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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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r-----------------------------~EGA~NOTICE----------------------------, 

This report was prepared as an account of Government sponsored wor~* Neither the United States, 

nor the Commission, nor any person Qcting on behalf of the Commission: 

A. Makes ony worrQl'\ty or representation, 8xpt8ssed or implied, with respect to the accuracy, 

completenes" or usefulness of the information contained in this repor., or that the use of 

ony informotJon, apparatus, method , or process disctosed in this report may not infringe 

privately owned tights; or 

B. Assumes ony liabilities with respect to the use of, or for damages resulting from the use of 

any informQtion~ apparatus, method, or process disclosed in this report. 

As used in the obeve l "person acting on behalf of the Commission" includes any employee or 

contractor of the Commission, or employee of such contractor, to the extent thot such employee 

or contrador of tho Commission, or employee of such contractor prepares, disseminates, or 

provides access to, any information pursuant to his employment or contract wHh the Commission, 

Of his employment with such contractor. 
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Introduction 

This report gives detailed explanations of the printed output that 

, is available from the intranuclear cascade calculation. It is intended 

for use by those persons who will obtain and run the cascade code itself 

and by those persons who are interested only in the output of the many 

cases which have been run and are on file. 

It will be assumed that 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 collision, a cascade develops in

side the nucleus. The cascade code results are written on a primary out

put tape. All the important data for a case are printed in a s,eries of 

records, which comprise one file on the primary output tape. The first 

record describes the case, the intermediate records contain the results 

of the cascade reaction, and the last record briefly summarizes the re

sults of the cascade calculation~ 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 is 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 particle goes right through the 
nucleus. 
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To make full use of the output, analysis codes must be written which 

will organize the raw data in the intermediate recorqs 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-
. ·2· 

iating evaporation code which was slightly modified (by Dresner) to use 

the primary' output tape as a source of input data • 

. Analysis code I is somewhat rigid in its application. It was written 

concurrently with the cascade code and waa an attempt to s'eclU'e as much 

information from the cascade code as was feasible at anyone 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 distributions produced by this code are normalized to 1. 

Analysis code II is more flexible in its application. It was'written 

after completion of the cascade code and was meant primarily to provide 

comparisons of the results of the cascade code with available experimental 

data. This 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 /steradian, etc.]. 

The evaporation code consists of two parts: the first part, an analy

sis of the cascade code primary output tape only to the 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 this 

code therefore represents results of the evaporation reactions which 

follow the cascade. 

,Each page of the output from the above three codes is displayed in 

this report on a right-hand page. Explanations of the terms which are 

not obvious are given on facing pages. One case is used as an example of 

~he 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. 

2. L. Dresner, EVAP -- A Fortran Program for Calculating the. Evaporation 
of Various Particles from Excited Compound Nuclei, ORNL CF-6l-l2-30. 
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Analysis Code I 

Page No. 

Statement of Backward Momentum................................... 4 
Inpu.t InfoI'Dlat1on................................................. 6 

General. . . . . . • . . • • . . . • • • • • . . • • • • . • . • • • . . . . • • • . . • • • . • • . • . . • . • • . • • . 8 

Angular Distributions of Residual Nuclei •••••••••••••••• ~........ 10 

Excitation-Energy Distributions of Residual Nuclei............... 12 

Description of Momentum-Distribution Histograms.................. 14 

Momentum Distributions of Residual Nuclei........................ 16 

Perpendicular-Momentum Distributions of Residual Nuclei.......... 18 
Parallel (and Antiparallel) Momentum Distributions of 

,Residual Nuclei ....•....•........•... ' •...•••.•• '. . • . . . . . . • . . . . . . 20 

Parallel (and Antiparallel) Momentwn Distributions {cont.)....... 22 

Cascade..,.Particle-Ernission Cross Sections •••••••••••••••• ·••••••••• 24 

Cascade-Particle Energy Spectra for ~ = 1 to 0.95 ••••••••••••••• 

Cascade-PartiCle Energy'Spectra for ~ =0.95 to 0.90 ••••••••••••• 

Cascade-Particle Energy Spectra for ~ = 0.60 to 0.40 •••••••.••• ~ •• 

Cascade-Particle Energy Spectra for ~ 0.10 to -0.10 •••••••••••• 

Cascade-Particle Energy Spectra for ~ = -0.40 to -0.60 ••••••••••• 

Energy Spectrum of Emitted Cascade Protons for All Angles •••••••• 
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28 

30 

32 

34 

36 
Energy Spectrum of Emitted Cascade Neutrons for All Angles....... 38 

Energy Spectrum of Emitted Cascade n+ for All Angles............. 40 

Energy Spectrum of Emitted Cascade nO for All Angles............. 42 

Energy Spectrum of Emitted Cascade 1( for All Angles............. 44 
Angular Distributions of Emitted Cascade Particles for 

All Energies................................................... 46 



'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 forwa~d direction to that integrated over the backward 

direction. When the value of the integral over the 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 that follow, 

the values for the distribution in the backward direction were zer9. 
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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 infqrmat10n 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 the last record are (1) the geometric cross section 0\ 

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 

escape from the nucleus. in the cascade phase. 

.) • • 
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I<~PUT 

USEE} F ILc 5 

F~O" CARDS 

I NCI DENT pARfiCLE ·>lEur iNcioe·Nr·K tirEr'IC ENERGY 7.00.000 I'ev 

TOTAL NUNeER OF INCIDENT PARTICLES 25G~ TARCET Sy~eOl At 

SllE OF HI STOGRA~S FOR OUTGOI ~lG K. E. 25 FO~ PROT, 25 FO~ ·'lEU r, 25 FOR 1'1+, 2~ FOR 1'10. 

CROSS SEerlor,s ·WERE CALCULATED FOR AS I't,"Y'AS ? ·EMITTE"C:· PAI\TICl{ CC"B:N~TIGNS. 

21.:::CC ~EV INTERVAL \;A~ uSEC IN CALCULATIN" tHSTOGRAfo1 FOR NIE-WE FOR TOTAL REACTION 

DelTAS FOR OUTGOING' KINETIC ENERGY DlsiRIRurfcN IN MEv 

PRoro",s 4iJ.)(1J1 4J.0000 20.0eoa 

NEurRONS 40.:JOOO 40.0000 20.0noo 
.. _. ____ I'_t+ 40.JI:l:JJ ~o.oaoo 20.0cao 

PIn 4Q. )0.10 43.0000 20.0000 

1'1- ~o. ;:):":'J 40.DUDO 20. [I00D 

__ --'O"-!#c...DELfA, RC$PECrrVE ~NC~vY INTERVALS OF HIsrOG,{AI'S 

OUTGOI~G eUMBI,~iIO.S 

INTERVAL FOR ~I['IDE IN MEV 

loaO!; 

21.00:: 

olnnn 

, 21.il~O 

II DO!) 2::J:JOD 

~I.~:JU 21.UOO 

FROM RECORD I 

20.000(1 

20.00:lIJ 

20.0000 

2e. 0000 

20.0000 

.2ID::10 120DO 

< I.GOll 21.GOO 

Oloon 
21. cae 

2':.): I_e !IlE~r "lour Ii If AL r ARCH II I TH 27. CUD M. S5 AND 13.;)'10 ATOMIC NU/otIlER AT 

nOM RECORD !II 

25 FOR 1'1-. 

10.0000 

IO.OUOO 

10.0000 

10.0000 

10.0000 

22!JOO 

21.000 

2)0.080MEV. 

THEKE \,ERE ?6". I~CICE~T p.~rICLE eOLLI5ID~S CREArlNG 164 ESCAPING PARrlCLE RECCRDS. r~E GEOl'EIRIC 

CROSS SECTIO~ ".s 1,:2,0.2IkI<12'1 I'~. THE !~ELlsrle CRCSS SECTION WAS ~?6.4r?27C9 MI!. THe CUI OFF 

E'IE!\G¥ \;,'5 I • o.H4 <;Q7 /fEV. 

Ilooa 
21.000 

• .. 

-:I 
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Anaiysis Code I: ~ 

The first line Of the output in this example and in al1 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; atomic number Z is 13; there were 2500 incident-particle 

histories; and a 1.6-Mev cutoff energy was used. 

The second line gives the momentum and the e~citation ene~gy of the compound nucleus. The momentum is simply the momentum of incio~nt parti

cle, in units of Mev/c; the excitation energy of the compound nucleus is the kinetic energy of_the incident particle plus the binding energy of the 

most loosely bound nucleon. 

The third line gives int'onnation on the mass of the residual nucleus. In the cascade calculation the number of nucleons in the nucleus is not 

reduced by the number of emitted cascade particles; consequently, it is possible that there may have been more particles emitted than there were 

nucleons in the initial nucleus. This line records how many times the number of cascade particles escaping 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 particles escaping than 

there were initial nucleons in the nucleus (that is, the mass of the residual nucleus was minus). The cutoff energy, also given on the third line, 

- is as described before. 

The fourth line gives the number of _times (zero in this case) that there were more than nine cascade particles emitted. (This is referred 

to later under "Analysis Code I: Cascade-Particle-Emission Cross Sections.") 

NeKt on the-page is a table giving the average number of cascade particles of the specified types that are emitted, the variance of the 

nwnber distribution, the average kinetic energy, in Mev, of the cascade particles emitted, ana. 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 fram ~he cascade. Under the column "OUTGOING 

CCl>!BINATION," the notation "TGrAL CASCADE" refers to those quantities calculated for all cascade events, and the five-digit numbers below "TGrAL 

CASCADE" refer to particular combinations of emitted cascade particles, the first digit referring to the number of protons emitted, the second 

digit to nwnber of neutrons emitted, and the last three digits to number of n\ nO, 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," "Cl," "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 printed quantity is in units of the 

momenllum of the compound 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 momentwn of the compound nucleus. "ARM" is the average momentum for all directions 

of the residual nucleus, in units of Mev/c. "A.REE" 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 completion of the cascade. 

It will be noted that all the ent~ies for the emission of cascade pions in-the first table are zero. _ This is because the present calcula

tion ignores the production of pions for incident nucleons. 

.' • 

co 
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NEur 0'1 ~L I~C. K.E. I"'EV' -is 200.0 ~ IS 27. l IS 13. 25UC INC. HISTORIES 1.6 MEIi> CUTOFF EN. 

