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MCRTOF - A Monte-Carlo Program for Multiple Scattering

of Neutrons in Resonance Energy Region
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To study the capture and scattering probabilities of neutrons
in the resonance energy region, a Monte-Carlo program is coded.
Path of a neutron which impinges onto a inclined disk sample is
simulated using neutron cross sections calculated from the
resonance parameters. Capture, front and rear face scattering,
transmission etc.probabilities are obtained from the average
destinations of the incident neutrons.

Incident neutron energy is changed step by step in order to
reproduce these probabilities over resonances.

In this report are described of the basic multiple scattering
loop, coordinate transformations, cross section formulae, motion
of the target nucleus, etc.,also with flow chart, input card format,
output example, and FORTRAN list in the appendix.

Calculations were made with  FACOM-230/75 computer at JAERI.

Keywords: Neutron Resonance, Multiple Scattering, Neutron (apture,
Monte-Carlo Program, FORTRAN list, Manual.
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MCRTOF - A Monte-Carlo Program for Multiple Scattering of Neutrons

in Resonance Energy Region

Makio OHKUEO

1. Introduction

In nuclear reactor engineering, the neutron transport or the
multiple scattering in the materials are essentially important. Also
multiple scattering considerations are inevitably needed for the precise
knowledge of capture and scattering probabilities for neutrons impinging
onto a material. Many works have been done on the multiple scattering

of neutrons in the continuous energy regiomn. However, there are few
systematic works on the thick materials having resonances, though some
Monte-Carlo programs are available tc obtain rescnance parameters for the
neutron capture and scattering cross section measurements.l’Z’B}
It is important to study the multiple scattering of neutrons in resonance
region, where analytical calculations are too complicated to obtain the
reliable results; the Monte-Carlo methed is the most suitable.
For this purpose, a Monte-Carlo program MCRIOF was coded to obtain eapture
and scattering probabilities for neutrons incident on a material disk, with
neutron cross section having resonances. With the program, these
probabilities were systematically calculated, and the results are compared
with the experimental ones with a time-of-flight spectrometer in the JAERI
linear accelerator. 4,5,6)

In this report, details of the Monte-Carlo program are described.
The program consists of several blocks;
1) input parameter read-in,
2) cross section file productibn from given resonance parameters,
3) multiple scattering loop,

4) statistics and print out of the results.

In the program, paths of a neutron which impinges onto a disk inclined with
an arbitrary angle to the incident direction are simulated by the Monte-
Carlo method, using capture and scattering cross sections which are produced
from a given set of resonance parameters. For each incident energy, the

probabilities of capture, front and rear face scattering, transmission

_1_
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are obtained by averaging over many incident neutrons. ~ All these probabil-
jties are listed in a format convenient for the comparison with the experi-
mental ones, and thes2 probabilities are illustrated with sheet plots as
functions of incident energles. At some energy points, the spacial distri-
butions of neutron capturc reactions are also illustrated in a projection on
the plane normal to the disk surface.

The methods of calculations are given in § 2, a flow chart in § 3, usage
of the program and example outputs in § 4; FORTRAN list in the appendix.
Calculations are made with FACOM 230/75 computer at JAERI.

2. Methods of calculations
Following are the assumptions in calculations, basic formulations, and

important and essential constituents of the progran.

2-1 Geometries

The MCRTOF program treats scattering and capture probabilities of
neutrons impinging onto a sample disk of diameter D, thickness Tl’ and with
reflector layer thickness TZ' The normal of the disk is inclined with an
angle A to the incident beam, and the geometry is shown in fig.l.
On the disk an orthogonal coordinate system(x,y,z) is defined; the origin at
the center of the incident surface, z-axis normal to the surface in a direction
forward sample interior, and x-axis is so chosen for the incident neutron

passing the origin to be in xz plane.

2-2 Assumptions

In the elementary process of reaction between neutron and nucleus,
microscopic cross sections are taken into consideratiom. The assumptions
in Monte-Carlo calculations are as follows.

1) Incident neutrons impinge onto a homogeneous, mono- isotopic material
disk inclined with an arbitrary angle to the incident beam at an arbitrary
point on the surface. The disk has a reflector layer on rear side.

The geometry is shown in fig.1.

2) Neutron cross sections are calculated with the Breit-Wigner single level
formula for given resonance parameters(EO,r',le, g), and mass number,
isotopic abundance; the Doppler broadening is considered.

3) Reactions other than elastic scattering and capture are neglected.

4) The angular distribution of scattering is homogeneous in the center of
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are obtained by averaging over many incident neutrons. All these probabil-
ities are listed in a format convenient for the comparison with the experi-
mental ones, and these probabilities are illustrated with sheet plots as
functions of incident energies. At some energy points, the spacial distri-
butions of neutron capture reactions are also illustrated in a projection on
the plane normal to the disk. surface.

The methods of calculations are given in § 2, a flow chart in § 3, usage
of the program and example outputs in § 4; FORTRAN list in the appendix.
Calculations are made with FACOM 230/75 computer at JAERI.

2. Methods of calculations
Following are the assumptions in calculations, basic formulations, and

important and essential constituents of the program.

2-1 Geometries

The MCRTOF program treats scattering and capture probabilities of
neutrons impinging onto a sample disk of diameter D, thickness Tl’ and with
reflector layer thickness TZ' The normal of the disk is inclined with an
angle @ to the incident beam, and the geometry is shown in fig.l.
On the disk an orthogonal coordinate system(x,y,z) is defined; the origin at
the center of the incident surface, z-axis normal to the surface in a direction
forward sample interior, and x-axis is so chosen for the incident neutron

passing the origin to be in xz plane.

2-2 Assumptions

In the elementary process of reaction between neutron and nucleus,
microscopic cross sections are taken into consideration. The assumptions
in Monte-Carlo calculations are as follows.

1) Incident neutrons impinge onto a homogeneous, mono-isotopic material _
disk inclined with an arbitrary angle to the incident beam at an arbitrary
point on the surface. The disk has a reflector layer on rear side.

The geometry is shown in fig.l.

2) Neutron cross sections are calculated with the Breit-Wigner single level
formula for given resonance parameters(EO,f',le, g), and mass number,
isotopic abundance; the Doppler broadening is considered.

3) Reactions other than elastic scattering and capture are neglected.

4) The angular distribution of scattering is homogeneous in the center of
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mass system.
5) Chemical binding effect of target nuclei is neglected.
6) Thermal motion of the target nuclei is considered.

2-3 Mean free path

As shown in fig.2 a neutron of energy EO impinges onto the disk surface
at point Q, with an anglee{ to the normal of the surface, and collides with
target nuclei at points Ql’ QZ"" and captured at Qi' The mean free path

of the neutrons of energy EO in the disk is defined as

AE) = UE B =U(Z €« T EP)  wovennn (1)

where EES(EO), ZZJEO) are macroscopic scattering and capture Cross sec-
tions respectively, which are constructed in the computer core arca from the
Doppler broadened cross sections based on the Breit-Wigner single level for-
mila. The resonance parameters (EO, | . f:l, g}, nuclear mass , and
isotopic abundance are input. In the emergy region of interest, these
cross sections are produced as the sum up to five resonances, with energy
mesh sufficient for reproduction of the resonances. For a neutron of
energy EO incident at Q0 on the surface of the sample, the path length L1

from QO to the first collision point Ql is determined from
L= AE 1og ANR) eevenmennen (2)

where YR is a uniform random variable of amplitude 0&YRL1 produced
sequentially in the program. In the orthogonal coordinate system of fig.l,

the coordinates of Q1 are

X = XO + L1 sin 0(
Y1 7 YO ................... (3)
Zq = L1 cos &

The region in which Y lies is determined by the boundary conditions.
When,Ql is out of the disk, one count is added in the escape counter, and

the program returns to the next neutron impingement.

2-4 Capture reactions
At the point Ql either scattering or capture occurs, and the type of
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reaction is determined from the value of subsequent random variable YR;

if the value of YR is less than Z‘S (EO)/ Zt(EO), the collision is regarded
as scattering, and otherwise it is capture. In the case of capture, one
count is added in the capture counter, and the program returns to the next

neutron impingement.

2-5 Scattering reaction
In the case of elastic collision with a target nucleus of mass A moving

at velocity U, the kinetics in both center of mass and laboratory system are
discussed below. A coordinate system is taken on which the incident

neutron velocity is on x-axis, direction in each stage of multiple scatter-
ing, . - called 'microscopic coordinate''system. A neutron moving with velocity
V¥ on x-axis in the laboratory system collides with a nucleus of mass A moving
with velocity Wwith angle 8 to the x-axis. The coordinate system is so
chosen for the velocity vectors V¥ and Jto be on xz plane, as shown in fig.3.

The vectors {, WFare represented as

The center of mass velocity VO is

) V + AUcos
v Ay _ 1 ( 0 'B) ......... 5)

v:
0 A4 ATV awusin B

The neutron velocity in the center of mass system VC before collision is

”J—Ucosﬁ
voev-w Ao T (6)
A+1 Usinﬁ
and A 2.2 2
]vcf=(A+1)(v—ZVUcos}3’+U) ........... (7)

In elastic collision, the neutron velocity changes to V(': and the following

relation holds

\vc'\2 el (8)
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where VC' is the neutron velocity after collision in the center of mass system.
In eq.(7), the thermal motion of a target nucleus makes cos P uniform distri-
bution between -1 and 1, and |W! Maxwellian distribution.

The neutron velocity after collisiom, VCF", is written with scattering a,ngle&

and poler angle 50 as

v (COS% ¢ ) o)
¢ sm“(‘)~ sin (f)

where cos K , due to assumption 4), distribution between -1 and 1, and )4
between 0 and 2{uniformly. The neutron velocity after collision in the

laboratory system V' is

v cosdl , V. AU cos §
¢ A+ 1

c
V. sin§ sin ﬁﬁ Mﬁ

A+1

LR AN A

If the angle{ between WV and VO is introduced as shown in fig.3, VO is

cos ¥
v, =V [ S S (11)
0 0 -sin h’

rewritten as

and eq.(10) becomes

/v, cos§ + V, cos ¥
AERANUR AL B
c 0 V. sin§ cosg  f.eon (12)

\A sinQ sin 9; - VosinK

The neutron energy after collision in the laboratory system is

E, = % V1% (13)
where m is the neutron mass, and | V'| 2 is
W% = v + 2Vl € cosd cos¥ ~singsind sinf) ... (14)
The maximm value of {V'{® is attained for an angle § under the condition
cosp = - B m ................... (15)

When the condition of eq.(15) is met, |V 2
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W2 o e alolP (16)
and the maximum scattered neutron energy 1s
m 2 Z
E = 7—( Vows AUTY e (17)
which means the scattered neutron carries off all the kinetic energy of the
system. The equation (14) can be rewritten as
2 _ 2? 2 A S w2 Uz
LA I )+ (B D cosBie) + - @
(1+A) (1+A) (1+A) J
ZAV
+ { cos cos?f - sin 51nﬁ sin@ I)*{F ... ..., (18)
A o o - sl sinbaing )3T
where F is
o U, o, U2 20y2 4
=(1-2( LOS}%*(v)) (1+2A(w) cos/:s’+A(V ....... (19)

For U/V-—0 , cosf-»1, and F =31 imply, and the eq.(18) takes a
simple and familiar form;

V'ZF Vz(l- —*“2—{\—2—‘(1-(:05{322_)) ..................

(1+A)

wheregél is the scattering angie in the center of mass system.

2-6 Transformation of coordinate system

For simple understanding of the multiple scattering, twu coordinate systems
will be defined; geometrical and microscopic. The geometrical coordinate
system is disk-fixed; che origin at the center of the incident surface of the
disk, and z-axis normal to the surface in a direction to the sampie as shown
in fig.1. The microscopic cecordinate system is fixed to the velocity vector
of a neutron, and in each scattering reaction it rides on & new velocity vector
with its x-axis on the new velocity vector. An arbitrary velocity vector
V. in the geometrical coordinate system is transformed by a matrix T to a

G
vector V, in the microscopic coordinate system.

