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A project on the comprehensive nuclear data research for the development of the advanced reactor
systems had been executed successfully by eight organizations from 2005 to 2009. In this project, we
constructed a pulsed neutron beamline that was aimed to obtain neutron capture cross-sections of
long-lived fission products and minor actinides accurately. The energy spectra, spatial distributions,
and pulses of the beam were studied by measurements and simulation calculations, and they were
found to be consistent with those of the beamline design. In this paper, we present the overview of
the project and the properties of the neutron beam provided by this beam line.
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I. INTRODUCTION
Accurate nuclear data for long-lived fission products
(LLFPs) and minor actinides (MAs) are being required
to estimate the production and the transmutation rates
concerning advanced reactor systems such as fast reactors and accelerator driven systems. However, the
many processes from the sample preparation for the nuclear data measurements to the benchmark calculation
of the advanced reactor systems on the basis of the measured data are highly specialized and subdivided. Therefore, the collaborative work and the share of information through the processes are necessary for a great and
accurate progress. We have executed a project on the
comprehensive nuclear data research from 2005 to 2009,

titled ‘Study on nuclear data by using a high intensity
pulsed neutron source for advanced nuclear system’, performed by a collaborative work of eight organizations.
Firstly, an overview of the project is given in this paper. As shown in the title of this project, the main work
is the measurement of nuclear data by use of the high
intensity pulsed neutron-beam. We performed measurements of nuclear cross-section data using a neutron beam
line at Japan Spallation Neutron Source (JSNS) of the
Material and Life Science Experimental Facility (MLF)
of the Japan Proton Accelerator Research Complex (JPARC), where the most intense pulsed neutron-beam in
the world is expected in the future. Secondly, we describe neutronic performances of the beam line, which
are important for obtaining the cross section data accurately.
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II. OVERVIEW OF THE PROJECT
The project consists of the following four subjects.
(1) Experiments at J-PARC
In order to measure neutron capture cross-sections
of MAs and LLFPs accurately, our project team constructed the Accurate Neutron-Nucleus Reaction Instrument (ANNRI) at the beamline 04 at J-PARC/MLF.
The pulsed neutron beam, which is provided by the coupled moderator of JSNS, is bombarded on the sample
at L = 21.5 m or L = 27.9 m. The measurements are
performed using the 4π Ge and NaI(Tl) gamma-ray spectrometers at L = 21.5 m and L = 27.9 m, respectively.
The former is the main detector of ANNRI and has the
highest-energy resolution of gamma ray for neutron capture cross-section measurements. The latter provides
data in a high neutron-energy region and supplemental data of the 4π Ge spectrometer. The measurements
have been successfully performed [1]. The characteristics of the beam, which are important for quality data,
are explained in Section III.
(2) Experiments at other facilities
These include experiments of two types of reactions.
(2-1) Neutron capture reaction
Cross sections and energy spectra of gamma rays were
measured at Kyoto University Research Reactor Institute (KURRI) for stable isotopes of LLFP samples used
at ANNRI. These data are useful for analyzing data of
ANNRI.
Experiments of the (γ,n) reaction for Se, Zr, and Pd
isotopes were performed. Neutron capture cross-sections
of Se-79, Zr-93, and Pd-107, of which samples are not
available or high-purity samples are not available, were
derived.
(2-2) Fission reaction
Fission cross sections of MAs (Np-237, Am-241, 242m,
243, Cm-245, 248) were measured using the lead spectrometer at KURRI. Quality data were obtained by use
of the PPAC detector that was able to identify fission
fragments in a large number of α particles.
The beta-decay energies (Qβ ) of fission products of U238 were measured. Qβ values of Eu-162 and 164 were
obtained by the developed measuring system, of which
main detector was the Ge detector covering 4π in solid
angle.
(3) Sample preparation and analysis
Sealed samples of Cm-244, 246, Tc-99, Zr-93, and Pd107 were prepared for measurements of neutron capture
cross sections. Unsealed samples of Cm-245 and 248
were prepared for measurements of fission cross sections.
Analyses of component were done for some of the samples.
(4) Evaluation of nuclear data, development of sensitivity analysis system, and benchmark calculation
The evaluations of nuclear data were applied to the
cross sections measured in this project. The system of
the sensitivity analysis and the covariance analysis were
developed. In addition to them, the benchmark calcu-

lation for the nuclear property and shielding was performed.
III. CHARACTERISTICS OF THE
NEUTRON BEAMLINE AT J-PARC
1. Design of the collimator system

To obtain quality data, the background level of neutrons has to be as low as possible under the usage of the
most intense pulsed neutron beam in the world. The Ge
and NaI spectrometers are sensitive to background neutrons due to the neutron capture reaction in these spectrometers. This characteristic gives time structures on
the background time-of-flight (TOF) spectrum. Therefore, we designed the collimator system of ANNRI carefully by simulation calculations [2]. Figure 1 shows the
collimator system between the moderator to the L =
21.5 m sample position. There are five collimators between them. The most downstream collimator in these
five ones is called rotary collimator and defines the spatial distributions of the beam at the L = 21.5 m sample
position. The main part of the rotary collimator is a
cylinder of a 400-mm diameter and a 1700-mm length
along the beam line. This is made of iron except for
the 100-mm thick part of downstream that is made of
borated polyethylene. This cylinder has four holes of a
100-mm diameter along the beam line and one of the
holes can be set on the beam line by rotation. Insertion
collimators have been inserted in these holes to form
beam spots suitable for samples of different sizes. One
of the most characteristic points of the collimator system
design is the shape of collimator holes of the insertion
collimators. This has been designed so that the neutron
scattering to the sample position is suppressed.
Three types of the insertion collimators have been prepared for the L = 21.5 m sample position. The beam
spots have a penumbra around an umbra because there
is a space between the rotary collimator and the sample
position. The diameters of designed umbrae (penumbrae) of the beam are 22 mm (37 mm), 7 mm (22 mm),
and 3 mm (18.5 mm).
2. Energy spectra and spatial distributions

