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Results of neufron cross-section evaluation are presented for 28 fission
product nuclides selected as those of the highest priority for burnup character-
istics of the fast breeder reactor. The cross sections considered are total,
.elastic écattering, inelastic scattering and capture, in the energy range'of
100 eV to 15 MeV. |

Calculation of the cross sections was performed with the spherical optical
'mpdel and the statistical theory. The opticai potential parameters were
determined so as to fit the calculated total c;oSs sections to the experimental
region of 75 < A < 150. The potential parameters were fﬁrther tested and
verified through comparison betwéen caiculated and experimental values of the
elastic scattering cross'section,,its angular distribufions, inelastic scattering
cross section and neutron strength fﬁnctioh. Level schemes for 28 nuclides-.
were newly collected and evaluated in this work, The_initia1 input values of
.avé;age radiation width T and level spacing D were taken from BNL-325 and
Baﬁgis compilatiqn,'respectively. The calculated capture.éross sections were

renormalized to the measured.values, when available, by mainly adjusting the

parameterITzfﬁl : .



The cdpture cross sections obtained here were compared with those oi Fenzi
et‘al. and of Cook. Large discrepancies were found among the evaluated data
for nuclides whose experimental data did not exist. For the present evaluations
of total, elastic scattering and inelastic scattering cross sections, the errors

of the evaluated values were considered less than 30%, except in the low-energy

° resonance region.

Numerical data of the evaluated cross sections are stored in magnetic tape
in accordance with the format of ENDF/B. They are also shown in tabular and

graphical forms in the Appendix of this report.

* This work was petformed as one of the projects of the Japanese Nucleaxr Data
Committee.
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~JAERI-M 5752 .
11 Introduction.

The evaluation of fission product nuclear data is one of the important
long-term subjects in the research and development program of fast reactor.
ia contrast to the situation in thermal reacfor, the experimental data for
neutron cross sections are quite meager in. the energy region of interest
to fast reactor, There have been several evaluation works in this field.
The data in ABBN group cross section set 1 have been used widely in

~muclear des1§n ca1cu1at10n. There are more recent evaluations by Benzi

ot a1.(2:3:4

disagreements among the evaluated data of radiative capture cross section.

Cook and Schenter et al.(6) However, there exist large

In extreme cases the discrepancy amounts to a factor of 10 for the nuclide
whose experimental data do not exist, The disagreement among the capture
cross sections when all fission products are lumped is approximately

30%. Taie will cause the error of about 1 #4k/k in the prediction of
reactivify sffect of fission product for a.typiCal burmup of fast reactor.
There are less evalueted data of total, elastic scattering, and inelastic

3
scattering cross sectlons,(B’S’

Although the effects of these cross
sections on neutronic properties of reactor are minor comparad with that
of the capture éross section, they are by no means negligible. Much
more efforts are clearly needed to evaluate these cross'seqtions.

" In 1970, Jepanese Nuclear Data Committee organizea Fiscsion Product
Nuclear Data Working Group and Fission Product Reactor Constants Working
Group to provide a comprehensive set of cross sections of fission products
specifically for ﬁse in fast reactor. The nuclear data working group
wés agsigned to provide the basic cross section data, and the reacter
constants working group to produce and evaluate the reactor constants. /
A basic assumption made was that the neutron capture during irradiation
could be neglected in the decay process of fission producte, and there-~
fore the decay was governed only by beta decay. A preliminary study
was made under this assumption to select the important nuclides according
to the magnitude of the contribution to the macroscopic capture cross
section of total fission pfoducts in the reactor of high burnup.

The present report describes the results of the evaluation of neutron
cross gections of 28 nuclides seleéted«as being most important. These
nuclides are: o
Sr-9C,  Zr-93, Mo=95, = Mo-97, Te~99, Ru-101, Ru-102, Ru-104,
Ru-10€, Rh~103, Pd-105, P3-107, Ag-109, 1I-129, ZXe-131, Cs-133,

&=~135, Cs~137, Ce-144, Nd-143, Nd-i44, Nd-145, Pm-147, Sm~147,
Sm—¢49, Se~151, Eu-153%, BEu-155.

-1 -
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The types of reactions considered are the total, elastic scattering and
its angular distfibution, inelastic scattering, and radiative capture
for the energy rangé from 100 eV to 15 MeV. The target accuréy of data
evaluation was set as + 20% for capture cross section, and +30% for
other main partial cross sections. A more stringent requirement should
. be set for the accuracy of capture cross section, but the above value
of target accuracy is considered as realistic from the present status
of experimental data.

Since the cross sections are not measured for most of the nuclides
in fiésion product region, the present evaluation has put more emphasis
on obtaining a comprehensive set of cross sections rather than obtaining
specific values of crose sections of individual nuclides. The calculation.
af cross sections was performed by the spherical 0pti¢al model and the
statistical theory. The statistical fluctuation of neutron width was
not taken into account. The statistibal calculation was simply extrapolated
down to 100 eV according to the requirément from the reactor constants
working group. This requirement is based on the presumption that the
statistical calculation will give reasonable expectation values of cross
section even in resonance energy region for a lumped fission prodﬁct. |
Anyway, the present method of the evaluation includes several‘points
Which should be'improved in the future work. The present results should
be regarded as the first step of our evaluation work,

In the followings, Section 2 gives the general description about
the theoretical model of calculation and the method of evaluation of
crogs sections. Section 3 describes the determination of optiecal
potential parameters and the results of the extensive tests of this
potential through the comparison of calculation and sxperimernt of cross.
sections for naturally occuring isotopes. Section 4 summarizes other
data used for calculation. These are the data for the level schemes of
nuclei, the data for the average radiation width fr andé averagé level
spacing D of low energy neutron resonances, and neutron binding energy
data. The data for level schemes of 28 nuclides were newly collected
and evaluated. The calculated capture cross sectlons were normalized
to the measured cross sections, when available, by mainly adjusting the
parameter /D. The calculated compound elastic scattering cross
section was then modified so as to comserve the calculated total cross
saction, keeping the other cross section values fixed. Several remarks
are made in Section & about the results of the present evaluation. A

provisional scope of future work is also given.

\

I
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The evaluated cross sections are stored on magnetié tape in EEDF/B
formats. Appendix 1 gives the details of the data pro¢e$siag and the
procedure for preparing the final tape. The evaluated cross sections
are also given in tabular form in Appendix 2 and in graphical form in
Appendix 3. Appendix 3 gives also the comparison of thé present results
of capture cross section with experimental values and with %he evsluated
data of Benzi et al, and Cook. The present results are generally closer
to the data of Benzi et al. than to the data of Cook, but *here still
remain large disagreement among the evaluated data for nuclides Tfor whieh
no experimental data exists., The éccuracy of the present results for
total,‘elastic 5cattering, and inelastic scattering cross secticns is

considered as satisfactory for reactor application.
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2. General Description
Fission product avelides arve in the vegion of atomic number % =32 to
68. There are about 700 nuclides in this region and sbout 3C0 nuelides
of them are considered to be imporiani as lission product nuclides.
However, almost all fission product nuclides are unstable, and measure-
ments of their cross sections are only performed for some limited nuclides.
Number of experimental data and their reliability are not enough for
evaluating the cross-—section values of the Tission produet nuclides.
Therefore, values of the cross sections of the fission product nuclides
must be estimated on the basis of systematic trends of nuclear parameters.
In this work, opticel model of the nucleus and the Hauser-Feshbach's

‘formula7’8

.were used in order to obtain total cross section, elastic
scattering cross section, inelastic scattering cross section and capture
cross section in the range of neutron energy E,=100 eV %o 15 MeV. Trends
of the parameters used in the formula were investigated by using experi-
mental data in the nuclear mass region mentiocned above. For exampile,

the optical potential parameters were investigated by using the experimental
data of/the total cross section, and thelr reliability were confirmed by
comparing the experimental data with the calculated values of the elastic
and inelastic scattering cross sections. Details of these investigations
will be presented in section 3.

Since the calculations of the cross sections must be performed for
many nﬁclides, it is better to classify the nuclides in accordance with
their effect to burnup of the fast reactors. The most effective nuclides
for burnup must have large values of macroscopic'capture cross section
which is defined as microscopic capture cross section times concentration
of the nuclides per fissicn. The concentration or number density of the
fission product nuclides changes with time owing %o beta-decay and nesutron
capture. Change.of the ‘concentration is mainly due to beta~decay in fast
reactor, since the capture cross section mu tipliéd By neutron flux in
reactor ccre corresponds to the half-life of about LC to 30 years on
average. 1t is very long term ccmpared with a period of exchanging
nuclear fuel of the uvsuwai fast feactors, and the concentration change due
to neutron capfure is negligible. Therecfore,; the beta-decay plays a
dominant rcle for the concemtration chauge. The wost effective nuclides
for burnup wust have long life-tims agtinst beta-decay and large macroscopic
capture cross section. In this work, thes nuciides with longer life-time
than 10 days were selacted, and the fellowing 28 nuclides were adopted

as the most important muclides:
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5r-90,  Zr-93,  Mo-95,  Mo-97,  Te-9%,

Ru-101,  Ru~102,  Rh-10%,  Ru-104,  £d-105,
Ru~106, P3-~107, Ag-109, -I-129, Ae-1%1,

Cs-13%3, Cs~135, Cs~137, Nd-143,  Ce-l44,

Nd-144, Nd-145, Pm-147, Sm-147, Sm-149,

Sm~-151, Eu-153, Eu~155. _
These nuclides were estimated to érovide about 80% of macroscopic capture
cross section of all fission product nﬁclides. Therefore, they were
treated here as the most important nuclides of the fission products and
their cross-section values were evaluated by using the experimental deta
and calculated values. '

As méntioned above, the experimental data are not encugh fcr evaluationsz

of the cross-section values. The capture cross secticn iz net measured
yet for seventeen of the above mentioned 28 nuclidés. Even for the nuclides
whose cross sections are meaéured, there are many cases whers fthelr cregs-
~s’ect:‘.on values are meazsured at only few cenergy points.' However, ihe‘energy

r

range required in this evaluation work is from 100 eV %o 15 keV. ¥or such
a wide rarge of energy, existing experimental data of these nuclides are
too scarce to estimate the cross section values. Therefore, calculations
witl the nuciear model were mainly performed o chtain the cross-section
values. Systematic trends of some nucleaf pavamcters were locked for sc
that overail fits of the caleuvlated values o the experimental data were
satisfactory in the mass number region and in the energy region considared
here. In this work, target accuracy of the fitting was 20 %o 30%,
considering present status of the experimental data and requests from
reactor physicist.

There is an ennoying problem in the low energy regicn. Below several
keV, resonance levels are widely zeparated. and thebsgatistical model calcu-—
lation is noil suitable for obtaining the cross-section values. The
resonance structure shbuld be %taken intc account for evaluating the cross-~
section values. However, the evaluaticn cf the precise resconance structure
is not possible for the present, because the rasonance parameters are not
known experimentally for most of the fission product nuclides. One metiod
to estimate the unknown resonance parameters is to genervate *thea by ionte
Carlo method with‘fitting the calculated resonance integral to tne experi~
mental data. Assuming the mean resonance parameters, this method may be
~applied to the nué¢lides of which the experimental data are not measured
yet. Cross-section burve thus obtained must join smoothly with the cross-~

section curve of the statistical model calculations, in the energy region

-5
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.
above rescnance. In ordsr %o chbain the smooth conjunction between the
two curves, the Monte Carleo calculation with many random samplings ehould
be carried out and very long computer—time must be required. In the
present work, therefore, the statistical mooel calculation was extrapolated
by force down to 100 eV from the requirenern t9 of the reactor physicists.
The cross sections thus obtaived will represent the exypectation values
of the average cross sectiocn in the energ§ region above 100 oV,

Abvove few MeV, direct nuclear process may have tc be taken into account
_in the calculation of the cross sections. In +this work, however, any calcus-
lations were not performed concerning the direct pfocess, because present
status of the‘experimental data is not satisfactory in the high energy
region to do detailed comparison of the calculated values with the experi-
mental data. DBesides, the direct nuclear cross section may be sensitive
tc microscopic nature of the farget and residual ruclei. Unfortunately,

resent knowledge about the microscopic nabture is noi.enosugh to calculate
P g Y £

the cross sections of the fission product nuclides.

In this work, the neutron capture cross sectiorn was calculated by

using the following_Hauser—Feshbach formula7’8),

2J+1 . el T (E )E(E_ E_) : :
o (En)=— 3 — sl e (2.1)
ner kKZgm 2(21+1) 1 14¢ f'(En~,0~)-_Zl-,E{,l,.T,z.'(En-Ei.).A. :

where T is the spin. of the target nucleus; E, is the incident energy of the
neutron, 1 is the angular momentum quantum number of the incident neutron,
s is the channel spin quantum number in the entrance channel, T](En) is

the transmission coefficient of the incident neutron and T,v(En“Ei) is

for emitted neutron with the angular momentum guantum number 7 leaving
the residual nucleus in its excited state with energy Ei’ A factorgil

is given as follows for congervation of the ‘anguliar momenta:

r . | e - |
2, if both 5y = |T-1/2]and s, =T+1/2 |
=41, if s, or s,, not both ' } satisfy J~l§;si5;}+1.
-0, if neither sy nor s, J :
Quantities ¢gJ and f(En,X) are given resvectively as folleows:
T . -1 )
¢ =(2x0i(B /D (B ] (2.2)
and ’ .
BytX ,ran+5, '
f(En,X):frp7(s ) 8o ( By +>\—er)a€7,/J. ef p, (& do, (BytE, —e M dey
X e (2.3)

-6 .
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where p,(€,)stands for the profile funétionlo) of thp o o+o~absorp*1v3
cross section at the photon energy Ep o Eq.(2.2) means that the quantity
1/¢% is given as a transmission coefficient of the gemma~-ray from the
compound nucleus at zero neutron energy. This is used as a pormslization
factor of the gamma~ray +ransm1931on coefficients for arbltxdry SNETLY o 7
Quantities I'} (B,) and D (Bn) at neutron separation energy B, are observed

5,11,12,1%,14)

for s-wave neutron. The resonance level spacing s

expressed by using an observed level spacing Dobs as follous:

D'=[2(21+1)/(2J+1)] D,,, | | (2.4)

For the gamma-ray widthl"i ,-it is assumed to be independent of the spin J.
In'fact, quantities about the gamma-ray in Eq.(2.1} are nok aevendent on
the spin J, except €7 . This is due to the level dengity Tormula adopted
here: '

s (U)=(23+1)p.,(U), (2.5)
~ where dependence of the leovel density on the spin is only expressed by a

factor 2J+1; not including spin cut-off factor. Then, the gamma~ray width

\
Id  is independent of the pin J. 10) The level density ¢ 0(U} is given
ag follows. 15)
0o (U) =g oxp {2436}  for UL, , ]
° (2.6)
1 3T e " 3 -
"—-_'O UOZ exp{Z\,’an - (0, —‘U)/x} ~for U<L‘°J

Nucleer temper ture T ig given at 2 joint energy U, (Gilbert and

A 15) ’ : .
Cameron™’ hed given an energy of tangency point E, as U + 4) as follows:

t=1/{Ja,0, -2) ' (2.7)
Excitation energy U is given by considering the poiring onergy 4 :

U=E,+B, ~4—¢, : , ’ (2.8)

Level density ?arameter a ., normalization factor €, joint energy T, and
pairing energy 4 were obtained in this work by adopiing parameters given
by Gilbert and CameronlS). v

Neutron transmission coefficient T1(En) in Bq.(2.1) is given hy
‘using the optical potentiala As mentioned earlier, the ortical potentisl
was determined so that the experimental total cross section wag reproduced
in the mass region of fission product muclides. DPotential form used in

the work is given as follows:



V() =—(V, +iW )fl\r)"lw £,(v)

Vo (m— 0 =84 T (2.9)
** Tmge 7 1] g (o )
where - ' .
f£,r)=1/{1+exp { t-R; )72, )}, (2.10)
and

f,(r) =4exp [(r—Rz)/bj/ql+expgr~ﬂz)/b]}f (2.11)
Tuelear radii R1 and R2 are
R,=r A%+ 7, , (2.12)
and
1/3 . .
RzzrsA/ "!'rz, ) (2-13'

respectively.
In Eq.(2.9), spin-orbit force is included. Therefore, the neutron

transmission coefficient with orbital angular momentum i has two com-
/

. L+ .
ponents, and they are expressed as T,' ‘{8 ) and T; )(E ) res pectively.

In this work, T, (E ) in Bq.(2.1) was glven by the following form with
)(E ) and T, (E )

T, (E))={ (+D TP (8, )+t (B ) } /(26+1) (2.14)

Values of the cross section Wiuh Fq.(2.14) will not be differentllargely
from ones calculated with T )(En) and Ts )(E ) directly.

The inelastic scatterlng cross section for excitation of the discrete

levels was calculated by using the following formu1a7 :

, (E Im) = - o+, (ELIm—= LK I" 7' )

’71’ 10
T 2J-4+1 1
=3I 3 m 2w, (Ti)YTI(E In’
2 ) 5] (N By }
E"n I,Tl"kn I P ( 2 .I - 1 ) J’I " A i n
X Z w e ’ \J‘il h A Y
where. M H( i Y }u ey, (2.15)
wileLle. 7 .
[s) == 2: w & 1’ ) j” }‘\” T” —_—r ) o N
s 1 T L A F74 '\ i . v ( st J ( 2.16}

and wn(vl) gxpresses 2 conservatidn rule of the parity, The transmission

A}

coefficient 1;,(‘5 ‘7 )stvancs for T, (K7 ) corrosponding to the axcited

level with its sxcitation cnerzgy En—~ﬁﬂl, gpin I' ang parity 77 . Bq.

{2.15) is used in the case of lower incident energy than an easrgy of
furning-point E_, above which levels of the mucleus are agsuamed to be

overlapping. When the incidznt energy Lﬁ is lsrger then EY, £q.{(2.15)

L

-8 -
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is rewritten as follows:

)

D) ,. ‘ , .
Gin(EnIE)zo.(izl(EnIﬂ)"Fain(EnIﬂ) v 2 ]l,\
waare
(D) _ : o
% in (Enlﬂ)—w%mdin (E, Im—=E 1’7 ), (2.18)
A ‘
and’
o ) En"“Ex ) - .
MR, 17) = [AR, £ oy (B, =Fp)0,, (B, 17 —=BL T 7 ),
e v T (2.19)
Denominator ¢;; ~is also rewritten as,
jl
Oyp= 2 Wy (7Y% ) T (B 1I7 77 )
O im0 T 1 '
An—Ex .
+JAE S e (1) T (B 10 T) g Ea-E ), {2.20
18 e R i .
0

Level density for the target mucleus is assumed to be the follcwing form:

[ - e : , ) .
oqy (U) = SR it T oxp {2430 — I(I+1),20%} for V2T, .

O, 0%

]
.'
r(Z
|

21+1 —_ ' e s
oLz exp [ 2Jath. —I(1+1)/20," — (U, ~U)/%} for U<ls ,
/0 [+] . . . B . -
where
U=E, —E’ -4 . | (2.22)
and %° is T’ at g=13, .

The level dewusity parameler a, normelization factor O, , Jjoinw
energy U, and pziring energy 4 vwere obtained bty usivg the paramelers
given ty Qilbert and CameronlS). However, spiﬁ cut-cff factor o? is
slightly ditfferent from the da:finition of Gilbert ard Cameron. Ian ¢his
Wwori, a rigid body spproxima’ion was used for the formula of g® ., Afier
mumerical investigations, however, valves of the level dexnsity arce only
slightly different from ones of the Gilbert and Cameron's.

The total cross section, elastic scaetifering cross section and in-
elastic scgttering cross section were obtained by using a computer code
ELIESE~316),‘while the neutron capture cross section was calculated with
a code RACY.17) hs is well known, the optical potential model provi&es
the total cross section, cross section for compound nucleus formetion and

shape elastic scattering cross section. They are related as follows:

3
4

.21)
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23 = 7 + o, .
¢l s

tot c , (223,)
The cross section for compound mucleus formation o, is composed of the
inelastic scattering cross seciion and the compound elastic scattering

crosg secvion in the framewvork of ELIESE-3; - .

g, =0, + ¢ - €£2.24)

In Eq.(2;24), the neutren capture cross section,dn‘r. , is not included.
This means that the cross section for compound nucleus formation must be

divided into three components by modifying the inelastic scattering cross
section and the compound elastic scattering cross section. Modification )

of these two quantities is given as follows:

(M o
6., = (6, — Gayr )00 /% (2.25)
and
o-(M) = (0O o
% DS e .“’T)'Gei,c/gc . o (2.286)

-

avere (M) stands for "modification". By using these itwo equations, the

cross section for compound nucleus formation is rewrititen ss

o = o™ L S0 : (2.27)

[ in el,c n,7T,

Numerical values .of the crogs sections obtaiﬁed here were arranged
in the formati of ENDF/BlB) type and stored in the magnetic tape. Tables
and graphs of them will be given in Appendices 2 and 3 of this report.
Parameters used in order to estimate the cross-section values will be also

given in tabular form or graph.
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3. Optical Potential Rarameters

fs menticned in the previous section, calculations cf the cross
sections must be performed fer many fission product nuclides ir the wide
energy range. For these calculations,‘systematic trends of the »arameters
are very useful tools. In this work, the systematic trends of the onticail
potential parameters were investigated by means of comparing the calculated
values of the total cross section with the experimental data. Turther
comparison was made between the calculated values and the experimental
data of’neutron strength function, elastic scattering cross section and
inelastic scattering cross section, in order to confirm the relisbility
of the potential parameters. Experimental data used in this work were
collected from NEUDADAlg) and BNL-325 2nd editionll). The experimental
data of the total cross section were surveyed and the data for 35 natural
elements were used up to 15 MeV, in order to see their dependence on the
mass number @nd the emergy. In Figs.3-1 to 3-17, their sveraged valpes

are shown wi*th circles.
6)

. 20-2 . o s
There have ¥een many studies on the systematic trends of the

optical potential parameters. Availability of the pctential parameters
wes tested for several sets in the wass region or the figsion producs
miclides in the first stage of this work, and simplified local potantial

25)

of Fngelbrecht and Fiedeldey was adopted tentatively. The potential

0]

has been founded on a 1ocal'optical potential,equivaleht to the rnon-local
potential which reproduces the experimentel date of s-wave neuiron strength
~function at zero energy and the cross sectiors in the wide eunergy range

for many nuclei. A preiiminary set of the optical potential parametors
used in *this work was slightly modifi=d by changing the surface term of
imagihary potential from Gaussiar type to derivative Wonds-Saxcn type.
Table 3-1 shows the preliminary ncohenilial parameterbset.

The prelimiﬁary paraneter set was found fo reprodvee the experimental
data of the total cross section roughly, up to 15 MeV, in the mass region
of the fission product nuclides. However, discrepancies of about i0 %o
40% between the experimental data and the calculated values were ohserved
for nuclel near A=95 and 140, and/for nuclei of 4=147 to 175, below 5 MaV.
Such discrepancies are serious, because these nuclides have high percentage
¢f fission yield ratio above 1%. In Figs. 3-1 to 3-17, calculated values
cf the total cross section are shown with the experimental data for several
nﬁclei' |

In order to obtain better fits of the calculated values of the total

cross section to the experimental data, automatic parameter search was

/,

- 11 -
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carried out starting from the prelimiﬁary parameter set, for the
following 17 typical elements,
Lig=T5, Sr-88, Y39, Wb=~9%, Te-99, Bh-103,
In-115, I..1z27, Cs 133, La~1%3, Pr-141, Pm-147,

T~159, Fo-165, Tm--159, Lu~175, Ta-1&l1,

Fxperimental date compared with were for the natural elsmenis. Parameters
looked for were strength ﬁo of the real potential, streungih Ws , width
parametbr b and radivs R, of the surface ferm of the imaginary potential.

Vhen the parameter VO. WS snd o were locked for, keeping the other
parameters fixed a2t the preliminsry values, the parameter V scatterad
sround its initial value, about 46 MeV, for lighter nuelei chan Pr-247
and decreased by 1 or 2 YMeV for heavier nuclei than Pm-147 (Pm-147 was
treated as an element of heavier nuclie). Product of two paraneters, WS
and b, increased its value for almost £11 ruclei., In the case of searching

for the parameters WS,IR and b, keeping the other parameters fixed at the

2
preliuinary values, R2 tended to increase for the nuclei heavier than
Pm~147. Product of W2 and b increased its value for all nuclei except

Pm—l47, Tm-169 and Iu~175.

Thesc best~fit parameters, however, did nct reveal the smooth trends
from rucleus tc nucleus. Irn general, the quality of fits must be sacrificed
partly in order to obtain the smooth trends of the parameters. Since the .

preliminary values of V and R2 were not so altered for the lighter nuclie
than Pm—147, they were adopted without modifications for these nuclei,
though they were not necessarily the best values, Parameters wg and h, as

¥

well as V and R, for the heavier nuclel, were investigated further.

2
Results of the investigations on Ws showed that the small values of

WS brought about better fits than the lerge vaiues of WS. In particular,

the fits in the low erergy region, below 5 UeV, were rather good for about

7 MeV of WS' Since the data in the energy region below 5 MeV werc Important

jal

Jede

for the reactor calculaticns, such valves for Ws seemed to be acceptable
this work. Therefore, W =7 was chosen tentatively. Values of the s-wave
neutron strength funection for ¥ and Nb obtained with WS~7 and b=0.3% werc
slightly smaller than the experimental data., This difficulty, however,
wes ovaerrided by using »=0.3%35. Thoe parameter set with ¥ ~7 and b=0.35,
keeping the bther parameters Tixed at the preliminary values, brought
about better fits than the preliuminary sei, on the whole, for the lighter

naclei than Pm-147. Product of Wy and b was distinctly smaller thaa that

of their preliminery valucs, aod was contrary to the results of the

n
=
=3
Foo
m
4]
o3
)

sutomatic parawmeter search menticned above, Thi 1 be due to

i
_4
N
H
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16)

sort of the periodicity on the chi-square values™ ', In general,

L
(P45

paraﬁeter‘space has many points where the chi-square value is miniwized.
Thecefore, it is expected that the preliminary set is situated neer o
minimum point and the new set is near another minimum point. Such &
smell value of Wy and a large value of b would be expected also for the
heaviér miclei than Pm-147. For the heavier nuclei, values of Wy and b
were determined affer investigations of the parameters V, and b.

Ls mentioned above, the value of V, was 1 or 2 MeV smaller than the
preliminary value and R, increased for the heavier nuclei than Pm~147.

2

Ia crder to investigate correlation between Vo and R,, the two paremeters

2’
were varied simultaniously for the heavier nuclei, Xeeping the osther
parameters fixed at the preliminary values. As illusirated in Fig.5-1

of Ref. 2%, following two formulas were obtained for R,

R, = 1,163 + 1.3 (3.1)
and , :
k, = 1.oaaY3 1 (3.1')

Using one of the twe equations (3.1) and (3.1'), trend of *he parameter VQ
wes investigated for Pm~147, Tb—159, He-165, T™m~169, Lu-175 and Ta~181.
Resnult showed that the trend of 70 corresnondirg to Eq.(}.l) was better
than that for Eq.(B.l'). Systematic trend of the pargmeter Vo thus obtained

was expressed ag,

A 52.5 - 4C{N-Z)/A ~ 0.25E. (3.2)

(0]

Using Eqe.(3.1) and (3.2), the parameters V5 and b obtained for the
lighter nuclei were used to calculate the total crose section for the
heavier nuclei. £&s illustrated in Pigs. T--1 to 7-10 of Raf. 27 2ad in
Figs. 3~3 to 3-17 of this report, results with combination of W.,=7.0 and
b=0.35 were better than those cbtained with the preliminary set for almost
eli fission product nuclides. Therefore, the velues of the parameters Wy
ard  were determined as 7 MeV and 0.35 fm, respectivaly, in this work.

The optical potential parameters thus obtained were summarized as

follows: -
V= 46.0 - 0,25E  for 4 < 147,
= 52,5 - 40(N-Z)/A ~ 0.25E for A > 147,
Wy = 0.125F - 0.0004E2,
W, = 7.0,
V., = 7.0,

S

-13 ~



JAERI-M 5752

R, = a3 w0, | 1 (3.3)
R, = 1.16;”;1//3 + 1.1 for A< 147, ‘
=163 s 1.5 for 4 > 147,
&, = 0.62,

and ‘
b = 0,35,

-

In Figs. 3-1 tc 3~17 of this report and in Figs. 7-1 to 7~10 of RHef.
27, the calculated total cross sections with Eq.(S.B} are compared with
the experimental data as well as the values calculated by using the
preliminary set of the potential parameters. The results with Eq.(B.;)
are better than those with the prelinminary parameter set in the energy
region below 5 HeV, on the whole. For 5 to 10 MeV, present results are
good. For 10 tc 15 eV, hewever, the results with the preliminéry parameter
set are slightly better than the present results. In the whole energy
" range considered here, the worst discrepancies between the present results
and the experimental data are ahout 20% helow 5 MeV.
Calculated values cf the s-wave and p-wave neutron strength functions
are coﬁpared'with the experimental dafaea 40) in Pigs. 3~18 and 3-19.
Agreement between theu is generally good, especially for the lighter
nuclei. For the heavier nuclei, effect of the nuclear deformations should
be taken into account for reproducing the experimental value. in the
present work, this effect is not considered, because main purpose of this
work is to obtain the overall trends of the potential parameters for the
spherical optical model,

For the parameter Wy, smaller value than 7 MeV may be favourable in
the energy region below 5 MeV. Above 10 MeV,'however, the energy dependence
of the parameter Wy seems tc be slowly increasing one with the energy.
That is, it may increass from a smaller wvalue than 7 MeV in the energy
region below 5 MeV, through about 7 MeV betweern % to 10 MeV, to sbout

Pl

12 MeV above 10 MeV. This energy variation of Wy msy be square root of

AT .
the neutron energy, which is reported by Hodgson**).

further investigationé were performed in fthis work, in order to
confirm the reiiabiiity of the éystematic trends of the potential parameters,
by comparing the calculated values of the elastic and inelastic scattering
cross sections with the experimental data42”63>. In Pigs. 3-20 to 3-28,
the calculated values of the elastic scattering cross section are compared

with the experimental data for some nuclei. Below 1.0 MeV, discrepancies

o

between them are rather large Tor Lg, Nb, Ls and Pr. However, the potential
&

parometers obtaired here are cousidered to satisfy the regquired accuracy
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%0% for the elastic scatterlnp cross section.

In Figs. 10-1 to 10-11 of Ref. 27 and Figs. 3-29 to 3-35 of this
raport, calculated values of the angular distributions of the eiastic
scattering cross section are shown with the‘experimental data55 77).

Some of them are only the shape elastic scattering cross section.

Gomparison between the calculated values and the experimental data shows
that there remain some discrepancies between them for La and Pr in the low
energy region. In the high energy region, agreement between then is
excellent, especially for the lighter nuclei. Averaged cosine of the
scattering angle was calculated for some nuclei and compared with the
experirental data. ReSults of this comparison showed that the dirzrepancics
natween them were within 20%. Therefore, the potenftial parameters chtained

here are reliable for estimation of the averaged cosine of the scatbering

angle.
Tor the ineiastid scatvering cross section, oompdrlson wes performed
- \
. . 27 55 -
between the calculated values and the experlmental data ro57 of the total

inelastic scatterinug cross section ravher than the exeitation cross sectlions
for each discrete level. Level scheme and level density parameters used
in the calculation are given in\Tabie %= for some nuclie of which calcu~
lated values of the irelastic scatterin: cross section are shown ia Figs.
3-56 trhrough 3-41 with bhe experimental & Calevlaticns arc rerformed
by using the Hauser end Feshbach t aeoryr> and Holdauer J::.heor:,*r(8 80). Y¥or
"Pr-141, result with the ¥Yoldauer thsory iz bhetter than that with the Hauser
and Feshbach theory, but for I-1; 7, result with the Haasor and Fesiubach
theory is exceilent. For the other nmaclei it is not possible to judge
vhich results are better, partly due to scarcity of tho experimental dats.
Therefore, it ig anpropriate to use ihe Hmuser and Teshbhach thecry to
calculate the inelasvic scattering cross section of the fission product
nuclides, for sevirg the cowputer time.

In this section, the optical potential parameters vsed in this evaluatioen
work were found and their systematic trends woere discussed on the bagis of
comparison between the calculated values and the experimeatal dats of the

s Ja

total cross section. Besides, their reliability was also invoegtigated Tor
the neutron strength function, elastic scattering cross section and inclastic
scattering cross section. As discussed abeve, several problems ramaln about
applicability of the potentisl paremeters for some nuclei. Howerer, the |
potential parameters obtained here are considered to be satisfactory to

obtain the cross sections of the fission product nuclides for fast reactor.
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rraiimlnary set of the cpbiesl p

notensi

ial

parameters

Geometrical Pﬂrameua (fm) | Potential “fv@*gu {Me¥)
r, =1y = 1,16 V, = 45 - 0.25E
1 = 0.6 Wy =:.O.125=J - 4‘;(10'”'452
r, = 1.1 W, o= 14~ C.28
a = 0.62 Vso 7
b = 0,3
Table 3-2 Level schewe and level density parameters. Parameter,EX ig
an energy above which levels of the residusl nucleus are assunmed
to be overlapping. Parameters a, 4 andbE« are the level density
parameter, the pairing energy and the energy of tangency polnt 5)
¥-89 Nb-93 1127 Bo-138 ; La-1%9 Pr-141
110.0 (1/2-)]0.0 (9/2+) 10.0 (3/2+)l0.0 ( °+)To.o (7/24}[0.0  (5/2+)
2 |0.91 {9/2+){0.028(1/2-) |0.0576(7/2+){1.898{ 4+){0.1658(5/2+)10.1454(7/2+)
3| 1.51 (3/2-)]0.742(7/2+) j0.2028(3/2+)]2.000{ 6+)10.570(3/2+) |1.117(11/2-)
4 [1.74 (5/2-)|0.808(3/2=) |0.3750(1/2+}{2.189( 2+)|0.800(3/2+) |1.127(3/2+)
512,23 (5/2+)10.809(5/2+) [0.417(5/2+) |2.218( 2+){1.070(9/2+) l1.292(5/2+)
@ 62,53 (7/2+4)]0.952(13/2+)]0.590(9/2+) |2.307( 4+) 1.206(3/2+) {1.298(1/2+)
£ 7]2.61 (9/2+){0.980(9/2+) [0.629(5/2+) |2.445( 3+)|1.217(7/2+) |1.435(3/2+)
E, 8 |2.86 (3/2-)11.080(7/2+) |0.651(9/2%) |2.583( 1+)|1.255(5/2+) {1.451(3/2+)
&1 93,08 (5/2=)|1.295(7/2-) |c.717(31/2+) |1.257(2/2+) |
E 10 | 3.20 (5/2-){1.337(17/2+)] 0.745(9/2%) 1.310(1/2+)
A {111 3.60 (3/2+)|1.465(5/2+) [0.995(5/2+) 1.383(5/2+)
12 1,095(5/2+) 1.426(5/2+)
1 1.120(1/2+) 1.435(11/2-)
14 1 1.236(11/2~) 1.475{7/2+)
15 | | 1.538(5/2+
Fa |5y 3,35 1.402 1.27 2.6 | 1.559 1.456
g8 1a 11.53 12.52 13,79 12.43 14,61 15.96
8 4 1.47 1.03% .13 2.47 0.539 0.89
%;2 E, 2.53 3.27 1.18 3.57 4.13 4.11
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Total cross sections for nuclei in the region of mass mmber,
A=70 to 160, at energies 0.1, 0.5, 1.0 and 1.5 MeV, respectively.
Open circles indicate experimental data. Broken and solid lines
are cross sectionl curves obtained with the preliminary potential
parameters (Table 3-1) and the present potential parameters

(Eq. (3.3)), respectively.
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are cross section curves obtained with the preliminary potential
parameters (Table 3-1) and the present potential parameters

(Eq. (3.3)), respectively.
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Fig. 3-5. Total cross section for Mo. Calculations are performed for - 'Mo.

Broken and solid lines are cross section curves obtained with

the preliminary and present potential psrameters, respectively.
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TOTAL CROSS SECTION {BARNS)

3.0 -
G s 8 155
. NEUTRON ENERGY (MEV)
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with the preliminary and present potential parameters, respec-’
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Fig. 3-11. Total cross section for Pr, Calculations are performed for
1 . . .
'MP':. Broken and solid lines are cross section curves obtained
with the preliminary and present potential parameters, respec-
tively.
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4, Physics Parameters
4.1 Level Scheme

e
Tic scat

Cn the ome hand, in calculating the cross section ¢f ipelss tTering
by means of the Hauser-Feshbach method,7 it is necesssry o ‘mow the
preperties of the ground state ana several low-lying levels. Siunce the
evaporation-model calculation can be applied to the regicn of nigrer

excitaticn energy, it is not necessary to know the spins and partitice

o7 s0 meuy excited levels.  Even so, however, one had belisr include at

1n st 10 to 15 lower-lying levels in the calculations based on the Haumer-

Feshbaﬁh wethod., The reason is as following. It has been informed
3

L,L8Y . . . .
recentiy ~’ that the addition of one more level to the previousl; known

several excited states affects considerably the calculated cross gection
in spenjal\caso.' This implies that the spin and parity assiguments for
the levels may have important effect on the crosy se o} :
usirg the LiusoruFeshbach method. However, it can he sxpected that the
effect ¢f cpin and parity assighmenis on the caleulated cross section may
be reduced if much more levels with krnown proPertiés are iuncludea in the
caleculation. —

On the other band, it seews to be rather oxcsptionsl case where the
grir and parity assignments {or all lowsr-liying levsle, say about 10 levels,
ara established without any ambiguity. This is because it is not always
the case where each of these levels is connected successively tc other
level(s) by kanown types of vete, el@ctron—captufe: or gamma traansitions

and/or by reaction processes. bLven if fthis is the case, the consistert

O

epin and parity assignments based oun ail available inforwmation are not
B8O €asy.
Tn the present work, we are d alirg not with making the level schemes

ut with assigaring the spin and parity for each of the excited levels as

. . 5 , ' L . L/
sections. Since the evaluated level schemes in Fuclear Data Sheetz (WDS)
or compiled cnes publiished in Table of Isotopes )'(rLb) a0 not zatisly

fvlly our rsquiréments, we are obliged to meke syin and parity assignments
by ourselves by means of a brute forece method. Although this job was not
su familiar tc the members of our working group, enough time was 1ot
availebie for this purpose by some reasons,

Tnder such severe conditions, we surveyed quickly the literaturcs
iisted irn decanl Referencess of Nuclear‘Data Sheets in order to add wossible
new irfcrmation to theose appeered in Nuclear Data Sheets =zpd In Teble of

Tsotoorg. This must be, however, still comsidered to be i1ncomnlete becuuse


http://reg3.cn

JAERI-M 5752
of several missing journals and of many unavailablie reports or documents.
Irn the present work, less cares have been taken ahbout the exeitation
energies of the levels, the places and the branching ratios of betas and
gammag, and the angular distribution analyses in reacticn data. TFor these
data, published ones were assumed to be relisble unless serious contra-
diction exists between thé publicatibns. In some cases, quite insufficient
information limited possible spin and parity assignments to only a few
levels. However, we did not make spin and parity assignments by our
speculation in such cases unless theoretical prediction or some systematics,
even though it is guite weak, can be used. We have therefore given up in

assignning the spins and parities for at least 10 levels in such cases,
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) 90
FBSr
~m N\

1554/ ot A%/ Benzil) Adoptod
0,00 O+ 0.00 O+ 0.00 0+ - C.00 Or
0.8% (2+) 0.83%15 (2+) ‘ C.S%15 2+
1.69 1.6555 1.752 O+ 1.6555 O+
1.94 1.8921 2.182 2 1.8921 2+
2.2% 2.2068 (4+) 2.315 5w 2,2068 b+
3,07 2.4972 2.74 4=
3. 34 2.5271 2.75 Fe
4.15 2.,5712 3,081 4+
4.34 2.9275 3,29 +
4.690 3.0%385 3.453 &+
5,08 3.595 R+ -

5.2%3 {many others) %.92 %

As stated in NDT, 83) the 1.6555, 1.8921 and 2,2068 MeV levels zay be
considered to be a uwo-phcnon friplet with O+, 2+ and 4+, resyectively, ir the
0.5514 MV 7 is moved to cther plsce in consisbent wvay with the coincidence
data,

- The spin and parity assignmente for much more levels un to about 5 HMeV
could be possible hased on leg fT values, if further relocaiion of seversl
¥ 'e is 2lloved. This, however, seems to regrire much tine.

—— e A —— AP i S i AL A0, Bt B

4OZT9/
71552 ‘ TNE §;§284) BenziZ} Adcpted

0.00 5/2+ 0.00 5/o+ {none, 0.00 5/2+

0.267 (3/2+) 0.267  3/2+ 0.267 " 3/2+

.94  (1/2)+ 0.947  1/2+ C.947 1/2+
1.168) (7/2,9/2+) {ieft out)

1,42 (3/2+) 1.425  (1/2,%/2,5/2+) 1.425 5/2+
1.451 \1/29,,2,,/2 3 1,451 5/2+

1.64  (7/2+) 1.652  7/2+ 1.652 770+

1.8¢  {1/2+) 1.910 {1/2,;/2,5/2+) 1.910 1/2+

2.08  (7/2+) L.993  (1/2,3/2,5/2+) 1.99% 5/2+

2..8 2,181 (1/2.3/2+) 2.181 1/2+

2,32 (7/2+) (2.%50) {(1/2,%/2,5/2+) (1eft out)

2.44 . (3/2+] 2,455 {1/2.5/2+) 2.45% /2
2.458 (1/2,3/2+) 2,468 3/2+
2.605 (1/2,,,_,),2»1 2,605 1/2+

2,75 (z/24) 2.775  {1/2,3/2+) 2.773 30+

The zeleciions of uvnicue spin~value for several lovels have been done
vy referrving the (d, n‘ an id,%) data of £.5L. Coben and O.V. Chhinsky (thg,
Rev. 131 | "Ih ") /18‘/\

Wote added in proof Recently an extensive (d. b, cata up to about §
eV uave DOcn prbiished (C.R. Bingham and G.T. Te¢ hLuﬁq Phys. Rev. CF (197%)
1505). 85 i@ is expected, several high spin ievels which zxe haraLy
populated from the decay of 93Y have been reported. and spin assignments
rave heen done by DWBA analyses.

