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Neutron nuclear data of natural silver and its isotopes (1°7Ag and
1094g) have been evaluated in the energy range from 10~ eV to 20 MeV.
Evaluated quantities are the total, elastic and inelastic scattering,
capture, (n,2n), (n,3n), (n,p), (n,a), (n,np), (n,na) reaction and gamma-
ray production cross sections, the resonance parameters and the angular
and energy distributions of emitted neutrons and gamma-rays. The evalua-
tion is based on available experimental data and theoretical calculations
The experimental data were carefully examined and selected. Multi-step
Hauser-Feshbach calculation played an important role in the determination
of the reaction cross sections. The precompound process was taken into
account above 5 MeV, in addition to the compound one. The evaluated data

have been compiled into JENDL-3 in the ENDF-5 format.
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1. Introduction

Neutron nuclear data of silver are important for nuclear
applications. Stable isotopes 107Ag and 1OgAg are formed as fission
products in fission reactors. The threshold reactions such as (n,2n)
and (n,p) are useful for dosimetry in fusion reactors. The second
version of Japanese Evaluated Nuclear Data Library (JENDL-2) contains
107Ag and logAg data in the fission-product file. In the JENDL-2
evaluation, much emphasis was placed on the low-energy portion of
isotopic data, and the accuracy of the cross sections in the MeV
region is rather poor. Furthermore, JENDL-2 did not include the cross
sections for the threshold reactions on silver.

The present work was attempted for the third version of JENDL
(JENDL-3), which is applicable to fusion reactor calculation as well
as thermal reactor, fast reactor and shielding calculation. Evaluated
are the total, elastic and inelastic scattering, capture, (n,2n),
(n,3n), (n,p), (n,a), (n,np), (n,na) reaction and gamma-ray production
cross sections, the resonance parameters and the angular and energy
distributions of emitted neutrons and gamma-rays. The target nuclides
considered here are natural silver and its stable isotopes, i.e.,
107Ag and 109Ag, while the data of natural silver were not contained
in JENDL-2. The Q-values of the various reactions were calculated
from the mass table of Wapstra and Bosl), and are given in Table 1,

together with the isotopic abundancesz) of 107Ag and 1ogAg.

The present evaluation is based on recent experimental data and
theoretical calculations. Chapter 2 deals with the status of
experimental data above the keV region. The elastic scattering cross
section is omitted in Chap. 2, since it is evaluated by subtracting
all the other cross sections from the total cross section. The (n,np)

and (n,na) reactions are also omitted in Chap. 2, because the

measurements are very few. In Chap. 3, described is the theoretical

calculation. Discussion is made on how the evaluated data file is

constructed in Chap. 4.
The essence of the present evaluation was already publisheda).

This report is intended to provide more complete information for users

of JENDL-3. The status of the presently evaluated quantities is given

in Table 2.
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2. Status of Experimental Data

2.1 Total Cross Section

For natural silver, there are more than twenty sets of
experimental data. Transmission measurements were performed by
Foster, Jr. and G]asgowa) and by Poenitz and Whalens) in the energy
ranges from 47 keV to 20 MeV and from 2 MeV to 15 MeV, respactively,
Both measurements are consistent with each other in the overlapping
energy region. In the range from 7 keV to 100 keV, there are four
setss-s) of measured data. The data of Newson et 31.8) are lower than
those of the others, as seen in Fig. 1. The measurements of Seloveg)
are also inconsistent with the those of Newson et al. around 5 keV.
Moreover, the average cross section of the fine-resolution data of
Garg et al.lo) around 4 keV was found to be much larger than the data

of Newson et al. Therefore, we disregarded the data of Newson et al.

in the present evaluation.

Very scarce are the isotopic data. Smith et al.11
107

)

measured the

total cross section of Ag in the energy range from 250 keV to 4.5

MeV. The 1l4-MeV cross sections of both isotopes were measured by

Dukarevich et al.lz)

2.2 Capture Cross Section

There are more than twenty measurements of natural silver
available for the evaluation up to 3 MeV. We selected fifteen
set513-27) of experimental data. The data of Diven et al.ls) were
renormalized by using the 235U fission cross section of ENDF/B-V.

