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THRUSH is a code for computing the thermal neutron scattering
kernel by phonon expansion method for both coherent and incoherent
scattering processes. To evaluate the scattering kernel from the
double differential scattering cross section, it is necessary to
perform angular integration over scattering angle., Existing codes
utilize, for this purpose, the numerical integration of the scattering
law, So as to improve the accuracy and reduce the computing time,
this integration is performed analytically in the THRUSH code, Another
feature of THRUSH is that this code can calculate the coherent part of
the scattering kernel as well as the incoherent part, which is

suitable for calculating the scattering kernel for heavy water.
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1. Introduction

Thermal neutron scattering cross section is customarily divided

into following four categories.

0el
coh

5 /
' coh
o]

\\\\\\ oel

> incoh

o}
iHCOh'\‘*~s; cinel
incoh

In this diagram, suffixes coh and incoh correspond to the coherent and
incoherent scattering of neutrons, and el and inel to the elastic and
inelastic scattering. Analysis of so-called thermalization problems or
design of thermal neutron reactors have been generally performed within
the approximation of incoherent scattering. The coherent inelastic
scattering kernel has been obtained only for few crystal materials.

The approximation, in which the contribution from the coherent
scattering is neglected, is appropriate for hydrogeneous moderator, since
the incoherent scattering length is very large for hydrogen atoms. For
crystalline moderator which does not contain hydrogen atom, the coherent
scattering is evaluated only for the elastic scattering (Bragg diffrac-
tion), and is neglected for the inelastic scattering part. The above
approximation is widely accepted at least from the standpoint of reactor
physics. Heavy water is probably only one non-crystalline moderator
whose coherent scattering cross section can not be neglected.

The incoherent inelastic scattering cross section can be calculated
from the generalized frequency distribution, or the spectral density
function. We proposed more "generalized'" spectral density which may
have negative value for the calculation of the coherent scattering cross
section{l) By the use of this "generalized" spectral density the scatter-
ing law with the coherent scattering effect was successfully calculated
for heavy water.

THRUSH is the code to calculate the coherent and incoherent scatter-
ing cross sections from the above 'generalized" spectral density. We

assumed that the calculational method of the coherent scattering cross
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section 1s applicable to heavy water.

There exist many computer codes for calculation of the scattering
cross section in the incoherent scattering approximationgz)’(3) Most
of the codes utilize the following procedure for cross section calcula-
tion. Firstly, the scattering law which is related to the double dif-

ferential scattering cross section is calculated,

% 1 [E -B/2 :
o(Eg > E,n) = T T f(; e S(a,B) . (1)
where
k2 _ m B
a Z—M;f = ﬁ (Eo + E - 2 EoEu) R (2)
B=_%=—%(E-Eo), (3)

and E and Eg : neutron energy before and after scattering, u : cosine

of scattering angle, K, w : momentum and energy change of neutron before
and after scattering, M : mass of scattering atom, m : neutron mass,

T : temperature of scattering system in energy unit and op : bound atom
scattering cross section. The scattering kernel is defined as the
Legendre moment of double differential scattering cross section,

o(Eg > E,u).
1
o,(Eg > E) = 2m {1 o(Eg > E,u) P (Wdu , (4)

where Pz(x) is the 2-th order Legendre function.

The scattering law is calculated in the Gaussian approximation,

5(a,8) = 3= ;oelt v (®) 4 (5)
and
- cosh(%) - cos(Bt)
W(t) =.% p(B) dt , (6)

8 sinh(%)

_2_
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where p(B) is the generalized phonon frequency distribution or the
spectral densitygé) Except the overwsimplified model like Einstein
crystal in which p(B) is given as §(B - Bp), where Bp is Einstein's
frequency of crystal, p(B) is given only numerically. Therefore, the
scattering law is obtained only numerically and as the result, the
angular integration of Eq. (4) is performed only numerically.

