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Abstract. The co-location of reactor- and accelerator-based neutron sources offers a
great opportunity for complementary use of steady and pulsed neutron beams in a wide
variety of neutron science and technology areas ranging from basic research to industrial
applications. In Japan, such a balance of two kinds of neutron sources has a long tradition
and now we are entering into a new era with the commissioning of the world’s most intense
pulsed neutron beams at JSNS/J-PARC plus the existing JRR-3 reactor both co-located
within 1 km of each other in Tokai. The joint operation of these neutron facilities in close
proximity under a program called ‘neutron platform’, will allow neutron beam access not
only to professional users, familiar with both pulsed and steady state techniques but also
to first-time academics and industrial researchers to neutron scattering.
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1. History of Japanese neutron sources
1.1 Reactor-based steady sources
Neutron scattering research in Japan began in the early 1960s when the Japan
Atomic Energy Research Institute (JAERI, the present JAEA) built the 10 MW
thermal power JRR-2 reactor in Tokai, which served nine neutron scattering instruments at its most active period with beam fluxes as high as 2×1014 neutrons/cm2 /s
(figure 1). After about 35 years of scheduled service, this facility was permanently
shut down in 1996. Side-by-side with JRR-2, the JRR-3 (10 MW, 1×1014 n/cm2 /s,
six instruments) was completed in 1963 and was the first reactor built with purely
domestic technology. In 1965 Kyoto University built its 5 MW reactor named KUR
(3 × 1013 n·cm2 /s, eight instruments) in the late 1960s and 1970s, three mediumsize reactors were available for neutron scattering in Japan while several high flux
reactors became operational abroad such as HFBR of Brookhaven National Laboratory (60 MW, 8 × 1014 , USA), HFIR of Oak Ridge National Laboratory (85 MW,
1 × 1015 , USA), and HFR of Institute Laue Langevin (58 MW, 3 × 1015 , France).
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Figure 1. A history of both reactor- and accelerator-based neutron sources
in Japan. Thermal power of the reactor and proton beam power of the accelerator are indicated in MW. CNS means cold neutron source installed and
the total number of neutron scattering instruments is presented at the most
active period of each facility.

By early 1980s, Japanese neutron user community became enthusiastic about a
new reactor with much higher neutron flux and their action culminated in the refurbishment of the JRR-3 doubling its thermal power to 20 MW and installing a new
cold neutron source accompanied by a guide hall building. This refurbished reactor
JRR-3 became fully operational in 1990. Currently it accommodates 26 neutron
scattering, 2 neutron radiography and 2 prompt γ-ray analysis instruments and the
total number of users correspond to approximately 19,000 persons × days/year.
Figure 2 shows the total allocated beam times of neutron experiments at JRR-3
where two major user programs have been conducted by JAEA for general users
including industrial researchers and by the University of Tokyo for university users
based on its own 14 neutron scattering instruments out of 26 as separately displayed. On the other hand, KUR has been shut down for fuel modification during
the period 2006–2008 and will resume operations in 2009 with an anticipated 10year service life at 1 MW power level remaining (figure 1).
1.2 Accelerator-based pulse sources
Since the mid-1960s, Japan has been one of the leading pioneers in the field
of accelerator-based neutron sources. Firstly, the electron linear accelerator of
Tohoku University in Sendai originally built for nuclear research was tested as an
injector to a metal target for neutron production. Following this milestone, it was
successfully used as a pulsed neutron source for neutron diffraction experiments.
Building on these successes, a new spallation neutron source (KENS) was constructed at KEK (the present High Energy Accelerator Research Organization) in
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Figure 2. Beam times (in unit of days) allocated/used for University- and
JAEA-owned instruments are displayed with bars separately while total requested beam times with lines. One can see a 50% oversubscription on average.

