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1. INTRODUCTION

This report describes the evaluation of Ag-107, Ag-109 and
Cs-133 for the Evaluated Nuclear Data File, Version III (ENDF/B-III).
The choice of the several pieces of experimental data used in the
evaluation and the justification for such a choice are discussed in this
report. The energy range covered by these evaluations is from lO_SeV
to l.5x107eVu The experimental data has been supplemented by the
results of nuclear model calculations in the energy regions where
such data were not available. These codes and the results of their

calculations are described in the following pages.

2. LOW ENERGY CROSS SECTIONS

.1. Resolved Resonance Parameters:

Ag-~107, Ag-109

The most extensive measurements of the resonance parameters

()

on the separated isotopes of silver are due to Muradyan and Adamchuk
These authors give the resonance parameters of Ag-107 up to 915 eV and

for Ag-109 up to 903 eV. We have made use of these parameters as

(2)

well as those recommended in BNL-325, 2nd Edition. Resonance spins

where available are indicated as given in the latter reference. The
gamma widths given explicitly in BNL-325 for some resonances have been
used; otherwise we have set T = 0.140 eV. The nuclear radius used

for Ag-107 is 0.71365){10_12 cm. which gives a Gp = 6.4 barns; a value

(3)

obtained in the measurements of Shull and Wollan. This experimental
value also agrees with the measurements of Zimmerman and Hughe§4) who

obtained op = 6.5+t0.5 barns. The nuclear radius used for Ag-109 is



(5)

O.63x10-12 cm a value given by Chrien from an analysis of the
transmission data on low energy resonances. It is quite possible that
some of the resonances given are p-wave resonances. However, since
none of them has been specifically identified as such all the resonances
have been grouped ‘together as s-wave resonances. The resonance

parameters for these two silver isotopes are shown in Tables I and II

respectively,

Cs=-133

We have used the resonance parameters of Cs-133 as given by
Garg, gg_il.(6) The measured resonances extend up to an energy of
3.5 keV. The assumed value of f& was 0.110 eV. ©None of the resonance
spins are known. Hence, we have put the resonance spins as 7/2; the

spin of the target nucleus, The nuclear radius used here O.75166x10_12cm.

Which corresponds to a OP = 7.1 barns as measured by Shull and Wollan(3).
Since none of these resonances has been designated as p-wave resonances

we have listed all of them as s-wave resonances. The Cs-133 resonance

parameters given in Table III.

2.2. 2200 m/sec Neutron Capture Cross Section

Ag-107, Ag-109

We have used a value of 92 barns for the 2200 m/sec neutron
capture cross section for Ag-109 as suggested by Walker.(7) The
contribution to the capture cross section from the resonance parameters
is 89.96 barns and we have added the difference as a l/v contribution.
For Ag-107 we have used a value of 36.8 barns for the capture cross
section. This value was obtained by taking 63.4 barns for the capture
() and

cross section of natural silver as measured by Tattersall, et al

calculating the contribution of Ag-107 by assuming 92 barns for Ag-109.



In the case of Ag-107 the resonance parameters contribution 2.56 barns
for the capture cross section and the difference has been added on as
a 1/v contribution.

Cs~133

€))

The thermal capture cross section recommended by Walker for
this nucleus is 29.5 barns. We have used this value in the evaluation;

this is made up of 16.06 barns from the resonance parameters and the

rest being added on as a 1/v contribution.



3. HIGH ENERGY CROSS SECTIONS

3.1. Optical Model Parameters

The high energy cross section data available for these nuclei consists
~f capture and total cross section measurements over limited energy
ranges with a few values of the (n, particle) reaction cross sections.
Hence, the gaps in the experimental data have to be filled by nuclear
model calculations. Therefore, one has to decide on a set of optical
model parameters suitable for the nuclei under consideration. Such a
choice of optical model parameters was made by fitting the total cross

(9

section data of Foster for natural silver and cesium between 2.5 -

15.0 MeV. It is found that the optical parameters of Wilmore and Hodgson(lo)
give total cross sections which agree quite well with the experimental
data. The calculations were done with the ABACUS-NBARREX Code.(ll)

The optical model parameters used are shown in Table IV.

3.2. Capture Cross Sections

Ag-107
The calculations of the capture cross section of Ag-107 were done

using the code COMMNUC by C. Dunford.(lz)

The excited states of Ag-107
used in these calculations are given in Table V along with their spins
T

v

<D>

and parities. One other input data needed by this program is 2«
0.05965 where <D> is the average level spacing as determined from the
neutron resonance parameter data for this nucleus. This parameter may

also be considered as a normalizing parameter whose value is so adjusted as

to get a fit to the experimental capture cross sections. 1In the case of

r

Ag-107 we obtain a value of 2~ Z%; = 0.05965 from the resonance parameters.