If the scattering law is expressed in the phonon expansion, the
angular integration in Eq. (4) can be performed analytically, even with
numerical p(B). THRUSH utilizes this procedure to increase the accuracy
of the calculated scattering kernel and to reduce computer. time.

As the mathematical procedure is based on the phonon expansion in
THRUSH, the convergence worsens for high incident energy of neutrons or
at high temperature. This is overcome by using Sjolander expansion or
short time expansion in the region where the phonon expansion converges
slowly.

The present version of THRUSH accepts only isotropic ''generalized"
spectral density. The improvement of THRUSH is desirable to accept

§-function type and anisotropic spectral density in the near future.

2, Theory

2.1 Incoherent scattering part

The scattering kernel UR(EO + E) can be calculated with the use of

the scattering law of Eq. (1), as,

b |[E _-B/2

o, (Eo > E) = on 4%,

1
J‘1 S(a,B8) P (u) du . (7)
Defining the asymmetric scattering law by,
+
S(lKl, w) = %-e-B/z S(a,B) , (8)

we can rewrite Eq. (7) as,

o 1
o, (Eg > E) = —},/E—Eo_fl SCZ] o) P00 du )
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where

w=Ep -~ E (10)
K=¥o- ¥ (11)

> >
and Kg, K are the momenta for neutron before and after collision,

respectively.
> (5)
We now express S(|k|, w) by the phonon expansion:
> - o 1
s(€], w) = ™ 1 L @0 ¢ () . (12)
n=1 o: n

In this equation, 2W and ¢n(w) can be written with the spectral density

function p (w)

w2
W =5 v(0), (13)
where
Y(0) = ﬂ? Eéfl coth(Gr) du . (14)
And,
¢n(w) = l; p1(w - w?) ¢n_1(w’) dw” , (15)

¢1(w) being defined as

p(w) W/2T
2w v(0) sinh(E) e .

by (w) = (16)

Using Eq. (13), we can transform the integration of y to the integration

of 2W, since

>
2

o = —E-(E0 +E - 2 /E4E ) . (17)
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Substituting this equation into Eq. (13), we obtain

1 M
= E + E - 18
VT EE ¢ Y(O) ) (18)
where x = 2W. Equation (12) becomes by this transformation
o,(E ‘*E)=—b1/—c§i.(w)f P(u)e—xndu
2 0 2 E n=1 nl
s 1 M 1 ® 1
"4 Eo m v(0) nﬁl a1 ()
E + "E)? § Y(0)
x xtp L _ g8 Xy gx . 1

(E - VE)% 1 Y(0)

As Pl(x) is a polynomial of 2-th order at most, the integration of Eq.

(19) can be performed analytically.

The integration can be reduced as follows. We define

a

+
Jp(2) = 7" e x" Po(a - Bx) dx , (20)
with
a, = Y(0) (/B * VE) , | (21)
1 :
A= (EO + E) s (22)
2/EE
B= L1 _M_1_ (23)

2/5E © v(0)

Performing the integration, we get the following relations ;
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=0 : J (@ =7 toex 40 P (A - Bx) dx
n a_
a n n! a
_ + —x _n - _ =X n-i, +
= fa_ x dx I e L D)1 ]a
= I1(n) . (24)
=1 : Jn(l) =AI (-BIMmM+1) . (25)
2 _
=2 : Jn(2) =L2_l1(n) - 3ABI(n + 1) +%le(n +2) . (26)
3_ 2p..
=3 : J_(3) = 15A°-9A I(n) __ﬁéé_§_2§_1(n+1)
n 6 6
2
+ "5‘23 I(n+2) - l6§ B3I(n+3) . (27)

The scattering kernel can be written explicitly for 2=0 and =1 as

follows,
[¢] oo
__bM 1
0g(Eg > E) = TE; m 7(0) nzl o, (w) I(n) , (28)
_% M 1 7 “(Eg + E
0l(EO +~ E) = 4E0 o Y(O) nil ¢n(€0) {ﬁ I(n)
1 M 1 ;). (29)

