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The neutron resonance absorption is the process in which a neutron at an energy related to the excited
states of the atomic nucleus just above the neutron binding energy is resonantly captured by the nucleus.
Thus, the probability that neutrons interact with nuclei depends on the incident energy and atom identity.
Bethe suggested the temperature dependence of the broadening of a resonance peak due to the Doppler effect
Thus, the neutron resonance spectroscopy provides a possibility of detecting the temperature as well as the
elemental composition and density inside a material non-destructively. The neutron resonance spectroscopy
has been predominantly implemented with accelerator—based neutron sources for material analysis, spatially
resolved thermometry and shock wave measurement. However, to obtain sufficient energy resolution with
relatively long source pulse, a long beamline which is typically a few tens of meters in accelerator—based
neutron sources must be set for the time—of-flight detection. The long beamline reduces the flux of neutrons
arriving at a detector due to the smaller solid angle. As a result, multiple neutron pulses must be integrated
for sufficient statistics.

As a solution to this problem, the author developed a laser—driven neutron source (LDNS) with compact
size and short pulse performance. The laser enables the acceleration of protons or deuterons up to a few tens
of MeV. By placing a beryllium as the secondary target in the beam path, a pulse of MeV-energy neutrons is
generated by nuclear reactions of the beryllium and ions. The length of LDNS is about 1 cm within a pulse
duration under 1 ns. A currently highest neutron yield of 10" has been achieved. Furthermore, low—energy
neutrons at eV-meV region have been generated by employing neutron moderators made of hydrogen—rich materials
at room temperature or cryogenically cooled solid hydrogen. The short pulse duration and miniature scale of
an LDNS allows a smaller neutron moderator (thickness of 3 cm), lead to a reduction of the neutron pulse
broadening in the moderation process.

The author designed a time—gated neutron detector to detect epithermal neutrons in high—power laser
experiments with short beamlines (about 1.8 m). A time—gated electrical system was coupled in the detector
to protect the detector from intense X—ray background. The developed detector ensured the acquisition of low
energy neutron signals. To achieve a higher efficiency of the neutron detection, the author designed a
collimator and shield that were set along the neutron beamline. The developed neutron beamline provided higher
signal-noise ratio made it possible to analyze the resonance waveform.

The short pulse of moderated neutrons provided an innovative breakthrough that realizes single—shot
analysis of neutron resonance spectroscopy. The author measured neutron resonances in the epithermal (several
eV) region using a 1.8 m beamline in the LDNS that developed at ILE, Osaka Univ. The resonance spectrum was
obtained with a single bunch of the laser generated neutron pulse. The resonance signals corresponding to
multi-layer samples demonstrated the feasibility of isotope distinction using single—shot neutron resonance
spectroscopy. The neutron pulse duration around eV energies and energy resolution were evaluated in the results.

Furthermore, the author investigated the Doppler broadening of neutron resonance signals with the LDNS.
Each Doppler spectrum was acquired from a single pulse of the laser. A reference sample was innovatively used
to remove the uncertainty between each shot of the LDNS. The temperature depending Doppler broadenings were
discussed in the experimental results. The results indicated the possibility that the LDNS can realize a

real-time thermometry of isotope types that probes the instantaneous temperature of dynamic objects
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