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For more than 40 years Boron neutron capture therapy(BNCT) has been studied by thermal
neutrons at nuclear reactor facilities. There are many advantages in using accelerator for BNCT as
safety, adjustment of both energy and beams. In this paper the development of thin neutron target
with cooling fin for 4 MeV proton beams and target with water cooling system was carried out. For
testing new target system, we have used not only FLUKA based MCNP for the determination of
target thickness but also CFD and CTA for thermal analysis. The R & D has been undertaken to
enhance the use of the high current solid targets for p-n reaction. Wide distribution and variation of
the incident angle is required to obtain higher yields of neutrons comparable to previous one. The
goal of this research aims to improve the target technology to intensify the production capability of
epithermal neutrons. The commercial code, ANSYS, was used for the thermal dynamic simulation.
The expected irradiating beam current is 2 mA at 2.5 MeV. The application of this neutron source
has prominent significance in nuclear technology research, biology, physics, chemistry and industries
including neutron radiography.
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I. INTRODUCTION
After the discovery of the neutron in 1932 by Sir James
Chadwick, a study by H. J. Taylor in 1935 showed the
ability of the 10 B nuclei to capture thermal neutrons.
In 1951 it was suggested that BNCT could be used for
treatment of brain tumor [1]. After that BNCT is under
active investigation all over the world [2].
Nuclear Reactors have been used so far to advance the
yield but it is likely that if BNCT were to become an accepted and widespread radiotherapy modality, neutron
sources appropriate to be installed at hospitals would
be needed. Consequently low-energy (few MeV) proton accelerators hold a strong promise as potential neutron sources for hospital based facilities [3]. However
they have not been realized yet in practical applications,
mainly because they require a very high beam current
from an accelerator which introduces a big difficulty in
target cooling.
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Because of intensity of beam energy irradiated on the
target surface, design of neutron source should consider
that effect. In the early research stages on this field,
outspreading the bombarding range was the solution for
reducing the beam power. On the other hand, in recent
years increase the neutron yield by rotating beam or
target assembly while maintaining beam intensity per
unit areas was possible. However there are a number
of factors must be considered as the structure should
contain not only the cooling system and moderator but
also mechanical rotating part [4] therefore target design
optimization as well as heat removal are a must.
This study proposed new design of target assembly in
which neutron production and thermal analysis was effective as well. The Monte calro code ‘FLUKA’ used to
estimate target material thickness. Then practical structure was realized by 3D CAD program ‘CATIA V5’. Finally, the commercial code ‘ANSYS (ver 12.1)’ compute
heat removal simulation using H20 as coolant. Table 1
shows parameters of structure which are treated in this
study.
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Table 1. Parameters of 4 MeV cyclotron and Target Assembly.
Parameters
Beam energy
Beam Current
Target
Backing Plate
Coolant

Values
2.5 MeV
2 mA
Li (Solid)
Cu
H20

II. OPTIMIZATION OF DESIGN PROCESS
The 7 Li(p,n)7 Be is an endothermic reaction with energy threshold at 1.881 MeV and a resonance at 2.3 MeV
[5]. Thus, 5 KW (2.5 MeV, 2 mA) proton beam was incident on neutron source. The target was designed for
neutron yield about 108 neutron/sec. Target is designed
in thin form and consider the correlation between irradiation time and teperature previously conducted. The
target is located at cylinderical shape side surface with
100 µm thickness, and it is designed to be shot by irradiating beam.

Fig. 1. (Color online) Neutron yield of using 2.5 MeV
protons striking a thin Li-7 target.

1. Target Material

Accelerator-based BNCT uses neutron target such as
Li or 9 Be which is suitable for production of thermal or
epithermal neutron for medical purpose [6]. Li produces
neutron of lower energy compare to 9 Be. Therefore it
is more economical to use 7 Li to get less than 100 keV
epithermal neutron which is more suitable for medical
treatment [7]. 7 Li also has an advantage in respect to
beam directionality aspect for effective epithermal neutron use [8].
7

2. Target Thickness

In this study, thin target was chosen and its produced
neutron energy distribution was used. At first, after
making the vacuum space, placing the target and backing plate using Monte Carlo code ‘FLUKA’, solid 7 Li
was used as target material and its database was imported from FLUKA. (density is 0.534 g/cm3 )The incident beam from the target was shot about 30 cm long.
This beam has Gaussian profile, 2.5 cm FWHM, and 2.5
MeV incident energy as mentioned above.
√
σ= N .

