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Study on Laser-Driven Isotope Ton Acceleration and its Application
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Recently, hydrogen isotope ions including deuterons and tritons accelerated by laser are expected to be utilized in
the development of compact neutron source and investigation of nuclear fusion reaction. However, the current
parameters of laser accelerated deuterons and tritons are still required to be improved for the requirements of the
applications above. The enhancement of deuteron yield leads to higher neutron yield of the laser-driven neutron
sources. In fusion science, measurements of the nuclear reaction cross section require the acceleration of deuterons
/ tritons with energy spread lower than 10%.

In this work, the acceleration of deuterons driven by high power laser was investigated by using the following
methods: (1) cryogenically-cooled solid D2 and (2) ultra-thin D20 layer deposited on a metal target, in order to
improve the yield and the energy spread of the accelerated deuterons. The structure of this thesis is in the
following:

Chapter 1: A short introduction to the main topics of this thesis.

Chapter 2: Relative physics on laser plasma interaction and experiment tools used in laser-plasma experiments.
Chapter 3: Deuteron acceleration by deuterated foil targets, and its application of neutron radiography utilized in
laser-driven neutron source.

Chapter 4: Development of cryogenic target formation system, and effective deuteron acceleration experiments are
conducted with solid D2 targets.

Chapter 5: In-situ deposited D20 targets are proposed, quasi-mono energetic deuteron acceleration experiments
are conducted with the D20 deposited targets.

Chapter 6: Summary of this thesis to conclude the work.

In chapter 3, as application of laser accelerated deuterons, non-destructive inspection was conducted for Hz0
contained within a stainless steel pipe using a laser-driven thermal neutron source, where water and stainless
containers are detected by neutrons and x-rays, respectively. Simulation results indicated that this method can
also provide the capability to measure the hydrogen

density in high-pressure hydrogen gas in metal containers.

In chapter 4, pure deuteron pulse was generated with solid Dz targets which are generated by the developed
cryogenic system. By optimizing the thickness and the plasma density of the D2 target, the yield of deuterons
reached 10n/sr, which is higher than those of previous works by an order of magnitude.

In chapter 5, deuterons with energy spread lower than 5% was realized by depositing ultra-thin D20 layers on Al
targets. The energy spread obtained in this study is approximately smaller by a factor of 3 than previous works.
In addition, by optimizing the laser irradiation conditions, the deuteron energy was improved up to 50 MeV. The
method presented here can be applied to the acceleration of tritons by depositing ultra-thin T2O layers on normal
targets, which can be utilized in the investigation of nuclear fusion reactions including D-T reaction.

In conclusion, the acceleration of deuterons was investigated using the solid D2 target and the ultra-thin D20 layer
targets. As results, (1) the yield of deuterons reached 101n/sr with the solid Ds targets, (2) the energy spread of
deuterons lower than 5% was realized with the ultra-thin D20 layer targets. These results contribute to the

development of laser-drive neutron sources and the investigation of nuclear fusion reactions.
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AR, @SR L — W —IZ Ko TR & 7z MeV RO KR FINARA A (FEGE . ZEH ) 1L, NP IROB
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Tim LT, 3 3 BT, BEARBUEIEER L OB FIEEFIH Leh 7 04 75 7 0 —3BRIZOn T
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(D:0) % In-situ TRIBT HFIELABFE L. =L X —ig s%DOEGFINRIZHKII L T\ D, ZORERITETH O 16%
UL TI/3DZRAF—IRETHY , FFETREERTH D, DI, I AR TRE a— NE AW CTES -
Bz 52 L, REOEKBIENGAICEE O F X —@3< 2258 LOEHEEZ AHE LT b, Iz
T, L—P—OBFHAEELESED LT, BHEFOTRAX %450 MeV £ TH L, ERHFTRALF—L LT
WERFRA R LTV 5, ATHRIIEAZ ZHK (1,0) (ICEET S 2 LT, ZEHFOMEICbEHTE 5720, #
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ZEERLTVD,
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A IHPERT 2 2 LICBR0 | P IERE HT HA O REEE R IS 595, (2) O RCRITRERL G RO W A o 7 H
LB L IR D ZHG 0 MeV BINRIZ SRR DR TH Y | 0 ONERR TITIEE O ReiE Ol b =81
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