M
o
A =(b) ................ (21)
C \
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a b C "1

- L -bh J:fj t:z:mwc? a,j:2+ bgj?
Ja2+ b2+ CZ az . bz az . bz 0 ...(22)
—ac - bc R
K a2+b2 ,a2+b2 Jaer/
; i ‘
W =TV = Ja2 b2 s f {o ............ (23)
0

\{\/I in eq.(23) is now an input to the scattering reaction of eq.(4). After

scattering, VM' in the micrescopic coordinate system is transformed by T
‘ 1

into a vector in the gecmetrical coordinate system, VG' . T = 1is
1: a a Fgaz+ b2+ CZ = ac
i i a2+ b2 J az + b2
S 1 j2 .2 2 -
T =T¢ = —"—— b aja"+ b7+ c bc .. (28)

’2 2 2 I .
atbrc é"ai‘az'*bz a+b2
\c 0 fafaz+b2

%
{
!
i
|
j
i
§

/

Obviously T and Tnl, T* are unitary matrix, and |T} = 1.

That is, the initial velocity vector in the gepmetrical coordinate system, V.,

is transformed into VM in the microscopic coordinate system.

\IM =T VG ........................... (25)

The \.?M changes to \%w' by elastic collision, and VM' is written by scatter-

ing matrix S1 and 52, as shown in eq.(10).
o= Sl Yt S, U (26)

where Sl’ 82 are not unitary matrix. ‘\FM' is transformed into \i’G‘ in the

geometrical coordinate system through inverse transformation T_l.

Vs TR (27)
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That is,

-1
| -
\IG—T (SlTVG +SZU) ................ (28)
For the miltiple scattering, \IG' is iteratively inserted as a new velocity
vector . with additional changes in energy, cross sections and position.
When the thermal motion of a target nucleus is neglected, the equation(28)
becomes simple:

I -1

V. =1T S, TV

. (T (29)

The formulations of eqs.(28) and (29) make the elementary scattering process
very clear and aid the computer coding for the multiple scattering process.
' In the energy region of interest, U is much smaller than V., and hence the
detailed information is neglected of U, spectrum of lattice vibration,

molecular binding effects, etc.

2-7 Boundary conditions

The region in which there exist reaction points Qi (i=1,2,3,...) 1is
determined by the boundary conditions in fig.l With the random variable
YR (0€YR<1) the range for the first collision point, L, = Ql__Q_O’ is

determined as

I, = InU/YR)/E for YR < exp(- TlZ'T/ cosel) ... (30

=
n

| = (In(1/YR) ~ (Zp=2)Ty/ cos )/ Zp e (31)
for YR3» exp(—TlZT/ cos &K )

The Teaction region is determined by the following conditions;

1. z>T1+ T2 . transmission or rear region scattering;
2 z € 0 ;  front region scattering,

3. U> D2/4 ; side region scattering.

2., : .
4. T1+ T2> 2} Tl’ U <D /4; reaction in the reflector,
5

' Tl> z> 0, U%’i D2/4 . scattering or capture in the sample.
The category 1,Z,and 3 is escape of the neutrons from the disk and the program
returns to the next neutron impingement. In the category 4 and 5, the
reaction point is in the disk; scattering in the reflector, or scattering/
capture in the sample. After scattering in the reflector, the range to

the next reaction point L, = Q" Ql is determined with an equation similar
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to eq.(31l), depending on the cos @ which is the direction of the velocity
vector in the laboratory system, as shown in fig.4.

For cos@>0 L= ln(l/YR)/Z'R ............. (32)
For cos©<0
L= (3 20 (Ty - 2)/cos® + m(1/YR) /2,
for 0<YR<exp(-ER(T1- 2)/cos®).... (33)
L= In(/YR/F, for YR exp(-}EfR(Tl- 2)/cos@ ) ...n. (34)

For the scattering in the sample, the range to the next reaction point 1s

determined similarly.

= In(1/¥R)/ 3y for cos@L0 .l (35)
For cos 920

L= (Tp &y (T 2)/cosg + I (1/YR)) /2
for O { YR exp(- ZqR(T z}/cos € ). .... (36}

L,= ln(l/YR)/ZT for YR}exp(—zT(Tl— z)/cos§ ). (37)

The path length in the disk until capture RL is obtained as the sum of Li'

RL=L1+L2+L3+.... ......... (38)

2-8 Neutron cross section production
Neutron cross sections are produced from the given resonance parameters,

assuning single level Breit—Wigner formula for all rescnances.

G't o 1 G'b(r = (‘ifcos Zk R +}(: sin ZklR;i + (f'p...(39a}
J. - S f1 \@w (r‘? = “75“) .................. (39b)
a. - {’j"t - T e (39c)
d, = an HCsin KR2Z 4 TRS e (39d)

fi is the isotopic abundance for i-th resonance.
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In the region of interest, the approximations hold well;
sin 2kR2a< 2kR, cos 2kR e=1. The cross sections thus are,

G—t =Zfi 0‘0(\{"+ 2kR :()i + G"p .......... (40a)
i

G'C = z.fi((r@ ...r’:_.i‘f v)i .......... (40b)

0-5 = Z‘fi(G’O(\yJ_E.P ZkRX)i + G;J .......... (40c)
1

where @, = 47T kzg;?l ( 4t ® = 2.60 x 10° /E (barn/eV))..... (41)

The Doppler integrals \¥r2 ;{ are
_ g0

psI =W, =ﬁj% J L. exp[—(X—y)z/ﬁz) B errannnns 42)

00
_ _ 1 y 2 2
CHI = x (8,X) = exp(-X-y) /B dy oo (43)
f? }th-:i‘ 1+ yz ﬁ?

where X = (B-E)/(I/2), and P=24/ (44)
A is the apparent energy broadening, due to thermal motion of the target

nucleus;
A-=2 —15—;—5 ..................................... (45)

where k is the Boltzmann constant, T the temperature of the target nucleus
in K, E the neutron energy and A the target mass mumber. kT=0.0258 eV for
T = 300 K. The Doppler integrals are obtained from the subroutine program
PFCN.

2-9 The motion of a . target nucleus

The thermal motion of a target nucleus leads to disturbance of scattering
reaction. The velocity of the target nucleus, U, is a Maxwellian distribution
and the incident neutrons interact with these in Doppler broadened cross
section. In fact, the neutron velocity after scattering,Vb', is influ-
enced by the motion of target nucleus before collision, as shown in eqs. {26}
and (27), and hence Ub' and the cross sections corresponding to the relative

velocity [V-—[]lare not separable. However, the approximation 1s made
of the separation between these using Doppler broadening cross sections and
independent definitions of W. For the velocity of the target nucleus, U,

the following expression is taken;
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Uk £ * 2200 *| Test

(m/sec) .vvvvvnannn (46)
A%*203 :

where Teff is the effective temperature(K), A the target mass number.
f 1is obtained from the distribution function;

F o= ﬁ 2 exp(-t) e, (47)
where 'P dt =1 e e, (48)
0 ' :
and t is propotional to the velocity of the nucleus. From the homogenecus

random variable YR (0 YRK1), randomly sampled velocity f is obtained with

the equation; f

YR = fP dt = -5 ( Erf(f) = f exp(-£2) ) .... (49)
JiC -

o
In the program however, to obtain f from YR, eq.(49) is approximated to a

step function of 10 steps considering the computer time.

3  Flow chart

The procedure of the Monte-Carlo simulation of incident neutrons, or

a flow chart of the program, is described briefly below. '

A flow chart of the program is shown in fig.5; numbers in [ ] are statement

numbers in the FORTRAN 1list in the appendix.

*) The program begins with reading the input parameters; sample geometries,
Cross section,parametefs, nuclear mass, energy region and mesh for cross
section table, incident neutron energy region and mesh, initial random
number, and time-of-flight instrumental parameters for comparison with
experiment. Details of the input parameters are given in § 4.

%) In the next stage, a Doppler broadened cross section table is produced
in the computer core area from the given resonance parameters and the

effective temperature, in the emergy region of interest.
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\Ul= £ * 2200 * (M/SEC)  vvrvenvnnns (46)

where Teff is the effective temperature(K), A the target mass number.
{ 1is obtained from the distribution function;

2 .2 .2
F = F t exp(-t ) ............ (47)
where ' F dt =1 e i e, (48)
0 - '
and t is propotional to the velocity of the nucleus. From the homogeneous

random variable YR (0 YRK1), randomly sampled velocity f is obtained with

the equation; f

YR = det = A (Erf(®) - fexp(-£) ) .... (49
= e (£ ) ... (49)

o
In the program however, to obtain f from YR, eq.(49) is approximated to a

step function of 10 steps considering the computer time.

3 Flow chart

The procedure of the Monte-Carlo simulation of incident neutrons, or

a flow chart of the program, is described briefly below. a IR

A flow chart of the program is shown in fig.5; numbers in [ ] are statement

numbers in the FORTRAN 1list in the appendix.

%) The program begins with reading the input parameters; sample geometries,
cross section parameters, nuclear mass, energy region and mesh for cross
section table, incident neutron energy region and mesh, initial random
number, and time-of-flight instrumental parameters for comparison with
experiment. Details of the input parameters are given in § 4.

#) In the next stage, a Doppler broadened cross section table 1s produced
in the computer core area from the given resonance parameters and the

effective temperature, in the enmergy region of interest.
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For an incident neutron of energy EO impinging onto the disk at QO on
the surface, the first collision point Ql in the disk is obtained

from the mean free path, using homogeneous randomized variable YR.

The region in which there exists Q1 is determined by the boundary
conditions;in sample,reflector,and escape from the disk(front, rear, and
scattering, and transmission).

In the reflector[16], only scattering is considered. In the sample,
scattering and capture are considered, and the reaction type at Ql is
identified with the value of random variable YR. If YR is less than
Zs/ (Zs + E?C) , the reaction is regarded as scattering[l5], and other-

wise it is capture{12]. ‘

In the case of capture one count is added in cne of the capture counters

which are categorized according to the number of collisions before the

capture (0,1,2,3, and 24).

In the case of scattering[l5], the velocity vector in the center of mass

system is transformed to a new velocity vector with randomized scattering

angle and poler angle. The new velocity vector is transformed into the

laboratory system[30], and the neutron energy becomes LE'= EO— Er’ where

Er is the recoil energy. The next collision point Q2 is sought as

before, and the program returns to the identification of regionf10].

*) When the thermal motion of a target nucleus is taken into consideration,

*)

*)

*)

subroutine program MOVEAl and VATOM operate, and the velocity vector after
scattering has much freedom for neutrons of energy below 1 eV.

The incident neutrons disappear in two ways; escape from the disk, and
capture in the sample.

For impingement of NTOTAL neutrons with energy EO’ the statistics of
capture, front and rear face scattering, and transmission are obtained

as averages of the destinatioﬁs of each incident neutron. These values
are printed out with FORMAT-1. In the next stage[9], the incident
neutron energy is changed stepwise to reproduce line shape of resonances

in the energy region considered. In the MCRTOF program, the energy step
corresponds to time-of-flight chamnels to facilitate the comparison with
experiment. |
For each incident energy, capture and scattering probabilities are obtained
and printed out in compact format FORMAT-2, also with graphical representa-
tion of these values(RPLT). Spacial distribution of capture points in the
sample is obtained as option(ZRPLOT). Also energy-angle distributions for
front face scattering are obtained in two-dimensional representation(EPPLOT).
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§ 4. Usage of the program-

4-1 Instructions on the useage

Format of the imput data cards are given in the following, and notes
in inputting are described card by card. Also some comments on cards are
briefed. |

Card No.l1
(16)
NCASE
NCASE: Number of cases to be computed with parameter set of the input card
No.2 through No.$§.

Card No.2

‘ (20A4)
TITLE

TITLE: Title and arbitrary comments for the case.

Card No.3

(F6.4) (F6.4) (F6.4)  (F6.4) (F6.4) (F6.4) (¥F6.3) (F6.4)
D T1 T2 X0 YO DIETA DENS RADN

D : Disk diameter(cm),

T1 ; Disk sample thickness (cm),

T2 : Disk reflector thickness (cm},
X0 : x of the incident position (cm),
YO : y of the incident position (cm),

DIETA: Angle(degree) between incidence and normal of the disk surface,
DENS : Mass density of the disk (g/cmB),

RADN : Nuclear radius in 10-12cm,

TEFF : Effective temperature of the target nucleus(K).

Card No.4

/f}'@

INRESON
NRESON : Number of resonances of which parameters are to be input in the

following resonance cards. NRESON must be & 5.