- 41 -
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95
42Mo
71582/ ws 5857 Benzi2) hdopted

0.00 5/ 2+ 0.00 5/2+ .00 5,/2+ .00 5,/ 2+

0.2042 3/2+ €.20394  3/2+ 0.2040 3/2+ 0.20%94  3/2+

0.68 S 0.63 5/2+

0.76% 0.763  z/2+

0.765  7/2+ 0.7658%  7/2+ 0.765 T/2+ 0.7658%  7/2+

2.784 C.788  3/2+

0.783 1/2+ 0.7862 1/2+ 0,788  1/2+ 0.7862 1/2+

0.822 (3/2,5/2+) 0.€2055 (3/2,5/2+)  C.322 3/2+ 0.82065 /24

.84 0,840  7/2+

0,97 0.9478  9/2+ 0.93¢ 5/2+ 0.9478  9/2+

1.042 (1/2,3/2+) 1.0%91 1/2+ 1.042  1/2+ 1.0%01 1/2+

1.06 -~ 1.05¢  (3/2,5/2+) 1.060  7/2+ 1.059 5/2+
1.0741  (7/2)+ . 1,074 7/2+
1.2225 1.2225 5/2+

1.27  (1/2+ 1.%310 1/2+ 1.310 1/2+

.39 (5/2+) 1.576  (3/2,5/2)+ 1.376 3/2+

1.423  (3/2,5/2)+ 1.4%3 5/2+
1.541 (11/2+) 1.541 11/2+
1.552¢  (9/2+) 1.5528  9/2+

1.63  (5/2+) 1.6202  (3/2,5/2+)

(many others)

The spins of the 0.82065, 1.059 and 1.2225 MeV levels have been determined
in teking account of log ft and of the evidence for weak electron-capturs
transitions. The reaction-7r data (L. Mesko, 4. Nilsson and S.A. Hjorth, Nucl.
Phys. A181 (1972) 566)88) have been used in selecting the spin values for the
1.376 and 1,433 MeV levels.

421097
ps82) pr 0589+ wp 41815%) Benzi?) Adopted
0.00 5/2+  0.00 5/2+ " 70,00 5/2+ . 0.00 - 5/2+
0.4809 3/2+ | . 0.4809  3/2+

0.6582 7/2+

7/2+ 0.6582  7/2+
0.6796 1/2+

0.665 {7/2)+
1/2+ 0.6796 1/2+

0.70 0.7190 (3/2,5/2)+ 0.7190  5/2+
0.7211 (1/2,%3/2,5/2)+ ¢.7211 3/ 2+
0.89 (1/2+) 0.8880 1/2+ 0.8880 1/2+
1.02 1.0246 (7/2,9/2)+ 1.0246  7/2+
1.0926 (3/2,5/2)+ 1.0926  3/2+
1.1167 (7/2,9/2)+ 1.1167  9/2+
1.27 (3/2+) 1.2688 (7/2,9/2)+ 1.2688  7/2+
1.2845 (3/2+) 1.2845  3/2+
1.4095  11/2+ 1.4095  11/2+
1.45 1.437% (11/2~) T 14373 11/2-
1.5156 (7/2.9/2)+ T 1.5156 9/2+
1.5 {(7/2-) 1.54%2  (9/2,11/2)

(a few more levels)

Data on reaction~ v ' b{ C.¥. Lederer, J.M. Jaklevic api J.M. Hollsndér
le)

7 )
(Nuzi. Phys. 4169 (1971) 485)°Y) has been used to selest the spin velues.
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.99
43¢

77552) DS(01d) HP 4_2291)+NP 2179 Benzizl tdopied

0.00 g/2+ 0.00 9/2+ 0.00 9/2+ {none) O % 9/¢r

0.1405 7/2+ 0,140 G.14051 7/2+ 0.14051 7/2+

0.1427 1/2~ 0.142 (7/2+) ©0.1426% 1/2- 0,1426% 1/2-

0.1811 5/2+ 0.181 (5/2+) 0.18107 5/2+ 0.18107 5/2+

0.51% ©0.514 0.5001 %/ 2m 0.5091 3/2.-

0.5%43 0.5%43  5/2=

0.6715  5/2- 0.6715  5/2-

0.7263  (7/2,9/2)+ 0.7263  T/2+

, (1/2 0.7616  (5/2,7/2,9/2)+ 0.7616  &/2+¢

0.922 (3/2+4) 0.92 %5y - 0.9205 (1/2,3/2)+ 0.9205  3/2+

3720 1,0040  3/2- 1.0040  3/2-

1.0729  5/2- 1.0729 5/2~-

1.1 1.131 1.1293  (1/2,3/2)- 1.12¢ 1/2-

1.1420 %/2 1.1420 3/2-

1.199 (1/2,3/2)~ 1.199 3/2-

The C.534% end 0,7616 MeV have been assigned as 5/2- and 5/2+? respectively,

gsince the log ft values suggest unigue first forbidden and non-unigue seccond

ferbidden transitions for respective case.
1.199 #eV levels, no strong argument exists to select

gspin values.

For the 00,7263,

0,9205, 1.1293% and
the ore from the poseible

101
443“

G.00
0.2272 {
0.3067
0.%112
0.325
0.422

0.842

Kisrner and A,

J M. Hellanderw,

reaa

. .
3p A’O?9)4 §P AL 6994/ Benziz) Ldopted
0.00 5/2+ 000 3/2+ 0.00 5/2+
C.1271  3/2+ 0.127  3/2+ 0.1271  3/2+ -
0.3067  7/2+ 0.307  7/2+ 0.,3067  7/2+
0.3112 5/2+ 0.311  5/2+ 0.%3112 5/2+
0.3254 1/2+ 0.325 1/2+ 0.3254  1/2+
0.4224  3/2+ 0.422  3/2+ 0.4224  3f2+
0.528  1i/o- « o.f° 11/2~ 0.528  11/2-
0.5847  7/2+ 0.545  7/a+ 0.5447  T/2+
0.6161 {7/2+) 0,616 572« 6.,8161 -« 7/2+
0.6722 (3/2,5/2+) 0.623  1/2+ 0.6742  3/o+
{¢.6943) (left out)
0.720C (7/2,9/2+) 0.72 7/2+ o.7o0 T 7/24
0.8426  7/2+ C.8426  T/2+
0.9:31 (7/2,9/2+) 0.0111  7/2+
c.o282 (7/2,9/2+) 0.82¢  9/24 0,9282  9/2+
L9381 T/+ : : C.0381 7 2+
L0011 11/2+ 1,001 11/2+
1.62% 19/2-
1..861  15/2+
2473 2%/2-
" The 0,7200 MeV level has been assigned as 7/2+ from (& ,%’y ) data (0.0,
Schwarzschild, Phys. Rev. 154 (1967) 1182)05) but the cossibvility
of "//L has been supported by reaction— r data (L, Lederer, J.M. Jaklevic and
Nuel. Phys. n162 1971) 489)9 ). For the 0.6742, 0,9111 ard
tke two

G.3287 levels, no preferable reason exists to choose tiie one from

posgible spin values.
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102
44 \ | |
prste ws(o1a)  we apss®®) Benzi®/ Ldopted
¢.00 O+  0.00 0+  0.00 0+ 0.00 O+ C.CO o+
C.4748 2+ 0,475 2+ . C.4745 2+ 0.475 2+ 0.4749 2+
: 0.9437 O+ 9.094%7 O+
1.10% 2+ 1,105 2+  1,10%32 2+ .105 2+ 1.10%2 2+
1.106 4+ 1.105 4+ 1,1066 4+ 105 fot 1.1066 4+
1.53 3 1.525 (3+)  1.,5219 3+ 1.525 B+ 1.5215 %+
1.5808 2+ 1.5808 2+
1.7990 4+ 1.7990 4+
1.84 O+ 1.840 0+ 1.8%71 O+ 1.84 O+ 1.8371 0+
1,87 (4,57 1.8 (2,3) 1.8722 6+ 1.87 Ft 1.8732 6+
2.04 - 2+ 2,040 2+  2.0%75 2+ 2.04 2+ 2.0375 2+
_ L0641 (3=) : 2.0441 3-
2.22 (3) 2.220 3 2.2192 5+ 2.00 3+ 2.2192 5+
2.27 2.270 2.2613  2{+) 2.25613 2+
2.372 S 2.772 5

Diractionedl

parity assignment~.

correlation measuvrements have given almest unigue spin and.
dowever, following spin asgignments carnot be excluded:

i
N
=~

i

1.7990 3+, 1.8722 5+, 2.0441 4, and 2.25613 2-,
104
SV \
1552 DS {01d) wp 115497 Renzi ) Adopted
0.00 0+ 0.00 0+ 0.00 o+ C0.00 0+ 0.0C O+
0.3577 2+ 0.358 2+ G.358 2+ 0.3258 o+ 0.358 2-+
0,89 2+ 0,89% 2+ 0,88% 2+ £.893 2+ 0.889 2+
0.893 4+ C.893 4+
: 0.983 0+ 0.98% O+
2.5 . 2.5
3.5 3.5
4.0 4.0
No information is avilable for levels above 1 MeV.
106
4470 '
82) o 12as9T) 2) e
TIS gy 4184 Benzi Adopbed
2.00 0+ - 3.00 O+ (none) .00 0+
¢.270 2+ 0.27GC 2+
C.711 0,711 4+
0.79%0 24 0.79L 2+
. 9%9 G+ 0.989 C+
1.772 (2+) 1.772 2+
1.836 (2+) 1.883 2+
1.90¢ :
2.151 - .
2.267 (4+) Systematic trend suggests
2. 457 4+ {or tho 0,711 MeV level.
2.571
2.639 (0+)
2.771 (o4
2.876
2.G31
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L 103
45"

77582) PR,Q§98)+ NP‘A12§99) Benzi®’ hdopted
0.00 1/2-=  0.00 1/2~ 0.00 1/2- .00 1/2-
0,04 7/2+  0.040 7/2+ - 0,04  7/2+ 0.040  7/2+
0.093 (9/2+) 0.09%3 9/2+ 0.09% 9/2+ 0.033  9/2+
0.298 3/2-  0.298 3/2- \ 1 0.297 3/2- 0.298  3/2-
0.3%60 5/2- 0.%360 5/2- . 0.362 5/2- 0.350  5/2-
0.537 (7/2+) 0.537 5/2+ | 0.538 5/c+ 0.537  5/2+
0.6505(7/2+) 0.651 7/2+ 0.65 7/2- 0.851  7/2+
: 0.798 0.798 3/2~ 0.793 5/2+

0.843 (3/2,5/2-) 0.845 5/2- C.84%  3/2-
0.877 (1/2,3/2,5/2,7/2—) 0.815 7/~ 0.8T7  5/2-
0.915 (5/2,7/2,9/2-) 0.915 9/2- c.015 5/2-
1.102 (5/24,7/2k 9/2-) 1,102 7/2~ 1.102  7/2+
1.247 (5/2%,7/2%,9/2-) 1.247 5/2- 1.247  9/2-
1.270 L2735 /2- 1.276  1i/2-

" (nany others up to 2.1 MeV)

The sp*a° end parities for the levels up tec 0.7 leV may bea uniquely
determined from *the data on 10ZRu ground-state decay. The reaction data are
availabie for higher levels, but so many discrepancies exist between existing
experimental resulis.

After we finished thie work, we found a paper on Coulomb excltamlon with
fairly good accuracy waich was not available bezorg (r.0. @ayfr, J.K. Temperiey
and U, Eceleshall, Nucl. Phys. 1179 (1972) 124/100) e cive the results of
this paper below.

Level NP I]]OLOO)
0.798 Hot C oulomb excited but (p,p ) (0.8036) Waak evidence for the ezistence
0,843 B(E2), 3/2~ is not dsfinite - 0,8477 (7/2) Doubls Coulomb excitation
0.877 B(E?), { a, a ") suggest 5/2- 0.8804 7/2 from apgular distribution ofr
¢.915 B(FQ), b/?n is not definite : 0,920n /?,u Douvhle Coulcmb exzcitation
1.102 B3 excitation is probable 1.1072 (3/2 J/?)« Weakly Coulowb excited
1.247 Pogsible dovble Coulomb excitstion -~
1.270 Not Coulomb exclted but (p,p") 1.2772 3/2- From ¥ ~-intonsities

..105
4674 ‘

71552) ¥s(014) Benzi idopted
0.00 5/2+ Q.00 5/ 2+ 0.G0 5/2+ 0,00 5/2+
2804 B2+ 0.281 (7/2+) 0,28 3/2+ 59,2204 3 /0
3062 7/2+ 0.%06  7/2+ 0.3062 7/2+

0.%191 (S/Z)T 0.319 5.319  5/2+  0.3191  5/24

0. 3444 1/2+ 0,345 (5/2+) 0.344 - 1/2+  0,3444  1/2+

0.4427 (5/2,7/2)+  0.443 (3/2,5/2+) 6.4427 7/2+

0.4890 11/2- 0.50% C.429 11/2+ 0.4390  1i/2-

C.5607 (3/2+) ' 0 ,5607 n/2+

0.6444  7/2= L 0.6444 /2.

0.6506 (3/2)+ 0.650 ‘ 0.6505 3 /04

0.6731 ©0.674  (5/2+) C.6731  7/2+

0.7271  (5/2+) | ‘ 0.727L  5/2+

0.78 0.785 (3/2+) C.78 /o

0,962% + ¢,9623 5/24

1.0015 o 1.0015 5/2+

1.0878  3/2- 1.097 (3/2-) 1.0878 3 G

(e few others)
For the spin assignments, the data of gamma tran sition cwe cavefuliiy checked.
The pnssible relocation of gammas are also considered.
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107
T
17582) wog 57Ol ) Ldopted
0.00 5/2+ 0.00 5/24 {none) 0.00 5/2+
0.115  (1/2)+ 0.1157 1/2+ 0.1157 1/2+
0.21 11/2.. 0,214 (11/2)- 0.2i4 11/2-
0.3028 (3/2,5/2)+ ‘ 0.7%028 5/2+
0.307  {7/2)+  0.3122 (7/2,9/2)+ 0,3122 /2+
‘ G. 3482 0.34832 fov
0.%66 7/2 9/9)+ . 0,365 9/9+
C.3310 (%/2,5/2)+ 0.%219 %)+
0.%9  (3/2)+ 0.3924 0.3924 7/0+
0.422 1/ o 0.412 1/2+
G.47 (3/2)+ 0.4712 (5/2,5/2)+ 0.4712 5/ 2+
0.57  (3/2)+ 0.5677 (3/2.5/2)+ 0,5677 5/2+
0.57 (7/2)~ 0.6701 (3/2,5/2)+ 0.6701 5/2+
0.68% 0.635 7/2--
0.70  ({1/2)+ 0.698 1/2+ 0.698 1/2+
0.77  (3/2)+ 0,759 (3/2,5/2)+ 0.759 3/ 2+
0,731 (1/2,3/2)~ 0,781 3/ 2.
0.80 0,806 0.806 1/2-
0.39 (1/2)+ 0.889 1/2+ 0.88% 1/2+
0.9¢ (11/2)- _
1.03 (3/2)+ 1.023 (3/2,5/2)+ 1.02% 5/2+
1.08 (5,2)+ 1,071 (3/2,5/2)+

(rany other levels)

Spins and parities for meny levele have been determined tentatively by
lcoking at and checking again the all data on beta and gamms transitions and
on (d,p) reaction, cited in NDS 37.101

109
47"8
71552) nps psl0?) Bonzi2) . Adopted
0.00 1/2- 0.00 1/2- 0.00 1/2- 0.00 1/2-
1 0.0877 7/2+ 0.0880%2 7/2+ 0.088 7/2+ 0.0880%2  7/2+
0.129 : 0.1328 (9/2)+ | 0.1328 9/2+
0.309 3/2- 0.7114 3/ 2~ 311 3/2- 0.3144 3/2-
0.414 5/2- 0.4157 5/2- 0.414  5/2- 0,4153 5/ 2-
0,7019 3/2- 0.704  5/2- 0.7619 3/0<
9.72 0.7244 (3/2+) C.728  T/2- Q.7244 3/2+
0.73 0.735% (5,/2+) , 0.735% 5/2+
. 0.8%98 GLB0% B/e- 0.8308 7/2--
0.85 0.8627 5/2- 0.8627 5/2-
0.8655 (v/2+) , ¢.3695 G/2+
0.911C ‘ 0.915 5/2- €.9110 7/ 2~
0.0123 ¢.9127% 5/ 2+
*..0906 1.000  5/2- :
1,096
L 26
3242 (3/2.-. 1.322  3/2

(a f W more levels

\./\

Rather +9ntat1vevacs1hnmeaTﬂ Tor she 0.83 )F 0,2110 2nd 0.612% HeV levels
arc based con the decay dats uscd in NDS 86102
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129
55t
71552) wos pgt©>) Bonzi?) Kdopted
0.00 7/2+ 0.00 7/2+ (none) 0.00 7/2+
0.0278 5/2+ 0.02777 5/2+ 0.02777  5/2+
0,278 0.27842  (3/2,5/2)+ 0.27842 5/2+
0.487 (3/2+) 0.48738 (3/2, /2)+ 0.43738  3/2+
0.557 0.559%57  1/2+ 0.55957 1/2+
0.697 0.69598 . , 0.69508 11/2+
0.730 0.72962 0.72962  9/2+
0.7689 ©0.7689  7/2-
0,831 ~0.8295 0.8299  3/2+
0.845 0.8450 , 0.8450 /2~
1.022 1.0504 L. 0504  9/2+
1.077 1.052 (3/2,5/2)+ 1,052 - 5/2+
1.083 '
1.112 1.11175  (3/2,5/2)+ 1.11175  3/2+
(1.20422) {1eft out)
1.210 1/2+ 1.210 1/2+
1.262 1.2608 (3/2 5/2)+ 1.2608  5/2+
1.2821 k 1.2821 . 3/2+
1.2922 ’ 1.2922 3/2+
1.378 _ ‘
1.4C4 1.4015  (9/2)+ o 1.4016  9/2+

(many other levels)

The present spin end parity asgignments have been done based on the beta
and gamma dats listed in NDS BR.103) These gre rather tentative but not
incongistent with the 9x1st1ng experimental data.

151
54Xe
17552) FDS{01d) . Benzi®/ Adopted
0.00 3/2+ _ 0.00 3/2+ .00 3/0+ 0.00 3/2+
0.08016 1/2+ 0.0802 (1/2)+ -~ 0.08 1/2+ 0.08016 1/2+
0.16398 11/2- 0.1639 11/2- 0.164  1l/2- 0.16398 11/2~
C.17723 or 3.150 or
¢.%2578 + 0,210 0.210  5/2+ 0.32578  3/2+
0.36447 5/2+ 0.364 5/2+ 0,354 5/2+  0.36447  5/2+
0.5030 + (0.54) 0.50%0 5//24
0.6370  {5/2+)  0.638 (5/2+) 0.638  5/2+ 0.6370  5/2+
0.7229 0.724 (5/2,7/2+) 0.724  3/2- 0.7229  7/2+
The pesition of. a leve ] At 0.3%2578 MeV is not definitive but tentative.
The parity of t? 0.5030 MeV level cennct be assigned if the decay scheme
illustrated on 77882} igs ac eptabl Bacausc, ‘og ft of a beta to the 0.5030
McV level (6.4) suggests it is fivet forbidden giving the negative parity

although ths coaversion coefficients of traps:t*ong from the 0,5030 MeV level
indicate positive parity of thie Jevel (The 0,5030 #eV r to the 3/2+ ground
state is possibly E2, and a cascade, 0.,17723 M2V r (B°) + 0.%2578 MeV 7

(Tl + E2) to the groued state also axists. ). Bven if the intensity of

the bets Lo the 0,5070 MeV level is assumed to be 5% inslead of 0.5%, the

log % valuve socms to be stiil high.
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133
55°5 | ‘
77582) DS {01d) wp 4171504 Peanis’ * Adopted

0.00 7/2+ 0.00 7/2+ 0.00 7/2+ 0.00  7/2+ 0.00 7/2+
0.081 5/2+ 0.081  5/2+ 6.0810 5/2+ G.C81 5/2+  0.0810 5/2+
0.1605 5/2+ 0.160 (3/2)+  0.1605 5/2+ 0.161 5/2+ 0.1605 5/2+
0.382  3/2+ 0.382 (3/2)+  0.3828 3/2+ 0.384 3/2+ 0,382 3/2+
0.437 1/2+ C.43%6  1/2{+) 0.,4371 1/2+ 0.437 1/2+ 0.4371 1/2+
0.605  11/2- ¢.605 11/2-
C.€33  1l1/2+ 0.6%3 11/2+
0.641  3/2+ 0,641  3/2+
0,706 (7/2,9/2+) 0.706  7/2+
0,763 (7/2,9/2+) 0.763  9/2+
0.757  (7/2,9/2+, 0.787 7/2+
0.819  (5/2,7/2,9/2+) 0,819 0.819 7/2+
0.873 (7/2,9/2+) 0.873 9/o+
0,917  (3/2,5/2+) 0.917  3/2+

No preferablce argument at all for selecting the spin value for ithe levels
higher than 0.7 MeV.

— e w0 Ao T AT BRSPS 3

135
550
<\
77552) NDE(014) vp 121107 Benzi®) Adopted
0.00 7/2+ 0.00 7/2+ 0.00 7/2+ (rone) 0.00 7/2+
0.25 (5/2+) = 0.25 (5/2)+  0.2498 (5/2+) 0.2498  5/2+
0.4082 \ C.4082  3/2+
0,61 0.604 (3/2,5/2) o0.6086 (3/2,5/2) 0.6086 5/2+
0.781 (11/2+) . (0.780) 0.780  11/2+
0.6817 0.9817 1/2+
1.0626 1.0626  3/2+

1.621 (19/2-)

Spin and parity assignments for the levels at 0,4082, 0.6086 and 0,78 MeV
are bggﬁd on systematic trend, for instance discussed in Phys. Rev. C5 (1972)

17591 The C.9817 and 1.06256 MeV levels are assigned by using the beta and
gamma data.
137
55Cs
\ .
77552/ PR (3 Senzi  Adophad
0.00 7/2+ 0.0C 7/2+ (roaa) 0.720 7/2+
0.455 0.455  5/z+ 0.455 o/2+
(0.85) 0.£5 3/ 2+
(0.98) .98 5/2+
1.49 1/2+ 1.49 1/2+
1.87  11/2- 1.87 11/2~
2.07 %,/ 2+ 2,07 3/ 04
2.15 1/2+ 2.15 1/2+
Th? 0.85 and 0,98 MeV lavels which have beszsn cited in Phys. Rov. CF (1972)
1759106 aze assigned by using the cystematic trend.
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144
58Ce
71552/ w05 2108 PRL 25 Berzi?) adopted
0.00 0+ 0.00 0+  €.00 (none)  0.00 o+
0.3975 0.3975 Ve
0,80 4+
The 4+ level at 0.8 MeV has been estimated from systematics.
143
cold
TISSQ) WDS 32110) Benz:.z) Adopted
0.00 7/2-  0.00 7/2~ 0.00  7/2~ 0.00 7/2-
0.742 (9/2-) 0.742  3/2- 0.745 9/2-  0.742 3/~
1.236  (9/2,11/2)- 1.2%  9/2-
1,311 (1/2,%/2)~ 1.311 1/2~
1,412 (9/2,11/2)- or (7/2 to 13/2)+ 1.412  13/2+
1.560  (5/2,7/2 1.560  5/2-
1.743  (9/2,11 2)» 1.7435  1/2-
1.857 (1/2,3/2 ) 1.857  3/e-
1.916 - (5/2,7/2 1.915 7/2-
2.016 2.016 7/2+
2.131  (1/2,3/2)- 2,131 1/2-
2.192 (5/2,7/2) 2,192 5/2-
2.261 \;/4,5 2)- 2.261 %/ 2-.
2.328 (1/2,3/2)~ 2.328 5/0-
2,367 (1/2,3/2)~ 2.367  1/2-

Since this containg 83 neutrons, possible singie particle levels and some

kinds of systematics have been ccongidered.

still terntative.

However, present assignments are

60Nd144
1182) oy ppt08 wos 22298 1p 418511V Bonpi2) Adopted
0.00 0+ 0.00 O+ 0.00 O+ 0.00 O+ 0.00 O+
0.695 2+ 0,6964 2+ 0.6964 2+ 0.696 2+ 0.6964 2+
1.310 4+ 1.3145 4+ 1.3145 4+ 1.51% 4+ 1.3145 44
1.51 (3-) 1.5099 (3~ 1.5099 S : 1.5099 3~
1.56 1.5600 2(+) 1.5600 2+ 1,556 3+ 1.5600 2+
1.738 738 1.738 2+
1.784 6+ 1.7902 6+ 1.7902 6+ 1.78 0O+ 1.7902 6+
2.10 2.085 2.085 o , 2.085 O+
2.09
2.111 2,11 2,11 -
2.184 1(-) 2.1856 1- 2.1856 1~ 2,18  1- 2.1856 1~
: 2.20
2.287  (4+) 2.287° 4+ 2.287 4+
2.36 2.37 (2+) 2.37 2+ 2.7%7 2+
(many other levels) 2.36 1-

No beta and electron capture transitions and gamma trausition data suggest
2+ and 2- for the 1.738 and 2,11 MeV levels, respectively.

~ 49 -



JAERI-M 5752

145
golNd
71552 s poll?) Bonzi?) Adopbed

0.00 7/2- 0.00 7/2- ¢.00 e 0.00 7/2~
0.067 (3/2)- 0.067 (3/2)- C.067 7/ 0.067 3/2-
0.072 (5/2)- 0.072 (5/2)~ 0.072 3/2- 0.072 5/2.-
0.75 0.749 0.74 7/2- 0.749 5/2-
0.92 0.92 0,92 1/2~ 0.92 9/2~
1.05 1.054 1.05 3/2- 1.054 3/ 2~
1.16 1.155 1.16 5/2-- 1.155 9/2+
1.39 1.39 1.39 7/2~ 1.39 /2~

The epin and parity assignments for the levels above 0.7 MeV are based
on the data on beta and gamma transivions.
except for a level at 1.155 MeV.

These levels are Coulomb excited

147
61Pm
77582 ws pztt?) Benzi® Adopted

0.00 7/2+ 0.00 7/2+ (none) 0.00 7/2+

0.09106 5/2+ 0.0911 5/2+ 0,0911 5/2+

0.4105 3/2+ 0.4105  {3/2+) 0.4105  3/2+

0.4892  (7/2+) 0.4893 (5/2,7/2)+ 0.4893  7/2+

0.5%09 5/ 2+ 0.5310 5/2(+) 0.5%10 5/2+
0.6804 0.6804  3/2+

0.6858 5/2+ 0.6859  (5/2+) 0.6859 5/2+

0072 )

No preferable reason exists for selecting 7/2+ to
and 3/2+ to the 0.6804 MeV level (3/2, 5/2, 7/2+).

the 00,4893 MeV level

147
62Sm
71582) ws p2tl3) Benzi’ Adopted
0.060 7/2~ 0.00 7/2= 0.00  7/2~ 0.00 7/2~
0.1218 5/2~ 0.1212  (5/2)- 0.121 5/2- 0.1212 5/2~
0.1981  3/2- 0.1974 (3/2)- 0.197 3/2- 0.1974  3/2-
0.71 0,713 0.712  3/2- 0.713 11/2-
0.80  (3/2,5/2-) 0.7988 (3/2-) 0.80  3/2- 0,7988  3/2-
0.808 0.808 - 13/2+
C.90 0.90 5/2-
0.92 0.925 .92 3/2- 0.925 11/2+
1.007 (1/2-) , 1.007 1/2-
1.02 1.029 1.62  5/2+ 1.029 11/2+
1.06  (3/2,5/2+) 1.054  (5/2)+ 1.06 3/2- 1..054 5/2+
1.065 (5/2)+ 1.065 5/2+
1.079 1.077 (5/2,7/2~) 1.079 7/2- 1.077 7/2-
1.10 1.103% 1.10  3/2- 1,103 9/2-
1.16 1.166 1.6 5/2- 1.166 11/2~
1.180 © 1.180 7/ 2~

(many other “evels)

o
ass

High spins are lgned for several levels whicihi arc not fed by the decay
of the 5/2+ ground state of Eu-l47 but Ly Coulumb excitation and other reaction

processes.,
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149
628m
17582) DS (01d) Bengi?) Adopted

0,00 7/2- 0.00 7/2- 0.00 7/2- 0.00 7/2-
0.0z25  5/2- 0.022 0.023  5/2- 0.0225  5/2-
0.2772 , C.277 0.277  9/2- 0.2772  3/2-
0.2857 (5/2-) 0.286 (5/2-) 0.286 5/2- 0.2857 G/ D
0.3502 0.350 0,35  9/2- 0.3502  3/2-
0.398 0.3%98 0.398 1/2- 0.398 1/2~
0.5286 0.529 0.528 3/2-. 0.5286  3/2-
0.5583 0.558 0.558  7/2- 0.5583  5/2+
0.566 0,582 0.582 9/2-~ 0.556 9/ 2~
0.640 0.650 0.640 5/2-

(a few more levels)

The present spin and parity assignments are basgg\on data for heta,
electron capture. and gamma transitions cited in TIS$7/ The 0.2857 MeV level
is assigned as 9/2- instead of 5/2~ since tue 0.2857 MeV is not fed by decay

AN

of the ground state of Eu-149 (5/2+) but of Pm-149 {(7/2+).

151
62°
17582 wp a172t14) Benzi’ Adopted

0.00  (5/2,7/2-) ©.00 (5/2)- (nons)  0.00 5/2-
0.00482 ( -) 0.00482  (7/2)- 0.00482  7/2-
0.06583 { -) 0.06582 (3/2)- B 0.06582 3/~
0.06969 { -) 0.0697 (s/2,7/2)- C.0697  5/2-
0.09153 { +) 0.09153  (1/2)+ . 0.0915%  1/2+
0.10482 ( -) 0.10485 (5/2)- 0.10485 5/2-
0.1677% { +) 0.16772  {5/2)+ ‘ C.16772 5/2+

1 0.16838 ( ~) 0.16839  (5/2,7/2)- A 0,16839  7/2-
0.20899 ( -) 0,20808 (7/2)- 0.20898  7/2-
0.307 . 0.3067  (3/2)- 0.3057  %/2=
0.32392 ( +) 0.3239  (3/2)+ 0.2239 %2+
0.34489 ( +) 0.34487 {7/2)+ 0,34487  7/2+

{many others)

Selection of 5/2- and 7/2~ for the 0.0697 and 0.16339 MeV levels,
respectively, is rather arbitrary. :
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153
63Eu
77582) HDS(01d) Bengi®) . Adopted

0.00 5/ 2+ 0.0V 5/2+ 0.00 5/ 2+ 0.00 5/ 2+
0.08337 7/2- 0.084  {7/2+) 0.08%0 7/2 0.08237  7/2+
0.09743  5/2- 0.097  (5/2-) 0.0970  5/2- 0.09743  5/2-
0.10%3179 3/2+ 0.10%  (3/2+) 0.1030  3/2+  0,10%16  3,/2+
0.15161  7/2~ 0.1520  7/2- 0.15161  7/o-
0.172854 5/2+ 0,173  (5/2+) 0.1730  5/2+ 0,17285  5/2+
0.1914  9/o+ 0,191  (3/2+) 0.1914  9/z+
0.258 0.2700  7/2+ 0.262 7/2+
0.6346  (1/2+) 0.6%50  3/2+ Ce6346 1/2-
0.6364  {3/2+) 0.6364  3/o-
0.£82 0.6820 5/2+ 0.682 5/ 2~
0.694% 0.6940 372+ C.6943  1/2-
J.7054 070 (1/2+) 0,7070  5/2- 0.7064  3/2-

The spin and paritr assignments §cr the levels avove 0.2 MeV are based on
betas and gammas illustrsted in TISE2) Log £t valuss calculated for betas to
the levels above 0.6 MeV secm to be to0o high for aellowed transitions.

- 155
63"
82) PP .2)
IS ND3{o0ld) ____Benzi Adcpted

0.00 (5/2+) 0.00 (5/2+) (none) 0.00 5/2+
0.075 (7/2+) o , 0.075 7/2+
0.10435 (5/2-)  0.1044 (5/2~) 0.10435  5/2-
0.17 (7/2-) 0,17 7/2~
0.2462 (3/2+) 0,246 (3/2+) 0.2462 3/2+
0.31 (5/2+) 0.31 5/2+
0.76 A 0.76 1/2-
0.87 0.87 5/2+
1.09 1.09 3/2+
1.27 o L.27 5/2-

The spins and parities for the levels above C.7 MeV are ass}%ned by
looking at the data on beta and gamma transitions listed in TIs92
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4.2 Average Resonénce Parameters and Others _

The calculations of neutron capture cross section for “the impcrtant
28 F? nuclides were performed using RACY codel7>vbaged on the process cif
compoﬁnd nucleus formstion. In this ccde, the neutron separation ernergy B,
and level parameter £° , which is obtained thiough the radiation width and
level spacing, are reguired as the input data, as well as the level density
parameters. On the ofher hand, the inelastic scattering cross sections
were cslculated by ELIESE~-73 code16) based on the optical model and Hauser-
Feshbach's theory7). In this calculation, *the level deasity paremeters
are the important input data, when the inniv:nt energv is larger then the
energy E, mentioned in section 2, In this sub-scction, description of

e

the criteria or nethod of determination of these guantities (input ddua)

is given.

1) Radiation Width

e

The experimental data on radiatio

1=

n width [‘T have been obtained by
many authors, but the agreement between these data is not so weil. It is
very difficult to find out the most reliable values from among these data.
Therefore, in the present work, the values of radiation width,FT for the
important 28 nuclides were determined in principle on the basis of the data
cited in BNL-325, 2nd Edition, Supplement Ho. 211). However, the method

of determination is not the same for each nuclidé.

A) The following methods were used for nuclides whose rccommended

.

values of radiation width I°, are given in Ref. 1l.

s o
i) The averaged values of the recommended values for each level were
adiopted for RL-1G73, ?i&lOEﬁ Me=1CT; Cr-133,"Nd-143, Nd-14b,

Sm~147, Sm-149, and Eu-153.

The assumed valves cifed in Ref. 11 were adopted for Ho-9% and Mo-97

e
He
p

on the basis of thcese for]“r of the neighlboring isotopes of Me,

3
g

althouzh the recommernded values for a few levels are given for
both nuclides. Where, the assumed wvaluves mean values encleosed ﬁn
parenthesss in Fef. 11, and ere values which the asperinenter |
aasumed iu osrdzr to compute other‘resonance PAYSNEVCIE .

WL

guessed values taking into account of The systematic

e
=
‘.J-

~—
F3
Fmd
=
¢

for T, of the neighbtoring ﬂuclidcs'we:@ adonted for -Hu-10L1 and
Ru~102, although the recommended valuse for a fow levels arc givsn
for both nuclides. -

B) The following methods were used for nuclides whose recommended

values are nov given.
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X o . . . v 129
i) The assumed value cited in Bef. 11 was elopted for I.
ii) The values guessed on the basis of the assumed values for the
90 3.

reighbering isotopes were adopted for “"Sr und ~“ir.

iii) The guessed valuss taking into account of the systematic trands.

for ', of the neighboring nucliues were adopied for ‘O4Ru, lO7Pd,
>z ry o . A 5 -
s, 1574, Yee, "hua, Plaw, Osn.
2.} M ; + " P - : 3 et - 99m 106
iv}) The data svaluated by other 2uthors werc adoprved Tor Te. R,
AT , .
131Xe, and l,jr‘Pm.
. a |
{the data of Garrison and Roosl4) for 9”Tc and ‘47Pm; and of Ben=i
106 zy
and ReffoZ) for *ObRu and 1’1Xe)

The final result obitaired here is shown in Table 4.2.1 with other

i
referencs data cn the radiation width,

2) Level spacing

The lsvel spacing D of the compound nucleus is an important parameter \
for the celculation of the neutron capture cross section. FHowever, the
accuracy and number of the experimental data are not necessariiv satisfactory.
In the early stage of this work, the values of level spacing were taken
from the repor® of BabalB). For the nuclei of which the level spacing is
not measured, the values of the level spacing were estimated on the basis
of neutron number and mass number dependénce of the level spacing.

Using the values of the level spacing and the radiation width, the
level parameter §€° was obtained for each nucleus. The level parameter ¢go

is given by the following formula.

21 +1 Dob ¢
ge= . 28, (4.2.1)
T I :

where I is the spin of tarset nucleus.

Results of the neutron capture cross section calculated by using RACY
code were compared with the experimental data in the enevgy range from 1 keV
to 15 MeV. For scme nuclel whose neutrcn capture cross sectioas are not

meesvred, comparison was verforred for the (capture) cross section between)
-\ : 2

/

the present results and the evaluated datse of CookDJF and Benzi and Reffo “.
Result of this comparisor showed that better asreement was not cbtained

- between the present results and‘the experinental data for she most of
ructides. Therefore, adjustment of the level parasmeter £° was made
throvgh modirication of the level spacing D, in order to zet good agreoemeunt
with the expsrinecntal data. Result of this sdjiustment susgested that. for

some nuclides, two values of the level parametar wore neci:ssary in separats

- 54 -
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energy range for the same nucleus. The nuclides wnich need two valucs of

95Moy 97Mo, 102Ru5 and LB)ML Por 9)10

the level parameter are s 800d
agreement of the calculated capture cross section with the exwerimental
data was obtained by using the following two wvalues, 1382.7 eV for E}1<ZO'2
MeV, and 100 eV for E_< 0.2 HeV. |

Az a result of these investigations, the valueg of level spacing D
and level parameter E°> were modifiéd for 1% avelides. The initisl and

final values of these parszmeters are shown in Table 4.2.2 and Table 4.2.3,

%) Neutron sepsration energy

The neutron separation energy Bn ls recessary as one of the inyput
data for the RACY code. The data on neutron separation energy or nuclear
mass are published by many authors. VIn this work, the neutron separation
ensrgy of each nucleus was obtainsd using the data of Yavtauch, Thiele,

117) .. . . . e 82)

and Wapstra cited in "Table of Igotopes, 6th Edivion, 19687 . The

.

values of neutron separation energy for the i impertant 28 nuclides are shown

in Table 4.2.3.

1) Level density formula

The level density formula used in this work is given as folilovs.
~ v S !

\ . 1 ~IT{(I+1 20 ;
¢ (U,1) =¢ ,(U,I) -2l 2 /U, T (1412 for @ > RB., (4.2.2)
¢ U= v
-0
. {TT_TT i
e (U,I) =PT(U,I) = PG(UO,I)e\U bo,>/l for B< L, (4.2.3)

i I.

where, -4,

= spin of target nucleus,

= gpin cut off factor,

Il

U
I
a = level deusgity parameter,
o
T = nuclear tempersture,
B, = energy of *“angeucy point,
E = totel excitation cnergy,
C,= 24 /2 (0.0888)% as
The spin cutjoff factor ¢ is calculated using a formula which is built

. ) .

in ELIESE~3 code. Using this formula, the value of 0% is 1.5~ 2.5 times

as large as that obtained using the formula of Gilbert and Camercnlj)u The
velue of level density obtained by ELIESE-Z coce is larger then that obtained
by the formala of Gilbert and Cameron, owing to the differsnce between the

. . f1.1)2 .
spin terms of both formula. Since they adophed e~ (3+%) as the spin term,
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this difference decreasss with increasing values of spin I for the target
nucleus. The level density parameters used in the formulas (4.2.2)"éna

(4.2.3) are given for the target and coupound nuciei in Table 4.2.4.
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Camma Width

r

T

(meV)

Nuclide

Present Work

Benzi & Reffo

2)

"
Garrison”
srd Ross

4)

usgrove

118)

9OSr

932r

9%,

Mo
M,
99Tc

lozRu

]OZRu

lo}Rh
1045,
105p4
106,
107pq
lOQAg

205
300
260
260
180
180
200

150

2C0
155
15C
140
130

100

110
125
125
100

100
100

205
190 .