¥ Vg m 7O

As one can see from these equations, the scattering kernels are
expressed in an analytical form except ¢n(w), which is evaluated
numerically from p(w)

The shape of the function ¢n(m) for larger n tends to the Gaussian
type function by the central limiting theorem. This property of ¢n(m)
is well known as the Sjolander expansion. The THRUSH code employs the

same method of Sjolander expansion(s) that is used in the SUMMIT(6)

_.6._
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.(the equivalent japanese version is UNCLE.) to treat an anisotropic
crystal like graphite. Although the present version of THRUSH does not
treat an anisotropic crystal, this method is used for future modification,
and the distinct term calculation described below.

The spectral density is divided, rather arbitrary, into two parts,
a lower frequency part and higher frequency part. The n-th phonon term

¢,(w) in this expansion is given by

n
¢ (LU) - ( (0) Z ffr) . fén’r) . fgn’r) R (30)

where the Hermite correction is neglected and

e - & PDont, (31)
’ 1 -
R o
(n,r),2
_(w-x) ) (33)
f(n’r) _ 1 o 2K2(n’r)
3 Jow Kzin,ri
Ksn’r) - xél) + (n- 1) KSZ) , =1, 2 , (34)
(1)
(1) _*1
1T (35)
0
(i) (1)
(@ °
2 = F (1) : (36)
LW
oD - £ R C) R () dw = gy | (37)
afi) - f: o) () dw =z 6D, (38)
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(1) _
(¢ -

w (1) W
5 fu P (W) w coth G do , (39)

and i = 1, or 2. 1In the above equations, p(l)(w) corresponds to the

(2)

lower frequency part spectral density and p (w) to the higher part,

When the convergence becomes slow for higher incident energy, we
use the first term of short collision time expansion. In the approxima-
tion the scattering law is expressed as the free gas with effective

temperature Tg¢f,

Ba-v 1 - (a2 + 82)
2 4o

S(a,B) = e JZHT_Q e (40)

where
T
__eff
T =17 o) th () d 42
eff = 2 1, P(@) v coth () du (42)

The scattering kernel is calculated directly from Eq. (40) by Gaussian

integration.

2.2 Coherent scattering part

The coherent scattering calculation in the THRUSH code is based on
the Butler's model for heavy water. The definition of the spectral
density function for atom pair v and V°, and its property are described
and discussed in other placesl) Here, we will briefly explain the
calculational method of the scattering kernel. If we write the scatter-
ing law va, (IZI w) for a pair v and v” atoms in a molecule, this is

given by,

5o~ ([€],0) . (43)

- ->
The reduced scattering law va,(|K|,w) can be written in the usual phonon

_8_
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expansion formulation. Here va, is the distance hetween atom pair v

and v°, and

- > PR VIV | n ,vv’
Spurlkliwy = I e = @Ay, ¢ (W), (44)
where
[?c’|2 4
zwv\)’ = ZM\)\)' vaA(O) ’ ( 5)
M.~ My~
1 vV vV
Yyyp- (0) = 5 ( M, Yyu- (0) + W, Yoy (0)) . (46)
0V W) = 1 80w wh) gt (@) du” 47)
-~ p ‘(w)
¢Yv () = vV . ew/2T (48)
2W va,(O) sinh (Ef
M- = /ﬁva, (49)

My,» : mass of the v-th atom

The spectral density pvv,(w) is used in generalized meaning for
the coherent scattering by V and V~ atom pair. (See reference 1.)

