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In 2007 we pointed out that most of the unresolved resonance data in JENDL-3.3 had a problem related to 
self-shielding effect. Here through comparison of calculated neutron spectra from simple sphere assemblies 
and the TOF experiment for a manganese sphere at OKTAVIAN we investigate whether the latest JENDL, 
JENDL-4.0, is improved for the problem or not. The results for the spherical assemblies indicate that the 
unresolved resonance data in JENDL-4.0 are improved, but the data of the manganese TOF experiment at 
OKTAVIAN suggest that the unresolved resonance data in JENDL-4.0 still have some problems from the 
view of the self-shielding effect. New benchmark experiments such as deep penetration experiments are 
strongly recommended in order to validate the unresolved resonance data in JENDL-4.0.  
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1. Introduction1

In 2001 we calculated the spectra of neutrons which
leaked from a niobium sphere of 0.5 m in radius with 20 
MeV neutrons in the center by using the transport codes 
ANISN [1] and MCNP4C [2] and the nuclear data 
library JENDL-3.3 [3]. The calculated leakage neutron 
spectra had a strange bump at 100 keV as shown in 
Figure 1 only when the unresolved resonance data were 
adopted [4]. It was concluded that the unresolved 
resonance data had some problems.  

In 2007 we compared self-shielding corrected 
multigroup cross section data with and without the 
unresolved resonance data of 93Nb in JENDL-3.3 [5]. 
Figure 2 shows them for the elastic scattering. It was 
found out that the self-shielding corrected elastic 
scattering cross section data had unphysical 
discontinuity around the maximum energy (100 keV) of 
the unresolved resonance region, which caused the 
strange bump at 100 keV in Figure 1 [5]. We also 
checked other data in JENDL-3.3 and all data in other 
nuclear data libraries ENDF/B-VII.0 [6] and JEFF-3.1 
[7]. It was pointed out that there are similar problems in 
unresolved resonance data in JENDL-3.3, 
ENDF/B-VII.0 and JEFF-3.1 [5]. 

JENDL-4.0 [8], the latest JENDL, tried to improve 
this problem by increasing the maximum energy of the 
unresolved resonance region. Note that unresolved 
resonance data are given to more nuclei in JENDL-4.0 
(291 nuclei) than in JENDL-3.3 (210 nuclei), e.g. 55Mn. 
In this paper we examine whether the problem on the 
unresolved resonance data is really improved in 
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JENDL-4.0 through comparison of calculated neutron 
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Figure 1.  Calculated leakage neutron spectra from niobium 
sphere with MCNP and JENDL-3.3. 
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Figure 2.  Elastic scattering cross section data of 93Nb in 
JENDL-3.3. 
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spectra from spherical assemblies and a benchmark 
experiment. 

2. Method

We adopted the same sphere assembly as in the
previous calculations, i.e. a natural element sphere of 0.5 
m in radius with a 20 MeV neutron source in the center. 
Pure manganese, arsenic and niobium were selected as 
the natural element because the self-shielding effect was 
expected to be enhanced owing to one stable isotope. 
Leakage neutron spectra from the sphere were calculated 
with the Monte Carlo code MCNP4C and the official 
ACE file FSXLIB-J40 [9] generated from JENDL-4.0 
with the NJOY99.336 [10] code. We performed both 
analyses with and without the unresolved resonance data. 
Analyses with the official ACE file FSXLIB-J33 [11] 
generated from JENDL-3.3 with NJOY99.90 were also 
carried out for comparison.  

The self-shielding effect for unresolved resonance 
data was examined with two multigroup libraries. One 
was produced from the official MATXS file 
MATXSLIB-J40 [9] with unresolved resonance data and 
the other was generated from a MATXS file without 
unresolved resonance data, which was produced from 
JENDL-4.0 by using NJOY99.336 with JENDL-4 patch. 
The self-shielding corrected elastic scattering cross 
section data with and without the unresolved resonance 

data were deduced from the two MATXS files with the 
TRANSX-2.15 [12] code. The self-shielding corrected 
one for JENDL-3.3 with the unresolved resonance data 
was deduced from the official MATXS file 
MATXSLIB-J33 [10]. 

In order to validate the unresolved resonance data in 
JENDL-4.0 we also analyzed the manganese sphere 
Time-Of-Flight (TOF) experiment at Osaka 
University/OKTAVIAN [13], which measured a 
spectrum of neutrons above 0.1 MeV emitted from a 
manganese sphere of 61 cm in diameter bombarded with 
14 MeV neutrons. 

