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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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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 ob-
tain 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 calcu-
lation as described in ORNL-3583.l However, a brief explanation of the type of output that

the cascade code itself produces is given here.

The cascade ¢ode results are written on a primary output tape. All the important
data for a case are printed in a series 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 results 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 cascade particles
for each incident particle that makes a collision.* For each escaping cascade particle the
type of particle, its energy, its direction cosines with respect to the incident-particle
direction, and the point inside the nucleus from which it made its last collision (the x,
¥, 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 scme type for

every incident particle that makes a collision.

To make full use of the output, analysis codes must be written which will organize
the raw data in the intermedigte records of the primary output tape into suitable forms.
This report concerns three such codes: analysis codes I and II, which were written for
this purpose, and an existing evaporation code2 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 was an attempt to secure as much information from the cascade
code 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"

1. H, W. Bertini, Monte Carlo Calculations on Intranuclear Cascades, ORNL-3383 (1962). .

2. L. Dresner, EVAP - A Fortran Program for Calculating the Evaporation of Various
Particles from Excited Compound Nuclei, ORNL-CF-61-12-30 (Dec., 1961).

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



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 comple-
tion 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 distribu-
tions 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 analyzes the cascade
code primary output tape only to the extent of calculating input information for Dresner's
code modified to operate as a subroutine -~ that is, it calculates the A, Z, and excitation
energy of the residual nucleus. ‘The second part is the modified Dresner code. The output
from the evaporation code therefore represents resﬁlts of the evaporation rgactions which
follow the cascade. ‘

The output for analysis code I will be slightly different when the cascade code for
higher energy incident particles is used. It will sometimes contain additional energy
spectra for the cascade particles. The format of the output of analysis code II will be
somewhat different from the example shown here when different cases are considered. The
range of the energy distributions involved will vary and will affect the amount of data
appearing on each page. This, of course,will change the pagination from the example given
here. However, the typé of data involved should be clear from the titles appeafihg on the

sheets.

Each page of the outpht 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 the output: 200-Mev neutrons incident on an

aluminum target whose mass number, &, is 27 and whose atomic number, Z, is 13, with 2500

incident particles analyzed.



Analysis Code I
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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 the backward dirzction- is zero, this ratio
should be infinite, but the code prints out a zero. Consequently, the statement on the facing page
is printéd for the purpose of notifying the user that, in some of the firét angular distributions

that follow, the values for the distribution in the backward direction were zero.



THE BACKWARD MOMENTUM FROM ONE OF THE FIRST HISTOGRAMS IS O



Analysis Code I: Input Information

The facing page contains the input information used by analysis ccde I. It contains the
input information punched into the cards ised by the cdde, the informaticn 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 cf calculated information from the 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 allowed to escape from the mucleus in the cascade phase.

¢



INPUT
FROM CARDS
USED FILE 5 INCIDENT PARTICLE NEUT INCIDENT KINETIC ENERGY
TOTAL NUVMBER OF INCICENT PARTICLES 25C0 TARGET SYMBOL AL

200.000 MEV

S1ZE OF HISTOGRAMS FOR OUTGOING K.E. 25 FOR PRQOT, 25 FOR NEUT, 25 FOR Pl+, 25 FOR P10,

CROSS SECTIONS WERE CALCULATED FOR AS MANY AS 9 EMITTED PARTICLE CCMBINATIONS.
’ 2I.UUD MEV INTERVAL WAS USED IN CALCULATING HISTOGRAM FOR N(E«}DE FOR TOTAL REACTION

DELTAS FOR OUTGOING KINETIC ENERGY DISTRIBUTION IN MEV

-6 MU -—.l4 -.l MU +.1 +.4 MU +.6 +.9 MU +.95

0 (K.E.) .10D 0 (X.E.) 10D 0 (K.E.) 100D 0 (K.E.) 20D

PRCTONS 40.0000 40.0000 20.0000 20.0000
NEUTRONS 40.0C00 40.0000 20.00060 2C.0000
PL+ 40.0000 40.0000 ' -20.0000 20.0000

P10 40.0Cco0 ) 40.0000 20.0000 20.0000

PI- 40.0000 u0.0000 20.0000 20.0900

D # DELTA, RESPECTIVE ENERGY INTERVALS OF HISTOGRAMS

OUTGOING COMBINATIONS 10000 01000 11000 20000 21000 12000
INTERVAL FOR N(EI)DE IN MEV 21.000 21.000 21.000 21.000 21.000 - 21.0€C0 21.000
FROM RECORD |
2500 INCIDENT NEUY HIT AL TARGET WITH 27.000 MASS AND 13.000 ATOMIC NUMBER AT

FROM RECORD N

25 FOR Pl-.

200.000MEV.

THERE WERE 96u4. INCIDENT PARTICLE COLLISIONS CREATING 964 ESCAPING PARTICLE RECORDS. THE GEOMETRIC

CROSS SECTION wWAS 1028.2138824 MB. THE INELASTIC CROSS SECTION WAS 396.4792709 MB.

ENERGY WAS 1.6374597 MEV.

THE CUT OFF



Analysis Code I: General

The first line of the output i this example and in all subsequent examples specifies the casz. The line should read in full: neutrons in-
cident on aluminum; the inciient-particle kinetic energy is €00 Mev; mass number A is 27; atomic numder Z is 13; there were 2500 incident-particle

histories; and a 1l.6-Mev cutoff energy was usec.

The second line gives the mcmentum and the excitation =nergy of the compound nucleus. The momentum is simply the momentum of incident parti-
cle, in wnits of Mev/c; the sxcitation 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 information oﬁ 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-?article-Emission Cross Sections.")

] Next on the page is a table ziving the average number of cascade particles of the spsciFied type that are emitted, the variance of the
nunber 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 “able on the page ccnsists of data pertaining to the residual nucleus which results from.tte cascade. Under the colum "OUTGOING
COMBINATION," the notation "TOTAL CASCADE" refers to those guentities calculated for all cascade everts, ané the five-digit numbers below "TOTAL
CASCADE" refer to particular combinations of emitted cascade part;cles, the first digit referring to the numter of protons emitted, the second digit
to number of neutrons emitted, and the last three digits to number of n+, 7%, and emiﬁted, respectively. 'The quantities to the right of the

first column refer to the cascade nucleus for these events.

The column titles "CO," "C1l,"™ "ARM," “AREE,"and "ARR" are defined at the bottom of the page. "JO" is “he average value of the component of
the momentum of the residual nucleus which is parallel to the incoming particle direction, =snd the printed quantity is in units of the momentum of
the compound nucleus. “Cl" is the average value of the camporent of the momentum of the residual nucleus which is perpendicular to the direction
of the incoming particle and is also given in units of the nowentum of the compound nucleus. "ARM" is the awerage momentum for all directions of
the residual nucleus, in units of Mev/z. "AREE" refers to the average residual excitation energy which rerains after the cascade is completed.

"AR™ refers to the average mass of ths residual nucleus at the completion of ths cascade.

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

ignores the production of pioas for incident nucleons.



NEUT ON AL

INC.. K.E. (MEV) IS

MOMENTUM OF COMPCUND NUCLEUS

200.9 A IS 27.

6u45.003777MEV/C

Z Is 13, 2500 INC.

EXCITATION ENERGY OF COMPOUND MUCLEUS

e

HISTORIES

1.6 MEV CUTOFF EN.

206.915216MEV

THE MASS OF THE RESIDUAL NUCLEUS WAS ZERO 0O TIMES, WAS MINUS O TIMES CUT OFF ENERGY 1.637T460MEYV
FOR 0O INCIDENT PARTICLE COLLISIONS THERE WERE MORE THAN 9 OUT GOING PARTICLES
EMITTED CASCADE PARTICLES
PROTONS NEUTRONS PI+ P10 PI-
AVERAGE NO. 0.9719917€ 00 0.1543568E O} a. 0. 0.
VARIANCE 0.81353G9E 00 G.7958196E 00 a. 0. 0.
AV. K.E. (MEV) 0.5129998E 02 D.6772408E 02 c. a. 0.
VARIANCE 0.3086170E D 0.3467183E O . 0. C.
RESIDUAL NUCLEUS
QUTGOING COMBINATION co Ci ARM AREE AAR
TOTAL CASCADE 0.2206824 0.2681468 244 ,0574074 35.1190605" 25. 4844396
10000 0.1419622 0.2731096 201.9379387 27.2017293 27.0000000
01000 0.1623787 0.3225370 238.8455200 28.4902108 27.0000000
11000 0.1413009 0.2152710 183.7389965 21.9739401 26.0000000
20000 0.2860668 0.3378481 308.4163628 L1.6664295 26.0000C00
21000 0.2729495 0.3013383 279.2158470 43.5731163 25.0000000
12000 0.2611375 0.28L4086 273.649845] 40.4T1610) 25.0000000
02000 0.1325011 0.2075313 175.7122974 19.1740172 26.0000000
22000 0.350u4765 0.3312624 327.7129784 55.6910430 24.0000800
13000 0.36721844 326.8819733 59.3421232 24.0000000

0.3082573

CO # (SUM OF PARALLEL RESIDUAL MOMENTUM/NUMBER OF INCIDENT PARTICLE COLLISIONS)/MOMENTUM OF COMPOUND NUCLEUS

C! # (SUM OF PERPENDICULAR RESIDUAL MOMENTUM/NUMBER OF INCIDENT PARTICLE COLLISIONS)/MOMENTUM OF COMPOUND NUCLEUS

ARM # AVERAGE RESICUAL MOMENTUM IN MEV/C

AREE # AVERAGE RESIDUAL EXCITATION ENERGY IN MEV

AAR # AVERAGE MASS

OF RESIDUAL NUCLEUS

FOR TOTAL CASCADE

AAR # MASS OF RESICUAL NUCLEUS FOR DESIGNATED OUTGOING COMBINATIONS



Analysis Code T: Angulér Distributions cf Résidual Nuclei

This example contains the angular distributions of the residual nuclei which resu't from the cascade. These include the
engular distributions for the total cascade and for all combinations cf the emitted particles listed on the previous page. The

angular distributions are given in terms of

fractior of the total events which occur in M

) P)

where L is the cosine of the angle with respect tc the incident-particle direction. The numbers cn lines 3 and h, that is,
-0.9000000E 00, etc., and 0.1000000E-00, stc., refer to the middle of the interval along the p scale, which ranges from -1 to 1.*

The numbers on the two lines immediately belcw "TOTAL CASCADE" refer to the angular distribution of the residual nucleus which
results from the cascade for all cascade e=vents. Ncte that these numbers appear in the same columms as the set of numbers above
them specifying the center of the interval along the u scale. This means that for the first entry on the first line, 0.3630705E-01,
the Ay 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, 0.40L45643E-00, the interval rangeé from O to 0.2; for ths second entry it ranges from 0.2
to O.h, etc. Therefore these two lines of numbers spezify a histogram of the angular distributisn of the residual nucleus after

the completion of the cascade.

On the same line with "TOTAL CASCADE" the entry "RATIO OF FORWARD/BACKWARD" follow=d by a nmumber is simply the sum of the
distribution in the forward direction divided by the s.m of the distribution in the backward diraction. It will be zero if the
denominator of the ratio is zero. When this occurs, the statement "THE BACKWARD MOMENTUM FROM OKE OF THE FIRST HISTOGRAMS IS O"
will be pfinted as the first page of the output from this code. )

The remainder of the page gives the angular-dissribution data for various corbinaZions of emitted cascade particles and

(o]

: : . - ; + -
their histograms. For example, the first combination -s for one proton, zero neutrcn, zero n , zero n-, and zero m , and the

histogram is constructed in the same manmer as that For total cascade.

*Note: When the numbers which appear in the output cortain an "E" both on this page and on succeeding pages, the numbers following
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 Zollowing the E indicates & negative exponent. If a minus sign prececes the entire number, the number
itself is negative; otherwise it is positive.

&

0T



NEUT ON AL INC. K.E. (MEV) IS 2C00.0 A IS 27. 7 1s 13, 2500 INC. HISTORIES

ANGULAR DISTRIBUTION UF THE CASCADE NUCLEUS (FRACTION IN DELTA MU)/(DELTA

-0.9000CC0OE 00 -0.700000C€ OO -0.500C000€ OO0 -0.3000000€-00

1.6 MEV CUTOFF EN.

MU)

-0.1000000E-00

C.1000000€E-00 0.3000080€e-00 0.5000000E GO 0.7000000€ 60 0.900000QE 00
TOTAL CASCACE RATICG OF FORWARC /BACKWARC 0.8836735€ 0I
0.36307C5€-01 0.1181079€-00 B.8298755E-01 0.1192946E-00 0.1556017€-00
D.uCu5643E-00 0.7883817€ 00 D.1068u465E 01 0.1120332€ 0O 0.1109958E 01
I PROTONS 0 NEUTRONS 0PI+ 0 PID 0 PI- RATIO OF FORWARD /BACKWARD g.
0. 0. 0. 0. 0.
0.1351351E Q) 0.1081C81E O} D0.2027027E 01 0.4054054€-00 0.1351351E-00
0 PRCTONS I NEUTRONS 0PI+ 0 PIO 0 PI- RATIO OF FORWARD /BACKWARD o.
0. 0. C. a. 0.
0.6u35644E CO 0.2178218E 01 g.1782178€E Q) 0.2475247E-00 0.1485148€E-00
I PROTONS ! NEUTRONS 0PI+ 0 PIO 0 PI- RATIO OF FORWARD /BACKWARD G.4973684E D)
0.8810573€-01 0.1541850€-00 C.1541850E~-00 0.1982379€-00 0.2422907E-C0
0.4185022€~-00 0.6607929E GO 0.1211454E O 0.1035242€ OI 0.8370044E 00
2 PROTONS 0 NEUTRONS 0PI+ 0 P10 0 PI- RATIO OF FORWARD /BACKWARD a.
o. 0. G. 0. G.
0.8620690€ 00 0.5172414€ 0O 0.1206897€E 01 0.1379310€ 01 0.1034483E U1
2 PROTONS I NEUTRONS 0PI+ 0 PIO g rI- RATIO OF FORWARD /BACKWARD 0.1800000€ 02
o. 0.65789u7€-01 0. 0.1973684E-00 o.
0.1315789€-00 0.7894737€ 0O D.9868421E 00 0.1250000€ 01 0.1578947E O}
i PROTONS 2 NEUTRONS 0PI+ 0 ~i0 0 PI- RATIO OF FORWARD /BACKWARD 0.6214286E DI
G. 0.1980198BE-00 0.1980198€-00 0.1485148E-00 0.1485148E-00
0.34653u6E-CO 0.2970297e-00 D.74257u2E 0O D.1485148E 01 0.1435644E DI
0 PROTONS 2 NEUTRONS O PI+ 0 pP10 g rPi- RATIO OF FORWARD /BACKWARD 0.4612903¢ 01 .
0.8620690€-01 0.2298851€-00 0.1435782E-00 0.1724138€-00 0.2586207E-00
0.4310345€~-00 3.8620690E COD 0.8333333€ 00 0.1120690E 0! 0.8620690€ 0OC
2 PRCTONS 2 NEUTRONS grPr+ 0 PIC 0 pPI- RATIO OF FORWARD /BACKWARD 0.1950000€ 02
0. 0.2439024C-00 C. 0. a.
0.2u39024E-03 D0.3658537€e-00 0.8536585€ 00 0.1951219€ 01 0.1341463E 01
I PROTONS 3 NEUTRONS CPI+ 0 pPIO G PI- RATIO OF FORWARD /BACKWARD 0.3400000€ 02
0. 0. C. 0.1428571E-00 a.
0.2857143€-00 .14285T1E~-CO 0.5714286€ 00 0.1857143€ O 0.2000000€ UO)