Tsukuba in 1980. KENS was the first dedicated pulsed neutron facility in the world
and it was operated at a proton beam power of 3–4 kW with a cold source and 17
instruments. Shortly after KENS began operations, several more powerful facilities were built successively abroad such as IPNS at Argonne National Laboratory
(6 kW, 1981, USA), LANSCE at Los Alamos National Laboratory (80 kW, 1985,
USA) and ISIS at Rutherford Appleton Laboratory (160 kW, 1985, UK).
For many years Japanese neutron user community has demanded a much higher
powered pulsed neutron source to replace the KENS facility. KEK belonging to the
Ministry of Education, Science and Culture (MONBUSHO) planned the Hadron
Project consisting of four major facilities served by an intense proton accelerator (0.6 MW), such as neutron scattering, muon science, nuclear and high energy
physics. Independently, JAERI belonging to the Science and Technology Agency
(STA) also planned a MW-class proton accelerator providing intense proton beams
to two facilities, neutron scattering and R&D for nuclear transmutation. Both were
very big projects costing almost US$1 B each. On merger between MONBUSHO
and STA to the new Ministry of Education, Culture, Sports, Science and Technology (MEXT), both projects were strongly recommended to come together and
be promoted as a single joint JAERI and KEK project, currently named J-PARC
(Japan Proton Accelerator Research Complex). In 2001 the Japanese Government
funded the multi-purpose J-PARC for a 6-year period (later extended to 8 years).
One of the J-PARC’s central facilities is dedicated to neutron scattering sciences.
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Figure 3. An aerial photograph of the construction site of J- PARC in
Tokai Campus of JAEA directly facing the Pacific Ocean. JRR-3 reactor
currently operational and JSNS under construction are located within 1 km
(as of November in 2006).

This is the Material and Life Science Experimental Hall (MLF) displayed in figure
3, which includes the 1 MW Japan Spallation Neutron Source (JSNS). Detailed
information on JSNS/J-PARC and its current status have been reported separately
by M Arai in this Symposium. The KENS facility was permanently closed down in
March 2006 after 26 years of service and its research programs transferred to the
J-PARC.
2. Neutron platform
One can see in figure 3 that the JRR-3 reactor, which has been fully operational
since 1990 and the JSNS/J-PARC to be completed in 2008 are within 800 m distance
of each other at JAEA’s Tokai Campus. Taking great advantage of this co-location
of two neutron facilities as ‘neutron platform’, we plan to operate only a singleuser access program in the near future. All user proposals will be reviewed by
a single program advisory committee (PAC) although multiple organizations have
been involved in these facilities, i.e. JAEA and University of Tokyo for JRR-3 while
JAEA and KEK for J-PARC. Currently we aim at a single-user office to receive all
proposals of a unified format regardless of neutron sources and facilities.
Based on such a cooperation of user program for the neutron platform we anticipate very active programs in both basic science as well as a rapidly expanding
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Figure 4. A chronological development of industrial use of neutrons at
JRR-3 where JAEA-owned instruments are available. In JFY-2007 (April
2007 through March 2008), for example, totally 85 proposals (48 for non-proprietary and 37 for proprietary use) were implemented on 16 instruments for
neutron scattering, neutron radiography and prompt γ-ray analysis. These
proposals shared total beam times as much as 249 days (9.6%).

application of neutron scattering and imaging to address problems of great industrial significance. KEK and University of Tokyo are primarily responsible for
academic research while JAEA for basic to applied science including industrial and
medical application. Starting several years ago, JAEA has launched a key initiative
for promoting industrial application of neutron scattering. In JFY-2006 MEXT also
started the so-called ‘trial use program’ which is conducted through radiation application development association (RADA). Its initial goal is to promote industrial
application of neutrons on JAEA-owned instruments at JRR-3 by inviting predominantly industrial researchers to perform experiments of industrial relevance. These
experiments are for preferably non-proprietary use allowing the results to be shown
to the broader community so as to give other industry researchers an opportunity
to understand how useful neutrons are for their materials development and characterization needs. Chain reaction like expansion is expected and repeat users are
encouraged to move on to submitting their own proposals even for proprietary use.
Figure 4 displays the recent dramatic increase of industrial use of neutrons at JRR3 to as much as 9.6% or 15% where industrial researcher is PI or co-PI, respectively,
of the total beam time allocated on JAEA instruments in JFY-2007.

Pramana – J. Phys., Vol. 71, No. 4, October 2008

621

Yasuhiko Fujii
Proposals for beam time within the JRR-3 user program is currently oversubscribed by as much as 50% as shown in figure 2 and one can therefore expect the
great demand for neutron beam time to continue with the start-up of JSNS/JPARC where additionally new neutron science and technology will be developed.
With the anticipated reliable and stable operations of both these large facilities
under a single user program for science and technology in Japan, we are expecting
about 25% and 75% of beam time being allocated for industrial and academic use
respectively, out of a total of 200-day operation per year.
In summary, the co-location and co-operation of JRR-3 and JSNS/J-PARC science and user programs will lead us to the forefront of neutron science and technology in a wide variety of fields from academic to industrial research.
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