(F6.0)
TEFF
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Card No.5

(F12.6) (¥iz.6) (Fiz.e) (Fl1Z2.6) (F12.6) (F12.6)
ER(I) GN(I) Gr{I) - GJ(I) A(T) CF(D)
ER{I) : Resonance energy of i-th resonance (eV},
GN(I) : Neutron width of the resonance (eV},
GT(I) : Total width of the resonance (eV),
GJ(I) : Spin statistical factor of the resonance,

A(lL) : Mass number of the nucleus,
F(I) : Isotopic abundance of the resonance.
Card No.6
F12.6) (F12.6) (F12.6) (F12.6) (F12.6) (F12.6)

EMIN EMAX DE DEZ FLOSS SIGMR
EMIN : Minimum energy region where the cross section table is constructed,
EMAX : Maximum energy region where the cross section table is constructed,
DE : Energy mesh of the cross section table. (EMAX-EMIN)/DE must be £ 1000.
[EZ : not used, '

FLOSS : Additional energy loss factor in scattering. Energy loss is in form
( Recoil energy }*( 1.0 + FLOSS ).
SIMR : Total cross section of the reflector nucleus.

Card No.7

(F12.10)  (F12.4)  (16) (16) (I6) (16)
RANDCM XMESH NTOTAL MOVE IPD  ISKIP
RANDOM : The initial value of homogeneous random number series YR (0&YR< 1),

sequentially produced from the previous value with FORTRAN statement;

YR = YR * 243, — INT( YR * 243.) . _
XMESH : Mesh (cm) in the distribution of path length, and z-distribution.
NTOTAL : Maximum number of trial neutrons for an incident energy.
MOVE : If MOVE = 0, motion of the target nucleus is neglected, if MOVE $0
thermal motion of the target nucleus is considered.
IPD : IPD = 1 : x and z distributions of capture points are printed out.
IPD = 2 : path length distributions until capture is printed out.
IPD = 3 : projection of capture points in sample on xy plane, and
energy-angle distribution for front face scattering are
illustrated.
For another value of IPD, only probabilities are printed out.
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ISKIP : Calculations are made for TOF chammels of N,N+ISKIP, N+2*ISKIP,....

Card No.8

(F12.6) (F12.6)  (F12.6) (F12.6)

PL M) ECMIN ECMAX
PL : Flight path length (m),
DT . Channel width of the time of flight analyzer 9usec),

ECMIN : Lowest energy of the incident neutron (eV),
ECMAX : Highest energy of the incident neutron (eV). The region ECMIN,ECMAX
must be included in the region EMIN, EMAX.

4-2 Example calculations
As an example, the output print-out for the 132 eV resonance in cobalt \
of 3 mm thickness is shown in fig.7; cross sections, calculated results of
capturé, front and rear face scattering, and transmission etc. are printed
out for each incident energy. For several energy points, spacial distri-
butions of capture points, energy-angle distributions for front face scatter-
ing are printed out. Capture (C), front face scattering(S), rear face
scattering(F), transmission (T) are illustrated as functions of incident
energy. Calculations are compared with experimental data; capture and front-
face scattering for tungsten of three thicknesses are shown in fig.6.
The program is fairly speedy due to high speed production of random
mmber sequence at the sacrifice of eventual occurence of short period
in it.  The production of a good random number sequence with short

computer time is desirable.

The author would like to thank Dr. A.Asami for careful reading the
manuscript.
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Incident
Neutrons
Sample Reflector
: Fig.l Geocmetry Tor Calculations
/
/
! Q; Escape ( Side Scattering )
4
/
{ /
/
Escape /
{Front—face
Scattering)

Qi Capture in the
f sample
Incident

Meutron Transmission

———=>Q (without any collision)

-~
=Qj Escape (Rear-Face
Scattering)

Reflector

Fig.2 Destinations of the incident neutrons.
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¥ E 5 ; Scattering angle in the center
Z of mass system

Fig.3 Velocity vectors for scatfering of a

neutron with a moving nucleus.

L= Q- Q
cos &<

L, in eq(33)

Scattering in the Reflector

Fig.4 Definitions of the boundary
condition. In the case of

scattering in the reflector
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M=0

Determine
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-

|
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b
G,

29.020000

¢onaon
acnocs

Ze

PATH LENGTH= 47,330

ASS NOD ARQUNDANCE
390000 1.0300
5%9.n000 L.coon
59.0n00 1.0000

ATOF
DFb= B,00C  WJCLHAD=D, 7200
1.n600890
1, 200090
1,00n000
G 200000 TARGET MOVE [}

CHAMNEL w]OTH=

2,000

L;n&sﬂii*ﬁini*iﬁ!Dﬁ%vl*!t#i#‘**I¥#ﬂﬂ!!ﬁw*‘iﬂ{D'ﬁ»ﬁili*il&*#ﬂ*&ﬂi#'l#‘E*i!*liIii&{%*!+&ﬁﬁlﬁ¥iq*#ﬂ+u*t

FCMIN= 100,000

LA R R LR B R T T T T R R A R g gy

TEFFECTIVE= 300.0

DOVPLER ERLOISNED CH0SS SECTION
: ENERGY (EV) CAPTURF €5 40,40 SCARTAES TOPBLIEKCRARND 41,80 2.85 9n.73 93,3%
L2080 43 51.,24% 43,40 PR LY 39,10+ 44 B0 2. R4 B4,20 AT.0%
G5, RN A5, 05% wha il 2083 43,24% a7, 40 2,84 T8.6% 81.a%
48,40 13,044 49, 40 2085 Th, 27+ 57,80 2,88 73.93 Th. T
T5.39» 52.50 2,88 T, NTw B3, D 2,90 69,52 T2, R+
Tl.63 55,50 2,93 TC. 524 G680 .98 66,51, 65,4s
BR L b T4.80 3.00 67,55+ 89,80 3,03 63,65 66, G
LR 51,80 3,16 S.17w £7.80 3,13 61,29 b4, 4%
53, Tan hilBO A2% LERLZ 25,60 3,25 59.40 62, k%
G2 1dw 6T AT 3.33 61,75+ 68,80 3,40 57,97 61,3%
61,05% T0.40 3.52 80, THE T1.80 3,58 56.99 £0,5#
&G, 40w 73,40 1,72 60,32+ 7440 3,79 56,49 60,2+
6030 Te, B0 3.98 ad, 39 7780 4,65 56,49 60, 5%
LOLTh® T80 24 ol,05~ RO KD 4,35 57.06 &l,4¥
Ll Bbw 82,80 L] 62,39+ 53,85 4,72 58,29 63.0%
63, iye 45,80 5.01 B4, 53 ELRE:) 5,17 60.29 [3- I
L L 38,80 5.52 67,668 R9, 50 5.71 63,26 68,94
f0,42% 91,69 falS T2.54% 92,80 6,39 67,45 T3,8%
TS5, 89% G440 YR TH, D% S5, &0 723 73,25 80,4
a3, 20% 97,40 Fa32 36,21+ 9E.ED 8,31 81,24 89.,5%
Y3, 26% icno,E0 .21 Y7039« 101,47 9,72 92,28 102,08
107 Lew 103,80 15,91 L11Z,30w T 11,60 107.7& 119,3+
1Z2R.E3% iCs, bl 13.2% 134,R5% 127,80 14,18 129,98 144 1%
L1o4, Tiw 10%, 40 16.4Y9 166,90 110,80 17.8% 162,96 180,58+
194, 96% 1433 Z1%,29» i13.an 23,47 214,18 237,6%
263 50% ha9E 294, 294 11%.80 32.43 298,82 331.2
ENL-PEPAS ] 41,43 431.22% 4B.20 451.61 499 ,8%
EEL 121-80 €641 £58.03% Te. 71 To4,6% BaL, 3w
1040, 77w 124,80 121,65 1321.36% 125,20 155.7¢  1539,36  1695,1#
2EER . Law 27.40 2T RT I0YY, Huw 17R.80 383,77 39%1,61 438D, 3+
REGT, 3bw 132030 137,40 A4EY, ITw 13,580 553,84  9CB7,98  §951,as
CERESTTE 133,80 607,65 270,89 134,80 429,13 4775,26  5204,3%
336366 3693, YTM 136,80 713,00 ZRE3, The 137,50 158,77 1852,82  2011,%%
lazz,2a 153,03« 134, Y436 1233.08% 14n, 30 T5.83 925,73 100Ll,1#
TET, AN A28, 9 147,80 506.93 6v8,n0 143,80 47, R0 553,46 595,24
MONTE Cowil AL ALYEFS 0 RELTRALS 1N MATERTALS
COBALT-%T wITr LEVFILS #3224 BGLS Ev, MCRTOF
DIAMETER= 20 TAMURRESS GLaDUCn CM) KEFLECTOR THICKNFSS= 0,0 (3] ATOMIRARN= O,0269%5
TNCTIDERT ¥ija [Pl INCTODEMT ANGLE = n.J DEGREE SAMPLE DENS)TY= k.a00
NURBEE UF loce FLIGHT PATI{M)=&T, 340 CrANAEL WISTH(MUSECY= 2,000
ENERGY (Ey) 5 GMA Z1GMs "o My Mz v “a MYOTAL MTRANS  ARSCAT  FRSCAT  ENERGY(EY)  RANOOM
P "1 Pz Py FTOTAL PTRANS  PRACK  PFLS
NUMBER CF SrATt 5278 SCATT MM REFLECTOR= ] ENERGY [NT PCABTURER  1.056 CHANNEL (KT AKSCATTTRANS. INT TRAMS O.3ge
1 170,00 0.33 &,ap DL024an 0,0450  G.GeTn BLG250 DL,ZeTH D.anan D0BE0 CLA0N 0,1760 176,00 0,5994148%
=i72 B 1,0%8 0,360 =
7 leT.ss Gaay 7.77 DiGent 0L0360 UL 0ZEU G289 0,3060  S.4ain C.GATT 0,3CRD 0.1640 167 44 Gi59T1T1e
5747 ¢ 2.172 C.668 &
3 les.ds Ltk .75 DuGaTo 6.5s00 L0220 GL0420 0.309)  9.a4700 040570 0.3160  0.1570 leg, 94 C.478414a
eluh o 3,334 a,98%  »
4 16249 G, 54 .06 GLURPG L0420 0,06330 0 0,0%30 0,3370 nLs6T0 GefdDn 0,3310 .20 laz.d9 Ca 734413
45% 0 4,501 1,315
5 1e0.1G (,hé 11,73 G.CeNC 0.0272 0,0689  0,0370 0,33%n o0,527n 0.GZEG 0,3€6n  0.NELD 160, 1o 0.04538T+
5594 o b, 807 1.681 &
& 157,78 LTE 12,07 T,0490 0 0.0519 0,0800  C.0440 0,3740 D.5%80 0,087 D,%&ln 60,0930 157.7¢ Cy41310a=
£h9g G 7,098 2,022 *
T 155,17 Ga%s 0 15,17 TLEATA DGR 0,35TO 0.0530 0,3820  .5570 D0¥0  ©.357N 0,070 155,47 0,190650%
K53 8,359 2.37% o«
& 153,23 1,16 1t.#6 0.05730 00,2935 72,5940 G.51n TL1%s0 0, 0450 153.23 0.046791%
Suie %, 679 2,733 %
9 1sl,o4 4R 21,55 O,0600 0,3120 0,587n [SN] U, 3585 02,0600 151,04 0,185837%
L2ug 10,941 3,091 =
Lo lad.40 l,kE 2h AR 0,0640 00,2980 0,k280 0.0 f,3A22n nonhRe la8,9n 0,06078%
3332 ] 12,2173 3,413 o«