;'OMENTU>4 OF 'co~piJuNii NUCLEUS 64-5.i:lO~ l'TiMEVTc-----e.xc [ TAT I ON ENERGY OF ·CO·"PCuNO NUCl EU-S -206. ~ 152 .-oME\' 

THE MASS OF THE RES I CU~-L - ~UCli'US-W.iS·-lEiU)-b Ti"es;-;.As" -MiNus C mes _·_·CUTOFF- eNERGY 1·.b37"60~EV 

FO~ J INCIDENT PARTICLE COLLISIONS THERE WERE MORE THAN 9 OUT GOING PARTICLES 

EMIT"TcC CASC4DE-PARTICLES 

PRCTO~S . '1EurRONS PI. 1'10 1'1-

~"E~AGE ."o. C.<lTIQ?I7C Ql) 0. I 543568E -b I 0. O. O. 

VARIANce n:H 13~_~09E GO U. 7?56196E· OC 
.-

0.- D. D. 

AV. K. c. (ME',. a.~ 12??9E5E C2 r..6f72~UHE 02 o. O. O. 

VA.![A'ICE a.mSbl10E ('4 0.34671 g3E 04 O. O. O. 

\D 
RESIDUAL NUCLEUS 

OUTGJI~G CO~RI~ArION co CI ARlO AREE AAR 

TOTAL C.I\:;CAOE il.;:2J6M4 0.26d146R 244.nS74C-74 35.11'10605 25.48443<16 
I ~JJcl ~.141?622 'J.27310<1b 201.937'1.:181 21.2011293 27.0000UOO 
OllCn D.1623(Br U.~~25HO 23(1.f!4S520G 28.49(;2108 27.0000000 
II q')fi G·.141 j001 u.2IS2110 1133.73119965 21.973940 I 26.0000000 
2C~I]!1 U.2rl6flI>6f! U.3Hf!4RI 3UlI .... 16!o2R 41.66642~" 26.0000GOO 
::1]r,J n.272?4?5 J. 30 IHA.:l 27?2ISE4ro 4.~.5731163 25.0UOOUOO 
12:}C:l 

-----,~~ 

1.2611 He, :.I.26"4u86 273.649E451 4(.u7l6101 25.0UOOOOO 
O~la'l ". I 5lSf' I I 0.2075313 17S.1122U4 19.1740112 26.0000000 

~.3S·J4rb5 0.3312624- 327.7129784 55.1<910400 24. :)000000 
a • .:I672144 O.3r.B2573 .:126.8819733 59.3421202 24.0DODODO 

:0 # ISUI' CF P~~'LLEL Il.ESICliAL .C~ENTUI'/"IJ.8cR Of ItlCIDENT PARTICLE COlLlS[ONSJ/~O"EllirLM OF COl'POUlliO lliUCLEUS 

CI # IS\W OF P£':PE,~otCIJLhR RESlOUAL ~C~"I'iTIJ"INU"8ER OF [;>ICIDENT PARTICLE COLLISIONSJ/I"CMENTU" OF COI'PCUNO IIIUUEUS 

~_R" ;; AV"~A:;E ~E5IDU_\L ~C"E!;ru. IN I<:V/C 

AREE N AVEMAGE RESl~IAL ExcrT.rlGN E_ERGY IN ~EV 

M;t • AVE'RAGE ",\SS OF I!.ES [OUAL t.lUCLEIlS FeR TOTAL OSCACE 
MR # ~ASS OF ~€sIOU~1:- NuCLEuS fOR OESIGNATEC OUrG(iING c-Ol'UiU.Tio:<lS 
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Analysis Code I: An!Jlllar Distributions -of Residual Nuclei 

This example contains the angular ~stributions 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 previous· 

page. The angular distributions are given in terms of 

fraction of the total events which occur in Ae 
~ 

.. 
where j.I is the cosine of the angle with respec:t to the inCident-particle direction. The numbers on lines 3 and 4, that is, 

-0.900000OE 00, etc., and O.lOOOOOOE-OO, etc., refer to the middle of the interval along the j.I scale, which ranges fram -1 

to 1.* 

The numbers on the two lines immediately below "TOI'AL CASCADE." refer to the angular distribution Of the residual nucleus 

which results fram the cascade for all cascade events. Note that these numbers appear in the same columns as the set of 

numbers above them specifying the center of the interval along the j.I scale. This means that for the first entry on the first 

line, 0.3630705E-Ol;the ~ 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 th~ second 'line"O.404564)E-oo, the interval ranges from 0 to.0.2; for the 

second entry it ranges from 0.2 to 0.4, etc. Therefore these two lines of numbers specify a histogram of the angular distri

bution of the residual nucleus atter the completion of the cascade. 

On the same line v;lth "TOI'AL CASCADE" the entry "RATIO OF FORWARD/BACKWARD" followed by a number is simply the sum of the 

distr~ution 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 MOMENroM FRW ONE OF THE FIRST HISTOORAMS 

IS 0" will be printed as the first page of the outputs fram this cede. 

The remainder of the page gives the angular-distribution data for various ,combinations of emitted cascade particles and 
+ 0 -their histograms. For example, the first combination is for one proton, zero neutron, zero ft , zero a , and zero a , and the 

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

*Note: When the numbers which appear in the output contain an "E" both on this page and on succeeding pages, the numbers tollow-
, . , 

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 

posi ti ve exponent. A minus sign following the E indicates a negative expon~nt. If a minus sign, precedes the entire number, the. 

number itself is negative; otherwise it is positive. 
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NEUT ON Al INC. K.E. {MEVl IS 200:0- A IS 27. Z IS 13. isoc INC. HI S,TORI ES I.!> "EV CUTCFF. 'EN. 

ANGULAR OISIRIB\t!J~-"'.-9F,tH.L£~SCA..QL~~,-CI.EI!L_\FRACTION IN DELTA MUI /(.oli~_,I:'U.I_., .... _ .... 

-U.9COOOOOE JLl -0.700nOODE 00 -0.500000010 00 -O.3COOOOfJE-00 -fJ.11100DOOE-OO 
O.loooooor-on ..,. D:3-0'(jjjijodE-(jb------O~ soDoocoeoo----·-tr:7occlfiOcCoo·- '- O.900·00oae' 00' 

TCTAl CASCADE RATIO OF FORWARD IBACKWARD O.sel6735E 01 
O:36J07C!SE-OI ·O.II .. I079E:i:iiJ-·_· .... •• 'O-:-62'98755E-01 .•.••. '. 6:Tl9i'9lobE''':i:;O'' . O:ISSoOI'7E-OO 

.. D'.',O"S643f::-.O.\J ___ ., P,JJl8Jal1!L.QlL_._._._~_.I.O~§.~~.L _____ J!,.LL2Jtl3,2ILQL,_,_ O.IIO??~!lE 01 

PROTCNS 0 NEUTRONS 0 PI> 0 PIC D PI- RATIO OF fORWARD /BACKWARD o. 
D. "'_ ... _ ... D. 

D.13SI3SIE 01 
O. o. 

o:-l06i 68 1,(,111 ·· .. ·a-~2627027E-oi .. 
o. 

'cr;iiOS"OS"E-OO 0.13S1351 e-oo 

o PROICNS I NEUTRONS n ~I> 0 PIO 0 PI- RATIO OF FORwARD IBACKWARC O. 
O. O. O. O. O. 

C.b43S6!,4E ,00 _ •. 0.217.!!2ISE 01 0.ITBlI7!!E'. 0,1._ •. __ .. O.2"7S2~7E,:,OO (l.1,,851"8E-OO 

PRurCNS .... 'i"NEUTRO,jS' 0 PI+ 'n 1'10 "0 1'1- RATte oj:' 'FORWARO IBACKWAI\O' C.4973684E 01 
O.ijola'73E-~1 O.IS41KsnE-00 O.154IBSOE-OO (1. 1 962379E-00 0.2422907E-00 

O,'''8S022E-on (J./)1>07929E no 0.1211454!; 01 Ci.1035242E 01 0.B370044E 00 

2 PRoro~s ~ NEUTRONS 0 PI> n P[U 0 P[- RATIO OF FORWARD IhACK~.RO 9. 
:)~' .... O. .., D.--- .. ....... ,-. -"0'.--

O.Hb2,"b90E 110 0;5172414e UO O.IZ06A97t: 01 
O. 

0.137931(;1: 01 O. 10344831: 01 

2 PROTCNS I ~r:UTRO'lS 0 PI." 0 PIO 0·1'1- RATIO OF FORWARD IBACKWARD I:.IAOOOOOE 02 
J. O.657ilv47E-D1 O. iJ.197368"E-OO D. 

p~iJrDflS 
;J. 

O.13IS189~-m"- O:7ti94737e-~Jb- "···'O".98'6S42IEjO .--, --- -rj:i25000DE 01 0.1578947E 01 

"curRO'IS 0 PI. 0 PI:l a PI-
O.I'?RwI9HE-OO 

10 OF FORI/ARC 'BACKWARD C.QZI42B6E 01 
19B0198e-ClO . O.14eSI"8E-OO G.14!lSI4!lE-OO 

].5465346E-On O.2970297E-DQ. 0.7425142£ 00 0.1485148E 01 0.1435b4"e 01 

----0 P'\O"iCNS 2 NEufRO'IS 0 PI+ IJ PIO ::J PI- !lATIe OF FORWARD ItlACKWARO G.46129D~E 01 
J. R62'Jn90E-J I 0.229085 I E-OO n. I" 311 78ZE-:m 0.1 1241 36E-[10 0.2586207E-OO 

O.I.3In,~"5E-(ln· 0.A620690e no [l.ll3H333E 00 . " O.11206'10E 01 O.8620690e co 

0.24 HG24F.-Oa O.3651l537E-OO o. 85365!l5<, 00 C.1951219E 01 a. 1341463E 0 I 

I PI,tO reNS NEUTRONS U PI+ o PIO o 'PI~' . 114 r IIi OF'FORWARO I8ACKWiu'tQ O.3-"CCOOOE 02 
O. '0. 0. 0.1"28571 E-OO O. 

0.28">7143(-00 0.1428571 E-OO 0.5714286E 00 O.1857143E 01 O. 20m)ClODE ~ 

.. 

