .  Anderson, C .  E ,  KenKnight, Sur face  
Bohmardmnt S t u d i e s ,  F i n a l  R p t .  t o  USAEC, NO. 3031 (1966).  

11. Felix,  El. Oechsner, 6 t h  lut. Con€. loinizat isn Phenomena 

He3 + A I :  
0.  C .  Yonts, OWL-'TM-2692 (1969);  G. K. Wehner, G ,  S .  Anderson, C .  E,  
KenKciight, F i n a l  R p t .  to USAEC, No. 3031 (1.966). 

D. Rosenberg, G .  K.  Wehner, J .  A p p l .  Phys. 33, 1842 (1952);  

See  Notes (10) m d  (11) at end o f  chapter. 

h c c u r x :  ...... 

Notes : 

See Notes (12) and (13) a t  eixl of chapter. 
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S p u t t e r i n g  Coef f i  c i en t s  of ~ e +  on 

Zr, Dlb, A g ,  Pt, and. ilu 

S p u t t e r i n g  C o e f f i c i e n t s ,  S 
(atoins/ion) 

1 - 0  E-01 
2 - 0  E-01 
4.0 E - 0 1  
6 - 0  E-01 
1 . 0  E 00 
2 , O  E 00 
3.0 E 00 
4.0 E 00 
5.0 E 00 
7.0 E 00 
1,O E 0 1  
1 . 2  E 0 1  
2 - 0  E 0 1  
2 . 5  E 01  
3.0 E 01 
4.0 E 0 1  
6.0  E 0 1  

Zr - 

i , 9  E-02 
2.5 E-02 
2 , 9  E-02 

3.9 E-02 

4.3 E-02 
4 .6  E-02 
4.8  E-02 
4.9 E-02 
5 . 1  E-02 
5.2 E-02 

Nb -- 

5.0 E-03 
1.7 E-02 
3.0 E-02 

5.6 E-02 

6.5 E-02 

6.5 E-02 

6 .0  E-02 

5.6 E-02 
5 . 3  E-02 
4.8 E-02 

.I- b 

5 .0  E-02 
1 . 4  E-01 
2 .5  E-01 
3.3 E - 0 1  
3 - 9  E-01 
4.0 E-01  
4.0 E-01 

3.8 E - 0 1  
3 . 7  E-01  
3.5 E - 0 1  
3.4 E-01 

Pir Au 

4.0 E-03 2 .0  E-02 
1.a8 E-02 5.0 E-02 
3.5 E-02 8.0 E-02 

1 .3  E-01 
2.2 E-01  

3.6 E-01 

5.1 E-01 
5.9 E-01 

7.0 E-01  

7 . 1  E-01 
6.9 E-01  
6.0 E-01 

References : 

4- 
Be -t Zr: H ,  V. P a n i n ,  Soviet Phy-s. JETP 1 4 ,  1 (1962);  D. Rosenberg, 
G.  K. Wehner, J .  4 p p l .  Phys. 33, 1842 ( 1 9 6 z .  

He' -t Nb: 
A. J .  Summers, N .  J .  Freeman, N .  R. Daly, *J. App1.. P h y K  42, 4774 
(1971); 0 .  C .  Yonts,  OR.XT,-'IiM-2692 (1.969) - A l s o  Hef + N b - Z r .  

9). Rosenberg, G.  K.  Wehner, J. AppP. Phys. 33, 1842. (1962);  

See N o t e s  ( l 4 > ,  (151, and (16) a t  end o f  c h a p t e r .  

Accuracy : 

Unknown 

N o t e s :  _^____... 

S e e  Notes ( 1 7 )  and ( 1 8 )  a t  end of chapter. 
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Spct;ering Coefficients of He' ofi V, CY, Fe, Xi, Cu, No, Ta, am2 W 

Energy 
(keV) 

S p u t t e r i n g  C o e f f i c i e n t s ,  S 
(a toms /ion) 

1.0 E-81  
2.0 E-01 
3.0 E-01 
4.8 E-01 
6 .G E-01 
9.0 E - 8 1  
2.0 E 00 
5.0 E 00 
7.0 E 00 
9.0 E 00 
2.0 E 81 
3.9 E Ol 

3.0 E-03 3.0 E-02 3.0 E-02 
2 . 1  E-02 7.0 E-02 6 . 3  E-02 
3.9 E-02 1.1 E-01 9 . 2  E-02 
5 . 7  E-02 1 . 4  E-01 1 .2  E-01 
9.0 E-02 2.0 E-01 1 . 6  E-01 

2.2. 3-01 
2 . 1  E-01 
1 .5  E-01 
1.2 E-01 
9.6 E-02 
1 . 7  E-02 

5 . 3  E-02 
8 .3  E-02 
1.1 E-01 
1 . 6  E-OP 
2 . 3  E-01 
2.7 E-OP 
2.0 E-01 
1 . 7  E-01 
1 .4  E-01 

4.5 E-02 
1.1 E-01 
1 . 6  E-01  
2 .0  E-OP 
2.7 E-01 
3 . 3  3-01 
3.8 E-01 
3.3 E-01 
2.9 E-01 
2.6 E-01  
1.5 E-01 
8.0 E-02 

1.0 E-03 
5.0 E-03 2 .0  E-03 1 .0  E-03 
1.4 E-02 3.0 E-03 4.0 E-03 
2.4 E-02 4.5 E-03 5 .6  X-93 
4.9 E-02 1 .2  E-02 8.0 E-03 

References : 

see h:otes ( 1 9 ) ,  (20) ,  (213, m-d (22) a t  end of c h a p t e r .  

Accuracy : 

Unknown 

Notes : 

P l a s m a  i i icidenee d a t a  ( p >  are n o t  c o r r e c t e d  f o r  secondary e l e c c r o n  emission (Ref. Rosenberg, -- et a1.1. 
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S p u t  t e r i i l  g C oe f f ic ien t s f o  r N i ir. r (3 geii Eons 

on Copper ,  S i l v e r  and Gold  

__- . _._II_ ... - ................. I I____ -.- 
c_ - -. ............... 

Energy Spu t t e r ing  Coe EEicients S 

(atoms lion) 

4.0 E-01 
5.0 E-01 
6 .0  E-01 
1.0 E 00 
1 . 5  E 00 
2.5 E 00 
4.0 E 00 
5.0 E 00 
7 . 0  E 00 
1 . 0  E 9 1  
1 .5  E 0 1  
2.0 E 0 1  
2 . 5  E 01 
3.0 E 01 
4.0 E 0 1  
5 .0  E 01 

-4- 4- 
N '  4- cu _- -. .. .-. ..... N '  4- A g  

No rma 1 45 ' -5 0 O ~- 
-__.I.. ....... 

4.0 E 00 1 . 8  E 00 3.0 E 00 
1.9 E 00 3.3 00 

3.2 E 00 2.0  E 00 3 .4  E 00 
2.0 E 00 3.4 E 00 

2 . 8  E 00 2.0 E 00 3.4 E 00 
1 .9  E 00 

2 .7  E 00 1.8  E 00 
2.7 E 00 l . 6  E 00 
2.7 E 00 1.3 E 00 

6 , 8  E-01 
1.1 b 90 1.8 E 00 

1.9 E 00 2 .8  E 00 
2.5 E 00 3,6 E 00 
3.4 E 00 4.8 E 00 
4.7 E 00 s.: r: 00 
4.6  E 00 
4 .6  E 00 6 .2  E 00 
4.1 E 00 6 . 4  E 00 
3.6 E 00 6.6 E 00 
3.6 E 00 6 . 1  E 00 
3.7 E 00 6.7 E 00 

8.3 E-01  

KeEerences:  

Nf --)- Ag: 
GrBrilund, Id. J .  Moore, J .  Chem. Phys-  32, 1 5 4 0  (196Fr. 

Ni- + C?: 
O .  hlmen, G. BITI~CP, ,  Nuc l .  I n s t r .  & Metiii. - 11, 257 (1961). 

N' + Cu: 
'T. W. Snouse, R p t .  NASA TN D-2235 (1964).  

...... 

0 .  Alrngn, G.  Bruce, Nucl. I n s t r .  6 M e t h .  11, 257 (1961);  F .  

P .  K. RoL,  J .  M. F l u i t ,  J .  Kistemaker, P h y s i c a  _I- 26, 1000 (1960);  

P .  K. K o l ,  J .  M. Flult, .J, Kistem.aker, Physica 26, 1000 (1960) ;  2 

N' -?- Au: 
1.$9 ( 1 9 7 3 1 ,  

J .  S .  Col l igon ,  C.  M. Hicks, A .  P .  Neokleous, R a d .  E f f .  1.8 9 

Accuracy; --.- 

N o t e s  : 
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S e l f - s p u t t e r i n g  C o e f f i c i e n t s  f o r  

Al, Ni, Cu, Ag, and Au 

(no mal inc idence)  

Energy 
(keV) 

S e l f - S p u t t e r i n g  C o e f f i c i e n t s ,  S 
(atomslion) 

AI N i  CU 

2 . 0  E-02 
2.2 E-02 
3.0 E-02 
3.5 E-02 
4.0 E-(32 
5.0 E-02 
6.0 E-02 
6.5 E-02 
8.0 E-02 
1.0 E-01. 
2.0  E-01  
5.0 E-01 
8.0 E-01  
1 . 0  E 00 
2.0 E 00 
3.0 E 00 
5.0 E 00 
1.0 E 0 1  
2.0 E 0 1  
3.0 E 01  
4.5 E 0 1  
5 .0  E 0 1  
7 .0  E 0 1  
1 .0  E 02 
2.0 E 02 
3.0 E 02 
5 .O E 02 

2 , o  E-02 

2 . 5  E-02 

3.5 E-02 
5.6 E-02 

1.0 E-01 
1 . 4  E-01 
2.0 E - 0 1  
4.7 E-01  
1 .0  E 00 

1 . 3  E 00 
1.2 E 00 

9.0 E-01 
7.0 E-01 
5.5 E-01 

4.2 E-01 

8.0 E-02 
1.1 E-01 
1.8 E-01 
2 . 3  E-01 
3 . 1  E-01  
6.4 E-01  
3.1 E - 0 1  

2.2 E-01  
3.1 E-01  
4.0 E - 0 1  
8. L E-01 
1 - 6  F: 00 
2 . 2  E 00 
2 - 5  E 00 
3.5 E 00 
4.2 E 00 
5 . 2  E 00 
6 .7  E 00 
8 .3  E 00 
9 .3  E 00 

1.1 E 0 1  

4 

7 . 2  E-01 

3.6 E-01 

5 . 1  E-01 
6.7 E-01 
8.7 E - 0 1  
1 * 7  E 00 
3.6 E 00 
5.0 E 00 
5.7 E 00 
8 , 3  E 00 
9.8 E 00 
1.1 E-01 
1 3  I?-01 
2 - 0  E-01 
2 , 4  E-01  

3 , 2  E-01 
4.0 E-01 
3.9 E - 0 1  
3.6 E-01 
3 , s  E-01  
3.4 E-01  

1 . 4  E-02 
3.9 E-02 

8.3 E-02 
1 . 4  E-01 
2.2 E-(31 

3.9 E-01 
5.9 E-01  
1 . 4  E 00 
2.9 E 00 

4.6 E 00 
7.0 E 00 

1..3 E--01 
2.0 E-01 
3.1 E - 0 1  

5 .2  E-01 

...... . . . _. . .. .... .. . . ._._. . ~ - -  
.̂ -- 

R e  f erences : 

See  Notes (2.31, (241, (25).  (261, and (27) a t  end of  chapter .  

Accuracy-: 

Unknown 
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Se l f -Sput te r ing  C o e f f i c i e n t s  for S i ,  

Cr, a.nd Zn (noi-mal i n c i d e n c e )  

- __--. ...... _II. 
.̂I._. _..___ ................... . 

Energy 
(keV) 

Se l f -Sput te - r ing  C Q ~  I ' f icients , S 
(atoms/ion) 

-. ........ I .. ... I___s 

4- 
Si + S i  ..... ..-... 

f 
C r  -> C r  ........ 

3.3 E-02 
4.0 E-02 
6 . 0  E-02 
8 .0  E-02 
1 .0  E-01 
1 . 5  E-01  
2 , 0  E-01 
2 . 1  E-01  
3.0 E - 0 1  
5 .0  K-01 
5.0 E 00 
1 . 0  E 01  
1 . 5  E 01 
2 , o  E 01 
2 - 1  E 0 1  
4 .5  E 0 1  

1 . 5  E-01 
3.1 E 4 1  
5.0 E-81  
5.8 E-01 
6 . 2  E-01. 
7.0 E - 0 1  

4 . 5  E - 0 1  
7 . 4  E-01 

7.7 E - 0 1  
1.1 :E 00 

4.0 E-02 

.......... - __-_l̂____- ____. __I.- _ .................. _____- ........... 

R.e ferences : - 
Si' j- S i :  

Cr' -f C r :  

Zm+ + Znr 

0. AlmGn, G. Bri-ice, Nuel .  I n s t r ,  & Meth. 11, 279 (1961). 

W. H. Wayward, A .  R. Wolter ,  J.  A p p l ,  Phys. 52, 2911 (1969) .  

A F o n t e l l ,  E .  Ariuinen, Can. J. Phys. 4 7 ,  2405 (1969). -- 

Accuracy : 



. ...- . 

A 
C 
0 .- > 
E 
Q 
0 

v3 

c 

v 

ORNL.-DWG 7’6-42247 

Si ENERGY ( k e V )  

2 5 2 5 4 o4 

5 

2 

IO-* 

--t--- 

w2 2 5 2 5 iQQ 
Zn, Cr ENERGY (keV1 



D.1.34 

Spu t t e r ing  Coefficients for Oxygen Particles on Copper, 

S i l v e r ,  Gold and ‘Cantalum (normal inc idence)  

4.5 E 0 1  
5.0 E 00 
4.5 E 01. 
4.5 E; 0 1  
9.0 E 00 
9.8 E 00 
9.0 E 00 
9.0 E 00 
9.0 E 00 

1 . 0  E 00 
4.4 E 00 
4 .8  E 00 

2 . 6  E 00 
1.7 E 00 
6.0 E 00 
2 . 8  E 00 
7.6 E 00 

2.0 E-01.. 

1. 1961 
2 19 60 
1 1961 
1 1 9 6 1  
3 1969 
3 1969 
3 1.969 
3 1969 
3 1969 

References : 

I. 0 .  A l m & n ,  G. Bruce, Nuc l ,  I m s t r .  & Meth. - II, 279 (1961). 
2. F. Grqhlund,  M, J, Moore, J. Chern. Phys. II_ 3 2 ,  L540 (1960).  
3 .  P. M. Devienne, A .  Koustan, C o m p t .  Rend. 268B, 1362 (1969). 

Accuracy: 

Unknown 
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Self-sputtering o f  V, Fe, Zr, Tsb, Mo, Ta, 

and W+ at 45 keV (normal incidence)  

Element 
Self-sputtering 
C o e f f i c i e n t ,  s 

(atoms /ion) 

V 
Fe 
Zr 
Nb 
MO 
Ta 
W 

7.6 E-01  
2.8 E 00 
1.2 E 00 
1.3 E 00 
2.1 E 00 
3.1 E 00 
4.8 E 00 

Reference: 

0 .  A l m g n ,  G. Bruce, Nucl, I n s t r .  & Meth. c 11, 279 (1961). 

Accuracy : 

lJnknown 
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S p u t t e r i n g  C o e f f i c i e n t s  f o r  Neulzirons 

on Fe, Nb,  and .Ail 

.... ........-..-I____ ............ .-l.ll_ 
_I- ......... - --___I-- 

- 

S p u t t e r i n g  
M a t e r i a l  Energy Dose C o e f f i c i e n t  Re  f Year 

( T r e a t m n t )  (MeV) (n/cm2) (atorus/ion) 

Fe ( f o i l )  
C u  ( f o i l )  
Nb ( c r y s t a l )  
Nb (worked) 
Nb (worked) 
Nb (co ld  

worked) 
Nb ( co ld  

worked) 
I n  ( f o i l  
W ( f o i l )  
Au ( f o i l )  
Au ( f o i l )  
Au ( c r y s t a l )  
Au (annealed 

c r y s t a l )  
Au ( f o i l )  
Au ( f o i l )  
Au ( f o i l )  

>O .1 (av . ) 
1.4.1 
1.6 (av. ) 
16 (av. ) 
16 (av. ) 
14  

14  

14 
1.4 
14  
14 
1 4  
>o ,  1 

> 0 . 1  
> O .  1- 
14 

1 . 2  E 1 9 ( a v . )  
2.4 E 1 3  
3.5 E 16 
3.3 E 16 
3 . 3  E 1 6  
1.1 E 16 

4.6 E 15 

1..5 E 1 3  
1.5 E 13 
1 .9  E 14 
1 . 9  E 1 4  
2 . 3  E 13 
3.3 E 1 7 ( a v . )  

4.4 E 1 7  
2.4 E 13 

6 . 3  E:-03 (av. ) 
<3,9 E-02  
~ 3 . 0  E-05 
<3.0 E--O5f 
63.0 E-05b 
81.5 E-05f,b 

2 , s  E-01 

G3.6 E-03 
< l n l  E-02 

2 , 6  E-04 
3 .0  E--03 
3 . 3  E--O31(av, ) 

3.3 E-04f 
b 

1.1 E--04 
l,O E-04 

46.0 E--04 

1 
2 
3 
3 
3 
4 

5 

2 
2 
6 
6 
7 
8 

9 
10 

2 

1974 
1968 
1975 
197.5 
1.975 
1975 

1974 

1968 
1-968 
1974 
1 9 7 4  
1974 
1974 

1969 
1966 
1958 

.......... _ - 9 . - ~ - -  ___. ............. _I-. ..... -- --- -- 
E P o rw ai: d s p u t  t e r i n  g ; B ackw ar d s p u t  ti e r i n  g . 

1, 
2. 
3 .  

4.  

5 .  
6 ,  
7 .  

8. 

9 .  
1-0 ~ 

T .  S. Hae-r, J. N .  Anno, J .  Nucl. Mater, I 54, 79 (1974). 
K. Kelller, P l a s m a  Phys, 1 0 ,  195 (1968) .  
L .  H. Jenkins ,  T .  S.  NO&&, R. E .  Reed, M. J .  Saltmarsh, Appl. 
Phys .  L e t t .  26, 426 (1975). 
0 .  K. H a r l i n z  M. T .  Thomas, R. L .  Brodzi.nski, L .  A .  R a n c i t e l l i ,  
Phys. Kev. L e t t .  - 34, 1340 (1975), 
Pi. K a m i n s k y ,  J.  11. Penvey, S. K. D a s ,  Phys .  Rev. L e t t .  3 2 ,  599 (1974). 
K. Behrisch,  R. Gshler ,  3.  R a l u s ,  .Ja Nucl.. Mater. 53, l.g? (1974) .  
R. I. Garber. G. P .  Dolya ,  V. M. Kolyada, A. A. MohTin, A. 1. 
Fedorenko, JETP L e t t .  (Sov. Phys .) '7 ,  296 (1968). 
M. A .  Kirk ,  T. H .  B l e w i t t ,  A. C .  Knank, T. I,, S c o t t ,  R. Malewi.cki, 
J .  Nucl. Mater. 5 3 ,  179 (1974). 
i3. P .  Fa i rand ,  Thes is ,  Ohio S ta te  Univ, , Columbus, Ohio (1969). 
D ,  W .  Norcross ,  B. P .  Fairand,  J .  N .  Anno, J. A p p l e  Phys .  37, 621 
( 1 9 6 6 ) .  
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Notes 

..- 

(1) H+ -1- P y r o l y t i c  g r a p h i t e :  
Fur  Plasmaphysik, Report  #IPPAR-1974. Other data p l o t t e d  f o r  g r a p h i t e  
i n c l u d e ;  (1) V. M. Gusev, M.  l e  Guseira, E.  S.  Ionova, Yu. L .  K r a s u l i n ,  
S. 11- Mirov, and A. V, Nedaspasov, Report #OLS-7-75 (1975) ;  R. 
Behrisch and H ,  1%. Kadomrsev, TAEA I n t e r n a t i o n a l  Conference (xi Nuclear 
Fusion ( 1 9 7 4 )  Paper #LtiEA-CN-33/52;  S .  A. Cohen, Keport #Matt-Q-32 
(1974). 