This expression is essentially same as the scattering law of the
incoherent approximation except the term Sin(Kva')/Kva,. Due to this
term, the integration of Eq. (43) with respect to w (i.e. angle) could
not be expressed by known functions. The formal expression for 2=0 and

%=1 kernels are

. 4w A A . 1 ©
o™V (Eg + E) =—— L I (50)

0 2Eg  F,- Dy - R . =1 nl 20,
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vv” =0 " v’
oYV (E, > E) s % (E, > E)
v~
4m A A, - 1 o b (w)
- = > Zl I 12n+2 , (51)
n= n
4 EQE Fov Dyvs Ryy- :
where
m Y,,-(0)
F\)\), =—‘M-y\)’—— (52)
vV
2 M -~
D . = |— YV s (53)
Vv vav‘(o)
a
+ . -t?
I, =/ sin(@ . R .t)e t dt, (54)
a, = /F . | /Egt /E |, (55)
A, coherent scattering length of yth atom. (56)

The integral I, is performed numerically and described in section 3.

The function ¢Xv‘(m) is calculated in the same manner as Eqs. (15),
(16). The usual Sjolander expansion is, however, invalid for ¢;v’(m),
since the spectral density function has negative and positive parts.
This difficulty is overcome by utilizing the same formulation used in
the coherent scattering approximation. In this case, we divide ¢;v’(m)
into the sum of two parts, one positive and the other negative definite.
We apply the Sjolander approximation separately to each part of the
scattering law corresponding to the above division. The final result
is obtained by the convolution integral of these two scattering law.

The short collision time approximation also leads to a divergent results.
This can be overcome by applying the short time expansion only to the
scattering part corresponding to the positive definite spectral density,

and the phonon expansion to the negative definite part. However, the
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short collision expansion is not utilized for the coherent scattering
calculation. Therefore, ¢;v (w) in the Sjolander expansion is written

as
w _ 1 TN (r) ) (n,r) | _(n,1)

with the definitions of Eqs. (31), (32) and (33) for £\, £{™7T) and

fgn’r), provided that p(l)(w) for lower frequency part spectral density

(1)

2
is changed to p,,,"(w) for positive spectral density and p( )(m) for
2
higher frequency part spectral density to pgv?(w) for negative definite,

i
Accordingly 5( ) should satisfy the following relation:
2
s(1) 0, §(2) < 0, (58)

s 4 s(2) _ g . (59)

2.3 Elastic scattering cross section

The elastic scattering cross section or the zero phonon cross
section is calculated by setting n=0 and ¢b(w) = §(w) in Eq. (19) for
the incoherent scattering and in Eqs. (28), (29) for the coherent
scattering. The integral I, for the coherent scattering is evaluated
numerically also.

The coherent elastic scattering cross section calculated by the
above method contains only the contribution from the intra-molecular
scattering. The inter-molecular elastic scattering from the atom pair
v, v° of a different molecule is generally difficult to evaluate. We
incorporated the Butler's mode1(7) for this cross section into THRUSH.
inter(E)

In this model, the coherent elastic scattering cross section ay

is given by

. int
ointer(gy = ginter (py 4 dnter (gy . JInter gy -0, 1, (60)

L 2,00 % ,DD £,0D"
where
812 Syy-~
inter - vV )
%y we” (E) = N, m,-A, AL 2 [ 3,02k Syp) =11, (61)
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812 Syy-.

inter _ — _CVV

1,vv”
-2 { jock svv')}zl , (62)

sinX
X

jo(x) =

N, : number of VB atom per unit volume,

n : number of atom in a molecule,

AV

va, : mean minimum distance between v and v~ atom,
k : momentum of incident neutron.

[+
For S,,-, we used the numerical values due to Butler, i.e., Spop” = 2.9A,
-] -]
Spp- = 1.9A and Sop = 1.9A. The other parameter N,, , n,, , etc. are also

set in the subroutine CSIM.

