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The evaluated nuclear data for '*’I and '’Nd stored in JENDL-3.3 were investigated
comparing with other evaluated data and experimental data. New experimental data were
available especially for the capture cross sections of both nuclides. The parameters used in
theoretical calculations were modified so as to reproduce those experimental data. The statistical
model calculation was performed using the revised parameters. The resonance parameters were
also revised so that the cross sections measured in the thermal energy region were reproduced
well. The present results were compiled in the ENDF-6 format.
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1. Introduction

Nowadays accurate nuclear data are required to the fission product (FP) nuclides. The
data stored in JENDL-3.3 [Sh02] were those evaluated by Kawai et al. [Ka92] for JENDL-3.1
and revised [Ka01] for JENDL-3.2. After the re-evaluation work for JENDL-3.2, several sets of
new experimental data have been available.

In the present work, the data of '”’I and ' Nd of JENDL-3.3 were investigated comparing
with recent experimental data, and new evaluation work was performed. The nuclide of '”I has
a long life-time of 1.57x10” years. Therefore this nuclide is one of the important long-lived FP
nuclides. The nuclide of '*Nd is a stable one. However, its FP yield is very large; for example,
cumulative yield from *°U thermal neutron-induced fission is 5.9%. Furthermore the capture
cross sections of Nd isotopes are also important for s-process calculation in astrophysics.

The present work for ‘I and '°Nd will be described in Chapter 2 and 3, respectively.

2. Iodine-129

2.1 Resolved Resonance Parameters

The data for JENDL-3.3 were evaluated on the basis of the resonance parameters analyzed
by Macklin [Ma83]. Macklin measured the capture cross section using ORELA, and reported
the capture areas in the neutron energy region below 3.16 keV. In the previous evaluation, the
neutron widths were determined adopting his data and assuming the capture width of 120 meV.

After the evaluation for JENDL-3.3, Noguere et al. [NoOl] reported preliminary
resonance parameters for 24 resonances below 1 keV which were obtained by analyzing the
transmission data measured at GELINA of IRMM with the R-matrix code REFIT.

In the present evaluation, we modified the resonance parameters of JENDL-3.3
considering partly the preliminary results of Noguere et al. They reported the neutron and
capture widths of three resonances at 41.4, 72.1 and 96.3 eV. Especially the resonance at 41.4
eV has not been measured by previous authors. The parameters of these three resonances were
adopted in the present evaluation.

Noguere et al. determined the parameters of a negative resonance at —9.55 eV so as to

reproduce the thermal capture cross section of 30.3+1.2 b measured by Nakamura et al. [Na96]
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However, they failed to reproduce the capture resonance integral of 33.8+1.4 b [Na96] which
was larger than 28.3 b calculated from the parameters of Noguere et al. We found that it was
most suitable to remove the negative resonance and to give a 1/v-type background cross section
to the capture cross section. The contribution to the capture cross section from the positive
resonance is only 0.2 b at 0.0253 eV. To compensate the cross section of 30 b, we gave the
1/v-type background. Then we could obtain the resonance integral of 33.9 b which was in very
good agreement with the data of Nakamura et al.

The effective scattering radius of 5.48 fm was adopted in JENDL-3.3, which was
estimated from systematics shown by Mughabghab et al. [Mu81] (Fig.1 of [Mu81]). However,
in the present evaluation, we did not adopt this radius, because the negative resonance at -9.55
eV was removed and this value of scattering radius could not reproduce the total cross section in
the thermal region. We adopted the scattering radius of 6.0 fm to reproduce the total cross
section of 3514 b measured by Block et al. [B160].

The upper boundary of resolved resonance region was set to 3.391 keV, and the
multi-level Breit-Wigner formula was selected for the cross-section calculation formula. This
choice is the same as JENDL-3.3.

The average level spacing and s-wave neutron strength function obtained from the
resolved resonance parameters were 28 eV and 0.71x107™*, respectively. Figure 2.1 shows
cumulative numbers of resonances and Fig. 2.2 sum of reduced neutron widths.

The cross sections at 0.0253 eV and resonance integrals are compared in Tables 2.1 and
2.2, respectively. The present result of capture cross section is about 10% larger than
JENDL-3.3, and in good agreement with Nakamura et al. The total cross section is also
consistent with the data of Block et al. [B160]. The resonance integral of the present evaluation
is the same as Nakamura et al., and larger than JENDL-3.3.

The total cross sections below 500 eV are shown in Fig. 2.3. The present evaluation gives
almost the same cross section as JENDL-3.3 and ENDF/B-VI below about 10 e¢V. They are in
agreement with the data of Block et al. CENDL-3 adopted the resonance parameters of
JENDL-3.2 which was the same as JENDL-3.3.