1%. Sehr isch ,  e t  a l . ,  Plax-Planck I n s t i t u t e  -- 

* 
( 2 )  B -!- C :  R. Behrisch,  _ef. ai., Max-P'Lanck I n s t i t u t e  PTir Plasmaphysik, 

Report #IPPAR-1974; J. N , S m i t b ,  . J r . ,  C, 11. Meyer, Jr .  and J .  K. 
Layton, Report  fGA-Al3665. 

( 3 )  4- A l :  S. A. Colien, Report  #Matt-Q-32 (1974) ;  C .  E .  KenKniglit and 
G. K, Wehner, J .  A p p l .  Phys. 3 5 ,  322 (1964). 

( 4 )  T h e  s p u t t e r i n g  y i e l d s  r e p o r t e d  by Kchrisch, p t  a l . ,  Behrisch and 
Kadomtsev, KenKnight, et al. and 'Wehner are f o r  i nc iden t  Trl2+ and 
I1 i ons .  The energy and y i e l d  has been d iv ided  by  2 and  3 f o r  
Hi. and W3+ r e s p e c t i v e l y  t o  deLemine t h e  y i e l d  f o r  incident :  p ro tons ,  

H+ -4- T a :  R. Hehriscli and K, Weissman, Phys. Letters 30A,  506 (1969) ;  
C .  K. F i n f g l e d ,  Report #OR0-3557-15. 

-I 

(5) -- 

(6)  Yie lds  determined f o r  Pe by Wehner, e t  al, arid t o r  SS 304 by Behrisch 
I- 

w e r e  f o r  H2+ and R * i n c i d e n t  i o n s .  
were obta ined  by d i v i d i n g  t h e  measured energy arid y i e l d  by 2 and 3 
f o r  ~ 2 +  and "31- r e s p e c t i v e l y .  

The va lues  f o r  pro ton  impact 3 

( 7 )  Yie lds  determined by KenKnight, et: a l .  and Wehner, e t  a4 were f o r  
H2+ and H3+ i n c i d e n t  ions.  
by d i v i d i n g  t h e  measured energy and y i e l d  by 2 and 3 f o r  H2+ 
r e s p e c t i v e l y ,  

-- -- -' 9 

The va lues  f o r  pro ton  impact were obta ined  
and H3' 

(8) Yields  f o r  W are small  and d i f f i c u l h  t o  measure a c c u r a t e l y .  Curve 
Curve l a b e l e d  W' i s  f o r  l a b e l e d  W is  taken from F i n f g e l d ' s  pape r .  

tungs ten  and i s  taken from work o f  Smith, e t  -. a1 3 Kenknight, e t  - a l . ,  
and Wehner, - e t  -- a l .  
f o r  pro tons  on tungs ten .  

We are unable  t o  determine t h e  c o r r e c t  y i e l d s  

(9) The s p u t t e r i n g  y i e l d s  r e p o r t e d  by KenKnight, -- e t  al. and Wehner, 
e t  al. are f o r  i n c i d e n t  H2+ and H3' ions. 
been d i v i d e d  by  2 and 3 f o r  €I?+ and 133' r e s p e c t i v e l y  t o  determine 
t h e  y i e l d  f o r  i n c i d e n t  pro tons .  

He+ +- S i :  
G. K. Wehner, C .  KenKnight, D. L. Rosenberg, P l a n e t .  Space S c i .  11, 
885 (1963); A .  van Wijngaarden, B. Miremadi, N .  M. A. Finriey, Pliys. 
Rev. 185, 490 (1969).  

The energy and y i e l d  has  -- 

(10) D. Rosenberg, G. K. Wehner, J. A p p l .  Phys, 3 3 ,  1842 (1962); 
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(11) :le+ f T i :  D .  Rosenberg, G.  K.  Wehner, 3 .  Appl. Phys. 3 3 ,  1842 (1962);  
G. K. Wehner, G. S .  Anderson, C .  E .  KenKaight, F i n a l  Rpt.  t o  USAKC 
No. 3031 (1966);  0. C. Yonts, ORNL-TM-2692 (1969). 

(12) C ( 4 5 " ) ,  Si (3 .5" )  d a t a  are n o t  c o r r e c t e d  f o r  c o n t r i b u t i o n  or' r e f l e c t e d  
He.+ t o  s p u t t e r e d  i o n  c u r r e n t  (Ref .-Panin; van Kijngaarden,  e t  a l , ) .  

(13) Plasma i n c i d e n t  d a t a  are n o t  c o r r e c t e d  f o r  e l e c t r o n  emission (Kef.- 

- _-- 

Rosenberg, e t  a l . )  . 
He"" + Ag: D. Kosenberg, G .  K. Wehner, J .  Appl. Phys. 33, 1842 (1962);  
F. Grghlund, W. J .  Moore, J .  Chem. Phys. 32, 1540 (1960); M. Koedam, 
Physica 25, 742 (1959); G.  K. Wehner, G.  s, Anderson, C. E ,  KenKnight, 
Sur face  Bombardment S t u d i e s ,  F i n a l  Rpt. t o  USAEC, No. 3031 (1966); 
D.  McKeown, H. R. Poppa ,  M. G. Fox, Molecular Impact S t u d i e s ,  Ann., R p t .  

- -- 

(14) 

AD-445823 (O,N.R . ,  GDA-DBE64-048), 1964, 

(15) He+ -f P t :  

(16) He' + Au: 

D. Rosenberg, G ,  K.  Nehner, J. App1. Phys. 3.3, 1842 (1962). 

D. Rosenberg, G. K .  Wehner, J .  Appll. Phys. 33, 1842 (1962); 

- 

G. K. Wehner, G .  S .  Anderson, C. E.  KenKnight, F i n a l  K Z .  t o  USAEG, 
No. 3031 (1.966); A .  van Wijngaarden, E .  Reuthr r ,  J. N .  Bradford., 
Can. J. Phys 4 7 ,  411 (1969). _....I 

(17) Plasma i n c i d e n t  d a t a  are n o t  c o r r e c t e d  f o r  secondary e l e c t r o n  emtssion 
(Kef.-Rosenberg, I_ e t  _- a l , ) ,  

(18) Zr (35") and Au ( 4 5 " )  d a t a  n o t  c o r r e c t e d  f o r  c o n t r i b u t i o n  of r e f l e c t e d  
He+ t o  s p u t t e r e d  i o n  c u r r e n t  (Ref.-Panin; Wijngaarden, e t  a l . )  . 

(19) He' + V ,  H e  -f Cry He+ -t Mo, He+ + T a ,  H e  + W: D.  Rosenbarg, G. K. 

I-- - 

4- -t 

Wehner, J. A p p l ,  Phys. -I 33, 1842 (1962). 

4- (20) H e  -+ Fe:  D ,  Rosenberg, G ,  K.  Wehner, J .  Appl. Phys,  33, 1842 (1962);  
G. K. Wehner, G .  S .  Anderson, C, E .  KenKnight, SurfaceTombardmerit 
S t u d i e s ,  F i n a l  Rpt,  t o  USAEC, No. 3031. (1966) ;  D.  Heymitm, J. Geophys. 
R e s .  - 69,  1941 (1964). 

(21) He"- + N i :  D.  Kosenberg, G. K. Wehner, J .  Appl. Fhys. 33, 1842 (1962); 
H. Fe tz ,  B. Qechsmer, 6 t h  I n t .  Conf. I o n i z a t i o n  Phenomena Gases, p .  39, 
Pa r t s  (1963);  G. K, k h n e r ,  G. S .  Anderson, C. E.  KenKriight, F i n a l  Rpt-.. 
t o  USAEC, No, 3031 (1966). 

(22) He+ + Cu: D. Rosenberg, G. K. Wehner, J .  Appl. Phys. 33, 1842 (1962) ;  
G .  K. Wehner, G. S ,  Anderson, C, E .  Kenmigh t ,  Final. Rpt. t o  USAEC:, 
No. 3031 (1966); 0. C .  Yonts, C. E .  Normand, D .  E .  Har r i son ,  J. Appl. 
Phys. - 31, 447 (1960); 0. C .  Yonts, OWL-l'M-2692 (1969). 
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(23) Al' -+ Al: 
0,  Al&n, G. Bruce, Nucl. I n s t r .  6 Pleth. - 11, 279 (1961). 

N i +  -t N i :  A. F o n t e l l ,  E .  Arminen, C a n .  J. Phys. 4 7 ,  2405 (1969). 

Cu' -f Cu: 
0. Alm&n, G. Bruce,  Nucl. I n s t r .  & Meth. 11, 279 (1961)TM. I. Guseva, 
S o v i e t  Phys.-Solid S t a t e  Phys. 1, 1410 ( l E 9 ) ;  A. F o n t e l l ,  E .  Arminen, 
Can. J.  Phys. 4 7 ,  2405 (1969);  p. K. R o l ,  J. M. Fluit, J. Kistemaker, 
Phys ica  26, l o r n  (1960);  D. Onderlinden, Can, J.  Phys. 46, 739 (1468) - 
Cu e r y s t a ;  0. C. Yonts,  C. E.  Normand, D.  E .  Harr i son ,  J .  A p p l .  Phys, 
I 31, 447 (1960); H. H.  Andersen, H. Hay, Rad. E f f .  - 13 ,  67 (1972).  

Ag+ -+ Ag: 
0 ,  AlrnGn, G. Bruce,  Nucl. I n s t r .  & Meth. 11, 279 (1961)rM. I. Guseva, 
S o v i e t  Phys.-Solid S t a t e  Phys. - 1, 1 4 1 0  ( l E 9 ) ;  H. H .  Andersen, H. L. 
Bay, Rad. E f f .  19,  139 (1973). 

Au+ -t Au: 
0. A l & n ,  G. Eruce, Nucl. Znstr. & Meth. - 11, 279 ( 1 9 6 1 1 7  

W. 11. Hayward, A. R. Wolter ,  J. Appl. Phys. 40, 2911 (1969); 

( 2 4 )  

( 2 5 )  

- 
W. TI. Hayward, A .  R. Wolter ,  J. Appl. Phys. 4 0 ,  2911 (1969); 

c 

(26) W. 1%. Hayward, A. R. Wolter, J .  Appl. Phys. 40,  2911 (1969); 

- 
(27) W. €3. Wayward, A. R. Wolter, J. A p p l .  Pfiys. 4 0 ,  2911. (1969); 

... 







Emission of  Secondary E lec t rons  by E lec t ron  Impact 

on a Graphi te  Surface  

(E lec t rons  Inc iden t  Normally on Sur face )  

e on C 

-___ ______ ___-- 

Energy Secondary E lec t ron  
Impact Emission C o e f f i c i e n t  6 
(keV) Elec t rons /E lec t ron  

1.5 E-01 
2.0 E-01 
4.0 E-01 
6.0 E-01. 
8.0 E-01 
1 .0  E 00 
1 . 5  E 00 
2 .0  E 00 
3.0 E 00 

5.0 E 00 
J4.0 E 00 

7.80 E-01 
9.03 E-01 
9.20 E-01 

6.00 E-01 

3.74 E-01 

7.97 E-01 
6.90 E-01 

11.53 E-01 

2.78 E-01 
2.23 E-01 
1.86 E-01 

References : 

J. HElz l  and K. Jacobi ,  Surface S e i .  - 1 4 ,  351 (1969). 
Tech. Rev. 2, 80 (1938). 

H. Bruining, Philips. 

Accuracy: 

Sys temat ic  e r r o r  < - + 5%. Random e r r o r  < I + 2%0 

Notes : 

See Notes (1) arid ( 2 )  at end of chap te r .  
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Emission o f  Secondary E lec t rons  by ElecLron Impact 

on a, Steel. Sur face  

(E lec t rons  'incident Normally on Sur face )  

e on S tee l  

-. ....... -. .. ___ -. - .......... 

Energy Secondary E lec t ron  
Impact h i s  s ion Coe f f i c i  e n t  6 
(keV) E lec t roas /E lec t ron  

4 .0  E 01  
6.0 E 01 
8.0 E 01 
1.0 E 02 
1.5 E 02 
2.0 E 02 

3.08 E-01 
2. I.)+ E-01 

1.34 E-01 
1.04 E-01 
8.80 E-02 

1.60 E - Q ~  

.................. .... ............... ~~ _____. 1==_______ ........ ... 

Reference : 

J . G .  Trump and H.J. V a n  de Graaff, Phys. Rev. I 75, 44 (1948). 

Accuracy: I 

Unkn own 

Notes : 

See Notes (7.1) and ( 1 2 )  at end of chapter. 
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X r n i s s i  on of Secondai-y Elecii ons by E1.ectron Triipact 

on a Polycrysta,l.ine Nickel  Surface 

(l31ec’ir.oils Lncrident Normally on S u r f a c e )  

e on Ni 

.. .... .. -.I. .-. . _I . __ ........ .............. ______ . -~ - 

gnergy Secondary El.ectron 
Tinpset Emi s s i o n  Coeffi cjent, 6 
(keV) bX e c t i ~ o n s / F ~ . e c t r o n  

2.0 E-01. 

6.0 E-01- 
8.0 E-01. 
1.0 E 00 
1.5 r: 00 
2.0 E 00 
3.0 E 00 
h.0 E 00 

4.0 3--01 
8.3? E-OI. 
9.93 3-01 

9.60 E-01 
3.10 E-01 

6.86 E-01 

h.50 E-01 

1-00 E 00 

7.80 E-01 

5 . 5 2  E-01 

. ...... . ~ ............ ............... ........ ..................... - ..” P . --.---.._I . 

References : 

A . R .  Shul’man, 1,R. Zakiyova, iu. PA. Morozov, ant3 S.A. Freidman, S o v i e t  
Phys. Tech. Phys. 3 ,  19 (1958). 
Soviet Phys a S o l i n  S t a t e  9 ,  I 731 (196’1). 

I . M .  Bronshte in ,  a n d  S.S, Uenisov, 

Accuracy - : 

Systematic  error  < -t 5%. Random error < + 2%* - - 

Notes : 

See Notes  (2) and (3) at end of cl iapter .  
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Emission ol" Secondary E l e c t r o n s  by E1 e c t r o n  Impact 

on a Polycrystaline C a l d  Surface 

e on Au 

...................... ... ............. .~ -~ I_ I ~ ~ ~ ~ ~ = - -  ....... 

Energy 
lmpac t Emissioii Coeff i -c ient  6 

Se c, ondar y Z 1 r c tr on 

E1.e c t ron s /El? c t r o n  
......... .._- 

(keV ) 

4.0 E-03 
8.0 E-03 
1.0 E-02 
1.5 3-02 
2.0 E-02 
3.0 s-02 
4.0 E-02 
3.0 E - 0  
1.0 E-01 
2.0 E-01 
4.0 8-01 
8.0 E-01 
1.0 E 00 
1.5 E 00 
2.0 K 00 
4.0 F 00 
6.0 E 00 
8.0 E 00 
3.0 F: 01 
4.0 F 03- 
3.0 E 01 
1.0 E (32 
1 . 5  E 02 
2.0 z 02 

1.20 E-[)? 
6.30 E-02 
9.60 E-02 
1.95 2-01. 
2.68 E - O ~  
3.66 E - O ~  
4.25 E-01. 
4.98 x-oi 
5.97 E-01 
7.22 E-01 
3.23 F 01 
8.83 E-01 
8.211 ~-01 
7.12 E-03. 
6.27 2-01 
4.00 E--01 
2.62 E - O ~  
2.16 E-01 
4.50 E-01 
3.60 E-01 
2.50 E--01 
2#1.2 E-01 
1. )!3 E-01. 
1.00 E-01 

........ .~ . ..... 
__I__ .- . -- ......................... 

References:  -- 

I.M. Brons te in  and. V.V.  Roshchin, Soviet Phys. 'Tech. Phys, 3, 2271 (1958) .  
J. Kadlec and L. Eckertova, Z. Angew. Phys. 3 0 ,  141 (1.970). B e L .  Mil.l.er 
and W.C. P o r t e r ,  J. Frankl in  I n s t i t u t e  260, 37 (1955) .  

- 

..... 

Accuracy: 
__l_l__l 

Sys-tetnatic e r r o r  < + 10% for E < 9 keV. 
E > 20 keV. 

Systematic e r r o r  unknown f o r  
Randomerror  < f 5%. 

-" 
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D.2.10 

Ernission of Secondary l i lec t r o n s  by Eler 'u ron  Impact 

on tl Pol-ycrystal ine Molybdenijlri Siirface 

( E l e c t r o n s  I n c i d e n t  Normally on S i i r f ace )  

e on Mo 

-~ .... ..~ ................ ~ ......... .~ ~- - - .. -. . . . . - .. . .. ,. .. -. - .-.I. -. -. . . . .. . .. 

1 anera S e c ondayy- L 1 e c t  TO n 
Impact Zinission C o e f f i c i e n t  B 
( keV ) E l e c t r o n s / E i e c t r o n  

L.O E-03 
8.0 Z-03 
1.0 E-02 
2 * c  E-02 
2.5 g-02 
3.0 E-02 
i t . 0  E-O? 
1.0 E-01 
2.0 E-01 
4 .0  x-01 
6,O E-01 
8.0 g-01 
1 . 0  K 00 
2.0 E 00 
4.0 E 00 
6.0 E 00 
8.0 2 00 

I. -90 E-02 
1.00 E-01 
1.38 E-01. 
2.93 E-01 
3.60 2-01. 
4.15 3-01 
ih.98 3-01 
'7 J2  E-01 
3.81 ~-01. 
1.27 E 00 
1.23 E 00 
1..1.6 E 00 
1.09 E 00 
7.55 2 - 0 1  
4.52 E-01 
3.36 E.-01 
2.99 F.-01 

References:  

Von G, Blaiikenfeld, Ann. del- Physik 9 ,  jr8 (1951). I . M .  3 r o n s h t e i n ,  
Bull. Acaii, S e i ,  TJSSH 22, - 1142 (19>8)-, 

. _  

Notes : 

See Notes (2) ( b ) ,  a;;d (13) at  end of c h a p t e r .  

-.-..- 
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D.2.1.2 

h i s s i o n  of Secondary E l e c t r o n s  by Xlec t ron  lnipaci 

on a P o l y c r y s t a l i n e  Tungsten Surface 

( E l e c t r o n s  I n c i d e n t  Xormally on S u r f a c e )  

e on W 

Energy 
Impact 
( keV) 

Secondary ELec t r o n  
E r n i s s i o r i  C o e f f i c i e n t  6 
ELectrons/Hlectron 

4.0 3 - 0 3  
8.0 3-03 
1 . 0  z-O? 
1 . 5  E-02 
3.0 E-02 
2 . 5  E-02 
4.0 X-02 
8.0 E-02 
1 . 0  E -01. 
2 . 0  2-01 
4 .0  E-01  
8.0 ~ < - - 0 l  
1.0 J3 00 
1.5 E 00 
2.0 E 00 
3.0 E 00 
4.0 E 00 
8.0 00 
1.0 E 01  
2 . 0  X 01  
h.0 E 01  
8.0 E 01 
1.0 E O? 
1.5 E 02 
2.0 E 02 

1.00 E-02 
8.10 E-02 
1.20 E-01 
2.00 E-01 
7 ,  yo E-01 
4.19 E-01 
5.31 E-01 
*f.03 E-01 
1.98 2-01 
1.12 2 03 
1.44 E 30 
1 . 5 5  E 00 
1 . 5 0  F: 00 
1.36 E 00 
1 . 2 1  E 00 
9.34 E-01 
y.80 E-01 
5.@+ E-OL 
>.19 E-01 
11.00 11:-01 
3.00 E-01 
2.07 X-01 
1.79 E-01 
1-30 E-01 
9.50 E-02 

References : 

I.M. Rronst,cjn,  Bull. Acad. S c i .  USSR 22, 442 (1958) .  I.M. R r o n s t e i n  and 
R.B. Segal Soviet Phys. S o l i d  S t a t e  1142 (1959) .  B.L.  Miller and 
W . C .  P o r t e r ,  J. Frankl in  I n s t i t u t e  - 260, 31 (1955) .  