160
170
195
- 15¢
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Table 4.2,2 Level Snzcing (eV)
1 , . o [Py -
miclide| T |zI+1 | resent Work Benzi. 115)116) srrri ot 118)
ist | . & Resrd® |70 % Roos | OSETOTE
paess: final value -
90 + . . 85C .
2657 | 0 1| 4000 12000 - a0 10000 10900
}
0’5 5.+ . . ,
e 3T €| 150 300 e 500 400 350
By | HF an 1200 {E>0.2MeV)| ,
oo 1 E 1 s 1 {138.",’(?1‘.<O.’2MeV) 04,92 200 150 82.2
97, 5+ . o 1120 (B>0.1MeV) | ,
o | 37| 6 | 120 [T otncn Tuery| T-9 240 150 91.2
ZETc -‘23‘“ 10 | 26 26 — 24 19 23,6
101 5+ e ] >y
SR | 2 61 15 15 17.00 14 2% 13.8
02, | ot - 250 (B~0.2HeV) - A
Cagtw O L 0 {625(E<0 2ev) | 2290 630 700 2bd
%y, 171 5 1103 50.9 32,95 26 35 27.%
45 2
104, + , - 8 .
afa | o7 1y ese 942.5 | 662.4 740 600 784
+
12213(1 2 6 |1a 11.1 9.551 15 14 12.8
06p, o+l 1| 250 1000 —_ _— —_ 1310
4482
107 5* 34 :
jePd | 2| 61 10 10 —_ - 20 10.4
129 g2 | 2| 19.1 19.1 18.79 16 18 11.8
27 |28 g 10 19 12.98 1 14 12,1
|2 : : 9 3
129 Lri g y 2 — 20 7.1
L | LT oe 21.1 21 19 > 27.1
Ve | 2] 4] 3 32 33.76 25 %0 25.0
54 !
, !
1220s % 8 | 20.7 24.8 21,71 19 20 18.5
*;g sy e 60 — 1;‘;3 30 =08
37 . 7 ) 80C0 ”
Vles | 51 8| 1s0] 1100 | — oe0 1700 vl 1930
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T - - ' T e s s —
nuciide] T ‘21+l,. Pre dE_ Hork Benzi %éi 115)115) “arrjgorlé); 118)
- ) . & ook warrlson W <
qieZs final value & Reffo & Roos ST OV
o ——— =
139, : ~ ) -
L g? 8 110 | 110 483%.6 0 0 5
: 8%, '43 eoo 257
140 + - ‘ 6000
¢ 000 4 7 3
50 e 0 1 b, | 3000 %000.0 2300 1300 2030
141 S+
59Pr 5 6 83.8 83.8 11%.9 110 lOQ ‘ 75.5
14 ‘ 1
60Bd 8 19 40 34.73 38 40 27.9
144, + =
cede |0 1 500 1000 - — — 8.1
144, " : 280
601\6. | 0] 1 » 600 600 676.8 86 500 225
145, |7 , |
coma ! % 8| o5 25 24.14 2% 25 24.%
) -‘ 4’ f 1{— ~r . :
61Pm > 3 5.7 5.7 m— 3.1 2.1 373
147 i
sSm | % 8 7.9 4.0 6.538| - - 7.5 6 3.96
14/0»!]] 1~ , .
650 | 8 3.2 3.2 3.069 2.7 2.2 1.67
151 5~ '
628m > 5 1.% 1.3 ’ —— 1.3 0.75 0.129
153 5~ 1.3(E>C.1MeV) . '
*U. ~ 6 . l. ¢ M e i :
63E 5 3 ,6(E<D.1MQV) 0,598  1.00 0.7 0.915
155, | 5+ , ' 2
ku | 3 5 2.5 2.5 — 2“? o 1.03
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0
Nsutron Separaticn Energy Bn and ¢

. Bn I EO e N Bn I- | — 50
Nuc:l.lde (MeV} iﬂitial I\Tuc.leC (Mev) initia].
guess (final value guess (finel value
Psy | 5,601 | 6210.52 | 186733 Plre |8.0%2| 370.40 |  570.40
PBzr | 82281 954.93 1909.86 || 330s  le.mor | a21.70 506.00
- ' 734,56 )
0, 2ueV) || 135
Puo | 9.356 | 734.56 §0§9.0 N AP0 L euara lazez.m | 1222051
- (2,<0.2HeV)
a81.47 '
Muo | 8.642 | £81.47 §g.4°61MeV) 3.5 1 a.e71 | 3816.72 | 28010.0
| (E,=<0.1MeV)
P | 6.641| 459.78 459.7¢ | 1¥na | 7.851! s500.70 | 1072
Olpy | 9.216 ] 156.16 159.16 |l T%ce | 4.581 | 1061.05 | 3520
. 597.39 1
102 | 6.243 | 397.8¢ | (B 0.2MeV)i Mdys 1o o4 o3gr.32 | 2387.32
99%.70
(E;<0.2MeV)
103k | 7.007|  40.982 12%.0 Wya | 7.561] 795.77 | 795.77
04p, 15.981 ] 397.89 1500.0 475y | 5.881| 181.44 | 181.44
10554 | 9,551 1%6.77 136.77 I Y¥sn | s.141] 402.34 | 202.7%0
106p. | 5.241 1 5%0.52 2122.08 || **%m | 7.081| 125.37 1 125.37
0754 | 9,223 | 1%6.42 13¢.42 || Plsn | s.271] =e.197  38.197
| 24.828 )
5 B, >0, 1Me¥
0% | 6.824] 93.534 93.5%4 || P7ru | 6301 24,938 z(Lgroo
(Bp<0.1HeV)
129r | 6.461| 5%34.76 534.76 || “2°Bu | 6.371| 47.748| 47.746
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Level density parsmeters

r 1 T

a(MeV™™) 4 (MeV) Co (MeV™ ™) E. (MeV)

Sr=90 10,552 1.960 852.9 €.127
~91 11.245 1.240 919.0 5,388
Zr-93 © 11,3381 1.200 950.6 5.31%
=94 12.158 2.320 1026.0 6.416
M0--95 11.364 1.280 969.7 5.359
-26 12,153 2,400 1048.0 6.46%
Mo-97 12,929 1,28C 1126.0 5.326
~98 13,548 2,570 1192,0 6.601
Te~99 13.341 1.290 1186.0 5.305
-100 13,971 0.0 1255.0 4.000
Ru~101 13,925 1.280 1263.0 5.265
~102 14,643 2.220 1341,0 5.191
Ri1=~102 14.643 2,220 1341.0 6.161
~103 15.249 1.280 1411,0 5.236
Rh~103 14.692 0.940 1359.0 4,896
~-104 15.302 0.0 1429.0 3.942
Ru~104 16.008 2.520 1495.0 6,462
~105 16.643 1.280 | 1570.0 5.209
Pd-105 15.160 1.350 1430.0 5.279
~106 15.927 2.590 1516.0 6.505
Ru-~106 17.084 2.530 1626.0 6.445
~107 17.461 1.280 1678.0 5,182
Pd-107 16.568 1.350 1592.0 5,252
~108 17.010 2,600 1656.0 6.489
Ag=109 16.797 1.250 1644.0 5.126
~110 17.173 0.0 1697.0 3,864
7-129 15.859 1.20C 18%9.0 2.86%
130 14,991 0.0 - 750.0 3.654
Xe-131 16.139 1,120 1899.0 | 4.765
~13% 14,567 2.160 1774.0 { 5.796
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a (Kev™t) 4 (mev) | c. (evl) | Be (#eV)

(5133 16.130 1.040 1927.0 4.668 |
~134 14,850 ] 0.0 1787.0 3.619
Cs=-135 15,550 0.700 16430 4.711
-136 12,353 Q.0 1509.0 3,605
Cs-1%7 11.175 0.850 1375.0 1. 445
~178 12.406 . uf .0 1536.0 3,587
Nd-145 18,195 | 1.1230 2%37 .0 4.729
~144 19.167 1,940 2470.,0 5400
Ce=144 13.90% 2.090 2445.0 5,6%2
-145 19.726 1.170 2569.0 1.704
Nd-144 19.167 1.940 2475.0 5,482
~145 20.018 1,180 2507 .0 4.714
N3-145 16.828 1.180 2192.0 4.714
~-146 17,640 2.100 2313.0 5.627
Pm~147 13.462 0.920 2443.0 i, 440
-148 19.294 .0 2565.0 2,514
Sm-147 18.179 1.220 2400.0 4,740
~148 15.009 2,140 2527.0 5.654
~150 20.655 2,210 2783.C 5,710
Sm-151 21,263 1.220 2384.0 1,71%
-152 21.32C 5.320 2911.0 5,807
Bu-15% 25.177 1.300 3460.0 4,550
~-154 2%.819 0.0 343% .0 B ATA
Fu~155 24.256 0.9260 3%77.0 4,354
156 23.768 0.0 '[ 3330.0 3.462
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5. Resulte and Remarks
The evaluated cross sections are tabulated in Appendix 2 and are
displayed in-graphical Torm in Appendix 3. The evaluated capture cross

. = . _2,7 )
sections of %enzi et a1.’5’4)_and‘Cook5’

are also plotted in the same graphs
for the gake of comparisomn. The numerical data arc stored oun magretic
tane in ENDF/B formats, and the details of its content are described in
Appendix 1. |

~ The errors in the rresent evaluation of total, elastic and inelastic
scattering cross sections are considered less than 30 % cxcept in the region
of low cnergy resonances. There are some discrepancies between the expeii-
mertal and calcnlated total cross sections in a few hundred keV region fer

mass numbers near 9C and 140, where fission yield is larze. Bub, since the
¢iscrepancy is about 30 @ at most, the present resuiis are probably
satisfactory for reactor calculation.

The values of the excitation cross sections for individual nuclesr
levelg are most unreliable. ILowever, for reactor application, tae inelastic
total cross section is usually more impértant than the precise feature of
the partial excitation cross section. The inelastic total cross section
is raleculated with fair accuracy provided that the first few nuclear levels
2rc knowrn.

The angular distributions of elastic scattering were also predicted
well by the present optical model as illustrated in Section 3. Therefore,
the accuracy of the trarsport cross section is also considered 2s satisfactory.

As for the capture cross sections the accuracy of the nresent results

A 11

is more difficnlt to assess. Intercomparisen of evaiuated data shows that,

1.

for nuclides for which even a single measurement exists, there is no large

disagreement amcng the evaluated dava in %he cnrergy range from a few keV
to & few hundred keV, This is not the case for the rcesonance energy rogion
ard the high senergy region where the competition with inelastic scatfering
cowes in, In these enérgy regions, the disagreement is largc.

For nuclides whose experimertal data do not exisc, the disagrecment
amorng the evaluated capburs cross sections is coften very large. Typical

O ~ = Io%e
ezxamples of these nuclides are 9CSr, JBZr, lblRu 106Ru, lO)Pd, 107Pd, 123

135 144 -

““Cs, and

H
Ce.' In extreue case the disagreement amounts to a facbor of
2 to 5 in the energy vauge irom a few keV to 1 MeV, although bthe present
vesvlts are gencrally in closer agreement with the data of Benzi et al.
tohan those cf Cook.

Main 2fforts of future evaluation work will be directed to reduce the

cnecertainty in the evaluated capture cross sections. There are also several
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pcints which need improvement in the prasent methed of caleulation. 4

provisional scope of fubure work will be as {c¢llows.

(1

(2

)

)

S

Resonance Energy Region:
In the present evaluatiou, the statistical calculation was siwply
extrapolated down to 100 eV according to the reguirement from reactor

.

physicists. This may be a reasonablec method to calculaie the cross
sectiors for lumped fission product regarded as a statistical assembliy.
But, the cross sections of individual nuclides are raturally in significant
error; In the next step of cvaluation, the experimental deta, inciuding
the data for resonancz integrals, willi be studied more zxtousgively in
this energy range to wminimize the uncertainty in the evaluated cross
sections. '

Intermediate Enexrgy Range:

In the present calcuvlation, the ctatistical fluctuation of nevtron
width was ignored. Alsc, the variations o7 ueutron gtrength functions
versus mass number were_taken intc account only in the rense of optical
model calculation. These scimplifications may have caused some errors

in the results.

for the values nf parameters used in calculation, a re-investigation:

[

of the systematic trends in these parameters ig planned, specifically
in the values of averagze level spacing D of low energy resonances.
High Energy Regicn:

The capture cross section sbove a few hundred keV to a few MeV is
influenced considerably by the competition with inelastic scettering.
The nuclesr level schemes of fission product nuclei are not yet
established well. The present evaluation cf level schemes is only

a tentative one, and reeds a continuecus effort of improvement.

In the present calculation, the direct capture prdbess was not taken
into account. Also, as for toe energy variation of]:T , the mechanism
of pheton emission from collectively ezeited states was not taken into
account. Althouga these effects are not of prine imporiance in reactor

application, they are to be incorporated in the evaivatior in next step.

For the future evaluation work, further mcasuremeris of cross cections

and relevelnt parameters sare very essertial and are suirongly reguested. In

particular, the measurements of meutron carture cross section in ihe enrergy

range from ore keV to a few tens of keV are of the greatest importance.

Measurements and evaluation of level schemes are also lecking, and the
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investigation of these will bring out Iruitful results Tor the future

gvalvation of the cross sections of fission product nuclides.
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Appendix T, NData Storage aad Iunfcrmations to Users

. ! A
~ ) 3 A ) 2 an] Eh d 16/ .
Ls mentioned in Sac. 2, we used +two computer codes, BLIBSE-3 and

RACY}7) foi caleculation of cross sections. Total cicss sczetion, elastic
scattering cross section, inelastic scattering cross section and other
quantities ontained by using.ELIESE»B were accurilated on 2 magnetis tape.
Artter that, content of the magnetic tape woere transtered on ancther nagnetbic
tape with a formet similar to the ENDF/B formes, by using 2 program MAKEB%lg)
On the other hand, capture cross section ohtained with RACY was propared
on cards and transfered on a magnetic tape with ENDF/B format. The results
120) which tucats the
data with the ENDF/B fromat. Using this program, modification desoribed
ir Egs. (2.25) and (2.26) wes carried out and Tinal data were stored on
the magnetic tape. In this Appendiz. contents of the mugnetic tape {fanal
tape) obtained here are described in dctail for the convanience of using
our evaluated data. .
- At the following energy points (in MeV), cross sections are calculeted.
0.0001, 0.0003, 0.001, C.00%, 0.01, 0.2, .05,

0.1, 0.2, 0.3, 0.4, 9.5, 0.6, 0.7,
0.8, 0.9, 1.0, 1.25,  1.50, 1.75, 2.0,
2.5, 3.0, 4.0, 5.0, 8.0,  10.0, 11.0,
12.0, 15.0.

In addition tc these points, some erergy poinis are set in the final tape
corresponding to the thresholid for excitation of the discrete levels.

Values of the cross sections at the threshold energy points were obtained

by interpolation. Adopted interpolation scheme is lineer-linear in‘er-
polation (scheme 2) defined in the ENDF/B format, except Tor the neutron
capture cross section. TFor the neutron capiure cross section, interpolation
schere 5 (lcg-log) is adopted. «Quantitics stored in the final tape are
described below with 1ile number (MF) and section rumber (MT).

1. Total cross section : 4 (P = %, M0 = 1)

Values of the total cross sgection stored in the final sape are these
obtained by using BLIESE-3 and interpolatel values at the thresheld
energiles.

2. Hlastic scattering cross section: o _, (MF =3, UT = 2)

The elastic scatfering cross section is composed of the shape erastic
scattefing cross section 0., .and the compound elastic scatterirg cross
section.ael,ﬁ . Though those original values were calculated by ELIESE-73,
modification should pe applied fcr the compound elastic scattsering crons

section ag mentioned in Section 2,
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Ge!,cz el, o ks
[

.0 dc—o-:gﬁ,_T_ .
¢ ¢ X\—~— ; (A..')

wnere ¢ ° is original value of the compound elastic scattering croess
el,c
section, 0 . the cross section for compound nucleus formetion, and 7 . the
radiative capture cross section. Values of the elastic sca*tering cross

section gtored in the final taps were obtained uging che following »elatica,

Gel = Gtct - (din + Gn,r)

wacre € ;. is the Inelastic scattering cross scecvion modified from orizinal

1]
value di" s

- 0 6, -0
== ey ,
in ., X o (A._Z)

3. Ineclastie scattering cross section :9;, (MF = 3, T = 4)

As deserived in Section 2, the inelastic scattering cross scecticn is
e sum ( U,JD)) of the cross sections for excitation of discrete levels,
when the incident neutron encrgy Ep ie lower than an energy Ey sbovo which
levels of residual nucleus are assumed to be overlappinsz. in the energy
region above E;, the inelastic scetterirg cross section ig composed of
Girp» and cross section (Ginw)) for ezcitation of the overlappirg levels.
As the incident energy B, increases further, the compound elastic scattering
cross section ce,,‘gecreasés and is negligibly small in the energy region
above an energy % . In the calculation with ELIESE-3, the cross section G
was assumed to be o in this energy region. Further, it was assumed that
the cross section:;hyﬂ was also negligibly small. Thus, in the 2nergy
region above E_, the inelastic scattering cross scctionlyin was set equal
to 0, ~ ¢, , finally, which is equal %o ¢, (0. Therefore, the foliowing
expressions may be given for the inelastic scatizring cross secticn stored
in the finsl tape,,

'Gin@)_ : for B, B,
g . D4 g © o m - N
i = in in for By<B,<{E ,  (A.3)
- - (0} - :
Gc Gn,T (‘*Gin)) for E0<En °

\
Originel values of ths cross section a.n@ﬁ anad a,n@)were obtained using
. 1 1

ELIESE-3 and were modified as already mentioned in Section 2.

=Ry e )
tn
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f'T —
c. O =._.._°..._‘.I.E._: .« g°
i B o in

where of m)and<71n ©) are original values. The value of E_ is dependent

< i
on the knowledge for the level scheme 'of cach nveleus, and is definad as
8lightly larger energy then the highest energy of the discrste levels
adopted here for the nucleus. On the other hand, che energy B, 1s given

6 or 8 MeV in this work.

<

4, OCross section for inelastic excitation: o N (1 = By, MT = 51 - G
ex.

for discrete levels, MT = 91 for overlapping levels)

The cross section for excitetion of Neth discrete level is essigned

= 50 + N znd the cross section for overlapping isvzls MT = ¢1, the
latier being stored on the final tepe assuming it as he cross seclion
for a discrecte level, This wmeans that the cross section ael§f=91'is

ain“» . As described above, ¢, was st cauel to o, @ ir the energy
region ahove Eo, andcfiﬁn) was neglected. ILn fact, value of thz cross

) i . . g\
section Gina” is vexry smell es compared witkh the cross section 59 © at

:I

En = E,, though some cross sectioms afx . for higher excited levels do
not decrease sufficiently at & = &,.
5. Neutron capture cross section :o, . (MF =3, U = 102)

4

Values of capture cross section stored in the final tape are those
based or the calculation by RACY code. Interpolation scheme selected is 5
(10g—10g interpolation\, ' ’
€. Average cosine of the scatiering angle : #y, (M = 3, MD = 251)

The average cosine #p1 of the scattering angle for elastic scatiering

cross section in iaboramory system is ecalrulated by the following expreassion,
u — 'BL / L /A )
~ L - 1 BBO ] . \ '4

where Bi and B? are l-st and 2-nd order coefficients for Legendre expansion

of the differential elastic scattering cross section in laboratory systen

and these are obtaired by usiug ELIESE-3.

7. Coeificients for Legendre expansion of differential elastic scattering
cross section @ £, (MF—4 KAleS 2)
Scattering prohability P( LBy ) for the differsntial elastic secatiering

cross sechtion is defined in ENDI/B as follous,

- _ 27 dﬁe» (En ,Q'u)
P(u,,E,) = T Ton
N \
S o24+1 ‘A s
= Z —%—— 1, (Ep) P, (ug) (A.3)
1=0
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where #¢ is the cousine of scattering angle.in the center oi mass systen,
En <he incident neutron energy, oe,(En) the elasziic scattering cross section
and f. thel ~th coefficient for Legendre expansion of the diffsorential
elastic scatﬁering cross section in the center of mas< gysiem.

In ELIESE -3, on the other hand, Legendre exypansion is crprésgsd as,

do B Qa) oo . : ‘.
el ( n ., ¢/ = 3 B? (hn) Ill (ﬂC)’ \A'S)
dGg 1 =0
and
e da: Lo s BY(E)F, (#y)- | (4.7)
L 1 =0 :

Therefore, the coefficient f; (E,)is writiten as,

' B(I) (El)
26+1  BY (E,)

(1’.\.8)

f1 (bn) = -
H
Transformation matrix T,,, for Legendre sxpansion coefficients from

center of mass system to laboratory system is expressed as,

24+1 i .
= YR, (i) (2.9)
T!LI 2 Jdﬂon (ﬂL)Pl \ﬂcz .
-1
with the relation between wu, and g .
1n thie work, the tronsformation metriz T, was obbtainec by using a

- \ -
progrom MAKEB*lg’, and wos stored in the €inal tape as woll as the
cosfficient fx(E,)'

Data for nuclides shown in Table A-1 are stored in the file with tas
EWDF/B forwst, In Table A-2, reaction types are shown iogether witk MF aad
HT number, & seciion for general discription (MP=1 and Mi=451) zod 2

e . 7 ~ C M . . .
section for resonance parameters \MF=2 and ET:;Bl) ars prevared also,. put
p PTeT s
tne section for resonance parameter contains scattering length and spin of

toe nucleus, only.

.
The data in the final ‘tape were checked wish codes CHECKER‘Zl),
. - .
SUMUPlZZ), and SFLINTlgD’ in order %o check the data format and to ~onfirm

the consisiewucy among the data. Graphical plots of the dale wiil ve shour
with the code SPLINT in APPENDIX % and the numerical valves of the daca will
te presented in APPENDIX 2.
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7

Ot

Nucleus in vhe fines tapo

Yo, MAT Ko . Nueleus o PAT No micleus
1 3800 gy 15 54731 e
2 409% g 1€ 553% B
3 4295 ETS 17 5535 e
4 4297 My 18 5537 o
5 4399 Png 19 5844 M
€ 4401 101, 20 6047 4yq
7 4402 102, 21 6044 Yoya
& 44C4 04, 22 6045 14994
9 4406 065, | 23 5147 oy,

i0 4503 102y, 24 6247 Mgy

11 AE0S 1054 25 6249 14%p

12 2607 Y07pa 26 6251 Plap

13 4709 109, 27 6353 1555

14 5329 29 28 6355 15550
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Table A-2 Reactions in the finsl tape

a2

The final tape contains.MF =1, MP = 451 {general diseription) aand
- ,

MP =2, MT = 151 9 resonance parametérs). But M

only scattering length and spin of the nucleus.

“3

reaction Uiy i W
total cf ss section 3 F L
elastic scattering crozs section 3 2
inelsstic scattering cross section ﬁ 4
1t level excitation cross scetion 5 g1
2nc level excitatior cross scerion % 52
PR 4 . ! .
seress . .
continuum level excitation cross
section ' 3 g1
capture cross section 3 102
3 251 .
differential elastic scattering
cross section . 4 2

-71 -



PARAME TERS

Appendix %.

TABLE A2

JAERI-M 5752

“ 1

NUCLEUS «»+ 38-5R= 90

NEUTRON SEPARATICN ENERGY 3.801E 0O(MEV)
LEVEL PARAMETER(XI~ZERG) + L1+863E 0

LEVEL SPACING +s.

4
so 1,2006 03¢MEV)

LEVEL DENSITY PARAMETER .. 1.055E 0l(1/MEV) TG,

1.124€ 01T1/MEVY CaM.

PAIRING ENERGY savesvasses 1.960E 00CMEV)  TAG.

1-240E 00(MFV) COM»

RORMAL IZATION FACTGR .v.e 8.529E 02C1/MEV3 TAG.
TANGENCY PCINT s.icuueasees 6.127E OD(MEV) TG,

ADOPTED LEVELS (MEV)

ENERGY (EV)

840.8190+3
$900+0000+3
1.0000+6
1.2500+6
1.50004+6

1.6741+6
1.7500+6

2,2315+6

2.5000+6
2.5280+6
3.0000+6
4,0000+6
6,0000+6

8.0000%6
© 10.0000+6
11-0000+6
12.0000+6
15.0000+6

1. GROUND

2 0.8315
3. 1,655%
4, 1.8921
5. 2,2068

5.3R8E 00(MEVY  CaM.

O+
2+
0+
2+
4+

CROSS SECTION FOR EXCITATICN OF LEVELS

1-ST

0.0 +0
43%,42p0e3
875+1590~3

14264940

1.36744+0

1.3777+0
1.33224g
14281740
1.2284+0
1.0539+0

851.8680=3
839:0845-3
629.7780~3
470.4870-3
299.617p=3

2=-ND 3«TH

040 +0

57.3%80-3
135,4881=3 0.0 0
17649620=3 143,4640~3
176,7331=3 303.7406=3

176.4720-3  489.5890-3
174.0711-3 8p6.6175.%
140,7670=3 436,565
112.7700-3  275.4160-3
76.9305-3  2£9.1630-3

4=TH

0.0 - +0

173,4520~3
177.0399=-3
237,4760=3
25830403
272,8160-3

Tables

of

Cross Sections

CROSS SECTIONCBARN) AND MU~BAR

ENERGY(EV)

100+0000%0
300.0000+0
1,0000+3
3,0000+3
10,0000+3

20,0000+3
50,0000+3
190,0000+3
200,0000+3
300.0000+3

400,0000+3
500.0000+3
600,0000+3
700,0000+3
800,0000+3

840.419043
900,0000+3
1,0000+6
1,250046
1,500046

1.678146
1,7500+6
1,9133+6
2,0000+6
2.2315+6

2,5000+6
2,5280+6
3,0000+6
4.,0000+6
6.0000+6

8.0000+6
10,0000+6
11,0000+6
12.0000+6
15,0000+6

.._‘7 :2 —-—

TOTAL

24+9400%0
17,0087+0
12,1911+0
9+8562+0
8.6560%0

8,4108+0
8:4516+0
84634740
8,674740
8.442140

8.0938+0
T,7090+0
7.326040
6.9618+0
6:6240+0

61497940
6.3151+0
6,0338+0
5.4488+0
4,9981+0

4.7565+0
4,6510+0
4.,4761+0
4,3832+0
4,2154+0

4,0208+0
4,0094+0
3.8173+40
3.7078%0
44087840

4,3843+0
4,3510+0
4.2703+0
4.1779+0
3.9174+Q

ELASTIC

24+1560%0
16,6297+0
11,9591+0
94736240
8.,6137%0

8,3881+0
8.4393+0
84623640
8.663140
B.4302+0

8,0822+0
7.6978+0
7.3148+0
64950640
64612540

6.4394+0
5.8740+0
5.1556+0
4,130%+0
3.6268+0

3.3345+0
3.2070+0

2,9603+0 -

2,8295+0
2.5968+0

24326640
2.312a+0
2.0737+0
2.p01lg40
2.3664+0

2,6232+0
2,6806+0
2.626540
2.5383+0
2.2012+0

INELASTIC

Q.0 +0
435,4260=3
875.1590=3

1,26494+0

1.3674+0

1.4177+0
1,4396+0
1.5110+0
1,5458+¢
1.6148+0

1,6913+0
1.6941+0
1,7420+0
1,695%40
1.7211+0

1,7609+¢
1,6703+0
1.6438+0
1.6396+U
1.7162+0

CAPTURE

784400003
37%,0000-3
232,0000-3
120,0000~3

42,4000-3

22.7000-3
12,3000-3
11.1000-3
11.6000-3
11.9000-3

11.6000-3
11.2000-3
11.2000-3
11.2000~3
11.5000~3

8453613
5.6800~3
4,0700=3
3.5300-3
3.86003

4.2852«3
4,4700-3
4,7723-3
4,9300~3
3+8251-3

2+9400-3
2,8369=3
1.6400-3
440+0000~6
320.0000-6

130.0000-¢
60.0000-6
40.0000-6
30.0000-¢
10.0000=6

My-BAR

Tr4742%3
7.4670-3
7,4639-3
Ts5749=3
8.7630-3

11,7469-3
T 25,5592-3
5640329=3
122,0430-3
180.7610-3

228,3290-3
265,3770-3
293,4850-3
314.2390-3
328.9480=3

343,0036-3
363,3820-3
401,8140-3
447,8470-3
457.6630-3

457.2919=~3
457,1300-3"
459,5731-3
460.8700-3
464,3254-3

468:3320=3
469,2382~3
484,%020~3
535.1139.2
66946400-3

788,8700-3
838,9180=3
852,0210=-3
859.9180-3
864.4180=3
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TARLE A2 =~ 2

NUCLEUS +«+ 40=ZR= 93

AND MU~BAR

PARAMETERS CROSS SECT1ONCBARNY
ENERGY(EV) TOTAL ELASTIC INELASTIC  CAPTURE MU~BAR

NEUTRON SEPARATICN ENERGY ©.228€ 00(MEV) .
— ... LEVEL PARAMETER(XI<ZERO) + 1+910E 03 100-0000*0  22°5489*0  13+0789%0 9+4700*0 1+2406=3
LEVEL SPACING sesrsssveesr 3,000E D2(MFV) 300,0000+0 15.5891+0 11,3091+0 4.2800+0 T.2542=3
..LEVEL DENSITY PARAMETER .+ 1.138E Ol(1/MEV) TaAG, 1,0000+3  11,3939+0 9.5339+0 1,8600+0 7:3399=3
1.216F 01(1/MEV) COM. 3.,0000+3 9:4114+40 8.4014+0 1.0100+0 7.7508<3
— - PAIRING ENERGY «esvesssves 1.200E 00CMEV) - TAGH 10,0000+3 8.4933%0 7.9803%0 513,0000-3 10.1213-3

20320E QO(MEV)  COMe . g
e NORMAL LZATION FACTOR svoes 9<506E 02CL1/MEV) TAG. 20,00004+3 8.3969+0 8,0909+0 306,0000=3  14.8673-3
TANGENCY POINT ..... «» 5.313E QOCMEY)  TAG, f 50,0000+3 8.6374+0 8.496440 141.0000=3  33.7326~3
. 6.416E OU(MEV)  COM. 100,0000+3 - 8.954840 8.8732+0 81.6000~3  71.0486=3
200,0000+3 9,0596+0 9.0033%0 : 56,1000-3 144,9750-3
e 269.8960+3 84890940 8.83948+0 0,0 40  51.0661-3 190.4046=3
ADOPTED LEVELS (MEV)
[ . 300,0000+3 8,d8182+0 8,6195+0 149,3T60=3  49,4000=3 209.9710~3
1. GROUND 52 400,0000+3 8.4512+0 7.0450+0 558,5970-3 . 47.6000-3 272.0020-3
e 2. 04267 3s2t 50040000*3 8:0506%0°  742829*0 719+8390=3  47°9000~3 318°6070-3
3, 04947 12+ 600.0000+3 7.6561+0 6,0431+0 764,2100-3  48.8000-3 352,0650-3
— e A,;- :-:gi glg' 700°0000*3 7+2829%0 6946990  76342700%3  49¢7000-3 375°T250<3
. . 12+ :

- 64 14652 772+ 800°0000+3 69371%0 6:1397*%0  T46¢6820-3  90°7000=3 392¢0820-3
Te 1,910 172+ 900,0000+3 64620040 5.84812¢n  726.9600=3 51.9000=3 #402,9210.3
8¢ 14993 s/2¢ 957:2710%3 6°4344%0 546808%0 7209610=3  52+6573-3  40T'0056-3

L9+ 24101 172+ 1,0000+6 64330840 S.561140 716.4920=3  93.2000-3 410.0530-3

. 10+ 2+453 172+ 1+2300*6 5+7177%0 4:9330%0 727¢1360+3  57°6000-3 41684703
11. 2,468 3/2¢

12+ 24405 172+ 1+4405%¢ 5°3499%0 40512240 776°4020+3  6143002=3 416°0615=3

13, 2,313 32« 1.,4667+6 5.2991+g 4,458140 783,1790-3 - 61.7887-3 415,9332.3

. 1+5000%6 5+2349%0 A+3807*0 T91:T490~3  624000~3 415+8160=3

1,6699+6 4.976340 3,939040 974,9380=3  62,4000=3 426.2178-3

: - . 1.7500+6 4.854440 3.7308+0 1.,0612+0  62,4000=3 431.1200-3

1,9307+6 4.6377+0 3.3991+0 1.1759+0  62+6207-3 434.9310-3

2.0000+6 4.5546+0 3.2720+0 1,219940  62,7000«3 436,3920-3

2.0146+46 44542240 3.2557+0 1,223640  62,8753-3 436,2855-3

2,20464¢ 4,3g2149 3,048640 1,292440  63.0861-3 434.9013.3

IO 2,4796+6 44150340 2.7397+0  1.342740  65.08%6-3 432.8996+3

2,4948+6 4.137740 2.7229+0 1,3466+0  68.2452-3 432.7881-3

I 2,500046 4,13334p 2.117140 2.3479+40  68.3000-3 432,7300-3

T 2.6332+6 4.0656+0 2.6211+0 10392840  31.7035-3. 438,3164-3

e 2,80314¢ 3:9794¢0 2.49174p 1,4507+0 364983323  443,4109.3

[ 2.8304+6 3+965340 2.470340 10460140  35.1114+3 445.3509=3

3,0000+6 3.879440 2,3350+0 1.5187¢0  25.7000=3 453.6370~3

T 4,0000+6 3.713440 2,0920+0 14617940 3.4800=3 510.4980=3

6.0000+6 . 4,0777+0 2,3790+0 1,6978+0 910.0000«6 648.2520~3

T 84000046 4,3748+0 2,6094+0 1.7651+0 320.0000-6 786.2910-3

5 10.0000+6 4,3763+0 2,6980+0 1,6762+0 140,0000-6 837.9100~3

11.0000+6 4322740 2,6591+0 1,6635+0 100,0000-6 851.7300=3
12,0000+6 4.2533+0 2,5852+0 1,6729+0  70.0000-6 B860.4130-3
15.0000+6 4.038440 2,2781+0 1.7602+40  30.,0000-6 867.6800-3
.
- . .. . . )
- CROSS SECTION FOR EXCITATICN OF LEVELS
2-ND 3~TH 4=TH 5-TH 6=TH 7=TH 8=TH 9=TH
1269:8960+3
300,0000+3
.400,0000+3 558.5970-3
500+000043  T19.8390=3
600.0000+3 764+2100~3
700,0000+3  763+2700~3
800.0000+3 746.6620-3
....900:0000+3 726.9600-3
9574271043 711.4779-3 0.0 40
tm. 10000046 699.9270-3  16.3653-3
1.25004¢ 625.5340-3 101.5820-3
1,440546 588.0715~3 117.8320~2 0.0 . +0
. 141866746  582,8996~3 120.0743-3  32.9938~3 0.0 40
1.5000+6 576+3540~3 122.9120-3  74.7463-3 17,7362-3
10669946  485:6160-3 112.0371-3 211,04%0~3  93.941i-3 0.0~ +0
1.7500+6 442.8530-3 106.9120-3 275.2000-3 129,8530-3 106,3070~3
1.9307+6 388.8712=3 102,0846=3 284.3639-3 145,3270-3 248,8770-3 0.0 +0
2.0000+6 368.1770~3 100,2340-3 2A7.8490-3 151,3350-3 303,5320-3 8+5622-3
2.0146%6 365:9500=3 99.8731=3 257.1105=3 151.22735-3 304.6499~3 9e8860=3 0.0 *0
2,2046+6 337.0035-3  9%.1820-3 277,5117-3 147,23p8-3 319,1804=3 21.4946=3  60.6825=3 0.0 +0
2,479646 295,1215.3 88,394%5=3 263,623%=3 141,4451.3 340,2041-3  35,.8693=3 1lag,ap26-3 23,2523 0.0 +0
2.494346 292.8107-3  88.0200-3 262.8572=-3 141,1290-3 341,3641=3  39.8281=3 153,3269-3 24.5355+3 957.2939=6
2.5000+6 292.0140-=3 87.8909-3 141,0190=3 341,7640-3 40.1%g6=2 134,9970-3  24,9778«3 1,2873-3
2463324 272.0611-3  a3.94%4-3 136,6689=3 33049340+3  39.6019«3 155,5155-3 26.4398-3  7.1291.3
2.803146 246.6308=3  78.9576-3 131,1246=3 317,1309=2  38.8923~3 156,1760-3 20.3031«3  15,574%«3
2,8304+6 242.5444=3  78.1532-3 2460.%679=3 130,2337-3 314,9128-3  35.7782=3 156,2521-3 24,6026=3 15.7709-3
3.0000+6 217.1440-3  73.1534-3 229,2590-3 124,6940-3 301.1260-3 38.0695=3 156,9420-3 3(.4637-3  23,207%-3
4.0000+6 128.2270-3 52.0761~3 176.1230~3 101,4130-3 240,1190-3  37.6778=3 142,2210-3 32,9322-3 27.9783-3
64000046  T6-2464~3  33,7943-3 117.7820-3 ° 69.8893-3 175.0900~3 30.9491-3 111,542g~3 30,0812-3  29.0292.3
81000046 .
10.0000+6
11.0000+6
12.0000+6
15.0000+6
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TABLE A2

NUCLEUS +++ 02=MO= 9%

NEUTRON SEPARATICN ENERGY 9.156E Q0CMEV)
LEVEL PARAMETERCXI-ZERQ)

s Te346E 02 ABQVE
1.019€ 03 BELOW

LEVEL SPACING suvseasssaes 1,000E Q2(MEV) ABOVE

1.38TE 02 BELOW

LEVEL DENSITY PARAMETER ¢ 1.137E 01C1/MEV) Taa.

14215E 01(1/MEV) COM.

PAIRING ENERGY «svessseese 1.2B0E OOCMEY)  TAG.

2.400E Q0CMEV) COM,

NORMALIZATION FACTOR oeove 9.69TE 02C17/MEV) TAGH

TARGENCY PGINT ¢snas

.

ADOPTED LEVELS (MEV)

ENERGY (EV)

2064105043
300.000043
4004000043
50040000+ 3
600.0000+3

700.000043
173.9610+3
794.5470¢3
800+0000+3
829.3630¢3

900,0000+3
957.8630+3
1.0000+6
1.0501+6
1.0702+6

1.0855+4
1,2355+6
14250046
1.3239+¢
1.3906+6

1,348245
1.3000+6
1.5563+6
1.7500+6
2.0000+6

2.5000¢6
3.0000+6
4.0000+6
6+0000+6
8.0000+6

1. GROUND

oo 5.359E 00(MEY) TAli»
6°463E Q0(MEV) COM»

572+

24 0020394 3z2*
3. 0,76533 T72¢

4 047862
Se 0.82045
6+ 0D-9478

7. 1,0391
B 1-059
9 l.0741

10¢ 1-2225
11, 1,310
12+ 1376
13, 1,433

172%
322+
972¢
142«
572%
42+
[ 7% ad
172+
372*
3174

JAERI-M

= 3

0+ 2MEV
0.2MEV
0.2HEV
0.2MEV

CROSS SECTION FOR EXCITATICN OF LEVELS

1=sT

0:0 40
546.6960=3
784¢3200-3
838.8830-3
829,5230-3

800+46n00=3
766479303
797.4222=3
T54.9400=3
T13.8712~3

615.0740-3
551.4785~3
505.1670~3
467+313%3-9
452.1288=3

240.6060-3
327.3560-3
316+3920-3
2394+0539=3
264.3826=3

243.0773=3
223.9210=3
21343306=3
176+936p=3
152+7500=3

132,9630-3
115%.4480-3
85:4878=3
56+ 86R6-3

10.0000+6 -

11,0000+6
12.0000+6
15,0000+6

2-ND 3-TM

0.0 +0

67.8370~3 0.0 +0
85.68062=3 | 2.2252=3
169.4549~3 1641855=3

370.6840-3  49,7687-3
437.3746=3  66,1899~3
485.9400~3  T8,1432-3
$6642979~3  78.8319-3
458,4183«3  T9.1062~3

452,4300-3 79,3143-3
393,6733=3  Rl.3599~3
387.9R40=2  §1.5379-3
363.3010-3 76481289
341.0259-3 72,5306=3

321,Ta9B=3 6R,832T=3
304.4940=3  6%.3077-3
293.3331-3  63.2673-3
294.9780-3  %5.568l-3
229.2700-3  51.,2625-3

20B,3260~3  49,6406=3
188,6290-3  47.68%9-3
150,4480-3  39.6870-3
106+1890=3 27.9523-3

4=TH

0.0 +0

T7,5949-3
127.5903-3
163,9980~3
16R.9091~3
170.8793«3

172,3743-3
187,0675=3
188.4900=3
176.9390-3
166,51493

157,5139-3
149,4190-3
143,40T6=3
122,7490-3
109,8580-3

102.4070-3
96,5271-3
79,5157=3
55.7674=3

5752

CROSS SECTIONCBARN) AND Mu=BAR

ENERGY (EV)

100+0000%0
300.0000+0
1.0000+3
3.0000+3
10,0000+3

20.00004+3
50.0000+3
100.0000+3
200.,0000+3
206+1050%3

300.0000+3
500,0000+3
£ 10.0000+3
©00,0000+3
700+0000*3

773+9610%3
T94,5470+3
800+0000%3
829,3630+3
900+0000*3

957+8630%3
1,0000+6
1:9501%6
1.0T02%6
1:0853+46

1.2355+6
1.2500+6
1,323946
1,390646
1.4482+6

1.5000+6
1.5362¢6
1,7500+6
2,0000+6
2.5000+6

3.000046
4.0000¢6
6.0000+6
8.0000+6
10.0000+6

11.0000+6
12.0000+6
15.0000+6

5«TH

0,0 +0
89,2790-3
126,3628-3
144,0415-3

155,9389~3
272,8705-3
284,1910-~3
287.0640-3
239,6568=3

291, 8958-3
293,5090-3
288,7462~3
271,0040~3
251,4440-3
223,0960-3
198,1180-3

162,1890-2
122,4350-3

—-74~

TOTAL

21+2256%0
14.8555+0
10.9764+0
9.1776+0
84813240

8,4011+0
8.7511+0
9.1327+0
9.253440
9423800

9.0008+0
8+6251%0
8.2210+0
7.8256+0
7:8528%0

7*1972%
T.1260+0
7+1072%0
T.0139+0
6+7895%0

6r6211%g
6498540
6°3138°%
6.3237+0
6+2858%0

5912540
5+8764+0
5,729T+0
5.5973+0
5.6829+0

5+¢3801+0
542908+0
4.9839+0
4,6670+0
4.2095+0

3.9222¢0
3.7184+0
4.067340
4,3656+0
42395040

4.3613+0

443164%0
4,11a140

6=TH

00 *0-

4.2523-3

7.4790=3
39.1922+3
42,2825-3
84.4393-3
46.,4989~3

48,2343-3
49,7947
48+8656=3
45:6725-3
43+3592~3

43,1531-3
42.9064=3
32.9969-~3
27.6617-3

ELASTIC

10+0256*0
9.285%+n
843864+0
T«71T76+0
T.5962+0

T7,8811+0
8,4991+0
549627+0
941334¢0
9+1198+0

84356840
14749140
7.2897+0
6,9009+0
6+55371%0

642702*0
6.1912+0
6+1703*%0
6.0020+0
5+5953%0

5+3162%0
5,111a4+0
4493110
4,8583+0
4*8033%

4.2572¢0
44204140
4,0346+0
3.88l6+0
3.Ta94+0

3.6306+0
3.3336+0
3,196240
2,8636+0
2,4172+0

2.1581+0
1.9971+0
2.3080+0
2,5972+0
2.707140

2.6793+0
2.6161+0
2,329340

T=TH

0.0 +a

13,3260-3
144,2982-3
156.9780-3
1664861243
175,7804~3

133,4326=3
190,4080~3
185,8869-3
170.35%00-3%
154,5550=3

141,9350-3
133,6490~-3
114,1550-3

82.08680-3

INELASTIC

0:0 +0

546,6960=3
784.3200-3
838,8830-3
829,5230%3
800°4600=3

831¢9070~3
840,6550=3
842:9720=2
922,11p0-3

1+1131+qg

1+2340%0
1,322540
1-383s%0
1.4085+0
1427240

1.61204+0
1.6300+0
1,653940
1,6755+0
1.6942+0

1,7109+0
1.72208+0
1,763740
1,7869¢0
1,7809+0

1.7551+0
1.T135+0
1.71569+0
1,T675+0
1.6876+0

1.681T+0
1.7001+0
1,7853+0

B~TH

0,0 +0
1a7,6R43-3
161.9420-3
17943500-3
195,0237.3

208,5590-3
220.7290-3
21g,2201=3
209.5980~3
195.9860-3

181,6540<3
164.8950-3
143,5800-3
1g5.1860=3

CAPTURE

11+30D0*0
5.5700+0
2,5900+0
1.4600+0
817,0000~3

520,0000-3
252,0000-3
170.0000=3
120,0000-3
11814843

97.3000-3
91.7000-3
92.4000~3
95.2000=3
98¢6000=3

95+0434=3
94,1352.3
93+9000-3
89.,7817-3
81+1000-3

70+8921-3
64,6000-3
58°8739=3
56,7924.3
55+2670-3

43,2483=3
42430003
4l g975.3
40,095T7=3
39.2870-3

38.6000-3
4,4520=3
4,0000-3

16.6000-3

11.4000-3

9.0700=3

870.0000-6
370.0000=6

260.0000-6
190,0000=6
80+0000=6

9=TH

0.0 +0
10,1926=3
46.45278=3
19,3143

107,6353-3
133,0960=3
134,1270~3
136.5430-3
139.9670-3

130. 14603
124.6100-3
110.5240~3
81.5537-3

MU=~BAR

T:40930*3
T.1234.3
T7.2882=-3
T+9706=3
11.3760=-3

17,5796-3
40.2900-3
8272585-3
160.7560~3

1654547=3

237.7200=3
297.8140-3
340,8020-3
371.2090=3
392+5420-3

406493043
410,9352.3
411+9960~3
421,4861.3
444+3160-3

460°2521-3
471,8570-3
481+2784-3
485,0579-3
287+9259-3

516.1131=3
518.8420=3
523,1790.3
527,0930-3
530.4730-3

533.5120~3
534,0827~3
33¢,004003
531,2950-3
515.5900=3

509.6180-3
532.3010-3
65566803
7844124043
836.8050=3

851.2080=3
860.5320~3
869,7630w3



LEVEL PARAMETER(XI=2ERO)