However, it was found that the experimental capture data could be fitted
with a value of 0.04029. The experimental data chosen for the fit was from

. . 14
Obninsk (13) from 29keV to 146keV and from the University of W15con51n,( )



from 145 keV to 2.45 MeV. These measurements agree quite well with the

(15)

Duke University capture data above 60 keV or so though the Duke data
seems to be consistently lower for lower energies. There is no experimental
data on capture cross sections of Ag-107 at higher energies of 14-15 MeV.
Hence, one could not estimate the contribution of direct and sémi-direct
capture at these higher energies. The capture cross section is therefore
shown as a monotonically decreasing function of energy and is shown
compared with the experimental data in Figure 1.
Ag-109

The experimental capture cross sections used for this isotope is again

(13) . . .

due to Kononov, et al. from Obninsk. The cross section at 24 keV in
; . . . (16)
this set agrees quite well with the single measurement due to Chaubey, et al.
However, all the values of capture cross sections in this set are lower than
the Duke values as read off from their published curve. Also, if we combine
the Obninsk values for Ag-107 and Ag-109 in the proportion of the natural
abundance of these isotopes we get a capture cross section for natural silver
. . o . 17)
which is about 16% lower systematically than the Karlsruhe measurements.
These discrepancies indicate need for further accurate measurements on
separated isotopes of silver to resolve them. One could obtain a fit for the

r
Obninsk capture data with 24 —2_ = 0.02 though the resonance parameters give

<D>
a value of 0.0586. The calculated and experimental cross sections for Ag-109
are shown in Figure 2.

Cs-133

The most recent and careful measurements of the capture cross section

of cesium in the keV region seem to be those due to Kompe(17) from
T
Karlsruhe. We could fit this data by using 2« —%— = 0.03831; a value

obtained from the resonance parameter data. The calculated and experimental



cross sections are shown in Figure 3. 1In the case of this nucleus we

do have an (n,y) cross section measurement due to Qaim

(18) at 14.8 MeV.

Therefore calculations of the direct and semi-direct capture cross sections

were made using FISSPRO Code of Benzi, et al.

(19

and normalized to the

experimental value of 7.1 mbarn at 14.8 MeV. This contribution to the

capture cross section was added on to the capture cross section due to

compound nuclear processes above

4.0 Mev.

3.3, Differential Elastic Scattering

Since there is no experimental data on the angular distribution of

elastically scattered neutrons from these three nculei we used the

ABACUS-NEARREX Code to calculate

the angular distribution. The calculated

cross sections were then fitted to a number of Legendre polynomials using

the Code CHAD(ZO)
fit.

3.4, 1Inelastic Scattering

to obtain the corresponding coefficients of a Legendre

There is no experimental data on inelastic scattering for any of

these three nuclei. The relevant cross section were therefore calculated

using COMMNUC and the energy level scheme shown in Table V.

3.5. (n, particle) Reactions

Ag-107
Amongst all the measurements
there is only one experiment due

measure simultaneously the cross

days) metastable state in Ag-106

of the (n,2n) cross sections on Ag-107,

(21 who

to Minetti and Pasquarelli
+
sections for populating the 6 (T1/2 = 8.3

as well as the 1+(T1/2 = 24 min) ground

state., They find these two cross sections to be 653 * 30 mb and 870 % 40 mb



respectively at 14,7 MeV. We have chosen then values for normalizing
the (n,2n) reaction cross section curve as calculated by Pearlstein(zz)
using the code THRESH. This code uses the standard evaporation model

of a highly excited nucleus to calculate the various (n, particle)
reaction cross sections. The cross sections calculated with this code
using a Q = 9.531 MeV give a curve which passes through the experimental
value of 1523 + 70 mb at 14.7 MeV; hence we did not have to renormalize
the calculated curve. Using the same code and Q@ = ~0.752, -4.354 for
the (n,p) and (n,y) reactions respectively the corresponding cross
sections were calculated. Since there were no experimental data
available on these reactions for Ag-107, the same normalization
constants as had been used to normalize the calculated curves of

Ag-109 to its experimental points were used here.

Ag-109
(21)

Minetti and Pasquarelli obtained a cross section of 797 = 50 mb
for the (n,2n) reaction on Ag-109 leading to the l+ ground state of

the final nucleus Ag-108. However, they did not measure the cross
section leading to the 6+ metastable state in the final nucleus.

