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The Nagoya University Accelerator driven Neutron Source (NUANS) are now constructing at
main campus of Nagoya University. The electrostatic accelerator is used with the maximum
proton energy and power of 2.8MeV, 15mA(42kW) respectively. Two neutron beam lines are
planned at NUANS. The first beam line is dedicated to BNCT. The second beam line is
designed for research and development of neutron devices and neutron imaging. The neutrons
used for the 2nd beam line are generated by using the (p, n) reaction of beryllium. We designed
a compact target station for the 2nd beam line with the dimension of  90cm×90cm×95cm by
using radiation shielding simulation. We considered neutron beam extraction with the cross
section of 10cm×10cm for radiography at the 2nd beam line. The neutron flux is expected to be
about 104n cm-2s-1 with the energy less than 0.1 eV  at the position of 2m from the neutron
source. We also calculated the proton beam transport from the exit of the accelerator to the
neutron production target of the 2nd beam line. 
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1. Introduction

  Neutron is a powerful tool to study fundamental physics, material science, industrial and
medical applications. We are now developing various neutron devices, for example, high speed
neutron detector to search for time – reversal violation in neutron resonance capture reactions.
In order to accelerate the research and development, the frequent uses of neutron beam are
desired. One of the solution to get the opportunity to use the beam is constructing compact
neutron source.
  Nagoya University Accelerator–driven Neutron Source (NUANS) is a compact neutron source
using low energy (p, n) reaction for multipurpose. We are currently designing two beam lines.
The 1st beamline is aimed at developing
equipment for Boron Neutron Capture Therapy
(BNCT). The 2nd beam line is aimed at
developing devices such as neutron detectors
and neutron imaging. Fig.1 shows a schematic
diagram of NUANS.
 The proton beam accelerator is the dynamitron
manufactured by IBA company. It provides a
DC proton beam with variable energy from
1.9MeV to 2.8MeV. Proton beam current
can be output up to 15 mA.
  We use Li (p, n) reaction and Be (p, n)
reaction to generate neutrons. Fig.2 shows
the relationship between the energy of the
proton beam and the neutron yield of each
nuclear reaction. The neutron yield with
lithium target is one order larger than that of
beryllium at the proton beam energy of
2.8MeV. Because the neutron intansity is
quite important for BNCT, the development
of lithium target is planned at the 1st beam
line . On the other hand, the stability is more
important for research and development of
the devices, we plan to use beryllium target
which was already established at RIKEN's
compact neutron source (RANS).
   In this paper, we report the results of
calculations for design of the 2nd beam line.

2.  Calculation for the 2nd  beamline

   The proton beam current used for the 2nd beam line is 1.5 mA. The size of the neutron
generation target with beryllium is 100mm in diameter. Polyethylene block is used for a neutron
moderator. For radiation safty, the dose at the boundary of the control room should be less than
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0.1 µSv/h . The shield showld be lighter than 2 tons because of the building structure. The
thermal neutron flux of 104n cm-2s-1 is desired for  our R&D. We optimized the design of beam
line. 

2.1 Shielding calculation

   We use lead and polyethylene  containing 10% boron oxide  for shielding. Polyethylene slows
down neutrons to thermal neutrons by elastic scattering with hydrogen. Boron absorbs thermal
neutrons and releases gamma rays. Lead shields gamma rays but neutron rays almost penetrate.
  Shield calculation was done using PHITS version2.880[2]. We made a sandwich structure of
lead and the polyethylene shown in Fig.3.  We calculated the  the radiation dose and total weight
of shielding according to the position of lead (Fig.4) .  The dose becomes almost flat when the
position of lead is farther than 10cm. We determined the position of 10cm to reduce the weight.
The weight within the red dotted line was about 1.7 tons. The dose at the boundary of the
control room was 0.04µSv/h.

2.2 Neutron intensity calculation

   We considered the neutron extraction hole
shown in Fig.5. The cross section of the hole
was set to 10cm×10cm.  We calculated the
thermal neutron flux at the downstream of 2m
from the moderator. Fig.6 shows the flux as a
function of the depth of the extraction hole in
the moderator. As a result, the thermal neutron
flux reached 104n cm-2s-1 .
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2.3 Calculation of proton beam spreading

   We calculated the spread of the proton beam from the accelerator exit to the neutron
generation target. There are three quadrupole magnets to control the proton beam, and  a
switching magnet to bend the beam (Fig.7).  The proton beam must be spread to the area
of 80mm in diameter on the beryllium target in order to reduce the heat load. We
calculated the spreading of the proton beam using TRACE3D[3].  Fig.7 shows the result
when the proton beam is most focused on the Be target. The blue and red line shows the
horizontal and vertical spread of the proton beam, respectively. We demonstrated the
beam transport satisfying the requirement of the heat load.

3.  Summary

   We are constradting a compact neutron source at Nagoya University. The simulations for 
radiation shielding, extraction of neutron beam, and proton beam transport were performed. We 
demonstrated the feasibility of NUANS 2nd beam line.
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