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Optically controlled slow neutrons are applied to study weak interaction, gravitational interaction
and exotic interactions related to new physics beyond the standard model. The efficacy of the
neutron beam is increasing by the neutron optics and the application is spreading to fundamental
physics and industrial uses. The multilayers neutron mirrors and high counting rate neutron detectors are developing. The Nagoya University Accelerator-driven Neutron Source (NUANS) is
also now constructing at main campus of Nagoya University. The aims of this neutron source are
1) Development of BNCT(Boron Neutron Capture Therapy) system, 2) neutron imaging system,
3) neutron device development.
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1. Introduction

2. Neutron Device Development
The Neutron devices such as neutron detectors and mirrors are very important for high accuracy measurement. The high count rate neutron detectors have also important roles for T-violation
search measurement by using compound nucleus. Figure 1 shows the neutron beam intensity
estimation[1], which is calculate from neutron beam measurement at J-PARC/MLF BL04. The
yellow line area shows the energy region using for our research mainly. For the T-violation search
by using p-wave resonance of lanthanum case, En = 0.7 to 0.8 eV region is most important. This
energy neutrons are coming the period of 120 µ sec when we use J-PARC/MLF BL04. The neutron intensity of this energy region is about 105 n/eV/cm2 /pulse, which is corresponding to 160
Mcps/cm2 . For the p-wave resonance of xenon case, the incident beam intensity is corresponding
to 420 Mcps/cm2 . To use for larger neutron beam size, the counting rate requirement is more than
GHz for whole detector area.

Figure 1: Neutron beam intensity at J-PARC BL04
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Neutron is chargeless hadron with the lifetime of about 15 minutes. Slow neutrons are available to control their trajectory by using magnetic lenses and multilayer metal mirrors. Optically
controlled slow neutrons are applied to study weak interaction, gravitational interaction and exotic
interactions related to new physics beyond the standard model. The efficacy of the neutron beam is
increasing by the neutron optics and the application is spreading to fundamental physics and industrial uses. However, the use of neutron beams is currently limited to large-scale facilities such as
nuclear research reactors and high-intensity accelerators. Applicability of small-scale and mediumscale neutron sources has been discussed for activating the potentials [2]. A few small-scale neutron
sources have been constructed, some others are under construction or under discussion in Japan.
These sources are designed relatively specialized for specific applications. The Nagoya University
Accelerator-driven Neutron Source (NUANS) is also now constructing at main campus of Nagoya
University. The combination of large-scale neutron sources and (small-scale) application-oriented
specialized sources is becoming more important. In this paper I explain the current status of our
device development and construction of NUANS.
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3. Construction of Nagoya University Accelerator-driven Neutron Source, NUANS
The Nagoya University Accelerator-driven Neutron Source, NUANS is now constructing in
the main campus of NagoyaUniversity. The aims of this neutron source are 1) Development of
BNCT(Boron Neutron Capture Therapy) system, 2) neutron imaging system, 3) neutron device
development. The figure 2 shows the schematic view of NUANS. Our constructing plan has two
beam lines in NUANS. The first beam line is planning to use for BNCT system development, and
the second beamline is for neutron imaging and neutron device development. In this paper the
explanation is focusing to the second beamline.
The dynamitron accelerator, which is electrostatic machine, and ECR ion source are used for
this neutron source. The maximum proton energy is E p = 2.8 MeV, maximum current is I p = 15mA
and the corresponding power is 42 kW.

Figure 2: Schematic view of NUANS

The neutron emission target is one of the important devices on neutron source. The neutron
emission yield was studied for several target materials and incident beams[3]. The Li and Be are
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Normally used neutron detectors are ZnS/6 LiF, Li glass scintillators and 3 He gas detectors,
however the time constant of these detectors are order of 1µ sec and these are not sufficient for high
counting rate detector. The faster decay time of the scintillator are required for T-violation search
measurement. The candidates material of the detector develop is boron-loaded liquid scintillator,
like BC523A. This scintillator has decay time of 3.7 nsec. The LBO:Ce scintillator is also good
candidate. This scintillator has very short time decay constant of order of 1 nsec, but the light
emission is also very small, less than 1 % of anthracene light emission. It is difficult to operate so
this development is future plan.
The multilayer neutron mirrors are also developed by using DC magnetron sputtering system.
The Ni and Cr multilayer mirror is the best combination for unpolarized neutron beam mirror
because of the difference of the optical potential value. The DC magnetron sputtering system has
an advantage that the sputtering rate is high and it will be easy to make large neutron mirrors.
However the Cr is magnetic material and it is difficult to operate by this system. To overcome this
problem NiCr alloy is used for this system.
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the candidate of the neutron emission target at low energy proton beam. The neutron emission
yield from 7 Li is about one order larger than 9 Be at E p = 2.8MeV, however Li metal is chemically
unstable and it is difficult to use for neutron target. We are planning to develop this Li target using
1st beamline. The Be is chemically more stable than Li and it is suitable for using neutron emission
target regardless of lower neutron emission yield. In this reason we decide to use this Be target for
2nd beamline. As Be target has also difficult technical point, many of facilities are developing these
neutron emission target and some of the targets were broken[2]. RIKEN group is success to develop
this target[4]. We used this RIKEN technique and applied to NUANS accelerator conditions.

Figure 3 shows the incident proton energy in Be foil calculated by SRIM[5]. The incident
proton beam energy of 2.8MeV is decreasing with foil thickness and the energy is below Be(p,n)
threshold energy at 40 µ m thickness. The Be(p,n) reaction is no longer happen after this foil
thickness and proton is stopped around 85 µ m. If we use the Be foil more than 85 µ m thickness, the
incident proton beam is stopped in the Be foil and change to hydrogen gas, because the hydrogen
diffusion coefficient in Be is very low. After irradiate the proton beam the hydrogen gas make
blister in Be foil and neutron target is broken. To prevent from the broken, we choose the target
thickness less than 85 µ m. At the result the suitable Be target thickness is 40 µ m to 85 µ m in this
NUANS condition. This thickness value is of course depend on the incident proton energy.
Figure 3 shows the photograph of Be target for NUANS 2nd beamline. The black circle
material is the Be foil of 40 µ m, and around metal color one is vanadium of 5mm thickness.
The shielding design of proton and neutron beamlines are calculated by using PHITS code.
The result of the 2nd beamline design is shown in figure 5. The proton beam is coming from left
side to center in this figure. There is a Be neutron emission target in the center position. The neutron
exit angle is about 70 degree. Two kinds of shielding material, boron induced polyethylene and lead
blocks are used as three layers shielding structure. The size and weight reduction are achieved by
placing lead block as a middle layer. As a result, the shield around the neutron emission target can
be set to 100 cm on a side, and the measurement port can be installed at 50 cm from the neutron
target.
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Figure 3: proton energy in Be foil
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Figure 5: Neutron emission target

The neutron intensity is also calculated using PHITS under the condition that an imaging detector (scintillator + CCD detector) installed just outside the shield. Figure 6 shows the result for
the neutron beam intensity distribution. The maximum intensity is the central area and minimum
is the peripheral, and the difference is about 25%, which value is acceptable for imaging measurement. The maximum intensity is about 106 n/cm2 /sec. This neutron intensity is suitable for our
4
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Figure 4: Neutron emission target
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neutron imaging and detector development.
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Figure 6: Neutron beam distribution