The capture cross section of present evaluation is compared with experimental data and
other evaluations in Fig. 2.4. Since the present evaluation gave the 1/v-type background to the
capture cross section, the shape of capture cross section is very different from previous
evaluations in particular above about 1 eV. Kobayashi et al. measured the capture cross section
using the 46-MeV LINAC and TOF method in the energy range from 0.005 eV to 40 keV. Their
data are still preliminary. Since they normalized their data to ENDF/B-VI (27.04 b) at 0.0253 €V,
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their cross sections are systematically smaller than the present evaluation. However the

cross-section shape is in good agreement with the present one.
2.2 Unresolved Resonance Parameters

In the energy range from 3.391 to 100 keV, unresolved resonance parameters were given.
The code ASREP [Ki99] was used to determine the parameters to reproduce the average cross
sections in this energy region. As will be described in the next section, the average capture cross
sections were calculated with the optical and statistical model code CASTHY [Ig91] and in
good agreement with experimental data. The total cross section calculated with CASTHY code
at 100 keV was also considered in the parameter fitting.

The initial parameters were average level spacing (Do) of 28 eV, scattering radius (R) of
6.0 fm, s-wave neutron strength function (So) of 0.71x107*, p-wave one (S,) of 1.7x107%, d-wave
one (Sz) of 9.0x10™* and average capture width (I'y) of 80 meV. Do, R and S, were adopted from
the resolved resonance parameters of present evaluation. Concerning the average capture width,
if we used the value of 120 meV adopted for the resolved resonances, a very large level spacing
was obtained. The 120 meV seemed to be too large. Therefore, the average capture width of 80
meV was assumed in the unresolved resonance region. Others were calculated with the optical
model using the CASTHY code.

In the fitting procedure, the average level spacing was adjusted at each neutron energy to
reproduce the capture cross section calculated with CASTHY code, and the scattering radius to
the total cross section at 100 keV. Then, the level spacing of 27 to 28 eV and the radius of 5.64
fm were obtained. Figure 2.5 compares the cross sections calculated from the unresolved

resonance parameters with those to be reproduced. The results are quite satisfactory.
2.3 Cross Sections in the Smooth Region

2.3.1 Optical Model Parameters and Statistical Model Calculation with CASTHY Code

No experimental data are available for the total cross section of '*’I above the resonance
region. Assuming that the total cross section of '*'I is almost the same as that of '*I, the data of
JENDL-3.3 is compared with experimental data [Ma65, Go67, Ta68, An70, An71, Fo71] of '*'I
total cross section reported after 1960, in Fig. 2.6. It is seen that the JENDL-3.3 is too small
around 100 keV, and is slightly shifted in shape to the high energy side in the MeV region.
CENDL-3 reproduces better these experimental data. The cross section below 100 keV has a
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strange shape. In the previous evaluation, since the average level spacing was fitted to the
experimental data of capture cross section at each neutron energy, the fluctuation of capture
cross section was reflected to the total cross section.

In the present work, the optical potential parameters were determined so as to reproduce
the "2’ total cross sections measured by Foster and Glasgow [Fo71] in the MeV region and
Tabony and Seth [Ta68] from 30 to 600 keV. Potential parameters for 1271 were determined by
using the TOTAL code [IgP1]. Igarasi potential [Ig73] was adopted as an initial set of
parameters. Results are listed in Table 2.3 together with the previous potential parameters. The
total cross sections for '7’I and '?I calculated from the new parameters are shown in Fig.2.6
comparing with the experimental data. Since the parameters have mass-number dependence, the
present calculations for both isotopes are different from each other.

The evaluated total cross sections of ?°I are shown in Fig. 2.7. The present results below
100 keV are the cross sections calculated from new unresolved resonance parameters. Below
several keV, average cross sections are shown because this region is the resolved resonance
region.

In the statistical model calculation with CASTHY code, level density parameters,
gamma-ray strength function and level scheme listed in Table 2.4 were used. The level density
parameters were determined from the average resonance level spacing and staircase plot of
excited levels. The staircase plots of 'I and I are shown in Figs. 2.8 and 2.9. The level
density parameters of *°I were largely improved. The threshold reaction cross sections such as
(n,2n), (n,3n) were calculated with EGNASH2 code [Ya90, Y092]. The direct inelastic scattering
cross section was calculated with DWUCKY code [Ya88, KuP1] Sum of the threshold reaction
cross sections and direct inelastic scattering cross sections were considered as a competing

reaction cross section in the statistical model calculation with CASTHY code.

2.3.2 Neutron Capture Cross Section

In the previous evaluation for JENDL-3.3, the capture cross section was calculated with
CASTHY code normalizing the gamma-ray strength function to the experimental data of
Macklin [Ma83]. Recently Kobayashi et al. [Ko02] and Matsumoto et al. [Ma02] have
performed new experiments. Their results are still preliminary.