Accuracy: 

Systematic  e r r o r  < 
E > 4 keV. Random e r r o r  < -+ 5%. 

10% f o r  E <: 4 keV. Systematic  e r r o r  unknown f o r  
.- 

Notes; 

See Notes ( 2 ) ,  (5), (6), ( 7 ) ,  and ( 1 3 )  a t  end of c h a p t e r .  
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Notes 

(1.) Data gi.vi?n here are a,pprorj:riate t o  a pyro1ftA.c g r a p h i t e  sCmpl.e 
whose basal plane  i s  parallel t o  t h e  su r face .  Fol- ti basal. plane  
pe rpend icu la r  t o  the surface the  yield i s  scmewhat Less, be ing  
0.75 E L e c t r o n s / e l e c t r o n  a-t t h e  maxi:rau~n. See :R .N  I Vnetten, J. Appl-. 
Phys . - 3 h ,  771 (1963). 

The measurement here is the r a t i o  of t h e  seccridrtry emi.;si.on e l e c t r o n  
flux ( i n t e g r a t e d  over all f ina l  outgoing d i r e c t i c n s )  t o  t h e  i .ncident 
electron f'l.-ux; it i s  given the symbo1 6. This i s  related I:,o the 
c o e f f i c i e n t  for all. emerging e l e c t r o n s ,  D ?  ( w h i e ~ i  incliudes t;rw 
seconclaries and. backscattered~ e l e c t r o n s  ) aut1 to t,'ne c o e f f i c i e n t  f o r  
reflection ( o r  baeksca t t e r i r ig )  rl; the r e l a t i o n s h i p  i s  (5 = 6 .t q .  
The c o e f f i c i e n t  -q i s  discussed elsewhere, arid tbe coefficient u 
can obvio-iusljr be genera ted  by this equat ion .  

( 3 )  For daLa or1 'now t h e  c o e f f i c i e r i t  varies with inci-dencme a n g l e ,  see 
I.M. Bronsbtein and S,S. Denisov, So-vi.et Pfiys, Solid S t a t e  9 ,  '731 
(1967 . .I 

(4) TIW data presen ted  heye a t  energi-es above 1.00 e V  r e p r e s e n t  tile t o t a ~ .  
f l u x  of e l x c t r o n s  emerging from t h e  t a r g e t  s u r f a t e  and t h e ~ e f o r e  
i s  the sum of the t r u e  secondary emission and the  hwksca t t e - r ed  
e l e c t r o n  flu. There appear to be no re1iabl.e measurement:; of the 
t r u e  secondary emission a lone .  

( 5 )  'The d a t a  between 0.1 and 3.6 keV were obta ined  by t a k i n g  the difference 
betweeo t o t d l  electron f l u x  (0) a1lt3 backscat tered f lux  ( q )  in tlle 
work of Bronshtein and Segal ( s e e  c i t e d  reference) .  

(6) The dependence of 6 on iricidenec arig7.e may be obta ined  fi-om Brons i i tc in  
m d  Sega l  [Bo.viet  Phys. S o l i d  S t a t e  I, 1.1142 (1353) 1 by t a k i n g  t h e  
d i f f e r e n c e  between the c o e f f i c i e n t s  Gley call CT cmt3_ q [ s e e  also 
~ o t e  ( 5 )  above]. 

( 7 )  The (lata bet,ween 20 and 200 keV were o'rjLained by t a k i n g  t h e  
differerice between t o t a l  electron -f"l.ux and the backscat tered 
electron flux from the work of Miller ;jr~d Porter ( s e e  r e fe rence  
c i t e d ) .  

( 8 )  For informatior! on how the secondary emission c o e f f i c i e n t  v a r i e s  
w i t h  incidence angle see J. Kell-er, Z. Physik ---> 22'1 1127 (1969). 

For informatioil  on t h e  angul-ar d i s t r i b u t i o n  pf ijee0nciaY.y e l e c t r o n s  
see J. Kadlec and L. Eekertova,  Z. Arigew. Fliys. .- 3 0 ,  1.41 (1970). 

( 9 )  
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( 1 0 )  In t h i s  case t h e r e  i s  a s e r i o u s  apparent  d i screpancy  between t h e  work 
of dadlec  (up t o  3 lieV) and tha t  of Mi l l e r  ( f rom 20 keV upwsrds) . 
The discrepancy i s  probably because Kadlec used t h i n  f i lms  and Miller 
used a t h i c k  target, ,  i t  i s  Lo be expected tha t  6 f o r  a th i r i  f i l m  
w i l l  be less than  t h a t  f o r  a t h i c k  t a r g e t ;  t h e  d i r f e r e n c e  may be 
small a t  one keV bu t  maybe 30% or more a t  10 keV. 

(11) The d a t a  of Trump and V a n  de Graaf a r e  for t o t a l  f lux of e l e c t r o n s  
( t r u e  secondar ies  p l u s  backsca t t e red  e l e c t r o n s )  and. f o r  t h e  flux. 
with ene rg ie s  over  800 e V  (presumably r ep resen t ing  backsca t t e red  
e l e c t r o n s  ) . 
should r ep resen t  t h e  t r u e  secondary emission a lone .  

We plgesent here  t h e  d i f f e r e n c e  between t h e  two which 

(12) 'The type of s - tee1  used i.n tihis work w a s  not, s p e c i f i e d .  

(13) On t h e  graph,  r eg ions  where we have i n t e r p o l a t e d  bebween d a t a  s e t s  
a r e  shown by broken l i n e s .  
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Secondary E lec t ron  Emission by Impact of Ions 

on a Carbon (Graphi te )  Targe t :  

-I- 4- + II , H2 , H on C 
3 

( P r o j e c t i l e s  Inc iden t  Normally on Ta rge t )  

~ -._I _l.._.....-_̂ __i 

Impact 
Energy 
(keV) 

Secondary Emission Coef f i c i en t  y E l e c t r o n s / l o n  

H-I- - 
2.0 E 01 1.68 E 00 2.1~0 E 00 3.10 E 00 
lt.0 E 01 2.15 E 00 3.12 E 00 3.97 E 00 
6.0 E 01 2.45 E 00 3.70 E 00 4.77 E 00 
8.0 E 01 2.53 E 00 4.20 E 00 5.55 -E 00 

Reference: 

+ + + 
H , .E12 , 23 on C :  
( 1962) . L.N. Large, W.S. Whitlock, Proc.  Phys. Soc. 79, 148 

Accuracy : 

Systematic  e r r o r  < + 5%. Random e r r o r  < -I- 5 % .  - - 
Notes : 

See Notes (1) and ( 2 )  a t  end of chap te r .  
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Secondary E l e c t r o n  dmission by Impact of Tons 

on a, P o l y c r y s t a l i n e  Nickel Targe t :  

f + f -1. 
H , H2 , H , He on Ni 

3 
( P r o j e c t i l e s  i n c i d e n t  Horma13-y on ~ a l - g ~ t )  

T mp ac t 
Energy 
(keV) 

Secondary Xmi s s io i i  Coeff ic ient ,  y E l e c t r o n s / l o n  

1.0 E 110 
2 " O  E 00 
11.0 P7 00 
6.0 E 00 
8. 0 r: 00 
1 . 0  3 01 
1 . 5  5 01 
2 . 0  E 01 
Jl . 0 r: 01 
6 .0  E 31 
8 .0  01 
1 . 0  E 02 
1.2 E 02 
1-3 E 02 

H" 

9.60 4-01 
1 . 2 5  E 00 
1 . 4 5  E 00 
1 .>2 ,.: 00 
1.58 z 00 
1.60 d 00 
1.60  3 cio 

1 .20 i.: 00 
1 . 6 0  z 00 
1 .97  E 00 

2.65 r: 00 

2.95 F: 00 

2.32 E 00 

2.83 E 00 

1.38 E 00 

2 . 2 5  3 00 
2.68 E 00 

3.24 E 00 

J.-81 E 00 

2.9/ li 00 

3.30 S 00 

l . ' ( 0  E--01 

3.50 E-01 
2.30 E-01 

)I. 40 E-01 

6.50 E-01. 

9.60 E-01 

5.50 E-01  

8.15 E-01 

1.30 E 00 

References : 

+ f + 
II , I f2  , H3 on N i :  T , . N .  Large,  W.S. Whitlock, ?roc.  Phys, Soc. 79, 1118 
( 1.?62 ) . 

+ 
He on N i :  V .A .  Ar i fov ,  R . R .  Hakhimov, and O.V. Khozinski~i, Bul l .  A c a d ,  
S e i .  USSR,  Phys. Ser. - 26 ,  1.422 (1962) [Tzv. Akad. Nauk SSR, Ser. F i z .  
- 26, 1.398 (1962) I .  
Accuracy: 

Systematic  e r r o r  < -+ .- 5%.  Hstrciom error < ...- + 2 $ .  
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Secondary Z lec t ron  Emission by Impact of Ions 

on a P o l y c r y s t a l i n e  Gold Targe t :  

-t- 4- + 
B , H2 , H3 on Au 

( P r o j e c t i l e s  Inc iden t  Normally on Target) 

....................... . ........ ......... . .. ... ... .... .-. ... .................. ____ ~. . . . . . . . . .- .- 

Impact 
Energy 
(keV 1 

Secondary Emission C o e f f i c i e n t  y Elec t rons / Ion  

3.. 5 E 0 1  
2 .0  E 01 
4.0 E 01  
6 . 0  E 01 
8.0 E 0 1  
1 . 0  E 02 
l e 2  E 02 

+ H - 

1.49  E 00 
1.57 E 00 
1.82  E 00 
l . 9 4  E 00 
1.99 E 00 
2.00 E 00 
1.98 E 00 

?.40 F 00 
2.55 E 00 
? , 9 3  E 00 
3.20 d 00 
3.31 F 00 
3.1L5 E 00 
3.49 E 00 

+ 
H 3  

2 , 5 8  E 00 
2.'/'5 F 00 
3 .33  E 00 
3.81 E 00 
4 . 1 7  E 00 
4.37 E 00 
4.48 E 00 

Reference : 
+ i i- 
H , Hz , H 3  on Au: L.N. Large, W.S. Whi.i;lock, Proc .  Phys. SOC. 79, 1-118 
(1962) .  

Accuracy : 

Systematic  error < - + 5 % .  Random eryor < - + 5%.  

No-tes : 

See Notes (1) and ( 2 )  a t  end o f  chap te r .  
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Secondary Elec t ron  Fhissi on by Impact, of I o n s  

........ ._ - - ................. ........ - - ......... .. ..... . ...... .......... .......... - ___ -___ 

Impact 
T l  A n e r g y -  Secondary Emission C o e f f i c i e n t  y E l e c t r o n s / l o n  
(i.,eV) 

H+ 
f 

H2 

l.0 E 01. 9.20 E-01 1.30 E 00 
2.0 E 01 1.08 E 00 1,50 E 00 
4.0 E 01 1.30 E 00 1.90 E 00 
6.0 E 01 1.146 P: 00 2.25 3 00 

l . .O E 02 i”63 F, 00 2.75 3 00 
1.2 E 02 1.70 z 00 2.54 E 00 

8.0 E 01 1.5( E 00 2.53 E 00 

f H3 
1.48 E 00 
1.73 E 00 
2.20 F: 00 
2.63 I3 00 
3.0> F 00 
3.141 3 00 
3.80 7 00 

......... ......... .......... __ ........ ..... ......... I .I__ - . - .- .-. - .- .- - 

Reference: 
_I.-_._. 

E , f i2  , H? on Zr: L . N .  Large, W.S. Whitl.ock, Proc.  Phys. SOC.  79, - 
148 (1962) .  

Ac cuYacy - : 

Systematic e r r o r  < + 5%.  

Notes : 

:+iniiom e r r o r  < i- l o % ,  _- 

See Notes (I.), (2), and ( 3 )  at, end o f  chapter .  
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Secondary Eleciroii  Emission by Impaci of Hydrogeui c 

Ions on a P o l y c r y s t a l i n e  Molybdenum T a r g e t ;  

( P r o j e c t i l e s  I n c i d e n t  Normally on T a r g e t )  

Impact 
Energy 
(keV) 

Secondary Emission C o e f f i c i e n t  y Electrons/lon 

1.0 x-01 
2.0 E-01 
4.0 g-01 
5 .o  E - O ~  
6.0 E-01 
1.0 E 00 
1.5 E 00 
2.0 z 00 
11.0 E 00 
6.0 E 00 
1.0 E 01 
1.5 2 01 
2-0 E 01 
4.0 E 01  
6.0 E 01  
1 . 0  i3 02 
1 . 2  E 02 

H- 

4.90 E-02 
8.20 E-02 
l"11 3-01 
1.39 E-01 
2,25 E-01 
3.18 E-01. 
5.99 E-01 
8.10 E-01. 
1-10 li: 00 
1.35 E 00 
1.53 E 00 

8.00 E-02 
9.60 E - O ~  
1 .)*O E-01 
1.80 F-01 
2*19 r7;-01 
2.50 d-01 
3.?3 E-01 
3.99 2-01 
5.98 E-01 
7.24 3-01 
8.82 E-01 
1.02 R 00 
1-12 E 00 
1.36 E 00 
1.50 E 00 
1.58 E 00 
ish8 E 00 

3.70 2-02 
5 .40 E-02 
1.00 E-01 
1." ho E-01  
1.84 E-01 
2),24 E-01 
3.16 E-01 
4.00 E-01 
6.00 E - o ~ .  
9.06 E-01 
1.21. E 00 
1.. )a8 E 00 
1.69 E 00 
1.34- E 00 
1.82 E 00 
2.01 z 00 
l.91 E 00 

3.35 E-02 
4.60 E-02 
7 .oo E-02 
9.65 E-02 
I .25 E-01 
2.05 ~-01 
2.87 E-01 
5.70 E-01 
8.10 E-01. 
1.22 E 00 
1.61. E 00 

Reference;  

H- on Mo: 
Phys. Xev. - 140, A1407 (1.965). 
C. Gui l laud ,  J. Phys.  D - 2, 441 (1969). 

11 , H2 , H3 on Mo: P.  Mahadevan, G . D .  Magmison, J . K .  Layton, and C .  E .  
Carlson,  Phys. Rev. 1 4 0 ,  A1407 (1965). 
S o l i d i  A 3 ,  123 ( 1 9 7 r  
C. Guilla,Td, J. Phys. D 2 ,  441 (1969). 
Proc. Phys. SOC, -- 79, 148-(1962). 
S O ~ .  Phys. Tech. Thys. - 8,  257 (1963). 

P. Mahadevan, G.D. Magnmm, J.K, Layton, and C.E, C a r b o n ,  
M. P e r d r i x ,  S. P a l e t t o ,  R .  Goi.ittAe, and 

9. -b f 

W.H.P. Losch, Physica S t a t u s  

L.N. Large, W.S. Wnitlock,  
M. P e r d r i x ,  S .  P a l e t t o ,  R .  C-outte, and 

A.A. Dol-ozhkin and N.N. Petrov, 
[ Z h .  Tekh. F i z .  - 33, 350 (19631.1 

Notes : 

See No-tes (l), (2), and ( I + )  at end of c h a p t e r .  
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Secondary Xlcetr.on Emission by Impact of Hydcogenic 

Tons on R P o l y c r y s t a l i n e  Tungstrn ra rge i :  

( P r o j e c t i l e  Inc iden t  Normally on Target) 

impact  
Energy 
(keV) 

Secondary Emi s s i on  Coe ff i (3 Tent y F 1 P ctr-on s / ion  

K' + 
II * 

5.0 K-02 2.147 E-02 

I_. 5 E-01~ 3.39 E-02 
2.0 g-01 3.90 E-.O2 
4.0 E-01 5.50 E-02 
6.0 E-01 '1.20 E-02 

1.11- E-01 

I.. 0 E-01 2.90 ~ - 0 2  

8.0 E-01 9.20 E-02 
1.0 E 00 
2.0 !d 00 2.1.0 3-01 
4.0 E 00 4.03 E-01. 
6.0 E 00 6.20 E-01 
8.0 d 00 8.31 E-01 
1.0 E 01 11..00 E 00 
2.0 E 01. 1 . 5 . i  E 00 
4.0 E 01 2-1.5 E 00 
6.0 E 01 1.57 E 00 2.50 E 00 
8.0 E 01 1..62 i;: 00 2.78 !d 00 
1.. 0 ti_: 02 1.64 E 00 3.02 E 00 
1.2 E 02 1.64 E 00 3.21 F 00 

2.0 E 02 1.56 H 00 
1. . )-I- 02 1.64 E 00 3.26 E 00 

.......... ......... - .- ___ - .......... - -Is__ -_ ...... .......... ~ - .. ___ 

Rpfsrcnces : 

g i- W: 

H2 + W: F.M. Props t  and p;. LGscher, Phys, Rev. 132 ,  l03( (1963). 
A.A.  Doruzhkin and B . N .  Pe t rov ,  Sovie t  I'hys. Tech. Phys. - 8,  25'1 (1963). 
[Zh. 'Pekh. Fiz. 3 3 ,  350 (1963).] J , .N.  Large,  Proc .  Phys. S O C .  81, - 

+ 
3.J. Ewing, Phys. Rev. 139, A 18110 ( 1 9 6 5 ) .  

i- 

1101 ( 1-963) . 
I Accuracy- : 

Sys'iematic e r r o r  < + 5%. Random e r r o r  < + - 5%. - 
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D.3.14 

Secondary E lec t ron  Emission by Impact of Heliim 

Ions on a P o l y c r y s t a l i n e  Molybdenum Targe'i: 

H e  , He on Mo 4- 2+ 

( P r o j e c t i l e s  i n c i d e n t  Normally on ~ a ~ g e t )  

Secondary Emi ss i on Coef f i c i en t  y Elec t rons  /I on 

1.0 E-02 
5.0 E-02 
1.0 E-01 
2*0 E - 0 1  
4.0 E-01 
6.0 z-01 
8.0 E-01 
1 . 0  !d GO 
2.0 E 00 
4.0 E 00 
6 .0  E 00 
8.0 E 00 
1.0 E 01 
2-0 E 01 
4.0 E 01 

2+ 
He- 

7.13 z-01 
7.11 E-01 
7.17 E-01 
7.25 E-01 
'1.56 E-01 
7.77 E-01 
7.18 3-01 
7.85 d-01 

+ 
He 
__. 

3.00 E-01 
2.88 E-01 
2 ~ 8  d-cn 
2.64 E--01 
2.119 E-01 
2,50 E-01 
2.60 H-01 
2, (6 E-01 
3.66 E-01 

6.82 E-ai 
5.22 E-01 

8.30 E-01 
9.66 E-01 
l*>4 F: 00 
2-22 E 00 

References:  

He2+ on Mo: 

He" on Mo: 
J.K. Layton, D.B. Medved, Phys, Rev. l-33 79 (1963). 
Rev. - 1-69, 252 (1967). 
Read, Sci.. USSR 26, 1422 (1962) [Zh. Mad. Naul-,. SSSR, Ser. F i z .  26, 
1398 (1962) ] .  