—2 O —
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MONTE CARLG AMALYSES OF MEUTROMS N MATERIALS
COBALT-5¢ 137 Ev RESOMANCE  WITH LEVELS 4322, 5015 Eva MCRTOF
DIAMETER= 30,00 [CMY SAMPLE THICKNESSa 04 30000(CMY REFLECTOR THICKNESS= 0,0 ()] ATOM/BARNR 0,02695
[NCIDENT PCSITION X0 = 0.0 yox 0.0 INCIRENT ANGLE = 0.0 DEGREE SAMPLE DENSITY= 8,800 )
NUMBER OF THCIDENT NEGTRONS= 1000 FLIGHT PATH(M)=47,380 CHANNEL WIDTH(MUSECY= 2,000
ENERGYCEV)  SIGMA SIGMS MO M1 "2 M3 "y MTOTAL MTRANS BKSCAT FDSCAT ENERGYLEY)
Pa P1 P2 $3 Fé PTOTAL PTRANS PBACKE  PFDS
NUMBER OF SCATT 5786 SCATT N REFLECTOR= ] ENERGY INT PCAPTURE= 13,521 CHANNEL [NT RKSCATTsTRANSs INT
11 146480 2,51 34,14 n,0630 0,0550 ©,1050 0,0620 0,3160 0.6010 0.0 0.3650 0,0340 146,80
i
5766 . v 13,521 .
12 144,74 3,36 44,28 o.n17n  6,06ln ©0,1l4n 0.0500 ©,2030 0,6150 9,0 6.353¢0 0,0320 1od, T4
. 5430 U 14,772 )
13 142,72 4,74 BRLOT o.06ln  0,0720 0,1160 0,0550 0,2410 0.54%0 0.0 0,4310 ©0,0240 142,73
5072 Q 15.857
14 140,76 7,08 B&,R3 o.0T10 0.071l0 0.1130 0,0830 0.2260 0,5240 6.0 0,8620 0,0140 140.76
4779 0 16,87%
v 1% 138,83  1y,83 128,75 n.0660 92,0730 0,092 0,0520 0,1%40 0,4770 %] o.5620 ©,0210 138,83
4680 4] 1T.7%0
16 136,94 19,31 221,78 0,053 0,044 ©,0780 0.0260 0,1580 0,3590 0,0 0,6280 0,0130 136,98
4212 o 18,867
17 135,09 35,86 400,31 p.0890 0.G6TH 0,06B0 0,0290 0,09%0 00,3120 0.0 g.67HC  0.0100 135,09
3525 0 19.034
16 133.27 65,05 T06,%4 0,05%0 0,023) 0,0420 0,0160 C,0840 0.2200 6.0 D.7650 0,0150 133.27
- 3067 0 19,429
19 131,50  f%.13  785.5% 5,076g 0,034n 0,036n 0,00ec 0,C7To 0.2310 0.0 £.7640 ©0,0050 131.50
2775 0 19,836
20 129.7%5  4E. 16 477,34 0.0790 0,0380 ©,037n D.0150 0,0980 0.2670 0,0 0,7240 0.00%0 129.7%
2903 o 20,297
FORALT-59 132 EV RESONANCE  WITH LEVELS 4322 3015 Ev. MCRTQF
DIAMETER= 30,00 (CM) SAMPLE THICKNESS= 0¢300001CHY REFLECTOR THICKNESS= 0,0 {5 ATOM/BARN= 0,02693
INCIDERT BUSITION X0 = 0.0 yO=  0.C INCLEENT ANGLE * 0.C DEGREE
NUMBER UF [NCIDENT NEUTRGNG= 1000 FLIGHT PATH(M)=47,380 CHANNEL w[DTH(MUSEC)= 2.000 TEFFECTIYE= 300,00
OBSERVED YIELD FOR 1000/E*¥0.8 NEUTRON FLUX
ENERGY  PCAPTURE  PBKSCAT  PFDSCAT  OPEN BEAM TRANS BEAM EFFICIENCY  YCAPTUR SCATEX SCATFD
2 167,461 LTS 0,308 0,164 216,355 18,422 0,109 95,412 7.233 3,851 H
3 164,939 0.470 G, 316 0,157 213,837 12.189 0,109 106,503 7,387 3,670 3
4 162,493 0,507 0,331 0.122 211,365 8,455 0,110 107,162 T.702 2,839 4
2 igg.laz 0,527 0,366 0,081 20m,938 5,432 n.111 110,111 B,478 1,876 k4
(762 0,5%8 04351 6,093 206,555 1,652 g,112 115,258 T,863 1s4 &
7 155,473 0.557 0.357 0,077 204,214 1.838 0,112 113747 8195 HEPY 7
& 153,234 0,59¢ 0,354 6,049 201,915 0.202 0,113 120,341 8,090 1,120 8
9 151,043 0,582 0,358 0,060 199,656 0.0 0,114 116,200 8,144 1.265 9
10 148,859 0,628 0,322 0,050 197,437 G0 0,115 123,991 1,293 1.132 10
11 146,799 0.601 0,36% 0,034 195,257 0.0 Q.11% 117,349 2,230 0,767 11
12 134,744 0.615 0,353 0,032 193,114 e.0 0,116 114,765 1,92% 0.718 12
13 142.732 0,545 0,431 0,024 191,007 0,0 0,117 104,099 9,633 C.536 13
16 140,762 0,520 0,462 0,014 188,937 g.0 9,118 99,603 10,282 0,312 14
15 138,832 0,477 0,502 0,021 186,901 G.0 0.119 89,152 11,123 0,465 18
| 16 136,941 0.359 0.628 0,012 184,900 0,0 0.119 66.37% 13,834 0,287 16
i 17 135,089 a.312 0.678 0,010 182.932 0,0 4,120 57,073 14,693 0.220 17
18 133,274 6.220 0.76% 0,015 180,997 0.0 0,121 39,819 16,732 0,328 18
15 131,495 9.231 G, 764 u. U3 179,093 0,0 0.122 51,371 16,629 0,109 19
20 129,752 8,267 0.724 0,669 177,221 0.0 0.122 47,318 15,701 0.19% 20
21 128,043 0.242 04743 0.01% 115,379 040 0.123 82,482 16,044 0,324 21
22 126,363 0,252 £ 727 0,021 173,567 0.0 0,124 43,719 15,633 0452 22
23 124,726 0.2¢8 0,683 0,049 171,784 0.0 0,125 46,038 14,625 11049 23
24 123.119% t.9314 0.635 0.051 176,029 g.0 2,123 53,389 13,540 1,087 24
25 121.%3% 0,254 0867 0,07% 168,302 2,0 S.126 42,749 14,163 1.677 25
26 119,986 0.278 0,654 0,068 1664603 0.0 6,127 46,316 13,830 1,438 26
27 118,465 0.284 0,612 0,104 164,930 g,0 9,128 46,840 12,888 2,180 27
28 116,974 0,316 0.594 0,090 163,283 0,0 0,128 51.597 12,457 1,887 28
29  115.511 0.323 0,541 0,136 161661 0,0 £.129 52.217 15,299 2.840 29
30 114,075 8,310 0,548 0,142 160.065 0.0 C,130 49,620 11,399 2.95%4 30
3l 112,665 0,258 0.545 9,157 158,493 0.0 0,131 47,231 11,290 3,252 31
32 111,282 0.255 0.567 0,178 156,944 0,0 0,131 40,021 11,698 3,672 32
33 109,923 0.253 3.502 0.2453 155,419 0.0 0,132 39,321 10,315 5,034 33
34 106,590 0,252 0.497 0.251 153,917 0,0 2,133 38,787 10,172 5,137 34
35 107.283 0,294 0,486 0,216 152,436 3,659 0,134 44,817 9,499 4,403 33
36 165,995 0.277 G.483 0,221 150,980 2,869 6,134 41,821 9,806 4,487 36
o 37 104,732 0.283 0,415 0.275 149, 544 3,888 0.135 42,321 8,392 5,581 37
38 103,491 0,268 0.442 0.261 14R.129 4,296 0.138 39,699 8,903 5,257 38
39 102,273 0,256 0.460 0.223 1a6.734 Ha951 0,137 37,564 9,228 4,474 39
4C 101,07e 0.260 0,41% 0.252 ia%,360 10.030 0,137 37.794 8,373 5,036 40
1

~2 11—

o e e gl 4

RANDOM

TRANS 2. T7%
0,0TI7T96»

4,131 -
0,040519#

4,562 ¢
0.,T781T15%

5,024 *
Q,015434

5,528 *
0.533546%

6,134 (3
0,026710%

£,832 »
0. 344352%

T.597 =
0,260231%

B, 361 *
0.0B1352%

9,085 #
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COBALT=59 132 £V RESONAMCE  wITH LEVELS 4322+ 5015 Ev, MCRTOF
PROBABILLITY
E. {(en) CAPTURE  SCATTERING
1 170,000 T Fl s IC 1 i 1 0,408 0,360
2 16T.04] T Fol 5 1 1 1 1 D.481  D,30B
3 164.94] T F ol s 1 C 1 b T 04370 0,316
4 1624491 T F 1 s ! ¢ 1 ! ! 0,507 0,331
2 igg.;g% T‘T FF { s % c | 1 1 0,327 0,368
. 5 [ I 0.5 .
T 155,471 7 £ 1 S 1 [ 1 } 0.5;$ g.;;%
B 153.73] F 1 s 1 4 1 1 0.596 0.354
9 151,041 F 1 s 1 c 1 1 0.582  0.338
10 148,904 F ! $ l I I } 0,628 0,322
11 1464801 F | 5 1 T 1 1 0,601 0,35
12 144,781  F ! 5 1 e’ 1 10,6135 0,353
13 142,731 F 1 1 s 4 1 1 1 0.58% 0,831
14 140,76§ F ! 1 s 4 1 1 1 0,324 0,462
15 135,830 F 1 1 Cs 1 1 1 0,477 0,502
16 136,941 F ! [ 1S 1 1 0,3%9 0,628
17 135,097 F 1 < H I s 1 1 0,312 0,478
18 133,271 F 1¢ 1 1 5 1 1 6.220 0,765
19 131.501 F I < i I 5 1 1 0,231  0.764
20 129,751 F J C i 1 s 1 1 0,267 0,728
21 128,041 F [ [ I s [ 1 04242 0,743
22 126,371 F ! c [ I ) i 1 0,252 0,727
23 124,731 F 1 < 1 1 s 1 1 0,268 0.683
24 123,111 F 1 c | I s | 1 0,314  0.63%
25 121,541 F 1 c 1 1 s 1 1 0,234 G667
g: ii:.zg: F . 1 ¢ { | s 1 [ 0,278 0,654
f 1 c 15 1 0,284 0.6
28 116,971 F 1 4 1 51 1 : 0:326 0:5;3
29 115,511 3 1 C 1 5 1 1 1 0,323 0,551
30 114,071 F I C 1 s 1 1 1 0,310 0,588
31 112,671 F ol 4 1 s 1 1 1 0,298 0.505
32 111,281 Fl [« 1 5 i [ [ 0.255 0.567
33 109,92] | CF 1 s’ ! 1 1 0,253 0.502
34 108,591 1 CF 1 5 I I 10,252 0.497
35 107,281 7 1 F C 1 $ I 1 1 0,294 0,466
36 105,991 T I F C I s I I I 04277 0,483
a7 104,731 T ] CF 1s 1 | 1 0,283 0.413
38 103,891 7 1 E 1 s 1 ! 10,268 0,442
39 102,277 T I F ¢ 1 [ I | | 0,2% 0,460
40 101,081 T 1 E 15 | 1 | 0,260 0,419
c 5
o) 0.2 0% 0.6 o.& 4%
L
T : treamsmission
C : caplore
S @ Front faw scqﬂermj
. '
F . RQW fa,u_ SCWV-\J
DISTRIBUTION OF CAPTURE POINTS Z-%
EMERGYE 148,74 MESH LENGTH(CHM) 0,010 (ZR PLOT)
0 10 20 30

3 i ¢ [ 7 8] o o n Q a o Q o] C 0 o] Q 1 a 0 ol a 0 [} a 4] Lol a o
4 g 5 ] o] [ 1 o [ o ] 4] o Q 1 G <] o 0 Q 0 0 o o o o} -] 0 4] o ¢}
5 [#] a Q 0 4 Q2 [} o] 0 Q [ c 0 o n a 0 sl Q o 0 0 3} ol Q o [ 4] o [
& 5 ¢ Q Q 1 a 1) q [+] G Q o 0 a G 4] Q0 o] 4] a o] ] Q o 0 1] 0 Q bl o
T i 4] ] o i o 4] G 1 o 0 0 0 Q G e il o [ a Q [+ Q [s] o 0 Q 0 o] 0
¢l v« 1 « o © 9o © © © & © © © ¥ &G ©® 0O O© & 9 © 6 v © @ 0 o O 0o ©
9 1 o 4] o] b Il o] ] o3 a a 0 0 1] ¢ 0 Q [} o a Q o 0 ] o [+ o 0 [ Q
10 a 3 Q Q Q o 1 1] 0 i o] a Q 4] Q 0 o] Qo o ] Q0 ol Q [} o [+ Q o 0 4]
11 4] o [ 5 5 2 1 G 0 Q Q i G Q Q o Q o [+ ¢ [s] o [l 0 i1 o] 4] 1} el 0
12 1 o [ 3 o 4 Q a 5 o 4] o [+ [+ 5 Q 4] o o 4] 0 v} 0 e} o Q 2 ] 0 1]
12 qQ 1 1 5 8 o 1 Q o] 1 Q o o 0 4] o] 0 o] 0o [ Q o [ 1 0 o 4] o Q [
14 6 14 4 12 1 b L] 1 1 0 ] 0 [} 1 o] Q 5 1] 1 0 Q 0 0 o} Q Q 0 ] 0 4]