The preliminary experimental data of Kobayashi et al. and Matsumoto et al. are in
agreement with each other and smaller than the previous Macklin’s data. In the present
calculations, the gamma-ray strength function was normalized to the data of Matsumoto et al.;

183 mb at 64 keV. The obtained gamma-ray strength function is 0.00289 as listed in Table 2.4.
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In the MeV region, direct/semi-direct capture cross section was calculated with a simple
equation proposed by Benzi and Reffo [Be69], and normalized to 1 mb at 14 MeV. Nakano et al.
[Na97] and Murata et al. [Mu97] reported the capture cross sections of 13+2 mb at 14.6 MeV
and 3213 mb at 14.8 MeV, respectively. They measured them by using DT neutron source at
OKTAVIAN of the Osaka University. However, we did not adopt their results because they
reported that their results contained contributions from low energy neutrons.

The capture cross section in the energy range from 1 keV to 20 MeV is shown in Fig. 2.10.
The present calculation reproduces well the data of Matsumoto et al. and those of Kobayashi et
al., and smaller than the data of Macklin and JENDL-3.3.

2.3.3 Inelastic Scattering Cross Sections

The level scheme in Table 2.4 was determined from the recent data of ENSDF [Te96].
Levels up to 1.483 MeV were taken into consideration in the present evaluation. The spin and
parity of 1.1967 MeV level was adopted from RIPL-2 [Ia03].

The direct inelastic scattering was calculated with DWBA code DWUCKY [Ya88, KuP1]
for the levels marked with “*” in Table 2.4. The deformation parameters of B, for those levels
were estimated in DWUCKY code from an average value for even-even nuclides of 0.152
which were obtained from neighboring nuclides [Ra01]. The modified parameters of
Walter-Guss optical potential given in DWUCKY code were applied. The compound inelastic
was calculated with CASTHY code.

The total inelastic scattering cross section is compared with other evaluations in Fig. 2.11.

2.3.4 Threshold Reaction Cross Sections

EGNASH?2 code [Ya90] was used to calculate the cross sections of (n,n’), (n,2n), (n,3n),
(n,n0), (n,np), (n,nd), (n,y), (n,p), (n,d), (n,t), (n,°He) and (n,00) reactions. The information on
excited levels and level density parameters were needed for the calculation. The level
information was adopted from ENSDF [En02], and level density parameters were determined
from staircase plots of excited levels. The level density parameters are given in Table 2.5. We
could not determine the level density parameter for '2°Sb because the number of excited levels
was not enough. For '*Sb the systematics in EGNASH2 was used.

For the calculation of transmission coefficients, the default optical model parameters of
EGNASH2 were used: modified Walter and Guss potential [Ya90, Wa85] for neutrons, Perey
and Walter-Guss potential [Wa85] for protons, Lemos potential modified by Arthur and Young
[Ar80] for o particles, and Lohr and Haeberli potential [Lo74] for deuterons.
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Figure 2.12 shows the (n,2n) and (n,3n) reaction cross sections. There are experimental
data for the (n,2n) reaction cross sections around 14 MeV. The data of JENDL-3.3 was
normalized to the old data [Ku73] which is larger than recent experiments [Na97, Mu97]. The f2
parameters of EGNASH2 input was adjusted to reproduce these recent data. We adopted the f2
of 0.5 which is much smaller than the value of 1.3 to 1.6 recommended in the manual [Y092].

Plompen et al. [P101] reported results of recent measurements of 2](n,2n) cross section
made at GEEL. Their data in a figure are about 1 to 0.5 b in the energy range from 16 to 20
MeV. Those data were not considered in the present work because their data were preliminary,
and we found difficulty to reproduce such small (n,2n) cross sections.

Figures 2.13 to 2.19 show the (n,p), (n,c), (n,np), (n,net), (n,d), (n,t) and (n,nd) reaction
cross sections. No experimental data are available for these reactions. ENDF/B-VI did not give

the data for them. There are quite large discrepancies among the evaluated data.

2.3.5 Elastic Scattering Cross Section
The elastic scattering cross section was calculated as the total cross section minus a sum
of partial cross sections. The result is the same as the CASTHY calculation. Figure 2.20

compares the present result with other evaluations.
2.4 Other Data

The angular distributions of elastically scattered neutrons adopted in the present work are
the results of CASTHY calculation. For those of inelastic scattering, a sum of CASTHY
calculation and DWUCKY calculation was adopted. For the other reactions, isotropic
distributions in the laboratory system were assumed.

The energy distributions were calculated with EGNASH2 code. Interpolation scheme of
22 (unit-base interpolation) [Mc01] was adopted for all the reactions.

