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Results of neutron 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 scattering, inelastic scattering and capture, in the energy range of 

100 eV tol5MeV. 

Calculation of the cross sections was performed with the spherical optical 

model and the statistical theory. The optical potential parameters were 

determined so as to fit the calculated total cross sections to the experimental 

region of 75 < A < 150. The potential parameters were further tested and 

verified through comparison between calculated and experimental values of the 

elastic scattering cross section, its angular distributions, inelastic scattering 

cross section and neutron strength function. Level schemes for 28 nuclides 

were newly collected and evaluated in this work. The initial input values of 

average radiation width ? and level spacing F were taken from BNL-325 and 

Baba's compilation, respectively. The calculated capture cross sections were 

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

parameterlTV/l). 



The capture cross sections obtained here were compared with those of 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 performed as one of the projects of the Japanese Nuclear Data 

Committee. 
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1. 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. 

In contrast to the situation in thermal reactor, 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 have been used widely in 

nuclear design calculation. There are more recent evaluations by Bengi 

et al., ' ' ̂  Cook, and Schenter et al. ^ However, there exist large 

disagreements among the evaluated data of radiative capture cross section. 

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%. This will cause the error of about 1 %Jk/k in the prediction of 

reactivity effect of fission product for a typical burnup of fast reactor. 

There are less evaluated data of total, elastic scattering, and inelastic 
(5 5) scattering cross sections. ' Although the effects of these cross 

sections on neutronic properties of reactor are minor compared with that 

of the capture cross section, they are by no means negligible. Much 

more efforts are clearly needed to evaluate these cross sections. 

In 1970, Japanese Nuclear Data Committee organised Fission 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 use in fast reactor. The nuclear data working group 

was assigned to provide the basic cross section data, and the reactor 

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 products, 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 products in the reactor of high burnup. 

The present report describes the results of the evaluation of neutron 

cross sections of 28 nuclides selected as being most important. These 

nuclides are: 

Tc-99, Ru-10l, Ru-102, Ru-104, 

Ag-109, 1-129, Xe-131, Cs-133, 

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

Sm-149, Sm-151, Eu-153, Eu-155. 

Sr-9C, 

Ru-106, 

Cs-135, 

Zr-93, 

Rh-103, 

Cs-137, 

Ho-95, 

Pd-105, 

Ce-144, 

Mo-97, 

Pd-107, 

Nd-143, 

- 1 -
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The types of reactions considered are the total, elastic scattering and 

its angular distribution, inelastic scattering, and radiative capture 

for the energy range from 100 eV to 15 NeV. The target accurcy 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 fission product region, the present evaluation has put more emphasis 

on obtaining a comprehensive set of cross sections rather than obtaining 

specific values of cross sections of individual nuclides. The calculation 

of cross sections was performed by the spherical optical model and the 

statistical theory. The statistical fluctuation of neutron width was 

not taken into account. The statistical calculation was simply extrapolated 

down to 100 eV according to the requirement 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 product. 

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 

cross sections. Section 3 describes the determination of optical 

potential parameters and the results of the extensive tests of this 

potential through the comparison of calculation and experiment 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 /^ and average 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 sections were normalized 

to the measured cross sections, when available, by mainly adjusting the 

parameter pi- / D . The calculated compound elastic scattering cross 

section was then modified so as to conserve the calculated total cros3 

section, keeping the other cross section values fixed. Several remarks 

are made in Section 5 about the results of the present evaluation. A 

provisional scope of future work is also given. 

- 2 -
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The evaluated cross sections are stored on magnetic tape in ENDF/B 

formats. Appendix 1 gives the details of the data processing 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 the present results 

of capture cross section with experimental values and with the evaluated 

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 there still 

remain large disagreement among the evaluated data for nuclides for which 

no experimental data exists. The accuracy of the present results for 

total, elastic scattering, and inelastic scattering cross sections is 

considered as satisfactory for reactor application. 

- 3 -
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2. General Description 

Fission product nuclides are in the region of atomic number Z-32 to 

68. There are about 700 nuclides in this region and about 300 nuclides 

of them are considered to be important as fission 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 fission product 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, optical model of the nucleus and the Hauser-Feshbach's 

formula ' 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 to 15 KeV. Trends 

of the parameters used in the formula were investigated by using experi­

mental data in the nuclear mass region mentioned above. For example, 

the optical potential parameters were investigated by using the experimental 

data of the total cross section, and their 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 nuclides, 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 fission. The concentration or number density of the 

fission product nuclides changes with time owing to beta-decay and neutron 

capture. Change of the concentration is mainly due to beta-decay in fast 

reactor, since the capture cross section multiplied by neutron flux in 

reactor cere corresponds to the half-life of about 10 to 30 years on 

average. It is very long term compared with a period of exchanging 

nuclear fuel of the usual fast reactors, and the concentration change due 

to neutron captur3 it> negligible. Therefore, the beta-decay plays a 

dominant role for the concentration change. The most effective nuclides 

for burnup must have long life-time against beta-decay and large macroscopic 

capture cross section. In this work, the nuclides with longer life-time 

than 10 days were selected, and the following 28 nuclides were adopted 

as the most important nuclides; 

- 4 .-



Sr-90, 

Ru-101, 

Ru-106, 

Cs-133, 

Nd-144, 

Sm-151, 

Zr-93, 

Ru-102, 

Pd-107, 

Cs-135, 

Nd-145, 

Eu-153, 
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Mo-95, 

Rh-103, 

Ag-109, 

Cs-137, 

Pm-147, 

Eu-155. 

5752 

Mo-97, 

Ru-104, 

1-129, 

Nd-143, 

Sm-147, 

Tc-9.^ 

Id-105, 

Xe-131. 

Ce-14/;, 

Sm-149, 

These nuclides were estimated to provide about 80% of macroscopic capture 

cross section of all fission product nuclides. 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 data, 

and calculated values. 

As mentioned above, the experimental data are not enough for evaluations 

of the cross-section values. The capture cross section is not measured 

yet for seventeen of the above mentioned 28 nuclides. Even for the nuclides 

whose cross sections are measured, there arc many cases where their cress-

section values are measured at only few energy points. However, the energy 

range required in this evaluation work is from 100 e? to 15 Mev. For such 

a wide range of energy, existing experimental data of these nuclides are 

too scarce to estimate *che cross section values. Therefore, calculations 

with the nuclear model were mainly performed to obtain the cross-section 

values. Systematic trends of.some nuclear parameters were looked for so 

that overall fits of the calculated values to the experimental data were 

satisfactory in the mass number region and in the energy region considered 

here. In this work, target accuracy of the fitting was 20 to 30%, 

considering present status of the experimental data and requests from 

reactor physicist. 

There is an annoying problem in the low energy regicn. Below several 

keV, resonance levels are widely separated and the statistical model calcu­

lation is not suitable for obtaining the cress-section values. The 

resonance structure should be taken into account for evaluating the cross-

section values. However, the evaluation of the precise resonance structure 

is not possible for the present, because the resonance parameters are not 

known experimentally for most of the fission product nuclides. One method 

to estimate the unknown resonance parameters is to generate them by Monte 

Carlo method with fitting the calculated resonance integral to the experi­

mental data. Assuming the mean resonance parameters, this method may be 

applied to the nuclides of which the experimental data are not measured 

yet. Cross-section curve 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 resonance.: In order to obtain the smooth conjunction between the 

two curves, the Honte Carlo calculation with many random samplings should 

be carried out and very long computer-time must be required. In the 

present work, therefore? the statistical model calculation was extrapolated 
9) by force down to 100 eV from the requirement of the reactor physicists. 

The cross sections thus obtained will represent the expectation values 

of the average cross section in the energy region above 100 eV. 

Above few Me7, direct nuclear process may have tc be taken into account 

in the calculation of the cross sections. In this work, however, any calcu­

lations were not performed concerning the direct process, 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. Besides, the direct nuclear cross section may be sensitive 

tc microscopic nature of the target and residual nuclei. Unfortunately, 

present knowledge about the microscopic nature is not enough to calculate 

the cross sections of the fission product nuclides. 

In this work, the'neutron capture cross section was calculated by 
7 8) using the following Hauser-Feshbach formula ' 

<r. (E„) = 2 X :—^'—^ " B-!--3 (g 1) 
"" k ^ 2 < 2 1 + l ) i l + ̂ f(E^,o-).^e^,,T,,(E^-E^)-. , 

where I 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 (E^) is 

the transmission coefficient of the incident neutron and T (E^-E.) is 

for emitted neutron with the angular momentum quantum number i' leaving 

the residual nucleus in its excited state with energy E^, A factor^ 

is given as follows for conservation of the argular momenta: 

r 

''I, ^ satisfy J- 1 <,s. <?+1 

2, if both si =̂  } I - 1/2 j and s^ -1 + l/̂  

1, if s-, or So, not both 

0, if neither si nor sp 

Quantities -̂? and f(E^,x) are given respectively as follows: 

^ = r2^r;(B,)/D-*(B.)r' (2.2) 

and 

f ( E„ ,X) - J^.p. (e. ) p,„- ( R„^X-6, ) dEr/ f^ P,( ̂  ^c, ̂ ,+f^- ̂ ^ d^ , 

* ' *̂  , (2.3) 

.- 6 -
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where p,.(s,.) stands for the profile function of the photo-abscrphicn 

cross section at the photon energy e^ . Eq.(2.2) means that the quantity 

l/f? is given as a transmission coefficient of the gamna-ray from the 

compound nucleus at zero neutron energy. This is used as a normalization 

factor of the gamma-ray transmission coefficients for arbitrary energy. 

Quantities JT̂  (B^) and D (B^) at neutron separation energy B^ are observed 
5 11 12 1*5 14) T 

for s-wave neutron. ' ' ? ̂ ^ -r/ <p^ resonance level spacing D̂  is 
expressed by using an observed level spacing D ., as follows: 

D'=[2(21+1)/(2J + 1)]D.„, (2.4.) 

For the gamma-ray width T^ , .it is assumed to be independent of the spin J. 

In fact, quantities about the gamma-ray in Eq.(2.l) are not dependent on 

the spin J, except € . This is due to the level density formula adopted 

here: 

P,j(U)=(2J+l)p„.(U) , (2. 5) 

where dependence of the level density on the spin is only expressed by a 

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

Ty is independent of the spin J. The level density?^ (u) is given 
.̂ ii 15) as follows. 

.%.(ti)=j-^°*p{2jTu} f°,-u.>n,, 1 

1 
exp { 2 V aUj -- ( 0. -U )/T ) for U<U. J 

^ ' 
6 ) 

Nuclear temperature T is given at a joint energy 1̂  (Gilbert and 

Cameron *" had given an energy of tangency point E^ as Û  + J) as follows: 

T = l / { ^ / 7 / U j - 2 ) (2.7) 

Excitation energy U is given by considering tne pairing energy J : 

U = E^ + B^ - J- s^ (2.8) 

Level density parameter a , normalization iactor C^, joint energ;̂  ?o and 

pairing energy J were obtained in this work by adopting parameters given 
15) by Gilbert and Cameron . 

Neutron transmission coefficient T] (E ) in Eq.(2.l) is given by 

using the optical potential. As mentioned earlier, the optical potential 

was determined so that the experimental total cross section was reproduced 

in the mass region of fission product nuclides. Potential form useA in 

the work is given as follows: 

- 7 -
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where 

(r. I), (2.9) 

f^Y) = i/{ i + exp( (y-R^ )/&3 ) } , (2.10) 

and 

fz<r)-4exp ((r-R, )/b)/{l + exp)?f-R,)/h)}^ ( 2 . H ) 

R. and R are 

R,-r.A^+;^, (2.12) 

Nuclear radii R and R̂ , are 

and 

R- = r A^+ r 2 , (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-

ponents, and they are expressed as T,' (S^) and Tj (E ) respectively. 

In this work, T,(E ) in Eq.(2.l) was given by the following form with 

T^^^(Ej and T ^ E ^ ) : 

T, ( B ^ ) = { Q? + 1 ) T ^ ( E ^ ) + ̂ T ^ (E,) } /( 2^+1) (2.14) 

Values of the cross section with Eq.(2.14) will not be different largely 

from ones calculated with ?} (E ) and T] (E ) directly. 

The inelastic scattering cross section for excitation of the discrete 
7) 

levels was calculated by using the following formula : 

<?. (E I7r)=2 <?, (E^ix* -̂- E' I' ; -r' 

7T 2J!1 1 
= ̂ 1 ^ 2 7 - ^ I + r f ^ - X^(.7ri)Ti(E,,I;r) 

*2,^(?r'i' )Tj' ( E ^ r x - ) , (2.15 1 
where '" 

and(ô (?ri) expresses a conservation rule of the parity. The transmission 

coefficient T^,(E' I'"') stands forT^ (E' ) corresponding to the excited 

level with its excitation energy E **E' , spin I' and parity 7?' . Eq^ 

(2.15) is used in the case of lower incident energy than an energy of 

turning-point E_,, above which levels of the nucleus are assusied to be 

overlapping. When the incident energ;r E is larger than E ^ Eq.(2.15) 

- 8 -
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is rewritten as follows: 

where 

"t (B.I7T)=„ 2 <?.̂  (E, 1^—E'.I' x" ), ^ 2, 18) 

and 

E'l'TT' 

En - E , 

-'c i'?r (2.19) 
Denominator c,^ is also rewritten as, 

^n—Ex 

+ 
O 

Level density fcr the target nucleus is assumed to he the following form: 

JdH* 2 M^(x* f ) TJ,(E* I*7r' ) pTj,(En-B*), C 2-20) 

PTT (U) =-^-^4-9xp {gV^'J -I(I+1)/2C^ } for U^Uc . j 

j.(2, 

}xp { 2 ^ H - 1(1 + 1 )/20.̂  - (Uo -U)/T} for U<U. 

where 

U=En - E ^ -/) . (2.22) 

and 3^ is^^ at U = U^ . 

The level density parameter a, normalisation factor C„ , joinc 

energy U. and pairing energy f̂ ivcre obtained by Lt.s2.ng the parameters 
15) 

given by Gilbert and Cameron' . However; spin cu.t-cff factor o*̂  is 

slightly different from the definition of Gilbert and Cam.eron, In chis 

work, a. rigid body approximation was used for the foemula of <?̂  , After 

numerical investigations, however, values of the lê el density are only 

slightly different from ones of the Gilbert and Cameron's. 

The total cross section, elastic scattering cross sectJ on and in­

elastic scattering cross section %vere obtained by using a compute- code 

ELIESE-3 ', while the neutron capture cross section was calculated with 
17) a cole RACY. As is well known, the optical potential model provides 

the total cross section, cross section for compound nucleus formation and 

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

http://Lt.s2.ng


JAURr-M 5752 

c,,t = <?, + "7,,^ ( 2 . 2 3 ) 

The cross section for compouni nucleus formation o'̂  is composed of the 

inelastic scattering cross section and the compound elastic scattering 

cross section in the framework of ELIESB-3; 

In Eq.(2.24), the neutrcn capture cross section, ĉ  ^(E^), 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: 

(Ml 
< 7 . = ( < 7 — < 7 , , ) . C / C . f 2 2 5 ) 

and 

^ <?.i,c=^ "*t - ^,,?- ) -<?<;j,c /<7<: ? ( 2 . 2 6 ) 

where (M) stands for "modification". By using these two equations, the 

c:?oss section for compound nucleus formation is rewritten as 

<N = ^5 + <^,< + -̂ ,r. (2.27) 

Numerical values-of the cross sections obtained here were arranged 

in the format of ENDF/B 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. 

- 10 -
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3. Optical Potential Parameters 

As mentioned in the previous section, calculations of the cross 

sections must he performed for many fission product nuclides in the wide 

energy range. For these calculations, systematic trends of the parameters 

are very useful tools. In this work, the systematic trends of the optical 

potential parameters were investigated by means of comparing the calculated 

values of the total cross section with the experimental data. Further 

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 reliability 

of the potential parameters. Experimental data used in this work weie 

collected from NEUDADA***̂  and BNL-325 2nd edition"*" . Tite 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 and the energy. In Figs.3-1 to 3-17, their averaged values 

are shown with circles. 

There have been many studies " o n the systematic trends of the 

optical potential parameters. Availability of the potential parameters 

Mas tested for several sets in the mass region of the fission product 

nuclides in the first stage of this work, and simplified local potential 
'-̂ ">) of Engelbrecht and Fiedeldey"' v,as adopted tentatively. The potential 

has been founded on a local optical potential equivalent to the non-local 

potential which reproduces the experimental data of s-vave neutron strength 

function at zero energy and the cross sections in the wide energy xange 

for many nuclei. A preliminary set of the optical potential parameters 

used in this work was slightly modified by changing the surface term of 

imaginary potential from Gaussian type to derivative Woods-Saxcn type-

Table 3-1 shows the preliminary potential parameter set. 

The preliminary parameter set was found to reproduce 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 10 to 

40% between the experimental data and the calculated values were observed 

for nuclei near A=95 and 140, and for nuclei of A=147 to 175, below 5 Mel/. 

Such discrepancies are serious, because these nuclides have high percentage 

cf fission yield ratio above 1%. In Figs. 3-1 "to 3-17, calculated values 

of the total cross section are shown with the experimental data for several 

nuclei 

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 preliminary parameter set, for the 

following 17 typical elements, 

As-75, Sr-88, T-.-39, Nb-93, To-99, Rh-103, 

In-115, 1-127, Cs-133^ La-139, Pr-141, Pm.-147, 

Tb-159, Ho-165, Tm-169, Lu-175, Ta-181. 

Experimental data compared with were for the natural elements. Parameters 

looked for were strength Y^ of the real potential, strength W , width 

parameter b and radius R- of the surface term of the imaginary potential. 

When the parameters V , W and b were looked for, keeping the other 

parameters fixed at the preliminary values, the parameter V scattered 

around its initial value, about 46 MeV, for lighter nuclei than Pm-147 

and decreased by 1 or 2 ̂ leV for heavier nuclei than Pm-147 (Pm-147 was 

treated as an element of heavier nuclie). Product of two parameters, W 
s 

and b, increased its value for almost all nuclei. In the case of searching 

for the parameters W ,E and b, keeping the other parameters fixed at the 

preliminary values, R^ tended to increase for the nuclei heavier than 

Pm-147. Product of W^ and b increased its value for all nuclei except 

Pm-147, Tm-169 and Lu-175. 

These best-fit parameters, however, did not reveal the smooth trends 

from nucleus to nucleus. In 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 R^ 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 ̂  and b, as 

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

Results of the investigations on W showed that the small values of 
47 brought about better fits than the large values of W . In particular, 
s ^ s ^ 

the fits in the low energy region, below 5 HeV, were rather good for about 

7 MeV of ¥ . Since the data in the energy region below 5 KeV were important 

for the reactor calculations, such values for W^ seemed to be acceptable in 

this work. Therefore, Wg"7 was chosen tentatively- Values of the s-wave 

neutron strength function for Y and Bb obtained with ¥ =7 and b=0.3 were 

slightly smaller than the experimental data. This difficulty, however, 

was overrided by using b-=0.35. The parameter set with W^-7 and b=0.35, 

keeping the other parameters fixed at the preliminary values, brought 

about better fits than the preliminary set, on the whole, for the lighter 

nuclei than Pm-147* Product of Wg and b was distinctly &ma31er than that 

of their preliminary values, and was contrary to the results of the 

automatic parameter search mentioned above. This might be due to a 

- i? ... 
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sort of the periodicity on the chi-square values' . In general, the 

parameter space has many points where the chi-square value is minimized. 

Therefore, it is expected that the preliminary set is situated near e 

minimum point and the new set is near another minimum point. Such a 

small value of Wg and a large value of b would be expected also for the 

heavier nuclei than Pm-147* For the heavier nuclei, values of Wg and b 

were determined after investigations of the parameters V- and b. 

As mentioned above, the value of V^ was 1 or 2 HeV smaller than the 

preliminary value and Rp increased for the heavier nuclei than Pm-147-

In order to investigate correlation between V and R , the two parameters 

were varied simultaniously for the heavier nuclei, keeping the other 

parameters fixed at the preliminary values. As illustrated in Fig.5-1 

of Ref. 21, following two formulas were obtained for R , 

3,nd 

Rp - 1.16A"^3 ̂  1,3 (^jj 

R^ = 1.2J^/3 + 1.1 (3.1') 

Using one of the t w equations (3*l) and (3.1'), trend of the parameter V 

was investigated for Pm-147, Tb-159, Hc-165, Tm-169, Lu-175 and Ta-181. 

Result showed that the trend of 7 corresponding to Eq.(3.l) was better 

than that for Eq.(3.1'). Systematic trend of the parameter V thus obtained 

was expressed as, 

V^ = 52.5 - 4C(N-.Z)/A - 0.25E. (3.2) 

Using Eqs.(3-l) and (3*2), the parameters tsL and b obtained for the 

lighter nuclei were used to calculate the total cross section for the 

heavier nuclei, ^s illustrated in Figs. 7-1 to 7-10 of Ref. 27 and fn 

Figs. 3-3 to 3-17 of this report, results with combination of W^-7.0 and 

b=0.35 were better than those obtained i;ith the preliminary set for almost 

all fission product nuclides. Therefore, the values of the parameters ¥g 

and b were determined as 7 HeV and 0.35 fm, respectively? in this work. 

The optical potential parameters thus obtained were summarized as 

follows: 

V =46.0 - 0.25E for A < 147, 

= 52.5 - 40(N-Z)/A - 0.25E for A ̂  147, 

W-. = 0.125E - 0.0004E^, 

W^=7.0, 

*'so = Y.O, 

- 13 -
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R - 1.16A^ + 0.6, 

R^ = 1.16A^^ + 1.1 for A < 147, 

a =0.62, 

ana 

(3.3) 

b =0.55. 

In Figs. 3-1 to 3-17 of this report ana in Figs. 7-1 to 7-10 of Ref. 

27; the calculated total cross sections with Eq.(3-3) 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.(3*3) 

are better than those with the preliminary parameter set in the energy 

region below 5 HeV, on the whole. For 5 to 10 HeV, present results are 

good. For 10 to 15 MeV, however, the results with the preliminary 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 about 20% below 5 MeV. 

Calculated values cf the s-wave and p-wave neutron strength functions 

are compared with the experimental data ' in Figs. 3-18 and 3-19. 

Agreement between them 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 Wg, smaller value than 7 Me? may be favourable in 

the energy region below 5 MeV. Above 10 HeV, however, the energy dependence 

of the parameter Wg seems to be slowly increasing one with the energy. 

That is, it may increase from a smaller value than 7 MeV in the energy 

region below 5 MeV, through, about 7 MeV between 5 to 10 MeV, to about 

12 MeV above 10 NeV. This energy variation of ¥3 may be square root of 

the neutron energy, which is reported by Hodgson 

Further investigations were performed in this work, in order to 

confirm the reliability of the systematic trends of the potential parameters, 

by comparing the calculated values of the elastic and inelastic scattering 

cross sections with the experimental data -"'^. in Figs. 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 

between them are rather large for Ag, Nh, La and Pr. However, the potential 

parameters obtained here are considered to satisfy the required accuracy 
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of 30% for the elastic scattering cross section. 

In Figs. 10-1 to 10-11 of Ref. 27 and Figs. 3-29 to 3-35 of this 

report, calculated values of the angular distributions of the elastic 
53 77) scattering cross section are shown with the experimental data . 

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

Comparison between the calculated values and the experimental data ;?hows 

that there remain some discrepancies between them for La and ?r in the low 

energy region. In the high energy region, agreement between them is 

excellent, especially for the lighter nuclei. Averaged cosine of the 

scattering angle was calculated for some nuclei and compared with the 

experimental data. Results of this comparison showed that the discrepancies 

between them were within 20%. Therefore, the potential parameters obtained 

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

angle. 

For the inelastic* scattering cross section, comparison wPs performed 

between the calculated values and i?he experimental data of the total 

inelastic scattering cross section rather than the excitation cross sections 

for each discrete level. Level scheme and level density parameters used 

in the calculation are given in.Table 3-^ for some nuclie of which calcu­

lated values of the inelastic scattering cross section are shown in Figs. 

3-56 through 3-41 wi^h the experimental data. Calculations arc performed 

by using the Hauser and Feshbach theory and Holdauer theory . For 

Pr-14i, result with the ?̂ oldauer theory is better than that with the Hauser 

and Feshbach theory, but for 1-127, result with the Haascr and Feshbach 

theory is excellent. For the other nuclei it is not possible to judge 

which results are better, partly due to scarcity of the experimental data. 

Therefore, it is appropriate to use the Hansen and Feshbach theory to 

calculate the inelastic scattering cress section of the fission product 

nuclides, for saving the coMputer time. 

In tMs section, the optical potential parameters used in this evaluation 

work were found and their systematic trends were discussed on the basis of 

comparison between the calculated values and the experimental data, of tht-

total cross section. Besides, their reliability was also investigated for 

the neutron strength function, elastic scattering cross section and inolasbic 

scattering cross section. As discussed above, several problems remain about 

applicability of the potential parameters for some nuclei. Howo^e^ ? thA 

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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Table 3-1 Preliminary set of the optical potential parameter 

Geometrical Parameters (fin) 

^o^Ps=l'l6 

ri =0.6 

r^ =1.1 

a =0.62 
0 

b = 0.3 

Potential Strength (Ne?) 

V^ - 46 - 0.25E 

Wj = 0.125E - 4xl0""'V 

W = 1 4 -0.2E' 
3 
v =7 
so 

. 

Table 3-2 Level scheme and level density parameters. Parameter.E 
x 

an energy above which levels of the residual nucleus are 

to be overlapping-. Parameters a, ̂  and E,- are the level 

parameter, the pairing energy and tbe energy of tangency 

is 

assumed 

density 
. J-5) point 

CO 

et
e 

ra
m
 

03 

p̂  

ve
l
 

CP 

*-3 

m en 
a +̂  
0) a? 
o a 

eg 
0) m 

t 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

By 
a 

^ 
E 
c 

Y-89 

0.0 (l/2-) 

0.91 (9/2+) 

1.51 (3/2-) 

1.74 (5/2-) 

2.23 (5/2+) 

2.53 (7/2+) 

2.61 (9/2+) 

2.86 (3/2-) 

5.08 (5/2-) 

3.20 (5/2-) 

3.69 (3/2+) 

3.35 

11.53 

1.47 

2.55 

Nb-93 

0.0 (9/2+) 

0.02S(l/2-) 

0.742(7/2+) 

0.808(3/2-) 

0.809(5/2+) 

0.952(13/2+) 

0.980(9/2+) 

1.080(7/2+) 

1.295(7/2-) 

1.337(17/2+) 

1.465(5/2+) 

1.492 

12.52 

1.03 

3-97 

1-127 

0.0 (3/2+) 

0.0576(7/2+) 

0.2028(3/2+) 

0.3750(1/2+) 

0.417(5/2+) 

0.590(9/2+) 

0.629(5/2+) 

0.651(9/2") 

0.717(11/2+) 

0.745(9/2+) 

0.995(3/2+) 

1.095(5/2+) 

1.120(l/2+) 

1.536(11/2-) 

1.2.7 

13.79 

-1.18 

1.1S 

Ba-138 i La-139 

0.0 ( 0+) 

1.898( 4+) 

2.0Q0( 6+) 

2.189( 2+) 

2.218( 2+) 

2.307( 4+) 

2.445( 3+) 

2.583( 1+) 

0.0 (7/2+) 

0.1656(5/2+) 

0.570(3/2+) 

0.800(3/2+) 

1.070(9/2+) 

1.206(3/2+) 

1.217(7/2+) 

1.255(5/2+) 

1.257(1/2+) 

1.310(l/2+) 

1.383(9/2+) 

1.420(5/2+) 

1.439(11/2-) 

1.475(7/2+) 

1.538(5/2+) 

i 

2.6 ! 1.559 

12.43 

2.43 

3*57 

14.61 

0.89 

4.11 

Pr-141 

0.0 (5/2+) 

0.1454(7/2+) 

1.117(11/2-) 

1.127(3/2+) 

1.292(5/2+) 

1.298(1/2+) 

1.435(3/2+) 

1.451(3/2+) 

1.456 

15.96 , 

0.89 

4.11 

- 1 6 -
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Fig. 3-18 Strength function for s-wavc neutron. Calculated 

values are compared with the data compiled by 

Lynn . Broken line is the a-wave neutron strength 

function obtained with the preliminary potential 

parameters. Solid and dash-and-dot lines are 

obtained with the present potential parameters. 

- 22 -



z Gibbons et at. 

* Sf.th.et al. 

o Bergman ?t at 

& Muradyan & Adamcbu 

o Ut+lcy et ai. 

A \lot genstern et ^ 

V 1'itx et al. 

A Kontpe 
tr Shwe & (Jot a 

o Fawc^tt ei. al. 

4, 
.30 160 

M A S S NCALB^P A 

3--19 Strength ftmction for p-*?avo neutron. Ca^culK-ied valrop are compared 

with uho experinental ticta ' , Broken line is the p-vr?ve Reutrcn 

strength functicn obtained with the prelimiraiy potential parameter3, 

Cclid and dash-and-dot lines are obtained -Mith. tba present potential 

parameters. 



! 

100 

°J 
T\* 
^ 

Sf—Elastic 

oBxp. 

Ha.nscr-Fcsiihach 

... - . Moldauer 

-i-

03 0.4 0.6 0.8 

( M e V ) 

1.0 2.0 3.0 4.0 

Fig. 3-20 Elastic scattering cross section of 

neutrons by Sr. Calculated values 

for Sr-88 are compared with the 

. experimental data^*^'^^^\ 

Y-8 9 Elastic 

Mo ldauf t 

^ -

1. 
02 04 0.6 03 i.O 2.0 33 4.0 

( M e V ) 

Fig. 3-21 Elastic scattering cross section of 

neutrons by Y. Calculated values 

for Y-89 are compared with the 
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Fig. 3-28 Elastic scattering cross section of 

neutrons by Pr. Calculated values 

for Pr-141 are compared with the 

experimental data^'°0'. 
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cos <?CM 

3-29 Differential cross sections for 

elastic scattering of neutrons 
^ sp56,59,72) aiKty54,57,72). 

Calculations are performed for 

Sr-88 and Y-89y respectively. 
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? .i\ 

Fig. 3-31 Differential cross seuci&nQ for 

elastic scattering of neutrons by 

. ^r . Nb ' ^ and idi 

Ca7.culat3.ons are performed for 

Zr-92, Fb-93 and Rh-103, respectively, 

- 3 1 -
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elastic scattering of neutrons by 

Ca/Lculations are perforst&d for 

C3-140 and. La-1?9., respectively. 

32 -



JAEKI-M 5 7 52 

! 

Fig, 3-33 Differential cross section? for . 

elastic scattering of neutrons by Ch'*" „ 

Ba^^.andPr^'^'^^. Calculaticnr. o'̂u 

performed for Sb-121, Ba-138 and Pr-lAl: 

respectively. 
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?ig. 5-34 Differential cross sections for 

elastic scattering of neutrons by 

B a ^ \ Sr^^' and 1 ^ . Calculations 

are performed for Ba-138, Sn-118 and 

1-127^ respectively. 
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4- Physics Parameters 

4-1 Level Scheme 

On Che one hand, in calculating the cross section of inelastic scattering 

by means of the Eauser-Feshbach method, it is necessary to mow the 

properties of the ground state and several low-lying levels. Since the 

evaporation-model calculation can be applied to the reg3.cn of nigher 

excitation, energy, it is not necessary to know the spins and partities 

o' so many excited levels. Even so, however? one had better include at 

least 10 to 15 lower-lying levels in the calculations based on theKauser-

Feshbar-h method. The reason is as following. It has been informed 
Pi) 

recently ̂"' that the addition of one more level to the previously known 

several excited states affects considerably the calculated croRs section 

in special ̂case. This implies that the spin and parity assignments for 

the levels may have important effect on the cross sections calculated by 

using the Hausor-Feshbach method. However, it can be expected that the 

effect cf spin and parity assignments on the calculated cross section may 

be reduced if much more levels with-known properties are included in the 

calculation. 

On the other hand, it seems to be rather exceptional case where the 

spin and parity assignments for all lower-lying levels, say about 10 levels, 

are established without any ambiguity. This is because it is not always 

the case where each of these levels is connected successively to other 

level(s) by known, types of beta, electron-capture; or gamma transitions 

and/or by reaction processes. Even if this is the case? the consistent 

spin and parity assignments based en all available information are not 

so easy, 

In the present work, we are dealing not with making the level schemes 

rut with assignning the spin and parity for each of the excited levels as 

many as possible in order to use them for the calculations of the cross 

sections. Since the evaluated level schemes in Nuclear Data Sheets (NDS) 
8?) / \ 

or compiled ones published in Table of Isotopes ' (TIS) do nô i satisfy 

fully our requirements, we are obliged to make spin and parity assignments 

by ourselves by mea.ns of a brute force method. Although thi^ job was not 

su familiar to the members of our working group, enough time was not 

available for this purpose by some reasons. 