) ._915 103 8 &8 21 19 13 3 3 2 & 0 0 0 o Q bl 8} ¢ a [ Q 0 o 4] o [+ 4] 0 0 1]
g‘ 167 13 18 é ] 4 3 1 4 4 4] ) a 6 [} o Q [} o] Q o o a [} 0 o o 0 0 o Q
j S‘i; 17] 11 3 A 1 2 2 o] o ) Q o} 0 0 4] 0 o 1 0 4] 0 o 0 Q o [ 0 o 0 1] 0
,%"H'LG 0 4] 1 G o 1 0 4 7] Q o a a 0 c Q 0 s} a 0 1 a Q o Q 0 o 0 Q 0
’4, 19 5 1 [f) 1 3 o ol 1 o o 4] 1 Q a o a 0 o 4] Q Q 4] Q o 0 s} o 0 a G
i 20 0 5 1 Q 1 ) o [0} o a 0 Q Q 0 4} 4 Q o Q a o 4] Q o [ o o 0 0 o
i 21 o} o 5 2 c o 0 0 C 1 Bl [} [+ G Q [+ 1 o ol Q o 0 a [} 0 a aQ v} a s}
I 22 0 0 4 2 o Q Q aQ 8} 4] 3 4] ¢ @ G o g 1 0 4 Q o 0 Q [} [+ 0 o o 0
23 2] Q o 3 4] o ¢ o o] 0 0 Q o Q 0 0 4] 0 2] 0 o Q 0 o Q o o 0

Q

a @

o
24 Q 0 u a Q Q o [+ b 4] Q Q e 8} +] [} Q 4] Q 0 @
o

23 Q O o 0 4 il Q Q Q o 0 o] 0 0 Q Q o [

27 0 a 0 Q Q Q 4] 9} 1 0 [} 0 a 1 0 Q@ o] 0 Q o 0 1] 0 0 o 0 o 6 0 Q
28 0 4] [ G o G a Q ] ¢ 1] 0 Q 0 Q o il o 4 0 0 ) 1} [} ] o 0 0 a 0
29 [} ] s} .0 Q o 0 i Q ] 0 o o 4] o o a a 0 0 C o 0 Q [ Q [} 0 0 0
as 0 Q e il o] [ d G C ¢ 0 Q@ o o 0 o ] 0 0 4 aQ 0 G 0 [} [ ol o i o
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Appendj_x FACUR 720-75 (MTT TURTIAN=D -7£0820- VDL=LD# 1A, 10,30 PAGE 1
Hdgid i dduiduaauaddadusuiddddddasqnaidddadadasaddduaddddaas
1971, 2. MCH M, GAKUBU .
[dodeduasndudduadaddquassicassidaaddqainsengddadaadfgidgadaddasdun
< ANCE SaMPLE POTADQCMY #THICK, TI(CM) JREFLECTOR THICK T2(CM)
< DISTAVBUTIONY RARLAL DISTRIBUTION PRINT ¥tk 2 23 Mil
C "ol =0 MST BRINT. =1 FATH LENGTR DIST PRINT.w &OT 8,14 2 CISY PRINT
[ GHERFRFEE RN EZF R R REARRAAEEFAE A FRFRARRANT AR NS TS AP PE
L 20031535 (100031 5GT CLU00) +RACK
! SONGEZ {3 48N(5) . 530 Bu(5) vALS) JFCDFEMINLGDEEMAX
2/ THOYFERTE EATT D1 (3) +DE (32 /BOLTIM/ Ay 1R L e YR/ TEMP/TEFF
E COMMOK FPROB/CAPT % (2U0) »SCATRR {2001 »SCATFE (2043 1PTRANS (200D
LT i TLECRD I A ACONS T[N e DT (ECH LI ECRARSZDIST/MZRLS 0450 FERP/ISKIP
3 JERFST/MEPST (50500
4 DIMENS TGN MRILCID . ANGLE343) s Tv (3] CMU3amCZ 303 MU0
C
3 CALL DATADN
¢ awmaasapaaxn PARAMETER SRAD (% ##swxadadixaaiwrs R R
C
3 REARTE93) NCASE
T 59 FUORMAT((6)
% NG 7 [JmlyNCASE
9 AEACE 00X CTITLECT Y « [=1425)
10 100 FURMAT(Z0AW)
L1 FEARLS102) DeTLaT2 120+ YUOTETADENSHRADN «TEFF
12 162 SOFMATCBFE. 4 Fb. 30 2F6.4)
L3 k (55303 NRESIN
L 530 AT (R
in {85317 (ERQIIAGREIYeGTCI X GIUII CACTY AF I 2 [aLNRESCND
L& 531 FusTMET{pFla.6)
.7 PEAGIS.5327  EMINVEMARSDE +DEZ+ FLOss Ws51GMR
18 S32 FURALTIAELZRD )
o9 ADCEa108) RANDOMaXMESH A TOTAL »MOVE v iPD 4 ISKIF
20 Loe 2ARTLT12,104F1Z 4an k)
21 {B1100 PLADT L ECHiNAECHAK
27 AT E 1R
4 B2 PHPUT END P e e
< FARAMETER L[5T JP P
23 wWh1TECR. 2200 CTITLECT) o 1m0y 202 DaT14aT24 X0 YD+ DTETALDENS
LREDNTEFF
L 221 FGR¥AT{1H1/ SNy PTITLE (207 "4 20A4/ 5K 10m 1 FHa2a3Xa"Tlety
' LaFBa g 3Xat TR 1Fg, 6a3Re ' X0t oFBu s o 3Ry YOm" 1For 413X 1DTETARIAFE, 2
23+ 'DENS=? +F6, 3+ 3%y ' NUCLRAC=t F 6. &y X ' TEFFECTIVE=* 1FB. 1)
I3 NO 240 Ke1+NRESCN .
26 SRITECH1222) ER(K)ERIRIVGTERIIGIIKI VALY oF (1)
27 222 TORMATL/SX+6{FL2,4+34))
28 247 CONTINUE
29 WRITE(S,224) EMINWEMAX,DEWCEZ.MOVE
in 224 FURMAT (/SR TEM =t oFLZ v Xa TEMANE Y SF L2, haS)a "0 Emt +F 12,454 1\DE2mT s
1 F12.63 50" TARGET MOVE 'Y TE)
31 WRITE(642763 RANDOM«XMESHANTOTAL «PLADTSECMINECHMAXFLOSS SR
225 FORMATESX, 'RARDOM= 412,00 5X " AMESH=? ¢¥ 5,3, 50 " NFOTALM o 16y 3K
1PPATH LENGThE' yF7,3,5K TCHANNEL NIDTH=! FT, 345K, "ECMIN="FE.3/
P OSASTECHAR=' JFE, 3450t 055 FACTURSY (F6. 3. SUGEAR=' \F6,. 27
C
C P 3 CROSS SECTION LIST P Y T T R RS
33 AL HESTN
FACOM 233=75 (#7) FORTRAN=L -T6D820= VOb=L08 78.10,30 PAGE 2
% SUURCE STATEMENT (FTMA{N )%
[ FEYT YTy " R 2R 22T )
< CAREA = TNERGY INTEGRAL UF CAPTUNE PRUBABILITY
¢ SUMBKS = CHANNEL INTEGKAL OF FROMT REGIOW SCATTERING
C GUMCAP = SANKEL (RTEGRAL DF CAPTURE PRUBABILITY
< SUMDER = RAMNEL TNTEGRAL 0F  TRANSMISSIGN DIP
34 SAREAZ(
35 SLMBKS=0
3e SyMCAP=(
37 SUMD[P=(]
33 FVELHARAMESH
C
39 TETA=3.1416#4DTETALLBD.
40 ACON®(72,3mPLy**2
41 YAERANDIY
4z [FOYR(LT.0,0001) YHeYHS1DOD, +0.84376521
C CONYERS[ON FROM ENERGY FEGIQN TC FLIGRT TIrE HEGION
43 Tw [N=TZ, 3#FL/SWRT (ECMAX)
ai TYAR=TZ. 3APL/SWRTCECHIND
C LX) - R KAARIARR R AFRERERR RN
= TF{ECMAX,GT.EMAR) GO TO 9999
3 IFEECMIM,LT.EMINY GO TC 9999
I
Cawuxn JuCH ENE-GY DEFINITICN SEsssasnbasasaansst iaabusdad bbedsedsi s
¢ [heoe ENEASY 15 LEF[NED FRCM THE YIME OF FLIGRT CHANMEL
<
LET TFLISKIP,ER.C) 18K TR
4R rERINT=0
<
<
%2 PO 9 1T=21.200.18K1F
50 TOF=TMIN+DT#E [ T=1)
51 iFCTOF . GELTMAX) 50 TO 9
32 EQ=ACON/TOF %%2
i 53 £=rl
i 24 PR CKCRGT ECMAX. G, E0LEFCMERG GO TOD 9
H ] Jes{EEMIND /DE +1
i 54 TFLJE.aT. 1000 G0 TO 9
57 TFLJE,LT, 15 JE=1
ELY AEAVEZHALLYRESCOL+ALLD w2
5% ATCR=G . 6 DEIRDENS/ALLY
&0 AG=ATON#TL
C ETDN  NUCLEAR DEWS1TY [k ATOMS/CM3 X138=24)
3 MACKC CROSS SECTION.  SIGMADCSIGMSDY S[GMTO
4 B g et A e A TR TR T T Y E P S A T
b1 S[GMADESGALJEI #ATON
62 5[ GMS0=505 CIEY #A TGN
B3 STG“TO=5E7 (JEY#ATON
. S4 TFESIGMRLLT .U, 0001 516MR=0,0001
! 5% SI1GMRC*STGMR=ATON
H 1] S 1GAamD, 0
[
©7 RLap (1}
13 ASUF =l
t3 WFEDEEY
70 5C=C
mn 5




i JAERI-M 7988

FACUM 23U=T% (%7  FURTRAN=D =THURZG= WIH-LDE 78,10,30 PAGE 3

% SOURCE STATEMEMT (- TMAIN 3+

72 sywli
73 M=
Ta Masl
75 anl
Ta HE 24
7 =g
T8 k=
C
9 20 3 L=1,50
YY) MEL (L} =D
a1 MCLC(L2=(
52 my{L)=0
. £3 D03 J=1+5C
g4 ~ER{Ls Ym0
o5 “EPS (L1 =0
vé 3 ConTinUe

<
CHaapnBECINING OF A& NELUTRON HISTURY Sssmtainsmkniis digsngs

o7 D0 51 1=1WNTOTAL
# BA EREF=ED
8% S1aves3tgad
g S1G~T=5]6MT0
91 T GMEeS M50
4z GGMRESIGPRD
@3 ATOM=S [ GMT#TY
G4 ANSTGT=S [GMT#TL
35 DIP=1 . ~ExF(=ANSIGT/COSLTETA))
36 DO 170 IK=1+3
9T TVeIg)=0
Y8 B0 170 JK=1+3
9% JFCIK=Jr)171.1724171
o 171 ANGLOIK . gRI=0
101 Gy TO 170
122 172 ENGLEIK gk =],
103 17¢ CoNTINUE
<
z OTETA 1§ ANGLECDEG) SETWEEN [NCIDENT AND AX]S UF DISK SAMPLE
€ SEUTROK INCIDENT [N X7 PLANE +I 15 PERPENDICULAR O The SAMPLE SURFACE
las TaCOS{TETA)
103 SINT=SINCTETAY
1Ug ANGL (1513 =COST
PRy ALGLCL43yeRINT
LUR ANGL (3433 =ANGL(L.12
149 ENGLCI 41y m=ANGL (1432
[
116G SUMRL=0D -
< @  RANGE 70 18T REACTION
111 Ti=TL/ANGLEL 1D
iiz2 YH=YR®#243,=INT (243, #YR}
113 IFLYRLLT,U, U001) YReYR#1000, +0.TE9337T
114 V1=ALOQG(1./YR)
115 V2mEXP(=S[GmTRTL)
11¢ TFLYR=V2) 40940481
117 w1 RL=V1/5] 6T
11s Gp TG 42
il 40 RL=Cyl=(S|EHT=3]GMRI*TZ}/SIGMR
123 42 CONTTHUE
<
FACGM 230-73 (M7} FORTRAN-D -TH0B20= VOE-L08 i8,10,13¢0 PAGE 4