(1)

The irradiated number of particles follow the above
equation, so we used 108 protons of ion beam for
simulation. In Fig. 1, the neutron yield was measured
by changing target thickness from 10 µm to 200 µm. At
100 µm, we confirmed maximum neutron yield which is
suitable for BNCT.

Fig. 2. (Color online) 3D Design with CATIA V5.
3. Backing Plate and Cooling System

The high power of the incident proton beam and the
poor thermal conductivity and low melting point temperature of Lithium (179◦ ) present problem that must
be overcome when considering solid lithium targets for
the BNCT application [9]. In this study almost beam
power is delivered to the backing plate due to using a
thin target. We used Cu for backing plate, which has
effective cooling property attributed to its good thermal conductivity (401 W/m· K). Figure 2 shows backing plate structure with effective thermal removal using
3D CAD program CATIA. Coolant path is installed in
a circular shape Cu plate (1 cm × 1 cm). Water inlet
and exit are arranged along the rotating axis in parallel pattern, and they have the structure in which the
divided coolant path is combined at the water exit. In
this rib-like structure, cooling water circulates with 20◦ .
4. Mechanical Rotating System

Figure 3 shows the cross section of whole target system. This system has some angle (30◦ ) for several reasons. First, this structure has an advantage for guiding
and increasing yield as it does not hinder produced neutron flow by the opposite wall. Also this configuration
has the most effective angle regarding to the direction of
produced neutron [9]. When high intensity of beam is
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convection heat transfer coeffcient and 50 Hz angular
frequency was used. In Fig. 4, the simulation result
indicates much lower melting point of the rotated target
compare to fixed Li target. The melting point of Li
is 180.54◦ and the Highest point of wall is just about 34◦ .
III. RESULT AND DISCUSSION

Fig. 3. (Color online) Cross-section of Cu backing plate
structure.

A thin Li target assembly was studied computationally through 7 Li(p,n)7 Be reaction as a neutron source for
Accelerator based-BNCT to provide a testing ground for
numerical simulations aimed to producing an optimized
neutron production target and Cu backing plate assembly design.
The design and Thermal analysis of Li and Cu target
was performed. The target thickness was determiced
to get suitable neutron yield for BNCT. The selected
incident angle was 30◦ to acquir more incidence area
and opimizing the neutron guidance. The validity of
the whole system was confirmed by the simulation result which emphasis that the new target design method.
In future work we will consider the guiding of neutron
beam, mechanical problem of rotating target and vacuum leakage inside the whole system.

Fig. 4. (Color online) Temperatur distribution for geometry with rib.
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incident on Li target, it can be melted immediately due
to its low melting point. To prevent this phenomenon,
we designed taget assembly rotating itself along the axis
with 50 Hz angular velocity [3]. This axis is connected
to the lower part of the backing plate and has 3 cm long
to endure rotating axis.

This research was supported by WCU (World Class
University) program through the National Research
Foundation of Korea funded by the Ministry of Education, Science and Technology (R31-2008-000-100290) and also supported by Nuclear R & D program
through the National Research Foundation of Korea
funded by the Ministry of Education, Science and Technology (2010-0025952).

5. Heat Removal With ANSYS

The another goal of this study is to prevent 7 Li target
from melting, because this material has low melting
point comparing to other metals. Therefore it is easily
to be transformed to liquid when low energy beam of
high currents flow, so precise computational thermal
analysis is required. In addition, correct investigation
is needed due to rotation of target assembly and
fast rate cooling water stream. Figure 4 shows the
simulation results by commercial codes ‘ANSYS’. The
total area is determined 8.283 × 10−2 m2 considering
incident beam radius. The applied beam is converted
to heat flux (H = E/A where H = heat flux, E =
energy of beam, A = Area). The water temperature
selected for simulation was 20◦ with 1000 W/m2 · ◦ C
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