Under juch severe conditions, we surveyed quickly the literatures 

listed in R?cont References of Nuclear Data Sheets in order to add uos&ible 

new information to those appeared in Nuclear Data Sheets and in Table of 

Isotoooe. This must be, however, still considered to be ricompiete because 

" 3 9 -
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of several missing journals and of many unavailable reports or documents. 

In the present work, less cares have been taken about the excitation 

energies of the levels, the places and the branching ratios of betas and 

gammas, and the angular distribution analyses in reaction data. For these 

da,ta, published ones were assumed to be reliable unless serious contra­

diction exists between the publications. 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 quite 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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CO 

8?) 

0.00 04 
0.83 (24) 

1.69 
1.94 
2.23 

3.07 
3<34 
4-15 
4-34 
4.60 
5.08 

5.23 

NDT 

0.00 

0.8315 
1.6555 
1.8921 
2.2068 
2.4972 
2.5271 
2.5712 
2.9275 
3.0385 

(many othe 

A§S3) 

0+ 
(2+) 

(4+} 

:rs) 

2) 
Benzi Adopted 

0.00 04 0.00 Oi-
0.8315 24 
1.6555 04 1.752 

2.182 

2.315 
2.74 
2.75 
3.081 

3.29 
3*453 
3.595 
3.92 

04 
24 
5-
4-
3-
44 
24 
6+ 
84 

3'-

1.8921 <̂  ' 
.2068 44 

As stated in N D T , ^ the 1.6555, 1.8921 and 2.2068 Me? levels Tay be 
considered to be a two-phonon triplet with 0-̂ , 2-!- and 44, respectively, if the 
0.5514 MeV ?* is moved to other place in consistent way with the coincidence 
data. 

The spin and parity assignments for much more levels up to about 5 MeV 
could be possible based on leg ft values, if further relocation of several 
r 's is allowed. This, however, seems to require much time. 

40 

rn-rq82) 

0.00 5/24 
0.267 (3/24) 
0.94 (1/2)4 

1,42 (3/24) 

1.64 
1.89 
2.03 
2.18 
2.52 
2.44 

(7/2+) 
(1/2+) 
(7/24) 

(7/2̂ -) 
(3/24) 

' NP 

0.00 
0.267 
0.947 
(1.168) 

1.425 
1.451 
1.652 
1.910 

L.995 
2.181 
(2.350^ 
2.453 
2.468 
2.605 
2-773 

A1S9_^ 

5/2+ 
3?24 
1/24 

(7/2,9/24) 
(1/2,3/2^/2+) 
(1/2 = 3/2,5/2-r) 
7/2!-

(1/2,3/2.5/2+) 
(1/2,3/2,5/24) 
(1/2;3/24) 
(1/2,3/2,5/2-!-) 
(j/2.l/24) 
d/2^3/24) 
(1/2,3/2,5/2+) 
(1/2,3/2+) 

- .2) 
i:enzi 

(none; 

Adopt 

0.00 
0.267 
0.947 
(left out) 
1.A25 
l./'Rl 
1.652 
1.910 
1.993 
2.181 
(left out) 

2.453 
2.468 
2.605 
2.775 

ed 

5/2+ 
' 3/2+ 
1/24 

5/2+ 
3/2+ 
7/2+ 
l/2+ 
5/2+ 
1/2-;-

l/2+ 
3/2+ 
1/2+ 
3/2+ 2.78 (3/2+) 

The selections uf unique spin-value fur several levels have been done 
by referring the (d,p) and (d,t) data of f<L. Cohen and O.V. Ohubinsky (Phys. 
Rev. 2J51 (1965) 2187).^^ 

Note. _adde_d in .pr 0 of Recently an extensive *'d.. p) data up to about 5 
MeV have^been published (C.B.. Bingham and GAT. Fabian, ̂ hys. Rev. „C7_ (1973) 
1509).^-' As is expected, several high spin levels -.'.-nich are hardly 
populated from the decay of 93y, have been reported, and spin assignments 
have been done by DWBA analyses. 
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42 Mo 
95 

TIS 82) NDS&3 t87) Benzi 2) Adoptee. 

0.00 
0.2042 
0,68 
0.763 
0.765 
0.784 
0.783 
0.822 
0.84 
0.93 
1,042 
1.06 

1.27 
1.39 

1.63 

5/2+ 
3/2+ 

7/2+ 

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

(1/2^3/2+) 

(1/2+) 
(5/2+) 

(5/2+) 

0.00 
C. 20394 

0.76583 

0.7862 
0.82065 

0.9478 
1.0391 
1.059 
1.0741 
1.2225 
1.310 
1.376 
3-433 
1.541 
1.5528 
1.6202 

5/2+ 
3/2+ 

7/2+ 

1/2+ 
(3/2,5/2+) 

9/2+ 
1/2^ 
(3/2,5/2^) 
(7/2)+ 

1/2+ 
(3/2,5/2)+ 
(3/2,5/2)+ 
(11/2+) 
(9/2̂ -) 
(3/2,5/2+) 

(many others) 

COO 
0.2040 
0.68 
0.763 
0.765 
0.784 
0.788 
C.822 
0.840 
0.930 
1,042 
1.060 

5/2+ 
3/2+ 
5/2+ 
3/2+ 
7/2+ 
3/2+ 
1/2+ 
3/2+ 
7/2+ 
5/2+ 
l/2+ 
7/2+ 

0.00 
0,20394 

0.76583 

0.7862 
0.82065 

0.9478 
1.0391 
1.059 
1.0741 
1.2225 
1.310 
1.376 
1.433 
1.541 
1.5528 

5/2+ 
3/2+ 

7/2+ 

1/2+ 
3/2+ 

9/2+ 
1/2+ 
5/2+ . 
7/2+ 
5/2+ 
1/2+ 
3/2+ 
5/2+ 
11/2+ 
9/2+ 

The spins of the 0.82065, 1.059 and. 1.2225 MeV levels have been determined 
in taking account of log ft and of the evidence for weak electron-capture 
transitions. The reaction-r data (L. Mesko, A. 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. 

4 2 ^ 7 

0.00 

0.665 

0.70 

0.89 
1.02 

1.27 

1.45 

1.55 

TigS2) 

5/2+ 

(7/2)+ 

(1/2+) 

(3/2+) 

(7/2-) 

PR ĈL + NF AI81S8) 

0.00 
0.4809 
0.6582 
0.6796 
0.7190 
0.7211 
0.8880 
1.0246 
1.0926 
1.1167 
1.2688 
1.2845 
1.4095 
1.4375 
1.5156 
1.5452 

5/2+ 
3/2+ 
7/2+ 
1/2+ 
(3/2,5/2)+ 
(1/2,3/2,5/2)+ 
l/2+ 
(7/2,9/2)+ 
(3/2,5/2)+ 
(7/2,9/2)+ 
(7/2,9/2)+ 
(3/2+) 
11/2+ 
(11/2-) 
(7/2,9/2)+ 
(9/2,11/2) 

^ .2) Benzi 

0.00 

0.67 
0.695 
0.705 

0.890 
1.02 

1.27 

1.445 
1.455 

1.55 

5/2+ 

7/2+ 
1/2+ 
5/2+ 

1/2+ 
5/2+ 

3/2+ 

1/2+ 
5/2+ 

7/2-

Adopted 

. 0.00 
. 0.4809 

0.6582 
0.6796 
0.7190 
0.7211 
0.3880 
1.0246 
1.0926 
1.1167 
1.2688 
1.2845 
1.4095 
1.4373 

' 1.5156 

5/2+ 
3/2+ 
7/2+ 
1/2+ 
5/2+ 
3/2+ 
1/2+ 
7/2+ 
3/2+ 
9/2+ 
7/2+ 
3/2+ 
11/2+ 
11/2-
9/2+ 

(a few more levels) 

Data on reaction- r'-' by C N . Ledeier, J.K. Jaklevic and J.N. Hollander 
(Nuol. Phya. AJL62 (1973.) 489)$^' has been used to selejt the spin values. 
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Pc99 
43"^ 

,^g82) 

0.00 9/2+ 
0.1405 7/2+ 
0.1427 l/2-
0.1811 5/2+ 

0.513 

0.922 (3/2+) 

1.11 

NDS(old) 

0.00 9/2+ 
0.140 
0,142 (7/2+) 
0.181 (5/2+) 
0.514 

0 92 //'\ 
3/2) 

1,131 

NP 

0.00 

0.14051 
0.14263 
0.18107 
0.5091 
0.5343 
0.6715 
0.7263 
0.7616 
0.9205 
1.0040 

I.0729 
1.1293 
1.1420 

1.199 

A159^^+NP A l T R ^ 

9/2+ 
7/2+ 
1/2-
5/2+ 
3/2-

5/2-
(7/2,9/2)+ 
(5/2,7/2,9/2)+ 
(1/2,3/2)+ 
3/2-

5/>- , 
(1/2,3/2)-
3/2-
(1/2,3/2)-

^ ! BenKi**̂  Adopted 

(none) 0.00 9/2+ 
0.14051 7/2+ 
0.14263 1/2-
0.I8IO7 5/2+ 
0.5091 3/2--
0.5343 5/2-
0.6715 5/2-
0.7263 7/2+ 
O.76I6 5/2+ 
0.9205 3/2+ 
1.0040 3/2-
1.0729 5/2-
1,1293 1/2-
1.1420 3/2-
1.199 3/2-

The 0.5343 &n<3 O.76I6 MeY have been assigned as 5/2- and 5/2+? respectively, 
since the log ft values suggest unique first forbidden and non-unique second 
forbidden transitions for respective case. For the 0.7263; 0.9205, 1.1293 and 
1.199 ^oV levels, no strong argument exists to select the ore from the possible 
spin values. 

- 101 
4 4 ^ 

T I S ^ NP Al_62^4 NP A169^^^ 

0.00 5/2+ coo 5/2+ 
0.1272 (3/2+) C.1271 3/2+ 
0.3067 (7/2+) 0.3067 7/2+ 
0.3112 (5/2+) 0.3112 5/2+ 
0.325 (l/2+) 0.3254 l/2+ 
0.422 0.4224 3/2+ 
0.52 (il/2-) 0.528 ii/2-
0,5445 (9/2+) 0.5447 7/2-!-
O.63 0.6161 (7/2+) 
0.64 0.6742 (3/2,5/2+) 

(C6943) 
0.73 0.7200 (7/2,9/2+) 
0.35 0.842 0.8426 7/2+ 

0.9111 (7/2,9/2+) 
0.9282 (7/2,9/2+) 

0.9^ 0.9381 7/2-t-
1.0011 J1/2+ 
1.623 19/2-
1.861 15/2+ 

fenz' 

0.00 
0.127 
0.307 
0.511 
0.325 
0.422 
0.52 
0.545 
0,616 
0.623 

0.72 

0.929 

t^ 

5/2+ 
3/2+ 
7/2̂ -
5/2+ 
1/2+ 
3/2+ 
u/2-
7/2^ 
5,'2-
1/2+ 

7/2,- _ ' 

0/2-i-

Adopted 

0.00 

0.1271 
0.3067 
0.3112 
0.3254 
0.4224 
0.528 

0.5447 
0.6161 
0.6742 

5/2+ 
3/2+ -
7/2+ 
5/2+ 
1/2+ 
3/2+ 

11/2-
7/2 + 
7/2+ 
3/2+ 

(left cut) 
0.720 
0.8426 

0.9m 
0.9282 
0.9381 
1.0011 

7/2+ 
7/2+ 
7/2 + 
9/2+ 
7/2+ 

11/2+ 

'A 23/2-

The 0.7200 He? level has been assigned as 7/2+ from ( p; , ̂ '? ) data (.0.0. 
Xis'cner and A. Schwarzschild, Phys. Rev. .1̂ 4. (1967) 1182)95) but the possibility 
of 9/2+ has been supported by reaction-r data.(C. Lederer, JAM. Jaklsvic and 
J-M. Hollander, Nucl. Phys. A169 (l97l) 489)9°). For the 0.6742, 0.9111 and 
0.3282 levels, no preferable reason exists to choose the one from the two 
possible spin values. 
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44 
Ru 

102 

TIS 
82^ 

NDS(old) 41.5.5. 
96) 

0.00 
C.4748 

1.103 
1.106 
1.53 

1.84 
1,87 
2,04 

2,22 
2.27 

0+ 
2+ 

2+ 
4+ 
3 

-̂.-

(̂ ,5) 
2+ 

(3) 

0.00 

0.475 

1.105 
1.105 

1.525 

1.840 
1.870 
2.040 

2.220 
2.270 

0+ 
2+ 

2+ 
4+ 
(3+) 

0+ 
(2,3) 
24 

3 

0.00 

0.4749 
0.9437 
l.IO32 
1.1066 
1.5219 
1.5808 
1.7990 
1.8371 
1.8732 
2..0375 
2.0441 
2.2192 
2.2613 
2.372 

04 
2+ 
04 
24-

4+ 
3<-
2+ 
4+ 
04 
6-t-
24 

(3-
5+ 

5-

Ben: 

0.00 

0.475 

1.105 
1.105 
1.525 

1.84 
1.87 
2.04 

^ 

O1-

2+ 

24-

4-̂  

3+ 

04 

3+ 
2+ 

Adopted 

2.22 

C.GO 

0.4749 
0.9437 
I.IO32 
1.1066 
1.5219 
1.5808 
1.7990 

1.8371 
1.8732 
2.0375 
2.0441 
2.2192 
2.2613 

04 
24-
0+ 
2+ 

4+ 
3+ 
2+ 
4+ 
04-
64 
24 

3-
5 + 
2i-

2.372 

Directional correlation ibeasnrements have given almost unique spin and 
parity assignments. However,, following spin assignments cannot be excluded: 
1.7990 3+/ 1.8732 5+; 2.0441 4, and 2.2613 2-. 

iRu 104 

TIS 82) NDS(cld) NP A184. 
97) 

Benzi 
2) Adopted 

0.00 

0.3577 
0.89 

0+ 
2+ 
24 

0.00 
0.358 
0.893 

0+ 
2+ 
2+ 

2.5 
3-5 
4.0 

0.00 
0.358 
0.889 
0.893 
0.983 
2.5 
3.5 
4.0 

No information is avilable for levels above 1 NeV. 

04 
2+ 
2+ 
4+ 
04 

0.00 
0.358 

D.893 

04-
24 
2+ 

O.OC 
0.358 

0.889 
0.893 
0.983 

0+ 
2+ 
2+ 
4+ 
04-

44 
Ru 

106 

T I S ^ NP A^gj; 97) 

0.00 0.00 
0.270 

0.711 
0.791. 
0,989 
J .772 
1.838 
1.906 
2.151 
2.367 
2 467 
2.571 
2.639 
2.771 
2.876 
2 - 931 

0+ 
24 

2+ 
04 
(2+) 
(2+) 

(44) 

(0+) 
(2+^ 

2^ 
Benzi" 

none) 

Systems .tic 

Adopted 

0.00 
0.270 
0.711 
0.791 
0.989 
1.772 
1.888 

04 
2+ 
4+ 
24 
04 
2+ 
2+ 

trend suggests 
4+ i'or tho 0.711 Me7 level. 
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45 

TIS^^ 

0.00 l/2-
0.04 7/2+ 
0.093 (9/2+) 
0.298 3/2-
O.36O 5/2-
0.537 (7/2+) 
0.6505(7/2+) 

PR , 

0.00 
0.040 
O.O93 
0.298 
0.360 

0.537 
0.651 
0.798 

0.843 
0.877 

0.915 
1.102 

1.247 
1.270 

C498)+NPA12599) 

1/2-
7/2+ 
9/2+ 
3/2-
5/2-
5/2+ 
7/2+ 

(3/2,5/2-) 
(1/2,3/2,5/2,7/2-) 
(5/2,7/2,9/2-) 
(5/21,7/2+,9/2-) 
(5/2'±,7/2+,9/2-) 

(many others up to 2.1 KeV) 

Benz 

0.00 
0.04 

0.093 

0.297 
0.362 
0.538 
0.65 
0.798 
O.8A3 

0.875 
0.915 
1.102 
1.247 
1.27 

7/2+ 
9/2+ 
3/2-
5/2-
5/2+ 
7/2.-
3/2-
5/2-
7/2-
9/2-
7/2-
5/2-
3/2-

Adopt 

COO 
0.040 
0.093 
0.298 
O.36O 
0.537 
0.651 
0.793 
C.&/!3 

0.877 
0.915 
1.102 
3-247 
1.270 

ed 

"lyT 
7/2+ 
9/2+ 
1/2-
5/2-
5/2-i-
?/2+ 
5/2r 

3/2-
5/2-
5/2-
7/2+ 
9/2-
1/2-

The spine and parities for the levels up tc 0.7 HeV may be uniquely 
determined from the data on -*-̂ 3Ru ground-state decay. The reaction data are 
available for higher levels, but so many discrepancies exist between existing 
experimental results. 

After we finished this work, we found a paper on Coulomb excitation with 
fairly good accuracy which was not available before (R.0. Sayer, J.K. Temperley 
and D. Eccleshall, Nucl. Phys. A17_g (1972) 122)I?0) ;,̂g ̂ i^g ^ g results of 
this paper below. 

Level NP A17^^^°^ 
0.798 Not Coulomb excited but (p,p') (0.8016) Weak evidence for che existence 
0.843 B(.E2), 3/2- is not definite 0.8477 (7/2)- Double Coulomb excitation 
0.877 B(E2), ( a, .x') suggest 5/2- 0.8804 5/2- from angular distribution ofr 
0.915 B(E2), 5/2- is not definite ' 0.9200 (9/2)- Double Coulomb excitation 
1.102 E3 excitation is probable i.1072 (3/2,5/2)- Weakly Coulomb excited 
1.247 Possible double Coulomb excitation -
1.270 Not Coulomb excited but (p,p') 1.2772 3/2- From r -intensities 

105 
Pd 

46 ^ 
8? ) ? ' 

TIS ^ NDS(old) Denzi ' adopted 
0.00 5/2+ 0.00 5/2+ c o o 5/2+ 0,0c 5/2+ 
0.2804 3/2+ 0.281 (7/2+) 0.28 3/2+ 0.2804 3/2-'-
0.3062 7/2+ 0,306 7/2+ 0.3062 7/2+ 
0.3191 (5/2)+ 0.319 0.319 5/2+ 0,3191 5/2+ 
0.3444 1/2+ 0.345 (5/2+) 0,3^4 1/2-,- 0.344d l/2+-
0.442? (5/2,7/2)+ 0.443 (3/2,5/2+) 0.4^27 7/2-r 
0.4890 11/2- 0.503 0.4S9 11/2+ 0.4390 11/2-
0,5607 (3/2+) .̂  0,3607 3/2+ 
0.6444 7/2- L 0.64^! 4 7/2-
0.6506 (3/2)+ 0.650 , 0.6506 3/2+ 
0.6731 0.674 (5/2+) 0.6731 7/2+ 
0.7271 (5/2+) 0.7271 B/2+ 
0.78 0.785 (3/2+) 0.78 9/2-
0.9623 + 0.9623 5/2^ 
1.0015 - i.0015 5/2+ 
1.0878 3/2- 1.097 (3/2-) 1.0878 3/2-
(a few others) 

For the spin assignments, the data of gamma transition are carefully checked. 
The possible relocation of gammas are also considered. 
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46 Pd 
107 

TIS 
82) 

0.00 

0.115 
0.21 

5/2+ 
(1/2)-
11/2-

0.307 (7/2)+ 

0.39 

0.47 
0.57 
0.67 

0.70 
0.77 

0,80 
0.39 
0.99 
I.03 
1.06 

(3/2)+ 

(3/2)+ 
(3/2)+ 
(7/2)-'. 

(1/2)+ 
(3/2)+ 

(l/2)+ 
(11/2)-
(3/2)+ 
(5/2)+ 

(many other levels) 

0.00 

0.1157 
0.214 
0.3028 
0.3122 
0.3482 
0.566 
0.38i9 
0.3924 
0.412 
0.4712 
0.5677 
0...6701 
0.685 
0,698 
0.759 
0.781 
0.806 
0,889 

1.023 
1.0-71 

NDS B ? , ^ 

5/2+ 
l/2+ 

(ll/2).. 
(3/2,5/2)+ 
(7/2,9/2)+ 

(7/2,9/2)+ 
(3/2,5/2)+ 

1/2+ 

(3/2,5/2)+ 
(3/2,5/2)+ 
(3/2;5/2)+ 

1/2+ 
(3/2,5/2)+ 

(1/2,3/2)-

l/2+ 

(3/2,5/2)+ 
(3/2,5/2)4 

2) 
Benzi 

s,ncne/ 

Adept! 

0.00 

0.1157 
0.214 
0.3028 
0.3122 
0.3482 
C.%6 
0.3819 
0.3924 
0.412 
0.4712 
0.5677 
0.6701 
0.635 
0.698 
0.759 
0.781 
0.806 
0.389 

3d 

5/2+ 
l/2+ 

II/2-
5/2+ 
7/2+ 
3/2+ 
9/2+ 
3/2-i-
7/2+ 
l/2+ 
3/2+ 
5/2+ 
5/2+ 
7/2-
1/2+ 
3/2+ 
3/2-
1/2-
l/2+ 

1.023 5 ^ 

Spins and parities for many levels have' been determined tentatively by 
looking at and checking again the all data on beta and gamma transitions and 
on (d,p) reaction, cited in NDS 137_.10l) 

4?Ag 

Tis32) 

0.00 

0.0877 
0.129 
0.309 
0.414 

0.72 

0.73 

0.85 

1/2-
7/2+ 

3/2-
5/2-

NDS 

0.00 
0.088032 
0.1328 
O.3114 
0.4153 
0.7019 
0.7244 
0.7353 

. 0,8398 
^ .t^O^'; 

0.8695 
0.9110 
0.9123 
1.0906 
1 f:OC, 

1.26 
1.3242 

-3.102) 

1/2-
7/2+ 
(9/2)+ 
3/2-
5/2-
3/2-
(3/2+) 
(5/2+) 

5/-̂ -
(5/2+) 

(3/2--/ 

Benz: 

0.00 
0.088 

0.311 
0.414 
0.704 
0.728 

u,803 

0.915 

1. C92 

1.322 

L^ 

1/2-
7/2+ 

3/2-
5/2-
5/2-
7/2-

3/2-

^'2-

5/2-

3/2-

< Adopted 

0.00 
0.088032 
0.1328 
0.3144 
0.4153 
0.7019 
0.724A 
0.7353 
0.8398 
0.8627 
0.8695 
0.9110 
0.9123 

1/2-
7/2+ 
9/2+ 
3/2-
5/2-
3/2-
3/2+ 
5/2+ 
7/2<-
5/2-
5/2+ 
7/2-
3/2+ 

(a few more levels) 

Rather tentative assignments for the 0,8^98, 0.9110 and 0,9123 MeV levels 
are based on the decay data used in NDS _B6_1̂ 2;. 
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.129 
53" 

TIS 
82) 

NDS B8 103) Benzi 
2) 

Adopted 

0.00 
0.0278 
0.278 
0.487 
0.557 
0.697 
0.730 

0.831 
0.846 
1.022 

1.077 
1.083 
1.112 

1.262 

7/2+ 
5/2+ 

(3/2+) 

0.00 
0.02777 
0.27842 
0.48738 
0.55957 
0.69598 
0,72962 

0.7689 
0.8299 
0.8450 

1.0504 
1.052 

1.11175 
(1.2042?) 
1.210 
1.2608 
1.2821 
1.2922 

7/2+ 
5/2+ 
(3/2,5/2)+ 
(3/2,5/2)+ 
1/2+ 

(3/2,5/2)+ 

(3/2,5/2)+ 

1/2+ 
(3/2,5/2) + 

(none) 0.00 

0.02777 
0.27842 
0.48738 
0.55957 
0.69598 
0.72962 
0.7689 
0.8299 
0.8450 
1.0504 
1.052 

1.11175 
(left out) 
1.210 
1.2608 
1.2821 
3.2922 

7/2+ 
5/2+ 
5/2+ 
3/2+ 
l/2+ 

11/2+ 
9/2+ 
7/2-
3/2+ 
7/2-
9/2+ 
5/2+ 

3/2+ 

1/2+ 
5/2+ 
3/2+ 
3/2+ 

1.378 
1.404 1.4016 (9/2)+ 

(many other levels) 
1.4016 9/2+ 

The present spin and parity assignments have been 
and gamma data listed in NDS B8.I03J These are rather 
inconsistent with the existing experimental data. 

done based on hhe beta 
tentative hut not 

54' Xe 
131 

Tl! 
c.82J 

NDS(old) Benzi 
2) Adopted 

0.00 
0.08016 
0.16398 
O.17723 
0.32578 
0.36447 
O.5C30 
0.6370 

0.7229 

3/2+ . 
1/2+ 

11/2-
or 

+ 

5/2+ 
+ 

(5/2+) 

0.00 
0.0802 

0.1639 
0.150 or 
0.210 
0.164 
(0.54) 
0.638 
0.724 

3/2+ 
(1/2)+ 
il/2-

5/2+ 

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

0.00 
0.08 
0.164 

0.210 
0.364 

0.638 
0.724 

3/2+ 
l/2 + 

J.I/ ̂ -

5/2+ 
5/2+ 

5/2+ 
3/2-

0.00 
0.08016 
0.16393 

0.32578 
0.36447 
0.5030 
0.6370 
0.7229 

3/2+ 
1/2+ 

11/2-

3/2-̂  
5/2+ 
5/2+ 
5/2+ 
7/2+ 

The position of.a leve] at 0.32578 MeV is not definitive but tentative. 
The parity of the O.5O3O MeV level cannot be assigned if the decay scheme 

illustrated on TISS2) ia acceptable. Because, log ft of a beta to the 0,5030 
McV level (8.4) suggests it is first forbidden giving' the negative parity 
although the conversion coefficients of transitions from the O.5O3O MeV level 
indicate positive parity of this level (The O.5O3O MeV r to the 3/2+ ground 
state is possibly E2, and a cascade, 0.17723 M?V r (E2) + 0.32573 HeV r 
(HI + E2), to the ground state also axists.). Even if the intensity of 
the beta, to the 0.5050 MeV level is assumed to be 5% instead of 0.5%, the 
log ft value scorns to be still high. 

- 47 



JAERT-M 5752 

55 Cs 
133 

T: 

0.00 
0.081 
.0.1605 
0.382 
0.437 

No 
higher ' 

^82) 

7/2+ 
5/2+ 
5/2+ 
3/2+ 
1/2+ 

FDS( 

0.00 
0.081 
0.160 
0.332 
0.436 

old) 

7/2+ 
5/2+ 
(3/2)+ 
(3/2)-, 

l/2(+) 

preferable argument at all 
than 0,7 MeV. 

NP A171^^ ̂  

0.00 7/2-
0.0810 
0.1605 
0.3828 

0.^371 
0.605 
C.633 
0.641 
0.706 
0.763 
0.7&7 
0.819 
0.873 
0.917 

5/2+ 
5/2+ 
3/2+ 
1/2+ 

ll/2-
il/2+ 
3/2+ 
(7/2,9/2+) 
(7/2,9/2+) 
(7/2,9/2+) 

(5/2,7/2,9/ 
(7/2,9/2+) 
(3/2,-5/2+) 

.2; 

0.00 7/2+ 
0.081 5/2-t 
0.161 5/2+ 
C.384 3/2+ 
0.437 1/2+ 

2+; 0.819 

for selecting the spin value for ' 

Adopl 

0.00 
0.0310 
0.1605 
0.3828 

0.4371 
0.605 
0.633 
0.641 
0.706 
O.768 

0.787 
0.819 
0.873 
0.917 

:ed 

7/2+ 
5/2+ 
5/2+ 
3/2+ 
1/2+ 

ll/2-
11/2+ 
3/2+ 
7/2+ 
9/2+ 
7/2+ 
7/2+ 
9/2+ 
3/2+ 

,he levels 

135 
55 

TIS ,82) NDS(old) NP A121 
105) 

0.00 

0.25 

7/2+ 
(5/2+) 

0.61 
0.781 (ll/2+) 

1.621 (19/2-) 

0.00 7/2+ 0.00 7/2+ 
0.25 (5/2)+ 0.2498 (5/2+) 

0.4032 
0.604 (3/2,5/2) 0.6086 (3/2,5/2) 

(0.780) 

0.9817 
1.0626 

1 ^ 
(none) 

Adopted 

0.00 
0.2498 
0.4082 
0.6086 
0.780 
0.9817 
1.0626 

7/2+ 
5/2+ 
3/2+ 
5/2+ 

11/2+ 
l/2+ 
3/2+ 

Spin and parity assignments for the levels at 0.4082, 0.6086 and 0.78 MeV 
are based on systematic trend, for instance discussed in Phys. Rev. _C5. (1972) 
1759 ^. The 0.9817 and 1.0626 'MeV levels are assigned by using the beta and 
^amma data. 

Cs^7 

n^yc-32; 

0.00 7/2+ 

0.455 

PR 

0.00 

0.455 
(0.85) 
(0.98) 

1.49 
1.87 
2.07 
2.J.5 

C3 

7/2+ 
5/2+ 

1/2+ 
ll/2-
3/2+ 
1/2+ 

Benzi 

(none) 

Adopt 

0.00 

0.455 
0.85 
0.98 
1.49 
1.87 
2.07 
2,15 

ad 

7/2+ 

5/2+ 
3/2+ 
5/2+ 
l/2+ 
ll/2-
3/2-; 
1/2+ 

The 0.85 and 0.98 Me? levels which have been cited in Phys. Rov. C5_ (1972) 
17591.^6! aj-Q assigned by usin^ the cystematic trend. 
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5sCe 

^g82; 

0.00 

The 

w^43 
60^^ 

0+ C 

NDSB2 

).00 

: 4+ level at 0 

Tig82) 

0.00 
0.742 

7/2-
(9/2-) 

0.00 
0.742 
1.236 
1.3H 
1.412 
1.560 
1.743 
1.857 
1.916 
2.016 
2.131 
2.192 
2.261 
2.328 
2.367 

JAEPI-M ^752 

108) ^ ^109) ,^^.2) 

0+ 0.00 0+ (nonet 0. 
0.3975 2+ 0„ 

0. 

.8 HeV has been estimated from ^ystemai 

NDS B 2 ^ ) Bcnzi^^ 

7/2- 0.00 7/2-
3/2- 0.745 9/2-
(9/2,11/2)-
(1/2,3/2)-
(9/2,11/2)- or (7/2 to 13/2)+ 
(5/2,7/2)-
(9/2,11/2)-
d/2,3/2)-
(5/2,7/2)-

(1/2,3/2)-
(5/2,7/2)-
(1/2,3/2)-
(1/2,3/2)-
(1/2,3/2)-

Adopted 

,C0 0+ 
3975 2r 
.80 4+ 

;ics< 

Adopted 

0.00 
0.742 
1.236 
1.311 
1.412 
1.560 
1.743 
1,857 
1.916 
2.016 
2.1^1 
2.192 
2.261 
2.328 
2.367 

7/2-
3/2-
9/2-
1/2-
13/2+ 
5/2-
7/2-
3/2-
7/2-
7/24 
1/2-
5/2-
3/2-
3/2-
1/2-

Since this contains 83 neutrons, possible single particle levels and some 
kinds of systematics have been considered. However, present assignments are 
still tentative. 