+
In the case of the (n,2n) reaction on Ag-107 we populate a 1 ground

-+ .
state and a 6 metastable state in Ag-106. The ratio of these two
cross sections are 0.751. Since we have states of the same spin in Ag-108
we can assume the same ratio for these two cross sections. Assuming

0(g) (m)

= 797 we get g = 598 mb giving the total (n,2n) cross section
as 1395 mb at 14.7 MeV. The (n,2n) reaction cross section curve as

calculated from the THRESH code with Q@ = 9.182 MeV was normalized to

this experimental value. Using the same code we also calculated the



(n,p) cross section curve with a Q = 0.538 MeV. This curve was normali zed
to an experimental value of 13 mbarn at 14.5 MeV. This value was

estimated from the measurements of Bayhurst and Prestwood(23) and

(24)

Coleman. The (n,y) cross section was similarly calculated with

Q = -3.403 and the calculated curve normalized to a value due to

2
Muker jee, et alg 2

Cs-133
The experimental values for the (n,2n) cross sections used in the

evaluation are 1620 £ 150 mb at 14.8 MeV by Qaim(lg) and 1598 £ 160 mb by

(26)

Nagel at 14.6 MeV. Their mean of 1609 mb was used to normalize the

curve calculated using THRESH with Q = 9.038. The (n,p) cross section

curve was calculated using a Q = 0,121 MeV and normalized to 10.5 mb at

(18)

14,8 MeV due to Qaim. The (n,y) cross section values were similarly

calculated with Q@ = -3.695 MeV and normalized to a mean of the experimental

(27)

values of 1.96 £ .15 mb at 14.4 MeV due to Lu, et al. and 1.14 %

.2 mb at 14,8 MeV due to Qaim.(18)

3.6. Energy Distributions of Secondary Neutrons

For the nuclei under consideration, energy distributions of secondary
neutrons originating from (n,2n) processes and by inelastic scattering
to a continuum of levels was also calculated. These energy distributions
are expressed as normalized probability distributions. The energy
distributions for these nuclei have been specified as an evaporation
spectrum of the type

El —E'/e
f(E ->E') = 1 e



where I is the normalization constant and

-(E-U)/8
- SZ[I-e (1%9)]

Where 9 is a temperature tabulated as a function of neutron energy E
and U defines the upper limit for the final neutron energy such that
0 <E' <E -U. To calculate 2 as a function of neutron energy, we

used the nuclear level density formulation of Gilbert and Cameron(zs)
with shell corrections. The basic idea of their approach is to match

two types of level density formulae:

1 (E-EO)/T
0p = T €

which holds true for energies lower than a characteristic energy Ex and

_ Jo exp(2/al) 1
P2 T 12 a1/4 U5/4 Sl

applicable to energies greater than Ex. Ex may be determineéd from

the nuclear systematics given in this paper and T and E0 are determined
by fitting o and 0, at E = EX. ‘For energies where the formula 0y is

applicable the nuclear temperature 7 is

1 _‘/_i_z__l_
r YU | =

where again a and U may be determined from the tables given by Gilbert
and Cameron. In the low energy density expression, the nuclear temperature
is considered a constant whereas in the high energy expression it is energy

dependent as shown by the expression for r.
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1,63220+
4,15000+
4,482002~+
5,13u4z02+
8,350+
1,07600+
1.10880+
1.28240+
1,44200+
1.,547¢0+
1,62400+
1.,67100~
1.,712080+
1,73100+
1,83600%
2,02500+
2,18220+
2,51290+
2,60000+
2,64470+
2,78500+
3.10922+
3,29202+
3,47340+
3,56200+
3,61800+
3,720030+
3,82100+
4,017202+
4,10040+
4,240+
4,4460D+
4,61400+
4,66800+
4,72200+
4,76100+
4,79542+
5,12273+
5,24900+
5,322@8+
5,545 2+
5,76678+
5,87470+
6,05064+
6,25590+
6,53500+
6,7450+
6,95890+
7.,0%51 2+
7.,21260+
7.,34720+
7,5257¢+
7,84308+
8,260+
8,13¢08+
8,492+
8,82330+
B,86674+
9,14870+

Table I

NN AON DO NNNNNDNNNDMNNNNNDNMN NN NVNONNNNODNNNODNNND NN NTON DN N NN P S A s

Resonance Parameters for Ag-107

J

0,20022+
1.,00000+
A,A0020#
1,10200+
5,00020~
5,00920=
5.,00008 =
5,02920-
P,00000+
5, 00000
5.,9pn920-
5,70032=-

5,020~

5,20002-
5,A0000-
1,200200+
5,30008~
5.,%0300-
5,00000~
5,30000=
5,000008~
1,82000+
5,00208~
5,02000-
5,0080~
1.,70200+
5,70000~
5,00208~
5,78200~-
5,20220~
5,00020~
5.,40020-
5,20200=
5,00000-
5,80000-
5,00200~
5,90000~
5,00200~
5,000022-
5,20700~
5,00980~
5,70P08~
5,00002~
5,70000~
5,20000~
5,00200=
5.20000~
5,00000~
5,80000~
5,000¢0~
5,%0002=