* SOURCE STATEMENT (FTMAIN )+

121 XexQ+HL#ANGL (241)
122 ¥y

123 Z= RL®ANGL (1:1)
124 SUMRL=RL

125 i)

-
Caénnd REGION AND REACTION TYFE =
<

< HETURN POSIT|GN FOR MORE THAN 1 SCATTERING RVENT
12¢ 10 CONTINGE
< w4 0 *HK
127 IF{2.6T,T1+T2) GG To b2
128 1FCZ.LT.0. GO TO 61
179 Umx#®2 wy®¥2
130 {F(U.GT, D¥#2/74,36C TO 60
%1 IFLZ.,6T.T1) GO TC 16
132 YREYR®243,=1NT{243 . #YR)
133 JF{YR.LT.SIGMA/SIGMT) 60 TO 12
134 Ge TS 15
C
Craps CAPTLURE [N THE SAMPLE LSS as
135 12 MM+l
13¢ 152 [F{N,NE,D} GO TO 152
137 MosMQ L
1238 G0 TG 50
134 152 [F(NJ.NE.1) @2 TC L34
140 Ml=MI+1
141 GU TG 50
142 154 JF(MN.NE,2) GO TO 156
3 143 MauM2+L
! 144 G0 To 50
14% 156 [F(N,NE,3) GO TO 158
lag M3mM3el
147 50 TS 50
lug 154 mMaambsl
149 G TO 50
%-1] 50 CONTINUE
< PATH LENGTH DISTRIBUTION UNTIL CAPTURE
151 |RL&SUMRL / XMESH+1
132 IFCIRL.GT.530) JRL=5Q
133 MRL{IRLY=MRLCIRL) +1
C SPACIAL BISTRIBUTIUN OF CAPTURE POINTS
[ CAPTURE THICKNESS DISTRIBUTION
ise TC2%2 FXMESH +1
158 TELICI.GT.50) 1Czw30
156 MCZOTCZYwrCZ{1C7) 41
4 U[ﬁTR]BUTEON OF x R A ST S S S L L)
157 [RJ=(x=X0) FRMESH+L15,3
isa TFCIRJSLE1Y 1RJmg
159 IFCIRM.GT 30 R =50
160 VU CIRIYsMULIRI) +1
L6l MIRCICZ o IR &MZRL] L2« [RADI*]
i C
162 Gu TD 51
C
Cususrs SCATTER[NG [N THE SAMPLE RN
lel 15 CONTINUE
164 YR=YR®243 .- [NT{Z43,#YR)
165 JFCYR.LT,0.0001) YReYR#10CG, +G,2d82963731
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174
173
176
177
178
179
180
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182
143
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145
186
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149
192

15%

157

198
14%%
2ul
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FACUM Z3U=TH (MT)  FORTehRN=D -1A0820= VDE-LOY 78,10, 30 PAGE
pE3
PrOvE L EE.MY 60 TR 18

wanaw  MUVING TARGET PR LT T P
CaLl MOVEAL

[a¥al

~

=0 TO 20
LR FCMEZ, #YR-l,
PLAR=(L , +ANEL ) JGART L1 v aha#z+2 s ANRPCH)
RECOTL=EREF#2 , #ANN (1 =HCM) ALY, AN #RE)
FAFT=EEFF=RECCIL® (1, +FLOSG)
_E=(EAFT=EMTNI/DESL
[ CIE.LT, 1) JE=1
IFEJE.GT. 1000 G0 To 3
STGMARSSACIEI *ATDI
S1GMS=5GS(JFI#ATON
L1GMT=SIGHA+S [GMg
YREYA#243,=[NT (243, %¥R}
G1=SINCYR¥ G, 2432)
23CNS(YR*6.2632)
YHEAYRNEAI = INT (263,477 H)
TFA¥RLLT,&.0001) rRevnelOnu, +0, 77899135
PaCOSTHBLAB+SINT#2#50RT (] (—PLAB#®2)
IFERITG.TGY T2
TU RLeALOGLL./YRI/SIGMT
Gy TL TR
77 IF(YR=EXP(=51GMTR(TI=L3/F)) 7317374
73 ALa{{SIGMR=S1GMTI*#(T1=Z)} /P + 4lL0G{Ll./YRII/SIGMR
e TE 71
T4 RLmALGGECLAYRIISIGMT
T1 CONTINUE
M= 41

x

~
=)

TFUYRLT.C-0001) YR®YR#100Q. +0.6334507213
& TD 32

CornbetRCATTERING IN TrE REFLECTORAKASARAAREARSEREARNRARENLEA
16 COnTINUE
YHEYR®243,~[NT (243, %YK)
TEOYRILT.@.0CGL; YR=vR®100D, +0.32562741
TFMOVE,EG.D) GO TU 113

© P MOu NG TARGET P T TR e s
8Ll MUVEAL

a0 To lzo

118 w{MuZ #¥R=l,
AECCILTEREF#2 ., #AN® (], ~FCMI £ { (L1 PANY ##2)
EAF T2EBEF~RECUIL*(1,+FL055)

120 JE={EAFT=EMIN) /DE+1
TFCJELLT 1) JE=)
PFOJE 67,1000 GO TO 9
SGEMARSGACIE Y RATON
S1EMSmSGSLIEY #ATON
S{EM =S EMA+STGMS
YREYRRAZA3 =INT (243 %YR)
T1=EIN{VRE6,28632)
n2=COSCYR#L, 2832)
PalCSTHPLAB+S I NTHd24SGRT (1, wPLABA+2)

FACOM 230-T5 (=7 FORTRAN=D =THoE20- VD6~ 0§ i%8,10,30 PAGE

vERYRRZ43, = INT (243, 2YR)
FECYRLT,C.0001) YRavH*100G,. +4.56378122
[FEPYE0.8Z82
RL=a{ OGC]. /¥R)FS1GMR
Gz 1D Bl
0 CF{YR-EXP{=31GMRR(TL=2)/P1)E3 64,64
53 PL=C(SIGMT=5IGME) 4 (T1=Z} /P +ALOGELAYRII/SIGMT
0 TC Bl
A6 PLERLOGCL, /YR /BIGMR
£1 CUNTINUE
MK ENK+]
SUMRI_=&SITMR +HL
YERYR#247, = NT (233, 3YR)
TFUVR,LT, . 00010 YR=YR*1000. +0D.74836123564
30 TC 30

3
~

[

Cownmn NEXT REACTION POSITION #ES#E 8% Stk a kb 25008 805 0¥
30 N=N+]
VeSIRT (1. =PLAR##2)

5C 192 110 =1.3
Tv(lio)=n
v ilid)=d

192 CONTINUE

CMi3) 1S SCATTE®[NG VECTCR w[Td RESPECT TC [WCIJENT DIRECTION
TYl3Y 1§ SCATTER[NG VECTCOx [N XaYeF COGRDINATE
£16L €303 15 TRANSFOAMAFIGN MATRIK

laNataNatal

TE(NOVEWLNELCY QD TU 193
Ceilymyeie
ChCE)my Rl
L E3)=PLAR
ab T3 134
194 CMC1I=02 (13
v l2Y=020g)
Ce(3)y=D2 (3}
- LT IRUF
G LU0 | 3eled
DU 190 Lue=lad
TAL3T =Ty (LAY Al
150 ZonTINGE
=X TV 1) #RL
NEY Ty iz ekl
PEELTVINI®AL
IGTEI SRS PR e FF TR RIS S DY ¥
WP=TVOL e+ TH ()RR 2TV 3 #e2
RIY2RAL S ’
SECESHRT(L.*TR#Z)
TYASSERT(I . =TuAeu?}
Tvl=Tvil)
SUNPAHS( ) ST TGN (L s TV /BEC
Tyd=Iyiz?
COSE=RIGNIL e ¥} /BEC

s
o

(L3aL4d)slmiLs)

sLfledy=TyvasCysa

—2 6 —_

YT

—na

"~
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FACUM 23G+75 (W7} FORTRAN-D ~T60H2D= ¥O0o=L03 78,10,30 PAGE 7

* SOLRCE STATEMENT (FTMALIN ¥

it6 SNGL(Za1)=TV(3 RS INA
a8t ENGL{2+2)=C0BA
FEL ARGLL213)ymTYLe5INA
z63 ANGL 30 1)e=Tyd
270 ANGLL312)mG
ETL ANGL (3131 =TV (2D
4
272 EBEFMEAFT
213 su To 10
C SETURN TO 10 FOR ~ULTIPLE SCATTERING
<
Ce¥sraESCAPE FROM THE REGION - LT
N zta £l ~SUF=MSUF+1
¢ wxwsnks FRDNT SURFACE SCATTERING weekuuns
15 JRECw{E=EAFTI /REAYH1L,
76 IF{JREC,GT.50) JREC=5Q
2T 1FCIREC,LT 13 JREC=Y
T8 JOEGmATANCSART (1. =ANGL (1+1)##2) FANGL (1113918, /3. 1416 +10.3
ity JF(JDEG.GT.50) JCEGwSD
z80 IF(JDEG.LT+1) JREC=1
U 281 MEPS| {JREC+ JCEGY sMERS ] (JFEC) JDEG) +1
C
c ENERGYs ANGLE FOR FRONT SURFACE SCATTERING ~aadsdstRkudEnvsrsmsrs
282 GG To &0
283 62 [F(N.NE,0N) MFDS=MFDS+1
2B 60 MESCuMESCel
285 YREYR®243 .+ (NT(243 48R
2566 [FIY¥R,LT,0,0001) YRaYRal0CO, +0.86523147562
¢ - M, M .
CownnsfNd OF A MEUTRON HIGTORY FASsStsssssaibunsndyttmeityps
c RETURM TC WEXT NEUTRON 1MPINGEMENT DO 51 lal nTOTAL
287 51 CONTINUE .
c £ND OF 'nNTOTAL! NEUTRONS
4
4
<
268 RANDOMYR
[
Caennan STATISTICS .
i < AEREAE AR . b
. C Frety FORMAT 1 1 1 1 ERE AR
! C
| 245 TRANS=NTOTAL =M=MEUF =MFDS
! 90 n9 =M
. 291 GEmFLOAT(MESC) /FLOATCNTOTALY
292 POSFLOAT (MO} /FLCATINTOTALY
! 293 P1=FLOAT(F1}/FLOAT (NTOTAL)
294 P2aF{ QAT (M2} FFLOAT (NTUTALY
295 PamFLOATEM3} /FLOATENTOTALY
296 Pu=FLOAT (M) FFLOAT (NTOTAL)
297 PHEFLOAT (M3} /FLOAT (NTOTAL)
294 PEKSFLOAT (MSUF) /FLOAT (NTOTAL)
259 PEDS=FLOAT (MFDS) JFLOAT (HTOTAL)
390 CAX®2, #P3#EOSDT/TUF
C
Atg SUMBKS®SUMBK5+PEK
302 SUMD[P=SUMDIP+DIP
o SUMCAP =CAPTURE PRUBABILITY INTEGRAL wiTH RESPECT TO ENERGY
FACOM 230=T5 (MT)  FORTRAN=D -760820= yOb~L08 T6.10,30 PAGE 8
* SOURCE STATEMENT (FTMAIN J#
303 SUMCAP=SUMIAP + caX
304 CARTURLITI=PS
305 SCATBK ([ TI=PBK
306 SCATFDL]TI=PFDS
307 FTRANSCITI=FLOAT (MTRANSY /FLOATINTUTAL)
3u8 GNTGT=S1GM50/51GMTO
c
) [FCIT=1-C1T=13/10210.E8,3) GO TO 1GO1
310 GO TO 1002
311 1001 wRITE(6.206)
31z 206 FORMAT(1K]+/5X+« 'MONTE CARLO ANALYSES OF NEUTRONS [N MATERIALS'/)
313 AHLTEL®+200) € TITLECIY 1 lmleR02+DsTlaT2+AB X010 DTETA, DENSINTOTAL
ILsFLsDT
3ls 200 FORMATCIH +5Xa20A&/ 5X+'DIAMETERm'sF6r2s? (M3 ' 25Xy FSAMPLE THICKNE
155ty FB.513CCMY 115X+ IREFLECTOR THICKNESS®?y FE.50r (CM)Y 2 5X1*ATOM
2Om/BARE= Y FB.5/
3 5x,r INCIDENT FOS|TION X2 =toFb, 2y 3Xe'v0=!s Fe.2s 3X+'INCIDENT AN
LGLE ="x FE.21 * DEGREET+5X%1!SAMPLE DENSITY='.Fé.3/ -
5 5%, *NUMBER OF [NCIDENT NEUTRONS='41T
Ga 20X FLIGHT PATHCM) @' 1F6. 3558 'CHANKEL wDTHIMUSEC) =" +F6.3/¢
52X CENERGYCEVY  SIGMA 51GMS MO M1 M2 M3
i g HIOTAL MTRANS &LK3CAT FDSCAT  ENERGY(EV) KANDOM
r TOOM® S

