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1. Introduction

Plans for this program CASTHY were originally made in the early nineteen seventies to calculate
nuclear cross sections for fission products (FP). It was mainly based on the Hauser—Feshbach theory”,
and was requested to work for many nuclei in the wide energy range. For this purpose, it was required that
the calculations could be done for plural points of the incident energy during a running computer time,
total cross section should be equal to the sum of the partial cross sections including neutron capture cross
section that was the most important for FP, the capture cross section could be adjusted to an appropriate
experiment, etc.

Most computer codes for nuclear cross section calculations, in that era, were made for the specific
cross section and the angular distribution at an energy point, because of slow computer time and limited
memory size. To overcome these limitations, it was taken in this code that repetition of the same
calculations done at the previous energy point was avoided, the interpolation method was adopted, for
instance, for obtaining transmission coefficients. The cross sections for competing processes unable to
calculate with this code were introduced through input data. Under such requirements cross—section
formulas were modified” so that the calculations might be done faster with reasonable accuracy.
Although CASTHY has some simplified methods, it can take several interesting options to treat quantities
such as resonance level interference and width fluctuation, Legendre coefficients for angular distributions
of scattered neutrons, etc. The original version of CASTHY had been made with these functions, and used
to evaluate fission—product nuclear data>*>.

In the middle of the nineteen seventies, Japanese Nuclear Data Committee (JNDC) started its work
for Japanese Evaluated Nuclear Data Library (JENDL) and members of JNDC tried to use CASTHY to
calculate cross sections in their work for nuclear data evaluations. As their evaluation work advanced,
they have requested the original version of the code to be added such functions and options as photon
production cross—section calculations, transfer of calculated results to a data base with the ENDF/B
format, calculation of cross sections at threshold energies of inelastic scattering, selection on level densities
and their parameters, etc. Responding to these requests, a new version has been made with some
modifications added to the original one. It has accepted the requests as much as possible, so that the users
could facilitate the evaluation work for JENDL.

The third version of JENDL, J ENDL—36), was released in 1989. Hence, on this occasion, it would be
the right time to release CASTHY that has concerned deeply with the evaluation work on JENDL. This
report has been made, in this sense, in order that CASTHY might be widely used as well as JENDL-3 in
the future.

In the next Chapter, cross—section formulas with the competing processes mentioned above are
presented. The total transmission coefficient is modified so that the total reaction cross section obtained
by using the optical model may be conserved. The transmission coefficients for neutrons and y-rays are
rewritten by considering an effect of (n, yn’) process, though the effect has been treated still approxi-
mately. Correction factors for the resonance width fluctuation and level interference are also explained.
These factors are expressed in the transmission coefficients modified from those obtained with the optical
model by taking into consideration of the effect of the resonance level interference. Options on the optical
model potential, level density and profile functions for the El giant resonance are also described briefly.

In Chapter 3, description on the calculation of branching ratios, population probability, spectra and
multiplicities for y-rays is shortly presented. Branching ratio of the primary transition for the E1 y-rays
is taken into account in this program. As this branching ratio is given as the input data, the relation

between the input and calculated branching ratios and their treatment are explained.
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CASTHY has 25 subroutines and 9 functions. Brief descriptions on their role are presented in
Chapter 4. A main routine manages them all to perform the calculations consistently by joining them each
other. It prepares initial values for some variables at its start together with constants and default values
given in BLOCKD.

Chapter 5 is devoted to explanation of the input data. They have a card—-image form, and are
classified into Title, Normalization, Fixed—point, Floating-point and Gamma-ray data cards. The Fixed—
and Floating—point data are set equal to zero at the beginning of calculation. They have their own address
in the card, and obey “the same as before rule””. Because of the rule, they can take their previous value,
when they are given blank data in a running calculation. Detailed explanation on these rules will be also
presented. Several examples on typical calculations are shown in Chapter 6. These may be helpful to users

to make input data and to test their transferred version.
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2. Cross Sections

This Chapter is devoted to description of the cross sections which can be calculated with this code,
and of the relation between those given by input data and calculations. Total cross section o,,,, shape
elastic scattering cross section 0,; ; and total reaction cross section 0y are calculated by using the optical
model, as usual. Compound elastic (o,; ), inelastic (0;,) and capture (g, ,) cross sections are given by the
statistical model based on the Hauser—Feshbach theory". The other reaction cross sections such as
(n, 2n), (n, p), (n, f), etc. are not calculated with this code. Hence, they are prepared as input so that the
total reaction cross section can be divided into partial cross sections reasonably.

In this report, the cross sections given by the input data are shown as 4¢ which means the sum of the
partial reaction cross sections which this code is unable to calculate. Hereafter, mathematical expressions
used in the previous papers> ” are adopted, in general, in this report.

2.1 Transmission Coefficients of Neutrons and r-rays

Neutron transmission coefficient T,;’,I of a channel (njlJIT) is calculated in a usual way with the
optical model. The total reaction cross section is expressed by using the neutron transmission coefficients
in the entrance channel of neutron energy E,:

T o
=2 28Ty @1
kn Jijl /

This must be conserved through calculations of the cross sections.

OR

Assuming the E1 absorption, two kinds of 7-ray transmission coefficients® are used in this code for
the cross—section calculations:

J+1

E,+B, \
THE)=G" = | deefyeol (E,+B,—e), (2.2)
r=1J-1| n
J+1 E,+B, ) ,
TTE)=C" = de &'f(e)ol (E,+ B,—¢), (2.3)
r=1J-1|v?°

where f, (¢) is a profile function®”

of the giant resonance for the E1 absorption and pi is a level density
function for a compound nucleus. Although a symbol for parity is not given explicitly in the level density,
its conservation law is considered in the present code.

The two 7-ray transmission coefficients, Eqs. (2.2) and (2.3), correspond to the transitions to only
the states below neutron separation energy B, and to all the states below E,+ B,, respectively. Coefficient
COJ" is given as a normalization factor for the calculated cross section to be fitted to experimental data, or

is calculated by the following formula

J+1

C=2aI ™/ Dy 5, / ) le | f :"de e (&)l (B,—¢). (2.4)

Neglecting J-dependence of the y—ray width I‘f", the y-ray strength function (ZHFf”/Dm) B, for
s—wave neutron resonances is calculated by using the observed level spacing D,,, and y-ray width I', , ;

1+%
@aly"/ D)y, = @B/ E | 0 (B): QAT ot/ Dot (2.5)

= | [-—

where I is the spin of a target nucleus. The y-ray width F,J” is given by using Té” as follows :
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I'(E,) = (/2 T7(E,)/0{(E,+B,), (2.6)
and the observed y-ray width is written as
Ty o= ar' Ty Jar+. Q2.7)
Here, a quantity AT,J" is defined as the difference between T,fl” and TYJIH:
AT =TT | (28)

This corresponds to the net strength for the neutron and 7-ray emissions through transitions of y-rays to
the levels of compound states above the neutron separation energy B,. Using this quantity, contribution
from this process to each exit channel can be written:

ATE =41 T2, /T, (2.9)

AT = 4T - T/ T, (2.10)
where

=3 T+ T (2.11)

njr
Hence, new definitions of the neutron and y—ray transmission coefficients are made in this code as follows:

To= Tahp+ AT, (2.12)
TrJ”: T;{n_i_ AT7:Il” (213)

It is easily seen that the new transmission coefficients satisfy Eq.(2.11) by summing them up.

If levels of residual nucleus are dense and overlapping with each other (region in continuum), the
summation in Eq.(2.11) turns into an integral formula with the level density. Hence, the expression in Eq.
(2.11) should be interpreted as inclusion of the levels in continuum above a critical energy E.. Although
explicit expressions for the excitation energy, spin and parity of the levels are not presented here, the
subscript n’ in Egs. (2.11) and (2.12) may include these quantities as well as emitted neutrons.

2.2 Cross Section Formulas

As mentioned above, the partial reaction cross sections which cannot be calculated by this code are
treated as those for processes competing with the calculated ones. They are given the input data (40).
Therefore, the data for competitors may be included in the total reaction cross section og(E,) given in Eq.
(2.1). For this reason, a new total transmission coefficient should be defined instead of the coefficient
given by Eq.(2.11). It may be

T"=T"/(1—a), (2.14)
where @ =A40/0. It is easily seen that this definition ensures the relation
Otor— oel,s+ Or= oel,s+ ael,c+ Oin + On,r + AO. (2 1 5)

Since the total, shape elastic scattering and reaction cross sections are calculated as usual, their formulas

are not given here explicitly.
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The compound elastic and inelastic scattering cross sections are given as follows;

JTI A@JH
— n
Onn(E) =7 g’{—’—@s <1+ v )

njl;n’j’ I
n JIjij’1

R YL OGS 2.16)

As mentioned above, the subscript n’ denotes the inclusion of the energy, spin and parity for the levels of
the residual nucleus together with the emitted neutrons. Hence, it should be also understood that the
summation on the levels includes the overlapping ones. The capture cross section, in the same manner as
in the neutron cross section, is written as

46"
Ja, 7
nr(En) ;12ﬂz];IgJ@JH { +@72 [ éJH n]lﬂ (1 njlﬂ)]] (217)
Since Egs.(2.16) and (2.17) are given by taking account of the resonance width fluctuation'®'? and level
interference'>'>!4! they are general formulas of the cross sections for the statistical model including the
original Hauser—Feshbach formula.

Modified transmission coefficients are calculated by using a correction factor Q7 (@m ) which
represents the effect of the interference between resonance levels,

"Jl QJH(@JH) (@ nd) nd ’ (2 18)
01— L0 @I =T}, (2.19)

for neutrons and 7-rays, respectively. Subscript i in Eq.(2.19) stands for 1 and 2, corresponding to Eqs.
(2.2) and (2.3). The total transmission coefficient 7“7 and the quantity AT, are replaced with the
following formulas respectively,

0=6"/(1—a)=1 3 {n,z@ff]’ +07 } (1—a), (2.20)
40" =077 65 (2.21)

. . L 13,14,15
Formula of the correction factor for the resonance level interference is given as follows, )

0(0)=2{1—0y(0/2n)}, (2.22)
where

0,(0/2r)=1—(1/x) {1— (1/x)e “sinhx}
— (1/x) Ei(— x) {coshx— (1/x)sinhx} (2.23)

is a function of variable x=0/2. Ei-function in Eq.(2.23) is defined by using an integral form;
o ,—t
Ei(—x)=— j <. (2.24)
X

The correction factors for the level-width fluctuations are described by the following integral forms,

Sugipr= [ A+ Q@Y gp1) exp(— Ot/0)

10,11)

X {1+ Q)0 mit/0) 1+ (2/v,)0,y1t/0) - I(1+ 2/v)6./6)} 7,

(2.25)

for neutrons, and
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© ° ° ° o o V. /2. _
Suin= | , dt exp(—0,1/8) ((1+(2/1,)8,t/8) T(1+Q/)04/8) "),

(2.26)

for y-rays, respectively. The spin and parity (J, IT) are not explicitly given in these two expressions for
simplicity, but they are adopted in the code.

2.3 Optical Model Potential

The optical potential used in this code has the following form,

V(N =V f(r,ry,a0) +iW, [(r,r,a;) + iWs g(r,rs,as)

+ (Vsort iWso) - (hmeey- | -4 firrsouas) | (5D, 2.27)
where f(r,x,a) is
firx,a)={1+exp((r—x4"%)/a)} ', (2.28)
and g(r,r,,a,) is
g(rr,,a)=4a, | Hd?f(r,rs,as) |, 7 (2.29)
or .
g(r,rs,a)=exp(— ((r—r,4"%) /a)?). (2.30)

Strength of each term in Eq.(2.27) is assumed to be an energy dependent form, as follows;

V="Vy+ V,E+ V,E*+ Vg (N— Z)/A,
W,=Wy+ WyE+ W,E?,

W= W+ WgE+ Wg,E?,

Vso= Vsoot Vsor E+ Vs, E 2’

(2.31)

and
Wso=Wsoo+ Wso E+ Wso, E 2

In this code, the energy dependence of the potential strength can be changed at E, for ¥ and at E, for
W;and Wjs. This corresponds to a case where two functions

y=agx*+byx+cq, x< X, (2.32)
and

y=ax*+bx+c, X=X, (2.33)
are joined at x,, and a constant c is uniquely defined. A new function

y=apxy®+ boxo+ cot a(x?— xo7) + b(x—x,), (2.34)

is made instead of Eq.(2.32). Hence, only two coefficients a and b are needed, if Eq.(2.33) is joined to Eq.
(2.32) at x,. Detailed explanation about the other parameters is given in Chapter 5 for input data.

2.4 Level Density

The level density must be considered above a critical excitation energy U, which is related with E,
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both for residual and compound nuclear states. The level density in this code has the form of Fermi gas
model'® above an excitation energy U, and of constant temperature model'® below U,. They are written
as follows'"'® with energy, spin and parity terms,

P(U)=((2J+1)/CoU?) - exp{2y/aU— (J(J+1)) /20,4 0,11, (2.35)
for the Fermi gas model, and

or=07,(U) 014J) 01,(I), (2.36)
with

pr(U)=C-exp(U/T), (2.37)

for the constant temperature model with temperaure T, respectively.
In Eq.(2.35), the parity term pg ,(IT) =1/2 is taken reasonably, because the levels are highly excited
enough. Apparent excitation energy U is related with pairing energy 4 and real excitation energy E,

U=E—4. (2.38)

The joint energy U, and the critical energy U, are defined respectively by using this relation with the given
energies E, and E,. Normalization factor C, is an input data in the present code, but it can be also
calculated by using the formula,

Co=24v2d"*U"*0,}/ U?, (2.39)

if it is necessary. Here, a is level density parameter and o,/ is spin cutoff factor which depends on the
excitation energy U,

oy =a,U". (2.40)

The parameters a and a,, are also given as the input data, but the spin cutoff parameter a,, is calculated
by the formula,

ap=0.4 uor? A/ (), (2.41)

assuming the nucleus to be a rigid body with its mass number A4 and radius parameter r,. A factor y, in
Eq.(2.41) is a nucleon unit mass. The spin term in Eq.(2.35) is an exponential form, but the present code
has also an option of the spin term depending on only (2J+1).

In some cases, it is convenient to use an observable level density'® for the energy term in Eq.(2.35);
PG U) = i PG (U)~(20,// CoU?) ™. (2.42)
Using this formula, Eq.(2.35) is rewritten as follows,
08 (U)=06,0(U)* ((2J+1)/20,7) - exp(— J(I+1)/20,7") "06,(ID)- (2.43)

It should be noticed that the spin term in Eq.(2.43) is different from the corresponding term in Eq.(2.35).
The level density of the constant temperature model, Eq.(2.36), must be joined smoothly to Eq.
(2.35) or Eq.(2.43). If Eq.(2.35) is taken,

o1 U)=exp{2y/aU,+ (U—Uy)/T}/C, Uy, | ' (2.44)
o1 (J)=QJ+ 1) exp{—J(J+1)/20/}, (2.45)

with the nuclear temperature

T=U,/(Yalp—2}, (2.46)
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are obtained. If Eq.(2.43) is selected for the Fermi gas model, each term of the constant temperature
model is given below,

01.5(U)=20,2(Up)exp{2y/aly + (U~ Up) / T} /Co U, (2.47)

o) =((2J+1)/207) - exp{—J(J+1)/207}, (2.48)
with

T=U, /{VaU,—3/2}. (2.49)

The parity term in Eq.(2.36) is defined tentatively as?,

o1,(IT)={N, +0.5exp((U— U,)/D) }/{1 +exp((U—U,)/D)}, (2.50)
where N, is the fraction of positive parity states in the discrete levels,

U,=(U,+U,)/2, 2.51)
and

D= | Uy—U,| /8. (2.52)

Four kinds of the spin cutoff factor for the constant temperature model are defined'”'®. They are

0/ (U)=0,'(U), (2.53)
oA (D) =0, (W), (2.54)
07 (U)=07(0)+ (0, (Up) —07(0)) U/ Uy, (2.55)
and
oA (U)=07(0), (2.56)
where
No
X I(I+1)/2N,, for residual nucleus (2.57)
GTZ(O): o
2J i+ 3)%/8, for compound nucleus (2.58)

with the number of the discrete levels N,. This factor, ;> (0), is given also as input data.
2.5 Profile Functions for E1 Giant Resonance
The present code has three kinds of the profile function for the E1 giant resonance. They are Lane—

Lynn type, Brink—Axel type and Berman type.
(i) Lane-Lynn type®):

£(e,)=C/((e,— Eg)*+Ix/4) - {n(e,— Ex) +n(ER¥eT) SR
—n(e,—2Eg)+n(e,—2Eg)e "™, (2.59)
where
1; x>0,
()= [0 ; x=0.

Parameters E; and I’y are resonance energy and its width, and a and b are adjustable parameters.
(ii) Brink—-Axel type®'":
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f(e)=@2IR/7) €, / {(e}—ED)*+ (e, TR (2.60)

In the Lane-Lynn type and the Brink—Axel type, the total reaction cross section for the E1 photon
absorption is taken as

0,"(e,) =20 ' (NZ /) ((1+0.8y)/m,c) €, f(€,), (2.61)
and the profile function is normalized;

[ et (epde,=1. (2.62)

Normalization factor C in Eq.(2.59) is fixed by using Eq.(2.62).
(iii) Berman type'®:

£(€)= 2 e,0uTn/ (6] — Exi)'+ (6, Tr)’} (2.63)

In this case, the total reaction cross section for the E1 photon absorption is defined as

07(E1)(£7) :Erfr (&), (2.64)

with two peaks of the resonances.
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3. Spectra of r—rays

The present code CASTHY treats only the E1 component of 7-rays in the cross—section calculations.
In case of calculations for the capture 7—ray spectra, M1 and E2 components as well as the E1 component
are obtainable. Besides, transitions from overlapping (continuous) to discrete levels and between the
discrete levels in the compound nucleus are considered, in addition to the transitions between the
continuous levels.

In this Chapter, short descriptions on the branching ratios of the y-transitions, population pro-
babilities of the excited levels and spectra of the y-rays are presented. Since the M1 and E2 components
are taken into account in this part of the code, the transmission coefficients presented in the previous
Chapter must be enlarged. A special option for the E1 primary transition considered in the code is also
explained.