TT



BAnalysis Code I: Excitation Energy Distributions of Residaal Tuclei

This example gives the excitation-energy distributions of the residual nuclei resulting from the cascade.. The distributions are
expressed as the fraction of all events leaving the nuclsus with excitation energy in a particular energy interval dividéd by that energy
interval. Again, the exéitation-energy distributions ars given for the "TOTAL CASCADE" and for the events in which only particular combina-
tions of the emitted particles occur. These particular combinations of emitted particles are the same as those defined on the preceding two

rages. The # sign on line two is to be interpreted as an = sign.

The two lines immediately beZow the title specify thke AE intervals for all the histograms. The DIA value refers to the interval for
the total-cascade histogram, the DEB value to the interval for the histogram for the combination of one proton, zero neutron, zero ﬂ+,

zero n°, and zero x , the DEC value to the interval for the next combination of particles shown on the page, and so forth. For each separate
histogram, the AR interval remains constant. In the examples shown here, the intervals are the same for all the histograms; that is, they

are all equal to 21 Mev. Eowever, this is by choice and tkey n=ed not be the same.

The notation "(SUM GVER HISTOZRAM)x(DEX)" and the mmbers following this notation are relsted to she range of the excitation-énergy
spectrum over which the histogram is being construéted and how many times excitation energies occur beyond this range. The code is set up
so that the &F irterval for each histogram is selected as &n input number. A histogram is constructed for ten AE intervals, and so the range
of the histogram is from O to 10 x A3. If, for example, ore is interested in the excitaticn-energy distritution toward the low-energy end of
the spectrum only, one could specify a small &E and ob%fain a histogram from O to 10 x AE, but the range for that histogram would be much smal-
ler 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 excitaticn-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 possib’e excitation-energy values. If <he 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 the rotation "OFL." This number specifies
the number of "overflows," which is the number of times thet excitation energies occur beycnd the range specified by 10 x AE. If the "SUM
OVER HISTOGRAM x (DEX)" is 1, there should always be a zerc overflow.

The 10 entries for each of ‘the histograms are values for the 10 energy intervals in successive orcer. That is, under "TOTAL CASCADE"
the first entry (0.2010472E-01) is the value for the energy interval O - 21 Mev, the second entry (0.11€5777E-01) is the value for the
interval 21 - 42 Mev, the third entry for the interval 42 - 63 Mev, and so forth. In this example corresponding 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.



NEUT ON AL INC. K.E. (MEV)} IS 200.0 A

IS 27, T 1s 13, 2500 INC. HISTORIES

EXCITATION ENERGY DISTRIBUTION OF THE CASCACE RESIDUAL NUCLEUS (FRACTION PER UNIT EN.)

DEA IS (0.2100000C 02 DEE [S 0.21C00C0E 02 DEC 1S 0.2100000€E D2 DED IS 0.2!00000€ 02

DEF IS 0.2100000€ 02 DEG IS 0.210C3J00€ B2

TOTAL CASCADE

0.2010472€E-01 G.1165777€~-01

0.11361392€-02 0.5927682€E-03 0.1481921E-03 0.4939735E-
I PROTONS 0 NEUTRONS 0PI+ 0 PIC 0 pPI- {SUM OVER HISTOGRAM)X(CEB) 0.1000000€
0.2187902€-01 0.1415701E-01 D.9009009€E-02 0.257u003E-02
G. Ce 0. c.
D PRCTONS I NEUTRONS 0PI+ 0 PIO g prPI- (SUM OVER HISTOGRAM)XI(DEC) 0.1000000€
0.2168788E-01 0.1461575E-01 . 0.8958039€-02 O0.4714757E-03
o. 0.47147S7E-03 G. O.471U4757E-
} PROTONS I NEUTRONS D PI+ 0 P10 g ri- (SUM OVER HISTOGRAM]X{DED) 0.1000000E
0.302U768E-01 0.9859450E-02 0.4615062E~-02 0.1468429€-02
0.2097755€-03 0.4195511E-03 C. c.
2 PROTONS 0 NEUTRONS C Pls+ g PIO g PI- (SUM GVER HISTOGRAM}X(DEE) 0.!1000000€
0.1642C36C-CI 0.1477832€-01 0.65681L4E-02 0.3284072€-0D2
0.1642035€-02 c. 0.1642036E-C2 0.
2 PROTONS I NEUTRONS 0PI+ 0 pPIO g ri- (SUM OVER HISTOGRAM)X{DEF) 0.10000a0€

0.1253133e-01
D.12531336-02

0.1691729€-01

I PROTONS 2 NEUTRONS ger+ 0O PID 0PI-
0.1225837€-01 0.1603017€-01
C.uT14757€-03 0.

0 PROTONS 2 NEUTRONS 0PI+ g P1C 0 PI-
0.3438807€-01 0.7662835E-02
0.547345LE-D3

2 PROTONS 2 NTUTRONS g PI+ 0 PID 0 PI-
0.4645761€6-02 0.127758uE-01
. 0.2322880€-02 0.

I PROTONS 3 NEUTRONS 0 Pl+ g PID 0pPI-
0.2721088€-02 0.6802721<5-02
0.2721088€E-02 a.

DEH 1S 0.2100000€ 02 DEI IS 0.2100000€E 02

(SLUM OVER HISTOGRANM)X(DEA)

C.78541 79€E-02 0.3852993E-02

0.6892231E-02 0.5012531€-02

D.1879699€E-02 0. 0.
(SUM OVER HISTOGRAMIX(DEG) 0.1000000€
C.1084394E-01 0.5657709€-02
0.L714757E-03 c.
[SUM OVER HISTOGRAM)X{DEH) 0.t000000E

0.3010400€E-02 0.1368363€-02

D.5u73454E~-C3 0. 0.
{SUM OVER HISTOGRAMIXI(DEI) 0.1000000€
0.1626016E-01 0.6968641E-D2
a. 0.
(SUM OVER HISTOGRAM)X(DEJ) 0. 10000008

0.2040816E-01 0.1088435€E-01
0. o.

1.6 MEV CUTOFF EN.

(DEHDELTA E[MEV))

DEE IS 0.210D000€ 02
DEJ IS 0.2!00000€ D2

C.1000000€ G 0 OFL

3.2222881€-02
Oy a.

01 0 OFL
d.
0.

01 0 OFL
D.9429514E-D3
03 0.

01 0 OFL
0.8391022€-03
0.

01 0 OFL
0.3284072E-02
a.

o] 0 OFL
0.3132832€~-02
0.

01 0 OFL
0.1885903€E-02
0.

[s]] 0 OFL
0.1094691E-G2
0.

0! 0 OFL
D.L46U5761E-02

o] 0 OFL
0.4081633E~-02

¢T



Analysis Code I: D=scription of Momentum-Distribution Histograms

The facing page contains a brief description of three momentum-diszribution histograms
which follow. '
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Analysis Code I: Momentum Distributions of Residual Nuclei

The distribution of the magnitude of the momentum of the cascade r=sidual nucleus is given
on the facing page. The first set of numbers below the titlé refers to the midpoints of the momentum
intervalé, in units of Mev/c,»fof which th= distributions have been calculated. For example, the mid-
point 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. Tae 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
below "TOTAL CASCADE," also as before, specify the particular particls combinations to which the
numerical entries below the headings apply. The entries themselves rzpressnt the fraction of events
which occur in each momentum intervai divided by the width of the intzrval. Each entry is aligned to Y
fall in the same column with the entry which specifies the midpoint of the momentum interval to which
it applies. TFor example, in the histogrem 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
bage.

On the same line with each histogran heading is the notetion "[SUM CVER HISTOGRAM)(DELTA P)."
This notation and the numbers following héve the same meaning &s those pertainingAto 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. These
ranges are estimated in the code and they will not be large encugh in‘some cases. Therefofe the
notatiqns and corresponding numbers here are meant to show how much ¢ the entire distribution is

represented.

-



NEUT-  OMN AL INC. K.C. (MEV) IS 200.0 A 1S 27. IS 3. 2500 INC. HISTORIES

THE MOMENTUM DISTRIBUTION OF THE CASCARE RESICUAL NUCLEUS

0.322%019€E 02 0.9675056€ 02
0.u837528E 03 U.5482532€ 03

D.1612509€ 03 0.2257513€E 03 0.2902517€ 03
0.6127536€ 03 0.6772539E 03

0.3547521E 03
0.T417543E 03

TOTAL CASCADE
0.9810486E-03 0.28466L9E-D2
0.6111u50€E-03 0.uB824829€~-03

(SUM OVER HISTOGRAM){CELTA P) 0. !00300CE GI
0.28L46649E-02 0.2492829€-02 0.2235504€-02 0.16565256-02
0.1929932€-03 O.1447U45E-03 0.3216553€-0u

1 PROTONS 0 NEUTRONS 0PI+ 0 prIO b PI- (SUM OVER HISTOGRAM}{CELTA P) 0.1000000E 01
o. 0.6285318€e-02 0.2933149E-02 0.2095106E-02 0.2514127€-02 0.4190212€-03

0. 0.1257064€-G2 0. c. 0. 0.
0 PROTONS I NEUTRINS 0PI+ 0 PlO‘ 0 PI- [SUM OVER HISTOGRAM)(DELTA P} 0.1000000€ 0}

0.3223559€-02 0.3070056E-02 0.1074520€-02

0.3070056E-03 J.2456045€6-02 D.3684068E-02
' 0.1535028€-03 0. G.

0.4605085€E-03 J.4605085E-03 0.

1 PROTONS I NEUTRONS 0PI+ g0 PID G PI- (SUM OVER HISTOGRAM) (DELTA P) 0.1000000€ O!
0.1912361€-02 D.4302813€-02 0.2936840E-02 0.25953u47€-02 0.1707465€E-D2 J.1024L79€-02
0.3u14931€E-03 0.1365972E-C3 0.1355972€-03 a. 0. o.
2 PROTONS 0 NEUTRONS g P+ 0 pt0 g rPI- {S5UM OVER HISTOGRAM)(DELTA P) 0.!000000€ 01

0.5345133€E-03 0.16038u0€~-02
0.1069226€-02 0.53u6133€E-03

0.2673066€-12 0.1603840€E-02
0.53u6133E-03 0.53u6133E-03

0.2138453€-02 0.3207680€-02
0.5346133€E-C3 D.

2 PROTONS I NEUTRONS 0PI+
0.6119915E-03 0.1223983¢-02
0.8159887E-03 - 0.6119915€E-03

0 pPID C PI- (SUM (OVER HISTOGRAM) (DELTA P) C.1000000c C!
0.2855960€E-02 0.3059958E-02 0.3263955€6-02 0.1427980E-02
0.4079943E-03 a. 0.2039972e-03 0.

I PROTONS 2 NEUTRONS 0PI+
0.9210169€~-03 0.1535028€-02
0.7675141E-03 0.3070056E-03

o PID g PI- (SUM OVER HISTOGRAM) (DELTA P} 0.1000000E 01
0.2629548€E-02 0.2609548€-02 0.1995537€E-02 0.2609548E-02
0.1535028€-03 0.1535023€-03 0. 0.

0 PROTONS 2 NEUTRONS 0PI+ 0 pPiO 0 PI- {SUM OVER HISTOGRAM) (DELTA P) 0.1000000€ O1
0.1603840€E-02 0.4900622€-02 0.3564088E-02 0.2049351€E-02 0.1871146E-02 0.6237155€E~-03
0.2673066E-03 0.8910221€E-0u4 o. 0. a. 0.

2 PROTONS 2 NEUTRONS 0 PL+
0.3781411E~-03 0.1512564E-02
J.1890705€E-02 0.7562822€E-03

0 pIC 0 rPI- (SUM OVER HISTOGRAM)(DELTA P} 0.100000C€E 0!
0.226884TE-02 C.22688u7€-02 0.1134423E-02 0.3025!129€-02
0.3781411€E-03 0.3781411E-03 0. 0.

I PROTONS 3 NEUTRONS G PI+
0. 0.4429653€-03
0.1328896E-02 0.1328896€E-02

0 PIO g PI- (SUM OVER HISTOGRAM)(DELTA P} G.1000000€ O
0.2214826E-02 0.2214826E~02 0.2657792E-02 0.3986688E-02
0.4429652E-03 0. 0. 0.

0.8062547E 03

0.1608276E-04

.6 MEV CUTOFF EN.