LEVEL SPACING |

NORMALI1ZATION FACTOR
TANGENCY PCINT vuras

ADOPTED LEVELS <MEV)

ENERGY(EV)

485.9010+3
500.0000+3
600.,000043
665+0440+3
686+ 66T0+3

700.0000+3
T726:4T77043
T728.5980+3
8000000+
897.2340+3

900.0000+3
1.0000+6
1.0353+¢6
l.1p49+6
1.1283+6

1.25004+6
1.2820+6
1.2979+¢6
1,42424¢
1.4523+6

1.5000+6
1,5314+6
1.5611+6
1.7500+6
2.0000+6

2.50004+6
3.0000+6
4.,0000+6

JAERI-M 5752

TABLF A2 =~ &

NUCLEUS 4.« a2=MD~- 97

CROSS SECTION(BARN) AND MU-BAR

PARAMFTERS
. ENERGY CEV)
NEUTRCN SEPARATICN ENERGY 8.642E QUCMEV)
- 8-815% 02 ABOVE 0+ 1IMEV 100+0000*0
1.064€ 03 BELOW 0. 1MEV 101.0%10+0
essvecres 1.200E 02CMEV) ABOVE 0.1MEV 300,0000+0
1.408E 02 BELOW 0.1MEV 1.0000+3
LEVEL DENSITY PARAMETER .. 1.293¢ 01C1/MEV) TaAG. 3.00C043
1+355E 01(1/HMEV) CCMe
PAIRING ENERGY soevseessss 1.280E DOCMEV)  TAG. 10.0000+3
2,570£ QO(MEV)  COM. 20,0000+3
soes 1.126€ 03C1/MEVY TAG. 50,0000+3
.. 5.326E 00(KFV)  TAG. .100.0000+3
6-601E OOCMEV)  COM. . 200:0000+3
300,0000+3
400,0000+3
485,9010+3
1. GROUND 5/2+ 500,0000+3
2 044809 3z2+ 600+0000*3
3. 06582 177+
4. 06796 172+ 665:0440*3
S, 0.7190 5/%e £86,6670+3
6 0-7211 3s2¢ 700:0000*3
7. 0.8880 177e 726,4770+3
8- 140246 T/2% 728+5980*3
9. 1.0926 3724
igs 1+1167 9s2* 800°0000*3
11, 1,2688 Ts? 897,2340+3
120 142845 as2t 900°0000*3
13, 1.4095 11,24 1,0000+6
144 144373 1172- 1:0353%
15, 1,51%6 9/2¢
1-1040%
1.12a3+6
1,2500+6
1,2820+6
1,.2979+46
1.4242%
1,45234+¢
1.5000+6
1,53144+6
1,561146
1.7500%6
2,0000+6
2.5000+6
3.0000+6
4.0000+6
6.0000+6
8400006
10.0000+6
11.0000+6
12,0000+6
15.0000+6
CROSS SECTION FOR EXCITATICN OF LEVELS
1-ST 2-ND 3-TH 4~TH 5«TH
0.0 +0
44.7620-3
375.6170~3
469.6309~3 0.0 +0
500-8846-3 . 92,8799~3 0.0  +n
520.1560-3 150,0700~3 A.1184-3
498.62893 225.06n3=3  23.9696.3 0.0 +0
496.9044=3 231,0675=3  25.2394-3 5.2454=3 0.0 _+0
438.8510=3 433,2980-3  67.9860-3 131,8270-3  96,2512-3
357.7345=3 509.5878=3  25.7705=3 314,6944=3 171,6550-3
355,4270~3 511,7530-3 86.2764=3 31p,4740-3 173,8000~3
303.3640-3 532.1610-3  86.3095=3 364,1400-3 197,1270-3
291,6929-3 515.4214=3  84.7990=3 355.9906«3 194,5302=3
~268+9833e3  479,p429-3 Al.8546~3 383,3549-3 1g9,4685-3
260.8811=3 467,5a87-3  80.8111=3 33g,1162-3 187.6747«3
220.5900-3  4n6,34a0=3 75.5964=3 313,4350-3 178,7100-3
214.3068=3 392,0615=3  T4.7433=3 304.0998=3 174,5150-3
211.1897-3 384.97a1-3  73.5721~3 299.46R7=3 172.5338=3
1p6.3879-3 375,5695-3  68.2300-3 262,6173.3 155 3714.3
180.8657=3 316.0248-3 67.0419-3 254,4152=3 152,1877~3
171.4870-~3 294.7n00-3  6%,0222-3 2a0,2810-3 145,9260-3
16R.0326=3 2a5.7748«3  64.2936-3 234,4891=3 143,3322~3
164.7600=3 277.3192=3  63.6033=3 228.8125=3 140,9722=3
123,3490~3 223.5490~3  59.2135-3 192,7140-3 125,6470-3
124,8000~3 1&8.5900-3  54,0615-3 153,4840-3 110,7330-3
104.3660=3 158,6680-3  4R,3694=3 134,0940-3 94 ,7543.3
84.3171-% 123,3%20-3 41,3171-3 1pg,T510-3 78.8887-3
44.5690=3  63.8806=3  23.2868-3  58,0493-=3  £3.5088+3
8.0463-3 7.0515-3 ?,1246-3 6.50923 5.0ls8-3

6.0000+6
8.0000+6

10.0000+6
11.0000+6
12.0000+4
15.0000+6

__J7 5 —_

T0TAL

20+32159%0
204247340
14,2433+0
10.6186+0

8.9706+0

8.3376+0
8.3978+0
84838440
9+2624%0
9+3823%0

9.1202+0
84743940
8.4013+40
A.3451+0
7+9575%0

7°7200%0
7.6410+y
7+5924%0
7.5026+0
7°4954%0

742532%¢
6.9489+0
6°9403%0
6.6523+0
6°5646%0

6°3938%0
6+3333+0
6.0307+0
5.9663+0
5.93444+g

5.6804%0
5.623840
5.5278+0
54476640
T5.4252+¢

5:1199%0
84787440
%4.2919+0
3.9689+0
3.7240+0

440556+0
4.3542+0
4:417640
4.4065+0
4,35294¢

441908+0

6=TH

0.0 +0

T8n.9620~6
29.2209=3
32.9926=3
404344523
42.9500~3

55.9707=3
55.7269=3
55.6059-3
$4,6433-3
54,4292-3

54,0652-3
53,7025-3
53.3590~3
51,1741-3
47,7513

43,7579=3
38.,4225=3
22.6845=3

2,7111-3

ELASTIC

9+0219*0
9.0203+0
8.5633+0
7.8886+0
743907+0

7.53164+0
7,8B98+0
81595440
9.1224+0
9:2743+%0

9.0246+0
8.6896+4
8.3063+0
8.2052+0
748630

7°0396*0
6.91734p
6°8295+0
6.60lg+q
6°3835+0

5+9660%0
54443840
3+4289%0
5.0760+0
4°9710%0

4+7656%0
4.6926+0

4,21334p

3.9336%0
3.870140
3.7620+0
3.7062+0
3,65314p

3.3127+0
2,9601+0
2,4674+0
2.1639+0
1,931a+0

2+2017+0
2,58144q
2,T147+0
2:6999+0
2,649240

24383840

7=TH

0.0 0
64.3788-1%
87.1939=3

201,2139-3
203.2027-3
204.1897-3
212,0651.3
213,7921.3

216,7620=3
212,5733-3
208.6050~1
133.3700-3
160.3110-3

134,0250-3
110,732p-3
61,0946~3
6.,9703-3

INELASTIC

0.0 40
44,7620=3
375+6170=3

372+4240-3
637.9310-3
678+3440=3
820.8690=3
832430403

1+2132%0
1.420249
1446540
145123+0
1-5331%0

1+5738%0
1,5883+0
1,6607+0
1,6699+0
1,674549

1.7109%0
1,7190+0
1.7326+0
-1.7396+0
1.7460+0

1.7872¢0°
1,8135+0
1,8154+0
1.7980+0
1,7843+0

1.8525+0
1.77264p
1.7027+0
1.7065+0
1,133640

1.8070+0

8~=TH

0.0 +0
10,8404-3
65,0154=3
6©9,4769-3
71,6902-3
89.3047-3
93,2222.3

99,8817-3
99.7410=3
99.6076=3
98.7597=3
91,2767-3

50,1719-3
69,2633
81,3660=3

4,9694=3

CAPTURE

11+3000%0
11.227040
5,6800+0
2.7300%0

1 .5503‘0
806.,0000-3
508.0000=-3
243.0000=3
140.0000=3
108-0000~3

95.6000=3
94.3000-3
95.9971-3
95.1000-3
95+ 4000=3

8749766-3
25.7887-3
84°5000=3
79.8707-3
79+5181-3

6940000~3
64.906%n3
64+48000=3
64.0000=2
6014470-3

5443704=3
52,4894=3
44,3000-3
42,5283=3
41,6915-3

35,8845-3
34,7702-3
33.0000-3
30,8547-3
29,9876-3

20.0000=3
13,7000-3

3.9600-3

1430003
400.0000-6
150.0000-4
100.0000- 6

70.0000-6

20.0000~6

T 9-TH

0.0 +0

143,8440-3
151,2561-3
154.9332-3
134.1969-3
190,7053=3

201,7690-3
196,7544=3
192,0037-3
161,7930-3
144,2240-3

122,8640-3
101,8400~3
56.2255=3
64866223

HU~BAR

6954273
7,0001=3
7.0095+2
T.2879=3
8.3481-3

13.2226-3
21.1554.3
48.3702=3
95.3220-3
1784090073

241.2470-3
287.7100-3
318,2109-3
323,2170-3
363+0730~3

386+3874-3
394,1379.3
398491703
al2,7973-3
41381203

451+0010~3
482,339343
483¢7450=3
501,0420-3
50543403

513+9950~3
517,0289-3
532.1910-3
533,8258-3
53453683

541+0913=3
542.5268-3
344.9670=3
545.42923
545.8672-3

548465203
545,9160-3
534.3170-3
529.3640-3
548.5700~3

673.2250-3
781.2920-3
835,2190-3
850.3730~3
860,4910w3

871.9250-3



PARAVETERS

“NEUTRON SEPARATION ENERGY 6.641F

LEVEL. PARAMETER(X!=ZERO} »
LEVEL SPACING seesoacrsace
_LEVEL DENSITY PARAMETER ..
PAIRING ENERGY «.

NORMALLZATION FACTOR ssves
TANGENCY POINT ceonaernees

ADOPTED LEVELS

1.
2¢
3.
a
3.

ENERGY (EV)

.141,9420+3
144,0830+3
1824915043
20040000+3
300.000n+3

400.0000+3
5004000043
514.2870+3
539.7480+3
600+0000+3

678.3420+3
700.0000+3
733,7000+3
7694360043
800.0000+3

900.0000¢3
929.8790+3
1.,0000+6
1.0142+¢
1.,0838+6

1,140846
1,1836+6
1.211246
1.2223+¢
1,2500+6

1,5000+6
1,7500+6
2.0000+6
2.5000+6
3.0000+6

4.0000+6
6.0000+6
8.0000+6
10.0000+6
114000046

12.0000+6
15:0000+6

0
19.3331=3

(HEV)

GROUND
0414032
0.14263
013107
049091
0+5343
0.671%
0+7263
0+7616
09205
1.0040
1:0729
1,1293
141420
1.199

CROSS SECTION FOR

LRTTRRY

NUCLEUS «+» 83=TC~ 99

00(MEV)

02

01{MEV)

01(1/MEV) TAS,

01C(1/MEV) COM«

00{MEV TAG.
(MEV)  COMe

03(1/MEV) TAG.

Q0(MEV)  TaG.

00LMEV?  COM«

EXCITATICN OF LEVELS

1=5T

+0

369+9836=3
52442600~
819.3710-3

845,8350~3
808+2340=3
799:5777~3
784415353
TaT+6450-3

702.2826=3
68974203
663+5558=3
635+8465~3
612.0380-3

526.0500-3
509+8642«3
471,8790-3
46p+1439=3
449.87%0~3

434,51063
431.5510=3
416,4371=3
413.52093
406425003

323,7680%3
233,7440-3
1694+3180=3
90465573
47.6192-3

13,6169=3

2=ND

0.0 +0
2.3015-3
3.3141-3
T+33%4=3

12,2932-3
17,9743-3
18429483
18,86%8~3
20.2173-3

21.2401-3

21,5278-3

21,8800=3
22,2%q0~3
22,5r28-3

24,0676<3
24,61h4~3
25,9043~3
26.0a11.3
26,9859-3

27,6533
27,813243
28,52a7=3
20,6667+
29,0109-3

28,2360-3
25,6392.3
22.9906+3
17.6389-3
12,5390~3

5:3677~3

1,46%4-3 676,3770-6

3=TH

0.0 +0
43,3597=3
240.8040-3

282,0680«3
291,71503
279.8701-3
276.5775~3
268.7840+3

257,9415-3
298 ,9640=3
246,8092-3
233.,2012-3
230.80%0-3

194.5580-3
192.7812-3
179.2240+3
178.2099~3
173,2265-3

169,1499-3
16A+2320-3
164.11253
163,31763
161.3380~3

145,5890-3
117,7190-3
--92.7202-3
5%,196k=3
30.8621-3

9,4874=3
“1,0819-3

4=TH

0.0 +0
818.0170-6
2,754243
4.7610-3
5.31%8-3
5485483
6442513
6.9151=3

84.519923
9,0395-3

10.2729-3

1g.4p57-3
11,5264-3

12,3733-3
12,3702-3
13,8311-3
13,5973+3
14,0110-3

16,2156-3
16,6871.3
16.2793-3
13,9747-3
10.%000-3

4,9407-3
639,4969-6

JAERISM 5752

CROSS SECTION(BARN? AND MU=-BAR

ENERGY(EY)

100+0000*0
300.0000+0
1.0000+3
3,0000+3
10,0000+3

20,0000+3
50,0000+3
100.0000+3
141,9420+3
144,0830+3

182,915043
2110,0000+3
-(0+0000%3
40040000+3
500°0000+3

514+2870*3
539,7440+3
600°0000*3
678.342043
700°0000*3

733+7000%3
T69,3600+3
800*0000*3
900,0000+3
929+8790%3

1,0000+6
1.0142+6
1,0838+6
1,1408+6
10183646

1.2112+6
1.2223+6
1,250046
1,5000+6
1.7500+6

2,0000+6
245000+6
3.0000+6
4,0000+6-
6.0000+6

8+0000+6
10,0000+6
11.,0000+6
12,0000+6
15,0000+6

5=TH

0.0 +0
26.1001+3

43,0206-3
§7.6983-3
47.5530-3
47,3992-3
47.2671-3

47,4303=3
47.9051-3
49,0195=3
49,1849-3
49.9938~3

50,6541.3
50.8052<3
51,4744+3
51,6035-3
51.9251=3

50,0005~3
44,0899~3
38,3094-3
2g,0838~3
19,3241-3

8,101%-3
967,6010-6

—_ 7'(5 —_—

TOTAL

19+3741%0
13.7780+0
1043363+0
8¢7945+0
84+2485%0

84352740
84039340
94274240
9,3202¢0
94322640

94365240 .

9.383940
9+1236*0
8:7603+0
8+3791%0

8°3263%0
84232340
8°0096*0
7.736340
7+6607%0

7°5512%0
T42382+Q
733560
70033040
649506*0

6+7550+0
6»7204+0
6.95114g
6,4125+0
6+3813¢0

60241340
61214340
6.,1470+0
5,6473+0
5234940

4,8917+0
4:3661+0
4,0143+0
3,7373+0
4.0311+0

44347040
4442540
4,4523+0
4,4466¢0
44254340

6~TH

0.0 0
5.22771-3
11.2595=3
17.6420-3
23.1261-3

31,4721-3
32.9239=3
3642310-3
36.6088=3
37496763

39.0799-3
39.3304-3

4004545=3"

40.6715-3
41,2116=3

41,5614=3
37.9540-3
33.8019-3
25,6p52-3
139.1152+3

7.7787=3
947,2870-6

ELASTIC

64374140
6,5880+0
641486340
64304540
6.5785%0

T.0827+0
8,112340
84634240
8.9929*0
8.9789+0

84701640
8.5680+0
748731%0

T+4551+0

7°1102%0

T7+0637%0
649806+n
6°Taalto
645414+
6°4743%0

6+3623%0
64243840
6°1420%0
3.80%1+n
5.7177%0

5.5126+0
83,4T773+0
$.3045+0
5.163140
5.,1313+0

4.9885+40
40960940
4,89234n
4,1653+0
3,5693+0

3,1235+0
2431640
2,1585+0
1,8951+0
24174940

2+5667+0
247208+0
2,7180+0
2,6789+0
2:4315+0

T=TR

040 +0
41,2913-%
T6.7699-3

175,3890-3
189.1970~3
221.6020-3
222.9500-3
229.5431-3

234,9407-3
236.1%60-3
241,6105-3
282.6629-3
245.2840-3

217.5560-3
165.7570-3
124.4320-3
71,7704-3
40.2821-2

11.9684=3
1,2977-3

" INELASTIC

0.0 +0
20,4489=3
399,3500=3
570,9340-3
1:+0675%0
1,1402+0
1<1079%0

141019%0
1.0910+0
140653*0
1.0333+0
1+0245%0

14026240
1.0280+0
1°0296*0
1.0619+0
1+0648%0

1.0714+0
1.0720+0
1,0746+0
1.0767+0
1.077140

1.0793+0
1,079740
1.0807+0
1.4060+0
1.6237+0

1.7380+0
1,8307+0
1,882140
1,8347+0
1,8738+0

1.7796+0
1,7215+0
1,738140
1,7677+0
1.8228+0

8~TH

" Q0 +0
10.0947=3

50.,4081-3
56.8179«3
TL.8606=3
72,7001
T6.08064=3

a0.1681-3
80,9251~3
84.3222e3
8449776=3
86.6101=3

86.5078-3
75.232%-3
62,8171=3
41,6982-3
25,3767«3

8420193
951,7780~6

CAPTURE

13+0000¢0
1.1900+0
J.8500+0
2:410040
1.6700%0

1+2700+0
727.0000-3
440.0000-3
327,3115-3
323,1993-3

264,1952-3
24%,0000~3
18340000~3
165.0000-3
161¢0000~3

160*8451=3
160+5797-3
160+0000~3
161.5902«3

162+0000~3

162470153
163.4125.3
16440000~3
167.0000-3
16842298-3

171.0000-3
171.1388=3
1712,0763-3
172,7648«3
172.9155-3

173.5731=3

-17346967=3

174.0000-3
75.8000-3
41.9000-3

3043000=3
19,0000~3
13,3000-3
7»5100~3
2+3600-3

680,0000=6
240.0000+-6
160.0000-6
110,0000=6

30,0000-6

9=TH

0.0 +0
5.3194=3
64069%=3
9.7386=2

12,742423
13.4148=-3
16.4542-3
17.0399=3
13.4986~3

23,3510-3
24.0289-3
22.8962=3
15.26943
12,5127-3

4,5861-3
387.1840-6

MU«pAR

6002273
6,9063~3
7431223
8,7832=3
14,9807-3

24,8291<3
56.2366-3
107+4380-3

'148,8754~3

150,9907~3

189,3555-3
206,2350=3
291+4620=)
34g,5450a3
387+2440=3 |

391150343
395.1112.3
31458703
429,7289.3
433991503 _

439¢4775-3
445,3636-3
45044210-3
464,7750-3
467+5149~3

473.9450-3
474,4999=3
477,2149-3
479,4360-3
479.9363-3

482.1817-3
482,6150=3
483,6940-3
512,6300-3
533.4830-3

543.7800~3
55045490=3
551,7250-3
561,15103
67145060=3

T77849340=3
833.7420=3
849,5710-3
B60+4050«3
873+6820=3



JAERI-M. 5752

TABLE A2 = 6

NUCLEUS «v¢ 44~Ry=101

PARAME TERS - . CROSS SECTION(BARN) AND MU=BAR

ENERGY(EV) TOTAL ELASTIC INELASTIC  CAPTURE HU=BAR

NEUTRON SEPARATICN ENERGY 9,216€ 00(MEV)

LEVEL PARAMETER(XI~ZERO} » 1+592E 02 100+0000%0  19-1232%0 6+0232%0 13+1000%0 6469693
LEVEL SPACING sesssasarass 1+500E OLC(NFV) 300.0000+0 13.4803+0 64020340 T.4600+0 6.8099=3
LEVEL DENSITY PARAMETER .. 1.392E Ol(1/MEV) TAG, 1.000043  10.137740 $.9877+0 4,1500+40 7.3467=3
1.468E 01{1/MEV) CoM. 3.0000+3 8.6533+0 5.9533+0 '2.7000+0 9.2387=3
PAIRING ENERGY sessesersss 1.230E 00(MEV)  TAG. 10.0000+*3 8.1542%0 6.12a2+0 2.0300%0 16.8695=3
24220E OO(MEV)  COMe . L
NORMALIZATION FACTOR «+see 14263E N3(L/MEV) TAG. 20,0000+3 8.2801+0 6.5901+0 1,6900+0  28.5021-3
TANGENCY POINT soevressses 54265E DOCMEV)  TAG. 50.,0000+3 87827+0 T.6727+40 1,1100+0 63.8884=3
- 6.191E 00CMEV?  COM. 100,0000+3 942113+0 8.4983+0 713.0000~3 118.9270=3
128,3690+3 9.2394%0 £46543+0 0.0 *O 585.1532-3 148.2163«3
: 200.0000+3 9.3104+0 8,3242+40 574,2160~3 412,0000-3 222.1710-3
ADOPTED LEVELS (MEV) :
: 300,0000+3 9.0615+0 7.8913+0 $50,1510-3 320.0000-3 300,3980=3
1, GROUND 542+ . 309.763043 9.0282+0 7.7987+0 926,0120-3 303,5183-3 309.3080-3
2. 001271 3/2¢ 314+3050%3 9:0127%0 7+T5a9%0 961°4740-3 296°3054=3 31314559-3
3. 0.3067 Ts2+ 328.650043 A+9639+p 7+6147+n 1,0739+40 275.2597=3 326.5449-3
4o 043112 Ss2+ 400+0000*3 8:7209*0 6°8753*%0 1-6466%0 199°0000=3 39166103
S. 03234 172+ 3
[ 044224 3s2+ 426:6180*3 4°6263%0 . 6°7255+n 1.7146%0 186+1766=3 407+8117-3
T. 0.%528. 11,2 500.0000+3 Br3658+0 6.3033+p 1,9035+0 158.0000~3. 452.3370-3
ar 045447 172+ 533:2730%3 8°2504%0  6°1784%0 199266%0 145%4466=3 465°5587-3
9, 046161 7724 ) 550,1400+3 Belg2240 6:11alep 1,9393+0 139.,7417-3 472.26ll.3
10+ 046742 372+ 600+0000+3 8:0199%0 $+9219*0 149730*0 125°0000-3 492+0740=3
11. 0.720 Tr2+ . .
12 048426 772+ 622+2530%3 7+9471%0 5+8511%0 119763*0 119+6850-3 498°3402.3
13, 0.9111 T/2+ 680.9330+3 7.7551+0 5.662%+0 1,9851+0 107.4839-3 514.86393
1a- 0+9282 9s2* 700°+0000*3 7069270 5° 60080 1+9879*0  104°0000=3 520°2330=3
13, 0.93sl 742+ 727.1900+3 7609340 54524440 1.9841+0" 100.8579=3 525.6242-3
16+ 1<0011 11,2+ 800+0000*3 7+3a6l%0 5+3188*0 1+9739%0 9340003 540°0610-3

851,015043  7,240140 5.1945¢0 1.9546+0  91.0642-3 546.5027=3
900,0000+3  7.1000+0 5.0749+0 1,936040  89.0000~3 552.6880=3
920,1990+3 7.0%61+0 5.0273+0 1,931440  B7.4098-3 554.6501.3
$37,4700+3  T.0001+0 4.9865+0  1,9275¢0  86.0995-3 556,3278-3
947,4690+3  6.9735+0  4.9629+0  1.9252+40  B5.3607-3 557.2991-3

1.000046 64833540  4.8386+0 1,9132+0  81.7000-3 562,4020-3
1.011146  6.8074+0 4.815640 1.911440  80,4084-3 562,9373-3
1,0605+6 6.691440 4,712640 1,9037+C  75.,0586-3 565,31g8-2
1,2500+6  6.246140  4.,313%:0 1,8735+0  59.2000-3 574,4570-3
1,5000+6 5.7544+0  3.8570+0 1.8436+0  48.8000=3 576,6620~3

1,7500+6 5.3400+0 3.4597+n 1.836340  44.,0000-3 574.2620=3
2.0000+6 4,9880+0 3.1178+0 1.829240  40.9000-3 569,9540=3
2,5000+6 4,4346+0 2,5889+0 1,811640  34,1000-3 560.7290-3
3.0000+6 4,0572+40 2,2382+0 1,7905+0  28.5000-3 552,1380-3
4.0000+6 3.7533+0 1.9297+0 1,806140  17,5000-3 554,0300-3

6,0000+6 4+0468+0 2,1562+0 1,885240 5.3900-3 667.7400=3
8.0000+6 44339440 2.5505+0 1,787440 1.4600-% T776.1640-3
10.0000+6 4.4680+0 2,724940 1,7426+0 500.000C-: 832,0270-3
\ 11,0000+6 4.4982+0 2.1342+0 1.7637+0 320.0000~  848.6230~3
12.0000+6 4.5083+0 2.7067+0 1.8013+0 220.000C~6 860,2280<3
15.0000+6 44307940 2.4752+0 1.8327+0  60.0000-6 875,2730-3

CROSS SECTION FUR EXCITATICN OF LEVELS

ENERGY (EV) 1487 2~ND 3=TH 4=TH 5=TH 6=TH T=Tk 8=TH 9aTH

128:3699+3 0.0 +0

200+0000+3 574.2160-3 ~
300.0000+3 850.1510«3

309+7630+3 835.2630-3 0.0 +0

314,3080+3 878.3322-3 23.9143-3 0.0 +0

328+6500%3 806.4615=3 98+9616-3 48,0780-3 0.0 0

400000043 697+6570=3 472.8120.3 436.7590-3 69433253

4264618043 630+3374=3 511.4113=3 443.4583=3 8040938~3 0.0 +0

500.0000+3 519.8840-3 617.8240~3 54 330+3 169.7610-3 111,4250=3

533.273043 434,0703=-3 607.7al2-3 539.05638~3 110,7589~-3 - 139,5793-3 0.0 +0

550.1400%3 465.9153=3 602,6903=3 536.2180-3 111.2647-3 153.8515=3  10.9608~3 0.0 *o
600-0000+3 417.2480=3 537.6410-3 577.8500-7 112.7600~3 196.0410-3 43.3416«3 93.1224-3

£22.2530+3 394.7066=3 564.8136=3 510.5468-3 111.3000-3 199.4373-3 47.0871-3 121.9113-3 0.0  +0

680+9330+3 248.0510=3 504.6191=3 454.9189~3 107.4500~3 208.3930=3  56.9112-3 197.8252+3 _&l.2al2-3 0.0 _+Q
700.0000+3 333,4210-3 4§5,0600-3 450,0930-3 106.1990-3 211,3030-3 60.1033-3 222.4929-3 107.6920-3 11,%611.3

727:1900*3 316.1097=3  459.7206=2 42R+2616=3 102,9563-3 206,9344=3  $2,9914=3 230.3540-3 129.1577-3  28.3140~3
800+0000+3 249.7%%0~3 391.8660~3 369.8010-3 94,2729-3 195,2360-3 70,7252-3 251,4070~3 ls6.6390-3 73.17%4.3
851.0150+3 248.8710=3 359.0251-3 340.4062-3 89.T6al-3 1B6,0798=3  74.,7993-3 247,4090-3 197.0241-3 88.8399-3
900.0000+3 228+8200=3 327.4910=3 3172.1810-3  85.4425-3 177,2380=3 78.7113-3 243,5700-3 206,9960~3 103.9790=3
920,1990+3 222,5243-3 315.3874-3 301,9217-3  84,071g-3 173,6302-3 75,2110=3 237,7¢9lge3 204,2657-3 105,7179-3

937.4700%3 217.1421-3 305.0382-3 293.1496~3  82.8997-3 170.5026-3  77.7832=3 232.6842=3 201.8941-3 107,2048=3
947.4690+3 214.02%a=3 299,04h6~3 2£R.07T10-1  42.2212.3 1eg,6918-3  77.5356=3 229.7793-% 200.5326-3 1l08.0656~3
1.000046 197.6%40=3 267.5690=3 261.3900~3  78.6563+3 159,1790=3  76.234543 214.5180=3 193.3800~3 112.5880~3
1.0111+46 195.6420=3 263,9485~3 258.1684=3 Ta.164lw3 157,8216~3 73.6234«3 212.1313-3 191.5303-3 112.3510-3
1.0605+6 lss.6896=3 247,3391-3 263,8339.3  73,9q49.3 151 ,7518.3  72,9042-3 2pl,5661-3 1¢3,5722.3 111,2964.3

1.2500*6 152.3390-3 186.0270-3 18R.8320-~3 674161563 128,6070=3 62,4706~3 160,9890-3 152.8460-3 107.2500=3
1.5000+6 125.2940~3 157.3330.3 156,5470-3 59,9065-3 11l0,8740-3 - 47.7028=3 139,521p.% 134,3450-3  ¢7.p535.3
1.7500+6 114.6800~3 143.8010=3 139,5210-3 55.0600~3 100,3620-3 80,3680=3 128.6610~% 124.3630~3 89.1008-3
2,000046 1N442670~3 133,0750-3 127.5500=3 51,0942~3 92,5040-3 36463373 120.9740=3 117.1550-3 82,7120-3
2,50p0+6 as.plas<3 113,630p0-3 106.0700-3 42,9994-3  77,9851-3  32,0504~3 105.331p-3 102,6940-3 71.8136-3

3,0000%6  69,9061«3  90.2355=3  83.9668-3  34.2784-3  62.5821=3  28.,0022-3  6.0319-3  84.6205-3 59.0977-3
4.0000+6 33,4743 46.0974.3 1578-3 17.9124.3 32.9469=3 1lq.69n6=3 45,20973 44,9379.3 32,1751.3
s.ggogoo 3.2553=3 4.5101-3 4.2162-3 1.759243 3.2297-3 3,9185~3 4.4720=13 4.4605=3 3.2070-3
8.0000+6 .
10.0000+6

11.0000+6
12.900046
15.0000+6

__‘7 7 —



JAERI-M 5752

TABLE AZ - 7

NUCLEUS «.¢ 48-HU%102

PARAMETERS CROSS SECTIONCBARN) AND MU~BAR

NEUTRON SEPARATICN ENERGY
LEVEL PARAMETER(XI=ZERO)

LEVEL SPACING ,iseuseacsse
LEVEL OENSITY PARAMETER ..
PAIRING ENERGY trsssnasrne

NORMAL1ZATION FACTOR +soae
TANGENCY PCINT eecsvsssons

AOOPTED LEVELS

ENERGY (EV)

479+5960+3
500.0000+3
600.0000+3
700000043
800.0000+3

900.0000+3
953.0320+3
1.0000+6
1.11a14¢
1.1175+6

1.250046
1.5000+6
1.5369+6
1.5964+¢
1.7%00+6

1.816846
1.85%3+¢
1.8917+¢
2.0000+6
2.0577+6

2,064346
2:241246

2.42374¢

2.50004+6
3.0000+6
4.0000+6
6.0000+6
8.0000+6

10.000006
11.0000+6
12.0000+6
15.0000+%

MEV)

GROUND
0.4749
0.9437
4. 1.1032

6,243¢
+ 3.979E
9.947€
2.500€
6.2%0¢
1.464E
1.525€
2.270E
1,280€
1.341€
6.161E
5+236€

00(MEV)

02 ABOVE 0+2MEV
a2 BELCW 0, 2MEV
02CMEV)  ABOVE 0.2MEV
02 RELOW 0.2MEV

01(1/MEV) TaGs
01C1/MEV) COM.

00(MEV)  TAG.
00¢MEVY  COM,
03€1/MEV) TAG.
00C(MEV)  TAG.
00CHEV)  COM.

CROSS SECT!ON FOR £XCITATICN OF LEVELS

1-s7

0.0 40
235.9370-3
960.4580-3
1.2098+0
1.2879+0

1.3100+0
14295440
1.2825+0
1.1201+0
1.1152+0

925.6970=3
754.9230~3
T31.8164-3
694.6180+3
59845790-3

572.7299=3
557.83T4=3
543+7305=3
401.8240=3
582.2577-3

479,9973-3
419.9T82-3
405.5506=3
367+60%7-3
3%8.0109-3

232,1259-3
215.1110=3
92.0260-3
768373

2=ND

0.0 +0
T4,4127=3
137.7938-3
160,2389=3

257.0020-3
241.8n70-3
274,9129=3
223,8151-3
193.1620=3

la4,3663=3
178.1466=3
172,2589-3
154,7530-3
1a8,1305=3

147,365%43
127,0%10~3
122,1677-3
104.3%47-3
10640772-3

97.3157-3
62.3000-3
27.,2840=3

2,271q.3

3~TH

0,0 +0
7.0699=3

280.09%0-2
457.7400-3
451,6671-3
441,8912.3
416.6510~3

40?,4838-3
398,3216-3
386.5899-3
363,6220<3
351,3189-3

349,8976-3
212.1%g2=3
303.0661-3
270.22493
273.1938-3

256,9170-3
142,2690-3
86.4929-3
7.5056-3

4=TH

0.0

77.2684-3
144,8450-3
147.5175-3
148.6000-3
151,3950-3

+0

150.8396=3
150.5196-3
150.21¢5-3
149,3140-3
147,26923

147,0327-3
140,754243
139,2449.3
135,2756=3

134.?719-3‘

131,%640-3
107.14580-3
58,5742
6.08TI2

ENERGY(EV)

100+0000*0
308,0000¢0
1,0000+3
3.0000+3
10.0000+3

20,0000+3
50,0000+3
100.0000+3
200.0000+3
300+0000*3

500, 000043
479.5960+3
©50,0000+3
500,0000+3
700,0000+3

800.000043
900.0000+3
953,0320+3
1.0000+6
1.11a146

1.117546
1.2500+6
1.5000+6
1.5369+6
1.5964+46

1,7500+6
1.8168¢6
1,855346
1,3917+6
2.0000+6

2.0577s6
2.0643%6
2.241244
2.2037+6
2.3955+6

2.4237+6
2.5000+6
3.0000+6
4,0000+6
6,0000+6

6,0000+6
10,0000+6
11,0000+6
12.0000¢6
15.0000+6

5=Tk

0.0 +0
40.2%32-3
144,1320-3

15¢,3108-3
163,2986=3
169.9278=3
1g9,5810-3
187.0634-3

196,77263
179.0500~3
177.1936-3
172.3113.3
171,0767~3

167,7460-3
134,9790-3
7%,9351-3
7.3089-3

TOTAL

18+9810%0
13.3805+0
10.0643¢0
9.5946+0
_5.105200

8.2340+0
4.73a14+0
9154640
94249840
9+0096%0

8682440
B¢410740
8,3410¢0
8.0088+0
71693240

7:3965%0
7+1188¢0
6.981140
6.8592+0
64596540

6.%886%0
64283640
5.7972+0
54736040
54637540

5.3831+0
5.288240
5,233540
5,118+0
5,0280+0

44962940
4.955440
4,7%614+0
4.7081+0
4+5821+0

4.5502+0
4.8642+40
4.0772+0
3.7639+40
4.046440

44337040
4:4805%0
4.519440
4.5354+0
4+3298+0

6=TH

0.0 *0
154,9650-3
178.4168=3
191,9232-~3
204.7269-3
242,7470~3
238.2242«3

237,7018-3
223,82a3-3
220,4933=3
2L1,7223-3
209.5045-3

2¢3,5210-3
153,4570=3
80.1820~3
734483

—_— 7‘53 —_

ELASTIC

12.0910%0
20.2705%+n
4,5943+0
7:616640
T.485240

7.8020+0
8.469140
8.9536+0
9.0878*n
88516%0

8.5104+0
8+2618+0
7.9611+0
6.9519¢0
6+3956+0

6.0209+0
5,7172+0
5.5527+0
5.807240
5.0641+0

5.0538+0
4.6549+0
4,1047+0
4,0349+0
3.9224+0

3,6320+0
3.527340
3,466940
3.4098+0
3.2401+0

3.1711+40
3163140
2.,9509+0
2.899T+0
2.T652+0

2:47311+0
2.6391+0
2,24n8+0
1.9200+0
2+1461+0

24543490
2.726540
2,7412+0
2.7187+0
2:4936%0

T=TH

0.0 +0
1p9,.1381-3
19,7413-3
4g.269l.3

51.8030-%

52.2113.-3
63.0515-2
6%.6574+3
72.5157=1
74,2437-3

78.9190~3
73,0400-3
48.8108=3

5069513

INELASTIC

G.0 +0
235,9370-3
960.,4380=3

1.2098+0

1.2879+0
1,3100+0
1,3349+0
1,3569+0
1.4409+0

144435+0
1.5411+0
1,601340
1.6101+0
1.624340

1.6609+0
1,6699+0
1,6750+0
1.6799+0
1.6943+0

1.7000+0

1.7334+0

1.736240
1.7432+0
1,769%+0
1,8130+0
1,8921+0

1.7917+0
1.7534+0
1.7778+0
1,8165+¢0
1.8362+0

8=TH

0.0 *0
11,0160~3
43,7406w3
4642075=3

46,49243
54.0595=3
55.A785=3
60466243
61.8721-3

65,1357.3
47,0685-3
23,9667-3

2,1359-3

CAPTURE

6+8900+0
3.1100+0
1.4700+0
978,0000-3
620.0000-3

432.0000-3

265.0060=3"

200.0000=3
162.0000-3
158+0000~3

172.,0000~3
148:8574=3
144.0000-3
96.4000-3
87.8000-3

87.8000-3
91.6000-3
93.5390=3
95.2000-3
91,4408-3

91:3360-3
87+6000=3
91,2000-3
91.0255=3
9075383

90.1000~3
91,0410%3
91,5719.3
92,0674~3
93.5000-3

91486433
91.6801-3
87.1176.3
86.1068=3
83.5884-3

82.9815~3
81.4000-3
56.9000-3
30.9000-3

8.1300=3

1+8400-3
520.0000=6
310.0000~6
200.0000~6
50.0000=6

9%TH

0.0 +0
472,7120-6
842.8698-6
885.6321.6

2.0211.3

2,2950-3

3.0l19.3

3.1934.3

3.6831.3
7.5073-3
10.7556=3
2.19g7-3

MU=pAR

6°6296-3
6,T467-3
T4220%-3
9.3612«3
17.5528-3

294906723
66,9061-3
123.4780-3
242,9390~3
215+6920-3

319.3770-3
351,9763-3
360,3330-3
422,7110-3
459.1410-3

48045910=3
494.1290-3
500.9341=3
506.9610-3
520.9559-3

521.3766=3
537,6220-3
545,5080-3
549,4593-3
551.0688=3

555,1470-3
555,8165-3
556,2022-3
556.56763
557.6530-3

557.9037-3
557.9326=3
558,7015-3
558.8864-3
559¢3725=3

559,4954=3
559,8270-3
558,5030-3
559.1610=3
667.3910=-3

774.9790-3
831.2740-3
848.2100-3
860.1500-3
875.9130-3



PARAFETERS

NEUTRON SEPARATICN EMERGY 5.981F

LEVEL PARAMETFR(XI-ZERU)

¢ 1+500E

LEVEL SPACING .ocirvsevreas 9,425E
LEVEL DENSITY PARAMETFR ++ 1.601E

1.664F

PAIRING ENERGY esseeunrvecs 2,%20F

1.280E

NORMAL [ZATION FACTOR «ress 1.493E
TANGENCY PCINT 2.vesiiiens 6.462E

AOOPTED LEVELS (MEV)

ENERGY(EV)

361.4720+3
400+00004+3
500.0000+3
600+0000+3
700.0000+3

800.0000+3
897:6220+3
900.0000+3
901.6610+3
992.5340+3

1.0000%6
1.2500+6
1.413646
1.5000+6
1.7500+6

240000%8
2.5000+6
340000+6
4+0000+6
6.0000+6

8.0000%6
10.0000+6
11.0000+6
12+0000+6
15.0000+6

1. GROUND

2. 0.358
3. 0.889
4. 0.893
5. 0.983

5.209E

JAERI-M 5752

TABLE A2 - &8

NUCLEUS «+ 34=RU=-104

‘

CROSS SECTION(BARN) AND MU=BAR

ENERGY(EV) TOTAL

00(MEV)

a3 1004000040, 18+8674%0
02 IMEV) 300.,0000+0  13.,2646+¢
Ol{1/MEV) TAG, 1,0000+3 9.9459+0
01{1/MEVY CoM. 3,0000+3 84472990
00C(KEV)  TAG. 10.0000*3 7.9737%0
O0CMEY)  COMe .
03{1/MEV) TAG. . 20,0000¢3 8,0987+0
00(MEV) TaG, 50,0000+3 8.568540
00LMEV)  COM. 100.0000+3 8.960140

200,0000+3 940485*0
300.0000+3 84.8372+0

361.472043 8.6607+0
400,0000+3 8.5501+0
500.0000+3 8.249T+0
600.0000+3 74954940
700,0000+3 T.67244)

800.0000+3 7.9040+0
897,6220+3 T.1562+0
900.0000+3 7.1502+0
901,6610+3 7.146240
992,53404+3 6.928340

1.0000+6 6.9107+0
1.2500+6 6.3687+0
1.4136+6 640606+0
1.500046 ' 5.,8979+0
1.7500+6 5.4856+0

2,0000+6 5.1236+0
2,5000+6 4,5364+0
'3,0000+6 4,1285+0
440000+6 3.7959+0
6,0000+6 4,0444+0

8.0000+6 4.330140
10,0000+6  4.5127+0
11,000046  4.5729+0
12,0000+6 4.601l+0
15.0000+6 44378840

B

CROSS SECTION FOR EXCITATIGN OF LEVELS

1=57

0.0 +0
065,0270=3
1.1377+0
14323540
1.3634+0

1,372740
1.3610+0
1.3607+0
1.3569+0
1,14R8+0

10131740
alg.923gw3
€51,9028-3
564+7220-3
531.9580-3

508:4690=3
453,4620=3
393.76R0~23
20277403
210.6510-3

2=ND

0.0 +0
944193=3
1349042=3
2%9.2766=3

27943603
896.2440=3
563,8761~
42647760~3
449.2510-3

427.4290-3
39%.9350-3
361,5600=3
295.7490~3
210.02%0-3

3-TH Ca=TH

0.0 +0
43,0229=3 0.0 +Q

45.5576=3 11,9302-3
114,9890-3 202,0390-3
131.9738-3  192.0717=3
140.9470=3 166.8060-3
169.1900~3 170.0570-3

190.6680-3 151.5040-3
217.59g0-3  125.1350-3
225.8160-1 109.3200-3
215,0100-3  £6.8974=3
195.9280-3  58.0784-3

_..7 s) —

ELASTIC

13:3476%0
104854690
8.7759+0
7.6859+0
7549740

74845740
8.4535+n
8.8087%+0
8.9042%n
8.7647+0

8.6155+0
8.03501+0
7.0867+0
6.607T+n
6:2799+0

6.0058+0
5.7590+0
5.7530+0
5.7474+0
5.4424+0

5.,4173+0
4,T172+0
4.3233+0
4,115)+0
3:693640

3.329340
2,754640
2.3612+0
1.995340
2.18114+0

2.5235+0
2.7291+0
2.7577+0
?.7079+0
2.5377+0

\

INELASTIC

1.3688+0

1,3727+0
1,3702+0
1,3701+0
1,3718+0
1,462240

1,4696+0
1,6206+0
1.7172+0
1,7630+0
1.7720+0

1,774140
1,T762%+0
1,7501+0
1.7898+0
1.8606+0

1.8060+0
1,7835+0
1.8151+¢
1,8532+0
1.841140

CAPTURE

54520040
24410040
1.1700+0

767.0000-3

426.0000=3

249.0000~3
115.0000-3
72.6000-3
64.3000-3
72,%000-3

45422853
35,0000-3
25.3000-3
23,7000=3
24,1000=3

25,5000~3
27,0630-3
27,1000-3

27,0395=3

24,0208+3

23,8000+3
20.9000+3
20.1515=3
19.5000=-3

- 20+0000«3

20.2000-3
19,2000-3
17,2000-3
10.8000-3

2.7100-3

51040000=6
120, 0000-6
70.0000~6
40.0000~6
10.0000=6

RU-~HAR

§e912473
6,58614-3
7.3779=3
- 9.8776-3
19,6185=3

33.8674.3
T4,9626=3
135,2930-3
226.,9760=3
289,1460=3

326,7785=3
350,3650-3
417,4900-3
455,5100=3
478,3910-3

493,2170-3
503.2272-3
503,4710=3
503,7438-3
518,6688-3

519.8950«3
547.3900-3
560.8664=3
567.9860=3
56948540-3

569.1420=3
563,7490=3
555.0110=3
345,0670~3
647.,9210=3

771,4610-3
829,1240-3
847,0310-3
859.8770-3
877.4430-3



PARAMETERS

NUCLEUS ... 44~AU-106

NEUTRON SEPARATION ENERGY 3.441F 00(MEV)

LEVEL PARAMETFR(XI=2ERO)Y + 2+122€ 03

LEVEL SPACING sveesacirsee LOO0E 03(MEV)

LEVEL DENSITY PARAMETER o, 1.708E D1(1/MEV) TaG,

1,746 01C1/MEV? Com.