We measured energy spectra and spatial distributions
of the neutron beams at the 21.5-m sample position simultaneously. A position sensitive Li-glass scintillation
detector was put on the beam line. This detector consists of 256 Li-6 glass scintillators with an area of 2.1 ×
2.1 mm2 and a thickness of 1 mm, coupled to a photomultiplier tube (Hamamatsu H9500). The power of the
proton beam was 17.5 kW and the repetition of the neutron beam was 25 Hz. The energy spectra were obtained
by the TOF method.
Figure 2 shows the measured energy spectra with the
simulation calculation based on the JSNS model. The
corrections for the detection efficiency of neutrons and
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Fig. 2. (Color online) Energy spectra at L = 21.5 m. The
corrections for the detection efficiency of neutrons and the
loss of neutrons by materials on the beam line have been
applied to the measured spectra.

Fig. 1. (Color online) Collimator system of ANNRI. The
collimators between the moderator and the L = 21.5 m sample position are shown.

the loss of neutrons by materials on the beam line between the moderator and the detector have been applied
to the measured spectra. The materials on the beam line
are helium gas of 1.03 atmospheres (1500-mm thick), air
of 1 atmosphere (7100-mm thick), and aluminium windows (14-mm thick). The contribution of the frame overlap has been subtracted from the measured data. Both
the measured and simulated spectra were normalized by
the number of incident protons to JSNS. It was found
that the measured spectra almost agreed with the simulation calculation in shape and absolute intensity in the
neutron energy range from 1.5 meV to 10 keV.
Figure 3 shows measured spatial distributions of the
neutron beams. The inner and outer circles in each figure indicate the sizes of the umbra and penumbra of the
collimator-system design. The centers of these circles
are set to the centers-of-gravity on the basis of the measured spatial distributions. The measured distributions
are consistent with the collimator-system design.
The beam sizes in full width at half maximum of the
measured spatial distributions were found to be 29, 14,
and 11 mm for the beams of 22, 7, and 3-mm diameters,
respectively and they were in agreement with the values of the simulation calculation almost independently
of the neutron energy. These results mean that the spatial distributions of the neutron beams have well-defined
edges as expected from the collimator-system design.
3. Pulse

We measure the neutron capture cross sections by the
TOF method at ANNRI. Therefore, verification of the
validity of neutron pulse characteristics is important. We

Fig. 3. (Color online) Spatial distributions at L = 21.5
m in the neutron energy range from 1.5 meV to 10 keV. (a)
22-mm beam (b) 7-mm beam (c) 3-mm beam. The inner and
outer circles indicate the sizes of the umbra and penumbra
expected from the collimator-system design, respectively.

used two different methods to obtain pulses. One is the
measurement of diffraction peaks seen in the TOF spectrum by a mica crystal in the thermal neutron energy
region. The other is a measurement of TOF spectra of
prompt gamma rays following the capture reaction in a
tantalum foil in the epi-thermal energy region. The pulse
shapes were extracted from resonance peaks by taking
into accounts the intrinsic resonance widths and thermal
broadening. The measured energy resolutions were almost consistent with the simulation calculation of JSNS.
The resolution is about 1% at most in the energy region
from thermal neutron energy to 100 keV. Proton delivery
scheme is usually a double pulse with a time difference of
about 600 ns although the data analyzed here are in the
case of the single pulse mode. Therefore, we need a special treatment on TOF spectra above the neutron energy
about 10 eV in which the energy resolution deteriorates
due to the double pulse.
4. Neutron intensity available at the sample position

The loss of the beam intensity between the moderator and the L = 21.5 m sample position in ANNRI is
about 40% in the epi-thermal energy region. Therefore,
the available neutron intensity at L = 21.5 m is about
60% of the product of the spectra shown in Fig. 2 and
the proton counts per unit time. There are other two
facilities, which use spallation neutron sources for measurements of neutron-nucleus reaction cross-sections in
the world [3-4]. The energy spectrum of the DANCE at
LANSCE was deduced from the spectrum in Fig. 1 of
the Ref. 4 under the assumption that this spectrum was
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almost equal to that per 1 cm2 . It was found that ANNRI under the 17.5 kW JSNS operation and DANCE
had almost the same neutron intensities per unit area
and time in the epi-thermal energy region. The intensity of n TOF at CERN is smaller than that of ANNRI
because of its long flight path (185 m). At the current
JSNS operation of 120 kW (JPY2009), the ANNRI provides the most intense pulsed neutron-beam in the world.
In the future operation of 1 MW, the intensity of ANNRI
increases by about one order of magnitude.
IV. SUMMARY
We executed the five-year project that was the comprehensive nuclear data research for the development of
the advanced reactor systems. In this project ANNRI
was constructed for obtaining accurate neutron capture
cross-section data at J-PARC/MLF. We confirmed the
excellent properties of the neutron beams provided by
ANNRI for energy spectra, spatial distributions, and

pulses. These enable us to measure the capture crosssections of LLFPs and MAs and we have succeeded in
obtaining them with high quality.
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