6 0 ^ 

TIS^ 

0.00 
0.695 
1.310 
1.51 
1.56 

1.784 
2.10 

2.184 

2.36 

2) 

0+ 
2+ 
4+ 
(3-) 

6+ 

K-) 

NDS Bjr**^ 

0.00 0+ 
0.6964 2+ 
1.3145 4+ 
1.5099 (3-) 
1.5600 2(+) 
1.738 
1.7902 6+ 
2.085 

2.111 
2.1856 1-

2.287 (4+) 
2.37 (2+) 

NDS B2^'?^ NP A185^^"' 

0.00 
0.6964 
1.3145 
1.5099 
1.5600 
1.738 
1.7902 
2.085 
2.09 
2.11 
2.1856 
2.20 
2.287 
2.37 

0-i-

2+ 
4+ 
3-
2+ 

6+ 
04 

1-

4+ 
2+ 

Benzi 

0,00 
0.696 
1.513 

1.556 

1.78 

2.18 

2) 

0+ 
2+ 
4+ 

3+ 

0+ 

1-

Adopt<: 

0.00 
0.6964 
1.3145 
1.5099 
1.5600 
1.738 
1.7902 
2.085 

2.11 
2.1856 

2.287 
2.37 

3d 

0+ 
2+ 
4^ 

2+ 
2+ 
6+ 
0+ 

2-
1-

4+ 
2+ 

(many other levels) 2^86 1-

No beta and electron capture transitions and gamma transition data suggest 
2+ and 2- for the 1.738 and 2.11 Me? levels, respectively. 
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60 Nd 
145 

TIS 82) NDS 
^-,112) 

Benzi 2) Adopted 

0.00 

0,067 
0.072 

0.75 
0.92 
1.05 
1.16 
1.39 

7/2-
(3/2)-
(5/2)-

0.00 

0.067 
0.072 

0.749 
0.92 
1.054 
1.155 
1.39 

7/2-
(3/2)-
(5/2)-

0.00 

0.067 
0.072 
0.74 
0.92 
I.05 
1.16 
1.39 

7/2-
7/2-
3/2-
7/2-
1/2-
3/2-
5/2-
7/2-

0.00 

0.067 
0.072 

0.749 
0.92 

1.054 
1.155 
1.39 

7/2-
3/2-
5/2.-
5/2-
9/2-
3/2-
9/2+ 
7/2-

The spin and parity; assigmr^ents for the levels above 0.7 MeV are based 
on the data on beta and gamma transitions. These levels are Coulomb excited 
except for a level at 1.155 MeV. 

Pn,147 

6f°* 
TIS' 

0.00 
0.09106 

0.4105 
0.4892 
0.5309 

0.6858 
0.72 

32) 

7/2+ 
5/2+ 
3/2+ 
(7/2+) 
5/2+ 

5/2+ 

No preferable 
and 3/2+ to the 0.( 

NDS 

0.00 
0.0911 

0.4105 
0.4893 
0.5310 
0.6804 
0.6859 

reason exist 

-3,113) 

7/2+ 
5/2+ 
(3/2+) 
(5/2,7/2)+ 
5/2(+) 

(5/2+) 

;s for selecting 
5804 HeV level (3/2, 5/2, 

2) 
Benzi Adopted 

(none) 0.00 
0.0911 
0.4105 

0.4893 
0.5310 
0.6804 
0.6859 

7/2+ 
5/2+ 
3/2+ 
7/2+ 
5/2+ 
3/2+ 
5/2+ 

7/2+ to the 0.4893 MeV level 
7/2+). 

62 ,Sm 
147 

TIS 82) NDS B2 113) Benzi 
2) 

Adopted 

0.00 
0.1218 
0.1981 
0.71 
0.80 

C.90 
0.92 

1.02 
1.06 

I.O79 
1.10 
1.16 

7/2-
5/2-
3/2-

(3/2,5/2-) 

(3/2,5/2+) 

(many othe 

0.00 
0.1212 
0.1974 
0.713 
0.7988 
0.808 

0.925 
1.007 
1.029 
1.054 
1.065 
1.C77 
1.103 
1.166 
1.180 

r- levels) 

7/2-
(5/2)-
(3/2)-

(3/2-) 

(1/2-) 

(5/2)+ 
(5/2)+ ^ 
(5/2,7/2-) 

0.00 
0.121 

0.197 
0.71 
0.80 

0.90 
0.92 

1.02 
1.06 

1.079 
1.10 
1.16 

7/2-
5/2-
3/2-
3/2-
3/2-

5/2-
3/2-

5/2+ 
3/2-

7/2-
3/2-. 
5/2-

0.00 
0.1212 
0.1974 
0.713 
0.7988 
0.8C8 

0.925 
1.007 
1.029 
1.054 
1.065 
1.077 
1.1C3 
1.166 
1.180 

7/2-
5/2-
3/2-

11/2-
3/2-

13/2+ 

11/2+ 
l/2-
11/2+ 
5/2+ 
5/2+ 
7/2-
9/2-

11/2-
7/2-

High spins are 
of the 5/2+ ground s 
processes. 

assigned for several levels which arc not fed by the decay 
tate of Eu-147 but by Coulomb excitation arid other reaction 
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62 Sm' 
,49 

T I S ^ 

0.00 
0.0225 
0.2772 
0.2857 
0.3502 
0.398 
0.5286 

0.5583 
0.566 
0.640 

7/2-
5/2-

(5/2-) 

(a few more 

NDS 

0.00 
C.022 
0.277 
0.286 
0.350 
0.398 
0.529 
0.558 
0.582 
0.650 
levels) 

(old) 

7/2-

(5/2-) 

Benzi 

0.00 
0.023 
0.277 
0,286 

0.35 
0.398 
C.528 
0.558 
0.582 

2) 

7/2-
5/2-
9/2-
5/2-
9/2-
1/2-
3/2-. 
7/2-
9/2-

Adopted 

0.00 

0.0225 
0.2772 
0.2857 
0.1502 
0.398 
0.5286 

0,5583 
0.566 
0,640 

7/2-
5/2-
3/2-
9/2-
3/2-
1/2-
3/2-
5/2+ 
9/2-
5/2-

The present spin and parity assignments are based^on data for beta, 
electron capture- and gamma transitions cited in TIS?^-' The 0.2357 MeV level 
is assigned as 9/2- instead of 5/2- since the 0.2857 KeV is not fed by decay 
of the ground state cf Eu-149 (5/2+) but of Pm-149 (7,/2+). 

62' Sm 
151 

TIS 
82) 

NP A172 114) Benzi ,2) Adopted 

0.00 (5/2,7/2-) 0.00 (5/2)- (none) 
0.00482 ( -) 0.00482 (7/2)-
0.06583 ( -) 0.06582 (3/2)-
0.06969 ( -) 0.0697 (5/2,7/2)-
0.0$153 ( +) 0.09153 (l/2)+ 
0.10482 ( -) 0.10485 (5/2)-
C.16773 ( +) 0.16772 (5/2)+ 
0.16838 ( -) 0.16839 (5/2,7/2)-
0.20899 ( -) 0.20898 (7/2)-
0.307 0.3067 (3/2)-
0.32392 ( +) 0.3239 (3/2)+ 
0.34489 ( +) 0.34487 (7/2)+ 
(many others) 

Selection of 5/2- and 7/2- for the 0.0697 and 0.16839 MeV levels, 
respectively, is rather arbitrary. 

0.00 
0.00482 
0,06582 
0.0697 
0.09153 
0.10485 
0.16772 
0.16839 
0.20898 
0.3067 
0.3239 
0.34487 

5/2-
7/2-
3/2-
5/2-
1/2-r 
5/2-
5/2+ 
7/2-
7/2-
3/2-
3/2+ 
7/2+ 

- 51'-' 
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63̂  
Eu 153 

TIS 
82) 

NDS(old) Benzi" Adopted 

0.00 

0.08337 
0.09743 
O.IO3179 
0.15161 
0.172854 
0.1914 
0.268 
0.6346 
0.6364 
0.682 

0.6943 
C.7O64 

5/2+ 
7/2.-
5/2-
3/2+ 
7/2-
5/2+ 
9/2+ 

(1/2+) 
(3/2+) 

0.00 
0.084 
0.097 
0.103 

0.173 
0.191 

0.70 

5/2+ 
(7/2+) 
(5/2-) 
(3/2+) 

(5/2+) 
(3/2+) 

(1/2+) 

0.00 
0,0830 
0.0970 
O.IO30 
0.1520 
0.1730 

0.2700 
0.6350 

0.6820 
0.6940 
0.7070 

5/2+ 
7/2+ 
5/2-
3/2+ 
7/2-
5/2+ 

7/2+ 
3/2+ 

5/2+ 
3/2+ 
5/2-

0.00 

0.08337 
0.09743 
0.10318 
0.15161 
0.17285 
0.1934 
0.268 
0.6346 
0.6364 
0.682 

0.6943 
0.7064 

5/2+ 
7/2+ 
5/2-
3/2+ 
7/2-
5/2+ 

' 9/2+ 
7/2+ 
i/2-
^/?-
5/2-
1/2-
3/2-

The spj.n and parity assig-nments for the levels above 0.2 HeV are based on 
betas and gammas illustrated in TIS?^) Log ft values calculated for betas to 
the levels above 0.6 MeV seem to be too high for alien-ad transitions. 

63 .au 
155 

TIS 

0.00 

0.075 
0.10435 
0.17 
0.2462 
0.31 
0.76 
0.87 

82) 

(5/2+) 
(7/2+) 
(5/2-) 
(7/2-) 
(3/2+) 
(5/2+) 

NDS( 

0.00 

0.1044 

0.246 

old) 

(5/2+) 

(5?2-) 

(3/2+) 

Benzi' 

(none) 

Adopted 

0.00 

0.075 
0.10435 
0.17 
0.2462 

0.31 
0.76 
0.87 
1.09 
1.27 

5/2+ 
7/2+ 
5/2-
7/2-
3/2+ 
5/2+ 
l/2-
5/2+ 
3/2+ 
5/2-

1.09 
1.27 

The spins and parities for the levels above 0.7 NeV are assigned by 
looking at the data on beta and gamma transitions listed in 
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4.2 Average Resonance Parameters and Others 

The calculations of.neutron capture cross section for"the important 

28 FP nuclides were performed using RACY code '' based on the process cf 

compound nucleus formation. In this cede, the neutron reparation energyB„ 

and level parameter $° , which is obtained thiough the radiation width and 

level spacing, are required as the input data, as well as the level density 

^ parameters. On the other hand, the inelastic scattering cross sections 

were calculated by ELIESE-3 code based on the ontical model and Hauser-
7) 

Feshbach's theory . In this calculation; the Level density parameters 

are the important input data, when the incio.ont energy js larger thsn the 

energy E^ mentioned in section 2. In this sub-section, description of 

the criteria or method of determination of these quantities (input data) 

is given. 

l) Radiation Width 

The experimental data on radiation width /' have been obtained by 

many authors, but the agreement between these data is not so well. It is 

very difficult to find out the most reliable values from among tnese data. 

Therefore, in the present work, the values of radiation width f^ for the 

important 28 nuclides were determined in principle on the basis of the data 

cited in BNL-325, 2nd Edition, Supplement No. 2" . However, the method 

of determination is not the same for each nuclide. 

A) The following methods were used for nuclides whose recommended 

values of radiation width f^ are given in Ref. 11* 

i) The averaged values of the recommended values for each level were 

adiopted for Rh-103, M-105, Ag-109', Cs-133r?^-143, Nd-145, 

Sm-147, Sm-149? and Eu-153-

ii) The assumed values cited in Ref- 11 were adopted for Ho-95 and Ka­

on the basis of these forr^, of the neighboring isotopes ofMe^ 

although the recommended values for a few levels are given for '. 

both nuclides. Where, the assumed values mean values enclosed i.n 

parentheses in F.ef. 11, and are values which the experimenter 

assumed in order to cDmpute other resonance parameters, 

iii) The guessed values taking into account of The systematic breads .' 

for f of the neighboring nuclid?,s were adopted for -Ru-101 and 

Ru-102, although the recommended values fur a few level; arc giifen 

for both nuclides. 

B) The following methods were used for nuclides whose recommended 

values are not given. 
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i) The assumed value cited in Ref. 11 was adopted for I. 
ii) The values guessed on the basis of the assumed values for the 

90 95 
neighboring isotopes were adopted for Sr and Zr. 

iii) The guessed values taking into account of the systematic trends. 
"° 04- 107 

for V' of the neighboring nucliaes were adopted for " Ru^ Pd; 
^ C s = 13?,^ 144,^ 14^,^ 151g^ 155<^, ^ 

99 1̂ 6 iv,' The data, evaluated by other authors were adopted for Tc.. " Ru 9 
131^ ^147^ Xe, and Pm. 

(the data of Garrison and Roos*^ for 'Tc and ^'.Pm, and of Benni 

and Reffo lor Ru and .,l< ^e^ 

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

reference data en the radiation width, 

2) Level spacing 

The level spacing D of the compound nucleus is an important parameter 

for the calculation of the neutron capture cross section. However, the 

accuracy and number of the experimental data are not necessarily satisfactory. 

In the early stage of this work, the values of level spacing were taken 
13) from the report of Baba . 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 dependence 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 ^° 

is given by the following formula. 

21 -:-1 D^g 

7T Ty-
(4.2.1) 

where I is the spin of target nucleus. 

Results of the neutron capture cross section calculated by using RACY 

code were compared with the experimental data in the energy range from 1 keV 

to 15 MeV. For some nuclei whose neutron capture.cross sections are not 

measured, comparison was performed for the (capture^ cross section between 
?) 2) 

the present results and the evaluated data of Cook*̂ ' ? and Benzi and Reffo ' . 

Result of this comparison showed that better agreement was not obtained 

between the present results and tbe experimental data for !;he most of 

nuclides. Therefore, adjustment of the level parameter f° was made 

through modification of the level spacing D, in order to get good agreement 

with the expsri-nnntal data. Result of this adjustment suggested that, for 

some nuclides, two values of the level parameter wore necessary in separate 



JAERI-M 3752 

energy range for the same nucleus. The nuclides wnich need two values of 
95 97 102 15') 95 

the level parameter are Mo, Ho, Ru, and Eu. For Ko, good 

agreement of the calculated capture cross section with the experimental 

data was obtained by using the following two values, 138,7 eV for E^ <0,2 

MeV, and 100 eV for E < 0.2 MeV. 

As a result of these investigations, the values.of level spacing D 

and level parameter $° were modified for 15 nuclides. The initial and 

final values of these parameters are shown in Table 4.2,2 and Table 4.2.3* 

3) Neutron separation energy 

The neutron separation energy B is necessary as one of the input 

data for the RACY code. The data on neutron separation energy or nuclear 

mass are published by many authors. In this work;, the neutron separation 

energy of each nucleus was obtained using the data of Hattauch, Thiele, 

and Wapstra cited in "Table of Isotopes, 6th Edition, 1968 "', The 

values of neutron separation energy for the important 28 nuclides are shown 

in Table 4.2.3* 

4) Level density formula 

The level density formula used in this work is given as follows. 

. , . , , 21+1 2^^-I(I+l)/2<?2 

o 

forE>E^, (A.2.2 / 

P (U,I) =P,p(C,l)= ^ J U ^ l ) e ^ o V T ^ B < E ^ , (4.2.3) 

where, U ^ E - j? 

I = spin of target nucleus, 

a = level density parameter, 

o = spin cut off factor, 

T - nuclear temperature, 

Eg = energy of tangency point, 

E = total excitation energy, 

CpEE 24jY(0.0888)^^Aa . 

The spin cut off factor c is calculated using a formula which is built 

in ELIESE-3 code. Using this formula, the value of <?" is 1.5— 2.5 times 

as large as that obtained usin^ the formula of Gilbert and Cameron"^ . The 

value of level density obtained by ELIESE-3 coue is larger than thab obtained 

by the formula, of Gilbert and Cameron, owing to the difference becween the 

spin terms of both formula. Since they adopted e -̂ 2/ as the spin term, 

- 55' -
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this difference decreases with increasing values of spin I for the target 

nucleus. The level density parameters used in the formulas (4.2.2) and 

(4.2.3) are given for the target and compound nuclei in Table 4.2.4. 

- 56 
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Table 4.2.1 Gamma Width I\ (meV) 

Nuclide 

9°Sr 

93zr 

35no 

9Yno 

99Tc 

l°'Ru 

^ 

I°3^ 
I^R. 

I^p^ 
106r, 

Ru 
l°7p^ 

" ^ 

12^ 

131xe 

I^cs 

i^c, 

137cs 

I^Nd 

144ce 

I^Nd 

I^d 

^'Pm 

1 ^ 

- 151s. 

l^E. 

^$Eu 

: 

Present "Vork 

205 

300 

260 

260 

180 

180 

200 

130 

200 

155 

150 

140 

130 

100 

110 

125 

125 

100 

95 

90 

80 

80 

80 

50 

65 

65 

100 

100 

2) 
Benzi & Reffo ̂  

_^^, 

205 

190 

— — 

160 

170 

195 

15C 

150 

150 

—.— 

130 

— — 

110 

125 

70 

70 

65 
- — * 

95 

95 

95 

1 A) 

Garrison 
and Ross 

— - -

260 

260 

180 

240 

200 

180 

— — 

160 

- — — 

130 

— — 

85 

110 

— — 

90 

—.^. 

50 

80 

60 

60 

52 

90 

— .... ! 

118) ausgrove 

147 

176 

227 

200 

170 

191 

186 

111 

210 

1^ 

186 

135 

157 

96.2 

178 

128 

287 

171 

88.4 

59.4 

87.2 

78.2 

70.4 

65.8 

52.4 

36.3 

129 

129 
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Table 4.2.2 Level Spacing (eV) 

nuclide 

9 0 ^ 

s-
g^ 

' ^ 

43 ° 

101^ 
4 4 ^ 

102r, 

45 

104^ 
44 

' > 

44 

' > 

^ ^ 

127y 
53 

129y 
53 

I3lxe 

54 

^ c . 

'55 

55°* 

5̂ 

1 

0^ 

2 

2 

.9.+ 
2 

2 

0+ 

1" 
2 

0" 

2 

0+ 

2 

1" 
*2 

5.+ 
2 

1+ 
2 

2 

2 

2̂-
2 

2+ 
*2 

21+1 

' 

6 

5 

6 

10 

6 

1 

2 

1 

6 

1 

6 

0 

6 

0 

4 

8 

8 

3 

' '" 
^ressnt Work 

1st. 
guess 

4000 

150 

100 

120 

H O 

15 

250 

10.3 

25C 

11.1 

250 

10 

19.1 

19 

21 

3? 

20.7 

60 

) 
final value 

12000 

300 

jlOO (EX).2MeV) 
tl38.7'3<0.2MeV) 

.**120 (S>0.1NeV) 
}144.8(B0.1HeV) 

26 

15 

J250(E>0.2MeV) 
L625(B<0.2MeV) 

30.9 

942.5 

11.1 

1000 

10 

19.1 

19 

21 

32 

24.8 

60 

150] HOC 

Benzi ^ 

& Reff0^ 

94.92 

74.94 

17.00 

229.0 

32.95 

662.4 

9.551 

18.79 

12.98 

33.76 

21.71 

115)116) 
cook 

850 
5400 

500 

200 

240 

24 

14 

630 

26 

78 
740 

15 

34 
14 

16 

13 

19 

25 

19 

70 
140 

8000 
860 

r " . 14) 

Gary?, son 

&Rcos 

10000 

400 

150 

150 

19 

26 

300 

35 

600 

14 

20 

18 

14 

20 

50 

20 

90 

1300 

—*———-———'— 

w US) 
Musgrove 

10900 

352 

82.2 

91.2 

23.6 

13.8 

264 

27.3 

784 

12.8 

1310 

10/4 

11.8 

12.1 

27.1 

25.0 

18.5 

328 

1930 
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nuclide 

57^^ 

143-13 P*r 
59 

^ 

'Ŝ  
' ^ ^ 

60 

6^" 

147<î  
6 2 ^ 
149<, g2Sm 

^ ^ 

^ ^ 

'ĝ  

T 

2+ 
2 

0+ 

3_+ 

1" 
2 

0+ 

0+ 

1" 
2 

2̂-

2" 
2 
.1-
2 

2 

5" 
2 

.5+ 
2 

21+1 

8 

1 

6 

8 

1 

1 

8 

8 

8 

8 

6 

6 

6 

Pre?: 

1st 
guess 

110 

5000 

83.8 

19 

500 

600 

25 

5.7 

7.9 

3.2 

1.3 

1.3 

' 2.5 

ent Work 

final value 

110 

^ 3000 

83.8 

40 

1000 

600 . 

25 

5.7 

4.0 

3.2 

1.3 

Benzi ^ 
& Reffo 

483.6 

3000.0 

113.9 

34.3 

676.8 

24.14 

6.538 

3-069 

1.3(E>0.1HeV) 
2.6(E<0.1NeV) ^ ' ^ 

2.5 

115)116) 
cook 

430 

6000 
2300 

HO 

38 

- — 

280 
86 

23 

3.1 

7.5 

2.7 

1.3 

1.00 

2,5 
2.1 

. . 14) damson 
& Rooa 

800 

7000 

100 

40 

500 

25 

2.1 

6 

2.2 

0.75 

0.7 

— -

118) 
itdsgrove 

257 

3030 

75.5 

27.9 

98.1 

225 

24.3 . 

3.73 

3.96 

1.67 

0.199 

0.915 

1.03 
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Table 4.2.3 Neutron Separation Energy Bn and $ 

Nuclide 

9°3r 

93zr 

95?4o 

97Mo 

93rc 

I^Ru 

'^Ru 

^ ^ 

^ % 

' ^ P , 

'^Ru 

" ^ 

1 0 9 ^ 

129^ 

(MeV) 

5. SOI 

8.228 

9.156 

8.642 

6.641 

9.216 

6.243 

7.007 

5.981 

9.551 

5.441 

9.223 

6.824 

6.461 

? 
initial 
guess 

6210.52 

954.93 

734.56 

881.47 

459.78 

156.16 

397.89 

40.982 

397.89 

136.77 

53Q.52 

136.42 

93.534 

534.% 

..,.- ] 

0 

f̂ .nal value 

18633 

1909-86 

73'i.56 
(F^>0.2HeV) 
1019.0 
(3^<0.2NeV) 

881.47 
(E^>0.1MeV) 
1064.0 
(E^O.lMeV) 

459.78 

159.16 

397-39 
(E :=0.2KeV) 
99%. 70 
(E^<D.2HeV) 

123.0 

1500.0 

136.77 

2122.08 

136.42 

93.534 

534.76 ! 

-, , ! 

r 
Nuclide 

131ye 

I33c3 

135^, 

I^Cs 

^ 3 ^ 

I^Ce 

I^Nd 

1 ^ , 

^ ^ 

"?Sn 

I^s. 

151s. 

^ ^ 

^^En 

r 

(IleV) 

8.932 

6.7C1 

6.371 

4.871 

7.831 

4.531 

5.741 

7.561 

5.881 

8.141 

7.981 

8.231 

6.391 

6.331 

^ 

initial 
guess 

370.40 

421.70 

1222.31 

3319.72 

509'30 

1061.03 

2387.32 

795.77 

181.44 

402.34 

125.37 

38.197 

24.838 

47'746 

o 

final value 

37C40 

506.00 

i 
! 
! 

1222,31 

i 

23010.0 

1072 

3530 

2387.32 

795.77 

181.44 

202.30 

125.37 

38.197 

24.828 
(E^^O.lMeV) 
49^66 
(E^kO.lHcV) 

47.746 
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Table 4.2.4 Level density parameters 

r 

Sr-90 

-91 

Zr-95 
-94 

a(MeV"***) 

10.552 

11,245 

11.381 

12.158 

Mo-95 { 11.364 

-96 j 12.153 
< 

Mo-97 

-98 

Tc-99 

-100 

Ru-101 

-102 

Ru-102 

-103 

Rh-103 

-104 

Ru-104 

-105 

Pd-105 

-106 

Ru-106 

-107 

Pd-107 

-108 

Ag^l09 

-11C 

1-129 

--130 

Xe-131 

-132 

12.929 

13.548 

13.341 

13.971 

13.925 

14.645 

14.643 

15.249 

14.692 

15.302 

16.008 

16.643 

15.160 

15.927. 

17.084 

17.461 

16.568 

17.010 

16.797 

17.173 

15.869 

14,991 

16,139 

14.967 

^(MeV) 

1.960 

1.240 

1.200 

2.320 

1.28C 

2.400 

1,280 

2.570 

1.290 

0.0 

1.280 

2.220 

2.220 

1.280 

0.940 

0.0 

2.520 

1.280 

1.350 

2.590 

2.530 

1.280 

1.350 

2.600 

1.250 

0.0 

1.20C 

0.0 

1.120 

2.160 

Co (MeV'i) 

852.9 

919.0 

950.6 

1026,0 

969.7 

1048.0 

1126.0 

1192.0 

1186.0 

1255.0 

1263.0 

1341.0 

1341.0 

1411.0 

1359.0 

1429.0 

1495.0 

! 1570.0 

1430.0 

1516.0 

1626.0 

1678.0 

1592.0 

165CO 

1644.0 

1697.0 

1839.0 

1750.0 

1899.0 

1774.0 

E^ (MeV) 

6.127 

5.3S8 

5.313 

6.416 

5-359 

6.463 

5.326 

6.601 

5.305 

4.000 

5.265 

6.191 

6.161 

5.236 

4.896 

3.942 

6.462 

5.209 

5.279 

6.505 

6.445 

5.182 

5-252 

6.489 

5.126 

3.864 

4.863 

3.654 

4.765 

5.796 
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Hs-133 

-134 

Cs-135 

-136 

Cs-13? 

-138 

Nd-143 

-144 

Ce-144 

-145 

Nd-144 

-145 

N3.-145 

-146 

Pm-147 

-148 

Sm-147 

^148 

Sm-149 

-150 

Sm-151 

-152 

Eu-153. 

-15* 

Eu-155 

-156 

a(KeV*"^) 

16.130 

14.850 

13.550 

12.353 

11-175 

12.408 

18.195 

19.167 

13.903 

19.726 

19.167 

20.018 

16.828 

17.640 

18.462 

19.294 

18.179 

19.009 

19.848 

20.655 

21.263 

21.320 

25.177 

2J.819 

24.256 

23.763 

^ (MeV) 

1.040 

0.0 

0.700 

0.0 

0.850 

CO 

1.130 

1.940 

2.090 

1.170 

1.9^0 

i.lbO 

1.180 

2.100 

0.920 

1.220 

2.140 

1.220 

2.210 

1.220 

2.320 

i..:oo j 
0,0 ! 

}-
0.920 t 

1927.0 

1787.0 

1643.0 

1509.0 

1375.0 

1538.0 

2337.0 

2479.0 

2445.0 

2569.0 

2479 0 

2607.0 

2192.0 

2313.0 

2433.0 

2565.0 

2400.0 

2527.0 

2656.0 

2783.0 

2884.0 

2911.0 

3460.0 

3433.C 

3377.0 

3333.0 

Ec (MeV) j 

4.668 i 

3.619 j 

4.3H 

3.603 

4.445 

3.587 

4.729 

5.432 

5.63? 

4.704 

5.482 

4.714 

4.7M 

5.627 

4.440 

3.514 

4.740 

5.654 

4.727 

5.710 

4.713 

5.807 

4.580 

3.-1-74 

4.388 

3.462 
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5 - Results and Remarks 

The evaluated cross sections are tabulated in Appendix 2 and are 

displayed in-graphical form in Appendix 3. The evaluated capture cross 
2 3 4) 5) 

sections of "enzi et ai. and Cook ' are also plotted in the same graphs 

for the sake of comparison. The numerical data are stored on magnetic 

tane in ENDF/B formats, and the details of its content are described in 

Appendix 1. 

The errors in the present evaluation of total, elastic and inelastic 

scattering cross sections are considered less than 30 % except in the region 

of low energy resonances. There are some discrepancies between the experi­

mental and calculated total cross sections in a few hundred keV region fcr 

mass numbers near 90 and 140, where fission yield is large. But, since the 

discrepancy is about 30 % at most, the present results are probably 

satisfactory for reactor calculation. 

The values of the excitation cross sections for individual nuclear 

levels are most unreliable. However, for reactor application, the inelastic 

total cross section is usually more important than the precise feature of 

the partial excitation cross section. The inelastic cotal cross section 

is calculated with fair accuracy provided that the first few nuclear levels 

are known. 

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 transport cross section is also considered as satisfactory, 

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

is more difficult to assess. Intercompariscn of evaluated data shows that^ 

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

disagreement among the evaluated data in the energy range from a few keV 

to a few hundred keY. This is not the case for the resonance energy region 

and the high energy region where the competition with inelastic scattering 

comes in. In these energy regions, the disagreement is largo. 

For nuclides whose experimental data do not exisk, the disagreement 

among the evaluated capture cross sections is often v^ry largo. Typical 
i r..T. ..- 9Cf, 93? 101^ 106^ 105.3.. IO7I,. 123^ examples of these nuclides are Sr, Zr, Ru; Ru, Pc, Pa, .̂, 

135 144 

Cs, and Ce. In extreme case the disagreement amounts to a factor of 

2 to 5 in the energy lange from a few keV to 1 MoV, a,l though uh^ present-

results are generally in closer agreement with the data cf Bcnzi et al. 

than those cf Cook. 

Main efforts of future evaluation work will be directed to reduce the 

uncertainty in the evaluated ca.pture cross sections. There are also seveiai 
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points which need improvement in the present nethed of calculation. A 

provisional scope of future work will be as follows. 

(1) Resonance Energy Region: 

In the present evaluation, the statistical calculation was siirply 

extrapolated down to 100 eV according to the requirement from reactor 

physicists. This may be a reasonable method to calculate the cross 

sections for lumped fission product regarded as a statistical assembly. 

But, the cress sect3.ons of individual nuclides are naturally in significant 

error. In the next step of*evaluation, the experimental data, including 

the data for resonance integrals, will be studied more extensively in 

this energy range to minimize the uncertainty in the evaluated cross 

sections. 

(2) Intermediate Energy Range: 

In the present calculation, the statistical fluctuation of neutron 

width was ignored. Also, bhe variations of neutron strength functions 

versus mass number were.taken into account only in the sense of optical 

model calculation. These simplifications may have caused some errors 

in the results. 

As for the values of parameters used in calculation, a re-investigation 

of the systematic trends in these parameters is planned, specifically 

in the values of average level spacing D of low energy resonances. 

(?) High Energy Region: 

The capture cross section above a few hundred keV to a few IleV is 

influenced considerably by the competition with inelastic scattering. 

The nuclear level schemes of fission product nuclei are net yet 

established well. The present evaluation of level schemes is only 

a tentative one, and needs a continuous effort of improvement. 

In the present calculation, the direct capture process was not taken 

into account. Also, as for tne energy variation off., , the mechanism 

of photon emission from collectively excited states was not taken into 

account. Although these effects are not of prime importance in reactor 

application, they are to be incorporated in the evaluation m next stop. 

For the future evaluation work, further ncasuremerts of cross sections 

and relevalnt parameters are very essential ^nd are strongly requested. In 

particular, the measurements of neutron capture cross section in the energy 

range from one keV to a few tens of keV are of The greatest importance. 

Measurements and evaluation of level schemes are also if̂ ckin.̂ , and the 
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investigation of these will bring out fruitful results for the future 

evaluation of the cross sections of fission product nuclides. 
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Appendix I. Data Storage aj.d Infcrmations to Users 
-,,-\ 

As mentioned in Sec. 2, we used two comnuter codes, ELIESE-3 ^ and 
17) 

RACY, foi calculation of cross sections. Total cicss section, elastic 

scattering cross section;, inelastic scattering cross section and other 

quantities obtained by using ELIESE-3 were accumulated on ? magnetic tape, 

Aftei ^hat, content of the magnetic tape were transfered on another Magnetic 

tape with a format similar to the ENDF'/B format, by using a program NAKEBt 

On the other handy capture cross section obtained with RACY was prepared 

on cards and transfeieu on a magnetic tape with ENDF/B format. The results 

in these two tapes are combined using a program CRECTJ ' which treats the 

data with the ENDF/B frcmat. Using this program, modification described 

in Eqs. (2.25) and (2.26) was carried out and final data were stored on 

the magnetic tape. In tnis Appendix, contents of the magnetic tape (final 

tape) obtained here are described in detail for the convenience of using 

our evaluated data. 

At the following energy points (in MeY), cross sections are calculated. 

0.0001, 0.0003, 0.001, C.003, 0.01, 0.02, C.05, 

0.4, 

1.25, 
6.0, 

In addition to these points, some energy points are set in the final tape 

corresponding to the threshold for excitation of the discrete levels. 

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

by interpolation. Adopted interpolation scheme is linear-linear inter­

polation (scheme 2) defined in the ENDF/B format, except for the neutron 

capture cross section. For the neutron capture cross section, interpolation 

scheme 5 (leg-log) is adopted. Quantities stored in the final tape are 

described below with iile number (MF) and section number (MT). 

1. Total cross section : ̂  (MF - 3, HP - l) 

Values of the total cross section stored in the final 'jape arc these 

obtained by using ELIESE-3 and interpolated values at the threshold 

energies. 

2. Elastic scattering cross section: <7̂ , (fIF = 3, i-IT -: 2) 

The elastic scattering cross section i<3 composed of the shape elastic 

scattering cross section <?,, j 3 and the compound elastic scattering cross 

sections .̂ . Though those original values were calculated, by ELIESE-3, 

modification should oe applied fcr the compound elastic scattering cror.s 

section as mentioned in Section 2 , 

0.1, 

0.8, 

2.5, 

12.0, 

0.2, 

0.9, 

3.0, 

15.0. 