Eight setszo’27-33) of experimental data were selected for 107Ag

below 4 MeV. The data of Johnsrud et 51.30) were renormalized,

because they were obtained by using a value of 45 barns for the
thermal capture cross section of 107Ag, but its latest recommended
value34) is 37.6 barns. As for logAg, we selected the experimental
data of Mizumoto et a1.27) and Macklin33) in the energy range from &

keV to 2 MeV.

2.3 Inelastic Scattering Cross Section
Experimental data on the inelastic scattering are very scarce.

Nishimura et 81.35) measured the (n,n'¥) cross sections of natural
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silver in the energy range from 300 keV to 1 MeV. Augustyniak et
al.36) measured the excitation curves for population of the isomeric

109,107, c0(n,n') reactions for 3 - 18 MeV. The 14-MeV
activation cross section of the ]07Ag(n,n')107m

obtained by Wagner et 8].37) The differential inelastic scattering
)

state in the
Ag reaction was

cross sections of 107Ag were obtained by Smith et a].11 using the

time-of-flight technique between 1.5 MeV and 4 MeV.

2.4 (n,2n) and (n,3n) Reaction Cross Sections
There are about thirty measurements of the 107Ag(n,Zn) reaction.
However, most of them were given at about 14 MeV as the activation

cross sections to the ground state or to the isomeric state. Only

three measurements38-40) deduced the cross sections to both the ground

state and isomeric state. Averaging all the existing experimental

data, we obtained a value of 1358%57 mb for the total (n,2n) reaction

cross section at 14.5 MeV. As for 109Ag, avallable experimental data

are only for the ground state, and there exist no data for the
isomeric state and for the total (n,2n) reaction cross section. Thus,

we deduced a average value of 82645 mbh for the ground state at 14.5

MeV from ten set536’38’39’41-47) of experimental data. The average

total (n,2n) cross section of 109Ag was found to be 1387+170 mb by

assuming that the cross section to the isomeric state is 561 mb which

is obtained for 107Ag.

Concerning the (n,3n) reaction, available are only the

measurements of Liskien48) and Bayhurst et 51.49) for 107Ag.

2.5 (n,p) Reaction Cross Section
There are very few experiwmental data for natural silver and

107 37,50-54) are available for

Ag. On the other hand, several data
logAg, but they are discrepant with one another around 14 MeV. Thus,
we investigated systemtatics of the 14-MeV cross section around mass
number of 110, and obtained a value of 14%5 mb for both isotopes at 14
MeV. Recently, after the present evaluation, Ryves et 81.55) gave a
value of 15.4%0.8 mb for the (n,p) reaction cross section of 107Ag at

14.3 MeV. This value is in good agreement with our value obtained

above.
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2.6 (n,a) Reaction Cross Section

There are very few experimental data on the (n,a) reaction cross
section. Therefore, we investigated systematics at 14 MeV like the
(n,p) cross section mentioned above. A value of 3.0+1.5 mb was

obtained for both isotopes from the systematics.

3. Theoretical Calculation
3.1 Computational Methods and Procedures

The multi-step Hauser-Feshb a1 code TNG56’57)

was mainly used for

calculating the neutron-induced reaction cross sections of both
isotopes. The precompound process was taken into account above an
incident energy of 5 MeV, in addition to the compound one. Calculated
are the total, elastic and inelastic scattering, non-elastic, capture,
(n,2n), (n,3n), (n,p), (n,e), (n,np) and (n,ne) reaction cross
sections, angular distributions of neutrons and energy distributions
of neutrons and gamma-rays.

The k factor, which represents a magnitude of the residual
two-body interaction in the precompound mode, was deduced to be 600
MeV3 through a comparison of the calculated neutron emission spectra
with the experimental data. Angular distributions of the neutrons

107,109

inelastically scattered to the continuum levels of Ag were

calculated and compared with the available experimental data in order
to check the applicability of TNG.

TNG was not capable of calculating the angular distributions for
the shape elastic scattering. Thus, they were calculated by using the
CASTHY codesa) with the same optical-model parameters as those for

TNG.

3.2 Parameter Determination
3.2.1 Optical-Model Potentials
The spherical optical model was used to calculate particle

transmission coefficients, which were needed in the Hauser-Feshbach

formalism. Concerning neutrons, Smith et 51.59) obtained the
parameters for natural silver in the energy range from 1.5 to 4 MeV.
Parameter search was performed using their parameters as initial

values so as to reproduce the experimental total cross sections. The
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potential thus obtained has an energy-dependent imaginary term, while

the original one of Smith et 8].59) has no such a term. The final

parameters for neutrons are given in Table 3. Figure 2 shows the
calculated non-elastic scattering cross section of natural silver,
together with the experimental data60-65). The calculated cross
section Is in good agreement with the measured data up to 20 MeV.

