
γ

.
We have proposed a SNM inspection system, which is

a hybrid system of two different probes, neutrons and γ-
rays as shown in Fig. 1[1]. The system consists of a fast
pre-screening system by using a D-D neutron source and
subsequent  precise  screening  by  using  quasi-
monochromatic  γ-rays  generated  from  laser  Compton
scattering (LCS).  The pre-screening system is based on
detection of delayed neutrons and neutron noise analysis
method  with  an  incident  neutron  probe,  which  is
generated  from  D-D  interaction  in  inertial  electrostatic
confinement (IEC) fusion plasmas. A prompt γ analysis is
to be also used in order to maximize sensitivity of the fast
pre-screening system.

If suspicious materials are detected during the fast pre-
screening,  the  cargo  is  irradiated  with  LCS  γ-rays  to

identify the isotope composition of the materials by using
nuclear resonance fluorescence (NRF) [2].

Since the LCS γ-ray source must be compact and easy
to  operate  for  such  industrial  application,  we  adopt  a
racetrack microtron for the LCS γ-ray generation. We are
developing a LCS  γ-ray source  at the existing 150-MeV
microtron  of  JAEA-KPSI  (Kansai  Photon  Science
Institute) The  γ-ray  energy  available  at  the  150-MeV
microtron with a 1 μm laser is about 0.4 MeV, which is
lower than the γ-ray energy required for detecting nuclear
material,  1.733 MeV for  235U. Generation of high-flux  γ-
ray,  however,  can  be  demonstrated  at  the  150-MeV
microtron. In the present paper, we describe the result of
the γ-ray generation from the 150-MeV microtron.

π
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γ
In the design of laser system  for  γ-ray generation, we

have  emphasized  robustness  and  reliability  of  the  laser
system for the industrial usage. The laser system consists
of  a commercially available Nd:YAG laser  (Continuum,
Power  Light  9010)  and  a  pulse  compressor  utilizing
stimulated  Brillouin  scattering  (SBS).  In  our  γ-ray
generation,  the  electron  laser  beams  collide  at  a  small
angle, 1.5 degrees, as shown in Fig.3. In this small-angle
collision,  the  laser  pulse  length  of  YAG  laser,  8 ns
(FWHM), is too long to keep an efficient collision with an
electron bunch  [4].  Thus,  we  need to  use a laser  pulse
compressor based on SBS.

Stimulated Brillouin scattering is a phenomena that an
intense laser beam is back scattered with time-dependent
vibration  of  phonon  excited  by  the  laser  beam.  The
scattered laser beam travels in opposite direction to the
incoming beam and the pulse duration of  backscattered
beam is determined by life time of phonon.  As a result,
we can compress a laser beam by choosing an appropriate
material as a SBS medium.

Figure  4  shows  the laser  pulse  compressor,  which
consists of two 1.5 m-long glass cells filled with Frolinate
(3M,  FC-40)  as  a  SBS  medium  optimized  for
compressing a laser pulse from the Nd:YAG laser, 8 ns,
to a shorter pulse, 200 ps [5].

Figure 3: Layout of laser Compton scattering.

Figure 4: The laser system for γ-ray generation.
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Figure  5:  Histogram  of γ-ray photon  statistics obtained
from the direct method. The number of photons per shot
is  (6.3 1.5) x 103 ph/shot.  The  hatching  area  is  a
histogram  without  the  laser  pulse  injection  as  a
background signal.

After  the  calibration  of  γ-ray  flux  measurement,  we
increased the laser pulse energy  and measured the  γ-ray
flux as a function of laser pulse energy.  The  γ-ray flux
was roughly proportional  to  the laser  pulse energy and
reached to 1.2x104 ph/shot with the maximum laser pulse
energy available in the current system, 700 mJ. This γ-ray
flux  corresponds  to  1.2x105 ph/s  at  10 Hz  repetition,
which  meets  the  requirement  of  γ-ray  flux  for  our
proposing system of nuclear material detection.

FUTURE DEVELOPMENT
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R. Hajima et al., J. Nucl. Sci. Tech. 45, 441 (2008).
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