5,A0002«
5,30002-
5,30007-
5,30000-
5,20002=
5,30000-
5,00000-
5,10002-

-
1

1,575¢9=
114293ﬂ-
1,5¢610=
1.5735&-
1.4Q227"
1,42020~
1,400284=
1,42060=
1,45210=
1,40060-
1,47250=
1,42210«
1,40090-
2,08780+-
1,617162=
1,66950=
1,4¢180=
1,46510~
1.4?27@'
1,43920=
1,47120=
2,50202.
1,42330~
1,42370-
1,472380=
1,97260=
1,42280~
1,4r390-
1,47480=
1.,42320=
1,42150~-
1,77950=
1,63200w
2,39390
1.,55650~
1,43490w
1,42630~
1,55390=
1,4¢460=
1,4161Q=
3,754802~
2,100 0=
2,95120~
1,42460=
1,56010m=
1,68560m=
2,17910»
1,68490=
1,46900m
1,41070~
1.,41080=

1.,9487Qw
1,45880~
1.4610@'
1,46840w
1,48742m
2,58820=
1,51912~
1,47260=

-12-
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r
n

1.,15872-
5.,92672~
3,61442~
2,43520-
2,74135~
1.97“9@.
8,42367-
9.0524¢=
1.92130-
5.597¢0~
2,548772=
2,26830~
8,50482~
6,57840=
1,62599-
1,295¢0-
107726a-
9l51139”
2,72892-
3.,92322-
1.25EW-
1,16200~
3.26492m=
3172743“
33,7747~
2.,20642-
2.7967%=
33,9295 =
4,8102¢m
3.2451@_
1.59322'
3,7954p;
2,3199%=-
9,93840%=
3,49122-
2,6278C=
1,5391¢0~-
4.5821@-
1,61490~
2,35487~
7,3e0207-
1,55122-
2,4598¢0=
1.60¢082~
2,5564%~
7.79132~
2,84900~
6,89620~
1,07432-
1.@8420-

5,43660=
5.,88000~
6.10392=
6,84320a
8,74130w
1.18827=
1.,1911722
7.25928a

WO WWHWGN W WNNNNNWERENERE WANGWOWNNNN DAL DLDANDIARAPLPDARGAWDBNDENVIEAERAUINUVUVIUIUIN GWRND

T
¥

1,46002~
1,372088~-
1.,47200~-
1,33282~
1.,40002~
1,4000¢~
1,42000~
1.40222~
1,300082~
1,47220@~
1.,42000~
1,40002~
1,40002~
1,40008=
1,49000~
1,54200~-
1,40002~
1.402008~
1,42000=
1,40008~
1,400822~
1,34000~
1,4000Q~-
1,470008~
1,40000~-
1.75200-
1,40002~
1,40000~
1.40000~
1,40800-
1,42008~
1.490000~
1,42000~
1.,420200~-
1,40000-
1,40000~
1.,40002~
1,40000~-
1440000~
1,40000-
1,42002-
1,40000~
1,420020~
1,42000~
1,40002~
1.,49002~
1,40¢008-
1,40000~=
1,40000~
41,40000~
1,40000~

1,400088~
1.400008=
1,40002~
1,47208@~
1,40200~
1,42000=
1,4000Q-
1,47%0002-



Table II

ER
5,19000+
3, 04000+
3.26300+
4,01000+
5.56000+
7.06000+
8,74300«
9,150n0«
1,062900+
1,13500+
1,33528+
1,39700+
1,620080+
1,698020+
1,72880+
1.,98400+
2,09600+
2,51300+
2,58890+
2.725020+
2,74902+
2,83900+
2,90900+
2,93p20+
J3.07640+
3,16400+
J,221p0+
3,27800+
3,48400+
3,60320+
3,87p00+
3,916020+
3,98000+
4,04400%
4,28400~
4,410p0+
4,69610¢+
4,87728+
4,95200+
5,00600+
5,15470+
5,26600+
5,58000+
5,60660+
5,65432+
6,07932+
§,22172+
6,34272+
6,48212+
6,69450+
6,81500+
6,87400+
7.13878+
7.,26080+
7.,38390+
7,47490+
. 7,52608+