3. Neodymium-143

3.1 Resolved Resonance Parameters

In the previous evaluation, the resolved resonance parameters were determined on the

basis of resonance parameters reported by Tellier [Te71], Musgrove et al. [Mu77] and Rohr et al.
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[Ro71] The parameters of a negative resonance at -6 eV were adjusted so as to reproduce the
thermal cross sections recommended by Mughabghab et al. [Mu81]

The comparison of thermal cross sections is made in Table 3.1. Several measurements
have been reported on the thermal capture cross sections. Mughabghab [Mu81, Mu03]
recommended the capture cross section of 325+10 b based on these experiments. Evaluated data
reproduce well this recommendation. For the elastic scattering, experimental data are scarce.
Evaluations are based on the data of Vertebnyj et al. [Ve74] We found two experimental data
[Ha58, Ve74] for the total cross section. Evaluated data are smaller than these two data.

The total and capture cross sections below 500 eV are shown in Figs. 3.1 and 3.2. The
data of Vertebnyj et al. [Ve74] are available below 10 eV for both cross sections. All the
evaluations are smaller than the experimental data above 1 eV especially for the capture cross
section.

No recent analyses of resonance parameters have been reported after the previous
evaluation and any problems have not been found to the resonance parameters of JENDL-3.3.
Therefore we modified only the parameters of a negative resonance to improve the cross
sections in the low energy region.

Finally the parameters of the resonance at —6 eV were replaced with the following values:

E;=-10eV,I,=0.52¢eV,I,=0.111 eV.
The thermal cross sections calculated after this modification are listed in Table 3.1 as the present
results. The thermal cross sections of present evaluation are about 2% larger than JENDL-3.3,
and in good agreement with the experimental data. Cross section curves are shown in Figs. 3.3
and 3.4.

The resonance integrals are given in Table 3.2. The present value is 10% larger than
JENDL-3.3 and the recommendation of Mughabghab [Mu03].

The upper boundary of the resolved resonance region was set to be 5 keV. The multi-level
Breit-Wigner formula was selected as the resonance formula. The effective scattering radius of
5.6 fm (same as JENDL-3.3) was adopted.

Figure 3.5 shows the total cross section in the energy range from 100 eV to 1 keV and
from 1 to 3 keV. Experimental data shown in the figures are those of Tellier [Te71] measured by
using LINAC and a sample in the purity of 83.2 %. Since the isotopes of '**Nd and '**Nd were

also included in the sample, their resonances are seen also in the figures.
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3.2 Unresolved Resonance Parameters

The unresolved resonance parameters were given in the energy range from 5 to 100 keV.
The parameters were determined using ASREP code to reproduce the capture cross section in
this energy range and the total cross section at 100 keV calculated with CASTHY code.
The initial parameters were selected as follows:
Average level spacing (D) 45 eV
Scattering radius (R) 5.6 fm
s-wave neutron strength function (Sg)  3.2x10™*
p-wave neutron strength function (S,) 0.8x10™
d-wave neutron strength function (S;)  3.0x10™*
Average capture width (') 80 meV
The scattering radius is the same value as the resolved resonance region. S; was calculated with
the optical model. Other parameters are recommendations of Mughabghab et al. [Mu81] The
cross sections calculated from the obtained unresolved resonance parameters are compared with
the cross sections calculated with CASTHY code in Fig. 3.6. The capture cross sections are
perfectly reproduced with the present parameters. The total cross sections at several tens keV
are not reproduced because we adopted s-wave neutron strength function smaller than CASTHY

calculation; for example, the CASTHY calculation is 3.9x10™* at 10 keV.

3.3 Cross Sections in the Smooth region

3.3.1 Optical Model Parameters and Statistical Model Calculation with CASTHY Code

The optical model parameters used in the previous evaluation for JENDL-3.3 have not
reproduced well the total cross section. Figure 3.7 shows measured total cross sections and
JENDL-3.3. The experimental data for "*Nd are only those of Djumin et al. [Dj73] at 14.2 MeV
and Wisshak et al. [Wi97a] from 12.5 to 175 keV. Assuming that the total cross section is not so
strongly dependent on mass numbers, we also depicted the total cross section of 14Nd [Sh80]
and natural Nd [Fo71, Po83] in Fig. 3.7. The data of JENDL-3.3 are not in agreement with the
experimental data above about 7 MeV, and smaller than Wisshak et al. in the keV region.

In Fig. 3.7, the total cross section calculated from Konig-Delaroche potential [Ko03] is
also shown. This set of optical potential predicts well the total cross section in the MeV region,
but smaller than JENDL-3.3 in the hundred keV region.

