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Abstract

This report gives a detailed description of the printed output
sheets from the intranuclear cascade calculation described in ORNL-

3383,
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Introduction

This report gives detalled explanations of the printed output that
- is available fram the intranuclear cascade calculation. It is intended
for use by those persons who will obtain and run the cascade code itself
and by those ﬁersons who are interested only in the output of the many
cases which have been run and are on file.

It ﬁill be assumed thaﬁ the reader is familiar with the intranuclear
cascade calculation as described in ORNL-3383.l However, a brief explana-
tion of the type of output that the cascade code itself produces is given
here. |

When an incident particle makes a colllsion, a cascade develops in-
side the nucleus. The cascade code results are written on a primary out-
put tape. All the important data fof a case are printed in a series of
records, which comprise one file on the pfimary output tape. The first
record describes the case, the intermediate records contain the results
of the cascade reaction, and the last record briefly summarizés the re-
sults of the cascade célculation;‘ There is one file per case, a case
consisting of a specific type'of incident particle with a given energy
bombarding a target nucleus; for example, a neutron with an energy of
200 Mev incident on an aluminum target. A sufficient number of histories
are run to provide good statistics. '

The intermediate records contain data pertaining to the escaping cas-
cade particles for each incident particle that makes a collision.¥* For
each escaping cascade particle the type of particle, its energy, its direc-
tion cosines with respect to the incident-particle direction, and the point
inside the nucleus from which it made its last collision (the x, y, and
z coordinates of the point of last collision) are recorded. A record is
also made when the incident particle makes a collision and no particles
escape from the nucleus, but in this case the record contains only a
zero. Hence there 1ls one record of some type for every incident particle

that makes a colliSion,

1. H. W. Bertini, Monte Carlo Calculations on Intranuclear Cascades,

ORNL-3383 (1962).

*Note: No record is made if the incident partlcle goes right through the
nucleus.




To make full use of the output, analysis codes mist be written which S
will organiie the raw data in the intermediate records of the primary out-
put tape into suitable forms. This report concerns three such codes:
analysis codes I and II, which were written for this purpose, and an ex-
isting evaﬁoratidn code® which was slightly modifiedA(by Dresner) to use
the primery’' output tape as a source of lnput data.

. Analysis code I is somewhat rigid in its epplication. It was written
concurrently with the cascade code and was an attempt to secure as much
information from the.cascade cpde as was feasible at any one time.> This
code contains all the data pertaining to the nucleus which remains after
the cascade process is completed (referred to as the "residual" nucleus)

-and data pertaining to the escaping cascade particles themselves. In
general, the disfributions produced by this code are normalized to 1.

Analysis code IT is more flexible in its application. It was written
after completion of the cascade code and was meant primarily to provide
compérisons of the results of the cascade code with available experimental

' data. Thls code contains data pertaining to the escaping cascade particles
-themselves but none on the residual nucleus. The distributions available
from this code are given in terms of absolute cross sections [millibarns/
(steradian-Mev), millibarns/stefadian, ete.].

The evaporation code consists of two parts: the first part, an analy-
sls of the cascade code primary output tape only to £he extent of calculat-
ing input information for an evaporation subroutine -~ that is, the A, Z,
and excitation energy of the residual nucleus; and the second part, which
is.Dresner’s code made to operate as a subroutine. The output from thié
code therefore represents results of the evaporation reactions which
follow the cascade. ' A

Each page of the output from the above three codes is displayed in
this'report on a right-hand page. Explanatibns of the terms which are
not obvious are given on facing pages. One case is used as an example of
the output: a 200-Mev neutron incident on an aluminum target whose mass
number, A, is 27 and whose atomic number, Z,is 13, with 2500 incident
particles analyzed. o e : @

2. L. Dresner, EVAP -- A Fortran Program for Calculating the,Evéporation P
of Various Particles from Excited Compound Nuclei, ORNL CF-61-12-30.
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"Analysis Code I: Statement of Backward Momentum

, One of the quantities calculated for some of the initial angular distributions is the ratio of the:
 value of the distribution integrated over the forward direction to that integrated over the backward
direction. When the value of the integral over fhe backward direction is zero, this ratio should be
infinite, but the code prints out a zero. Consequently, the statement on the facing page is printed
for the purpose of notifying the user that, in some .of the first angular distributions thaf‘follow,

the values for the distribution in the backward direction were zero.



THE BACKWARD ‘MOMENTUM FROM ONE OF THE FIRST HISTOGRAMS IS O

1



Analysis Code I: Input Information

The facing page contains the input information used by analysis code I. It contains the input in-
formation punched into the cards used by the code, the information on the first record in the primary
output tape from the cascade code, and the information on the last record in the primary output tape.
Pertinent items of calculated information from ﬁhe last record are (1) the geometric cross section
of the target, (2) the inelastic cross section for the specified case, and (3) the cutoff energy used
in the cascade calculation. The cutoff energy is the energy below which no particles are allowd to

4 escape from the nucleus in the cascade phase.



v [

INPUT

. FROM CARDS
; .
USED FILE 5 INCIDENT PARTICLE NEUT T INCIDENT KINETIC ENERGY 200.000 Mev

TOTAL NUMBER OF [NCIDENT PARTICLES 23C0 TARGET SYMBOL AL

SLZE OF HISTOGRAMS FOR OUTGOING K.E. 25 FOR PROT, 25 FOR NEUT, 25 FOR Pls, 25 FOR PI0, 25 FOR fl-.
CROSS SECTIONS WERE CALCULATED FOR AS MANY AS ? EMITTEC PARTICLE CCMBINATICNS. i
21.0CC MEV INTERVAL WAS USEC IN CALCULATING HISTOGRAM FOR N(E#)DE FOR TOTAL REACT{ON
DELTAS FOR OUTGOING KINETIC ENERGY OISTRIBUTICN IN MEV
-t My -l —l MU el b BU 4.6 .9 ML 4095 +.95 MU 410
T (K.E.) 130 0 (k.E.} 100 C_{K.E.) ICD 0 (K.E.) 20D 0 (K.E.) 200
PRUTONS 43,3101 43.3300 23.0c00 20.0000 10,0030
NEUTRONS 40,0000 40.0900 20.0n00 20.0020 10,0009
Pi+ 40,1042 43.0009 20.0C00 20.0000 10.0000
P12 40,3030 47.0a00 26.0an3 2C. 0coe 10.0000
Pi- v E ] u9.0u09 29.0000 _ 20.0000 10.9000
D # DELTA, RCSPSCTIVE ENERGY [NTERVALS OF HISTOGKAMS
OUTGOING COMBINAFTONS i 10901 orang 23330 12000 22900
INTERVAL FOR "(Ce)DE IN MEV 21,000 21.000 21.000 21.600 21.000
' FROM RECORD |
2532 INCIDENT NEUT  HIT AL TARGET WITH 27.C30 MASS AND 13,090 ATOMIC NUMBER AT 23J0.U0OMEV.

THERE WERE

P66, [NCICENT PARTICLE CCLLISIONS CREAT(NG

FROM RECORD N

764 ESCAPING PARTICLE RECCRDS.

CROSS SECTION waS  1.2R.2134824 M8, THE INELASTIC CRCSS SECTION wWAS

396.47727C6 M8,

THE GEOMETRIC

THE Cul CFF

EMERCY WAS 1.63Tu59T MEV.



Analysis Code I: General

The first line of the output in this example and in all subsequent examples specifies the case. .The line should read in full: neutrons in-
cident on aluminum; the incident-particle kinetic energy is 200 Mev, mass number A is 27; atamic number Z is 13; there were 2500 incidem:-parficle
histories; and a 1.6-Mev cutoff energy was used.

The second line gives the momentum and the excitation energy of the compound nucleus. The mamentum is simply the momentum of inciaent parti-
cle, in units of Mev/c ; the excitation energy of the compound nucleus is the kinetlc energy of. the incident particle plus the binding energy of the
most loosely bound nucleon. : .

The third line gives information on the mass of the i’esidua.l nucieus. In the cascade calculation the number of nucleons in the nucleus is not
reduced by the number of emitted_ca.scade pérticles; consequently, it is possible that there may have been more particles emitted than there were
nucleons in the ihitial nucleus. This line records how many times the number of cascade particles escaplng was the same as the number of nucleons
in the initial nucleus (that is, the mass of the residual nucleus was zero) and how many times there were more cascade partiicles escaping than
there wei‘e initial nucleons in the nucleus (that is, the mass of the residual nucleus was minus). The cutoff energy, also given on the third line,

"1s as described before. ' ) ’ .

The fourth line gives the number of times (zero in this case) that there were more thaﬁ nine cascade particles emitted. (This is referred
to later under "Analysis Code I: Cascade-Particle-Emission Cross Sections.") ’

Next on the page 1s a table giving the average number of cascade particles of the specified types that are emitted, the variance of the
number distribution , the average kinetic energy, in Mev, of the cascade particles emitted, and the variance of the energy distribution. The
averages refer to the average value per incident-particle collision. ' )

The second table on the page consists of data pertaining to the residual nucleus which results from the cascade. Under the column "OUTGOING
COMBINATION," the notation "TOTAL CASCADE" refers to those quantities calculated for all cascade events, and the five-digit numbers below "TOTAL
CASCADE" refer to particular combinations of emitted cascade particles, the first digit referring to the number of protons emitted, the second -
digit to number of neutrons emitted, and the last three digits to number of nt ’ x° , and n emitted, respectively. The quantities to the right
of the first column refer to the cascade nucleus for these events.

The column titles "CO," "C1,” "ARM," "AREE," and "ARR" are defined at the bottom of the page. "CO" is the average value of the component
of the residual momentum of the nucleus which is parallel to the incoming particle direction, and the prinfed quantity is in units of the
momentum of the coampound nucleus. "Cl" is the average value of the component of the residual nucleus which is perpendicular to the direction
of the incoming particle and is also given in units of the momentum of the compound nucleus. "ARM" is the average momentum for all directions
of the residual nucleus, in units of Mev/c. "AREE" refers to the average residual excitation energy which remains after the cascade is completed.
"AAR" refers to the average mass of the residual nucleus at the cdnpletim of the cascade.

It will be noted that all the entries for the emission of cascade plons in the first table are zero. This is because the present calcula-

tion ignores the production of plons for incident nucleons.



NEYT oM AL - INC. K.€. (MEV) IS 200.2 A 1S 27. Z Is 13. 2508 INC. HMISTORIES 1.6 MEV CUTOEF EN.

“YOMENTUM OF COMPOUND NUCLEUS  645.0037T7TMEV/C EXCITATION ENERGY CF COMPCUND NUCLEUS 206.915216MEY
THE MASS OF THE RESICUAL NUCLFUS WAS ZERO O TIMES, WAS MINUS C TIMES  CUT OFF ENERGY  1.637460MEV
FOR J INCIDENT PARTICLE COLL[SIONS THERE WERE MORE THAN 9 OUT GOING PARTICLES

EMITTCC CASCADE PARTICLES

PRCTQONS - NEUTRONKS Pl+ PID PI-
AVERAGE NO. C.9719917E O 'G.1543568E 01 B P 0. .
VARIANCE 0.8135309€ GO Tot.7esBI96e GC T o, T T T oo, 9.
AV, K.E. (MEV) T.5 1299988 C2 G.677T2608E 02 g. o. : 3.
VAR LANCE 0.30861706 Cu  C.3u67(893 o8 0. ‘ © oo, o.

RESIDUAL NUCLEUS

QUTGCDING COMRINATION co ci ARM . AREE AAR
TOTAL CASCADE ) 0.2236324 0.2641468 2456.0574C7y 35.4190605 25. 4844396
SRR A.1617622 3.2731096 201.9379387 27.2017293 27.0000000
ci11en G. 1623787 U.3225370 i 238.865520C 28.49C2108 27.0000000
[N ds thu) 3307 4.2152710 183.7389965 21.9739401 26.00000C0
200 1.28604668 J. 3378481 3U8. 4162624 Ul.6664295 26.0000600
: 3.2727%4735 2.301338s 2792. 2158470 43.5731163 25.0uUC0u00
T.2611 575 J.28uudB6 273.649E8451 - sC.u7161D 25.0400000
RN EFEL 0.2075313 . ATS. 7122974 L 19 TubIT2 26.0000000
J.35Iu6765 0.3312624 327.7129784 55.49t0400 24.3000002

0.5672144 0.3082573 ) 326.8819733 T 59,.3u21292 "24.9902000

CO # {Suv CF PARALLEL RESICUAL MCMENTUNM/NUMBER OF INCIDENT PARTICLE COLLISIONS)/MOMENTLM OF COMPQUNC NUCLEUS

Cl & (Sy¥ CF PERPENDICULAR RESIDUAL ¥CMENTUM/NUMBER OF INCIDENT PARTICLE COLLISIONS)/MCMENTUM CF COMPCUND NUCLEUS

ARM 4 AVERAGE RESIQUAL MCMESTUM [N MTV/C
AREE # AVERAGE REZSIDUAL EXCITATICN ENERGY IN MEV

AAR % AVERAGE MASS OF RES[DUAL NUCLEUS FCR TOTAL CASCACE . _ )
AAR # MASS OF RESIQUAL NUCLEYS FCR DESIGNATEC QUTGOING COMBINATIONS



Analysis Code I: Angular Distributions’ of Residual Nuclei

This example contains the angular distributions of the residual nuclei which result from the cascade. These include
the angular distributions for the total cascade and for all combinations of the emitted particles listed on the previocus
page. The angular distributions are given in terms of

fraction of the total events which occur in An
: e - s
where u 1s the cosine of the angle with réspect to the incident-particle direction. The numbers on liﬁes 3 and 4, that is,
-0.9000000E Q0, etc., and O.lOOOOOOE-OO, etc., refer to the middle of the interval along the p scale, which ranges fram -1
to 1.% . .
The numbers on the two lines immediately below "TOTAL CASCADE" refer to the angular distribution of the residual nucleus
wvhich results from the cascade for all cascade events. Note that these numbers appear in the same columns as the set of

numbers above them specifyling the center of the interval élong the p scale. This means that for the first entry on the first
line, 6.3630705E-01;~the Op interval ranges from -1 to -0.8; for the second entry it ranges from -0.8 to -0.6, for the third
from -0.6 to -0.4, etc. For the first entry on the second line, -0.4045643E-00, the interval ranges fram O to.0.2; for the
second entry it rahges from 0.2 to O.4, ete. Therefore these two lines of mumbers specify a histogram of the angular distri;
bution of the residual nucleus after the completion of the cascade. :

On the seme line with "TOTAL CASCADE" the eantry “RATIO OF FORHARD/BACKWARD" followed by a number is simply the sum of the
distribution in the forward direction divided by the sum of the distribution in the backward direction. It will be zero if
the denominator of the ratio is zero. When this occurs, the statement "THE BACKWARD MOMENTUM FRQM ONE OF THE FIRST HISTOGRAMS
IS 0" will be printed as the first page of the ocutputs from this coede.

The remainder of_the page gilves the angular-distribution data for various cambinations of emitted cascade particles and
their histograms. For example, the first cambination is for one pfbton, zero neutron, zero x+, zero uo, and zero n , and the

histogram is constructed in the same manner as that for total cascade.

