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Abstract
The Japan Hadron Facility (JHF) [1], Neutron Science Laboratory (N-arena) [1, 2] is a

project that aims to build a world-class pulsed-spallation neutron source (PSNS) at KEK. The
N-arena will use a proton beam from a 3 GeV-200 uA-25 Hz proton-synchrotron (0.6 MW
for the first stage, and 1.2 MW for the second stage). For the target system of the N-arena, a
solid-metal-target is the main option, and all of the target-moderator-reflector-assembly
(TMRA) is being optimized for it. For the upgrade, we have an option of employing a liquid-
metal-target system. We have conducted a flow-optimization study of a cross-flow type
liquid-metal-target system with water used in place of liquid-metal. For the solid-target
system, we are considering to employ a system comprising an array of thin target-plates made
of cladded-tungsten with narrow water-channels in between. We have conducted heat-transfer
and critical-heat flux experiments for various conditions, and applicable correlations were
determined. We also started a water-flow visualization experiment to obtain the optimal shape
for the plena of the solid-target cooling water.

1. Introduction
It is becoming much more difficult to build a high-power research reactor which exceeds

the current most powerful reactors in the 50-100 MW range. In contrast, a high-power PSNS
has a growing capacity. It would be possible to build a high-power PSNS which far exceeds
the existing largest-facility, ISIS, at Rutherford Appleton Laboratory in UK, which is based
on a proton-accelerator system of 160 kW of beam power. It should be mentioned that a
short-pulsed neutron source is much more efficient than a reactor at an epithermal region;
thus, roughly speaking, ISIS is regarded to be equivalent to the highest power reactor sources.
Stimulated by the overwhelming scientific results from ISIS, all of the three major regions in
the world, namely, Japan, Europe and US, are planning to build a high-power PSNS in the
0.6-5 MW proton-beam power range.

There are three key-issues which must be overcome to build such a high-power PSNS.
First is the construction of such a high-power sharp-pulsed proton-accelerator system while
maintaining low beam-loss during acceleration. Second is the development of a target system
which can withstand an extremely high radiation field produced by the high-power proton
beam. Third is to keep a high-efficiency of the generating usable neutron-flux while
maintaining a sharp neutron-pulse width. The third one is important; otherwise, there is no
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reason to build such a high-power proton accelerator. A high-efficiency target station with a
lower proton beam-power could be better than a high-power one in the worst case.

In this paper we focus on the second issue, namely, the current situation of target
development, which stands for the high proton-beam power at KEK. There are currently two
alternative concepts to the target system. One is to use a water-cooling solid-metal-target
system; the other is to use a liquid-metal-target system. For a target system for below 1 MW
of proton beam-power, both methods would have a similar performance. For the higher
power it is believed that the liquid-metal approach is the only solution. It should be noted that
it is a challenge to solve a few, but severe, problems before we can actually build such a high-
power target system, even at the 1 MW-level.

2. JHF N-arena facility Overview
The Japan Hadron Facility (JHF) project [1] aims to promote interdisciplinary scientific

activities utilizing multi-particle beams, such as a high-energy high-current proton beam, as
well as neutron [2], muon and unstable nuclei beams. In addition, we already have a
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Fig. 1 Layout of the JHF accelerator complex and experimental halls.
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synchrotron light-source (PF) on the site. The overall layout of the proposed JHF accelerator
complex and the experimental halls are shown in Fig. 1. It is based on an accelerator complex
consisting of a 200-MeV proton linac, a 3 GeV-200 uA-25Hz (0.6 MW for the first stage,
upgradable to 1.2 MW) proton-synchrotron (PS) and a 50 GeV-10 uA PS accelerator. There
are four experimental-facilities, namely, the K-arena for nuclear and particle physics, the N-
arena for neutron-science, the M-arena for muon-science and the E-arena for unstable-nuclei
facility. The project is a five-year one, aiming to start commissioning in the year 2004.