3.1 Branching Ratio
The 7-ray transmission coefficient of the E1 component, Eq.(2.3), should be expanded so as to

include the transitions to the discrete levels. This may be written as

E ST
T,"(E)= iA(J,l’J’)'(Sn’,—n'Com' [, 4B (E= B S (E—ENo ™ (B”)
JIr c

ko
+ 5 A(J1L,3) 0n,n G (E— E)Y, (E— By, (3.1
k=1
with the following spin conservation factor;

4, J)=1; | =5 | SIS +s,
=0; otherwise. (3.2)

In Eq.(3.1), the number of the discrete levels is counted as k,. Using this definition, the branching ratio
for the El1 transition from a state (E’, J’, IT") to a state (E, J, IT) is given as follows,

B(E’,J’,Il—E,J,lI)=B(E,J’,IT")B,(E",J’, ]I'>E,J,I)
=4(I0) 0, G e, £ (e,) 0 (E)/ T (E). (33)

Since emission of particles from the compound states is also included, the denominator T'(E) can be
enlarged as

T'(E)= s T,/"(E)+ T(E). (3.4)

In Eq.(3.3), the first factor B, (E’, J°, II’) is the total branching ratio for the y-ray emission, and is
described as

B (E’,J,I")=T,T(E)/T""(E). (35)

Hence, the second factor 8, (E’, J’, I’'E, J, IT) in Eq.(3.3) is the partial branching ratio of the
transition between the states (E’, J’, IT’) and (E, J, IT). Explicit expression of the partial branching ratio
for the E1 transition is

%T(E,’J”H’—)E,J’H)
=4, 1,0) O, C ™ &/ £, (&) 0. (E)/ T, (E). (3.6)

If the final state is discrete, the level density function in Eq.(3.6) is set to unity.
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For the convenience of adjusting the strength function, the numerator in Eq.(3.6) is expressed with
an adjustable factor a(El);

B(E1)=a(E1)A(J’,1,0) -0 G’ -, f(e,). 3.7

In the same way as in Eq.(3.7), the numerators of the branching ratios for the M1 and E2 transitions are
defined in the present code, using single particle model'***?", as follows;

B(M1)=a(M1)A(J,1,J)0;. nC," (E’— E)*-2.072X 102/C;, (3.8)
B(E2)=a(E2) A(J,2,J)07 1Ce™ (E’— E)*-4.790X 10 *4**/C;, (3.9)

where a(M1) and a(E2) are adjustable factors for the M1 and E2 components, and C;in the denominator
is

Cy=2n"1e’(NZ/A) ((1+0.8y)/m,c) 108/ 37 (7ic)>. (3.10)

The denominator in Eq.(3.6) is extended so as to include these components.

The present code has a special option with which input data can be put in for the primary El
transition to some discrete levels. The number of levels taken into account in this option is limited to five.
Using a simplified expression, Eq.(3.6) is presented as

B=F,/T,, (3.11)

where Ty= X F,, and index i stands for the final levels. If the branching ratio for the primary transition
B is given, the denominator Ty, is changed so that the additional branching ratios can be included, and new
one is made;

T=T,— X(F,—F)). (3.12)
The additional branching ratios are given with the new denominator T,

Bi=F./T. (3.13)
Using these relations, the new denominator

T=(To— ZF)/(1— 28y (3.14)
is obtained, and the branching ratio of the primary transition to level i is rewritten as

B=F,(1—380/(T,— 3 F. (3.15)

In this procedure, the branching ratio 8, is given to the final discrete levels, but no initial compound
states are specified. Since, in general, three spin states in an initial compound state corresponding to one
of the B,’s are possible for the E1 transition, the branching ratio 3, must be shared with these spin states.
In the code, the branching ratio 3, given to a level k is shared evenly with the corresponding initial spin
states.

Continuous calculation for some incident neutron energies can be carried out with this code. But the
calculation with S, is restricted to a given energy E,, even though plural incident energies are concerned

in. Therefore, E, should be an incident energy for calculation of one energy point or one of the energies

for the continuous calculations.
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3.2 Population Probability and 7-ray Spectrum

The population probability for an excited state with (E, J, IT) is

Py i (E,J,11)=6(Ey— E)R(Jo,1To) + R(Jo, ITo) * By(Eo,Jo, 15— E,J.IT)

+ 5 ["dB Py g (B0, 1) BAE T, P—EJ,IT), (3.16)
JIr

where R(Jp, [T,) is the ratio of creating a specific state (J, ITy) to all the compound nuclear states with
energy E,, excited by an incident energy E,(E,=E,+ B,):
Iy JoT
ROy )= 28T, )/ 2 g'T(E,). (3.17)
j Jj

The third term in Eq.(3.16) should include discrete levels, when they are taken into account in the
calculation.

Since Eq.(3.16) presents a partial population created through successive transition process starting
from a specific compound state, the net population should be given by

P(E,J,I1)= 3 P; 7 (E,J, IT). (3.18)
JolTy

Using the net population and the branching ratio, the spectrum of y-ray with an energy &, can be
calculated;

E,
Te)= 2 e dE P(E,J,IT)- B(E,J,JI—=E—¢,,J’,II’)
JIrm <€y

ko
+ 3 3 P(Eyte, 1) B(E+e,J,[1=>EyJy,IT)

JI k=1

ko ko
+ Z 2 P(Ek’Jk’Hk).Br(Ek”Jk”Hk'_)Ek’Jk’ Hk)6(EI€_Ek—£7)‘

k=1 k’=k+1 (319)

Three terms in Eq.(3.19) stand for the frequencies of transitions with the energy &, from the continuous

to continuous states, from the overlapping to the discrete levels, and between the discrete levels,
respectively.

The total energy of the emitted y-rays is obtained from the spectrum;
E,
E= IO de, e, W(e,). (3.20)

Multiplicity and average energy of the y—rays are also calculated by using the total energy and spectrum.
They are

Mr:f:"d&r@f(ey), (3.21)

&,=E,/M,. (3.22)
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4. Program Description

The present code consists of a main routine, 25 subroutines, 9 functions and a table of block—data.
In this Chapter, their brief descriptions are presented in rough alphabetical order.

The MAIN ROUTINE controls the program. Initial values of some variables used in the calculation
are set in the main routine when the code starts. Constants and some default values which are frequently
used in the program are given in the table BLOCKD.

4.1 Subroutines

BRNCHD prepares the branching ratios for the y-ray transitions between the discrete levels. Both
calculated and input values of the branching ratios are given in this subroutine.

COMDNM gives the denominators in the decay rate of the compound nuclear state. This calls
CONTNM which calculates the transmission coefficients for the states in continuum of the residual
nucleus, if they are needed. These two subroutines are called in CRSECT which carries out statistical
model calculations. It calls ELEGND to calculate the Legendre coefficients for angular distributions of
scattered neutrons. ELEGND prepares also the coefficients for the differential shape elastic scattering
cross section.

ETASIG calculates the phase-shift of outgoing waves scattered by the optical potential, neutron
transmission coefficients and cross section of compound nucleus formation (total reaction cross section).
Maximum angular momentum quantum number is defined automatically by cutting off the partial waves
whose contributions to the compound nucleus formation cross section are less than 10~* times of the total
reaction cross section’).

GAMTRN calculates the E1 component of the transmission coefficients and r-ray widths. They are
given by using Egs. (2.2), (2.3), (2.6) and (2.7). The normalization factor C;”" mentioned in Chapter 2
is set in RENORM so that the calculated capture cross section can be adjusted to the experimental data.
The profile functions for the E1 giant resonance are made by PROFIL. Three types of the profiles are
available in the code.

Input data for cross—section calculations are put in through INPUT. They are listed in INLIST
together with some calculated data. Details on input data are presented in the next Chapter.

The Schroedinger equation for radial wave function of each partial wave is solved in INTEG to
provide the neutron wave function and its derivative with the method of Fox—Goodwin. Mesh size for the
numerical calculations is taken around 0.25fm automatically, if no input data for the mesh size is given.
Matching radius between internal and external wave functions is determined by defining the external
region where potential tails are less than 10 times of the incident energy and are cut off”. The external
wave functions are given by SPHBES.

Subroutines and functions of this code check whether overflow and zero divide errors occur before
or during action. OFLOW plays this role in the subroutines and functions.

There are six subroutines working for output of calculated data. OUTMGT stores the data in
magnetic disks tentatively so as to transfer the data to a data base of ENDF/B format??. Neutron capture
cross section, elastic and inelastic scattering cross sections, compound nucleus formation cross section,
total cross section, average cosine of scattering angles, s— and p—wave capture cross sections are put out
with OUTPT1. Neutron transmission coefficients for s— to f~waves, neutron strength functions, two
kinds of 7-ray transmission coefficients mentioned in the previous Chapter, and 7-ray widths are printed

out by OUTPT2, together with the shape elastic scattering, compound nucleus formation and toal cross
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sections. Energy points printed out in this subroutine, in addition to the input ones, are those used for
interpolation of the neutron transmission coefficients. OUTPT3 gives the inelastic scattering cross
sections for every discrete and overlapping level. This output may be useful to test the calculations.
OUTPTA4 lists the population probabilities of the levels occupied through y-ray transitions, the multi-
plicity and spectrum of y-rays. OUTPT5 provides the modified transmission coefficients, correction
factors for the level interference and width fluctuation, etc. These must be also useful to test the
calculations.

The population probabilities mentioned above are calculated by POPROB, and the multiplicity and
spectrum of y-rays are made by SPECTG. Number of artificial levels set in the continuous region to
calculate the population probability is determined by assuming it to be dependent on the energy of the
compound state. The largest spin of each excited state in the continuum is limited so that the y-ray
transitions can be joined reasonably to the discrete levels.

Optical model potentials are prepared in POTWEL. They are provided to INTEG and ETASIG to
solve the Schroedinger equation, to obtain the scattering amplitudes, transmission coefficients, total, shape
elastic scattering and compound nucleus formation cross sections, to define the maximum angular
momentum quantum number, etc. PREPEN prepares energy points at which the transmission coefficients
and cross sections are calculated. The energies provided through INPUT are transformed from laboratory
to center of mass systems and vice versa, rearrangement of the energies in order, etc. are also made in
PREPEN. These subroutines are organized by TRANCE, which calculates also the matching radius, mesh
size, strength functions, etc.

4.2 Functions

BRANCH gives the branching ratios of the 7-ray transitions from levels to levels in continuum and
to discrete levels. Subroutines POPROB and SPECTG call this function and calculate the branching
ratios of E1, M1 and E2 components. The primary branching ratios mentioned in Chapter 3 are taken into
account in this function.

CASCFC calculates the correction defined by Egs. (2.9) and (2.10). It is only rough approximation
of the (n, Yn’) process, and is still incomplete.

CLBGD is a function which calculates the Clebsch-Gordan coefficient. It is called in a function
ZCOEF to compose the Z-coefficient. ZCOEF is used in the subroutine ELEGND together with a
function RACAH which calculates the Racah—coefficient.

Level densities are prepared by using a function ENLDNS. It provides the level density for the
compound nuclear states with an index N of 1, 2, and 4, while for the residual nucleus with N=3.

The correction factors about the resonance level interference and width fluctuation are calculated
with GPHIO and SFACT, respectively. They correspond to Egs. (2.23), (2.25) and (2.26).

It is sometimes needed to make interpolation of functions, coefficients, etc. A function VINTPL is

used for such purposes.
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5. Input Data Table

Input data of CASTHY have the card—image form, and are divided into Title, Normalization, Fixed—
point data, Floating—point data, and Gamma-ray data cards (see Table 1). The Fixed—point data and the
Floating—point data are set equal to zero automatically at the beginning of calculation. Built-in data are
used when the corresponding input data are given in blank. ”’The same as before rule” is adopted for the
Fixed—point and Floating—point data. The Floating—point data are treated with relative address fashion.
Address of the first data of each card is given in cols. 8 to 10.

Units of the data used are MeV, fm, mb, and amu, if no special notice is made. Symbol, format, and
short description for each data are given below. They are shown in a tabular form also at the end of this
report (Appendix).

5.1 Title Card

In a case when an element of several isotopes is treated, the Fixed—point data and Floating—point data

are needed for each isotope. The Title card must be prepared for a set of these data cards.

NISOTP  :15 ; Number of isotopes taken in a calculation for natural element. It is set to unity in a
calculation for single isotope: <10.

NOMLIZ : 15 ; Option on decision of 2zI", /D, in Eq.(2.5).
=0:-eeee Normalization of the capture cross section to an experimental data (SIGNRN)
for natural element.
Cal AR Normalization of the capture cross section to an experimental data (SIGNRN)
or use of the strength function itself for individual isotope.
Energy of the experimental data is requested to be in a set of incident neutron energies
(ENERGY).

NOUTPT : 15 ; Selection of output.
<0-reee Storage of the calculated results on MT, to transfer them to a data base of the
ENDF/B format®®. For a new MT, an appropriate negative number should be selected.
Writing procedure must be done isotope by isotope.
F0eeeeer Each column manages an output subroutine.
col. 11; controls subroutine OUTPTS5 which prints out transmission coefficients for 7—
ray @if?and neutron @ﬂ , resonance level interference factor Q”7, resonance level-width
fluctuation factor SCJCI,I, etc. for the first excited level.
col. 12; controls subroutine OUTPT4 for output data on population probability of the
levels excited through y-ray transitions, y-ray spectrum, multiplicity, energy, etc. This
plays also a role of reading 7-ray spectrum data card in subroutine BRNCHD.
=1eeeeee prints out only the total spectrum of y-ray.
=2eceees prints out partial spectra of y-ray.
col. 13; controls subroutine OUTPT3 for output data on inelastic scattering cross
section for each level.
col. 14; controls subroutine OUTPT2 for output data on neutron transmission coeff-
icients, strength functions, total cross sections, shape elastic scattering cross sections,
compound nucleus formation cross sections, y-ray widths and transmission coefficients

at all neutron energies concerned in the calculation.
col. 15; controls subroutine OUTPT1 which gives outputs of calculated data on capture,
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elastic and inelastic scattering, compound nucleus formation and total cross sections,
average cosine of scattering angles, s— and p— wave components of the capture cross
section at neutron incident energies given as input data. Subroutine CRSECT is called
by giving this non—zero.

NFOLLW : I5 ; Rearrangement of input data in the successive calculation.
<0 For NISOTP > 1, part of the input data for the previous isotope are used. Only
the data with new input data are renewed, while others take the previous data, in
accordance with “’the same as before rule” on input data. Zero or blank is taken, if no
successive calculation is done.
>0eereee After calculation for the given input—energies is over, the calculation continues
to run for level-energies of the target nucleus, regarding them as input. Results are
printed out for both of them.

TITLE : A60 ; Title of the problem. It is requested for every set of data cards, when calculations are

performed for an element of several isotopes.
5.2 Normalization Card

This is needed only for natural element (NOMLIZ=0). When this is taken, ENORML, SIGNRN

and RATIO in the Floating—point data card are discarded.

ENORM : E10.4 ; Energy E, of the experimental capture cross section o‘*?(E,) that is used for
normalization. This should be one of the input data ENERGY.

SIGNRN : E10.4 ; Experimental capture cross section; 0'¥?(E,).

RATIO : E10.4 ; Permissible range of relative difference between calculated and experimental capture
cross sections for normalization; '

| gBP) —g(CaD) | /(B < RATIO

5.3 Fixed—-point Data Card

To this type of data cards, ’the same as before rule” is available.

NODATA : 15 ; Number of Floating—point data cards.

NCHAGT : 15 ; Atomic number Z for target nucleus.

NMASST : I5 ; Mass number A for target nucleus.

NABUND : I5 ; Natural abundance of the isotope concerned. It is given by 10 times of abundance ratio
(%). If blank or <0 is given, a default value of 1000 (=100%) is taken.

NLEVEL : 15 ; Number of levels for residual nucleus (=30), including the ground state.

NIMAG : I5 ; Selection of imaginary part of the optical potential.
=1eeeeee Gaussian form for surface absorption.
=2eeees Derivative Woods—Saxon form for surface absorption.
=3ecees Woods—Saxon form for volume absorption.
=4.eeeee Sum of Gaussian form for surface absorption and Woods—Saxon form for
volume absorption.
=5eeeeer Sum of derivative Woods—Saxon form for surface absorption and Woods—Saxon

form for volume absorption.

NPROF : 15 ; Selection of profile function for the E1 giant resonance.
S T Lane-Lynn type; Eq.(2.59).
=1eeeeer Brink—Axel type; Eq.(2.60).
YO Berman type; Eq.(2.63).
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NFLCR

NLEVCM

NCASCD

NEMESH

NLVDNT
NLVDNC

5. Input Data Table 17

: I5 ; Selection of correction factors for the resonance level interference and level-width
fluctuation.
Representing this as
NFLCR=100-M+N,
M selects the factor for the resonance level interference and N for the level-width
fluctuation.
M should occupy the first 3 cols. and N the last 2 cols.

M N =0 <10 210
S=1 S=1 S=Cal.
<0 0=0 0=0 Q=0
(H—F) (H—F) (Fluc.)
S=1 S=1 S=Cal.
=0 0=0 Q=Cal. Q=Cal.
(H—F) (Int.) (Fluc. +1Int.)
S=1 S=1 S=Cal.
>0 Q=M/100 Q0=M/100 0=M/100
(Int.) (Int.) (Fluc. +Int.)

S'; Correction factor for resonance level-width fluctuation.
Q; Correction factor for resonance level interference.
H—F; Hauser—Feshbach.
Fluc.; Fluctuation of resonance level-widths.
Int.; Interference of resonance levels.
Cal.; Calculated values.
The correction factor for the level-width fluctuation is calculated, in the case of N=
10. Degrees of freedom for the decay of the levels through each channel is assumed to
be N/10. Usually, it may take 1; that is N=10.

: 15 ; Number of levels for compound nucleus (=30), including the ground state. This is

needed for y—ray spectrum calculations.

: 15 ; Selection of cascade processes.

=0Qreeee selects an approximation. Only this option is available at present.
FQeeeere selects a rigorous method (not yet available).

: 15 ; Number of energy points of the incident neutron (=50).

>00eeeer gives energies in center of mass system.

<Qeeeeee gives energies in laboratory system.

=0-eeer adopts the following 15 default values:

1.0, 2.0, 5.0, 10.0, 20.0, 30.0, 50.0, 70.0, 100.0, 200.0, 300.0, 500.0, 700.0, 1000.0, 2000.0
(keV)

: 15 ; Selection of level density parameters for residual nucleus.

: 15 ; Selection of level density parameters for compound nucleus.

These two have the same function on the respective nuclei;
=10-+-+-+ adopts Eq.(2.49) for nuclear temperature.
<10e+eeer adopts Eq.(2.46) for nuclear temperature.

=0or 10-:-:- adopts Eq.(2.53) for spin cutoff factor.
=1lor 11" adopts Eq.(2.54) for spin cutoff factor.
=2or 12-:--- adopts Eq.(2.55) for spin cutoff factor.

=3 or 13-+---: adopts Eq.(2.56) for spin cutoff factor.
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: 15 ; Function to make use of the transmission coefficients of the previous case, when
successive problems are taken.
=0Q:erere does not use the previous ones.
=10 uses the previous ones of neutrons.
=Qeeees uses the previous ones of 7-rays.
=3eeeee uses both of them.