In the present parameter search, we used the TOTAL code [IgP1], and Igarasi potential
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[Ig73] as an initial set. Obtained optical model parameters are given in Table 3.3. The total cross
section calculated from the new potential is shown in Fig. 3.7 with a solid line. Figure 3.8
extends the comparison to the other evaluated data and the energy region down to 1 keV. It is
seen the present optical model parameters reproduce well the experimental data.

The new set of optical model parameters was used for the calculation of total, elastic and
inelastic scattering, and capture cross sections. In the statistical model calculation with
CASTHY code, level density parameters, gamma-ray strength function and level scheme shown .
in Table 3.4 were used. The level density parameters for Gilbert-Cameron’s formula were
determined from the average resonance level spacing and staircase plot of excited levels. The
threshold reaction cross sections such as (n,2n), (n,3n) were calculated with EGNASH2 code
[Ya90, Y092]. The direct inelastic scattering was calculated with DWUCKY code [Ya88, KuP1]
Sum of the threshold reaction cross sections and direct inelastic scattering cross sections were

considered as a competing reaction cross section in the CASTHY code.

3.3.2 Neutron Capture Cross Section

Wisshak et al. [Wi97a, Wi98] and Veerapaspong et al. [Ve99] reported new experimental
data, in the energy range from 6 to 220 keV and from 22 to 550 keV, respectively, which are in
good agreement with each other. In the previous evaluation for JENDL-3.3, the gamma-ray
strength function was normalized to the data of Nakajima et al. [Na78] However, the recent data
are smaller than Nakajima et al. by 10 to 30 %.

In the present evaluation, the CASTHY calculation was normalized to 147 mb at 65 keV
so as to reproduce the data of Veerapaspong et al. Then the gamma-ray strength function was
decreased from 2.15x10™ of JENDL-3.3 to 1.65x10™. The result of CASTHY calculation is
shown in Fig. 3.9 with a dashed line. Unfortunately the energy dependence was not the same as
the experimental data. We modified them by multiplying an energy dependent factor; 1.2 below
6 keV and 1.15 above 500 keV. The result is a solid line in Fig. 3.9.

The direct/semi-direct capture cross section in the MeV region was calculated from the
equation of Benzi and Reffo [Be69], and added to the modified CASTHY calculation.

The present evaluation is compared with other evaluations and experimental data [Mu78,
Na78, Bo85, Wi97a, Ve99] in Fig. 3.10. In the energy range from 5 to 100 keV, the present
evaluation is calculated from the unresolved resonance parameters.

Maxwellian-averaged capture cross section is important for astprophysics. Wisshak et al.
[Wi97b] obtained the Maxwellian-averaged cross section from the capture cross sections

measured at 3 to 225 keV using a Van der Graaf accelerator and a 4% BaF, detector. Figure 3.11
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shows their results together with the average cross sections obtained from the present evaluation
and JENDL-3.3. The recommendation of Bao et al. [Ba00] is also plotted. The data of Bao et al.
were based on the data of Wisshak et al. It is seen that the present evaluation is in good
agreement with the data of Wisshak et al. Table 3.5 shows the average capture cross sections at
thermal energies of kT = 10 and 30 keV. The present evaluation is slightly smaller than Wisshak
et al. at 10 keV.

3.3.3 Inelastic Scattering Cross Sections

The level scheme of "*Nd for calculation of the inelastic scattering cross sections was
adopted from the evaluation of Tuli [Tu01] stored in ENSDF. We adopted 30 levels listed in
Table 3.4 including the ground state because the statistical model code CASTHY has a
limitation of 30 to the levels considered. Four levels at 1.55884, 1.690, 1.900 and 1.920 MeV
were ignored because of no information on their spin and parity.

The direct inelastic cross sections were calculated with DWUCKY code [Ya88, KuP1] for
the levels marked with asterisk in Table 3.4. The deformation parameters B, for these levels
were estimated in DWUCKY code using average B, of 0.11 obtained from the recommendations
by Raman et al. [Ra01]

The total inelastic scattering cross section is shown in Fig. 3.12 comparing with other

evaluations. No experimental data are available.

3.3.4 (n,a) Reaction Cross Section

The (n,o) reaction cross section is shown in Fig. 3.13. The Q;valuc of this reaction is
positive, and experimental data exist at thermal neutron energy. In the previous evaluation, the
(n,0) cross section was calculated from resonance formula assuming an average o width of
3.48x10° eV so that the cross section at 0.0253 eV was 0.0174 b recommended by
Mughabghab et al. [Mu81] After the calculation average cross sections in suitable energy
meshes were stored in JENDL-3.3.