*Note: When the numbers which appeer in the output contain an "E" both on this page and on succeeding pages, the numbers follow-
ing the E refer to the power of 10 by which the number itself is to be multiplied. A blank space following the E indicates a

positive exponent. A minus sign following the E indicates a negative exponent. If a minus sign precedes the entire number, the.

number itself is negative; otherwise it 1s posifive.

ot



NEUT ON AL

INC. K.E. (MEV) IS ~ 200.0 ~ A IS

2T. I Is 13, 2

500 INC. HISTORIES

1.6 MEV CUTCFE EN.

ANGULAR DISTRIBUTICN OF THE CASCADE NUCLEUS _(FRACTION IN DELTA MU)/(DELTA MU}

-1.9C00200E 30 -0.7000000€_00

-0.5000000€ 00 -

0. 3C00000E-00

0.1000090C-0n

0.3000003€-00

€.50G0OCOE 00

€.70C0G0CE

oo 0.9000000€ 00~

0. 1000000E-00

. TCTAL CASCADE
0.36307G5E-01
L U.hOuS6u3E-00

C.IwI079E-00

.. D.7883817€ 00

RATIO _OF FORWARD /BACKWARD

0.8298755€-01
0. 10684¢SE 01

~0.1120332€ 0Ol

__0.8836735€ 01

0.155601 7E-00
C.1109958E 01

PROTCNS 0 NEUTRONS 0 Ple 0 pIO [V

.. 0.

0.1351351E 01

0 PROICNS t NEUTRONS 0 pL+ 0 IO g PI-

N ETEIY -

RATIO OF FORWARD /BACK
a. e . e
0.2027027€ O

RATIGC OF FORWARD /BACK

WARD C.

WARC 0.

S a.
J.uQ5u05u€E-0C

0.1351351€-00

3. 0.
C.6835684E 00

PROTCNS 1 NEUTRONS O pi+ D PID O PI-
0.8812573E~01 0. 1541850 €-00

. D0.2178218E 01

0.
__0.1782178€ O)

" RATIC OF FORWARD /BACK

0.1541850€E~00

0.

0.
_0.24752476-00

0.1485148E-00

WARD TCLu97368LE D1

0.1982379€E-00

0.2422907€~-00

G.u185022E-00

2 PROTONS 3 NEUTRONS _ O Pis 0 PIQ O Pl-__

3.6607929€ N0

C.12H14S4E QI

. RATIO OF FORWARD_/BACK

YARD__ 0.

C.1035242¢€ 01

0.837004s€ 00

3. . 3. . g. o
0.#627690E N5 0.5172414E UD 0.1206897E 01 0.137931CE 04 0.1034483E 01
2 PROTCNS ~ | NEUTROWS 0O Pr+ O PID O PI- RATIO OF FURWARD 7BACKWARD  'C.180000CE 02
. D.6578947E-01 o Oe . D.1973684£-00 0.
2.13157892-00 0.7894737€ 90 d.eubsu21£ 3 17.71250000€ 01 0.1578947€ Q)
1 PROTONS 2 NEUTRONS Qris 0 PiS s34 éATlD OF FORWART /BACKWARD C.6214286€ Qi
3. 0. 198C19HE-00 .1980198E-30 0. (485 i148E-00 G. 14851 43€6-00
3.5465346E-00 0.2970297€-00 D.7u257u2€ 03 3.1485148€ 01 0.1435644E O1
) 0 PROTCNS 2 NEUTRONS Qets 11 PID J PI- RATIC OF FORWARD /BACKNWARD C.u612933 O
1.8623690E-34 0.2298851E-00 N. 1436782600 9.1724138E-00 0.2586207E~00
0.%43103456-00 - 9.R620690€ 00 0.8333333e 00 0.1120690E Ot 0.8620690€ CO
2 PRUFONS 2 NEUTRONS GrLe a9 pi0 Opt- RATIO UF FORWARD /BACKWARD 0.195C00CE 02
. 0.2439020E-00 o. o. C-
0.24390G24E-00 0.3658537€-00 0.8536585€. 00 C.1951219E O 0.1361463E O
{ PROTCNS 3 NEUTRONS O PI+ @ P10 0 PI- ' RATIC OF FGRWARD /8ACKWARG ~  C.34CCOOCE 02
. 0. g. . 1428571 E-00 a.
0.2857143C-00 0.1428571E-00 0.5714286€ 0C 0.185T143E

o] 0.2000000€ O1



5.

Analysis Code I: Excitation-Energy Distributions of Residual Nuclei
This example gives the excitation-energy distributions of the residual nuclel resulting from the cascade. The distributions are expressed as

the fraction of all events leaving the nucleus with excitation energy in a particular energy interval divided by that energy interval. Again,
the excitation-energy distributions are given for the "TOTAL CASCATE" and for the events in which only particular combinations of the emitted
particles occur. These particular combinations of emitted particles are the same as those defined on the preceding two pages. The # sign

is to be interpreted as an = sign. '

The two lines immediately below the title specify the AE intervals for all the histograms. The DEA value refers to the interval for the
total-cascade histogram, the DEB value to the intervel for the histogram for the cambination of one proton, zero neutron, zero n+, Zero no, and
zero n, the DEC value to the interval for the next ccambination of particles shown on the page, and so forth. For each sep&rate Bistogra.m, the
AE interval remains constant. In the examples shown here, the intervals are the same for all the histograms; that 1is, they are all equal to
21 Mev. However, this is by choice and they need not be the same. .

The notation "(SUM OVER HISTOGRAM)x(DEX)"™ end the numbers following this notation are related to the range of the excitation-energy spectrum
over which the histogram is being constructed and how many times excitation energies occur beyond this range. The code is set up so that the AE
interval for each histogram is selected as an input number. A histogram is constructed for ten AE intervals, and so the range of the histogram
is from O to 10 x AE. If, for example, one is interested in the excitation-energy distribution toward the low-energy end of the spectrum only,
one could specify a small AE and obtain a histogram f£ram 0 to 10 x 4 » but the range for that histogram would be much smaller than the range of
available excitation-energy values. The number immediately following the notation "(SUM OVER HISTOGRAM)x(DEX)" represents the fraction of the
entire excitation-energy spectrum that is being examined. If the number is 1, the range of the histogram that was selected by specifying the
AE covers the entire range of possible excitation-energy values. If the number is less than 1, excitation energies may occur beyond the range
of the histogram. The extent to which this happens is given by the number precgding the notation "OFL." This number specifies the number of
"overflows," which is the number of times that excitation energles occur beyond the range specified by 10 x AE. If the "SUM OVER HISTOGRAM x (mEX)"
is 1, there should always be a zero overflow.

The 10 entries for each of the histograms are values for the 10 energy intervals in successive order. That is, under "TOTAL CASCADE" the
first entry (0.2010472E-0l) is the value for the energy interval 0 - 21 Mev, the second entry (0.1165TTTE-Ol) is the value for the interval
21 - k2 Mev, the third entry for the interval 42 - 63 Mev, and so forth. In this example corrési:onding entries for the other histograms are
for the same energy intervals, but only because in this case the widths of ‘the energy intervals designated for each histogram are equal.

*
»n
8

[



NEUT ON AL INC. K.Eo (MEV) IS 200.0 A IS 27. L 1is 13. 2500 INC. HISTORIES 1.6 MEV .CUTOFE EN.

_ _EXCITATION ENERGY DISTRIBUTION CF THE CASCADE RESICUAL NUCLEUS (FRACTION PER UNIT EN.) (DE#DELYA E{(MEV))

OEA_IS__G.21C000UE 02 _ DEB IS __0.2100000€E 02 DEC (S 0.2100C00€ 02 DED_IS 0.2100000€ Q2 OEE IS 0.2100000E_02

DEF IS C.2100C0O0E G2 © DEG IS - 0.2100000E G2 OEH IS 0.2:00COCE 02 DE! IS C.2tC0O000E 02 DEJ IS 0.210000D€ 02

TOYAL CASZADE {SUM OVER HISTOGRAM)X(DEA) 0. 1000000E Q1 0 OFL

T g 2Ci 06 T2E-C) 0.1165777E-01 - 0.7854179E-02 0.3852993€-02 0. 222288IE—02 T
.. .. ... . D.I136139E-02 _ _  0.5927682E-03 0.1481921€-03 . 0.4939T7356-04 0. .
T PROTCNS G NCUTRONS O PI+ O Pi0 O PI- {SUM OVER HISTUGRAM)XI(DEB) 0. 100000CE O1 0 OFL
.. ... B.2187902e~-0r _ ____ __0.9415704E=0v__ _D0.9009009€-02 ___ D0.2574003€-02_ = O.  __. . _ .
. o. 0. o. - o.
0 PROTCNS | NEUTRONS 0 PI+ QO PID 0 Pi- (SyM OVER HISTOGRAMIX{DEC) 0.1 0000T0E Ot o oFL
0.2168788E-11 0.1461575E-0} 0.8958039€-02 0.4718757E-03 0.9429514E-03
e e, e e o . B.BTILTSTE-D3 0. _C.8716757€-03 0. _
| PROTCNS | NEUTRONS .0 P+ @ PID O PI- (SUM OVER HISTOGRAMIX(DED) T T Thiooogooe 01T T 0oL T
0.3020768E-C1 0.9859450E~02 : 0.4615062€-02 0. 1468429E-02 0.8391022€-03
D.20977556-03 G.419551 1E-03 i . - g.
2 PRUTONS __C NEUTRONS 0 PI+ O PID__ O P{- _ _(SUM OVER HISTOGRAMIX{OEE} _ __ _C.100000CE O) 9 oFL
I.T682036€-01 0.1877832€-01 0.656R1LE-02 0. 32840728-02 0.328450726-02'
0. 16423365-02 0. . 0.16820365-02 a. 0.
2 PROICNS ) "NEUTRONS 0 v+ O Pig 0 PI- {SUM OVER HISTOGRAM)X{DEF) TTTCJioco0ode G T 0 OFL
a.uzsslsss a1 0.1691729€-01  __ _ 0.68922316-02_ _ ___ _ _0.5C12531€-02 _ . _ _ 0.31328326-02
J.12581336-02 0.1879499€-02 a. a. ag.
} PROTCNS 2 NEUTRONS O F_’jg__ N P10 0PI~ _ (SUM OVER HlSTOGKA_ }XICEG) _ __ C€.iQCCOCDE O1 0 OFL
0.1225887E=01 . 0.160301 7E=O1 G.10868394E-31 0.56577C9e~C2 0. 18859036-02
Q.u?yursS7E-03_ . U._ . . Q.a7iu?S7E-G3 0 €. .. . ... _._.8. |
0 PROTCNS 2 NEUTRONS O Ple C P13 0 PI- (SUM OVER HISTOGRAMIX(DEH) - 0. 1000000E 01 0 OFL
G.33388G7€~3) 0.76628356-02  0.301C00E-02  _ 0.1368363E-C2 C. 1094869 1€-02
0. 54T3454E-03 0.5u73u54E-N3 c. ' g. g.
2 PRUOTCNS 2 NEUTRONS C Pls 0 PId 0 Pl- (SUM OVER HISTOGRAMIX(OEL) ) ) C. 1 OCCOOQCE 01 0 _OFL
0.6645761E-02 0.127/584E-01 G.1626016E-01 0.6966651E-02 0.4665761E-02
0.2522880€-02 a. . S S 1 I
| PROTCNS 3 NEUTRONS O PI+ O PIO O PI-  {SUM OVER HISTOGRAMIXtDEJ)  0.1000000€.0¢ ~ ~ 0O oFL
0.27213886=02 0.6802721E-02 0.2040816E-31 0.1088435E=01 0.4081633E-02

3.27210888-02 2. a. 0. 0.

€T



Analysis Code I: Description of Momentum-Distribution Histograms

The facing page contains a brief description of three momentum-distribution histograms which
follow.

#T



DESCRIPYION OF THE FOLLOWING MOMENTUM DISTRIBY TIONS

THE FIRST GROUP OF NUMBERS BELOW THE TITLES SPECIFY THE MIDPOINTS OF THE MOMENTUM INTERVALS.

THE MCMENTUM IS_THE NUMBER_ INCICATED (MEV/C).

THE SUBSEQUENT GRCUPS CF NUMBERS ARE THE FRACTION OF THE TOTAL IN EACK INTERVAL DIVIDED BY DELTA 6,

ot



Analysis Code I: Momentum Distributions of Residual Nuclei

The distribution of the magnitude of the momentum of the cascade residual nucleus is given on the
facing page.- The first set of numbers below the title refers to the midpoints of the momentum inter-
vals, in units of Mev/c, for which the distributions have been calculated. For example, the midpoint
of the first interval occurs at 0.3225019E 02 Mev/c (i.e., at 32.25 Mev/c), with the total width of
the interval being twice that value. The midpoint of the second interval is 0.9675056E 02 Mev/c, and
SO on.

-The heading "TOTAL CASCADE" means, as before, that the numerical entries on the next two lines
refer to the residual nucleus for all combinations'of the emitted cascade particles. The headings be-
low "TOTAL CASCADE," also as before, specify the particular particle combinations to which the numeri-
cal entries belbw the headings apply. The entries themselves represent the fraction of events which
occur in each momentum interval divided by the width of the interval. Each entry is aligned to fall
in the same coluﬁn with the entry whichvspecifies the.midPOint of the momentum interval to which it
applies. For examplé, in the histogram headed "1 PROTONS 1 NEUTRONS O PI+ O PIO O PI-," the third
entry in the first line (0.2936840E-02) applies to the momentum interval whose midpoint is 0.1612509E 03,
as indicated in the third entry in the first line in the first set of numbers on the page.

On the same line with each histogram heading is the notation "(SUM OVER HISTOGRAM) (DELTA P)."
This notation and the numbers following have the same meaning as those pertaining to the excitation-
energy distributibns described previously, except, of course, that here they refer instead to momentum
distributions. Also, the user has no choice in selecting the ranges of mcomentun distributions, since
they are estimated in the code and therefore will not be large enough in some cases. The notations and

corresponding numbers here are meant to show how much of the entire distribution is represented.



“NEUT  ON AL INC. K.E. (MEV) IS 200.C A IS 27. Z IS 13, 2500 INC. HISTORIES

1.6 MEV CUTOFF EN.

. 0.32250)9e 02

0.9675056€ 02 0.1612509€ 03 0.2257515€E 03  0.29C25176 G3  0.35u7S21€ 03

THE MOMENTUM OISTRIBUTION OF THE CASCADE RESIDUAL NUCLEUS

C.4837528€ 03 0.5482532e 03 0.6127536€ 03 G.6772539€ 03 0.7417542E 03

a
0.806256T€E

__0.4192528€ O3 _
43 0.8707550€ 03

TOTAL CASCADE {SUM OVER_HISTOGRAM)IDELTA P} C.1000000E 01 . _ 0 OFL

0.561C886E-03  D.28L66u9C~02  0.20L068FE-02  0.2692829E-02  0.2225508E-C2  C.16565256-02
D.1608276E-04_  D.1608276E-04

G.611tuSOE=-03  0.432u329€-33  D.19299326-03

0. 184 74L9E-03 __ G.3216553E-04

‘0.9u888316-03

PROTONS € NEUTRONS g Pl+ 3 PIO g PI- (SUM OVER -HISTOGRAM){DELTA P) . C.i10cococe o

0 OFL

!
o. 0.62853165-02  0.2933149€-02 __C.2095106E-02 _ 0.2514127E=-CG2_ 0.4190212€-03 _ 0._ _ o

G. . . 0.12570646-02 Q. a. a. a. 0.

0 PROFCNS | NFUTRONS O Pi®_ C PIO G PI=- {SUM OVER MISTOGRAM)(DELTA P) C.100000CE 01 0 _oFL

0.3C70056E€-03 0.2456045€-02 0.3684C68E-02 0.3223557€-02 0.307C056E-C2 C.1074520€-02

0.16G5:85E-33 5.4605065€E-03 Q3.