0.3, 

1.0, 

4.0, 

0.5, 

1.50, 

8.0, 

0.6, 

1.75, 

10.0, 

0.7, 

2.0, 

11.0, 
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".,,. = '-:,,< x^nrr*^ (A.i) 

T m e r e c " is original value of the compound elastic scattering cress 

s e c t i o n ^ ̂  the cross section for compound nucleus formation, a n d ? ^ y. the 

radiative capture cross section. Values of the elastic sca^teiJng cross 

section stored in the final tape were obtained using ^he following relation, 

where c j ̂  is the inelastic scattering cross section modifj ed f ro3i original 

value c ? ̂  

cr. — cr° x — - nJE- (A.2) 

3. Inelastic scattering cross section s^in (HF' = 3? HT = 4) 

As described in Section 2, the inelastic scattering cross section is 

a sum ( ̂ ,h ) of the cross sections for excitation of discrete levels, 

when the incident neutron energy E^ is lover than an energy Eg above which 

levels of residual nucleus are assumed to be overlapping. In the energy 

region above E-, the inelastic scattering cross section is composed of 

c.jD) and cross section (<?jn^ ) for excitation of the overlapping levels. 

As the incident energy E^ increases further, the compound elastic scattering 

cross section c ̂, .̂decreases and is negligibly small in the energy region 

above an energy E . In the calculation with ELIESE-3? the cress section c^ 

was assumed to be <y in this energy region. Further, it was assumed that 

the cross sectiony. (D) was also negligibly small. Thus, in the energy 

region above E„, the inelastic scattering cross section j. was set equal 

to <?,. - (7̂  ,finally, which is equal to <y. (°) . Therefore, the following 

expressions may be giyen for the inelastic scattering cross section stored 

in the final tape , 

< ? i n = 1 

-

(D) + <y (°) 

* "n,r (=<? 
(0) 

) 

for E^^E^, 

for E^.-E^E^ , 

for E.<F^ . 

"in^ + <?;n^ forI^.^E^<:i^, (A.3) 

Original values of the cross section c. M p̂ g ̂  (oj ̂ rere obtained using 

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

C.JD) ,.__c_^jL^_^ ^, ,p) 
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<y.(0) = ^ ' " "iLAJL.x <?° (d 
;n g. in 

where c°^ <P)andc°^ M are original values. The value of E is dependent 

on the knowledge for the level scheme of each nucleus, and is deiimd as 

slightly larger energy than the highest energy of the discrote levels 

adopted here for the nucleus. On the other hand, che energy 3% is given 

6 or 8 MeV in this work. 

4. Gross section for inelastic excitation: c ^ fMF = 3, ?F - $1 - 90 
ex . 

for discrete levels, MT = 91 for overlapping levels) 

The cross section for excitation of N-th discrete level is assigned 

MT = 50 -r N and the cross section for overlapping levels MT - 91, the 

latter being stored on the final tape assuming it as aie cress section 

for a discrete level. This means that the cross section <7 yr = M ^g 

^in * ^ described above, c. was set jqu?! to c. M in the energy 

region above E , ando . ̂  was neglected. In fact, value of ths cross 

section <7j„^ is very snail as compared with the cross section ?°. ̂ 'at 

E = E^, though some cross sections c^. ̂  for higher excited levels do 

not decrease sufficiently at E = E^. 
n ° 

5. Neutron capture cross section : <î  ^ (MF = 5 , HT - 102) 

Values of capture cross section stored in the final tape are those 

based on the calculation by RACY code. Interpolation scheme selected is 5 

(log-log interpolation). 

6. Average cosine of the scattering angle : /^ (KF = 3? MT = 25l) 

The average cosine %L of the scattering angle for elastic scattering-

cross section in laboratory system is calculated by the following expression, 
-"L = ^ /3B^ , (A.4) 

where P"" and B*' are 1-st and 2-nd order coefficients for Lcgendre expansion 

of the differential elastic scattering cress section in laboratory system 

and these are obtained by using BLIESE--3. 

7. Coefficients for Legendre expansion of differential elastic scattering 

cross section s f,. (MF=-4, KT=2) 

Scattering probability P( /f̂ ,Ê ) for the differential elastic scattering 

cross section is defined in ENDr/B as follows, 

e] ^ n ' "*^R 

oo 
= 2 -M1J- ^ (E.)P, ("c) (A. 5) 

t=o 

- 68 -



JAERI-M 375^ 

where "g is the cosine of scattering angle in the center of mass system, 

En the incident neutron energy, ĉ , (Eft) the elastic scatter r.r'.g cross section 

and f; the I -th coefficient for Legendre expansion of the differential 

elastic scattering cross section in the center of mas^ system. 

In ELIESE -3, on the other hand, Legendre expansion is crpr^ps^d as, 

dOc * =o 

and 

^ - ^.-^-Z B^EJF, (̂ ,). (A.?) 

Therefore, the coefficient f] (E^)is written as, 

2^+1 B^ (E, ) 

Transformation matrix T , for Legendre expansion coefficients from 

center of mass system to laboratory system is expressed as, 

T = ^ = — 1 ^ ^ . ^ ^ P ^ ^ o ^ ^**^ 

with the relation between //̂  and /̂ , . 

In this work^ tho transformation Matrix T,, was obtained by using a 

program Î KEB*̂  '̂ , and was atored in the final tape as ?roll as the 

coefficient i, (E.'). 

Data for nuclides shown in Table A-l are stored in the file 'yith tne 

ENDF/'B format, In Table A-2, reaction types are sho..m together with MF and 

HT number, a section for general discription (HP-1 and ML'=45l) ard a 

section for resonance parameters (MF=2 and KT=j.5l) ar? prepared alpo, but 

the section for resonance parameter contains .scattering length and spin of 

tne nucleus, only. 
i2l) 

The data in. the final tape were checked yiuh codes CHECKER" , 

SUNUP*^' , and SPLINT^'' in order to check the data format and to confirm 

the consistency among the data. Graphical plots of the da!;& will be shown 

with the code SPLINT in APPENDIX 3-and the numerical valres of the daca will 

be presented in APPENDIX 2. 
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^able A-l Nucleus in uhe finai tape 

No, 

*! 

2 

3 

4 

K 

6 

7 

8 

9 

10 

11 

12 

13 

14 

"IAT No , 

389-3 

4093 

4295 

4297 

4399 

4401 

4402 

44C4 

4406 

4503 

4605 

4607 

4709 

5329 

Nucleus 

90 
^ Sr 

^ 

95no 

9?Mo 

99Tc 

Ru 

^ R u 

'^Ru 

^'Ru 

'°^Rh 

^5pd 

^^pa 

^ g 

l29^ 

No 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

HAT No imcleup 

5431 '^ Xe 

5533 

5535 

5537 

5844 

6043 

6044 

6045 

3147 

6247 

6249 

6251 

6353 

6355 

15^ 
3s 

^ c s 

^ 0 3 

14" 
^Nd 

'^Nd 

l^Nd 

'^Pn 

-^?s, 

Sm 

151. 

^ 3 ^ . 

'55^, 
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Table A-2 Reactions in the final tape 

The final tape contains MF = 1, MT = 451 (general description) and 

MF = 2, MT = 151 9 resonance parameters). But MP = 2, M' = 151 contajni 

only scattering length and spin of the nucleus. 

reaction 

total cross section 

elastic scattering cross section 

inelastic scattering cross section 

let level excitation cross section 

2nd level excitatioi cross section 

continuum level excitation cross 
section 

capture cross section 

differential elastic scattering 
cross section 

MF 

3 

$ 

T; 

"< 

3 

" 

3 

3 

3 

4 

M? 

1 

2 

A 

FT 

52 

-

91 

102 

251 

2 
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Appendix 2.. Tables of Cross Sections 

TABLE A? 

PAI5INGENER6Y 1.960E 
1-240E 

TANSENCY POINT !!!!!6.177E 
5.366E 

04 

02(1/MEV) TAG. 
OO(MFV) TAG. 

0.6315 

lies:! 
2.2064 

ENEKGY<EV, 

'°!:EE^ 
20.0000*3 
50.0000*3 

70o!ooo0*3 

'°i:Et 

1^9133*6 

?!?315*<. 

2.5280*4 

ll!0OO0*6 

TOTAL 

12!t!ll*0 
9.6562*0 

6.4516*0 

7!3260*O 

6.4979*0 

4.6510*0 

4!3a32*o 

3:E;:i! 

4*1779*0 

ELASTIC 

24-1560*0 

11.9591*0 

s!6137*0 

6.3861*0 
6.4393*0 

7!3146*0 

5^1554*0 

3.6266*0 

2!a2!5*o 

2.3266*0 
2.3124*0 

2!o*l6*0 

2.6265*0 
2.5363*0 

INELAS7IC 

435! 
675, 

l! 

l! 

1 
1 
1 

1 

1, 

,4260-3 
,1590-3 
,2449*0 

.4177*0 

.6913*0 

.7142*0 

CAPTURE 

379.OO00-3 
232.0000-3 
120.0000-3 

22.7000-3 
12.3000-3 
11.1000-3 

11.9000-3 

ll!3OO0-3 
11.2000-3 
11.2O00-3 
11.5000-3 

6.5361-3 
5.6800-3 

3JS300-3 

4.2652-3 
4.4700-3 
4.7723-3 

3.S251-3 

2.6369-3 

'ioioXosit 

MU-BAK 

7.4670-3 
7.4639-3 

6.7430-3 

11.7469-3 
25.5592-3 
56.0329-3 

122.0430-3 

26s!3770-3 
293.4S50-3 
314.2390-3 
326.9460-3 

343.oo36-3 

457.1300-3 

464.3254-3 

446.3320-3 
449.2332-3 
464,5020-3 

636J9160-3 
652.0210-3 

ENERGY(EV) 

0.0 
4.35.4260-3 
875.1590-3 

1.4741*6 1-3777*0 
1.7500*6 1.3a22*n 

2^2315*4 1.0339*0 

57!3530-3 

174!96?0-3 
174.7351-3 O.O 

2.3000*4 651.4460-3 176.4770-3 449.5490-3 173.4520-3 
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NUCLEUS.. 

PARAMETERS 

LEVEL PARAMETER<XI-ZERO)-1-910E 03 
LEVEL SPACING 3.OO0E 02<MFV) 

..LEVEL DENS'TY PARAMETER .. 1.136E OK1/HEVS TAG. 
1.216E01-1/MEVCOH. 

-.FAIRtNG-ENERGY 1.200E 00<MEV̂  TAG. 

..MRHALHATION fACTOR ..... 9.306E 02(1/MEV) TAG. 
TANGENCY POINT 5.313E OO(MEV) TAG. 

4.414E0OtMEV) Cm. 

CROSS SECT ION(BARN) AND HU-BAR 

ENE8GT<EV) TOTAL 

AMPTEO LEVELS (WEV) 

.. ... 

1. 
2-
3. 

S. 
4' 
7. 

9. 
lo­
ll. 
12-
<3. 

0-267 
0.9*7 
1-425 
1.4S1 
1-452 
1.9l0 
1*993 
2.161 
2-453 
2.446 
2-605 
2.773 

5/2. 
3/2* 
1/2* 
5/2* 
3/2* 
7/2* 
1/2. 
5/2* 
1/2. 
1/2* 
3/2. 
1/2* 
3/2. 

100-0000*0 

3!o000*3 
10.0000*3 

20o!oOOO*3 

300.0000.3 
400.0000.3 
500-0000*3 
600.0000*3 

900.0000*3 
937-2710*3 

1-2300*6 

1.4467.6 
1-5000*4 
1.6699.4 
1.7500*6 

1.9307.6 

2̂ 2044*6 
2.4794.6 

2.4946.4 
2.301)0*4 
2.4332.6 

2.6304.4 

3.0000.4 
4.0000.4 
4.0000.4 

11.0000*6 

15.O00O.6 

22-5469*0 
15.5691*0 
11.3939.0 

6.4933*0 

6.4374*0 
6.9546*0 
9.0594*0 
6.3909*0 

6-0506*0 

7-2629*0 

6-9371*0 

6-4544*0 

5-7177*0 

5-3499*0 

5-2349*0 

4.6377*0 
4.5546*0 
4.5422*0 
4.3621*0 
4.1505*0 

4.1377*0 
4.1333*0 

3.9794*0 
3.9633*0 

3*7134*0 
4(0777*0 
4.3746*0 
4.3743*0 

4.3227*0 
4.2363*0 

ELASTIC 

13-0769*0 
H.3o9l*n 
9.5339*0 

6.4964*0 
6.6732*0 
9.0033*0 
6.6396*0 

6.6195*0 

7-2629*0 
4.6431*o 
4-4499*0 

4-1397*0 
3.6412*0 
3-4606*0 
3.5611*0 
4-9330*0 

4-3122*0 
4.4541*n 
4-3607*0 

3.7306*0 

3.3991*0 

3.2557*0 

2.7397*0 

2.7229*0 
2.7171*0 
2.6211*0 
!.49l7*n 
2.4703*0 

2.3350*0 

2.3790*0 
2.4o!4.n 

2.4391.0 
2.5632*0 
2.2761*0 

INELASTIC CAPTURE 

9-4700*0 

1.6600.0 
1.O1O0.0 

513.0000-3 

141.0000-3 
61.6000-3 
56.1000-3 
51.0461-3 0.0 .0 

149.3740-3 
536.3970-3 
719-6390-3 
744.21oo-3 
763-2700-3 

744-6620-3 
724.9400-3 
720-9410-3 
7I4.4920-3 
727-1360-3 

776-4020-3 
763.1790-3 
791-7490-3 
974.9360-3 
1.0612.0 

1.1739.0 

1.2236.0 
I.2724.0 
1.3427.0 

1.3926.0 
1.4507.0 
1.4601*0 

1.5167*0 
1.6179*0 
1.4976*0 
1.7631*0 
1.4762*0 

1.4433*0 
1.6729*0 
1.7402*0 

47.4000-3 
47-9000-3 
46.6000-3 
49-7O00-3 

30-7000-3 
31.9000-3 
52-6573-3 
33.2000-3 
57-6000-3 

61-3002-3 
61.7667-3 
62-4000-3 

62.4000-3 

42.4207-3 
42.7000-3 
42.6753-3 
43.0661-3 
46.0436-3 

44.2452-3 
46.3000-3 
51.7035-3 
36.9333.3 
33.1114-3 

23.7000-3 
3.4600-3 

320*0000-6 

MU-BAH 

7-2406-3 
7.2342-3 
7.3399-3 
7.7506-3 
10.1213-3 

14.4673-3 
33.7326-3 
71.0466-3 
144.9730-3 
190.4046-3 

209.9710-3 
272.0020-3 
316*6070-3 
332.0430-3 
373-7250-3 

392-0620-3 
4o2.921o-3 
407-0056-3 
410-0330-3 
416-6470-3 

416-0415-3 
413.9332-3 
413-6140-3 
426-2176-3 
431.1200-3 

434.9310-3 
434.3920-3 
434.2655-3 
434.9013-3 
432.4964-3 

432.7661-3 
432.7500-3 
436.3164-3 
443.4109-3 
446.5309-3 

433.6370-3 
510.4960-3 
644.2320-3, 
766.29lo-3 
637.9100-3 

651.7300-3 
660.4130-3 
667.6600-3 

CROSS SECTION FOR EXCITATICN Of LEVELS 

ENERGY(EV) 

249.6960*3 
300.0000*3 

900.0000*3 
957.2710*3 

1-0000*4 

1.2500*4 

1.4467*4 

1.6499*4 

1.9307*4 

2.0144*6 

2.4796.6 
2.4946*4 

2^4332*4 

4.0000*4 

12.0000*6 
15.0000*6 

-1-ST 

149.3760-3 
559*5970-3 

763.2700-3 

726.9600-3 
711.4779-3 

425.5540-3 

576.3340-3 
465.6140-3 

442.6530-3 

343.9500-3 
337.0033-3 

295.1215-3 
292.6107-3 
292.0140-3 
272.06M-3 
244.4306-3 

126.2270-3 

2-NO 

b.o *o 
14.3653-3 

1<!1.5620-3 

120.0743-3 
122.9T20-3 
112.0371-3 

lo6.9l?0-3 

100.2340-3 
49.6711-3 
93.1620-3 

67.6909-3 
43.9414-3 
74.9374-3 

76.1332-3 
73.1534-3 
52.0741-3 
33.7943-3 

3-7H 

74!7463-3 

275.2600-3 

247.6490-3 
267.1105-1 
277.5117-1 

26:!6572-3 
247.3930-3 
251.7095-1 
242.3473-3 

240.5679-3 
229.2390-3 
176.1230-3 
117.7820-3 

4-TH 

17*7142.3 
93.9411-3 

129.6550-3 
145.3270-3 
131.5350-3 
151.2273-3 
1*7.2306-3 

141*1290-3 
141.0190-3 
136.4469-3 
131.1246-3 

130.2317-3 
124.4940-3 
lol.4130-3 

5-TH 

0.0 *0 

104.30T0-3 
243.6770-3 
303.3320-3 

319.1604-3 

340.2041-3 
341.3641-3 
341.7640-3 
330.9340-3 
317.1309-3 

314,9126-3 
301.1240-3 
240^1190-3 
175.0900-3 

4-TH 

4*3422-3 
9-4440-3 
21.4944-3 

34.4493-3 
39.4241-3 
40*1366-3 
39.4019-3 
36.6923-3 

36.7762-3 
36.0495-3 
37.6776-3 
3o.949l-3 

7-TH 

60.6623-3 

146.4624-1 
133.3249-1 
154.9970-1 
155.5153-1 

136.2421-1 
136.9420-1 
142.2210-3 
111.6420-1 

4-TH 

23.2326.3 
24.5335-3 
24.9774-3 
26.4396-3 
26.3031-3 

26.4026-3 
30.4637-3 
32.9322-3 
30.0412-3 

9-TH 

1.2673-3 
7.1291-3 
14.5745-3 

13.7709-3 
23.2073-3 
27.9763-3 
29.0292-3 
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PARAMETERS 

TABLE A2 

NUCLEUS. 

NEUTRON SEPARATtCN ENER5Y 9.134E OO(HEV) 
LEVEL PARAnETER(X)-ZERO) - T-346E 02 

LEVEL DENSITY PARAMETER 

iRCY 

TANSENCY POfNT 

AOOPTEO LEVELS 

1. 
2-
3. 

3. 
6-
7. 
3-

lo­
ll. 
12-
13. 

ENEROY(EV) 

204.1030*3 

600.0000*3 

700.0000*3 
773.9610*3 
794.5470*3 

329.3430*3 

900.0000*3 
957.3630*3 

1.0702*6 

1.0333*4 
1.2333*6 
1.2300*6 
1.3239*6 
1.3906*6 

1.4432.6 

1.5363*6 

2.0000*6 

2.3000*6 
3.0000*6 

3.0000*6 

10.0000*6 

0 
546, 
764 

329 

300 
766 
757 
754, 
713. 

613, 
331 
505 
467 
432 

M O 
327 
316 

264 

243, 
223 
213 
176 
152 

132 
115 

<MEV) 

1.367E02 

' 3 

.. 42-MO-

(HEV) ABOVE0.2"EV 

1.215E01(1/MEV)C0M 

[MEV) C M 

6-463E00 

5/2* 
0-20394 3/2* 
0.76533 7/2* 

1/2* 
0.32043 3/2* 
0-9473 
1.0391 
1-059 
t.0741 
1-2225 
1.310 
1-376 
1.433 

-

CROSS 

1-ST 

.0 *0 

.3200-3 

.3230-3 

.46n0-3 

.4222-3 
'9400-3 
.3712-3 

.0740-3 

.4733-3 

.3133-3 

.1233-3 

.4060-3 

.3360-3 

.3920-3 

.0539-3 

.3626-3 

.0773-3 

.9210-3 

.3304-3 

.9360-3 

.7500-3 

.9430-3 

.4430-3 

.4373-3 

9/2* 
1/2* 
5/2* 
7/2* 
5/2* 
1/2* 
3/2* 
3/2* 

SECTtflNFOR 

2-NO 

0.0 *0 
67.3370-3 

169.4549-3 

370.6940-3 
437.3746-3 

446.2979-3 
453.4163-3 

452.4390-3 
393.6733-3 

363.30*0-3 
341.0239-3 

321.7343-3 

293.3331-3 
234.9730-3 
229.2700-3 

203.3240-3 

130.4430-3 

(MEV) TAtj 

EXCtTATtCh OF LEVELS 

3-TH 

2.2233-3 
16.1333-3 

49.7637-3 

73.1432-3 

79.1062-3 

79.3143-1 
M.3599-3 
61.5579-3 

72.5306-3 

43.9327-3 

51.2625-3 

49.6406-3 
47.4339-3 

27.9523-3 

95 

4-7H 

O.O *0 

77.5949-

143.9930-

.3 

-3 
.3 

170.9793-3 

172.3743. 
137.0673-
139.4900-
176.9390-

.3 

.3 

.3 

.3 
166.5149-3 

137.3130-

143.4076-

109.3530-

102.4070-
94.5271-
79.3137-
55.7674-

.3 

.3 

.3 
-3 
-3 

.3 
-3 
-3 
.3 

ENERSY(EV) 

109-0000*0 

3^0000*3 
10.0000*3 

50!0000*3 

2^:^2*3 
300.0000*3 

700-0000*3 

773-9610*3 

900-0000*3 

957-9630+3 

l'O30l*6 
1.07o2*6 
1-0355*6 

1.2335*6 
1.2500*6 
1.3239*6 
1.3906*6 
1.4492*6 

1.5000*6 
1.3343+4 
1.7300*4 

2^3000*4 

4.0000*6 

12.0000*6 

3-TH 

123.3629-3 
144.0415-3 

155.9399-3 
272.3705-3 

237.0640-3 
299.6563-3 

29l.9959-3 

271.0040-3 
231.4440-3 

223.0960-3 

CROSS 

TOTAL 

21-3234*0 

10.9764*0 
9.1776*0 

9!7511*o 
9.1327*0 
9.2534*0 

9.0009*0 
9-6251*0 

7-4529*0 

7-1972*0 
7.1260*0 
7-1072*0 

6-7693*0 

6-6211*0 

6-3739*0 
6.3237*0 
4-2959*0 

3.7297*0 
3.5973*0 

5.3301*0 

4.9939*0 

4!2095*0 

3.9222*0 
3.7194*0 
4.0673*0 

4.3930*0 

6-TM 

4.2523-3 

7.4790-3 
39.1922-3 
42.2423-3 

46.4939-3 

43.2343-3 

43.9656-3 
45.6725-3 
43.3592-3 

43.1531-3 

27.6617-3 

SECT,0N(3ARN)AN0MU-BAR 

ELASTtC 

10-0236*0 

7:^%:s 
7.5962*0 

Ii4Ml*S 
9.1334*0 

9.3569*0 

7.2997+n 

6-5537*0 

6-2702*0 
6.1412*0 
6-1703*0 

5-5953*0 

3-3162*0 
3,1114*0 
4-9311*0 
4.9595*0 
4-9033*0 

4.2572*0 

4.0346*0 

3.3336*0 
3.1962*0 

2^4172*0 

1.9971*0 

2!3972*0 

2.6141*0 
2.32s3*n 

7-TH 

0.0 *n 

13.3260-3 
144.2992-3 
134.9790-3 
164.6612-3 
173.7304-3 

133.4326-3 

195.9969-3 
170-3300-3 
154.3550-3 

141.9350-3 

114.1530-3 

[NELASTtC 

0-0 *0 

546.6960-3 
794.3200-3 

329.3230-3 
900-4600-3 

331-9070-3 
940.6550-3 
942-9720-3 
922.1190-3 

1-1131*0 

1,3223*0 
1-3639*0 
1.4o95*o 
1-4272*9 

1.6120*0 

l!6539to 
1.6753*0 

1.7109*0 
1.7229*0 
1.7637*0 

1.7531*0 
1.7133*0 
1.7569*0 
1.7675*0 
1.6974*0 

1.6917*0 
1.7001*0 
1.7333*0 

3-TH 

0.0 *0 
147.6343-3 

179.3300-3 
195.0237-3 

20B.5590-3 
220.7290-3 
219.2201-3 

193.9960-3 

l9l.4390-3 

143.3300-3 

CAPTURE 

11-3000*0 

2.3900-0 

252^0000-3 
1T0.0000-3 
120.0000-3 
119-1494-3 

97.3000-3 
91.7000-3 

99-6000-3 

93-0434-3 
94.1332-3 

99.7917-3 
31-1O0O-3 

70-3921-3 
64.4000-3 
53-3739-3 
54.7924.3 
55-2970-3 

43.2433-3 
42.3000-3 
41.0975-3 

3912370-3 

36.6000-3 
34.4320-3 
24.0000-3 

9.0700-3 
3.7900-3 
2.3300-3 

37o!oOOO-4 

190.0000-4 

9-TH 

10.1926-3 
46.3276-3 
79.3194-3 

107.6353.3 
133.0960-3 
136.1270-3 
146.3430-3 
139.9670-3 

'3o^460-3 

110.3240-3 
31.5537-3 

MU-BAR 

7-0930-3 
7.1234-3 

7.9704-3 
11.3760-3 

40^2900-3 
92.2393-3 

163-4547-3 

237.7200-3 
297.3140-3 
340.9020-3 
371.2090-3 
392-5420-3 

406-9304-3 
410.9332.3 
411-9960-3 
421.4361-3 
444-3160-3 

460-2521-3 
471.9570-3 
491-2794-3 
463.0579-3 
497-9239-3 

516.1131-3 
513.6420-3 
523.1790-3 
527.0930-3 

533.3120-3 
334.0327-3 
334.0440-3 
331.2930-3 

309.6140-3 
332.3010-3 
635.6690-3 
794.1240-3 

9S1.2OS0-3 
340.5320-3 
349.7430-3 
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T A 6 L F A 2 - 4 

CROSS SECTION(BAHM) ANO HU-bAR 

LEVEL PAHAMETER(X[-ZERO)-4-615E 
1.064E 

1-355E 
1.280E 
2.570E 

4-601E 

AOOPTmLEVELS <HEV) 

1. 
2-
3. 

7. 
4-

io-
n. 
i?-
13. 
14' 

0.6582 

0-7211 

1-0246 
1.0924 
1-1167 
1.2688 
1-2845 

1-4373 
1.5156 

5/2 
3/? 
7/7^ 
1/: 
5/?. 
3/2< 
t/?f 
7/2^ 
3/?< 
9/2< 
7/?< 
3/?' 

ll/?< 
11/2-
9/7. 

OOtMEV) 
02 

o3 
o2(MEV; 
02 
OKI/MEV! 
0K1/MEV1 

O O W V ) 

BEL0W0.1MEV 

COM-

ENEPCV<EV) 

100-0000*0 

200.0000*3 

300.0000*3 

600-0000*3 

665-0440*3 

726.4770*3 
726-5960*3 

300-0000*3-

1-0353*6 

1-1040*6 
1.1283*6 

'.2979*6 

1.4242*6 
1.4523*6 

1.56"*6 

1.7500*6 

3.0000*6 
4.0000*6 

6.0000*6 

12.0000*6 

15.0000*4 

707AL 

20-3219*0 

9-3623*0 

9.1202*0 

7-9575*0 

7-7200*0 

7-5924*0 

7-4954*0 

7-2532*0 

6'3644*0 

6-3936*0 

5.9663*0 
5.9344*0 

5.6604*0 
5.6?36*0 
5.5276*0 

5.4262.0 

5.1199*0 

3.7240*0 

4.0556*0 

4.4176*0 

4.3629*0 

4.1906*0 

ELAS7[C 

7.5316.0 

9-2743*0 

9.0246*0 

7-4663*0 

7-0596*0 
6.9173.0 
6-6295*0 

6-5635*0 

4-9660*0 

5-4269*0 

4-9710*0 

4-7656*0 

4.3257*0 
4.2539*0 
4.2163.0 

3.9336*0 
3.870'*0 
3.7620*0 

3.6531.0 

3.3127*0 

2.1439*0 
1.93)6*0 

2.2017*0 
2.5614.0 
2.7147*0 

2.6497.0 

2.3636.0 

[NELASTiC 

44.7620-3 
373-6170-3 

372-4240-3 
637.931o-3 

632-3040-3 

1-2162*0 

1-4465*0 
1.5123*0 
1-3331*0 

1-5736*0 
1.5363*0 

1.4499*0 
'.6745.0 

1.7109*0 

1.7323*0 
1.7396.0 
1.7460.0 

1.7672*0 
1.6135*0 

1.7960*0 
1.7663*0 

1.6525*0 
1.7724.0 

1.T334.0 

1.4070.0 

CAPTURE 

11-3000*0 
11.2270*0 

2.7300.0 
1.56001.0 

1 
2*3.0000-3 

103-0000-3 

93.6000-3 
94.3000-3 
94.9971-3 
95.1000-3 
93-4000-3 

67-9766-3 
65.7337.3 

79.6707-3 
79-3131-3 

69-0000-3 
44-9064-3 
44-4000-3 

40-44T0-3 

54-3704-3 

42.5263-3 
4I.49IS-3 

35.4445-3 
34.7702-3 
33.O00O-3 
30.6347-3 
2a.9674-3 

20.0000-3 

6.920O-3 
3.9600-3 

1.3000-3 

70.0000-6 

2O.0OO0-6 

MU-8AR 

6-9542-3 
7.0001-3 
7.0093-3 
7.2679-3 
4.3461-3 

13.1226-3 
21.1554-3 
46.3702-3 
95.3220-3 
174-0900-3 

241.2470-3 
247.7100-3 
314.2109-3 
323.2170-3 
343-0730-3 

346-3474-3 
394.1379-3 
394-91T0-3 
412.7073-3 
413-6120-3 

431-0010-3 
432.4393^3 
433-7450-3 
501.0420-3 
503-4340-3 

513-9930-3 
317.0249-3 
532.1910-3 
533.4254-3 
534.4366-3 

541.0913-3 
342.3244.3 
344.9470-3 
345.4292-3 
345.6472-3 

544.6320-3 
545.9140-3 
934.3170-3 
329.3440-3 
543.S700-3 

673-2250-3 
78l.292o-3 
435.2190-3 
650.3730-3 
64o.49lo-3 

471.9250-3 

ENEMY (EV) 

445.9010*3 

444.6670*3 

700.0000*3 
726.4770*3 

697.2340*3 

900.0000*3 

1.0353*6 

1.1263*6 

1.2500.6 

1.4523.6 

1.3000.4 

1.7500*6 
2.0000*6 

2.5000.6 

4.0000*6 

10.0000*6 

1-ST 

0.0 *0 

375-6170-3 
469-6309-3 
500-8346-3 

520-1560-3 

436-65io-3 
357.7345-3 

353.4270-3 

291.6929-3 
266.9433.3 
240.4611-3 

220.5900-3 

l66.367°-3 
160.3657-3 

171.4670-3 
144.0326-3 

124.6000-3 

104.3660-3 
64.3171-3 

5.0443-3 

92 

150 
225 

509 

511. 

514. 
479, 
447 

406. 
392! 

Ma. 
316. 

294. 
265, 
277. 
223. 
164. 

154, 
123. 
43. 
7. 

2-W 

.0 *0 

.6799-3 

.0700-3 

.2960-3 

.5673-3 

.7560-3 

.1610-3 

.6479-3 

.5467-3 

.3440-3 

.0415-3 

.5495-3 

.0246-3 

.7000-3 

.7746-3 

.3192-3 

.5490-3 

.5900-3 

.4440-3 

,05'5-3 

0 

a 
23 

65 

66 
66 

6l, 
40 

75, 
74, 

67 

65, 

59. 
54, 

46. 

3-Tn 

.0 *0 

.1144-3 

.9694-3 

.9360-3 

.7705-3 

.2744-3 

.6 546-3 

.3111-3 

.5964-3 

.2433-3 
,5721-3 
.2300-3 
.0419-3 

.0222-3 

.2936-3 

.6033-3 

.2135-! 
,0615-3 

.4694-3 
,3171-3 

,7?46-3 

l4l! 
314 

314, 
344, 
354 
343, 
336 

313. 

262, 
254, 

240, 
234, 

Ma. 
*92. 
163, 

'34. 

58. 

4-TH 

.3270-3 

.6944-3 

.4740-3 

.1162-3 

.4350-3 

.0993-3 

.4687-3 

.4173-3 

.4152-3 

.4 610-3 

.4125-3 
,7140-3 
.4640-3 

.0940-3 
^7510-3 
0493-3 
.5492.3 

0 
96 
171 

173 
197 

187, 

176. 
174. 
172, 
153. 
152, 

145. 
143, 

125. 
110, 

94. 
78. 
43. 
5. 