: 15 ; Option for adoption of competing processes.
=Qereeee does not take them into account.

FQeeeeee takes them into account.

: 15 ; Number for identification (ID) of the data which are stored on MT. It is used to
identify the data together with Z and 4, when NOUTPT =0 is taken. The data with the
same Z, A and ID are replaced with the new ones. If ID<O0, the old data whose ID is
the same as the absolute value of this ID are deleted from the MT. If ID =10, all the
data on the MT are printed out. Otherwise, only new data are put out.

5.4 Floating—point Data Card

As mentioned above, this data card has the fashion of “’the same as before rule” and of the relative

address. Address of the first data of each card must be given in cols. 8 to 10 of the card.

EMTARG:

EMIN
SEPAR

ROEXP

PMESH
RO

RI

RS

RSO
TEMP1

AO
A1

ASO
TEMP2

Wi

ws

E10.4 ; Mass of target nucleus (in amu).

: E10.4 ; Mass of neutron (in amu).

Default value of 1.0086652 is built—in.

: E10.4 ; Separation energy (in MeV) of a neutron from the compound nucleus.
: E10.4 ; Experimental nuclear radius parameter. Default value of 1.4 fm is built-in.

This is used, when calculated neutron penetration factors are replaced with their

experimental values for neutron strength functions.

: E10.4 ; Mesh size for solving the Schroedinger equation. Default value of 0.25 fm is given.
: E10.4 ; Radius parameter for real part of the optical model potential.
: E10.4 ; Radius parameter for volume absorption term in imaginary part of the optical model

potential.

: E10.4 ; Radius parameter for surface absorption term in imaginary part of the opical model

potential.

: E10.4 ; Radius parameter for the spin—orbit potential.
: E10.4 ; Turning point of energy E, (in MeV) for potential strength of real part. See Section

2.3 in Chapter 2.

: E10.4 ; Diffuseness parameter for real part of the optical model potential.
: E10.4 ; Diffuseness parameter for volume abosrption term in imaginary part of the optical

model potential.

: E10.4 ; Diffuseness parameter for surface absorption term in imaginary part of the optical

model potential.

: E10.4 ; Diffuseness parameter for the spin—orbit potential.
: E10.4 ; Turning point of energy E; (in MeV) for potential strength of imaginary part.

See Section 2.3 in Chapter 2.

: E10.4 ; Constant term ¥, in Eq.(2.31) for real part of the optical model potential.
: E10.4 ; Constant term Wy, in Eq.(2.31) for volume term in imaginary part of the optical

model potential.

: E10.4 ; Constant term Wy, in Eq.(2.31) for surface term in imaginary part of the optical

model potential.
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VSO
WSO
VE
WIE
WSE

VSOE
WSOE

VESQ
WIESQ

WSESQ

VSOESQ :
WSOESQ:

VSYM

ECRITC

RATIO

SPCTIN

SPCCIN

ELESPN

DNPART :
SPINCT

PAIRNT
CNORMT:
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: E10.4 ; Constant term Vg, in Eq.(2.31) for real part of the spin—orbit potential.

: E10.4 ; Constant term Wy, in Eq.(2.31) for imaginary part of the spin—orbit potential.

: E10.4 ; Coefficient of E-term ¥, in Eq.(2.31) for real part of the optical model potential.
: E10.4 ; Coefficient of E-term W, in Eq.(2.31) for volume absorption term in imaginary

part of the optical potential.

: E10.4 ; Coefficient of E-term W, in Eq.(2.31) for surface absorption term in imaginary

part of the optical potential.

: E10.4 ; Coefficient of E-term Vg, in Eq.(2.31) for real part of the spin—orbit potential.
: E10.4 ; Coefficient of E-term Wy, in Eq.(2.31) for imaginary part of the spin—orbit

potential.

: E10.4 ; Coefficient of E>-term V, in Eq.(2.31) for real part of the optical model potential.
: E10.4 ; Coefficient of E>-term W, in Eq.(2.31) for volume absorption term in imaginary

part of the optical potential.

: E10.4 ; Coefficient of E">~term Wy, in Eq.(2.31) for surface absorption term in imaginary

part of the optical potential.
E10.4 ; Coefficient of E>-term Vg, in Eq.(2.31) for real part of the spin—orbit potential.
E10.4 ; Coefficient of E>-term Wy, in Eq.(2.31) for imaginary part of the spin—orbit
potential.

: E10.4 ; Coefficient of symmetric term Vg in Eq.(2.31) for real part of the optical model

potential.

: E10.4 ; Critical energy E, for energy—levels of residual nucleus, mentioned in Section 2.1 in

Chapter 2. This is the lowest energy of excited states in continuum above which levels
are assumed to be overlapping.

: E10.4 ; Permissible range of relative difference between calculated and experimental capture

cross sections for normalization. This can be given to individual isotopes. (See
Normalization Card).

: E10.4 ; Spin cutoff factor d;*(0) in Egs.(2.55) and (2.56) for residual nucleus. If Eq.(2.57)

is taken, input data should be =<0.0.

: E10.4 ; Spin cutoff factor 0,%(0) in Eqs.(2.55) and (2.56) for compound nucleus. If Eq.

(2.58) is taken, input data should be =0.0.

: E10.4 ; Energy, spin and parity for discrete level of residual nucleus. Data in address of 36

must be those of the target state. If the target is in a meta stable state, its data should
be in the address of 36 and its energy turns to zero. Energies of the other levels are
shifted on the basis of the energy—shift of the target state. Number of levels is given
by NLEVEL(=30). Order of the levels in input may be arbitrary. In each data field,
the first seven cols. are alloted to energy, the eighth col. is assigned to parity and the
last two to spin. For odd nucleus, two times of spins are put in, while for even nucleus,
spin values themselves are given

E10.4 ; Level density parameter a in Eq.(2.35) of residual nucleus.

: E10.4 ; Spin cutoff factor a,, in Eq.(2.40) of residual nucleus.

>0.000000 input data itself is used.
=0.0---- Eq.(2.41) is adopted.
<0.0:-e- Spin dependence of the level density is limited to only 2J+1.

: E10.4 ; Pairing energy 4 in Eq.(2.38) of residual nucleus.

E10.4 ; Normalization factor C, for level density of residual nucleus. If no input data is

given, Eq.(2.39) is adopted.
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EJOINT

DNPARC :
SPINCC

PAIRNC
CNORMC:

EJOINC

ENORML :

SIGNRN

TGMNRN:

DOBSRN
WDGMRN

EGIANT

WGIANT :

PARA1
PARA2
EXCHNG:
EGBERM :
WGBERM:
SIGBM1
SIGBM2 :
ECCRIT

TEMX(1) :
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: E10.4 ; Joint energy E (= U,+ 4) between the Fermi gas model and the constant temper-

ature model for level density of residual nucleus.

E10.4 ; Level density parameter a in Eq.(2.35) of compound nucleus.

: E10.4 ; Spin cutoff factor a,, in Eq.(2.40) of compound nucleus.

>0.0--x-- input data itself is used.
=0.0:----- Eq.(2.41) is adopted.
<0.0-e+e-- Spin dependence of the level density is limited to only 2J+ 1.

: E10.4 ; Pairing energy 4 in Eq.(2.38) of compound uncleus.

E10.4 ; Normalization factor C, for level density of compound nucleus. If no input data is
given, Eq.(2.39) is adopted.

: E10.4 ; Joint energy E,(= U,+ 4) between the Fermi gas model and the constant temper-

ature model for level density of compound nucleus.
E10.4 ; Energy E, of the experimental data o'®”(E,) used to normalize the calculated
capture cross section for individual isotope. See ENORM in Normalization card.

: E10.4 ; Experimental data ¢/ ( E,) for individual isotope used to normalize the calculated

capture cross section.
E10.4 ; y-ray transmission coefficient of individual isotope used for normalization;
T= (272'['% obs/Dobs)Bn'

: E10.4 ; D, (eV) used for normalization.
:E10.4 ;I", ,,(eV) used for normalization.

If ENORML #0.0, SIGNRN has a top priority.

If ENORML =0.0, TGMNRN has priority over DOBSRN and WDGMRN.

If TGMNRN=0.0, transmission coefficients T are constructed with DOBSRN and
WDGMRN for each isotope. If no data are given for both of them, lacking ones are
calculated internally.

: E10.4 ; Energy Ej for the E1 giant resonance in Egs.(2.59) and (2.60), for Lane—Lynn type

(NPROF=0) and Brink—Axel type (NPROF=1), respectively. For Berman type

(NPROF =2), this corresponds to Ep, in Eq.(2.63). Default values” are
Ex=40.7-(4+1)"'/-....NPROF=0.
Ez=80.7-(4+1)"3.--...NPROF=1.

E10.4 ; Level width I'g for the E1 giant resonance in Egs.(2.59) and (2.60), for Lane—Lynn
type and Brink—Axel type, respectively. For Berman type, this is I's,. Default values”
are

I'y=6.0-+-+-- NPROF=0.
I'p=5.0--+-+ NPROF=1.

: E10.4 ; Parameter a in Eq.(2.59).
: E10.4 ; Parameter b in Eq.(2.59).

E10.4 ; Parameter in exchange force; 0.8y in Eq.(2.61).
E10.4 ; Resonance energy Ep, in Eq.(2.63).
E10.4 ; Resonance width I'g, in Eq.(2.63).

: E10.4 ; Resonance strength g, in Eq.(2.63).

E10.4 ; Resonance strength oy, in Eq.(2.63).

: E10.4 ; Critical energy E, for energy levels of compound nucleus, mentioned in Section 2.1.

This is the lowest energy of excited states in continuum above which levels are
assumed to be overlapping.

E10.4 ; Nuclear temperature T in o;z(U)=Cexp(U/T), which is used as a constant
temperature model of level density instead of Eq.(2.47) for residual nucleus.
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TEMX(2) :

TEMX(3)
TEMX(4) :
TEMX(5) :
TEMX(6) :
TEMX(7)
TEMX(8) :
TEMX(9) :

TEMX(10):
ENERGY :

COMPET :

CLESPN :
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E10.4 ; Normalization factor C in o7z (U) = C exp(U/T). It is used instead of Eq.(2.47) for
residual nucleus.

: E10.4 ; Renewed value of VE; coefficient of E-term in Eq.(2.31) for E> E,, metioned in

Section 2.3.

E10.4 ; Renewed value of WIE for E>E,.

E10.4 ; Renewed value of WSE for E> E,.

E10.4 ; Nuclear temperature T in po;z(U)=Cexp(U/T), which is used as a constant
temperature model of level density instead of Eq.(2.47) for compound nucleus.

: E10.4 ; Normalization factor C inpyz(U) = Cexp(U/T). It is used instead of Eq.(2.47) for

compound nucleus.

E10.4 ; Renewed value of VESQ for E>E,.

E10.4 ; Renewed value of WIESQ for E> E,.

E10.4 ; Renewed value of WSESQ for E> E,.

E10.4 ; Incident neutron energies (=50). Order of the input data may be arbitrary. Even
then, output data are rearranged in order.

E10.4 ; Sum of the partial cross sections 4o unable to calculate with this code CASTHY.
The data should be put in with arrangement of the same order as that of the
corresponding data in ENERGY (=50). Difference between the addresses of the
corresponding data in COMPET and ENERGY is 50.

E10.4 ; Energy, spin and parity for discrete level of compound nucleus. Except the ground
state allotted to the address of 201, order of the levels in input may be optional. In
each data field, the first seven cols. are allotted to energy, the eighth col. is assigned
to parity and the last two to spin. Number of the levels is given by NLEVCM (=30).
For odd nucleus, two times of spins are put in, while for even nucleus, spin values
themselves are given.

5.5 Gamma-ray Spectrum Data Card

This type of data card is requested in the calculation of y-ray spectra. They are not needed, if
calculations are limited to the cross sections. Besides, they are free from the fashions of relative address
and “’the same as before rule”.

NBRNCH :

110 ; This card is always required, when calculations for the y-ray spectrum are per-
formed. If all levels taken in the calculation are assumed to be in continuum, this data
must be put in blank.
col. 7; selects option on output for branching ratios between discrete levels.
=Qeeeeer No data are put out.
=1eeeee Data are printed out.
col. 8; selects option on input of branching ratios 5, for the primary transitions,
mentioned in Section 3.1.
=0:eeeee No branching ratios are put in.

Eal (ALREEE Branching ratio data are put in.

Number of the final discrete levels to which the primary transitions occure is put in.

col. 9; selects option on input for branching ratios between discrete levels.

=0eerere No branching ratios are put in.

=1eeeeer Branching ratios are put in.

col. 10; selects option on calculations of branching ratios between discrete levels.

=0eeeee No calculations are carried out.




2 Program CASTHY

L. . . AERI 1321
—Statistical Model Calculation for Neutron Cross Sections and Gamma Ray Spectrum— ! 3

=1eeeees Calculations are performed.
ICARD : 110 ; Number of branching ratio data cards (=20) for transitions between discrete levels.
ENHE1 :E10.4; Adjustable factor for E1 component of branching ratio; a(El) mentioned in

Chapter 3.
KO0 erererrnrmemneens a(E1)=0.0 is given internally.
=0.0 or blank-:---- a(E1)=1.0 is reset.
ENHM1 :E10.4 ; Adjustable factor for M1 component of branching ratio; a(M1) mentioned in
Chapter 3.
OO eerermreerenenns a(M1)=0.0 is given interally.

=0.0 or blank:---* a(M1)=1.0 is reset.
ENHE2 :E10.4 ; Adjustable factor for E2 component of branching ratio; a(E2) mentioned in

Chapter 3.
00w rerermrmemeeenes a(E2)=0.0 is given internally.
=0.0 or blank----- a(E2)=1.0 is reset.

ENHSHR : E10.4 ; Selects option on output for component spectra of E1, M1 and E2.
=0.0-c+-" No output is printed out.
F0.0000er Output data are given.

BIN : E10.4 ; Energy bin for output of average y—ray spectra. Default value of 0.25 MeV is built-
in.
LEVH : I5 ; Number of the upper levels (< 60). Transition between two discrete levels rises from

this level, and populates the lower level with its level number LEVL. Level number
must be given with the same manner as that in CLEVEL. It is necessary that every
level corresponds with one in CLEVEL.

LEVL : I5 ; Number of the lower levels (< 60). Transition between two discrete levels rises from
the upper level LEVH, and populates this. Level number must be assigned with the
same manner as that in CLEVEL.

BRANCH : E10.4 ; Branching ratio between levels of LEVH and LEVL. Number of the data set
consisting of LEVH, LEVL and BRANCH is =60.

LEVB :  5l2 ; Number of the assigned discrete levels for which a special option about the primary
y-ray transitions is taken into account. The levels should correspond with those in
CLEVEL.

BRNCP : 5E10.4 ; Branching ratios, 8,’s in Eq.(3.13), of the primary transition to the levels given by
LEVB.

ENGBC : E10.4 ; Incident neutron energy E,, mentioned in Chapter 3, at which the primary transition

is considered. It must correspond with some one in ENERGY.
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6. Examples

This Chapter is devoted to some examples of typical calculations which may be helpful to users of this
code.

6.1 Example-1

Calculation for cross sections of **W selecting Hauser—Feshbach option. Optical model potential
with volume absorption of Woods—Saxon and surface absorption of derivative Woods—Saxon (NIMAG =
5) is selected. Coefficient COJ” for the transmission coefficient Tyfﬂ is calculated by using D, and I,
which are given as input data. On page 1 of the output sheets, the calculated strength function
27l 45/ Dops is shown as T.GAM. In this case, it is the same as NORMALIZATION FACTOR, because
experimental data SIGNRN is not taken as the normalization factor.

Constant temperature model for the level density given in Egs.(2.46) and (2.54) is taken. Hence
SPCTIN, SPCCIN, SPCTEX and SPCCEX are not needed. On page 1 of the output sheets, they are
shown as zero. Symbols TEMPLT and TEMPLC stand for the nuclear temperature given in Eqgs.(2.46)
or (2.49). In input data sheet, the symbols TEMX(1) and TEMX(6) correspond to TEMPLT and
TEMPLC, respectively. (Figs. 1-a and 1-b)

6.2 Example-2

Except for NFLCR and NOUTPT, this has the same input data as Example—1. In this case, the
resonance level-width fluctuation correction is selected: NFLCR = — 110. Structure of NFLCR is divided
into M= —1 and N=10. Hence, Q—factor for the resonance level interference is zero, and the degree of
freedom for fluctuation is unity.

On pages 2 and 3 of the output sheets, results of the calculations with the optical model and 7-ray
transmission coefficients are shown at 35 energy points. Since input energy points are 20 in this example,
15 energy points are generated internally in order to interpolate the neutron transmission coefficients for
the calculations of inelastic scattering cross sections. Symbols T.G.1 and T.G.2 are the y—ray transmission
coefficients given in Egs.(2.2) and (2.3), respectively, with the minimum value of spin J. These agree with
T.GAM when neutron energy approaches zero. G.WIDTH is defined as an average of the y—ray widthI’;
{(r=»+ a+1)rr*4?} /(21+1). This corresponds to T.GAM-D/2z, but with p~! instead of D.
With this relation, T.G.2 is given as 270G.WIDTH.

Neutron strength functions SN/(1) and SNI(2) are defined as follows,

SNI(D)={(I+ D) TP +1 T} 2221+ 1)v/E,
SNIQ2)={(I+ 1) T +1 T}/ 2n 21+ 1)2P,,

where P,(x)=xv,(x), and v,(x) is a quantity defined in Ref. 20). While SN/ (1) is used as the neutron
strength function for the analysis of experimental data, SN/ (2) is defined as the pole strength function
theoretically. (Figs. 2—a and 2-b)

6.3 Example—-3

In this example, calculation is done at threshold energies for inelastic scattering, after the calculation
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at input energies is over. Since the energy is given in laboratory system, results for the threshold energies
are also shown at energies of the laboratory system. They are printed out on page 4 of the output sheets.

Resonance level interference is taken into account in this case. NFLCR =1 consists of M=0 and N
=1. This means that the degree of freedom for the level-width fluctuation is zero, with which no
fluctuation is considered, while Q—factor for the level interference is calculated. Since the obtained
Q-factors are variable depending on variety of the transmission coefficients for the related channels, they
are not shown in the output sheets. (Figs. 3—a and 3-b)

6.4 Example-4

Cross sections for the competing processes mentioned in Section 2.2 are taken as input data above 800
keV. It must be kept in mind that COMPET(I) given in millibarns should be put in the right address
corresponding with ENERGY (J), and NCOMPT #0.