As for charged particles, several sets of global potentials were

66)

examined. For protons, the parameters obtained by Perey and by

Arthur and Yonng67) gave too large (n,p) reaction cross sections as
compared with the experimental data. Then, the parameters were
adjusted so as to reproduce the (n,p) reaction cross section, and the
best values were obtained. For a-particles, we employed the
parameters of Arthur and Young67) which were determined by modifying
Lemos' potential68). These parameters are also given in Table 3.
3.2.2 Discrete Levels and Level Density

In the present calculation, it is necessary to input the discrete

levels and level density parameters of fourteen nuclei, i.e., 103Rh,

104Rh, 105Rh, 106Rh, 106Pd, 107Pd, 108Pd, 109Pd’ IOSAg’ 106Ag, 107Ag
108

Ag, logAg and 11oAg. The discrete levels were taken from the

L

Nuclear Data Sheet569-76), as well as the gamma-ray branching ratios

between the discrete levels. The levels used in the present
calculation are listed in Tables 4-10. For calculation of the capture
gamma-ray spectra, s-wave branching ratios for primary transitions
from the capturing state to the low-lying discrete levels of the
compound nuclei were also obtained from the compilation works.74’76)
Concerning the level density, the composite formula of Gilbert
and Cameron77) was used throughout. All pairing energy corrections A
were taken from their table. For the spin cut-off factor, we employed
the following expression given by Facchini and Saetta-Menichella78):
o%(E) = ct = 0.146a8%/3¢, €Y
where A is the mass number and t the thermodynamic temperature defined
by Gilbert and Cameron77). When E is less than the matching energy
E_, the spin cut-off factor is calculated from the relation
o*(B) = o®(E) + [ o*(E) - o*(E) ]-E/E, (2)
where Ec is the continuum cut-off energy. Here oz(Ex) is

obtained from Eq.(1), and cz(Ec) is given by
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2 M 2
o"(E) = [ % (1, + 1/2)7]/2M, (3)
: i=1

where Ji is the spin of the i-th excited state and M the number of the

discrete levels considered in the calculation. The level density

79) at first.

parameters were taken from the work of lijima et al.
NDuring the course of the calculation, however, the parameters were
modified so as to reproduce cxperimental cross-section data. The
LEVDENS codnao) was used to obtain sets of consistent parameters since
all the parameters are not independent of one another. The parameters
thus determined are given in Table 11.
3.2.3 Giant Dipole Resonances

The gamma-ray transmission coefficient was caiculated with the

giant dipole model. The absorption cross section for the giant dipole

resonance was assumed to have a two-component Lorentzian shape, i.e.,

2
Fl _ 2,2, -2 2.2 2, 2
o (Ey) = i§1°miE* PR - B DT+ BT, (4)

where EZ is the gamma-ray energy. The symbols EmJ‘ omi and Fi are the

resonance energy, peak cross section and full width at half maximum,

respectively. As to Emi‘ o i and Fj, the following empirical

formu]asSI) were used for all nuclei except 108Ag and 11OAg:
Om1 = 168NZ/(TIII/\£1)4/3 (mb), amz = 0.0 (mb),
Em] = 163(N7) /AT (MeV), EmZ = 0.0 (MeV),
Fl = 5.0 (MeV), F2 = 0.0 (MeV),
where Z is the atomic number and N=A-7Z. On the other hand, the
parameters for 1UBAg and llnAg were derived so as to reproduce

experimental capture cross sections, and they are given as follows:

oml = 120.0 (mb), 0m2 = 100.0 (mb),
Eml = 17.5 (MeV), Em2 = 21.5 (MeV),
F] = 5.0 (MeV), F2 = 5.0 (MeV).

3.3 Calculated Results
. . . . 107 109
The inelastic scattering cross sections of Ag and Ag are
shown in Figs. 3 and &, respectively. The present calculations for

0 . st
1 7Ag are almost consistent with the experimental data of Nishimura et

35) 11)

al and Smith et al.