PAIRING ENERGY seconacsves 24530E 00SMEV)  TaG.

NORMAL[ZATION FACTOR

14280F OOCMEV)  COMo
vae 1.626E 03C1/MEV) TAG.

TANGENCY PCINT ..o..uiieey 6.84%E OOCMEY)  TAG,

AOOPTEO LEVELS (MEY)

ENERGY(EV)

272.5690+3
300.0000+3
400.0000+3
500.00004+3
60040000+3

700.0000+3
717.7660+3
798.5270+3
800.0000+3
900+0000+3

998.4110+3
1.0000+6
1.2500+6
1.5000+6
1.7500+6

1.7889%6
1.9060¢6
1.9241+6
2,0000+56
2.5000+6

3.0000%6
4.0000+6
61000046
8.0000+6
10.0000+6

11.0000+6
12.0000+6
15.0000+6

1, GROUND

2. 0,270
3. 0,711
4, 0,791
Se 0,989
6. 1,772
7. 1,888

5.182E 90(MEV)  COM.

JAERI-M 5752

CROSS SFCYION FOR EXCITATICN OF LEVELS

1=5T

0.0 +Q
374.5420-3
1.1801+0
1.3706+0
1,4029+0

1.3950+0
1.3860+0
1.3453+0
14384640
1.1303+0

999.1331-3
997.0160=3
793.4640-3
738,0590=3
712.%770-3

695.0738-3
662.3266-3
674.1416-3
599+9730~3
384.4560=3

294.2470~3
193.4930-3
129.8640~3

2=ND 3=-TH

0.0 +0

31.4683=3 0.0 %0
32.0423~3 7.0658~3
5g,.4243-3 277.9900~3

B0+1050=3 436.4%34-3
BN.%4389=-3~ 439.,0120-~-3
330.9790-3 321.5610-3
180.4780~3 535.1130-3
225,6730-3 %38.4140-3

226.8461=3 52649671=3
230.3p14=3 497,4702-9
230.9299-3  487.1179-3
233.2200-3 464.7720-3
194.6700-3 375.9850-3

178.,0190~3 266.8730-3
147,4940-3 197,2420-3
129.6050=3 124.7110-3

4-TH

G0 +0
4,1202-3
183.0940-3
202.1240-3
190.8740-3

185.4247-3
l69.0026-3
166.8547=3
155.8170~3
102.0990-3

80.2727-3
56.0787-3
35.1176-3

CROSS SECTIONCBARN) AND MU=BAR

ENERGY(EV)

100+0000*0
300.0000+0
1.0000¢3
3.0000+3
10,0000*3

20.00004+3
50,0000+3
100.0000+3
200.0000+3
272.369043

300,0000+3
400.0000+3
~20,0000+3
500.,0000+3
700.0000+3

717.7660+3
798.5270+3
800.0000+3
900.0000+3
998,4110+3

1.0000+6
1,25004+6
1.5000+6
1.750046
1.7889+6

1.9060+6
1,924146
2.0000+6
2,5000+6
3.0000+6

4,0000+6
6.,0000+6
8.0000+6
10.0000+6
11.0000+6

12.,000046
15.0000+6

5<TH

0.0 _ *0
89.0727-3
102.8926~3
160.5910-3
204.9050-3

192.,9770-3

169.5680-3
126.4210-3

p— E; () —_

TOTAL

19+0173%0
13.3020+0
9.9098+0
8.3924+0
7.8537%0

7.94%5+0
4.374240
8.7314+0
8.B173%¢
8.6876+0

8.638640
8.3929+0
8.1333+0
74875740
7.6257+0

7.5830+0
7.3889+0
7.3853+0
7.155140
6.9389+0

64935440
6.427640
5.973240
54564840
5+.5080+0

54336940
5.3103+0
5.1994+0
4.5980+0
4.1777+0

3.8334+0
4,0836+0
4,3251+0
4,5426+0
4.6192+0

4,6536+0
4.,4159+0

6=TH

0.0 +0
14,3%22-3
14.2728-3
148.5590-3

183.6860~3
leh,4130-3
126.0530-3

ELASTIC

14+5573%n
114392040
8.9558+0
T.7%34+0
T.5347%0

T+7645+01
8.2905+0
84675840
8.764340
8.656840

4.238040
7.1957+0
60746940
6.4%68+0
6.2139+0

6.173240
5.9881+n
5.9847+0
5.6720+0
5.8037+n

543994 +0
4.7820¢n
4.297840
3.8735+n
3.8105+0

3.6210+0
3.5915+n
3.4687+0
2,814844n
2.386B+0

1.9a81%+0
2.1819+0
2.5052+0
2.7301+n
2.7708%0

2,77144+n
2.573140

INELASTIC

0.0 +0

374.5420-3
1.1801+0
1.3706+0
1,8029+0

1,3950+0

1,3930+0
1.3839+0
1.3837+0
1.8677+0
1.5197+0

1.5206+0
1,629140
1,6558+0
1,6675+0
1.67348+0

1.6910+0
1.6937+0
1.7050+0
1,7645+0
1.7760+0

1,8438+0
1.9000+0
1.8197+0
1.8125+0
1.8484+0

1.8a2140
1.8429+0

CAPTURE

4+4600+0
1.9100+0
954 ,0000-3
639,0000~3
319.0000~3

181,0000-3
83.7000=3
55+6000-3
53.0000-3
30.8599=3

26.1000-3
17.1000+3
15.8000=3
15,9000~3
16.8000=3

16,68187-3
16,8986-3
1649000-3
15.5000-3
15,6015.3

15.4000~3
16,5000-3
19.6000-2
23.8000-3
24.0871-3

24.9357=3
25.0652-3
25.6000=3
19.0000-2
14,9000-3

4§.0400=3
1.6700~3
240,0000-6
60+0000~6
30.0000=6

20.0000=6

MU=-BAR

6+3975%3
6,5706.3
7.2974=3
10.2596=3
21.2443-3

37.0222-3
81,4087=3
144,7120-3
238.0260-3
292,4499«3

313,0220-3
395,7470=3
442,0680=3
469,7980-3
487,6560-3

489.8457=3
499.7995=3
499,9810=3
516.8330~3
528.6935-3

528.8850=3
350.6320-2
357,8890%3
560455303
561.4188=3

564.0280-3
564,0328-3
566.1230-3
574,3230-3
569,4630-3

557,3090=3
652 ,6880=3
768.1220-3
827.1400=3
845,9540-3

859,5970=3
878.6330=3



PARAMETERS

JAERI-M 5752

TABLE

AZ = 10

NUCLEUS +e+ 45%RH=103

NEUTRON SEPARATICN ENERGY T.007E QO(MEV)

LEVEL PARAMETER(X1-ZERO
LEVEL SPACING ssssasnes
LEVEL DENSITY PARAMETER

PAIRING ENERGY sssesnas

NORMALIZATION FACTOR «»
TANGENCY PGINT +veuy..s

1.230€ 02
3.090E 01
l.469E 01
1.530€ ¢l
9.400E-C1
0¢0

1.3%9€ 03
4.896E 00
3.942¢ 00

3 .

res

boe

172~
772+
9712+
372~
572«
S572%
147+
Ss2+
3/2-
572~
572~

C(HEV)

¢1/MEV) TAG,
(J’MEV) COMe
MV TAG.
(MEV)  COMe
(1/MEVY TAG.
CMEVY  TAG,
{MEV)  COM»

N

CROSS SECTION FGR EXCITATICN OF LEVELS

ADOPTED LEVELS (MEV)
1. GROUND
2. 04040
3. 0.093
4. 04298
5, 04360
g 6° 0537
7. 0.651
ar 04798
9. 0.843
10+ 04877
11. 04915
ENERGY (EV) 1-ST
40039173 00 +0
504000043 2.4930-3
93.9107+3 9.4521-3
100+0000+3 10.41713
200.000043  35.2972-3
300:0000+3  70.2338-3
30049180+3  70.3480~3
3634525043  78.1383=3
4004000043  82.6769=3
500+0000+3  95:7400-3
542.2590+3  99.0045-3
600.0000+3  103,4650-3
657.3750+3  103.1850-3
700+0000+3 102.9770-3
800.0000+3 105.5340-3
805:8150+43 103.51143
851.2550+3 105.3346=3
885.5880+3 105.2011-3
900+0000+3 195.1450w3
923.9600+3 103.9288«3
1.0000+6 100.0690-3
1.1125+6 190.0%69=3
1.2500+6 300:0200«3
1.500046  90.8695-3
1.750046  78.1681«3
2.000046  6£5.1480-3
2,5000+6  42.321g-3
3.0000+6 25.5838-3
4+0000+6 8.5985-3
6.000046 702.0540-6
8.0000+6
10.0000+6
11.0000+6
12.0000+6
15.0000+6

2-ND

0.0 ~ +0
1g0.T070-6
5021713

14.1807~3
14,2362-3
18,0198«3
20.2241-3
24+4315-3

26430513
28.86%2-3
30.5780~3
31.8505-3
35,3494=3

35,.5111.3
36.7748-3
37472963
38.1308.3
38,0966<3

37.9893-2
39.8977-3
42,2193-3
42,0463
39.1487-3

34.9994=3
25.6119.3
17.1066-3
6.7165-3
624,6910=6

3~TH 4=TH

0.0 +0
520.3644=3
823.5300=3
962.4170-3

0:0 40
159,2720-3
447.8670-3

946,2703«3
924,2080-3
£87.0732-3
859.:4850-3
798,1310-3

479,0837-3
521.7370-3
528.4309-3
533,4040-3
526.7950-3

524,TR58=3
509,08%54=3
497.2226-3
492,24%0-3
470,0903-3

792,8812-3
751.8575-3
120.8613-3
707.8500-3
672,2591-3

559,3070-3
477,9123.3
378.8950-3
278,9420-3
206.6070-3

399,78603
351,0937-3
291,8530+3
229,9020-3
180.6600-3

139,7620-3
78,4327-3
40,3754=3

9.,9918-3

684,5100-6

152,0900-3
79.5816~3
39.2053=3

9.1039-3

570,3149-6

CROSS SECTION(BARN) AND MU~BAR,

ENERGY(EV)

100:0000%0
300, 0000+0
©1.0000+3

3,0000+3
10.0000*3

20.0000+3
40.3917+3
50,0000+3
93,9107+3
100.0000+3

200,0000+3
300,0000+3
3009180*3
363.5250+3
400:0000*3

500+0000*3
542.,2590+3
600+0000*3
657,37504+3
700:0000+3

800:0000*3
805.8150+3
851,2550+3
885,5880+3

900.0000+3

923.9600+3
1.0000+6
1.1128+6
1.2500+6
1,5000+6

1,7500+6
2.0000+6
2,5000+6
3.,0000¢6
4,0000+6

6,0000+6
8,0000+6
10,0000+6
11,0000+6
12,0000+6

15.0000%6

5=TH

0.0 +0
60,6813-3
90.4846=3
112,6260-3
132.7900-3

132.5006-3
130,2390-3
128.5303-3
127.3130-3
125,9499~3

129,0370-3
117,.5660-3
114,5600=3
99,1279-3
82,9428=3

68,3201-3
%446,0164-3
26,1592-3
8.2330=2

635.9561-6

-— é; 1 —_—

TOTAL

18:8705%0
13,2922+0
9:9895+0
8.5263+0
8.0389%0

8.1636+0
8.4986+0
8.6555+0
$,0129%0
9.0625+0

9.1537+0
8,927240
8+92a4+g
8.7318+0
8+6197%0

8+2984%0
Re1659+0
7+9848%0
7.81314¢
7+6855%0

7:4029%0
7.3874+0
1.2666%0
7:175340
7.1370+0

T.0772+0
6.8875+0
6.6353+0
6+3285+0
5,8499+0

5.4366%0
5.077940
44501940
4,1038+0
3.7a0l40

4.0461%0
4.330140
44497240
4.587140
4.5699+0

44356440

6=TH

0.0 +0
7+2969-3
23.1435=3

23,7364-3
28.3694=3
31.8699~3
33.3393-3
34,6727-3

38,9044-3
44.0689~3
50.3516=3
51.9162-3
48453473

43,3p28<3
31.3620=3
20.3598-3
7.34pla3
652.4140-6

ELASTIC

6°6T05%0
6,3522+0
64389540
6.2263+0
6+3189%0

6,7656+0
7:5027+0
74755040
B:4123+0
B,4849+0

8.7589+0
8.5628+0
B:5525*0
7+8185+0
T+3660*0

646500*0
6.4g1740
6+2491%0
6:0792+p
5'9523%0

5°6983%0
51682740
5.5614+0
51469640
5.43114n

5:3580+0
5:1250+0
4.8561+0
4:5268+0
4.0165+0

34372440
3.1927+0
24612440
2.2325+0
1.904%4+n

241340%0
2,5340+0
2.7283%0
2750040
2,7340+0

2.516740

T=TH

0.0 +0
19,9252-3
34.9800-3
41,2994=3
46,7649=3

64,1095-3
73.792¢-3
§5.5708=3
7947366=3
68.5770=3

57.6042=3
38.5711.3
23.7038=3
T.7357.3
615,6380=6

INELASTIC |

0.0 +0
2,4930~3
9,5055«3
10.5978+3

41,7374-3
84,4145<3
9313654+3
714,2760-3
1+0857%0

1+5304%0
.1,5762+0
1+6390%0
1,6439+0
1+6476%0

126217%0
1,6220+0

1,6262+40

1.642140
1,6926+0
1.7172+0
1.7473+0
1,784840

1.8203+0
1.8454+0
1.8591+0
1.847640
1,66254+0

1.9084+0
1.799240
1.7685+0
1.7968+0
1,8358+0

1.8396+0

&=TH

0.0 +0
49,7780-3
70.6734-3

100,7594=3

196,2410-3
225,552p-3
261,2090-3
222,0280-3
171.0300-3

127,6840-3
©8:9934-3
35,4115-3,

8,5191.3

534,1649-6

CAPTURE

12-2000%0
6.7900+0
3,+6000+0
2.3000+0
1.7200%0

1+2000¢0
995,8418=3
898.0000-3
591,1300-3
567.0000-3

353.0000~3
280.0000-3
278+4850-3
199.0879=3
168°0000-3

118°0000~3
1p7.9961-3
96+ 7000-3
89.961223
8546000=3

82°9000=3
B2+6996=3
81.1971-3
80.1312-3
79.7000-3

774134543
69+9000=3
61.9915-3
5446000-3
48.6000-2

44.0000-3
3948000~3
30.4000-3
23.7000-3
13,3000-3

3.7000-3
960.0000=6
320.0000-6
210.0000~6
140,0000~6

40.0000-6

9=-TH

0.0 +0
9.7005-3
33,4309-3

108,7420-3
148.9661.3
189,0330-3
174,2670~3
142,6310-3

112,2710-3
65,8914-3
35.7282=3

9.2400-3

638,5699-6

MU=BAR

625739~3
6.7127a3
7437253
9-6710«3
18.6965~3

32.0527-3
58.6769~3
T1.2218-3
122.7547~3
129.9010~3

221.4050~3
285,6870~3
286+5038~3
342,20653
37446590~3

438+3470~3
454,1121.3

- 475965303

488499153
498+9010~3

513+8020~3
514.5681~3
52055433
525.,0774~3
526,9760-3

530.,7794~3
542,8500~3
551.6761~3
562.4130~3
572,1310.3

577.6880%3
580:6330~3
580.7680-3
575,3160«3
567,6060~3

666,8560~3
773,3430.3
830,2500=3
847,6310~3
860.0350~3

876.7040~3
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TABLE A2

NUCLEUS .:¢ 86+PD=105

PARAMETERS CROSS SECTIONCBAHN) AND MU-BAR
ENERGY (EV) TOTAL ELASTIC INELASTIC  CAPTURE Myu-pAR
NEUTRON SEPARATION ENERGY 9+531E' QOCMEV) ’
LEVEL PARAMETER(XI=ZERO) + 1+368E 02 -100:0000*0  18°8933%0 5693340 13°2000+0 6429983
LEVEL SPACING eesssevesess 1.110E OLCMFV) 300,0000+0  13,2586+0 5,T186e0 7.5400+0 6,6282-3
LEVEL DENSITY PARAMETER .. 1.516€ 0l(1/MEV) TAG, 1,0000¢3 9.918740 5.,6987+0 4,220040 7.4152-3
1.593E 01C1/MEV) CoM» 3.0000¢3 8.4321+0 5:6721+40 2.7600+0  10.1139-3
PAIRING ENERGY +seasrvaces L.350E DOCMEY)  TAG: . 10.0000*3 7.9210%0 5.8310%0 2.0900*0  20.4760-3
2+590E OOCMEV)  COM»
NORMALIZATION FACTOR oesse 1.430E 03(1/MEV) TAG. 20,0000+3 8,0299+0 6,249940 1.7800+0  35.4546-3
TANGENCY PCINT 4sevesaeve. 3.279E OOCMEV)  TaG, 50,0000+3 8.485640 T:27%640 1.2100+0 © 78.0813-3
6.505€ 00CMEV? COM 100.0000+3 B.8625+0 8,0665+0 796.0000~3 139,7720-3
200.0000+3 8494950 8.,4285+0 521.0000-3 232.1930-3
283,0940+3 B.785640 8.3675+0 0,0 +0 418,0808-3 286.0903~3
ADOPTED LEVELS (MEV) -
. 300,0000+3 8.7522+0 8.2699+0  79,3416-3 403,0000-3 297.0560-3
1. GROUND 572+ 509,141043 84727640 B.1588+0 186.,1440-3 382.6083-3 306.53387-3
2. 0°+2004 372¢ 22+1650*3 8469250 T749966%0 339:T170=3 356°2464«3 320°0493=3
3, 093062 172+ 347.7080+3 £+623740 T+665a+0 645.7210-3 312.1951.3 346.5473.3
4 03191 5/2* 400+0000*3 8°4830%0 6194590 102921*0 245°0000-3 400°7940«3
5. 043444 172+
(X 0-4427 772+ ~446+9530*3 8°3502%0 646560%0 1+4825%0 211°3275-3 431°2111e3
T, 0+4890 1172« 493.6960+3 fe2igleo 64358340 1,6747¢0 185.1013.3 461,8934.3
8 05607 - 3s2¢* 500+0000*3 8+2002*0 6°3174%0 1+7008%0 1B2°0000~3 4653¢5760-3
' 04,6444 172w 566,0860+3 84016240 6.087940 1.774%5¢0 1%53.7039.3 490,4395.3
10+ 06506 32+ 600°0000*3 74921740 5+9670%0 14812740 142+0000-3 503°1990-3
11, 0.6731 172+
12+ G-72T1 572+ 650+5900*3 7+7860*0 5+8302%0 1+8257%0 129°9862-3 515°4696=3
13, c.78 L 942= 656,3300+3 T:7692+0 5.8132+0 1,8274+0 128.6340-3 516.,9880-3
14¢ 09623 572+ 679:5660%3 7+7082%0 3:7510*0 108332+0 123'9457-3 522+4977=3

15, 1,001% 572+ 700.0000+3 7:65%+0 5.694940 1.8385+0 120.0000-3 527.43%40-3
. 734:0850%3 T:5661%0 546085*0 148444%0 113°2532-3 53346343~3

787.4930+3 74429240 5.4717+0 1.8535+0 103.9730=3 543.3183~3
800.0000+3 7.3972+0 5.4395+0 1.8557+0 102.0000-3 545.5860=3
900.0000+3 7.1537+0 5.2226+0 1,8359+0  93.2000-3 556,4460-3
971,5440+3 6.9385+0 3.0815+0 1.8121+0 94,9094~3 561,0012=3

1.0000+6 64922840 5.0253+0 1,8027+0  94.8000~3 562.8130-3

1.0111+6 6.8994+0 3.0038+0 1.8014+0  94.0925-3 563.2641-3
1.0974+6 64717440 4.8369+0 1.7915+0  §940129=3 566.7660=3
1.2500+6 6.3958+0 4.,5408+0 1,7139+0  81.%000-3 572,9550-3
1.5000+6 5.9322+0 4,0945+0 1.7696+0  68.,1000-3 576,8690-3

+7300+6 5.5217+0 3.6855+0 1.7755+0  60+7000-3 578,7430-3

2,0000+6 5.1581+0 3.3197+0 1.7833+0 55.1000-3 579.7230-3
2.5000+6 44564240 2.7287+0 1.7917+0  43.9000=3 579.2910-3
3.0000+6 4,1505%+0 2,3165%+0 1,7988+0 35,2000-3 5T4,997p=3
4.0000+6 3.8124+0 1.9293+0 1.8626+40 20.5000=3 %567,5960=3
64000046 4.0448+40 24117140 1.9223+0 5+3800-3 664,5510~3

8.0000+6 4.3285+0 2.5160+0 1.8112+0 1,2500=3 770.1250-3
10.0000+6 44526440 2.7300+0 1.7960+0 390.0000-6 828.3100-3
11,0000+6 4.5940+0 2.7639+n 1,8299+0 240.0000-6 846.5940-3
12.0000+6 44625540 2.7587+0 1.8666+0 160.0000~6 859.7770=3
15.0000+6 44396440 24553840 1.8425+0  30.0000-6 877.9760-3

CROSS SECTION FOR EXCITATICN OF LEVELS

ENERGY (EV) 1-5T 2=ND 3~TH 4=TH 5=TH 6=TH T=TH a=TH 9=TH

283.0940+3 0.0 +0

300.0000+3 79.3416=3 .

3094141043 105.2836~3 0.0 +0

322.1650+3 142.24%5%3° 69.4%66=3 0,0 +0

347.7080+43 214.,7361=3 203,6765=3 126.,8011~3 0.0 +0

400.0000+3 363.1400=3 484,5480-3 386,3900-3  57,9739-3

446.9530+3 365.1524~3 321.88AB=3 443,4478=3  81,4504-3 0.0 0

493:6980¢3 36T7.1559=3 539.0642=3 500.2527=3 104.8230-3 124,2959-3 0,0 +0

500+0000+3 367+4260=3 564,0760-3 507.9110=3 107,9740-3 141,0530~3 12.3519-3

366.0860+3 342.0939~3 52T7.1022-3 490.3282-3 112,4764-2 242,7508~3  37.9677-3 0.0 +0

600.0000+3 329.0940-3 508.1230-3 481,3050-3 114,7870-3 294,9400-3 51.l081~3  33,3395.3

650+5900+3 302.2272=3 4T74.6136~3 448,3831-3 108.9423-3 311,7460-3 56.2175=3 12,6816=3 0.0 +0

656+8500+3 298:9027~3 4T0.4666~3 444,3093+3 106,2191=3 313,8256=3 56.8497=3 T7.5498=3 643428=3 0.0 +0
679+566043 2a6.93R9=3 445.4179.-3 424,5266-3 10%,5947-3 321,3713.3 59.1439-3 95,21%52-1% 29,3591-3 16.039423
700.0000+3 27%.98T70-3 , 441,8810=3 416,2290-3 103,2340-3 328,1600~3 61.2077-3 111.1060~3 50.0632=3  30.4675=3

734,0850+3 2%9.0505=3 414,6972=3 390,2939~3  98,6310-3 318,4414-3  61,8495-3 119,2231.3 6%,1178-3  41,9070-3
TET+4930¢3 232.5126=3 372.1027=3 349,654T=3 91,4698~3 303,2131-3  62.85351-3 131,9547-3 88.7069=3 59.8316-3
800.000043 226.2980=3 362,1280-3 340,1380=3  89,788l«3 299,6470~3  63.0906=3 134.9350-3 94.2310=3  64.0291-3
900-0000+3 193.7510-3 309.10%0-2 2a8.,7230-3  80.1929-3 269,96p0-3  60.5712-3 137,337p-31 102,6270-3  73.623%4.3
971.5440+3 178.9636=3 286.6790-3 265,2859=3  75,7332+3 235,3879-3  61,3962-3 134.T464-3 104,5584<3  76.0203-3

1,0000+6 173.0820~3 277,6910-3 255,9640-3  73,9594-3 249,5360-3  61,7244-3 133,7160-3 105,3210-3  76.9717-3
1,0111+6 173.3034=3 275,1105~3 233,1519-3  73,3701=3 247,4488-3 61.8750-3 132,6934-3 105,2042-3  76.8690~3
1.0974+6 157.4967-3 255,0791~3 231,3226-3  68.7952-3 231,2465~3  63.0439-3 124,7554~3 104,6483=3  76.0719-3
1,2500+6 133.0950-3 219.6760=3 192,7420-3  60.7096=3 202,6110-3 65.1097-3 110.7260-3 103.5950=3  74.6630+3
1.%000+6 115,9460=-3 187,2550-3 162,2910~3 54,5541=3 174,3950~3 58.5201-3 97.4740-3 B9,4123-3 63.1016=3

1,7500+6 1ol.4440-3 160,6620=3 140,4240-3  49,3795-3 150,6120-3 51,9213-3  37,2919-3  75,8628=3 52,9478-3
2,0000+6 BR.6470-3 136,0240-3 120.7480=3 44,3066=3 128,4920=3 45.8501-3  77.,6263-3 64,9259=3  45,2510-3
2.500046 " 62.8207=3 91.2880-3  A3.5987=3  32,4877-3  87.7389=3  34.3704~3  57.3424=3 47,1722-3  33.2351-3
3,000046 39.39@6=3  55.3333.3  51,8260-3 20.9615.3  33,8773.3  23.9945.3 37,3233  32,1596-3  22,9573.3
4.000046. 12,0113-3  16.3730-3  14,5227-3 5.4820=3  16,0704=3 9.9572=3  11,5873-3  12,4199-3 8.8488=3

6.0000+46 T48.1249-5 1.0840-3 991,0751=6 399,6290~6 1,0681«3 '973.6691-6 727.9110-4 1,09T74=3 T749,0211-6
8.0000+6
10.0000+6
11,0000+6
12.0000+6

15.0000+6

pu— E; :Z -
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TABLE - A2 = 12

e ——————

NUCLEUS ++s 46=-PD~10T

PARAMETERS CROSS SECTIONCBARN) AND MU-BAR
ENERGY(EV) TOTAL ELASTIC INELASTIC  CAPTURE MU=BAR
NEUTRON SEPARATICN FNERGY 9,223E 00(MEV)
LEVEL PARAMETER(XI“ZERO) + 1+364E 02 100400000 "19+1441*Q 51544140 13+6000*0 64326073
LEVEL SPACING avassoverass 1000 GLCMEV) 300.0000+0 13.3529+0 5,632940 T+T20040 6,5357.3
LEVEL DENSITY PARAMETER .. 1.657E 01C1/MEV) TAS, 1.0000+3 9910640 5,6206+0 4,290040 7.4230-3
ol‘ilngv) CoM, 3,0000+3 84362640 5.5926+0 2,7T0040  10.4594=3
_PAIRING ENERGY «svaconarse 00¢MEY TAG. 10,0000*3 7.7954+0 5,715a%0 2.0800+0  22.000%=3
00CMEV)-  COM.
NORMALIZATION FACTOR ssses 03C1/MEV) TAG. 20.0000+3 7.8693+0 6:1093+0 1.7600+0  38.4403-3
TANGENCY POINT <.varcacnre 00¢MEVY  TaG. . 50.000043 8.2707+0 7+0707+0 1,200040  84,2213-3
6+489E O0CMEV)?  COM. 100.0000+3 84609340 7.8113+0 796.0000-3 143,7510-3

116.7910+3 8.6237+0 7.9028%0 0:0  *0 720,9249=3 163.8120%3
. 200.0000+3 8.6950+0 7.952240 235,8120=3 507.0000=3 250.3590-3

ADOPTED LEVELS (MEV)
216,0170+3 8.6691+0 7.931440 253,7350-3 483,9787+3 261.2600~3

1, GROUND 5724 300.0000+3 84533140 7.7863+0 349,7990~3 397,0000~3 31a.4180~3
24 0°1157 172+ 305+6540*3 8+5204%0 77342%0 403+81T0-3 382¢3021-3 323:9433-3
3. 0.21a 1147« 315,1430+3 8+4990%0 T¢6444+0 493.1500-3 339.4012-3 333,21p2-3
44 013028 572% 351:4p20%3 8+4171%0 742759%0 85249030-3 288:2820-3 368°7278-3
5. 0.3122 772+

6o 0+34p2 372+ 369+4500*3 8376640 7+0815+0 140345+0 260°6565=3 386°2866=3
7. 04366 972+ . 335,5000+3 a.3405+0 6.9020+D 1,1993+0 239.1934.3 401,9712.3
8 03819 32+ 396+0990*3 8°3166+0 6+7807%0 14309440 226+4398=3 412432883
9 0.3924 T/2+ 400,0000+3 8.3078+0 6.7356+n 1,3502+0 222,0000-3 41s.1a10-3
10+ 04412 T oygee 415+8840*3 8°2697%0 6°6339%n 14429740 206°0964~3 42762153
11, 044712 372+

475¢6420%3 8°1265%  6-2336*n 147334%0 159¢5035~3 470+8128-3
500,0000+3 8.,0681+0 61063740 1.8593+0 145.0000-3 488.4180=3
573,0520+3 7893140 5.866640 1.913440 113.0869=3 512,8663=3
600.0000+3 74828540 5,7910+0 1.9335+0 104.0000-3 521.8850~3
700.0000+3 74394540 3.6013+0 1,9033+0 89,8000=3 539.9290-3

800,0000+3 7367840  5,4274+0 1.8618+0  78+5000-3 551.0730-3
900.0000+3 7.la92+0 5.255440 1,8214+0 72,5000-3 55842990~3
14000046 64939340 5,0818+0 14788340  69,2000«3 363.2020-3
1.2500+6 64448740  4.642540 1.7430+40  63,2000-3 570.4370-3
1,5000+6 6.,0034+0 4,211349 1,7330+0  59.0000-3 374,6100-2

1.7500%6 5.3984%0  3.8066*0  1.736740  55,1000~3 577453503
2,0000+6 54233240 3,4390+0 1,743440  30.7000-3 579.7250-3
2.5000+6 4.628740 20832440 1.755940  40.4000+3 581.0620-3
3,0000+6 44205440 2.3951+0  1.7786+0  31.7000=3 $77.7010-3
4,0000+6 3.8570+0 1,957440 1,8821+0 17.%000-2 . 570.3370-2

6,0000+6 4:0463%0 2.1026%0 14939740 3,9100=3 663:1460~3
84000046 4.3260+0 2.49854n 1.8267+0 780.0000~6 766.8550+3
10,0000+6 4,5587+0 2.731440 14827140 2104000076 826438003
11,0000+6 41641640 2.777240 1.8642+40 130.0000-6 843.5630-3
12,0000+6 4,6773+0 2,7822+n 1,8950+0  80.0000~6 859,5230.3

- 15.0000%6 444313340 24588940 1.8447+0 10.0000-5 879.1110«3

CROSS SECTION FOR EXCITATICN OF‘LEVELS

_ENERGY(EV) 1=8T | 2=ND 3~TH . 4=TH 5=TH 6=TH T-TK 8=T™ 9=TM

11679103 0:0 . +0

200.0000+3 235,8120=3

21640170+3 248.8910=3 040 +0

300+0000+3 317.4690=3 32,3305-3

3054654043  314.0629-3 32.8272-3 0.0 +0

..315.143043  308+3466~3  33.6603-3  43.7542-3 0.0 0
351.4820+3 286:45%2-3  36,5%08-3 211,3151-3 169,8163-3 0,0 +0
_.369:450043 273.6309=3  35.4284-3 294.1665-3 253.7832-3  42,2836=3 0.0 40
385.5000¢3. 265.9621-3  29,8375-3 36a.1738-3 323,7a68=3 50,0536=3  35.53%9-3 040 +0
_.-296,0990+3 259,5770-3  %0,76Rl=3 417,0463-3 378,3172=3 104,9959~3  59,0360-3 19,7720-3 0.0 40

4004000043 257.2270-3 41,1106=3 435,0340-3 396,5470-3 114,1760-3  67.6780-3  27.0491-3 11,4174-3
415.8840+3 231.8823-3  42,3590-3 433,3573-3 397,7802-3 127,4622-3  85,2449-3  46,9098~3 45,7967-3 0.0 40
4734642043 18441530-3  47.0535-3 427.0492-3 402.4198-3. 177.4475=3 151.3343-3 121.626a~3 175.1366-3  28.0103-3
500+0000+3 160.6220-3  4g.9699-3 424,4730-3 404.3110-3 197,9220-3 178.2730-3 152,0850-% 227,8570-3  39.4276~3
573.0520+3 129,50%5~3 57.1165-3 387.2909=3 377,3124.3 196,5275=3 193,4956~3 168,1287=3 267,6a71=3 51.6900=3

600:0000+3 118.,0270~3  60,1217-3 373,5730-3 357.3530-3 196,0500-3 199,1110=3 174,0470-3 282,3800~3 36.,2135.3
7004000043 . 98+6765=3  66,4073=3 330.5690-3 333,3150-3 1g3,3190-3 202,2720-3 171,1380-3 285%,7930-3 59.7799~3
B00.0000+3  B87.4890~3 67.5507=3 296.6450-3 305.0810-3 170.4880=3 200.8710-3 162.6010~3 275,2920~3 59,6335=3
9004000043  80+2287-3  66,6975-3 269.6720-3 232.26%0-3  158.9110-3 197.9390-3 153.3690-3 261,7670-3 5B.3448-3

1.000046 75.3192-3  65.5738-3 248.3110=3 263.8a40-3 149,2040-3 194,6640-3 144,9350=3 248.5590~3  56,8760=3

1.2500+6 6843705-3 63.7208=3 210,6270-3 230,4120-3 '131,6620~3 185.8140~3 128,7040+3 220,6240~3  54,0348-3
1.5000+6 64.1288=3  £2,4204=3 185,0010-3 205.7800-3 119.7240-3 174.9540-3 117.3790-3 195.0580-3 52,1559-3
1.7%00+6  59:9297~3  60.4R%1-3 164,7120-3 154,3520-3 109.9140=3 161.5780~3 107.9830-3 178.0740~3  50.2599-3
2.0000+6 54,9237-3  57.0986-3 1a4%,9440-3 163,1340-3 99.9952=3 145,3430«3 98.4903=3 153,2940.3  47,50%4.3
24500046  42460B1=3  4T.6659=3 109,0720=3 120.2120=3  77.9131«3 108.1590=3  77.1556=3 117.8150-3  39.0454=3

3.0000+6 29.6313.3 36.,5224-3 73,5135=3 79.,4548=3 54,2204-3 71,1313 33,8991-2 78.,44533 23.,124p-3
4,0000+6 948864~3 16.04%6=3 23,449343 24,67333 17,9483=3 21,9225=3 17.8992«3 24,5035=3 9.6497=3
s-ggoo~2 475.3219=6 1:3804=3 1.1a16=3 1,2280~3 868.5163=6 1.1893=3 866,9081=6 1.2216=3 467.9980-6
840000+
10,0000+6

11,0000+6

12,0000+6
154000046 . .