In the present work, the o widths measured by Antonov et al. [An84] were adopted. They
measured the (n,0!) cross section by means of TOF, and analyzed 10 resonance peaks. For other
resonances, a constant width of 4x107® eV was applied. This value was obtained so as to
reproduce the thermal cross section of 20 mb which was a weighted average of the data of
Cheifetz et al. [Ch62] and Asghar and Emsallem [As78] The cross sections calculated from the
resonance parameters were averaged in the suitable energy meshes. Above about 1.6 keV, the

experimental data of Andzheevskiy et al. [An81] and Popov et al. [Po80] are available. A
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smooth curve was drown by eye-guide to these experimental data, and to connected to the cross
sections above 4 MeV calculated with EGNASH2 code and normalized to 4 mb at 14 MeV
[Fo86].

The (n,0) cross section of JENDL-3.3 was calculated with PEGASUS code [Na99] above
100 keV. The shape below several MeV was not suitable. The data of CENDL-3 has incorrect
interpolation scheme below 5 keV. ENDF/B-VI and JEFF-3.0 ignored the experimental data.

3.3.5 Threshold Reaction Cross Sections

EGNASH?2 code [Ya90] was used to calculate the cross sections of (n,n’), (n,2n), (n,3n),
(n,n0e), (n,np), (n,nd), (n,y), (n,p), (n,d), (n,t), (n,’He) and (n,&) reactions. The results were
adopted to the present evaluation except for the inelastic scattering and capture cross sections.

The level schemes of related nuclides were taken from ENSDF as of December 2002. The
maximum discrete level was determined from staircase plots of the excited levels. Default
values of a parameters given in EGNASH2 code were adopted to whole nuclides.

For the calculation of transmission coefficients, the default optical model parameters of
EGNASH2 were used: modified Walter and Guss potential [Ya90, Wa85] for neutrons, Perey
and Walter-Guss potential [Wa85] for protons, Lemos potential modified by Arthur and Young
[Ar80] for o particles, and Lohr and Haeberli potential [Lo74] for deuterons.

A constant for calculation of matrix elements for two-body interaction f2 of 0.5 was used.
If we use the values of 1.3 to 1.6, the calculated (n,p) cross section were much larger than the
experimental data [Co59]. Smaller f2 was preferable in order to reproduce the (n,p) cross
section of Coleman et al. [Co59]

Figure 3.14 shows the (n,2n) and (n,3n) reaction cross sections.

Figure 3.15 is the (n,p) cross section. As described above, the data of Coleman et al.
[Co59] exists at 14.5 MeV. Evaluated data including the present one, excluding ENDF/B-VI, are
in good agreement with the experimental data.

Figures 3.16 to 3.21 show the (n,nc), (n,np), (n,nd), (n,d), (n,t) and (n,’He) reaction cross
sections. No experimental data are available for these reactions. For the (n,no) cross sections,
ENDF/B-VI and CENDL-3 give small cross sections in the low energy region while the present

evaluation assumed them to be 0.0 below 4 MeV.
3.3.6 Elastic Scattering Cross Section

The elastic scattering cross section was calculated as the total cross section minus a sum

of partial cross sections. The result is the same as the CASTHY calculation. Figure 3.22
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compares the present result with other evaluations.
3.4 Other Data

The angular distributions of elastically scattered neutrons calculated with CASTHY code
were adopted. For those of inelastic scattering, sum of CASTHY and DWUCKY calculations
was adopted. For the other reactions, isotropic distributions in the laboratory system were
assumed.

The energy distributions were calculated with EGNASH2 code. Interpolation scheme of
22 [Mc01] was adopted for all the reactions.

4. Conclusions

The evaluated data of '*’I and '**Nd stored in JENDL-3.3 were revised. For both nuclides,
a part of resonance parameters and parameters for theoretical calculation were improved and
new calculations were performed. These parameters were adjusted to reproduce the recent
experimental data.

The cross sections in the low energy region were improved. The previous evaluation for
1 and " Nd gave a negative resonance so as to reproduce thermal capture cross sections.
However, the recent experimental data of '*I capture cross section show a 1/v behavior below
the first positive resonance. This means that a 1/v-type background cross section is preferable to
a negative resonance. On the other hand, for 143N d we could reproduce the experimental data by
changing parameters of the negative resonance.

In the smooth-cross section region, the optical model parameters were improved. The
capture cross sections were revised to reproduce the recent experimental data. Threshold
reaction cross sections were calculated with EGNASH2 code. The results were largely different
from previous ones. We need experimental data for these threshold reactions in order to provide
more accurate cross section data.

The present results were compiled in the ENDF-6 format.
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Table 2.1 Thermal cross sections of '’
Unit: barns

Capture

Present 30.00

JENDL-3.3 27.00

ENDEF/B-VI 27.00

JEFF-3.0 33.89

CENDL-3 27.00 JENDL-3.2 was adopted.

