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Abstract

Z"Np is very important material in the fission products of nuclear reactors. Resonance integral(RI) tests of
this material is necessary to check between the experiments and the evaluated data. Such feedback to the

evaluated data is very important to correct data and improve of codes. The RI for the ®'Np(n,y)**Np reaction

were measured by using the 46—MeV electron linear accelerator (linac) at the Research Reactor Institute,

Kyoto University (KURRI). The measurement was performed in the energy region from 0.005 eV and 10 keV.
RI obtained as 804.7 barns, compared with those of the evaluated data in JENDL—4.0 and Mughabghab.
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I. Introduction

Neptunium (237Np) is a significant radioisotope in
reactors because of a fission product which is produced in
light reactor and fast breeders reactors'". Therefore, the
precise measurement of the Resonance Integral(RI) for the
237Np(n,y)238Np reaction is of great importance in the
design of a reactor core because of varying the neutron

flux (2]

. Furthermore, the efficiency of reactor is greatly
influenced by their fission products ratio. However, the
previous measurement have large discrepancies among the
their experiment data and evaluated data as shown in
Table 1, because it has a very big s-wave resonance at
0491 ev BH1n generally RI data were measured by
using activation method with nuclear reactor. However we

tried to measure the RI by summing the differential

neutron capture data which is from TOF method. We

have obatined the RI for >

time-of-flight (TOF) method by using the 46-MeV electron

Np with the neutron

linear accelerator (linac) at the Research Reactor Institute,
Kyoto University (KURRI)"™. The RI for *"Np(n,%)**Np
reaction was determined from the differential neutron
capture cross-sections in the neutron energies from 0.005
eV to 10 keV. The RI was measured by using the detector
assembled with CgDg scintillators at KURRI.

II. Measurement

We measured the neutron capture cross-sections for
various samples by using the neutron TOF method for a
pulsed neutron source based on a 46-MeV electron. The

described

cross-section
[12 - 14]

capture measurements are

elsewhere . The previous energy-dependent neutron
capture cross section measurement was carried out using a

neutton TOF method with the total-energy absorption
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detector assembled with BGO scintillators at the 46-MeV
electron linac of KURRIL In the present study, we
measured it by the CgDg scintillation detectors. The
experimental arrangement is almost the same as before
02940 20d is shown in Fig. 1. The parameters of the

samples used in the capture cross-section measurement ate

summarized in Table 2. The 237Np sample was in the
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Figure 1. Experimental arrangement
Table 1. Previous experimental Rl data and evaluated data
Low 1imi
Author Year Rl (barn) Facility o linit Method Reference
Energy(eV)
E. Hellstrand et al. 1970 pio+5) | Crpniteuraniu 0.5 Oscilfation (3]
m assembly technique
K. Kobayashi et al. 1994 652+24 Graphite reactor 0.5 Activation method [4]
T. Katoh et al. 2003 862+24 KURRI Reactor 0.3%8 Activation method [5]
506+ 14 ) 0.5
0. Shcherbakov et al. 2005 807419 Linac 0.3 TOF (24.2 m) method [6]
S. H. Bber le et al. 1971 805 Reactor 0.5 Activation [7]
730+30 0.5 L
L. N. Jurova et al. 1984 860440 Reactor 0.5 Activation [8]
549+50" e ot
Yu. E. Titarenko et al. 1999 576+84"" avy tater 0.5 Activation [9]
. Reactor
518+47
JENOL-4.0 2010 6% Evaluation [10]
Mughabghab 1981 640+50 Evaluation [11]
Reference material(: Mn, ™ Cu, *": Au)

The sample thickness is important for decreasing the

effects of multiple-scattering and self-shielding which
depend on the neutron energy, and for obtaining a good
signal-to-noise (S/N) ratio. The %8 sample in the form of
powder was packed in a thin aluminum case and was used
to measure the energy-dependent neutron flux in the
relevant energy region. A graphite sample was also utilized
for the experimental investigation of background due to
neutrons scattered by the 237Np sample. Each sample was

located at the center of the CgDg scintillation detector

assembly. Prompt capture Y-rays were detected with the
CeDs detection assembly. The CeDg detection assembly
consists of two scintillation detectors, each 11 cm in diam-
eter and 5 cm thickness, was used for the measurement of
capture ¥-rays from the sample. The C¢D¢ detection
assembly is installed at 12+0.02 m from the neutron
source of Ta target. The front of the C¢Ds detection
assembly was covered with O iF tiles, 3 mm in thickness,
to absorb neutrons scattered by the sample. However, the

tiles were not always enough to shield against higher




“Resonance Integral of Neptunium(®7Np) from Energy Dependent Differential Neutron Capture Cross-Segtion by Using the Linac