6
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The (n,2n) and (n,3n) reaction cross sections of are illustrated
in Figs. 5-10. The average 14-MeV cross section for the 107Ag(n,Zn)
reaction, which was obtained in this work, is well reproduced by the
theoretical calculations, as seen in Fig. 6. The calculated (n,3n)
reaction cross section of 107Ag is in good agreement with the
experimental data of Liskienhe) and Bayhurst et 61.49)

Figures 11-13 show the (n,p) reaction cross sections. It is
found frum Fig. 13 that the present calculations for logAg reproduce
the average behavior of experimental data, while the ENDF/B-V data
have a somewhat strange structure as compared with the experimental
data.

The calcnlated (n,a) reaction cross sections are shown in Figs.
14-16. As for 1O7Ag, it is found from Fig. 15 that the ENDF/B-V data
give much larger cross section than our calculations and the measured
data of Bormann et a1.82) Recently, Kneff et al.83) have reported a
value of 7.630.6 mb for the helium production cross section of natural
silver at 14.8 MeV, and thus the present calculation for 107Ag seems

reasonable. As for 109Ag, the ENDF/B-V data are in better agreement

with the experimental data than the present calculation.

The (n,na) and (n,np) reaction cross sections are illustrated in
Figs. 17-22, although the experimental data are very few.

Neutron and gamma-ray emission spectra from natural silver are
shown in Figs. 23 and 24, respectively. The agreement between the

calculations and the experimental dataeh_eé) is quite satisfactory in

both cases.

Angular distributions of coni.uuum neutrons coming from the
compound and precompound processes are shown in Fig. 25, where a
symbol E' stands for the outgoirg energy. The calculations reproduce
the measured forward-peaked distributions. A forward peaking

increases with outgoing energies, which means that the precompound

mode becomes remarkable in the higher energy region.

4. Evaluated Data

4.1 Resonance Parameters
Resonance parameters were given in the energy range below 100

keV. The energy range was divided into the resolved resonance region

below 7 keV and the unresolved resonance region from 7 keV to 100 keV.
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The resolved resonance parameters for each isotope are the same
as those adopted in JENDL-2, because there have been no measurements
performed after the JENDL-2 evaluation.

The unresolved resonance parameters were determined so as to fit
to the experimental total and capture cross sections of each isotope
by using the ASREP code87). In the fitting, the capture cross

sections measured by Mizumoto et n1.27) and of Macklinaa)
5-7)

were used.

As for the total cross section, the experimental data of natural

silver were applied to both isotopes because the isotopic data were
not available in the unresolved resonance region.

The resonance capture integrals (the cut-off energy of 0.5 eV)
calculated from the present resonance parameters are compared in Table
34)

12 with the recommended values of Mughabghab et al. They agree

with each other for natural silver and 107Ag, whereas the calculated
value for 1OgAg is slightly larger than the recommended one.

Figures 26-31 show the total and capture cross sections in the

resonance region.

4.2 Cross Sections above Resonance Region

In the present evaluation, adopted were the theoretically
calculated cross sections for the following reactions: the inelastic
scattering, (n,2n), (n,3n), (n,p), (n,a), (n,np) and (n,na). For
these reactions, the cross sections of natural silver were simply
constructed by a sum of the isotopic contributions, and thus the
consistency is automatically kept between the natural and isotopic
data.

Concerning the total and capture cross sections, the evaluation
was made mainly on the basis of the experimental data, since there are
a lot of measurements available for the evaluation.

The total cross section of natural silver was determined from the

5)

measurements of Foster, Jr. and Glasgowa) and of Poenitz and Whalen
107

by using the least-squares method. For Ag, the experimental data
of Smith et al.ll) were taken in the energy range from 250 keV to 4.5
MeV, while the cross section was supplemented by that of natural
silver in the ranges from 100 keV to 250 keV and from 4.5 MeV to 20
MeV where the isotopic data were not available. Then, the total cross

107

section of 109Ag was obtained by subtracting that of Ag multiplied
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by the isotopic abundance from that of natural silver. The 14-MeV
measurements of Dukarevich et 51.12) for both isotopes were
successfully reproduced in the present evaluation. The evaluated
results are shown in Figs. 32-34.

There are many experimental data on the capture cross sections of
natural silver and its isotopes up to about 3 MeV, as mentioned in
Sect. 2.2. Below 3 MeV, the capture cross sections were evaluated by
using the least-squares fitting to the experimental data with keeping
the consistency between the natural and isotopic data. Above 3 MeV,
we adopted the theoretically calculated cross sections. The
calculated cross sections were normalized to the experimental data at
3 MeV. The evaluated capture cross sections are shown in Figs. 35-37.