.; 

.. ' 

,:" 

t:: 
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Analysis Code I: Excitation-Energy Distributions of Residual Nuciei 

This example gives the excitatio~-energy distributions of the residual nuclei resulting from the cascade. The distributions are expressed as 

tha fraction of all events leaving the nucleus with excitation energy in a particular energy interval divided by thB.t energy interval. Again, 

the excitation-energy distributions are given for the "TClML CASCAlE" and for the events in which only particular cambinations 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 tiE intervals for all the histograms. The DEA value refers to the interval for the 

total-cascade histogram, the DEB value to the interval for the h1stogrem for the combination of one proton, zero neutron, zero n+, zero nO, and 

zero n-, the DEC value to the interval for the next combination of particles shown on the page, and so forth. For each separate ~istogram, the 

tiE interval remains constant. In the examples shown here, the intervals are the same for all tbe histograms. that is, they are all equal to 

21 Mev. HOIiever, this is by choice and they need not be the same. 

The notation "(SUM OVER HISTOORAM)x(lEX)W and the numbers folloWing this notation are related to the range of the excitation-energy spactrum 

over which the hi.stogram is being constructed and how many times excitation energies occur beyond this range. The code is set up so that the tiE 

interval for each histogrem is selected as an input number. A histogram is constructed. for ten tiE intervals, and so tbe range of the histogram 

is fran 0 to 10 x tiE. If, for example, one is interested in the excitation-energy distribution toward the lOll-energy end of the spectrum only, 

one could specify a small tiE and obtain a histogram :rran 0 to 10 X tiE, 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 OYER HISTOORAM)x(lEX)" 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 

cE 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 preceding tbe notation "0li'L." This number spacifies the number of 

"overflows}" which is the number of times that excitation energies occur beyond the range specified by 10 x tiE. If the "SUM OVER HISTOORAM x (lEX)" 

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 "TarAL CASCAlE" the 

first entry (0.2010472E-0l) is the value for the energy interval 0 - 21 Mev, the second entry (0.1l65TTTE-Ol) is the value for the interval 

21 - 42 Mev, the third entry for the interval 42 - 63 Mev, and so forth. III this example corresponding entries for the other histograms are 

for the same energy intervals, !!!!1 ~ because in this case the widths of ·the energy intervals designated for each histogram are equal. 
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NEUT ON AL INC. K.E. IHEVI IS 200.0 A IS 21. l IS 13. 2500 INC. HISTORIES I.~ MEV.CUrOFF EN. 

_____ E.~.:J.H.IIJ~l.'L~N.r;.Il..~_.Jll.SJilJJ!!J.lJ ON OF THE CASCADE RES lCUAL NUCLEUS I FRACT ION_PER UNI T EN. I (DEMOELTA EL~'Hl ___ .. 

___ .o_e~_( .S._Jl._li.~.;J.O.!lal'~~. __ !>l'LI~ __ Q4lQ.OOOOE 02 DEC IS 0.2100000E 02 OED IS 0.2100000e 02 OEE IS O.2100000E 02 
OEF IS C.2100CDOE 02' DEC IS· D.2IDOOOOE 112 DEH IS 0.2100000E 02 DEI IS C.2100000E 02 OEJ IS O~"2"iOllii[iiJE ·02'-

TOTAL CAS:ADE (SUM OVER HISTOCRAMIXIDEAI O.IOOOOOOE 01 OOFL 
------------·-O:20104-i2E..:rfl . ---iJ-.1165177E-0 I 0.78541 79E-02 0:T'Ei2993E.;il2------·lf;2222S81.E::OZ·-----

. 0 •. 1 [36J 3.~E.::Q2 _ .. ____ ._0-'59li~Il~~.=IJ.1.-.--_~1l.L9£'-E.::.!n-.- __ ... __ g .. ~~3.9.!_.!~~:_04 . ___ [J. ______ . 

PROTCNS a ~[UTRO~S a PI> 0 PIO 0 PI- ISUM OVER HISTOCRAMIXIDESI 1l.1000000E 01 o OFL 
0.21 M?02E-(H . . c. 0.141510IE-01 0.901l9009E-02 0.2514003E-02 O. .--- .. - - -0·'-' .-------.--. -6:- -------------·-·O~ .. --.----.. ----. 0:-----' 

o p~orCtJs I NE.lLIEO.'4S 0 PI> 0 PIO 0 PI- (SUM OVER HISTOGRAMIX(DECI O.IOOOOOOE 01 ODFL 
O.21681eaE-f)1 0.1461515E-01 O.8958039E-02 0.41141S1E-03 0.9429514E-03 

o. ._ .. _ ... _. ... . .. g~~L' •. r2U-03 ___ 0_. ___ ... __ . __ . _______ Q,.'!.1J~1?7_E.=Jll_. _____ .0. 

I PROTC'4S I >JF.UTRONS a-p"i".·- iJ PIa·' 'o-p"i:---TfUM OVER ·HISrOGRAMliIDEDI--·····--·C.IOOOOOOE-iJl--- -0··0;:1:----'-
0.3020768F.-01 O.98S?4S0E-02 iJ.46IS062E-02 0.1468429E-02 0.8391!l22E-03 

O.2Q91155E-03 0.419551IE-03 o. o. o. 

2 P~uTOIII~ C'IIEUTRO"S a PI> 0 PliJ 0 PI- ISUM OVER HIsrOGRAMIXIOEEI C.IOOOOOCE 01 !l OFL 
. 'J~-1-64-2~-36E":OI· - 0.1471832E-01 -O:-6S'i,1!I44E:'02' .--- 0:'328407"2E-02 . iJ:32S4012E-oi 

0.1642a36~-a2 O. 0.16421)36c-02 o. O. 

2PRorCNS 1-'l~CTRONS- -0-... ["+ -o·piu· 0 -p-i=----'fiJl1oVEil-HTSTOGRAI11XiDEF-l- ··--O·.-iiICOOOOE·O.- .. -. 0 OFL 
;].12~3IBE-tJl D.169172?E-DI O.689223IE-02 O.5CI253IE-02 0.3132S32E-02 

···J.12Bd3E~ii2- -O.IB79699·E-1l2 0:- - .. -._--.--- o. - .. 0'. 

PRorCNS 2 '4EurRON5 0 Pit n PIO 0 PI- ISU~ OVER HISTOGRAMIXICEGI C.IOODOOOE 01 0 OFL 
O.1225MHE~'J I -- '·0'-1 bO·~!J1 {e:,cfi-·- .. ---O:-IOB4394E=O I' .- -----·-O:S6571C9E=02-- --- . -0-:188S903E-02 

0.4714751(-03 o. _~ ______ ._.Q..1>.1-,~~n:.=!l..L_._. __ ~. ____ . ... .. ___ 0, 

o PRorCNS 2 ~~UTRO'llS 0 PI> 0 PIO 0 PI- (SUM OVER HISTOGRAMIXIOEH) O.IOOOOOOE 01 0 OFL 
O.3338r.07E-~1 O.1662S35E-02 0.301[400E-02 0.1368363E-02 O.109469IE-02 

n.S473454E-03 0.S473454E":n3 '0;' -- - .. O. O. 

2 PROTCNS 2 '4ECTRO~S 0 PI~ 0 Pl3 0 PI- I SUM OVER HISTOGRAMIXIOEII O.IOCOOOOE 01 OOFL 
O.4t4576IE-a2 0.12115~4E-01 0.1626016E-01 0.696864IE-Q2 O.464516IE-02 

O.B.228dOE-02 o. Q.. ._ ... __ ._ . __ ._ O. O. 

I PROTCNS 3 NEUTRONS 0 PI> O'PIO 0 PI- "(SUM ciVER-HiSTOGRA~ixtOEJT----' O.IOOOaOOE··OI - ... 0- OFt. 
3 •. 212I:18I1E-02 0.680212IE-02 D.2040816E-iJI 0.IOSA435E-OI 0.40SI6BE-02 

J.2721088E-02:J. O. O. O. 
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Analysis Code I: Description of Momentum-Distribution Histograms 

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

follow. 
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O'E SC ~ [PiioN"oF -fi1T"'Foi.'i.oW''fi'i(f'''ilOMENr'UM'-(ilS TR-ISi.i floN s· 

THE FIRST G~OU? OF NUMtlERS 8g!'QW_!!jL.!.!!!-.s5 ... ~P<~Cl£Y ,THE MIDPOINTS OF THE. MOME'lTUM J..!HERYAl,S., 

TI-'E MOME/HUM, .LS_,lH~ !'1UMBER. l~q~ATE.Q..CME.V/p. 

filE sueSEOUE'lT GROUPS OF NUI'UERS ARE THE FR'ACTION DF THE TOTAL 1'1 EACt; I1HERVAl DIVIDED BY DELIA p. 
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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 Qistributions have been calculated. For example, the midpoint 

of the first interval occurs at 0.32250l9E 02 Mev/c (i.e., at .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 "TarAt CASCADEII 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 lIT~ CASCADE," also as before, specify the particular particle combinations to which the numeri

cal entries below 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 column w~th the entry which specifies the midpoint of the momentum interval to which it 

applies. For example, in the histogram headed "1 PRarONS 1 NEUTRONS OPI+ 0 PIO 0 PI_,1t 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 distributions described previously, except, of course, that here they refer instead to momentum 

distributions. Also, the user has no choice in selecting the ranges of momentum distributions, since 

they are estimated in the code and therefore will not be large enough in same cases. The notations and 

corresponding numbers here are meant to show how much of the entire distribution is represented • 
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N(WT ON Al I~C. K.E. (MEVI IS 200.0 A IS 27. -t. Is 13. 2500 INC. HISTORIES 1.6IOEVCUTOFF -'EN: 

________ THE MO"'EI'HUM DISTRISUTION OF TJiE CASCADE RESIDUAL NUC"L.£Jl~ ___ ._" "'_~_'_." 

O,.$2;1S9J9CC2_.,_,o .• 9.9t~o5~e J12 __ ,.Q.,,,U>J2S0,,?,E 03 O.22S7Slc!e,~ 0.2,QU517E 03 ""O.~2.~J2"E,Jl,3,--1l,.":11?52~E 03,. 
C.4837528E 03 0.5482S32E 03 0.6127536E 03 O.67,72539E 03 O.141754!E 03 O.8G62547E 03 0.8,7075501: 03 

TOTAL CASCADE (SUM OVER HISTOGRAMllDELTA PI C.!DODoooe 01.. a OFL 
O. 'Ie I [486E-03 0.284oo49E'-fl2 D. 2P40649E -02 ~-O-.-2,,9i829E':0z' - 07'22Ts-sciiiE-"(2-o:ii;s6525E-02' -, O. 9i.8A831 E-03 

1J.6111"50E-~3 O.4324029E-:w3 il.\9?993,2~:::P.} _.O_.~4,4!4"!1F-03 Q.}216~?3,E-0'i 0.I~08216E-04 .. 0.1608216E-04 

I PROTO"IS C ;;fUTRO'.S 0 PI. 0 1'(0 0 PI- (SUM OVER ,HISTOGRA")(OELTA PI C.IOCOOOCE 01 0 OFL 
O. 0.62853191-02 O.2933149E-02 C,2095106E~02 0.2SI4127E-G2 b,4190212E-03 O. u. O. t251064E-u2 O. --' -_. 0: ,.... , "'O.-·~ -, O. o. 

o PRorCNS I NEIJTnON$ i1 PL., C ~IU Q PI- 1 SUM OVER ~lST~GRAMIIOELTA PI D.loaODOOE 01 
O.3C1D056[-G3 D.Z456C4SE-G2 O.3684G68E-~2 

G.4bSSG"~E-03 S.4605G8~E-Q3 ,~. 
O.322355~E-02 D.301C056E-C2 0.IC1.Sl0E-OZ 

.p.15;!!l,OZ8E-:03 .0._. ___ .. ____ O. 