D.419252%E 03
0.8707550€ 03

0 OFL
0.9488831E-03
0.t608276E-Cu4

0 OFL
0.
0.

0 OFL
0.61u40113E-03

0 OFL
0.:097917€-03

LT

0 OFL
0.5346133E-03
0.

0 OFL
0.1019986E-02
o.

0 OFL
0.1842034€E-02
0.

0 OFL
0.5346133e-03
0.

0 OFL
0.1134423e-02
0.3781411E-0G3

0 OFL
0.8859306€-03



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
cascade that is perpendicuiar tc the direction of the incident particles. Its format is the same

~as that for the examnle cn the preceding page.‘
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NZUT ON AL INC.

0.3225019€ 02
U.u83752€EE 03

0.9675056E 02

K.E. (MEV) IS

200.0 A IS

27.

1S 13,

2500 INC. HISTORIES

THE PERPENDICULAR MOMENTUM DISTRIBUTION OF THE CASCADE RESICUAL NUCLEUS

0.5482532€ 03

0.1612509€ G3

U.6127536E 03

B8.2257513€ 03

0.6772539E 03

0.2982517E 03

O.7417543E 03

0.3547521E 03

0.8062547E 03

1.6 MEV CUTOFF EN.

0.4192524€ 03

D.8707550€ 03

TOTAL CASCADE

0.2315918€-02

0.1286621E-03

D.3763367€E-02

I PROTONS 0 NEUTRONS 0PI+
0.4190212€~-063 0.7123361E-02
0. d.
0 PROTONS t NEUTRONS g PI+

D.4605085€-03

0.2763051€-02

0.1535G28€-03 a.

1 PROTONS I NEUTRONS

0 Pl+
0.4712604E-02

0.3554291€E~-02

0.32165538-04 0.

0 PID 0PI~
0.2095106€-02
0.
0 PID g PI-

0.39910736-02

o eI 0 PI-
0.28635u2€-02

(SUM OVER HISTOGRAM) (DELTA P)

0.2637573€-02
o.

0.180127CE-02
0.

{SUM GVER HISTOGRAM) (DELTA P)

0.2514127€E-02
i 0.

0.2095106€E-02
0.

{SUM OVER HISTOGRAM) (DELTA P)

0.3837571€E-02

0.2609548E-02
a.

(SUM OVER HISTOGRAM) (DELTA P)

0.2322153€-02

0.1434271E-02

(1.1000000€ 01 0 OFL
0.8523365€E-03 0.4181519€-03
0. o.
0.1000000E D1 0 OFL
a. 0.125/064E-02
0. a.
G.1000000E 01 0 OFL

0.1074520€-02

0.6140113E-03

0.3619826€-02
0.

2 PROTONS 0 NEUTRONS
0.2138453€-02
0.5346133€-03

2 PROTONS | NEUTRONS
0-1631977E-02
0.4079943E-03

I PROTONS 2 NEUTRONS
0.1688531E-02
0.1535023€-03

0 PROTONS 2 NEUTRONS
0.3920497€-02
C.

2 PROTONS 2 NEUTRONS
0.22688u7E-02
0.3781411E-03

| PROTONS 3 NEUTRONS
0.1328896£-02
0.

0.32D07680€-02

0.2855960E-02

0.3070056€-02

0.4276906E-02

0.22688u7€-02

0.2557792€E-02

0Pi+ 0 PID

0.

0PI+ [V ]

0.

0 Pl+ g PID

0.

U R g riIOD

0PI+ 0 rPIO

0.3781411€E-03

0 PlL+ 0 P10

0.

0.2138453€E-02

0.4283940€-02

0.4u451582E-02

0.3831395e-02

0.2268847E-02

0.4429653€E-02

0 PI-

0.

0 PI-

0.

g PI-

0.

0PI~
o.

0pPi-

o.

g PI-

0.

0.

{SUM OVER HISTOGRAM} (DELTA P)
C.5346133E-03

o.

ISUM OVER HISTOGRAM)(DELTA P)
0.3059958€E-02

0.

{SUM OVER HISTOGRAM) (DELTA P)
0.3070056€E-D2

0.

ISUM OVER HISTOGRAM) {DELTA P)
B.2049351€E-02

0.

[SUM OVER HISTOGRAM) (DELTA P)
0.34C3270€-02

o.

{SUM OVER HISTOGRAM) (DELTA P)
0.3100757€e-02

0.

0.3207680€E-02

0.22u3969€E-02

0.1995537€-02

0.8910221€E-03

0.226884T7E-02

D.1771861E-02

0.

a.

0.

0.

0.

0.

0.

0.1771861E-02

0.

0. .
0.1000200€ 01 0 OFL
0.3414931€-03 0.20u38958E-03
0. 0.
0.100000CE O1 0 OFL
0.3207680E-02 0.5346133E-03
0. a.
0.1000000E 01 0 OFL
0.u079943€-03 0.6119915€E-03
0. 0.
0.10C0000€ Q1 0 OFL
0.6140113€E-03 0.4605C85€E-03
o. 0.
0.1000000€E D! 0 OFL
0.356408BE-D3 0.1782044€E-03
0. 0.
0.1000000E O1 0 OFL
0.2268847E-02 0.
0. o.
0.1000000€ O 0 OFL

0.4429653€-03
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Analysis Code I: Parallel (and Antiparall=l) Momentum Distributions of Residual Nuclei

The examples on the facing page and on page 2% show the distrivutior of the componenf of
momentum of the residual nucleus resulting from the cascade that is parallel (or antiparallel) to
the incident-particle direction. The numb=rs on the four lines immediately below the title refer
to the midpoints of the mcmentum intéfvais and are in unité of Mev/c. The plus and minus signs
preceding these numbers indicate that the components of momentum are parallel or antiparallel to the

incident-particie 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 occurring in each momentum interval divided by the momentum interval. As before, the mid-
points of the momentum intervals in whick the various histogram entries fall are indicated in a
corresponding position in the first set of numbers on the page, the only difference 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 fails must be considered. For example, the first nonzero
entry under "TOTAL CASCADE" is 0.L4824829E-OL. 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 -0.1612509E 03
(-161.25 Mev/c).

The notations "(SUM OVER EISTOGRAM){DELTA P)" and "OFL" have the same meaning as in the
previous momentum distributions. The notaiion "UFL," indicating "underflow," refers to the number

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

(continued on page 22)

0



NEUi ON AL INC. K.E. (MEV) IS 2080.0 A IS 27. T IS 13. 2500 INC. HISTORIES 1.6 MEV CUTOFF EN.

THE PARALLEL MOMENTUM DISTRIBUTION OF THE CASCADE RESICUAL NUCLEUS

-0.8707550€ 03 -0.8062547E 03 -D.7ul7543E 03 -0.6772539€ 03 -0.6127536E 03 -0.5482532€ 03 -0.4837528E 03
-0.4192524E 03 -0.3547521E 03 -0.2902517€ 03 -0.2257513E 03 -0.1612509€ 03 -0.9675056E 02 -0.3225019€ 02

D.3225019€ 02 0.9675056E 02 D.1612509E 03 0.2257513€ 03 0.2902517€ 03 0.3547521€ 03 0.4192524€ 03
0.4837528E O3 D.5482532€ 03 0.6127536= 03 0.6772539€ 03 0.7417543€ 03 0.8062547E 03 . 0.8707550€ 03

TOTAL CASCADZ [SUM OVER HISTOGRAM) (DELTA P) 0.1000000E b1 0 OFL D urL
0. 0. 0. Se 0. 0. 0.
0. a. 0. 0. 0.4824829€E-04 0.2090759€-03 0.1318787€-02
0.3699036E-02 0.32969867€E-02 0.2267670E-02 2.1913849E-02 0.9649659E-03 0.7880555€6-03 0.4503174€-03
0.2734070€E-03 J.1125793€-03 0.64331C6E-0Ou 0.6433106E-34 0.3216553€-04 0. . B.
I PROTCNS O NEUTRONS 0PI+ 0 PI0 0PI~ {SUM OVER HISTCGGRAM) (DELTA P) 0.1000000€ 01 0 OFL 0 UFL
0. 0. 0. 0. a. o. a.
0. d. o. o. 0. 0. 0.
0.7542382€-02 0.2933149€-02 0.3352170€E-02 J.u4190212€E-03 0.4190212€-03 0.8380424€E-03 a.
O. Je 0. 0. 0. 0. 0.
0 PROTONS ! NEUTRONS 0PI+ g PrPID J PI- (SUM OVER HISTCOGRAM){DELTA P} 0.1000000E O) 0 OFL 0 UFL
o. 0. Q. C. G. 0. 0.
0. 0. 0. a. 0. 0. 0.
0.6293616E-02 0.5065593E-02 0.2302542E-02 B.7675141€E-03 0.4605085€-03 0.3070056€E-03 0.
0.3070056€E-03 D. 0. O. 0. 0. 0.
I PROTONS I NEUTRONS 0PI+ G PIO 0 PI- (SUM OVER KISTOGRAM) (DELTA P) 0.1000000E Ot 0 OFL 0 UFL
o. 0. a. 0. O. 0. O.
C. ’ 0. 0. C. 0.1365972€E-03 0.3414931E-03 0.2117257€E-02
G.4917500€E-02 0.3619826E-02 0.1912361€E-02 0.1434271€-02 0.4097917e-03 0.1365972€-03 0.2731944E-03
B0.1365972E-03 0.6829861E~-0u4 0. o. 0. 0. - 0.
2 PROTONS 3 NEUTRONS 0PI+ 0 rpPIC 0 PI- (SUM OVER HISTOGRAM)(DELTA P) 0.100000CE O1 0 OFL 0 UFL
C. 0. a. a. 0. 0. a.
0. 0. J. o. 0. 0. 0.
G.3207680€E-02 0.5346133€E-02 0.1603840€E~-02 C.1069226E-02 0.1603B40E-02 0.5346133E-03 0.1069226E~-0D2
0. 0.5346133e-C3 0. 0.5346133€-03 0. 0. a.
2 PROTONS I NEUTRONS 0PI+ 0 PIC 0 PI- {SUM OVER HISTOGRAM)(DELTA P) 0.1000000€ 01 0 OoFL 0 UFL
c. o. 0. 0. 0. g. g.
0. 0. 0. 0. 0. 0.2039972€-03 0.6119915€-03

0.1631977€E-02 0.36719u9€-02 0.3059958E-02 0.3875946E-02 0.8159887€-03 0.6119915€e-03 0.2039972€-03
0.4079943E-03 0.2039972€~-03 0. C. 0.2039972E-03 0. d.

T2



’ l
Analysis Code I: Parallel (and Antiparallsl) Momentum Distributions (cont.)

The parallel-momentum distributions of the residual nucleus are sometimes givén over two pages
of output, as in the example on the facing page and the preceding page. The numbers giving the
. 1
midpoints of the momentum intervals and th= entries for the total casFade histogram ars the same,

but the combinations of perticles are different.
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NEUT ON AL INC. K.E. (MEV) IS 200.0 A IS 27. 2 1S 13, 2500 INC. HISTORIES 1.6 MEV CUTOFF EN.

THE PARALLEL MCMENTUM DISTRIBUTION OF THE CASCADE RESIDUAL NUCLEUS

-0.8707550€ 03 -0.8062S47E 03 -0.7417543E 03 -0.6772539€ 03 -0.6127536E 03 -0.5482532€ 03 -0.u4837528E 03
~-0.4192524E 03 -0.3547524% 03 -0.2902517€ 03 -0.2257513E 03 -0.1612509€ 03 -0.9675056E 02 -0.3225019€ 02

0.3225019€ 02 0.9675056€ 02 0.1612509€E 03 0.2257513€ 03 0.2902517€E 03 0.3547521€E 03 0.4192524E 03
0.4837528€E 03 0.5u482532¢ 03 0.6127536E 03 0.6772539€ 03 0.7417543€ D3 0.8062547€ 03 0.8707550€ 03

TOTAL CASCADE {SUM OVER HISTOGRAM) (DELTA P) 0.10000CDE 01 0 OFL 0 UFL
o. G. J. G. a. 0. g.
O. . 0. 0. a. 0.4824829E-04 0.2090759€-03 0.1318787€E-02
0.3699036€E-02 £.3296967E-02 0.2267670€E-02 0.1913849€-02 0.9649659E-C3 0.7880555€-03 0.4503174E-D3
0.2734070e-C3 0.1125793E-423 0.6433106E-04 0.6433106E-04 . 0.3216553€E-0u 0. 0.
i PROTONS 2 NEUTRONS 0PI+ g0 PID 0 PI- (SUM OVER HISTOGRAM) (DELTA P) 0.1000000E 01 0 OFL 0 UFL
0. c. 0. C. 0. o. 0.
0. 0. o. o. 0.1535028€6-C3 0.6140113€-03 0.1381525€-02
0.1995537e~-02 0.1381525€-02 0.3223559€-02 0.24560u5€E-02 0.1688531E-02 0.1535028€-02 D.61u40113€E~-03
0.3070056€E-03 0.1535028€-03 0. o. g. 0. 0.
0 PROTONS 2 NEUTRONS 0PI+ grlo 0PI- {SUM OVER HISTOGRAM) (DELTA P) 0.1000000€ 01 0 OFL 0 UFL
0. 0. a. a. 0. 0. o.
0. 0. a. 0. 0. 0.1782044€E-03 0.2583964E-02
0.4633315E-02 0.4276906E-02 0.124733)€E-02 0.1871)46E-02 0.3564088€E-03 0.8910221€-04 0.2673066E-03
0. a. 0. 0. 0. a. 0.
2 PRCOTONS 2 NEUTRONS 0PI+ 0 PIO g0 rPI- (SUM OVER HISTOGRAM) (DELTA P) 0. 1000000E O 0 OFL 0 UFL
0. 0. 0. : c. O. 0. 0.
ag. a. 0. 0. 0. 0.37814)1E-03 0.3781411€E-03
0.22638uTE-32 0.1512564€E-02 0.3025129€-02 0.1512564E-02 D.1890705€-02 0. 1890705€E-02 0. 1890705€E-02
0. 0. 0.37814)11E-03 0.3781411E-03 0. 0. 0.
1 PROTONS 3 NEUTRONS 0PI+ 0 PID g PI-. {SUM OVER HISTCGRAM) (DELTA P) 0.1000000E O D OFL 0 UFL
C. 0. i C. ’ o. 0. 0. 0.
0. . c. 0. 0. O. 0. 0.4429653€E~-03

0.8859306€-03 0.1328896E-02 0.3543722E-02 0.3100757€e-02 0.2657792€-02 O.1771861E-02 0.8859306E-03
O0.u429653€E-03 0.4429653€-03 0. O. 0. C. 0.
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Analysis Code I: Cascade-Particle-FEmission Cross Sections

The example on the facing page gives all the nonzero values of the cross sections for the
emission of various<combinétions of emitted'cascade particles in which the sum of the total number
of emittéd particles is less than or equalltq_nine. On the output sheset shown on page 9, fourth line,
it was noted that there Were zero incident~particle collisions in which thers 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 include all the nonzero.cross-sec£ion 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
cascade particles. For example, in the first entry, 35000, the first digit represents the number of
cascade protons emitted, the second digit the number of cascade neutrons, the third the number of
ﬂ+, the fourth the number of no; and the fifth the number of n . The cross section for this event,
given in column 2, is 0.41128555E-00 millivarn (0.4 mt).