3-TH 

.2512-3 

.4550-3 

.8000-3 

.3302-3 
,4683-3 
.6747-3 

.7100-3 

.5150-3 

.4336-3 

.3714-3 

.1377-3 

.9260-3 

.3622-3 

.9722-3 

.6470-3 

.7330-3 

.7543-3 

.5038-3 

.0'88-3 

0 

780 
29 
32 
40 
42 

55 
55 
55 
34. 
54. 

54. 
53 

51. 
47. 

43, 
38, 
22. 

6-TH 

.0 *0 

.9620-6 

.9300-3 

.9707-3 

.7269-3 

.6059-3 

.6433-3 

.4292-3 

.0652-3 

.7025-3 

.3390-3 

.1741-3 

.7031-3 

.7579-3 

.4225-3 

.6445-3 

.7111-3 

7-TH 

64.3744-3 
47.1939-3 

2ol.2130-3 
203.2027-3 

212.0451-3 
213.7921-3 

214.7420-3 
212.5733-3 

183.3700-3 
140.3110-3 

134.0250-3 
110.7320-3 

0 
10 

45 

71 

93 

99 
99 
99 

91, 

SO 

41, 

8-TH 

.4404-3 

.0154-3 

.4769-3 

.6902-3 

.3o47-3 

.2222-3 

.8417-3 

.7410-3 

.6074-3 

.7597-3 

.2767-3 

.'718-3 

.2663-3 

.3660-3 

.9494-3 

0 

143 
151 
154, 
'64, 

2ol 
196 
192, 
'61, 
144, 

'22, 
lOl, 

9-TH 

.0 *0 

,8440-3 
.2561-3 
.9332-3 
.1969-3 
.7053-3 

.7690-3 

.7544-3 

.0037-3 

.7930-3 

.2240-3 

.4640-3 

.2255-3 

.4662.3 
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JAERI^M 5 7 52 

TABLE A2 

NUCLEUS .. 

PARAMETERS 

WEUTROM SEPARATMM ENERGY 6.641E 
AtXEL PAaAMETEh<x]-ZERO) . 4.M4E 
LEVEL SPACtNG 2.400E 
_LBttL_J^H.'TY PARAMETER .. 1.334E 

1.397E 
PAtKtNB ENERGY 1.290E 

0-0 
NCRMALMATtC-N FACTOR 1.146E 
TANGEMCYPOtNT 5.303E 

4.000E 

ADOPTED LEVELS <HEV) 

1- GROUND 9/2* 
2- 0-1405! 7/2+ 
3. 0.14243 1/2-
4- 0-14107 5/2* 
3. 0.5091 3/2-
4- 0-3343 3/2-
7. 0.4715 5/2-
4- 0-7243 7/2* 

10- 0-9203 3/2+ 
11. 1.0040 3/2-
12- 1-0729 3/2-
13. 1.1293 1/2-
14- 1-1420 3/2-
15. 1.199 3/2-

CROSS SECTtON(BARN) AND MU-BAR 

OO(MEV) 
02 
OKMEV) 
0K1/MEV) TAG. 

00<WEV' TAG. 
(MEV) COM-

03(1/NEV) TAG. 

ENER6Y{EV) 

100-0000*0 
300.0000*0 

1.0000*3 
3.0000*3 
10.0000*3 

50.0000*3 
100.0000*3 
141.9420*3 
144.0430*3 

142.9130*3 
2f)0.0000*3 
00-0000*3 
"00.0000*3 
500-0000*3 

514-2470*3 

400-0000*3 
474.3420*3 

733-7000*3 
749.3400*3 
400-0000*3 

929-6790*3 

1.0000*4 

1^0434*4 

l'l334*4 

1.2112*4 
1.2223*4 
1.2300*6 

l!7300*4 

2.0000*6 
2.3000*6 
3.0000+4 

10.0000*6 
11.0000*4 

13.0000*4 

TOTAL 

19-5741*0 
13.7740*0 
10.3363*0 
4.7945*0 
4.2445*0 

9^2742*0 
9.3202*0 
9.3226*0 

9.3432*0 
9.3439*0 
9-1236*0 

4-3791+0 

4-3243*0 
4.2323*0 
4-0096*0 
7.7363+0 
7-6407*0 

7-3512*0 
7.43s2*o 
7*3354*0 
7.0340*0 
4-9504*0 

4.7530+0 

4!33ll*0 
6.4123*0 
4.3413*0 

4.2413*0 
4.2143*0 
4.1470*0 
5.4473*0 
5.2349*0 

4.3441*0 

3!7373*0 
4.0511*0 

4.4425*0 

4.2543*0 

ELASTIC 

4-5T41*0 

6.3)45*0 
6.5745*0 

7.0427*0 
4.1123.0 

4.9929*0 
3.9769*0 

4.7014*0 

7-6731*0 
7.4531*0 
7-1102*0 

7-0437*0 

4-7441+0 
4.3414*0 
6-4743*0 

6.243!*n 
6-1420*0 
5.4031*0 
3-7177+0 

5.5124*0 
5.4773*0 
5.3o43*o 
5.1431*0 
5.1313*0 

4.9443*0 

4^4923.0 
4.1433*0 
3.3493*0 

3.1233*0 
2.3144*0 
2.1563*0 
1.6951*0 

2.5667*0 
2.7206*0 
2.7l40*o 

[MELAST't 

0.0 *0 

399.3300-3 
370.9340-3 

1-0675*0 
1.1402*0 
1-1079*0 

1-1019*0 

1-0655*0 
1.0333*0 
1-0243*0 

1-0262*0 

1-0294+0 
1.0619+0 
1-0444*0 

1.0714*0 
1.0720*0 
1.0744*0 
1.0767*0 
1.0771*0 

1.0793*0 
1.0797*0 

l!404O*O 
1.4237*0 

.1.7360*0 
1.4307*0 

1.9739*0 

1.7794*0 
1.7213*0 
1.7341*0 
1.7677*0 
1.4226*0 

CAPTURE 

7.1900*0 
3.4300*0 
2.4100*0 
1.6700*0 

1.2700*0 
727.0000-3 
440.0000-3 
327.3113-3 
323.1963-3 

244.1932-3 
245.0000-3 
163-0000-3 

141-0000-3 

160-6431-3 
160-3797.3 
160*0000-3 
161.3902-3 
142-0000-3 

162-7015-3 
163.4125-3 

164-2296-3 

171.0000-3 
171.1944-3 
172.0763-3 
172.7644-3 
172.9153-3 

173.5731-3 
173.4967-3 
I74.0000-3 
73.4000-3 
41.9000-3 

30.3000-3 
19.000O-3 
13.6000-3 
7.3100-3 
2.3600-3 

660.0000-6 
240.O00O-6 

110.0000-6 

MU-BAR 

4-622T--3 
6.9063-3 
7.3122-3 
6.7632-3 

14.9407-3 

24.6291-3 
36.2366-3 

107.4360-3 
146.4754-3 
150.9907-3 

149.3335-3 
204.2350-3 
291-4420-3 
346.3450-3 
367-2440-3 

391-1303-3 
399.1112-3 
414-5470-3 
429.7249-3 
433-9130r3 

439-4775-3 
443.3436-3 
450-4210-3 
444.7730-3 
447-3149-3 

473.9430-3 

477!2?4ol3 
479.4360-3 
479.9363-3 

462.1417-3 
462.6130-3 
443.6940-3 
312.4300-3 
533.4430-3 

543.7400-3 
530.5490-3 
531.7230-3 
341.1310-3 
471.5040-3 

774.9340-3 
433.7420-3 
449.3710-3 
660.4030-3 
473.4620r3 

CROSS SECTION FOR EXCITATION OF LEVELS 

ENERGY(EV) 

141.9420+3 

144.0630*3 

162.9150*3 

314.2ST0*3 
539.7440*3 
400.0000*3 

700.0000*3 
733.7000*3 
749.3600*3 
600.0000*3 

l!ol42*6 

1.1406*6 
1.1334*4 
1.2112*6 
1.2223*6 

1.7300*6 
2.0000*6 

3.0000*4 

12.0000*6 
13,0000*6 

1-ST 

0-0 *0 
19.3331-3 

369.9634-3 
524.2400-3 
419.3710-3 

445.6350-3 

799.3777-3 
744.1335-3 
747.4450-3 

702.2424-3 

463-3554-3 
435.4465-3 
412.0340-3 

309.4642-3 
4T1.4790-3 
464.1439-3 
449.9730-3 

434.9166-3 
431.5510-3 
414.4371-3 
413.3209-3 
406.2540-3 

323.7640-3 
233.7440-3 

90.6357-3 
47.6192-3 

0.0 *0 

3.3141-3 43.3597-3 

12.2932-3 
17.9743-3 

20.2173-3 

21.24nl-3 

22J2340-3 
22.3*26-3 

24.0476-3 
24.4144-3 
23.4043-3 
26.0611-3 

27.4334-3 
27.4132-3 
24.3247-3 
26.4447-3 
29.0103-3 

26.2340-3 
25.4392-3 
22.9904-3 
17.4*99-3 
12.3390-3 

5.5477-3 
476.3170-6 

262.0640-3 
261.7160-3 

274!3775-3 
244.7640-3 

257.9413-3 

244.4092-3 
234.2012-3 
230.4050-3 

144.3540-3 
192.7612-3 
179.2240-3 
176.2039-3 
173.2243-3 

149.1499-3 
146.2320-3 
164.1125-3 
161.3176-1 
161.3340-3 

117!7l90-3 

Ss!l,41-1 
10.4421-3 

914.0170-4 
2.7542-3 

5!3159-3 
5.4544-3 
4.42S1.3 
4.9131-3 

4.3119-3 
9.0393-3 
10.2729-3 
10.4657-3 
11.3244-3 

12.3743-3 
12.3702-3 
13.4311-3 
13.3973.3 
14.0110-3 

14.2134-3 
16.4471-3 
14.2793-3 
13.9747-3 

l!o4l9-l 439.4949-6 

26.1001-3 

43.0206-3 

47!5530-3 

47!267l-3 

47.43o3-3 
47.9051-3 
49.0193-3 
49.1849-3 

50.6561-3 
50.9052-3 

51^6035-3 
51.9251-3 

39^3094-3 
26.0639-3 
19.3241-3 

3.2277-3 
11.2595-3 
17.6420-3 
23.1241-3 

31.4721-3 
32.9239-3 
34.3310-3 

37.9474-3 

39.0799-3 
39.3304-3 
40.4545-3 
40-4714-3 
41.2116-3 

41.3614-3 
37.9540-3 
33.4019-3 
23.6452-3 
14.1152-3 

6.1013-3 7.7767-3 

74.7699-3 10.0947-3 

175.3690-3 3o.4o9l-3 
199.1970-3 34.6179-3 0.0 *0 
221.6020-3 71.6604-3 3.3194-3 
222.SS00-1 72.7001-3 4.0695-3 
229.5431-3 76.6064-3 9.7346-3 

234.9407-1 60.1641-3 12.7424-3 
234.1360-1 60.9251-3 13.4146-3 
241.6105-1 64.3222-3 14.4342-3 
242.642^-1 94.9774-3 17-0399-3 

217.3540-1 94.5474-3 23.3510-3 
145.7570-3 73.2325-3 24.0269-3 
124.4320-3 42.9171-3 22.4942-3 
71.7704-1 41.4942-3 14.2494.3 
40.2621-3 23.3767-3 12.5127-3 

1.2977-1 931.7760-6 567.1640*-6 

-7 6-



JAERI-M 

LEVEL PARAMETEH<X!-ZERO) . L592E 02 

LEVEL PENS'TY PARAMETER .. 1.392E Oltl/MEV) TA^. 

NORMAHZATtON FACTOR 1.263E 03U/MEV) TAS. 
TANCENCY POtNT 5.245E OOfMEV) TA<-. 

4.191E OOtMEV) COM. 

ADOPTEC LEVELS <MEV3 

0-1271 

0-3112 
0.3254 
0-4224 
0.528 
0-5447 

0.720 
0-6424 
0.4111 
0-9292 

1-0011 

5/2* 
3/2* 
7/2* 
5/2* 
1/2* 

H / 2 -
7/2* 
7/2* 
3/2* 
7/2* 
7/2* 
7/2* 
9/2* 
7/?* 

11/2* 

ENERSYtEV,-

'tEE 

jE:E§ 
309^7630*3 
314-3080*3 
32a.6500*3 

426-6160*3 

533-2730*3 

622-2530*3 
660.9330*3 

727.1900*3 

951.0150*3 

92o!l990*3 

947^4690*3 

l!olll*6 

l!2500*6 
1.5000*6 

1.7500*6 

2.5000*6 

iiiS 
15.0000*6 

TOTAL 

19-1232*0 

10.1377*0 

8.1542*0 

!:EE 

nEs 
6.3654*0 

6.1922*0 

7.7551*0 
7-6927*0 
7.6093*0 

7.1000*0 

tlE:!: 
5.3400*0 

3.7533*0 

:̂EE 
4.3079*0 

ELASTIC 

6-0232*0 

5.9677*0 

6!l242*0 

8.4963*0 

7.6913*0 
7.7987*0 

7.6147*0 

6-7255*0 
6.3038*0 

6.1141*0 
5-9219*0 

5-9511*0 

5-6006*0 

5.0273*0 

*!7!26*o 
4.3133*0 
3.6570*0 

3.1178*0 

2^2382*0 

2.1562*0 

2^724^*0 
2.7342*0 

2.4752*0 

INELASTtC 

574 

850 

961 
1. 
1' 

1 
1" 

1' 

1' 

1' 
1. 
1' 

1, 

1, 

1. 
1. 

1! 

i, 

i! 

i. 

J2160-3 

.1510-3 

-4740-3 
.0739*0 

7146*0 

-9266*0 

'9730*0 

'9763*0 

^9275*0 

.9132*0 

!9o37*C 
,9735*0 

.6363*0 

.9292*0 

.6952*0 

.7874*0 
,742t*u 
,7637*0 

,6327*0 

CAPTURE 

13.1000*0 

2^7000*0 

713!oOOO-3 
585.1532-3 

303.5183-3 
296-3054-3 
275.2597-3 

186-1766-3 

139.7417-3 
123-O000-3 

119-6650-3 

91.0642-3 

85!3607-3 

61.7000-3 

7s!o566-3 
59.2O00-3 

29!5000-3 
17.5000-3 

5.3900-3 

60.0000-6 

„U-3AR 

6.8099-3 
7.3467-3 
9.2367-3 

16.9695-3 

28.3021-3 

lle!9270-3 
149.2163-3 
222.1710-3 

313-4559-3 

407-8117-3 
432.3370-3 
465-5587-3 
472.26H-3 

520-2330-3 
525.6242-3 
540-0610-3 

546.5027-3 

554.650^-3 
556.3278-3 
557.2991-3 

542.4020-3 
562.9373-3 
563.3198-3 
574.4570-3 
576.6620-3 

560^2290-3 
552.1380-3 

832.0270-3 

860^2290-3 

875.2730-3 

CROSS SECTtON fOR EXCtTATtCN C LEVELS 

126.3690*3 

314.3080*3 

533.2730*3 

550.1400*3 

851.0150*3 

920.1990*3 

937.4700*3 

l!olll*6 

8^0000*4 

13-0000*4 

1-ST 

628-3322-3 

443.9153-3 
412.2480-3 

313.42'0-3 

314.1097-3 
249-7530-3 

222.5249-3 

152.3390-3 
1?H.2940-3 

84.6145-3 

3.2553-3 

472.6l2o-3 
511.4113-3 

402.4903-3 
587.4410-3 

459.7204-3 

247Js34l-3 

157J3330-3 

134!o750-3 
113.43O0-3 

0.0 

31?!l810-3 
30'.9217-3 

0.0 *0 
49.3325-3 

110.7589-3 

111.2647-3 

102.9563-3 
94.2729-3 
69.7461-3 

82.6997-3 
82.2212.3 
78.6543-3 
76.1661-3 

5l!o942-3 

111^4250-3 
139.5793-3 

153.6515-3 

21ll3o3o-3 

I95!2360-3 

l77!2480-3 
173.6302-3 

*68.49^6-3 
159.1790-3 
157.8216-3 
*5l.79*6-3 

128.6070-3 
*'0.8740-3 
100.3620-3 

77.985^-3 

93.9668-3 34.2784-3 62.3821-3 

0.0 

43.3416-3 
47.0871-3 
56.9112-3 
60.1033-3 

62.9914-3 
70.7252-3 
74.7993-3 
18.7113-3 
78.2110-3 

77.7832-3 
?7.53s6-3 

72^9042-3 

47!7o2a-3 

36!6337-3 
32.0504-3 

28.0022-3 

3.9185-3 

25l!4070-3 

232.4842-3 
22,.77,3.3 

212!l4l3-3 
2o*.544l-3 

139!521n-3 

l(,5!331o-3 

45!2os?.3 

81.2912-3 
*07.492o-3 

129.1577-3 
"64.4390-3 
197.0241-3 

2oo!5324-3 
193.3800-3 
191.5803-3 
183.3724-3 

l34i345o-3 
124.3630-3 
117.1550-3 

73!l754-3 

103.9790-3 
105.7179-3 

'04.0456-3 
112.5660-3 
112.3510-3 
111.2964-3 

107.2500-3 
97.0535-3 

7l[4l36-3 

32!t75l-3 
3.2070-3 



JAERI-M 5752 

NUCLEUS...44-HU*102 

LEVEL PAPAfETER(X[-2ER0)-3.979E 

LEVEL SPACING 2.500E 
4.250E 

l!l?5E 
PA)B]N6EMEH6Y 2.220E 

1.280E 

3^234E 

ADOPTEE LEVELS <MEV) 

2. O.4749 
3. 0.9437 
4. i.1032 
3. 1.1044 
6. 1.3219 
7. 1.5808 

9^ l!s371 
10. 1.8732 
11. 2.0373 

M i 2^2192 
14. 2.2413 
13. 2.37? 

02 
02 
02(MEV) 
02 
Ol'l/MEV) 
om/MEV) 
00<HEV) 
03<1'MEV) 

00<MEV] 

ABOVE 0-2MEV 

TAG. 

TAG. 
TAG. 
COM. 

E"E"GY<EV) 

300.0000*0 
1.0000*3 

20.0000*3 
30.0000*3 

200.0000*3 
300-0000*3 

400.0000*3 

700.0000*3 

SOO.0000*3 

933.0320*3 

1.1141*6 

1.1173*6 
1.2500*6 

1.5369*6 
1.3944*6 

1.7300*6 

1.8353*6 
1.3917*4 
2.0000*6 

2.0377*6 

2.2412,6 
2.2637*6 
2.3953*6 

2.4237*4 

3.0000*4 
4.0000*6 
4.0000*4 

6.0000*4 

TOTAL 

10.0443*0 

a.7341*0 

9-0094*0 

4.4424*0 

T.4932*0 

7.3963*0 

4.9411*0 

6.3965*0 

4.5884*0 

5.7972*0 
5.7340*0 
5.4373*0 

5.3631*0 

3.2335*0 

3.02EO*0 

4.9629*0 

4.7561*0 

4.5821*0 

4.5502*0 

3.7439*0 
4.0444*0 

4.3370*0 

4.3298*0 

ELASTtc 

7.4164*0 
7.4632*0 

4-6514*0 

6.5104*0 

7.94n*0 

6.3956*0 

6.0209*0 

5.5527*0 

3.0641*0 

5.0538*0 

3.9224*0 

3.4320*0 
3.5273*0 

3.2401*0 

3.1711*0 

2.7632*0 

2.7311*0 

2.2488*0 

2.1441*0 

2.5434*0 

2.7412*0 

INELASHC 

235.9370-3 
940.4380-3 

1.2098*0 

1.2879*0 
1.3100*0 
1.3349*0 
1.3349*0 
1.4409*0 

1.4433*0 
1.3411*0 

i.4101*0 
1.4243*0 

1.4409*0 
1.6499*0 

1.4943*0 

1.7000*0 

1.7lsl*o 

1.7334*0 

1.7362*0 
1.743.'*0 
1.7493*0 

1.8921*0 

1.7917*0 
1.7334*0 
1.7778*0 
1.6165*0 
1.6342*0 

CAPTUPE 

4-6900*0 
3.1100*0 

974.0000-3 
420.0000-3 

156-0000-3 

172.0000-3 
146.8574-3 

67.8000-3 

87.6000-3 

93.3390-3 
95.2000-3 
91.4406-3 

91.3340-3 

91.2000-3 
91.0235-3 
90.7538-3 

90.1000-3 

9I.57I9-3 

93.5000-3 

91.8443-3 

87.1174-3 

83.5844-3 

42.9815-3 
41.4000-3 
58.9000-3 
30.9000-3 
8.130O-3 

1.8400-3 
520.O00O-4 
310.O00O-6 
200.0000-6 

"U-6AR 

4-6294-3 
4.7467-3 
7.3204-3 
9.3412-3 
17.3328-3 

29.9047-3 

123.4780-3 
212.9390-3 
275-6920-3 

319.3770-3 
351.9763-3 
360.3330-3 
422.7110-3 
439.1410-3 

480.3910-3 
494.1290-3 

504.9410-3 
520.9539-3 

321.3744-3 
537.4220-3 
346.3080-3 
349.4493-3 
351.0488-3 

555.1470-3 
555.8143-3 
S54.2o?2-3 

537.4530-3 

537.9037-3 
33*7.9324-3 
558.7013-3 

339.3723-3 

559.4954-3 
559.S270-3 
538.5o3o-3 
559.1410-3 
447.3910-3 

774.9790-3 

448.2100-3 

673.9130-3 

ENE"6Y(EV) 

479.3960*3 

953.0320*3 

l!ll41*4 
1.1173*4 

1.5349*4 
1.5944*6 

1.6917*4 

2.0377*4 

2!2412*4 
2.2837*4 
2.3933*6 

12.0000*4 

1-ST 

1-2096*0 

1.2954*0 

1.1201*0 
1.1132*0 

926.4970-3 

731.6134-3 
694.4180-3 

372.7299-3 
357.8374-3 
543.7305-3 
3nl.a24o-3 
482.2577-3 

479.9973-3 

332.1230-3 
MS.lllo-3 

7^4637-3 

257.0020-3 

234J9129-3 
223.6)51-3 
193.1620-3 

17a!l446-3 
172.2349-3 
134.7330-3 
146.1305-3 

127!o3lO-3 
122.1677-3 
l[)9.3?47-3 

97.3157-3 

27^2840-3 
2.2719.3 

7.0699-3 

40?.4838-3 

363!422o-3 
351.3189-3 

31?!l3a2-3 
303.0861-3 
2?,.2269-3 
273.1936-3 

l8?!2490-3 

7!3054-3 

0.0 *0 

77.2684-3 

147!5175-3 

151J3930-3 

150.5194-3 

l49!3l6ol3 
147.2692-3 

147.0327-3 
140.7542-3 

l3sJ?7S6-3 
134.2719-3 

131.3640-3 

58.574?-.: 
6.0S?3-^ 

40.2532-3 

156.3108-3 

lS9!36lo-3 

179!o300-3 
177.1934-3 
172.3113.3 
171.0747-3 

147.7440-3 

74.9351-3 
7.3049-3 

174.4168-3 
191.9282-3 

242^7470-3 
238.2242-3 

237.7016-3 
223.6283-3 

211^7224-3 

153J4570-3 

10.1381-3 
19.7413-3 
48.2691-3 

52.2113.3 
63.0515-3 

72:5107-3 

43!74o4-3 472!7l2o-4 
44.2073-3 642.6494-6 

44.4924-3 885.6321-6 
34.0595-3 2.0211-3 

6o!6424.3 3Joll9-3 
41.8721-3 3.1934-3 

65.1357-3 3.4431-3 
47.0465-3 7.3073-3 
23.9467-3 10.7554-3 

-7 8-
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ENfBGr(EV) 

100-0000*0^ 

§:5§ 
600.0000*3 

600.0000*3 

992!s340*3 

1.4136*6 

1.7500*6 

:iE§ 
8^0000*6 

10.0000*6 

TOTAL 

18-8676*0 

iisHs 

7.6724*u 

7.4040*0 
7.1562*0 

6.9107*0 
6.3667*0 

s!a979*0 
5.4856*0 

!!!:!§ 
4!5127*0 

ELAS7M 

8.7759*0 

7.5497*1) 

7.8457*0 

6.2799*0 

5!7530*il 

5.4173*0 

4.3233.0 
4.1isl*0 
3.6936*0 

3.3293*0 
2.7546*0 
2.3612.0 
1-9953.0 

2.5235*0 
2.7291*0 
2.7577*0 
?.7479*0 

)NELAS7lc 

465!o220-3 
-.1377*0 
1.3235*0 

1.3727*0 

l!3701*0 
1.3718*0 
1.4422.0 

1^7172.0 
1.7630*0 
1.7720*0 

1.7741*0 
1.7625.0 
1.7501*0 

1.8606*0 

1.6060*0 
1.7833*0 
1.6151.0 
1.6532.0 
1.8411*0 

CAP7UHE 

5-5200*0 
2.4100*0 

249.0000-3 
115.0000-3 

64.3000-3 
72.5000-3 

45.2265-3 

25.3000-3 
23.7000-3 

27!l000-3 
27.0365-3 

20.1515-3 
19-8000-3 
20.0000-3 

20-2000-3 

17J2000-3 
10-6000-3 
2.7100-3 

510.0000-6 
120.0000-6 

10.0000-6 

MU-BAR 

6-5124-3 

7.3779-3 
9.6776-3 
19.6185-3 

33.8674.3 
74.9626-3 

135.2930-3 
226.9760-3 

326.7785-3 
350.3650-3 

455.5100-3 
478.3910-3 

493.2170-3 
303.2272-3 
303.4710-3 
503.7438-3 

319.6950-3 
547.3900-3 
560.6664-3 
367.9660-3 
569.6540-3 

569.1420-3 
563.7490-3 
555.0110-3 
545.0670-3 
647.9210-3 

771.4610-3 
829.1240-3 
847.0310-3 

677.4430-3 

CROSS SECTtON FOR ExC[TAT[CM OE LEVELS 

ENERGY(EV) 

361.4720*3 

700.0000*3 

800.0000*3 
897.6220*3 

992.5340*3 

1.0000*6 
1.2500*6 
1.4136*6 
1-5000*8 
1.7300*6 

2.0000*6 

6.0000*6 

6.0000*6 

1-ST 

0.0 *0 

1.1377*0 

1.3634.0 

1.3727*0 
1.361o*0 
1.3607*0 

1.1488.0 

1.1317*0 
6l4.923(,-3 

364.7220-3 
331.9380-3 

506.4690-3 
453.4420-3 
393.7680-3 

210.6510-3 

0. 
9 

13. 
259. 

279. 
"96. 
463 

440 

427, 
393, 
361 
295. 
2m. 

2-NO 

.4193-3 
,9042-3 
.2746-3 

.4340-3 

.8761-3 

.2510-3 

.4290-3 

.9350-3 

,0230-3 

43, 

46, 
114, 

169, 

190, 
217, 
225. 
215. 
195. 

3-TH 

.0 .0 

.0229-! 

.3576-3 

.9890-3 

.1900-3 

.6680-3 
5980-3 

,9280-3 

0 

11, 
2o2, 
192. 

170. 

131, 
M S . 
109, 
86. 
58. 

4-IH 

.0 .0 

.9302-3 

.0390-3 

.0570-3 

.5040-3 

.1350-3 

.3200-3 

.8974-3 

.0784-3 

-7 9-

l!280EO0:MEV) COM-

TAN'iENCS' M < K ! 4.442E OO(WEV) 7A". 

AOOPlEOLEVELS <MEV) 

2. 0.356 
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TABLE A3 

PAHAKETE8S 

LEVEL PARAMETfmxt-ZESO) . 2-122E 03 

"l^746E0Hl^WEV)Gon! 

NOHMALHATIOW FACTOR 1.626E 03(1/WEV) TAG. 

TAN6ENCYPCIKT 4.443E00<WEV) TAG. 

AOOPTEOLEVELS <MEV! 

1. 
2. 
3. 

5. 

0.711 

1.77? 

EKEPGYtEV) 

100-0000*0 

3^0000*3 

20.0000*3 

27:!s690*3 

'00.0000*3 

796.5270*3 

iiH 
SiH:t 
!:EE 
" : 0 M 0 . 6 

TOTAL 

19-0173*0 
13.3020*0 

7.8537*0 

g:?;H:s 

a.1333*0 

7^6237*0 

7.3689*0 
7.3653*0 

6.9354*0 

5.3369*0 
5.3103*0 

::Et*3 

^'"Ko 

ELASTtC 

14-5373*0 
11.3920*0 

7.5347*0 

7.7645*0 
a.2905*0 
a.67SS*0 

7.1957*0 
6.7449*0 

4.2139*0 

4.1732*0 

5^9647*0 

5.4037*0 

3.6735*0 

3.6210*0 

2^6144*0 

2.5052*0 

2.73o!*n 

2.7706*0 

2.7714*0 
2.573i*0 

!NELASTIC 

0 

374 
1. 
1. 
1. 

1. 
1, 
1. 

1, 

1, 

1! 

i! 

i. 

i. 

i. 

.3420-3 

!3704*0 

.3930*0 

^3837*0 
.4477*0 
.5197*0 

.6734*0 

^6937*0 
.7050*0 
.7645*0 

.9000*0 

!6123*0 

:.s^:g 

CAPTURE 

1.9100*0 

319.0000-3 

83.7000-3 

17!iOOO-3 

!!:1Ei 
19!6000-3 

24.0671-3 

24.9357-3 
25.0632-3 
23.6000-3 
19.0000-3 
14.9000-3 

l!6700-3 

20.0000-6 

HU-BAH 

6-3975*3 
4.3706-3 
7.3974-3 

10.2396-3 
21.2443-3 

37.0222-3 

144!7120-3 

395i7470-3 

469.7980-3 

514!6330-3 
528.6933-3 

328.6830-3 
550.6320-3 

561.4188-3 

364.0280-3 
364.4328-3 

574^3230-3 
569.4630-3 

557.3090-3 

827!l4O0-3 
643.9540-3 

859.5970-3 
678.6330-3 

717.7660-3 
796.3270*3 

1.7500*6 

1.3453*0 

l!l3n3*0 

997.0160-3 

736-0390-3 
712.5770-3 

642.3254-3 

l98.49lo-3 

32.0423-3 

22s!673o-3 

23n!36t4-3 

233.2700-3 

521.5610-
535.1130-

526.9671-3 

467!ll79-3 

375.9630-3 

266.6730-3 

4J1202.3 

202^1240-3 

153.8170-3 160.5910-3 ?4.2726-3 
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10 

CROSS SECTION(BARN) AND HU-BAR, 

LEVEL SPACING 3.090E 

0-0 

02 
OKMEV) 
OK1/HEV)TAO. 

AOOPTEDLEVELS (MEV) 

0.340 5/7-
0'53T 5/2* 
0.651 T/7+ 
0-796 5/2+ 
0.343 3/2. 
0-377 5/2-

ENER6Y<EV) 

lo!o000*3 

j^jg 
343.5250*3 
400-0000+3 

§HiJ 
605.8150*! 
851.2550*3 

923.9600+3 

l!2500*6 

2.5000*6 
3.0000*4 

12.0000*6 

15.0000*6 

TOTAL 

16'8705*0 
13.2922*0 

6^6555+0 

6-4197*0 

K.1459+0 

7.3131+0 
7-4655*0 

7.2466+0 
7.1733*0 
7.1370*0 

7.0772*0 
6.4875+0 

5.4346*0 
5.0779*0 
4.5019+0 

=H 
4.3544+0 

ELASTIC 

4.3189+0 

7!7330+o 

8.7589+0 

6.-5525+0 

5-9523*0 

3I43II+0 

5.1250*0 

4.5248*0 
4.0l4S+n 

3.5724+0 
3.1927+n 
2.6124*0 
2.2325*0 

2.534o*o 
2.7283*0 

2.734o+n 

2.5167*0 

INELASTIC 

0 
2 

10 

41 

93 
714 

1 

1 

1' 
1 

1 
1 
1, 

1. 
1, 
1 
1, 
1. 

1 
1. 
1, 
1. 
1 

1. 

1. 
1. 
1. 

1. 