PROTCNS I 'Ir:LTR!)~S r P!. 0 PIO I) P!-' '(SUI' 'OVER HISTOGRAMIICEL-U PI 
__ """'O .... ..!.I.L,..!.c12HIE-rJ:? O.4,l[12HI:lE-C2 O.2736840E-C2 O.25Q5341E-02 0.ll01465E-C2 

C.j41493IE-!H O.156'i97ZE-uj 0.1365972[;-03 D. O. 

2 

'2 PROTC14S I ~!:l:TRO"S J 1'1+ n PIO :) PI- H!STOGiJiI'.l(OEuii· PI C.IOCCOOCE 01 
C.61 1??15E-~' D.122~9ajE-~Z O.2e~5?6DE-n2 3059958&-02 0.3263955E-(2 O.14Z19AnE-OZ 

G.elS?d~7E-IJ~ Cl.1>11?915i;-1)3 O.4fl79943E-03 -0; " -'O.20!9?72E-C.1 O. 

PRDTCN5 2. ~EUfgD~S n PIG 0 PI- ISUP OVER HI5TOCRA~I'CELTI PI 
J.n 1:;16qE-J.~ 0.1 :).26'1954t!E-D2 'n.260954IlE-02 O.1995'SnE-C2 

~.767'14IE-i)j J.1070C5~~-D3 O.153502RE-0$ O,1535J28E-Q3 O. . 

'1T PROT'C"TS 2 'lcUTRO'J5 G PI> 0 PIU J P[-
O.16:j~-nE-G' C.bQCJ~2~E-~2 ~.35~_~3~~-n2 

~.267!C66E-~3 ~.89Ia22IE-1)4 o. 

{5U~ OVER HISfOGRAMI(CELfA PI 
a.2J4935IE-il2 O.1871146E-C2 

0. O. 

2 PROleNS ~ NELlRO'lS 0 p,- D 1'10 0 1>1- ($UM OVER HISTOGRM'1I0ELTA PI 
0.31!!I'IIIE-(H O.ISI256"E-,f2 O.226~847E-02 U.226P.E4TE-C2 a.1134423E-C2 

C.I~?rtlr;SE-!l2 t.;.7562f122E-D3 'O.37~14I1E-O,1 0.:17814I1E-03 O. 

1 P~~TC~5 3 MEUTKONS 0 PI- 0 PIC J PI- {SUM OVER HISTOGRAMIIOELTA pi 
O. O.4429653E-03 0.2214820(-02 O.2214826E-02 O.2651792E-C2 

w.152HA96E-02 2.13zaH96E-02 0.4"29653E-03 O. O. 

C.IOOOOOOE 01 
0.2609548E-02 

O. 

O.IOOO:JOCE 01 
C. 623 71 55E-03 

lJ. 

C.IOOOOOOE 01 
C.3025129E-D2 

Cl. 

O.loocoooe 01 
O.398669I1E-OZ 

O. 

o OFL 
O.014Clt3E-03 

O. 

o OFl 
0.40979t1E-03 

O. 

o OFl 
0.53461 BE-O! 

[J on 
O. I [) I 99116E-02 

D. 

I) OFL 
O.184203"E-02 

O. 

o on 
0.53"61 33E-03 

. O. 

o OFl 
0.1134423E-02 

O. H81411E-03 

o CFl 
O.8B59306E-03 

O. 

, 
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Perpendicular-Momentum Distributions of Residual Nuclei 

This example is for the component of the momentum of the residual nucleus resulting from the cas

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. 

,'t " " 

i-' 
(X) 



• (1 

NEur ON AL [~C. K.E. '"EVI fs 200.oJ h' [$ 21. L IS 13. 2,00 INC. HISTORIES 1.6 MEV CUTOFF EN. 

TIiE PERPENOIC~LAR MOMENTU~ O[S!'nryurI9'l OF_ T!iE ~~-'AD.E. ~§SICUAL, ~U~lEUS 

D.~225:.J17e n2 O.961~0~6~ 02 0.1612509E 03 l,iE C3 0.29C2517e 03 C.3S41521E 03 D." 
G.4R57~2eE 03 D.5492532E 03 O.6121536E 0.6712539£ 03 G:741~'43E 03 O.~06ZS47~ 03 

Tor~L r.ASC~OE 
O.2~1'91P.E-C2 O.37~3367E-Q2 O.35~429IE-02 

C.128602IE-03 ~.32165S3E-04 O. 

PRurC~5 C NCC'RO~S a PI. 
O.41?~212E-~5 O.712336IE-02 

u. :J. 

fJ P~(;TONS 1 Nc~mO'j5 t: ?/. 
~.4tC~Q~~E-J3 O.2763C5IE-OZ 

_i.'S3S~2~E-ai a. 

I PROTC'l~ 1 Nr~ 1;<0',; (] PI' 

2 PRorONS ~,"lcur~o~s ::: r I' 
0.213HI,S.lE-[!Z O.32nf6R'IE-t12 

___ . ______ c. 514£>1 Bc-,1~, U. 

2 PkuU':·;:; I l'4ELr~O"j:; tl ;:'{+ 

'l.lt~I·)·('r.-C2 n.2R5~96'JE-12 
n.4'J7'i?ldE-l,i ,I. 

P~VT:~S 'I;~~TRO:S G Pit 
'J.lt!i(}-jjl -:Il. :' .. SJr:;~5~E-iJ2 

'd "'$1:2 Bc-T\ iJ. 

~ Plf] ') P/-
0.2075 H16c-:J2 

Cl. 

J PIG n P(-
;).59'11'3'3E-02 

O. 

iJ P (;J 'J PI-
Q.2B~a542E-02 

O. 

PIO 'l P 1-
:J.2Ii14S5l-82 

ll. 

PI:; Q P i-
G .. 42·~:J·14n£;-n2 

~. 

PI~ G ~!- . 
C.4QSI~~2E-S2 

:1. 

"- O-Pf{;'.ITC~$·- ::~l:-ino\js- -:Y-~T .. - J ,) 15-~ ~f=----
J.':';:;:;4';7L-~.' ~ .. 4:?'6?::5E-~1.2 :;" H~»1.$7;[-~2 

). 'J. J. 

'1 PI-

l; .. 5f..l141tE-iJ.5 J .. !r4,lbltE-Cl~ Q .. 

~qorc:'1S ~ ''i~ttlh)ii:S ':; Pt+ J "1-

I!DfLfA PI 
G O.I!~1270E-C2 

U. G. 

J. 

(SUM O~E~ HISfOGRAMIIDELTA PI 
J.38H5{(c-O? G. 26L19~4 ;U::-O? 

O. :.1. 

I~UM OVER HISfOCRAPIIDELr. PI 
:).25Z2'S'sE-C2 0.14 i42 71 E-G2 

u .. o. 

O.IOOOOOOE (J 

Li. 852":ld6 SE-03 
O. 

C. I GCCGOGE 01 
O. 

O. 

C. I 00008(;E :11 
C.IGr4520E-02 

O. 

(.!DOaODCE fll 
a ._i lI14? "E-O~ 

o. 

{SU~ OVER H15rOCR.~IICELTA PI J.loccnOOE 01 
~. 5,l',6 I! lC-O,1 a. 32,) 76e:1E-C2 C.32076H,JE-02 

C. O. o. 

ISUM OVER HISr0GKA~IIDELfA PI 
~.~1S??5rlF.-02 a.224j96?E-c2 

J. fl. 

! ~u:,' 0':::, td5fUCRAt-oll [., PI 
1.3~7:~S~E-C~ O.IQ 7E-C2 

].. o. 

{SUp eVE" fo[srot;RAI'I{CELH PI 
J.340327~E-C2 D.226SS47E-Cl 

:1" 8 .. 

'Su~ OVER ~ISfUC~AM1!OELrA PI 
J.310G75ro-02 O.117Id6IE-C2 

Q. O. 

G.looaOOUE 01 
G.~C79943E-03 

C. 

::.! 

o. 

:. I OoCrWbE D I 

Q OFl 
0."'61519E-03 

O. 

a OFL 
-(;.1257064E-02 

D. 

o OFl 
D.614DI13E-03 

O. 

U OFL 
0.2n4A?58E-03 

O. 

D OFL 
0.5346I:13E-03 

O. 

o OFL 
D.6119915E-03 

O. 

D. 

o OFL 
0.1782044E-03 

O. 

o OF\, __ _ 
o. 

o. 

o Oft 
G.4~296S3E-O.l 

b-:-'--

03 
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Analysis Code I:' Parallel (and Antiparallel) Momentum Distributions of Residual'Nuciei 

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 parallel (or antiparallel) to the incident

particle direction. The numbers on the four lines immediately below the title refer to the midpoin~s 

of the momentum intervals and are in units of Mev/c. The plus and minus signs preceding these numbers 

indicate that the components of momentum are parallel or antiparallel to the incident-particle direction, ,-

respectively. 

Here again 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' dif~erence being that here each 

set of numbers covers four lines instead of two lines. A~ 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 entry under 

lITorAL CASCADElI is 0.4824829E-04. Since it appears 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 -0.16125C$E 03 (-161.25 

Mev/c),' , . 
The notation II (SUM OVER HISTOORAM)( DELTA p)" and "on" have the sam,e meaning as in the prenous 

, 

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

that occur whose momenta lie below the range of values specified. 