The N-arena is a facility aiming to build a world-class PSNS at KEK. The N-arena will
use a proton beam from the 3-GeV PS. A layout of the N-arena experimental hall is shown in
Fig. 2. A part of the 3-GeV PS appears at the left side of the figure. The target station is
placed at the right-hand side of the experimental hall. A remote-handling cell and a water-
cooling-plant room are attached to the target station. Schematic layouts of neutron-scattering
instruments are also shown in Fig. 2, together with the neutron flight-paths. Some instruments
will have flight-paths of several tens of meters, up to about a hundred meters. It should be
mentioned that the arrangement of the instruments has a close relationship with the
orientations of the moderators.

A cutout view of the target station is shown in fig. 3. The proton beam comes in from the
left-hand side of the figure, impinging on a target sitting at the center of the target station.
The biological shielding consists of a mass of iron shielding of about 4.5 m thick, wrapped by
a 1-m concrete layer. The TMRA system sits inside of the biological-shielding contained in a
helium-chamber. The TMRA system sits on a trolley which has iron shielding-blocks on the
back; it can be pulled back into the remote-handling cell. There are also nine neutron-flight

vNeutron
scattering
Instruments

Fig. 2. Experimental-hall layout of the N-arena.
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Fig. 3. Cutout view of the N-arena target station.

Fig. 4. Schematic drawing of the N-arena
TMRA system

tubes and neutron beam shutters which are
accommodated in shutter plugs for each
side of the target station. Schematic
drawings of typical neutron-scattering
instruments are also shown in the figure.

A schematic drawing of the TMRA
for N-arena is shown in Fig. 4. The shape
of the target is rather thin (about 60 mmH x
167 mmw x 600 mmL) in order to have a
good coupling-efficiency between the
target and the moderators. The shape, type
and number of the moderators are still to
be determined, and extensive neutronic-
studies [3, 4] have been going on. The
current idea is to have three or four
moderators, as follows: i) "a decoupled and
poisoned methane-moderator with a D2O
premoderator" at the top-upstream
position, ii) "a decoupled liquid-hydrogen
moderator with a water premoderator" at
the top-downstream position, iii) "a
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coupled liquid-hydrogen moderator [5] with a reentrant-hole, which is surrounded by a water
premoderator" at the bottom-upstream position, and iv) an optional "decoupled and poisoned
ambient-temperature water-moderator".

3. Target R&D Overview
The design goal is to have an optimized TMRA in terms of the usable neutron flux at a

sample position. From a maintenance point of view, the TMRA should last for at least one
year, hopefully without any problems, and should be safe and easy to maintain. There is no
straight-forward way to design such a TMRA. We have to take into account many inter-
related design issues, and must iterate the overall design-processes several times to reach an
acceptable level of optimization.

As mentioned earlier, we decided to employ a solid-metal-target system scheme for the
first 0.6-MW stage, and would like to fully optimize the TMRA for that condition. It should
not be a mere backup-target for a liquid-metal-target system. We also have a liquid-metal-
target system development-plan for a future upgrade for the 1.2-MW stage. We are
performing R&D, for the forthcoming decision of whether we could safely use a liquid-
metal-target system without sacrificing the neutronic-performance for the upgraded stage.

Fig. 5 shows a brief overview of the design process. A liquid-target development
scenario is not shown in the figure, but items similar to the solid ones should be considered.
At first, we defined the initial parameters, such as the proton-beam energy, power and profile.
In order to obtain the first set of configurations for the TMRA, we conducted a series of very
basic parametric-studies. We then chose the reference geometry, and performed a heat-

deposition calculation in the target for that
geometry. We also conducted a thermal-
hydraulic experiment on the target system.
Very fundamental radiolysis experiments
are also being conducted at existing PSNS,
KENS at KEK.
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Fig. 5. Target Design Things to do.