. L.15350286-03 _ 0.

g.614C13E-03

1 PROTCNS 1 WELTRONS C Ple 0 P13 0 P[~  {SyN GVER WISTOGRAM)ICELTA p)” " 7 C.10000OCE O OFL
0.15123616-22  Q.uSO28V3E-02  (0.27368u06-C2  0.2595347E~-02  Q.1T0T65E-C2  CG.IC24479E-C2  0.4097917E-03
C.3416931E-03 0. 1365972E-03 0.13659726-63 0. - o. 0. o.
2 PRUFCNS  C NEUTROIS 0 PI+ O PIJ O PI-  (SUM OVER HISTOGRAMI(DELTA_P) _ _ C.100000CE 01 0 oFL .
0.53661336-0035  D.1603840E6-02  0.2673G66E-02 1. 1603E606-02  0.20128u53E-C2 €. 3207680E-02  0.53u6133£-03
C.1069226E-02  J.5346133€-03  0.53461335-C3  §.53u6133E-C2  0.53461336-03 0. .
2 PROTCNS | NELTRONS 3 PI+ 0 PIZ 2 PI-  (SUM OVER HISTOGRAM)(DELTA P) ~ ~ C.i0OCCOOCE O1 U CFL
C.61179156=-33  0.1224943E-72  0.28559666-N2  3.30599582-02 _ _0.32639556-C2 0.142798D3E-02 0. 1019986E-02
C.315938TE-0% D.61129156-03  0.u079943£-03 0. 0.20297728-C5 O, 0.
I PROTCNS 2 NEUTAaCNS C #1+ neic oer- CLsum 6VER HISTOGRAM)[LELTA P) :- €.100C000E 01 . 0 OFL .
3.921C1698-32 0. (1535024E-02  5.2670548E-02 ~ 0.2609543E-02  0.1995537€-C2 ~ G.2609548E~C2  O.1842034-02
J.T6T5181E-08  J.3070USAE-D3  D.153502RE-0S 0, 1535328E-33 4. a. 2.
0 PRATCNS 2 MEUTROMNS @ PI+ @ PIC 4 Pi- (SUM OVER HISTOGRAM)(CELTA P) T.100CJ0CE Ol 0 OFL
0.1605380E-32  C.40C36226-02  [.3564388E-02  0.20u9351E-02 0. 18711466-C2 - C.62371556-03  0.53u6133E-03
2.2673066E-23 1.8919221€-04 Q. a. a. U a.
2 _PRYICNS 2 _NEULTRONS C Pl+ o PID g pi- {SUM OVER HISTOGRAM}(DELTA P) C.1000000€E Q1 0 OFL

0.37818101E-33 S.1512568E-72 0.22638u7€-02 J.225RE6TE-C2 T.112u423E-C2 C.3025129€-C2

0.1133423E-02

0.18907025E6-02  (.7562822E-02  0.37RI11E-03  0.3781411E-33 Q. 2. 0.3781411€-03
| PRUTCNS 3 MEUTRONS 0 PI+ 0 pIC  J PI- {SUM OVER HISTOGRAM)(DELTA P} =~ (.100CCOCE QI 0 CFL
0. 0.44296538-C3  0.2214326C-C2  0.2214826E-02  0.26577926-C2  0.398668BE-02  0.8859306E-03
J.132BA%6E-02 0. 1323896E-02 0.u4u29653€E-03 0. 0. 0. 0.

LT



Analysis Code I: Perpendicular-Momentum Distributions of Residual Nuclei

This example is for the component of the momentum of the residual nucleus resulting from the cas- 5
cade that is perpendicular to the direction of the incident particles. Its format is the same as that

for the example on the preceding page.



NEUT  ON AL INC. KJE. (MEV) IS 200.0 A-(S 27, L IS 13, 2500 INC. HISTORIES

1.6 MEV CUTOFF EN.

THE PERPENDICULAR MOMENTUM DISTRIBUTION OF THE CASCADE RESICUAL NUCLEUS
D.45225019E G2 0.96750555 N2 0.1612509E 03 3.2257513E C3  0.29C2S17€ G3  C.3547521€ 03

C.ud37528E 23 0.5482532€ 03 0.6127536c 03 0.6772539€ 03 C.7Tu175u3€ 03 C.80625L47E 03

0.4192524E 03

0.8707550€ 03

TOTAL CASCADE {SUM OVER HISTOGRAM) (DELTA P) 0. 1000000E 01 a oFL
0.22159186-1 D.3763367€-02  0.35342918-02  1.26375736-02  0.18012706-C2 C.8523865E-03  D.4181519E-03
. 0.128602HE-03  U.32165536-04 0. oo, T B 0. 0.
| PROTCNG L MEUTRONS 0PI+ 3 PIG 79 PI- {SuM OVER RISTOGRAM)(DELTA P) C.ICCCOOCE Of 0 CFL
0.41902126-13 0.7123361E-02 0.2075106€~-32  J.2514127E-02 0.2095106€E~C2 @, £.1257064E-02
: 0. hR S, a. 2. o. .
0 PROTONS 1 NZLTRONS U Pf+ 3 P13 N P[- (SUM OVER HISTOGRAMI{DELTA P) L. 130000CE 0 CFL
J.utL50A5E-23 D, 2763C51E-92  3.3991073e-02  1.38375716-62  $.2609548E-02  C.IG74520e-C2  C.614C113E-03
e 1535028E-035 U, a. . a. u, a. . .
| PROTCNS 1 NCUTROWS 3 P1+ 3 P13 3 P~ (SUM OVER HISTOCRAM)(DELTa P) C.100GOIcE M U OFL
0.3617826E-22 S LTI2HCUE-T2  3.2868542E-02  3,2522153E~C2 D, 1444271E-G2  0.3414931€-03  0.204A8958E-03
3. . 0. 0. 0. C. 0.
2 PROTONS I NCUTRONS G PRI+ G PID 3 Pi- {SUVM OVER HISTOGRAM) {TELTA P} 3.10CCN0GE 01 D OFL
U.2135453E-02  D.3200687E-02  $.21444530-02  0.53u6144C-03 0.3207620E~-C2  C.32076A0E-02  0.53461336-03
C.53461336-24 0. 0. DR 0. a. .
2 PRUTCNS NELTROMS Heis o PLIS 5 Pi- (5UM OVER HISTUGRANIIDELTA P) C, 1 OGTCOLE 01 0 OFL
D 1E3NVCIE-02  0.285596UE-02  $.42237606-02  2.3357754E-02 0.22439676-02  C.uCT99u3E~03  C.6119915E-03
. CouIT9MSE-TS . 3. I, 0. C. .
I PRUTLHS 3 Pi+ U PIU T PI- (53U OVER HISTOCRAMI(DELTA P) C.100CGCOCE M1 OFL
JoleRaS 41k HO55E-72  D.48515328-03 I.3T7I055E-02 G.197553TE~C2  C.6140H13E-C3 0.u605085E-03
a. - a. S. - 2. 0.
"oy T 213 3 Pi- T U3UF OVER HISTOGRAMI(DELTA P) <. 100SO0UE 01 0 CFL
L2167 2.48$15756-02 J.25uR3540-02  0.891C221€-03  C.3564C3BE-T3  C.1782044E-03
HR 3. . . J. 0. :
2 PROTONY. _2 NELTRONS _ G Pfe 9 P31 Pl~- {(SUF OVER HISTOCRAM)(CELTA P} C.10C0COLE D1 2 oFL
3.2282RuTT-02  G,22hAB4TE~-"2  0.22b3aNTE-02  J.3u032708-02  0.2286EE8TE-C2 .22688uTE-C2 .
G.3741u11E-023 3.3731u11E-03 d. a. a. g. a.
I PRUTCHNS 3 NELIRGRS 2 Ple U ©10 3 PI- (SUM OVER RISTOGRAMI(DELTA P) -  C,10CCNOCE 01 9 OFL
3.1324356E-12  .2657792E-U2° 0.4u276536-02  3,3100757E-G2  0.177TI361E-C2 0.17718616-02 G.4429653E~-03
3. 3. 3. 3. 0: 0. 0.

6T



Analysis Code I:' Parallel (and Antiparallél) Momentum Distributions of Residual Nucleil
The examples on the facing page and on page 23 show the distribution of the component of momentum

_ of the residual nucleus resulting fram the cascade that is pérallel (or antiparallel) to the incident-
particle direction. The numbers on the four lines immediately below the title refer to the midpoints
of the momentum intervals and are in units of MeV/c. The plus and minus signs preceding these numbers
indicate that the compénents of mamentum are parallel or antiparallel to the incident-particle direction,
respectively. '

~ Here agéin the distributions are given for the total cascade and for the combinations of emitted
cascade particles used previously. The numerical entries for the histograms represent the fraction of
events which occurs in each momentum interval divided by the momentum interval. As before, the mid-
points of the momentum intervals in which the various histogram entries fall are indicated'in a corre-
sponding position in the first set .of numbers on the page, the only'difﬁerehce being that here each
set of numbers covers.four lines instead of two lines. As a result, the line on which the entry falls
as well as the column in which it falls :must be considered. For example, the first nonzero ehtry under
"TOTAL CASCADE" is 0.4824829E-O4. Since it appearé on the second line of the histogram, it falls within
the interval whose midpoint is indicated on the second line of the same column in the first set of

numbers on-the page; that is, it falls within the interval whose midpoint is -0.1612509E 03 (~l61.25

The notation "(SUM
momentum distributions. The notation "UFL," indicating "underflow," refers to the number of events

OVER HISTOGRAM)(DELTA P)" and "OFL" have the same meaning as in the previous
that occur whose momenta_lie below the range of values specified.

(continued on page 22)

0c



NEUT  ON AL INC. K.E. (MEy) IS 200.0 A (S 27. 'z 1S 13. 2500 INC. HISTORIES 1.6 MEV CUTOFF EN.

THE _PARALLEL MOMENTUM OISTRIBUTION OF THE CASCADE RESIDUAL NUCLEUS

-0.8707550E D3__-0.8062547E 03 ~0.74175u3€ 03 ~0.6772539€ 03 ~0.6127536E 03 -0.5u82532E 03 -0.4837528€ 03

-D.4192524€ 03 -0.3547521€ 03 -0.2902517€ 03 -0.2257513€E 03 -0.1612509€ 03 -0.9675056E 02 -0.3225019€ 02
0.32250198 02 0.9675056€ 02 0.1612509€ 03 0.2257513€ 03 0.29C2517€ C3 0.3547521E C3 0.4192524E€ 03

0.4837528€ I3 0.5482532€ 03 0.6127536€ 03 0.6772539E 33 0.741.7543€ 03 0.8062547E 03 0.8707550€ 03

_ . TOTAL CASCADE _ _ _ _ (SUM QVER_HISTOGRAM){DELTA P} 0.)C0000CE Of _ _Q OFL __ O UFL

a. 3. 0. 0. 0. o. o.
C. a. 0. 0.4824829E-04 - 0.209G759E-03  0.1318787E~02

0.36990360-02  0.32969676-02  0.22676706-02  0.1913849E-02  0.96496596-03  O.78805556-03  0.4503 (7LE-03
0.2734C70€-03  9.1125793E-03_ 0.6433106F-04 __0.6533106E~06_ 0.3216553E-0

I_PRUTCNS € NEUTRONS 0 PI+ O PID O PI- {SUM OVER HISTOGRAK){DELTA P)
0. 0. 0. 0. D.

S

. 3. 0. 0. a.
0.75423828<02 _0.2933149E-02__ 0.3352170€-02__ 0.4190212E-03 _0.4190212E-03

G. J. : a. 0. 0.
0 PROTCNS | NEUTRONS € Pl g pPld g eL- (SUM OVER HISTOGRAM)(LELTA P) G.100GOOCE 04 B OFL 0 UFL
o. : o. a. o. 0. a. o.
. 0. R 14 . . 8. Q. __.0. e Qe 8.
0.6293616-02 3.5065593€-G2 0.23025u2E-02 C.7675141E-03 0.46C5085e-C3 0.3070056€E-03 a.
0.3070056€-DN3_ 0. . e DB Qe o 0e o Oe
t PROTCNS 1 MEUTRONS 0 PL+ 0 PID nei- [SUM OVER HISTOGRAM)(DELTA P) 0.1000000e 0OV 0 OFL 0 UFL
a. . . G. 9. Q. Q. ' ’

oo Qe 0.
D.13659726~03  0.3u14931€-03  0.21172576-02

d. . a. a.
0.491/5C06-02  0.36194268-02 | 0.1912361€-02_ 0.143u2716~02 0.4097917E~C3  C.1365972E-03 . 0.27319%ue-03
0.1365772C-03  0.6829861E-34 0. a. . o. ] s PR -
2 PROTONS G NEUTRONS _ G PI+_ _0 PIC _ O PI- __(SUM_OVER HISTOGRAM)(LELTA Py G.10GOOOQE.Q! O OFL _ O YFL_
T, 3. 0. g. : a. 0. - 0. oo

C. o« . 0. a. a. o 0e B
0.32C76306-02 0.53u61335-02 0.16038406-02 0.1069226E-02 0.1603840E-C2 0.53456133E-03 0.9069‘2265-0_2

G. 0.5346133E-03 0O, 0.5346133E-03 0, 0. 0.
2 PRUTONS | NEUTRONS O PI+ O PIO° ‘0 pr- ~  (SUR OVER HISTOGRAMI(DELTA P)  C.i00OnECE &1 "~ ~ "8 cFiL™ " "0 uel”
g. 0. o. D..

.. o. .
J. d. C. .. . . 0.2939972€E-03 0.61199156-03
0.1631977E-C2 C.36719u49E-02 0.3059958€-02 0.38759u6E-C2 0.8159887E-C3 C.41199156-03  8.2039972€e-03

G.4079943e-23 0.2039972e-03 g. o. . 0.2039972e-03 0. a.

i



Analysis Code I: Parallel (and Antiparallel) Momentum Distributions (cont.)

‘The parallel-momentum distributions of the residual nucleus are sometime given over two pages of

output, as in the example on the facing page and the'preceding page. The numbers giving the midpoints

of the momentum intervals and the entries for the total cascade histogram are the same, but the com-
binations of particles are different.

cc



1.6 PEV CUTOFF EN,

NEUT  ON AL INC. K. E. (MEV) IS 208.0 A 1S 27. Z IS 13, 253C INC. HISTCRIES
THE PARALLEL MOMENTUM DISTRIBUTION OF THE CASCADE RESIDUAL NUCLEUS
-0.870/550€ 03 -0.EN%25487E 03 -0.7417S83E 03 -0.6772539€ 03 -0.6127536E (3 ~0.5482532E D3 -0.4837528 03
~C.4192524E 03 -0.3547521E ©3 -0.2902517¢ 03 -0.2257513€ G3 -C.1612509€ 03 -0.9675056€ 02 - -0.3225019E C2
0.2225019€ 02 0.967SC56E 02 3.1612509€ 03  0.2257S13E 03  0.2902517¢ 3  0.3547521€ 03  C.4192524€ 03

C.un37528€ 04

0.5482532€ 03

0.6127536€ 03

0.6772539€ 03

0.74t7543€ O3 N.8062547€ 03

0.8707550€ 03

TOTAL CAS™ADE __ _ISUM OVER HISTOGRAM}(DELTA P)__  0.1COOOCCE Oy . 0 OFL 0 UFL
0. 1. a. . 3. . a. 0.
d. 3. a. 3. D.4824829E-0y _ 0.2093759€-03  0.1318787€-02
0.32697336E-17 0.3276967E-02 0.2267670C-02 0.1913E49E-02  0.96496596-C3  C.78805556-C3  0.4503174E-03
0.273LL73€-08  0.1125/93€6-03  0.645331068-04  0.6533106E-0s  3,3216553E-04 . 0.
| PROTCNS 2 NELTROMS G pI+ 2 PIC 0 Pl- {SUM OVER HISTUSRAM)(DELTA P) L.100CCO0E M 0 OFL g uFL
g. 3. u.. 5. . 0. . - 0.
<. a. 3. a. 0.1535028€E-03  0.61401136-C3  0.13815256-02
3.19955376-32  0.13°15256-02  D.3223559E-32  1.28560856-02 0.16885316-02 0.1535028E-02  C.6149113E-03

&)

0. 3772C256E-03

PRUTQNS 2 NEUTROMNS 5

0.15351028£-23

21+ cpePrg

0.