2



NEUT  ON AL INC. K.E. (MEV) IS 260.0 A IS 27. Z 1S 13. 2500 INC. HISTORIES t.6 MEV CUTOFF EN.

CROSS SECTIONS (MB) FOR VARIOUS CCMBINATIONS OF EMITTED CASCADE PARTICLES
IST NO. IS NO. OF PROTONS EMITTED 2ND IS NO. OF NEUTRONS 3RD IS NO. OF PI+ 4TH IS NO. OF PID STH IS NO. OF PI-

3500c 0.41128555€-00 34000 0.82257110€ 0O 43000 0.82257110€ 0O 15000 0.12338566E 01
24060 O.u41128555€6-00 : 33000 0.24677133E O 42000 D.82257110€E 0O 05000 0.41128555€E-00
140ca 0.28789988E 01 o ZSUDﬁ 0.78144254E 01 A 32000 0.37015699€E 01 41000 0.12338566E O
0s000  0.20564277E€ 01 13000 G.IM&?“éQhE g2 22000 0.16862707€ 02 31000 0.86369964E D1
40009 0.82257110E 00 g3aaoo 3.18507849E 02 12000 U.b15398uDE-02 21000 0.31257701€ 02
30008 0.57579976€E 01 020c00 '0.71563685€ 02 IlﬁUU 0.93361819€ Q2 20000 0.11927281E 02
01000 0.41539840€ 92 10c00 D.15217565E hZ l ‘
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Analysis Code I: Cascade-Particle Energy Spectra for u = 1.00 to 0.95

The facing page énd the four pages of outdout which follow are examplies of data for the energy spectra
of the éascade particles emitted within particular angular intervals, the intervsl beihg specified by the
velues of p, the cosine of the angle measured with respect tc 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°l2', which is noted parenthetically below the title. On the following four pages of
output, the values of p are 0.95 to 0.90, 0.60 to O.MO? 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, divided by &u AE, of the total number of parti-
cles of the specified type that have been emitted in fhe angular interval Mu with energies that lie within AR.

Values of N(E) are given for each of the five types of particles being emitted as a function of E. 1In
‘each case E specifies the midpoint of the energy interval, in Mev. The total width of the interval is indi-
cated 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 20 uniform

energy intervals, whereas those given on the nex three output pages are divided into 10 wniform intervals.

As an aid in reading these data, refer to the table of data headed "?ROTONS." The midpoint of the
first AE'interval in the histogram is 5.0 Mev, with the interval covering all energies between O and 10 Mev.
The value of N(E) for protons in this energy interval is 0.2L4E-00 (O.EHA).; The midpoint of the second AE

interval is 15 Mev, and the interval covers the range 10 to 20 Mev. The N(ﬁ) value for the second interval

is 0.178E-00, and so forth.

At the bottom of the ¢olumn an N value is.given. As,defihed near the right-hand top of the page, N is
the sum of the values of N(E) multiplied by &u 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 interéal has been spanned.
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NEUT oN AL

INC.

E{MEV)
_ PROTCNS
DELTA E(MEV) 10.0
E(MEV) N{E)}

5.0  0.2L4E-00
15.0  0.178E-00
25.0  O.ub4E-01
35.0  0.889E-D!

45.0 0.
55.0  0.L44E-O!
65.0  D.889E-01
75.0  0.222e-01
85.0  0.667€-01

95.0  O.
105.0  0.2226-0)
115.0  0.222€-0)
125.0  D.444E-01
135.0  0.667€=01
145.0  0.667E-01
155.0  0.667E-01
165.0  0.156E-00
175.0  D.267E-00
185.0  D.244E-00
195.0  D.267£-00
N IS 1.000€ 00

K.E. (MEV) IS

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM

z00.0

{THETA FROM

0 DEG.

Is 27.

0 MIN.

1S

T0

13,

18 DEG.

2500 INC.

12 MIN.}

HISTORIES

1.00 TO 0.95

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

IS CENTER OF INTERVAL

NEUTRONS
DELTA E(MEV) 13.0
E(MEV) NLE)

5.0 0.177€E-00
15.0 . 1456-00
25.0  0.4BUE-OCI
35.0 0.323E-01
45.0 D.4B4E-DI
55.0- 0.6u45E-01
65.0  0.161E-0¥
75.0 D0.161E-01
85.0  0.161E-0I
95.0  0.s84E-01
105.0 0.161E-0I
115.0 0.323&-01
125.0  0.484E-O¢
135.0 0.161E-01
145.0  0.96B8E-01
155.0 0.177e-00
165.0  0.806E-01
175.0  0.2u42€-00
185.0 0.371E-00
195.0  C.306E-00

N IS

1.000€E 00

PI+
DELTA E(MEV)
E(MEV)
5.0 0.
15.0 0.
25.0 O.
35.0 0.
45.0 0.
55.0 0.
65.0 D.
75.0 0.
85.0 0.
95.0 0.
105.0 0.
115.0 0.
125.0 O.
135.0 0.
145.0 0.
155.0 0.
165.0 0.
175.0 0.
185.0 0.
195.0  O.

N IS Q.

10.0

N(E)

DELTA E(M
E(MEV)
5.0
15.0
25.0
35.0
45.0
55.0
65.0
75.0
85.0
95.0
105.0
115.0
125.0
135.0
145.0
155.0
165.0
175.0
185.0

195.0

N IS

PID
EV)

10.0 DELTA EI[M
N(E) ELMEV)
5.0
15.0
25.0
35.0
.45.0
55.0
65.0
75.0
85.0
95.0
105.0
115.0
125.0
135.0
145.0
155.0
165.0
175.0
185.0

195.0

N IS

IS (SUM OVER N(E))IDELTA MUY(DELTA E)

pI1-
EV)

0.
0.
0.

0.

1.6 MEV CUTOFF EN.

10.0

N(E)

Le



Analysis Code I: Cascade-Particle Energy Spectra for y = 0.95 to 0.92

See page 26 for éGescription of facing page.
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NEUT ON AL

INC. K.E. (MEV)

E{MEV)
PROTONS
DELTA E(MEV) 20.0
E(MEV) N(E)
10.0 8.288€£-00
30.0 0.137e-01
50.0 0.548E-01
70.0 0.685€~-0t
90.0 g.ul11E-01
110.0 0.274€-01
130.0 U.822E-01
150.0 0.192e-00
170.0 0.219€E-00
190.0 U.137e-0t
210.0 u.
"230.0 o.
250.0 0.
270.0 0.
290.0 0.
310.0 0.
3s50.0 0.
350.0 O.
370.0 0.
390.0 c.
N IS 1.000e 0O

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM

200.0

(THETA FROM

N(E) IS

IS CENTER OF INTERVAL

NEUTRONS
CELTA E(MEV) 20.0
EIMEV) N(E)
10.0 0. I47E-0C
30.0 O0.441E-O1
50.0 0.221€E-01
70.0  0.515E-01
90.0  0.588€-01
110.0  0.588E-G}
130.0  0.956E-01
150.0 0.213E-00
170.0 0.206E-00
190.0  0.1G3€E-C0
210.0 0.
230.0 0.
250.0 Q.
270.0 0.
290.0 0.
316.0 0.
330.0 0.
350.0 0.
370.0 O.
390.0 0.
N IS 0.100€ Qf

18 DEG.

1s 27.

12 MIN.

z1Is

Pl+

CELTA E(MEV)

EIMEV)
10.0
30.0
50.0
70.0
90.0

110.0
130.0
150.0
170.0
190.0
210.0
230.0
250.0
270.0
290.0
310.0
330.0
350.0
370.0
390.0

N IS

o.

0.

0.
0.
0.

0.

T0

13. 2500 INC. HISTORIES

25 DEG. 51 MIN.)

0.95 16 D0.90

(FRACTION OF PARTICLES IN DELTA MUI/{DELTA MU)(CELTA E)

N IS (SUM OVER N(E))(DELTA MU){DELTA E)

20.0 DELTA E(M
N(E) E(MEV)
10.0
30.0
50.0
70.0
90.0
110.0
130.0
150.0
170.0
190.0
ZIU;U
230.0
250.0
270.0
290.0
310.0
330.0
350.0
370.0
390.0

N IS

FI0
EV)

a.
c.
a.
o.
0.

g.

a.
0.
0.

a.

20.0 DELTA E(M
N(E) EIMLV)
t0.0
30.0
50.0
70.0
90.0
110.0
+30.0
§50.0
170.0
190.0
210.0
230.0
250.0
270.0
290.0
310.0
330.0
350.0
370.0
390.0

N IS

pI-
EV)

0.

o.

0.
g.
0.
0.
0.
0.
0.
0.
0.

0.

1.6 MEV CUTOFF EN.

20.0
N{E)

62



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. K.E. (MEV) IS 200.0 A IS 27. 1 1S 13. 2500 INC. HISTORIES 1.6 MEV CUTOFF EN.
ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM 0.60 TO 0.40
(THETA FROM 53 DEG. 8 MIN. TO 66 DEG. 25 MIN.)
NIE) 1S (FRACTION OF PARTICLES IN DELTA MU)/(DELTA MU)(DELTA E)
E(MEV) 1S CENTER OF INTERVAL N IS (SUM OVER N(E})IDELTA MU)(DELTA E)
PROTONS NEUTRONS PI+ (3 (s ' PI-
DELTA E{MEV) 20.0 DELTA E(MEV) 20.0 DELTA E(MEV) 20.0 DELTA E{MEV) 20.0 DELTA E{MEV) 20.0
ELMEV) N{E) EIMEV) N{E) E(MEV) N(E) E(MEV) NCE) E{MEV) N(E)
10.0  U.997€-01 10.0  0.830E-01 10.0 0. 10.0 0. 10.0 0.
30.0  0.456E-01 30.0 0.426E-01 30.0 0. 30.0 O. 30.0 O-
50.0  DB.u56E-01 50.0 0.3406-01 50.0 O. 50.0 0. 50.0 0.
70.0  U.287E-01 70.0  O0.447€-01 70.0 0. 70.0 0. 70.0 O.
90.0  0.186E~01 90.0  0.287E-01 90.0 0. 90.0 0. 90.0 O.
110.0  U.676E-02 110.0  0.106€E-01 1g.o0 0. 110.0 O©. , 110.0  D.
130.0 0.338E-02 130.0  0.5326-02 130.0 0. 130.0 O. 130.0 Q.
150.0  0.169E-02 150.0  D.1C6E-02 150.0 O. 150.0 0. 1s0.0 0.
170.0 0. 170.0  O. 170.0 0. 170.0 0. 170.0 O.
190.0  @. .190.0 0. 190.0 0. 190.0 0. 190.0 O.

N IS 1.000E 0O N IS 1.0G0OE 0O N IS 0. N IS D. N IS D.

¢
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Ana;ysié Code Ii Cascade-Particle Energy Spectra for p = 0,10 to -0.10

.See page 26 for descripticn of facirg page.
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NEUT ON AL

INC.

E(MEV)
PROTUNS
DELTA E(MEV)  40.0
E(MEV) N(E)
20.0  0.107€-00
60.0  0.149€-01
100.0  0.298E-02
140.0 0.
180.0 0.
220.0 0.
'260.0 0.
300.0 U.
340.0 0.
380.0 0.
N IS D.100E O

K.E. (MEV) IS5

ENERGY SPECTRA OF CASCACE PARTICLES WITH MU FROM

200.0

(THETA FROM

g4 DEG.

IS 27.

Z IS

16 MIN. TO

13. 2500 INC.

95 DEG. 4L MIN.)

HISTORIES

0.10 70 -0

.10

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

IS CENTER OF INTERVAL

NEUTRONS

DELTA E(MEV)  40.0
E{MEV) N(E)
20.0 D.108E-CO
60.0  0.168E-01
100.0  O.
140.0 0.
180.0 0.
220.0  C.
260.0 0.
300.0 0.
340.0 0.
380.0 0.
N IS D0.100E 01

DELTA E(M
E(MEV)
20.0
60.0
1C0.0
140.0
180.0
220.0
260.0
300.0
3u40.0

380.0

PI+
EV)

N IS (SUM OVER N{E:)(DELTA MU)IDELTA E)

P10

40.0 DELTA E(MEV)
N(E) E{MEV)

20.0 0.

60.0 0.

100.0 0.

140.0 0.

180.0 a.

220.0 0.

260.0 0.

3p0.0 a.

340.0 o.

380.0 0.

N IS G.

4G.0 DELTA E(M
N{E) E{MEV)
20.0
60.0
100.0
u0.0
180.0
220.0
260.0
300.0
340.0

380.0

N IS

PI-
EV)

1.6 MEV CUTOFF EN.

40.0

N(E)

¢¢
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Analysis Ccde I: Cascade-Particle Energy Spectra for p = -0.40 to -0.60

‘See page 26 for description of facing page.
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NEUT ON AL

INC.