NN NN NNV NNNNONNDNNNONDNONONNONONNNONNNNNN NN DN NDNDNNN NN NN PP e

Resonance

Parameters

for Ag-109

J

1,30000+
1,00002+
5,00000~
1,2000208
3,30000+
1,00000%
1,20000+
5,00000-
5.727202=
5,70000-
1.920002+
5,20002-
5,207%00~
5,30000~
5,00000-
5,20000~
1,08000+
1,20700+
5.00%00=
5,00004=
5,78700=
5,02200=
2,00000+
5,800Q0-
5,00200~-
1,80007+
5,70000~
5,20000-
5,70000~
5,20000~
1,20400+
5,000008=-
1.2000¢+
00000+
5,A37Q2 =
5,000008~
5,20000 -
5,00000~
5,00000=
5,40000=
5,00000~
5, Q000 ~
S, Ap6Yo~
5,10000-
5,722202~-
5,080300-
5,20007~-
5,20200 =
5,70200=
5,30¢00-
5,30020~
5,30200~
5,70000Q~-
5,20000~
5,30200-
5,200002~-
5,70000-
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1,48600=
1,37280»
1,42010»
1,35940=
1,71060=
1,47480-
1,36262~
1,40050-
1.42120'
104226Z'
1,95840«
1,42132~
1,42100=
1.42360«
2,272187=
1042153'
1,56160m
1,32680e
1,42210=
1,41980=
1,42330w
1,42270w
1.75820=
1,40340»
1,41390-
3,08980-
1.4236”"
1,47240~
1,42180w
1,41400=
108192Z'
1,47320=
1,641940~
3.31010'
1-5&210'
1,421902~
1,83340-
1,68620~
1,47890»
3,63740~
2,39970 -
1,42920-
1,4€6140~
2,82073~
3,32230m~
2,04110=
2,75680~
1,41018-
1,41020~-
1,82470-
1,44160~
1,42100~
1.41870"
1.,68220~
1,41890~
2,82170-
1,94870=
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1.25980=~
7.2780@~
1.2853¢~
4;9393ﬂ'
3.2ﬁ63@-
2.74760~-
6,26372¢
4,78280~
1.2372%¢
5,75330=
7,.9843%w
2,12752~
9,99284~
3.,64860~
8,01866n
1.54948'
2,31640-
1.26822~
2.21132=
1.987!97"'
3.31602=
2.69597~
3,58173~
3.,4234%=
1.3871Z”
1-68986'
3,.58940~
7.24210=
1.84502~
1.4@41@9
4,19922=-
3,16620=
2.,19450+~
1.85018~
1082145'
1.89ggﬂ'
4, 33410~
2.56480~
8,98120~
2,23740~
9,98970=
9-17910'
6,14179»
1,42872-
1.92232~
6,4106%=
1.39680~
1.%2740<
1,¢71847=
4,34680=
4,17650~
2,79753-
1,87832-
2.82242~
1.8918W-
1,42172«
504867g'
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1.,3600828~
1,30000~
1,40002~
1,31022~
1,39008~
1,22000~
1.,32002~
1,42000~
1.4ﬂ@ﬂﬁﬁ
1,40000~
1,20000-
1,40000=~
1,40000~
1,40000~
1.40002~
1,40000~-
1,33028~
1,20070~
1,42002~
1,40000~-
1,422008~
1,400080~
1,40000~
1.,40002~-
1,40000~
1,40800~
1,40002~
1,40090~
1,40000~-
1.,40022~
1,400080-
1,42000~
1.,40000~
1,46000~
1.42008¢~
1.,400082~
1,40020~
1,40000~
1,40000=
1,40002~
1,40008~
1.40082~
1.49002~
1,40000~
1,40002~
1.,40000~
1,42002-
1.,40002~-
1,40000~
1,42002~
1,40202~
1,400280-
1,42202-
1.,42000~
1,40200~
1,40000~
1,40000-
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7,84700+
8,03800+
8,313908¢
8,490
8,61830¢
9,02840+
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Resonance

Parameters for Ag-109 (Cont'd)

J

3,020002~
5, 20002~
5,00000~
5, 00000~
5,20000~
5,00002~
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4,64940=
1.912300
1.4’770-
1,42620e
1.5%270-
1 .5!030-
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3,24940-
5;10325'
5-76680"
2.6224p~
1.52662~
1,80280=
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41,40000~
4,400288~
1,40002~
1,40000=
1,42008~
1,4000@8~



Resonance Parameters for Cs-133

Table III

Ep J
5.93000+ 7 3.58320+
2.267CP+ 1 3.507200+
4.78%800+ | 3.50400+
§.31200+ 1 3.502%0+
9.48008+ 1 3.50000+
126073+ 2 3.50200+
1-4216@+ 2 3.50000+
1-45860+ 2 3,.50070+
1.81470+ 2 3.50400+
1-92500@+ 2 3.52000+
2.00580+ 2 3.50070+
2.27300+ 2 3.50000+
2.23350+ 2 3.5C0200+
2.-34400+ 2 3.850000+
2.3840¢+ 2 3,52400+
2.59800+ 2 3I.50020+
2.95600+ 2 3.50500+
3.74900+ 2 3.50£00+
3.59840+ 2 3.50200+
277432+ 2 3. 80000+
4.0116p+ 2 T.52000+
4.13500+ 2 T,507200+
4.15530+ 2 X.52u00+
4.3283p+ 2 3.50000+
4.37500+ 2 I.500%2+
4.69890+ 2 3.5C3%0+
5.11630+ 2 3.5C0700+
5.1967p+ 2 3.50030+
5.60340+ 2 I.B50408+
5.68392+ 2 3,50728+
5.8552p+ 2 3.502002+
6.22590+ 2 3.50200+
6.4628p+ 2 3.50200+
6.84440+ 2 I.50uPB+
7.12310+ 2 3.50000+
7.26610+ 2 3.50278+
7.38¢00+ 2 3,.5Q¢A0+
7.62870+ 2 X.5C490+
7.95720+ 2 X.500AP+
8.3756@+ 2 3.52400+
§.2100n+ 2 X.52570+
B.3271p+ 2 3.505020+
B.0392M+ 2 T.%0570+
B.72340+ 2 3.50030+
6.96570+ 2 3.50730+