In this example, both resonance interference and level-width fluctuation are calculated with NFLCR
=10. The calculated Q—factors are not shown, with the same reason as mentioned above. (Figs. 4-a and
4-b)

6.5 Example-5

Experimental capture cross section of 8.867 millibarns at 50 keV is used for normalization. The
obtained capture cross section at 50 keV is 8.8672 millibarns with good accuracy. Profile function of the
Berman type is adopted in this calculation.

Normalization factors C,% for the level density in Eq.(2.35) are calculated internally for both
residual and compound nuclei, and CNORMT and CNORMC on page 1 of the output sheets are left zero.
Since this page 1 is devoted to the list of the input data, they are left unchanged. Some data calculated
internally are also shown on this page. (Figs. 5-a and 5-b)

6.6 Example—6

Cross sections of natural silver are obtained, after those for '“Ag and '®Ag are calculated.
Experimental capture cross section of 0.174 barn at 800 keV is used for normalization. Results of the
calculations for natural element are printed out on the last page. The calculated capture cross section at
800 keV is 0.1694 barn which agrees well within 3% with the experimental data. In this example, a
common set of parameters of the optical potential is adopted for both isotopes, but, in general, it is also
available to use different sets for different isotopes. (Figs. 6—a and 6-b)

6.7 Example-7

Well-depth parameters of the imaginary potential are changed at 6.0 MeV. Since the option of
surface and volume absorption is adopted in this case, all of WIE, WSE, WIESQ and WSESQ are changed
simultaneously. Hence, unchanged parameters must also be put in to reserve their values. In this example,
only WSE of 0.074 below 6.0 MeV is replaced with —0.325 above 6.0 MeV, but WIE above 6.0 MeV is
also put in the same value of 0.253 as that below 6.0 MeV. Since the other two parameters are zero and
blank is also zero, they are left free. For the real part, as no parameters are changed, any data are not

renewed. On page 1 of the output sheets, parameters of the real part are also printed out for information.
Statement ”ABOVE 0.0 MEV” means ’no parameters change”. (Figs. 7-a and 7-b)
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6.8 Example-8

Calculation of 7-ray spectra for **U is performed at 0.02 eV. A part of the branching ratios between
discrete levels of the compound nucleus **U are put in, and the rest are calculated. The former values are
indicated with % on page 2 of the output sheets. Primary transition to the 16th and 17th levels is taken
into account, respectively, with the branching ratios of 0.1 and 0.5. Population probability for continuous
and discrete levels, partial and total spectra of y—rays, etc. are printed out. Released energy of 4.8038 MeV
for the total y—ray is obtained, and it agrees well with the neutron separation energy of 4.803 MeV.

It should be noted that the ground-state spin and parity for the target and compound nuclei must be

given as input in such a case as this calculation of y—ray spectra, even if they have zero spin. (Figs. 8-a
and 8-b)

6.9 Example—-9

All branching ratios between discrete levels are calculated internally, and primary transition is
considered, in this example. Total released energy of y-rays is 4.8049 MeV which agrees well with the
neutron separation energy within 0.04%. In this example, only information about total spectra is printed
out. (Figs. 9—a and 9-b)

6.10 Example-10

Calculation of 7-ray spectra for **Nb is carried out at three points of neutron energy. Primary
transitions to the 9th, 10th and 16th levels are taken into account at 0.0253 eV. Total released y-ray
energies for the three points of neutron incident energy are in good agreement with the neutron separation
energy of 7.2289 MeV within 0.65%. (Figs. 10—a and 10-b)

The authors would like to acknowledge their debt to the members of JAERI/Nuclear Data Center
and of Fission Product Nuclear Data Working Group in Japanese Nuclear Data Committee (JNDC) for
their suggestions ahd advice. They are greatly indebted in particular to Dr. M. Mizumoto for many

valuable discussions.
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Appendix

Symbols used in the code are selectively tabulated for users’ sake in this appendix. They are roughly

arranged in an alphabetical order.

Symbol Description
A(D Coefficients for Gaussian integration.
ADUM(I) Temporary variables for arrangement of input data.
AVEGME Averaged energy of total released r-ray.
BDUM() Temporary variables for arrangement of input data.

BFACT(I,J,K)
BIN
BLCMS(I,J)
BYDNG(I,J)

CEK
CENTFG(I)
CLEVEL(I)
cM(I)
CMESH
CMSH2
CMS12
CNPROF
COMPIN(I)
CPRITY(I)
CPTRT

CSPO
CYDNG(I,J)
DBRNCH(I, J)
DENOM(I,J,K)
DGFCM(1,J)

DINTST(I)
DNMCJO(I, T)
DOBSCL
DPHI(I, J)
ECM
ECMAX

ECMS(I)
ECMX(I)

Phase factor of wave function”; exp(2iarg ¢/ (#,nar))-

Energy bin for averaged y-ray spectrum. Default value is 0.25MeV.
Legendre coefficient B;.

Sum of the transmission coefficients for the primary y-ray transition; X' F; in
Eq.(3.14).

Hi%/2,=20.90098 MeV - fm>

/7%

Energies of discrete levels for compound nucleus.

Temporary storage for Floating—point input data.

Mesh size for solving wave functions; 4r.

CMESH?= (4r)*

CMESHY/12=(4r)*/12.

Normalization factor of profile function; C in Eq.(2.59).

Temporary storage for COMPET(I) given in input.

Parity of discrete levels for compound nucleus.

Rate of positive parity states for compound nucleus.

Square of pion Compton wave length (%/m,c)*=2.04553 fm?.

Sum of branching ratios for the primary y-ray transitions; % 8 in Eq.(3.15).
Branching ratios between discrete levels.

Denominator of transition rate in the Hauser—Feshbach formula.
Integration of continuous levels. It is used to obtain an effective degree of
freedom for resonance level-width fluctuation calculation.

Intensity of y-rays emitted through transition between discrete levels.
Denominator for normalization factor C;" in Eq.(2.4).

Calculated level spacing. It is used to obtain y-ray strength function.
Derivatives of wave functions.

Neutron energy in center of mass system.

Maximum energy for generating tentative energy points internally for neu-
tron transmission coefficients.

Neutron energies in center of mass system derived from input data.
Neutron energies in center of mass system including internally generated
energy points.
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Symbol Description

ELAB(I) Neutron energies in laboratory system derived from input data.

ELEVEL(I) Energies of discrete levels for target nucleus.

EMAXGM(I) Maximum energy of an interval in the continuous region in which y-ray
transition is calculated.

EMBAR(I) Average cosine of scattering angle for differential elastic scattering cross
section in laboratory system.

EMINGM(I) Minimum energy of an interval in the continuous region in which y-ray
transition is calculated.

EMRED Reduced mass of neutron.

ENDATA(I) Default values of incident neutron energy.

ENEGW(I) Temporary variables for rearranging incident energies in ascending order.

ENGAMR(I) Default values of y-ray energies for calculation of continuous spectra.

ENGSUM(I) Released energy of continuous 7-rays in each interval.

ENGYIN() Temporary storage for incident energies.

ENUEX(I) Energy points for calculating population probabilities in continuum.

EWMIN Minimum energy for generating tentative energy points internally for neu-
tron transmission coefficients.

F() Spherical Bessel function multiplied by its argument.

FACTSG Coefficient 27°fie*( NZ/A) ((1+0.8y) /m,c) in Eq.(2.61).

FCHAGT Atomic number of target nucleus.

FMASST Mass number of target nucleus.

FP(I) Derivative function of F(I).

FT(I) Spherical Bessel function multiplied by its argument. This is used for calcula-
tion of pole strength function with a different argument from that of F(I),
which is used for calculation of experimental strength function.

G() Spherical Neumann function multiplied by its argument.

GAMENG(I) Released energy of y-rays emitted through transitions between discrete
levels.

GAMSUM(I) Integrated population probability of continuous y-ray transitions in each
interval.

GP(I) Derivative function of G(I).

GT(D) Spherical Neumann function multiplied by its argument. This is used for
calculation of pole strength function with a different argument from that of
G(I), which is used for calculation of experimental strength function.

HBARC2 (ic)*=389386.9 (MeV>-mb).

HCENM fice’ /m,c?=3.024231 (MeV - mb).

ICMAX Two times of the maximum spin values of discrete levels in compound
nucleus.

ICRITC Indicator for inclusion or exclusion of overlapping levels in residual states.

IDENG(I) Numbering of ascending order of ENERGY (I).

IDENTR(I) Indicator for identification of input energy. If ECMX(I)=ECMS(J),
IDENTR(I)=J. Otherwise, IDENTR(I)=0.

IDGCM(,J) Number of channels in residual nuclear states in continuum.

IEGMAX Number of energy point for y—ray spectrum calculation.
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Symbol Description

IELEV Number of levels including tentative ones in continuum. This is used for
counting levels at which transmission coefficients for inverse processes are
calculated.

IENERG Number of energy points for incident neutrons.

IENTRC Number of energy points at which neutron transmission coefficients are
calculated.

IJP(1,J) Flag for calculation of Q—factor.

IPNEN(1,J,K)

IDIMX(I)
IMAX
JIMAX

JMIN

JOUTPT(I)
KIBRD(I,J)

LEV

LEVO
LEVN

LMAX

LMAXC

MAXDLI
MAXSUM
MESHIN

NENOT

NINT
NINTG
NMASSC
NPARTY
OUTNGN(I,J)
PARITY (I)
PENN(I,J,K)
PENOM(I,J)
PHI(I,J,K)
PHII(1,J)

If it is zero, no calculation is done.

If non—zero, calculation is done.

Number of incident energy points for use of interpolation of transmission
coefficients.

Two times of the maximum spin at a temporary state I in continuum.

Two times of the maximum total spin J.

Two times of the maximum total spin J. These two are used as mutual
supporters.

Two times of the minimum total spin J. For even nucleus, it is unity, and for
odd nucleus, it is zero.

Control index for calling subroutines OUTPT1~5.

Index on branching ratios for 7—ray transition between discrete levels I and J.
If it is zero, no input data are given.

If it is non—zero, input data are given.

Number of discrete levels in residual nucleus for which cross—section calcula-
tions are possible.

Number of levels for cross—section calculations.

Number of levels including overlapping region for which inelastic scattering
cross sections are calculated.

Maximum angular momentum quantum number for calculation of the spher-
ical Bessel and Neumann functions.

Maximum angular momentum quantum number for calculation of cross
sections.

Maximum number of discrete y—ray transitions.

Maximum number of y-ray transitions in continuum.

Tentative storage for energy index NEMESH. It is taken in the second run at
threshold energies for an isotope.

Number of energy points in continuum for calculation of population pro-
bability.

Number of mesh points for integration of wave equation.

Number of mesh points for generating wave functions and their derivatives.
Mass number of compound nucleus.

Number of positive parity states in discrete levels of residual nucleus.
Tentative storage for calculated cross sections of natural element.

Parity of discrete levels in residual nucleus.

Interpolated values of transmission coefficients.

Temporary storage for denominator in transition rates.

Wave functions near matching radius.

Wave functions.
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Symbol Description
POPULD(I) Population probability for discrete levels.
POPULP(1,J,K) Population probability for levels in continuum.
PSLMAX(I) Maximum angular momentum quantum number at energies for inter-

PENNOV(I,J,K,L)
QFACT(I,T)
REACT(I)
RENFCT(I)
ROHMA
RIMI

RIMS
RMAT

RRE

RRSO
SIGAMM(I)
SIGEL(I)
SIGELC(I)
SIGELS
SIGGAM
SIGSP(1,J)
SINELA(I)
SINELL(I)
STMAX0
SLMAX(I)
SPCCEX
SPCTEX
SPCTGM(I)

SPIN
SPINC(I)
SPINCG
SPINEC
SPINL(I)

SPINRM(I, )

SSIGR
STRFNC(1,7J,K)
SYMELM(I)
TENN(,J,K)
TGMNCL
THETA(I,J,K)
THGAM(,J)
THGAMD(I,J)
TNRATE(I)
TRGAM(I,J,K)
VSPO

polation.

Transmission coefficients for overlapping levels.

Q-factor for resonance level interference.

Reaction cross section 0.

Renormalization coefficient Cy™" in Eq.(2.4), or 7-ray strength function.
Matching radius R, times wave number k.

RI times 4'°.

RS times 4.

Matching radius R ;.

RO times 4.

RSO times 4.

Storage for capture cross section.

Storage for shape elastic scattering cross section.

Storage for compound elastic scattering cross section.

Shape elastic scattering cross section.

Capture cross section.

s— and p—wave components of capture cross section.

Storage for inelastic scattering cross section.

Excitation function given in Eq.(2.16).

Maximum value of total spin.

Storage for the maximum angular momentum quantum number.
Equivalent to SPCCIN in Eqgs.(2.55), (2.56) and (2.58).
Equivalent to SPCTIN in Egs.(2.55), (2.56) and (2.57).
Intensity of 7-rays emitted from transitions betweem artificial levels in
continuum,.

Spin of neutron.

Spin of discrete levels in compound nucleus.

Spin cutoff factor used in constant temperature model.

Spin cutoff factor 0,/ (Uj,) in Eqs.(2.54) and (2.55).

Spin of discrete levels in residual nucleus.

I+1 ,
o’ (B,,/ Z  pJ(BY.
J=|I-1|

Compound nucleus formation cross section.

Neutron strength function.

Symbol of element.

Neutron transmission coefficients.

Calculated 7-ray strength function. It is used for normalization.
Modified neutron transmission coefficients defined in Eq.(2.18).
Modified y-ray transmission coefficients with i=1 in Eq.(2.19).
Modified 7-ray transmission coefficients with i=2 in Eq.(2.19).
Cross section 40 of competing processes shown in Eq.(2.15).
7-ray transmission coefficients defined in Egs.(2.2) and (2.3).
Strength of real spin—orbit potential.
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Symbol Description
VRE Strength of real optical potential.
WDGMCL Calculated 7-ray width for normalization.
WIMI Strength of volume term in imaginary potential.
WIDGAM() Averaged 7-ray width.
WIMS Strength of surface term in imaginary potential.
WSPO Strength of imaginary spin—orbit potential.
WVNO Wave number k.
WVNOSQ Square of wave number.
YETAI(I,J) Imaginary part of scattering amplitude; —Im(n}).

YETAR(L,J) Real part of scattering amplitude; 1-Re(7 Y




JAERI 1321 31

D
2)

3)

4)

3)

6)

7

8)
9)
10)

11)
12)
13)
14)
15)
16)
17)

18)
19)
20)
21)
22)

References

Hauser W. and Feshbach H.: Phys. Rev., 87, 366 (1952).

Igarasi S.: J. Nucl. Sci. Technol,, 12, 67 (1975).

Iijima S., Nakagawa T., Kikuchi Y., Kawai M., Matsunobu H., Maki K. and Igarasi S.: J. Nucl. Sci. Technol.,
14, 161 (1977).

Kikuchi Y., Nakagawa T., Matsunobu H., Kawai M., Igarasi S. and lijima S.: ”Neutron Cross Sections of 28
Fission Product Nuclides Adopted in JENDL~1”, JAERI 1268 (1981).

Aoki T., Iijima S., Kawai M., Kikuchi Y., Matsunobu H., Nakagawa T., Nakajima Y., Nishigori T., Sasaki M.,
Watanabe T., Yoshida T. and Zukeran A.: Proc. Int. Conf. on Nucl. Data for Basic and Applied Sci., Santa Fe,
13-17 May 1985, Vol. 2, p. 1627 (1986).

Shibata K., Nakagawa T., Asami T., Fukahori T., Narita T., Chiba S., Mizumoto M., Hasegawa A., Kikuchi
Y., Nakajima Y. and Igarasi S.: “Japanese Evaluated Nuclaear Data Library, Version—-3, —JENDL-3—",
JAERI 1319 (1990).

Igarasi S.: Program ELIESE-3; *Program for Calculation of the Nuclear Cross Sections by Using Local and
Non-Local Optical Models and Statistical Model”, JAERI 1224 (1972).

Lane A.M. and Lynn J.E.: Nucl. Phys., 11, 646 (1959).

Axel P.: Phys. Rev., 126, 671 (1962).

Dresner L.: Proc. Int. Conf. on Neutron Interactions with the Nucleus, New York, U.S.A.E.C. Report No.
TID-7547, p. 71 (1957).

Lynn J.E.: ”The Theory of Neutron Resonance Reactions”, Clarendon, Oxford, (1968).

Dyson F.J.: J. Math. Phys., 3, 166 (1962).

Moldauer P.A.: Phys. Rev., 123, 968 (1961).

Moldauer P.A.: Phys. Rev., 135, B642 (1964).

Moldauer P.A.: Rev. Mod. Phys., 36, 1079 (1964).

Gilbert A. and Cameron A.G.W.: Can. J. Phys., 43, 1446 (1965).

Gruppelaar H., Janssen A.J. and Dekker J.W.M.: “Intercomparison of Recent Evaluations for the Capture
Cross Sections of Some Fission—Product Nuclides”, ECN-12 (1976).

Schmittroth F.A.: ”Neutron Capture Calculation for E,=100 keV to 4 MeV”, HEDL-TME-73-79 (1973).
Berman B.L.: Atomic Data and Nucl. Data Tables, 15, 319 (1975).

Blatt J.M. and Weisskopf V.F.: ”Theoretical Nuclear Physics”, John Wiley and Sons, (1952).

Marmier P. and Sheldon E.: ”Physics of Nuclei and Particles”, Academic Press (1969).

Kinsey R.: ”JENDF-102, Data Formats and Procedures for the Evaluated Nuclear Data File, ENDF”,
BNL-NCS-50496 (1979).