T BEA PO TALTRLEX PP ks PPITAAK TRE Y 4R TPTOTALY . BX
FIETRANS !, 2Xs 'PRACK "4 3K "PFDS /2

3als WAITEC6+230) NJaNK+SUMCAP SUMBKS\DIP «SUMDIP

3le 230 FORMAT(2%+ 'NUMBER OF SCATTI«1635Xs "SCATT [N REFLECTOR=! (64
15%+ VENERGY |NT PCAPTURE=!FT.3¢ BX1"CHANKEL [WT BRECATTTRANS:
ZINT TRENG's FT.3,5X:Fo, 85X F8.3)

C
317 1002 wRITEC6+2027 TT-EO SIGHADLSIGMSD. PULPLIP2P3-P4.P5y PTRANSLITY,

1 PEKsPFRSsEG RANCOMSIT
3ls 2UE FORMATilu-jFE.ZtﬂKlG(Fﬁ-ﬁcZX)‘TXuﬁ(F&‘“|2A}qzluFQ.2'4X|F12.10|lRI

z)

319 WRITECB+232) nNJ4NK +SUMCAP s SUMBKS D[P SUMDIP
320 232 FORMATULTA16+264x+ 16+ 25X9FT, 30400 FT. 3050 eFE . Ga50FB,3)

c

[ R R AR
321 IFCIPD.En.0Y 60 TO 1004
322 IFCIPYLER Q) GU TC 1306
323 [FLIPD.EH.3Y G0 TU 10QUe

<
324 WRITELE (2100 AMEGHsGNTGT

325 210 FORMATCI0X«'PATH LENGTH DISTRIBUTION MESh=!s Fe.a15Xs!SIGMS/SIGHT
1 =ty FE,4)

3ie PRITE (e PLl1) (MAL (K} +kmL430)
327 211 FORMAT(5x30T4)
328 GO TO 1204
C
329 1008 ¥RITE(s,234) XHESH
330 234 FOHMAT (LDX« *CAPTURE THICKNESS MESH="4F6,3)
331 WRITE(B+235) (MCZCK) 1K=l130)
332 235 FORMAT(SX'Im"y 3014)
323 <RITE(62237Y
33s 237 FORMAT (10X *RAGTAL DISTRIGUTION OF CAPTURE POINT')
335 AHITECB238) (MUCT) [®1130)
23e 238 FORMAT (53X« 'Re*3004)
37 IFCIPD.EG.3) GC TC 10CE




* SOURCE STATEVENT (FTMATN

338

339
380
361

34z
L3
Jig
345
ELL)

348
349

350

352

360
el

362
383
364
385
366
387
368
359
37Q
371

# SCURCE STATEMENT (TMAIN
are
ars

are
375

37e

arr
ars
279
280

381
382
183

JAERI-M 7988

FACOM 230U=TH (M7 FURTRAN=D ~760820= v0&=| 0B T8,10,3C PAGE 9
)=

G0 70 1004
C FAPTHRE PLINTS CISPLAY IN X YERSUS I WITH A b5+ XMESH(CM)

10uE TF{RPRINT=1,ME. (¢PRINT=13/10#10) GO TO 1004
Call ZRPLOTCE » XMESHY
CALL EPPLOT(Z+ REAVSDTETAY
c * *E "

1004 CONTIKLE
YReYR#Z43, ~INT(243,#YR)
TFAYRLEG, T, YH=0, 00001

B CGNTINMUE
LPRINT=XPRINT+1 _

C BFEFRTREE SN ER RN FA AN R N
< Er ety ERERGY  ROQUP RETUIN PCINT FEEEARARERK KRR R WA N
<
< RETURN TG NEXT TNCIDENT ENERGY POINT

§ CONTINUE
C e L L 22 SA S LEE LSS
C FEREAE AR EEFAFEESTFR SN LTI L2 L]

wRITE(64231)
231 FORMAT(L2O¢LH"A//)

<
¢ Bean FORMAT 2 2 2 2 ZaKeeNEmnasaas
[ AMERAR AR R IR DL NI EFFAF AR AR AR R R BB RARA BB A RN ap b g R a R d it
JPRINT=0
4
HEACT®EXP (2, /SERT (CEMINEMAX) /24
c :

DO 400 [=1+200s1SKIP
TOFL1=THIN+DT®{I=1)
ELRACON/ TOF 1 %42
IFCELLGE . ECMAX.OR.EL, LE.BCMIND GO TO 400
1F CJPRINT/40%40.ER. JPRINTY GO TO 77T
GC TR 779
TI?T wRITECEs401) (TITLECKY vK=1+200+DsT10TZAR AU YO DTETAINTOTAL 4PLOT
1+7EFF
4UL FORMAT (LHL/5X 20887 5Xe'DiAMETER® ' ¢FBa24t (CMI 12 SXuvSAMPLE THICKNE
158="y FE+S«"(CM)* 15X ' REFECTOR THICKNESSmts F3.540 (CM)' 15Xy AT
20MfBARNMY, FE,5/
3 SXWUINCIDENT POSTTION X0 w9 Fe,2y SX+7vQmry Fb,2y 5Xs"INCIDENT AN
4GLE ='y Fé.24 " DEGREE'/ BX.'NUMBER OF INCIDENT NEUTRONS=T, [T
% 5K+ 'FLIGHT PATH{M)w'sF6, 315K~ 'CHANNEL wIDTH{MUSECI=*1F6&. 3
b6 SKe'TEFFECTIVE= 'FR.2/)
#RITE(6-402)
4U? FORMAT( /410X, *QBSERVED YTELD FOR LCO0/Ew#0,8 NEUTRON FLUX'//
I1CKYENERGY " «3X 1V PCAPTURE 1 v 3% 'PBKSCAT! 4 3X3 TPFDSCAT 23X
2 tOPEN BEAM?Y«2X+) TRANS BEAMU22X4'EFFICIENCY '+ 2R PYCAPTURY 14X
3rSCATBR® <4X.18CATFDY /)
T3 CONTINUE
FLUX=1CODU. FEL*#D.8
TFILT=EXP (=2, /5QRT(EL) ) #HFACT
EFF1CY=],wbXP{=2,36#0,63/5GRTCELID
FTUF=CEL #el.5) %2,/ (72,3%PL)
OPBEAMF | LX#FTOF#TFILT
Ty=0PBEAM*PTRANS(T)
CUNTC=OPBEAM®CAPTURC)
CUNTSETOPEBEAMSEFFICY#SCATEK(])
LK1 SF=QPEEAMKEFFICY#SCATFD{1)

FACOM 230=T5 (Mf) FORTRAND ~1g0820= vC6=L0b T6.10,30 PAGE 1T
%

WHGTECH GO [ ELCAPTURC L) « SCATBKLI) +SCATFOL1) +OPBEAM TY+EFF 1 CY
LCUNTCHCUNTSB o CLNTSF 4 1

404 FORMAT(2Xs1444F10.33X,3F10,343X+3F10434162
JPRINT® BRINT+1

4uG CONTINUE

c
C Ty SHEET PLOT ##%%% &

CALL RFLT .
<
I FHRN R * SARL L d 3

T CUNTINUE

c

GCTC 2
C L e g RN

9990 WRITE(E«3998) EM|NIEMAX.ECMINyECMAX
9998 FORMAT(//10%,'REGIOK OVERT/1qX *CROSS SECTIDN FILE., ,FROM?Y.
1F&.31 10 VuF8,3/10X *REGION OF CALCULATIUN...FROM ¥.F28,3.
2 T aFEL ) :
2 CUONTINUE
STGP
END



JAERI-M 7988

FACOM 230=73% (MT) TORTRAN=D -Te0820- vOR-10R TE,10.18 PAGE 11

#+ SCURCE STATFMENT +

[ SUBROUTINE RPLT
€ SUBROUTINE RPLT
c SUYBAOUTINE RFLT
1 SUBROUTINE RPLT
z COMMON /S 1GM/SGA (10007 1SGS(1000) 4557 ¢1000) +RADN
1/RESDA/NRESON ERCSI 1GNLSY 1GTLS) e GJUBY 4 ACSI A FCS) WEMINDEEMAX
3 COMMON/PRQBACAFTUR (200 «SCATBK (200 +SCATFDC (200) WPTRANS (200)
JTITLECZOY nACON «THINDT (ECMIN¢ECMAX/ZDTRT/MIR(5G 503 FSKP/ISK IP
* COMMON ZEPS1/MEPS] (30150}
5 DIMENSION €1(1003,C2(100),C3¢(1058),C4(100)
& DATA STAR(BLNK/2H®W1H /
7 "DATA  FIGCAFIGS+FIGF oF [GTF 1GX/1HCy 1HS ¢ 1HF « EHT e IHXS
C
13 ) WRITE(A4150) (TITLECID«|m1420)
3 150 FORMAT(1H1+/5Xs20A0)
10 WRITECE152)
11 152 FORMAT (115Xa'PHOBABILITY!/  112X4'CAPTURE"12X4'SCATTERING' 2
<
12 DO 30 [=1.2004]5K]P
13 TOFRTMINSDT#L[=1)
¥ 1a F=ACON/TOF 82
15 TFCE.LT.ECMINI GO TO 30
15 J1=100,#CAPTUR (1) +3,5
17 J2=100,#5CATRRL]Y  +0,5
18 J3w100,#5CATFDCL)  +0,5
19 Ju=100,®PTRANSCI)  +0,%
<
20 pC 34 [I=1.100
21 TF(IL=11) 60462460
' 27 60 JF(J2=11)6T168.69
| 23 62 |FLJZ=T17 64166.64
. 24 6% CL(11)=F|GC
i 25 G0 TG 36
2% 86 C1CTI1Y=STAR
27 G0 TO 34
28 69 C1C(]1)=BLNK
29 G0 TO 34
30 88 CLUID=F 1G5
31 34 CONTINUE
[«
32 WRITECE+1603 1+Ex (C1(K)Kw11100)« CARTUR (134 SCATBRCID
33 160 FORMATC T5+F7.211H11100AL AH[1F6.342X1F643)
3a WRITECA+182)
35 162 FORMAT (LH#+12X+19Xe1H] s 19X s 1H 19X a1HT «19X+1H1)
36 DD 44 Kw1,100
37 IF (J3=K) T0:72:70
38 70 IF (JO=K1T794T8479
3% 72 IF(JA=K) T41761T3
40 T4 C2(K)=F1GF
41 GO TO 44
42 76 C2L{KIwF|aK
43 GO TO 48
44 79 CZEXImBLAK
45 60 TO 4%
46 TE C2UKIwF14T
47 434 CONTHWUE
“8 WRITE(6 1663  €C2{IY Jt=1:100)
4% 166 FORMAT(LH#+13X+10041
50 30 CONTINUE
FACOM 230=75 (M7) FORTRAN-D ~T60820~ y0&=L 08 T8,10.18 PAGE 12
# SOURCE STATEMENT (RPIT Yo
51 RETURN
52 END




g

i

+ SGURCE STATEMENT »

* SOURCE STATEMENT (RESON

JAERI-M 7688

FACOM 230-75 (M7) FORTRAN-D =7160820~ vO6-L048 78,10.18 PaGE 1%

[a¥alNaYatsl

[a¥al

FA

e

ne

54
kLo

BU4

6n2
10

e

540
550

&0%

608

COM

560

£20
1a14)

21
(1%

622
603
562
563

807

SUBROUT INE RESON
SUBRGUTINE RESCON
SUBROUT INE RESON
SUBROUTINE RESON .

