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Abstract arising up recently according to the advancement in each
field. To meet the requirements, a "new neutron source" has
A nuclear fuel assembly assisted by a linear acceleratoleen discussed in the working group of the future plan
has been proposed as a future neutron source of th@ommittee of KURRI. A combination of a proton

Research Reactor Iitite, Kyoto University (KURRI).  accelerator andrauclearfuel assembly iproposed asne of
The injector linac provides 300 MeV, 0.3mA protons to possiblecandidates.

produce neutrons by a spallation reaction. Final goal of

this project is to multiply neutrons by a subcritinatlear 2 INJECTOR LINAC

fuel assembly. This system is expected to bring new

opporturities as a second generation neutron source at  The primary particles to produce neutrons efficiently
KURRI and also to play an important role in the basic are high energy proton and deuteron which can be

studies of the futurbybrid reactor. accelerated advantageously by a linear accelerator(LINAC)
at high beam intensity[1]. In order to obtain intense
1 INTRODUCTION neutrons, it is desirable that the reactorhtemlogy is

effectively applied to produce neutrons in combination

The Kyoto University Reactor(KUR) has been With amoderaF65|Z(—‘:~‘I|nac. o _
providing low energy steady neutrons since 1964 for The project “Neutron Factory” is proposed. It is
various research fields such as reagwysics, nuclear —COMPosed of a hybrid system of partielecelerators and a
physics, nuclear chemistry, biology and medicine. Strong subcritical assembly. The outline of the system is shown

requirements fdnigh energyandpulsed neutrons habeen in Fig. 1.
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Figure 1: Blockdiagram ofNeutron Factory
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The brief report on this system has been given in 3) High energy pulsed neutrons
Ref[2]. Deuterons dmrydrogen nolecules of 100 mAyeam
intensity extracted from a high current ion source are  The 20 MeV deuterons obtained by the DTL linac can
accelerated td00 keV by the first RFQ . The beamergy produce about 10 MeV pulsed neutrons by tBe(d,n)
is raised up to MeV by thesecondRFQ at the 10%uty stripping reaction. The DTL is operated at 1% duty and
pulse operation. The drift tube linac(DTL) at 1% duty is high energy neutron experiments such as the T.O.F.
employed to get the beam energy of 20 MeV . For the spectroscopy imeactomphysicsbecomepossible.
higher energy than 20 MeV, the proton acceleration is
economicalThereforethe 20 MeV H'beamwhicltanbe  4) Intense pulsed neutrons
accelerated by the deuteron linac is stripped before the
second stage DTL. Finally, we expect to obtain a proton The final energy and beam intensity of the primary
beam of 300 MeV and 0.3 mA by a Disk and Washer particles are planned to be 300 MeV and 0.3 mA,
(DAW) linearaccelerator. respectively, which allow the mass production of high
In each stage of the particle energy, every variety of energyneutrons by a spallation reaction. ¢ém expect the
neutrons become availablefatiows. neutron intensity of 1.2x®n/s at peak and 3.7x10n/s
in mean, which enables neutron scattering experiments
such as the structure analysisofhdensedhatters.
1) 14 MeVneutrons
5) Neutrons formaterialirradiation
Among the neutron producing reactions, the (D,T)
reaction has the largest cross section. It reaches 5 barns at  The final goal of the Neutron Factory project is to
105 keV deuteron bombarding energy. By using 400 keV inject spallation neutrons into a subcritical assembly to
deuteronfrom the first RFQ, intense 14 MeV neutrons can multiply them safely and efficiently. Details of the target
be generated and used for the study on fusion reactoisystemare studiegreliminary for a simplease[3]. Intense
materials. Difficult problems arising from a large amount neutrons can make greatolution inresearcfieldssuch as
of tritium targets bould be solved. For fusioneactor precisely controlled irradiation of materials and the cold
material irradiations, th¥#Be(d,n)reaction is also usefulto neutron physics which require much more neutrons than
produce neutrons with energy around 14 MeV by higher presently available aUR.
energy deuterons as proposed in the IFMIF project at An example of design parameters for proposed linacs
JAERI. is summarized in table 1. A conservative desigmigposed
by a working group as shown in table 1 in which higher
energy section uses RF of 216 MHz and 432 MHz. The
Disk-And-Washer(DAW) type is considered as an
ThesecondRFQ generateabout 3 MeV neutronsby  alternative design.
the deuteron bombardment on the Be target. They can be The deuteron beam with energies lower than 20MeV
moderated down to epithermal neutrons which are enters the Kyoto University Critical Assembly(KUCA) to
efficiently used for the BNCT. The fundamental study on be used for test experiments on the subcritical neutron
the BNCT presently performed with thermal neutrons at target. At the 300 MeV terminal, a new target system of a
KUR can beupgraded byitilizing high quality epithermal  subcritical nuclear fuel assembly is constructed to obtain
neutrons. Tgroduceepithermal neutrons very efficiently, intense neutrons for material irradiation and neutron
the p(Li,n) reaction by the 2.5 MeV proton is used at scattering experiments.
MIT[4]. Therefore, the 2.5 MeV proton beam by a small
acceleratormay be mordavorable for medicalise.

