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Abstract

The RIKEN Accelerator-driven compact Neutron Systems (RANS)—a 7 MeV proton beam LINAC (RFQ+DTL) with
a beryllium target —has been in operation since 2013. It was developed with the aim of a compact neutron source for non-
destructive testing at manufacturing and infrastructure sites. Using this system, we have developed degradation-inspection
methods for infrastructure objects and measurement techniques optimized for the characteristics of compact neutron
sources, based on the needs of outdoor field sites. Since 2020, a smaller, higher-brightness source, RANS-II (a 2.49 MeV
proton beam LINAC (RFQ) with a lithium target), has entered experimental services. RANS-II serves both as a prototype
of mass-producible stationary small neutron systems and as a prototype of the portable compact neutron system RANS-
II1. RANS-II produces neutrons at the same energy as RANS-III and is currently used for fundamental data acquisition
and device development toward the realization of RANS-III. In addition, research and development is underway for non-
destructive visualization techniques for infrastructure deterioration for the field operation of RANS-III (e.g., bridges and
highways). This paper reports an overview of RANS-II and the current status of developments for non-destructive

inspection technologies for infrastructure.
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Figure 2: Structure of the neutron shield (target station) in
RANS-II.
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Table 1: Parameter Comparison Between RANS and
RANS-II

RANS RANS-II
Particle proton proton
Energy 7 MeV 2.49 MeV
Current 100 pA 100 pA
Reaction °Be(p, n)’B "Li(p, n)’Be
Accelerator RFQ + DTL RFQ
Weight (Accelerator) St 3t
Weight (Target &
. 20t <2t
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L h (I -
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target)
Ton source Duoplasmatron ECR plasma
Drive mode Pulse Pulse
Maximum neutron 5 MeV 0.7 MeV
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Neutron Yield ~10'2 sec”! ~10'" sec”!
z
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Figure 3: Increase in RANS-II neutron beam spot width
with respect to measurement distance. The collimator
length for measurements with a 40-mm-thick polyethylene
moderator is 400 mm, and the collimator length for
measurements without a moderator is 500 mm.

Table 2: Divergence Angle (half-angle) of Neutron Beam
in RANS-II Calculated from Fig. 3

Collimator Divergence (mrad, Divergence (mrad,
with moderator)  without moderator)
030-mm hole 35.10%0.01 33.37%+0.06
$50-mm hole 59.99+0.01 58.33+0.07
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Figure 4: Accumulated proton current for each year of
RANS-II.
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Figure 5: Schematic diagram of the experimental setup for
a water layer detection experiment in asphalt.
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Figure 6: Increase in the number of backscattered neutrons
with respect to the thickness of the water layer.
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(a) Photos of the experimental setup.
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(b) Visualization of stagnant water.

Figure 7: Setup and a result of the visualization experiment of stagnant water in the cable of a cable-stayed bridge. These

figures are reproduced from Ref. 6 (press release).
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