i * - * EREEEY
DOPPLER INTEGRAL FOR RESONANCE . 1974.1.31
COMMONSDOPPLAXETEWFST +CHI/SIGM/SGALL000) SGS(lUOO)¢SGT(IOOOJ-RADN

1/RESDASNRESONIERTS) +GNC5Y 46T L5 1 6U0S 1 ALSI dF (51 EMINIDE JEMAX

2/ TEMP/TEFF
DIMENSTON UBSIGACLG00+5)+0B51GS (10005} 0BS1GTCL000+524C50(%)
RA=RADN
DR 542 J=141000
SGA(S) =0
SGS L. =0
S$E1 (=0
DD 542 K=1+5
OBSTGACIXI=0
OBSIGS(Jx2m0
OBSIGTIJKI=0
CONT INUE
WR{TE(s+301J
FORMAT (#//120¢1H*}]
wRITEC6 1804
FORMAT { 9% TRESON ENERG™ ¢6X4 'GNT + 9K+ 1GT ' 16X rG=FACTOR  MASS NO

1 ABQUNDANCE' /)

PO 16 [ =14NRESON

WRITE{B+602) ERCIDaBNCII«GTUID«GICIIvACIIFLI2
FOPMATC/SXF12.2+2F12,6.3F12,4)

CONT INUE

DO 550 t=1.1000

E=EMIN+(1~1)#DE

IFCEGT.EmaRY GO TO 550

DO 540 «=1+NRESON

Tmg 0,025 TEFF /294, 4[1(A(:)-GT(-(MGT!K))
TEwT

XE=2 ,# (E=ERE{KII/GT (Y

+#s%  DOPPLER [NTEGRAL L ey L
CALL OOPPLA
ok % - 12 S ST T

C50C(KI= (2600000, /EI#GJIKINGNIKI/GT (KD
OBSIGA(IKIuPSI4CSOLK*LGT (KI=GNIK) I /GT (KD
OBSIGS (I +KI=CSUCRI#IPS | #GNLK) /GT (K +CH] #0, 0044 #RASIRT (1 )
OBS16T (1 KIA0BSIGAL] <KI+GBSTGS (LK)

CONT INUE

CONT INUE

WRITE(b+605%

FURMAT(I’SK-IOO(IH*)J

WRITE(6+6087

FORMAT (23X 'DOPPLER BROADENED CROSS SECTION®)
¥RITE(616067

FORMAT (/725X *ENERGY CEV) 1 6X2 TCAPTURE CS'a10X1'5CATT €51+12X+'TOTAL
1 CSCBARND®)
FUAREEEF AT REARA RS RN RDE s XX 2 2123
PS=12 . 56%RARRA
iNeD

DO 567 J=1.1000
EmEMIN+{ J=1)%DE
1F(E.GT.EMAXY GO TO 562

23075 (M7} FORTRAN-D =T60820~ V0&-L 00 74,10,18 PAGE 14

DO 560 Kl NRESON

SGAC ) =SGACJSI+OBS IGAL I K)F (1D

$65 (I3 =SG5S () +ORSIGS (JIK) *F (K

SGT (3 =SGT{LI+0BS 18T (I KInF (KD

CONT INUE

SG5(IImSGS (NI+PS

SGT(JImSGT (JI+PS

IFC/5w5,NE 44 GO TO 562

IN®TN+]

JEL=IN=CIN/383) +1

GO TO(E20,621.622) ¢ JKL

WRITE(E1600) E+SGACII1SG5CN 56T (J)
FORMAT (5X+ (8F10,2+1H%})

G0 TO 562

WRITECE+B01) E+5G6ACII 1565£J)456T()
FORMAT (IH#+47X+8F 10,21 1He)

G0 TO 562

WRITELH603) E+SGALJII «SES(J) 56T
FORMAT (L4 95X 4F 10421 LH®)

COMTINUE

COMT INGE

WRITE (6 14607)

FORMAT(5%1120(1H*3)

RETURN

END

—_ 3 0 ——



%]
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FACOM 230=15 (M7) FORTRAN=D =Tp0820~ VOE=L0B TB,10.18 PAGE 15
& SDURCE STATEMENT =
< SUBRQUTINE DOPPLER
C SUBROUT{NE DOPPLER
[ SUBROUTINE DOFPLER
1 SUBRQUTINE DOPPLA
c .
C CALCULATICN OF DOPPLER INTEGRAL COPY PFCN  1974,1.28, M.OHKUBO
2 COMMON FBFCNS/SKT+ETASU W/ DOPPL/XE s TE+PST+CHI
3 SXI=0 . B#XE/SERT{TE) :
4 ETA=D.5/SBRTL(TE)
<
5 CALL PFCN
C EEREEN
L ] PSl= 1,TTZA6*ETAwU
T CHIm 1, 7T246#ETA®Y
8 RETURN
g END
.
FACOM 230~15 (M?) FORTRAN-D =T60820~= yO&=L 08 Ta,10,18 PAGE 16
1 * SOURCE STATEMENT =
< SUBROUT INE MOVEAL
C SUBROUTINE MOVEA1
[ SUBROUTINE MOYEAL
i SUBROUTINE MDOVEAL
< » * # N
C
< MOYING TARGET [N SCATTERING PROCESS
2 COMMON/BOLTZM/ A+ TXXX e U YR/ THOY/EL4E2 D13 D2(3) /TEMP/TEFF
C
k] DIMENSION VO{2) o¥C[3)«VCRI3Y +VB(I) 4 VRIE)
4 vB(1)=0 ‘
3 VvB(Z)=0
L] VB{3)=5QRT(E1)#1,00E06/T2,3
? VENZ= (VB (1) *#a2+VB{2) #824VR(II Na2)
8 YBL=SERY(VEN2)
<
9 YRuYR#243,=INT(203,#YR2
1c [FCYR.LT,0.0001) YR=YR#1000, +0,21433677351
C
11 CALL VATCOM
< FEERUN YRt n R EEV RS FF AR RSN SN Yy
12 YReYR®243,~INT(YR#243,3
13 COSB=2, *YR=1,
18 YReYRA243,=INTC(YR®242,)
15 SINB=S{GNTLl: 0, 5=YRISSRAT {1, ~LOSAR2)
16 VCNZWEAS (A+T, 21 au2a{VBNZm? , SVBL #UNCOSBeLSnF)
17 VCLwSQRT(VCNZ)
18 yo{1)=0
19 VOI2) = (=A%y»S5 |NB) F(A+1,)
20 YOL{A)w (VBL+AUNCOSE) /CA+l, )
21 VOLwSERT (VBNZ +2  #A%URYE| #COSB+ (A%ud#%2) fA+1)
c * +
! ) 22 YRaYR#283,~INT (203, %¥RD
C
23 COSD=2,%YR=1,
24 SIND=SERT (1. ~-COSD#aZ)
25 £0SGa (VB +ARU#COSB) AVOL/ (A+1,2
26 SINGe{AF (A+L.)) #y#SINB/VOL
27 YR*YR#243,=[NT{243,#¥YR)
28 PHY=2,n3,18168YR
29 COSP=COS (PHY)
a0 SINPuSARTC(L, ~COSP##2) #SGN(1, 10, 9=YRD
31 YR=YR#243,=INT(243,4YR)
32 TELTA®Z, #35,2416%YR
33 COST=COS(TELTA)
34 SINTmSERT(1,~COST#MZ)I#5]GN(L, 20, 5=YRY
C
c VELDCITY AFTER SCATTERING VRL3}
c ™
35 VR{L)=VCL#S IND* (S INPHCOST=COSPHS | NT) =vOL #5 TNG*SINT
. 36 VR(2)m=yCL#5 [ND# (COSP*COST+SINP#SINT I =yOL#5ING#LOST
37 VR{3)mYCL#COSD+VOL¥COSG
k1] VRNZ2=YCNZ ¢ VOL#%2+2 . #VOLAVCL* (COSDACOSG+S IND#S INGCDSP)
39 VRL=SDRT {YyRNZ)
40 ERAT 10wVRNZ/VBND
41 £e=ERATIO+EL
i 42 p2{1)=vR(1I/VRL
43 p2¢23=yR{22/VRL
44 N2{3)=VR{3)/YRL
FACOM 230=75 (M7} FORTRAN=D =Te0820= Y0&=_ 08 78,1018 PAGE 17
* SOURCE STATEMENT (MOVEAL ¥
B 45 RETURN
46 END




JAERI-M 7988

FACLM 230=7% (M7)  FUORTRAN-D -T6082¢= vOr=[ 08 T8,10.18 PAGE 18
% SOURLCE STATFMENT #
C SUBROUTINA VATOM
C SUBROUT AR VATOM
c SUARCUTINR VATCM
1 SUAPCGUT [HE YATCM
['d * » " LTI ETYY Y 1975,5.: 24, M OHRYBORS & 0nb g s it
2 COMMON FBOLTIM/S As1XRX U YRS TEMP/TEFF
3 DI#ENS (TN BC10)
4 DATAR(])/0+ 64/ B (2IF0.S0/4B (/1. 1074843/ 1,28/ B (5)/1. 45/

1 BCAIS1,62/vBCTI/L, B2/ R(RYS2.02/ BO9) /2, 28/ 4BULDIF2,2TS
wR=YP#243, =INT(263,%YR)
K=YR*1G.+1.
FrB (K}

C THEBMAL VELOCITY OF A=l ATOM 15 EGAL TO 2200 M/SEC
U=F*2200, #5ORT (TEFF/ (A%293.5))
RETUFN

10 ENC

o

o

FACOM 230=T5 (47) FORTRAN=D =T60R20= YDE-LCB 18,138,186 PAGE 19

# SGURCE STATEMENT #

SUBRCUTINE ZRPLOT(MIRLE (XMESH)
SUBRTUTINE ZAPLOT(MIALEXMESH)
SUBROUTINE ZRPLOT(MIRVE\XMESHY
SUBKOUTIME ZRELOTY E yX“ESH)Y
COMMONSZ0T ST /MER (504502
COMMON JEPST/MEPSI{IC 503
WRITECa«200) EvXMESH
200 FURMATCIH1 5% 'DISTRIBUT{ON OF CAPTURE PO[MTS Z=X'/ 5XeTENERGY='4
1 FE.2a10%«"MESH LENGTHICMI Yy Fo, 34 /TX, 101238 %y 110« 38X P20 32BN,
113G/
DO 12 [=1430 N
#RITE(H+202) [+ (MZR(I1 114wl 300
202 FOHMAT(1X4!4,301477
19 CONTINUE
RETUFS
EHD

la¥akal

W e

b T

o

FACOM 230=75 (#7) FURTRAN-L -160820~ wiE-L0B 7e.10,.18 PAGE 20

* SOURCE STETEMENT #

SUBRDAUTINE EPFLOTCE+REAV,DTFTAY

SUBROUTTRE EPFLOT{EVREAVILTETA)

SUBROUTINE EPPLOTC(EWREAVDTETA)

SUEROUTINE EPPLOTC(E+HEAVLDTETA)

SUBROLTINE EPPLOT(E+REAV,DTETA)

COMMON FERSTFMEPSE(50.50)

AIMENS EON NS{20)

ne 30 L=te20

NS LLY=0
; CONTINUE

WhTECR200)
200 FORMAT (1rle5%s ¢ FRONT SURFACE SCATTERING.ENERGY: ANGLE DISTRIBUTION

1042

@ WRITE (61204) Ex  HEAV (DTETA
Lo 504 FORMAT(5Xs ' TNCIDENT EHERGY=»'1Fé 1t (Ey) 'y 5X+VAYRAGE RECCIL ENERGY
Ly=? Fb,2,54 ¢ INCIDENT ANGLE=' F6,1fL0x.%=50 -gn =70 =60 =50 =
hap w30 =20 -0 8¢ 1o 20 30 40 507 &0 70 4D 9

lakaRaXal

a2

ERER S PR

3nN
11 Do 10 1=1.50
12 FAFTuE=REAV®N, 1* (-1}
13 N=D
14 D0 12 J=1,1%
15 Wah+MEPST (T2
le NG {I=NS (Y HMEPST (T4 03
17 3z CONTINGE
16 WRITE(6+2027 [WEAFTs (MEPSILIsdY 0=1419) 4
19 202 FORMAT (2K [4.F8,141915:5%216)
20 10 CONTINUE
41 WRITECR,206) (NS(R)sR=1,203
22 206 FORMAT(F12%:2005)
23 RE TURN
24 FHD

i