.4930-3 

.5055-3 

.5978-3 

.T374-3 

.4145-3 
'3654-3 
.2760-3 
-0657*0 

'6390*0 

'6217*0 
.6220+0 

!6262,o 

.6421+0 

.7172+0 

.7473+0 

.6203*0 

ii§ 
,8396+0 

CAPTURE 

6.7400+0 

1.7200*0 

§H 
280.0000-3 
278-4650-3 
199-0879-3 
16S-0000-3 

118-0000-3 
107-9961-3 
96-7000-3 
89.9612.3 
85-6000-3 

81.1971-3 
60.1312-3 
79.7000-3 

77.1345-3 

61.9913-3 

39.8000-3 

23.7000-3 

E:EE 
40.0000-6 

HU-BAR 

4-5739-3 
4.7127-3 
7.3725-3 

32.0527-3 
56.4749-3 
71.2218-3 
122.7347-3 

221.4050-3 
285.4870-3 
284-5036-3 
342.2o63-3 
374-6390-3 

436-3470-3 
454.1121.3 
475-4530-3 

513-8020-3 
514-5481-3 
520.5343.3 
525.0774-3 
524.9740-3 

330.7794-3 
542.8500-3 
351.4761-3 
342.4130-3 
572.1310-3 

577.4880-3 
380-6330-3 
560.7680-3 
573.3160-3 

646.8380-3 

830.2500-3 
847..6510-3 
660.0330-3 

876.7040-3 

ENERGYtEV) 

40.3917+3 

200.0000+3 

300.0000+3 

363.5250*3 

300.0000+3 

342.2590+3 

637.3750+3 
700-0000+3 
800.0000+3 

803.8150+3 
851.2530*3 

923.9600+3 

1.O00O+6 
1.1123+6 

1.7500+6 

2.0000+6 

6.0000+6 

10.0000+6 

1-ST 

0-0 +0 

9.4521-3 
It).4171-3 
35.2972-3 

70.2338-3 
70.3480-3 
76.1383-3 

93.7400-3 

99.0045-3 

102.9770-3 
105.5340-3 

105.5114-3 

ln5.1450-3 
103.9286-3 

loo.0690-3 

90-6495-3 
78.1481-3 

45.1430-3 
42.3218-3 

6.5985-3 
702.0540-4 

2-NO 

0.0 +0 

5.2171-3 

14.1807-3 
14.2362-3 

20.2741-3 
24.4315-3 

24.3051-3 

31.8505-3 
35.3494-3 

35.31H-3 
36.7748-3 
37.7296-3 
38.1304-3 
38.0966-3 

37.9693-3 
39.8977-3 
42.2193-3 
42.0646-3 
39.1467-3 

34.9994.3 
25.6119-3 

4.7165-3 
424.4910-4 

3-TH 

320.3444-3 
673.3300-3 
942.4170-3 

944.2703-3 

796.1310-3 

792.8812-3 

707.8500-3 
472.2591-3 

359.3070-3 

378.8950-3 
278.9420-3 
206.4070-3 

157.0900-3 
79.5816-3 

9.1o39-3 
570.3149-6 

0 
159 
447 

479, 
521, 
528, 
533 
326 

524 

497 

470 

399 
351, 
291, 
229. 
160. 

'39. 
78. 

464, 

4-TH 

.2720-3 

.8670-3 

.0837-3 
,7370-3 

.7950-3 

.7636-3 

.2224-3 

.2430-3 

.0903-3 

.7640-3 

.0937-3 

.8390-3 
9n!o-3 
,4600-3 

.7620-3 

,3754-3 
,9918-3 
.5100-6 

0 
40, 

112 
132 

132 
130 
128 
127 
123 

120 
117. 
114. 
99. 
62. 

68, 

26. 
8, 

635. 

5-TH 

.0 *0 

.6813-3 

.7900-3 

.3004-3 

.2390-3 

.5303-3 

.6130-3 

.9499-3 

.0370-3 

.5600-3 
,1279-3 
.9428-3 

,32ol-3 
.0164-3 
.1592-3 
,233o-3 
.9561-6 

23 

23 
2a 
31 
33 
34 

38 
44 
50. 
51. 
48. 

43. 
31. 
20. 

632. 

6-TH 

.0 +0 

.2969-3 

.1435-3 

.T364-3 

.3494-3 

.8699-3 

.3393-3 

.4727-3 

.9044-3 

.0689-3 

.3514-3 

.9142-3 

.5347-3 

,3o28-3 
.3620-3 
.3598-3 
.34ol-3 
.4140-6 

0 
19. 
34 
41 
44 

64 
73 

74. 
68. 

57. 
38. 
23. 

615, 

7-TH 

.0 +0 

.9252-3 

.9800-3 

.2996-3 

.7649-3 

.1095-3 

.7920-3 
,5706-3 

,5770-3 

,4042-3 
57H-3 
,7038-3 
,7357-3 
,6380-4 

8-TH 

49.7780-3 
70.6734-3 
100.7594-3 

196.2410-3 
22;.3520-3 

222.0280-3 
171.0300-3 

127.6340-3 

33.4115-3 
8.3191-3 

534.1649-6 

33 

108 

174. 
142, 

112, 
45, 
35. 

436. 

9-TH 

.7003-3 

.4309-3 

.7420-3 

.0330-3 
,2670-3 
,6310-3 

,2710-3 
,8914-3 
,7262-3 
,2400-3 
.5699-6 
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TABLE*? 

LEVEL PARAMETER{X[-ZER0).l-34aE 
LEVELSPACtNG 1.110E 
LEVEL OENStTY PARAMFTER .. 1.514E 

1.593E 

TANSENcYpciNT !!!!!s^79E 
4.505E 

AOOPTEO LEVELS <MEV) 

02 
OltMFV) 
0K1/"EV) IAC. 

03(1/MEV) IAS. 

1. 
2-
3. 

3. 
4-
7. 
8-
9. 

10' 
11. 

n-
n. 14-

n. 

o-2ao4 

0-3191 

0-4427 

0-3607 

0-4304 
0.4731 
0-7271 
C.78 
0-9423 
l.OOH 

5/2* 
3/2* 
7/2* 
5/2* 
1/2* 
7/2* 

11/2-
3/2* 
7/2-
3/2* 
7/2. 
3/2* 
9/2-
3/2* 
3/2. 

ENLR.y^EV, 

3!oO0O*3 

50.0000*3 
100.0000*3 

309!l410*3 
22-1630*3 
^47.7080*3 

500-0000*3 

600-0000*3 

430-5900*3 

479-3440*3 
700.0000*3 

^iiE 
1.0111*4 

2.0000*4 
2.3000*4 

i ^ M M ^ 

TOTAL 

18-3933*0 

7.9210*0 

6!s623*0 

8.73?:*0 
6.7274*0 
6-4923*0 
8-4237*0 
4-4630*0 

8-3302*0 
4.2t6l*0 

8.0142*0 
7-9217*0 

7-7840*0 
7.7492*0 
7-7082*0 

7-5441*0 

7.4292*0 
7.3972*0 
7.1537*0 

6^9226*0 

4.7174*0 

5^5217*0 

5.1381*0 

4.3245*0 

ELASTtC 

5-4933*0 
5.7144*0 

5^6721*0 
5.4310*0 

7.2754*0 

4.3475*0 

8.2499*0 

6-9459*0 

4.3583*0 
6-3174*0 

3-9670*0 

3-8302*0 
3.8112*0 
5-7510*0 

3-6045*0 

5.4717*0 

3^22^0 

4.6369*0 
4.54o4*n 

2.3145*0 
1.9293*0 
2.1171*0 

2.5538*0 

[NELASTH 

0, 

79, 
144 
339 
645 

1 

1 
1 
1 
1 

1 

1-

1. 

li 
1, 

1, 
1, 

1! 
i. 

i! 

i, 

i! 

,0 *0 

.3416-3 

.1440-3 
'7170-3 
.7210-3 
-2921*0 

'4623*0 
.4747*0 
'7006*0 
.7745*0 
'4127*0 

'8257*0 
,4274*0 

,8333*0 
,8357*0 

!al21*0 
,8027*0 

!7915*0 
.7739*6 
.7494*0 
.7735*0 

.7433*0 
,7917*0 

,9223*0 

.8112*0 

,8299*0 

,6423*0 

CAPTURE 

Ĥ 
794.0000-3 

312.1951^3 

211-3273-3 
I63.t0l3.3 
162-0000-3 
133.7039-3 
142-0000-3 

129-9662-3 
128.6340-3 
123-9437-3 

113-2532-3 

103.9750-3 

95.2O00-3 

94.0923-3 
89.0129-3 

68.1000-3 
40.7000-3 

53.1000-3 

33J2000-3 
!0.3000-3 
3.3400-3 

1.2300-3 

MU-6AR 

4-4394-3 
4.4?42-3 
7.4132-3 
10.1139-3 

33.4544-3 
78.0613-3 

139.7720-3 
232.1930-3 

304!s367-3 
320-0493-3 
346.5473.3 

431-2111-3 
441.4934-3 
463-3760-3 

503-1990-3 

515-4696-3 
516.9480-3 
322-4977-3 
527.4340-3 
533-6343-3 

343.3163-3 
545.3440-3 
554.4460-3 
361.0012-3 

563.2641-3 
366.7660-3 

576!4690-3 
376.7430-3 

379.7230-3 
379.2910-3 
574.9970-3 
567.3960-3 

770.1250-3 
826.3100-3 

839.7770-3 
877.9760-3 

CROSS SMTtOM FOR EXCtTATtCN Of LEVELS 

ENERGY(EV) 

263.0940*3 

322.1650*3 
347.7080*3 

500-0000*3 

450.5900*3 
434-8300*3 
479-5660*3 
700.0000*3 

734.0830*3 

800.0000*3 
900-0000*3 
971.3440*3 

l!olll*6 

1.7300*6 

O.O 
79.3416-3 

142.2433-3 
214.7361-3 

36.3.1400-3 
365.1324-3 
367.1359-3 

329.0940-3 
302.2272-3 

284.4389-3 
275.9470-3, 

259.03O5-3 
232.5126-3 
224.2980-3 
143.75)0-3 
178.9434-3 

173.082O-3 
17t-3034-3 
157.4947-3 
133.0930-3 

39!5984-3 

205.4765-3 

372^1027-3 

309!l0'0-3 

277.6910-3 
273.H03-3 
255.0791-3 
219.6740-3 
147.2330-3 

Ss!3388-3 

124.3011-3 

44i!4476-3 
500.2527-3 
507.9HO-3 
440.3282-3 

4S1.3O50-3 
446.3331-3 

416.2290-3 

390.2934-3 

286!723o-3 
26S.2S39-3 

255.9640-3 
233.1319-3 
23!.3226-3 

83.5987-3 
3'.6240-3 
13.3227-3 

0.0 *0 

37.9739-3 

104.8230-3 

112!4744-3 

106.9423-3 
106.2191-3 
105.3947-3 

94.4310-3 
91.4498-3 

4o!l929-3 
73.7332-3 

73.9594-3 
73.3701-3 
48.7932-3 

54.5541-3 

32!4877-3 
2o.9613-3 

14l!o530-3 

311.7460-3 
313.S256-3 
321.3719-3 

303J2131-3 

269!94u0-3 
235.3479-3 

249.3360-3 

23l!2465-3 

174.3930-3 

150.6120-3 

53:o773l3 
14.0704-3 

l?!3419-3 
37.9477-3 

51.toal-3 
34.2173-3 

41.2077-3 

42!4551-3 

6n!37l2-3 
61.3962-3 

61.7244-3 
41.8750-3 

6s!lo97-3 
38.3201-3 

31.9213-3 

2l!9943-3 

33.3395-3 
72.4816-3 
77.3498-3 
93.2132-3 

119.2281-3 
131.9547-3 

137!337o-3 

132!6934-3 
124.7354-3 

97.4740-3 

87.29I9-3 
77.6268-3 
37.3424-3 
37.3230-3 
11.3873-3 

0.0 *0 
6.3424-3 
29.3591-3 
50.0432-3 

43.1174-3 

94.2310-3 
lo2.4270-3 

105.3210-3 

l03!3950-3 
49.4123-3 

73.4428-3 

32;i,94l3 
12.4199-3 

14!o394-3 
30.4475-3 

59.8314-3 

73^4284.3 

76.9717-3 
76.4690-3 
74.0719-3 

52.9473-3 
45.2510-3 
33.2351-3 
22.9573-3 
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TABLE A2 

NUCLEUS.. 

12 

46-P0-107 

PARAMETERS 

NEUTRON SEPARATION ENERGY 9.223E OO(MEV) 
LEVEL PARAMETER(Xt-ZERO) . 1-364E 02 
LEVEL SPAC!N6 1-OOOE.OHMEV) 
LEVEL OENS'TY PARAMETER .. 1.637E OHl/MEVj TA<*. 

2-600E OOtMEV) COM. 
NORMAHZATtON FACTOR 1.592E 03[l/MEV) TAG. 
TAN^ENCY POINT 5.252E OO(MEV) TAS. 

AOOPTEO LEVELS 

1. 
2-
3. 

3. 
6-
7. 

a-
9. 

10-
11. 

(MEV) 

6R0UN0 
0-1137 
0.214 
0-3024 
0.3122 
0-3*62 
0.366 
0-3419 

0-412 
0.4712 

5/2* 
1/2* 

5/2* 
7/2* 

9/2* 
3/2* 
7/2* 
1/2* 
3/2* 

ENER6Y<EV) 

H! 
20.0000*3 

216.0170*3 

305-6540*3 
315.1*30*3 
331-4620*3 

365.5000*3 

*00.0000*3 
413-6440*3 

473-6*20*3 
500.0000*3 
373.0520*3 
600.0000*3 

1*2500*6 

1.7500*6 

3*0000*6 

6.0000*6 

15.0000*6 

TOTAL 

13.3529*0 

4*3426*0 
T.7954*0 

4*6237*0 

6^5331*0 

S-*171*0 

4-3766*0 

4-1263*0 

7.6931*0 
7.6245*0 

7.3676*0 
7.1*92*0 
6.9393*0 

3.594**0 
5.2332*;, 

*.6247*0 

3.6370*0 

4.5547*0 

4.6773*0 

4.4335*0 

ELASTtc 

5-5441*0 

5.6206*0 
5.3926*0 
3.7134*0 

6.1093*0 
7.0707*0 
7.4113*0 
7.9026*0 
7.9522*0 

7.9314*0 

7-7342*0 
7.64***0 
7-2739*0 

7-0613*0 

6-7607*0 
6.7336*0 
6*6339*0 

6-2336*0 
6.0637*0 

5.7910*0 
3.6o*3*o 

S*2;34*n 
3.0416*0 

4*2113*n 

2*3931*0 
1.9374*0 

2.1026*0 

2.7314*0 
2.7772*0 
2.7622*„ 

2.3669*0 

[NELASTIC 

23s!4120-3 

253.7350-3 
3*9.7990-3 
*03-4170-3 
493.1300-3 
432-9030-3 

1-0345*0 

1-4297*0 

1-7334*0 
1.4393*0 
1.9134*0 
1.9333*0 
1.9033*0 

1.4616*0 

1.7430*0 
1.733o*o 

1.7367*0 

1.7339*0 

1*6421*0 

1.9397*0 
1.6267*0 
1.6271*0 

1.4930*0 

1.4447*0 

CAPTURE 

13-6000*0 
7.7200*0 

2.7700*0 
2.0600*0 

1.7600*0 
1.2000*0 

796.0000-3 

307.0000-3 

342-3021-3 

244-2420-3 

260-6365-3 
239.1954.3 
224-4396-3 
222.0000-3 
206-0964-3 

159*5033-3 
145.0000-3 
113.0649-3 
104.0000-3 
69.6000-3 

74.5000-3 
72.3000-3 
69.2000-3 
43.2000-3 
39.0000-3 

55.1000-3 
50.7000-3 
40.4000-3 
31.7000-3 
17.3000-3 

3.9100-3 

130.0000-6 
40.0000-6 

10.0000-6 

MU-BAR 

4-3460-3 
4.5337.3 
7.4230-3 
10.4394-3 
22.0003-3 

34.4403-3 
64.2213-3 
144.7510-3 
165.6120-3 
250.3590-3 

316*4140-3 
323-9433-3 
333.2162-3 
366-7276-3 

*0l.97l2**3 
412-3266-3 
416.1*10-3 
427-6213-3 

470-4126-3 
*64<*140-3 
312.6443-3 
521.6650-3 
339.9290-3 

351.0730-3 
554.2990-3 
363.2020-3 
370.*370-3 
37*.6l00-3 

577.5550-3 
379.T2SO-3 
361.0620-3 
377.7010-3 
370.3370-3 

443.1440-3 
766.4390-3 
626.3400-3 
643-3430-3 
439.5230-3 

679.1110-3 

116. 
200. 
214. 
300' 
303. 

.313. 
331. 

.349. 
363. 
39.6. 

413^ 
473. 

573! 

700. 
. 400. 

.7910*3 
0000*3 
.0170*3 
0000*3 
6540*3 

.1430*3 

.4620*3 

3000*3 

.0000*3 

.0320*3 

.0000*3 

.0000*3 

.0000*6 

.2500*6 

.0000*6 

.0000*6 

0-0 *0 
235.4120-3 

317**690-3 
314.0629-3 

306-3446-3 

273-4309-3 
245.9421-3 
259.3770-3 

241.6623-3 

116.0270-3 

94.4765-3 

40.2267-3 

73.3192-3 

34.6237-3 
42.6061-3 

29.6313-3 

475.32H-6 

32*3306-3 
32.4272-3 

33.6603-3 

36*4264-3 
39.6373-3 

41.1106-3 

37*.H43-3 

60.1217-3 
46.4073-3 
67.3507-3 
46.4925-3 

62*4204-3 

37*0944-3 

14*4434-3 
1.340*-3 

211.3151-3 
294.1663-3 
364.1736-3 

367.2909-3 

373.3730-3 

296.4450-3 
269.6720-3 
246.3110-3 

21o.4270-3 
143.0010-3 
164.7120-3 

73.5165-3 
23.4493-3 
1.1*16-3 

0.0 *0 
169.6163-3 
233.7432-3 
326.7446-3 
374.3172-3 

394.3470-3 
397.7602-3 

404*3110-3 
377.3124-3 

333J3190-3 
303.0410-3 
242.2630-3 

230.4120-3 

164.3320-3 
143.1340-3 
120.2120-3 

24*4733-3 
1.2260-3 

42.2436-3 
60.0536-3 

10*.9939-3 

11*.1740-3 
127.4623-3 

197*6220-3 
196.3273-3 

163J5190-3 

l56!9HO-3 

131.6620-3 
119.7250-3 

99^9952-3 
77.9131-3 

54.22o*-3 

0.0 *0 
35.5359-3 
39.0360-3 

67.6760-3 
63.24*9-3 
131.33*3-3 
176.2730-3 
193.4936-3 

202*2720-3 
200.6710-3 

l61.57a0-3 

106.1390-3 

71.1361-3 
21.9223-3 
1.1*94-3 

19*7720-3 

27.0*91-3 
*6.9094-3 

132.0630-3 
164.1267-3 

17*.0*70-3 
171.1340-3 

153*3490-3 
144.9350-3 

124.7440-3 
117.3790-3 
107.9430-3 

77.1556-3 

33.6991-3 
17.4962-3 

0.0 

11.4174-3 
45.7947-3 

227*6370-3 
267.6471-3 

242.3400-3 
243.7930-3 
273.2920-3 
261.7470-3 
246.5390-3 

22o.6240-3 

176*0740-3 
156.2940-3 
117.6130-3 

74.4453-3 
24.5033-3 
1.2216-3 

24.0103-3 
39.4276-3 
31.4900-3 

56.2135-3 
59.7799-3 
39.4335-3 

54.6760-3 

3*.03*6-3 
52.1559-3 
50.2599-3 

39.0*5*-3 

24.12*6.3 
9.6*97-3 

- 8 3 -
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NEUTRON SEPARATtON ENER6Y 4.824E 00<HEV) 
LEVELPARAMETER<X[-:ER0)-4-230E01 

0-0 MEV) CO"! 

TAN6ENCY potNT J.... 5.126E OO(WEV) TAS. 

AOOPTED LEVELS (HEV) 

CROSS SECT[ON(6ARN) AND MU-bAR 

1. 

:-3. 
5. 
4-
7. 
8-

11. 
IS­
IS. 

0-03603 
0.132a 
0-3144 
0 . 4 m 

0-7353 
0.6398 
0-6427 
0-8493 
C'9110 
O.S123 

i/2-
7/:' 
9/7. 
3/2-
5/:. 
3/2-
3/2. 
5/2' 
7/2. 
5/2-
5/2 
7/2-
3/2. 

ENERSY(EV) 

1.0000*3 

20.0000*3 
50.0000*3 

!°̂ 5*̂  

731-1030*3 

847-5710*3 
370.4830*3 

"§E 
l!s240*4 
1.7500*4 

2.5000*6 

10.0000*6 

ls!ooo0*4 

TOTAL 

tH:x 

8.2357*0 

8-0356*0 

7-9013*0 

7-3107*0 

7-4293*0 
7.3l74*o 
7-2270*0 
7.1831*0 

7.1274*0 

5.4113*0 

4^3213*0 

t^226*0 

ELASTtc 

4.ns5*n 

!::E.!i 

7-7033*0 

4-9819*" 

4-5247*0 
4.2152*0 
5-9955*0 
5.9713*0 
5-9055*0 

5.7o37*n 

5.5326*0 
5.5132*0 

5^4145*0 
5.4133*0 
5.2333*0 
4.7346*0 

4.3143*0 
4.2739*0 

2.7301*0 

2.8041*0 

[NELASTiC 

19! 

38 
44. 

75?' 

1 
1. 
1-
1 
1 

1' 
1. 

1. 
1. 

1 
1 
1. 
1 
1 

1 
1, 

1. 

1, 

1 
1, 
1 

!9411-3 
.2943-3 

.8829-3 

.5420-3 
-2280-3 
.5360-3 
'2810-3 

'1946*0 
.3387*0 
'3732*0 

'4094*0 

'4225*0 

'5232*0 
.5391*0 
.5436*0 

!57O0*O 

!4l47*0 

.4790*0 

.4618*0 

.7081*0 

.8235*U 

.9244**) 

.9555*0 

.9183*0 

CAPTURE 

1.8100*0 

747.4609-3 
700.0000-3 

450.0000-3 
340.0000-3 
335-2926-3 
250-0000-3 
233-3736-3 

132.0000-3 

140.1906-3 
133-5121-3 

133-3524-3 

115-4000-3 
112.0223-3 
111.0553-3 

104^7752-3 
104.5434-3 

7B.0000-3 

75.O000-3 
74.5764-9 
71.O0OO-3 

Joj!E^ 

'?s-.Eo.6 

MU-BAR 

4-2331-3 
4.4346-3 
7.4021-3 
10.7328-3 
23.3610-3 

142.6882-3 
157.768tr-3 

254.2510-3 

329-9465-3 
391.9490-3 
403-0813-3 

450-0180-3 
462.8310-3 
501-9100-3 
503.7423.3 
508-4983-3 

323.7340-3 
530-6293-3 
534.2756-3 
533.2939-3 

54o!6927-3 

3So!2o50-3 
364.9640-3 

573.3230-3 
374.1038-3 
561.4480-3 

600.7340-3 

398.7040-3 

441.3240-3 
742.3750-3 

444.2330-3 
639.1040-3 
860.2370-3 

CROSS SECTtON FOR EXCtTATMM Of LEVELS 

ENERGY<EV) 

300.0000*3 

317.3090*3 

419.1430*3 

731.1030*3 

847.5710*3 
870-4630*3 

919.4300*3 

l!oOOO*4 

1.3000*4 

4.0000*4 

12.0000*4 

1-ST 

9.9411-3 
16.4717-3 

72.0431-3 

74.5031-3 

100.3465-3 
112.3400-3 
132.4560-3 

154.5300-3 
133.8115-3 
151.8679-3 
150-9243-3 
145.9710-3 

138.6715-3 
133.4223-3 

13l!o41o-3 
127.4516-3 

127.4223-3 
113.3720-3 

l?o*504o-3 

114.1050-3 

58.7847-3 

9.1519-3 

3J6732.3 
12.5148-3 

21.2964-3 
22.4042-3 

33.8702-3 

43.3134-3 
43.7347-3 

45.9662-3 

45.<352-3 

43.2343-3 

S5!2637-3 
34.3743-3 
22.2o72-3 
7.2492-3 

638.5320-3 
474.7044-3 
S?7.4910-1 

765.3330-3 

723.5535-3 
fos.7789-3 

357.2444-3 
550.1042-3 
524.6790-3 

326.4540-3 

273.0327-3 

229.0590-3 

39!l703-3 
8.3145-3 

229J5260-3 
343.8570-3 

411.1810-3 

402.5110-3 

355^0724-3 
332.3310-3 
343.3420-3 
332.4406-3 

331.7031-3 
247.1530-3 
234.0530-3 
218.4640-3 
214.5743-3 

194^ 9830-3 
152.3000-3 
80.7811-3 
39.8141-3 

39.2723-3 
56.2979-3 

252!97lo-3 

256.7103-3 
271.0010-3 
237.7940-3 

147!7760-3 

0.0 *0 

1&7.1073-3 
HT.5340-3 
120.4567-3 
13O.81O0-3 

130.3687-3 

122.3030-3 

123.4^33-3 

114.7720-3 

29i7a44-3 
7.3368-3 

57.5726-3 
45.9086-3 

74!4s27-3 

77.8291-3 

93.0499-T 
*03.4Slo-3 
105.5739-3 

54^7443-T 

0.0 *0 

ll!4722-3 
20.0459-3 
25.9558-3 

26.3535-3 
50.3792-3 
79.1382-3 

33.5189-3 

2r!l4l9l3 
7.4167-3 

20^7791-3 
34.7340-3 

35.4763.3 

142.6020-3 

48.7231-3 
35.3043-3 
8.5236-3 

52o.241Q-4 440.1360-4 444.9231-4 533.1890-4 424.5050-4 373.2710-4 447.6450-4 512.7140-4 304.1079-4 

84-
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LEVELPARAME7ERtXI-2ER0).5.346E02 
LEVEL. SPACING 2.100E0KMEV) 
LEVEL OENS'TY PARAMETER .. 1.587E OH1/MEV) TAG. 

0.0 (MEV) COM-
NORMAH:AT]OH FACTOR 1.839E 03(1/MEV) TAG. 
TAMGENCY POtNT 4.863E OO(MEV) TA6. 

ADOPTEOLEVELs (MEV) 

ENERGY(EV) TOTAL 

0-O2777 
0.27a42 
0-48733 
0;35937 

0.72962 
0-7469 

0-6450 
1.03o4 
1-092 
1.11175 

7/2* 
5/2* 
5/2. 
3/2* 
1/9 + 

11/2* 
9/2+ 
7/2-
3/?. 
7/2-
9/2+ 
9/2* 
3/2. 

1.0000+3 
3.0000+1 

20.0000+3 
27.9671+3 

ioo!oooo*3 

49I.I9IO+3 
500-0000*3 

735*3250*3 

774-9120*3 

834-3890*3 
631.6070*3 
900.00O0+3 

1.0000*4 

l*!204+6 
1.1288+6 

1.2500*6 

1.7500*6 
2.0000*4 
2.5000+6 

3.0000+4 
4.0000*4 
4.0000*4 

10.0000*4 

11.0000*4 
12.0000*4 
15.0(100+6 

17.7045*0 

B.4263*0 

7.0174*0 
6.3341+0 

3.9255+0 
6-0598*0 
6.1899*0 
4-2025*0 

4-2672*0 
4.3350*0 

6.45o4+o 

6-3174*0 

6-5452*0 
4.5754*0 

6J4549*0 
4.6550*0 
4.498^*0 
6.49a4*0 

4.4649*0 
4.5659+0 

4!l799*0 
5.7310*0 

9.3207*0 

4.1554*0 
4.3965*0 

4.7743*0 
4.6190*0 
4.6422*0 

ELASTtc 

11.7945*0 

5.4671+0 
5.1767*0 
3.0947*0 

5.1511+n 

5.2352*0 
5.3249+0 
5.3335*0 

5-3685*0 

3*4895*0 
5.4675*0 

5-3720*0 
3.3289*0 
5-2973*0 

5.2402*0 

5.1649*0 

9.1439+0 

5.1426+0 

4^7532*0 

4.4779*0 

3.6426*0 

3.1941*0 
2.4713*0 
2.0734+0 
2.3198*0 
2.4631+0 

tNELASTtc CAPTURE 

169.0000-3 
316!a790-3 
561.4600-3 

393.7460-3 

474-4540-3 
722.5740-3 

754-1100-3 
775.4330-3 

622.5800-3 
920-3420-3 

1-0343*0 
1.1107*0 
1-1723*0 

1.3433*0 
1.4342+0 
1.4399+0 

1.4929+0 

1.9951+0 
1.7706+0 
1.8637+0 
1.9410+0 
2.0726*0 

,1537*0 

.0613+0 

.0825+0 

164.7317-3 
161.0000-3 

142.4689-3 

140-4764-3 
140.0000-3 

140.2849-3 
124'6798-3 

93-3467-3 
93.4237-3 
87.2000-3 

61.4000-3 
74.8154-3 
76.4911-3 
72.3265-3 
71.7611-3 

30.9000-3 

13.5000-3 

11.0000-3 

210*0000-6 

2.8426*0 1.9544+0 20.00 
9-4 

Mu-BAK 

5.3464-3 
3.9468-3 
8.4737-3 

20.2610-3 

39.1600-3 
95.9007-3 

186.7940*3 
301.8830-3 

392.2722-3 

401-3490-3 

429-6026-3 
434.0390-3 

492*0072-3 

442-7915-3 

474-3594-3 
479.1734-3 

302.1950-3 
510.5814-3 
910.6132-3 
519.4269-3 
320.6190-3 

537.9470-3 
574.2280-3 
410.4010-3 
438.4050-3 
674.3230-3 

466.9790-3 
471.9310-3 
653.9220-3 
724.3750-3 
803.4320-3 

831.7340-3 
652.3330-3 
885.6710-3 

CROSS SECTtON FOR EXCtTAHCN OF LEVELS 

ENERGY(EV) 

27.9871+3 

100.0000+3 

280.9970+3 

300.0000*3 
400.0000*3 

963.9430*3 

400.0000+3 

735.3250*3 
774.9120+3 

600.0000+3 

1.0000+6 

1.0566+6 

1.1236+4 
1.2900+4 

1.3000+4 

3.OO0O+6 

4.0000.4 

11.0000+4 

12.0000+4 

1-ST 

0.0 +0 

541.6800-3 
530.0428-3 

947.2460-3 

490.8906-3 

481.4477-3 

474.87 30-3 
474.7150-3 

441.7807-3 

430.7510-3 

351.0300-3 

335.2604-3 

316.4301-3 
283.8310-3 

224.3840-3 

43.2267-3 

12.1281-3 

2-NO 

0.0 +0 

34.2981-3 

229.5400-3 
247.9487-3 

258.3!70-3 

279.3535-3 
278.3503-3 
276.9454-3 

274.05S0-3 
269.2939-3 

244.2420-3 

239.2494-3 

216.3330-3 

182.4420-3 
147.3170-3 
115.9720-3 

39.8892-3 

11.3046-3 

3-TH 

25.4247-3 

35.3044-3 

58.5211-3 
64.1502-3 

47.7174-3 

79.6071-3 

80.8939-3 

8?.3443-3 
84.9233-3 

62.2430-3 

42.2345-3 

24.9450-3 

7.6903-3 

0 

5 
10 
10. 
12. 
14. 

15. 
16. 
17. 
18 
21 

23. 
23, 
24. 
24, 
27. 

29. 
28. 
25. 
la. 
11. 

3. 
253. 

4-TH 

.0 +0 

.1389-3 

.6913-3 

.3420-3 

.1916-3 

.3641-3 

.0281-3 

.5885-3 

.7645-3 

.0729-3 

,4531-3 
.6388-3 
3453-3 

,6134-3 

.7174-3 

.2737-3 

.7315-3 

.8285-3 

57 
124 

164 

187 
206 
227 

227. 
227. 

226. 
226. 

185. 
148. 
117. 
70, 
40. 

12, 

S-TH 

.0 +0 

.2064-3 

.0037-3 

.3340-3 

.4710-3 

.6330-3 

.9434-3 

.9465-3 

,0754-3 
,3040-3 

.9820-3 

.9260-3 

,2118-3 
,3323-3 

,0207-3 
,7399-6 

0 
66 

112 
133 
142 
Its 
194 

196 
194. 

2o3. 

184. 
135. 
124. 
77. 
44, 

12. 

4-TH 

.0 +0 

.9704-3 

.4800-3 

.4439-3 

.1359-3 

.21S0-3 

.4975-3 

.5604-3 

.9034-3 

.9510*3 

.2780-3 

.5380-3 

.1094-3 

.2330-3 

.9344-3 

0 

41 
44 
74 
108 
139 

143 
144. 
148. 
148. 
154. 

146. 
130. 
112. 
77. 
46. 

15, 

7-TH 

.0 *0 

.7849-3 

.0178-! 