H.D. Hagstrum, E'hys. Rev. --- 8 9 ,  244 (1953). 

H.D.  Hagstrum, Phys. Rev. - 10)k, 6'/2 (1953) .  P .  Mahadevan, 
D.W. V m c e ,  Phys.  

V .A.  Arifov,  R . R .  lbkhinov,  O.V.  Khozinski i ,  Bull. 

Vx. Tel'kovskii, Sov ie t  Phys., Doklady - 1, 334 (1956) .  

accuracy : 

Systematic  erl-or < .- + 2%. Random e r r o r  < - + 2%- 

Notes 2 

See Notes ( 3 )  and (5) a t  end o f  chaptel-. 
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D.3.16 

Scconciary Electron Emission by lmpact of Lons 

and A t o m s  on a, P o l y c r y s t a l i n e  Tungster, Targe t :  
4- t 4- 

He , He, 3 , O3 on !J 

(projectile I i ic idcnt  iiorrna.1 ly on Ta rge t )  

Impact 
F: n e r  gy 
( keV 

Secondary h i s s i o n  Coefficient y E l e c t r o n s  / Ion  

-4 
He 

0 lie 

1.0 E-02 
5.0 3-02 
1 . 0  d-3' 
1 . 5  E-01 
2 , o  E--01 
3.0 z-01 
4.0 3-01 
6.0 E - O ~  
8.0 E-01 
1.0 E 00 
3 , o  s 00 
L.0 J+, 00 
6.0 E 00 
8.0 II: 00 
1.0 E 01 
2.0 E 01 
4.0 E 01 
6.0 h 01 
8.0 E 01 
1.0 E 02 
1.2 E 02 
1 " h  E 02 

2.92 E-01 
2.73 E-01 
2,63 R - - o ~  
3-57 E-01. 
2.>0 E-01 
2 , 4 1  E-01 
2.39 E--01 
2,39 E-01 
2,414 d-01 
2.5% 2-01 
3.40 L O 1  
5.18 E-01 
6.80  E - O ~  
8.17 E-01 
9.32 d-01 
1.42 E 00 
2,36 E 00 
2.4)) E 00 
?"74 E 00 
2.98 E 00 
3.11 E 00 
3.16 E 00 

4.00 d-03 
2.00 E-02 
5.00 i-02 
7.Lo E-02 
1.00 E-01 
2.26 E--01 

2.76 E 00 3.38  E 00 
3.42 00 4. 4'7 00 
lc.05 7 00 5.112 E 00 
4.60 E 00 6.21 E 00 
5.111 E 00 6.81 ii: 00 
5 . 5 7  h 00 

References:  

He + W: H.D. Iiagstrurn, Phys, Rev. I_- 704, 317 (1956). V.A.  Ar i fov ,  
H.R. Kakhirnov, a n d  O.V.  Khozinskii, B u l l .  Acad. Sci. USSR,  Phys. 
1L?2 (1962). 
Large, Proc.  Phys. s o c .  - 81, 1101 ( 1 9 6 3 ) .  

He -!- W: H.W. Herry, J .  Appl. Phys.  _I 29, 1219 (1958). 

0 and O 2  + iq: L.N. Large,, Proc.  Phys. Soc. - 81,  1101 (1-963) .  

----- 
+ 

S e r .  &, 
L.N. [ I zv .  Akad. Nauk SSSR, Sei-. Fiz. -_ 2 6 ,  1398 ( 1 9 6 ? ) ] .  

0 

+ 4- 

Acciiracy : 

Systematic e r r o r  < + 5%. Random e r r o r  < __ + 2%. - 

Notes : 

See Note ( 6 )  a t  end of chapter .  
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11.3.18 

Ions  on a Polycrystal j -ne Molybdenum Target: 

(Projectiles incident Norlilally on 'Target) 

._I~_.__..__ __ ..... -~ - -. ~~ ~--. _ ~ _ ~  ...- ..... 

Impact 
Snergy 
(keV) 

Secondary Emission Coefficient y Electrons/Ton 

5.0 d-02 
1.0 E-01. 
2.0 E-01 
4.0 E-01 
6.0 E-01 
8.0 E-01 
1.0 E 00 
1.4 E 00 
1.. 8 E 00 
2.0 lc 00 
4.0 E 00 
8.0 E 00 
I,@ E 01- 
1.5 E 01 
2,O E 01 
2,5 J!3 01 
3.0 E 01 

9.00 E-03 
2 ,00  R-02 
3.50 E-02 
5.7h d-02 
1.05 E-01 
1.58 X-01 
1.82 F-01. 
h.08 ,GO? 
7.61 F-OI 
9.06 E-01 
1.24 R 00 
1.50 E 00 
1.72 E 00 
1.89 E 00 

0-t - 

4.1.0 F-02 
4.20 3-02 
5.30 E-02 
8.10 E-02 
1.20 z-01- 
1.42 E-01. 
1 . ,78 E-X. 
2.141 E-03. 
3.20 3-01. 
3.32 E-01. 
5.71 E-01 
9.20 E-01. 
1.08 E 00 
1.40 E 00 
1.67 E 00 
1-90 E 00 
2 08 E 00 

f 02 

2.74 E-02 
2 sr(> E-02 
2 , 8 0  E-02 
3.06 E-02 1 . J L O  ii-03 
3.40 3-02 1.08 F-02 

6.00 ~ - 0 2  3.25 d-02 
1.05 E-01 6.10 2-02 

11.38 E-02 2.03 E-02 

1.58 A-01 8.80 E-02 

-i 
0 and 0" on Mo: P. Mahadevan, G.P), Magmison, J ,  IC. Zaytoa and C.E.  
C a r l s o n ,  Phys. Rev. I__ 140, fUbOF( (1965). 
and C. Guillaud, J. Phys. D - 2, 441 (1.969). 

0 2  and 0 2  on Mo : P. Mahadevan G. D. Magnuson, J .K. Lzyton , and C .  E. 
CarLsoa ,  Phys , Rev. I l ) I 0 ,  I- A11~07 (1965 ) . 

M. Pe rd r ix ,  Y. Palctto, R. Goutte ,  

-k - 

Accuracv: 







D.3.21. 

Notes 

f. _+ (1) A l l  reported.  s t u d i e s  i n d i c a t e  D ions behave t h e  same as h i.ons 
of t h e  s u e  velocity. See f o r  examp1.e L.N. Large and W .  S .  
Whi-t;loeli, h o c .  Ploys. Soc. - 7 9 ,  148 (1962). 

There is evi-dence t h a t  secondary emission c o e f f i c i e n t s  for 132 impact 
a r e  approximately tw ice  that  f o r  H of t h e  same veloci . ty;  simi1ar:Ly 
t h e  c o e f f i c i e n t  €or 83' is q p r o x i m a t e l y  t h r e e  times t h a t  f o r  ii+ 
of t h e  sane velocity [ s e e  f o r  ex2mpl.e TJ.N.  Large and W.S. Wnitlock, 
l'roc. Thys. S o c .  79, 148 (S962)l. I n  the absence of d i r e c t  measure- 
ments f o r  H2' cuid?3+ it is possible to e s t i m a t e  c o e f f i c i e n t s  by 
s c a l i n g  from H' d a t a  by this nile.  

f 
( 2 )  t 

(3) For in format ion  on the  secondary e l e c t r o n  emissiorl. c o e r f l e i e n t  as 
a function of inc idence  angle ,  s e e  I.W. Xvdokimov e t  al. ~ Ph~-si .ca  
S t a t u s ,  s o l i d i  - 19, b0'7 (1967). 

For in format ion  on angular  t l is t r ibut , ion.s  of eleci;ro.tis, see f o r  
example W.H.P. Loscz?, Physica S t a t u s  S o l i d i  (e) 2 ,  7.23 (1970).  

For f u r t h e r  informati-on oil t h e  dependence of y wit,h inc idence  .angle, 
see D.W. Vance , Phys . Rev. - 169, 252 (196,y). 

For information on t h e  dependence of secondary ernin- adj.oc f lux  wi th  
angle, see H e r J .  K le in ,  Zeits,  fir Physj.k, - 188, 78 (1365). 

(4) 
- 

(5) 

(6) 







Backscattering of Electrons Resulting from 

Electron Impact on a Graphite Surface 

(Electrons Incident Noraally on Surface) 

e on C 

Energy oT 
Impact 
(keV) 

Backs cat t ering 
Coefficient q 

Electrons/Electron 

1.0 E-01 
2.0 E-01 
4.0 E-01 
8.0 E-01 
1.0 E 00 
1.5  E 00 
2.0 E 00 
4.0 E 00 
8.0 E 00 
1.0 E 01 
1.5 E 01 
2.0 E 01 
4.0 E 01 
8.0 E 01 
1.0 E 02 

2.0 E 02 
1 . 5  E 02 

1.25 E-01. 
1.25 E-01 
1.25 ~-01 
1,24 E-01 
1.24 E-01. 

1.16 E-01 
1.19 E-01 

1.05 E-01 
9.40 E-02 

7.00 E-02 

7.80 E-02 
8.20 E-02 
8.00 E-02 

9.00 E-02 

7.20 E-02 

7.50 E-02 
7.00 E-02 

References : 

J. H z l z l  and K. Jacobi, Surface Sci a 14 351 (1969). 
Comptes Rendus 254, 1492 (1947). 

P. Palhiel, - 
R.W. Dressel-, Phys. Rev. 1 4 4 ,  332 - I_ 

(1966). 

Accuracy: 

Systematic e r r o r  < + 5%. Random erroy < + s%,  

Notes: 

See Notes (l), ( 2 1 ,  and ( 4 )  at end of chapter. 

- - 
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Backsca3Cer ing  of Z I k c t r o n s  ResuJ-ting from 

El.ectr*on Impact on a Steel. Si.lrface 

(E lec t rons  Inc iden t  I’lormally t o  SIX face)  

e on S t e e l  

......... ..... ................... ~. ..-. ?. ........... _ . ~ . ~ .  --.-- 

Zner .<q of 
Impac I; 
(keV) Fl.ec t r o n s  /E lec t  ran 

Hacks c a t t er i n g 
Coef f i c i en t  q 

.............. ...... ........ .. __sl.. - II__ 

-..-....._I_ - ........-. II. ....... --- 

4.0 E 01 
8.0 E 0.1 
1..0 E 02 
1. 5 i;: d2 
2.0 E 02 
3 . 0 E l:)2 

9.20 E-02 
1.58 ~ - 0 1  
1.66 g-01 

1.92 E - m  
1.96 E-01 

1.85 E-01 

....... ..... ... . -. ..... - _- . ~ ~ - - . ~ ~ - - ~ - ~ ~  
___ -~ ................. -..... -.- ==..=:----- 

Reference : 

J. G. ‘Trump and R.J- .  Van de Graaff, Phys. R e v .  n, 114 (1.949). 
Accuracy : --- 

Notes:  .._I_ 

See Notins (I) and (6) at end of cha;oter. 
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~.4.6 

Backsca t te r ing  of Elec-trons Resu l t ing  from 

El.ectr'on Impa,ct on a P o l y c r y s t a l i n e  I ron  Surface  

(Electrons Incident Normally t o  Sur face )  

e on Fe 

..... ..... __ .____.I .............I__ ___ ..... __ .- ......... __ ...... ..... .--..-.I_ .............I_. 

Energy of 
Impact Backscattering CoefEicient q 
( KeV ) Electrons/Electron 

3.0 E-01 
4.0 E-01 
8.0 E-01 
1.0 8 00 
2.0 E 00 
4.0 d 00 
8.0 rl 00 
1-0 E 00 
1.5 E 00 
2.0 E 00 
3.0 E 00 

? 0 2 2  E-01 
2.20 E-01 
2.20 E-01 
2-20 E-01 
2.30 E-31 
2.76 d-01 
2.98 E-01 
2.99 .E-01 
2.93 E-01 
?Br {6  x-01 
2.49 E-01 

...... ............... __I__ I_ _ I_______ ........ ......... . - __ -__ .............. 

References:  

E.J. S t e r n g l a s s ,  Phys. Rev. 95, 345 (1954). P. P a l l u e l ,  Comptes Rendus 
245, 1492 (1947) . 
4535 (1964). 

E. TrJein?yb-.>nd J. P h i l i b e r t  , Comp-tes Rendus __- 258, 

Accuracy : 

Systematic  error < - + 5$* 

__I_- 

Random e r ro r  < + 1 5%. 

Notes : 

See Notes (1) am1 0 - k )  a t  end of chap te r .  
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D . 4 . 8  

Backsca t te r ing  o f  Elec t rons  Result: r1.g from 

El.ecti-on I:r~pact on a P o l y c r y s t a l i n e  Nickel Surface 

( Z l e c  t r o n s  Lncident, Xormally t o  S u r f a c e )  

e on N - i  

Backsca t te r ing  C o e f f i c i e n t  17 
Elec t rons /Elec t ran  

2.0 A-01. 
4.0 2-01 
8.0 E-01 
1_,0 d 00 
1.5 E 00 
2,0 E 00 
11. 3 z 00 
8.0 2 00 
1.0 d 01 
l e 5  E 01 
2 ” O  d 01 
3.0 E 01 

2.50 E.-OI 
3.35 E-01 
3.50 E-31. 
3 . 23 :e:--o 1- 
2,97 E-31 
2.95 E-01. 
2.99  s-91 
3.06 E-OI. 
3.07 E-01 
3.04 E-41. 
2.97 E-01 
2 - r i 4  E-OL 

. . . . . . . . . . . . . .. . . . . ... . . .~ .~ . . ........ ~ ......_..___.s - ~ _______ ~ _ _ - ~  .. . .. .. - -. - ___ ~ ... . ... 

References : 

A.H. Sh-d’man, I.X. Z.zkiyova, Iu .  A. Moromv, and S . A .  Fridrikhov, 
Soviet Phys.,  Tech. p‘nys. 3 ,  79 (1.958). P. Pal l - .ue l ,  Comptes Rendus 
2145, 11192 (1947). E.  WeinFyb and J. P h i l - i b e r t ,  Comptes Renrlus - 258, .. . .. 
T53-5 (I.96h) . 
A c c i w a r y  : 

Systematic  e r r o r  

No Le; : 

See Notes (l), (3), and (4) at end of c h a p i r r .  

- -t- 5 % .  Random e r r o r  < - + 5%. 



... 

m
 

d
 

01 
d
 

c
-
 

d
 

c
 

I 0
 

0
-
 



D.4.10 

Backsca t te r ing  OP E l e c t r o n s  Resu1.t i n g  from 

Electron Impact on a P o l y c r y s t s l i n e  Gold Surface  

( ELectrons Tnc i den  t Xorrnal. ly t o  Surf ace ) 

- ~ ~ - .  ...... ~~ 
~ 

- - .-.. -----------..~ .... .... ~ .~ ....... -~ -. . . . . . . 

Energy of 
Impac 'i Backscattering Coefficient q 
(keV) Elec t rons  /EJ.ec t r u n  

.......... 111 II ...... . .ll...._..._._ll -----_ll__l_ 

7.15 E-02 0.0 E-03 
2*0 E-03 8.40 3-02 
4.0 3-03 8.80 g-02 
8.0 d-03 1..41 E-01 
1.0 E-02 2.00 z-01 

2 . o  E-02 3.  11'3 E-02 

8.0 3-02 1.15 s-01 

1.5 E-02 1.48 E-01. 

4.0 3-02 6.80 E-02 

1.. 30 E-01 1 . 0  E-01  
1 . 5  E-01- 1.56 ~-01 
2.0 E-01 1.75 3-03. 

8.0 3-01 2-67 E-01 

2.0 E 00 3.33 E-01 
4.0 E 00 3.83 d--Ol. 
8.0 E 00 11 . J l C  z-31 
L.0 E: 01 4.56 E-01 
1.5 2 01 14.83 E-01 
2.0 E 01. 4.95 E-01 
4.0 E i)l 5.08 2-01 
8.0 E 01 5.1h 3-01 

2.0 JY 02 4.73 E-01 

4.0 3-01. 2.21 x-01 

1.0 E 00 2.80 E-01 
I..? E 00 3.10 E-01 

1.0 E 02 5.12 E-01 

4.0 Z 02 4.51 E-01. 
. -. ....... ------. ~ .......... 

~ ............ . . . . . . . . . . . . .... . .._____ &.: - -  ~ 

References:  

L,M. d r o n s h t e i n  and V . V .  Roshchjn, S o v i e i  Phys,  Tech. Phys. 3, 22(1 (1958) .  
K.11. S tehberger ,  Ann. Pnysik,  86, 82> (1928) [as quoted by S T J .  Sternglass, 
Phys. l kv .  95, 345 (195)L) 1 .  
Phys. 28, 1189 (1957). 
29> 331(1970). 
(1955). 

J . Z .  Hol l iday  and E.J. S t e r n g l a s s  J .  Appl /. 

B.L. M i l l p r  and W . C .  P o r t e r ,  J .  Fraiikl jn I n s t .  260, 31 
H .  Drescher ,  T,= Reimer, 11.  S z i d e l ,  Z .  Angew. Phys. 

- 
_I__ 

Accuracy : 

Systematic  error < + 10%. 

Notes  : 

See Notes (1) md (1.1) a t  end of chapter.,  

.-_.l_l_ 

KanCjorn e r r o r  < + 5%. 
.- - 

......... __..._ 
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D.4.12 

Backsca t te r ing  of El.ec~trons Resul t ing  from 

E lec t ron  Impact on a Pol-ycrys t a l i n e  Molybdenum Surface  

(E lec t rons  Inc iden t  Noriiially t o  Surf ace) 

E on Mo 

Energy or 
lmpact 
(keV)  

Backsca t t e r ing  Coef P i  r i  en t  Q j:lectrons /Elec t ron  

1 .O 3-03 
2.0 3-03 
11.0 E-03 
8 . 0  E-03 
1 . 0  d-02 
1 . 5  E-02 
2.0 E-02 
4.0 .LO2 
8.0 &-02 
1 . 0  z-01 
2.0 E-01  
4.0 E-01 
8.0 3-01 
1.0 z 00 
1.5 r: 00 
2,0 E 00 
4.0 R 00 
8.0 E 00 
1.3 E 01 
1 - 5  E 01 
2.0 E 01 

7.00 E-02 
1.1.7 d-u i  
1 .33  E-01 
1 .33  E-01 
1.33 E-07L 
9.20 E-02 
6.50 E-02 
6 .oo E-02 
9.20 13-02 
1 -05 Y:-OL 
1.50 3-01 
1 "67 E- 01 
2.00 E-01 
2 c i 6  E-OL 
2.50 E-01 
2"75 i-01 
3.45 2-01 
3.66 F - O ~  

3.*(5 E-'21 
3.75 E-01 

3.70 3-01 

.......... .......... ....... .... __. .. .......... ..... ...... __ ___ .......... ........ ........ _.___ _____ - ~ 

References: 

I.M. Bronshtein,  Bu l l .  Acad. S c i .  USSR. ....... 22, 4112 (1958). 
Phys. Rev. -- 95 

E . J .  S te rngl .ass ,  
345 (1954). P. Pall.ne1, Comptes Rendus ..... 245, .- .- 14.92 (1947). 

Accuracy : 

Systematic  e r r o r  < +- .._ 10%. 

---- 

Random e r r o r  < - + 5%. 