9 P~

c.

(SUM OVER HISTCGRAMI{CELTA P}

a. 0.

Z.10C000CE Q) 9 OFL 0 UFL

U 7. d. 3. a. g. 0.
Z. Ga . . L 3. . . 0.1 782084E-03 0.2583964E-02
0,454313152-T2 D.u2760058-32 D.12%7u31E-02 J.18711nb6E-D2 J.356u588E-C3 C.8210221€-0u 0.2673066E-C3
a. 3. J. . Qo . c. a.
2 PRCTCNS 2 NEUTRONS J Ple ¢ pId J Pi- {SUM OVER HISIOIC.RA"HDELT!\ ) C.1330000e O J OFL 0 uFL
1. o. 3. . 3. . C. 3.
2. 0. N 0. a. 0.37BI1414E-03  0.3781411E-03
C.22689u75-72 0. 15T2550E-C2 1.3325129€-92 7.1512564€-02 3. 189C7C5E-L2 C.139C7TNSE-C2  D.189C705€-C2
R S. : 0.37314116-93 0.5781u1E-03 a. a. g.
1 PRUTCMS 3 MELTRONS ool CeIc C PI- {3UM OVER HISTCCRAMI(CELTA P) C.ICCCC3RE O 3 OFL 0 ufFL
b J. 3. Jd.. a. . .
C 3. . . G. . D.uu29653E-03
J. 8897 oz C.1328225E-L2 0.35437226~-02 3.3i00/575-02 0.28657772E~C2 S.17713461€-C2 C.8859306£-03

2. uu27693€= 13

J;UhZ?aSSEfﬂi

.

2.

A B 0.

€2



Analysis Code I: Cascade-Particle-Emission Cross Sections

The example on the facing page gives all nonzero values of the cross sections for the emission of
various combinations of emitted cascade particles in which the sum of the total emitted particles is
lesé than or equal to nine. On the output sheet shown on page 9 , fourth line, it was noted that there
wére Zero incidenﬁ-particle collisions in which there were more than nine outgoing particles; therefore,
there are no nonzero cross-section values for the emission of more than nine particles, and the data on
the facing page inciude all the cross-section values for the case of 200-Mev neutrons incident on
aluminum. ‘ ' '

The five-digit entries in columns 1, 3, 5, and T specify the various combinations of emitted cas-
cade particles. For example, in the first entry, 35000, the first digit represents the number of cas-
cade protons emitted, the sécond digit the number of cascadé neutrons, the third the number of n+, the
fourth the number of n©, and the fifth the number of n~. The cross section for this event, éiven in
column 2, is 0.41128555E-00 millibarn (0.41 mb).
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TUNEUT ON AL T TINC. KLUE. (MEVY IS 200.0 A 1S 27.

1S 13, 2500 INC. HISTGRIES

e i e e . . CROSS_SECTIONS (MB) FOR VARIOUS COMBINATIONS OF EMITTED CASCADE PARTICLES = = = .
1ST ~C. IS NO. OF PROTGNS EMITTED 2ND IS NO. OF NEUTRONS  3RD IS NG. OF PI+  GTH 1S NO. OF PID  ~STH IS NC. OF PI-
35006 C.411285556-10 34003  0.82257110E 00 43C0C  G.8225T110E GO 15000 0.12338566E 01
28000 C.u112B555E-20 ' 530007 D.2u677133E 00T T 7T %2000 T D.8225N1108 00 05000 0.%11285556~00
F4C03  £.28739948E .11 23002  C.78Tuu2SHE D1 777320067 TGU37015699E ©1 ®100C7 0.12338566€ 01
04000  G0.20564277€ O1 13000 0.1439899LE (2 22000 0.16862707€ 02 31C0C  0.8636996LE O
LOUBD  2.82257110€ a0 C3053  0.185078898 02 742000 0.u4r53GBu0E L2 21000 50.31257701E 02
30000 T.STS79906E M “pz000 '.'!TI S63685E 02 T wicoo T 9E (2 20090 3.11927281€ 02

T 0IC0L C.u1539H8JE a2 10000 c.:sznlrscss a2 :
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Analysis Code I: Cascade-Particle Energy Spectra for p = 1.00 to 0.95

The facing page and the four pages of output which follow are examples of data for the energy spectra of
the cascade particles emitted within particular angular intervals, the interval being specified by the values
of p, the cosine of the angle measured with resﬁect to the incident-particle direction. In the example on the
facing page, p ranges from 1.00 to 0.95, as indicated in the title. This corresponds to an angular interval
from 0° to 18°12',which is noted parenthetically below the title. On the following four pages of output, the
values of u are 0.95 to 0.90, 0.60 to 0.40, 0.10 to -0.10, and -0.40 to -0.60. '

The energy spectra are given in terms of N(E), which is defined, but incorrectly, in the fourth line on
the page. 'The correct definition is: N(E) is the fraction of the total number of particles of the specified
type that have been emitted in the angular interval'au with energies that lie within AE divided by AuAE.

Values of N(E) are glven for each of the five types of particles being emitted as a function of E. In
each case E specifies the midpoiﬁt of the energy interval, in Mev. The total width of the interval is in-
dicated by the number following the notation "DELTA E(MEV)" above each set of data. Tt will be noted that
the energy spectra given on the facing page and on the following output page have been divided into 10 uni-
form energy intervals, whereas those given on the next three output pages are divided into 20 uniform intervals.

As an aid in reading these data, refer to the table of data headed "PROTONS." The midpoint of the first
NE interval in the histogram is 5.0 Mev, with the interval éovering all energies between O and 10 Mev. The
value of N(E) for protons in this energy interval is 0.244E-00 (0.244k). The midpoint of the second AE in-
terval is 15 Mev, and the interval covers the range 10 to 20 Mev. The N(E) value for the second interval is
0.178E-00, and so forth.

At the bottom of the column an N value is given. As defined near the right-hand top of the page, N is the
sum of the values of N(E) multiplied by Au x AE. In the example shown here, N is equal to 1, which means that
the entire width of the energy range for this particular angular interval has been spanned.
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TNEUT  ON AL INC. K.E. (MEV) IS 200.0 A IS 27, Z 1S 13, 2500 INC. HISTORIES 1.6 MEV. CUTOFF EN..

ENERGY SPECTRA OF CASCADE PARTICLES wITH MU FROM 1.0C TO  0.95
{THETA FROM 0O DEG. O MIN. TO 18 DEG. 12 MIN.)

" NIEY IS (FRACTION OF PARTICLES IN DELTA MU)/{DELTA MU)(DELTA E)

E{MEV) IS CENTER (F INTERVAL N IS (SUM OVER N(E))(DELTA MU)YIDELTA E)

PROTONS . T T OREUTRONS T T PI+ pi0 el T T T
DELYTA E(MEV) 10.0 DELTA EU(MEV) 10.0 DELVTA E(MEV]) 10.0 DELTA E(MEV) 16.0 DELTA E(MEV) 10.0
E(MEV) . NIE), E(MEV)  _ _NIE) . _ E(MEV). _ _ NUE) _______ EAMEV) __ . N(E) __ . _ _EIMEV) _  NCE)

S.C.. 0.2u4g-00 . 5.0 D.a77E-00 _ _ 5.0 _ 0. . _.___508. 0. _ _ s, @ _
15.C  0.178€-00 (5.0  0.145-00 15.0 0. - 15.C_ 0. 15.0 02
25.C O.WME-CI . 25.0 | 0.s84E-DV_ . 25.0 Q. e _25.C . C._ . ___ 25.0 0.
35.0. _ G.AR9E-01 35.0  0.3236-00 . 35.0 . Oe_ . _ .. . 3.0 0. ____ 35.0 . Di_
us5.C Q. 45.3 0. 488E=D1 . 45,0 0. 45, C C. . ' 45.0 0. .
$5.0  0.MGLE-DI . 55.0 O.AMSE=QN___ 55,0 0. .. 55.G__0. ____ . ... 55.0_ 0: _
65.C  3.6889€-0! 65,3 O.t61E-2) __ . _ 65.0 O, __  _  _ ______65C_ C. ____ .. 65.0 D0:
75.C 0.222E~01 75.0 0.161E~0} 75.0 d. 75.C O i} 75.0 0.
85.3  0.6676-01 85.0 _0.461€=01_ .- 85.0_ 0. _ ____ __ 85.6 0. __ _ ___ 85.0 0.
2%.0 9. 95.0_ 0.4BME-GI _ ____ 95.0. 0. _ _ _ 95.C . Oa__ . 95.0_ DOi
185.C __0.222E-01 105.3__ 0.161€-04 105.0 0. 105.C 0. 105.0 0.
(15.3  2.2226-Q1 (15.0  0.323¢-81  _  115.0 Q. _ 115.0° O. 5.8 0
125.0 D uuLE-CI 125.0  D.sAsE-Q1  125.0 C. . _125.C G " 125.0 0.
135.C D.667E~-01 135.3 g.161E-011 135.0 a. 135.C G. 135.0 0.
1u5.C J.667€-C1 - 145.0 £.96RE-0t _ __jus.Cc _ C. . _tus5.C C. 185.0 O. _
155.C  C.6676~01 155.3  9.177E-33  _ 155.0 __ C.. _ . 185.C  C. ' 155.0  O.
t65.C 0.156E-00 165.3 0.806E-01 165.0 C. 165.C C. lbs.ﬂ . 0.
175.0  3.267€-00 175.0  0.2u26-00 175.3  C. 175.6 O, 175.0 O,
185.C  0.2u4E-00  _ 185.0 _ 0.371€=00__ __185.0_ O. .. ___ 185.C _Ce . 185.0 0.
195. 0 0.267E-90 195.3 0.306E-00 195.0 Q. 195.0 . 0. 195.0 .

N 1S 1.300e o8 70 7 N 1s i.CODE D9 N TS T, ’ NIS C. TTNTS o
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Analysis Code I: Cascade-Particle Energy Spectra fbr )

0.95 to 0.90

See page 26 for.description of faging page.
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TUREUT T ON AL INC. K.E. (MEV) IS 200.0 . A IS 27. Z [s 13. 2500 INC. HISTORIES 1.6 HEV CUTOFF EN.

___ ENERGY SPEGCTRA OF CASCADE PARTICLES WITH MU FROM 0.95 Y0 0.90

{THEYA FROM 18 DEG. 12 MIN. TO 25 DEG. 51 MIN.)

“TNIEY 1S (FRACTION OF PARTICLES IN DELVA MU)/{DELTA MU) (DELTA E)

E(MEV] 1S CENTCR OF INTERVAL - N IS (SUM OVER N(EJ)(DELTA MUJIDELTA E)

PROYONS i NEU_IRONS._—'__-‘Mh';—Mk ‘...‘_51—-:_ T -__—-—‘j;ib_- T ) - ﬁl- T
DELTA E(MEV) 20.0  DELTA E(MEV) 20,0 BELTA E(MEV) 20.0 _ QELTA E(MEV) 20.0  DELTA E(MEV) ~ 20.0
E(NEV) NLE) EIMEV) | NUE) . E(MEV) _____ N(E) ____ EIMEV) _ N(E} - _ _ E(MEV) . NIE)
16,0 3.298€-30 10.0  0.147€-00 ..\e.8 G, .. . _10.0__ 0. .. 13%.0 0.
30.0 0.137€-01 30.0  0.u41E-]1 3.0 0. n.c_ 0. 30.0 0:
53.5  0.5486-01 . 53.0 0.2216-0) . ._50.0. 0.  __ . 53.0 O. . 0.0 0:
75.0 0.6858-01 70.0  4.505€=1§ . __70.0 0. . ) 73.0 Q. . 70.a o.
92,8 J.411E=10 90.0 _ 0.$88€-3) 90.0 0. 91.0 0. ' 90.0 s
11IC.L , 0.27uE-0I 110.0  0.588E-31 - __+im.0 0.  Tii.o s 110.0 0.
133.0 3.822€-]1 130.9  0.9568-31 _130.0 0. ... 13.0 o. 130.0 ° Ds
150,68 0.1926-00 150.0  0.213E-10 150.0  @. 150.0__ 0. 150.0 0.
173.0 1.2196-02 179.0 0.206E-37 70,0 @. __113.0_ Q.. (0.0 o
192.56 0. 137E-01 190.0  0.103E-03 _ iec.o Z. . 198.C_ Q. 190.0 0.
215.6 9. 210.0 0. 218.0 0. 213.0 G, 210.9 0,
23c.c 0. 236.0 B. " 230.0 O, ~.230.c - 0. C2su.0 0.
2%0.0 O, 250.0  O. 250.0 0. . 2585.0 O 250.0  o:
27C.0 o, 2713.0__ 0. 210.C_ C. 270.Cc_ O. 210.0_0:
29z.¢ N 29c.0 0. ’ 290.3 0. 290.G €. 290.0 a:
s a. 30,0 o, 31a.2 2. 315.¢ 0. 310.0 0.
332.C 7. 530.9 Q. 331.0 a. 330.¢ 6. 330.0  0:
3sC.Cc 2. ' 350.0 0. 350.0 0. iso.c 0. ~ 350.0 O:
sTc.L 0. 370.0 0. _ _31M.0 " Q. ________ __AM.G_ C. . 310.0  0:
00,0 0. 390.0 0. 390.C 0. 190.0  ¢C. 9c.0 .
N 1S I.OUUE. jsis] N IS U-IDUE Ul‘w o ""N“_l-s-__ ﬁ. T _.l‘rifgw U‘. T I ' s 3
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Analysis Code I: Cascade-Particle Energy Spectra for p = 0.60 to 0.40

See page 26 for description of facing page.
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NEUT ~ ON aL

"INC, KJE, (MEV) IS

200.0

2500 INC. HISTORIES 1.6 MEV CUTGFF EN.

ENERGY SPECTRA_GF_CASCADE PARTICLES WITH MU FROM 0.6C TQ 0,40

(THETA FROM

N(E) IS (FRACTION OF PARTICLES IN DELTA MU}/ (DELTA M) {DELTA E)

66 DEG. 25 MIN.)

E{MEY) IS CENTER OF I[NTERVAL

N IS {SUM OVER N{E)})(DELTA MY)(DELTA E)

PROTONS T UNGUTHONS T P10 Rt T
DELTA E(MEV) 20.0  DELTA E(MEV) 20.0 20.0 DELTA E(MEV) 20.0  DELTA E{MEV) 20.0
TE(MEVY  C NLE) E(MEV) _ __ N(E) E(:{;_v_p____m_sg___;_”_g(__eyz C___NtE)_
1.0 3.997e-2 19.9  0.8306-11 120 0. _ 19.0 _ 0.
30,0 7.456€-0) 3.0 0.826€- 33.0 Q. : 30.0 0. iy
SU.0 - J.uSSE-I1 53.3 . 0.340€-31 _ _S3.0_ O.. _ 50,0 0 0s . =
73,0 G.2878-N) 0.0 0.uuTE-D) i __.10.0__ 0. . 70.0 0.
90.G  3.186€-31 95.0  0.2B7E-01 93.0  'a. 90.0 0:
1130 D.6T6E-02 110,03 D.106E-M L _.113.9__0._ . 119.0 _ 0.
133.3  3.338g-32 153.0  0.532€-12 ..133.0 8. .. 130.0 00 |
150.0 G.1696-u2 150.0 _ 0.106E-02 156.0_ 0. 150.0  0:
V7C.0 - 3. 175.2 . 0. ———_i_M9.w_ 0. _ _ . .__170.8 0. _
19.0 2. 19G.0_ 0. __l_?_:l_._ﬂqu.“__: ____ _190.0 0:
<15 1.500¢ 90 N 15 1.000E GO N TS o- N 1s 0.