14110+ 2 3.50¢08+
9.7748p+ p 3,58273+
§.86440+ 2 I,50400+
9.9415p9+ 2 3.50000+
1.01872+ 3 3.50u28+
1:.02140+ 3 3.50&90+
1723860+ 3 3I.50720+
1:.06960+ 3 3.50008+
1.1183¢+ 3 3.58700+
1.13497+ 3 2.50200+
115620+ 3 I.50500+
1-17728+ 3 3.50500+
1.18722+ 3 3.52:500+
1.23970+ 2 3.52J04+
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MO @ WG R™

R @ @A

(]

T

1.20120-
1-2666@‘
1.59360-
1.19120-
1-2947”'
2,2004@'
1,15960~-
1-37780'
1.12162+
1}10252'
1.38350-
1.12880«
1.32270~
5.08060-
1.23900«
1.18320-
2.081120-
1.10352-
1347890'
1.28650-
3.50350~
1.68970~-
1.14080-
1.74340-
1.10420-
2o11880-
2034410-
2.1714¢2-
1.381107
1’ 29@7@‘
2.79380~
1.11000-
1.6¢840+
1.12620-
1.13208-
2f28612'
1.11050-
108734%'
4,14650-
1-2137@'
1n1172g.
1-15770-
2,9223@-
1-2949G'
2.15380-
101242@‘
1-16239-
1.4769@-
1.85822-
1]- 16380-
2.79380-
1.48670-
1-6233@'
3.12650-
2.24542-
1.33802-
1.78610-
1.32670-
3.42380-
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5,10098=
6,65550~
1. 93590«
9.11590«
1,94730-
1,10240-
5.96150=
2 177780
2,15540=
2,77490
2.83480+-
2.87960=
2,22660~
3,98060
1.,38960=
3,21870=
9,11230~-
3,49230=
3.78950=
1 86570«
2,49352~
5.89710~
4;0769ﬁ-
6,43450~
4,183302~-
1.2188%~
1,24410=
1,07140.
7.81130=
1.92730~
1.,69380~-
9.98870«
5,08440-
2,61620-
3.20272~
1.18610+-
1.08660«
7.73360=
3,04650=
1 13670«
1 7192@'
5,77130
1,8223¢2-
1 94939-
1,05380=
2,41870~
6,230750=
3.76890
7.88250«
6.38340~
1.,69388=
3.86730~
5,23280=
2.00650~
1.14540-
2.38020~

6.86150=
2,06720~
2,32%80

FONMONPPNNNNE WENMNNOGWEPNPOHUHNENNNPNVVWRWOEND SR NONEERPRERE ANGGRDREPNON AN BN NN &GN GE RGN NG

T
v

1.15020~-
1 026666-
1.40020=
1.10000-
1.10000-
1.10020~-
1.10000~
1!1@2”2'
101@0””'
10 1@0”‘
1.10000~
1.10200=
101%00@'
1.1ﬂﬂﬂﬂ-
1- 1059%‘
1.10000~=
1.1000¢2-
1.1@ﬂﬂﬂ-
1.1zﬁﬂﬁ-
1.10008~
1-1%@”0—
1.10000-
1.10000~
1.10000~
1.10002~-
1-10””%'
1.10002=
1.1@50@-
1.12000-
1.10000=
1.10000=
1.10000~
lalﬂﬂﬂﬂ'
1.10000=
1-1000”’
101000@‘
1.1000¢0-
1.10002-
1-10ﬂ00-
1.1000C-
1 . 1@Qﬂ@'
1.10000~
1-10@00'
1.10008~
1.10002-
1.10000~
1.10000C~
1.10000~
1.10000~
1.10000-
101%”@@'
i.100008~
1.10002~
10 1@0@0-
1.10002~
101@0@0'
1.10000-
1.100%2~
1.10000~
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Table III