NOt;L"S : 

See Notes (1) and (1.1) a t  end of cha-pter. 
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Hacks c a t t e r  i.ng of E1.e ctrclns Iiesu It i n g  f roin 

E lec t ron  Impact 011 a P o l y c r y s t a l i n e  'Tiingsteii Surface 

(Electyons l n c i d e n t  Normally t o  Surface) 

e on w 
.......... ___ I- ........ - .-. --. . - .......... I____. ...... ...... ____ ___~... 

ll_l____ ____ 

Energy o f  
Impact Backscattering Coefficient 
( keV EZectrons/Electron 

I__.__-- .... _... . 

1.0 E-03 
2,O E-03 
11.0 E--03 
8.0 E-03 
1 . 0  E-02 
1.5 E-02 
2.0 E-02 
3.0 d-02 
4.0 E-02 
8.0 E-02 
1 . 0  E-01 
2-0 l3-01. 
4.0 E-01 
8.0 E-01 
1 . 0  G 00 
1 . 5  E 00 
2 .0  r: 00 
4.0 E 00 
8.0 F: 00 
1.0 E 01 
2 " 0 r: 01- 
3.0 E 0 1  
4.0 d 0 1  
8.0  E 0 1  
1.0 3 02 
2.0 z 02 
3.0 02 

5.20 E-02 
6.80 E-02 
1 . 2 0  E-01 
1.65 E-01. 
1.66 E-01 
1.56 E-0:1. 
1 . 4 2  E-01  
1.15 E-01 
1.17 E - O ~  
1*22 E-03. 
1.25 E-01 
1.147 E-01 
2,85  E-01 
4.03 E-01 
4.32 E-01 
4.614 E-01. 
4 . 8 1  E-01 
4 .85 fi;--Ol 
14.45 E-01 
4 . )-IO z-01- 
4.36 z-01 
4.40 E-01  
)1.42 E-01 
4 .47 E-01 
4 .50  E-01  
4.83 E-01 
5.00 E-01 

....___ - ........ .... ~ 
_____. ........ .......... 

References:  

1.M. Bronshte in ,  Bull .  Acad. S e i .  USSR, 22 442 (1958). I.M. Rrorishtein 
and R.B. Sega l ,  S o v i e t  Phys.  Solid S t ; ~ t e y :  lib? (1959) .  E. Weinryb and  
J. P h i l i b e r t ,  Comptes Rendus 258, 4535 (1964). 
Graaff, Phys, Rev. 75, 44 (l.9w. 

J . G .  T r m p  sad R . J .  V a n  de 

Accuracy: 

Systematic  error < 2 10%. 

-- 
Random e n o l .  < 2 5 % .  

Notes : 

See Notes (I), ( 4 ) ,  and (5) a t  end of chapter. 
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The measurement here i s  t h e  r a t i o  of t h e  r e f l e c t e d  (zlr backsca t t e red  
e l e c t r o n  flux ( in t eg ra t ec i  over  a l l  firm1 outgoing d i r e c t i o n s )  t o  
t h e  i n c i d e n t  e l e c t r o n  ~ ~ L I X ;  it Is g;i.ven t h e  symbol. q, This  is 
r e l a t e d  t o  the c o e f f i c i e n t  for  a l l  emerging e l e c t r o n s ,  G ,  (whi.eh 
inc ludes  true secondar ies  and backsca, t tered e l e c t r o n s )  and t o  t h e  
c o e f f i c i e n t  for t r u e  secondary e l e c t r o n  emission 6 ;  t h e  r e l a t i o n s h i p  
is 5 = 6 -t rl. The c o e f f i c i e n t  6 is  discussed elsewhere and the 
c o e f f i c i e n t  0 can obvious ly  bil genera ted  by t h i s  equa t ion .  

(2) ALL ene rg ie s  between 20 aid 200 keV we have used t h e  w o ~ k  of Dressel 
[Phys. Rev. 144L -3 332 (1966)l; t h i s  i:; in f a c t  an i n t e r p o l a t i o n  
between Palluel's work (E  < 20 keV) and Dresse l ' s  measurements at 
h igh  ene rg ie s  ( E  > 700 ke'uT). 
slow v a r i a t i o n  of r) w i t h  E i i l d i ca t ed  i n  Dressel's paper ,  one would 
expec t  t h i s  t o  be reasonably  accu ra tx .  

However, based on Lhe apparer i t ly  

( 3 )  E'OY in format ion  on how rl v a r i e s  w i t h  angle of  inc idence ,  see 
I.M. Bronshtein and S.S. Denisov, Sov ie t  P'nys. Tech. p'nys. -1 9 
'731 (1967). 
~ici~cli isl  inc idence  a r e  no t  c o n s i s t e n t  wit,h t h o s e  adopted i n  .the 
tabular data we p r e s e n t .  'There i s  110 obvious explanation f a r  t h i s  
d i screpancy .  One can,  however, use t h e  relative v a r i a t i o n  wiLh male  
i n  complete conf idence-  

It should be noted  that; t he  va lues  of r) given f o r  

(11) On t h e  graph,  regi.ons where w e  have in t e rpo la t ed .  between d a t a  s e t s  
are shown by broken lines. 

(5) For an i n d i c a t i o n  of how rl v a r i e s  w i th  inc idence  angle ,  see t h e  
work of LeMn Brans te in  md 3.8. Segal ' ,  Soviet Phy:;. SolLd S t a t e  
- 1, 1142 (1959). 

( 6 )  The type of s t e e l  used he re  i s  if l-specified.  There seems som? 
p o s s i b i l i t y  t h a t  the d a t a  a r e  i n a c c u r a t e  tlswaras lower energies, 







D . 5 . 2  

i- + + 
S c a t t e r i n g  of Xo, H H2 , and H from S o l i d  Copper 

3 
f 

Flux of s c a t t e r e d  H and  8" i n t e g r a t e d  
over all s c a t t e r e d  p a r t i c l e  ene rg ie s  

Primary Ion E n e r a :  
Atigle of Incidence a: 80° 
Angle of Emergence e :  55' 

Var i ous 

+ 0 f + impact - for H , F12 , and H (Data a r e  f o r  B s e e  no te  below.) 3 

Eneray of 
Inc iden t  
H+, (kttV) 

P m t i c l e  Flux 
( A r b i t r a r y  U n i t s )  

S c a t t e r e d  S c a t t e r e d  

5.0 E 00 
1..0 E 01  
1.5 E 01 
2.0 E 01 
2.5 E 01 
3.0 E 01 
3.5 E 03. 
4.0 E 01 
4.5 F 01. 

H+ - 

2.9 E-4 
4.2 E-4 
5.1 E-4 
5.7 E-4 
5.9 E-4 
6 . 1  E-4 
6.2 E-4 

1 . ' 7  E-3 
1.9 E-3 
2 . 1  E-3 
2.2 E-3 
2.2 E-3 
2 .0  E-3 
1.8 E-3 
1..6 E-3 
1 .3  E-3 

Reference: 

+ 
H + Au, Experimental :  K .  Mor i ta ,  X .  Akimune, T.  S u i t a ,  Japanese J .  
Appl. Phys . - 7 ,  916 (1968). 

Accuracy : 

Random e r r o r  < - + 5 % .  

Note : 

Eo, H2 , and H 3  impact.  Yields of both H and. Ho + H are found t o  be 
t h e  same as f o r  H' impact a t  t he  corresponding v e l o c i t y .  

- 
f + + -5 
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..................... ........ ......... 
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............. - ............ I +  
H O +  H+ 

(SCATTERED) 

__ 
I____ ........................ ,_c 

O R N L - D W G  75-1.391 

........ .............. 

.................... 

............ ............. 

............ ................... 

SCATTERED 
PROJECTILES 

i o  

\ -7 
... .- : 

20 30 40 50 
ENERGY OF INCIDENT H+ (keV) 

60 70 

. .  
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+ 
S c a t t e r i n g  of II f i -om So1i.d. Copper 

-t. 
Flux of sca t teve i l  II ( in-te,grated over al!. scaktered  energ ies  1 
as a func t i .on  of emergence ang1.i.: f o r  vai-ioiis i n c i d e n t  ang le s .  

Primary ion Znergy: 21 .6  keV 
Angle of Incidence a: 80°, (5", T O 0 ,  65O 
Angle of b e r g e n c ?  6 :  Var ious  

... ..... ....... ._ ... ....... ..... _____ - ......... ......... - . . . . .  .. - - ~ -  

Angle of 
Emei-gene e 

fi (deg rees )  

i- 
H Flux (Arbityary U n i t s )  

Incidence Angle (Degrees) a 

1.0 E 01 
2.9 E 01 
3.0 E 01 
4.0 E 01 
5.0 ii: o i  
6.0 E 01 
7.0 b: oi 
8.0 E 01 

80" '150 70" 6 5 O  
.sc 

I. .I E-I. 
2.1-1 E - 1  
3.8 E - 1  
5.5 E-1 
8.2 E-1 
9.5 E-1- 
6.2 3-1 
1.3 3-1 

1.3 E-1 5 . o  E-2 
1.8 L-1- 9.0 E-2 6.0 g-2 

1.4 E-1 9.0 E-2 2.5 3-1 
3.5 E-1 2 . 0 ~4 1.2 E-1. 
11.8 E-1  3.0 E-1 1.5 E-1 
4.5 E-1 3.2  3-1 1 . 5 F: --I 
1-.9 ~ - i  1.6 F-I 8.0 E-2 
2 , o  3-2 

Reference:  

H + Cu, ExperimenLa.1.: K. Morita,, H. Akimune, T. S u i t a ,  Japanese tJ. Appl. 
Phys. - 7, 916 (1.968). 

_._-I 

- I -  

Accuracy: 

Random e r r o r  < f 5%. 
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f Scat ter i -ng of H from SoI.id Beryl l ium, Niobium, and Tantalum 

Energy D i s t r i b u t i o n  of Neu t ra l s  Plus  ions 

Primary Ion Energy: 9.25 keV 
Angle of Inc idence  a: Oo 
Angle of  Emergence f3: 45O 

P a r t i c l e  Flux Energy of 
Emerg i rig (ATbi t ra ry  U n i t s )  
P a r t i c l e  

_I 
.___ I.-.--.-.I- 

(keV) 

1.0  E 00 
2.0 E 00 
3.0 E 00 
4.0 F: 00 
5.0 E 00 
6.0 E 00 
7.0  E 00 
8.0 E 00 
9.0 E 00 

Be - 

2.2 E-% 
9.2 E-3 
4.0 E-3 
2.8 E-3 
2.0 !i-3 
1.2 E-3 
5.0 E-4 
5 .O E-4 

Nb - 

6.8 E o 4.2 lid 0 
3.6 F: 0 3.7 E !I 
1.6 !i o 2 . (  E 0 
1.1 E 0 1 . 9  3 0 
1.0 E 0 1.5 0 
7.0 E-1 1 . 2  E 0 

4.0 E-1 7 . 0  E-1 
>.O E-1 

5.0 E-J- 9.0 ~ - i  

...... ....... ............ ....... ...... ~. - - __. ...... -_I.-. ._ .. _~II_ I 

Reference : 

I3 f B e ,  N b ,  T a ,  Experimental.: P. Meischner, H .  Verbeek, Proceedings 
o f  Conference on "Surface E f f e c t s  j.n Cont ro l led  Thermonuclear Devices a n d  
R,aactors ," Argonne , I l l i n o i s  ~ eJanuary 1974 (Unpublished) I 

d- 

Accuracy : 

Random e r r o r  < f 10%- - 
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Sca’itering o f  D“ from Solid Niobiu.m- 

t Enei.pJ Distribution of Scat teyed  D 

Primary ion Energy: 60, 40, an<?  20 keV 
Angle o f  Inc idence  a:  O0 
Angle o f  Emergence B :  I n i e g r a t e d  Over Al.1 &,mergence h g l  e3 

P a x t i c l e  F l u x  
(Arbi ii-ary Units) 
Impact Energy 

‘1.0 E 00 
2.0 3 00 
11.0 E 00 
6.0 E 00 
8.0 E 00 
1.0 d 31 
I - >  E 01 
2,o li 01 
2.5 E 01 
3.0 E 01 
3 .5  F: 01 
h.0 E 01 
4.5 x 01 
5 . 0  E: 01 
5.5 E 01 
6.0 E 01 

2.1 E 5 
2”l E 5 
1 .7  E 5 
1.3 E 5 
9.6 E 11 
4.0 E 4 

40 keV 

8.0 E 4 
8.5 E 14 

8.2 E 4 
7.0 ii: 4 
5.5 11: 4 

2.0 F ’1 

1.4 R 4 
1.0 E 4 
8.0 E 3 

3.2 E 11 

60 keV __.^- 

4.5 E I! 
5.4 E 4 
5.4 E I!. 
4.8 E 4 
1.1 . 0 E 4 
2.7 E1 4 
1 . 8 F )-I 

1.0 z 4 
8.0 E 3 
6.8 E 3 

5 . 1-1 F, 3 

1.3 E 4 

6.0 E 3 

5.1 Y 3 

Reference : 

D + Mo, Experimental:  G.M. McCracken, N . J .  Freeman, J. Phys. B. - 2, 

..I.̂  

+ 
661- (1969) .  

Accuracy: 

Unspc eif ied 

Notes: 

The reference z i t ed .  provfdes a computational procedure for estimating 
energy d i s t r i b u t i o n s  fo r  any ta-rget  . 
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D. 5.10 

S c a t t e r i n g  of PI+ from S o l i d  Molybdenum- 

Energy D i s t r i b u t i o n s  ol" Charged and  Neuti-a1 Part ic l -es  

Primary 1011 Energy: 1 8 . 5  keV 
Angle of Incid-eiice a: 25' 
Angle of Emergence 6: 20' 

_______ .-..______I__. .~ ________ ..... ___.__ ..... __..___ .... ____..__ ___ __ -.._____ __^.__ ___.____ __ __ ..... ... .... ....... 

Xnergy o f  
Zmerging 
Pa:rt i c l e  

Particle Flux (Arbi - t ra ry  U n i t s )  

(keV) N eut r a 1 s Ions  

1.0 E 00 
2.0 E 00 
3.0 z 00 
4.0 E 00 
5.0 E 00 
'-I.5 E 00 
1.0 g 01 
1.2 E 01 
1.5 E 01 
1.7 E 01 
1.8 E 01 

H0 

3 .3  E 1 
1.27 E 1 
1.2 E 1 
9.3  E 0 
6.9 E o 
3.4 E 0 
2.4 E 0 
2.2 7c 0 
J . 8 H  0 
6.0 E-1 
2.0 d-1  

H'+ 

2.8 I;: 0 
2.7 z 0 
2.5 E 0 
2.2 E 0 
1.8 E 0 
1.2 E 0 
8.0 d-1 
6.0 2-1 
4 .0 &.I 
3.0 E--1 
2,0 g-1 

.... __..____ ...l_l____.___._ -....___~.___.~_.I_______.__ __ ...... ........ ....... ~ . _ _ . _ _ _  ~ 
.___..-_____ __..__ .... .... 

-f- 
H + Mo, fixperimental:  P .  Meisc'nner, H .  Verbeek, "Procezdings of 
Conference on Surface  E f f e c t s  i n  Cont ro l led  Thermonuclear Devices a n d  
Reactors  , ' I  Argonne , I l l i n o i s  , January 197)+ (Unpublfshed) . 
Accuracy: ..ql_x---- 
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S c a t t e r i n g  of  H’ from S o l i d  Aluminum, Molybdenum, a d  Gold- 

-t I’ercentage o f  Tons Backscat terpd ( a s  9 and ho) 
Witl i  Phergy GreatLy t h a n  1 kzV. 

i’riinary ion Energy: Various 
Angle of Incidence a: 0’ 
h g 1 c  of Emergence 9: i n t e g r a t e d  Over All Emergence h g l e s  

.... .~ ___ ............ ...... ......... ........ - _._ .. ....... ____ .~ ......... .... .~~ - ~~ 

Energy of  Percentage of P r o j e c t i l e s  
In c i dent  
P a r t i c l e  Refl.ected. w i t h  E > 1- keV 

(keV) 

5.0 3 00 
1.0 kl 01 
1.5 ii 01 
2-0 e: 01 
2 - 5  3 01 
3.0 E 01 
3.5 E 01 
11 . 0 t?: 01 
5.0 fi 01 
6.0 r: 01 
7.0 E 01 
8.0 d 01 
9.0 E 01 
1.0 E 02 

A1 Mo Au ...... 

4.5 d 0 
2.5 F: 0 
1.5 3 0 
1.0 R 0 
7.0 ?%-I 
5.2 3-1 
4.2 d-J 
3.5 E.-1 
2.7 E-J 
2.2 3-1 
1.9 3-1 
3 .7 E-1 
1.5 z-1 
1.3 2-1 

4.0 E 1 
2.3 d 1. 
1-4 E 1 
9.5 3 0 
6.6 _1: 0 
4,9 E 0 

3.4 7 0 
2-6 1 0  
2.0 F: 0 
1.6 E 0 
1.3 E 0 
1.1 E 0 
9.0 ~ - i  

4.0 E 0 

‘ i . 0  E 1 
11.9 r: 1 
3.4 3 I 
2.5 .: 1 
1.8 E 1 
1.4 1 
1.2 E 1 
8 . 8 ii: 0 
6.8 E 0 
5.5 E 0 
4.7 E o 
11.0 E 0 
3.5 E 0 

- .  .... ........... __ .......... ~...___.~- .- ......... . . ~ .  - ......... . _ _ _  ~ ~ ___ . _ _ _  ~ __ ........... ......... 

Reference: 

H + Mo, T h e o r e t i c a l :  G.M. McCracken and N . J .  F r e e m a ,  J .  Phys. I3 - 2 ,  
I- 

661 (1969). 

Accuracy : _____-- 

Un s pc e i f i ed . 
Notes ... : 

The r e f e r e n c e  cited pi-ovides a computationaJ. pl-ocedure Tor estj.mai;ing 
backscattering f l u x  f o r  m y  t a y g e t  . 

.- 
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S c a t t e r i n g  of  HO, H', H2+, and H3' from S o l i d  Gold- 

Flux of Scaitered H+ ani? Ho I n t e g r a t e d  
Over All S c a t t e r e d  P a r t i c l e  Energics. 

Primary Ion E n e r g :  Various 
Angle of Incidence a: 80" 
Angle of Emergence 13: 55O 
i- o t- 4- 

impact - f o r  d , ;I2 , and TI (Data ai.? f o r  H s e e  note  be low,)  
3 

Energy o f  
incident 
;Ii-, (keV) 

- 
F a r t i c l e  Flux 

(Arbi - t ra ry  Un i t s )  
S c a t t e r e d  S c a-i; t e re d 

5.0 z 00 
1.0 E 01 
1.5 ,% 01 
2,0 E 01 

3.0 E 01 
3.5 E 01 

14.5 E 01 

2.5 E 01 

4.0 E 01 

H+ 

3.6 E - 1 1  
5 .0 E-4 
6.0 E-4 
6.4 E-)} 
6.8 z-4 
7.0 E-lc 
7.1 E-4 

Ho + H f 

2.3 E-3 
2 .7  X-3 
2 .9  E-3 
2 . 8  E-3 
2.6  3-3 
2 .3  E-3 
2.0  E-3 
1.7 E-3 
1.4 E-3 

Reference : 

I I  i- A u ,  Experimental.: K .  Mori ta ,  H. Akimune, T. S u i t a ,  Japanese J. 
Appl. Phys . - 7 ,  916 (1968) .  

- l_l_l 
9- 

Random e r r o r  + 5%. - 

Note : 

Ho, iy2  , arid H 3  impact .  Yiel-ds of bo.th H and Ho 9. H a r e  found t o  be 
t h e  same as f o r  Hi impact a t  the co-rresponding v e l o c i t y .  

