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In this document, we present the final result obtained at the n_.TOF experiment for the neutron-
induced fission cross section of the 2*’Np, from the fission threshold up to 1 GeV. The method
applied to get this result is briefly discussed. n_TOF data are compared to the last experimental
measurements using other TOF facilities or the surrogate method, reported experiments performed
with monoenergetic sources and the FISCAL systematic, including a discussion about the existing

discrepancies.
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I. INTRODUCTION

The new reactor concepts extend the nuclear data re-
quirements in the fast neutron region where a more pre-
cise knowledge of most of the actinide cross sections is
demanded.

Among the actinides, Np-237 is one of the most impor-
tant components of the burn-up fuel. As it is a non-fissile
isotope, Np-237 is a good candidate for being incinerated
in fast neutron spectrum systems.

In order to obtain the transmutation capabilities of
this isotope under such a neutron flux, a more accurate
measurement of the neutron-induced fission cross section
is required. This contribution presents the final result
of the 23"Np(n,f) cross section from threshold up to 1
GeV obtained by the n_TOF experiment followed by a
discussion in the impact of these new data in current
evaluations.

II. EXPERIMENTAL METHOD

The new data presented in this work were obtained
at the n_ TOF facility [1]. This is a white-source facility
in which neutrons are produced in spallation reactions
induced by the high-intensity Proton Synchroton (PS)
beam in a massive lead target. The moderated neutron
flux extends from thermal region up to GeV and the
neutron energy is determined by the time-of-flight tech-
nique.

Because of PS operation mode, the neutron pulses are
separated by a few seconds minimizing the wrap-around
neutron background, while the high instantaneous flux
(10° neutrons/cm?) keeps a competitive neutron rate.

The detection setup used in this work is based on par-
allel plate avalanche counters (PPACs) developed at the
Institute de Physique Nucléaire d’Orsay (IPN-Orsay) [2].
It consisted in a stack of 10 detectors and 9 targets
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placed orthogonally to the neutron beam. Four high-
purity 22"Np samples were placed in the setup, which
also included one 23°U and one 23%U as references.

The main characteristic of the setup is that the fissions
produced in each target were measured by detecting
the fission fragments in coincidence. This was possible
thanks to the very thin setup layers (targets, backings
and detectors) and to the fast anode signals which pro-
vide ns time resolution. In addition, sensitive-position
cathodes provide the fragment trajectory. In this exper-
iment, we obtained the fission yields using exclusively
the PPAC anode signals. The cathode information was
only used to obtain the neutron beam profile because the
efficiency including cathodes was biased due to problems
with the electronic thresholds.

Apart from the beam time at the n_TOF facility, ad-
ditional measurements have been performed in order to
characterize the targets. The total sample thicknesses
and the spatial mass distributions are obtained by «
counting while the backing thicknesses are determined
from energy loss measurements with the transmitted «
particles. Rutherford Backscattering (RBS) measure-
ments were performed to study the proportion of light
materials like oxygen or hydrogen in the actinide sam-
ples.

1. Cross section determination

Assuming that the same flux reaches all targets, the
cross section ratio between two of them can be expressed
by the following expression:

ox I'x Nrepr

- E R (1)

or Fr Nxex

where F' is the fission counting rate, N is the number
of atoms in the targets, ¢ is the detection efficiency
for each target and the indexes X and R refer to the
measured and the reference samples, respectively.
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Fig. 1. Estimated efficiency for the 23°U target in the en-
ergy range from 100 keV to 1 GeV. The efficiency function
reproduces the variation in the fission fragment angular dis-
tribution.

G, (barn)

«~— n_TOF (This work)

— ENDF/B-VILO 7
=+ JENDL-3.3
JENDL-HE2007 1

10 I 100 1000 I
E, (MeV)

Fig. 2. (Color online) Result obtained for 2*"Np(n,f) cross
section between 0.2 and 1000 MeV compared to last ENDF
and JENDL evaluations.

The number of atoms is accurately known from the «
counting measurements. Then, the detection efficiency
ratio is corrected by the different fission fragment angu-
lar distribution and the different oxygen content between
neptunium and uranium samples. The angular distribu-
tion of the fragments changes with the neutron energy
and this is reflected in the estimated efficiency of our
setup as shown in Fig. 1. However, as the behaviour of
the angular distributions is very similar for 22U and for
23TNp, the importance of this correction in this case is
reduced.