(continued on page 22) 
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"'--N'EUTONAi INC. K.E.(ME~ 20C.0 A IS 27. 15-'13. 2500 IIIIC. HISTORIES 1.6 MEV CU{()FF-Ejof.--

____ TtJE PA.RAl,!'_E_~ .. MOMENTUM DISTRIBUTION OF' THE CASCADE RESIDUAL NUCLEUS 

• ____ -_0 •• _~D1755Q~ .. PL.=& 6P6?~,,-n..J:lJ-=Jl_.II< 1 1543E-1!3' -0.677253910 OJ -0.612153.6E In -0.5482532E 03 -O,-4831'52!HUJ} __ ~ ___ .. 
-D.~1?2524E 03 -0.354752IE 03 -0.2902517E 03 -0.22sr513E 03 -0.1612509E 03 -0.96750S6E 02 -0.3225019£ 02 

O.3225019E 02 O.9675056E 02 Q.1612509E 03 O.2257513E 03 0.2902S17E 03 0.3541521E 03 0.4192524E 03 
0.4~3(52BE Jj a.5482532E OJ 0.612~536E 03 0.6172539E 03 0.1~1.1543E 03 0.606254711. 03 0.8707550E 03 

TOTAL CASCADE ISUM OVER HISTOGRAMIIDELTA PI O.IOOOOOO!: 01 a OFL 0 un ::I. . J. -- -··-0-=-···-·------- ·--o-.-·--------o:~·------o:_-·--·-·-····-··· .. (j";.----. ---.-- ..... 

c. O. O. O. 0.4824629E-04 . 0.2090T59E-Ol O.llIBTB7E-02 
O.3699036E-02 O.3296961E-02 O.226767DE-02 O.1913e49E-02 0.9649659E-D3 O.78S055SE-03 O.4503t7~E-D~ 

D.Z134C70E-03 O' 11257.93E-:D3 •. o.,,-6!1,U.l06F.-_O...!< __ 0 • ..94HIQ6_E::..!14_g.32165!13~=g!> ___ 0 .•. ___ • ____ . _D. 

I PRufC/IiS C NEUTRONS 0 pi'. -'0· p'lb--' opj:' "'ISUMOVERHiSfOGRA"'lIriEL1'APi-~IJ~IOaoobDE-oT---o--'OF'C---O U"-L-' 
. O. o. 0. ____________ -----'1. D. . O. 
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Analys1.!3 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 tota~ cascade histogram are the same, but the com

binations of particles are different. 
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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 

less than or equal to nine. On the output sheet shown on page 9 , fourth line, it was noted that there 

were zero incident-particle collisions in which there were more than nine outgoing particles; therefore, 

there are no nonzero cross-section values for the emissio~ of more than nine particles, and the data on 

the facing page include 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 7 specify the various combinations of emitted cas

cadeparticles. For example, in the first entry, 35000, the first digit represents the number of cas

cade protons emitted, the second digit the number of cascade neutrons, the third the number of rr+, the 

fourth the number of rro, and the fifth the number of rr-. The cross section for this event, given in 

column 2, is 0.41128555E-00 millibarn (0.41 mb). 
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Analysis Code I: Cascade-particle Energy Spectra for ~ = 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 ~, the cosine of the angle measured with respect to the incident-particle direction. In the example on the 

facing page" ~ ranges from 1.00 to 0.95, as indicated in the title. This corresponds to an angular interval 

from 00 to l8°12',which is noted parenthetically below the title. On the following four pages of output, the 

values of ~ are 0.95 to 0.90, 0.60 to 0.40, 0.10 to -O.lO,'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 ~ with energies that lie within 6E divided by ~. 

Values of N(E) are given for each of the five types of particles being emitted as a function of E. In 

each case E specifies the midpoint 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. It 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 "PRGrONS. It The midpoint of the first 

6E interval in the histogram is 5.0 Mev, with the interval covering all energies between 0 and 10 Mev. The 

value of N(E) for protons in this energy interval is 0.244E-00 ,(0.244). The midpoint of the second 6E 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 ~ x 6E. 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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Analysis Code I: Cascade-Particle Energy Spectra for ~ = 0.95 to 0.90 
See page 26 for description of fa91ng page. 
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Analysis Code I: Cascade-Particle Energy Spectra for ~ = 0.60 to 0.40 

See page 26 for description of facing page. w 
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Analysis Code I: Cascade-Particle Energy Spectra for ~ = 0.10 to -0.10 

See page 26 for description of facing page. w 
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Analysis Code I: Cascade-Particle Energy Spectra for ~ = -0.40 to -0.60 

See page 26 for· description of facing page. W 
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Analysis Code I: Energy. Spectrum ·of Emitted Cascade Protons 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+, 
o -n, and n • 

In each case the energy range is 0 to O.200000OE 03 Mev (200 Mev), as specified 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 f~ction 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 Mev, and N(E) is 

the ~raction of the total number of emitted protons which occur in the ~ interval divided by tE. 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 0 to 8 Mev, is 0.296l579E-01. This is the f·raction of all the emitted cascade protons which were 

emitted into the energy interval 0 to 8 Mev divided by 8 Mev. 
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Analysis Code I: Energy Spectrum of Emitted Cascade Neutrons for All Angles 

See page 36 for description of fac·ing page. w 
CP 



• 

IIIEur C:Il Al pte. K.E .. 'MEV) %5 2C:::.C -A-I~ 21. ---Tls"- 13. 2~( iNt~ tllSrCRIES 1.0 ~EV CUTOFF EN • 
. -----.--_._----

,,~"RGY SPECTRUM OF E"ITTED CASCAOE N.EI,lTI\OIl.'-'_ 

o TO a.zaOCDOQE aj ~EV o OF\.. 

K.Eo 1 S HI; CE ~ fER OF TIlE ENEil.CY IIiHRV AL \111 MEv NI E) IS H·E FRAt rlON OF TOUL NI.iM~ER OF EI'I[TEO NEIJT!!~I'.SIC!..LTA e 
1(.0. -II:') ~.[;. :Ill ~l K.E. NIEI K.E. NIEI 

".U~ ~.22~J:114IE-_11 ow.U" n. 527b21 Oc-:12 18R.I'O O.4(H~~_58E-02 156.00 O.3861<247E-02 

_-,bll. ~.I3I~~~~E--ll oll.aC O. "62D2'16~-C2 Ilb.CO 0.3276;tICE-02 164.:::0 O.2352151E-G2 

20.CC C. fH'71,',n6E-12 10.UO O.J6IZ23IS-02 124.flO O.}C241'14E-C2 172.00 O • .102419lte-02 

28.(r: :-:.672Jld~E--12 ~4.(JO 0.ji\64247E-C2 132.00 0.2S2016IE-CZ 180.00 0..1 IQ2204E-il2 

So.t, ::.5112 S66E-~2 n.On O.31164247E-Cil I"O.O!) O.2eS616'sE-C2 IRS.OO II !..22bS I ~.e-02 

44.([' .: .1, (8,; iO 7E-12 I']O.~O !).4(J322.,e~-02 I ~~.C;; C.4(322561:·02 I~~.ao D.142S0'fIE-02 

52.e( u. ~J/6 ~44E-:I2 
w 
\0 



Analysis Code I: Energy Spectrum of Emitted Cascade ~+ for All Angles 

See page 36 for description of facing page. 
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a Analysis Code I: Energy Spectrum of Emitted Cascade fi for All Angles 

See page 36 for description of facing page. t; 
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Analysis Code I: Energy Spectrum of Emitted Cascade. rr for All Angles 
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Analysis Code I: Angular Distributions of Emitted Cascade Particles for All Energies 

The data on the facing page are for the angular distribution of all the emitted cascade particles 

for all energies. MU (~) 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 interval, which 

ranges from 1 to -J,. The numbers under the columns "PROTON," ttNEUTRON, If "PI+," tlPIO," and PI_If give 

the fraction of all the particles of the specified type emitted into each ~ interval divided by ~. 

Therefore, the sum of the numbers under each column specifying the type of cascade particle multiplied 

by ~ should be 1. For emitted cascade protons, for example, the value of the histogram of the angular 

distribution for the ~ interval from 1 to 0.95 (midpoint is 0.975) is 0.192l024E 01; etc. 
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Differential Cross Section for Emission of Cascade Protons 
Within Angular Intervals 0 - 300 and 30 - 600 as a 
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Analysis Code II: Differential Cross Section for Emission of Cascade Protons Within Angular Intervals 

o - 300 and 30 - 600 as a Function of Energy 

The data for analysis code II somewhat overlap those 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 so are to 

be ignored. 

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), 1.64; 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-
2 

cade protons into various angular int~rvals, d a/(dn 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 0 to 300 for 20 energy intervals, each having a 10-Mev width. Immediately be-
2 

low each of the 20 energy intervals is the value of d a/Cdn 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. 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. 
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1.32joE GO 1.153QE-01 5.365IE-OI 3.ZI90E-JI 3.755SE-:1 3.7555E-Ol 1.7864E-OI 2.3249E-DI 

IN(ER .. Al HTEt(VAL 10 

~.602:-)E-·~ ! 47672£:-(;t 

rE~ '/.l.l II 

• 7834e-'J I 

Z.",iTERVAL , , .. 
3 .. 93'.~E-J; 

INTERV.\L 17 PITE:(VH IR PHERVAL 17 INTERVAL 20' 

S.S6SIE-~2 .1<3:1"1:-02 1.7884E-02 o. 

INTER\/:'L 3 ~NTERVAL l!t ·!"t!ERV6L 15 INTERVAl 11> 

1.758"E-:1 I.013DE-:n 1.6QQ~r.-OI 1."SOlE-OI 
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Analysis Code II: Differential Cross Section for Emission of Cascade Protons Within Angular Intervals 

o - 300 and 30 - 600 Integrated Over Energy 

In the example on the facing page the fourth line, vlhich reads in full THE SUM OF dO' / (dn dE) x 

dE = 0.1041 x 103 MILLIBARNS/STERADD..N FOR CASCADE PROTONS WITH e FROM 0 to 300
, means that the 

histogram in the preceding example has now been integrated over energy to provide the differential 

cross section for emission of protons into the angular interval from 0 to 300 with any energy. 

The line below gives the average energy of the protons emitted into thls angular interval. The next 

two lines give the same quantities for the angular interval from 30'to 600
• 
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Pages like the facing one containing this or a similar number and no other information are to 

be ignored. V1 
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Analysis Code II: Differential Cross Section for Emission of Cascade Protons Within Angular Intervals 

60 - 1200 and 120 - 1800 as a Function of Energy 

In the example here, cross sect~ons are given for the emission of protons into the laboratory 

angular interval 60 to 1200 and 120 to 1800 • The interp=~~ation is the same as for the example on 

page 51. 
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INTi:ll.VAL 11 INTE,e{Al la--nrrrRvAl 19 I.'llERVAl 2[J ------------------------

o. o. o. O. 