.1321-3 

.3790-3 

.9870-3 

.9190-3 

.0277-3 

.0671-3 

.6293-3 

.7590-3 

.5710-3 

.5920-3 

.7090-3 

.7400-3 
,1343-3 

3 
13 
25 

29 
29 
32 
33 
40. 

47 
49. 
44. 
33. 
21, 

7, 

8-TH 

.0 .0 

.2568-3 

.4403-3 

.2216-3 
!3?06-3 

.9157-3 

.9519-3 

.2374-3 

.0262-3 

.7092-3 

.5639-3 

.0021-3 

49 
98 

107 
107 
116. 
117, 
134. 

131 
120. 
105. 
74. 
47. 

13. 
1. 

9-TH 

.6151-3 

.6885-3 

.3404-3 

.2567-3 

.9400-3 

.8040-3 

.7020-3 

.9358-3 

.1786-3 

.4045-3 

.1243-3 

-85-
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LEVEL PARAMETFH(X]-ZERC) . 3-7U4E 

LEVEL DENS!TY PARAWE7FM .. 1.614E 
1.497E 

2.160E 

5.796E 

OO(MEV) 
02 

Ol<]'h<EV)C<lM! 

ADOPTEOLEVELS (HEV) 

3. 

6-
7. 

0-32579 

0-722! 

3/7* 
1/2* 

11/7-

3/7* 
5/7-
5/2* 
7/7* 

ENE1GKEV, 

10.0000*3 

6o!7772*3 

lbs!2430<3 

367.2760*3 

§E.! 
E:^Ej 

1.2500*6 

l!7300*4 

3.0000*6 

Î MM.' 

TOTAL 

19.5205*0 

§K§ 
S.7n6*0 

^E*, 
6.4157*0 
6.4235*0 

6.5673*0 

6^896*0 

i.iEo 
4.7712*0 

MAS,,C 

'̂ 'JEn 

5.2457*0 

5-1122*0 

Eiii:! 

i.K§ 
4.7163*0 

4^2363*0 

3.7134*0 

3.2329*0 
2.5340*0 

2^3064*0 

2.7779*0 

2.8797*0 

INELASTIC 

7ul! 
323 

467^ 

67s' 

1< 

1, 
1, 

1! 

i, 

2, 

2. 
2, 

2! 

2. 

2. 

.0 *0 

.2330-3 

'0200-3 

-S560-3 

'2624*0 

.3721*0 

.4758*0 

.55a2*o 

.6311*0 

.6930*0 

.1201*0 

!2o2s*o 

.0075*0 

CAPTURE 

30-2000*0 

^:E?S 

137-5223-3 
'13.5750-3 

79-1000-3 
77.8552-3 

60-5530-3 

33i24l6-3 

41.4000-3 

34.7000-3 
30.3000-3 

23:7000-3 
IS.2000-3 

7^2200-3 

M ^ M ^ 

MU-BAR 

5-1367-3 
5.2496-3 
5.7316-3 
8.0637-3 

9o!7141-3 

365-6399-3 
369.5703-3 

465-2340-3 

479.0430-3 

462.6311-3 

491.6480-3 
5o3.2330.-3 

549.5750-3 
565.5100-3 
614.7010-3 
646.4360-3 
662.6720-3 

695.6800-3 
679.8660-3 

801.9270-3 

830.4640-3 

ENEMY <EV) 

30.7772*3 

165.2430*3 

300.0000*3 

326-2680*3 
367.2760*3 

500-0000*3 
506.8730*3 

600.0000*3 

728-4660*3 
735.6210*3 

800.0000*3 

1.2500*6 
1.5000*6 

1.7500*6 

4.0000*6 

6.0000*6 

12.0000*6 

15.0000*6 

1-ST 

0.0 *0 
201.2330-3 
312.1383-3 
37l.221o-3 
415.1310-3 

400.6970-3 
380.7913-3 

324.701S-3 

296.0470-3 

271.3575-3 

260.7620-3 

232.4330-3 
193.7210-3 
158.4250-3 

124.0200-3 

31.5471-3 
74.4882-3 
6.2874-3 

299.5110-6 

2-NE 

'6.8974-3 
57.1*74-3 

60.3836-3 

100.4310-3 

102.0170-3 

1O0.1702-3 

91.2750-3 

64.8*93-3 

37.1410-3 

22.6o'o-3 
7.5976-3 

636.0951-6 

0 
138, 
255, 
338, 
336, 

339 

330, 
379, 

327 
317 
307, 
27', 
230, 

187, 
1*6 
87, 

10, 

537 

3-TH 

.0 *0 

.4670-3 

.13,0-3 

.2220-3 

. 3460-3' 

.3377-3 

.6026-3 

.7250-3 

.9330-5 

,3780-5 
.8400-3 

.3480-3 

.3292-3 

.4263-5 

.6943-3 

.5461-6 
,9126-6 

178, 
333, 
334, 

343, 
339, 
333, 
329, 
327, 

317, 
307, 

275, 
239, 

'97, 
156, 

49, 
12, 

670, 
42, 

4-TH 

,0 *0 
,0210-3 
.3660-3 
.0403-3 

.1790-3 
,2388-3 

.1314-3 

.9519-3 

.3390-3 

.2430-3 
,41o0-3 
.1320-3 

.3200-3 

.7771-3 

,7277-3 

,4570-6 

0, 

179, 
203, 
236, 
239. 
239, 

246, 
247, 

724, 
198 

169. 
138. 

47. 
12. 

138. 
46, 

5-TH 

.0 *0 

.8490-3 

.4759-3 

.2310-3 

.1431-3 

.8730-3 

.4610-3 

.1320-3 

.3870-3 

.0100-3 

.5^04-^ 

.13til-6 

lot. 
104. 

138. 
163. 
173. 

1?8. 

158. 
132. 
41. 
46. 
12, 

649, 

6-TH 

.0 *0 

.3412-3 

.2175-3 

.9547-3 

.6010-3 

.8740-3 

.0480-3 

.1070-3 

.2070-3 

.2340-3 

.2414-3 

.0332-3 

.9330-6 

.4756-6 

7, 

79 
110, 
124, 
135 
134. 

123. 

69, 
40, 
11. 

674, 
45, 

7-TH 

,9119-3 

.1015-3 

.2800-3 

.4630-3 

.5810-! 

.3417-3 

^3538-3 

.1800-4 

.8173-6 
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JAEBI-M 5752 

TABLFA2 

LEVEL pARAfETER(Xi-ZERO) . 3-040E 02 
LEVEL SPAC!M6 2.43OE0KMEV) 
LEVEL OENStTY PARAMETER .. 1.413E 0K1/WEV) TAG. 

1.435EOHl/MEV'C[!M. 
PAtRINS ENERGY 1.040EOO(MEV' TAG. 

0-0 <MEV) COM-

TANGENcY POINT !.... 4.643E OO(MEV) TA6. 

AOOPTED LEVELS <MEV) 

1. 
2-
3. 

3. 

0.14o3 

0.4371 

7/:. 
5/!* 
5/2* 
3/2* 
1/?* 

ENERGY(EV) 

100-0000*0 

10*0000*3 

30.0000*3 
31.4143*3 

100.0000*3 
161.7170*3 

335-7030*3 

440*4130*3 

443-3370*3 

1.7300*4 

2.0000*4 

^0.0000*6 

12*0000*6 
^3.0000*6 

TOTAL 

62-1923*0 
37.3443*0 
22.0241*0 
14.2214*0 
9.4697*0 

7.3324*0 
6.4306*0 
6.0644*0 

3-7767*0 
3.7935*0 
5-9709*0 

3*9742*0 

4.3739*0 

4.7313*0 
4.4o2!*0 

6.4166*0 

3.3377*0 

4*.221o*o 

4.7639*0 

ELASTtc 

ll!3714*0 

3.7049*0 
5.2693*0 
3.0257*0 

4.9239*0 
4-9433*0 

4-9679*0 

3!lll4.n 

3.1211*0 

4.3966*0 
4.7ol3.n 

3.3231*0 

2.3334*0 

2.6317*0 
2.631o*o 

2*3333*0 

tNELASTIC 

0.0 *0 
237.3330-3 

533.3360-3 
649.3340-3 
707-0130-3 

741*1130-3 

997.9330-3 

1.2635*0 

1.4000*0 
1.4993*0 
1.4333*0 
1.9047*0 
1.9730*0 

1.9239*0 
1.9971*0 

2!oi42*U 
1.3444*0 

1.7771*0 
2.0466*0 
2.0074*0 

?*OSoi*0 

CAPTURE 

6.3000*0 
2.9300*0 

340.0000-3 

359.9017-3 

229!4321.3 

154-3212-3 
133.0000-3 
144-4943-3 

104.O00O-3 

54.9000-3 
47.9000-3 
33.5000-3 
23.00OO-3 
22.7000-3 

13J3000-3 
9.3300-3 

220.0000-6 
40.0000-4 
40.0000-4 

'MU-8AR 

3-0737-3 
3.1549-3 
3.4129-3 
7.4214-3 

17.3610-3 

34.2357-3 
93.3397-3 

137.0457-3 

24o!6562-3 

352.3710-3 
392-1349-3 
397.1000-3 
394-3342-3 

39 7-0233-3 

430.3270-3 

44l]432o-3 

474.1160-3 
<9l.2120-3 
530.7310-3 
369.3040--3 
6o2.492o-3 

423.4030-3 
639.4720-3 
663.2120-3 
639.2190-3 
336.7750-3 

623.1430-3 
401.0370-3 
329.9970-3 
351.5970-3 
397.304O-3 

CROSS SECTtON FOR EXCtTATICN OF LEVELS 

ENERGY(EV) 

31.4143*3 

161-7170*3 
200-0000*3 

393.7030*3 

44.0.4150*3 

1.2300*' 
1.3000*' 
1.7500*1 

9-0000*6 

15.0000*6 

1-ST 

257.9330-3 

402.9330-3 309.6770-3 
4o3.0lo2-3 31n.23no-3 

337.4020-3 

361.6630-3 

262.4170-3 
226.3150-3 
197.9300-3 

124.1670-3 
153.0350-3 
214.2230-3 

327.7770-3 
32o.7340-3 
311.3040-3 

231.4530-3 

135.2110-3 
122.3730-3 
133.0000-3 

23.7409-3 

94.9710-3 
93.5494-3 

106.6740-3 

3a!2o73-3 

64!3923-3 
47.7432-3 

333.27*1-6 
7.9177-3 

13.1209-3 

2l!?122-3 
25.6073.3 

35.0346-3 
36.9632-3 
34.0653-3 
33.9320-3 

27!5033-3 
40.1433-3 
39.9223-3 

-8 7-



JAERI-M 575 2 

NUCLEUS.. 

17 

33-CS-135 

PARAMETERS 

NEUTRON SfPA*RATlCN ENERGY 4.971E OO(MEV) 
LEVEL PARAMETER{X)-ZERO) - 1-222E 03 

LEVEL OENS'TY PARAMETER .. 1.355E 0K1/MEV) TAG. 

N0HWALI2ATI0N FACTOR t.443E 03(t/MEV) TAG. 

AOOPTEO LEVELS 

1. 
2-
3. 

S. 
4-
7. 

<WEV) 

GROUNO 

0.4092 

0.790 
0-9917 
1.0426 

7/2-
3/2* 
3/7* 
3/2* 

11/2* 
1/2* 
3/7* 

ENERGYtEV) 

too'0000-0 
300.0000*0 

10^0000*3 

23t!4440*3 

"11-2500*3 

413-1470*3 

795^9290*3 

949.0330*3 

l!l]705*4 
1.2300*4 
l.SOOO'4 

1.4331*4 
1.7127*4 
1.7500-4 
2.0000*4 
2.3000*4 

9!oo00*4 

i:!ooOO*4 
13.0000*4 

TOTAL 

49-4479*0 
41.5993*0 
24.243440 

10.0272*0 

5^5145*0 

3.5400*0 

3-7190*0 
5.9911*0 
4-0991*0 

4-1134*0 

4-4132*0 
4.4342*0 

4.4435*0 
4.4771*0 
4.7144*0 
4.9170*0 
4.9074*0 

4.7474*0 
4.7114*0 

4^5714*0 

4]999!*0 

4!4044*0 

4J9334-0 
4.9729*0 

ELASTtC 

43-0479*0 
30.9993-0 
20.3254-0 
13.9403*0 

4.2934-0 

s!4135to 

3-2497*0 
5.3342-0 
3-4420*0 

3.3497*0 
5-5390*0 

3.4929*0 

3.4733*0 
3.4745-0 
3.4400*0 
3.4221-0 
5.2773*0 

5.1721*0 

3.0749*0 
4.47*4*0 
3.9709*0 

2.4929*n 
2.1194*0 
2.294.3-0 
2.4177*0 

2.7479*0 
2.9393*0 
2.9997*0 

[MELASTIC 

337.4490-3 
349-1940-3 

334-9330-3 

530-3340-3 
431.9140-3 
910-7420-3 
934.7930-3 

1.0344*0 

1.1413*0 
t.1543-0 
1.2113*0 
t.3317*0 
1.4464*0 

1.3369*0 
1.5447-0 

l!43'4*0 
2.1197*0 

2.2tl5*0 
2.2130*0 
2.1249'0 
2.1223-u 
2.0449*0 

2.0124*0 
1.9972-0 
2.O731-0 

CAPTURE 

24-4000-0 

430.0000-3 
231.0000-3 

94.7000-3 
42.1000-3 
41-1497-3 

72-1000-3 

71-9299-3 

43-3914-3 
42.400O-3 
40.2000-3 

44.4933-3 
44.3000-3 
43.2339-3 

43.3000-3 

34.7469-3 
34.4109-3 
33.4000-3 
14.6000-3 
7.3400-3 

4.1400-3 
t.4900-3 

4to.0000-4 

40.0000-4 

!S:SSSSH 

MU-BAR 

4-9942-3 
3.0473-3 
3.4715-3 
7.2704-3 
14.3779-3 

31.9459-3 
90.9709-3 

132.4110-3 
249.4940-3 
241.7979-3 

312.9420-3 
349.7130-3 
351-0312-3 

341-4370-3 

393-2033-3 

410-2919-3 
412.4490-3 
433.9320-3 

444.9403-3 
430.4990-3 
442.1449-3 
491.3330-3 
331.3340-3 

349.3494-3 
340.4234-3 
343.5230-3 
4t4.3l90-3 
479.4440-3 

703.2420-3 
691.7420-3 
434.3330-3 
7t7.3360-3 
799.0330-3 

426.3440-3 
950.4030-3 
997.3700-3 

CROSS SECTION FOR ExCtTATUN OF LEVELS 

ENERGY(EV) 

231.4440-3 

4ll!2300*3 
500.0000*3 

400.0000*3 
613.1470*3 

763.9290*3 
900.0000*3 

1.0000*6 
1.0703*6 
1.2500*6 

1.3000*4 
1.4331*4 
1.7127-6 
1.7300*6 

3.0000*6 
4.0000*4 

10.0000*4 

ls!oOOO*4 

i-ST 

0.0 *0 
223.4000-3 
337.4490-3 
342.1732-3 
399.3020-3 

419.3210-3 
439.2643-3 

444.9403-3 

434.7370-3 

465-9240-3 
467-4420-3 
471.2990-3 

4!4.4103-1 

41l!24<0-3 
302.3410-3 

129.1100-1 
35.4473-3 
12.9743-3 
1.0242-1 

2-NO 

0.0 -0 
42.7324-3 

96.6123-3 
99.0207-3 

114.91O0-3 
131.9979-3 
134.6990-3 

164.9420-3 
170.7710-3 
174.9443-3 
199.3240-3 

201.4340-3 
201.3421.3 

7'4!57'<t-4 

- -

3-TH 

0.0 *0 
101.0610-1 

HI.4730-3 

146.4430-3 
211.4344-1 
214.7320-1 
730.2107-1 
249.3900-3 

244.4390-3 
301.1W-1 
304.9913-1 

742J320O-3 

111.4670-3 
49.3931-3 
H . 4593-1 
934.1190-4 

4-TM 

101.7550-3 

295.04O3-3 
301.7360-3 
324.3006-3 
393.4240-3 

444.2470-3 
466.0726-3 
301.1019-3 
307.20K0-3 
333.2010-3 

124.3330-3 
51.9504-3 
12.3219-3 
1.1063.3 

3-TK 

0.0 *0 
3.0414-3 
4.3943.3 

24.7179-1 
30.3963-3 

35.7394-3 
34.0492-3 

23.5725-3 

3i9530-3 
331.9930-4 

0-
24, 

57 
70 
74 
9? 
45, 

33 
27, 
7 

624 

4-TH 

.0 *0 
,0919-3 

.63.13-3 

!1709-3 

,9439-3 
.5439-3 
.4026-3 
.7130-4 

0 
1, 

3, 

3 
3. 
2. 

414. 

7-TW 

!4713-1 
.4349-1 
.5103-1 

!3434-1 
.2474-3 
.4730-4 

- 8 8 -
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0-98 

1-97 
2.07 
2-15 

7/? 
5/2 
3/2 
5/2 
1/2. 

11/2-

1/2 

ENEH6YtEV) 

3!o00O*3 

50.0000*3 

400.0000*3 

500-0000*3 

i^§ 
l!3000*4 

1.6836*6 

2.0000*6 

2^2H2*6 

6*0000*6 

11.0000*6 

15.0000*4 

TOTAL 

76-9366*0 

27.0610*0 
16.9735*0 
10.7703*0 

6.7220*0 
5.3557*0 

5.4652*0 

5.4232*0 
5.7435*0 
53293+0 

6'4309*0 

4.3773+0 

4^5529*0 

5.7511*0 

4.7405*0 

ELASTIC 

HiH 
':!:'::: 

3.7371*0 

5-S750+O 

4-0467+0 

5*9321*0 

5*7336*0 
5.5436*0 

s!2567*n 
3.1033*0 

2*7332*0 

2*2792*n 

2.9173*0 

[NELASTtc 

0 
16a 
292 
367 

429' 
474. 
310 
566 

306 

i! 
i. 

t! 
i. 
i. 
i. 

2 
2. 
2. 
2. 
2. 

2. 
2. 
2. 

'9630-3 
.7340-3 
'3630-3 

'2000-3 
.3990-3 
'4290-3 

.0500-3 

.2560-3 

.7220-3 

.1030-3 

.1261*0 

,1991*0 
.2369*0 
.3/36*0 
W70*O 
.7271*0 

.0752*0 

.1366*0 
,1309*0 
.0546*0 

.0221*0 

.0123*0 

CAPTURE 

1-9100*0 

274.0000-3 
139.0000-3 
36.5000-3 

32.7000-3 
14.2000-3 

6!3134-3 
6-2400-3 
6.2800-3 

6-7000-3 

6-9300-3 
7.1228-3 
7.1500-3 

7.8600-3 
8.7300-3 
8.7343-3 

9.6880-3 

9.3900-3 
7.3183-3 
5.7246-3 
4-9325-3 
2.2600-3 

960.0000-6 

40-0000-4 

K ^ ^ ^ 

MU-BAR 

4-9231*3 

5.3360-3 

13.1709-3 

73.8294-3 
144.6980-3 

288*9720-3 

314.3440-3 
327.8011-3 
337-2640-3 
332.1660-3 
362-3770-3 

372-6110-3 
379.6781-3 
383-1730-3 
397.7956-3 
399.6440-3 

440.1790-3 
478.2520-3 
478.3748-3 
509.9110-3 
526.7023-3 

541.2920-3 
354.7647-3 
367.3412-3 
373.5143.3 
620.4370-3 

479.0130-3 
449.3480-3 
454.4480-3 
713.4460-3 
797.4440-3 

427.0150-3 

887.4590-3 

ENEMYfEvi 

§§§ 
967.2130*3 

1.0000*6 
1.2500*6 

!Hi 
2.2162*4 

^i5§ 
" ' M M ^ 

1-ST 

367*5480-3 

451.4022-3 

494.9110-3 

558-3330-3 
542.52?5-3 
523.7850-3 

354*3410-3 

562.4190-6 

2-N0 

0.0 *0 
41.7435-3 
47.0H1-3 
70.7122-3 

193.9*08-3 

148*4180-3 

22.2199-3 
2.3359-3 

373.1230-6 

3-TH 

0.0 *o 

228.3323-3 

329.2450-3 

303*3214-3 

124.9460-3 

30.5596-3 
3.1763-3 

0, 
13. 
t9. 

27. 
29. 
30. 
39. 
2B. 

166! 

4-1H 

,0 *0 

.4103-3 

!3871-3 
.3380-3 
.0l?9-3 
.1148-3 

.1532-3 

.0735-3 

113 

124, 
134, 

175! 

36, 
5, 

5-TH 

.5150-3 

!3277-3 
.3240-3 

.2669-3 

.3767-3 

.0371-6 

3l! 
35, 

14 

263! 

6-TH 

!o316-3 

.9321-3 

.5705-3 

.8170-4 

l! 

13 

n:! 

7-TH 

.0 *0 

9097-T 

.9348-T 

.4850-6 

-8 9 



JAEBI-M 5 75 2 

LEVEL PARAMETElXXl-ZERO) . 3.510E 03 
LE^EL SPACING 1.000E03(MfV) 

1.170E00(WEV) C W . 

0.397s 
0.60 

ENE.SY<EV, 

'tEE! 
so!oooo*3 

.'o!o000*3 

1.0070*4 

1.3000*4 

2!so00*4 

s!°sK 

!i:E:t 

TOTAL 

41-2743*0 

4-3541*0 

3i3922*0 

5-5234*0 
5.4240*0 
5.?S41*0 

§!§ 
7!l425*0 

4.0793*0 

fi^^O 

ELAST]C 

1^^:!! 

3.4550*0 

5-4ai3*o 

4.373**0 

s!2o23*f) 

4.7644.n 

?!2{,7a*n 

2!s797*0 

.NELASTK 

0 
a<,4 

l 

i 
t 
1 

l 
2 
2, 
2 
2 

2 
2 
2 

2 

2 

.0 *o 

.3790-3 

.2761*0 

.4221*0 

.3454*0 

.4559*0 

.0246*0 

!lH3*0 
.1423*0 

.0439*0 

.1417*0 

:S75S*S 

CAPTURE 

1.2700*0 

233'0O00-3 

102.00O0-3 

43.7000-3 

44-1000-3 
43.9737-3 
t7.9000-3 
16.3O00-3 

15.4000-3 

15.6641-3 

14.7000-3 
13.9000-3 

10.7000-3 

1HE 
10.0000-4 

MO-BAR 

4.47B3-3 
4.7134-3 
4-9234-3 
5-9167-3 
11.3414-3 

21.4436-3 
54.1943-3 

H2-0130-3 
192.9960-3 
237.7100-3 

241.1041-3 
322.5970-3 
346.O360-3 
3T0.7230-3 

3S5!l7S3-3 
416.0920-3 
443,3320-3 
445.2053-3 

510.2360-3 
570.1430-3 
417.7360-3 
453.2170-3 
494.6560-3 

432!s290-3 
7to.4640-3 

620.2120-3 
6*3.6710-3 

ENER5Y{EV) 

EsE^ 
°°f:EE 

2.0000*4 

ir.K:! 
"igHlt 

"t 

! 

5o3 

"' 

1-ST 

:^IH 

.3162*0 

§E'! 
:°^!!-3 

191 

297 
334 

216 

232, 

2-NO 

!3623-3 
.2170-3 

!3240-3 
,4360-3 

:Ĥ H 
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TAPLEA2 

LEVELPARAfETER(X[-/EM)-l-072E03 

" l ! 9 1 7 E 0 m ^ H E V ) C O M ! 

1-940E00(MEV) Con! 

0-742 
1.236 
1-311 

1-560 

1-657 
I.9I6 

7/2-
3/2-
9/7-
1/2-

13/7* 
3/2-
7/2-
3/2-
7/7-

E"E"SY(tH 

'°iH§ 

!T?§ 

747-2340*3 

1-2500*6 

1.3203*6 
1.4220*6 

l!3710*6 

1.9295.6 
1.9636*6 

3.0000*6 

^lioMO*! 

TOTAL 

23!7636<0 
14.1362*0 

7.7072*0 

jiiijg 
6-6465*0 

7^1213*0 

7!lltll*0 
7.0679*0 

6^9204*0 

5^2230*0 

4.69?0*U 

ELAST.C 

56.3799*0 

22.0836*0 
13.4542*0 

7.4322*0 

5.3101*0 
5.2376*0 

6'2373*n 

6-2633*0 

6-3216*0 

6-3753*0 

6.3372*0 
6.2287.0 
6.1211*0 

s!4150*n 

?.9862.n 
2.2175*0 

2-5703*0 
2.7117*0 

["ELASTIC 

0' 

177-
336, 
340' 

436. 

753! 

l! 

1. 
1. 

l i 
1, 

2. 
2, 
2, 
2 
2. 

2. 
2. 
2, 
2, 

0 *o 

'4240-3 
.6720-3 
6590-3* 
.6470-3 
'0630-3 

.3670-3 

!5olO-3 

.2593*0 

.3539*0 

.1691*0 
,2537.0 
.2340.0 
.1716.0 
.1566.0 

.0555*0 

CAPTURE 

'?:!S 

197.0000-3 

'35.0000-3 

131-4563-3 

133-O0OO-3 

147-0000-3 
166.3535-3 

133!3S55-3 

147.1294-3 

12?*2a27l3 

23-1000-3 
9.0600-3 

10.0000-6 

MU-BA8 

4-7115-3 
4.7467-3 
4.9726-3 
6.0179-3 
11.7193-3 

22-2323-3 

115.7110-3 
196.3030-3 
243.9730-3 

260.5730-3 
290-4460-3 
300.6220-3 
304-3726-3 

317-0310-3 
332.7210-3 
349-2710-3 
393.7913-3 
396-7930-3 

414.6981-3 
440.6187-3 

476!3542-3 
316.3070-3 

317.6092-3 

564i9234-3 
577.6490-3 

694.1760-3 
721.7290-3 

663lo360-3 
710.3930-3 

790.4160-3 
620.6390-3 
444.2220-3 

ENERGY(EY) 

747.2340.3 

1.0000.6 

1.32o3*6 

1-5710*6 

1.7500*6 
1.7533*6 

1.9295*6 

12-0000*6 

270.3074-3 

272.3020-3 
286-5730-3 

269.6571-3 

260-1020-3 

2t9.S7H-6 

144.7078-3 

373.7535-3 

434.7836-3 

17!!5n70-3 
38.0783-3 
6.4]25-3 

46.4551-3 

50.3509-3 

75.8963-3 
9.7244-3 

l62[23B6-3 

72J3116-3 

?!5053-3 

0.0 *0 

116.4112-3 36.3977-3 O-O *0 

128.0371-3 lo2.4olo-3 14.7730-3 27.0653-3 

-9 1 -
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wcLEus.. 

LEVEL PARAMETER(Xl-ZERO) . 2-387E 63 

"2.on:E0i<t'MEv'coM. 

l-noEoOMEV) COM. 

TANSENCYPOtNT J.... 3.482E OO(MEV) ra6. 

AOOPTEDLEVELS <"EV) 

1. 
2. 
3. 

3. 

7. 

4. 
LO. 

0.6964 

1.3099 
1.5600 
1.73a 

2.oes 
2.11 
a.lest 

ENERGY(Evl 

1.0000*3 
3.0000+3 
10.0000*3 

?00.0000*3 

!E:gES 

i!oooo+6 
1.2300+6 
1.3237*6 

1.5000*6 
1.3205*6 
1.3709+6 
1.7500*6 
1.7302*6 

2!o996+4 
2.1248*6 
2.2009*6 

2.2134*6 
2.5000*6 

6.0000*6 

nJoooo*6 

TOTAL 

73.3614*0 
41.2763*0 
24.6529*0 

11.O9H+0 
7.9002+0 

s!5035*0 

3.3234*0 
3.7561*0 

6.2769+0 

6.309?+0 

7.1071+0 
7.1233+0 

7.1625-0 
7.1369*0 
7.1431*0 

i:H+g 
6.7638*0 

^?,!:i! 
4.4081*0 

4^7720+0 

5.1375*0 

ELASTIC 

71.5214*0 
40.6543*0 
24.3539*0 
14.3123*0 

6.2721*0 

i!H 
s!3701-o 

!.-̂ E 

4.7769*0 

4.6656*0 

i^Es 
2.2301*0 

2.2678*0 

1NEL1STK 

930 

1 
1, 
1 
1 

2 
2 
2 
2 

2 
2, 
2. 

2 

2 
2. 
2 
2 

.94ti0-3 

.1211*0 

!3022*0 

.6843*0 

.7291*0 

.8864*0 

.9173*0 

!o634*o 
.0839+0 

!2341*0 
.1774*0 

.0633*0 

.0735*0 

.1623*0 

CAPTURE 

1. 
622 
299. 

135, 

68. 

7o! 
78 

49, 

43 

43 
43, 
42, 
38, 
38, 

37, 
36, 

33! 
32, 

32. 
27. 
14. 

600. 

2o! 
10. 

'3300*0 

.0000-3 

.0000-3 

.0000-3 

.0000-3 

,0000-3 

,7000-3 
.1000-3 
.3OOO-3 

.1029-3 

^1000-3 

.8000-3 

.2959-3 

.1063-3 

!3983-3 

!1000-3 
.1032-3 
,63o5.3 
.2726-3 

.0253-3 

.3000-3 

.0000-6 

!°°E 

MO-SAE 

4-6763-3 
4.7134.3 
4.9236-3 
5.91S7-3 

11.3616-3 

21.4436-3 
34.1963-3 

112.0130-3 
192.9980-3 

274!3330-3 
284.7770-3 
293.6410-3 
296.4633-3 

339.9610-3 

413!l370-3 

339.3708-3 
531.3226-3 
593.7450-3 
593.7758-3 

603.2956-3 

650^3999-3 
653.2776-3 
661.9762-3 

663.6333-3 

664.3400-3 

79o!o290-3 
320.2120-3 
843.8710-3 

ENERSYtEV) 

701.2760*3 

900.0000*3 
1.O00O+6 

1.3237*6 

1.5203+6 
1-5709+4 

1.7302*4 

2.0000*6 
2-0996+6 

2.2009*6 
2.2154+4 

8.0000+4 

13-0000+6 

1-ST 

1.1211+0 

1.30?2*o 

1.2645+0 

l!2o52+° 

842.4345-3 

163.1300-3 
?5.42'7-3 

2-NO 

O.O +0 

2os!4343.3 
270.1420-3 
243.3248-3 
244.3525-3 

24o!l329-3 

la!7321.1 

3-TH 

^ 3 ^ 4 6 9 ^ 

137.4501-3 

201.0390-3 
197.0340-3 

193.0004-3 

18l!o340-3 

l*!l064-3 

4-TH 

297.9270-3 

3o6!6862.3 

33?*6431-3 
330.7084-3 

323!4453-3 
301.55O0-3 
142.2780-3 

3-TH 

23o!659l-3 

232.9399-3 
233.3981-3 

12e!s470-3 
21.?832-3 

6-TH 

9.5506-3 

13.0036-3 

24.5702-3 
20.3498-3 

7-TH 

2.8616-3 

11.5133-3 
13.1614-3 
43.5041-1 
31.9273-3 

16 
19 
79 
63 
l'j 

8-TH 

.0 +0 

.1100-3 

.1784-3 

.4011-3 

.5057-3 

.7451-3 

.3220-6 

^ 

3, 

51 

9-TH 

.0 *o 

.3304-3 

.6628-3 

.3309-3 

-9 2-



NUCLEUS.. 

NEUTRON '..tPASATKM ENERGY 7.341E00<MFV) 

LEVEL PARAMETER(XI-'ERO) . 7-956E 02 

LEVEL DENSITY PARAMETER .. 1.463E OK1/HEV) TAG. 

PAIRING ENERGY t.laOEOOtMEV) TAG. 

NORMALIZATION FACTOR 2.142E 03(1/MEV) TAG. 

TANSENCYPClNT 4.714E00{MEV) TAG. 
3.427E0O'MEV! COM. 