TOF Method and CsDs Scintillation Spectrometer”

energy neutrons above 10 eV. The effect due to scattered
neutrons was experimentally investigated by using a

graphite sample. A block diagram of the electronics for

Table 2. Physical parameters of the samples used in the experiment

the data acquisition system is almost the same as before

[12 - 14]. The

Samples Physical form Pur ity (%) Size mass
Np Powder 9.6 30 mm diameter, 1.4 mm thickness 1.18¢g
B Powder 99.99 1.8 cm x 1.8 cm, 0.5 thickness 3.57 g

KURRI linac was operated with two different modes.
One was for the low-energy expetiment below 20 eV with
a repetition rate of 50 Hz, a pulse width of 3.0 us, a peak
current of 0.5 A, and an electron energy about 30 MeV.
The other was for the high-energy experiment above 0.7
eV with a repetition rate of 300 Hz, a pulse width of
0.010 ps, a peak current of 6 A, and an electron energy
about 30 MeV. Short experimental runs for 10 to 30
minutes wete cyclically made with and without the 237Np

sample, which were called the foreground and the
background measurement, respectively, and were repeated
in order to average out the changes in the measuring
conditions, such as the neutron beam intensity, although
the linac operation was steady during the experiments. In
the case of the '“B sample, a dummy case made of thin
aluminum was used for the background measurement. The
background corrections were made for the scattered
neutrons by considering the graphite thickness equivalent
to the scattering cross-section of the capture sample. The
BF3 monitor counts were used for the data normalization
details of the

between the experimental runs. The

measuring conditions and method are described elsewhere
[12-15]

III. Data Analysis

23
The capture count rate for the 7Np sample at an

energy E, Cnp(E), can be obtained from the following

. [2-15
relation % 1,

Cp(B) = &, Yy (B)4(E)

where the subscript “Np” of exp and Ynp(E) means
237Np. Since the CgDg scintillation detector assembly is not
a total-energy absotption detector. Therefore, we couldn't
measure neutron capture cross section absolutely in this
study. The detection efficiency €xp may be independent of
the neutron energy E, and ®(E) is the neutron flux as a

function of neutron energy E. The capture yield Ynp(E)

can be obtained from

CNp(E)

w®=cE

Ys (E)

Here, € is a relative detection efficiency obtained from
"ep/"enp and the subscript “B” means 8 In the case of
the B sample used in the current measurement, the
capture yield Yp(E) is unity in the relevant energy region.
Thus, we can drop the subscript “Np”in the capture yield.
The capture yield, Y(E), is the primary value to be
determined from the measured number of capture counts
in both samples by using Eq. (2). The neutron capture

. . . 16
cross-section, O(E), is obtained as follows"?;

0,(E)=f.(E)o, (E{1-exp(-No (E))}Y(E) .. (3)

where fc(E) is the correction function due to the
neutron scattering and/or the self-shielding in the sample,

Ot(E) is the neutron total cross-section obtained from the
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evaluated data file, N is the atomic density of the sample,
and t is the sample thickness. The correction function,
fc(E), was determined by using the MCNP simulation

[17

code™™. The RI is defined by the following relation:

o = T(a(E)/E)dE

Ecd

where (E) is the neutron capture cross-section as a
function of the neutron energy E, and Ecq is a Cd cutoff
18
" The

epi-cadmium dilute RI for a particular reaction in a 1/E

energy, which is usually defined as 0.5 eV

spectrum is exptressed by using this relationship, where 0.5
eV is determined by using the cadmium cut-off energy,
which depends on the cadmium thickness. We assumed
that the dE/E neutron spectrum was not pertutbed by the
absorbing materials. In the present study, the RI for the
237Np(n,§()2381\1p reaction was obtained from an integration

of differential data according to the definition of the RI.

IV. Results and Discussion

The neutron capture cross-sections and the RI(804.7
barns) of a 237Np(n,‘g)ZSBNp reaction were measured in the
neutron energy region from 0.005 eV and 10 keV by using
the 46-MeV electron linear accelerator at KURRIL 237Np
isotopes has a very large s-wave resonance at 0.491 eV.
Therefore, the measurement of the RI is very difficult
because Cd cutoff energy is close to the resonance energy.
237Np 0,y) 23sz

reaction was shown in Fig. 2 051 The integral values of

The neutron capture cross section of

present results depends on the energy were shown in Fig.
3. The present measurement of the neutron capture
cross-sections  was compared  with  the  previous
experimental data and the evaluated data of JENDL-4.0
[10], Mughabghab 1 25 shown in Fig. 4. In the case of
237Np sample, it has a very large s-wave resonance at
0.491. Therefore, the discrepancy of the RI wvalue as
shown in Fig 3. is more large than the other clements,

especially. The present result are seem to be close to the

result of S. H. Eber le et al and more large than the other
values. In the calculation of RI with differential neutron
capture cross section, we have to choose the data near the
0.5 eV, very carefully because the data value of RI has
comparatively large than more higher data in the keV

region.
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Figure 2. Neutron Capture Cross section for the 7Np(n,x) Np
reaction
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Figure 3. Integrated RI value of present result for the
“Npln,x)**Np reaction
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Figure 4. Previous and present Rl values for the
“Npln,y)**Np reaction
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