3. Numerical Method

3.1 Energy Integration

The integration over energy (E) and frequency (w) is performed by

the trapezoidal rule. For example, an integration

a,(Eg) = f;’GZ(EO + E) dE , (63)

is performed, as

IEX
0, (Bp) = I, 0,(Ep > Eg) DEK) . (64)

Here, DE(K) is defined as follows,

DE(1) = {E(1) + E(2)} | (65)
DE(I) = {E(I + 1) -~ E(I - 1)}/2 , I1=2,3, - 1IEX-1 , (66)
DE(IEX) = {E(IEX) - E(IEX - 1)}, (67)
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E(I) : input energy mesh,
IEX 3 number of energy mesh point.
3.2 Evaluation of I,,

The integral of Eq. (54)

a 2
_ + . -t 2n .
I, = fa sin (at) e t° dt (68)

can be evaluated by using following recurrence formula:

2 2
o[ et 2ml a2 L -1 2y
I, =1le t {- 5 cos(at)t + = sin(at) - 5 sin(at)e®}]°*
n(2n + 1) 4n + 1 33
- 2 Izn—z + (___TT—_'_ 4 ) Izn : (69)

This equation is easily derived from Eq. (68) by the method of integra-

tion by part. Therefore, we should perform the numerical integrations:

a+ _t2

Ip = fa sin(at) e dt (70)
ay -t?

I, =/ sin(at) e t2 dt (71)
a

The integration for Iy and I, is performed by Simpson's rule.

4, Input Quantities

The physical input data for THRUSH are the spectral density, mass
of scatterer, free atom cross section (or coherent scattering length),
temperature and energy mesh points. The simple flow chart for the input
routine is shown in Appendix 1.

The main restriction of input data for the pre;ent version is

(1) Maximum number of frequency mesh points for spectral density

(IMAX) : 400

(2) Maximum number of convolution integral for ¢n(w)(NPX) :
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NPX < 8000/IMAX
(3) Maximum number of energy mesh for scattering kernel (IEX) : 101
The THRUSH code uses only standard input output tape unit (tape 5

for input, tape 6 for output and tape 7 for card punch).



Code Report
Item Columns Format Symbol Symbol Description
1 1-72 18A4 TITLE Title Card
1-5 15 IAM Number of spectral densities ( < 4).
=0 : Incoherent scattering cross section calculation

6-10 I5 ID
#0 : Coherent and Incoherent scattering cross

sections calculation,

11-15 I5 IDD
=0 : Calculate scattering kernels for all input

spectral densities,
#0 : Calculate scattering kernels for spectral
densities between IDD and IAM (Note 1).

16-20 I5 NPX
Number of phonons to be calculated by convolution
integral (Note 2),

21-25 I5 NGX "
Maximum number of phonons tc be treated in Sjolander
expansion. If NGX=0, Sjolander expansion is not
calculated. (Note 3).

26-30 I5 IEX
Number of energy mesh points,

31-35 I5 IMAX Numb .

umber of mesh points for spectral demnsity.

36-40 15 INAX P T spectra )

Number of mesh points for positive spectral density
for coherent scattering, if ID#0 and NGX=0 ( < IMAX).
Number of mesh points for lower frequency part of
spectral density, if ID=0 and NGX#£0 ( < IMAX).

41-45 I5 ID20EL -

#0 : Calculate inter-molecular coherent elastic
scattering cross section for heavy water.

=0 : Skip this calculation.

1268 W-1d4VI[



Code Report
Item Columns Format Symbol Symbol Description

46-50 I5 NGP Number of points for Gaussian integration for short

time approximation ( < 10, Note 3).
3 1-5 15 IP1 #0 : Print ¢n(w), for debugging purpose only.

=0 : Skip printing.

6-10 15 IP2 =0 : Calculate %2=0 moment of kernel only.
=1 : Calculate £=0 and %=1 moment of kernel.

11-15 I5 IP3 =0 : Punch 2=0 moment of kernel.
=1 : Punch £=0 and £=1 moment of kernel.
=-1 : Skip punching

16-20 15 IP4 #0 : Print contribution from each phonon term,

debugging purpose only.