Program CASTHY

32 JAERI 1321
—Statistical Model Calculation for Neutron Cross Sectios and Gamma Ray Spectrum—
Table 1. A tabular form of input data. Descriptions of variables are explained in Chapter 5.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
NISOTP INOMLIZ NOUTPTINFOLLW TITLE
ENORM SIGNRN RATIO
NODATA|NCHAGT NMASST|NABUND NLEVEL | NIMAG | NPROF | NFLCR |NLEVCM|NCASCD|NEMESH|NLVDNT|NLVDNC| NPMFIX [NCOMPT| NTEMP!
1 EMTARG EMIN SEPAR ROEXP PMESH
6 RO RI RS RSO TEMPI
1 A0 Al B ASO TEMP2
16 v wI ws VSO WSO
21 VE WIE WSE VSOE WSOE
26 VESQ WIESQ WSESQ VSOESQ WSOESQ
31 VSYM ECRITC RATIO SPCTIN SPCCIN
36 | ELESPN(1)
S N\
61 - ELESPN(30)
66 DNPART SPINCT PAIRNT CNORMT EJOINT
71 DNPARC SPINCC PAIRNC CNORMC EJOINC
76 ENORML SIGNRN TGMNRN DOBSRN WDGMRN
81 EGIANT WGIANT PARAI PARA2 EXCHNG
86 EGBERM WGBERM SIGBM1 SIGBM2 ECCRIT
91 TEMX(1)
96 TEMX(10)
101 | ENERGY(l)
‘ N\
146 N ENERGY(50)
151 | COMPET(1)
‘ N\
196 A COMPET(50)
201 | CLESPN(1)
* N\
226 N CLESPN(30)
NBRNCH ICARD ENHEI ENHMI ENHE2 ENHSHR BIN
1 |LEVH(1)| LEVL(1) LEVH(6) | LEVL(6)
1| BRANCH(1) \ BRANCH(6)
(, \\ \
10 [ \ LEVH(60)| LEVL(60)
10 BRANCH(60)
LEVB BRNCP(1) BRNCP(5) ENGBC




33

JAERI 1321

0°01 08 0°9 0°s
0°¢ 0°1 8°0 L°0
s°0 €°0 2°0 1°0
s0°0 €070 1070 S00°0
180°0
80€0° Y 60°T1SE 2L°0 ggsetel
2s19°% 18°8L%¢ 0g°1 €081°¢1
0T+£198°1 £ -S108°1T ¢
2 +£98€°17 § -0s82°1 8 +g2s2°1 € -g1e2¢ 1 ¢
2 +€££06°0 9 +E€892°0 ¥ +1%9£°0 2 +2111°0 O
L8° 1~ 770
0°9 L°8 s9¢°¢
£€9°0 2770 L%°0
92°1 82°1 82"t
26%L°S
T T 0ec- T S €7
A3WOT 0L A3INT=3 “NOILI3S SSOUD ¥BI-M “T-3TdWVX3
gtk ecc rttrgeteegeeecyrresget gt ey asageteeycoty

"(1-s1dwexy)

0o°g
9°0
80°0
100°0
7°0
§°Sé
2ier-ie
80s0° 12
+01¢%°1
+9121°1
+ 0°0
0°¢
s2 0-
6L°9%
£€9°0
92°1
0°%81
781
T

uondo yoeqyss,J—IosneH SUnod[Is M, JO SUOIIOAS SSOIO I0J UOHE[NO[Ed JO ejep jndul oYL,

917
122
901
101
S8
6L
173
99
9Y
%4
9c
4
124
91
124
9

T
74
T

L1
T

e-| "bi4

PR EE SRR IR




JAERI 1321

‘1-9o[dwrexy jo indino ayJ, q-1 "b614

|
g
ww 10+00000°T 00+d0000°8 00+00000°9 00+d0000°S 00+J0000°S 00+00000°2 00+d0000°T 10-00000°8 1T0-Q0000°Z T0-00000°9
> 10-40000°S 10-00000°€ 10-A0000°2 10-00000°T 20-00000°8 20-40000°S 20-d0000°S 20-00000°T £0-00000°S £0-00000°1
S (AIW) W3LSAS -8Y7 NI AD¥INI LINIQIONI
<
m DNIJdVIY3IA0 38 OL QIWNSSY 3¥V- AIW000°2 IA0EY STIAIT
Qo
- + 0°0T o0gI9e T 21
g - 0°2 0S10s°1 11 + 0"z 00Tg%°1 O + 0"z 0£98s°1 6
2 - 0*< 00s82°l 8 + 0'g osesz 1 L - 0°¢ ostzz T 9
5 + 0"z 0%121°1 S + 0°2 0S506°0 ¥ + 0°9 0s8%.°0 ¢
= + “0°%  01¥9£"0 2 + 0"z 021T1°0 1 + 0-0 00 ©
w ALTHYd NIdS ADY¥INT ON ALI¥Vd NIdS ADNINI OoN ALT¥Vd NIdS ADY¥IN3 N
m S¥3ILIWYYEVA T3AIT
= m 00%°0 = DNHOX3 070 = 2vyvd 0°0 = TVVd A3W 000°S = HLAIM  A3W %0°%¥1 = ADY¥IN3
238 ANI¥@ °°° NOILONA4 37I40¥d Q3L12373S
S g 73A37 IONYNOS3I¥ LNVID 3IHL 30 SYILIWVYVd
E 5
52 €0-0262€°S -°° ¥OLOV4 NOILYZITVWNON A3 0°0 = HLAIM"WYD A3 0°0 = *¥2°d £0-062E°S =WYD'L *°° SINO Q3LVINIIVD
< A3 018070 = HLAIM"WYD A3 0S°S6 = -s80°0 0°0 =WYD"Ll "~ SYILIWVYVYd LNdNI
&8 SN¥YE-ITTIN 070 =NOILJ3S SSO¥D AW 0°0 LV AD¥INI  S3dOLOSI ¥04 LNO GITHHYD NOILVZITYWHON
o
2 0°0 = X322dS 0°0 = X312dS
5] 0826°% = OWYONL  8092°S = LWYONL
3 2025°0 = D7dW3L  8125°0 = LidwWal
<
) 1 sttt ONGATN T t--cc INGATN S *°° OVWIN
o 0°0 = NI2ddS 0°0 = NILDdS 00 =WASA
2 g0s0°y = ONIOF3  2S19°% = LNIO3 00 =9S30SM  0°0 =BSIOSA 00 =pSISM 070 =9SIIM 00 =9S3A
= 0060°TTSE= JWHOND  00T8°8%E= LWHOND 0°0 = 30SM  0°0 = 30SA  0.8°T-= 3SM 00%°0 = 3IM  0S2°0- = 3A
- 0022°0 = ON¥IVd 000S°T = LN¥IVd 0°0 = 0SM 000°9 = OSA 002°8 = SM S9S°€ = IM  062°9% = A
8 €¢cz ¢l = DONIAS  $O8T°ST = LONIdS 0£9°0 = 0SY 0.%°0 = @ 029°0= IV 0£9°0 = OV
7 21€T°12 = JHYANG  80S0°TZ = L¥VdNQ 092°T = 0S4 082°T = Sy o082°T = I¥ 092°1 = O¥
-
«
A ©ee+ Sy3LIWVUVA ALISNIQ 73A3T °°° seesessees SHILIAWVHYD TVILNILOL *CCCCTCCC
IN3D ¥3d 0°00T°°° NOILYINDIYD SIHL NI Q3Sn OILYY IINVANNGY
SNOTLD3S SS0YD IHL 40 NOILYINDIYD 3HL NI @3ANTIX3 ST SS3J0¥d 3AYISYD
NINVL 38V SN3ITINN ONAOJWOD 40 ST3AIT 313¥ISIA ON
Q3SN AYOIHL HOVEHSI-¥ISNVH
AIW  26%2°S " A9Y¥INI NOILV¥Vd3S 000°%8T "~ SSYW ¥YITINN %81 M *- SNITONN LIDYVL

34

T 39vd A3IWOT 0L A3INT=3 “NOILI3IS SSOY¥D ¥8T-M “T-3dWVX3




35

JAERI 1321

£0-0gLe9°¢
20-09246°1
10-0%214°1
10-01248°S
00+0gg9e°8
104066492
10+0622s°¢
10+40%48%°¢
10+0891%v°¢
10+0291v°¢
10+010€S° ¢
10+09189°%
T0+0g611° L
20+0g494°1
20+066%0°2
20+020s84°¢
20+QLT9S°¢
20+0s421°Y
20+0ds02s°¢
20+0149L°1

d=3¥NLdVI

2

€0-0d8141°1
£0-0LL€€°9
20-a¥%8%s°S
10-08%06°1
00+Q06ss°¢2
00+0%21%°6
T0+Q€sSy1°1
10+0499s1°1
1040246171
10+0dsg42°1
10+0266£° 1T
10+Q02S16°1
10409205872
10+06S81° Y
10+Q022¢0°S
10+0£S8S° L
20+0s212°1
20+096S%°¢
20+Q62LLt9
£0+0%002°¢

S-3¥N1dVI

39vd

10-0196.°8
T0-0eL%s°8
10-0190s8°8
10-00%.%°8
10-04488° 2
10-08¢%4°9
10-0g864L°Y
10-00s%2"v
10-06596°¢
10-0.9589°¢
10-0480¢°¢
10-00s1%°¢
10-09984°1
20-04299°6
20-0%126° 2
20-0L590°S
20-dgv%0°¢
20-0%840°1
£0-0L2%85°9
£0-08986°¢

dve-nNi

*(penunuoo) [—9rdwexy jo jndino ayf,

£0+qQi2ee°s
€0+090€E° S
€0+Qs084°S
£0+Q29¢1°9
£0+08.£9°9
€0+Qqglv9°9
£0+0.L08.°9
£0+0d8896°9
€0+0g€0T1° 2
£0+08L262° 2
€0+0e69S° L
€0+d101v°8
€0+Q158€2°6
¥0+01480° 17
%0+09s%1°1
%0+Q0182°1
%0+09€SY°1
20+0L246° 1
y0+0ds¥9%°¢
40+09218° %

aviol

£0+02vsé62
€0+41010°¢
£0+Q%221°¢
£0+Q2Ls17¢
€0+00291°¢
€0+0S561°¢
£0+0SSgge°¢
€0+00T65° ¢
€0+QT4TY%°¢
g0+QLTYY°¢
€0+0L99%°¢
€0+05245°¢
£0+QT1s8s.°¢
£0+Q999¢° Y
£0+08859° ¥
£0+Q6%4Y%°S
£0+Q9v1el"9
¥0+Q1v21°1
70+0£68S° 1
%0+00£09°¢

ANNOdWO?

€0+d1¥S56°
£0+06600°
€0+4dso0et-
€0+dg1sT”
€0+d%7980°
€0+06818°
£0+00£9¢"
£0+Qv802°
£0+066cT”
€0+Q1ev0”
€0+0T1506°
£0+d9s1%"
20+4s12s

[eNeoReoNeNe oo
.
[eNeReoReNeNeo o]

JILSVI3INI

A3WOT 01 A3XT=3 “NOILI3S SSOYD ¥81-M “1-3TdWVX3

4
€
<
€
<
4
4
4
4
4
T
T
[

q-1 "Bi4

°03s

£0+06L92°2
£0+0@s02g°¢
£0+02859°2
c0+0%6L6°¢
£0+02¢0S8°¢
€0+08%69°¢
€0+00STE" Y
€0+06599° Y
£0+09648° %
€0+Q2291°¢S
€0+0d%6SS°S
£0+d2%v06°9
£0+02691°8
%0+0d1gS0° 1T
%0+0%011°1
%0+Qg0%2°1
¥0+Q0£€0%° 1
70+0£968° 1
¥0+0%19¢°¢
¥0+0d6%41° Y

JILsvI3

¥2 L ©°°°° JIWIL ONINNNY
20-Q05s29°¢s 10+400000° 7T
10-0e2L9s°2 00+400000°8
00+008%8°1 00+00000°9
00+dg105°S 00+Q0000°S
10+0g028°% 00+00000°¢
20+009¢¢" 1T 00+00000°2
20+Q0¥%920°1 00+Q0000° 1T
10+099%9°6 10-00000°8
10+02480°6 10-00000° 4
10+0%969°8 10-00000°9
10+Q1v8%°8 10-00000°S
10+082¢€0°6 10-400000°¢
c0+Q9Lc1°1 10-00000°¢
20+02265°¢ 10-00000°1T
20+d2ses ¢ 20-Q0000°8
20+0d8090° ¥ 20-300000°S
20+08.220°S 20-40000°¢
20+0L1%9° L 20-Q00000°17
£0+Qg1£0° 1T £0-00000°S
€0+dTLL8° € £0-400000°7T
JYNLdYI CAIW) ADUIN3

SNYVE-ITIIW NI SNOILDI3S SSOUD Q3LVINIIVD

981 M °°°

SN3ITIONN L3o¥VL




JAERI 1321

Program CASTHY
Statistical Model Calculation for Neutron Cross Sections and Gamma Ray Spectrum—

36

‘(7z—srdwrexy) uondo uonenjonyj YIpIM—[Aa] 90UBUOSII YA eiep ndul syl

0°01 0°8 0°9 0°s 0°¢g 911
02 0°1 8°0 L°0 90 111
§°0 €70 2o 170 8070 901
s0°0 €070 1070 S00°0 10070 1017

%70 S8

180°0 §°S6 64

80£0° Y7 60°11s¢ eL"0 £€62°¢T 2teitie 12

2s19°Y 18°84%¢ 0g°1 £087°¢1 80s0°12 99

01+£198°1 £ -ST0S°1T 2 +01g%°1 9v

2 +£98€°1 S -0682°1 8 +£2S2°1 ¢ -£122°1 2 +¥9121°1 1%

2 +££06°0 9 +£8Y2°0 ¥ +1%9€°0 2 +2111°0 0 + 070 ©9¢

02 2¢

1871~ %70 s2°0- 12

0°9 L°8 s9¢°¢ 6L°9% 91

£€9°0 2%°0 4%°0 €9°0 11

92°1 82°1 82°1 92°1 9

L6%L°S 0°%81 1

T T 0c¢- 0t1- 1 S €7 ¥81 ¥. L1
AIWOT OL A3NT=3 “NOILI3S SSOYD ¥81-M “2-31dWVX3 125 1 T
Qe ekttt temegreegeteigTresgriiigestegeasoytetagaetagonoageeooy el ceynens

e-¢g b




37

JAERI 1321

10+00000° 1
10-30000°S

£0-Q262¢°Ss *°°

0°0 =
08L6°Y% =
202570 =

[BEEEETE

070 =
80¢0° ¥ =
0060°118¢=
002.°0 =
ggs2tel =
2igl"ie =

00+00000°8
10-00000°¢

00+Q00000°9 00+
10-00000°2 10-

+
+
ALlI¥vd

00%°0 =

© d4010Vd NOILVZITTVWYON A3

X320dS
OWYONL
RRELEDS

INGATIN
NIJ3dS
INIOFr3
QWYON)I
INY¥IVd
JINIdS
J¥VdNQ

A3

SNYVYE-ITTIN 0°0

0°0
8092°¢
812s°0

1 e
0°0
2s19°%
0018°8L%¢
000€° 71
€081°¢1
805s0°12

"°°° SY3L3IWVYVd ALISN3IG T3A3T

1

39vd

A3

W

X312dS
LWYONL
17dW3lL

LINQATIN
NILJdS
LNIOr3
LWYOND
LNYIVd
LINIdS
LiyvdNa

0°0

269, S

—9dwrexy jo indino ayJ, q-¢ 614

goo00°S 00+40000°€ 00+d0000°2 00+@0000°T 10-00000°8 10-00000°Z 1T0-00000°9
a0000°1T 20-00000°8 20-4d0000°S 20-00000°€ 20-30000°T £0-00000°S £0-00000°7
CA3W) WILSAS “8VYT NI AD¥3INI LNIQIINI

ONIddVI¥3IA0 38 0L G3WNSSY ¥V AIW000°2 3IA08V ST3A3T

+ 0°01T 0g798°1 2T
0° <L 0s70s8°1 121 + 0°¢ 001gY°1 o1 + 0°c 0g98se°1 [
0°s 00s8e°1 8 + 0°8 ogese 1 P - 0o ¢ ogreet 9
02 oyieti°1 S + [¢her4 0££06°0 ki + 0°9 0g8%L°0 3
0% 01%9¢°0 4 + 0-¢ 02tii1°0 1 + 0°0 0°0 0
NIdS AD¥3IN3 ON ALI¥Vd NIdS AD¥IAN3I ON ALTIdVd NIdS ADY¥IN3 ON

S¥ILIWYIVd T3IA3IT
ONHIX3 0°0 = 2vivd 0°0 = Tvivd A3W 000°S = HLAIM AW %0°%T = ADY¥3INI
ANIYE °°° NOILINN4 3ITI40¥d 43103738
T3A37 3JONVNOS3Y LINVID 3IHL 40 S¥ILIWVHVL
0°0 = HLAIM"WYD A3 0°0 = *¥)°Q €0-062€°S =WYD"L °°° SIAINO Q3LVINIIVD
0180°0 = HLQIM"WYD A3 05°S6 = °s€g0°a 0°0 =WYD"L °°° SHYILIWVIVd LNdNI
=NOTILJ3S SSO¥D A3W 0°0 L1V ADYIN3I S3d010SI ¥0d4 LNO Q3 THUYI NOILVYZITTYWION
S °°° OVWIN
0°0 =WASA
0°0 =DS30SM 0°0 =bS30SA 0°0 =DS3aSM 0°0 =DdS3IIM 0°0 =BS3A
0°0 = 30SM 0°0 = 30SA 048°1T-= 3ISM 00%°0 = 3IM 082°0- = 3A
0°0 = 0SM 000°9 = 0SA 00.°8 = SM s9g°¢g = Im 06L°9%7 = A
0€9°0 = osv 0L%°0 = g 04%°0 = v 0€9°0 = 0OV
092°1 = 0sy 082°1 = Sd 08e°1 = Iy 0921 = o0d
Tetetetcct SY3LIWVYVC TVILNILOL Tttt

IN3D ¥3d 0°00T°"° NOILVINDIVD SIHL NI Q@3sn OILvY IINVANNEY

SNOILO3S SSO¥) 3IHL 40 NOILVIADTIVYI 3IHL NI Q3QN1IX3 SI S$S320¥d 3AVISYI

N3INVL 34V SNITINN ANNODWOD J0 ST3IA3IT 3L3¥ISIA ON

°°° ¥0LOVi-® 00°1 °°° W0Q33d¥d 40 °93d a3sn AY0IHL ¥Y3INVAIOW

"°° ADY3INI NOILVYVdL3S 000°%81 °°° SSVYW ¥VITINN %81 M °°° SN3TINN L3IDAVL

AIWOT OL A3INT=3 “NOILI3S SSOYD ¥81-M “2-37dWVX3




JAERI 1321

d Gamma Ray Spectrum—

10ns an

Program CASTHY
1 Model Calculation for Neutron Cross Secti

1ca

Stati

38

‘(ponunuod) g—ordwexy jo ndino syJ,

q-z 'Bi4

€0-0906°2 S0-Q0096°T 20-02¢€°1 S0-0€86°8 20-00£%"1T S0-41%9°6 20-4Ssé"1 ¥0-081¢°T 10-0692°7

€0-0612°2 S0-090S°T 20-0252°1 $0-0705°8 20-0TE€¥°1 SO-A€il°6 20-0%%0°2 %0-@8¢°1 10-d112°1