2) Epithermal neutrons

Table 1 The example of design parameterdifiacs.

RFQ1 RFQ2 DTL1 DTL2 DTL3*
Particle H',D* H,",D* H,",D* H* H*
Energy(MeV) 0.4 2 20 100 300
Meancurrent(mA) 100 10 1 0.3 0.3
Duty(%) CW 10 1 1 1
Frequency(MHz) 108 108 216 216 432
Cell number 90 67 78 138 329
Length(m) 1.182 3.065 10.316 62.73 134.81
RF power(MW) 0.3 0.8 3 12 48

*) Disk-And-Washer(DAW)type isconsidered as aalternative design.
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Figure 2:Dependence dhe neutron pulse shape og nd L atthe equilibrium state.
3 NEUTRON PULSE SHAPE IN
HYBRID REACTOR 4 SUMMARY
Neutronics design calculatiomgre carriedut to obtain In order to offer opportuities to utilize high energy

information on a hybrid system[3]. We report here some pulsed neutrons as well as lewergy steadgeutrons, the

results of pre"minary stlies orthe neutron pu|se Shape in KURRI hasstarted towarthe realization of a multipurpose

the "hybrid" eactor calculated by the one-point reactor nNeutron source assisted by particle accelerators. The

kinetics with an external source. It is well known that the nuclear hybrid system itself is very interesting and

neutron pu|se Shape Strongjgpends omalues of léff: the worthwhile because iinvolves many technical SUbjECtS in

effective delayed neutron fractiof,; and the neutron  both accelerator temology and nuclear engineering. We

generatiortime A. hope that this proposal will latscussedndpolished up by
Figure 2 shows the dependence of the neutron puls¢hose who are interested in neutrons, accelerators and

shape on k andA at an equilibrium state, when 100 nuclearsystems.

neutron pulses with a density of40m*s* and awidth of

10° s areintroduceitito the systenpersecond.Fromthis REFERENCES

figure, it was found that the signal-to-noise (S/N) ratio of

the neutron pulse, which is defined as a ratio between thel1] "Neutron Sources for BasRhysics and

peak and the background levels, becomes larger with Applications”. An OECD/NEA Reportdited by S.

reduced values of\ and kg, whereas the peak level is Cierjacks, Pergamon Press, 1983.

maintained approximately at the same level. dgway of  [2] Y. Kawase, M. Inoue edl., Proceedings dahe 11th
a neutron pulse becomes fastith reducedalues ofA and Symposium orAcceleratorScienceandTechnology,
k. Theeffect of B,; on thedecay of aneutron pulse was Harima, Hyogo, Japan,1997,133.

also investigatedndwasfound to be remarkablehenk;  [3] S. Shiroyaand H.Unesaki,Proceedings ahe 9th
approaches to unity. For the neutronics design of the International Caference orEmergingNuclear

"hybrid" system, one should be careful thatand . EnergySystems ICENES'98, Tel-Aviv, Israel, 1998,
depends on k on the basis of theeactophysics theory. Vol.1, pp.289-296 _
More detailed studies are required for the design of [41J: C. Yanch, et alAdvances inNeutron Capture

plannedsubcritical assembly. Thisan beperformed in the Lgexz\i(%¥i2d%ggg};%5H50loway etal,, Plenum Press,

first stage of the “Neutron Factory “ project by using the
pulsed neutrongenerated byhe 20MeV linac.
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