=0 : Skip printing.

21-25 I5 IP5 =O.: Print 2=0 moment of kernel for whole molecule.
=1 : Print 2=0 and 2=1 moment of kernel for whole

molecule.

=-1 : Skip printing.

26-35 I5 IP6 Same as IP5 for punching option.

26-30 I5 IP7 =0 : Print 2=0 moment without zero-phonon process

(inelastic kernel only).
=1 : Print 2=0 and %=1 moment without zero-phonon
process (inelastic kernel only).

==1 : Skip printing.

1268 W-143aVv[



Code Report
Item Columns Format Symbol | symbol Description
36-40 15 P8 Same as IP7 for punching option.
4 1-10 E10.0 EPS1 Error criteria for truncation of phonon expansion
(Note 3).
11-20 E10.0 EPS2 Error criteria for truncation of scattering
kernel (Note 4).
5 A5 XNAME (I) Five characters for identification of spectral
density and corresponding kernel (I=1, IAM).
6 15 ISLF (1) Define property of scattering for each spectral
density.
#0 : Coherent scattering,
=0 : Incoherent scattering,
7 Card 7 is necessary for spectral density to be
treated as coherent scattering.
1-5 15 IPAL(TI) No. of lst atom for coherent scattering (1,2...IAM).
6-10 15 IPA2(I) No. of 2nd atom for coherent scattering (1,2...IAM).
11-20 E10.0 R(I) Ry~ Distance between IPA1(I) and IPA2(I) atoms.
8 1-10 E10.0 TEMP T Temperature in eV unit.
11-20 E10.0 DLO Aw Width of frequency in eV unit for spectral density.
Card 9 to Card 16 should be repeated IAM times
(I=1, 1AM). See Note 5.
9 1-10 E10.0 AMASS (T) M,/m Mass of vt atom in atomic mass unit for incoherent

scattering calculation.

1268 W-14dVv[



Code Report
Item Columns Format Symbols Symbol Description
M M, M M.
4f7;_7; J:f-—ﬁ— » where M,, and M- are vth and v’th atomic
mass in atomic mass unit for coherent scattering
calculation.
11-20 E10.0 SIGF(T) Of Free atom cross section in barn for incoherent
scattering calculation.
4TALAy- | 4TAWA,» where A, is coherent scattering length of
vth atom for coherent scattering calculation.
10 1-10 EL0.0 RHOZ (T) lim ( p(g) ) , where p(w) is spectral density in
$§91 ang w is frequence in eV.
11 7E10.0 RHX(1,J,1) ID=0 and IGX=0.
Spectral density p(w) (eV™ 1), J=1, IMAX.
Skip to card 17.
12 7E10.0 RHX(T,J,1) ID=0Q and IGX#0.
(1)(m) Spectral density function for lower frequency
part (eV"l), J=1, INAX.
13 7E10.0 RHX(I,J,2) ID=0 and IGX#0.
p(Z)(m) Spectral density for higher frequency part (eV_l)
J=1, IMAX. Zoros should be input for lower
frequence part. Skip to card 17.
14 7E10.0 RHX(1,J,1) ID#0 and IGX=0.
Ovv,(m) Spectral density for v, v° atom pair. Skip Lo card

17.

L268 W~ [¥dV ([



Code Report
Item Columns Format Symbol Symbol . Description
15 7E10.0 RHX(I,J,1) ID#0 and IGX#0.
p\E\l,Z(w) Positive spectral density for v, v” atom pair,
J=1, INAX.
16 7E10.0 RHX(1,J,2) O\(,iz(w) Negative spectral density for v, v~ atom pair,
J=1, INAX.
17 7E10.0 E(I) Energy mesh in ev, I=1, IEX.