€0-0966°1 S0-A8SE"T 20-0ST2°1T §0-Q222°8 20-062%"1 S0-d%2l°6 20-06.0°2 %0-AST¥°T1 10-0G261°7

$0-0909°T S0-Q660°T 20-ATET°T S0-A9€L°Z 20-002%°1 S0-QSTZ*6 20-Q0ST1°2 v0-42lv°1 10-0@9s1°1

€0-4592°1T 90-00T.°8 20-4S20°1 S0-Q06S0°Z 20-010%°1 S0-Q0S9°6 20-4Tg2°2 %0-09€S°1 10-4121°7

%0-0T€2°6 90-Q00S2°9 €£0-0186°8 S0-Q0E2°9 20-069€°1 S0-096%°6 20-4g2g°2 %0-AT19°1 10-0.80°7

¥0-0992°8 90-029.°S €£0-0€ST°8 60-0£89°S 20-4I¥E€"1 GS0-08%g"6 20-4€8E°2 ¥0-0199°1 10-0690°7

20-062€°S 90-QTL.°€ $0-0968°S SO0-Q€L1°% 20-0L22°1T S0-0s89°8 20-08ss*2 %0-0018°1 10-0S20°7

%0-0000°% 90-0998°2 £0-091S°%y S0-QA2g£2°¢€ 20-Q2T1°1 S0-Q696°2 20-0.Z89°2 ¥0-Q926°1 10-0000°1

40-0SSL°S€ 90-Q00Z°2 $£0-AdS§2°v SO0-ASY0"§ 20-dI80°1 S0-QAS.Z°L 20-0L1.°2 %0-Q%S6°1 20-05S6°6

20-022%°2 90-Q.28°1 £0-0829°2 S0-0926°1 €0-Q9%S<°8 S0-A8ST"9 20-d1€6°2 %0-0€97°2 20-0SL9°6

%0-Q0S9%°2 90-Q0028°1T £0-0599°2 6§0-0296°1 £0-091£°8 S0-08E1"9 20-0¥€6°2 ¥0-0S91°2 <20-0%L9°6

20-0022°2 90-4259°1 €0-002§€°2 SO0-@%9L°1 €0-Q%19°L S0-0299°S 20-0686°2 v0-@%¥22 e 20-A819°6

0°0 0°0 €0-0Tg6°T S0-Q€9%"1 €0-0L9€°9 S0-4T28"% 20-4g80°¢ ¥0-Qsgg°2 20-08ES°6

0°0 0°0 ¢£0-d8%8°T 50-090%°T €0-d201°9 S0-Ai%9°% 20-Ag0l°¢ %0-Q09€°2 20-0€2S°6

00 0°0 €0-Qd%¥29°1 S0-Q£S2°T €0-QESE"S S0-Q@621°% 20-049S1°¢ ¥0-Adsgv"2 20-Av8v°6

0°0 0°0 €0-422%°1 S0-Q9T11°1 €0-0099°% S0-QA489°¢ 20-Q202°¢ %0-Q@21s"¢ 20-a%sv°é

0°0 0°0 ¢€0-dgge 1T 90-4188°6 <£0-06E0°Y S0-0@8g2 ¢ 20-02g2 ¢ Y0-Q16S5°C 20-02¢v°6

0°0 0°0 €0-a%ST°T 90-dSS€°6 £0-3108°¢ S0-Q0080°¢ 20-4Lg2°¢ %0-0dg29°2 20-0se2y 6

0°0 0°0 €0-Q220°T 90-Q008°8 ¢€0-Qg€9S°"¢ S0-4Ss26°¢ 20-QLg2°¢ %0-QL89°¢ 20-Q61%°6

0°0 0°0 0°0 0°0 €£0-Q192°¢ S0-Q@1gl"2 20-Q%22°¢ %0-Q00.°2 20-0dglv°6

0°0 0°0 0°0 0°0 ¢€0-0688°2 S0-000S°2 20-QLiT°¢ %0-Q6%L°2 20-080%°6

0°0 0°0 0°0 0°0 £0-0.48°2 S0-Qgé%°2 20-QASL1°¢ ¥%0-Q0Si°2 20-480%7°6

0°0 0°0 00 0°0 €0-@148°2 S0-4dS0g£°2 20-4%01°¢ %0-0G28.°2 20-QL0%°6

0°0 0°0 00 0°0 ¢€0-@80g£°2 S0-d2%1°2 20-Q810°¢ %0-Q208°2 20-490%°6
(2)ENS (TXENS (2)2NS (T)2NS (2)TINS CT)INS (2)ONS (T)ONS HLQIM®D

*x%%x% SNOTILIONNS HLONIYLS NOUYLNIN **xxx
20-08286°% 20-01808°9 10-AlZ¥%"% 10-A¥6S0°% 10-06662°S 10-0L549°S 10-0£092°8 £0+0SSge”¢
20-Q22T1°S 20-08.12°% 10-0S689°S 10-0568€°S 10-0S6S8°% 10-08912°S 10-0S5920°8 €0+QS9Le°€
20-05895°2 20-0669%°¢ 10-0.86€°¢ T0-dgT$1°¢ 10-AT¥89°% 10-092£0°S 10-0S826°L £0+00T6¢°¢
20-0SS02°1 20-49982°2 10-4g028°2 1T0-@SST9°2 10-02.1g"% 10-AS9¥9°% 10-08%T1L°Z <£0+Q1L1Y%°¢
20-0S6%0°1T 20-G%66£°T 10-@s222°2 10-418.20°2 10-41006°¢ 10-A1S02°% T0-Q04SY%°L £0+04177°C
€0-06058°S €0-0€i%.°Z 10-08829°1 10-018ES°1T 10-0612%°¢ 10-02969°¢ 1T0-0L6ET°L €£0+0L99%°€¢
£0-08126°S €0-06121°S 10-02662°1 10-0SS$2°1T 10-002T1°¢ 10-00S89€°¢ 10-02026°9 £0+0s78Y%°¢
£0-0£980°T €£0-4S8I¥°1 20-Q0¥96°S 20-0LS4Z°S 10-06922°2 10-09¢€1¥°2 10-0.212°9 ¢£0+0secis”¢e
%0-Q6TS9°C %0-Q21%2°% 20-0L6£6°2 20-0%188°2 10-02819°T 10-09$S.°T 10-00229°S £0+0680.L°C
40-Q06Y92°2 %0-AdBSBS"S 20-0B82¥¥°"2 20-@S00%°2 10-4g¥8%°1 10-09019°1 10-AS¥L%°S €0+Q1SSLT¢E
$0-0¥159°2 S0-0291Iv°S €0-A¥E€16°% $£0-00006°% 20-0LL69°9 20-02992°ZL 10-Q1S0S€°% €0+QLESE™Y
50-05695°2 SO0-Q¥0TS°S €0-0€208°% £0-06%62°% 20-00229°9 20-0Ss¥81°ZL 10-0S062°% £0+09%9¢°¥
$0-@5881°1T S0-02625°1 £0-Q05908°2 ¢£0-@¥208°2 20-08BEB6"Y 20-A¥S0%°S 10-dgev6°¢ £0+088S9°Y
90-0¥825€°2 90-02066°2 %0-02916°8 ¥0-0l.2S6°8 20-0.299°2 20-0.S88°2 10-AQETL2°¢ £0+06%L%°S
90-0€2%S°T 90-06646"1T %0-AS¥Y99°9 ¥%0-08002°9 20-0¥%292°2 20-0SIS¥°2 10-AI9TT°E £0+Q682L°S
L0-Q9956°S L0-4dS9%0°S ¥0-00285°2 ¥0-060SS°2 20-4¥S0€”"1 20-09€1¥°1 10-Q%2v9°2C £0+Qv1el9
80~-0ss62°2 80-AS0SS°6 S0-A6Y%¥9°L S0-G2%T.°. €£0-0Sg2S°9 €0-0%090°. 10-dST¥T°2 £0+06£9¢°8
60-0526%°8 80-0S880°1 S0-02€S9°1 S0-Q1029°1T ¢£0-4dgls9°2 ¢£0-41898°2 10-A%g29°1 ¥0+A1%el°7
60-08828°2 60-00£29°S 90-Q09%S°. 90-06S29°. £0-08599°1 £0-4L108°1 10-dS¥0¥°1 %0+d0¥lc”1
01-0$62S°2 01-002%9°6 90-0TS£6°2 90-02.96°2 %0-AB66%7°6 €£0-0€l20°T 10-0€L4T°1 %0+0Q£68S°1
T1-0%€€0°6 O0T-0S9ST"T 20-0E8SY"9 L0-080ES°9 ¥0-028%8°¢ ¥0-d€TI91°% 20-0G2%£8°8 %0+Ql191°¢
21-06902°2 21-QE%9%°S 80-0.892°S 80-0062S°S S0-00485°8 S0-0£g82°6 20-0%l¥%°S ¥0+00£09°¢
21-09¥285°2 21-068%0°S 80-G1608°% 80-A2¥98°Y S0-06621°8 $0-0268.°8 20-0A%ISE"S Y0+0S049°€E
%1-Q888T"S %1-09.£9"9 60-02021°¢ 60-029ST"E SO0-A¥44S°T S0-02S0Z°1 20-QT2g€1°¢ %0+0896£°9
91-dI£EE"6 SIT-A¥€61°T 0T-Q6%92°T O01-0¥S8.°T 90-02918°2 90-4€¥%0°¢ 20-09SL4°T S0+062%1°1
(=gl (+)el (-)2l (+)21 (->TL (+>T1 [¢3% °2°9ISs
*xx%x SINITIT4430) NOISSIWSNVYL NO¥LNIN **xx%xx

4 39Vd A3IWOT Ol AINT=3

20-0%1s°¢
20-QgL9°2
20-a%ev-2
20-ait10°-2
20-0299°1
20-Q18¢°1
20-Q8¢2°1
€0-0L8%°6
£0-0sL0°8
£0-0918°4
€0-0L9%°9
£0-09s%°9
£0-dg12°9
£0-0998° S
£0-0g08°S
€0-0s¥9°s
£0-022s°s
£0-QggY°S
€0-0%0%°S
€0-0718¢°S
£0-0258¢°S
£0-06£€°S
£0-06g€°S
£0-02gge"s
£0-doge"sS
2°9°lL

g0+Q1sYv°¢
£0+022gs ¢
£0+06445°¢€
£0+0gg69°¢
€0+009s8°¢
£0+09280° ¥
£0+Ql1s2°Y
£0+092€8° %
€0+0L0sg°S
£0+0008%"S
£0+08¢6%°9
€0+Q1908°9
£0+02264°9
£0+a9vse"L
£0+08gsv "L
£0+Qgv08° 4
£0+Q67S1°8
£0+0L58%°8
£0+Q9819°8
£0+0d81s.°8
£0+09916°8
£0+09960°6
£0+dsT01°6
£0+09¢12° 6
£0+00082° 6
°§°3°9IS

¥81 M

20-066£°¢
20-0%¢9°¢
20-3068¢°¢
20-Q%66°1
20-06S9°1
20-3084¢°1
20-g9¢2°1
£0-dgsv° 6
€0-0v20°8
£0-Qs18° 4L
£0-0L9%°9
€0-09S%°9
€0-det2-9
£0-30998°S
£0-Q¢08°5S
£0-Q0Ss¥%9°S
£0-022s8°S
€0-4egev°s
€0-a¥0%°S
£0-Q18g°S
€0-0L8¢€°S
£0-06%€°S
£0-06g€°S
£0-02¢e°S
£0-00gg°S
1°9°1

£0+0L08L°9
£0+0.2806°9
£0+08896°9
£0+Qg0T1° 2
£0+08L62° L
€0+Q0g6%S5° L
£0+0298L° L
£0+Q101¥%°8
£0+09650°6
£0+Q015¢2°6
¥0+08v80° 1
20+Q1480° 7
¥0+Q9s%1°1
%0+00182°1
70+Q€81¢° 1
%0+09¢sv° 1
%0+091s9°1
y0+Q2246°1
v0+Q6s41°2
20+0s¥9%°2
#0+0d%¢€S0°¢
%0+Q09215° Y
%0+0L08S° Y
%0+Q181¢° 4
§0+QL5g2°1T
©1l°9ISs

°°° Sn3TONN

00+0000°1
10-@s2s°8
10-0000°8
10-0000° 4
10-0000°9
10-0000°S
10-412%°Y
10-0000°¢
10-Q141°¢
10-0000°2
10-Q0600°1
10-0000°1
20-30000°8
20-3000°s
20-A1yy° ¥
20-0000°¢
20-41s8°1
20-0000°1
£0-000£° 2L
€0-0000°s
£0-0lesL"e
€0-0000°7
¥0-01%9°6
70-0822°¢
%0-0g20°1
ADY3INI

00+Q000°17
10-0s2s°8
10-0000°8
10-0000° <4
10-0000°9
10-0000°S
10-Q12%° Y
10-0000°¢
10-Qa11°2
10-0000°¢
10-0600° 1T
10-0000°7
20-Q0000°8
20-4000°s
20-a1v%°y
20-7000°¢
20-301s8°1
20-Q000°1
€0-000g° 2
£0-0000°S
£0-qles°e
€0-0000°1
%0-04199°6
%0-0822°¢
%0-0g20°1
ADY3IN3I

1393vL

/NOILJ3S SSOY) ¥81-M “2-3TdWVYX3




39

JAERI 1321

£0-099.°8
£0-0808°6
¢0-0@8s0°1
20-Q411°1
20-Q681°1
¢0-geee 1
20-3de91°1
20-0%60°1
£0-065£°8
£0-0646°S
(2IENS

10-01248°6
10-02204°6
10-0£SS7°6
10-016%1°6
10-08L6%7°8
10-00276° <
10-0SLYS°S
10-018L44°Y

10-0L8v8°¢

10-01829°1
(=gl

.@osﬂucoov 7—9o1dwrexy jo ndino sy [,

q-¢ 614

S0-dgvE"S €£0-41€6°. S0-0¥€8°% $0-0¥81°8 S0-0886°% ¢£0-0¥28°ZL S0-089.°% 00+02%1°1
§0-AT%0°9 €0-0285°8 S0-0982°S ¢£0-A1¢6°8 6S0-d10S°S £0-0215°8 SO-AgE%2"S 10-00S8° L
50-0995°9 €0-02.0°6 S0-0€€9°S £0-Ad£9%°6 S0-0d2.8°S £0-06%0°6 S0-AST9°S 10-d€%1°9
§0-0SL6°9 €0-0%6%°6 $0-0926°S £0-08.8°6 S0-0991°9 ¢£0-080S°6 S0-0SE€6°S 10-Q021°S
§0-0€8¥°L 20-QETO0°T S0-0ELE°9 20-0%%0°1 S0-024S°9 20-0220°1 S0-Q0€v°"9 10-QecO0° Y
S0-48§.°. 20-0890°1 S0-0§€92°9 20-A280°T S0-Q648°9 20-0d%80°1 S0-4€98°9 10-4g9%°¢
§0-464%°2 20-4952°1 S0-0880°8 20-0812°1 S0-Q40¥8°. 20-060¢°T S0-@92%°8 10-A1Ss£°2
S0-0620°. 20-4€0€°T S0-@S2¥°8 20-d1S2°1 S0-Q260°8 20-0%l¢°1 S0-0988°8 10-AsY1°¢
§0-092%°S 20-026£°1 S0-A¥S1°6 20-00SS°T S0-QSTZ°8 ¢20-00SS°T %0-0d910°1 10-QL8l°1
§0-065S6°€ 20-0l2%°1 S0-A1S¥°"6é6 20-028S°1 S0-Q0ST"6 <20-0669°1 %¥0-AS2T°1 10-A11s°1
(T)ENS (2)2NS (T)ZNS (2)TNS (T)TINS (2)0NS (T)ONS HLQIM®D
**%*%* SNOILONNA HLONIYLS NOULNIN **xxx
10-0$668°6 10-0.92€°6 10-01822°6 10-01£€l°6 10-0866L°6 10-098%%¥°6 £0+02%Sé6°¢
10-09S%6°6 10-4ds%21°6 10-d1216°8 10-G%¥8E€S°6 10-AL%99°6 10-0€262°6 £0+01010°¢€
10-008%6°6 10-02186°8 10-4S899°8 10-G29%€°6 10-09125°6 10-024871°6 £0+00220°¢
10-39006°6 10-Q5028°8 10-0A%99%°8 10-AS6ST°6 10-095.£°6 10-0S601°6 £0+0%221°¢
10-0S889°6 10-0291.°8 10-0$891°8 10-00£%8°8 10-0L9T1°6 10-0L600°6 £0+024ST°¢
10-01$2€°6 10-09599°8 10-007£0°8 10-00SE€9°8 10-Q¥E%¥6°8 10-02220°6 £0+012ST1°¢
10-06€12°2 10-0684€°8 10-Q009€9°2 10-G2T166°2 10-0%29€°8 10-Q41s%1°6 £0+00291°¢
10-0SS¥E"9 10-A%¥881°8 10-Q020%%°Z 10-04104.°4 10-0¥8S1°8 10-AS1€T°6 £0+06241°¢
10-08816°S 10-069T%°ZL 10-02202°9 10-06S0T°Z 10-02215°Z 10-0L666°8 £0+0SS61°¢
10-068s2°2 10-0d948%°9 10-4d1998°S 10-A8EBY°9 10-06688°9 10-0826.°8 £0+00922°¢
(+)gl (=>el (+)el (=)TL (+)TL 0ol °3°9Is
xxxxx SINIIIT44300 NOISSIWSNVYL NOULNIN **xxx
< 39vd A3WOT 01 A3INT=3

%0+0g0£°2
£0+Q128°1
c0+Q060L°¢
20+08.1°1
10+dggsl"e
10+0101°17
00+Qgl1° 1
10-0546°9
10-0821°¢
20-06L9°6
2°9°l

£0+06L92° ¢
£0+Qs02¢°¢2
€0+QL%L%°2
£0+Q18589°¢
£0+06826°2
£0+02081°¢
£0+08S8.4%°¢
£0+0226%°¢
£0+081sY°¢
£0+0286c°¢
"§°3°9IS

¥81T M

2o+@6ge"1
10+0d802° ¢
10+0d80%°1
00+06S2° L
00+08sS°¢
00+Qg¥1°2
10-dgv9°S
10-0s28 ¢
10-096S5°1
20-3ds0%°8
1°9°1

g0+Qtrezes
£0+Q90g€°S
€0+0L9%S°S
£0+Q0508L°S
€0+029¢1°9
£0+0L252°9
£0+084£9°9
£0+01599°9
£0+0ELY99°9
€0+Q1%29°9
cLl°9ISs

®°° sN3TINAN

10+0000° 1T
00+0000°8
00+d818°9
00+0000°9
00+0000°S
00+Q10%° ¥
00+0000°¢
00+Q069°¢
00+0000°2
00+d9ss°1
ADYINI

10+0000°7
00+0000°8
00+0@818°9
00+0000°9
00+40000°S
00+0d10%°¥%
00+400C0°¢
00+0069°2
00+0000°2
00+Q9ss°1
ADY¥3N3