I051GMA/tDOMEGA x·DEI IMBI/ISTERAO!AN-MEVf 
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Analysis' Code II: Differential Cross Section for :Emission of Cascade Protons Within Angular Intervals 

60 - 1200 and 120 - 1800 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 1200 and 120 to 1800 , with the average energy of the protons 

emitted into these angular'intervals. The interpretation for this page is the same as that on page 52; 

.~ 
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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 case1 the particles have restricted energy values ranging from 0 to 40, 40 to 160, 

and 160 to 200 Mev, and the cross-section values are given as a function of angle ranging from 0 

to 1800 • 
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I "itlOENT (NC. lAS. TARGET NO. OF INC. CUtOFF GEoMETRIC Iio.OFlllC. 
PAR r lelE ,K~,~' 1'11:111.. , ,!i~M}I.!.-, ,~""'_~, __ P~_"!...I,~.!:.~_~_,_E,:'i.:..! MEV l,_!-::.SE..t:!,l'.l~ I _~~Il ~_. ,COll,1 S ~O'lS 

lA80R-"TORY 
ANGLE FROM 

~Eur 

o - 20 CEG 

200 Al" ,~!.,_I.L_,_ .32?JO I.bll. 

"OSIGM,C,' OOMEGA "'-, 

-·.of MS--r'stERA"OIXiiil 

1028.2 

TYPE ()~ ,.cASCADE I'A,I~D,ClE 

,PROTON 

FOR T~~ ,~NE~~Y _I~TER~AL IMEVI 

a TO 11.0 

20 - 40 .. 0 - 60 60 - eo 80 - 100 100 - 120 120 - 140 

0::19611. 