4. Liquid-Target System R&D
It is now a consensus that mercury is

the best material for a liquid-metal-target
system for the high-power PSNS with
short-pulses. Most of the proposed liquid-
target systems have geometries such that
the liquid-metal flows toward the proton
window perpendicular to it and makes 180
degree turn just in front of the window, as
shown in top part of Fig. 6. In this "return-
flow" configuration, it is difficult to obtain
a consistent one-way flow at the proton-
beam window location, making the cooling
of the window difficult. Moreover, heat
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a) "Return Flow geometry"
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deposited in the liquid-target medium is
accumulated for several pulses of the
proton beam because of the flow
configuration. In contrast, a "cross-flow"
geometry, as shown in the bottom part of
Fig. 6, has better characteristics. In this
geometry, liquid-metal flows in parallel
with the proton beam window surface and
perpendicular to the proton beam . This
results in consistent-flow in the vicinity of
proton beam window, and heat will not
accumulate in the liquid-metal, because the
hot part will flow away immediately from
the beam-irradiated zone.

We therefore performed a mockup
flow-experiment using water instead of
liquid-metal and used a tracer method to
observe the flow. We first conducted a test
with simple U- and I-shaped-target models.
In these configurations, the stagnation
points appeared in both cases, as expected.
We therefore modified the U-shaped model
to those shown at in Fig. 7. In the latter two

cases, although we could successfully eliminate the stagnation points, the flow was slower
near to the outer-wall of the target, where the heat deposition is larger due to the proton beam.
The bottom one shown in Fig. 7. had the best flow pattern. A vector representation of the
flow is shown in Fig. 8.

Proton
Beam

Fig. 6. Return-flow and cross-flow geometry.
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Fig. 7. Liquid-metal target shapes for a
flow-visualization experiment.
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Fig. 8. Result of a flow-visualization
experiment for a liquid-metal target.
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Fig. 15. Schematic drawing of the main test-section
for the water-distributor experiment.

Outlet ĵ  Water Inlet

Proton Beam

Fig. 16. Flow pattern in the rectangular-shaped
distributors.

Outlet 4 Water Inlet

Proton Beam

Fig. 17. Flow pattern in the trapezoidal-shaped
distributors.

6. Water Flow Experiment
In this rather high flow-rate region,

approaching 10 m/s of coolant flow with
many parallel channels, the design of the
target plate shape and the distributor
becomes non-trivial. We have thus been
performing flow-visualization
experiments [7] using water plena at
both sides of the target system with
various shapes. This study has been
conducted in collaboration with Kobe
University. The main test-section of the
loop is shown in Fig. 15. A transparent
acrylic-resin is used for the target casing
as well as for the target-plates to
measure the flow rate by using a tracer
method. In order to see the target-plate
shape-effects, the edges of the target-
plates will be cut in various shapes, such
as rectangular, concave or convex. Only
preliminary results from the rectangular
shaped one have been obtained so far.

When a trapezoidal-shape
distributor is used, as shown in Fig. 16,
vortexes are found at the inlet of the
plenum; however, the flow-rates are
more or less at the same level for all
twenty water-channels. Note that we
observed flow-induced vibrations at a
flow rate of 3 m/s, and a full blockage in
some of the water channels at 4 m/s.
This is because in this first set of
experiments, the target plates were
supported only at the central part of the
plates, and not at the edges of the target
plates. In the planed experiments, we
will cut both edges of the target plates,
thus expecting to suppress the vibration
up to a flow rate of 10 m/s and above. In
the real case, this kind of situation
should occur at a much higher flow-rate,
because for a target material such as
tungsten, the stiffness is much higher
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than that of acrylic-resin.

7. Conclusions
In this paper, the current status of the N-arena target development is described. Extensive

studies concerning the thermo-hydraulic design of the target is under way in collaboration
with Hokkaido University, Kyoto University Research Reactor Institute and Kobe University
and University of Tsukuba. Based on our thermo-hydraulic experimental results obtained so
far , we have obtained confidence in making a target which takes 1.2 MW of proton beam-
power.
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