-— i; :3 —



JAERI-M 5752

TaBLE A2 = 13

NUCLEUS «.:+ 47=AG=109

PARAVETERS CROS5S SECTIONCBAHNY AND MU-BAR
ENERGY (EV) TOTAL ELASTIC INELASTIC  CAPTUKE MU=BAR
NEUTRON SEPARATION ENERGY 64B24E QO(MEV)
LEVEL PARAMETERCXI=ZERO) + 6230E 01 100+0000*0  19+7443*0 6544340 1342000%0 623313
LUEVEL SPACING seceovsssacs 1:270E 01C(MFV) 200.0000+0 13.6383+0  6.1383+0 7.5000+0 6.4366.3
LEVEL OENS!TY PARAMETER .. 1.680E 01(1/MEV) TAG. 1,0000+3 9.9933+0 5.9933+0 4,0000+0 T,4021=3
1.717€ 01€1/MEY) CoM. 3.0000+3 8.3283+0 5.8783+0 2,4500+0  10.7328-3
PAIRING ENERGY «oesvssonss 1.290E O0LMEV)  TAG: 10.0000*3 1.6635%0 5.8538%0 1.,8100+0  23:3810-3
0+0 (HMEV) COM+
NORMALIZATION FACTOR svsse 1.688E 03C1/MEV) TAG» 20,0000+3 74683440 61163440 1.520040 41.2448-3
TANGENCY POINT sevasvcaee. 5.126E OOCMEY)  TAG. 50,0000+3 8.009340  6,9793+0 1.0300+0  90.1660~3
3.864E D0CMFYY COM, 86.8466¢3 8.,2357+0 T,48B0+0 0.0 +0 T4T.6809=3 142.56842-3
100,0000+3 8.3008+0 7.5908¢40 9.9411=3 700.0000-3 157,7680-3

134,0290+3 8.33p1+0 7.730040  19.2943-3 580.7881-3 190.6002-3
ADOPTED LEVELS (MEV)
200,0000+3 8,387140 7.8982+40  38.8829-3 350.0000-3 254,2510=3

1. GHOUND 172~ 300.0000+3 84267140 74822540 84,5820-=3  360.0000-3 316,9880-3
2+ 0+08803 Ts2* 27+3090%3 8-2368%0 747033%0 1932280=3 335+2928-3 329+9665-3
3. 0.1328 942+ *00.0000+3 8.0921+p T408%6+0 757.9360-3 250.0000-3 391,9690-3
4 0°3144 3/2w 4194143043 810556*0 649819%0 890°'2g10=3 233¢3736=3 403°0813.3
Se 044153 52~

[ 0+7019 372+ 530+0000*3 7+9013% 6+52a1%0 1:1966*0 130°0000=3 450°0180-3
7. 0.7244 3424 600.0000+3 7.70%9+0 6421%2+0 1,3387+0 152,0000-3- 482,3310.3
8 0-735% ss2¢ 700400003 T:5107%0 5499550 1+3732%0 142°0000-3 501¢9100-3
9. 0.8398 7147« 708.39%0+3 7+4948+0 5.9713%+0 1,3830+0 1lap.1906-3 503.7423.3
10 0+8627 572« 731:1030*3 7+4506%0 5490550 114096*0 135°5121-3 508°6985=3
11, 05695 5724

12+ 69110 1/2~- 742+1040%3 7+4293%0 5+8735%0 1+4225%0 133+3524-3 511°0996-3
13, 0.9123 372¢ 800.0000+3 7.3174+g 5.7037+0 1.490T+g 123.0000~3 523.7360-3

847°5710*3 7°2270%0 5+5884%0 1:5232%0 115°4000~3 530*8293-3
870.6830+3 T.la3l+y 5.5320+0 1,5391+40 112.0223-=3 534.2756-3
877.5060+3 7.170140 5+5152+40 1.5438+40 111.0553+3 535.2939-3

900.0000+3 7.127440 5.,4601+0 1,5592+0 108.0000+3 538.6470~3
919,4300+3 7.0912+0 5.4165+0 1,5700+0 104,7752+3 $40.8927-3
920.7420+3 7.0858+0 5,413540 1,5707+0 106,%634~3 541,0444-3
1,0000+6 6.941240 5.2333+0 1.6147+0  93.0000~3 %50.2050-3
1.2500+6 6492140  4.7546+0 1.659540  78.0000~3 564.9640-3

1.5000+6 6,0683+0 4.3143+0 1,6790+0  75.0000~3 573.3250-3
1,524046 6,0303+40 4,27139+0 1.6818+0  74.5784~9 574,1038-2
1,7500+6 5.6719+0 3.8927+0 1.708140  71.0000~3 581.4480~3
2,000046 52307940 3.4977¢0 1.7453+0  65.0000~3  590.3460-3
2.5000+6 4,6983+0 2,8557+n 1.7916+40  51.0000=3 600.7340=3

3.0000+6 4.2699+0 2,4059+0 1.8235+0 40.0000-3 598.7060~3
4,000046 3.9116+0 1.9430+0 1.9266+0 22.0000-3 581.6900-3
6,0000+6 4.0437+0 2.0846+0 1,955540 4,7000-3 661,3240=3
8.0000+6 4232134 2,4762+n 1,844240 91040000~6 762.5750=3
10,0000+6 4.5922+0 2.7301+0 1.8618+0 260.0000-6 823.9780-3

11,0000+6 4,6875+0 2,7889+0 1.8984+0 200,0000-6 844,2530-)

12.0000+6 4,7226+0 2.8041+0 1.9183+0 100,0000=6 859,1040-2
15.0000+6 41467840 2.6232+0 1.8446+0 10,0000-6 880.2370-3

CROSS SECTION FOR EXCITATICN OFf LEVELS

ENERGY(EV) 1-5T7 2=ND 3«TH 4=TH 5=TH 6~TH T=TH a=T™ 9-TH

8B4+8466+3 0.0 3

100+0000+3 9.9411=3

134,0290+3 14.4717=3 Gal *
200+0000+? 3%.0097-3 34873243
300.0000+2 72:06%1=3 1243168=3

317.3090+3 T6+¢5031=3 14.0368=3 0.0 +0
400+0000+3 97.7048=3 21.2984=3 634,5320-3
4194143043  100:5485=3 22.4042~3 674,7044~3 0.0 +0
500.0000+3 112.560n=3 27,0789=3 827.4910-3 229.5240-3
6004000043 132+6560=3 33.8202=3 808,3370-3 363,8370~3

7004000043 134.5300~3 42.1158+3  76%.3330-3 411,1sl0-3

708+3950+3 153,§115=3 42.4394=3 T75%4.0568=3 408.8409-3 0.0 +0

731.1030+3 151.8679=3 43,31%4=3  723,5555-1 402.5110=3 39.2723=3 0.4 +0

742.1040+3 1%0.9283=3  43.7397-3 7TpA.7789-7 399.44a5-3  53.2979-3  13.6642=3 0.0  +n
800,0000+3 145.,9710=3 45.9726=3 631,0130-3 383,3060-3 158.4260-3 85.6009-3 40,4131-3

847.5710+43 138,8715-3  45,9a32+3 981,3803-3 364,3042-3 203,4020-3 107.1073-3  57,572p~-3 0.0 +0

870.6830+43 135.4223-3  4%9.993T-3 557,2666-3 355,0724-3 225,2532-3 L17,5560-3 65.9088-3 8,8455=3 0.0 +0
877.5060+3 134.3980=3  45.99R0-3 550.1062~3 352,3310-3 231,7419~3 120.6587=3  68.380l=3 11,47223 9,8603-3
900+0000+3 131.0470~3  46.0053=3 524.6790=3 343.3620~3 252,9710~3 130.8100~3 76.4a27-3 20.0659=3 20.7791-3
9194430043 127.6316-3  45,28%2=3 508,4508-3 332,4806=3 256,4742-3 130.413%4-3  T7.7440=3  25,9558=3 - 34,7340-3

920,7420+3 127,4223=3  45,2365-3 507.2199.3 331,7031.3 256,71p8-3 130.3pa7-3  77.8291-3  24,3535-3  35,6763.3
1.0000+6 113,5T20~3 42,2990-~3 432,8640-3 287,1530~3 271,0010-3 12a.7790-3 B2,9740=3 50.3792-3 92.6003-3
1.2500+6 109.8090~3  46.9937-3 324.4560=3 234.0530~3 257.7940-3 122.3050-3  93.0699~3  79.1382-3 153.4130-3
1.5000+6 12n.50%0-3 58.4094+3 277.6960-3 213,.8640-3 232,764@~3 124.1950=3 1p3%.5510-1 y3.4084-3 163.9080-3
1.5240+6 120.3699=3  58.8408=3 273.032T=3 216.5743-3 229.2%89-3 123.4533-=3 105.5739-3  93.5189-3 162.8020-3

1.7500+6 119.,10%0=3 62,9088=3 229,0590-3 194:9830=3 196,2070-3 116.7720-3 '106.7330-7  94,5607=3 132,3730-3
2.0000%6 9A4+9580=3 55.263T-3 169.5850=3 152,3000~3 147,7760~3  95.5980-3  91.4981=3  80.5394~3 122,4750-3
2.5000+46 584786T=3  36.3765=3  83.6080-3 80.7811=3  75.4131=3  55.8448-3  56,7643=3  389,3697-3  68.7251.3
3.0000+%6 32.60?1-3 22.2072-3 39.1703=3 39.8141a3 36+2046=3 29.7334-3 31.6356-3 27.1alg=3 35.3063-3
4,0000+6 94151923 T.24923 8,5165<3 9,4012-3 7.9426=3 - 7.3588-3 8.,4455-3 7.8167-3 84523623

6.0000+6 520,241p=6 960.1380-6 9444,9231.6 535,1890-6 424,3050-6 37%,2710-6 467.6450~6 512,7140~6 506.1079-6
8.0000+6
10.40000+6
11,0000+6
12,000046

15.0000+6
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PA

RAMETERS

NEUTRON SE:
LEVEL PARA
LEVEL SPAC

PARATICN ENERGY 64461E
METERTX1~2ERO) + 5¢34BE
ING seesssessves 24100E

LEVEL DENSITY PARAMETER ., 1.587TE

1.499€
PAIRING ENERGY +eeevsasves 1.700E

0.0
NORMALIZATION FACTOR eeree 1.A39E

TANGENCY eCl

ADOPTED LE

ENERGYCEY)

27¢9871+3
50,0000+3
1004000043
200+0000+3
2804597043

300.0000+3
400+0000+3
491.1910+3
500.0000+3
5634945043

600.0000+3
700.0000+3
T01.4220+3
735.3250+3
TT4+912043

800.000043
8364389043
851.6070¢3
900:0000+3

1.0000+6

1.058646
1.0602+6
1120446
1.125846
1.2500+6

1.50004+6
1.7500+6
2.0000+6
2,5000+6
3,0000+6

4,000046
6.000046
8.0000+6
10:0000+6
1110000+6

12.0000+6
15.,0000+8

CINT cveuvvaaara 4.R63E

3.6%4€
VELS (MEV)
1, GROUND 172+
2. 002777 572+
3. 0.27842 572+
4. 0°+38738 2+
3. 0:959%7 172+
6 0469598 1172+
T 0472962 972+
ar 07689 T/2=
9 048299 3712+
10 0*84a50 T/2=
11, 1.0%0% 92+
12- 1+052 s72%

13, 1,1117s 372+

TABLE

JAERI-M 5752

NUCLEUS +e¢ 53=[ =129

00¢MEY)

02

01 (KEV) X

01¢1/MEV) TaG,

01C1/MEV) COM.

00(MEY)  TAG.
(MEV)  COMe

03(1/MEV) TAG.

00¢MEY) TAG,

00(MEV}  CoM.

CROSS SECTION FOR EXCITATICN OF LEVELS

1=57 2=ND

0.0 +0
409,9110=3
3164875%0=3
%61.6800~3
550.0628-3 0.0 +0

547.2660=3  54.2981-3
504.6550-3 172.0000-3
490.8906=3 224,4895-3
489+9610-3 229.5600-3
481.4477=3 247,9447-3

526.8730-3 2%B.3170-2
474,71%0=3 279.6040-~3
474.0898-3 279.3535-3
859.1347=3 278.3303-3
441.7807-3 276.9454-3

430.7510-3 276.0550-3
413,2519=3 269.2939-3
405.9337=3  26b6.9664=3
382.66203 257.4750-3
251.0300-3 246.2620=3

335.2806=3 239.2454-3
334,8452-3 279.0915~3
31846658=3 231,8434=)
316.4301=3 230.8474<3
283.8510=-3 " 216.3330-3

224,3840-3 182,4420-3
173.0760-3 147,3170-3
132.2460-3 115.9720~3
76.4869=3 69427063
43.2267-3  39.8892-3

12,12813  11,5046=3
783,9731-6 715.06%0-6

3-TH

0.0 _+0
7.8991=3
25.4247-3

3%5.3064-3
33.4980-3
53,7002~3
54.5211-3
64,1502-3

67.7176-3
70,0533-3
71,0302-3
74,1364-3
79.6071-3

80,8539=3
80,8884=3
82.1693=3
4?.3463=3
84.9255=3

6872.2430-3
73.4743=3
£2,2345-3
40,8688=3
24,9450-3

7.6905«3
493,6500-6

4=TH

0.0 +Q
5.1589-3

CROSS SECTION(BARN) AND My=BAR

ENERGY (EV)

100+0000*0
300.0000+0
1,0000+3
3,0000+3
10,0000+3

20,0000+3
27,9871+3
50.0000+3
100.0000+3
200,0000+3

280.5970+3
360.0000+3
400+0000*3
491,1910+3
500+0000%*3

563+9450*3
600,000043
700+0000*3
701,422043
735:3250+3

77449120%3
800.0000+3
836°3890*3
851.6070+3
900.0000+3

1,0000+6
1,0586+6
1.0602+6
1.?20&05
1.1288+6

1,23004+6
1,3000+6
1,7500+6
2,0000+6
24500046

3.0000+6
4.0000+6
6.0000+6
840000+6
10.0000+6

11.0000+6

12.0000+6
15.0000+6

5=TH

10.6913-3

10.7577-3
12.3420~3
1a.1918-3

15,3641-3
16.5374-3
17.02a1=-3
1p.58a5-3
21,7645=3

23,0729-3
23,1090-3
24.4531=3
24,6389-3
27,3453-3

29,6134-3
28464423
25,7174-3
14.2737-3
11.7315-3

3.8255-2
253,0550-6

0.0 40
57.206%~3
124,0037-3

166,3360=3
150.9407=3
187.0685=3
206.4710-3
227,8330-3

227,943423
227,9465=3
228.0%99-3
228,0756=3
228,3040-3

155,9820-~3
148,9260-3
117,5410-3
70.2118-3
40,3925-3

12,0207-3
820,7399=6

— i; Es —_

TOTAL

477344%0
29.1309+0
17.70a5+0
11.9040+0

84426340

T+26%3+0
T.0174+0
6.3341+0
5.9586%0
5.8434+%0

5.9096+0
5.9255+0
6+0398%0
6.1899+0
6°2025%0

6-2g72%0
6.3350+0
6°4491%0
6.450440
b*4platg

6431760
64340640
63652%0
641575440
64+6081+0

646518+0
64634940
64655040
64638140
646586%0

64664940
6.5659+0
6.392640
6+179940
5.7310+0

5.320740
4,6708+0
41155640
4,3989+0
- 4.,6976+40

4.7783+0
4,8190+0
448422+0

6=TM

0:0 +0
68.9704-3

112,6a00-3
133,4539=3
142.1559=3
169+7960=3
194.2150-3

196.,4975=3
196.5606-3
198+9054=3
199.2294=3
203.9510%3

1g4,2780-3
15%.913p-3
126.5580~3
77+1094=3
44.2330=3

12,9394=3
844.T630~6

ELASTIC

17-0344%0
14,6509+0
11.7545+0
9.2940+0
7.2063%0

6,4213+0
643544%0
5:4871+0
3.1767+0
3:0967+0

5,1%11+0
5.1630+0
512352+
5.3249+0
5+3335%0
5+388%*%0
5,6198+0
5+4895%0

5.487340 -

5°4264%0

5°3720%0
5:3289+0
5°2973%
3.2839+0
5.2402+0

5.:1849+0
5:1439+0
5.1428+0
340999%0
5.0939+0

5.003440
4,7%32+0
4,477940
44194740
30642840

34156140
2.871340
2,07340
2,313440
2,663140

2,7861+0
2.8626+0
2.8604+40

T=TH

0.0 +0

41,7849«13
66,0178-%
76.1521=3
108.3790-%
139,9370-3

143,9190-3
144,0277-3
144.0671-3
lag,6253-3
156.7590-3

l46.5710-3

13p.5%20-3

11
48.7050-2

15,7400~3
1,1343-3

INELASTIC

0.0 -
409,9110-3
516,8750=3
561,6800-3

393,7860-3
601,5630-3
676+6540-3
722,5760-3
727+0200-3

798:11090~2
775.6550-3
818+5080=3
822,5300=3
920+3620-3

1+0363%0
1,1107+p
1°1723%0
1.1941+0
1.2807+0

1,3853+0
1,434240
1,435540
1.485940
1.4929+0

1,59514+0
1,7706+0
1,8837+0
1.96l0+0
2:0726+0

2,1537+0
24194240
2.0813+0
2,0825+0
2,03444+0

1.9901+0
1,9364+0
1.9818+0

8~TH

0.0 0
3,2568~3
173,6134-3
25,66405-3

29,2216-3
29,3206-3
32.9995=3
33,5078-2
40.9157-3

47.9519+3
49,2376-3
46,0242~3
33.7092-3
21.%639-3

7.0021-3
466 ,6500~6

CAPTURE

30+7000+0
14.5000+0
5.9500+0
2.6100+0
1,2200%0

844,0000=3
663.0020-3
437.0000-3
265.0000=3
185.0000-3

164,7317-3
161.0000~3
148+0000=3
142,4689-3
142:0000-3

140+6766=3
140.0000-3
141+0000=3
14g,2869.3
124467983

109°3694=3
101.0000-3
99°5487=3
93.4237=3
87+2000=3

81+6000=3
76,8156=3
13.6 11-3
72,326%=3
T1,76113

644.4000-3
42,1000-3
30,9000-3
24.2000-3
13+5000=3

11,0000=3
5.2600~3
990.0000=6
210.0000-6
50.0000=6

30.0020=6
20,00 =6

9=TH

0.0 _+0
49.5191-3
98.8885-3

197.3404-3

107.5740-3

116.2567-3

117.4565-3

134,9400-3

131,8040-3
120.0470~-3
105.7020-3
74.5358-3
47.1788-3

15,4045-3
1,1243-3

My-pAR

5+2400~3
5,3466.3
5,9468-3
80473723

20.2810-3

29,1800-3
55.9007~3
101.9840-3
188.7960+3
301.8830-3

352.2722-3
364.4030-3
401+5490-3
4l9.9568-3
421+7350-3

429+6028=3
434,0390-3
482+3840-3
442,7714.3
452+0072-3

4627915-3
469,6260-3
4761359603
479.1754-3
488.1300-3

502.1930=3
510,581443
310481323
519.4255-3
52046190=3

537.9670=3
576.2280-3
610.4010=3
638,4050-3
674,3250=3

686,9790=3
671.9310-2
653,9220-3
724,3750-3
803.6320-3

831,7340~3
852.5350-3
883.6710~3
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TABLE A2 - 15

NUCLEVUS .+t 58=XF=131

PARAMFTERS B CRESS SECTICN(BARNY AND MU-BAK
ENERGY CEV) 10TAL ELASTIC INELASTIC  CAPTURE MU=BAR
NEUTRON SEPARATICN ENERGY 8.992E 00CMEV)
LEVEL ‘PARAMETER(XI~2ERC) « 3-TU4E 02 100:0000%0  53+8356*0  23:6396%n . 30+2000+0 5-156T-3
LEVEL SPACING ,evaisvecsse 3.200E OLCMFV) 300.0000+0  37.6072+0  19.2072+0 13.4000+0 $.2498-3
LEVEL OENSITY PARAMETFR .. 1.614E 01¢1/MEV) TaG, 1,0000+3  19,5205+0  14.310%+0 54210040 5.7816-3
1.497€ 01C1/MEVY Come 3.0000+3  12.8704+0  10.6T04+0) 7.2000+0 8.0657«3
PAIRING ENERGY rsevsvassea L.120E O0CMFV)  TAG. 10.0000+3 8.8515%0 7.8515+0 1.0000*0 19.0341-3
2.160E 00CMEV)  COM.
NORMALIZATION FACTOR o.ves 1.B99E 03C1/MEV) TaGe 20,0000+3 1.470+0 6.7960+0 693.0000=7  36.983423
TANGENCY PCINT ., weve 9.THSE OOCMEVD TAG,. 50,0000+3 6.3617+0 5.9877+0) 514,0000-3  90.7141e3
5.796E COCMEYY  COM» 80.7772+3 0.068200 $.7642+0 U.0 U0 304.0313=3 140.9874-3

100,0000+3 5.8Ra9%y 5.8187+0 2y1.23303 265,0000~3 172.3870-3

165.243043 5.7718+y 5.26457+n  323.6600-3 202.6949=3 246.4678-3

ADOPTED LEVELS (MFV)
. 200,0000+3 5.T11640 5.1345+n 3¥0.1140-3 183.0000-3 285,9330-3

1, GROUND 3124 300.000G+3 5.Tp6&0+U 9.1687+0  467.2740=3 1%0.0000«3 348.2770-3
2. 0:08016 1r2+ 228+2880%3 $+B268%y 501122+ 582-0200~3 132:5223=3 36%:6399=3
3, 0.16398 11/7a 357.2760+3 5.8830%y 5.0%694n T42.6000~3 113.5750-3 389.5703-3
4 0432578 372+ 400°0000*3 5+9303% 4+9697*) B79-5550~3 101+0000=3 409:6560-3
5. 0.36447 542+ .

[ 045030 5/2= 500°-0000*3 6°0y08*y 449132 14095540 79410003 443:4740=3
7. 0.6370 577+ 506.8730+2 6.1ala+ 4.913g+q 1.1097+u  77.8552-3 444,9696-3
8 07229 T42* 600°0000*3 6+2453%y 4°9248% 1°2624%0  64°0000=3 465:2340-3

641,90%5043 64302840 4.9339+a 1.308340  60.5530-3 471.0207-~3
700.0000+3 6382640 4.9540+0 1.3721+0 56+4000-3 479.0430=3

T28.466043 64419240 8.9598+0 1.5016+0  53.8493=3 442,6311.3
735.6210+3 6.423540 4.96124+0 1,4090+0  53.2416-3 283.5330-3
800.0000+3 6,4974+0 4,973%+0 L.475R+0  48.3000-3 491,6480-3
900,0000+3 6:5873+0 4.9850+0 1.5582+0  44.1000-3 503.2350.3

1.6000+6 6.6516+0 4,9790+0 1.6311+0  41.4000~3 515.4340-3

1.2500+6 6.707640 4.B8892+0 1.783T+0  74.7000=3 549.5750=3
1.500046 6,639640 4,7163+0 1.8930+0  30.3000-3 585.5100-3
1,750046 6,48T840  4,491540 1,9697+0  26,7000-3 618,7010-3
2,0000+6 6.2896+0 4.2333+q 2,0276+0  23.7000-3 696.456043
2,5000+6 5.8518+0 3.7134+0 2.1201+0  18.2000-3 682.6720-3

3.0000+6 %5.432249 3.2329+0 2,18%5140  14,2000~3 695.6800=3
8,5000+6 4,T44140 2,53404+0 2,20284+0 7.2200=3 679.8660=3
6.0000+6 4,1834+0 2.0867+0 2.0953+0 1.4400-3 654.4410-3
8.0000+6 4.40%6+0 2.3064+0 2,0969+0 330.0000-6 721,6760-3
10.0000+6 4.6882+0 2,6516+0 2,036440  90.0000-6 801.9270-3

11,0000+6 4.7T124+0 2,77794+0 i.9932+0 50.0000-6 830,4640=3

12,0000+6 8,82a1+0 2,8598+0 1.9643+0 30.0000=6 B51.6540-3
15,0000+6 4.887140 2.8797+0 2.0075+0 845,8780=3

CROSS SECTION FOR EXCITATICN CF tEVEIS

ENERGYCEVY) 1=-8T7 2-ND 3=TH 4=TH 5=TH 6~TH T=TH

80.7772+43 0.0 +

100.0000+3 201.2330-3

165.2430+3 312.1383~3 0.0 +0
200.0000+3 371.2210-3 18.8974=3
300.0000+3 415.1310-3 52+1224=3

328.2880+3 400:6970-3  60,3836=3 0.0 +0

367.2760+3 360.7913=3  72,2176=3 138,5909~3 0,0 +0

400.0000+3 36440880=3  #1,94725=3 259.4670-3 178.0210-3

500+0000+3 37646690=3 100.3140-3 3734,1390-? 333.3660-3

506873043 324.7018=3 100.4310-=3 338,2220-3 334,0405-3 0.0 +0

600.0000+3 298.0470-3 102,0170-3 339,3460-3 343,1790-3 179.3490-3

641.9050+3 289.3195=3 103.30%6~3 136,3577~3 " 139,29p8-3 203,4759-3 0.0 40

700.0000¢3 277.2200=3 105.0920=3 333.4080-3 333,8240=3 236.2310-3  B6.3412~3

728+4660+¢3 272.93%1=3 101.1%a9-3 230,3670-3 329.1314.3 23¢,1431l-3 1yl.21753 0.0 0
T35.621043 271.3575=3 100.1702=-3 . 379,6026=3 327,9519=3 239.8750-3 104.9567~3 T.9119-1

800.0000+3 260.7620=3  91,2750-3 322,7250-3 317,33¢0-2 246.4610-3 134.6010-3 79.lpls-1
900.000043 246.5240-3  45.2810-3 312,9330-3 307.9190-3 247.89%50-3 163.0740=3 110.4070-1
1.0000+6 232.4330=3  80.8559=3 307,8630-3 300.2630~3 244,1320-3 175.8740-3 124,2440~3
1.250046 19%.v21g=3  72.4224.3 271,32p0-3 275,81p0-3 224.4790-3 186.0480-~3 13%.8340-%
1.5000+46 158.4250=3  6£4,8293-3 230.8400-3 239,1320-3 193,3870-3 174.1070=3 134.2000-7

1.7500+46 124.0200-3 57.1alg-3 1a7,3480-3 197,3200~3 169,0100-3 153.2070-3 123,4630-1
2.0000+6 94.4818-3  49,3R66~3 146,3480-3 156,8450=3 138,6580-3 132.2340-3 106.5810=1
2.5000+6 51.5471-3  34.8417-3  82,5292-3  90.771721-3  64.46764=3  £1.3699=3  63.3a171-1
3.0000+6 ?76.4882-3 22,6010~3 43,42p5-7 49.1942-3  47.0995-3 A45.2416-3  40,4313-1
4.0000+6 6428743 7.5976=3  10.6945=3  12,7277-3  12.5304-3  12.0352-3  11.5338-3

6.0000+6 299,511g~6 636,0951=6 532,5461eh 670.45706 135.133le6 6%9.9530-b 676.1800-6
8.000046  18.0816=6 52,8%17-6 32,9126  42,8650~b 468,9813-6  41.4756-6  45.817%-5
10.0000+6
11.0000+6
12.0000+6

15.0000+6

— i; 6 pu—



_ PARAMETERS

NEUTRON SEPARATICN _ENERGY 6.TO1E
LEVEL PARAMETER(XI=ZERO} « 5+060F
LEVEL SPACING tseasseacsas 24%A0E
LEVEL DENSITY PARAMETER .. 1.613E

PAIRING ENERGY seeuvae

NORMAL1ZATION FACTOR .
TANGENCY PCINT +avyvess

ADOPTED LEVELS

ENERGY(EV)

810614343
100.0000+3
161.7170+3
200.0000+3
300.0000+3

385.7030+3
400.0000+3
440415043
443,337043
500.0000+3

600+0000+3
700+0000+3
800+0000+3
900+:0000+3

1.0000+6

1.2500+6
1:5000+6
1.7500+6
2.0000+6
2.5000+6

3.0000+6
4.0000+6
6.0000+6
8+0000+6
10.0000+6

11,9000+6-

12.0000+6
1540000+6

1.
2
3.
'y
5.

C(MEV)

GROUND
0°0810
0.1605%
03828
0.2371

1.485¢
«+ lanaog

4.668E
3.619€

Ti2+
542+
5474
3/72¢
17+

TABLE a2
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NUCLEUS ..+ 55=CS=133

og(nEv>
01(MEV)
01(1/MEV)y TAG,
01€1/MEV) COM.
00¢MEV?  TAG.
(MEV)  COM«

o

£ 03(1/MEV) TAG.

OO(MEV)  TAG.
00(MEV}  COM.

CROSS SECTION FOR EXCITATICN OF LEVELS

1-51

0.0 0

257.8330-3
338+54T1-3
388.6140=2
392.6220~3

400.8238-3
402.1920-3
40249550-3
403.0102-3
404.0800-3

398+4450=3
387.8020-3
376+2130-3
361.6680-3
385.9710-3

3013.9720-3
262.4170-3
22645150=3
197.9300-3
159.9500-3

139.1990~3
126.1670-3
158.0350-3
214.223¢-3

2=ND

0.0 +0
1la9,7740=3
256.9610-3

294.9926~3
301.3370-2
309.6770~-3
3210.2p00~3
321,9730-3

33042590~3
330.6070=3
327.7770-3
320.7a40-3
311.5060-3

281.,4530-3
247.5450-3
216.1050=3
190.1390-3
154.8110-3

195,2110~3
122.5780-3
153,0000~3
211.6940=-3

3=TH

0.0 40
13,0611-3
23.7609~3
24,3345-3
19:5360-3

58+8573=3
73.4354=3
84,9710~3
93,5696-3
99,8344-3

106.6740-3
104,0080-3
96+6033-3
8A+2075-3
74.8421=3

67,2787=3
64.3923=3
87474323
128.1p%0-3

4=~TH

0.0 40
388.27a1=6
7,9177-3

13.1209-3
17,4871=3
21.7122-3
25,60733
29.0a30%3

35,0846=3
36.96%52=3
36.0693=3
33.9%20-3
29.8563-3

27,5047-3
27,50a5-3
40,1633-3
$9,9228-3

CROSS SECTION(BARN) AMD MuU=BAR

ENERGY(EV)

100:0000+*0
300,0000+0
1,0000+3
3,0000+3
10.0000*3

20.000043
50,0000¢3
81,6143+3
100,0000+3
161.7170+3

200,00004+3
300.0000+3
385°7030*3
400.0000+3
440+4150+3

44343370%3
500.0000+43
600.0000+3
700.0000+3
800.0000+3

900.0000+3
»0000+6
1.2500+6
1.500046
1,7500+6

2.0000+6
2.5000+6
3.0000+6
4.0000+6
6,000046

8.0000%6
10.0000+46
11.0000+6
12,000046

5,0000+6

~87—

TOTAL

62+1923%0
37.3463+0
22.024140
14.2214+0

9.4697*0

T.832640
6.8506+0
6.0648+0
5+8404%0
5.6840+0

5.587040
54646340
5+7767%0
54798540
5+8709%0

5+8762%0
9.9778+40
6.1564+0
643199+0
6.9610+0

645759%0
64663240
6:7663+0
64731340
6.,602240

644186%0
5:989740
5:5577%0
4,8311+0
4,221049

4,4090%0
4.6777+0
4:7659%0
4.8302+0
4,93334p

ELASTIC

244392340
20.1863+n
15.2241+0
11.3714+0

8.2297%0

64992640
5.946640
5.7049+0
5.2695+0
5.0257+0

44848640
4,8287+0
419149%0
4.,9288+0
4+9633%0

4:96T9%0
5:0165+0
5.:0545+40
5.0857+0
5,111440

5.1211%0
S:«11ggen
5108250
24896640
4,7015+0

4:475840
3.9893%+a
3.523140
2.8120+0
2,33544n

2+6317+0
2.6%1¢p+0
2.7584+0
2.8439+0
2.883%0

INELASTIC CAPTURE

3748000%0
174200040
64800040
2:8500+40
1/2400%0

© 840,0000-3
504,0000-3

0.0 40 339,9017-3
257,8330-3 313,0000-3
428.,8340~-3 229,4321.3

338.386C-3 200,0000~3
649,5880+3 . 168,00800~3
707+0130-3 154°8212-3
716,6480-3 133,0000-3
761:1190-3 134393523

764+3460«3 143+9279.3
827,2800-3 174.0000-3
997.9330-3 104.0000-3
1.1394+0  84.8000-3
1,2395340  64.2000-3

1.,4000+0 54+9000-3
1,4993¢0 47.9000-3
1.6883+0 35450003
1,8067+0 28.0000-3
1,8740+0 22.7000-3

1.923940  18.9000-3
1,9g71s0  13,3000-3
2.0248+40  9:8300-3
2.014240  4.8300-3
1,8646+0 970.0000-6

1.777140  220.0000-6
2,0466+0  60.00006
2.0076+0  4040000-6
1.9863+0  20,0000=6
?,050l40

HMU~BAR

3+0757"2
5.1548.3
5:6129=3
‘Te6214«3
17.5610~3

34,2557-3
85,:5297-3
137.0857-3
167.0630=3
2840.6%62-3

286,3060-3
332.3710-3
382+1348-3
387.1000+3
396°3542-3

39740233-3
409.9980-3
43043270=3
446.7090-3
461,4820-3

476.1160-2
491,2120.3
53047810=3
569.3040=3
602,4920-3

62814030=3
658,4720-3
665,2120=3
639,2180-3
586,7750-3

628,1850-3
801,0570-3
829.96870-3
851,5970-3
887.3040-3
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NUCLEUS .4¢ 55-C5~-13%

PARAVMETERS CROSS SECTION(BARN) AND MU=BAR

. ENERGY (EV) TOTAL ELASTIC INELASTIC CAPTURE MU~BAR
NEUTRON SEPARATICN ENERGY 6.871€ OC(MEY)

LEVEL PARAMETER(XI-ZERO} + 1+222E 03 100:0000*0  59:6679%0  43:0679%0 26°6000%0 4499823
LEVEL SPACING seosecsvecss 6,000E DL(MFV) 300.0000+0 41,5885+0  30.988%+n 10.6000+0 5,0673-3
LEVEL OENSLTY PARAMETER .. 1,355E Q1(1/MEY} TaG, 1,0000+3  24.,265440 20,5254+0 3.740040 5.4715=3
1,235E 01(1/MEY) COM. 3.000043  15,4303+0  13,9403+0 1.,450040 7.2706=3
PAIRING ENERGY eevre o+ T.D00E~D1{MEV) 23g~ 10,0000%3  10.0272%0 9.3572%0 670.0000=3  16,3779=3
0.0 (MEV) .
NOHMAL!ZATION FACTOR ¢vees 1.A43E 03C1/MEVY TAG. 20.0000+3 8,1499+0 7.,6999+0 450.0000-~3  31,98%9-3
TANGENCY PCINT euveceanaes 4.311E OOCMEY)  TaAG. 50,0000+3 6544440 64293440 251,0000=3  80.9709=3
3.603E 00{MEV)  COM. 100,0000+3 5.8189+0 5.6529+0 166.0000=3 152,4110+3
200,0000+3 $,4954°0 5.3754+0 120,0000-3 246,4860~3
251,6660+3 5.5185+0 5.413540 0,0 +0 104,9312.3 231,7876-3
ADORTED LEVELS <{MEY) -
300,0000¢3 5.5400+0 54221940 223,4000¢3  94,7000+3 312,9520=3
1. GROUND Tr2e 460,0000+3 5.6972+0 5.2876+0 - 357,4690=3°  82,1000-3 348.7150-3
2. 042498 ss2+ 411+2500*3 5+ T190%0 54268740 369+1960=3  81+1687=3 351:0312+3
3. 0.4082 372+ 500.0000+3 SeB9llsg 54354240 462,03%50=3  74.9000-3 369,3030-3
4 016086 872+ 600°0000*3 6+0891*0 54820%0 53493303  72¢1000-3 38144570-3
5. 0.780 1172+
b 0°9817 1/2% 61341470%3 6+1133%0 5°3910%0 550¢5580=3  7148298=3 383¢2035-3

7. 1.n626 372+ 700.0000+3 6273840 5.5497en  653,9160=3  70.2000-3 394.7410-3
: . 78%+8260%3 6+4132%0 $-5390%0 810°7820-3  63-3916=3 410¢2319-3

800,0000+3 64436240 5,537000 836.7950=3  62.4000=3 412,8430=3

900,0000+3 6,3713+0 5.482840 1,0384+0  %0.2000-3 433.9320~3

989,0350+3 61665540 5,475540 1.189340 26,6935«3 448.8605+3
1,0000+6 6.6771+0 $,474540 1,156340  46,30003 350,6990=3
1,0705+6 6.7166+0 51460040 1,2113¢0  45,2338«3 4562,1649~3
1,2500+6 6817040 5.,422340 1,3817¢0  42,9000-3 491,3350-3
1,500046 64807440 54277340 1.,4368+0  43,3000-3 531,3580~3

1,633146 647376+0 5.1721%0 1,3568+0  38.7466=3 349,5488~3
1,7127+6 6.7118+0 5.108640 1.566T+Q  36,4108=3 560,42%6u3
1.7500+6 6.5950+0 5.0789+0 1.580840  35.4000=3 565,523043
2,0000+6 6452184 4.6716+0 1.p334+0 13.6000-3 6la,319043
2,%000¢8 6.0972+0 3.9709+0 2,1187+0 7¢3800~3 679.8660=3

3.0000+6 5.6585+40 3.438840 2,2115+0 4,1400=3 703,2420=3
4,0000+6 4,899540 2,6a28+n 2,2150+0 1,6900=3 691,7420~3
> 6.0000+6 4.247040 2.1198+0 2.126840 410.0000=6 636,3550-3
64000046 4.804840 2,2843+n 2,3223¢p 130.0000~6 717.35603
10,0000+6 4,666740 2,6177+0 2,008940  40.0000=6 799,0330=3

11,0000+6 4.760740 2,747840 2,0128+0  30.0000=6 B28.3640=3

12,0000¢6 4,8356+0 248383+0 1,9972¢0 20.0000=6 B850.4030=3
15,0000+6 4,9728+0 2,8997+0 2.0731+0 887,3700=3

CROSS SECTINR FOR EXCITATICN OF LEVELS

ENERGY(EV) 1-57 2«ND 3=TH 4=TH 5«TH &=TH T=TH

251666043 0.0 40
300.0000¢3 223,4000~3

400.000043  357.4690=3

411250043 362.1732=3 0.0 *0.
500:0000+3 399.3020=3  62.7324=3

600.0000+3 4%93.3210~3 9646125=3

613,1470+3 438,26b63-3 99,0207=3 a.0 +0

700.0000+3 437.9090=3 114,9300~3 101,0510-3

785.8280+3 246.980%=3 131,4379=3 144,6748-3 0,0 *0
800,0000+3 443.4790%3 134,6880=3 1%1,8730«3 101.7550-3

900:0000¢3 4%6.7370=3 114.4350=3 186,6830=3 240,4930=3

989.03%03 464.9184-3 168.9870=3 211.6564=1 295,0403«3 0.0 +0
1.0000+6 465.9260-3 170.7710=3 214.7320-3 201,7580-3 3.0818-3
1,07n%+6 447.4420u3 178.ga45=3 230.2107+3 32y,30083 6.5343-3 0.0 +0
1,2500+6 471.2990=3 199.5260-3 269.5900=3 395,82R0-3  15,49%0-3  24,0919~3

1,5000%6 441,8120#3 201,6560=3 294,6390=3 466,2470-3 24,7179-3 57.6535=3

1,6331¢6  424:6103=% 201.542%«3 30111773 484,0726=3 30.396543 70,6809%3 0.0 0
1,7127+6 417.5208=3 201.4739<2 304.9915~3 501.1019=3  34.1115=3  78.47043 1,6715~3%
1.7500+46 411.2610=3 2n1.8420-3 3044807 567.2040=3 35.74868=3 B82.1209%3 2,4%49«9
2,000046 3027,3630=3 160.3770~3 242,3200-3 2333.2010-3 38.0692=3 85.0072-3 3.5103=3

2.5000+6 129,1100-3 77,7384-3 311,4570«3 125,3330-3  25,5725-3  53,8439=3 3.9087=3
3.000046 55,647%5=3  35,39%8+3  49.5p31=3  51.8%508~3  13.6940-3  27,3639=3 3.36583
£,000046 12,3783=3 B,83A6=3  11,359%=3 | 12,5219.3 3,8550-3 7.4026=3 2,2478-3
640000+6 1,0242e3 714,5719-6 9%4.119046 1.10a3-3 331.9850-6 625.7130=6 614.6730=h
84000046

10.0000+6
11.0000+6 -
12.0000+6
15.0000%6

—_ i; E; —_
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TABLE A2 ~ 13

NUCLEUS ..+ 55=-CS=137

CROSS SECTION(BARN} AND Mu-BAR

PARAMETERS
ENERGY(EV)
NEUTRON SUPARATIGH ENERGY 4.8T1E 00(MEV)
LEVEL PARAMETERCXI=2ERO) + 21801E 00 100+0000*0
LEVEL SPACING cecsuvsrness 1.100E O3(MFV) 300,0000+0
LEVEL DENSITY PARAMETER .. 1.117E Ol(1/MEV) TAS, 1,0000+3
1.241€ 01(1/MEV) COM. 3.0000+3
PAIRING ENERGY etriavsasss B.500E=01CMEY) TAG 10.0000%3
0.0 (MEYY  COM«
NORMALIZATION FACTOR +ees. 1.375E 03C1/MEV) TAG. 20.0000+3
TANGENCY PGIKNT sucive.isas 4.445E OO(MEV)  TAG. 50.0000+3
. 3.547E 00CMEV)  COM. 100,0000+3
> 200,0000*3
300.0000+3
ADOPTED LEVELS (MEV)
. 400,0000+3
1. - GROUND 1124 458,3500+43
2+ 04455 sr2+ 500+0000*3
3. 0.85 372+ 600,0000+3
4 0-98 s/2+ 700¢0000+3
5. 1.49 1/2¢
6 1.87 11/2- 80040000+
7. 2,07 377« 856,2580+3
[ 2-15 1r2* 90000003
987.2150+3
1,0000+6
1,2500+6
1,5000+6
1.5010¢6
1.7500+6
. 1.8838+6
2.0000+6
2,0852+6
2.1658+6
2,2162+6 -
2.5000+6
3.0000+6
4,0000+6
6.0000+6
8,0000+6
10,0000+6
11,0000+6
12,0000+6
15,0000+6
CROSS SECTION FOR EXCITATICN OF LEVELS
ENERGY (EV) 1-57 2~ND 3-TH 4~TH 5-TH
458.3500+3 0.0 +0
500.0000+3 168.9630-3
600.0000+3  292,7340~3
700+0000+3 367.56p0-3
800.0000+3  429,2000-3
856.2580+3 451:4022-3 0.0 +0
900.0000+3 468.6650-3  41.7635-3
987.215043 491.5555-3  67.0111-3 0.0 %0
1.0000+6 494.9110-3 70.7122-3 42,426%=3
1.2500+6 539.1330~3 113.6320=3 153,4900~3
1.5000+6 564.1300-3 155.5020~3 228.0910-3
1,5010+6 564410753 195.6138~3 223,3323-3 0.0 +0
1.7500+6 558.3330-3 134.3120-3 290.2700-3  13,5211-3
1.883g+6 542.5275-3 lg3.qlpp-3 311,1354.3  1lg,as547.3 0.0 *0
©2,0000+6 528.7850~3  202,2510-3 329.26%0~3  24,6103-3 113,5150=3
2,0852+6 499.0799-3 196.4832-3 319,0364-3  27,06573 124,0863+3
2,1653+6 470.9952-3 191,0299-3 309.365T-3  29.3a71-3 134,0809-3
2.2162+6 433.4419=3 187.6216=3 303,3214~3  30,8380-3 140,3277-3
2.5000+6 3%4.5410-7 1lés.4140-3 269.2660-3 39,0129-3 175,5240-3
3,0000+6 154.0060~3 A6.2665-3 126.9860-3  28,1148~3 108.0590=3
4,000046 34.8612-3  22,2199+3  130.5596~3 9.1532-3  36,2669=3
6.0000+6 3.5418~3 2.3559-3 3,1783-3 1,0735-3 5.5767=3
8.0000+6 552.4190~6 373.1230-6 507.14a0~6 158.6470=6 846,0371=6
10.0000+6 .
11.0000+6
12,0000+6
15.0000+6

.._z; 9 —_

T0TAL

78°9368%0
46.8738+0
27.0810%0
16.9735+D

10.7703%0

8.3996+0
6+7220%0
5.8557+0
5.4434%0
5.4652+0

5:6232+0
5.7435+0
5:8293%0
61044740
6:2491%0

614309%0
6:5171¢p
6'5841%0
T6:6905+0
6.7061+0

64877340

6.8886+0 .