140 - 160 160 - 180 

3.039E 01 2.978E 01 2.854E 01 2.18bE 01' 2.281E 01 I.JII.~ .. 7.627E 00 1I..141E 00 2.171E 00 
~~~~----, 

lABORATORY 
ANGLE FROM 

o - 2'J DEG-

TYPE' OF CASCAOEPARTlClE 

PROTO'l 

20 - 4!J 40 - '60 '60 ;. 80 -, , 8~r - 100 

FOR THE' ENERGY INTERVAl- {MEVI 

- ""0" TO 160 

100 -120 ' '120 .. 140 140 - 160 160 - 180 

--T.36!>EOI 4.1~"E 01 2.SIOe 01 - 9.626E 00 4.ITIEOcr--""T:1r(f.fCDlJ--O:--- O. -'0-.---' 

LA80RArOP.Y 
ANGLE FROM 

a - 2t' DEG 

S.~21e 01 

TYPE Cf CA~CAOE PARTICLE 

PROTON 

20 - ~o 40 - 1>0 60 - 80 

6. !d>r: 00 .~. "6[jE~01 o 

FOR THE ENERGY INTERVAL (~eVl 

160 T(l 200 

60 - 10il 100 - 120 120 - I~O I~O - 160 160 - ISO 

o. 1. O. O~, o. 
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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 example of output data for the cross section in millibarns for the emission 

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

emitted particle is a proton and the energy intervals range from 0 to 200 Mev. With the exception of 

K = 0 the definitions for these events are given in terms of a few examples. The value beneath the 

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

interval 0 to 40 Mev. If one proton is emitted with energy within the interval under consideration, 

it is counted as a contribution independent of the ~umber 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 

lying within the interval 0 to 40 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 intervals 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 version of the code. When the energy in

tervals taken together span the range of energies available to the cascade particle und~r consideration 

and when the .intervals do not overlap (as here, where 0 - 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 the same for all the 

intervals. This can be used as a test to determine whether the K = 0 cross sections have been calcu

lated correctly. 

One obtains contributions to the K 0 cross section when none of the par~icles of the specified 

type that are found in a record of the primary output tape have energies within the given energy 

interval. If there are no particles of the specified type found in the record, there is no contri

bution to the K = 0 (or to any other value of K) cross section. 

The data for the cross sections in which K ~ ° are useful for comparison with the results with 

data available from photographic emulsions, that is, the track-number distributions for tracks of 

various energies. 
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(CONT~IBU'IONS TO K EQUAL ZERO ARE MAOE ONLY WHEN PARTICLES OF SPECIFIED 
TvPE--Al\tEMtTTED Bur ARE NOT IN TriE ENERGY INTERVALS INOICATEDI 

EMITTED PARTICLE PROto"- ENERGY INTERVAL (MEV) o TO ~O 

!J 2---· --c· 10 

~EOl----I.-f681E 02 3.7~27E 01 S.6370E 00 2.ilS64E 00 J. O. O. 

8 ? ILl II 2 1$ 14 

O. o. o. o. 0. O. O. o. ------

EMIITEO PIRTICLE pAorON ENERGY l)j fER V~l I MEV I 40 TO 160 

I( EOUAlS a 2 3 

o. 1.1187E 02 9.0483E 00 4.112?E-OI O. O. O. o. 

R 9 10. 1 r 12 t3 14 

7 

IS 

1 S 

------a-.------,r:--------u. 0:-- - -1I-.---- ------;:r;---- ---U. u:--

EMITTeD ~IRIICLE PIOT0N ENE~~CY i 'JrER'IAl (MEV 1 11.0 ra 200 

--nOUAts--:r- 2 3 s----- 6 --.,--

o. 2.11379< 0 Q. o. o. o. o. O. 

? 10 " 12 13 14 I, 

o. o. o. o.. u. o. o. 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 particles of the incident-particle type emitted. 

In this case, it represents the ratio of the number of protons emitted on the first collision to the 

total number of neutrons emitted. The entry 0.2412 means that 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 only 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 charge-exchange cross section 

is the cross section in which a charged pion is incident and a rro 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 section~ in mb/sr, for the emission of two protons in angular intervals from 0 to 1800 , 
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. 0.3256E ell- 0.S217E 'Of-0;,,6'15""0"" -o:-$"2TS!:-;:rr--O~-71t6·E-OT--0:s817e· .. Ol--0;~9nE-·or .. ' "O~li900e-'or' 0.1 08se' 01 

~ 

0'\ 
V1 



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

o - 300 and 30 ~ 600 as a Function of Energr 

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

o - 300 and 30 - 600 Integrated Over Energy 

See page 52 for explanation relating to this type of out~~t. 
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Analysis Code II: Differential Cross Section for Emission of Cascade Neutrons Within Angular Intervals 

60 - 1200 and 120 - 1800 as a Function of Energy 

See page 50 for explanation relating to this type of output. 

- '. 

--J 
o 



• >-

PAGE r 
"{eIDENT I~C. LAS. TARGEr NO. OF INC. CUtOFF GEOMETRIc 1110. OF IIIIC. 

P4RT_/~LE. _____ .K'~,E_:I~!','I~, SY~B. __ A_,_,,_~_,,~~~T.!fJ,~_S ,,_EN~I.~VL ~-.SE~~!".8_1 _ PIIRT. ~OLl:I.~IO'IS, 

"!EUT __ ._2,Cl.1:! _, ___ , .. ~ ___ ~, __ 1_3_. ___ -'!!3,5_qp "' ___ ,},.~~ .!...0_2.8~2. 00964 

[OSIGMA/[OOMEGA X DEI IMSI/ISTERAOlAIIi-MEVI 
Iv?E Of CASCADE PARTICLE LAS. IINGl:iLlR l:'lfE''':VAL I OEG. 110. OF "'lIeRGvTifTERVIlLS DELtA. e nll,lI r 

,~EUTR(»)j· -,_ ... ,·· ... ,-'--·--'--60;00 fo "-120:00'---' - 20 10.0000 

INTERVAL It'<TEf<VAL 2. 'iliTERVAl'· -iNTERVAl·-·"'.. INTERVAL - S --INTERVAL 6 INTERVAL 1 ··INTERVAL 8 

1.llT3">e-l:)O S.6949E-ul 3.73II1~-OI 2.5S2ge-Ol 2.160IE-Ol 7.6550e-02 1.'OIge-OI 9.816rt~~ 

IIIITERVAL l)jfERVAL 10 IiiTERIlAL ·Ir ·-I"HERvAt'-12 INTER'lAl 13 IIIITERVAl '4 IIHERVAL 'S INTERVAL 16 

3.2729E-02 ').3912E-02 3;921SE·~·ot' (:9l'nE·':'02'" o. .. 6.5458E-03 o. O. 
~ 

INH'RVAl .,-- INTERVAL IR HlTER'VAL I 'I Ii'HERVAL 20 

o. 0; 1I. .. r)~ 

IOSIG·M4hOOMEGA··X DE) OISIIISTERAOIAN-MEV) 
TYPE OF CASCADE PARTICLE LAS. ANGULAR INTERVAL (DEG) NO. OF ENERGY INrERVALS DELTA E [MEVI 

~EUTRO" ,J2,O.OJ TO lail.,ao 20 10.0000 

INTERVAL I"TERVAL 2 INTERVAL 3 I~TERVAL .. INfER~AL S INTeRVAL 6 INTERVAL INTERVAL 8 

3.'420E-01 S.H66E-02 2.6IiBE-Q2 o. o. 0. o. o. 
INTERVAL 'I I~TERVAl 10 INTERVAL II If>ITERVAL 12 IIHERVAL 13 INTERVAL 14 (NnRVAl 15 IIIITERV.AI. 16 

o. ::l. o. o. o. o. 0.- 0. 

INTeRVAL 17 IIIITERVAL 18 INTERVAL 19 INfERvAl 20 

0. o. o. o. 
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Analysis Code II: Differential Cross Section for Emission of Cascade Neutrons Within Angular Intervals 

60 - 1200 and 120 - 1800 Integrated'Over Energy 

See page 52 for exp1im.ation relating to this type of output • 
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PICIOENT -------~AB~ TARl;Er--- I'IO~ OF l;ijC~ CUTllF~ (kE(fMfTllIC -NO-;oF'NC. 
P~.R..!!.c:~ __ ~.~e. (MEV) SY~~ __ ~_~. ___ ~~R!.IC ~E~_. _.E!4.!.!..MEV.!... X-S!'~_~J~L __ ..J>.AR!~.J:~!:!:_! s ~.o~~s. 

"lEUr ~_C!L AL ___ .2.!. ___ I.!..____ . .02.500 __ .1::.1>.4 ._. __ 1.Q_2-'!._~_____ 00964 

SUfi OF OSICI (OOMECA _~ . .oE~ __ It...0t:~~L_S ___ 0~_299_~~ __ 02 __ M.~!~T_~I\AO IA_l'l~R_C.~~E_A_o.E_NEUT~~~ 1_~!i_J'_HETA FROM 60.00 TO 120.00 Dec -.. ~ 

AVERAce "MERCY EQUALS O.Z68381E 02 MEV FOR CASCADE ~EUTRON WITH THETA FROM 60.00 TO 120.00 oec ----.. -----~~-.. -----_._---_._-_._- .-._- ~.-~ .. ~~-.--------- ---,-. 

_ SU~_ll.? ~G/I_.O'O'II~~! _1?E.~~Jl¥~_lI.~~~.__O~ 3?2!.E •• Ql_~~_~_~!~~~~!i.!_0.R _.(;A~CAOE NEUTR~ ~IJ..!:' _!.H~_T_A. _~R.t;I.M .12~~ 90 _!.o I aD. 00 DE.C; 

~_~~!i~!,N.E~Y_.EO\JAlS ..Jl::.!66b6_~Q t...!:,~::'_!:5!R .c~~!lJl~_!!EUT~~~..I/.I.!~_ TH.e!~!_~I:)M IZO.OO TO 180.00 Dec 
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Analysis Code II: Differential Cross Section for Emission 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 

INC (0£"'- INC~ LA8~ TAlr~tr-- NO. OF INC. CUTOFF GEOMerlITt NO~ OF INC. 
_, __ !,~RT,!~,,::~ ____ ~.E.(MeV} SYMB. II l PARTICLES EN.CMEVI X-SEJ.CMBI PART. COLLlSIO~S 

_, ________ ~_!!.e:_U,!,, _____ ,_~9..Q AL 21 13 02500 1.64 1026.2 00964 

,- ---OSfG'HATOOKEGA 

, -------nf8-rsfERioIANT---

TYI',E C},F_CA~_~,o.~~~!t;,I,~ _________ t'!.'!..!f1~eNEIIG!..1_N_!_~V~h. IM,E:!I ______ _ 

LA80RATORY 
AtiGLE FROM 

, _____ ':I,~UTROti ___________ , ____ ,__ Jl_!!1 _____ -'!!l 

o - 20, OEC 

3.690E ;)1 

2C., -- ,40 

.$.1291' VI 

I,D - 60 60 :.~ 80 - 100 ---- _Ijl~_:- _I~q ___ 12,Q .. - -'_40 ,140 - 160 160 - 160 

LA80RUORY 
ANGLE FIIOM 

o - 20 DEC 

".158E 01 5.590E 01 2.2.:15E 01 I.J23E ill 4.921E 00 2.639E 00 3.256E oa 

';-YP'f OF' CAS-CADF.-I'A'R1'(cCe-- ----- --------F-OICTHE-EN'eiIGy-UITERVAl (MeV"-' 

NEUTRO';---" '40 'TO i60 

'20 -- 40' 40 -- 00 60 =- 80'-- -80"'- Im:r '---'1)0 -';--'120 120 - -140 140 ..; 160 , 160 ;. 180 

,)~1!J1 E -;:)1 --------T;-BUIF U I I), 446£ U I 1 • 185 E 0 I S."R3'E Ill::/" o;"JTrr=o-r- 0 ~ ----------------u;--- O. 

LABORATORY 
ANCLE FROM 

o -- 20 DEC 

8.2"9E 01 

TYPE OF CASCADE PARTICLE FOR THE ENERGy INTERVAL (MEV) - - - -- ----_. __ ._. .. ~. -.----- ---~ 

NEUTRD!\; 160 TO 200 

20 -- "0 "0 - cD cO - 80 80 - 100 100 - 120 120 - 140, 

2.,b3E 01 .. ',92 .. 1 E,:"Cl.1 , ___ [)! ____________ .. .Q~ ______ . _0_"--___ ., __ , o. 
1"0 - 160 160 - 180 

0. o. 

.. 

~ 



(' 

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

See page 62 for explanation relating to this type of output. 
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P-A-GE-'" 

!NCIDE,H I~C. lAB. TARCET NO. OF INC. CuTOfF GEOMET"IITC -----------mJ.OFTN--C. 
PART IClE _1(.E~LH_Ey_1 sy~_e.: ____ ~ ___ l: _____ ~II_~l~~ _____ EN._(~~~VI .'l:SEC. (Mel PART. COlLlSIO>lS 

iIIEUT 200 ilL ___ 2.7 g2500 1.64 10_2_8~2 00964 

CROSS SECTlONS (IIBI FO! r.H_E_.!~,~~~~ON _2!:.._K_~iI.~~.!f~~S ___ l!F S~E_CIF.IE,! r_Y!,_~ INTO ~NERGY INTERvALS "mICUEO 

(C;;~IT:1.IBIITlCNS TO K EQUAL lERO ARE IIAOE ONLY WHEN PARTICLES OF SPECIFIEO 
TYI'tfiI<EI"I( ITTl'lJIffiT 4R e !lOTnj THtcNE RGY INTERVALS I NO teA fED! 

EMHTEO PARTlc"LE"NEUTRON-'--- --ENERGy'INTERVU'fMEVl o TO 40 

K EQUALS' 0 -_. '(' 2' 3 4 5 6 1 

1.6904E ,12 1.3614E OZ ij.19SIE 01 I.IIOSE 01 3.2903E aD 1.2339E O[J""---O. O. 

~ 9 10 II 12 13 14 I!> 

O. O. 0.' 0 ::j 

EMITTED PARTICLE NEU~_RON ENERGY INJER\lA,l OIEV) 40 TO 160 

K EQUALS Cl 2 3 .. S 6 1 "" 
il. 1.748QE 02 5.0999E 01. 8.2257E-iJI D. O. Q. o. 

8 9 -'0 il 12 13 14 IS 

-------0. O. d. O. O. o. o. 