1394Vl

“NOILI3S SSOY) ¥81-M “2-37dWVX3




JAERI 1321

d Gamma Ray Spectrum—

ions an

Program CASTHY

Statistical Model Calculation for Neutron Cross Sect

40

£0-0g289°¢
20-Q9246°1
10-Q%¥21L°1
10-082588°S
00+09296° 4
10+088%%°¢
10+02211°¢
10+04481°¢
T0+0%Sel ¢
10+00%e1l°¢
10+0v912°¢
10+400£0° ¥
10+0£0€9°S
20+09682°1
20+4sL9%° 1
20+00206°1
20+Q2i1%°2
20+Qi8y1°¢
20+08110°¢
20+Q262.°1

d-3dNLdVYD

Y

£€0-3d8141°1
€0-024€8°9
20-Qa¥8%5°S
10-Q0gL68°1
00+4g9sY°2
00+02986° <
00+0965£5° 6
00+QTT41°6
00+Q¥%%2g° 6
00+0029.7°6
10+409%€90° 1
10+Q0691s°1
10+02%11°¢2
10+06289°¢
10+Qa%628° Y
T10+Q€185°9
20+0d8s¢0°17
2o+qLg98°2
20+0104%°S
£0+0812%°¢

§-3¥NLdVI

39vd

‘(panunuod) g—o[durexy jo ndino Y[,

10-Q0196.4°8
10-Qq2s%s°8
10-Q01905°8
T0-091¢4%°8
10-062LL7 L
10-Q06691°9
10-09451°%
10-0s6.9°¢
10-069sv°¢
10-0gsie ¢
10-02L%6°¢e
10-0gs¥ve°e
10-0%214°1
20-0016S°6
20-06%98° <L
20-0ss20°s
20-0d1610°¢
20-0g690°1
€0-Q21€5°9
£0-09086°¢

dva-nu

€0+di2¢2-s
£0+090e€°S
€0+0S08.L°S
£0+029e1°9
€0+084€9°9
€0+AeLY9°9
€0+0208.L°9
€0+08896°9
€0+dg011° L
€0+08262° L
€0+deévs° L
€0+4101%°8
€0+01582°6
%0+Q1480°1
%0+0d9s%1°1
70+400182° 1
¥0+0d9¢SY°1
%0+0L226° 1
¥0+0S%9v°2
40+09218° Y

aviol

g0+0devsé-¢
£0+41010°¢
£0+0%221°¢
£0+0eLs1 g
£0+002971°¢
£0+0dss61°¢
€0+05S¢e° ¢
€0+00T65° ¢
go+QTL1Y° ¢
€0+0LTYY" €
€0+0L99%° ¢
€0+Q8245°¢
£0+018S84°¢
€0+09%9¢°Y
£0+08859° Y
€0+06%L%°S
€0+av1eL"9
%0+d1%¥e1°1
¥0+0£68S°1
¥0+00209°¢

ANNOdWOD

€0+d19s6°
£0+06600°
£0+4s021"
£0+Q%0s1°
£0+0gse0”
€0+Q2ssiy”
€0+0L569°
£0+02g8y”
€0+Qg21y”
£0+dve2e”
£0+d8012°
20+0489L°
20+0ges8”

.

[eReoNeoNoRoNoNo]
.
[eNeNeNe oo Ne)

JILSVYIANI

[4
<
<
3
£
4
13
T
T
T
1
8
S

q-z ‘614

R EN

£0+06492°2
£0+ds02g"2
£0+Q2859°2
£0+02086°¢
£0+02SS8S° €
£0+420%0° ¥
£0+0d8186° Y%
€0+0898¢°S
£0+Q09%09°S
£0+00v88°S
€0+Q58%2°9
co+Qggey L
£0+09625°8
v0+0£190°1
70+04811°17
%0+0%0s2°1
%0+0%91%°1
%0+01216°1
70+0S6L8°C
%0+Q71£S2°Y

JIlsvi3

208 TTTc° 3IWIL ONINNNY
20-Q58529°5S 10+00000°1
10-0249s5°¢ 00+00000°8
00+Q08%8°1 00+Q0000°9
00+Q02sé%°S 00+Q0000°S
10+099¢€L° Y 00+00000° ¢
20+0481¢° 1 00+00000°2
20+Qd81%£0° 1 00+Q0000°1
10+4e948°6 10-40000°8
10+006££° 6 10-00000°¢
10+Q41£0°6 10-00000°9
10+02966°8 10-00000°S
10+00166°6 10-00000°¢
c0+Ql181°1 10-00000°¢
20+02645°2 10-00000° 17
20+Qa%%69°¢ 20-00000°8
20+0sSS80°¢ 20-30000°s
20+00414°¢ 20-00000°¢
20+0€990°9 20-00000°17
c0+0gT05°8 £0-00000°S
€0+08%65°2 €0-00000°17
3¥NLdVD CAIW) ADYINT

SNYVE-ITT1IW NI SNOILD3IS SSOYD d3LVINITIVI

AIWOT OL A3NT=3

¥81 M °°°

SNITONN L3DYVL

“NOTI1J3S SSO¥D %81-M “2-3TdWVX3




41

JAERI 1321

‘(g—9rdurexy) uondo 30USIDIISIUI [9AS] SOUBUOSII YIM pUB

Su1191180s Or)SER[OUI 10] SIISIOUD PIOYSIIY] JB SUOIIOdS §soId Junenofed jo ejep ndul syJ, e-¢ ‘614

911
1221

0° 0°¢
L 9°0
1° 8070 90T
0 00°0
7°0

coouwn

so T 107
S8
S1°0 0°sg 64

L560°% 16°6L6 798279 8909° 11 T
62¢8° Y 20°016 2L 0 §910°9 6%68°01 99
LT+18EE°T S +9STE°T 6 +9.62°1 9%

€ -0062°T 6 +9280°1T 1T1+1646°0 £1+66%6°0 ¢ -1018°0 1Y

S +.808°0 4 + %%4°0 £ -0989°0, 1 -%0£0°0 6 + 0°0 9¢

7€°1 §°91- 1¢
S10°0- 14270 €°0- 12
0°9 €2 ¢ 9s°25s 91
9s°0 es o 69°0 11
12201 62°1 €2°1 9
6822° 4 16726 1

T T 0Z- T T 4 €7 €6 134 i1

AIWOT 0L AINT=3 “NOILI3IS SSOUD £6-8N “£-3TdWVX3IT T T T

PR T CEERE TRy SRR R R R LR SR RO RS SRR AR




JAERI 1321

d Gamma Ray Spectrum—

10ns an

Program CASTHY

1 Model Calculation for Neutron Cross Sect

istica

—Stat

42

‘¢—ordurexy jo ndino ayJ, q-¢ 614

10+00000°T 00+Q0000°8 00+00000°9 00+00000°S 00+@0000°¢ 00+00000°¢ 00+Qd0000°T 10-Q40000°8 T10-00000°Z 10-00000°9
10-00000°S 10-00000°¢ 10-40000°2 10-Q00000°T 20-Q00000°8 20-00000°S <20-00000°¢ ¢20-Q0000°1T £0-Qd0000°S €£0-Q0000°1
CA3W) W3ILSAS "8V NI ADYINI LN3QIOINI

ONIddVIY3IA0 38 OL J3IWNSSY 3¥V AIWOYE°T 3IA0EY ST3IA3IT

+ s°8 01sge" 1 2l

+ s°2 09s1e°1 1T + S°Yy 0%262°1 o1 - ST 00062°1 -]

+ S°Y 09280°1 8 + s°s 0164670 L + [ 066%6°0 9

- ST 0t1018°0 S + s°c 0.808°0 k4 + s°¢ 00%%.4°0 <

- s°1 00989°0 4 - s°0 0%0£0°0 T + S°Y 070 0

ALTYYd NIdS ADY3IN3I ON ALI¥Vd NIdS AD¥INZ ON ALI¥Yd NIdS A9¥3IN3 ON
SY3IL1INVHVL T3IA3T

00%°0 = ONHOIX3 0°0 = 2vivd 0°0 = Tvivd A3W 000°S = HIQIM A3W 6S°Z1 = ADY3IN3
ANI¥E °°° NOILONA4 3ITI40¥d 43103738

T3IA3IT IINYNOS3IY LINVIOD IHL 40 SYILIWVYYd

20-08269°2 °°° ¥OLIVd NOILVZITTVYWYON A3 0°0 = HLQIM"WVD A3 0°0 “vd°"d 20-4gé69°C =WV¥D L "°° S3INO 43LVINIVI

A3 00ST°0 = HLAIM WYY A3 00°SE = *sdg0°q 0°0 =WV9"l "°° SY¥Y3L3IWVYVd LNdNI
SNYVYE-ITTIW 0°0 =NOIL1J3S SSO¥D LEL 0°0 L1V ADY3IN3 S3d0L0OST ¥04 1IN0 G3THYYVI NOILVZITTYWUON
0°0 = X323dS 0°0 = X312dS
v919°S = JWYONL 06S1°Y = LWYONL
29€8°0 = J7dW3Ll 29480 = 17dW3l
T °°°°° ONGAIN T °°°°° LNGAIN 2 °°° OVWIN
070 = NIJJdS 0°0 = NIlJdS 00S"9T-=WASA
L5607 Y = JINIOr3 628" % = 1INIOr3 0°0 =bS30SM 0°0 =9Ss30SA 0°0 =9S3SM 0°0 =BS3IM 0°0 =BS3A
00T6°646 = JWYOND 0020°0T6 = LWYOND 0°0 = 3J0SM ST0°0-= 30SA 142°0 = 3SM 0°0 = 3JIM 00€°0- = 3A
0°0 = INYIVd 002,70 = LNY¥IVd 0°0 = 0OSM 000°9 = osA 0oge g = SM 070 = IM 09s°¢s = A
%9829 = JONIdS S910°9 = LINIdS 09S°0 = osv 0250 = g 070 = v 069°0 = 0OV
8909°TT = JdVdNQ 6%68°0T = LY¥VdNQ 011°1 = 0sy 062°1 = Sy 0°0 = Iy 0g2°T = 0¥
""" SY3ILIWVYVA ALISN3IQ T3IA3T °°°° STTTTTTTTT S¥3LIWVHVL IVILNILOL ¢ seect

IN3J ¥3d 0°00T"°° NOILVINDIYI SIHL NI @3Sn OILVY 3IINVANNGY

SNOILJI3S SSO0¥D 3IHL 40 NOILYINIIVI 3IHL NI 434NT7IX3 SI SS3J20¥d IQAVISYI
N3INVL 3¥Y SN3ITONN ANNOAWOD 40 ST3A3T 3ILIYISIA ON

0°0 °°° WO0Q33¥d4 30 °93q d3sn AY¥03HL ¥3INVATOW

AIW 68227 L "°° ADYINI NOILVYVd3S 0T16°26 ~°° SSVYW ¥VITINN €6 GN °°° SNITINAN 139¥Vi

T 39vd A3IWOT 0L A3NT=3 “NOILO3S SSO¥YD £6-8N “¢-3TdWVX3




43

JAERI 1321

20-0g96£°¢
10-08.80°1
10-Q0ST1° ¥
10-Q20gl°2
00+Qg¥1¥v°2
00+08L4L6°S
10+00682°¢
10+0v610°¢S
10+0L99%°S
10+Q191.2°¢
10+02611°9
10+Q1820°8
20+06290°1
20+dgges8°1
20+096ge°2
20+Qsiveg
20+Q%6S0°S
20+Q58%59°6
€0+09840°1
20+Q6828°9

d-3dNLdVI

4

€0-095%1°6
20-09029°¢
20-06000°6
10-0€%02°1
10-Q1442°9
00+08206°1
10+022€%°1
10+09%9L°1
10+01120°¢
10+00222°2
10+0€80s°2
10+01945°¢
10+06%7%8° Y
10+042s%°8
20+02810°1
20+Q6S1S°1T
20+062%¢°2
20+0L048°S
€0+02020°7
£0+06%1£°¢€

$-3¥N1dvI

39vd

*(ponunuod) ¢—opdurexy jo ndino syjJ,

10-01651°8
10-070€€° 4
10-Q1288°S
10-0%s91°S
10-0Sic6° Y
10-0%91¢°S
10-098¢9° Y
10-3d€%10° %
10-0288L° ¢
10-Q668S°¢
10-0s90¢°¢€
10-08gse°¢
10-09009°1
20-068£9°9
20-Q92sitY
20-Qg9ie-e
£0-0S0S¥° 6
£0-0££82° ¢
€0-084SS8°Y
€0-048158°9

yva-nw

£0+0LL6E°Y
£0+05842° %
£0+09628° ¢
€0+0626S5° ¢
€0+0%891° Y
£0+Q%¢2¢°S
€0+06164° 4
€0+08649°8
£0+0g602°6
£0+00908° 6
70+0€L%0° 1
20+00061° 7
70+Qsvge°1
%0+08841°1
¥0+0LT91°1
$04Q086S0°1
€0+0£1%8° 6
€0+02%10° 6
€0+0£520°6
¥0+08€T1°1T

aviol

£0+02689°1
€0+026el"1T
€0+02012° 1T
€0+0L%99°1
€0+064L6° T
go+dgyve-e
€0+09109°¢
£0+08£86°2
£0+d8vce ¢
£0+0¢819°¢
£0+069€1° Y
£0+0¢899°S
€0+00205°9
£0+09625°9
£0+08s852°9
£0+090£S5°S
£0+Q608L°Y
€0+00568°¢
€0+d1s26°¢
£0+000S6°S

GNNOdWO)

€0+08889°1
€0+082€L° 1T
£0+Q06S0L°1
€0+0L5859°1
£0+Q2626°1
£0+08850°2
€0+09¢01°1
20+0d92¢9°2
10+0gse2e”
10+00%01°¢
10+06081°2
00+0020£°4
00+Q28ST°¢
10-0420S8° 4
10-06%SL°Y
10-009.2%"

[eReNoNe)
co0ooo

JILSVI3NI

A3WOT 0L A3NT=3 “NOILIIS SSOYD £6-8N “¢£-37dWVX3

q-¢ ‘614

€0+0s80.2°2
£0+056£5°2
£0+dg021°2
€0+0025£6°1
£0+08L22°2
co+gyeverg
£0+09£09°9
£0+0L2262°8
£0+0%76£0°6
£0+0eL%9°6
%0+022¢0° 7
¥0+08%.1°17
¥0+00212°1
%0+011S1°1
%0+09801°1
%0+Q0110°1
£0+08660°6
£0+0L19%° L
€0+Q19L6°9
€0+070%1° L

JI1svI3

10-4d1vge"y
00+Qs991° 1T
00+Q6T2¢°¢
00+QT191°§
10+0%991°1
10+g022e-2
10+0109%°8
20+06481°1
e0+QeL9e°1
20+08942°1
20+0d%962°1
20+0L19%°1
co+@é62eL 1
20+01292°2
20+0L20€° ¢
20+Q8188° %
20+QLY1Y° L
€0+0s2ss°1
€0+02660°2
€0+08L66° €

3dNLdvd

10+00000°1T
00+00000°8
00+00000°9
00+00000°S
00+00000° ¢
00+00000°2
00+Q0000°1
10-400000°8
10-00000° £
10-00000°9
10-00000°S
10-00000° ¢
10-00000°¢
10-00000°1
20-00000°8
20-00000°S
20-300000°¢
20-00000°1
€0-00000°S
€0-00000° 1T

CAIW) ADYINI

SNYVE-ITTIW NI SNOILI3S SSO¥D a3LVINIIVI

€6 8N °°°

SN3ITONN L3O¥VL




JAERI 1321

Program CASTHY
Statistical Model Calculation for Neutron Cross Sections and Gamma Ray Spectrum—

44

‘(panunuod) ¢—srdurexy jo ndino sy q-¢ 614

00+0S¥SE°T 00+096%€°1T 00+06625°1
00+dSTTE"T 00+Q0%0E°T 00+0¥%60°1T 10-0£268°6 10-d1209°6 10-06881°8 10-08%L1°8 10-08025°L 10-0S%¥£6°9 20-00£40°¢
CA3W) W3ILSAS "8V NI ADYINI LNIGIINI

ONIddVI¥3IA0 38 Ol QIWNSSY 3I¥VY A3IWOYE"T 3A08Y ST3IAIT

+ s°8 01sge” 1 et

+ s°e 09s1e° 1 124 + Sy 0%7262°1 o1 - ST 00062°1 6
+ S°Y 09280°1 8 + s°s 01626°0 L + S°9 066%6°0 9
- s°1 01018°0 S + st 0480870 k4 + s°¢g 00%%4°0 3

- s°1 00989°0 [ - $°0 0%0¢0°0 T + 4 0°0 0
ALT¥Yd NIdS ADYINI ON ALTYYd NIdS ADYINI ON ALI¥Vd NIdS ADYINI ON

SYILIWVAVL T3A3T

00%°0 = ONHIX3 0°0 = 2vivd 0°0 = 1vVyvd A3W 000°S = HLAIM AW 65°LT = ADYINT
JNTYE °°° NOILONNd 3ITTJ40¥d 43LI3T3S

73A37T IINVYNOSIY LNVIO IHL JO SUYILIWVUVd

20-08269°2 "°° ¥0LOVd NOILVZITTVWYON A3 0°0 = HLAIM WYY A3 070 = "7¥)3°Q 20-0g69°2 =W¥H°"Ll °°° SINO 43LVINITVI
A3 00ST°0 = HLQIM WVYD A3 00°S¢ = °s80°q 0°0 =WVD"1l °°° S¥ILIWVAVd LNdNI
SNYVE8-ITTIW 070 =NOILlJ3S SS0¥) A3W 0°0 1V ADY¥3N3 S3d010ST d0d4 1NO 43TYYVI NOILVZITVWYON
0°0 = X322dS 0°0 = X313dS
%919°¢s = JWYONL 06ST° ¥ = LWYONL
49¢8°0 = J1dW3l 29280 = 17dW3l
T °°°°° ONGAN T °°°°° LINAAIN 2 °°° OVWIN
0°0 = NIDJJdS 00 = NILOdS 00S°9T-=WASA
L560°Y = JONIOr3 62¢8°Y = 1INIOr3 0°0 =bsS30SM 0°0 =bS30SA 0°0 =DS3ASM 0°0 =D0S3IM 0°0 =bS3A
00T16°646 = JDWYOND 0020°016 = LWYOND 0°0 = 30SM ST0°0-= 30SA 142°0 = 3SM 0°0 = 3IIM 00€°0~- = 3A
0°0 = JNYIVd 002270 = LNYIVd 0°0 = 0osSM 00079 = 0SA oge*g = SM 070 = M 09s°2s = A
y%s2°9 = JJONIdS §910°9 = LINIdS 09s°0 = osv 02s°0 = 2] 0°0 = 12} 069°0 = 0OV
8909°11 = J¥VdNG 6%68°01 = 1¥VdNQ 011°1 = 0S¥ 062°1 = sy 0°0 = Iy oge*1T = 0¥
*°°° SY313WVYV¥d ALISN3Q T3A3T °°°° STTttcttct SY3ILIWVHVC TVILNILOL Tttt CTTTTC