64888240
6+7899%0
6.7016+0

646249+0
6.5529+0
644849+0
6e4024%y
64202740

5.7511+0
4,9739+0
4,2B02+0
4,411+
4.6606+0

9.7605+0
4.8364+0
5.0153+0

6=TH

. 0.0 +0
6,0516=3
9:8340-3

31,1349=3

35.9521=3

14,5705+3
1,8068=3
283.8170~6

ELASTIC

1740268%*0
46,1858+0
26.80T0+0
16.8345+0
10.7138%0

8.5669+0
6:7038+0
5.,8440+0
54439740
5,4565+0

5.6168+0
5.7371+0
5465410
5.7457¢0
5¢8750%0

519950*0
6:0353+0
6+0667%0
640965+0
6.1009+0

6,08632+0
5.,9321+0
5.9313+0
3.7336+n
5:5638+0

5.4162+0
5.2567+0
5.1053+0
5.0l04+0
44473440

3:6749+0
2.7832+0
2.1435+0
2.27924n
2.6039+0

2.7384+0
2.8341+0
2,9173+0

T=TH

0.0 0
1.3341=2
885087
13.9097=3

61936483
922,0811=6h
1aa,6850~6

INELASTIC  CAPTURE
1491000

688.0000-3

274,0000-3

139.,0000~3

5645000-3

32.7000-3

1842000-3

11.7000-3

7466003

6.7000-3

644300-3
0.0 ¢80 "6.3134.3
168+9630-3 624003
292,7340-3 6.2800-3
367+5680-3 6+4700-3
429+2000-3 6*7000-3
474,8990=3 6+8318=3
510°4290~3 6*9300-3
586,8480~3 7.1228.3
598,0500=3 7415003
806,2560=3 7.8600-3
947,7220-3 8.7300=3
948,1050-3 8.7343=3
1,0464+0 9+8100+3
1.1281+0 9+6880=3
1,1991+0 9.5900-3
1.2889+0 743183-3
1.3238+0 5,7246=3
1.4870+0 4.9325.3
1.727140 2.2600=3
2.0752¢0 960.00006
2,1904+0 340.0000-6
2.1366+40 100,0000~6
2,130940  40.0000=6
2.0586+0  20.0000-6
2,0221+0  10.0000=6
2,0123+0  10.0000-6

2,0980+0

MU«BAR

4+9231%)
4,9829~3
5+3360-3
£.9294=3
15.1709-3

2943799=3
7548294=3
144,6980=2
238.6060=3
288,9720=3

314.5440~-3
327.8011=-3
337426403
352.1650=23
362+5770=-3

372+6110=23
379.6781-3
385+1730=23
397.7956-3
399.6460=3

440.1790=3
478.2520=-3
478.3748=)
509,9110-3
526470233

541,2920-3
554,7847=3
567.54123
575.5183.3
620.4370-3

679,0150=3
689.3680=3
656164803
715,8460-3
797, 4440-3

827.0150-2
849,3800-3
88744590=2



JAERI-M 5752

TABLF A2 = 19

NUCLEUS +++ 98=CF~144

PARAVETERS CROSS SECTIONCBARN) AND MU-BAR
ENERGY (EV) TOTAL ELASTIC INELASTIC  CAPTURE MU=BAR
NEUTRON SEPARATICN ENERGY 4.581E 00(MEV)
LEVEL PARAMETER(X!=2ERO) . 3.530FE 03 100,0000+0 125.2810+0 121.6210+0 . 3.6600¢0 4.6783=3
LEVEL SPACING secssessseas 1,000 03SMEYY 300,000040  73.3614+0  72.0914+0 1.2700+0 4,713443
LEVEL DENS!TY PARAKETER ¢ 1+A90F OL(1/MEV) Tawe 1.0000*3 - 41+2763*0  40+8313%0 445:0000-3 492563
1+973E QLC1/MEV) COM- 3:0000+3  24+B529*0  24+6199%n 233:0000-3 5491873
PAIRING ENERGY sevsnacrsss 2.090E DO(MFV}  TAGe 10,0000+3  14.6985+0  14.5%3%5.n 145.0000-3  11.3616=3
1.170E GO(MEV)  CO
NORMALFZATION FACTOR sse1s 24445E 03€1/MEV) TAG. 20,0000+3  11.0911+0  10.9891+n 102.0000=3  21.4436~=3
TANGENCY PCINT cavsecnsas, 5.632E 004MEV)  TAG. 50,0000*3 7.9002%0 7.8279*n 72.3000-3  56.1963~3
44704E QO(MEV)  COM. 100+0000+3 6+3561%0 6+2934%0 62+7000=3 112:013073
200.0000+3 4,5035+0 5.455040 48,5000~3 192.9980-3
300,0000+3 5.3922+0 5.3485+0 43.7000-3 237,7100-3
ADOPTED LEVELS (MEV)
4G0»>0000+3 5+5254+0 5+4813+0 44410003 260¢9290=3
1. GROUND ae 400,2840+3 545260+D 54482140 0.0 40 43.9737=3 261,1081-3
2. 0,397y 2+ ~30,0000+3 5.T561+0 44873440 964.3780-3 17,9000~3 322,5970=3

3. 0.80 4+ 500,0000+3 6.,0182+0 4,9030+0 1,0990+0 16.3000-3 348,0580~3
7100.0000+3 6.2759+0 8.983540 1.2761e0 16.3000-3 370,7230=3

800,0000+3 6.5092+0 5.,0703+0 1.,4221+0  1648000-3 393.8180~3
805,6040+3 6.5203+0 5.074640 1,429040 - 16.7390-3 393,1783=3
900,0000+3 6,70T6+0 5.1462+0 1.5456+0  15.8000-3 418.0920-3
1,0000+6 6,8676+0 5,2023+0 1,649440 18,9000-3 443,3320.3
1.0010+6 61874340 5.2026+0 1.6559+0  15.8B41=3 445.2053«3

1,2500+46 7107140 5:211500 1.8802+0  15.4000-3 510.2360-3
1,5000+6 7.1625+0 5.1209+0 2,0268+0 14,7000-3 570.1630-3
1,7500+6 7.0983+0 4.,9725+0 2,1079+0  13,9000-3 617,7360-3
2,0000+6 £,9487+0 4,780840 2,1%13,0 13,1000-3 653,2170-3
2,5000+6 6.,5382+0 4,3452+0 2,182340  10.7000-3 494,8560-3

3,000096 6.0T92+0 3.8887+0 2,1824+0 8.1400~3 708,8490~3
4,0000+6 3.255340 3,0981+0 2,153440 3,8000-3 698,6020~3
6,000006 4,4081+0 2,3536+0 2,0639+0 570.0000=6 632.5290-3
8.0000+6 4.,4296+0 2.267a+0 2.1617+0  80.0000-6 710.6860~3
10.0000+6 4.646740 2.5667+0 2.0800+0  20.0000-6 790.0290-3
11,0000+6 4.772040 2.7086+0 2.0633+0  10.0000-6 820.2120~3

12,0000+6 4,9012+0 2,8257+0 2,0755+0 843,8710-3
15,0000+6 5.15715+0 2.9952+0 2,1623+0 886.0660-3

CROSS SECTION FOR EXCITATICN OF. LEVELS

ENERGY(EVY 1-87 2-ND 3-TH

400+2840+3 0.0 +0
500.00D0+3 064.8780-3
600.0000+3 1.0990+0
700:0000+3 1.2761+0
800.0000+3 1.4221+0

805.6040+3 1.4273+0 0.0 +0
900.0000+3 1:5162+0 29.42hR4=3
1.0000+6 1.585%4+0 £3.7945=3
1.0070+6 1.5838+0 67.3623-3
1.2500+6 1,526%+0 191.2170-3

1.5000+6 1.305%4+Q 297.?7470-3
1.7500+6 1.0505+0 334,7470-3
2.0000+6 820.3940-3 320,49R0~3
2.5000+6 503:7080-3 253,3240-3
3.0000+6 357.9830=3 216,8%60=53

4.0000+6 273.0830-3 232,2050~3
6.0000+6 352.6920~3 405,6350-3
8.0000+6
10.000D+6
11,0000+6

12.0000+6
15.0000+6

p— S) () —_
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TAPLE A2 ~ 20

NUCLEUS <<+ 60=ND-143

PARAMETERS ’ CROSS SECTIONCBAKN) AND MU=BAR
ENERGY(EV) TOTAL ELASTIC INELASTIC  CAPTURE MU-BAR
NEUTRON SEFARATICN FRERGY T.8I1E 00(MEV)
LEVEL PARAMETER(XI~ZERGY + 1-072E 03 100:0000%0 119+0410%0  83+7410%0 35+3000+0 4071153
LEVEL SPACING etssassnesss 4.000E 0L(MFV) 300,000040 69.7799+y  56,379940 13.4000+0 4,7487-3
LEVEL DENSITY PARAMETER ., 1.820E 0l(1/MEV) TAG, 1.0000+3  39.320840  3%.8T708+0 4.4700+0 4,9728=3
1.917€ 0L<1/MEV) Com. . 3.0000+3  23.7638+40 22.0838+0 1.6800+0 6.0179«3
PAIRING ENERGY «vvesswesss 1.1R80E 00CHEVY  T4G. 10.0000*3  14.1382%0  13,45a2%0 688.0000=3 11.7193-3
1+940E ODCMEV)  COM.
NORMALIZATION FACTOR .ees» 24337 03(1/MEV) TAG. 20.0000+3  10.7224+0  10.2668+0 456,0000-3  22.2323=3
TANGENCY PCINT cuvuaesvs.s 8.729E 00(MEY)  TAG, 50.0000+3 7.7072+0 7.8322+0 275.0000-3  58.2545-3
5.482E OUIMEY)  CcaM. 100.0000+3 6.2544+0 6.057a+n "197.0000-3 115.7110-3
200.0000%3 5.463140 5.3101+0 153,0000-3 198.5030-3
. 300,0000+3 5,37264y 5.2376+n 135,0000-3 243,9730-3
AQOPTED LEVELS (MFY)
400,0000+3 ° 5.5125+0 5.3865+0 126.0000=3 267,3860=3
1. GROUNO 1r9- 500,0000+3 5.744040 5.620040 124.0000-3 280.5730-3
2+ 0742 2= . 600+0000+3 6+0083%0 5:8743%0 126-0000-3 290+4860-3
3, 1.236 947= 700.0000+3 6.2%96+0 6:1296+0 130.0000-3 300.6220-~3
4 1-311 1/2« 74T+2340%3 6+3688%0 5+2373%0 000 ‘U 131-4585-3 308*3726-3
5. 1,312 13774 -
[ 1560 812+ 800+0000%3 6+4907*0 6°2633*0  94°4240-3 133°0000-3 317°0310=3
7. 1,743 /7w 900.0000+3 6.6876+0 6.40T9+n 140.6720-3 139,0000~3 332.7210-3
8¢ 1857 3,2« 1+0000%6 6+8465%0 6°%5216*0 177+8590=3" 147°0000~3 349+2710-3

9 l.916 1/?7- 1,2047+6 7:.0793+0 64574140 3256.,6870-3 16A.553%-=3 395.7913.3
- 1-2500% 7+0843%0 6°5753%0 34G°0850-3 169°0000=3 396°7950=3

1.3203+6 7+0994+0 6.3784+0 956.04B0=3 164:9915=3 414.6981=3
1.4220+6 7.12134p 64337740 624.3670-3 1506.7024=3 440.6187=3
1,5000+6 7.133l4g 6.228740 753.8430=3  156,0000-3 460.5070-3
1,5710+6 7.114140 6.12114n 45010-3 153,5555-3 476,3542.3
1,750046 7.067940 5.850140 1.0698+0 148,0000=3 516,3070-3

1.7553+6 7,0648+0 5.8395+n 1.0781+0 147.129%=3 517.6092=3
1.870146 6.99714+0 5.6078+0 1.2593+40 129.9912=3 545.8716=3
1,929546 6.9620+0 5. 4R%8 40 1,353940 122,2827-3 560.9966=3
1,963e46 6£:9418+0 5.4150+0 1.,008640 118,1497=3 568,9254=3
2.0000+6 64920440 51339740 1.4667+0 114.0000=3 577.8490=3

- 2.5000+6 64506640 4,314440 2,169140  23.1000=3 694.1780-3
3,0000+6 6.0453+0 3.7826+0 2,2537+0 9.0600=3 721.7290=3
4,0000+6 5,2230+0 2.926?40 2.2%4040 2,7500-3 T11,8420.3
6.0000+6 4.3897+0 2,2175+0 2,1718+0 400,0000~6 663.0580=3
8.0000+6 44423540 2.266940 2,1566+0  70,0000=6 710.3930=3

10.0000+6 4.64aT+0 2.5703+0 2,0746+0  20,0000%6 790.4160=3
11,0000+6 44767240 2.7117+0 2.055540  10.0000~6 B820.6390-3
12,0000+6 4,8920+0 ?2.,026B8+0 2,0651+0  10.0000-6 B844,2220+3
15.0000+6 5.1a29+0 2.988%5+0 2.154440 8686.0760-3

CROSS SECTION FUR EXCITATICN OF LEVELS

ENERGY (EV) 1=8T 2-ND 3-TH 4eTH . 5-TH 6-TH 7-TH 8~TH

747.234043 0.0 +0

800+0000+3 94.424023

900:0000+3 140.6720-3 N
14000046 177+8590-3
1,2447+6 270.3074-3 0.0 +0

1.2500%6 272.3020-3 67.TR41~3

1.3203+6 2aR«57%0=3 l44.7078-3 0.0 +0

1.4220+6 312.1307=3 256.0R02-3 12+2270~3 0.0 +0

1.50004¢ 330:2060~3 381:5340=3 21.6085~3 60449a1=3

1571046 329.001¢6=3 373.75%5-3 ?27.1732-23 A% T7353 0.0 +0

1.7500%6 325.96%0-3 054.9830~3 41.2025~3 149.98%0-3 101.4760-3

1.755346 324.5713-3  654.7836=3 41,4339-% lag.3g73-3° 10g2,1338-3 0.0 +0

1,870146 294.3244=3  050.4567=3  456.4551=3 155.1174-3 ' 116.41123  56.39771-3 0:0 40 .

1.929546 278-872T=3 448.2176=3  49.0538~3 159,6349~3 123.7991-3  §5.531%~3  11.9093=3 0.0 +0
1.9638+46 269.6521=3 A44.9772=3 £0,5509-3 162,23p6-3 12g,0971=3 1p2.4910=3 18,7730=3 27.0653-3

2,0000%6 260-1020-3 445.5610=3  52.1363-3 166,9950-3 132,56%0-3 120.2080-3  26.0397-3  55.7195-3
2.5000+6 7n-8la9-3 121.5470-3  25.,8963-3  72,5176-3  6¢,1751-3  70.8700~3  27.8534-3  53,4554.3
3.0000+6 25.1071-3  38.0285-3 9.7244=3  31,8720-3  26.2371<3  28.9666=3  14.2732-3  25.3965-3
4.0000+6 4,2698~3 £.6125=3 1.R405-3 7.3055-3 4,7350-3 5,3538~3 2.9969~-1 5.0529~3
6.0000+6 219,871l=p 346.0090-6 QR.2230=6 562,3450~6 247,6590~6 2§3.3110-6 163.3700=r 270.3620-6

8.0000+6
10.0000+6
11.0006+6
12.0000+6
15.0000+6

-9 71—



. PaA

RAMETERS

NEUTRON SEPARATION ENERGY 5,741E

LEVEL PARAMETER(XI-ZERO)

¢ 2+387€

LEVEL SPACING ssseaesasrss 6,000€
LEVEL DENSITY PARAMETER o4 1.917E

2.002E

PATRING ENERGY secsroasses 1.990E

NORMAL §ZAT

TANGENCY PCGINT ..

10N FACTOR ..

AOOPTED LEVELS (MEV)

ENERGY (EV)

701.278043
800+0000+3
900+0000+3

1.0000+6
1.2500+6

1.323T+6
1.5000+6
1.5205+6
1.5709+6
1.7500+6

1.7502+6
1.8027+6
24000046
24099646
24124+

2.2009%6
2.218445
2.5000+6
34000046
%+0000+6

6:0000+6
8+0000+6
10+0000+6
11.0000+6
12.0000+6

15.0000+6

1. GROUND
2. 0.6%4
3. 1,314%
4. 1.509¢9
3. 1.5600

[ 1,738
T. 1,7902
8. 2.085
9. 2,11

10. 2,185¢6

1+140E
2.479E
5.4828
44T14E

TARLE A2

JAERI-M 5752

=21

NUCLEUS o+» 60=ND=144

00(MFY)

03

02¢MEVY
01¢1/MEV) TAG,
01{1/MEV) COM.
00¢MEV)  TAG.
00CMEV) €O
03(1/MEVY TAG.
GO(MEY) TAG,
00CMEVY  COMs

CROSS SFCTION FOR EXCITATICN OF LEVELS
-

1=5T

0.0 +0
930.9400+-3
1.121140
1.2544+0
1.5022+9

145204%0
L.5640+0
1.5394+0
144790+0
1.26454+0

1.2643+0
1,20%2+0
983.5400~3
886.8890~3
862.454543

788457863
TT4+5079-3
498.3440w3
185+1300~3

?5.5217=3

T187:8660<6

2-ND

0.0 *0
10213903
109:2040~3
126+6079=3
188.3870-3

186.4376=3
205,6342-3
270.1620-3
265.5248=3
264,3325-3

260,8080-3
250.1929-3
266.8830=2
108.37a0~3

14.7321-9

719,4122-b

3=TH

0.0 +0
30.2469=3
137,6070-3

137,6501-3
150,9886-%
201,0390-3
197,0540=3
196,0466-3

193,0006=3
192,4206.3
181.0340-3
90.0283-3
14.1066-3

841.2551-6

4=TH

0.0 +0
297.9270~3
297.9559-3
306,8882-3
340.4050-3
332,6651=2
330,7004-3

324,7923~3
323,6655-3
301.5500-3
142.2740-3

22,.1115-.3

669.6p88=6

CROSS SECTION(RANN) AND MU-BAR

ENERGY (EV)

100+0000*%0
300,0000+0
1.0000+3
3,0000+3
10.0000¢3

20.0000¢3
50.0000¢3
100.0000+3
200.0000+3
300.0000+3

400.0000+3
350,0000+3
,00,0000+3
790.0000+3
701.2780+3 -

800,0000+3
900.0000+3
1.0000+6
1,2500+6
1,3237+6

1.5000+8
1,5205+6
1.5709+6
1,7500+6
1.7502+6

1,8027+¢
2,0000+6
2,0996+6
2,1208+6
2,2009+6

2,2154+6
2.5000¢6
3.0000+6
4.0000+6
6.0000+6

8.0000+6
10.0000+6
11.0000+¢
12.0000+6
15.0000+6

5=TH

0.0 _ +0
47,742543
226.8880-3
229,8981-3
230.6591+3

232,9599+3
233,3991-3
241,9990~3
128.8470-3

21,25%52-3

652.7742-6

-9 2—

TOTAL

129-2810%0
73.3614+0
41.276340
24.8529+0
14.6985%0

11.0911+0
7.9002+0
64356140
5.503540
5.3922+0

5.3254+0
5.7561+0
6.0182+0
64275940
64278940

6.5092+0
6.7076+0
6.86764G
T:1071+0
7.1235+0

T:1625+0
7,1569+0
T.1431+0
T.0943+0
7,0942+0

T.0636¢0
6,948T+0
6.8669+0
6:846340
6.T838+0

6.T719+0
6.5382+40
6.0792¢0
5.2933+0
4.408140

4,4296+0
4,646T7+0
4.7720+0
4.9012+0
5.1575+0

6=TH

00 *0
3.8907~3
B14085-2
9.5506=3

13.0038-3
13,5615=3
26.5702-3
20.3698-3

5.6076=3

369.3050-6

ELASTIC

119.9510%*n
T1.521440
40.6543+0
24,3%39+0
14,5125+

10.9%61+0
T+8058+0
64272140
5.4351+¢0
5.3309+0

5.4647+0
5.6920+0
5.9480+0
64197440
642008+0

5.5288+0
3.5410+0
5:5701+0
53+55944n
5.5280+0

3:4526+0
5,429340
5.3719+0
%.16Ta40
5,16T3+0

3.1082+0
4,886240
4,776940
4,74934+0
4.6656+0

4.6096+0
4,33%640
3.8245¢0
3.0166+n
2.2301+n

2.2678+0
2.5667+0
2.7086+0
2.8257+0
2.9952+0

T=TH

0.0 ° +0
2.8616=7

11,5135=13
13,1142
45.5041-3
31.9273-3

5.8266=7

167.4130-6

INELASTIC

0.0 +&

935.9490-3
1,1211+0
1.256440
1,5022+0
1.55p5+0

1.6661+0
1,684340
1.7291+0
1,888%40
1.8885+0

1.9175+0
2,0264+0
2,0359+0
2.0634+0
2.0859+0

2.,0902+0
2,1748+0
2.240240
2.234140
2.1374+0

2.1617+0
2,0300+0
2.0633+0
2.0755+0
2.1622+0

8=TH

0.0 +0

16.,1100-2
19,1734-3
19.4011-3
63.5057=3
15,7451-3

©70.5220-6

CAPTURE

5+3300+0
1.8400+0
622.0000=3
299.0000~3
186.0000-3

135.0000-3
94.4000=3
84.0000-3
68.0000~3
61.3000-3

60,7000-3
64,1000=3
70.3000-~3
78:6000=3
78+1029-3

49,4000-3
44,8000-2
43.1000-3
45,5000~3
44,9588=3

43,8000-3
43,2959-3
42.1063-3
38.,4000-3
38,3983-3

37.48762-3
36.1000-3
34,1032-3
33,6305-3
32.2T726-3

32.0255=3
27.8000-3
14,5000=3
4.5800-3
600.0000~6

90.0000-6
20,0000~6
10:0000=6

9~TH

0:0 *0
3.3304-3
68+6949=3
51,6628=3
12.3509-3

469.44481¢

MU=BAR

44678373
4.713443
%4,9256=3
5.9187=3
11.3616=3

2144436=3
56.1963-3
112,0130-3
192,9980-3
237.7100-3

260,9290=3
274,3350+3
284,7770=3
295,6410-3
296,4633=3

359,9810-3
387,2390=3
413.1370~3
477,2680-3
494,1479-3

534,5190-3
539,3708-3
551,3226~3
593,7450-3
593, 77583

603,2956-3
639,0170-3
650,3999~3
653,2776=3
661.9782=3

663,6353=3
696.1600-3
T720.6880-3
713.3000-3
664.5600-3

710.6880-~3
790,0290-3
820.2120-3
843.8710-3
886.0660-3



PARAMETERS

NEUTRON :XPASAT{OH ENERGY T«561f

LEVEL PARAMETER(X)=ZERO)

» T+958E

LEVEL SPACING ,eesssssrasce 24500E
LEVEL DENSITY PARAMETER ., 1.683E

14764E

PAIRING ENEHGY seasnsarnse 1,140E

2+100E

NORMAL 1ZATION FACTOR sosa 24192E
TANGENCY PCINT touiuvucvess 4,T14E

ADOPTED LEVELS (MEV)

ENERGY(EY)

670866143
7245009+3
10040000+3
200,0000+3
300.000043

400+0000+3
500.0000+3
6004000043
700+0000+3%
7544210043

80040000+3
900,0000+3
922.4000*3
+0000+6
1,0613+¢

1,1630+6
1.2500+6
1399746
14409746
1.3000+6

1.7500+6
2.0000+6
2,5000+6
340000+6
4.0000+¢

64000046
8.0000¢6
10.0000+6
11.0000+6
12.0000+6

15.0000+6

1. GROUND
20 040467
3. 0.072
4 04749
Se 0.92
[ 1054
T ‘1,184
8 1:39

5.627€

TABLE A2

JAERI-M 5752

- 22

NUCLEUS «»+ 60-ND=145

00{MFV)
02

O1CMEY)
01¢1/MEV) Tal,
oJ(xIM§v3 COM
00{MEV TAG.
00(MEVY  COMs
03(1/MEV) TAG.
O0¢MEV)  TaG,
00{mev}  CoM.

CROSS SECTION FOR EXCITAFICN OF LEVELS

1-s7

0.0 +0
5,7457~3,
37.1275~3
96.2419-3
153.25%80-3

209+1720-3
259.3940-3
301.87%0=3
335.96a0-3
341.6308=3

346.4160=3
355,4730-3
333.6907+3
344.7270-3
382,23%7-3

331,4800~3
322.2820-3
291.8719+3
289182%4a3
271.,4860-3

198,8570~3
136.1650~3
5919297~3
27.52193
6100063

a17,7720m6

2=NO

0.0 +0
534.7450~3
552,1490.3
556.3380~3

588.9120-3
629.3160=3
67045900=3
T0743%60=3
TNA.3393=3

709426203
714,0270=3
70015353
661,49n0e3
642.38A2-3

610,7127=3
583,6750=3
516483473
512,349243
472.0690=3

325,42903
212,1110=3
8T18516=3
39,1313
B.8R2T=3

580,9621-6

3=TH

0.0 +0

70.1869=3
115,9690=3
124.3088~3
147.4920.3
162.7254-3

187.9860~3
209.5880=3
228,1501-3
224.3990=3
240,5930=1

207,6840-3
153,2970e3
70.189%=~3
32,1907-3
7:5016=3

4RA, 32606

4~TH

0.0 +0Q
192,2510u5
222.7639=3

273,3617=3
31646310=3
342.0186-3
343,7247=3
359,0370~3
279,T740=3
194.9260=3
84,1181u3
37,6444m3
8,71583

595, 78016

CROSS SECTION(BAKRN) AND MU~BAR

ENERGY(EV)

100-0000*0
300.,0000+0
1.0000+3
3,0000+3
10,0000+3

* 20,0000+3
-50,0000+3
67,466143
72,5009+3
100.0000+3

200,0000+3
300,0000+3
40040000*3
500.0000+3
60000003

700+0000*3
T54.2100+3
800+ 0000*3
900.0000+3
926.4000+3

1.0000+6
1,0613+6
1.1630+6
1.2300+6
1.3997+6

1,4097+6
1,5000+6
1,7500+6
2,0000+6
2,500046

3.0000+6
4,0000+6
6.0000+6
8.,0000+6
10.0000+6

11,0000+6
12,0000+6
15.0000+6

5=TH

0.0 <0

20,6485«3
38,3064-3
54,686413
35.7564=3
65.6164=3

78,1885-3
71,7433
40444013
19.9738«3

4,9073=3

323,5780-6

- E) 53 —_—

T0Tal

134+1040%0
T8.4076+0
43,9868+0
264360040
15,4393%0

11.5841+0
8:1475+0
741564640
7.3965%0
£,47R8+40

5.5439+0
5,4063+40
3+5321%0
3,7639+40
610304%0

612932%0
64022040
65309%0
6.7328+0
6.7758+0

64895440
6.9552+0
7.0%43+0
7+139040
7:1738+0

T.176240
7.197140
7.1316+0
6.988540
6.5819+0

6.1254+0
5.7972+0
4,428040
4,4329+40
4,6846+0

4,7741+0
4,9095+0
5.1716+0

6=TH

0:0 +0
10942180=3
147.2246-3
149,7317-3
172.7020%3

163,1150-3
142,8970=3
87.1046=3
86,9523n3
12,8648-3

994 ,4349-6

ELASTIC

88+9040*0
61.0076+0
38.1268+0
24,1B00+0
14,6163%0

11.0341+0
7.8105+n
7.2876+0
T+0442+0
5.6929+0

4:7406+0
4.5607+0
4°6110%0
4,7572¢n
4+9409%0

5+1308%*0
3.2123+0
5+2821%0
3.0194+n
5.6200+0

3.0214+0
54427140
5.4360+0
5.4832+0
$.3481+0

5.3415+0
5.281040
4+9999+0
4,75884+0
4.3037+0

3.B8%a%+n
3,0602+0
2.245240
2.2660+n
2.5%88+0

2.7016+0
2,821640
3.,0021+0

T=TH

0:0 40
6.9328-%
69,0731~%

96,9611a%
97.2%76=19
61.8437=3
31.149%-3

7.4065=1%

493,6371a6

INELASTIC  CAPTURE

45+2000*0
17.4000+0
-+ 548600+0

2.1800+0
843.,0000~3

550.0000-3

337,0000-3

0.0 +0  276.9400-3
88,1319«3  264,1850~3
571,8720=3 214,0000~3

648,3650~3  155,0000-3
711.5970=3 134.0000+3
798+0840~3 123°0000~3
884,7140-3 11g,0000~3
972+4690-3 117°0000-3

.1°043340 119°0000~3
1.0881v0 121,2151.3
1412589*0 123+0000~3
1.1533+0 128.0000-3
1,2289+0 126,8897~3

1,350040 124.0000-3
1.4062+0 121,8136-3
1,499T+0 118,5273-3
1.5798+0 116.0000-3
1.7277+40  98.0076-3

L.T377+40  96.9661-3
1.8277+40  88.4000~3
2,0827+0 49,1000-3
2,196%+0  33,4000-3
2,261140  17.,1000-3

2,260440  10.5000-3
2.2325+40 4,5200-3
2.1820+0 830.0000-6
2,1667+0 180.0000-6
2,085840  50.0000-6

2.0725+0 30.0000=6
2,0879+0 2040000=-6
2,169640

MU=BAR

4264553
4,6781.3
4,8756-3
5.8015=3
10.9020-3

20.4011=3
53.,4253-3
75,8199-~3
8242754~3
117,5340-3

210,9320-3
265.2340-3
29620303
316.0170-3
332+1350-3

3483490-3
358.9162-3
367+ 80203
388.2160-3
396.1600+3

418.3070-3
434,637%~3
461,7173-3
484.8750-3
52%.0908=3

528,2278-3
552,7240-3
617,4270-3
661,7050-3
709,1160«3

728,5510-3
714,5510-3
663,6860=3
710.1370-3
78848230-3

819,1160-3
843,0220-3
885.9600=3



PARAVETERS

NEUTRON SEPARATICN ENERGY 5.A81E

LEVEL PARAMETER(X(~Z2ERO)

LEVEL SPACING everoass
LEVEL DENSITY PARAMETER

* 1+814F
.o 5.700€
+o LonasE

1.929E

PAIRING ENERGY «cseanrnacss 9.200E~

NORMAL IZATION FACTOR »
TANSENCY POINT +heuuss

AOOPTEO LEVELS (MEV)

ENERGY(EVY

91.725143
100.0000+3
200.0000+3
300.0000+3
400.0000+3

413.3170+3
492.6570+3
500.0000+3
534.6440+3
600.0000+3

635.0690+3
690.6060+3
694.7350+3
T700+0000+3
800.0000+3

900.0000%3
1.0000+6
1.2500+6
1.5000+6
1.,7500+6

2.0000+6
2.5000+6
3.0000+6
44000046
640000+6

8.,0000+6
10.0000+6
11:0000+6
12.0000+6
15,0000+6

1, GROUND
2 0-0911
3. 0.4165

4. 044493
5, 0.%310
6 0-6804

T. 0.6859

0.0

2.438E€
4.4480€
3.514€

T2+
5/2%
372+
7/s2%
572+
312%
5472+

TABLE A2

NUCLEUS ..

0 UMEY)

o2

00 (HFV)

0L (1/MEV) TaAG,

JAERI-M 5752

= 23

» 61-PM=14T

01C1/MEVI COM.*

01(MEV)  TaG,

(MEV)  COM»
03(1/MEV) TaG.
0U(MEV)  TaG,
00¢MFV)  COM.

CROSS SECTION FOR EXCITATICN OF LEVELS

1-8T

0.0 +0
342.6970-3
504.2110~3
538.3230~3
592,8239-3

591.5699-3
586.4374~3
586.0170-3
569:9228~3
539.5610~3

528.2162-3
527.4773-3
526+,9272=3
526422%0=3 -
433.4010-3

435.4790=3
389,8290-3
279.8080-3
202.1810=3
152.1970=3

122.2850=3
Q94,7402=3
R8+1BN5=3
99,3778-3
144,2350-3

2-ND

0.0 +0
58:8272.3
64,2713
71.5220-3
a%,1996=3

96.1605~3
96.97%9~3
97.,4059=3
98.0843=3
107.3770-3

11%.8810-3

120,3940~3.

110.8710-3
90:9172-3
72.2044-3

58.9546=3
45%,7082-3
42.8755-3
504 4072-3
85.7652-3

3-TH

0.0 ‘0
122,8980=3
182.9260-3
296,1690~3

338,7392-3
-351,51p1-3
343.5763-3
346.2110-3
3%4.8210-3

332.0100-3
aaq.yfr; -3
28381401
225,4850-3
178.8620~3

147.8370-3
117,7280-3
110.6360-13
123.5870~3
19%,4130-3

5=TH

0.0 +0
101,839-3

131.2397-3
133,1597-3
134.5810-3
136.,4010-3
154,2940-3

167.7T60~3
175.9610~3
167+3500-3
140.8640-3
113,6470-3

93.5494=3
72,7334-3
67.7029-3
77+3956=3
127,5960+3

CROSS SECTION(BARN) AND MU-BAR

ENERGY (EV)

100+0000+0
300,0000+0
1,0000+3
3.0000+3
10,0000%3

20.0000+3
50,0000+3
91,7251+3
100,0000+3
200.0000+3

300,0000+3
400,0000+3
©13+3170%3
492,6570+3
500+0000*3

534+6440%3
600.0000+?

-685:0690%3

690.6060+3
694.,73%0+3

T00.0000+3
800.00004+3
900,0000+3
1.0000+6
1.2500+6

1.5000+6
1,7500+6
2,0000+6
2.5000+6
3.0000+6

4,0000+6
6.0000+6
8.0000+6
10.0000+6
11.0000+6

12.0000+6
15.0000+6

5=TH

0.0 +Q
6.3308~3
11.0518-3
17.0716=-3
36.7265-3

47.0586-3
55.8921-3
67.6953-3
66,0061-3
57.3806-3

48,6943~3
38,3338=-3
36.0567-3
42.9465=3
75.7999-3

—_ g ‘L —_—

T0TAL ELASTIC INELASTIC

1646°7930%0  47:9930+0
86,0013+0  41.0013+0
4B, 434940 30,7349+0
29.1777+0  22.0477+0
17.2243%0 . 14.6043%0

12.9422+0 11.4022+0
9.0932+0 8.2122+0
7.4909+0 648523+0 0.0 +G
7.1732%0 6.2205%0 342.6970~3
6.0314+0 5.0632+0 »04.2110-3

5,7959+0 “4,8316+0 538,3230-3
5.8603+0 4.857g+0 592.4230-3
5:8848%0 4+8615%0 61626703
6.0310+0 4.8799+0 759.T800-3
6°0445%0 4+8813%0 773-186C=3

6+1223%0 4+8840%0 B858-7940=3
6.2690+0  4.8R42+q 1.0228+0
6°4593%0 4°9504*0 1°1607%0
6.4717+0 4,9546+40 1.1697+0
6.4809+0 4.9577+0 1.1765+0

6+4927+0 4.9616+0 ©  1.1851+0
6.694T+0 4.9264+0 i.4883+0
64865440 4,8969+0 1,740%40
7.0020+0 4.894G+0 1.9392+0
7.2033+0 4.9017+0 2.1895+0

7.2465+0 4.8959+0 2.2715+0
7.1826+0 4,8451+0 2,2776+0
T.0498+0 4,7466+0 2,.2562+0
6671240 4.43%5+0 2.2050+0
642807+0 4.0438+0 2.1710+0

5.8447+0 34316340 2.1193+0
4.5978+0 2,5842+0 2,0122+0
4.5701+Q0 2,34%5440 2.224440
4.7763+0 2.6230+0 2,1a8240
4.912640 2,7693+0 2.1432+0

5.0%64+0 2.8B89+0 2,167440
5.,314640 3;0720+0 2,242640

6=TH

0.0 0
13.7509=3
51.2851=3
a1.3797-3

100.8140-3
114.2840-3
125.,9820-3
116.9330-3

99.5414=3

83.9232-3
65.9409-3
61.6838=3
70.7705-3
113,7600-3

CAPTURE

98-8000*0
45,0000+0
17.7000+0
7.1300+0
2.6200%0

1.5400+0
881.,0000-3
638.5922-3
610.0000-3
464.0000~3

426,0000~3

410.0000-3,

407°0017-3
391.2953.3
390*0000-3

379°4684-3
362.0000-3
348219463
347.3736=3
366.7669~3

346.0000~3
280.0000-3
224.0000-3
168.0000-3
112.0000-3

79.1000-3
59.9000-3
47.00600-3
30.7000~3
20+9000-3

9.1200-3
1,4800-3
280.0000-6
_70.0000~6
40.0000-6

20.0000~6

HMU-BAR

44582713
4,6164-3
4,8190=-3
5.7605-3
10.8764=3

20.2875-3
52.5716=3
100.7603-3
110.3170~3
199.2230-3

249.7390-3
279.4470-3
283+2170~3
305.6782-3
307-7570-3

318459373
339.0370-3
361474453
363.2225-3
364.3246-3

365,7300-3
404,8290=3
443,7030~3
479.4730-3
554.8170+3

609.9230-3
648,1350-3
673,5570=3
699.5030~3
70%.1120~3

685.2750~3
619,6780~3
727.6480~3
798.6220~3
826.1750~3

848.1420-3
887.7220-3



JAERI-M 5752
TABLE A2 - 24
NUCLEUS ++0 62-5M~147
PARAVETERS CROSS SECTIONCBARN) AND Mu=BAR
. ENERGY CEV) TOTAL ELASTIC ENELASTIC CAPTURE Hu-gAR
NEUTRON $. PARATICMN ENERGY B8.3141E '00(MEV)
LEVEL PARAMFTER(KI=ZERO)-+ 2+023E 02 100°0000*0 169°3080*0  44+8080%0 124+5000%0 4+3814=3
LEVEL SPACING «seevrescnes 8.000E O0CMFV) 300,0000+0 98,9389+  53,0389+0 45,9000+0 4,6100~3
LEVEL DENSITY PARAMETER .. 1.815€ 0lc1/mMEV) TaG, 1,0000+3  55,4480+0  33.0880+0 17,4000+0 4,78243
1.901E 0L€1/MEV) CoM. 3.0000+3  33.1431+0  26.3351+0 64810040 5.5866=3
PAIRING ENERGY ecevssecsss 1.220E 00CMEV)  TAG. 10.0000*3  19.2856*0  16.8536%0 2.4300+0 9.9872-3
24160E 00CMFV)  COMe
NORMALIZATION FACTOR +evas 2.400E 03(1/MEV) TAG. 20.0000+3  14.3102+0  12,9002+0 1.4100+0 18,1432-3
TANGENCY PCINT «....v.euv. 4.740E O0CMEV) TG, 50,0000+3 9.8222+0 94023240 799.0000+3  46,4270=3
5.654E 00(MEV)  COM. 100.0000+3 7.5639+0 6.9669+0 597.0000-3  92,4178«3
122.0320+3 7:2593+0 6:7127+0 0.0  +0 546.,5405-3 111.0080-3
198.7540+3 6.1956+0 5.2750+0 483.3320-3 440,2185-3 175.7447=3
AOOPTED LEVELS (MEV)
200,0000+3 6,1813+0 5.2512+0 491,1750=3 439.0000-3 176,7960-3
1, GROUND 142= 300.0000+3 5.,8513+0 4.8914+0 565,8980=3 394,0000~3 225.3890-3
2. 01212 572~ 400°0000*3 5+8717%0 4+8413*0 657+3780-3 37340000-3 25636303
3. c.1974 3/2- 500.0000+3 6.0345+y 4,913g+40 757.6770-3 363,0000-3 280.1980-3
4 0-713 11/2- 600+0000*3 6+2482%0 5°0382*0 851:0160=3 359'0000-3 302+4210-3
5. 0:79848 372~
6* 04808 1372+ 700°+0000+3 6+4661%0 5+1774%0 927:7050-3 361°0000-3 325+1820-3
7. 0.925 11724 717,8920+3 6.5017+0 5.1655+0 984.0340-3 34g,1434.3 332,3247.3
[ 14007 1/2~ 800+0000%3 646649%0 5+0951%0 1:2718%0 298'0000~3 367°8980-3
9. l.029 1172+ 804,2810+3 64672240 5.0980+0 1,2768+40 297.3034=3 369,2034.3
10 14054 572+ 813:5440%3 6°6873%0 s°1042%0 1+2878%0 29%°Bla3-3 372:0280-3
11, 1.065 572+
12+ 14077 Ti2= 900+0000*3 6°8341%p 5°1603*0 1+3908%0 283°0000=3 398%3910=3
13, 1.103 9/2- 931,3470+3 6.8770%0 5.1751+0 1,475940 275.9976-3 #408.1678-3
14 le166 11/2- 1+0000%6 649709*0 5°2054*0 1+5033*0 262°0000+3 429458003
15, l.180 1/2- 1,0139+¢ 6.9825+0 5:1996+0 1,5260+0 256.8398-3 434,7403-3
1+0361%¢ 7:0009%0 5+1898%0 145621%0 248°9703=3 442°9574=3
1.0612+6 7.0218+0 5.1780+0 1.6038+40 240.5118=3 &52.2949=3
1.0723+6 7.0310+0 5.1726+0 1,6215+0 236+9413«3 456.4053=3
1,0844+6 7.081l40 5.1665+0 1,6a1840 233,1499.3 460,8867-3
1.1106+6 7.0629+0 5.1530+0 1,6847+0 225.2768=3 470.,5908=3
1.17a0+6 7.1157+0 5.1174+0 1.7903+40 207:9607=3 494,1298«3
1,1881+6 7.127440 5.1091+0 1.813940 204.4161=3 499,3606=3
1,2082+6 7.1442+0 %.0989+D 1.8478+0 199,5300=3 506,5283=3
1,2500+6 7.17a9+0 %.0705+0 1,918840 190.0000-3 522,3240-3
1,5000+6 7.2364+0 4.9872+0 24117240 132,0000-3 591,3310«3
1.7500+6 7.1006+0 4.8856+0 24206440  98.6000~3 640,9090~3
2,0000+6 7,0769+0 4.7589+0 24243540  74.5000-3 674.9840-3
2.5000+6 64734240 4.4286%0 2.259840  45.7000=3 712.7660-3
3.0000+6 6.3298+0 4,034740 2,263940  31.1000-3 727,3350-3
4,0000+6 5.5410+0 3,2659+0 2,2617+0  13.4000-3 725.,5560=3
6.0000+6 44630640 2.3772+0 2,2511+0 2.2200~3 688.2150=3
8.0000+6 445380+0 2.3185+0 2.2231+0 410,0000~6 723.6300~3
10.0000+6 4.7203+0 2,5689+0 2.1513+0 100.0000~% 791.8460=3
11,0000+6 4.862340 2,7104+0 2,1819+0  50:0000~t 820,0430-2
12.0000+6 2.0181+0 2,8372+0 2.1809+0  30.0000-5 843.1390-3
15:0000+6 5.2954%0 3.0566+0 2.2388+0 885.8020~3
* CROSS SECTION FOR EXCITATICN OF LEVELS
ENERGY (EV) 18T 2-ND 3~TH 4=TH 5=TH 6=TH 7+TH 8=TH 9-TH
1122.0320+3 0:0 *0
198.753043 667.8716=3 0.0 +0
.200,000043 475.4700=3  15.7058=3
300.0000+3 491.4140-3  74,4839-3
400.0000+3 532.2040-3 125,1740-3
__500:0000+3 582.1830-3 175.4940=3
600.0000+3 629,5930~3 221.4230-3
. 700.0000+3 667+6500=3 260.0580-3
717.8920+3 667+8749-3 266.7240=3 0.0 *0
800.0000+3 668:9070=3 297.3260-3 305.5260-3
8040281043 668:6107=3 297.6431-3 307,6226=3 0.0 +0
813.544043 667:9681-3 298.3291-3 312.1592-3 3.9207-3 0.0 +0
900,0000+3 661+9750=3 304.7320~3 354.5010-3  &0.5145-3  29,0521=3
931.3470+43 6£59+1516=3 307.9150~3 359.5701-3  46.1000~3  34.,9342-3 0+0 ~ +0
1,0000+6 652.9680-3 314.8860-3 370.6720=3 58.3328=3  47.8165~3  58,73gl-3
1.01394+46 642.1380-3 - 311,2379-3 363,4568-3 59.9392-3 49,0522-3  60,0302=3 0.0 +0
1.036146 62648924=3 305.4286=3 364.9294=3  62.4972-3 51.0198-3 - 62.0a78~3 1.3926=3 0.0 40
1,061246 605:2956~3 298.8273-3 360.9210-3  65.4039«3  53,2557-3  64.4260~3 2,9751-3 6,5689=3 0.0 +0
1.0723+46 596¢66R9=3 295,9214=3 359.1565~3 66468353 54,2399=3 65:4552=3 3.6718=3 9:4605=3 2.8786-3
1.0844+6 5B7.2637-3 292,7532-3 357.2327«3  68.0786=3  55.3130-3  §6.5774=3 4.4313-3  12.6131-3 6.0171+3
1.1106+6 566.8604=3 235,8870-3 353,0635-3  71,1020-3 57,6387-3  69,0093~3 6,0773=3  19,4a56=3 12,8188-3
1.1720+6 517.4951-3 269,2514=3 342,9622-3  TR.42723  63.2733=3  74.9015-1  10.0633~3 35,9995«3  29.7982-3
1.188146 50645171-3 245.55%4~3 340,7167-3  80.0555=3  64.5258~3  76,2113-3  10.951a-3  39.6794=3  32,9615-3
1.2082+8 4£90+8443-3 240.2739-3 337.5110-3 82,3802~3  66.3140-3  78.0a13-3 12.2174-%  44,9329-3  38.1913.3
1.2500+6 458+3230=3 249.3190-~3 330.8590-3 87.2040-3  70.0245=3  81.9614=3  14.8436%1 _ 55.8340=3  49.0434=3
1,5000+6 320.0900-3 188,5480-3 260.1570-3 98,4934-3  59,7006-3 77,3592«3  24,8970~3 62,1211.3  56,6848-3
1,750046 214.3840=3 132,8870-3 136,1790-3 87.3058=3  &7,9367=3  66,5039=3  28,6738=3 56.0744=3  33,2008-3
2,0000+6 1a41.8330~3 91,2479-3 126,7860-3 67.647%=3  37.8011-3  51,1318=3  25,9786=3 %6.5283-3  44,9722-3
2,5000%6 6£2.5475=3  42,2?240-3  56.8402-3  34,6542-3  22,539%5-3 29,5551e3 15,310a-3  253,0954=3  26.,9976-3
3.000046 28.3474-3  19.6655-3  26,1140-3  16.6003=3 13.0570-3 16,3756=3 7.7664~3  15.7483=3  "14,7335-3
4.0000+6 5.8092-3 4.1397-3 5.6880-3 3.6175=3 4,0493-3 4.7019-3 1.7764=3 4,5668-3 3,9939+3
6.880076 248.2010~6 176.4460-6 273.2479-6 158.2130-6 279.5590=6 - 301,2370~6  79.5308~6 297.5150-6 231,4760-6
8.0000+6
10.0000+¢
11.000046
12.0000+6

15.0000+6

— S) ES —



PA,

RAMETERS

NEUTRON SEPARATICN ENERGY 7.981f

LEVEL PARAMETER(X{~ZERU)

LEVEL SPAC
LEVEL OENS

ING o vean
1TY PARAMETER

« 1+254F
3.200g
s 1.985E
2.066E

PAJRING ENERGY sevsposeses 1.220E

NORMAL 1ZAY

TANGENCY POINT vieuvons

ADOPTED LE

ENERGY(EV>

224652343

504000043
1004000043
200+0000+3
2794077043

2874634043
300.0000+3
352.5710+3
2004000043
4001694043

500+0000+3
532,1780+3
562+0790+3
320+3
6004000043

644.3330+43
6544400043
700+0000+3
800+0000+3
$00+0000+3

1.0000+6
1.2500+6
1.5000+6
1.7500+6
2.0000+6

2.5000+6
3.0000+6
4,0000+6
6+0000+6
B+0000+6

10:0000+6
11.0000+6
12.0000+6
15.0000+6

ION FACTOR .