Finally, the elastic scattering cross section was obtained by

subtracting all the other cross sections from the total cross section.

Figures 38-40 show the evaluated elastic scattering cross sections.

4.3 Other Quantities
4.3.1 Energy and Angular Distributions of Emitted Neutrons

The angular distributions for the elastic scattering and the
inelastic scattering to the discrete levels were obtained for each
isotope by the theoretical calculation mentioned in Chap. 3, and those
of natural silver were constructed from the isotopic data. They were
stored in the form of the Legendre coefficients in the evaluated data
file. The calculated elastic angular distributions are illustrated in
Figs. 41-43. 1Isotropic angular distributions in the laboratory system
were assumed for the inelastic scattering to the continuum levels and
for the (n,2n), (n,3n), (n,np) and (n,na) reactions. The calculated
angular distributions of continuum neutrons shown in Fig. 25 were not
contained in the data file, since the ENDF-5 format was adopted for
JENDL-3.

The energy distributions of the neutrons emitted from the
inelastic scattering to the continuum levels and from the (n,2n),
(n,3n), (n,np) and (n,na) reactions were also obtained by the
theoretical calculations, and those of natural silver were constructed
from the isotopic data.

4.3.2 Gamma-Ray Production Cross Sections

The gamma-ray production cross sections of both isotopes were
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calculated by using the TNG code. The cross sections thus obtained
are for the following reactions: (n,n¥), (n,2n¥), (n,3n¥), (n,np¥),
(n,na¥), (n,¥), (n,p¥) and (n,a¥), i.e., MT = &4, 16, 17, 22, 28, 102,
103 and 107. The calculated gamma-ray multiplicities and spectra were
stored in the evaluated data file. Isotropic angular distributions
were assumed for the emitted gamma-rays. The data of natural silver

were consistently constructed from the {sotopic data.

S. Concluding Remarks
The neutron nuclear data of natural silver and its isotopes were

evaluated in the energy range from 10-5 eV to 20 MeV. The present
evaluation is based on the available experimental data and the
theoretical calculations.

Most of the reaction cross sections were calculated with the
Hauser-Feshbach theory by using the TNG code. The gamma-ray
production cross section was obtained for each reaction from the TNG
calculations. The neutron emission spectra were well reproduced by
the calculation.

The unresolved resonance parameters were obtained by fitting the
calculated values to the experimental data for the total and capture
cross sections. The resolved ones were unchanged from those of
JENDL-2. The experimental data were adopted for the total and capture
cross sections above the resonance region with keeping the consistency
between the natural and isotopic data.

On the whole, the present evaluation reproduces the experimental

data more satisfactorily than the JENDL-2 and ENDF/B-V data.
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Table 1 Isotopic abundances and reaction

Q-values of 107Ag and 109Ag
107Ag 109Ag
a) Abundance(%)
51.839 48.161
b) Q-values(MeV)
(n,2n) -9.5467 -9.1917
(n,3n) -17.4724 ~16.4614
(n,p) 0.7495 -0.3335
(n,a) 4.1947 3.2967
(n,np) -5.7802 -6.4882
(n,na) -2.8049 -3.2919
(n, %) 7.2697 6.8057
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Table 2

Natural silver

Status of presently evaluated guantities

Quantities Energy range(eV)* Comments
min. max.
a) Resonance parameters
Resolved resonance 1.0 5 7.0 +3 Figs. 26,29
Unresolved resonance 7.0 +3 1.0 +5 Figs. 26,29
b) Cross sections
Total 1.0 =5 2.0 +7 Figs. 26,32
Elastic scattering 1.0 -5 2.0 +7 Fig. 38
Inelastic scattering 8.88+4 2.0 +7
Capture 1.0 -5 2.0 +7 Figs. 29,35
(n,2n) 9.28+6 2.0 +7 Fig. 5
(n,3n) 1.66+7 2.0 +7 Fig. 8
(n,ne) 2.83+6 2.0 +7 Fig. 17
{n,np) 5.83+6 2.0 +7 Fig. 20
(n,p) 1.0 =5 2.0 +7 Fig. 11
(n,a) 1.0 -5 2.0 +7 Fig. 14
c) Angular distributions of
secondary neutrons
Elastic scattering 1.0 -5 2.0 +7 Fig. 41
Inelastic scattering 8.88+4 2.0 +7 Fig. 25
b) Energy distributions of Fig. 23
secondary neutrons
Inelastic scattering 1.19+6 2.0 +7
to continuum
(n,2n) 9.28+6 2.0 +7
(n,3n) 1.66+7 2.0 +7
(n,na) 2.83+6 2.0 +7
(n,np) 5.83+6 2.0 +7
c¢) Photon production Fig. 24
cross sections
Inelastic scattering 8.88+4 2.0 +7
Capture 1.0 -5 2.0 +7
(n, 2n) 9.28+6 2.0 +7
(n,3n) 1.66+7 2.0 +7
(n,na) 2.83+6 2.0 +7
(n,np) 5.83+6 2.0 +7
(n,p) 1.0 -5 2.0 +7
(n,a) 1.0 -5 2.0 +7