Analysis Code I: Cascade-Particle Energy Spectra for u = 0.10 to -0.10

See page 26 for description of facing page.
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NEUT T~ TON AL INC. K.E. (MEV) IS 200.0 & Is 27, ~Z IS 13. 2500 INC. HISTORIES 1.6 MEV COTOFF EN.

____ENERGY SPECTRA OF CASCADE PARTICLES_ WITH MU FROM 0.10 TO0 -0.10
(THETA FROM. B4 DEG. 16 MIN. TO 95 DEG. U4 WIN.)

TTNUEY IS (FRACTION OF PARTICLES [N DELTA KU}/(DELTA MU) (DELTA E)

E(HEV)_ 1S CENTER QF INTERvVAL . N IS (SUM OVER N(E))(DELTA MU)I{DELTA E)
PROTOMS "7 NEUTRGNS TR LT . pPT=" ’
D)ELIA E(MEV) 49.0 DELVYA E(MEV) LC.0O DELTA E(MEV) - 40.C DELTA E(MEV) 40.0 DELTA E{(MEV]) 0.0
E(MEV) N(E) E(NEV)  N(E), _ _ _ EIMEV) __ NIE) E(MEV) _ __ NUE)__ E(NEV) _NGE)
20.0  0.107E-00 _ _  20.0 0.1086-00___ . 20,0 0. _ ’ 0.0 . . _____ 20,0 _0s
63.9  1.149€-M 60.0  0.168€=01 0.0 C. 60.0 0. . 60.0  0:
10L.3  0.298E-02 00,0 O. - 4008 _ Q. _ . i00.G_ 0.  _ _109.0 @
180.0 0. .. _ 480.0 0. _ _ . ____ 180.0__ 0. __ _ _ ____-is0.0_ 0. . .. 10,0 0.
1A0.0 0. 180.0 0. 180.0 0. i80.0 Q. 180.0 _0:
2230 0. 220.0  G. o 220.0__ 0. ___  __223.0__ 0. ____ ____ 220.0 O©.
‘266.9 0. ) 26U0.0 0. . . s 260.0_ _C. _ ______263.0_ 0. _ _ _ _ 260.0 O:
100.0 . 0.0 0. 306.0 O, 300.0 0. - 300.0 g0
ssa.g 3. i o, T 3.y 0. _840.3 0.  340.0 0.
‘ ' . _ 380,0_ 0. __ 380.0 @.

383.0  O. 3806.0 0. . . ____380.0 0,

N IS Q.100E O N 1S 0.100€E 3¢ N IS C. . N IS Ce N IS 0!
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Analysis Code I: Cascade-Particle Energy Spectra for u = -0.40 to -0.60

See page 26 for description of facing page.
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NEUT ON AL INC. K.E. (MEV) IS 200.0 A 1S 27. Z1s 13. 250C INC. HISTORIES l.6 MEV CUTCFF EN.

_ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM -0.40 YO -0.60
(THETA FROM 113 CEG. 35 MIN. TO )26 DEG. 54 MIN.)

N(E} IS (FRACTION OF PARTICLES IN DELTA MU)/(DELTA MU) {DELTA E)

TIMEV] 15 CENTER OF INTERVAL - N IS (SUF OVER NIEI)(DELTA WUIIDELTA E)
PROTONS NEUTRCNS PI+ P10 . p1-" "
DELTA E(MEV)  40.0  DELTA E(MEV) 0.0  OELTA E(MEV) _ 40:0  DELTA E(MEV) _ 40.0  DELTA EfMEV) 0.0
E(MEV) NLE) E(MEV) NEE) E(MEV) NLEI ELMEV) N(E) E(MEV) NEE)
20.0  0.116E-00 20.0 _ 0.125€-00 20.0__a. 20.0___0. .0 o:
60.0  0.862E-02 60.0__ 0. . 40.0_@. - 60.C__ 0. 60.0__ O:
100.0 0. 100.0 0. 100.0__ @. 100.0 Q. 00,0 04
140.0 0. 150.0 Q. : 140.0 0. ] " ju0.0_ ©. 140.0 0.
180.0 0. 180.0 0. 180.0 Q0. : 180.0 0. 180.0__ 0:
220.0 0. 220.0 0. 220.0 _ o, 220.0__ 9. 220.0 0.
_260.0 0. . 2600 3. 260.0__ 0. 260.0__0. __260.0 O:
300.9 0. : 300.0 ° 0. 300.0 0. '300.0 - 0. 300.0 0.
30.0 0. ' u0.0 0. "~ 3u0.0 0. 3u0.0_ 0. . 3w0.0 0.
380.0 0. . 380.0 0. 380.0 ~ 0. i 380.0 Q. 380.0 0.

N IS 0.100€ Ot N IS 0.100E QI . N IS O. . N IS 0. N IS 0:
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Analysis Code I: Energy Spectrum of Emitted Cascade Protouns for All Angles

The data on the facing page and on the following four pages of output are for the energy spectra
of the cascade particles emitted in all directions and are, respectively, for protons, neutrons; n+,
no, and T . .

In each case the energy range is O to 0.2000000E 03 Mev (200 Mev), as specifled on the line immedi-
ately below the title, and the overflow value is zero. This indicates that there were no events in which
cascade particles were emitted beyond the 200-Mev range. ‘

The values of the histograms themselves as a function of K.E. are given under the entry N(E). As
defined in the fourth line, K.E. is the midpoint of the (kinetic) energy interval, in Mév, and N(E) is
the fraction of the total number of.emitted protons which occur.in the AE interval divided by AE. The
interval width is constant at all energies for each distribution. For example, for the emitted cascade
protons, the value of the histogram of the energy spectrum for the first energy interval, in this case
from O to 8 Mev, is 0.2961579Ef01.v This is the fractibn of all the emitted cascade protons which were
emitted into the energy interval O to 8 Mev divided by 8 Mev.
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" NEuT

oAU TTTTINCYTKGED (MEVY 1S T T200.T T A 1§ 27. T (s 13,0 250C INC. HISTORTES

" 1.6 MEV CUTCFF EN,

K.E. [S THE CENTER OF THE

d Y0 0.2000000€ O3 MEV__ . —— .. ..0 OFL

ENERGY INTERVAL [N MEV

NUE)} IS THE FRACYION OF TOTAL NUMBER OF EMITTED PROTONS /CELTA E

Koo B4} Ke€a . NGED __ . ... _ KeEi . _NLE) . KeEo. 1 N(E}
4.CC C.2961579€~11 60.40 1.5864730F=02 _ ___ . 108.00  0.2267276E-02 X 156.00 U.ZSOih?‘lE-UZI
12.CC C.201u438E-01 68.00 0.3201708¢~02 116,00 0.24€1281E-02 164.06 0.2134472E-02
20.GC Je1261383€-01 76.00  0.226787T6£-02 . _12%.C0 0.)1734258€-02 172.00 0.2267876€-02
24,83 U.6uNsul5€-02 Hu.00 0.3201798&-C2 132,00 _ 0.2001267€-02 180.00  0.2668090E-C2
__36.0C y.uuN23uBE-J2 22.00 D.ZISMMIZE-ﬁZ 140,00 ﬁ. 16608 SLE-D2 1R8.00  0.56670224E-03
a4, CC . C.eub3u156-02 . 100.00  0.1600854€-02  _ __ . 1u%.£9° (,28C1494E-02 T 196,03 D.1u67447E-02

52.00 J.426H7U3E-02

LE



Analysis Code I: Energy Spectrum of Emitted Cascade Neutrons for All Angles
See page 36 for description of facing page. '
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NEUT  CN AL {NC. KoE. (MEV) §5  2C0.0° TA (5 27, 7T 1S 13, T 25CC INC. MISTCRIES 1.6 PEV CUTOFF EN.
ENERGY SPECTRUM OF EMITTED CASCADE_&gyTﬁOAS_"

, 2 70 1.203CN0JE 35 wEV o 3 OFL

K.C. IS T4E CENTER OF THE ENERGY INTERVAL [N MEV NUE) 13 THE FRACTION QF TOTAL NUMBER OF EMITTED NEUTRCAS/CELVA E
KoE. AE) K.C. N(E) KoE. NLED. K.E. N{E)
6.Ud C.222U7KE-T4 3.0 ' 0.3276210€-02 198,710  0.4032258E-02 156,00  0.3866247E-02
12,00 C.1335645€-14 64,07 0.u620276K-C2 116.C0  0.327621CE-02 1668.0C  0.,2352151E-C2
20,00 C./H96406E-12 Te.U0  0.56122315-02 124,00 0. 3C2u41 9YE-C2 172,00 0.302u194E-02
28,08 7.67234S26-12 A4.O0 D.3R682475-02 132,00 ' 0.2520161E-C2 130,00 0.5192208€-02
36,00 C.5712366E-32 72.00  0.3R6L2LTE-C2 180,00 0.28561 83E-L2 188,00 . 9.2268 145602
uh.CC DLW IB4407E-2 190,20 9.,u0322588-02 "1u8.C2 C.uC32258E-02 196,00 0.142809i€~02
52.0C  U.53765u4E-02 ' '
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Analysis Code I: Energy Spectrum of Emitted Cascade n+ for All Angles

See page 36 for description of facing page.
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NEUT O AL INC. K.C. (MEV) §S 2C0.0 A 1S 27. 7 1S 13, '~ 253C INC. MISTCRIES 1.6 MEV CUTOFF.EN,

ENERGY SPECTRUM OF EMITTEC CASCADE Pl+

0 10 U.200C030E 13 MEV . n oFL
K.E. [S.THE CCHTIP QF THE ENERGY INTERVAL [N MEV MUE} LS THE FRACTION OF TOTAL NUMBER OF EMITEED Ple  / DELYA E
Kois W) KE. NLE) Ko.E. N(E) K.E. N(E}
v.Co 3. . : 60.20 2. 1C8.30 0. 156.00 0. '
12,04 _ . 6B.uUt 0. i 116,00 GC. 166,00 0.
20.03 & 16.GC 0. 124.60 0. 172.00 0.
28.0C  c. au.on A, o 132.90  C. 180.00 0.
s6.99 Q. ) 92.50 3. . - 180.20 0. 188,00 Q.
w20 U, 190.0¢ 9. t48.G5 0. _ 196,70 0.

52.cu d.

™



_Analysis Code I: Energy Spectrum of Emitted Cascade no for All Angles

See page 36 for description of facing page.
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INC. K.E. (MEV) Is 200.0 a8~

TTT2SOCTINE, HISTCRIES T T

NEUT =GN AL 270 TS 3. “1.6 MEV CUTCFF EN.
ENERGY SPECTRUM OF EMITTED CASCADE  PIC
0 TO 3.2000033€ C3 MEV 0 oFtL
K.Ea IS THE CENYER OF THE é‘lERGV INTERVAL [V MEV N{E) IS THE FRACTYION CF TOTAL NUMBER OF‘ EM[ITYED P10 / CELTA E
K.E. NLE) K.E. NeEY KeE. N(E) K.E. NIE)
uv.Ca 3. 60.00 9. 108.00 . O.. " 156.00 0.
12.00 S 6B, 00 3. 116,00 g. 164,00 0.
20,00 U. 76.30 9. t2u.0c 0. 172.00 0.
28.CLC 0. #u.02 0. 132.00  C. 180.00 0.
36.00 . 92,0 0. 180.00 0. 18,00 3.
4v.Cc - d. 190,38 0, 148,60 C. 196,00 0.
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Analysis Code I: Energy Spectrum of Emitted Cascade n for All Angles

See page 36 for description of facing page. -
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NEUF  ON AL InC. K.£. (HEV) {s  230.0 A 1S 27. L (S 13. 2500 INC. HISTORIES 1.6 MEV CUTCFF EN.
T __ENSRGY SPECTRUM OF EMITTED CASCADE Pl- e
- . e = e e 0.10_0.2000000€_03 MEV [ I | S

S THE FRACTION OF TOTAL NYMBER OF EMITTED PI-

K.E. HLE) . CKeGu . O NlE) _________ KeE. _____NtE)__ Ke€a . NE)
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Analysis Code I: Angular Distributions of Emitted Cascade Particles for All Energies

The data on the facing page ére for the angular distribution of all the emitted cascade particles
for all energies. MU (u) is the cosine of the angle of emission measured with respect to the incident-
particle direction, and the series of numbers under MU specify the center of the cosine interwval, whiéh
ranges from 1 to -1. The numbers under the columns "PROTON," "NEUTRON," "PI+," "PIO," and PI-" give
the fraction of all the particles of the specified type emitted into each Ay interval divided by Au.
Therefore, the sum of the numbers under each column specifying the type of cascade particle multiplied
by Au should be 1. For emifted cascade prdtons, for example, the value of the histogram of the angular
distribution for the p interval from 1 to 0.95 (midpoint is 0.975) is 0.1921024E 01; etc.
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Analysis Code II: Differential Cross Section for Emission of Cascade Protons Within Angular Intervals
0 - 300 and 30 - 60° as a Function of Energy

The data for analysis code II somewhat overlap thosé for analysis code I, but the titles in code

II are more explanatory. The page numbers for these output sheets are not in sequence and soO are to
be 1gnored ' 4

The titles and values which specify the case on the top of the facing page and on all the follow-
ing examples should read in full: INCIDENT PARTICLE, Neutrons; INCIDENT LABORATORY KINETIC ENERGY (MEV),
200; TARGET SYMBOL, Aluminum with an A of 27 and a Z of 13; NUMBER OF INCIDENT PARTICLES, 2500; CUTOFF
ENERGY (MEV), 1.6L4; GEOMETRIC CROSS SECTION (MILLIBARNS), 1028.2; and NUMBER OF INCIDENT-PARTICLE
COLLISIONS, 964. One could calculate the total inelastic‘cross section from these data by multiplying
the geometric cross section by the ratio of incident-particle collisions to the number of incident
~ particles. ' '

The first type of data in the output is the differential cross section for the emission of cas-
cade protons into various angular intervals, d U/(dQ dE), in units of millibarns/(steradian-Mev)
[mb/(sr-Mev)]. The first of the two sets of data on this page refers to protons emitted in the labora-
tory angular interval of O to 30° for 20 energy intervals, each having a 10-Mev width. Immediately be-
low each of the 20 energy intervals is the value of deo/(dﬂ dE) for that interval. For example, the
value of the differential cross section for protons emitted with energies between 20 and 30 Mev
(interval 2) is 1.1238 mb/(sr-Mev).