(MEV) IS 200.0 A IS 27. Z IS 13, 2500 INC. HISTORIES 1.6 MEV CUTOFF EN.

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM -0.40 TC -0.60
{THETA FROM 113 DEG. 35 MIN. TO 126 DEG. 5S4 MIN.)

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

E{MEV) IS CENTER QOF INTERVAL N IS (SUM OVER N(E))(DELTA MU)(DELTA E)
PROTONS NEUTRONS PI+ PI1D pPI-
DELTA E(MEV) 40.0 CELTA E(MEV) 40.0 CELTA E(MEV) 40.0 DELTA E(MEV) 10.0 DELTA E(MEV) 40.0
E(MEV) N(E) E(MEV) N(E) E(MEV) NIE) E(MEV) "NI(E) E(MEV) N(E)

20.0 U.116E-00 20.0 0.125€e-00 20.0 0. 20.0 0. 20.0 0.

60.0 0.862E-02 60.0 0. 60.0 0. 0.0 O. 60.0 O.
106.0 0. 100.0 0. 160.0 O, 100.0 0. 100.0 Q.
180.0 0. 140.0 0. 140.0 0. 1s0.0 0. I40.0 0.
180.0 0. 180.0 0. 130.C 0. 180.0 O. 180.0 0.
220.0 Q. 220.Cc 0. 220, 0. 220.0 0. 220.0 0.
260.0  U. 260.0 0. 260.0 Q. 260.0 Q. 260.0 0.
300.0 0. 300.0 Q. 300.0 0. 300.0 0. 300.0 0.
340.0 0. 340.0 O. ' " 340.0 0. 0.0 0. 0.0 0.
380.0 0. 3806.0 0. 330.0 O. 380.0 0. 380.0 O.

N IS 0.100E DI N IS 0.100E 01 N IS O. N IS 0. N 1S 0.

19



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, neu-

+ . -
trons, n , 9, and w .

In sach case the energy range is O to 0.2000000E 03 Mev (200 Mev), as specified on the line
immediately 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 Mev, and
N(E) is the fraction of the total number cf emitted protons which occur in the AE interval divided
by AE. The interval width is constant at all energies for each distributionr. For example, for the
emitted cascade protons, the value of ths histogram of the energy spectrum for the first energy
interval, in this case frcm O to 8 Mev, is 0.2961579E-Ol. This is the fraction of all the emitted

cascade protons which were emitted into tre energy interval O to 8 Mev divided by 8 Mev.

9¢



NEUT

ON AL

INC. K.E. (MEV) IS

200.0 A IS

27.

Z1s 13.

2500 INC. HISTORIES

ENERGY SPECTRUM OF EMITTED CASCADE PROTONS

0 70 D.2000000E 03 MEV

‘KeEe 1S5 THE CENTER OF 'THE ENERGY INTERVAL IN MEV

K.E.
4.30
12.40
20.00
28.00
‘36.00
44.00

52.00

N(E)
0.2961579€e~-01
0.2014u408€-0t

0.1267343€E-01

0.6u403415E-02 .

D.4402348E-02
0.6L403415E-02

0.4268943€E-02

68.00
76.00
84.00
92.00

109.00

N{E)
0.3868730E-02
0.3201708€E-02
0.2267B76E~-02

0.3201708€E-02

0.2134L72E-02

0.1600854€-02

N(E)

1.6 MEV CUTOFF EN.

0 OoFL

IS THE FRACTION OF TOTAL NUMBER OF EMITTED PROTONS /DELTA E

N{E)
0.2267876E-02
0.2401281€E-02
0.1734258E-D02
0.2001067€-02
D.1600854E-02

0.2801494E-02

K.E.
156.00
164.00
172.00
180.00
188.00

196.00

NIE)
0.2801494E-02
0.21354472E-02
0.2267876E-02
0.2668090€-02
0.6670224E-03

O.1467449€-02

LS



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

See page %6 for description of facing page.
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NEUT

ON AL

INC.

K.E. (MEV) IS

204.0 A IS

27.

1S 13.

2500 INC. HISTORIES 1.6 MEV CUTOFF EN.

ENERGY SPECTRUM OF EMITTED.CASCADE NEUTRONS

C 70 0.2000000€E 03 MEV

K.E. 15 THE CENTER OF THE ENERGY INTERVAL IN MEV

20.00 "

28.00
36.00
44.00

52.00

N(E)
0.220094t€-01
0.1335685E-01
0.7896506E-(2
0.6720u30€E-02
0.5712366E-02
0.4788307E-02

0.5376344E-02

N{E)

 0.3276210€-02

0.4620296E-02
0.3612231€E-02
0.3864247E-02
0.386424TE-D2

0.4032258€E-02

N(E)

0 OFL

IS THE FRACTION OF TOTAL NUMBER OF EMITTED NEUTRONS/DELTA E

K.E.
108.00
116.00
124,00
132.00
140.00

148.00

N(E) K.E. N{E)
0.4032258€~-02 156.00 0.3864247E-D2
0.3276210€-02 164.00 0.2352151€E-02
0.3024194€E-02 172.00 0.3024194E-02
0.2520161€E-02 180.00 0.3192204E-02
0.2856183E-02 188.00 0.2268145€E-02
0.4032258€-02 196.00 0.1428091E-02

6¢



Analysis Code I: Erergy Specti‘um of BEmitted Cascade n+ for All Anglel

=~
o

See page 36 for description of facing page.
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NEUT

oN AL

"INC. K.E. (MEV) IS  200.0

A IS

27.

Z IS 13.

ENERGY SPECTRUM OF EMITTED CASCADE

KeEs [S THE CENTER OF THZ ENERGY INTERVAL

12.00
ZD.bU
28.00
36.C0
44.00

52.090

0.
Q.

0.

‘0.

a.

NALE)

K.E.

60.00
68.00
76.CO
84.00
92.00

100.00

IN

0.

Q.

o.

0.

0 7O 0.2000000€E 03 MEV

MEV

NC(E)

N(E)

2500 INC. HISTORIES

PI+

l.6 MEV CUTOFF EN.

0 OFL

IS THE FRACTIGN OF TOTAL NUMBER OF EMITVTED P+

N(E)

K.E.
156.00
164.00
172.00
180.00
188.00

196.00

a.

O.

0.

0.

/

DELTA E

N{E)

Th
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Analysis Ccde I: Energy Specirum of Emitted Cascade n° for All Angles

See page 36 for description of fadimg page.
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NEUT

ON AL

INC.

K.E.

(MEV) IS

200.0

A IS

27. Z 1S 13.

ENERGY SPECTRUM OF EMITTED CASCACE

K.E. IS THE CENTER CF THE ENERGY INTERVAL IN

KeE.
L4.00
12.490
20.00
28.00

36.00

44.00

52.00

0.

0.

0.
0.

0.

N(E)

K.E.

60.00
68.00
76.00
84.00
92.00

100.00

0 170 0.2000000€ 03 MEV

MEV

NIE)

2500 INC. HISBP&(E$

210

l.6 MEV CUTOFF EN.

0 OFL

N(E) IS THE FRACTION OF TOTAL NUMBER OF EMITTED PIO

K.E.
108.00
116.00
124.00
132.00

140.00

148.00

0.
a.
0.
0.

o.

N(E)

K.E.
156.00
164.00
172.00
180.00
188.00

196.00

0.

0.

a.

0.

/

DELTA E

N(E)

on
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Analysis Code I: Energy Spectrum of Emitted Cascade i for All Anglés

See page 36 for description of facing page.
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NEUT

ON AL INC. K.E. {(MEV) IS

200.0

A IS

27.

zZ 1S 13.

ENERGY SPECTRUM OF EMITTED CASCADE

0 70 0.2000000E D3 MEV

K.E. 1S THE CENTER OF THE ENERGY INTERVAL IN MEV

12.00
20.00
28.00
36.00
4y.00

52.00

N(E) K.E.
0. 60.00
0. 68.00
0. 76.00
0. ' BN;UD
0. 92.00
0. 100.00

N(E)

N{E)

2500 INC.

PI-

HISTORIES

1.6 MEV CUTOFF EN.

0 OFL

IS THE FRACTIDON OF TOTAL NUMBER OF EMITTED PI-

K.E.

108.C0

116.00

124.00

132.00

" 140.00

148.00

o.

a.

o.

o.

N(E)

172.00
180.00
188.00

196.00

a.

0.

0.

0.

/

DELTA E

N(E)
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Anglysis Code I: Angular Distributions oﬁ Emitted Cascade Particles for All Energies

The data on %he facing page are for the angular distribution of all the'emitted cascade
particles for all energies. Mﬁ (u) is the cosine of the angle of emissioﬁ measured with respect to
the incident-particle direction, and the.series of numbers under MU specify the center of the cosine.
interval, which ranges frcm 1 to -1. The numbers under the columns '“PROTON," "NEUTRON," PI+," “PIO,"
and "PI-" give the fracticn of all the particles of the specifiedAtyﬁe emitted into each Mu interval
divided by M. Therefore, the sum of the numbers under each column épecifying the type of cascade
particle multiplied by & should be 1. Fcr emitted cascade-protons,ifor example, the value of the
histogram of the angular distribution for the p interval from 1 to 0595 (midpoint is 0.975) is
0.1921024E 01; etc. |



NEUT ON AL

My

0.975
0.925
0.875
0.825
0.775
0.725
0.675
0.625
0.575
0.525
, B.u475
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INC. K.E. (MEV)

1s

200.0 A IS

27.

z

IS

13.

2500 INC.

ANGULAR DISTRIBUTION OF EMITTED CASCADE PARTICLES

(FRACTION IN EACH INTERVAL}/{DELTA MU}

HISTORIES

MU IS COSINE THETA AND SPECIFIES THE CENTER OF THE INTERVAL

PROTON

0.1921024€ 01
0.1558164€ OI
0.1472785€ 01
0.1067236€ GI
0.1216649E O
0.9391676€ 00
0.7470651E OO
0.6830309€ 0OG
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0.u4909285€-00
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0.1666667E 01
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C.1169355€ O1i
0.108871CE 0!
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0.5376344E-01
G.1075269€E~00
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G.53763u4€E-01
0.806u4516€E-C1
O.13u44C86E-01
0.5376344E-01
G.6720430E~-01
0.2688172e-C1
0.2688172e-01
0.4032258€e-01
c.

0.4032258€-01

g.
0.
O.
o.
0.
0.
o.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
a.
g.
C.
0.
0.
C.
0.
0.
0.
0.
0.
0.
0.
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0.
0.

0.
o.
0.
0.
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o.
0.
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0.
0.
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o.
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0.
0.
c.
0.
0.
0.
o.
0.
0.
0.
0.

PIO

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

0.
0.
0.
0.
0.
0.
a.
a.
0.
0.
0.
0.
a.
0.
c.
0.
0.
0.
0.
G.
0.
0.
o.
0.
0.

a.
0.
0.
0.
0.
0.

MEV CUTOFF EN.

PI-

Ly



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



Lo

Analysis Code II

Page No.

Differential Cross Section for Emission of Cascade Protons
Within Angular Intervals O « 30° and 30 - 60° as a
Function of Energy eeesessessecseceasarsacsesessasessoseansss 0o 50

Differential Cross Section for Emission of Cascade Protons
Within Angular Intervals O - 30° and 30 - 60° Integrated
O’VerEnergy‘ ® ¢ 0 0 5 9 00 5 00 0 0 S C LSOO OO LN L TR OO NN NSO Se SO ese 52

Differential Cross Section for Emission of Cascade Protons
Within Angular Intervals 60 - 120° and 120 - 180° as a
Function of Energy e 56

Differential Cross Section for Emission of Cascade Protons
Within Angular Intervale 60 - 120° and 120 - 180°
Integrated Over Energy T T 58

Differential Cross Section for Emission of Cascade Protons
with Restricted Energy Values as a Function of Angle cessssscsssss 60

Cross SBectiong for the Emission of 1 to 15 Protons into
Variol).s Energy Intervals ® & 6 80 5 9 0 00 O 0O OO OSSO0 S e OO O SN 0P e S e DN 62

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  ceeecesccccssscssosscscoeses DU

Differential Cross Section for Emission of Cascade Neutrons
Within Angular Intervals O - 30° and 30 - 60° as a
Mction Of Energy @ 0 8 0 0 8 &0 0 08 BB PP O L PSSO OO0 0 PSP D LB 0098 e e 00 0D 66

Differential Cross Section for Emission of Cascade Neutrons
Within Angular Intervals O - 30° and 30 - 60° Integratcd
O’VerEnerg @ 0 0 0 9 00 0. 9 00 & 0 SO0 S OO T O PO O OO SO PO OO PPN eSS e 68

Differential Cross Seclion for Emission of Cascadc Neutrons
Within Angular Intervals 60 - 120° and 120 - 180° as a
Function ofEnergy Gecesteeeecnsnassarsterrrecess oot os s 70

Differential Cross Section for Emission of Cascade Neutrons
Within Angular Intervals 60 - 120° and 120 - 180°
Integrated OVerEnergy' .......0.!.......0.‘....0...0;"'.00...0. 72

Differential Cross Section for Emission of Cascade Neutrons
with Restricted Energy Values as a Function of Angle tveeseenans Th

Cross Sections for the Emission of 1 to 15 Neutrons into
Varioll.s Energy Intervals ® 0 00 0 65000 008 00 0P 9SO LS B PN EOEL S EPOe SRS 76

Ratio of Number of Neutrons Emitted on First Collision to Total
Number of Emitted Particles of the Same Type as the
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Analysis Code II: Differential Cross Seczion for Emission of Cascade Protons Within Angular
Intervals 0 - 30° and 30 - 60° as a Function of Energy

‘The cata 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.

lThe titles and values which specif¥ the case on the top of the facing page and on all the'fol-
lowing examples should read in full: INCIDENT PARTICIE, Neutrons; INCIDENT LARORATORY 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, 96L4. One could calculate the total inelastic cross s=ction from these data by
multiplying the geometric cross section by the ratio of incident-particle zollisions to the number

cf incident particlés.