ER
. 24930+
28760+
27260+
287010+
30630+
. 31282+
< 32200+
32933+
. 34547+
+ 33980+
42320+
L4291+
244332+

- 45310+

46460
L4RA9P+
$ 52490+
53319+
54550+
.53380+
55420+
61630+

62702+

K646p+
S6E250+
.70550+
72600+
«72480+
L76R90 4+
32960+
<G2RER+
LR4TDP+
54937+
.8537p+
«89953+
91559+
93447+
354020+
A28+
.254004
LPEBB0
LO50%g+
0590p+
.114U3+
12200+

<1339+

«16197+
17280+
.18200+
19720+
L26100+
2RQ2D+
. 29500+
.31270
34300+
35200+
< 37602+
28700+
39280+
.42900+
447004+
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Resonance Parameters for

Cs-133 (Cont'd)

J

T.50300+
2.50200+
I.50000+
3.50920+
2.50300+
3.52238+
3.50300+
3.50000+
3.5870+
3.52290+
3.50000+
3.50300+
3.585700+
3.52490+
1.50400+
3.522300+
3.50700+
3.50432+
3.50400+
3.50328+
3.52737%3+
3.52022+
2.52370+
I.52000+
3.525080+
350580+
3.50800+
352060+
2.5030%8+
3.50290+
I.50578+
3.50078+
3.58400+
T.50570+

.3.52300+

3.50000+
3.5280008+
3.50708+
I.525@0+
3.522008+
3.52300+
3I.5C300+
3.52500+
2.50503+
2.52200+
3.52.02+
3.523G¢+
2.50008+
3.52200+
X,5247@+
3.527202+
3.52508+
3.532300+
I.50000+
3.53700+
3.,.50000+
3.50300+
3.522C04
3.60700+
3.52700+
3.305008+
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1.52410-
4.,66030-
1.12850-
2.88890C-
1.12170~
1.12170-
2.69989.
205584@'
1.114702-
1.47282-
2.53360~
1.22108-
1.13800~-
3.15850=
1.22250-
1.15390-
1p9591ﬂ-
1.27230-
1.49310-
1.13960-
5.09270«
2.30610-
1-1323@'
1.99760-
5.20180-
2.33890~
1.14660«
1.5998¢C-
2.35890-
1-4‘@30'
1.14282~
1.15150~
1.42100-
1.22920~
1.14360-
1.23130-
1-13520'
1.9841@-
1.12680~
1.447¢2=-
6.09260=
1-1457%-
2.29120-
1.11840=
4.14032~
1-1462@'
1.193¢0-
1.33300-
2.40790=
1.56870-
4,42857-
3.39200-
1077@72'
3.31182-
1.11940-
1.1494¢2-
1.182408+
1-1977@'
1.24670~-
3.07140-
1.14950=
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4.,24150=
3. 56730
2.85390
1,78890=
2.16860=
2.174p0=
1.59980=
1.45840=
1.46720%
3.72800~
1,43360=
1.20970=
3,79910=
2.,0585¢~
1.22460+
5,38750
8.,59100
1.72280-
3.93130-
3.97¢870~
3.99272=
1.20610~
3.22690~
8,.97590~
4,.10180
1.23890=
1 66180
4,99810~
1.25890~
3.40320+
4.27620-
5,15160~
3.21020=
1.29160~
4.35830~
1 313@@-
3.51850~
8.84080<
2.6833@~
3,17020-
4.99260
4 57170=
1.19120=
1.83910=
3.04238=
4 61840«
9,29730~
2.33220=
1Q3z79@-
4,68720~
3.32850=
2,29200~
6.70690=
2 21180«
1.93620=
1.93990=
1.27240%
9.77140
1,46720=
1.97140~
4,94670~

R NWRWWFRNNR RO NVDHEHWNPOPR WP NOUNGGIENGGMNONWOWENE VDR, DO, PN WMNDRE NP DG P WO RN

T
%
1.12203~
1.10000-
1.12000
1.10000=
101”900'
lolﬂﬁﬂg-
1.100080~
1.17008-
1.10002~
1.100028~
1.10000~
1-10@@-
1.12020-
1.10000-
1.12000-
1.10000«
1010@@0-
1-1@0@@-
1-1ZQOZ-
1010%@@’
1.10002-
1.1@”@@‘
101@“00‘
1.10000~
1.10000-
1.1000¢2~
1-1@&”@"
i.10000~
1.10000~
1.10%@-
1}1@@@@“
1.10220~
1.100008~
1.10000-
1.10200-
1-1@@@-
1-1@@0"
1.10000~
1.102920~
1.10000~-
1.1@@20"
1.10002~
1010@@%‘
1-1@@0%-
1.10000~-
1.10000=
1.1802¢~-
1.10200~
1.10000=
1.100288~
1.12200~
1.12000~
1.10000~
1.10000~
1-1@@@8'
1.10200~
1.10008~
1.10000~
1.10000=
101@000"
1.10020~
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Table III