" The next set of values is for cascade protons emitted into an angular interval of 30 to 600, and

- the values are to be interpreted as above.

.0§ -



PAGE |
TNCTOENT TNC. LAB. TARGET NO. OF INC. CUTOFF  GEOMETRIC NO. OF INC.
PARTICLE = K.E.(MEv) =~ SYMB., A Z  PARTICLES  EN.(MEV)- X-SEC.(MB) = PARY. COLLISIONS
_NEWT 290 aL 27 13 D2s00 .6 1928.2 D096k
(DSIGMA/ (DOMESA X DE)  (MB)/ISTERADIAN-MEV)
TYPE OF CASCADE PARTICLE LAB. ANGULAR INTERVAL (DEG)  NO. OF ENERGY INTERVALS ~ DELTA E (MEVT
PROTON i s PR £ TR 1 I [+ B 290 10,0000
INTERVAL | INTERVAL "2 INTERVAL 3 INTERVAL "% [INTERVAL 5 INTERVAL &6 INTERVAL 7 [INTERVAL 8
T-2215€ 00 1.1238€ o0 2.9315€=C1 3 0201671 Z.GG29E-01 TTOURTESD ER YA 2. UB29E-D]
INTERVAL 9 INTERVAL 10 lv.‘H'ERVAL 1 INTERVAL ~ 12 Z‘H’ERV.AL 13 INTERVAL Iy INTERVAL 15 (NTERVQL 16
2.93196-31 | .4653E~01 2.77TI7E-02°  1I9S43E-31T 2.4L29E-0! 5.37u5€-11 5.8630€-31 9.7717E-DI

INTERVAL 17 INTERVAL 18 INTERVAL 19 TNTERVAL 20

9.7717€-01 2.I71TE-C) © S.B630E-01 T 5.8633E-01

(OSIGMA/{DOMEGA X DE) (MB)/{STERADIAN-MEV)
(YPE UF CASCADE PARTICLE LAB. ANSULAR INTERVAL (DEG) NO. GF ENERSY INTERVALS DELTA E {MEV)
PROTON . 30.3] 10 . 60.00 20 10.0200
INTERVAL 1 INTERVAL 2 INTERVAL 3 IMTERYAL & INTERVAL 5 INTERVAL & INTERVAL 7T INTERVAL 8
1.3234E G0 T.1533E-31 5.365iE-01 3.21%08-31 3.75558-38 3.755%€-01 1.7885£-01 2.3249€-D1
INTERVAL 7 INTERVAL 3 INTERVAL 11 IMTERYAL 12 INTERvVAL 13 INTERVAL 1% .INTERVAL 15 [INTERvVAL 16
2.6825E-33 P.76728-Gi }.78345-31 3.92846-31 P.7584E-C1 I;GTSSE-DI 1.6095%-01 1.4307€-01

INTERVAL 17 IMTEIVAL 18 INTERVAL 1?9 [INTERVAL 20"

5.3651E-C2 1 .733u¢-02 t.TBBUE-D2 a.



Analysis Code II: Differential Cross Section for Emission of Cascade Protons Within Angular Intervals

0 - 30° and 30 - 60° Integrated Over Energy
_In the example on the facing page the fourth line, which reads in full THE SUM OF do/(dQ dE) x
dE = 0.1041 x 103 MILLIBARNS/STERADIAN FOR CASCADE PROTONS WITH 6 FROM O to 30°, means that the

histogfam in the preceding example has now been integrated over energy to provide the differential
cross section for emission of protoné into the angular interval from O to 30° with any energy.
The line below gives the average energy of the protons emitted into this angular interval. The next

two lines give the same quantities for the angular interval from 30:to 60°.

A4



/
PAGETZ '
AR, TARGET NO. OF INC. CUTOFF  GEOMETRIC  NO., OF INC. -
___PARTICLE K.E.{MEV}) SYMB. A z PARTICLES  ENJ(MEV) X-SEC.(MB) - PART. COLLISIONS

_NEUT 200 aL 27 13 02500 1.64 1028.2 00964

SUM _OF DSIG/(DOMEGA X DE) X DE EQUALS D.1041E 03 MB/STERADIAN FOR CASCADE PROTON WITH THETA FROM 0.  TO 30.00 DEG

SUM OF DSIG/IDOMEGA X DE) X DE EQUALS 0.5776E 02 MB/STERADIAN FOR CASCADE PROTON WITH THETA FROM 30,00 TO  6D.00 DEG

_AVERAGE ENSRGY EQUALS 0.539783E 02 MEV FOR CASCAOE PROTON WITH THEFA FROM 30.00 70 60.00 DEG

AVERAGE ENERGY EQUALS D0.103920E 03 MEV_FOR CASCADE PROTON WITH THETA FROM - O. _TO 30.00 DEG

£€g



Pages like the facing one containing this or a similar number and no other information are to

be ignored.

s
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Anaiysis Code II: Differential Cross Section for Emission of Cascadé Protons Within Angular Intervals

60 - 120° and 120 - 180° as a Function of Energy

In the example here, cross sections are given for the emission of protons into the laboratory

angular interval 60 to 120° and 120 to 180°. The interprcitation is the same as for the example on

page 51.
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T PAGE T

TNCIDENY INC. LAB, TARGET —NO. OF INC. CUTOFF  GEOMETRIC NO. OF INC.
PARTICLE  K.E.IMEV) _ SYMB. A z PARTICLES  EN.{MEV) X-SEC.{MB) _ PART. COLLISIONS
NEUT 200 AL 27 13 D2500 1.4 1028.2 . 009es
(DSIGMA/ (DOMEGA X DE)  (MB)/(STERADIAN~MEV)
TYPE OF CASCADE PARTICLE LAB.  ANGULAR INTERVAL [DEG)  NO. OF ENERGY INTERVALS DELTA € (MEV)
TPRATON T TTTTTTT T UTTTTTTs0000" 0T Tr20v00 T T T T 20 10.0000
INTERVAL I INTERVAL 2 7 INTERVAL™ 737 INTERVAL 4 TINTERVAL'™ 7S TINTERVAL 6 "INTERVAL "7 [INTERVAL 8
B.7057€-01 5.3258E-0) 2.8802E=071 T1.0BT3E-01  1..8983E-01  B.5096£-02 6.5458E-02 5.2367€-02

INTERVAL ?

5.23617€-02

{MTERVAL ~ 10 [NTERVAL™ 117 TINTERVAL 127 NV

2.

5183€-02 ° C. T 1.3092€-02 6

ERVAL ~ 137 INTERVAL ~ 1y~

.S5L58E-03 c.

INTERVAL 15

g.

INTERVAL 16

d.

INTERVAL 17

TNTERVAL T8 TINTVERVAL 19 IMVERVAL 20

0. a. 0. a.
{OSIGMA/ {DOMEGA X DE)  (MB}/{STERADIAN-MEVY
TYPE OF CASCADE PARTICLE LAB.  ANSULAR IMTERVAL (CEG]  NO. OF ENERSY INTERVALS  DELTA E (MEV)
PROTON ‘ . 120.33 7O 180.02 20 19.0000

INTERVAL 1 INTERVAL 1 LaTenvaL 3 ZRvAL % INTERVAL 5 INTERVAL & INTERVAL T [NTERVAL 8

4.0S8NE-51  1.30928-01  2,6183E-G2  1.3092e-02 0. c. 2. 2.
INTERVAL 7 OINTERVAL i PNTIRVAL 1 CIMTERNAL 12 INTERYAL I JINTERVAL 3 INTERYAL IS INTERVAL 16

o. a. o, _ oo . a o. 0.

INTEQVAL 7

[NTERVAL !B INTERVAL 19 INTERVAL 20

. 0.

0.

Q.

0. 0.
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Analysis Code II: Differential Cross Section for Emission of Cascade Protons Within Angular Intervals
60 -~ 120° and 120 - 180° Integrated Over Energy '

Here the histogram in the example on page 57 is integrated over energy for the emission of pro-
tons into the angular interval 60 to 120° and 120 to 1809, with the average energy of the protons

emitted into these angular intervals. The interpretation for this page is the same as that on page 523 &



-
INCIDENY INC. LAB. B YARGET NG. OF INC. CUTOFF GEOMETRIC NO. OF INC.
CPARTICLE _ K.E.UMEV) SYMB., A 4 PARTICLES _ EN.(MEV) X~SEC.(M8) _ PART. COLLISIONS
___NEUT 200 AL 27 13 02500 1.4 1028,2 ___DDges

| AVERAGE_ENERGY EQUALS 0.233753E 02 MEV FOR CASCADE PROTON WITH_THETA FROM 60,00 T0 120.00 DEG

SUM OF DSIG/(DOMEGA X DE) X DE EQUALS_ 0.5760E 31 MB/STERADIAN FOR CASCAOE PROTON WITH THETA FROM 120.D0 T0 180.00 DEG

_ AVERAGE_ENERGY EOUALS 0.886364E 01 MEV FOR CASCADE PROTON WITH THETA FROM 120.00 YO 180.00 DEG

6S



Analysis Code II: Differential Cross Section for Emission of Cascade Protons with Restricted Energy

Values as a Function of Angle

‘In this example of the differential cross sections for a specified type of emitted particle
(protons in this case), the particles have restricted energy values ranging from O to 40, 40 to 160,

and 160 to 200 Mev, and the cross-section values are given as a'function of angle ranging from O
to 180°.

Q9



TTPABE 3T
T N < LAB. . - tu . N
PARTICLE _  K.E.(MEV) SYMB. A z PARTICLES  EN.IMEV) X-SEC.(MB) _  PART. COLLISIONS
NEUT .o.o200 AL T2t 03 92530 1.sw  1028.2  OD96s
TV DS IGMAT7 DOMEGA
- TT{MET/ TSTERAD IAN) B
TYPE QF_‘CAS.CAdE_PVA'E[‘l’CLE . . __FOR THE ENERGY INTERVAL [(MEV)
. PROTON o A B o vo LY}
LABORATORY
ANGLE FROM o . L o ) o .
D - 20 CEG 20 - D 40 - 60 60 - 8D 80 - 100 100 - 120 120 - 14D 180 - 160 160 - 180
3.039€ 01 2.978E 01 2.854E D1 2.186E OV 2.2B1E M 1,343 D 7.627€E 00 4. 1u7€ 00 2.171€ 00
TYPE OF CASCADE PARTICLE “TFUR THE ENERGY INTERVAL {MEV)
PROTON T w0 Vo 160
LABORATORY
ANGLE FROM
0 - 23 DEG 20 - 40 40 - 60 T so - 80" 80 - 100 100 - 128 7 120 - 160 140 - 160 160 - 180
T 30365E Ot 4, 18LE Q1 2.510€ O 9.626€ U0 W.ieTE 00  V.003% 00 a. 0. 9.
TYPE CF CASCADE PARTICLE FOR THE ENERGY INTERVAL {MEV)
PROTON 160 D 208
LABORATORY
ANGLE FROM : o A o )
0 - 2C DEG 20 - 40 50 - 60 60 - 80 80 - 03 100 - 120 120 ~ 140 140 - 160 160 - 130

5.427€ Ot 6.7dS5€ OO _ 2.46GE-O1__ O

0. . ) 0. 8. 0.
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Analysis Code II: Cross Sections for the Emission of 1 to 15 Protons into Various Energy Intervals
The facing page is an examplerf output data for the cross section in millibarns for the emission

of K particies (K=0, 1, 2,.0.,15) of a given type for various energy intervals. 1In this case the

emitted particle is é proton and the energy intervals range from O to 200 Mev. With the exception of

K .

X

interval O to 40 Mev. If one proton is emitted with energy within the interval under consideration,

O the definitions for these events are given in terms of a few examples. The value beneath the

1 entry gives the cross section for the emission of 1 cascade proton whose energy lies within the

it is counted as a contribution independent of the number of particles of the other types emitted
along with it. The cross section under the K = 2 column is for the emission of 2 protons with energies
lying within the interval O to 4O Mev. There are provisions for calculating cross sections up to

K = 15 for each energy interval. The following similar sets of data are for energy interﬁals of 40

to 160 Mev and 160 to 200 Mev. '

In the past, in all but a few cases, the cross sections for the emission of zero particles (K = 0)
in each energy interval were calculated incorrectly with this-vérsion of the code. When the energy in-
tervals taken together span the range of energies available to the cascade particle under consideration
and when the intervals do not overlap (as here, where O - 40, 40 - 160, 160 - 200 Mev are used), then
the sum of the cross sections for all K values in‘each energy interval should be fhe same for all the
intervals. This can be used as a test to determine whether the K = O cross sections have been calcu-
lated correctly.

" One obtains contributions to the K = O cross section when none of the particles of the specified
ty?e that are found in a record of the primary output tape have energles within the given energy
interval, If there are no particles of thé speéified type found in the record, there is no contri-
bution to the K = O (or to any other value of K) cross séction.

The data for the cross sections in which K # O are useful for comparison with the results with
data available from photographic emulsions, that is, the track-number distributions for tracks of

various energies.

<9



T PAGE &

__PARY. COLLISIONS

TNCTDENT TNC. LAGS. TARGET ND. OF INC. CUTOFF
PARTICLE  K.E.IMEV)  SYMB. 4 z PARTICLES  EN.{MEV) X-SEC.(MB) _
_NEUT 200 AL 21 13 02500 L.6h 1028.2 0o%es_

T0

40

CROSS SECTIONS {MB) FOR THE EMISSION OF K PARTICLES OF SPECIFIED TYPE INTO ENERGY INTERVALS INDICATED
(CONTRIBUTIONS TO K EQUAL ZERO ARE MADE ONLY WHEN PARTVICLES OF SPECIFIED S

T TYPE ARE EMITTED BUT ARE NOV IN VHE ENERGY INTERVALS INDICATED)
T TTTT T T TTTENERGY INTERVAL (MEV) 1}
o ’ S

EMITTED PARTICLE PROTON
K EQuUALS O t B 2 N N 6 4
9LTRTSE 01 T.1681E 02 I TW2T7E OT §.6370F U0 2.0564E 0J B 0. 0.
8 ? 10 ] 12 13 i 15
0. 0. 0. 0. 3. 0. a. o.
EMITTED PARTICLE PROTON B ENERGY INTERVAL (MEV) ug 10 160
K EQUALS 3 | 2 3 Y S 6 4
c. 1.1187€ 22 9.0u83E 0O o1 129€-01 0. a. o. C.
8 ? 10 1 12 13 14 15
-TToN b T a3 G- 7. 0. G-
EMITTED PARTICLE PROTON N ENERGY [MTERVAL (MEV) 160 TO 200
K EQUALS T ; 7 3 n 5 5 T
0. 2.8379F 01 Q. g. G. 0. 0. c.
8 9 10 " 12 13 14 15
0. o. o. g, D. 0. o.
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Analysis Code II: Ratio of Number of Protons Emitted on First Collision to Total Number of Emitted

Particles of the Same Type as the Incident Particle; Cross Section for the Emission of Two Protons
as a Function of the Angle Between Them

The first entry on the facing page is the number of particles of a given type emitted on the first
incident-particle collision divided by the number of éarticles of the incident—parficle type emitted.
In this casé, it represents the ratio of the number of protons emitted on the firsf collision to the
total number of neutrons emitted. The entry 0.2412 means fhat there are ~25% as many protons emitted
on the first collision as there are total neutrons emitted.