* 2.0+7 denotes 2.0x107.
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Table 2 (continued)

107Ag
Quantities Energy range(eV)* Comments
min. max.
a) Resonance parameters
Resolved resonance 1.0 =5 7.0 +3 Figs. 27,30
Unresclved resonance 7.0 +3 1.0 +5 Figs. 27,30
b) Cross sections
Total 1.0 =5 2.0 +7 Figs. 27,33
Elastic scattering 1.0 -5 2.0 +7 Fig. 39
Inelastic scattering 9.39+4 2.0 +7 Fig. 3
Capture 1.0 -5 2.0 +7 Figs. 30,36
(n,2n) 9.64+6 2.0 +7 Fig. 6
(n,3n) 1.76+7 2.0 +7 Fig. 9
(n,na) 2.83+6 2.0 +7 Fig. 18
(n,np) 5.83+6 2.0 +7 Fig. 21
(n,p) 1.0 -5 2.0 +7 Fig. 12
(n,a) 1.0 =5 2.0 +7 Fig. 15
c) Angular distributions of
secondary neutrons
Elastic scattering 1.0 -5 2.0 +7 Fig. 42
Inelastic scattering 9.39+4 2.0 +7
b) Energy distributions of
secondary neutrons
Inelastic scattering 1.43+6 2.0 +7
to continuum
(n,2n) 9.64+6 2.0 +7
(n,3n) 1.76+7 2.0 +7
(n,na) 2.83+6 2.0 +7
(n,np) 5.83+6 2.0 +7
c) Photon production
cross sections
Inelastic scattering 9.39+4 2.0 +7
Capture 1.0 -5 2.0 +7
(n,2n) 9.64+6 2.0 +7
(n,3n) 1.76+7 2.0 +7
(n,na) 2.83+6 2.0 +7
(n,np) 5.83+6 2.0 +7
(n,p) 1.0 =5 2.0 +7
1.0 =5 2.0 +7

(n,a)

* 2.0+7 denotes 2.Ox107.
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Table 2 (continued})

109Ag
Quantities Energy range(eV)* Comments
min. max.
a) Resonance parameters
Resolved resonance 1.0 -5 7.0 +3 Figs. 28,31
Unresolved resonance 7.0 +3 1.0 +5 Figs. 28,31
b) Cross sections
Total 1.0 -5 2.0 +7 Figs. 28,34
Elastic scattering 1.0 =5 2.0 +7 Fig. 40
Inelastic scattering 8.88+4 2.0 +7 Fig. 4
Capture 1.0 -5 2.0 +7 Figs. 31,37
(n, 2n) 9.28+6 2.0 +7 Fig. 7
{n,3n) 1.66+7 2.0 +7 Fig. 10
(n,na) 3.32+6 2.0 +7 Fig. 19
(n,np) 6.54+6 2.0 +7 Fig. 22
(n,p) 3.37+5 2.0 +7 Fig. 13
(n,a) 1.0 -5 2.0 +7 Fig. 16
c) Angular distributions of
secondary neutrons
Elastic scattering 1.0 =5 2.0 +7 Fig. 43
Inelastic scattering 8.88+4 2.0 +7
b) Energy distributions of
secondary neutrons
Inelastic scattering 1.19+46 2.0 +7
to continuum
{n,2n) 9.28+6 2.0 +7
(n,3n) 1.66+7 2.0 +7
(n,na) 3.32+6 2.0 +7
(n,np) 6.54+6 2.0 +7
¢) Photon production
cross sections
Inelastic scattering 8.88+4 2.0 +7
Capture 1.0 -5 2.0 +7
(n,2n) 9.28+6 2.0 +7
(n,3n) 1.66+7 2.0 +7
(n, na) 3.32+6 2.0 +7
(n,np) 6.54+6 2.0 +7
(n,p) 3.37+5 2.0 +7
(n,a) 1.0 -5 2.0 +7