VELS  (HEV)

1, GROUND
2. 0+0225
3, 0.2772
4 0+28317
N 0.3%02

6+ 0398
Te 0.5284
8¢ 0°5383
9e 04566

10 01640

2+210E
2.696E
4.727E
3.T10E

JAERI-M 5752

TABLE A2 = 23

NUCLEUS ««o 62=SM=149

CROSS SECTION(BARN} AND nu-BéR

ENERGY(EV) TOTAL

00 CHEV)

02 100-0000%0 163°3730%0
00(MFV) 300,000040  9%,5%99+0
01¢1/MEV) TAG, 1.0000+3  53.6407+0
01€1/MEY) COM, 3,0000+3  32.1847+0
00CMEV?  TAG. 10,0000*3  18.T874%0
00CMEV)  COM.

03C1/MEY) TAG, 20,000043  13.9929+0
0O0CMEV) TAG, 22,6523+3 13.610640
00CMEV)  COM. 50.0000+3 9.6695+0

100,0000+3 7497640
200, 0000+3 6.1734+0

279,0770+3 3,9392+40
287.6340+3 5913340
390+0000*2 3:8759%
352,5710+3 54898440
400+0000+3 349111%0

400+6940%3 5°9123%
500,0000+3 6.0823%0
532-1780%3 6+1526%0
562,0790+3 6:2179+0
569+6320%3 6°2348%0

600.0000+3 6.3007+0
644,3330+3 6398440
654,8000+3 6.8420640
700.0000+3 6.5211+0
800,0000+3 6.7208+0

900.0000+3 6+8899+0
1.0000+6 7.0258+0
1,250046 7.2290+0
1.%000+6 T+2794+0

1.7300+6  7.2255+0

2,0000+6 7.1036+0
2,5000+6 £.7457+0
3,0000+6 6,3300+0
4,0000+6 5.5339+0
6,0000+6 4645440

81000046 4.577440
10,0000+6 4.773640
11,0000+6 4.91a1+0
12,0000+6 5.073640
15.0000+6 50333740

CROSS SECTION FUR EXCITATICN OF LEVELS

1=57

0.0 +0
963.0710=3
158,7960=3
637+9880=3
601+50%4=3

59T7:5619=3
591,8630~3
579,3489-3
56045003
%60.43%9=3

558,4130=3
544,4040-3
531.3863-3
528.911p~3
514.8770%3

490,1166=3
484,4901=3
459.0260~3
420,9080=3
382.9940-3

345,4380=3
253,2510-3
179.9320=3
125,9129-3
88,0913=3

43,1220-3
21,3079~3
4:997C~=3
28834706
16.9142«6

2«N0

0.0 +0

13,4745=3
32,9470-3
aT+3877-3
60+4160-3
60459213

A54T908=3
9046620=3
95.1884-3
9643621a3
100+9290=3

106,9694=3
108,34103
114,5540=3
126.2540-3
132.0490«2

133,10%0-3
117.5620-3
¥3,4632-3
70.2780-3
51,66343

26,8%%1-3
13,6150=3
3,3348-3
192.3390=6
11.6051=6

3-TH 4eTH 5=TH 6-~TH

0.0 +0
262,8220-3
366.2812~3 0.0 +0
459,6210=3 33.0695«3 -
460,098T=3  33,2478-3 0.0 +0

528,4480%3  58,0394-3  13,0071-3

328,2076=3 62,8428=3  14,8097=3 0,0 +0
527,9843%3  67,2063~3  16,4848=3  12.0797-3
527.9264=3  b6R.4636=3  16,9192-3  15,211g-3
527,7010=3  72,9670~3 18,6092=3  27.,3993=3

327,4421=3  79,5177.3 . 21,5562.3  33,1g98-3.

527,3833-3 81,0053-3 22,2254=3 34.5046~3
527.1170=3 87.T432-3 25,2566=3 40."606=3
502.9070-3 1pl.56%0-3  31,7277=3  53.0010+3
469,2870-3 110.6560=3 35,872T-3 644392623

432,6690=3 115,3150-3  40,4983«3  73,8472-3
324,7310=3 107,7780«3  41,6R4%=3 82,3243=3
229,0290=3  88.338%=3  36.%141=3  74,6290=3
186.4190=3  &T,4717=3  29.3169=3  60.11p7-3
106,7030=3  49.9R73-3  22.5825-3  #5.7517-3

50,0210=3  24,1243-3  12.4588-3  24.3ap1-3
23,9337-3  13,26p8~3 6.5907=3  12.4430-3
5,6865=3 3,2598+3 1.674%-3 3.0791-3
349.7790-6 188.3340-6  96.3804~6 178.6580-6
21.5824=6  11,8792«6 5.8878=6  11,1606=6

—_— S’ 6 —

ELASTIC

32°3730%0
39,2599+0
30.8407+0
22,6947+0
1%,2874%0

11.9729+0
11,7643+0
T.T4a5+0
640608+0
4.9894+0

44632040
4,5911+0
45313+
4.8p8440
a¢3965+0

4+3970%0
4.9576+n
4+4722%0
4.4862¢0
4+4870%0

4.49T2¢0
4.5154+0
4,519n+0
4,5336+0
4,5764+0

4,6288+0
4.6841+0
9,78334+0
4,8216+0
4793140

4.706040
444036+0
4,012740
3,2440+0
2.3784+0

2:3426+0
24610040
2.7525+n
2.B776+0
3.0823+n

T=TH

0.0 +0
11,1413«3
54,4935=~%
64,8699=1
67.2254=3
77.8977=3
91.8807-%

102.9200=3

111,9200-3
119,5980=3
112,2760~3
97191422
80432203

49,7186-~3
27.9972-3
784647
339.8120-4
14,291p~6

[NELASTIC

0.0 40
963,0710-3
158.7960+3
637,9480-3

836,6890=3
856.2960~3
Q8762903
1.0053+0
1-1136%0

1+1145%
1.2437+0
1+3121%
1.3762+0
1:3930%¢

1,4583+0
1,5556+0
1,57179+0
1,6795+0
1,8750+0

2.02114+0
2.1437+0
2,294740
2,334840
2.331440

24313640
2.2851+0
2,217740
2,273440
2.,2648+0

2,234440
2.1635+0
2.165640
2,1959+0
24251440

8~TH

0.0 +0
141,4570=3
177,2046«3
185431763
222,0500-3
246,4350=3
252,6690=3

256,2610%3
230,1530-3
142,8390=-3
133.7980-3

34.6788~3

45.543243
21.8775-3
8.2194=3
321.54560-6
20.6368-6

CAPTURE

131 -0DQO*0
56.3000+0
22.8000+0
9+4500+0
3.5000%0

2.0200+0
1.8263+0
962.0000~3
678,0000-3
351.0000-3

472,4986=3
465,9612~3
437+0000=3
424.6699-3
401+0000~3

400¢840T=3
381.0000~3
368028073
357,452%~3
354482643

345,0000~3
327:3673=3
323,6535-3
308.:0000=3
269.0000-3

24040000-3
198.0000~3
151,0000~3
123.0000-3
101.0000-3

8345000~3
564900023
39.6000~3
16.5000-3

2.3000~3

360.0000~6
80.0000~6
40.0000~6
20.0000~6

9-TR

00 40
13453953
T448465-3
95.211943

104,7930=3

113,1220.3
121,8910+3
111,3710-3
89.6577-3
67.5159-3

34.7897-3
17.215423
4.1421.3
241.2110-¢
15,3991-¢

MU=-BAR

4°5204%3
4,5507.3
4,7327=3
5.5804-3
10.2063«3

18,755623
21.887243
54,1789-3
108,6300-3
149,8250-3

238,7484«3
284,0024e3
251+6930-3
274.1676-3
234+8440=3

2944637403
322.3080-3
332466713
332,2¢31.3
344+7590-3

35445010~3
370,0131-3
373,53%6.3
389.4910-3
425.4000=3

46041420-3
493.2610-3
565,3760«3
620,0080=3
65942170-3

68613710-3
71T,0780-3
724,7620-3
723.9470-3
687.3670-3

T27.0190~3
795.8090-3
623,5710-3
846,0960-3
887.2220-3



’ JAERI-M 5752

TABLE A2 = 26

NUCLEUS +s+ $2~SM=151

PARANFTERS CROSS SECTION(BARN) AND MU-BAR
ENERGY(EV) TOTAL ELASTIC INELASTIC  CAPTURE MU-BAR
NEUTRON SEIPARATICN ENERGY 8.231E 00(MEV)
LEVEL PARAMETER(XI-ZERQ) . 3.820€ 01 100.0000+0 160.3780+0 140,5780+0 19.8000+0 4,4609-3
LEVEL SPACING eevvesrvsess 1+300E 00SMEV) 300,000040  93.8589+0  82,4589+0 11.4000+0 4.4923-3
LEVEL DENSITY PARAMETER .. 2.126€ 01C17MEV) TAG. . 1.0000*3  52,7372*0  46.4072*0 64330040 4,6809~3
2:132F 0L(1/MEV) COMe 340000*3  31+6522+0  27+7022+0 3:9500+0 5¢5583-3
PAIRING ENERGY sessaseovss 1.220E OOCMFV)  TAG. 4,8522+3  28.185%+40 24,7873+ 0.0 40 3,398240 7.1877-3
2.320E O0CHMEVY  COM. K
NORMAL1ZATION FACTOR 2.884E 03(1/MEY) TAG. 10,000043  18.5507+D  12.9903+0 2,850440 2.7100+0 11.7162-3
TANGENCY PGINT ssacreas 4.T13E 00CMEV)  TAG. 20,0000%3  13.84a2%0 9.46R2+0 2.0400+0 2,3400%0  22.6891-3
. 5+8N7E QOCMEV)  COM. 50+0000+3 9+6084+) 6+6250%0 142134+0 147700+0  59+4295-3
66,259743 8.9164¢0 6.0738+n 1.394449 1.4482+0  86.7990~3
70.1656+3 84750140 5,9212+0 1.433740 14390340  93.3736-3
ADOPTED LEVELS (MEV)
i . 924141443 71814840 41976440 14693640 1+1649+0 130-3649-3
1. GROUND 5/2= ‘1p0.0000+3 7480440 4.6133+0 1.7871+0 1.0800+0 143.5930-3
2. 0400482 Ts2= 105+5500*3 744091%0 445943%0 1:7941+g 1+0207+0 150+4817-3
3. 0.06582 3/7- 168,8400+3 64396640 4.1030+0 1,8692+40 624,3826.3 229.0379-3
4o 0+0697 5/2w 169+5150*3 6°3879%0 440962%0 148700%0 621+781B=3 229+8757-3
5, 0409153 1r7e
6 010485 542 200+0000*3 6°1965% 3+7709*0 1+9026*0 523°0000-3 267°7140-3
7. 0.16772 5/24 21p, 376043 6166940 3.76384n 10904440 497,79%3-2 274,4720.3
8 0°16839 7/2e 30040000*3 5'9115%0 ERXTYY AL 1+9153+0 352¢0000=3 332+8450-3
9. 0+20898 747« 308.7490+3 5,9155+( 3.6479¢n 1.9225+g 345.1316u3 336.30p37.3
10° 0°3067 347« 32610640%3 53'9234%0 365440 1°9366*0 3324607-3 343+1489=3
1, 043239 3424+ .
12+ 0*34487 T72% 347+1740%3 5+9331%*0 3°6607%0 1°9539%0 31846713 351449433

352,3350+3 5.9385+0  3,662140 1.958lep 315,2601=3 353.5358.3
400.0000+3  5.937340 3,6708+0  1.997340 289.0000-3 372.3780=3
500,000043  £.13893+0  3,7864+¢0  2.0909+0 258,0000=3 399.2070~3
600,0000+3 6.357840 2.9298+0 2,1pl0e0 267,0000-3 &23,4950-3

700,0000+3 6+5804%0 4.0801%0 24263240 237,0000~3 44B,5140=3
800:0000+2 60780940 44224640 2,322340 234.0000-7 474.5990-3
900.0000+3 61949740 4.3371+n 24358740 234,0000~3 501.0760-3
1.000046  7.0886+0 4,4743+0 2.3793+40 231.0000»3 327,0130-3
1,2300+6 7.2830+0 4,6874+0 2,367640 ?283,0000-3 585,2890-3

1.5000+6 7.326940 4,786040 2,322940 218.0000=3 631.3210-3
1.7500+6 74266340 4.786140 2.27g1+q  20Z2.0000-3 665.4850=3
2.0000+6 74137140 44708540 2:236640 182.0000=3 690,1070~3
2,5000+6 64766940 4.403340 212266+0 137.0000=3 718.7830=3
3,0000+6 64342040 4,005%5+0 2,2365+0 100.0000-3 729,5290-3

4,0000%6 54538340 3.2327+0 2.2629%0  42,7000-3 723.2020-3
© 64000046 4,6662+0 2,334%n 2.2768+0 5.0700=3 687,0740-3
B.0000¢6  4,6168+0 2,3700+0 24246040 740.0000-6 730,0610=3
10,0000+6 4,825040 24647540 2.1774¢40  150.0000-6 799,0820~3
11,0000¢6 4,9732+0 2,7910+0 2.142140  70.0000-6 826.4740-3

12.0000%6 5.1298+0 249152+0 24214640 30.0000~6 848.5580~3
15,0000%6 5.37114Q 3.1079+n 2.2036+0 888:4750-3

CROSS SECTION FOR EXCITATICN OF LEVELS

ENERGYCEV) 1=ST 2«ND 3=TH 4~TH SaTH 6=TH T=TH 8=TH 9+TH

4,8522+3 0.0 +0n
10.,0000+3 2.8504+0
20.0000+3 2+0400+0
30+0000+3 1.21%40
66425973 140585+0 0.0 +0

704165643 £4021340  39.3970-3 0.0 +06

92,141043  811.9706=3 261.0%69=3 . 307.9138~3 6.0 40

100.0000+3 737.1170-3 34043230=3 689.5450-3  20,1031-3

105.530043 770.7666=3 334,87% =3 677.2090-3 21,0017-3 0.0 +0
168.8400+3 334,3123~3 272,7331=3 336,5337-3  31,2484-3 270,1749-3 0.0 +0

169.5150+43 532,3237=3 272.07n4=3 333,0333.3 31,3%7623 273,0564-3 3,14%4=3 0.0 +Q

200.0000+3 442.5140=3 242,1390-3 467.2740~%  36,2932-3 403.1920-3 145,2020-3 165.9820-=3

210.376043 435.4644=3 240,6034=3 &34.2378«3 37,3683=3 397.0191-3 147.5482-3 170.1520-3 0.0 +0

300+0000+43 374.5730=3 227.3390-3 3a0.1340-7% 46,6546=3 343,7p00+3 168.0070=3 206.1710=3 L163,6800-3

308.7490¢3 372.9223=3 224.4613-3 375.4862-3  46,2674=3 339,7679-3 165.4380-3 207.4256=3 170,8256=3 0.0 40

326,0640+43 369.65%5-3 215,7660-3 366,1849-3 45,5011.3 331,98%8-3 16q,3538=3 209.9046-3 175,0719-3 17,2753-3
347,174043 364.6777=3 211,8725-3 3%4,84%51=3  44,5669=3 322,4981-3 155,1553=3 212.935a=3 180.2490-~3  38.3370-3
3%2.3380+3  364.598a~3 210,1240-3 357,0711-3  24,3384<3 320.1772-3 152.6390=3 213,6763=3 1l.5154.3 43.4891.3
400:0000+3  335.7060-3 194.84470-3 326.46R0~3 42,2291-3 29§.,7560-3 133.6440-3 220.5110-2 193,2040«3 91.0419-3
500.0000+3 352,7420-3 193.5100-3 209.9510-3  44,5273-3 285.8570~3 133,0430-3 234,0250-3 209.1140-3 1p1.3750-3

600.0000+3 348.5361l0«3 195,0900-3 301,3470-3  45,9887-3  280.3030-3 128,7190=3 244,7380-? 221,5880-3 108.3410-3
700.0000+3 340:5390~3 195,7420-3 294,3450-3  45,28R7T=3 276.4060-3 124,0170-3 251.9490~3 231,0150-3 115.8850-3
800.0000+3 227.0560~3 193.3650-3 284.8280-3  45,4564-3 269.9920-3 114.3580-3 253.7330~3 235,5640-3 122,7720-3
900+0000+3 309.30480=3 187.9760-3 277.2570-3 43,3701-3 260.2980-3 112.1020=3 250.142¢0=~3 234,9320-3 127.8420-3

1.0000+6 289:1060-3 180.3240-3 257.3920-3  41.9123-3 247,9150-3 105.7410-3 242.1930-3  229.8020~3 130.5200-3

1,25n0+6 232.6450-3 153,6700-3 217,6590-3 36,2184-3 207,5340-3 89,4313-3 207.5290-3 200,6420~3 12%,0510-3
1.5000+6 177.3330-3 122.7340-3 16%.5840-3  30,3a38-3 162.8810-3  73,5699-3 163.9900~3 160.3640-3 1p7.1280-3
1.750046 130.6490-3  93.6A07-3 123.8162-9 24,8408=3 122,3120«3  59.0916=3 123,217p-3 121,2440-3 a5.0067~3
2.0000+6  93:3750-3  6A.5900-3  £9.2974-3  19,691n0-3 ' B8.4142.3  26.0708-3  8B.9896-3  87.8562-3  63.5923-3
2.3000+b  44,6606~3  33.4636-3 11,2153-3  42.4934=3  23.7180-3  42,9107-3  42,4750=3  31.5715-3

3.0000+6 20.1012-3 14,9868=3 19.1179-3 5,7126-3 18,9759-3 13,0814=-3 19,3791.3 19,1994-3 14,224423
4.0000+6 3.6644=3 2,6484-3 3,4089-3 1,22353 3,3896=3 ?2.8835-3 3.5641~3 3,5386-3 2,5421<3
6:0000+46 110.8600+6  73.2167-5 98.13al-6  39.5584=6 97.5710-6 99.6705-6 107.9350-h 107,2070-6 70.6269-6
8:0000+6 R

10.0000+6

11.0000¢6

12.0000+6
15.0000+6

-9 7'__



PARAMETERS

NEUTRON SEPARATICN ENSRGY 6.391F
LEVEL PARAMETER(XI=ZERO)

JAERI-M 5752

TABLE A2 =~ 27

NUCLEUS «+«+ 63=EU=153

00CMEYY
ol
ol

ABOVE

LEVEL SPACING ,,...,0e0see 1.300E DOCMEYVY ABOVE
o BELOW 0, 1MEY

LEVEL DENSITY PARAMETER .. 2.518E

PAIRING ENERGY e¢svaseeoaesr 1.100E

NORMAL JZAT

TANGENCY PCINT sevevses

AOOPTED LE

ENERGY (EV)

83.919643

98.0723+3
100.0000+3
103.8590+3
152.6100+3

173.9940+3
192,6620+3
200.0000+3
269.7670+3
300.0000+3

400,0000+3
500.0000+3
600+,0000+3
638.7840+3
640+5960+3

686.4960+3
698+8770+3
700.0000+3
711.0570+3
714.6810+3

800.0000+3
900.0000+3
1.0000+6
1.2500+6
1.500046

1.75004+6
2.00004+6
2.5000+6
3.0000+6
4.0000+6

6.00004+6
8.0000+6
10.0000+6
11.0000+6
12.0000+6

10N FACTOR .

VELS (MEV)

1, GROUND
2 008337
3. 0.09743
4 0-10318
5. 0.15161
[ 017285
T, 0.1914
8. 0263
9. 0.6346

10 06364

11, 0.582

12- 046943

13, 0.706%

CRASS

LW
-
®
oo
mm

0
0101/MEY) TAG,
01(1/MEV) COM»
00(MEV)  TAG.

(MEV)  COM,
03C(L/MEYY TAG.

E 00{mMFV) TAG,

3+474E O0(MFY) COMe

O+1MEV

BELOW 0.1MEV

0, LMgV

SFCTION FOR EXCITATICN OF LEVELS

1-57

0.0 +n
$12.0941-3
581+8450=3
577+5807~3
5$23.7020-3

500.0691=3
479,4377-1
4T1,3280=3
392.0260=3
357.6610~3

348.2160~3
365.7250-3
384.0670-3
288.5073-3
388.7096-3

393.9587-3
395.3746=3
395.5030%3
34y4+635p=3
394,3516~3

387.6600-3
266.3130~3
338.7650-3
?6t.8790-3
182.3740-3

118.0390-3
74.0891-3
27.8853-3
1n.3119-3

1,3443-3

21,2375-6
533.77119

15.0000+6.

2=ND

0.0 +0
141.0640-3
143,1019=3
168.8473=3

180.1402=3
169.9988=3
193.8740-3
195.99563
196.91%0~3

192,3050-3
147.4180-3
182,1920-3
173.6017-3
173.2004-3

163,0340-3
160.2917-3
160.0430~3
157.7a18-3
1%7.0407-3

139,5930=3
124.9800-3
110.8770~3
R0-9999=3
57.0477-3

39.0144a3
26.3539-3
11.5792-3
4,8648-3
804.8170-6

17.4933-6
448,%260-9

3~TH

0.0 +0
159.3113-3
229,1911-3
2¢0,1955=3
214,1750-3
2q1.8328-3
282,1510-3

275.8740=3
278.0820-3
282,4120=9
241,7226-3
231,6902=3

230,8741-3
230.6540~3
280,6340=3
279.3843=3
278.9748-3

269,3320-3
254,1680=3
236.8140-3
189.3310-3
136.5260~3

90.6050-3
57.5508-3
21,5979-3
7.8342-3
9a4,0051-6

14,8874w6
345,1480-9

4=TH

0.0 +0

57.4552=3
107.6130=3
127,3290-3
143.0580-3
149.8740-2

155,3580-3
153 ,8770-3
160.7870-3
153.0275-3
157,8986=3

154,637g-3
153,7519-3
153,6720=3
152,2214-3
151,7460-3

1ap,5530=3
126.7630=3
112,7740-3
82,2511.3
57.5101-3

39,0793-3
26,3587-3
11.6297-3
4.9840-3
856,1410-6

19,7413-6
517,3570-9

CROSS SECTION(BAKRND AND MU=-BAR
ENERGY(EV) TOTAL ELASTIC INELASTIC CAPTURE Mu=gAR
100:0000%0 174°7420%0 7+7420%0 169-0000+0 2+590173
300,0000+0 103,3210+40  29,8210+0 73.5000+0 4,4306-3
1,0000¢3  57.9108+0  25,9108¢0 32.000040 4,6025=3
3,0000+3  364,6198+0  20.415a+0 14.2000+0 5.4030-3
10.0000+3  20.1348+0 ~14,6048+0 5,530040 9.7704~3
20.000043 18,9244+0 11.70464+0" 34220040 17,88422+3
50,0000+43 10.2147+0 8,528740 1,690040  45,7136-3
83.9196+3 5.5998+0 7.3404¢0 0.0 +0 1,259440  B447343~3
98,0723+3 7.9260%0 6,1372¢0  636.,1200=3 1,1527+0 101.,0154-3
100:0000+3 7:8342+0 5¢9713+0 722.909D-3 1.1400+0 103.2330-3
103,85904+3 7.7717+0 3.9149+0 753,7480-3 1.1090+0 108,0213-3
152.6100+3 74063940 5.0705+0 1,155540 837.8279=3 168,7845=3
173.9940+3 6.7507+0 44650340 1.3390+0 761,4875-3 195,4288-3
192,6620+3 A 4TT440 3,26T8+0 1.,5027¢0 706+9940~3 218,6889=3
200°+0000*3 6+3700%0 4+1140%0 1'5679%0 688°0000-3 227+8320-3
269:7670%3 6+1220%0 3:8990%0 1+6499+0 573+0164-3 276°1701~3
300.,0000+3 6.0145+0 3.7914+0 1,6861+0 537.0000-3 297,1170-3
400+0000*3 6°0269*0 3+7779%0 147390%0 510°0000-3 336°0040-3
500.0000+3 6.1871+0 3,8720+0 1,8061+0 309.0000-3 364.3640-3
600+0000*3 6:3984%0 4:0070*0 1+8764%0 51%°0000-3 390+9080-3
638¢7840%3 6+4815%0 4+0630%0 149030%0 515°4061-3 401°7563=3
680,5960+3 683504 4.0657+0 1,9043+0 515,4285.3 402,2631.3
636249603 645837%0 4:1320%0 14935940 515¢8735-3 415:1018-3
698,8770+3 6.6103+9 4,laga+0 1,948440 $1%,9896.3 41p,5649.3
700°0000+3 646127%0 4'151%+*0 1+9452+0 51600003 418+379D-3
711.0%70+3 616331+0 4.1662+0 1.9534+0 514.5769=3 422,2529-3
714,6810+3 6.641140 4.171g+0 1.9;51.0 514,1162.3 423,3%88-3
800.0000+3 6,8066+0 4,283140 2,0l95.0 504.0000-3 439,3930-23
900.0000+3 6.970440 4,802540 2.0768+0 991.0000-3 480.3490=3
1,0000+6 7.1017+0 4.5093+0 2,1155+0 477.,0000-3 510.2470-3
1.2500+6 7.2983+0 4.7097+0 2.2026+0 386.0000=3 576.6320-3
1.5000+6 7.3483+0 4.8007+0 2,2386+0 309.0000-3 628.4720-3
L75004+6 7.298140 4.801p+0 2,257140 240,0000-3 666,3360-3
2,0000+6 7.1815+0 4,7332+0 2,262340 186,0000~3 692,5340-3
2.5000+6 6.835940 4.4559+0 2.270040 110,0000~3 721.6860-3
3.0000+6 6.4283+0 4.0792+0 20283540  65.6000~3 732,6030~3
4.0000+6 5.6247+0 3.3137+0 2,2903+0  20.7000-3" 72§.,2670-3
6.0000+6 4,7166+0 2,4208+0 2,29424¢0 1,6600-3 691,8200~3
8.0000+6 4,6252+0 2.3679+0 2,257140 170.0000-6 729,4460-3
10.0000+6 4.8244+0 2,6295+0 2,1949+40  20.,0000-6 796,2070~3
11.0000+6 4,9809+0 2.1742+0 2,2067+0  10.0000-6 823.8570=3
12.0000+6 5.1476+0 2,9039+0 2,2436+0 846,5390-3
15,0000+6 %.3830+0 3115440 2,2676+0 887.9390-2
5Tk &=~TH T=Tk 8=TH 9-TH
0.0 _+0
275.57733 0.0  +0
383.9010-3  77.3274=3
389.3134-3 132,7930~3 D0 +0
391.6660-3 156.8300-3 151.0300=3
355,7890=3 207.4260=3 204.0760=3
344,0420-3 245,5660-3 226,3%70-3
344,6340-3 273,7450=3 248.5480=3
345,2569-3 251.8334=-3 256,8040-3 00 +0
345,2860-3 252.2113=3 257.1897=3 220.0780~6 0.0 +0
346,0231~3 291,7837-3 266,9604=3 5,7949=3  16,2945.3
346,2220-3 294,3658~3 269.5960-1 7.2986=3  20.6897=3
346.2400=3 294,6000=3 269,8350=3 7.4350~3  21,0884-3
345.2664=3 294.8428=3 270.9456-3 T.7660-3 21.7221-3
344,9473-3 294,9224-3 271,3096-3 7.8745«3  21,9306~3
337,4350-3 296,7960-3 279,8790-3  11,4284~3  24,8253-3
321,5470-3 285.1770-3 273.8890-3 13,2996-3  31.2819.3
301,3800-3 26T.1550-3 270.1480-3 15,2562=3  33,7226=3
241.%5360-3 210.2940-3 227.72190-3 16.9522=3  34.2479.3
173,1320-3 147.4320-3 166.149p-3  15,0456=3  29,1107-3
114,0460=3 95,8757-3 1l0,4510-3 11,7293-3  22,1549-3
72,0767-3  60.6571~3  70,3073-3 8.5393-3  15,9025-3
26.9695-3  23.3927-3  26.743%=3 4.0000-3 7435153
9.,8215.3 8.9059=3 9.928%=3 1,7260-3 3.1636-3
1,2556-3 1,2261-3 1,3146=3 290.5910-6 535,7660-6
19.0409-6 20,6217-¢ 20.8183-4 6,3932-6 11,9795-6 ~
465,6481-9 540.8169-9 525.7862+9 166,7520«9 315,4580-9

— s; i; —_



TABLE A2
NUCLEUS
PARAMETERS
NEUTRON :TPARATICN ENERGY 6.331E 00(MEV)

LEVEL PARAMETER(X1-2EROY ., 4.77%E 01

LEVEL SPACING «estvexsesas 2,500E Q0LMEY)

LEVEL OENSITY PARAMETER *¢ 2+426E Ol{1/MEV) TAG*
: 2437TE OLT1/MEV) COM.

PAIRING ENERGY seeersecses 9.200E-01(MFV)  TAG.

0.0 (MEV)  COM.

3,377 03(1/MEV) TAG.

4,388 00(MEV)  TAG.

34462E QO(MFV)  COM.

NORMAL 1ZATION FACTOR
TANGENCY PCINT sevsoes

ADOPTED LEVELS (MEV)

1. GROUND 5/7¢
2 04075 172+
3, 0.10435, 5/2=
4 017 172
5, 0.2462 Isoe
6 0+31 572+
T. 0.7¢ 177
8 0487 5/2%
9% 1,0y 3724
10 1-27 5/2«

JAERI-M 5752

- 28

+ 63=Ey=155

CROSS SECTION FOR EXCITATICN OF LEVELS

ENERGY(EV) 1-87 2~ND 3~TH

75.4881+3 0.0 0
100.0000+3  600.2590-3
105,0290+3 601.3089~3 0,0 40

171.1060+3 615.1031=3 163,22p4-3 0.0 +0
200.0000+3 621.1330-3 234,5930-3 119.5670=3
247.8020+3 625.5806-3 243.5463-3 157.5007-3
300.000043 630.43%0~3 253,3290-3 18A,4630-3
312.0170+3% 627.0618=3 251.9366~3 191.0394=3
400.0000+3 602+3650~3 241,7360=3 209.9030-7
500.0000+3 645.1500~3 238.,6190-=3 271.6780~3

600.0000+3 677.0070-3 233.1870=3 225.7700-3
700.0000+3 * 692.8100=3 226.,1700-3 225,6210-3
T6449460+43 693.6138=3 219,5760=3 223,3492-3 _
800+-0000+3 694.0470~3 216.0170-3 2722.1730-3
875.6620+3 676.9141=3 207.3507-3 217,9064-3

900.0000+3 671,4030-3 204,5670-3 216.5500-3
1.0000+6 647.7090-3 194,7180-3 211.3530-3
1.0971+6 618.9319-3 186.5531-3 207.0%62-3
1.2500+6 573.6100=3 173.6640-3 199.9740-3
1.2783+46 5A3,1530-3 1T1,5786-3 197,69%52-3

1,459446 496.1113-3 158,0162-3 143,0856-3
1.5000+6 441.1030-3 154,9300=3 179,8150-3
1.7500+6 232.5030-3 91.7932=3  96.3378-3
2,000046 106.2170-3  47.6R6B=3  4R.2705+3
2.5000+6  29.9670-3 13,8358=3  13,9426-3

3.0000+6 8.1607-3 4,9362-3 %.0501-3
4.0000+6 1.0223-3  756,5190-6 805,4971-6
6:0000+6  20.3433-6  17.8475-6  20.2318-¢
8+0000+6

10.0000+6 R

11,0000+6
12.0000+6
15.0000+6

0.0 +0
243,2950-3
242.1194=3
233,5120-3
249.5810-3

269.2340-3
288,9210~3
298+6R69-3
303.9%0-3
304.1065=3

304.2600-3
303.2400-3
293.4091-3
277.9240-3
274,9640-3

255,9742-3
251,7230-3
150.5300-3
75.7717.3
19,3717-3

6,01p3-3
728.1080-6
13.3372-6

CROSS SECTION(BARN) AND My=-gAR

ENERGY(EV)

100.0000+0
300,0000+0
1+0000*3
3+0000+3
10.0000+3

20.0000+3
50.0000*3
T5+4881+3
100,0000+2
105,0290+3

171.1060%3
200,0000+3
247.8020%3
300.0000+3
312-0170%3

400+0000*3
500.0000+3
600+0000*3
700.0000+2
T64°9460%3

800.0000+3
875.662043
900.0000+3
1,0000+6
1.0971+6

1.2500+6
1.2783+6
1,‘59“06
1,5000+6
1.7500+6

2.000046 .

2.5000+6
3,0000+6
4,0000+6
6.0000+6

8.0000+6
10.0000+6
11,0000+6
12.0000+6
15,0000+6

0.0 +0
309,6510-3
335,3050-3

356.3680-3
381,3190-3
396.9281-3
455.3530-3
410.0327-3

411,53p0-3
417,0060-3
411,2975-3
402.3070-3
397,8941-3

369,6025-3
363,2690-3
199,7770-3
96.1407=3
24,2254-3

7.5357=3

927,9921=6
17.,6458=6

-99—

TOTAL

173.8200+0
101.6620+0
57+0264%0
34-1338%0
19.8973+0

14,776740
10.1a47%
8+9575%0
T7.8118+0
T.7400+0

6+7953%0
6:3826+0
6:2212%0
6.0450+0
6:0479%0

6+0687%0
6:2363¢0
6+4524%¢
6.6695+0
6°7964%0

648689+0
6.9890+0
7.0289+0
7.1598+0
74238640

7.352640
74357540
7.3895+0
96T+0
+340040

74216540
6+8585+0
6.4841440
5.6293+0
44736540

4.6633+0
4.8755+0
%$.0359+0
5.2033+0
5418840

6=TH

0.0 +0
6.4941-3
11.1430-3

12,6384-3
17,2350-3
20.4609-3
25,4627-3
26,0436-3

29.7677-3
30.6014=3
23.7953-3
14,4293-3

4,1212-3

1,7308=3
271.,0250-6
he 54256

ELASTIC

152,5200+0
49.4620+0
50°3568%0
30+0%38%0
17.0973+n

12,3267+0
a.l6a7%0
7-3190*n
5.7B16+0
5.7613+n0

5+1018*0
4.693340
4+4891%0
4.218%+n
4°2037%0

4:0625%0
4.1680+0
T 4v3127%0
4,4627+0
4°5542%0

4.6039+0
4,6B65+0
4,713340
4.8168+0
4,8879+0

5.0018+0
5:01424+0
5,0728+0
3.0819+0
4.9375+0

4.7888+0
4,0646+0
4,0773+0
3.3051+0
2.4264+0

2.3942+0
2,6662+0
2.612240
2.9412+0
3.1402+0

7~TH

0.0 +0

61,6375=3
101.4390-%
119.44a9=13
lat.a030-3
152,8689-3

135,3472-3
192.6180=3
135,2610~13
74.6310-1
20.75%40-3

6.,626p=7
836.6330-6

16.2022=4

INELASTIC CAPTURE

21.,3000+0
12.2000+0
616700%0
4+0800*0
20800040

2.4500+0

2.0000%*0

0+0 ‘0 14638540
600.2590-3 1.4300+0
617.2640-3 1.361640

853:9550=3  834¢8330=3
975.2970~3 714.0000-3
1+1339%0 59824823
1.315540 511.0000-3
1:3434%0  495+7006=3

1+5972%0 409°0000-3
1.6903+0 378.0000-3
12761640 378°0000~3
1.8148+0 392,0000-3
1:8364%0 405°8309=3

1.8440+0  413.0000-3
1.8742+0 423.2601-3
1.8826+0 433,0000-2
1.892940 450.0000~3
76240 470.5154-3

1.

1.8497+0 501,0000-3
1,360140 483.1996-3
1,9268+0 289.9179-3
1,9418+0 373.0000=3
2.1995+40 203,0000-3

2.2997+0 128.0000-3
2.3319¢0  62,0000-3
2,323540  35.6000-3
2,3130+0  11,3000-3
2.3092+0  950,0000-6

2.2690+0 110,0000~6
2.2093+0  20,0000-6
2,223140  10.0000-6
2,26214+0
2.2786+0

a=TH 9=TH

0.0 +0
4B, 75763 .
51,9151-3 0.0 +0

72,1584=3  24.,7084-3
16.6902=3 230.2398-3
71,6621=3  30,9100-3
46,9735-3  21,9074-3
14,9822.3 B.4T94<3

4,9335.3 3,3312.3
642,2740-6 561.3620-6
11,8002-6 15,5023-6

Mu=~BAR

2.5588=3
4,3750~3
4°5526=-3
5+3798™3
9.8789-3

18,1823«3
46478093
T6+1968=3
106.4860-3
109,2469=3

171+8006=3
199.1540-3
232:9983~3
269,9550-3
2754942123

31947770-3
346,9400-3
371+8740-3
397.9470.3
415+6786=3

425.2490=3
447,6298=3
454,8290-3
482.7170-3
506453123

544.0370=3
54948938=3
587.4430-3
595.8490=3
653.0570=3

68942540=3
722.5240=3
732850043
727.1450-3
691.4080~3

732.2690-3
799.3480~3
826.6700~3
848.9350-3
889415103
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Appendii 3. Graphical Display of the Cross Sectionms.

The cross sections obtained in this work are shown.in Figs. A.3(a)-1
to A.3(c)-28. The neutron capture cross sections of Mo-95, Mo-97, Tc-99,
Ru-102, Ru-104, Rh-103, Ag-109, Cs-133, Sm~147, Sm-149 and Eu-153 are

compared with the experimental dataz?3124'160)iin Figs. A.3(a)-1 through

A.S(A)-ll. In Figs. A.3(b)-1 to A.3(b)-28, the capture cross sections .
obtained in this work are sho;; with the evaluated cross-section curves of
enpF/B-3%), uiL®) and Benzi et a1.>°%)  symbols B,E, J and U in Figs. A.
3(b)-1 through A.3(b)<28 stand for Benzi et al., ENDF/B-3, JNDC and UKNDL,
respectively. The curves in the original figures could be identified by

different colours, which had been provided by the program SPLINT.123)

Because of technical limitation in printing, the coloured figures could not

be illustrated in this report. The authors would apologize to the readers

who might find difficulties. in identifying the curves.
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