AOOPTEC LEVELS (WEV) 

GROUNO 

0.07? 
0-749 
0.92 
1-054 
1.155 
1-39 

7/2-
3/2-
3/2-
5/2-
9/2-
3/2-
9/2* 
7/:-

ENERGY(EV) 

100-0000*0 
300.0000*0 

1.0000+3 
3.0000*3 
10.0000*3 

20.0000*3 

47:4661*3 
72.5009*3 

!E:EE! 
700-0000*3 

600-0000*3 

924.4000*3 

l!l430*4 
1.2500*6 
1.3997*6 

l!7300*4 

2.3000*6 

6!oOOO*6 

i:!oooo*6 
15.0000*4 

TOTAL 

7H.4076*u 

26^3400*0 
15.4593*0 

11.3641*0 
6.1475*0 
7.5446*0 
7.3965*0 
4.4766*0 

5.5^39*0 
5.4043*0 
5-3321*0 
5.7439*0 

4-2932*0 

4.7756*0 

4.9552*0, 

7^1734*0 

7.1762+0 
7.1971*0 
7.1314*0 

4.1254*0 
5.2972*0 

3.1714*0 

ELASTIC 

36.1266*0 

14.4143*0 

11.0341*0 

7.2674*0 
7.0442*0 

4.7572*0 

5-1306*0 
S.212a*n 
5-2421*0 
5.4194*0 
5.4200*0 

5.4214*0 

5.4360*0 

5.3441*0 

iiinE 
l.EE 
2!s214+0 
3.0021+0 

iNELASTIC 

0.0 +0 

5Tl!472o-3 

711!5970-3 

644.7140-3 

.1-0433*0 

1-1259*0 
1.1455*0 
1.2249*0 

i::^:2 
1.7277*0 

1.7377*0 
1.6277*0 

2i2611*0 

2.2323*0 

2.0725+0 
2.0679+0 
2.1494+0 

CAPTURE 

45-2000*0 

5.6400*0 
2.1600*0 

643.0000-3 

264.1650-3 

123-0000-3 

121.21al-3 
123-0000-3 

126.6697-3 

116.3273-3 

96.0076-3 

94.9661-! 

17.1000-3 

10.3000-3 

MioOMl' 

MU-8AR 

4-4433-3 
4.4741-3 
4.6756-3 
5.6013-3 
10.9020-3 

20.4011-3 
53.4253-3 
75.6199-3 

117!s340-3 

245^2340-3 

314.0170-3 

346-3490-3 
356.9142-3 
347-4420-3 

394.1600-3 

434!4375-3 
461.7173-3 

523.4946-3 

552!7240-3 
617.4270-3 

724.3510-3 
714.3510-3 
645.6460-3 
710.1370-3 
746.6230-3 

619.1160-3 
643.0220-3 

ENERGY(EV) 

67.4441+3 
72.3009+3 
100.0000+3 
200.0000*3 
300.0000*3 

400.0000*3 
300.0000*3 
600.0000*3 
700-0000*3 
734.2100*3 

600.0000*3 

924.4000*3 
*-0000+4 
1.0613*4 

1.1430*4 
1.2300*4 
1.3997*4 
1.4097*4 
1.5000*4 

1.7300*4 
2.0000*4 
2.5000*4 
3-0000*4 

1-ST 

3.7457-3 
37.1275-3 
96.2419-3 
133.2560-3 

209.1720-3 
259.3960-3 
301.6730-3 
333.9660-3 
341.4304-3 

346.4140-3 
353.4730-3 
333.4907-3 
344.;:?0-S 
342.2357-3 

3.31.4400-3 
322.2620-3 
291.4713-3 
2-9.6234-3 
271.4640-3 

196.4370-3 
134.1430-3 
39.9297-3 
27.3217-3 
4.4006-3 

334.7450-3 
352.1430-3 
554.3340-3 

629.3160-3 
670.5900-3 
707.3340-3 
704.3693-3 

709.2420-3 

700.1333-3 
441.4900-3 
442.3642-3 

41o.7!27-3 

314.6367-3 
312.3432.3 
472.0490-3 

325.4290-3 
212.1110-3 
47.4514-3 
39.1341.3 
4.6427-3 

70.1449-3 
113.9490-3 
124.3034-3 

162.7234-3 

167.9660-3 
209.3B60-3 
324.1301-3 
224.3990-3 
240.3930-3 

207.6640-3 
15).2970-3 
70.1465-3 
32.1907-3 
7.5014-3 

192J2510-3 
222.7439-3 

273.3617-3 
314.4310-3 
342.0146-3 
343.7247-3 
339.0370-3 

274.7740-3 
194.9240-3 
64.1131-3 
37.4434.3 

0.0 +0 

20.4443-3 
34.3044-3 
34,4364-3 
33.7344-3 
63.6144-3 

76.1665-3 
71.74)1-3 
40.4401-3 
19.9736-3 
4.9073-3 

109.2140-3 
147.2246-3 0.0 *0 
149.7617-3 6.9326.3 
172.7020-3 69.0731-3 

143.1150-3 
142.6970-3 
67.1046-3 
44.9523-3 
12.6444-3 

94.9411-3 
97.2374-1 
41.6437-3 
31.1493-5 
7.4443-3 

417.7720-4 560.9421-6 4n4.3260-4 393.7401-6 323.5740-6 944.4349-6 493.437H 
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T^BLE A 2 ' 23 

AOOPTEDLEVELS <MEV) 

0-0911 
0.4105 

0-5310 

oits^ 

5/?' 
3/?* 

5/2* 
3/:* 
5/7* 

ENE^y.EVi 

'1:EÊ  

9l!7251*3 

13'3170*3 

§§!̂  
1.2500*6 

l!75oO*6 

j^EE 

^ M M . ' 

TOTAi. 

l§i?§ 

7!l732*0 

StSK 

ggs 
7.0o2o*0 

7!l824*0 

4^7743*0 

sj^IS 

ElAST.C 

:;:?KE 

6.2122*0 

4.8573*0 

1H§ 
:.E;ii 

4*4355*0 

3.3163*0 
2.5642*0 

^M^IK 

INELASTIC 

342 

533 
592, 

75s. 
773' 

1' 

- 1. 

l! 

2. 

2. 

2! 

2. 

.0 *0 

2670-3 
.7600-3 

.0228*0 
'1607*0 

!7-05*0 

.2715*0 

!2o50-0 
.1710*0 

.1193*0 

:^2t:s 

CAPTURE 

2.6200*0 

^:!Eo^ 

391.2953-3 

379-46S4-3 

112.0000-3 

79.1000-3 

30-7000-3 

230I0KE 

20.0000-6 

"U-8AR 

4-5327-3 

5*7605-3 

52.5714-3 
100.7603-3 
110.3170-3 
199.2230-3 

305.6732-3 

313-5937-3 
339-0370-3 

363.2225-3 
364.3244-3 

365.7300-3 

443.7030-3 
479.4730-3 

609.9230-3 
443.1350-3 
673.5570-3 

705.1120-3 

6S5.2750-3 

337*7220-3 

413.3170*3 
492.6570*1 

1.7500*6 

533-3230-3 
592.4230-3 

519.5610-3 

577.4778-3 
526.9272-3 

339.8230-3 

152.1970-3 

122.2650-3 
94.7402-3 

99.3778-3 

0.0 *0 
58.8?72-3 

7l!5?20-3 
85.1996-3 

58.9546-3 
45.7082-3 

83.7652-3 

182*9260-3 

346.2110-3 
358.8210-3 

225.4850-3 

117.7280-3 

123*5670-3 

lOl*8330-3 

175!94t0-3 

93.5494-3 

67.7079-3 

127*5960-3 

11.0518-3 
17.0716-3 
36.7265-3 

31.2651-3 
8l.3?97-3 

1*8.7600-3 

94-
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o a ^ 
o!,9M 

0.925 

1.029 
1-034 
1.065 
1-077 
1.103 
1-146 
1.180 

7/2-
5/2-
3/2. 

3/2. 
13/2 
11/2 
1/2-

11/2 
5/2 
5/2-
7/2. 
9/2. 

H/2-
7/2. 

ENE"6Y{Esn 

3^0000*3 

!^§ 
JEE§ 
H^§ 
"SH 
1.0612*6 
1.0723*6 
1.06***6 

l!l740*6 

1.5000*6 
1.7500*6 

iiEi! 
iiiE!! 

TOTAL 

55.4460*0 

7.5639*0 

3-6717*0 

6.6722*0 

6.9625*0 

7.0629*0 

7.1274*0 

7^1789*0 
7.2364*0 
7.1906*0 

7.0769*0 

5^3410*0 

4.7203*0 

ELASTIC 

26!3351*0 

6.7127*0 

5.251!*" 

5-0332*0 

5-1774*0 
5.1655*0 

5-1042*0 

5-1603*0 
3.1751*0 

5.1726*0 
5.1665*0 

5.1174*0 

i:s?E 

3^2439*0 
2.3772*0 

2]71o4*n 

INELASTIC 

463, 

365 
Mr 
757 
631 

927 

1' 

1' 
1, 

1, 

1. 

1. 
1 
2, 

2. 

2! 

2 

2 

2-

2! 

2, 

.0 *o 

.3320-3 

.1750-3 

'3760-3 

'0160-3 

'7050-3 

'2716*0 
.2746*0 

'3906*0 
.4739*0 
'5035*0 

'5621*0 

.6034*0 
,6215*0 

!7903*0 

!9l84+o 
.1172*0 

.2435*0 

!263s,o 
.2617*0 
.2511*0 

.2231*0 
,1513*0 
,1319*0 

!2366*0 

CAPTURE 

Î E:̂  

546.5405-3 
440.21S5-3 

394.0000-3 
373-0000-3 
363.0000-3 

296-0000-3 

293-B143-3 

273.9976-3 

256.6398-3 
246-9703-3 

240-5118-3 
234.9413-3 
233.1499.3 
223.2768-3 
207.9607-3 

204.4161-3 
199.5300-3 

74.5000-3 

2.2200-3 

M i M M -

MU-6H 

4-3614-3 
4.6100-3 
4.7624-3 
3.5866-3 
9.9872-3 

16.1432-3 
44.4270-3 

111.006O-3 
173.7447-3 

176.79*0-3 
225.3890-3 
256-3630-3 
280-1980-3 
302-4210-3 

325-1620-3 
332,4247-3 
347-8960-3 
349.2o34-3 
372'0260-3 

398-3910-3 

434.7403.3 
442-9374-3 

452.2949-3 
454.4033-3 
460.6867-3 
470.5988-3 
494.1298-3 

499.3604-3 
304.4283-3 
322.3240-3 
391.3310-3 

712.7440-3 
72T.3350-3 
725.5540-3 
484.2150-3 

723.4300-3 
791.6440-3 
420.043O-3 
843.1390-3 

ENERSYtEV) 

122-0320*3 

400.0000*3 

_530.O00O*3 

700.0000*3 

800.0000*3 

804.^610*3 

1.0000*6 

1.0139*4 

1.0612*4 

1.0844*6 

1.1106*6 

1.2062+6 
1.2500+6 

1.5000*6 

3.0000*6 

4.0000*4 

11.00011*4 

12.0000*6 

1-ST 

0.0 *0 

532.2040-3 

582.1810-3 

448.9070-3 

468.6102-3 

452.9680-3 

442.1380-3 

587.2437-3 

566.8604-3 

506-5171-3 

458-3230-3 

320.0900-3 

62.5475-3 
78-3474-3 

5.8092-3 

2-ND 

125.1740-3 

175.4940-3 

297.3740-3 

297.6431-3 

314.6860-3 

311.2379-3 

292.7532-3 

285.8870-3 

240.2739-3 
249.3190-3 

188.5480-3 
132.6870-3 

42.27M-3 
19.6645-3 

4.1317-3 

305. 

307. 
312, 

359. 
370. 

368. 
364. 

359, 
357 

353 

337, 
330, 

260 

124 

24, 

s 
273, 

3-TH 

.5260-3 

.4226-3 

.1592-3 

.5010-3 

.5701-3 

.4720-3 

.4546-3 

.1545-3 

.2327-3 

.0435-3 

.7147-3 

.5110-3 

.8590-3 

.1570-3 

.1790-3 

.8402-3 

.1140.3 

.4880-3 

0 

40 
44, 
56 

59. 
42. 

48 

71 
76 

8? 
87 

96 

4? 
34 
14 

1 
158. 

4-TH 

.0 *0 

.9207-3 

.5145-3 

.3378-3 

.9392-3 

.4972-3 

.48 35-3 

.0784-3 

.1020-3 

.3602-3 

.2040-3 

.4934-3 

.8475-3 

.6542-3 

.6003-3 

.6175-3 

.2130-6 

5-TH 

29.0521-3 

47.8165-3 

49.0522-3 
51.3196-3 
53.2557-3 

35.3130-3 

57.6387-3 
63.2733-3 

70.0243-3 

59.7006-3 
47.9367-3 
37.8011-3 
22.5395-3 
13.0570-3 

4.0493-3 
279.5590-4 

56, 

40, 
42, 

65 
44 

49. 
74, 
74, 
76. 
61, 

77 

51 
29, 
14, 

1, 
301, 

4-TH 

.7361-3 

.0302-3 

.4352-3 

.5774-3 

.0093-3 

.9015-3 

.2113-3 

.0813-3 

.9614-3 

.3592-3 

.5039-3 

.1318-3 

.3851-3 

.3754-3 

.7019-3 

.2370-4 

0 

2 
3 
4 

6 

10. 
10. 
12, 
14. 

24 
26, 
25 
15 
7 

1, 

79, 

7-TH 

.0 *<! 

.3924-3 

.9751-3 

.4716-3 

.4313-3 

.0773-3 

.2174-3 

.8434-3 

.8970-3 

.3104-3 

.7444-3 

.7744-3 

12 

19 
35 
39, 

35 

42 
54 

28 
15 

4, 
297, 

6-TH 

.5489-3 

.4405-3 

.4131-3 

.4454-3 

.9995-3 

.9329-3 

.6340-3 

.1211-3 

.5283-3 

.7443-3 

.5448-3 

2 
4 

12 
29 
32 
3s, 
49, 

54, 

24. 
14, 

3, 
231, 

9-TH 

.0171-3 

.4166-3 

.7982-3 

.9615-3 

.1913-3 

.0434-3 

.6448-3 

.9722-3 

.9976-3 

.7385-3 

.9939-3 

95 



JAERI-M 5 7 52 

LEVEL PARAMETER(X[-ZE80) . 1-234E o2 
LEVEL SPACING 3.2O0EO0<WEV) 
LEVELoENSiTY PARAMETER..1.983E01(1/MEV)TA0. 

NORMALIZATION FACTOR 2.636E 03(l/MEv) TA&. 
TAN^ENCY POINT 4.727E OO(MEV) TAG. 

ADOPTED LEVELS (MEV) 

1. 
2-
3. 

3. 
6-
7. 

a* 
.0-

0-0223 
0.2772 
0-2337 
0.3502 

0.5266 
0-3563 

7/2-
5/2. 
3/2. 
9/2-
3/2. 
1/2. 
3/2. 
5/2* 
9/2. 
3/2-

ENERGY{EV] 

io!oooo*3 

22!n23*3 

279.0770*3 
237.4340*3 

352.5710*3 

400-6940*3 

332-1740*3 
342.0790*3 
549-9320*3 

E:E§ 
'IEEi 

6!0000*4 

6.0000*4 
10.0000*4 

TOTAL 

143-3730*0 

13.9929*0 

7!4974*0 

5.9392*0 
5.9133*0 
5-4739*0 

3-9123*0 

4-1524*0 
4-2179*0 
4-2346*0 

4.3007*0 
4-3984*0 

4!5211*0 

7.22so*o 

7.2255*0 

ijiig 
s!o734*0 

ELAS7IC 

32-3730*0 

11.9729*11 
11.7643*0 

4.0604*0 

4.4320*0 

4-3313*0 

4.4574*0 
4-4722*0 

!:Es 
4.7833*0 
4.6214*0 

4^0127*0 

2.7523*n 
2.6774*0 

INELAS7IC 

963.0710-3 
734.7940-3 
637.9440-3 

634.6490-3 
856.2960-3 
447-4290-3 

1.0053*0 
1-H36*0 

1-1143*0 

1-3121*0 
1.3762*0 
1-3930*0 

1.4565*0 
1.5536*0 
1.5779*0 
1.6793*0 
1.6730*0 

2.0211*0 
2.1437*0 
2.2947*0 

2.3134*0 
2.2451*0 
2.2777*0 

2^2648*0 

2.2344*0 
2.1633*0 
2.1636*0 

CAPTURE 

13)-0000*0 
36.3000*0 

3.3000*0 

2.0200*0 

678!oOOO-3 
551.0000-3 

46s!9612-3 
437-0000-3 

400-8407-3 
361.0000-3 
366-2407-3 
337.4823.3 

345.0000-3 
327.3473-3 
323.4333-3 
308.0000-3 

:̂ :EE 
83.5000-3 
36.9000-3 

16!soO0-3 

H§§ 

MU-8AR 

4-3204*3 
4.3507.3 
4.7327-3 
5.5804-3 

10.2063-3 

18.7354.3 
21.8872-3 
54.1789-3 

l89!8250-3 

238.7464-3 

231-6930-3 
274.1474-3 

322.3040-3 
332-4471-3 
342.2931.3 
344-7890-3 

354.3010-3 
370.0131-3 
373.5354-3 
349.4910-3 

440.1420-3 
493.2410-3 
363.3760-3 
420.0080-3 
639.2170-3 

646.3T10-3 
717.0760-3 
724.7620-3 
723.9470-3 
667.3670-3 

727.0190-3 
793.8090-3 
823.5710-3 
844.0940-3 
887.2220-3 

CROSS SECTION FOR EXCITATION OF LEVELS 

ENERGY(EV) 

22.6323*3 
30.0000*3 

279.0770*3 

287.6340*3 
300.0000*3 
332.3710*3 

400.4940*3 

300.0000*3 
332.1780*3 
562.0790*3 
369-8320*3 
600.0000*3 

644.3330*3 
634.4000*3 
700.0000*3 

1.0000*6 

1.7500*6 

2.3000*6 

11.0000*6 

963!o710-3 

637!94ao-3 

397.3619-3 
391.4630-3 
575.3489-3 

360.4339-3 

538.4130-3 

331.3663-3 
524.0H0-3 
314.6770-3 

490.1166-3 
484.4941-3 

.362.3940-3 

343.4340-3 
233.2310-3 
179.9320-3 
123.6l?0-3 

43.1220-3 

16.9142-6 

13.4743-3 

47.3877-3 

60.5921-3 

90.6420-3 

96.3621-3 
100.9290-3 

106.9494-3 

114!3540-3 
126.2340-3 

133.10S0-3 
117.5620-3 

24.6531-3 

3!3348-3 

11.4031-6 

262.8220-3 
366.2812-3 
439.6210-3 

324J2076-3 
327.9443-3 
327.9264-3 
327.7010-3 

327.4421-3 
527.3633-3 
327.1170-3 
302.9070-3 
449.2070-3 

432.6690-3 
324.7310-3 
229.0290-3 
136.4190-3 
106.7030-3 

5n.0210-3 
23.9337-3 
3.6665-3 

349.7790-6 

33J0495-3 
33.2426-3 

36.0394-3 
42.9428-3 
47.3043-3 
68.4636-3 
72.9670-3 

79.3177-3 
61.0033-3 
87.7432-3 

113.3130-3 
107.7740-3 
48.3349-3 
47.4717-3 
49.9873-3 

24.12a3-3 
13.2488-3 
3.2394-3 

0.0 *0 

13.0071-3 
14.8097-3 
16.4848-3 
16.9192-3 
16.4092-3 

21.3542-3 
22.2234-3 
25.2544-3 
31.7277-3 
36.8727-3 

29!:<i49-3 
22.5923-3 

12.4944-3 
6.5907-3 
1.6743-3 
96.3804-6 
3.8876-6 

12.0797-3 
H.2116-3 
27.3993-3 

33.1898-3 
34.5044-3 

53.0010*3 
44.3926-3 

73.8472-3 
42.3243-3 

6o!ll87-3 
43.7517-3 

24.3601-3 
12.4430-3 
3.0791-3 

0.0 *0 
11.1413-3 

64.4693-3 
67.2254-3 
77.6977-3 

119!5960-3 
112.2760-3 

0.0 *0 
141.4970-3 

177.2044-3 
185.3178-3 
222.03O0-3 
246.4350-3 
234.4690-3 

236.2610-3 
230.1330-3 
162.4390-3 
133.7960-3 
94.4784-3 

49.7186-3 45.3432-3 
27.9972-3 21.4773-3 

0.0 *0 
13.3353-3 
74.6443-3 
95.2119-3 
104.7930-3 

113.1220-3 
121.4910-3 
111.3710-3 
89-4377-3 
67.3159-3 

34.7697.3 
17.2134-3 
4.1421-3 

241.2110-6 
15.3991-6 

- 9 6 -
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42-SM-151 

LEVELPARAMETER(Xl-:ER0).3.820E 
LEVELSPACIMG 1.300E 
LEVEL0ENS[TYPARAHETfR..2.t26E 

2'132E 
PAIRtNGENEPGY 1.220E 

2..320E 
NORMALIZATION FACTOR 2.884E 

5-607E 

01 

om'MEY)TAG. 
OH1/MEV) COH-

03<1/MEV)TAG. 

2-
3. 

5. 
6' 

:̂ 
n-

0.06582 

0.09163 

0.1677! 
0-16839 

0-3067 
0.3239 

3/7-
7/2-
3/2. 
5/2-
1/2* 
3/2-
5/2* 
?/?-
7/2. 
3/2. 
3/2. 
7/2+ 

ENERGY(EV) 

^ ! : E ^ 
10.0000*3 

103-5500*3 

149-3150*3 

210.3760*3 
300-0000*3 
3oS.7490*3 

307-1740*3 
352.33-0*3 

50o!o000*3 
600.0000*3 

700.0000*3 

900.0000*3 
1.0000*6 
1.2300*6 

1.3000*4 
1.7300*6 

3.0000*6 

4.0000*6 

12.0000*6 

TOTAL 

32.7372*0 
31-6322*0 

13.44a2*0 

6.7501*0 

7-4091+0 

6-1965*0 

5'9113*0 

5'9234*o 

5-9331*0 

4^1333*0 
4.3376*0 

6.31)04*0 

7.2s3o*0 

7.3269*0 
7.2643*0 
7.1371*0 
4.7469*0 

3.5343*0 

4.9732*0 

5.1296*0 
3.3711*0 

ELASTIC 

24.7673*0 

Ê 
!H 
3-7709*0 

3-6442*0 
3.4479*o 
3-6544*0 

3-6607*0 
3.4421*0 
3.4708*0 

4.3371+n 
4.4743*0 

4.7660*0 
4.7tt6l*n 

3.2327*0 

2.3700*0 
2.4475*0 

2.9152*0 
3.1o7!*o 

INELASTIC 

!.§!§ 
1.7471*0 

l.S692*o 

1-9026*0 

1-9133*0 
1.9223*o 
1-9364*0 

1-9539*0 
1.9581*0 
1.9973*0 

2.1slO*0 

2.2432*0 
2.3223,o 
2.3587*0 
2.3793*0 
2.3674*0 

2!27al*° 

2.2266*0 
2.2343*0 

2.2429*0 
2.2768*0 

2^1774*0 
2.1a21*o 

2.2144*0 
2.2<,34*0 

CAPTURE 

3-9500*0 

[:§:° 
1-0207*0 

624.3624-3 
421'78l8-3 

323'0000-3 
497.7953.3 
352-0000-3 
345.1316-3 
332-4407-3 

318-4671-3 
313.2601-3 

234!oOOO-3 
247.0000-3 

237.0000-3 

23l!oOOO-3 
228.0000-3 

218.0000-3 
2o2.0000-3 
182.0000-3 
137.0000-3 
loo.0000-3 

42.7000-3 
3.O70O-3 

13o!oOOO-4 

30.00C.-4 

MU-6AR 

5-5563-3 
7.1877-3 

22^4891-3 

84.7990-3 
93.3736-3 

229.0379-3 
229-8757-3 

267-7140-3 
274.472o-3 
332-8450-3 
336.3037.3 

351-4943-3 
353.5336-3 
372.3780-3 
399.2070-3 
423.4930-3 

474.3990-3 
301.0760-9 
527.0130-3 
3S3.2S90-3 

631.3210-3 
663.4450-3 
690.1070-3 
718.7830-3 
729.5290-3 

723.2020-3 
687.0740-3 
730.0610-3 
799.0620-3 
826.4740-3 

848.5560-3 

ENEPGY(EV) 

4.8522*3 
10.0000*3 
20.0000*3 
50.0000*3 
66.2397*3 

70.1434*3 
92.1414*3 
100.0000*3 
103.5300*3 
168.8400*3 

169.3150*3 

300-0000*3 
306.7490*3 

326.0640*3 

332.3360*3 

500.0000*3 

600.0000*3 
700.0000*3 

1.0000*6 

1.25nO*6 

2.5000*4 

3.0000*6 

10.0000*6 

11.0000*6 

1-ST 

0.0 *0 

1.2134*0 
1.0583*0 

1.0213*0 
811.9704-3 
737.1170-3 

334,3123-3 

532.3237-3 

374.5730-3 
372.9223-3 

349.6555-3 
345.6727-3 

355-7060-3 
352.7420-3 

346.5410-3 

377.0340-3 

289.1060-3 

232.6450-3 
177.3330-3 

93.3TS0-3 
44.4404-3 

2o.lO'2-3 

0 

39 
241. 

334. 
272 

272 

" 7 
224 

218, 

210. 

193. 

195. 
193, 

t"7' 
180. 

153, 
122. 

48. 
33. 

14. 

73. 

2-NO 

.0 *0 

.3970-3 

.0549-3 

.3230-3 

.6734-3 
,7331-3 

.0704-3 

,3390-3 
.4613-3 

.7460-3 

.8275-3 

.5100-3 

.0900-3 

.3630-3 

,3140-3 

.6700-3 

.4607-3 

.4436-3 

.9868-3 

2167-6 

n 
507 
689 
677 
336 

535 
467 

373 

364, 
354, 
332 
374 
309, 

30'. 

277. 
257. 

712. 
145, 
123. 

42, 

19. 

3-TH 

.0 *0 

.9138-3 

.5450-3 

.2090-3 

.5337-3 

.0333-3 

.2376-3 

.4842-3 

.1849-3 

.8451-3 

.0711-3 

.4480-3 

.9510-3 

,3470-3 
.3450-3 

.2570-3 

.3920-3 

.4590-3 

!29T§-3 
.8406-3 

.1179-3 

20 
21 
31 

31 
34 
37 
44 
44 

45, 
44. 
44. 
42. 
44. 

45, 
44, 
45, 
43, 
41, 

34. 
3o. 
24. 
19. 
11, 

s, 

34. 

4-TH 

.1031-3 

.0017-3 

.2484-3 

,3574-3 

.3483-3 

.4346-3 

.2474-3 

,3oll-3 

.3384-3 

.229I.3 

.5273-3 

.9887-3 
!2867-3 
,4544-3 
,8701-3 
.9173-3 

,21a4.3 
.3638-3 

6900-3 
.2153-3 

,7124-3 
,2235-3 

0 
270 

273 

397 
343 
339 

331, 
322, 
M O . 
298 
283. 

260. 
274. 
249, 
260, 
247, 

207, 
162. 
122. 
68. 
42. 

18. 

97. 

5-TH 

.1749-3 

.0364-3 

.1920-3 

.7000-3 

.7679-3 

.9858-3 
!498l-3 
.1772-3 

.6370-3 

.3030-3 

.4060-3 

.9920-3 

.2980-3 

.9150-3 

.5840-3 

.3120-3 

.4142-3 

.4934-3 

.9759-3 

.3494-3 
,5710-4 

0 

3 
145 
147, 
168 
165 

140, 
154. 
152, 
138, 
133, 

124. 
124. 
118. 
112. 
M S . 

89. 
73. 
54. 
44. 
25. 

13. 

6-TH 

.0 *0 

.1454-3 

.3682-3 

.00 70-3 

.4380-3 

.3338-3 
,1533-3 
.6390-3 

.04 30-3 

.7190-3 

.0170-3 

.3580-3 

.1020-3 

.7410-3 

.4318-3 

,0914-3 
0706-3 
.7180-3 

,0814-3 
,8633-3 

7-TH 

0.0 *0 

170.1520-3 
206.1710-3 
207.4256-3 

209.9084-3 
212.9338-3 

220.5110-3 
234.0250-3 

244.7380-3 

253.7330-3 
250-l42o-3 
242.1930-3 

207.5290-3 

123.2170-3 

42.9107-3 

19.3791-3 
3.5641-3 

. " 168 
170 

175, 

iBl. 
193, 
209, 

221 
231, 
235, 
234, 
229, 

200, 

121. 

42, 

19, 

107, 

S-TH 

.3256-3 

,0719-3 

.5154-3 

.2040-3 

.1140-3 

.5680-3 
!ol50-3 

.9320-3 
,8020-3 

,682o-3 

.8562-3 

.4750-3 

,1994-3 
!5386-3 
,2070-6 

0 

17, 
38, 
43 
91, 

101. 

108, 
lis! 
122, 
127, 
130, 

125, 
107. 

63. 
31. 

14. 

70, 

9-TH 

.0 *0 

.2753-3 
,3370-3 

.3750-3 

.3410-3 

.5200-3 

.0510-3 
,1280-3 

.5923-3 

.5715-3 

.2244-3 

.5421-3 

.4249-6 

97 
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' A B L E A 2 - 2 7 

NUCLEUS...43-EU-153 

LEVEL PARAMETfR(X]-ZER0)-2-483E 
4.966E 

LEVEL SPAc'NG 1.300E 

2-482E 
PAIRING ENERGY 1.100E 

0.0 

TANGENCY POINT 4.3S0E 
3-474E 

ADOPTED LEVELS (HEV) 

1. 

3. 

3. 

7. 

9-
If)' 
11. 
12-
13. 

0-08337 

0-1031S 
0.15161 
0-17283 

0-263 

0-4364 
0.662 
0-6943 

3/2* 

5/2-
3/2* 
7/2-
3/2* 
9/7* 
7/2* 
1/7-
3/2-
5/7-
1/2-
3/2. 

OOtwEvl 
01 
01 
OOtMEV) 
00 
OKI/MEV 
0H1/HEV) 

t"EV) 

OOtMFV) 

ABOVE O-lMEv 
BELOW 0.1MEV 

TAG. 

TAG. 

TAG. 

COM. 

ENERGY{EV) 

100'0000*0 

100.0000*3 

103.6590*3 

200-0000*3 

249'7470*3 

600'0000*3 

636'7840*3 

700-0000*3 

711.0370*3 

1.0000*6 

1.2300*6 

2.5000*6 

3.0000*4 

10.0000*4 

11.0000*4 

TOTAL 

7.3342*0 

7.7777*0 
7.0439*0 

4-3700*0 

6-1220*0 

6.1371*0 
6'3964*0 

4-4slS*0 
6.4354*0 
4-3337*0 

4-6127*0 

6.6341-0 

7.1017*0 

7.2963*0 

6.3359*0 

6.4233*0 

4.6252*0 
4.3244*0 

4.9809*0 

5.3330*0 

ELASTIC 

29.8210.0 

8.5247+0 

5.9713*0 

3.9149*0 

4-1140*0 

3-3990*0 

3-7779*0 

4-0070*0 

4-0430*0 
4.0657*0 

4'1515*0 

4.1662*0 

4 ^ ^ ^ 

4.5093*0 

4.7097*0 

4.7332+0 
4.4559*o 

4.0792*0 

2.4208*0 
2.3679*0 
2.6295*0 

2.7742*0 

3.1154*0 

INELASTIC 

636.1200-3 
722-9090-3 

753.7440-3 
1.1555*0 

1.5027*0 
1'5479*0 

1-4499*0 

1-8744*0 

1-9030*0 
1.9043*0 

1'9432*0 

1.9334*0 

^oi^S 
2.1155*0 

2.2026*0 
2.2366*0 
?.?57!*0 

7.2700.0 

2.2635*0 
2.2903*0 

2.2371*0 
2.1949*0 

2.2067*0 
2.2436*0 
2.2476*0 

CAPTURE 

32.0000*0 

1.6900.0 
1.2594*0 
1.1527*0 
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Appendix 3. Graphical Display of the Cross Sections. 

The cross sections obtained in this workare shown in Figs. A.3(a)-1 

toA.:(c)-28. Theneutroncapture cross sections of Mo-95,Mo-97,Tc-99, 

Ru-102, Ru-104, Rh-103, Ag-109, Cs-133, Sm-147, Sm-149andEu-lS3are 

compared with the experimental data,^ ^ in Figs. A.3(a)-1 through 

A.3(a)-ll. InFigs. A.3(b)-1 to A.3(b)-28, the capture cross sections 

obtained in this work are shown with the evaluated cross-section curves of 

EMDF/B-3^, UKNDL^andBenzietal.^*^ Symbols B ^ J a n d U i n Figs. A. 

3(b)-l through A.3(b)-28 stand for Benzietal.,ENDF/B-3,JNDC and UKNDL, 

respectively. The curves in the original figures couldbeidentifiedby 

different colours, whichhadbeenprovidedbytheprogramSPHNT. ^ 

whomightfinddifficulties.in identifying the curves. 
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