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“Single Shot” Neutron Analysis Explored by Nuclear Photonics
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The development of laser-driven neutron source (LDNS) utilizing laser-accelerated ions and its applica-
tion to several kinds of neutron analysis were performed at LFEX facility of ILE Osaka University. The
LDNS generates neutrons having wide range of energies from meV to MeV. The main argument of this
review is to demonstrate “Single-Shot” neutron analysis by LDNS, where one analysis is accomplished
by a single bunch of neutrons generated with a single laser shot. This method enables the high-speed
analysis of nuclear information including elements and isotopes.
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Fig. 1 Schematic picture of the laser-driven neutron
source (LDNS) utilizing laser-accelerated ions as a
primary beam. (a) The energy spectrum of ions
measured through a pinhole on the secondary de-
tector. (b) The neutron spectrum simultaneously
measured with the ion spectrum. The figures are
partially adopted from Ref. 2).
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‘ Laser-driven neutron source provides neutrons in the broad energy range from meV to MeV. ‘

Fig. 2 Energy range of neutrons available in the laser-driven neutron source.
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Fig. 3 Time-of-flight signal (a) and the energy spectrum
(b) of neutrons from the solid hydrogen modera-
tor.>) The figure (a) is adopted from Ref. 3).
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Fig. 4 Spatial distribution of neutrons below 25 meV (a)
and the pulse duration of neutrons at the exit of the
solid hydrogen moderator (b) simulated by PHITS
code. The figures are adopted from Ref. 3).
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Fig. 5 (Upper) Samples used for the simultaneous radiog-
raphy with thermal neutrons and x-ray and the ex-
perimental results obtained in a single laser shot.
(Lower) The transmittance of neutrons and x-rays
along the horizontal lines shown as (a) ~ (c) in the
radiography pictures. The neutron transmittance
for the Ni-Cd battery is compared with the simula-
tion to analyze the thickness of the cadmium. The
figures are adopted from Ref. 2).
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Fig. 7 (a) Simulated transmittance of thermal neutrons
for the stemless steel pipes fulfilled with H,O at 1
atm. and H, gas at 82 MPa. (b) The experimental
neutron transmittance for the water compared with
the simulated ones for H, gas as a function of the
hydrogen density. The figures are adopted from
Ref. 5).
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Fig. 6 (a) Picture of the stemless steel pipes, of which one is fulfilled with H,O at 1 atm. and the another is opened in vacuum
chamber. The images measured with thermal neutrons (b) and x-ray (c) obtained in a single laser shot. (d)
Transmittances for neutron (red) and x-ray (blue) along the horizontal area surrounded by the dashed lines in the imag-

es. The figures are adopted from Ref. 5).
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Fig. 9 Theoretical transmittance of neutrons indicating

the dips attributed to the neutron resonance ab-
sorption.
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Fig. 10 (Upper) Experimental setup for the evaluation of
fast neutrons via (n, 2n) reaction. (Lower) A typ-
ical y-ray spectrum measured with high-purity
germanium detector. The figures are adopted
from Ref. 8).
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