-t. + 4- 4- 



10-2 

5 

v) + 
c 
3 

.- 

L 

P 
c. ._ 
D 
L 
0 -  - io-: 
L! 
J 
A 
LL 

w 

2 

10-4 
0 10 

.......... __ 
1 

........... 

1 

........... 

.......... __ 

20 30 40 50 
ENERGY OF INCIDENT H+ (keV)  

60 70 



S c a t t e r i n g  of H,ot and 0+ Ions from S o l i d  Molybdznum- 

Refl-ect ion Coeffici-ent of t h e  S c a t i e r c d  Pons. 

These data r ep resen t  t h e  r a t i o  of t h e  r e f l e c t e d  ion  
f l u x  t o  the incidenl; i on  fliur. 

Primary Ion Energy : Various 
h g l e  of Inc idence  a: g o o  
A.ngle of Emergence f3 : Tiltegi-ated Ovei- All Angles 

..._______.I__ __. . ~___.____ __ ...... ___ .___....-.__-_____I ._____ _ _ _ - ~  .... ___ 

Energy of  Refl.ection Coef f i c i en t  
~.i? c i d e n t  
parti el-es 

( % I  - 

- In c i dent (keV) i n c  i dent  
.... ........_____I __I_._______ ........ 

O+ t 
Xe 

5.0 F, 00 
1.0 E 01 
1.5 ;1: 01 
2.0 5 01 2.0 E 0 
2.5 E 01 2.2 I4 0 
3.0 E 01 2.3 E 0 

2,h E 0 3.5 E 01 
4.0 $: 01 2.5 E 0 
h.5 E 01 2,6 E 0 
5.0 E oi 2.7 E 0 
6.0 E 01. 2-7 I3 0 
7.0 01 2.5 3 o 
8.0 E 01 2,4 E 0 
9.0 E 01 2.3 E 0 
1.0 E 02 2.2 E 0 
1.. 1_ E 02 2-1 ;.: 0 
1.2 E 02 2.0 E 0 
1.- 3 E 02 1.9 E 0 
1 . 1 - c  r: 02 l.8 E 0 
1.5 3 02 1.7 E 0 
1.6 E 02 1.6 E 0 
1.. 7 E 02 1.6 E 0 
1.8 E 02 1.5 E 0 

3.2 E 0 
11.3 E 0 

I.? z 02 1.5 E 0 
__ ________. ____ ___ .... ___ ..___-___ ____ - .____ .... .... __._ .... ~. ................................... . 

Reference : 

+ + 
He and 0 + Mo, .Experimental: Ya. M. Fogel.' R . P .  S l . abosp i t sk i i ,  and 
A.B.  Ras t r ep in ,  Soviet, Phys. Tech. Phys. .... 5 ,  j 8  (7.960). 

Accuracy .- : 

Unspecif ied.  
not  been independeat ly  confirmed and the accuracy of  t h e  data i s  therefore 

'The v31 i d i t y  of the  technique  used f o r  thi.s measurement has 

suspeq t . 
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D. 5.18 

Scatteri . l ig o f  He' from S o l i d  Tungsten- 

R e f l e c t i o n  C o e f f i c i e n t  of the S c a t t e r e d  Ions. 

These d a t a  r ep resen t  t h e  Yatio of  t h e  r e f l e c t e d  ion  
f1.u~ t o  t h e  ineldent ion f lux .  

Primary Ion Energy : Various 
Angle of Inti-dence a: 90' 
Angle o f  Zmergence 6: I n t e g r a t e d  Over A 1 1  Angles 

~. __..._I.._.___...........___. ......... ~ 

Energy of  Reflection 
Inc iden t  

(keV ) 

Coe f f i c i  e n t  
Part i cl e ( % )  

1.0 E-01 
2.0 z-01 
3.0 Z-01 
4.0 E-01 
5.0 E-01 
6.0 &ai 

8.0 E-01 
7.0 Z-01 

9.0 E-01 
l.0 E 00 

1.67 E o 

1.65 E 0 
1.50 T-: (1 
1.40 8 0 
1.38 x o 
1.h3 E 0 
1.>5 r: O 
1.70 E o 
1.90 E 0 

1.80 I.: 0 

Reference: 

Accuraev: 

Unspec i f ied .  
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E . 1 . 5  

0 0  

0 DT 0 

0 

DT 
- - 

DL 

D e f i n i t i o n s ,  RelaLionships, and References 

= e l e c t r o n  d i f f u s i o n  t e n s o r .  

-3. 
v il 

K 

E /N 

Td 

D 

JJ 
r) 

O!P 

D /K 1, 

d r i f t  v e l o c i t y  of e l e c t r o n  = average v e l o c i t y  of d r i f t  al.ong 
f i e l d  l$nes_+in a gas  exposed t o  a c o n s t a n t ,  uniform e l e c t r i c  
f i e l d ,  E. v i s  usually- expressed i n  cm/see. 

m o b i l i t y  o€ e l . ec t r cn ,  def ined  by t h e  equation v = K E ,  K i s  
usually expressed i n  cm /V-sec. 

- I 

d 
3 + - L 

2 d 

e l e c t r o n  energy parameter r a t i o  of e1ec t r i . c  f i e l d  i n t e n s i t y  
t o  gas number d e n s i t y .  
( v o l t s / c m ) / ( l / c m ' )  = V-cm . 
un.it of E / N ,  the "To7msend" := 

- - 

Z/N i s  u s u a l l y  expressed in units of 
2 

V-CUI~ - - 

- - ( s c a l a r )  l o n g i t u d i n a l  d i f f u s i o n  coef f ic ie r t - t  = c o e f f i c i e n t  of 
d i f f u s i o n  along e l e c t r i c  fie2.d. 

- - ( s c a l a r )  t r a n s v e r s e  diff iusicn c o e f f i c i e n t  = c o e f f i c i e n t  of 
diff i is ior i  t-ransverse t o  e1 .ec t r ic  f i e l d .  

a n d  D /K a r e  measures of t h e  average e l e c t r o n  energy ai; 8 a iven  E/N. 
2' 

= D ,  t h e  s c a l a r  diffiAsi.on c o e f f i c i e n t .  - 
'1, - 'T 111 the  l i m i t  E/N +- 0 ,  

For e l e c t r o n s  i n  a gh~er i  gas  a t  a. given tempera ture  , t h e  d r i f t  v e l o c i t y ,  
mobi l - i ty ,  d i f f u s i o n  coefficients, and average energy :xre func t ions  of 
$:,/Pi a lone .  

e l e c t r o n  mornentim transfer cross secticxi ( c o ~ i s i d e r i n g  only  
e l a s t i c  impacts )  , def ined  by t h e  equat ion  

- - (1 
-% 1. 

where 0 i s  the s c a t t e r i n g  angle i n  the center-of-mass system 
artci 1 (C3)dilchI i s  t h e  d i f f e r e n t i s l  s c a t t e r i n g  c r o s s  :;(x t i o n ,  s 

General r e f e r e n c e s  which contain much data not  presen  t c d  here m e  : "The 
Di f fus ion  arid D r i f t  o f  Elec t rons  i n  Gases," by L .  G. H. iIuxley and 
H. g. Crornpton, W i l e j r ,  New York (19'{4) and "Low Energy S l e c t r o n  C o l l i s i o n s  
i n  Gases" by A. G i l a r d i r i i ,  Wiley, Ncw York (1972). 

, 



The Momentum Transfer Cross Sect ion  t o r  

2 
E l a s t i c  C o l l i s i o n s  of Electyoas i n  H 

Energy 
(eV) 

1.0 E-02 
2-0 .E-0;1 
4.0 E-02 

1.0 E-01 
2 ~ 0 %-01 
4 .0  E-01 
7 .0  E-01 
1.1 E 00 
1.6 E 00 
2,o E 00 
Jh.0 E 00 
7 .0  E 00 
1 0 E 03. 
2.0 E 0 1  
4.0 E 01 
7.0 E 01 
1,0 E 02 

7.0  E-02 

7 . 3 0  g-16 
8.00 E-16 
8.96 -,-16 
9.85 E-16 
1.05 Z-15 
1,20 E--15 
1.39 g-15 
1.63 E-15 
1.77 E-15 
1.83 E-1 5 

1-62 E-1 5 
1-10 E-15 

5.84 E-16 
3.45 E-16 
2.34 E-16 
1. 83 E--1.6 

1.80 E-15 

9.15 E-16 

~ ................ -. __ ___ -.-........-......I____ -. _ _  .. . ... ............ ~ .... ___ ~ _______ 

References:  

H.W. Crompton, D . K .  Gibson, and. A.T. McIntosh, Aust. 3. Phys. Z 9  ‘715 - 
1969) . 

A. Engelhardt  and A.V. Phe lps ,  Phys. Rev. __II 131, 2115 (1963).  

L . G . H .  Huxley and R.W. Crompton, ‘The Diffusion and Drift of Electrons i n  
Gases, John Wiley and Sons, New York, 19’74, p .  623, 625. 

Accuracy : 

The t o - t a l  erroi-  i s  believed n o t  t o  exceed. -t 5%. - 
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The D r i f t  Veloc i ty  v and t h e  Rat io  D /K f o r  Xlectrons 
d T 

in H as a Function of E/N at Two 'Temperatures 2 

2 .0  3;:-03 
j .o E-03 
8.0 ii:-o3 
1 . 4  E-02 
2 . 0  E-02 
3.5 E-02 
5 . 0  E-02 
1 . 0  E-01 
1. . I 4  E-01 

11.0 d-01 
1.0 E-01 
1 . 0  r: 00 
1 . 4  E 00 
2 . 0  r: 00 
3 .5  z 00 
5.0 E 00 
8.0 J;: 00 
l . 2  E 01 
2.0  E 0 1  

2 , 0  E-01 

2 . ( 4  E Oh 

5.67 E 04 
8.42 E Oh 
1.0'1 d 05 
1 . 7 3  E o j  
2.18 F: 05 
2.78 E oj 
11.29 F, 05 
5.75 E 05 
6 . 7 1  E 05 
7.50 05 
8. (0 E 05 
1 . 1 0  E 06 
1.~9 E 06 

2.09 F 06 

4.35 E 04 

1 .66  E 06 

2.81 E 06 

6.76 E-03 
7.09 E-03 

8.61 E-03 

1 .27 E-02 

'i -55 E-03 

9.86 E-03 

1.51 E-02 
2 .10  E-02 
2.47 E-O? 
2.94 d-02 
h.33  E-02 
6.142 g-02 
8.60 E-02 
1 .16 ~~-01 
1.60 3-01 
2 . 5 2  E-IX 

4 .ho E-01 
3.25 E-01 

>.65 E-01 

2 . 0  E-02 
11.0 E-03 
7.0 E-02 
1 . 0  i3-01 
2 .0 E-01 
11.0 E-01 
1.0 2-01 
1 . 0  z 00 
2 . 0  3 00 
4.0 E 00 
6 .0  i 00 
1 . 0  E 01 
2.0 E 01 
14.0 i3 01 
6.0 E 01  
8 .0  E 01  
1 . 0  E 02 
1 .I1 s 02 
2 .0  E 02 

3.11 h 04 
6.00 E 011- 

9.98  k. 04 
1.3'( E 05 
2.35 E 05 
3.19 E 05 
5.24 E 05 
6.23 F 05 

1.15 E 06 

1 . 8 1  E 06 

6.9s  d 06 

8.37 3 07 

1.42  E 06 

2.81 E 06 
11.5h E 06 

9.80 E 06 
1 .28  E 07 
1.911 E 07 

2 . > 9  E-O? 
2 .  (1 E-O? 

3.15 2-0? 

5.24 E-02 

2.92 E-02 

3.8'1 PAI? 

7.35 K-O? 
9.53 E-O? 
1.68 F : - J I  
2.85 E-01 
3 . 7 1  E-OL 
5 . 1 1  E-01 
7 .81 E-01 
1.33 E 00 
1 . 9 8  k: 00 
? , 3 7  E 00 
2 . 6 1  E 00 
3.79 E 00 
3.8? E 00 

..... .... ~ .. . . . . . . _ _  .... ~ ..... ~ .... .... ____ _ _ ~ ~  __ ................. x - ~  ......-... 
-__I .~ -  . .. . .. ~ 

Reference : 

11.G.H. Huxley and R.W. Crompton, The D i f f u s i o n  and D r i f t  of Electrons - .. 
i n  Gases, - John Wiley and Sons, New York, J974 ,  p .  615-617. 

Accur.zcy: 

'The total e r r o r  i s  be l ieved  c o t  t o  exceed 
'I' I: 77" K, and f 5% f o r  DT/K at T = 293" K. 

3% f o r  vd, 2% f o r  I)IT/K at 
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E. 1 .I.? 

The Drift Ve1oci:t;y v and. the Ratio D /K fo- E:i.ectrons 
d 1' 

i n  D2 as a Funct ion of E/!l at Two Temperatiires 

......................... . .. .................... 
..-........I ___ .- .............................. ........... 

E /N vd DT/K E /N Va r* !K 
(Td) T=T'(" K 2'='9'1" K (Td) 'f=P93O K T=2$23O K 

( cm/sec ) (volts ) ( cm/s ec ) (voJ-ts ) 

2.0 E-03 
L.0 E-03 
8,O E-03 
1-2 ,.:--0? 
2.0 E-02 
14.0 E-02 
'(.0 E-02 
1.0 2-01 
2.0 E 4 1  
3 .0 g-01 
5.0 ~-01 
' f .0 A-01 
7.0 E 00 
2.0 E 00 
3.0 F: 00 
5.0 x 00 
7.0 2 00 
1.0 r: 91 
1.2 E 01 

6.80 z-03 
6.92 E-03 

6.18 E 04 8.66 3-03 
1.09 ii: 05 i.o> d-02 

3.25 F 05 2.3L E-02 
3.95 r: o j  3.23 d-02 
4.80 Z 0; 5.21 E-02 

2.80 r: 04 f . 3 3  E-03 
4.01 d 04 7.78 13-03 

1 .67 Z 05 1 .29 E-02 
2.14 E 05 1.52 E-03 

5.30 E 05 7.37 i3-02 
5.86 E: 05 1.07 E-01 
7.50  E 05 2.00 E-01 
9.05 :: 05 2 .'io F:-OI 
1.16 E 06 3.85 E-01 
1.39 E (16 4.84 E-01 
1.68 E 06 6.12 b-01 

6.94 E-01 

2.0 E-92 
3.0 E-02 
5 . o  E-02 
7.0 E-02 
1 .0 Z - - o : L  
1.. J-r E-01 
2.0 :.-01. 
3.0 E-01 
5.0 E-01 
7.0  E-Ol 
1.0 2 00 
1.. J! 3 00 
2.0 E 00 
3.0 E 00 
5.0 d 00 
7.0 r7 00 
1.0 E 01 
1.4 E 01. 

3.08 F: 04 2.58 7-02 

7.Jr-0 x 011 2.74 x-02 
1 .oo  F 05 7 . 8 (  d-o? 
1.36 d 05 3.09 3-02 

L . 5 7  d 04 2.63 15-42 

1.78 K 05 3.40 F-O? 

3.03 E rl5 k.80 K-02 
14.00 E 0> 6.74 E-02 
4.65 E 05 8.81 d--32 
>. 38 E 05 1.19 E-01 
6.19 il, 05 1.57 E-01 
7.2( E o> 2.07 E-01 

2.32 E 05 3.90 E-02 

8.88 E 05 2 ,  (5 F - O ~  
1.12 E 06 3.88 3-01 
1.38 A 06 
1.67 3 06 
2-02 E 06 

Reference : 

I , . G , H .  Huxley and R.W.  Crompton, The Diffusion snd D r i f t  of Electrons in 
1_-- Gases, John Wi1ey and Sons,  New York, J974, p I 61 3-21 . 
nccuracy : 
l_l- ....... 

The t o t a l  Crror is bel ieved not  to exceed f 2% for v and 3. 2% f o r  a __i 

I y K  . 
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E . 1 . 1 4  

The Product ND,, for Electrons i n  D as a Function 1 2 

of S//N a i  Two Tempi.r'aiures 

(Td) 

8.0 E-03 
1 . 2  d-02 
2 .0  E-02 
4.0 E-02 
7 .0  E-02 
1 . 0  lG-01 
3 .0 E-01 
3.0 X-01 
5.0  E-01 
7 . 0  E-01 
l > O  F: 00 
2 * 0  E 00 
3.0 E 00 
5.0 E 00 
'I.0 H 00 
1.0 E 01 

2.57 E 21 
2.60 E 21 
2.68 E: 21 
2.85 d 2 1  

3.26 E: 2 1  

5.00 g 21. 
5.58 z 21. 

7.49 z 21 
8.15 g ? i  

9.61 E 21 

3.07 E 2 1  

3.80 E 2 1  
4.25 E 21 

6.25 d 71 

8.93 E 21 

ls03 E 22 

2 .O E-02 
3.0 x-02 
5.0 E-02 
r.0 E-02 
7 .O E-01 
1 . 4  3;-01 
2.0 E-01 
3.0 .E-01 
5 .O E-01 
r .0  J3-01 
1.0 E 00 
1 . 4  E 00 
2,O E 00 
3.0 ,4: 00 
5.0 E 00 

3.98 x 21 

4.06 G 21, 
4.01 E 21 

4 . 1 1  E 2I 
4.20 E ?1 
11.33 E 2 1  
4.52 E 21 
4.84 E 21 
>.39 71 
5.86 E 2 1  
G . L 0  F 2 1  
6.96 E 21  
'(.>O E 21 
8.14 E 2 1  
8 .71  E 21 

Reference: 

L - G . H .  Huxley and R.W. Crompton, The Diffusion and D r i f t  o f  E lec i rons  -_. . ^ ~  
i n  Gases, John Wiley and Sons, N e w  York, 1974, p.  619-20. 

Accuracy: 
c_- 

The t o t a l  error is believed not to exceed i- 3%. 
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E.1.16 

'T'he Momentum T r a n s f e r  Cross S e c t i o n  for E l a s t i c  Co l l i s io i i s  o f  Elecirons 

in He, a n d  iiic 31 e c t l * o n  Energy L) i  s t r i b u L i o n  Function 

f o r  'PJO Values o f  E/N a t  a Pmpei-ature  of 77' K 

Z/N 0.008 Td = 2 . 0  

1 . 0  E-02 
2 . 0  E-02 
3 .0  E-02 
5.0 E-02 

I,O d-01 
1.5 ~2-01 
2.0 E-01 

7 .0  ~ ~ - 0 2  

3.0 E-01 
4.0 & 0 i  
6-0 8-01 
8 . 0  E-01 
1 . 0  E 30 
1.5 g 00 
2 . 0  E 00 
3.0 E 00 
4 .0  rl 00 
6 . 0  H 00 

5.21 E-1.6 
5.35 E-16 
5.46 d-16 
5.62 E-16 
5 .74  E-16 
5.86 d-1-6 
6.04 E-16 
6.16 3-16 
6.35 E-16 
6.49 E-16 
6.66 g-1.6 
6.71 ~ - i h  
6.85 3-16 
6 .96  3-16 
6.99 IC-16 
6.89 E-16 

6.01 E-16 
6.26 g-J.6 

1 . 0  E-03 
l.> E-03 
2 . 0  E-03 
3 .0  E-03 
11.0 E-03 
5.0 3-03 
6 .0  2-03 
8.0 d:--03 
1 . 0  z-02 
1.5 E-02 
2.0  E-02 
3 .0  d-02 
4.0 E-O? 
5 . 0  13-02 

3.26 E 01  4 . 0  E-O? 
3 .78  ,5 01 j.0 E-02 
4.22 F: 31 6 . 0  E-O? 
4.88 E 01 8.0 g-02 
5.25 E 01 1 . 0  E-01  
5.39 E 01 1.5 3-01 
5.l11 Y, 01 ?,O E-01 
5.20 73 31 3 . 0  E-01 
4 . ( (  F: 01 4 .0  E-01 
3.38 E 0 1  6.0  T - 0 1  

8.58 E 00 1 . 0  C 00 
3.43 E 00 1.1, d 00 
1.20 if 00 2 . 0  F: 00 

3.0 E 00 

2.04 F: 01 8.0 E-01 

1 .92  E 01 

2.35 Z 01 
2.15 4 01 

?,66 +: 01 
2.99  E 0 1  
3 . 5 i  E 01 

4.88 3 31 

6.13 r: 01 
6.15 E 01 
5.19 F: 01 
3.75 E dl 
1.89  z 01 
2.(5 E 00 

)1.03 E 01 

>.42 E 01 

References : 

R.W. Crompton, M.T. Elford, a n a  A.G.  Robertson, h s t .  J .  Phys, II_ 23,  66'1 
(1970). 