E~ITIED 'ARTICLE NEUTRON ENERGy INTERVAL IMEVI 160 TO 200 

-KEQUALS ---:J-- ') --~---.. --

O. b.OQ48F SI O. O. <J. O. O. O. 

B 9 lD II 12 13 14 IS 

O. O. o. O. D. O. O. o • . ---~~~---
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Analysis Code II: Rat:Loof' Number of Neutrons Emitted on First Collision to Total Number of Emitted 

Particles of the Same Type as the Incident Particle 

See :page 64 for explanation relating to this type of output •. 
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rNC10ENT-~l..liB-.- -~~OF INC. CUtOFF GEOMeTRIC----NO~C. 

--"_ART!c:LE_ x.E.IMEVI SYMB. A PARTICLES EN.II'IEV) X-SEC. 1MB) "ART. COLLISIONS 

NEUT 200 _ Al 27 13 02500 1.64 11]28.2 00964 

~O. OF TIMES SPECIFIED 
-"PAIfi'ICLE "H"Ei1rtTEO-oICfH"E- FIRST 

INC. PARTICLE COLLISION DIVIDED 
BY THE NO". - OF "TIMES -THE"TNC ;-------
PART1~lE TYPE [S EMITTEO 
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CROSS SECT. (M6! EXCHANGE CROSS SECT. IM81 

~ 





81 

Evaporation Code 

Page No. 

Case Description and Average Number of Particles Evaporated 
per Inelastic Event............................................ 82 

Distribution of Residual Nuclei Following Evaporation............. 84 

Moments of Energy Distributions for Evaporation Particles 
and Normalized Evaporation Neutron Spectrum •••••••••• ~......... 86 

Normalized Evaporation Proton Spectrum............................ 88 
Normalized Evaporation Spectra for Deuterons, Tritons, He3, 

and Alpha Particles............................................ 90 

/ 



it 

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 

represen~an A of 27, a Z of ,a kinetic energy of 200 Mev, and the type of incident particle 

the figure 1 indicating neutron; 2, proton; 3, ~+; and 4, ~-. 

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. 
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'CASE NU148ER 27 13-200 I 
~. 2 r 
ZII 13 
K INETI.C_ E!:'(E~GY !,I'E.Ylil 20::1.00 

CROSS ~ECTION (~81# 1028.21 
CUTOFF ENERGy '"EVI# 1.6. ., . ,-, 

2SCO CASE HISTORIES 
INELASTIC CROSS SECTION \M81 396 •• 8 

___ '. ~'y,s.I!A.CLEy APORAT.l.cN r.l~!-,I;l_~£ILt"'-E.!.A 5T !(;_J'y,~t 
& 

N~UTI! eNS PROT eNS OEUT EIlOI/'S TR (TOIllS HE3 ALPHAS 

0.1'59336', -0',798 rssr' ij:Tii40n'-'o~',ii 4S228--(r,-d66j~C1]) '-O~264S22Ii 



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 column under Z is the atomic number of the residual 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 phase 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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CAsf NUMBER -zY'iY ioo 
~ISTitleIIUO!\LO_F RESIOUAl l'IUCLEI fOLLO~IIIG EVAPORATlO'; 

~- __ 1__ Nu~BER_9LN,-!ClE-C __ -'~~~L~I;~UQ!:L_tl4"'11 

___ -.-!;t.JL __ _ 
4.94 

25 13 ~ I.B 
-'2 1"33 54.7e-" 
10 1 ,0.'" 

24 12 ~6 l5.37 

23 12 I 
II "';5 

? 2 0.82 
22 II -zi'- I'I".-I(j--

10 2S J [:t·2L CO 
? 7S 30.85 Vl 

2r. 10 4 
!! 88 

Id ~ I.S 
7 40 I 
g 21 -8.64 
I> 11 "4.52 

I s ~ 1 .~3 7 - - ---- - - " ---2-:ilif 
I> I 

14 7 5 

I 5!> .l..6_5 
S 1 0.41 

12 b ;:0 
il 4 2 --



Evaporation 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 specified evaporation particles (neutrons, protons, etc.). 

The next table gives the values of the normalized evaporation .neutron spectrum; that is, the en

tries represent the fraction of the total 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 

limit of every tenth interval is listed under "E", 0 ~eing 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 interval, 0.1 Mev, 

should give 1. 

If the histogram constructed from this table or tables of same other type is sporadiC, .one can re

group and construct a new histogram with wider energy intervals. This regrouping may lose same 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 isotropica11y in the center-of-mass system of the excited nucleus. 
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. "fASe· -M"uioilER· 21 i 3 20!l 

""MOMENTS OF rl-'E ENERGY OISTRIIlUTlONS FOR THE FOLLOWING EVAPORATION PARTICLES 

NEUTRONS 
1ST NUR. 4.5328SE 00 6.Z3789E 
2·/1:: MOR. 3./1.2IE (1j 6.1:!'l6/lE 
S~D vO_ ••• HZZ"'E 02 B.41125E 

OEu·rERO.~s 
r.6101SE 00 

01 9.6?53?E ::JI 
02 1.8bS19E 03 

"OrR I To/is" . liE 3 
H.09739E 00 f.69871E 00 
1."o330?E 02 a. 72'18210 01 
1.692B7E 03 1.31129E OS 

ALPHAS 
7.67Q45E 
7.-40946E 
B.96S09E 02 

NORt-IAlILEO EVAPORAT [ON 'lEUr . SPECTRUM 
IE SPECIFlES rHe LQ.ER _ENERCY" llt-llI "OL ThE lNrE.RV~L IN .. ".EV) 

o n.164i5S U.I'~S71 0.102308 
I O.I!!l511 1l.I7R571 0.172309 
2 '1.1"4~~~ J.151Q90 0.lr85f1 

:':.17B',7I l!.1?23C1R G.137363 
.. Q.123626 0.[51945 0.D54945 
S ~.127475 G.:J686dl O.O~7473 
6 0.(141209 U.~h8681 0.05494S 
1 a.041~O? ~.OljTj6 0.096154 
! 1.C41207 O.CRZ4Ia 0.0137.6 

O.IQ23(IB 
(1.164855 
0.164835 
O. IO?d'1Cl 
O.06H6i11 
u.04121J9 
0.01.51$6 
J.1141209 

209 
? )_r1I37jll '1.JU4n 11."(3 O. 

I: 'l.GIH-l/j ';.iJ2f4T.i 12,)1 n.!.l4120? 
II u_r!13f36 il. O.D13n6 Q.021473 
12 ;1. J.GI H.6 0.027'''3 o.;JI 3136 
13 '1. ". O. il.il1H36 
14 ~.CIj(j6 O. 0.)13736 O. 
1<; J. 2. J.::II HH, 0.UI.H31> 
16 rl. O. 'l. 'J. 
I r [J. :J.. U. O. 
I~ 3. G. O.JIHl6 O. 
I) 1.r13716 n. Q.UI57J68. 
2e; 11. lJ. I).. o. 
21 'J. .J. U. O. 
22 1. n. n. n. 
2 i ::. .J. . J.D. 
24 Q. J. ::I. n. 

0.192308 Q.17d~71 
n.21<17BG O.ln"ASS 
n.17SS71 D.206044 
0.0?61540.10?890 
U.t23626 J.082418 
J.a41209 0.n27473 
D.068681 0.068681 
0.U27473 ·O.eZ'4rS 
0.054745 U.02/413 
0.027473 ~.04120<1 
n. J.[lI H36 
].C13136 il. 
"J.013731> 0.013736 
0.04120? 0.013756 
1.015136 O. 
O. 
:.I. 

oJ .. 
'J .. 

:l. O. 
'1.013736 O. 
J. U. 
'J. O. 
U. ll. 
U. \1. 
O. J.C13136 
;]. Q. 

O.IC98?0 
0.I<1Z30H 
0.ISle99 
C.I09890 
0.09615" 
0.054945 
0.D961!>4 
0.10<1890 
O.GS49~S 
0.'127473 
0.1127" 13 
0;'J41209 -0-.--
o. 
o. 
C. 
0.013736 
O.ul3736 
r.. 
0. 
O.OI·37i6 
O. 
O. 
o. 
o. 

0.ISle99 D.192sca 
0.21978D 0.096154 
C.OA24180.109890 
0.D96154 0.096154 
C.0~37~b 0.041209 
c.n~e6dl 0.D13736 
0.0137360.041209 

0.C666~1 
137 i6 O. D274 73 

G.:J27413 D. 
0. 
C.W41209 
0.:1 I j736 
".!1274l3 
Q.113736 
0.(:13736 
C.r.13731> 
C. 
r:.'313736 
C. 
C. 
C. 
C. 
C. 
o. 

0.02741.3 
0.0412e9 -0-.--
O. 
0.04120'1 
0.013736 
0.013731> 
O. a. 
O. 
o. 
o. 
O. 
u. 
o. 

0.24(253 
0.151099 
a.123b26 
0.109890 
0.041209 
0.C82418 
C.C5494S 
0.021413 
0.041209 
0.041209 
O. 

O. 
D. 
O. 
O. 

13. 
O. 
U. 
O. 
u. 

\. ~ 

2if 



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. 
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-C-ASE NUMSER2f'13"200- 1-

~ORMALIZEO EVAPORATION PROTON SPECTRUM 
-1-E-S-PE-W-IESTIlELOWER erlERGY LIMIT OF-THE !i'lTeRV4LIN"iiEVT-'-

,_L 

[I ~_ O. 
I u.013072 O.J39216 
2 O.156R63 Q.222222 

" - ,j. 1 96tJ1S- 0 .052288 
.. 0.143.1910.156,893 
5 0.130719 0.Q52288 
6 ~.OS2288 G.111647 
7 O.[l13~H2 0.052288 
~ Q.11764' 0.039216 
9 O.C261"4 8.015072 
o 0.013012 0.059216 

II iJ.05'9216 0.026144 
12 O.~2614" G.813072 
13 0.U26144 8.026144 
14 0.026144 0.326144 
15 0.013072 0.013072 
16 U.039216 il. 
I'D. -_. ;,. 
I a i.l. U. 
I? O. O. 
20 .].013;)72 O. 
21 O. ~. 

22 D .. JI3;J72 Q. 
23 (I. 0. 
24 O. U. 

n. o. O. O. a. 0.013072 0.013072 0.052288 
0.06535? 0.130719 0.143791 0.1437?I 0.~65j59 G.I 17641 0.169935 0.196018 

0.13n719 0.183001 0.2614380.169935 0.091503 0.117647 0.I83COl 
0.1 '·o:it.i4575 0.091503 0.065359 -0.143r9n-:l3G719(r:To4575-(f~lii4SiS-' 
0.111647 0.130719 0.130719 0.117647 0.06535Q 0.091503 
0:039216 'i:f.130fi9 0.OtiI1<3Iti:To4-S75 0.01;5359-0-.0653"59-
O.1830~7 0.091503 0.091503 0.07a431 0.091503 0.052288 0.026144 0.091503 

0.091503 0.039210 O.0915G3 O.0201~4 0.026144 0.013072 
0.091503 o.bH07;fa~-0'392(i)-0:-026'i".. 0.026144' 0.05'2288 
0.039216 0.065359 0.039216 0.039216 0.039216' 0.013072 
0.039216 '0:0 13072-1f:0'ii;T44-1i:-0-j 3012 3921'10 0.039216' 0.0 (30'72 
O. 0.026144 O. 0.013012 D.02614~ 0.02614~ O. 
O. 0.026144,0.026144 0.013012 O.C26144 O. Q.026144 O. 
0.013072 0.026144 0.' O. O. 0.:12.6144 O. O. 
O. O':026i44 o"702b"t4,,'5:0130'r"a 0: --- -'--l'r.OI3072' 0~a26Iti4'·O.!i13tl7i" 
n. ~.026144 0.013072 0.026144 0.013072 0.026144 0.013072 0.013072 
O. D.' "'O:-----J~ --' - 'Cf::OI3ilt:n:.OI3072 0.026144 0':0130i2-' 
o. O. o. o. O. C. 0.013072 0.013072 
0.013072 0.013072 O. O.OUOTlO. O. 0.01,3072 O. 
O. O. U.013072 J.GI~072 0. O. 0.01.1072 
iJ.Ol3Qfi O. o. - ----D. - --- o~'- - 0:' -'il.on07i"" 
O.0I3Ur2 O. .J. O. Ci. Q. O. O. 
0.026144 O. ' -"I:1:-oi-3"0-72 o. ri. o. o. 0: ,-
O. :J. 'J. O. Il. OJ. O. 0.OLl072 

• 

ex> 
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Eva~oration Code: Normalized Evaporation Spectra for Deuterons, Tritons, He3, 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. 

i, I. I. ·,t 
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c.i.~S~E~~~NU~Se!! 27 13 200 

NCR~Al[ZED EVAPORATION OEUT SPECTRUM 
(E -S'PE'C'TF [eS 'THCL'OWER-ENE'RC'Y"i:'i'M!tifl: THE INT~ER~V~A~L~I~N--07M·EV r-

, E ~ , ,~, ~ ""' ___ , _______________ ''' _________ , ________ ""_~~~~ ~~, __ .. ___ _ 
:) O. C. 0.033898 0.067797 0.203390 0.0508.1 0:169492 0.033898 0.135591 0.101695 
5 0.169492 U.135S93 0.101695 0.067797 0.016949 0.033898 0.067191 0.OS0847 0.061197 0.050841 

IJ O.03~d98 C.Ob7l9T 0;0508 .. 1 (.0169109 O. O. 
IS O.n33A9~ 0.JI694? 0.0169109 0.016949 C.016949 O. 0.016949 
2!l O.016'~49 0.016949 -'0:'---- ----d;'------d:ffiI19 .. '9-0-. - .. -,-

C. D. 
0. 0:--

35 O. 11. O. O. 
40 O. O. O. o. o. O. O. D. O. O. 
4s_~a. _____ ~. 0,. __ Q." , ______ y", ___ ,_O-" _________ lL. _________ Q.'-

E 
~ 0., 
~ 1". 

I) O. 
IS -5:-
2') O. 
2S D. 
~i1 D. 
35 O. 
40 D._ 
45 O. 

E 

G. 
W. 
D. 
[J~ 
8. 
U. 
D. G-•.•• 

D. . , 
u. 

,3 ~* Q. 

NCRMAijiED EVAPORAT'i'Ci'N TRITON SPECTllUM'-------'--
IE SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVftl IN ~EVI 

O. 
O. 
0.015152 
O. -
O. 
o. 
0 •• 
o. 
o. 
o • 

O. (1.015152 0.030303 O. C. o. 
O. 0.015152 d:bI5IS2"O.i:1I5152--c;ffl'SISZO. 
D. ..,0.015152 0, ' , __ .,0. o. 
O. O. 0. o. o. 
o. O. D. 0; O. o. o. 
O. 0.015152 O. O. o. o. o. 

____ 0, ____ 9. _______ ,0 , .. _._,, __ o.~ o. 
C. G. O. O. o. 

,t!. ,_ ,_ .. _q. ___ .. _I1,, ___ ..:;. .•. ___ J;,.~~~~ __ ~_Q,, __ ~_ 0" 
o. o. o. o. o. o. o. 
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