The entries PION ABSORPTION CROSS SECTION and PION CHARGE EXCHANGE CROSS SECTION would have
values oqu if incident pions were used. The pion absorption cross section is the cross section for
the event in which a pion is incident and no pion escapes. The pion éharge—exchange cross section
is the cross section in which a charged pion is incident and a =n© is emitted.

The angular distribution data given near the bottom of the page apply for the case in which
two protons, no pions, and any number of neutrons are emitted. The entries below the angular intervals

are the cross sections, in mb/sr, for the emission of two protons in angular intervals from O to 180°.

19



PAG
—TNCTOENT TNC. CAB. TARGEY . . N = -
___PARTICLE  K.E.{MEV) SYMB. A z PARTICLES  EN.{MEV) X-SEC.(MB) PART. COLLISIONS
NEYT 200 AL 27 13 02500 1.60 1028.2 00964

. NO. OF TIMES SPECIFIED

PARTICLE IS EMITTED ON THE FIRST N - '_"
INC. PARTICLE COLLISION DIVIDED .

“BYTHE NO. OF TIMES THE INC. PTON ABSORPYION PTON CHARGE 7
PARTICLE TYPE IS EMITTED CROSS SECT. (MB) EXCHANGE CROSS SECT. (MB)

PROTONS 0.28120€-00

T ANGUUARTOISTRIBUTION OF TWO CASCADE "PROTONS AS A FUNCTION OF VHE "ANGLE, X, BETWEEN THEMT — ~ 777~

DSTGHA 7 DONEGA (B 7 STERADTAN]

(REACTTONS "CONTRTBUTE WHEN™ THERE ARE NO PIONS, ONLY WO PROTONS, AND ANY NUMBER OF NEUTRONSTEMITTED) ~

X FROM

0 - 20 0EG 20 - 40 40 - 60 80 ~ 80 80 - 160 100 - 120 120 - 140 140 - 160 160 - 180

T 0.3256E 0177 0.527TE 01 OLM6TSEQU T Q.S215€ 01 0.7728€ OF _—OTSBﬁ'E'"D'I'—_th'q'27|'s"G i "0.4900€ 017 T 0.10BSE D1
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Analysis Code II: Differential Cross Section for Emission of Cascade Neutrons Within Angular Intervals

0 - 30° and 30 - 60° as a Function of Energy

The example on the facing page and those that follow contain information which is identical in

form to that obtained for cascade protons (see page 50 ) except that it applies to cascade neutrons.
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TPAGE T
TINCIDENT  INC. CAB. TARGET NO. OF TWC. CUY . -
PARTICLE _ K.E.IMEV) SYMB. A 1 PARTICLES  EN.(MEV) X-SEC.{MB) _ PART. COLLISIONS
CNEUT 20U AL 27 13 02500 1.64 1028.2 Qo9es
(DSIGMA/ (DOMEGA X DE) _ (MB)/(STERADIAN-MEV)
TYPE OF CASCADE PARTVICLE TAB.  ANGULAR TNTERVAL [DEG] NO. OF ENERGY INTERVALS DELTA E (NEVT _
- TTTNEGTRON [ {1 30200 TT 0T T TTTID.00007

INTERVAL I INTERVAL

27T INTERVAL TTINTVERVAL & INTERVAL 5 [NTERVAL 6  INTERVAL 7 "INTERvVAL '8

INTERVAUT T INTERVAL #27INTERVAL "3 "INTERVAT W7 INTERVAL ~ 15 TINTERVAL™ 167

INTERVAL 79 “INTERVAL ™ 10

TT3U9287e-01 TTTNL.3973ET01 T3.9087E-07 HCBN02ESDT T 9STTITESDN T 6.BLO2E-01" ~ T).27D3ET00 T T 2.0032E°00

INTERVAL 17 INTERVAL 1B TNTERVAL IV INTERVAL 20

TIV3192€700 T T2T1986E 00 T 1661267007 123867007 T T T e ST T
- T T TTTITI T T DS [GMAY (DOMEGA X DEY T (MB) /{STERADIAN-HEV) T TUTTTT ot oo m o
TYPE OF CASCADE PARTICLE LAB.  ANGULAR ENTERVAL (DEG)  NO. OF ENERGY INTERVALS OELTA E (MEV)
CNEUTRON e 30.00 10 63.00 . o220 10.0000
INTERVAL | INTERVAL 2 IMTERVAL 3 INTERVAL 4 INTERVAL S5 INTERVAL _ 6 INTERVAL 7 INTERVAL 8

1.6989%E 0O 9.1206E-01 b.6169€-01 T.15364€E-21 6.4381E-01 7.6893E-01 5.5439€-01 6.2592€-01

INTERVAL @ INTERVAL 10 INTERVAL 11 INTERVAL 12 INTERVAL 13 INTERVAL I& INTERVAL 15 [INTERVAL 16

T.1534E-0)  8.76296-31  T.0b99E-01  $.9016€-01  3,75SSE-D1 _ 5.3651E-01_  .4709€-01 _  2.86I4E-DI

INTERVAL 17 INTERVAL 18 [IMTERVAL 19 [INTERvVAL 23

1.6095€-01  T.IS34E-02  3.5T6TE-02 _ 3.5767€-02
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Analysis Code II: Differential Cross Section for Emission of Cascade Neutrons Within Angular Intervals
0 - 30° and 30 - 60° Integrated Over Energy v

See page 52 for explanation relating. to this type of output.
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" PAGE 2
TRCTOENT TNC. LAB. YARGEY NO. OF INC. CUTOFF  GEOMETRIC NO. OF INC.
PARTICLE  K.E.(MEV) ] 1 PARTICLES __EN.(MEV) _X=SEC.{MB) ' PART. COLLISIONS
NEUT 205 AL 27 13 02530 1.64  1028.2 _ 00964

SUM OF DSIG/(DOMEGA X DE) X DE EQUALS O.17SLE J3 MB/STERADIAN FOR CASCADE NEUTRON WITH THETA FROM 0. TO 30.00 DES
AVE<AGE EMERGY EQUALS 0.123)06E 03 MEV FUR CASCADE NEUTRON WITH THETA FROM 0. TO 30.00 DEG
SUM OF DSIG/(DOMEGA X OE) X DE EQUALS 0.(t43E 33 MB/STERADIAN FOR CASCADE NEUTRON WITH THETA FROM 30.00 T0 60.00 DEG
AVERAGE ENERGY EQUALS 0.689720E 02 MEV FOR CASCADE NEUTRON WITH THETA FROM 30.00 TO 40.00 DEG

69



Analysié Code II: Differential Cross Section for Emission of Cascade Neutrons Within Angular Intervals

60 - 120° and 120 - 180° as a Function of Energy

See page 50 for explanation relating to this type of output.
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PAGE [~
TNCTDENT INC. LAB. TARGETY NO. OF INC. CUTOFF  GEOMETRIC  NO. OF INC.
PARVICLE  K.E.TMEV) = SvMB. A L3 __PARTICLES _ EN.(MEV) X-SEC.(MB) _ PARTV. COLLISIONS
HEUT ..200 AL 27 13 02500 t.ed ,..LU_Z_Q_-_Z._:,.A . Bogss
(DSIGMA/ (DOMEGA X DE)  (MB) /{STERADIAN-MEV)

TYPE UF CASCADE PARTICLE

INTERVAL 1

NEUTRON
INTERVAL

5.694

27 INTERVAL™

-y

11E~

LAB. ANGULAR [NTERVAL (DEG) NO. OF ENERGY INTERVALS

60.00 TO

TINTERVAL &~ INTERVAL

123,007

TS5 TINTERVAL 6

20
INTERVAL 7

DELTA E (MEV]

10.0000

"TINTERvVAL B -

.81 -

INTERVAL 16

DELTA E {MEV)

10. 0060

INTERVAL 8

INTERVAL ? INTERVAL 10 "INTERVAL ~ 117 TINTERVAU ™12 [INTERVAL 13 INTERVAL 4 ([NTERVAL 15

3.2729€-02 5.89126-02 77 ' 3.927SE<027  1.9637€-02 'n. “T6.5458E-03 0. 0.
INTERVAL 17 INTERVAL 1R INTERVAL 19 [NTERVAL 23

0. 3. T T "D'.'- 7T

(DSIGMA/(DOMEGA™X DE)  (MB)/ISTERADIAN-MEV)
TYPE OF CASCADE PARTICLE LAB.  ANGULAR INTERVAL (DEG)  NO. OF ENERGY INFERVALS
NEUTRON . 120.00 YO 182.50 L 20

INTERVAL I INTERVAL 2 INTERVAL _ 3 INTERVAL 4 INTERVAL _ 5 INTERVAL 6 INVERVAL 7

3.14206-01  5.2366E-02  2.61R3E-02 0. ' 0. 0. 0. 9.

INTERVAL 9

lVlﬁRVAE J? _INTERVAL 11

JANTERVAL 12 INTERVAL

0. 3. o. 0. o
INTERVAL 17 INTERVAL (8 [NTERVAL 19 INTERvAL 20
0. 0. o. a.

13 INTERVAL 14 [NTERVAL 15

9 0

INTERVAL 16

0.
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Analysis Code II: Differential Cross Section for Emission of Cascade Neutrons Within Angular Intervals
: 60 - 120° and 120 - 180° Integrated Over Energy

See page 52 for explanation relating to this type of output.
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TPAGE 2
T INCIDENT  INC. LAB. YARGEY NO. OF INC. CUJOFF  GEOMETRIC NO. OF INC.
PARTICLE K.E.{MEV) SYMB. A I _ PARTICLES  EN.(MEV) X-SEC.(MB) _ PARY. COLLISIONS_
NEUT 200 AL 27 13 02530 t.ek  1028.2 0096

SUM OF DSIG/(DOMEGA X DE) X O EQUALS 0,2991E 02 MB/STERADIAN FOR CASCADE NEUTRON WITH THETA FROM 60.00 70

AVERAGE ENERGY EQUALS 0.268381E 02 MEV FOR CASCADE NEUTRON WITH THETA FROM 60.00 T0

120,00 DEG
120.00 DEG

_SUM_OF DSIG/(DOMEGA X DE) X DE EQUALS 0.3927€ J1 MB/STERADIAN FOR CASCADE NEUTRON WITH THETA FROM 120.00_T0

AVERAGE ENERGY EQUALS 0.766607E DI MEV FOR CASCADE NEUTRON WITH_ THETA FROM 120.00 T0

180.00 DEG
180.00 DEG

€L



Analysis Code II: Differential Cross Section for Emissioﬁ of Cascade Neutrons With Restricted Energy
' Values as a Function of Angle

See page 60 for explanation relating to this type of output.
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~ PAGE 3 . .
INCIOENY  INC. LAB. TARGET NO. OF INC. CUVOFF  GEOMETRIC  NO. OF INC.
o ____PARTICLE __ K.E.IMEV) SYMB. A z PARTICLES  EN.(MEV) X-SEC.{MB) PART, COLLISIONS
_NEUT - 200 AL 21 13 02500 1.64 1028.2 00964
"TTT  DSIGMA 7 DOMEGA
TTTTTTTTT(WME /USTERADIANT T T
_ TYPE OF CASCADE PARTICLE FOR_THE ENERGY INTERVAL (MEV)
. . ...NEUTRON 3 10 __&0 -
LABORATORY
ANGLE FROM L o - . e
0 - 20 DEG 20 - 40 WD - 60 60 - 80 80 - 100 103 - 120 120 - 140 140 - 160 160 - 180
3.690€ 21 3.129€ UI 4, 158E 01 3.590€ 01 2.2105€E 01 1.323€ D1 u.921E 00 2.639€ 00 3.256€ 00
- TTYPE OF CASCADE PARTICLE™ "~~~ 7 777 " FOR THE ENERGY TNTERVAL (MEV) ™~
- NEUTRON ™ 77 T TTTTTTTT T TR0 To i60
LABORATORY
ANGLE FROM
0 - 20 DEGC 20 - 0077 w3 - 807 T 60 TTBOTT 8O- 1007 T30 <120 120 - "#40 140 = 160 160 - 180
5.TGTE T 7.8UTE 01 5.GGGE U7 T-785E OTF 3393E 00 5. OTTE-OT - 0. 0.
TYPE OF CASCADE PARTICLE ____FOR THE ENERGY INTERVAL (MEV)
NEUTRON 160 7O 200
LABORATORY o
ANGLE FROM s )
0 - 20 DEG 20 - w0 u0 - &0 60 - 80 80 - 100 100 - 20 120 - 140 180 - 1460 160 - 180
8.249€ 01 2.563E 01 4.921E-1 0. g. g. 8. 0. 0.

Sl



Analysis Code II: Cross Sections for the Emission of 1 to 15 Neutrons into Various Energy- Intervals

See page 62 for explanation relating to this type of output.
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PAGE W
TNCTCENT TNC. LAB. TARCEY NO. OF INC. CUTOFF  GEOMETRIC NO. OF INC.
PARTICLE ~ K.E.{MEV) _ SYMB. A& I PARTICLES  EN.(MEV) X-SEC.(MB) __  PART. COLLISIONS

NEUT ) 200 AL 27 13 02500 o l.sd - 1028.2 00964

CROSS SECTIONS (MB) FOR THE EMISSION OF K PARTICLES OF SPECIFIED TYPE INTO ENERGY INTERVALS INDICATED

(CONTIIBHTICNS TO K EQUAL ZFRO ARE MADE ONLY WHEN PARTICLES OF SPECIFIED

TYPE ARE EMITTED BUT ARE NOT [ii THc cNERGY INTERVALS TNOICATED)

EMITTED PARTICLE NEUTRON ~ 77 TTUENERGY INTERVAL (MEV)Y = 0 TO - 40
K EQUALS " 0 N 20 T T oo 377 7T . T 5 7 [ . 7
1-6904E 12 T.36TLE 02 G.I951E OT T-1T05€ OT . 3.2703¢ GO0 1.2339¢ 00 0. 0.
8 9 o o 12 13 Y 15
0. 0. 0. 0. G. 0. g. 0.
EMITTEN PARTICLE NEUTRON . ENERGY [NTERVAL (MEV) 43 YO 160
K _EQUALS O ! 2 3 4 5 6 7
a. 1.7480E 02 5.0999€ Ot 8.2257E-01 0. B 3. a. 0.
8 9 [ 7> H . | : 12 ) NE . 1 1S
G. 0. 0. 0. - T. 0. 0. 0.
EMITTED PARTICLE NEUTRON =~ 7 "7 ENERGY INTERVAL (MEV) 160 YO 200
K €QUaLS 3 [ 2 3 [ E) [} 7
C. 6.0048F T c. ’ 0. 0. 0. a. 0.
8 9 10 1 12 13 ) 15
a. a. 0. o. 0. 0. 0. 0.

LL



Analysis Code II: Ratio of Number of Neutrons Emitted on First Collision to Total Number of Emltted

Particles of the Same Type as the Incident Particle

See page 64 for explanation relating to this type of output.

gl
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PAGE §
TNCTDENT INC. LAB. TARGET NO. OF TNC. CUTOFF GEOMETRIC NO. OF INC.
PARTICLE K.Eo (MEV) SYMB. A z PARTICLES EN.{MEV) X-SEC.(MB} PART. COLLISIONS
NEUT 200 AL 27 13 02500 1.64 1028.2 q0964

NO. OF TIMES SPECIFIED

TPARTICLE 1S EMITTED ON THE FIRST

INC. PARTICLE COLLISION DIVIDED
BY THE NO. OF TIMES THE INC.

