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As known to all, Monte Carlo calculation is very
time-consuming. The calculation cost almost has
linear relationship with the particle number. At the
same time, Monte Carlo code always has a perfect
parallel efficiency. So running the parallel Monte
Carlo calculation by using RIKEN Cluster (RICC) is
very necessary for the success of this project. The
necessary parts that should be decided via the Monte
Carlo simulation are the sizes of moderator and

(a)

reflector as shown in Fig. 3, as well as the shielding
design.

(b)
Fig. 2 The design of RANS: (a) Three-dimensional (b)
Two-dimensional

Fig. 3 Sizes to be optimized via Monte Carlo
calculation
2. Simulation results
To get the thermal neutron as much as possible,
the optimized design for moderator is the most
important thing. There are two parameters that we
should decide for the moderator. One is its thickness,
and another one is the height. From Fig. 4, you may
find that with the thickness of 4cm, the moderator
has the best moderation effect. As indicated in Fig. 5,
the moderator with the height of 20cm has the
highest
Fig.1. Layout of small-scale neutron source facility in
RIBF Building on RIKEN Wako Campus

thermal

neutron

flux.

Therefore,

the

moderator with 4cm thickness and 20cm height has
best performance, and has been adopted in the
RANS.
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Fig. 7 Thermal neutron flux vs reflector size R1
Fig. 4 Thermal neutron flux vs moderator thickness

Based on the calculation results shown in Fig. 6
and Fig. 7, the reflector with R1=15cm, R2=20cm,
R3=10cm has the highest thermal neutron flux.
With the optimized moderator and reflector, the
neutron energy spectrum distributions on the
detector which is placed at 3m and 5m away from the
target are shown in Fig. 8 and Fig. 9 respectively.
From the two figures, you may find there are two
peak values. One happens within the thermal
neutron range and another one happens in the fast
neutron range. The fast neutron flux is high and we
will try to make use of it for the development of fast

Fig. 5 Thermal neutron flux vs moderator height

neutron imaging system.

About the reflector, the sizes that should be
determined based on Monte Carlo calculation using
RICC are R1, R2 and R3 as shown in Fig. 3.

Fig. 6 Thermal neutron flux vs reflector size R3

Fig. 8 Neutron energy spectrum at detector
3m away from target

RICC Usage Report for Fiscal Year 2012

Fig. 13 Neutron distribution (1D) with trial case

Fig. 9 Neutron energy spectrum at detector 5m

Fig. 14 Shielding design after adding BPE blocks

away from target

in accelerator side

Fig. 10 Trial case of shielding design
Fig. 15 Neutron distribution (1D) with the revised
shielding design
To evaluate the multi-layer shielding design, the
Monte Carlo calculation for the photon and neutron
dose distribution was carried out for the whole
domain. Figure 10 shows a trial case of shielding
design. With this design, you may find from Fig. 11
Fig. 11 Photon distribution with trial case

that the radiation level of photon is low enough,
however the radiation level of neutron is too high to
be accepted as indicated in Figs. 12 and 13.
Therefore we put additional BPE blocks for neutron
shielding in accelerator side. With the addition BPE
blocks the shielding effect is very evident and the
neutron radiation level around the operational area
is decreased to 2.01 µSv/h as shown in Fig. 15.

This

radiation level is quite acceptable and the shielding
design is a final scheme for RANS.
3. Current status of RANS
At present, RANS has been constructed as shown
Fig. 12 Neutron distribution (2D) with trial case

in the following figure and thermal neutron beam
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with our expected flux has been detected. RANS has

constructed and passed the radiation inspection

passed

Japanese

based on the Monte Carlo calculations using RICC.

government and the safety certificate has been

In the next usage term, a new cold neutron beam line

obtained.

will be designed on the RANS. After that, a new

the

radiation

inspection

by

building for two compact neutron source facilities
(3.9 MeV and 7.0 MeV) will be built in RIKEN Wako
campus. Since the researcher and technical staff ’s
office will be also in the same building, the radiation
level must be very low and must be safe enough.
Therefore, the shielding design for the two neutron
source facilities and the building is very important
and must be carried out carefully with Monte Carlo
calculation by using RICC. Our final objective is to
develop a transportable fast neutron imaging system.
Fig. 16 Current status of RANS

So after finishing the design for the two neutron

4. Conclusion

source facilities and the building, optimized design

The optimized design for moderator and reflector
and shielding design have been carried out by Monte
Carlo

calculation

via

RICC.

Based

on

the

calculations, RANS with thermal neutron beam line
has been constructed and passed the radiation
inspection. RICC has given us big helps. Without
RICC, it is impossible for us to achieve our objective.
We really appreciate RICC very much!
5． Schedule and prospect for the future
Within the fiscal year of 2013, the following three
objectives have to be achieved with Monte Carlo
simulation running on RICC. (1) Apr. 1, 2013-May 31,
2013: Complete the design for cold neutron beam line
design based on the RANS; (2) June 1, 2013-Oct. 31,
2013: Complete the shielding designs for two
compact neutron source facilities (3.9 MeV+7.0 MeV)
and for the building where to put them; (3) Nov. 1,
2013-Mar. 31, 2014: Start an optimized design for
fast neutron imaging system.
6. If you wish to extend your account, provide usage
situation

(how

far

you

have

achieved,

what

calculation you have completed and what is yet to be
done) and what you will do specifically in the next
usage term.
Up to now, we have reached to a new stage, i.e.,
RANS with thermal neutron beam line has been

for fast neutron imaging system will be started.
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