Mughabghab et al. [Mu81] 2712 recommendation

Roy et al. [Ro58] 26.712.0 Maxw. average

Pattenden [Pa63] 28+2

Nakamura et al. [Na96] 30.31£1.2
Elastic scattering

Present 4.09

JENDL-3.3 6.47

ENDEF/B-VI 4.54

JEFF-3.0 8.54

CENDL-3 6.47 JENDL-3.2 was adopted.
Total

Present 34.09

JENDL-3.3 33.47

ENDF/B-VI 31.54

JEFF-3.0 42.43

CENDL-3 33.47 JENDL-3.2 was adopted.

Block et al. [B160] 35+4 Energy dependent exp.

Table 2.2 Resonance integrals of '*°I capture cross section
Unit: barns

Present 33.9

JENDL-3.3 294

ENDEF/B-VI 35.8

JEFF-3.0 30.6

CENDL-3 29.4 JENDL-3.2 was adopted.

Mughabghab et al. [Mu81] 3614 recommendation

Roy et al. [Ro58] 36.0+4.0

Nakamura et al. [Na96] 33.8t14
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Table 2.3  Optical potential parameters for n+'?’I reaction

For the previous evaluation

Potential shape: Derivative Woods-Saxon for surface-imaginary part

Depth (MeV) Radius (fm) Diffuseness (fm)
V =45.97-0.199xE 6.481 0.62
Ws = 6.502 6.926 0.35
Vso=17.0 6.49 0.62
For the present evaluation

Potential shape: Derivative Woods-Saxon for surface-imaginary part

Depth (MeV) Radius (fm) Diffuseness (fm)
V =45.54 - 0.279xE 1.165%A+0.6 0.62
W= 0.125%E — 0.0004xE> 1.16xA*+0.6 0.62
W;s =5.955 1.16xA'+1.1 0.35
Vso=7.0 1.16xA*+0.6 0.62

A: mass number

Table 2.4 Parameters used in CASTHY calculation for %I

a) Level density parameters

Nuclide a(lfMeV) T(MeV) spin-cutoff Ex(MeV) Pairing(MeV)

1291 17.20 0.62 15.46 5.762 1.20
1301 16.52 0.74 15.23 6.64 0.0
b) Gamma-ray strength function

2.89x10  adjusted to reproduce the capture cross section of about 183 mb
at 64 keV
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Table 2.4 Parameters used in CASTHY calculation for '*I (continued)

¢) Excited levels

Z
o

— :
SV WNBWN—O

DO et ek e ek et ek et et
OOV OOV E WK -

Energy(MeV)
0.0
0.0278
0.27838
0.48735
0.55962
0.69589
0.72957
0.76876
0.82992
0.84482
1.0474
1.0502
1.1117
1.1967
1.2036
1.2098
1.2607
1.2820
1.2919
1.4014
1.4830
1.521

Spin-parity

7/2
572
32
512
1/2
712
9/2
7/2
32
7/2
32
712
572
172
5/2
172
32
712
172
972
1/2

+

++++++++++++

+ o+ + 4+

+ |

taken from RIPL-2

Above this energy, levels were assumed to
be overlapping

Direct inelastic scattering was calculated to the levels with “*”.

Table 2.5 Level density parameters used in EGNASH2 calculation

Nuclide a parameter comments

I-130 16.52

I-129 17.20

I-128 17.89

1-127 17.17

Te-129 20.15

Te-128 18.00

Sb-127 17.00

Sb-126 -- systematics in egansh2 used
Sb-125 17.00
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Table 3.1 Thermal cross sections of '*Nd

Unit: barns

Capture

Present

JENDL-3.3
ENDF/B-VI
JEFF-3.0

CENDL-3
Mughabghab et al. [Mu81]
Pomerance [Po52]
Cummius [Cu57]
Hay [Ha58]
Tattersall et al.[Ta60]
Cabell et al. [Ca68]

Vertebnyj et al. [Ve74]
Lucas et al. [Lu77]
Asghar et al. [As78]

Elastic scattering

(n,0)

Total

Present

JENDL-3.3

ENDEF/B-VI

JEFF-3.0

CENDL-3

Mughabghab et al. [Mu81]
Hay [Ha58]

Vertebnyj et al. [Ve74]

Present

JENDL-3.3

ENDF/B-VI

JEFF-3.0

CENDL-3

Mughabghab et al. [Mu81]
Cheifetz et al. [Ch62]
Asghar et al. [As78]

Present

JENDL-3.3
ENDEF/B-VI

JEFF-3.0

CENDL-3

Hay [Ha58]

Vertebnyj et al. [Ve74]

332.12
325.01
325.15
335.89
323.06
32510
29218
23613
343+20
336x10
318+13.6
316.1+13.5
33848
335