. The first type of data in the output is the differential cross secticn for the emission of cas-
cade protons into various angular intervals, d®o/(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
A laboratory angular intervals of 0 to 50° for 20 energy intervals, each having a 10-Mev width. Im-
mediately below each of the 20 energy intervals is the value of~d20/(d9 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 intc an angular interval of 30 to 60°,

and the values are to be interpreted as above.
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INCIDENT INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC
PARTICLE K.E. (MEV) SYMB. z PARTICLES EN.(MEV) X-SEC.(MB)
NEUT 200 AL 13 02500 1.6U 1028.2

(DSIGMA/[DOMEGA X DE)

TYPE OF CASCADE PARTICLE

PROTON
INTERVAL I INTERVAL 2
1.1238€E 00

1.2215E Q0
INTERVAL 9
2.9315€E-01 1.4658E-01
INTERVAL 17

9.7TTITE~D! 9.7717€-01

TYPE OF CASCADE PARTICLE

PROTON
INTERVAL I INTERVAL 2
1.3234€ 0O 7.1534€E-0}

INTERVAL 9
2.6B25E-01 {.9672E—0|
INTERVAL 17

5.3651E~-02

INTERVAL )0

INTERVAL 18

INTERVAL 10

INTERVAL I8

1.7884€E-02

INTERVAL 3

2.9315€E-01

INTERVAL 1]

9.77Ti7E~-B2

INTERVAL 19

5.8630E-01

INTERVAL 3

5.3651E-01
INTERVAL 11

1.7884E-01

INTERVAL 19

1.7884E~-02

CINTERVAL 12

(DSIGMA/{DOMEGA X DE)

PAGE |

LAB.  ANGULAR INTERVAL

0. 710
INTERVAL 4 INTERVAL 5
3.4201E-01 2.4429E-01
INTERVAL 13
1.9543E-01 2.4429€-01
INTERVAL 20

5.8630€e-0!

LAB.  ANGULAR INTERVAL
30.00 TO
INTERVAL 4 INTERVAL 5
3.2190€-01 3.75556-01
INTERVAL 12 INTERVAL 13
3.9344E-01 1.7884E-01
INTERVAL 20

0.

(MB)/ (STERADIAN-MEV)
NO. OF

[DEG)

30.00

INTERVAL 6
3.9087€E-01
INTERVAL 14

5.3745€-01

(MB)/(STERADIAN-MEV)
{DEG) NO. OF

60.00

INTERVAL 6
3.7555€e-01
INTERVAL 14

1.0730£-01

NO.
PART.

00964

ENERGY INTERVALS

20

INTERVAL 7
3.4201€E-01
INTERVAL 15

5.8630€-01

ENERGY INTERVALS

20

INTERVAL 7
1 .7884E-01
INTERVAL 15

1.6095€-01

OF INC.
COLLISIONS

DELTA E (MEV)
10.0000
INTERVAL 8
2.4429E-01
INTERVAL 16

9.77T17E-01

DELTA E (MEV)
10.0000
INTERVAL 8
2.3249€E-01
INTERVAL 16

1.4307€-01

TG



Anglysis Code II:. Differential Cross Section for Emission of Cascad% Prctons Within Angular
Intervals O - 30° and %20 - 60° Integrated Over Enérgy ‘

In the example on the facing page the fourth line, which readﬁ in full THE SUM OF do/(dQ 4E) x
dE = 0.1041 x 10® MILLIBARNS/STERADIAN FOF. CASCADE PROTONS WITH 6 FROM O to 30°, means that the
histogram in the preceding example has now been integrated over energy to provide ‘the differential
cross section for emission of rrotons intc the angular iﬁterval framlo to 30° with any energ&. The
line below gives the average energy of tae protons emitted into this'angular interval. The next two

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

1

A



INC IDENT INC. LAB. TARGET
PARTICLE K.E. {MEV) SYMB. A
NEUT . 200 AL 27

SUM OF DSIG/(DUMEGA X DE) X DE EQUALS

AVERAGE ENERGY

SUM OF DSIG/(DOMEGA X DE) X DE EQUALS

AVERAGE ENERGY

PAGE 2

NO. OF INC. CUTOFF
z PARTICLES EN.(MEV!
13 02500 .64

0.1041E 03 MB/STERADIAN FOR CASCADE

EQUALS

0.103920€ 03 MEV FOR CASCADE

0.5776E D2 MB/STERADIAN FOR CASCADE

EQUALS

0.539783€ 02 MEV FOR CASCADE

GEOMETRIC
X-SEC.(MB)

1028.

PROTON

PROTOCN

PROTON

PROTCN

2

WITH

WITH

WITH

WITH

NO. OF 1
PART. COLL

THETA

THETA

THETA

THETA

0096y

FROM

FROM

FROM

FROM

NC.
ISIONS

30.00 71O

30.00 1O

30.00 DEG

30.00 DEG

60.0C DEG

60.00 DEG

¢S



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

%o be ignored.

information are
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Analysis Code II: Differential Cross Section for Emission of Cescade Protons Within Angular

Intervals 60 - 120° and 120 - 180° as a Function lof Energy

In the example here, cross sectioms are given for the emissi&n of protons into the laboratory

angular interval 60 to 120° and 120 to 180°. The interpretation is the same as for the example on
page 51.

9%



INCIDENT INC. LAB.
PARTICLE K.E.(MEV) SYMB.
NEUT 200 AL

INTERVAL

TYPE OF CASCAOE PARTICLE

8.7359€-01

INTERVAL

9

5.2367E-02

INTERVAL

0.

INTERVAL

17

PROTON
INTERVAL 2
5.8258€-01
INTERVAL 10
2.6183€E-02
INTERVAL 18

0.

INTERVAL

(DSIGMA/IDOMEGA X DE)

3

2.8802€-01

INTERVAL

g.

INTERVAL

a.

TYPE OF CASCADE PARTICLE

4.0584E-01

INTERVAL

0.

INTERVAL

g.

9

i7

PROTON
INTERVAL 2
1.3092E-01
INTERVAL 10
G.
INTERVAL 18

C.

bl

19

(DSIGMA/[DOMEGA X DE)

[NTERVAL 3
2.6183€E-02

INTERVAL 11
0.

INTERVAL 19
0.

LAB.

INTERVAL by

1.0473€E-01

INTERVAL 12

PAGE |

TARGET NO. OF INC. CUTOFF
A z PARTICLES EN. (MEV)
27 13 02500 1.6u

GEOMETRIC

X-SEC. (MB)

1028.2

(MB)/{STERADIAN-MEV)
OF

ANGULAR INTERVAL (DEG) NO.
60.00 10 120.00
INTERVAL 5 INTERVAL 6
1.8983E-01 8.5096€-02
INTERVAL 13 INTERVAL 14
6.5458E-03 o.

1.3092e-02
INTERVAL 20

o.

LAB.

INTERVAL 4

1.3092E-02

INTERVAL 12

ANGULAR INTERVAL (DEG)
120.00 10O 180.00
INTERVAL 5 INTERVAL
0. 0.
INTERVAL 13 INTERVAL
0. .

0.
INTERVAL 20

o.

{MB)/(STERADIAN-MEV)

NO. OF

6

ty

NO. OF INC.
PART., ZOLLISIONS
02964
ENERGY INTERVALS  DELTA E (MEV)
20 16.0000
INTERVAL 7 INTERVAL 8
"6.5458€-02 5.236TE-02
INTERVAL 15 [INTERVAL 16
o. 0.
ENERGY INTERVALS  DELTA E {(MEV)
20 10.C00C

INTERVAL 7 INTERVAL 8
0. 0.
INTERVAL 15 [INTERVAL {6

0. ’ - 0.

LS



Analysis Code I1: Differential Cross'Secﬁion 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
protons into fhe angﬁlar interval 60 to 120° and 120 to 180°, 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.

old



PAGE 2

INCIDENT INC. LAB. TARGET NO. OF INC. CUTOFF  GEOMETRIC
PARTICLE K.E.{MEV)  SYMB. A z PARTICLES EN.({MEV) X-SEC.(MB}
‘NEUT 200 AL 27 13 02500 1.64 1028.2
SUM OF DSIG/(DOMEGA X DE) X DE EQUALS 0.2337€ G2 MB/STERADIAN FOR CASCACE PROTON WITH
AVERAGE ENERGY EQUALS B.233753E 02 MEV FOR CASCADE PROTON WITH
SUM OF DSIG/(DUMEGA X DE) X DE EQUALS 0.5760FE OI MB/STERADIAN FOR CASCADE PROTON WITH
AVERAGE ENERGY EQUALS 0.886364E 01 MEV FOR CASCADE PROTON WITH

NO. GF INC.
PART. COLLISIONS
OCo6u
THETA FRCM 60.00 TO
THETA FRCM 60.00 70
THETA FRCGM 120.00 TO
THETA FRCM 120.00 1O

120.00 DEG

120.00 DEG

180.00 DEG

180.00 DEG

65



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

Energy Values as a Funckion 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-secticn values are given as a function of éngle ranging from O to
180°. ‘

09



PAGE 3

INCIDENT INC. LAB. TARGET NO. OF INC. CUTOFF GéOHETRIC' NO. OF INC.
PARTICLE Ke.FE.(MEV) SYMB. A 4 PARTICLES EN. (MEV) X-SEC.(MB)} PART. COLLISIONS
NEUT 200 AL 27 13 02500 .64 1028.2 0096y

DSIGMA / DOMEGA

{MB / STERADIAN)

TYPE OF CASCADE PARTICLE FOR THE ENERGY INTERVAL (MEV)
PROTON ' o T 40
LABGRATORY
ANGLE FROM’
D - 20 DEG 20 - 40 40 - 60 60 - 8C 80 - 100 100 - 120 120 - 140 F40 - 160 160 - 180
3.039€ 01 2.978€ 01 2.8S4€ 01 - 2.186E 01 2.281E O1 1.083€ DI 7.627E GO 4. 147E 00 2.1T1E OO0
TYPE DF CASCADE PARTICLE g ~° FQOR-THE ENERGY INTERVAL (MEV)
PROTON w0 TO 160
LABORATQRY
. ANGLE FROM
0 - 20 DEG 20 - uC 40 - 60 60 - 80 80 - 100 100 - 120 120 - 140 140 - 160 160 - 180
3.365€ 01 4.184E O1 2.510€ DI 9.628€ GO 4. I4TE 00 1.003€ 00 0. o. , g.
TYPE OF CASCADE PARTICLE - - .FGR THE ENERGY INTERVAL (MEV)
PROTON . ‘ 160 TO 200
LABORATORY
ANGLE FROM _
0 - 20 DEG 20 - 40 40 - 60 60 - 80 80 - 100 100 - 120 120 - 140 150 - 160 160 - 180

5.427€ 01 6.785E 00  2.460E-01 0. a. a. 0. 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 outpuﬁ data for the crdss section in nillibarns 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 an¢ the energy intervals range from O to 200 Mev. With the exception of K = O 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 one cascade proton whose energy lies within the interval O to 40 Mev.
If one proton is emitted with energy within the interval under consideration, 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 colum is for the emission of two protons with energiss lying within the interval O 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 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 ihcorrect;y with this version of the code.  When the energy intervals
taken together span the range of energies available to the cascade particlie und=r consideration and when the
intervals do not overlap (as here, wkere O - 40, LO - 160, 160 - 200 Mev are us2d), then the sum of the cross
sections for ali K values in each energy interval should be the same for all the intervals. This can be used

as a test to determine whether fhe K = O‘cross sections havé been éalculatéd correctly.

One obtains contributions to the K = O cross section when none of the particles 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 fcund in the record, there is no contribution to the K = 0

(or~to any other value of K) cross section.

The data for the cross sections in which K # O are useful for comparison with the data available from

photographic emulsions, that is, the track-numter distributions for tracks of various energies.



INCIDENT
PARTICLE

NEUT

PAGE U

INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC NO. OF IAC.
KeEo {MEV) SyM3. A z PARTICLES EN.(MEV) X-SEC.{M8) PART. COLLISIONS
200 . AL 27 13 02500 1.64 1028.2 0064

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

K EQUALS O

9. 7T475€ 01

K EQUALS 8]

0.

K EQUALS 0

0.

(CONTRIBUTIONS TO K EQUAL ZERO ARE MADE ONLY WHEN PARTICLES OF SPECIFIED
TYPE ARE EMITTED BUT ARE NOT IN THE ENERGY INTERVALS INDICATED)

VALS

43

169

EMITTED PARTICLE PROTON ENERGY INTERVAL (MEV) g T0
i 2 3 u 5
1.1681E 02 3.7427E Ol 8.6370€ 00 2.0564E 00 0. a.
9 190 11 12 13
0. 0. 0. 0. 0. .-
EMITTED PARTICLE PROTON ENERGY INTERVAL {MEV) . 40 TG
1 2 - 3 4 5
1.1187€ 02 9.0433E 0O 4. 1129€-01 a. o. o.
9 10 11 - 12 . 13
a. 0. g. 0. . 0. 0.
EMITTED PARTICLE PROTON ENERGY INTERVAL (MEV) 160 TO
i : 2 3 u 5
2.8379E 01 o. 0. o. 0. 0.
9 10 " 12 13

INDICATED

€9
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Analysis Code II: Ratio of Number of Protons Emitted on First Collision to Total Number of Emitted

. i
Particles of the Same Type as the Incident Particle; Cross Section for the Emission

of Twc Protons as a Fuiction of the Angle Between: Them
. L i )

Thé first data on the facing page are the number of particles cf 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, they represent th2 ratio of the number of prbotons emitted on the first col-
lision to the total number of neutrons emitted. The entry 0.2412 me;ns tkat there are ~ 25% as many

protons emitted on the first collision as there are total neutrons enitted.

The entries PION ABSORPTION CRO3S 3ECTION and PION CHARGE EXCIANGE CROSS SECTION would have
values only if incident pions were used. The pion absorption cross Fecticn is the cross section for
the event in which a pior is incident and no pion escapes. The pion! charge-exchange cross section is

o

the cross section Zn whica a charged pion is incident and a n- is emitted.
: !