IN3D ¥3d 0°00T°°° NOILVINDIV¥D SIHL NI 43SN OILVY¥ 3INVANNEY

SNOILI3S SSO¥D IHL 40 NOILVINDIVI 3IHL NI Q3QNIIX3 SI SS3J00¥d 3QVYISYD
N3INVL 3¥V SN3ITIAN ANNODWOD 40 ST3IA3T ILIYISIA ON

0 0 °°° W0Q33¥4 40 "93a a3sn AY03HL ¥3INVAIOKW

AIW 68227 L ©°" ADYINI NOILVUVdIS 016726 °°° SSVYW ¥VITINN €6 @N °°° SN3ITINN L139¥vVl

€ 39vd A3WOT OL A3ANT=3 “NOILI3S SSOYI £6-8N “£-3ITdWVX3




45

JAERI 1321

10+Q28s2°1
10+0€892°1
10+Qs8s50¢° 1T
10+0d8sge”" 1T
10+009%¢° 1
T0+Qsig2°e
10+0s20%°¢
10+0£0£9°¢
10+02658° 7
10+Q0sgs8° Y
10+00925°S
10+09647°S
20+0€996° %

d-3¥nLdVd

Y

00+dyv1e°8
00+0814¢°8
00+06¢£9°8
00+00%¥80°6
00+088%1°6
10+0509¢°1
10+06%0S°1
T0+069€S°1
1040982471
10+0608L°1
10+0gS€6°1
T0+g8.2g0°¢
20+dssée-e

S$-3¥N1dVI

39Vd

‘(panunuoo) ¢—sjdwexy jo indino syJ,

10-042%¢°S
10-020%¢°S
10-0L2g€°S
10-06£2¢°S
10-gecee-s
10-0d80£0°S
10-06£858° 7
T0-Q1ely"Y
10-066L0° Y
10-06%L0°Y
10-06998°¢
10-06942° €
£0-06028°6

yva-nw

€0+01929°9
£0+096£9°9
€0+0Tv69°9
£0+06S%L°9
€0+0€l9L°9
£0+08L€%° L
£0+0L2€8°L
£0+09256° L
€0+04985°8
£0+09¢6S5°8
£0+05526°8
£0+0€9%2° 6
€0+01248°6

aviolL

g0+qzzve-e
€0+Q1Y7ve°2
£0+0d81s¢°¢
£0+056S¢°2
£0+0829¢°¢
£0+01005°¢
€0+Q9%19°2
£0+0L9s9°2
£0+000T6°2
£0+02gr6°2
€£0+05220°¢
£0+0s9s2°¢
£0+Q%218° %

ANNOdWO0?D

£0+004%8° 1
£0+QL9%8°1
£0+004¢8°1
£0+08828°1
£0+09228°1
£0+0S04S° 1T
£0+0€920°1
20+Q0vv89°8
c0+dgv6S°¢
c0+0661S°¢
10+01202°S
10+02¢80° Y%

0°0

JILSVI3INI

A3WOT 01 A3NT=3 “NOILI3IS SSOYD £6-8N “£-3ITdWVYX3

q-¢ "6i4

°J3s

£0+0L2eL" Y
€0+Q18Y%L" Y
£0+02608° %
£0+00698° %
£0+0%168° %
£0+02508°S
£0+06STL°9
£0+098L6°9
£0+Q%011°8
£0+Q@9v21°8
£0+Q2yvL"8
£0+02820°6
€0+09%%1°6

JILsvYT3

2171y TTTTT IWIL ONINNNY
10+0%9€9°% 00+0s%se”1
10+08949° Y 00+Q@96%¢°1
10+Qv2el"y 00+0662<¢°1
10+0d8118° % 00+4QST1€°1
10+0%228°% 00+00%0¢°1
10+0%012°9 00+Q¥%760°1
10+00%7%0° 6 10-0£268°6
20+04ss0°1T 10-01209°6
20+Q9891°1 10-06881°8
20+02041°1 10-08%41°8
co+@gezve-1l 10-080258° ¢
co+gegLet 10-0s7£6°9
20+09%L2° L ¢0-00gL0°¢
34nLdvd C(AIW) ADYINI

SNYVE-ITTIIW NI SNOILI3S SSO0¥I 43LVINIIVI

€6 8N °°°

SN3ITIONN 139yV1




JAERI 1321

o Program CASTHY
Statistical Model Calculation for Neutron Cross Sections and Gamma Ray Spectrum—

46

87107 §°28¢

9°81¢ [ R4 eell 2729
0°01 0°8 0°9 0°S
0°2 0°7 8°0 470
s°0 £°0 2°0 1°0
S0°0 €070 10°0 S00°0
s1°0

L860° 7 16°6.L6 y%s2°9
62¢8° Y 20°0T6 2.0 §910°9

L1+1S€€°T & +9S81¢°1
€ -0062°T 6 +9280°1T T1+1626°0 £1+66%76°0
S +2808°0 L + %%2°0 £ -0989°0 1 -%0£0°0
ve° 1
s10°0- 12270
0°9 g2 ¢
95°0 2s°0
12201 62°1
682272
T T 0e- 01 1 4 el

A3IWOT 0L A3XT=3 “NOILDIS SSOY) £6-8N “¥-3TdWVX3

6
€
6

m....*....h....*....o....*....m....u..‘.¢....*....m....*....m..

‘(y—opdwexg) A9 008 2A0qe $3ss3001d Funaduwoo Surpnjour eyep indur sy,

£°49¢
2T ve
0°¢
9°0
80°0
100°0
70
0°sg
8909°11
6%68°01
+%262°7
-1018°0
+ 0°0
S°91-
£°0-
98°2S
69°0
€2°1
16726

€6

T

ey ‘614

891
€91
911
122
9017
101
S8
6L
172
99
9%
134
9¢
123
124
91
125
9

T
154
T

61
1

T SRR R




47

JAERI 1321

p—9[dwrexg jo indino on L q-v ‘614

20+Q0810°% 20+00S28°¢ 20+00g£l9°¢ 20+00981°¢ 20+Q0g%.l°2 20+002¢2°1 10+00042°9 10+0002%°¢ 00 0°0
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
$35S300¥d ONIL3IHWOD 3HL 40 SNOILIIS SSO¥UD

10+00000°T 00+00000°8 00+d0000°9 00+Q00000°S 00+Q0000°¢ 00+00000°2 00+Q0000°T 10-00000°8 10-00000°Z 10-Q0000°9
10-0000C°S 10-40000°¢ 10-00000°2 10-Q00000°1T 20-00000°8 20-40000°S 20-00000°¢ 20-00000°1 €£0-00000°S €£0-00000°T
C(A3W) WILSAS °"9YT NI AOY3INI IN3IAIINI

ONIddVI¥3A0 38 0l J3IWNSSY 3V AIWOYE"T 3IA08Y ST3IA3T

+ s°8 otsge” 1 2T
+ sTe 09s1e°1 125 + Sy 0%262°1 o1 - s°1 000621 6
+ S°Y 09280° 7 8 + S°S 016460 Z + s°9 066960 9
- s°1 01018°0 S + s°2 0.808°0 k4 + [ 00%%2°0 <
- s 17 00989°0 4 - s°0 0%0£0°0 T + sy 0°0 0
ALTYYd NIdS AD¥3N3I ON ALI¥Vd NIdS ADY¥3N3 ON ALT¥Vd NIdS AD¥INI ON
SYILIWVYVd TIA3IT
00%°0 = ODNHIX3 0°0 = 2vivd 0°0 = 1vivd A3W 000°S = HIQIM AW 6S°.T = ADY3INI
JNI¥E °°° NOILONNd 3ITI40¥d 43123738
T3A3T JINYNOS3Y INVIO 3IHL 40 SYILIWVYVd
20-08269°2 °°° dOLIVd NOILVZITTVWYON A3 0°0 = HLGIM WYVD A3 0°0 = "vd°Q 20-4g€69°2 =WYD L °°° S3INO 43LVYINIIVI
A3 00ST°0 = HLGIM WYY A3 00°SE = °sg0°a 0°0 =WVD" L "°° SYILIWVYVd LNdNI
SNIVE-ITI1IW 0°0 =NOILJO3S SS0¥D A3W 0°0 LV ADY¥3N3 $3d010SI ¥04 LNO Q3 T¥YYI NOILVZITVWYON
070 = X3902dS 0°0 = X31d3dS
¥919°¢S = JWYONL 06S1°Y = LWYONL
49870 = J7dW3l 29.8°0 = 17dW3l
T °°°°° ONGATIN T °°°°° LINGATIN 2 7" OVWIN
0°0 = NIJJdS 0°0 = NIlOdS 00S°9T-=WASA
L5607 Y = ONIOr3 628" % = LNIOr3 0°0C =DS30SM 0°0 =BS30SA 0°0 =DS3SM 0"0 =DS3IIM 0°0 =BS3A
0016°646 = JWYOND 0020°0T6 = LWYOND 0°0 = 30SM S10°0-= 30SA T42°0 = 3JSAM 0°0 = 3JIM 00€°0- = 3N
0°0 = ONY¥IVd 002.°0 = LNYIVd 0°0 = 0SM 000°9 = osa oge g = SM 0°0 = M 09s°2s = A
y982°9 = JJONIdS S910°9 = LINIdS 09s°0 = osv 02570 = 2] 0°0 = v 069°0 = OV
8909°T1T = J¥VdNG 6%68°0T = LY¥VdNQ 011°1 = 0sy 062°17 = sy 0°0 = Iy 0g2°1T = 0¥
°°°° SY3ILIWVHVd ALISN3IQ T3N3 °°°° SeTetTeTtt SY3L3WVYEVL IVILNILOL ittt
IN3J ¥3d 0°00T°"° NOILVINDIVD SIHL NI Q43sn OILlvd IINVANNEGY
SNOILI3S SSO0¥D 3FHL 40 NOILVINIVYD 3IHL NI 43ANTIIX3 SI SS3J0¥d 3IAVISVYD
N3JNVL 3¥Y SNITONN ANNOJWOD 40 ST3IA3T 3L3¥ISIC ON
00°1 °°° W0Q33¥4 40 °93a a3sn AY¥03IHL ¥3INVATOW
NIW  6822°¢L °°° ADYINI NOILVYVd3S 016726 ~°° SSVW dVITINN €6 @GN °°° SN3ITONN L3oYvVL

T 39vd AIWOT OL AINT=3 “NOILI3S SSOYD £6-8N “¥-37dWVX3




JAERI 1321

Program CASTHY
Statistical Model Calculation for Neutron Cross Sections and Gamma Ray Spectrum—

48

20-agv69-2
20-Q0s2.2°8
10-0v£91°¢
10-05691°9
00+02680°¢
00+d58%9°S
10+0€169° 2
10+4eYST°Y
10+09208° %
10+06%01°S
10+0€9%S°S
10+02¢0%° 4
T0+Q119L2°6
20+4008%9°1
20+01656°1
20+0.208°¢
20+06820° Y
20+09gge L
20+dg¥1s°8
20+Qv88%°9

d-3¥N1dVI

[4

€0-Q2vs2 L
20-09166°1
20-086%8°9
10-avg2e” 1
10-0€89.L°S
00+Qg628°1
10+08850° 1
10+08%42° 1
10+0228%°1
10+0088S° 1
10+00€8L° 1T
10+Q18S8s°2
10+0664%° ¢
10+02520°9
10+06022° <L
20+0d1290°1
20+08029°1
20+08966° ¢
20+02v96°9
€0+Qst1Le"2

S-3¥NidvI

3ovd

‘(penunuod) p—ojdwrexy jo jndino oy,

10-0ecéct8
10-020ge° <L
10-04288°S
10-068S1°S
10-4ss98° Y
10-0£860°S
10-0%0s%*" ¥
10-04266° ¢
10-0494L° €
10-0808S°¢
10-09662°¢
10-000sg°2
10-02L6S5° 1
20-02s19°9
20-080¢L"°Y
20-42t10e-2
€0-0586€°6
€0-08656°¢
€0-08%Y%L°Y
€0-Q41%09°9

yve-nu

€0+QL26E"Y
€0+05842° Y
£0+09628° ¢
€0+0626S°¢
€0+0%891° 7
¢0+d%gee”"S
€0+06T64°L
€0+086.9°8
€0+Q2602° 6
£0+00908° 6
70+0gL%0° 1
%0+00061°1
40+0sve2°1
%0+08841°1
%0+021%1° 1
40+086S0° 1T
€0+dciv8° 6
€0+02%10° 6
€0+0€52076
90+08¢11°1

aviol

€0+02689° 1
€0+026€L°1T
£0+0L0T2° T
€0+0L%99° 1
€0+064L6°1
co+dgyve-e
€0+09109°¢
€0+08gs56°2
€0+08%g2°¢
€0+0£819°¢
€0+069¢T° Y
€0+0£899°S
£0+00£05°9
€0+09625°9
£0+08552°9
€0+090€S°S
€0+0608L° Y
€0+00568° ¢
€0+01826° ¢
€0+000S6°S

ANNOdWO?

€0+Q1482°1
€0+0d9sse”° 1
£0+0968s°1
€0+0L5¢g°1
£0+09229°1
€0+025864°1
20+00%£L9°2L
20+Qs0t10°2
10+08S91°¢
10+Q55862°2
T0+QT299°1
00+01866°S
00+Q2%29°2
10-0£696°S
10-Q¢€¥vs9°¢
10-00820°1

0
0
0
0

[~ Relele]

JILSVIINI

AIWOT 0L A3NT=3 “NOILIIS SSOY) £6-8N “¥-3ITdWVX3

q- "614

©23s

€0+Q580472
€0+056€5°2
€0+01021°2
£0+Qsve6°1
¢o+dz2ig9e-e
€0+00£8¢°¢
€0+0%.88°9
¢o+dgeve”8
£0+02290°6
€0+01229°6
70+Qv%£0°1
%0+0L921° 1
70+Q02612°1
%0+0SSST°1
70+0€%711°1
%0+06020°1
€0+069L2°6
€0+02168° 4
€0+QSL25°L
£0+08471°8

JILsv3

§2°L% “°°°° JWIL ONINNNY
10-0694¢°¢ 10400000717
10-0.288°8 00+00000°8
00+Q2%6S°2 00+d0000°9
00+08%%1°% 00+00000°S
10+Q4%820°1 00+Q00000°¢
10+05661°2 00+00000°2
10406677 L 00+00000°1
20+Q01210°7 10-00000°8
20+06%01°1 10-00000° £
20+06601°17 10-00000°9
20+0¢L21°1 10-00000°S
20+0%992°1 10-40000°¢
20+Q0gs0s°1 10-00000°¢
2o+0d8.2¢°2 10-00000°1
20+0g8gL "2 20-00000°8
20+Q6268°¢ 20-00000°S
20+0.£99°S 20-00000°¢
€0+00£21°1 20-00000°1
€0+062%S5° 1 £0-00000°S
£0+Q4%020°¢ €0-400000°1
3Y¥NLdVYI CAIW) ADYIN3

SNYVE-TI17IW NI SNOILD3S SSO¥D 43ILVINIIVI

€6 @GN °°°

SN3T0NN 139¥Vl




49

JAERI 1321

*(g—9opdwrexy)
A9 0S 18 qu 7/98°8 JO UOND3s ssoro uoneziewou arnjdes oy) Suisn ejep ndur sy

0°st o 2t 0°0 0°8 0°Z 911

0°9 0°s 0% 0 ¢ 02 111

0°1 870 S°0 £€°0 1°0 901

S0°0 €0°0 1070 S00°0 10070 107

6" 7 L 91"y 16°61 98

%°0 vety 29°91 18

2L98°8 S0°0 94

1°s 00 v1°0 9¢° ¢ 90°9 1.

1°s 0°0 S0°1 12°¢ 88°S 99

9 +S%08°% O +0%6.°% 8 +L0S.°% 2 +01%L°% 9S

2 +090.°% S +0429°% € -0€9S°% ¥ +08£0°% S +9S10°% 1S

T +21S6°S % +09%6°¢ 2 +.1..°¢ 2 +0004°¢ S +8S19°¢€ 9%

€ 4224%°€ % +2S1%°¢ € +L191°¢ 9 +8El1°¢ 2 +8%96°¢C 1¥

Y +4492°2 0 +04%9°2 ¥ +969£°2 2 +1%€%°1 0 + 0°0 9¢

918° Y (43

2sg” 0 29¢o0- 12

0°Z 8% §0°0s 91

8%°0 0%7°0 8%°0 124
og°1 0Y°1 og°1 9
S0%6° L %671 1

0 0 121 125 02- o1 4 4 2 2s e
AIWST 0L A3NT=3 “NOILIIS SSOY) 25-¥D “S-3INdWVYX3 T T
Ry Ty e Lt AR SRR TR R SEEEPEERRS £

e-g b4

0e
T

cegvoee




JAERI 1321

Program CASTHY
for Neutron Cross Sections and Gamma Ray Spectrum—
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71| N(=10°dyn) kef 1bf I [ MPaf=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 51 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N.s/m?)=10P(#7 X)(g/(cm-s)) 1.33322 x 107 | 1.35951 x 10~* | 1.31579 x 107° 1 1.93368 x 1072
BHEE 1m?/s=10'St(X b — 2 2) (cm?/s) 6.89476 x 107 | 7.03070 x 1072 | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgfem kW+ h cal GH&H) Btu ft < Ibf eV 1 cal = 4.18605.J (it&#:)
P 3
;l_: 1 0.101972 2717778 x 1077 0.238889 9.47813 x 107* 0.737562 6.24150 x 108 =4.184J (@fL¥)
! 9.80665 1 2.72407 x 10~¢ 2.34270 9.29487 x 107* 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6 x.10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10°¢ 2.24694 x 10%¢ =4.1868 J (EBESKHK)
;& 4.18605 0.426858 | 1.16279 x 10~ 1 3.96759 x 10 | 3.08747 261272x10®  {#E 1 PS ULEH)
B 1055.06 107.586 293072 x107* | 252.042 1 778.172 6.58515 x 107! — 75 kef-m/s
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1.60218 x 107'% | 1.63377 x 1072°| 4.45050 x 1072¢| 3.82743 x 10~%° | 1.51857x 1072| 1.18171 x 10~*° 1
4 Bq Ci % Gy rad g C/kg R g Sv rem
l 1 2.70270 x 107! b 1 100 R 1 3876 ] 1 100
1 & B B
3.7 x 10% 1 0.01 1 2.58 x 1074 1 0.01 1
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