PARTICLE TYPE IS EMITTED

PION ABSORPTION

TPION CHARGE =~ 7T
CROSS SECT. (MB)

_NEUTRONS ___ D.u5094€-00

EXCHANGE CROSS SECTY. {MB)

6L
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A/

Evaporation Code: Case Description and Average Number of Particles Evaporated per Inelastic Event

The case number in the upper right-hand corner of the facing sheet and on all following sheets
representsan A of 27, a Z of 13, a kinetic energy of 200 Mev, and the type of incident particle =
the figure 1 indicating neutron; 2, proton; 3, n+, and U4, .

The information in the upper left-hand corner is self-explanatory, except that the symbol #

should be read as an = sign.

This page also gives the average number of particles evaporated per inelastic event for each

of the particles specified.

29



CASE NUMBER 2T 13 200 |

Ag 27
8 13

_ KINETIC_ENERGY (MEV)I# _ 2030.90 .
NEUT
GEOMETRIC CRGSS SECTION (MB)# __ 1028.21
CUTOFF ENERGY (MEVIA .64

25C0 CASE HISTORIES

TNELASTIC CROSS SECTION {MB) 396.48

... AVERAGE EVAPORATICN YIELD PER INELASTIC EVENT

NEUTRCNS PROTCNS DEUTERONS TR ITONS HE3 ALPHAS

0.1593361 0.7987552  0,1224086 "0.0145228 $.0663500 0.2645228°

€8



Evaporation Code: Distribution of Residual Nuclei Following Evaporation

The radiochemical cross sections on the facing page are for the reaction involving both the cas-
cade calculation and the evaporation calculation. The column under A is the mass number of the final
residual nucleus; the columnlunder 7 is the atomic number of the residuwal nucleus; the column headed
."NUMBER OF NUCLEI" refers to the number of nuclei which remained with a corresponding A and Z value
after the cascade and evaporation phasg have been completed; and the cross section in the last column
is the value for obtaining a particular A and Z as a final residual nucleus. For example, given a
200-Mev neutron striking an aluminum target with an A of 27 and a Z of 13, the cross section for ob-
taining a residual nucleus with an A of 23 and a Z of 12 after the cascade and the evaporation phase

have been completed is 0.41 millibarn.
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CISTRIBUTION OF RESIDUAL NUCLEI FOLLOW{NG EVAPORATION

a . .~ L. _NUMBER OF NUCLEL __ _ {
27 .13 e B
12 12
26 13 "7
H 118
25 43 I
12 +33
(] _ o
2t 12 a6
0] 12
[ 6
23 P2 ot I
tH us
9 2 .
22 [N 27
? 4
21 [ F]
10 25 . L
9 75
20 10 b B
8 88
19 ? 1
7 AR
14 ? vy .
I4 47
17 8 21
[ "
16 3 28
[ 3
15 3 S T
7 7
6 [ .
1y 7 5.
[ b
5 [
13 L6 Lo
S 1
12 . 6 L R
8 4 2
14 u t
4 2 S

‘CASE NUMBER ~ 27 13,200 i

S8



Evaporatioh Code: Moments of Energy Distributions for Evaporation Particles and Normalized Evaporation
: Neutron Spectrum*

The first table on the facing page gives the first, second, and third moments of the energy dis-
tributions for the speéified evaporation particles (neutrons, protons, etc.).

The next table gives the values of the normalized evaporation neutron spectrum; that is, fhe en-
tries represent the fraction of the totél number of neutrons that were evaporated into particular
energy intervals divided by the width of the interval. The interval width is the same for all intervals
and is equal to 0.1 Mev. The-values for ten successive intervals are listed on each line. The lower
1limit of every tenth interval is listed under "E", O bYeing the lower limit for the first interval, 1 the
limit for the eleventh interval, 2 the limit for the twenty-first interval, etc. The histogram is nor-
malized such that the sum of all the values of the'histogram multiplied by the energy intefval,40.l Mev,
should give 1. '

If the histbgram constructed from this table or tables of some other type is sporadic, one can re-
group and construct a new histogram with wider energy intervals; This regrouping may lose some of the-

details, but it will also indicate the trends more clearly.

¥Note: There are no angular distributions for the evaporation particles, since it is assumed that they

are evaporated isotropically in the center-of-mass system of the excited nucleus.
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CaSE MUMBER 27 13 2091

f

SOMENTS OF THE ENERGY DISTRIBUTIONS FOR THE FOLLOWING EVAPORATION PARTICLES
NEUTRAONS PROTONS ~ CEUTERONS " TRITONS ~—~ ""HE3 7 TaLeHas 77T T )

1ST MUM. 4.3328SE OO 6.23789E 3T 7.610156 D0 8.09739E 00 7.89871F 30 7.67CG45E 00

24f MOM. 3.71821E OF 6.1256HE 01 9,67539E D1 1.03307€ 02 8.72982€ 31 7.u0946E 01

IR0 MOV, u.H22HTE 02 B.41125E 02 1.86519E 03 1.89287E 23 1.37129€ N3 8.96309E 02

NORMALIZED EVAPORAT[ON MEUT
(E SPECIFIES THE LOWER ENERCY LIMIT OF THE INTERVAL IN MEV)

SPECTRUM

U G. 1663235 U.178571 D. 172308 0.172308 0.192308 0. 178571 0.1C9890 0.151C99 0.1923C8 0.267253
I D.1/8571 DL178571 0.172308 0.1648355 0.219780 0.1688355 0.192308 0.2197380 0.096154 0.151099
2 1.164435 2.151399 0.1785¢1 D.164835 N.178571 D.206Gu4 0.151C99 C.0R2418 0.109890 0.i23626
3 0.178571 .192308 (G.137363 0.109890 0.C96154 1.109890 C.1G9890 £.096154 0.076154 0.109890
U 5.123626 (,C58945 0.054965 N.068631 0.123626 0.082u18 3.096154 C.013736 0.081209 0.041209
5 .I27473 (.768681 1.027873 3.06121)9 1.041209 0.027673 9.054945 C.N68681 0.013734 0.082418
5 1.061209 U.C68681 0.056945 0.013736 (.068681 0.068681 0.096158 0.013736 0.0u1209 C.056945
7 3.061209 3.015736 0.096154 J.Us1209 N.027473 ‘0.027473 0.109890 C. - 0.C686A1 0.027u73
3 3.051207 C.C82614 B.013736 0.061269 0.056945 U.027473 D.058945 C.013756 0.027u73 0.0u1209°
2 q.32767% 0.520673 3. G.C27675 0.041269 0.027873 G.J27473 4. 0.081209

13 S.027u73 0.001299 0.081209 1. 2.015736 0.027473 1. 0.027473 Q.

il 3. (G.013736 0.027u73 1.013736 3. £.341209 C.04)1209 0.0412C9 G.041209

12 J.013736 0.027673 D.013736 1.013736 1.013736 O. C.313736 O. .

13 1. 2. . 1.313736 0.0u1267 0.013736 Q. Z.G27u73 0. a.

T4 9.C13736 0. 6.313736 0. 1.013736 0. a. - 0.713736 0.Cs1209 0.

15 2. C. 3.313736 0.6513736 0. 3. g. C.C13736 0.013736 C.

1o f. a. 3. 2. J. 2. 0.013736 C.N13736 0.013736 0.

1. . u. a. J. 3. 0.013736 C. 0. 0.015736

18 3. C. 0.313736 0. 1.0137356 3. 0. r.J13736 Q. C.

17 1.013736 0. J.013736 0. 3. d. 7. c. 0. 0,

25 1. . n. a. 2. a. 0.ai3736 C. 0. a.

21 . Je u. . a. 1. _ o. . C.. 8. a.

22 % . u. 0. u. u. a. €. G. u.

23 2. Jd.- 3. a. 3. J.012736 Q. c. a. 3.

ou g, S J. 2. . a. 0. G. 0. 3.

18



Evaporation Code: Normalized Evaporation Proton Spectrum

The facing page contains the values for the proton spectrum, and its format is identical to that

for the neutron energy spectrum given on the preceding page.



£

NQRMALIZED EVAPORATION PROTON SPECTRUM

"(E SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MEV)

29. d.

a.

0. 0. 0.

CASE NUMBER 27

3. 0.013072 0.0:13072 0.052288

0.013072 D.039216
0.156863 0.222222
1.196078 0.252288
0.153791 0.156863
0.130719 0.352288
U.052288 C. 117647

0.065359

0.156863
Q.1176u7
0.039216
G.183037

0.130719 0.163791 0.143791

0.065359 G.117647 0.169935 D.196078
G.I§6863A0.13n7l9 0.183007 0.261438 0169935 C.091503 0.117647 0.183C07

0. 1068575 0.091503 0.065359 0.14379% C.136719 0.104575 0.104575

0.130719_0.1307t9 0.1176647 0.106575 C.104575 0.065359_0.091503

‘9.130719 0.078431 0.104575
0.091503 9.0915C3 0.073u3}

J. 117647 C.11764T 0.065359 0.065359"
0.691503 €.052288 0.026t44 0.091503

—DO)}‘IOU‘:\N!N-

3]

0.013372 0.052288
117647 0.039216
C.026164 3.313072

013072 0.039216
J.039216 0.C26144
0.02614u 3.013372

7.052288
0.391503
0.091503
0.039216
0.G39216
0.

0.039216 0.078431 0.039216.
3.039216_0.0915C3 0.02614s
0.213072 0.039216 0.0261 44
0.065359 0.039216_0.039216

D.01307270.0261 44" 0.013072
D.026184 0, 0.013072

0. 117647 C.052288 0.052288 0.065359
0.0901503 0.0261uy 0.026144 0.013072

0.013072 €.039216 D.0261u44 0.052288

0.C261u4_C.

0.0392t6- 0.013072

0.91307270.039216 D.039216 0.013072°
0.026144 O,

Q. C.G2614Y

0.U26184 C,026144 C

.ﬂZéluh Q.3264L4

013072 0.013072 Q

U 039216 4.
d. [

0. 0.

c.013072

g.026144 0.026188 0,013072
g.0261648 0.0 0.
9.0261ub 0.0261u8 0.013072
9.726144, 0,013072 D.G26144
a. 0. Jd.

Q. d.

0.C26156 0.
O.__ ___ 0.22614s
a. 0.313072
0.013072 0.026144

0.013072 €.013072
0. c.

0.0261us 0.

a.

0.0261868" 0.0730727

0.

0.013072 0.013072

0.026i44 0.013072
0.013CG72 0.013072

Qe ~o v Fw

20

~

~
r

rs N
=%

a. 0.
J.g13372 0.
a. U
0.J413372 4.
U. d.
3. 4.

0.013072
G.

C.013g72

C.013u72
0.0261u4
Q.

0.

0.013072 0. 0.015C72
9. . 0.013072 2.613072,
3. ‘g. 2.

0. . 3. .

a. “n.013a72 U.

3. Je .

g. G.
Qe . _.._0.__ .

a. 0.

a g
d. a.

0.013072 0.

0.
a.

_0.013072__

0.013072
C! -

0.
0.0413072

137200 1+~
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Evaporation Code: Normelized Evaporation Spectra for Deuterons, TritonsL4§e3, and Alpha Particles

The format for the energy spectra given here for the specified particles is the same as that

of the two preceding examples except for the interval width being larger — 0.5 Mev for each histogram.

\O
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NCRMALIZED EVAPORATION DEUT
(€ SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MEV]

SPEC TRUM

CASE NUMBER™ 27 13 200§

3
ag. c. T 0.033898 G-067797 0.203390 D.050847 U: 169892 G.033698 0.135593 0.101695
5 0.169492 U.135593 0.101695 0.067797 0.016949 0.033898 0.C67797 C.0508u7 0.067797 0.050847
1] 0.033498 C.067797 0. ER 0.050847 0. 0.050847 C.016949 0. 0.
45 0.N33898 0.016%4% 0. _ Oe . 0. 0.016949 0.016949 C.016989 0.  _ 0.016949
29 £.016749 0.016949 0. g, a. . a. G. 0.016949 0.
25 8. .. Qe __. ... 6. __ __0O. 0. 0. d. a. _.0.016949 0.
5870, a2, a. . 0. 0.016949 0. C. . 0.
35 Q0. 0. a. 0.U16949 Q. 0. Q. a. a. 0.
4] G. g. 0. 0. . 0. 0. GC. 0. 0.
s Q0. %% . .6, . 0. 0. 8. Q. ___._G. 0. __ 0. __
NCRMALTZED EVAPORATION TRITON SPEC TRUM -
(E SPECIFIES THE LOWER ENERGY LIHIT OF THE INTERVAL [N MEV)
E
00, _.C.. . 0. __ . . 0. . _0D.015152 0.030303_0. L. _____u.uusu_ss 0. .-
5 . a. c. 0. T0.015152 0.015452 0. 015152 C.015152 0. '0.015152
13 0. 0. . . 0.015152 0. _ _0.015152 0O, s o, 0. 0.
1572, u. 0. 0. "o, a. a. 0. 0. o.
23 0. 3. 0. 0. a. 0. N C. a. 0.
25 0. u. C. 0. 0.015152 Q. a. 0. . 0.
5N 0. C.... .. 0. _.._0. 0. 0. Qe Be Q. . De
35 C. G. g. a. C. C. . . a. o.
40 C._ _Ce 0. a. . _.49. .0 Z. c. 0. 0- .
u5 0. C. 0. o. 0. a. a. 0. 0. g.
NORMAL 1ZED _EVAPORATION HE3 SPECTRUM e e
“IE SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MEV)
€
aJc. a. a. J. 0. 0. 0.030612 G.G51G2C 0.081633 £.061224
5 9.030612 7.01C204 0.061224 0.030612 N.060816 D.020408 0.030612 G.N51C2C 0.020u08 0.0204C8
Z 3. ] 17.020408 0. 3.01020% 0.C10208 J3.01020% G. €.01C208 0. 0.
15 C. C. 0. 0.010208 0. _ 9.  _ 0e______ G._. 0. _ ___ 0.01920%_
2J 8.310204 0. g. g. 0. J. 0. G. 0. 0.010204
25 2. G o.. 0. _. . D._ ___ _9Qe. .. _.0. _ 0. D.. . __0.010208
39 0. f. o. 0. 0. a. S a. 0. o. a.
35 0. 0. o. a. 0. 0. -0, G. a. 0.
w9, 3. 0. 0. G. 0. 0. C. 0. 0.
%5 Q. a. 0. _ _.0.. 0. 0. 0. 0. I S | P
NORMALLZEQ EVAPORATION ALPHA SPECTRUM
(E_SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MEV)
0 .. . a. 0.008869 0.008869_0.008869 0.026608 C.084257 0.093126 0.06208u
5

U.115299 0.075388 0.075388 0.04u3ub 0.066519 0.013304 0.0us346 0.057650 0.048780 0.035477

10 £.035477 _0.022173 0. nuuzugigssu” 0.01330% 0.013304 0.0U€869 0.022173 D.008869_0.004435 _
15 0.00uL35 0.008869 0.013304 0.00u35 0.004435 O. R 0. 0. ‘0.
23 0. 0. 0. 0. g. a. 0.COus35 0. 0.004435 0.004435
25 0. 3.074635 0. 0. . 0. a. G. 0. a.
3. _ 0. 0. 0. 0. a. 0: . 0. 0.
55 . o. o. a. 0. 0. 0. c. 0. 0.
8)0.__ . _De_____ 0. ____Q. 0. 0. 0. 0. Oe___ 0. __
z. a. a. 3. a. J. 0. 0. d. o.

6
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