< : ]
The angular distridbution data given near the bottom of the pase aprly for the case in which
two protons, no pions, and any number of neutrons are emitted. The zntries below the angular inter-
vals are the cross sections, in mb/sr, for the emission of two protoas in angular intervals from O

to 180°.

|
i
|
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PAGE 5

INCIDENT INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC NO. OF INC.

PARTICLE K.E.(MEV) SYMB. A z PARTICLES EN.{MEV) X-SEC.(MB) PART. COLLISIONS
NEUT 200 AL 27 13 02500 1 .64 1028.2 00964

ND. OF TIMES SPECIFIED
PARTICLE IS EMITTED ON THE FIRST
INC. PARTICLE COLLISION CIVICED

BY THE NO. OF TIMES THE INC. . PION ABSORPTION PION CHARGE
PARTICLE TYPE IS EMITTED CROSS SECT. (MB) EXCHANGE CROSS SECT. (MB)
PROTONS 0.24120€-0C

ANGULAR DISTRIBUTION OF TWG CASCADE PROTONS AS A FUNCTION OF THE ANGLE, X, BETWEEN THEM,
DSIGMA / DOMEGA {MB / STERADIAN)

(REACTIONS CONTRIBUTE WHEN THERE ARE NO PIONS, ONLY TWO PROTONS, AND ANY NUMBER OF NEUTRONS EMITTED)

X FROM

0 - 20 DEG 20 - 40 40 - 60 60 - 80 80 - 100 100 - 120 120 - 140 140 - 160 160 - 180

0.3256£ 01 G.5277€ 01 0.u4675€ 01 0.5215€ 01 0.7728E 01 0.53I17e O 0.4921E O 0.4900€ 01 0.10B85E Ot

9



Anglysis Code II: Differential Cross Section for Emission of Cascade Neutrons Within Angular
Intervals O - 30° and 3G - 60° as a Function of Energy -

The example on the Tacing 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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INCIDENT INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC
PARTICLE Ke.E.(MEV) SYMB. z PARTICLES EN. (MEV) X-SEC.(MB)
NEUT 200 AL 13 02500 1.64 1028.2

(CSIGMA/ (DOMEGA X DE)

TYPE OF CASCADE PARTICLE

[NTERVAL |
1.3192€E @O
INTERVAL 9
3.9047E-01
INTERVAL 17

1.3192E 00

NEUTRON
INTERVAL 2
8.35060€-01
INTERVAL 10
4.3973e-01
INTERVAL 18

2.1986t 00

INTERVAL 3
5.8630€-01
INTERVAL 11
5.9087E-01
INTERVAL 19

1.6612E 0OC

{DSIGMA/ (DOMEGA X DE)

TYPE OF CASCADE PARTICLE

INTERVAL 1
1.6989€E 00
INTERVAL 9
7.1534E-01t
INTERVAL 17

1.6095€-01

NEUTRON
INTERVAL 2
9.1206€-01
INTERVAL IO
8.7629E-01
INTERVAL 18

7.1534E-02

INTERVAL 3
6.6169E-01
INTERVAL 1)
7.6899€E-01
INTERVAL 19

3.5767E-02

LAB.
0.
INTERVAL 4
3.4201E-01
INTERVAL 12
6.8402E-01
INTERVAL 20

1.1238E 00

LAB.

30.00 t0

INTERVAL 4
7.1534E-01
INTERVAL 12
5.9016E-0}
INTERVAL 20

3.5767E-02

PAGE |

{DEG)

(MB)/{STERADIAN-MEV)
ANGULAR INTERVAL

TO 30.00

INTERVAL 5
2.4429€E-01
INTERVAL 13

9.7717E-01

INTERVAL S
6.4381E-01
INTERVAL 13

3.7555€-01

INTERVAL 6
2.9315€-01
INTERVAL 14

6.8402E-01

{MB)/ (STERADIAN-MEV)
ANGULAR INTERVAL (DEG)

60.00

INTERVAL 6
7.6899e-G1
INTERVAL 14

5.3651E-01

NC. OF

NO. OF INC.
COLLISIONS

‘PART.

00964

ENERGY INTERVALS

20

INTERVAL 7
4.8859E-01
INTERVAL 15

1 .2703€ 00

DELTA E (MEV)

10.0000

INTERVAL ~ 8

. : - .
2.9315E-01

INTERVAL 16

NO. OF

2.0032€ 00
(o)}
-
ENERGY INTERVALS CELTA E (MEV)
20 10.0000

INTERVAL T INTERVAL 8

5.5439E-01 6.2592E-01
INTERVAL 15 INTERVAL 16

4. 4709€E-0t 2.8614€E-01



Ané;ysis Code II: Differential Cross Seciion for Emission of Cascade Neutrons Within Angular

Intervals G - 30° and 30 - 60° Integrated Over Energy
- —— - - '
See page 52 for explanation relating to this type of output. i
|
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PAGE 2

INCIDENT INC. LAB. - TARGET NO. OF INC. CUTOFF GEOMETRIC NO. OF 'INC.
PARTICLE K.E.{MEV) . SYMB. A 4 PARTICLES EN.(MEV) X-SEC.(MB) PART. COLLISIONS
NEUT . 200 AL 27 13 02500 1.64 1028.2 00964

SUM OF DSIG/(DOMEGA X DE) X Df EQUALS (0.1754E C3 MB/STERADIAN FOR CASCADE NEUTRON WITH THETA FROM

AVERAGE ENERGY EQUALS D0.123106€ 03 MEV FOR CASCADE NEUTRON WITH THETA FROM

SUM OF DSIG/{DOMEGA X DE) X DE EQUALS 0.1148E 03 MB/STERADIAN FOR CASCADE NEUTRON WITH THETA FROM

AVERAGE ENERGY EQUALS 0.689720E 02 MEV FOR CASCADE NEUTRON WITH THETA FROM

o0. 10

0. T0

30.00 TO

30.00 TO -

30.00 DEG

30.00 CEeG

60.00 DEG

60.00 DEG

69

U



Analysis Code II: Differential Cross Sectzon 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 outpuf.
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INC IDENT INC. LAB. TARGET NO. OF INC. CUTOFF  GEOMETRIC
PARTICLE K.E.(MEV)  SYMB. 7 PARTICLES  EN.(MEV) X-SEC.(MB)
NEUT " 200 AL 13 02500 1.64 1028.2

(DSIGMA/(DOMEGA X DE)

TYPE OF CASCADE PARTICLE

NEUTRON
INTERVAL I INTERVAL 2 INTERVAL 3
1.0735€E 0O S.6949E-01 3.7311E-01t
INTERVAL 9 INTERVAL 10 INTERVAL 11
© 3.2729€-02 5.8912€-02 3.9275€E-02

INTERVAL 17 INTERVAL 18 INTERVAL 19

. 0. g.

{DSIGMA/(DOMEGA X DE)

TYPE OF CASCADE PARTICLE

NEUTRON
INTERVAL I INTERVAL 2 INTERVAL 3
3.1420€-01 5.2366E-02 2.6183€E-02
INTERVAL 9 INTERVAL 10 INTERVAL 11}
0. . 0. a.

INTERVAL 17 INTERVAL 18 INTERVAL 19

0. a. 0.

PAGE 1

LAB. ANGULAR INTERVAL

60.00 TO

INTERVAL &
2.5529€-01
INTERVAL 12
1.9637€-02
INTERVAL 20

0.

INTERVAL 5
2.1601E-01
INTERVAL 13

0.

LAB. ANGULAR INTERVAL

120.00 710

INTERVAL 4
o.

INTERVAL 12
0.

INTERVAL 20

0.

INTERVAL 5

0.

INTERVAL 13

0.

(MB)/(STERADIAN-MEV)
{DEG) NO. OF

120.00

INTERVAL 6
7.8550€-02
INTERVAL 14

6.5458E-03

(MB)/{STERADIAN-MEV)
(DEG)

180.00

INTERVAL 6

0.

INTERVAL |4

0.

NO. OF

NO. OF INC.
PART. COLLISIONS

00964

ENERGY INTERVALS

20

INTERVAL 7
}.7019€-01
INTERVAL 15

0.

ENERGY INTERVALS

20

INTERVAL T
0.

INTERVAL 1S

. 0.

DELTA € (MEV)

10.0000
8

9.8187€-02

16

DELTA E (MEV)

10.0000

8

16
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Analysis Code II: Differential Cross Section for Emission of Cascade Nsutrons Within Angular

Intervals 60 - 120° and 12C - 180° Integrated Over Energy

See page 52 for explanation relating tc this typs of output.
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INCIDENT INC. LAB.
PARTICLE K.E.{MEV)
NEUT 200

SUM OF DSIG/(DOMEGA X DE) X DE

AVERAGE

SUM OF DSIG/(DOMEGA X DE) X DE

AVERAGE

TARGET

SYMB. A
AL 27

EQUALS 0.2991E

ENERGY EQUALS

EQUALS 0. 3927E

ENERGY EQUALS

NO. OF INC.
z PARTICLES
13 02500

PAGE 2

2 MB/STERADIAN

0.268381E 02 MEV

G! ME/STERADIAN

0.766667E 01

MEV

CUTOFF GEOMETRIC
EN. (MEV) X-SEC.(M

1.64 1028.2

FOR CASCADE NEUTRON

FOR CASCADE NEUTRON

FOR CASCADE NEUTRON

FOR CASCADE NEUTRON

B)

WITH

WITH

WITH

WITH

NO. OF INC.
PART. COLLISIONS
00964
THETA FROM 60.00
THETA FROM 60.00
THETA FROM 120.00
THETA FROM 120.00

TO

TO

TO

10

120.00 DEG

120.00 DEG

180.00 DEG

180.00 DEG

¢l



"

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.

L,



INCIDENT INC. LAB. TARGET NO.
PARTICLE KaE.(MEV) SYMB. A A

NEUT 200 AL 27 13

CF INC. CUTCFF GEUMETRIC
PARTICLES EN.(MEV) X-SEC.(MB)

PAGE 3

NO. OF INC.
PART. COLLISIONS

02500 1.64 1028.2 oo96u

DSIGMA / DOMEGA

(MB / STERADIAN)

TYPE OF CASCADE PARTICLE

NEUTRGN
LABORATORY
ANGLE FROM
0 - 20 DEG 20 - uC ug - 60 60 - 80
3.690E 01 3.129e O 4,158 {1 3.590€ 01
TYPE OF CASCALCE PARTICLE
NEUTRCN
LABORATORY
ANGLE FROM
0 - 20 DEG 20 - 40 40 - 60 60 - 80
5.101€ 01 9.801E D} 6. 446E 0! 1.785€ 01
TYPE OF CASCADE PARTICLE
NEUTRON
LABORATORY
ANGLE FROM '
0 - 20 DEG 20 - 40 40 - 60 60 - 80
8.249E 01 2.563€ 01 L.921E-O1 c.

FOR THE ENERGY INTERVAL (MEV)

T T0 43
80 - 100 100 - t20 120 - 140 180 - 160 160 - 180
2.205E 01 1.023E QI 4.92)E a0 2.539€ 00 3.256E 00
FOR THE ENERGY INTERVAL (MEV)
40 1O 160
80 - 100 100 - 120 120 - 140 140 - 160 160 - 1840
3.393E 00 6.017€-01 0. 0. . 0.
FOR THE ENERGY INTERVAL (MEV}
160 TO 200
80 - 100 100 - 120 120 - 140 180 - 160 160 - 180
c. 0. 0. a. 0.

Gl



Analysis Code II: Cross Sections for the Emissibn of 1 to 15 Neutrons intc Various Energy

Intervals

See page 62 for explanation relating.to this type of output.
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INCIDENT
PARTICLE

NEUT

CROSS SECTIDNS

K EQUALS 0

1.6904E 02

K EQUALS 8]

o.

K EQUALS 0

0.

INC.

LAB. TARGET

K.E.(MEV) SYMB. A

20GC

AL 27

PAGE 4

NO. OF INC. CUTOFF GEOMETRIC NJ.
z PARTICLES EN. {MEV) X-SEC.(MB) PART.

‘13 02500 1.64 1028.2

OF INC.
CCLLISIONS

00964

{CONTRIBUTIONS TO K EQUAL ZERO ARE MADE ONLY WHEN PARTICLES CF SPECIFIED
TYPE ARE EMITTED BUT ARE NOT IN THE ENERGY INTERVALS INDICATED)

EMITTED
1

1.3614E

EMITTED
l

t.7T480E

EMITTED
1

6.00u4EE

PARTICLE NEUTRCN
2

02 4.1951€E O}

10

0.

PARTICLE MEUTRON
2

02 5.09¢9€E 0!

10

0.

PARTICLE NEUTRON

%]

01 0.

ENERGY INTERVAL (MEV) 0 TO
3 y 5
1.1105€E O} 3.2903E 00 1.2339€ 00
1t 12 13
o. a. a.
ENERGY INTERVAL (MEV) (703 [ 0]
3 N 5
8.2257€E-0) 0. a.
1 12 13
0. 0. 0.
ENERGY INTERVAL (MEV) 160 7O
3 4 S
0. 0. 0.
11 12 13
0. a. 0.

ue

[MB)} FOR THE EMISSION OF K PARTICLES OF SPECIFIED TYPE INTO ENERGY INTERVALS INDICATED

LL



Analysis Code II: Ratic of Number of Neutrons Emitted on First Collﬂsion +o Total Number of

Emitted Particles of the Same Type as the Incident Particle
' ' l

See page 64 for explanation relatirg to this type of output.
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INCIDENT INC. LAB.
PARTICLE KeEJ{MEV)
NEUT 200

NO. OF TIMES SPECIFIED
PARTICLE IS EMITTED ON THE FIRST
INC. PARTICLE COLLISION BIVIDED
By THE NO. OF TIMES THE INC.
PARTICLE TYPE IS EMITTED

NEUTRONS 0.45C94E-00

PAGE 5

TARGET : NO. OF INC. CUTOFF GEOMETRIC NO. OF INC.
SYMB. A z PARTICLES EN. (MEV) X-SEC.{MB) PART. COLLISIONS
AL 27T 13 £2500 1.64 1328.2 00964
PION ABSORPTION PION CHARGE
CROSS SECT. (MB) EXCHANGE CROSS SECT. (MB)

6L
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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 shset and on all following sheets
represents an A of 27, a 2 of 13, a kinetic enérgy of 200 Mev, and the type.offincident particle —

the figure 1 indicating neutronf 2, protor:; 3, n+; and H, T .