The remaining differences in the ratio due to target
and backing thicknesses or to detector behaviours are
estimated to be less than 3% from the comparison of the
several neptunium targets included in the setup.

Adding the different terms contributing to the sys-
tematic uncertainty, it results to fall below 3.8% in the
full energy range. The statistical uncertainty is kept
smaller by selecting a convenient binning.
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Fig. 3. (Color online) Comparison of the 23" Np/?3*U cross
section ratio obtained in present result with respect to data
from Tovesson [5] and Shcherbakov [6]. The 5% offset is
stressed by the red dotted line.

I11I. RESULTS

Once obtained the cross section ratio, the 23"Np cross
section is produced by multiplying the second term in
eq. (1) by the 23°U fission cross section obtained from
ENDF/B-VIL.0 [3] evaluation up to 20 MeV and from
JENDL-HE-2004 [4] library beyond that energy. The
result is shown in Fig. 2 compared to evaluated data.

Our result reproduces quite closely the shape of the
evaluated cross sections but it is larger than evaluations
in a scale factor of 5% in the range between 1 and 200
MeV. That discrepancy is not observed for other mea-
sured isotopes with the same PPAC setup as 238U, 234U
or 233U, for which our results reproduce well the evalu-
ated cross sections. This agreement reinforces our con-
fidence in the results obtained for the 23”Np, so that we
will compare our results with the experimental data used
to produce the evaluations, checking their consistency.

IV. COMPARISON TO PREVIOUS
EXPERIMENTS AND SYSTEMATICS

During last decade a few experiments measuring the
237TNp cross section above the fission threshold have been
accomplished. Two of them, performed at LANSCE and
PNPI, were based in time-of-flight measurements in spal-
lation sources facilities and with the U-235 as reference,
as the work presented here.

The comparison with our data is shown in Fig. 3.
Present data agree well in shape with those of Tovesson
and Hill [5], and above 8 MeV, with those of Shcherbakov
et al. [6]. However, there is a clear discrepancy in
the normalization, with differences of about 5% with
respect to Tovesson and more than 6% with respect
to Shcherbakov. It is worth to mention that the cross
section ratio provided by Tovesson did not use the to-
tal mass ratio in the calculation, but an overall nor-
malization with respect to the ENDF/B-VI evaluation
at 14.8 MeV. Last ENDF/B-VILO library is based on
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Fig. 4. (Color online) Differences between our cross-

section value at 14.8 MeV and those of several experiments
reported in EXFOR database [7-18]. Data are ordered
chronologically in the horizontal axis. Our data uncertainty
is shown in dashed lines. The differences with respect to
the last ENDF evaluations are also plotted in colour straight
lines.

this new LANSCE measurement. On the other hand,
Shcherbakov’s normalization is based on a different pro-
cedure, the threshold cross-section method.

Apart from these experiments, there is a recent work
published by Basunia et al. [7] that reports an indirect
measurement based on the surrogate ratio method. They
provide the 22”Np(n,f) cross section in the range between
10 and 20 MeV. The agreement with our result is quite
good, except for the cross section decrease near 20 MeV.
Their value at 14.8 MeV is compared with the n_. TOF
data in Fig. 4. Other experimental results obtained with
monoenergetic sources are also included [7-18]. A good
agreement between the n_ TOF value and most of the
experimental data is obtained at that energy.

Finally, in the intermediate energy range (above
20 MeV up to a few GeV) the lack of experimental
data with neutrons has been solved in the past by
the used of models and overall systematics based on
proton-, photon- and neutron-induced measurements.
Fukahori’s systematic, included in FISCAL code, is able
to reproduce well the cross section ratio of different
actinides with respect to 23U when compared with
evaluations, except for the case of 23"Np [19]. The
discrepancy for this isotope matches the difference that
we have reported in present work.
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V. SUMMARY AND CONCLUSIONS

In this work, we presented the result for the 2*"Np(n,f)
cross section obtained at the n_ TOF experiment. When
compared to evaluations, our results are 5 ~ 6% higher
and such difference is incompatible with our measure-
ment uncertainty. However, we are in agreement with
Basunia et al., and present result would correct the
23TNp exception in the Fukahori’s systematic.
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