% 2.0+7 denotes 2.0x10’.
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Table 3 Optical-model potential parameters
used in the present calculations

Depth (MeV) Radius(£fm) Diffuseness(fm)
a) Neutron
V=48.25-0.3xEn ro=1.249 ao=0.603
ws=8.501-0.15xEn rs=1.270 as=0.575
WV=O.O
Vso=6.0 rso=1.249 aso=0.603
b) Proton
V=66.06-0.55xEn ry= .150 a0=0.650
WB=12.50-0.10><En rs=l.250 as=0.470
W =0.0 r =1.150
v c
Vso=0.0
c) a-particle
V=193.0-O.15xEn ro=1.370 ao=0.560
Wv=21.0+0.25xEn rv=1.370 av=0.560
Ws=0.0 rc=1.370
Vso=0.0
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105

106

Table 4 Discrete levels of Ag and Ag
105, 106,
N
E (MeV) J" E (MeV) J"
1 0.0 172" 0.0 1t
2 0.0255 772% 0.0896 6"
3 0.0531 9s2% 0.1107 2"
4 0.3469 372 0.2059 3*
5 0.4332 5/2 0.2347 2%
6 0.6687 1172% 0.2770 2~
7 0.8778 3727 0.2389 5"
8 0.9173 13/2% 0.3326 7t
9 0.9873 ss2t 0.3644 3"
10 1.0237 7727 0.3892 3t
11 1.0427 372"
12 1.0972 9/2%
13 1.1663 7/2"
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107

108

Table 5 Discrete levels of Ag and Ag
107, 108,

N

E (MeV) J" E (MeV) J"
1 0.0 172 0.0 1*
2 0.0931 7/2% 0.0791 2"
3 0.1256 9s2% 0.109% 6"
4 0.3248 3/2” 0.1559 6"
5 0.4232 5,2 0.1931 1*
6 0.7733 112% 0.2066 2t
7 0.7866 372" 0.2154 3t
8 0.9221 ss2% 0.2946 2"
9 0.9497 5/27 0.3245 3"
10 0.9733 7/2"
11 0.9910 13727
12 1.0610 1/2”
13 1.1420 172*
14 1.1469 7/2"
15 1.2230 5/2%
16 1.2589 32"
17 1.3258 3z2*
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Table 6 Discrete levels of logAg and lloAq
109, 110,
N m ™
E (MeV) J E (MeV) J
1 0.0 172" 0.0 1t
2 0.0880 7/2% 0.0011 2"
3 0.1327 9/2% 0.1176 6"
4 0.3114 32 0.1187 3*
5 0.4152 5/2" 0.1916 3*
6 0.7019 3/2” 0.1987 2"
7 0.7070 3/2* 0.2369 2"
8 0.7244 3s2" 0.2371 0"
9 0.7359 5/2" 0.2672 2*
10 0.8628 5/2° 0.2694 1
11 0.8695 s/2% 0.2714 3t
12 0.9110 772* 0.3045 2"
13 0.9121 7/2"
14 1.0910 9/2
15 1.0985 5s2"




JAERT M 91 011

Table 7 Discrete levels of +9®pd ana 197pg
106,4 10754
(MeV) J" E (MeV) J"
1 0.0 o* 0.0 5s2%
2 0.5119 2" 0.1157 172"
3 1.1280 2t 0.2149 112"
4 1.1337 o* 0.3028 s/2*
5 1.2292 a* 0.3128 772"
6 1.5577 3t 0.3482 172"
7 1.5622 2" 0.3668 172"
8 1.7065 0" 0.3818 3s2*
9 1.9094 2" 0.4712 3s2*
10 1.9323 et 0.5677 5/2%
11 2.0015 ot 0.6701 5/2%
12 2.0774 a* 0.6881 15/2"
13 2.0843 3" 0.6962 1/2%
14 2.2424 2t
15 2.2782 o*
16 2.2830 4"
17 2.3060 4"
18 2.3088 2"
19 2.3508 a*
20 2.3660 a*