ER
C4B800+
- 474080+
LG22 0
S5A300+
52420+
LBR720+
56100+
57000+
59192+
55400+
62307+
L63320+
LT7502+
.723004
L7333 AR+
75560+
77702+
794080+
83807+
<B87600+
S53200+
85829+
1380+
92509+
54300+
. 98200+
L22788+
A16C0+
27100+
.2950@+
« 114430+
127002+
15722+
15202+
L306204+
-33300+
25400+
L3730+
4520a+
42280+
L4442+
LARAB7+
3.520d0+
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Resonance

Parameter for Cs-133 (Cont'd)

J

3.52178+
3.52200+
3.50300+
3.50400+
3.50000+
3.50220+
I.50720+
3.52200+
3.50000+
7.50200+
T.50000
3.57408+
I.50000+
3.503500+
3.5000¢+
T.5%C008+
3.50000+
J3.50300+
I.5030¢+
3.50200+
I.53308+
3.52020+
3z, 5@'5@@"
3.50000+
3.52400+
3.50000+
3.53208+
3.5030¢+
2.52200+
3.53062%+
3.526884+
3.52200+
3.52200+
3.53200+
3.52302+
3.524Q0¢+
3.52400+
2.50008+
I.52200+
3.52208+
3.522300+
3.32304+
3.5070Q+
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1.11980-
1.63720-
1.14960-
1.42020-
1.12010~-
1.43260-
2-3146@'
1.45490~-
1.28278~
1.81440-
1.18120~
2.34312~-
1.12080-
6.84010~
1!12@9Z'
7.39860=
101527@"
308‘86@‘
1.15330-
1.12150~-
1.12150-
3.83800~
2.55650~-
1.12160-
4,13800-
2.28290~
1-9774&-
3.73610-
1.4879g-
1.266%0-
103232g-
4,45140~
1.43670-
1.23960+
8.57470-
3.23670~
3.76400~-
2.14540~-
103333@‘
4.62960-
1.68690-
1.643802+
2.2532@'
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1,98310+~
5 '37180=
4,992¢0-
3.00180
2.08960~
3.52%580~
1.21460-
3.54870-
1 52710-
7.14410~
5.12150=
1 24310=
2.08040-
5.74010=
2.09119+
6,29860=
5,26978<
2.74860=
5.32730~
2,14510-
2,15110=
1.93800=
1,45650=
2,16330=
3,038p0-
9.82940~
8,77380=
2,63612~
3 '87920=
1 66900
2,23210-
3.35140=
3.36750=
1.12060+
7,47470=
2?1367@-
2,66400e
1,04540~
2.33310~
3,50999~
5,86860=
1H53389*
1.18320~-
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1.10000-
1 . 1”20@'
1.12000=
1.10000=
1.10000=
10 10zgg-
1.10002-
1.10000=
1 .1@090-
1 . 1@305'
1.10000~
1 . 1@00@‘
1.10000-
1. 1@”0@”
1 .1@5@@-
1.12008~
1.12000-
1.100020=
1.12020=
1.1@gﬂg-
11 1@?99-
1. 1”00%"
1.12080-
i. 1@0”%'
1.10002~
1 . 1”0@-
1010@0”'
1.12000-
1.10000=
1.10002~
1.10002~
1.10002~
1 .1ﬂﬂﬂﬂ-
1.10002~
1.10002~
10 15000-
1' 1@002-
101900@'
1.10000=
1.1000¢2~
1.10000«
1.10020w
1.10000~-
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Table IV: Optical Model Parameters

V(r) = Uf(r) + iWg(r)
-1

f(r) = [1 + exp(r-R)/aU]

-2
g(r) = Aexp{(r-R)/aw}[} + exp(r-R)/aw]
r0 = 1.26fm ay = 0.66fm ay = 0.48fm
R =T A1/3fm

)

U = 47.01 - 0.267 - O.OOllSE2 MeV
1Y = 9,52 - 0,053 MeV

Spin orbit term = 0.
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Table V

Energy Levels

Ag-107 Ag-109 Cs-133

T B »~ L4

Eex(keV) i_ Eex(keV) i~ Eex(keV) J
0.0 1/2- 0.0 1/2- 0.0  7/2+
93.0 7/2+ 88.0 7/2+ 81.0 5/2+
126.0 9/2+ 133.0 9/2+ 161.0  5/2+
325.0 3/2- 311.0 3/2- 384.0  3/2+
423.0 5/2- 415.0 5/2- 437.0 1/2+
787.0 3/2- 702.0  3/2- 633.0  9/2+

922.0 5/2+
Continuum Continuum Continuum
> 950 keV > 710 keV > 650 keV
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