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.

28



Ak 27

Ly 13

KINETIC ENERGY (MEV)# 200.00

NEUT

GEQOMETRIC CROSS SECTION (MB)# 1028.21

" CUTOFF ENERGY {MEV)# la6U4
2530 CASE HISTORIES
INELASTIC CROSS SECTION (MB) 396.u8
AVE

NEUTRONS
0.7593361

CASE

RAGE EVAPORATION YIELD PER INELASTIC EVEN;

PROTONS DEUTERONS TRITONS HE3 ALPHAS

0.7987552 0.1224066 0.0145228 0.0663900 0.2645228

NUMBER

27

13 200

8



Evaporation Code: Distribution of Residual .Nuclei Following Evaporation

The radiochemical cross sections oﬁ the facing page are for the reactions involving both the
cascade 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 valve after the cascade and evaporation @hase have been completed; and the cross section in the
last column is the wvaiue 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 obtaining a residual nucleus with an A of 25 and a Z of 12 after the cascade and

the evaporation phase have been completed is 0.41 millibarn.

18



7S

27
26

25
24
23

22

21

20

CISTRIBUTION CF RESIDUAL NUCLE! FOLLOWING EVAPORATICN

z

13
12
13
12
13
12
10
12
11
10
12
1)

NEFOVMOUVIONOONDOCDOCOINONOOXTCVOO—0—0

NUMBER OF NUCLEI

3
|
1
1G
13
8
I
4
2

2
7

1
2
7
8
3
3
1
6
2
6
1
5
2
7
u
2
5
5

)

8

1
1
y
2
!

N
@

N
N=NO— =N =W

8
l
1
3
0
1
l

CRCSS SECTION

12,75
B.94
48,12
L4 42
1.23
54,70
0.41
35,37
b.9u
2.47
0.4
18.51 .
0.82
11410
1.65
0.82
10.28
30.85
1.65
36.19
0.4l
4,52
5.35
16,45
8.6U
4,52
11.52
1.23
1.23
2.88
0.41
2.06
1,65
0.41
1.65"
. 0.l
8,23
0.82
0.4l
2.06

(MB)

CASE NUMBER

27

2

13 200

58



Evaporation Code: Moments of Energy Distributions for Evaporation Particles and Normalized

Evaporation Neutron Speectrum*

The first table on the facing page gives the first, second, and third moments of the energy

-~ distributions for the specified evaporation particles (neutrons, protons, etc.).

The next table glves the values of the normallzed evaporation neutron spectrum;- that is, the
entries represent the fraction of the tctal\number of neutrons that were evaporated into partlcular
energy intervals divided by the width of tae interval. The interval widta is the same for all
intervals and is equal to O.1 Mev. The valués of ten successive intervals are listed on each line.
The lower limitof every tenth interval is listed under "E", O being 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 normalized such that the sum of all the values of the histogram multiplied by the
energy interval, O.1 Mev, should give 1.

If the histogram constructed from this table or tables of some other type is sporadic, one can
regroup and construct a new histogram with wider energy intervals. This regrouping may lose some oI

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

*Note: There are no angulaf distributions for the evagporation 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 NUMBER
MOMENTS OF THE ENERGY DISTRIBUTIQGNS FOR THE FOLLOWING EVAPORATICHW PARTICLES
NEUTRONS PROTONS DEUTERONS TRITONS HE3 ALPHAS
1ST MOM. 4.,33285€ CC 6.23789€ 00 7.61015€ 00 8.09739E 00 7.89871E 00 7.67045E 00
2ND MOM. 3.71421E Ol 6.12568E 01 9.69539€ 01 1.03309E 02 3.72982€ 0! 7.40946E 0!
3RD MOM. 4.82287E 02 B.41125E 02 1.86519E 03 1.89287€E 03 1.37129E £3 8.96309€ 02
NORMALIZED EVAPORATION NEUT SPECTRUM
(E SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MZIV)
0.164835 0.178571 0.192308 0.192308 0.1922308 D0.178571 0.109890 0.151097 0.192308 0.2u47253
0.1738571 0.17857) 0.192308 0.164835 0.219780 0U.164835 0.192308 0.219733 0.096154 0.151099
0.164835 0.151099 0.17857! 0.164835 C.178571 0.2060u4 0.151099 0.082u413 0.109890 0.123626
0.178571 §.192308 0.137363 C.1C9890 C.09615u4 0.109890 0.109890 0.096154 0.096154 0.109890
0.123626 0.054945 0.054945 0.068681 0.123626 0.082418 0.096154 0.01373% 0.0L1209 0.041209
0.027473 0.068681 0.027u473 0.0u!1209 0.041209 0.027473 0.054945 0.068681 0.013736 D.0824)8
0.041209 0.068681 0.0549u45 C.013736 C.C6868! 0.068681 C.096154 0.01373% 0.041209 0.054945
0.041209 0.013736 0.096154 C.0u1209 C.C27473 0,027u473 C.109890 0. 0.068681 0.027u73
0.041209 0.082418 0.013736 0.0u1209 0.054945 0.027473 0.054945 0.013735% 0.027473 0.041209
0.013736 G.027473 0.027473 DO, 0.027473 0.041209 0.027473 0.027473 0. 0.0u41209
0.013736 0.027473 0.041209 0.041209 C. 0.013736 C.027473 O. 0.027473 0.
0.013736 0. 0.013736 0.027u473 C.C13736 0. 0.041209 0.041209 0.041209 0.041209
0. 0.013736 0.027473 3.013736 0.013736 0.013736 0. 0.013736 0. 0.
0. 0. - 0. 0.013736 0.041209 0.013736 0. 0.C27473 0. O.-
0.013736 C. 0.013735 0. C.013736 0. c. 0.013736 0.041209 O.
0. C. 0.013736 0.C13736 C. o. 0. 0.013736 0.013736 0.
0. C. o. g. a. a. 0.D13736 0.013736 0.013736 0.
0. C. a. c. 0. 0. 0.013736 0. c. 0.013736
0. G. 0.013736 0. 0.013736 0. G. 0.013736 0. a.
0.C13736 G. 0.013736 0. c. c. C. C. o. 0.
0. c. c. C. o. C. 0.013736 0. c. 0.
0. c. a. 0. o. 0. C. 0. C. 0.
0. a. g. c. C. G. C. C. 0. 0.
0. o. C. 0. C. 0.013736. 0. C. 0. 0.
0. C. o. o. c. 0. 0. 0. 0. O.

27

13 200

Lg



Evaporation Code: Normalized Evaporation Proton Spectrum

The facing page contains the. valuzs for the proton spectrum, aﬁd its format is identical to

that for the neutron energy spectrum giver on the preceding page.
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a.

0.013072
0.156863
0.196078
0.143791
0.133719
0.052288
0.013072
0.117647
0.026144
0.013072
C.039216
0.025614u
0.026 144
0.02614Y
0.013072
0.039216
a.

0.

0.

0.013072
a.

0.013072
0.

0.

{E SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL

o.
0.039216
0.222222
£.052288
0.156363
0.052288
O.117647
G.052288
0.039216
0.013072
0.039216
D.0261uY
0.013072
0.0261uy
C.0261u4k4
g.013072
0.
O.
c.
0.
O.
o.
a.
U.
D‘

NORMALIZED EVAPORATION PROTON SPECTRUM

C.

0.06535¢%
0.156863
0.156863
Dort76u7T
0.039216
0.183Cav
0.05228¢
0.091503
0.091503
8.039216
0.039216
a.

c.

0.013072
C.

0.013072
0.
0.013072
0.013072
J.02614y
a.

Ce.

0.130719
0.130719
0.10u4575
B.130719
J.130719
0.091503
0.039216
J.039216
d.013072
0.065359
g.013072
D.026i4u4
0.0261 44
0.0261uy
0.0261uY4
0.026144
D. .

0.013072

D.
0.1u43791
G.183007
C.391503
0.130719
0.078u31
0.091503
C.07843)
0.091503
0.039216
0.039216
C.C2614Y
c.
0.02614u
c.
0.026144
0.013072
a.
G.
c.
0.013072
D.
c.
0.013072
0.

D‘
0.1437914
0.261438
0.065359
0.117647
0.10u575
0.07843)
0.039216
C.02614u
0.026144
8.039216
0.013072
0.013072
0.013072
D.
0.013072
0.026144
D.
g.
0.013072
D.013072
D‘
0.
a.
0.

a.
0.065359
0.169935
B0.143791
0.108u575
0.1 17647
D.091503
D1 176087
0.091533
c.013072
C.02614Y4
0.013072
0.
0.02614Y
D.
U‘
0.013072
0.013072
c.
D‘
0.
C.
c.
a.
0.

0.013072
O.117647
0.091503
0.130719
0.104575
U.117647
0.052288
0.G52288
0.026144
0.039216
0.
0.039216
0.02614u4
O.
0.026144
0.013072
0.02614u4
C.013072
0.
0.
0.
g.
a.
0.
O.

CASE

IN MEV)

0.013072
0.169935
Q117647
0.104575
0.065359
0.065359
0.02614Yy
0.052288
0.02614Y
0.0261tu4u
0.039216
0.039216
0.0261uy
0.026144
0.

0.02614y
0.013072
0.026144
0.013072
0.013072
0.

0.

0.

0.

D.

NUMBER 27 13 200 1

0.052288
0.196078
0.183007
0.104575
0.091503
0.065359
0.091503
0.065359
0.013072
0.052288
0.013072
0.013072
0.

0.

a.
0.013072
0.013072
0.013072
0.013072
0.
0.013072
0.013072
0.

0.
0.013072
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Evaporation Code: Normalized Evaporation Spectra for Deuterons, Tritons, He3, and Alpha Particles

The format for the energy spectra ziven here for the specified particles is the same as that
of the two preceding examples except fcr the interval width being larger — 0.5 Mev for each

histogram.
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a4

3

owvnoam

15
20
25
30
35
u0
us5

vwom

10

20
25
30
35
40
us

0.
J. 169492
0.C33898
0.033698
0.C1694:9
0.
G.
c.
a.
0.

0.C93753

D0.031250

a.
J.203920
J.0627u45
0.00784u
a.

(E SPECIFIES TFE LOWER ENCRGY LIMIT OF THE INTERVAL

NORMALIZED EVAPORATION CEUT

SPECTRUM

CASE

IN MEV)

NUMBER

217

0.169492 §.033898 0.135593 0.101695

0. 0.033898 0.067797 0.203390 0.0508u47
0.135593 0.101695 0.067797 0.016949 0.033898 0.067797 0.0508u7 0.067797
0.067197 O. C. C.050847 0. 0.050847 0.016949 0.
0.01¢6949 0. 0. o. 0.016949 D.016949 0.016949 O.
C.016949 0. 0. C. . 0. a. 0.016949
n. n. 0. a. u. a. 0. 0.016949
G. o. o. 0. 0.316949 0. a. o.
C. G. 0.016949 0. 0. 0. 0. G.
C. n. G. C. 0. 0. 0. 0.
o. Q. C. 0. 0. 0. 0. a.
NORMALIZZD EVAPORATION TRITON SPECTRUM
(€ SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MEV)
c. 0. 0. 0.142858 0.285708 O. 0. 0.428565%
c. . c. 0.142858 0.142858 0.142858 0.142858 0.
a. 0.142858 0. C.142858 0. o. 0. 0.
0. 0. 0. 0. 0. 0. a. 0.
G. o. 0. g. o. C. o. 0.
g. a. o. g.142858 O. 0. 0. 0.
c. a. a. C. 0. Q. 0. g.
a. o. a. a. 0. c. g. 0.
C. c. 0. c. o. a. 0. 0.
c. C. 0. a. o. a. 0. 0.
NORMAL1ZED EVAPORATION HE3 SPECTRUM :
(E SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MEV)
g. C. a. o. o. . 0.093750 0.156250 0.2500C3
0.031250 0.187500 0.093750 0.125000 0.062500 0.093750 0.156250 0.0625L0
C.06250C 0. 0.031250 0.031250 0.031250 0. 0.03125C 0.
o. 0. 0.0351250 0. 0. c. 0. 0.
o. 0. C. c. a. g. 0. 0.
B 0. 0. a. 0. 0. 0. a.
C. 0. 0. 0. o. a. 0. 0.
C. 0. 0. a. 0. 0. a. 0.
C. C. G. g. a. 0. 0. a.
C. 0. 0. 0. 0. 0. e. 0.
NORMALIZED EVAPORATION ALPHA SPECTRUV
{E SPECIFIES THE LOWER ENERGY LIMIT OF THE INTERVAL IN MEV)
C. c. 0.C15686 C.LCI15686 D.015686 C.0u7059 0.1u9019 0.16L705
0.133333 0.133333 G.C78431 C.117647 0.023530 0.078431 0.101961 0.086273
0.037216 D.078u3) 0.C62745 0.023530 U.023530 0.015686 0.039216 0.015686
0.015686 0.023530 0.C078u44 0.007844 0. . 0. 0.
C. 0. a. G. 0. 0.00784u4 0. 0.00784Y4
0.0078u4 C. o. c. 0. 0. g. 0.
. . g. 0. 0. c. a. o.
a. 0. 0. g. 0. 0. 0. a.
c. a. a. o. 0. 0. c. 0.
c. c. c. C. a. o. O. n.

0.050847
0.
0.0169u9
a.
a.
0.
0.
0.
a.

0.142858

0.187500
0.062500
0.

0.031250
0.031250
0.031250

0.109803
0.062745
0.0074u4u
o. ’
0.0078uy
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