. 24_
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108

109

Table 8 Discrete levels of Pd and P4a
108, 109,
N m ™
E (MeV) J E (MeV) J
1 0.0 o* 0.0 5/2%
2 0.4339 2* 0.1134 1/2*
3 0.9312 2" 0.1890 112"
4 1.0482 a* 0.2451 7/2"
5 1.0528 o* 0.2663 1/2*
6 1.3142 o* 0.2763 772*
7 1.3352 3t 0.2873 9/2”
8 1.4412 2" 0.2914 32"
9 1.5400 1t 0.3253 3s2*
10 1.6251 a* 0.3269 5/2"
11 1.7712 6" 0.3395 5,2
Table 9 Discrete levels of 103Rh and 1‘M'Rh
103, 104,
N
E (MeV) 3" E (MeV) J°
1 0.0 172" 0.0 I
2 0.0398 772* 0.0514 2"
3 0.0930 9/2" 0.0971 2t
4 0.2950 3/2° 0.1290 5"
5 0.3574 5,27 0.1808 1t
6 0.5368 5s2% 0.1860 1”
7 0.6075 7/72% 0.1979 3’
8 0.6501 ss2% 0.2131 1t
9 0.6518 3s2" 0.2208 1t
10 0.6577 11/2% 0.2244 2t
11 0.7805 9/2"
12 0.8031 1/2°
13 0.8215 132"
14 0.8476 7/2%
15 0.8805 5/2"
16 0.9201 9/2”




JAERI-M 91-011

Table 10 Discrete levels of 1osRh and
105 106
N
E (MeV) J" E (MeV)
1 0.0 772 0.0
2 0.1298 172" 0.1400
3 0.1492 9/2*
4 0.3927 3/2°
5 0.4556 5/2°
6 0.4694 32t
7 0.4993 5/2%
8 0.6387 7/2*
9 0.7243 5/2%
10 0.7621 372"
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Table 11 Level density parameters

Residual Ec Ex EO T a c A

Nuclei (MeV)  (MeV) (MeV) (MeV) (Mev™l) (MeV)
103py 0.990 5.409 -0.612 0.655 15.50 49.73 0.94
104py 0.230 4.351 -1.476 0.650 15.43 49.82 0.00
105qn 0.770 5.700 -0.582 0.630 16.80 54.59 1.24
106py 0.150 3.869 =-1.193 0.575 17.50 57.23 0.00
10654 2.380 8.004 0.326 0.666 17.17 56.15 2.59
107p4 0.700 7.693 =-1.290 0.769 14.98 49.29 1.35
10854 1.900 7.957 0.362 0.646 17.90 59.27 2.60
10954 0.360 7.380 -1.288 0.687 17.50 58.30 1.35
105,54 1.230 5.830 -1.052 0.609 18.57 60.34 0.94
106, 0.400 3.549 -1.277 0.563 17.16 56.11 0.00
1074 1.420 5.918 -0.356 0.693 14.55 47.88 1.24
108,54 0.270 3.014 -0.715 0.576 15.04 49.80 0.00
1094 1.180 6.112 -0.445 0.705 14.50 48.31 1.25
110,4 0.320 3.150 -0.060 0.454 17.01 57.02 O0.00

The meaning of the symbolsg used is given in Ref.(77) and in
the text.

Table 12 Capture resonance integrals with
cut-off energy of 0.5 eV

(barns)
Calculated Mughabghab et a1.34)
Natural 762 756120
107ag 103 100% 5
109,4 1472 1400448
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Fig. 1 Measured total cross section of natural silver in
the energy region from 1 keV to 100 keV.
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Fig. 2 Non-elastic scattering cross section of natural

silver.
The solid line is the optical-model calculation.
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Fig. 3(a) Inelastic scattering cross sections of Ag up

to an excitation energy of 0.773 NMeV.
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Fig. 3(c) 1Inelastic scattering cross sections of Ag up

to an excitation energy of 1.326 MeV.
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Fig. 4(a) Inelastic scattering cross sections of Ag up

to an excitation energy of 0.415 MeV.
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Fig. 4(b) 1Inelastic scatterinyg cross sections of Ag up

to an excitation energy of 0.863 MeV.
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Fig. 41(a) Angular distributions of neutrons elastically
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