3. Results and discussion

3.1. Calculation with simple assembly of sphere 

3.1.1 Niobium 
Figure 3 shows calculated leakage neutron spectra 

from the natural niobium sphere. The unresolved 
resonance region of 93Nb is 7 keV - 600 keV in 
JENDL-4.0, while it is 7 keV - 100 keV in JENDL-3.3. 
The strange bump, which appears in the neutron 
spectrum with JENDL-3.3 around the maximum energy 
of the unresolved resonance region, disappears in that 
with JENDL-4.0 even with the unresolved resonance 
data. Figure 4 shows the self-shielding corrected elastic 
scattering cross section data of 93Nb in both files with 
and without the unresolved resonance data. The 
self-shielding effect for the unresolved resonance data is 
larger in JENDL-4.0 than in JENDL-3.3, while we 
cannot judge whether the unresolved resonance data in 
JENDL-4.0 is improved or not from this result alone. 

3.1.2 Arsenic 
Figure 5 shows calculated leakage neutron spectra 

from the natural arsenic sphere. The unresolved 
resonance region of 75As is 9.7 keV - 500 keV in 
JENDL-4.0, while it is 9.7 keV - 100 keV in JENDL-3.3. 
The strange bump, which appears in the neutron 
spectrum with JENDL-3.3 around the maximum energy 
of the unresolved resonance region, is very small in the 
spectrum employing JENDL-4.0 with the unresolved 
resonance data. Figure 6 shows the self-shielding 
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Figure 3.  Leakage neutron spectra from niobium sphere. 
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Figure 4.  Elastic scattering cross section data of 93Nb. 
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Figure 5.  Leakage neutron spectra from arsenic sphere. 
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corrected elastic scattering cross section data of 75As 
with and without the unresolved resonance data. As well 
as 93Nb, the self-shielding effect for the unresolved 
resonance data in JENDL-4.0 is very large. 

3.1.3 Manganese 
Figure 7 shows leakage neutron spectra from the 

natural manganese sphere. The unresolved resonance 
region of 55Mn is 125 keV - 1 MeV in JENDL-4.0, while 
55Mn in JENDL-3.3 has no unresolved resonance data. 
The spectra calculated using JENDL-4.0 without the 
unresolved resonance data are almost the same above 

125 keV as that using JENDL-3.3. There is no strange 
bump around the maximum energy of the unresolved 
resonance region in the neutron spectrum using 
JENDL-4.0 with unresolved resonance data. Figure 8 
shows the self-shielding corrected elastic scattering 
cross section data of 55Mn with and without the 
unresolved resonance data. As well as 93Nb and 75As, the 
self-shielding effect in JENDL-4.0 is very large. 

3.2. Manganese TOF experiment at OKTAVIAN 

In order to judge whether the unresolved resonance 
data of manganese in JENDL-4.0 is better than no 
unresolved resonance data in JENDL-3.3, we analyzed 
the manganese sphere TOF experiment at OKTAVIAN. 
Figure 9 plots the measured and calculated leakage 
neutron spectra from the manganese sphere and the 
ratios of the calculated neutron fluxes to the measured 
ones for specified neutron energy regions. All the 
calculated neutron spectra above 1 MeV are almost the 
same. On the other hand, below 1 MeV, the calculated 
neutron spectrum with JENDL-4.0 including the 
unresolved resonance data overestimates the measured 
one more than that with JENDL-4.0 excluding the 
unresolved resonance data. It seems that the unresolved 
resonance data are not necessary for 55Mn, as long as the 
data in Figure 9 are concerned. 
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Figure 9.  Leakage neutron spectra in manganese TOF 
experiment at OKTAVIAN. 
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Figure 6.  Elastic scattering cross section data of 75As. 
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Figure 7.  Leakage neutron spectra from manganese sphere. 
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Figure 8.  Elastic scattering cross section data of 55Mn. 
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4. Conclusion

In order to investigate self-shielding effects of
unresolved resonance data in JENDL-4.0, we have 
calculated leakage neutron spectra from natural 
manganese, arsenic and niobium sphere assemblies and 
have analyzed the manganese TOF experiment at 
OKTAVIAN. The results with the sphere assemblies 
indicate that the unresolved resonance data in 
JENDL-4.0 are improved, but the analysis of the 
manganese TOF experiment at OKTAVIAN suggests 
that the unresolved resonance data in JENDL-4.0 still 
have some problems from the view of the self-shielding 
effect. New benchmark experiments for elements with 
unresolved resonance data such as deep penetration 
experiments are strongly recommended in order to 
validate the unresolved resonance data. 
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