_I___. 

M.T. Z l f o r d ,  Case St i rd iea  i n  Atomic C o l l i s i o n  Pnys ics ,  E.W. McDaniel 
and M.R.C. McDowell, e d s . ,  North Holland, Chap. 2 (19'(2).  

T,.G.H. Huxley and R.W. Ci-ompton, The Uif fus ion  and Drift of Elec t i -ons  
i n  Gases , john Wiley and Sons , L?ew York, 1974, p .  603. 

- Accuracy: 

The t o L a J  e r r o r  i n  t h e  e l s s t i c  c r o s s  s c c t i o n  is believed noL io exceed + 5%. -- 

f ( E )  dF: i s  t h e  f r a c t i o n  of  e l e c t r o n s  i-n t h e  swarn w i t h  energSes X E 1 I 2  
0 between E and E + dE.  
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The D r i f t  Veloc i ty  v and t h e  Rat io  D /K for Elec t rons  i n  H e  
d T 

as a Function of E/N at FJO T1emperatu-t.l:s 

E /N Vd DT/K E /m Vd DT/K 
(Td) T='i"T" K T=293' K (Td) 'T=293" i( T=77" K 

( cm/ se  c ) (vol t s  ) ( cm/sec 1 ( v o l t s )  

1 . 0  E-03 
2 .0  E-03 
4.0 E-03 
7.0 E-03 
1 . 0  z-02 
1 . 5  E-02 
2-5 E-02 
3 .5  E-02 
5.0 E-02 
1 . 0  E-01  
2.0 E-01 
3.0 E-Ol. 
4.0 E-01 
6.0 E-01 
8 .0  E-01 
1 .0  E 00 
1.7 E 00 

7.58 Z 04 
9.23 E 04 
1.12 E 05 
1 . 6 1  E 05 
2,27 E 05 
2 ,76  3 05 
3.1'j' E 05 
3.85 E 05 
4.41 E 05 
4.91 E 05 
6.36 E 05 

6.69 E-03 
6 -80 E-03 
7.42 E-03 
8.83 E-03 
1 .04  E-02 

1 .84  E-02 
1 . 3 1  E-02 

3.06 13-02 
5.50 E-02 

1-50 E - O ~  
1.95 E - O ~  
2 -78 E-01 
3.64 E - O ~  
4.48 E-01 
7.22 2-01 

2.33 E-02 

1.03 Z-01 

2.5  E-02 
3.5 E-02 
5 .o E-02 
1 . 0  E-01 
2.0 F-01 
3.0 E-01 
4.0 E-01 
6.0 E-01 
8.0 E-01 
1 .0  E 00 
1 . 7  E 00 
2 . 5  E 00 
3 .5  E 00 

5.11.6 E 04 3.16 g-02 
(.11 E O b  3.56 8-02 
9.22 Fi: 04 4.20 E-02 
1 * 4 5  d 05 6.45  E-02 
2.7.4 E 05 1.09 F-01 
2 ,65  E 05 1.>2 E-01 
3.08 F: 05 1.74 7,-01 
3.77 F: 05 2.76 E-01 
4.35 E 05 3.56 E-01 
k . 8 5  h' 05 b.35 E-01 
6.33 E 05 7.09 E-01 
7.69 E 05 1 , 0 3  E 00 
9 .28  E 05 