325

81.51
80.00
80.10
86.59
79.83
80+2
6717
80+2

0.0200
0.0174
1.91x107°

0.0

0.0174
0.0174+0.0016
0.016+0.003
0.0223+0.0020

413.65
405.03
405.25
422.48
402.91
410£20
41817

recommendation
Maxw. average
Maxw. average

Maxw. average

Maxw. average

recommendation

recommendation
Maxw. average
Maxw. average
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Table 3.2 Resonance integrals of '*Nd capture cross section

Unit: barns
Present 143
JENDL-3.3 129
ENDF/B-VI 131
JEFF-3.0 133
CENDL-3 130
Mughabghab et al. [Mu03] 130430 recommendation

Table 3.3 Optical potential parameters for n+'**Nd reaction

For the previous evaluation

Potential shape: Derivative Woods-Saxon for surface-imaginary part

Depth (MeV) Radius (fm) Diffuseness (fm)
V =4576 6.746 0.6
Ws=6.97 6.432 0.45

For the present evaluation

Potential shape: Derivative Woods-Saxon for surface-imaginary part

Depth (MeV) Radius (fm) Diffuseness (fm)
V =46.59-0.417xE 1.172xA"+0.6 0.62
Wi= 0.125%E — 0.0004xE> 1.16xA+0.6 0.62
Ws =17.486 1.16xA+1.1 0.35
Vso=7.0 1.16xA*+0.6 0.62

A: mass number
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Table 3.4 Parameters used in CASTHY calculation for *Nd

a) Level density parameters

Nuclide a(1/MeV) T(MeV) spin-cutoff Ex(MeV) Pairing(MeV)

143Nd 19.2 0.450 17.49 3.52 1.18
144Nd 17.2 0.580 16.64 5.79 1.94
b) Gamma-ray strength function

1.65x10™  adjusted to reproduce the capture cross section of about 147 mb
at 65 keV
¢) Excited levels

No. Energy(MeV) Spin-parity

0 0.0 772 -
1 0.74205 32 - *
2 1.22804 132 +
3 1.30586 12 -
4 1.40708 912 - *
5 1.43123 112 - *
6 1.506 92 + taken from RIPL-2
7 1.55554 52 - *
8 1.55644 32 +
9 1.60838 12 +

10 1.73921 912 -

11 1.77485 12 +

12 1.79952 32 +

13 1.8515 772 - *

14 1.85256 32 -

15 1.91081 52 -

16 1.9666 52 +

17 1.98822 1172 -

18 1.99640 52 +

19 2.00467 12 -

20 2.0113 92 +

21 2.01837 15/2

22 2.0192 52 -

23 2.03560 72 -

24 2.06385 72 +

25 2.06684 132 -

26 2.07513 112 -

27 2.09060 72 +

28 2.09439 112 -

29 2.101 772 -

30 2.12582 continuum

Direct inelastic scattering was calculated to the levels with “*”.
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Table 3.5 Maxwellian-averaged '*Nd capture cross section

Unit: mb
10 keV 30 keV
Present 512 245
JENDL-3.3 564 288
ENDF/B-VI 502 239
JEFF-3 528 275
CENDL-3 576 281
Wisshak et al. [Wi97b] 537 244
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¥ E 1Pa-s(N.s/m*)=10P(#£7 X)(g/(cm-s)) 1.33322 x 107* | 1.35951 x 1072 | 1.31579 x 10°* 1 1.93368 x 107?
FHE 1m¥/s=10'St(X b — 2 ) (cm?/s) 6.89476 x 107* | 7.03070 x 1072 | 6.80460 x 1072 51.7149 1
1] J(=10"erg) kgf*m kWeh cal GGt R#:) Btu ft = 1bf eV 1 cal = 4.18605 J (Gt @&7k)
3
w 1 0.101972 | 277778 x 107" 0.238889 | 9.47813 x 107* 0.737562 | 6.24150 x 10*® = 4.184J (ML)
e .
| 9.80665 1 2.72407 x 10 2.34270 9.29487 x 107° 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (HIBRREK)
- 4.18605 0.426858 | 1.16279 x 10°* 1 3.96759 x 10° 3.08747 261272x 10" HER | pS ULEFD)
R’ 1055.06 107.586 2.93072 x 107 252.042 1 778.172 6.58515 x 107! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107 0323890 | 1.28506 x 10~° 1 8.46233 x 10'® = 735.499 W
1.60218 x 107'° | 1.63377 x 10°2°| 4.45050 x 1072°| 3.82743 x 10°%°| 151857 x 1072?| 1.18171 x 107 1
74 Bg Ci % Gy rad ;?1 C/kg R ig Sv rem
&t 1 2.70270 x 107" 8 1 100 &2 1 3876 o 1 100
fig B’ B 72
3.7 x 10% 1 0.01 1 2.58 x 107* 1 0.01 1

(864 12 A 26 HBZE)




Re-evaluation of Neutron Nuclear Data for 'l and '“Nd
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