L268 W~ 14aV/[



JAERI-M 8927

Note 1

The scattering kernel of a heayy water molecule may be calculated
corresponding to spectral densities of Dge1f, Ogelfs OD pair and D)D)
pairs with IAM=4 and ID#0 option. If IDD is set to zero, the scattering
kernels for each input spectral densities and the summed scattering
kernel for a whole heavy water molecule will be calculated. If IDD isg:set
to 3, the scattering kernels for OD and DD, pairs will be calculated.
For the calculation of OD pair, oﬁe may input IPAl=1, IPA2=2 and R=l A
and for D;D, pair, IPAl=1, IPA2=1 and R=1.6 A. The IDD option has no

effect, when ID is set to zero.

Note 2

The maximum of NPX is limited by

NPX < 8000/IMAX.

Note 3
The phonon expansion is performed until expanded phonon numbers
reach NPX without convergence check. The contribution of phonons from
the series with the number greater than NPX is calculated in the Sjalander
approximation. This expansion is terminated by the following conversion

check. If A2

n is the scattering cross section (kernel) from the n-th

phonon term,

L
An(Ei+E)

0—2(_Ei+T) < EPS1 , £ =0,1. (72)

If this inequality is not satisfied until n=NGX, og(Ei + E) is evaluated
by the short time approximation. In the THRUSH code the calculation of
the scattering kernel continues to the whole down scattering. If the
short time approximation is employed for a certain E = E ., then the
remaining GE(Ei - Ef) with Ef < Est is calculated in the short time
approximation. The full scattering kernel matrix is constructed from

the down scattering matrix by the detailed balance principle.

Note 4

If the inequality
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< ESP 2 , (2 =0,1), (73)

is satisfied, 0 (E; > E) with E < E¢ is set to zero.

Note 5
The spectral density for the incoherent scattering calculation is
not necessarily normalized to unity. The spectral density for the

coherent scattering calculation, however, should obey Eqs. (58) and (59).

5. Output

The unit system in THRUSH is based on barn and eV, therefore,
scattering kernels are in barn/eV unit. Punched output deck for a
kernel is composed of one title card followed by a half kernel in the

form,
((0,(K,3), J=1,K), k=1, IEX) ,

where K and J are the initial and final energy indexes, respectively.
The structure of the card deck for scattering kernels with options,

IP3=1, IP6=1 and IP8=1, is

‘ 1st atom in- ' l1st atom total 2nd atom in- '
elastic kernel kernel elastic kernel

l TIAM-th atom in- ‘ IAM-th atom ‘ total kernel for '

elastic kernel total kernel whole molecule
Each kernel contains £=0 and £=1 moments. If one set -1 for punching
option, corresponding the kernel punching will be deleted. Total

scattering kernel is defined as

1

el
55 %1 (Eg)8(Eg,E) (74)

- ~in
oz(E0 + E) = o2 (E0 > E) +

where

oz(Eo + E) : total scattering kernel,



1)
(2)
(3
(4)
(5)
(6)
(7

JAERI -M 8927

ozn(EQ + E) : inelastic scattering kernel,

1
oz (E) : elastic cross section,
AEq : DE(I), with I for Eqs
G(EO,E) : Kronecker's delta.
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Appendix 1 Flow Chart for Input Routine

| READ TITLE |

READ
IAM, ID, IDD, NPX, NGX, IEX

IMAX, INAX, ID20EL, NGP

READ
IP1, IP2, IP3, IP4, IPS,
IP6, IP7, IP8, EPS1, EPS2

READ
XNAME (I), I = 1, IAM

READ
ISLF (I), I = 1, IAM

T

IPAL1(I), IPA2(I), R(I)

»{ 1000 CONTINUE

1 CONTINUE
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¢

TEMP, DLO

DO 1001 I=1, IAM

READ AMASS(I), SIGF(I)

READ RHOZ(I)

DO 1001 M=1, NP

IN = IMAX
T
M *rfz'/,
F IN = INAX
< J

1001 READ RHX(I,J,M), J=1, IN

READ E(K), K=1, IEX
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