Reference : 
~~~ 

L.G.X.  Huxley and R.W. Crompton, 'The Diffission and Tkift, of E l e c t r o n s  i n  
A 3  Gases John Wiley and Sons, New York, lg'rh, p .  600-602. 

Accuracy: 

m e  total e r r o r  i s  be l i eved  n o t  t o  exceed. k 1% for Vd, k 3% f o r  DT/K a t  
T = 77" K, and * 1% f o r  DT a t  T = 293' K. 
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E. l .20  

L'he Protjurt  ND and the Ratio D./K f o r  E l e c t r o n s  

i n  H e  a s  a Eunct ior i  of Z / X  a t  a Temperacurc T 293' K 

1' L 

0.0 E 00 
2.> E-O? 
3.5 E-02 
5.0 E-02 
7 . o  E-01 
2.0 l3-01- 
3.0 E-O! 
4.0 g-01 
6.0 E-01 
8.0 d-01 
1 . 0  E 00 
1 . 7  E 00 
2 .5  'r: 00 
3.5 E 00 
5.0 E 00 
6.0 E 00 
8.0 E 00 

6.35 E 21 
6.90 F 21 
7.24 F: 21 
I.'I5 E 21 
9.33 3 21 
1.1-, F, 22 
1.35 E 2? 
1.49 z 22 
1.74 3 22 
1.94 F 22 
2 .11  E 22 
2.64 E ?? 
3.15 E 22 
3.66 E 22% 
b.55 E 22'X 

6.67 E 22 
5 .21  E ?? 

2.68 Z-O? 
2.84 E.-02 
2.9'1 E-W 

6.08 E-02 

1.36 3-01 

3.90 3-02 

7.95 E-02 
1.07 E-OJ- 

......................... .. .- .. .. 
I -..I-_ ....... __.I_ ................... . ................ _ . _ _ ~  - - 

References:  

R . W .  Crompton, M.T. E l f o r d :  and R.L. Jory, Aust. J .  Phys. 30, 369 (1960. 
.. -._1-__ 

L . G . H .  Hiucley and R.W. Cyoripton, l______l The Dif fus ion  .-.-I.. ~ a.nd. D r i f t ,  of E l e c t r o n s  ........... i n  - 
........ Gases, ._-- John Wilry and Sons, New York, 1974, p .  600-OJ-. 

Accuracy : 

The total e r r o r  i s  believed n o t  to exceed + .... 2% f o r  ND 

_II__ 

and + 3% f o r  L / K .  
L' - T 

++ 
Values measured at T = 300' K. 
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F.2.2 

0 DT 0 

0 DL 

D e f i n i t i o n s  , R e l a t i o n s h i p s ,  and Reference 

= i o n i c  d i f f u s i o n  t e n s o r .  

d r i f t  v e l o c i t y  o f  i on  = average v e l o c i t y  of d r i f t  of i on  
along f i e l d  liriqs i n  a gas exposed t o  a cons t an t ,  uniform 
e l e c t r i c  f i e l d  E. 

mobi l i t y  of i o n ,  de f ined  by t h e  equa t ion  Vd I= K E .  
u s u a l l y  expressed  i n  cm2/v-sec 

Vd i s  usually expressed i n  cm/sec. 

-% 3 
K i s  

0 DT 0 

0 DL 

reduced mob i l i t y  of ion  = mobi l i t y  of i o n  reduced t o  S.T.P. , 
def ined  by t h e  equat ion  

= i o n i c  d i f f u s i o n  t e n s o r .  

where p is the $as p r e s s u r e  i n  t o r r  and T i s  t h e  gas 
temperature  i n  degyees Kelvin a t  which K was measured. 

i o n i c  energy parameter  = r a t i o  of e l e c t r i c  f i e l d  i n t e n s i t y  t o  
gas number d e n s i t y .  E/N i s  usua.l ly expressed  i n  u n i t s  of 
(vo l t s / cm) / (1 / cm3)  = v - cm 2 .) 

ze ro - f i e ld  reduced mobil-i ty = KO i n  t h e  l i m i t  E/N -+ 0.  

u n i t  of E/N, t h e  "Townseiid" = V - em 2 . 
0.0269 x (E/N) x K 
and X, i s  i n  cm2/V - s e c .  

where Vd i s  i n  lo4 cm/sec, B/N i s  i n  'Pd, 
0 ,  

( s c a l e r )  l o n g i t u d i n a l  d i f f u s i o n  c o e f f i c i e n t  = c o e f f i c i e n t  of 
d i f f u s i o n  a long  e l e c t r i c  f i e l d .  

( s c a l a r )  t r a n s v e r s e  d i f f u s i o n  c o e f f i c i e n t  = c o e f f i c i e n t  of  
d i f f u s i o n  t r a n s v e r s e  t o  e l e c t r i c  f i e l d .  

111 t h e  l i m i t  E/N + 0 ,  DL = = D ,  t h e  s c a l a r  d i f f i s i o n  c o e f f i c i e n t .  

For a p a r t i c u l a r  i o n i c  s p e c i e s  i n  a given gas  a t  a g iven  tempera ture ,  
t h e  d r i f t  v e l o c i t y ,  mob i l i t y ,  d i f f u s i o n  c o e f f i c i e n t s ,  and average i o n i c  
energy are f u n c t i o n s  of E/N a lone .  

General  r e f e r e n c e  which c o n t a i n s  much data no t  p re sen ted  h e r e :  
Mobi l i ty  and Di f fus ion  of Ions i n  Gases," by E.W. MeDaniel. and 
E.A. Mason, Wiley, New York (1973). 

"The 
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E . 2 . 4  

+ +- 
D r i f t  Ve loc i ty  of  13 , 3-  , and H- Eons i n  H Gas 

a t  300' K as a Func t ion  of E/N 

-1 2 

3.0 E GO 
11.0 4 00 
6.0 2 00 
8.0 *1 00 
1.0 z 01 
J a 2  r: 01 
1-6 r: 01 
2.0 E 01 
2.5 d 01 
3.0 E 01 
4.0 3 01 
6.0 E 01 
8.0 2 01 
1.0 H: 02 

1.8 E 04 
2.6 E 04 
3.5 E 04 
4.3 E Oh 
5.2 r: 04 
6.9 E oil 

8.6 3 0)i 
1.1 'r: 05 
1.3 ,T 05 
1.6 x 05 
2*3 E 05 
3.0 E 05 
3.6 z 05 

1.8 d 04 
2.4 4" 04 
3.1 E Ob 
3.6 2: 04 
4.9 F 04 
6.1 t: 04 
7.6 E 04 
9.2 E 04 
1.2 E 05 
1.9 3 O> 
?.? < 05 

3.1~ E 04 
4.7 E 04 
7.0 z 04 
9.2 011 

1.2 E 05 
1-14 E 05 
1.8 E 05 
2.3 i3 05 
2 - 8  E OS 
3.3 7 05; 
4.2 E O> 
6.; E 05 

Reference: 

3. Graham, D . R .  Jams,  W.C. Keever, D . L .  Alhritton, and E.Td. McDaniel 
J. Chem. Phys. - 59, 3)17I (1973). 

Accuracy : __.........I__ 

The t o t a l  errol- is believed not  -to exceed + 2%.  . .- 





E . 2 . 6  

The Product of the Tjongitiidiridl- Diffusion CoePPicient ( DL) 

and the G a s  Number Density ( N )  f o r  ;I , 3 , and H- rons 

i n  H2 Gas ai 300' K as a Funct ion of Z / N  

4- + 
3 

H+ i o n s  i n  :i2 H 3 +  Ions in H2 3- Ions in H2 E/N 
N DT, 

( em-" s ec-1) 

1-0 E 00 
2.0 E 00 
4.0 E 00 

8.0 E 00 
1.0 E 01 
1.2 E 01 
1.6 E 01 
2.0 E 01 
2 . 5  E 0 1  
3 .0  E 0 1  

5.0 E 01 

'(.O E 01 
8.0 E 01 
1.0 E 02 

6.0 E 00 

4.0 d 01 

6.0 r: 01 

1.1 E 19 
1.1 E 19 
1.1 E 19 
1. 1 F: 1-9 
1 . 2  E 1 9  
1 . 2  F: 1.9 
1.2 E 19 
l " 3  F: 19 
1.4 E 1-9 
1 . 5  E 19 
1 . 6  E 19 
2 . 0  r, 19 
2.4 E 19 
2.8 b: 19 
3.2 E 19 
3.7 F 19 
4 . 5  E 1? 

7 . 9  E 18 
7 .9  Li: 18 
7.9 z 18 
7.9 r: 18 
8.0 E l a  
8.0 18 

8.8 E 10 
8.2 E 18 

9.4 k: 18 
L,1 3 19 
1.2 F: 19 
1.6 E 19 
2.5 E 19 

5.6 E 1 9  
3.8 E 19 

9.2 E 19 

3.0  F: 19 
3.0  E 19 
3.1 E 79 
3 . 4  E 19  
3.9 E 19 
11.4 H 1 9  
5 . 1  E 19 
6.9  d 1-9 
9 . 1  F: J-9 
l.? E 20 
1.6 c 20 
2*7 E 20 
b.0 E 20 
5.6 E 20 

Reference : 

E ,  G r a h a m ,  D.R.  James, W. C ,  Keever, D.L.  Albr i ' i ton ,  and E.W. McDa.nie1, 
J .  C h a n .  Thys. - 59,  3477 (1973) .  

Ac cur acv : 

The total error i s  be l i eved  not to exceed - + 10%. 
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73.2.8 

+ 4- 
'The Reduced Mobilities of H and 3 I o n s  

in H2 at 302' K as a Function of E/lQ 

3 

If" Ions  in 3, 

( em2 /v-see) 

H,* lions i n  H, 
KO 

( cm, /v-s ec ) 

4.0 E 00 
6.0 3 00 
1.0 E 01 
2.0 ii: 01. 
2.5 E 01 
3.0 r: 01- 
L.0 3 01 
6. 0 I;: 01. 
8.0 E 01 
1..0 E: 02 
1.5 E 02 
2.0 E 02 
2.5 E 02 
3.0 E 02 

1-57 k3 01 
1-57 E 01 
1.58 E 01 
1.57 E 01 
1 . 5 5  E 01 
1-34 E 01 
1.51 E 01 
1.44 E 01 
1.38 E 01 
1.34 E 01 
1.30 r: 01 
1.28 s 01 

1.11 z 01 
1.11 E 01 
1.12 E 01 
1.12 E 01 
1.12 E 01 
1.12 -z 01 
1.12 z 01 
1..22 R 01 
1.75 E 01 
1.49 E 01 
1.60 E 01 
1.54 E 01 
1.L3 z 01- 
I ,  38 E 01 

Reference : 
-1..-.- 

T.M. Mil l e r ,  J.T. Moseley, D.W. Martin, and E.W. McTlaniel, Phys. Rev. 
i n ,  1-15 (1968). 

Ac cui-ae y : _- .. 

T h e  iota]. error is believed not to exceed I_ 4- 4%. 
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E.2.10 

The Prodiict of the Transverse Diffusion Coef f i c i en t  (11. ) 
‘T 

3 2 
4- f- 

and t h e  Gas Numbel- Density (N) f o r  X and K Ions i n  H Gas 

a t  R o o m  Temperature,  Plotted as a E’unc-tioil of E/N 

K+ Ions  i n  H, 
NCT 

(cm-lsec-l)  

H 3 +  Ions in H2 
NT>T 

(em-lsev-1) 

2.0 E 00 
4.0 E 00 
8.0 E 00 
1.0 E 01 
1.6 ;i: 01 
2,0 9 01 
3 . 0  r: 01 
4.0 E 01 
6.0 E 01 
8.0 E 01 
1.0 E 02 
1.2 F 02 
1..4 E 02 
1.6 E 02 
2-0 E 02 

8.8 E I8 
8.8 E 18 
8.8 E 1.8 
8.8 E 18 
9.1 E 18 
9 . 3  E 18 
1.0 E J-9 
1,2 E 19 
2.0 E 19 
3.4 E 19 
4.7‘ 19 
6.2 z 1.9 
7.2 E 19 
8.0 E 19 
9.2 E 19 

7.7 E 1.8 
7.7 E 18 
7.8 E 18 
8.0 E 18 
8.2 F 18 
8.5 E 18 
9.2 !d 18 
1.0 E 19 
1.3 E 19 
2,o E 19 
3.2  E 19 
>.2  3 19 
8.4 E 19 

References : 

H3 in Hz: T.M. M i l l e r ,  J.T. Moseley, D.W. Mar t in ,  and E.W. MeDaniel, 
Phys. Rev. ~ 173, 115 (1968). 

K i n  Hz: I.A. Fleming, 1i.J. Tunnicliffe, and J , A .  Rees, J. Phys. H - 2 9  

+ 

4- 

‘(80 (1969). 

Accuracy : 
I--____F 

The t o t a l  e r r o r  i s  be l i eved  not, t o  exceed. -b lo$, - 
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E.2.12 

The Product o f  t h e  Loiigi tudinazl Di f fus ion  CoeYTici en t  (D ) I, 

, antj JJ- I o n s  in and t he  Gas Number Densi ty  ( 1 0  f o r  D , Jr Jr 

u3 

L)2 Gas at 300' K as a Funct ion  of E/N 

6.0 E 00 
7.0 E 00 
8.0 L 00 
l @ O  E 01 
1.2 P: 01 
i e 6  E 01 
2.0 4: 01 
2 , s  3 01 
3.0 E 31 
3.5  E 01 
4.0 E 01 
5.0 E 01 

'1.4 E 18 
7.5j E 18 
;(. :r E 18 
8.1 E 1.8 

9.1 il: 18 
9.8 3 18 
l.1 I;: s9 
1.2 E 19 
3.. 3 z 1.9 
1.4 E 19 
1..7 E 19 

8.4 E 18 

5.2 E 18 2.6 E 19 
5.3 x 18 2.9 r: 19 
5.4 3 18 3.1 E 19 
5.6 E 18 3.5 R 1.9 
5.8 E 18 3.9 E 19 
6.2 E 18 h.6 F: 19 
6.8 F, 18 
7 . 4  3 18 
8.6 E 18 
3.8 3 18 
1.2 E 19 
1.8 E 19 

Reference:  

E .  Graham, D . E .  James, W . C .  Keever, D.L.  A l b r i t t o n ,  and E.W. McDaniel, 
J .  Chem. Phys. - 59, 3)-r77 (1.973). 

Ac curacv : 

The t o t a l  error is be l i eved  not to exceed + 10%. 



E.2.13 
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E.2.14 

f -+ 
D r i f t  Velocity of D , D3 , and D" I o n s  in 

D2 Gas a t  300' K as a Functi-on of E/N 

Vd 
(cni/sec 1 

5.0 r; 00 
6.0 E 00 
8.0 r: 00 
1.0 E 01 
1.2 E 01 
1.6 z 01 
2.0 E 01 
2.5 H 01 
3.0 E 03- 
4.0 E 01 
5.0 E 01 
6.0 01 

1.6 E 04 
1.9 E 04 
2.5 E 04 
3.1 E 04 

4.9 E 04 
6.2 kl 04 

9.1 E Oh 

1.5 E 05 

3.7 E 04 

7.6 ?i: oh 

1.2 z 05 
1.8 z 05 

1.1 E 04 
1.3 E 04 
1.8 E 04 6.5 E 04 
2-2 %: 04 8.1 E 04 
2=6 E 04 9.7 E 04 
3.5 E 04 1.3 E 05 
4.3 E 04 
5.4 E 04 
6.5 E oh 

1.1 E 05 
1.3 E 05 

8.6 8 04 

Reference: ___ 

E.  Gi-aham, D . R .  James, W.C. Keever, D.L. Albritton, and E.W. McDaniel, 
J. Chem. Phys. - 59, 3l1-7'7 (1973). 

Accuracy : 

The t o t a l  error i s  be l i eved  not  t o  exceed + 2%* 
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E.2.16 

4- +- 
'Yhe Reduced Mobi l i t i e s  o f  D and T) Ions 

in D;, a t  302O IC as a Function of E/N 

3 

E/N 
(Td) 

D" Ions i i i  D2 

KO 
( cm2 /v.-sec) 

D,+ Ions i n  D, 
KO 

( cm2 /v-sec ) 

2.0 3 00 
4.0 E 00 
6.0 E 00 
1.0 E 01 
2.0 01 
3.0 E 01 
4.0 E 01 
6.0 E 01 
8.0 E 01 
1. 0 d 02 
1.5 E 0? 
2.0 s 02 
2,5 r: 02 
3.0 E 02 

1.12 E 01 
1.13 01 
1.13 E 01 
1-12 E 01 
1.11 E 01 
1.09  E 01 
1-05 E 01 
1.00 E 01 
9.66 r: 00 
9.37 E 00 
9.3'1 JI: 00 

8.00 JY 00 
8.00 E 00 
8.00 E 00 
8.00 r: 00 
8.00 E 00 
8.00 r: 00 
8.lh F, 00 
8.77 00 
9.86 F: 00 
J..09 l3 01 
1.1.4 E 01 
1.10 E 01 
7 , O I L  E 01  
9 .69  ic 00 

... ...... ................... ___ ....... ........ ........ . . -. -. _- - --- - .- - __ ~ .---- ~ ~ --.- ..... .. ~ - 

Refei-ence: 

T , M .  M i J I - e r ,  J . T .  Moseley, D.W. Mar t in ,  and E.W. MeDaniel, Phys,  Rev. 
1 T 3 >  __ 115 (1968) .  

Accuracy .... : 

The total e r r o r  i s  be l i eved  n o t  t o  exceed + 4%. - 



E.2.17 



-t f f 
Drift V e l o c i t i e s  of lie Ions i n  He, Ne Tons i n  Ne, and Ai- Ions 

i n  Ar a t  300' K as a Funct ion of E/N 

Ne' I o n s  ir?. Ne AY+ Ions  i n  Ar E/N He+ Ions in He 
(Im) Vd vd 

(cm/sec) 
Va 

(cm/sec)  (cm/sec ) 

2.5 14: 01 
3.0 Z 01 
14.0 E 01 
5.0 Z 01 
6.0 F: 07 
8.0 E 01 
1.0 x 02 
1.5 E 02 
2.0 E 02 
3.0 E 02 
b.0 E 02 
6.0 11: 02 
8.0 E 02 
1.0 E 03 
1-5 E 03 
2,0 E 03 

6.6 E 04 
'r.6 E 04 
9.8 E 04 
1.2 E 05 
1.1~ 3 05 
1.7 E 05 

2.6 13 05 
3.2 E 05 
4.1 X 05 
4.8 E 05 
5.9 i3 os 
6.7 z 05 

2.0 E 05 

3.0 E 011 
3.8 E 04 
1-i .6 s 04 
5.3 E 04 
6.6 E 04 
7 .  ' T  E 04 
1.0 s 05 
1.3 E 05 
l . 6  X 05 
1.9 E 05 
2.)1 E 05 
2.8 3 05 
3.1 3 05 
3.8 E 05 

2,;1 E oh 
2.9 E 04 
3.6 H 04 
4.7 E 04 
5 .9  E 04 
7.9 E ob 
9.4 r: 04 
1.2 -E 05 
1.4 E 05 
1.5 E O> 
1.9 E 05 
2.2 E O> 

Xeference : 

J.A. Hornbeck, Phys. Rev. - 84, 615 (1951). 

Accuracy : 

The t o t a l  e r r o r  i s  be l i eved  not  t o  exceed, I 1- 5 % ,  
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E.3.2 

Maxwellim Averaged Quan ta l  Di f fus ion  Cross Sec t ion  a 
f o r  B Atoms Di f fus ing  i n  an Atomic Hydrogen Medium 

D 

u S i n g l e t  
( cm2 D 

1.0 E 00 
2.0 E 00 
4.0 E 00 
6.0 E 00 
1.0 E 01 
2.0 E 01 
3.0 E 01 
5.0 E 01 
8.0 E 01 
1.0 E 02 
2.0 E 02 
3.0 e 02 
4.0 E 02 
5.0 E 02 
6.0 E 02 
7.0 E 02 
8.0 E 02 
9.0 E 02 
1.0 E 03 

8.0 E-16 
9.5 E-16 
1.1 E-15 

1.7 E-15 
2.8 E-15 
3.1 E 15 
2.8 E-15 
2.5 3-15 
2.3 E-15 
2.1 E-15 
2.0 E-15 

1.3 E-15 

1.9 E-15 
1.9 E-15 
1.8 E-15 
1.8 E-15 
1.7 E-15 
1.7 E-15 
1.6 E-15 

8.2 E-15 
8.7 E-15 
7.9 E-15 
7 . 0  E-1.5 
6 * 2  E-15 
5.4 E-15 
4.9 13-15 
4.5 E-1.5 
4.2 E-15 
4.0 E-1.5 
3.5 E-15 
3.1 E-15 
2.9 ~ - 1 5  
2.8 E-15 
2 ~ 6 E-15 
2.5 E-15 
2.j-c E-15 
2.3 E-15 
2.2 E-15 

Reference: 

A.C. A l l i s o n  and F.J.. Smith,  Atomic Data, - 3, 317 (1971). 

Accuracy : 

T’he t o t a l  error i s  be l i eved  no t  t o  exceed f 5%.  
I 
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E . 3 . 4  

Product of Total Gas Pressure  and Diffusion Coef f i c i en t  

f o r  Various Neu t ra l  G a s  Pairs 
......... 1 ..--I .. .- ... .---- .~ ... .I__ 

PD12 
( Atm- em2 / a  e c ) 

___ ....... -._ 

H - He (I!( 'k) H2 - n2 112 - He H - H2 
I___.." -I 

3.0 E 01 
> . o  F: 01 
1-0 z 02 
2.0 d O? 
3.0 E 02 
5.0 E O? 
1.0 3 03 
5.0 3 03 
1. 0 rl, OIC 

2.1 E-02 
5.6 d-02 
1.9 3-01 2.4 E-01 
6.3 E-01 '1.7 E-01 1.1 E 00 
1.3 E 00 J-.5 E 00 ?%2 I? 00 2*8 F: 00 
3.1 E 00 3.7 E 00 5.2 E 00 6.8 E 00 

1.2 E 01 1.7 2: 01 ?,? E 01 1.0 E 01 
1.7 3 03 2.1 E 07 2.8 E 02 3.6 E 02 
5.8 E 02 1.5 E 02 9.3 E 02 1.2 4: 03 

.................... .......... ......... -. ........ ____ -~ - .. ........ .................. ~ - ___ ___ ~ __ ~- _~ 

References:  

E .A .  Mason and T.Z .  Marrero, "The Diffus ion  of A t o m s  and Molecules," i n  
" A d v a n c e s  i n  A t o m i c :  and Molecular Physics"  ( e d i t e d  by D . R .  Hates and 
I .  Esterman),  Academic Press, New York, Vole 6 ,  page's 155-232 (1970). 
T.R .  Marrero a n d  r ;*A.  Mason, J .  Phys. Chem. Ref ,  Data 1, pages 3-118 (19(?). - 

Accuracv: 

The t o t a l  e r r o r  i s  be l i eved  not  t o  exceed k 15% for the H2 - He arid 
I$ - D2 d a t a ,  and f 30% for the H - H2 and H - lie data.  
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F.1.2 

Cross Sect ions and Reaction Rates 

for the P(d,n) 3 He  React ion 

Energy Cross Sec t ion  React ion Rate 
(keW (cm2 1 (cm3/ s ec 

1.0 E 00 
2.0 E 00 
3.0 E 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 
7.0 E 00 
8.0 E 00 
9.0 E 00 
1.0 E 01 

2.0 E 01 
4.0 E 01 
7.0 E 01 
1.0 E 02 
2.0 E 02 
4.0 E 02 
7.0 E 02 
1.0 E 03 
2.0 E 03 
4.0 E 03 
7.0 E 03 
1.0 E 04 
2.0 E 04 
4.0 E 04 
7.0 E 04 
1.0 E 05 

1.5 E 01 

3.3 E-43 
2.0 E-37 
6.7 E-34 
2.0 E-33 
2.0 E-32 
1.1 E-31 

1.1 E-30 

5.4 E-30 
6 . 4  E-29 
2.5 E-29 
2.5 E-27 
9.6 E-27 
1.7 E-26 
3.7 E-26 
6.0 E-26 
8.0 E-26 
8.9 E-26 
1.0 E-25 
9.6 E-26 
4.5 E-26 
1.7 E-26 
2.3 E-27 
3.6 E-27 
8.2 E-29 

4.0 E-31 

2.7 E-30 

3 . 6  E-29 

8.5 E-23 
2.8 E-21 
1.5 E-20 
4 . 3  E-20 
8.8 E-20 
1.6 E-19 
2.4 E-19 
3.4 E-19 
4.5 E-19 
6.0 E-19 
1.5 E-18 
2 . 6  E-18 
8.0 E-18 
1.7 E-17 
2.3 E-17 
4.8 E-17 
9.5 E-17 
1.1 E-16 
1.3 E-16 
1.2 E-16 
7.8 E-17 
4.8 E-17 
3.3 E-17 
1.5 E-17 
5.7 E-17 
2.7 E-18 
1.6 E-18 

References:  

G. H. Miley, H. T o w e r ,  and ET. Ivich, "'Fusion Cross Sec t ions  and R e a c t i v f t i e s , "  
COO-2218-17 (1974); Battelle Pacific Northwest Laba ra to r i e s  Annual Report ,  
edited by W. C. Wolkenhauer, BNWL-1685 (1972); S. L. Green, Jr. Report fUCRL- 
70522 (1967). 

Accuracy: 

2 10%. 

Notes : 

Reaction rate is the r e a c t i o n  rate averaged over both  Maxwellian d i s t r i b u t i o n s .  
Measurements have not been made below 7.5 keV. 
an e x t r a p o l a t i o n  us ing  analytical express ions .  

Data below t h i s  energy r e p r e s e n t  
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F.1.4.  

Cross Sections and Reaction Rates 

f o r  the  P(d,p)'ll Reaction 

Energy 
(k.eV) 

Cross Sec t ion  
(em2 ) 

Reaction Race 
( cm3/ 6 ec 1 

1.0 E 00 
2 - 0  E 00 
3.0 E 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 
7.0 E 00 
8.0 E 00 
9.0 E 00 
1.0 E 0 1  
1 . 5  E 01 
2,o E 01 
4 , O  E 01 
7.0 E 0 1  
1.0 E 02 
2 - 0  E 02 
Lk.0 E 02 
7.0 E 02 
1 . O E  0 3  
2 . 0 E  03 
4.0 E 03 
7 . O E  03 
1 . 0 E  04 
2,OE 04 
4 , O E  04 
7 . 0 ~  04 
1 , O  E 05 

1 .4  E-42 
5.2 E-37 
1 .4  E-33 
3 .7  E-33 
3.3 E-32 
1 . 7  E-31 
5.8 E-31 
1.6 E-30 
3.5 i?-3C) 
7.0 E-30 
7.0 E-29 
2.6 E--28 
2.5 E-27 
8.8 E-27 
1.5 E-26 
3.0 E-26 
5.2 E-26 
7.0 E-26 
8.0 E-26 
9.2 E-26 
8.5 E-26 
1.6 E-26 
5.7 E-27 
8.4  E-28 

3.2 E-29 
1.4 E-29 

1 .4  E--28 

8 .3  E-23 
2,9 E-21 
1 . 5  E-20 
4 . 3  E-20 
8.9 E-20 
1 . 6  E-19 
2 . 4  E-19 
3.3 E-I9 
4.5 E-19 
5.8 E-19 
1 . 4  E-18 
2 , 4  E-18 
7.3 E 4 8  
1.4  E-17 
2 .2  E-17 
4.2 E-17 
6.2 K-17 
9.2 E-17 
9.5 E-17 
7 . 4  E-17 
4.5 E-17 
2.6 e-27 
1 . 7  E--17 
7.2 E - i a  
2.8 E-E8 
1 . 3  E-18 
7.8 E-19 

G ,  H. Miley, B. 'rowner, and N. Ivich, "~usion cross Sections and Renctivities," 
COO-2218-17 (1974); Ba t te l le  Pacific Northwest Laboratories Annual Report ,  
e d i t e d  by W. C. Wolkenhauer, BNWL-l685, p. 80 and 92  (19721; S .  L.  Green, Jr., 
Report #UCRL-70522 (1967). 

f 10%. 

Notes: . 

Reaction rate is the  reaction rate averaged BVeK both Maxwellian d i s t r i b u t i o n s .  
Measurements have not been made below 1 2  keV. Data below this reg ion  represent 
an extrapolation u s i n g  analytical expressions.  
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F . 1 . 6  

Cross Sec t ions  and Reaction Rates 

for cfie Reaetim T ( t , 2 n )  4He 

Cross S e c t i o n  
(ern2> 

Reaction Rate 
(crn3/sec> 

6 .0  E 00 
8.0 E 00 
1 . 0  E 01 
2.0 E 01 
4.0 E 01  
7.0 E 01 
1.0 F, 02 
2.0 E 02 
4.0 E 02 
7.0  E: 02 
1.0 E 03 
2.0 E 03 
3 . 0  E: 03 
4.0 E 03 
7.0 E 03  
1.0 E 04 
2.0 E 04 
4.0 E 04 
9.0 E 04 
1.0 E OS 

2 - 1  E.-30 
3.4 E-29 
4.5 E-29 
8.0 E-28  
5.0 E-27 
1.3 E--26 

3.2 E-26 
5.0 E-26 
6.6 E-26 
9.7 E-26 
1.7 E--25 
7 . 4  E-26 
2.8 E-26 
4 .1  E-27 
1 .6  E-27 
2.1 E-28 
3.5 E-29 
8.5 E-30 
3.8 E-30 

1.9 E-26 

6.8 E-19 
2 . 4  E-18 
6.6 E-28 
1.3 E-17 
2 .0  E--17 
4 - 1  E-17 
1 .4  E-17 
8.5 E - 1 7  
8.0 E-1.7 
5.1 E- I7  
3 .5  E-17 
2 . 5  E-17 
1 . 3  E - 1 7  
8.4 E-18 

1.3 E-18 
5 . 7  E-19 
3.4 E-19 

3 . 3  E-18 

...-. ___ e.-_L-.. I___. .____I ....... _.. ___l.. . . .. . ..... 

References: 

G. H. Miley, H. Toxmer, and N .  Iv ich ,  "Fusion Cross S e c t i o n s  and Reactiviries," 
COO-2218-17 ( 1 9 7 4 ) ;  Battell9 Paci f ic  Northwest T.aboratorLes Annual Repo~f, 
edited by W. C. Walkenhauer, BNFiL-1685 ( 1 9 7 2 ) ;  S. I,. Green, L T r . ,  Repor t  
#UCKL-70522 (1967). 

See Notes, 

Reaction r a t e  is the r e a c t i o n  rate averaged over b o t h  Msmell ian d i s t r i b u t i o n s .  
Measurements have been made for e n e r g i e s  between 60 keV and 2 MeV. 
and Miley, et al.,  gave reaction rate values down t o  energies  of  1 keV. They 
are not p l o t t e d  here due t o  J.arge discrepancies. For an evaluation of t h i s  
cross sec t ion ,  consult L. Stewart and G .  M. Hale, Report. BkA-5828-MS or 
USNIIC-CTR-2, U s e  extreme caution in us ing  these results. 

Both Green 
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F.1.8 

Cross S e c t i o n s  and Reaction Rates f o r  

4 the T ( d , n )  H e  Reac t ion  

_..I. ...-.- ...._ ll_---_l.ll- 
P. 

Deuteriiiin Tritium 
En e r 23- Cross Sec t ion  Cross S c x t i o n  React ion Rate 
(keV) (em2 1 Ccm2 1 (cm3/sec ) 

1.0  E 00 

3.0 E 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 
7.1) E 00 
8.0 E 00 
1.0 E 0 1  
2.0 E 0 1  
3 .0  E 0 1  
4.0 E 0 1  
7.0 E 0 1  
1 .0  E 02 
1.5 E 02 
2.0 E 02 
4.0 E 02 
7.0 E 02 
1 .0  E 03 
2.0 E 03 
4.0 E 03 
7.0 E 03  
1.0 E 04 
4.0 E 04 
7.0 E 04 
1 .0  E 05 

2.0 E 00 
2.7 E-40 
9.4 E-35 
2.5 E-32 
6 .6  E - 3 1  
6.0 E-30 
3.1 E-29 
1.1 E-28 
3.0 E-28 
1 . 4  E-27 
5 .2  E-26 

6.9 E-25 
2 .9  E-24 

2.7 E-26 

4.8 E-24 
4.0 E-24 
2.7 E-24 
8.1 E-25 
3-16 E-25 
2.2  E-25 
L e  3 E-25 
1.0 E-25 
8 .1  E-26 
7 . 1  E-26 
3.9 E-26 
3.1 E-26 
2 , 7  E-26 

1 .4  E-44 
9.8  E-38 
9 . 7  E-35 
5.7 E-33 
8.9 E-32 
6.7 E - 3 1  
3.2 E-30 
1.1 E-29 
7 .4  E-29 
7.4 E-27 
5 . 4  E-26 
1 . 7  E-25 
1.1 E-24 
2.7 E-24 
4.8 E-24 
4.7 E-24 
1.3 E-24 
6.2 E-25 
3.6 E-2.5 
1 .7  E-25 
1.2 E-25 
9 . 4  E-26 
8.2 E-26 
4.7 E-26 
3.7 E-26 
3.3 E-26 

5.7 E-21 
2.7 E-1.9 
1 . 7  E-18 

1 . 3  E-17 
5.6 E-18 

2.4 ti:.-17 
4.0 E-17 
5.9 E;-17 
1.1 E-316 
4 . 3  E-1.6 
6.6 E-16 
8.1. E-16 
9.0 E-16 
8.4 E-16 
7.0 E-16 
6.2 E-16 
4.2 E-16 
3.1 E-16 
2.7 E-16 
2.3 E-16 
2.2 E-16 
2 .3  E-16 
2.3 E-16 
2.5 E-16 
2.6 E-16 
2.6 E-16 

References:  

G. H. Miley,  B. Towner, and N. Ivich,  "Fusion C r o s s  Sections and R e a c t i v i t i e s , "  
COO-2218-17 (1974); Battelle P a c i f i c  Northwest Laboratories Annual Repor t ,  
e d i t e d  by W. C.  Wolkenhauer, BW-1685, p.  78 and 92 (1972); S,  E. Green, Jr.,  
Report  #UCRL-70522 (1967). 

Accuracy: 

-t .... 10%. 

Notes : 
-._II 

React ion  ra te  :is t h e  r e a c t i o n  ra te  averaged over both Maxwellian d i s t r i h u t i o n s .  
Deuterium c r o s s  s e c t i o n  is cross section f o r  i n c i d e n t  deu te ron ;  t r i t i u m  CKOSS 
s e c t i o n  i s  c r o s s  sect ion f o r  i n c i d e n t  t r i t o n .  Measurements have not  been made 
below deuteron  e n e r g i e s  of 8 keQ. Below this r e g i o n  r e p r e s e n t s  an ex t r amla t ion -  
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