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2 M OB X 4 Energetic Particle Generation and Nuclear Reactions in High Energy-
Density Plasma Relevant to Laser Fusion
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1 Neutron production mechanism

The objective of this thesis is to study particle generatidn and nuclear reactions in high-energy density plasma
relevant to laser fusion. We studied detailed neutron energy spectra produced from a deuterated target (CD2)
irradiated by 450 fs, 20-J, 1053-nm laser of intensity 3X 108 W/cm? are studied. Neutrons were observed form
two different observation angles, 209 and 70° relative to the target normal. The experimental results are
compared with three-dimensional (3-D) Monte Carlo simulation. The possible neutron production mechanisms
and their relative importance are considered to identify the sources of the emitted neutrons. The i(;n
acceleration process felated to the neutron production mechanisms is discussed. Comparison between the
measured and the calculated spectra revealed that the observed neutrons cannot be explained by vconsidering
D-D reaction only. - A complete interpretation for the measured neutron spectra can be introduced when other
neutron production mechanisms are taken into account. The findings pointed out that both deuterium and
carbon ions are accelerated inside the target in the laser-produced plasma.
2 Ion Acceleration inside the target

We measured experimentally the maximum energy of ion acceleration inside the farget when solid targets
irradiated by 450 fs, 20-J, 1053-nm laser of intensity 3 X 1018 W/cm2. The used targets are designed to generate
neutrons via the reaction 7Li (p, n) "Be. The produced neutrons can directly bring the information from inside to
outside the target without any effect by the electric and/or magnetic fields inside or around the target. Since
nuclear reactions occur between accelerated and target background ions, the electrostatic sheath acceleration on
the rear side is excluded. Consequently, we can separate the different acceleration mechanisms paying
particular attention to the front side one. Also, nuclear reaction can lead us to discover from where the
accelerated ions originate. The experimental results are compared with three-dimensional Monte Carlo code

and with Pukhov formula [Phys. Rev. Lett. 86, 3562 (2001)]. Finally, a simple picture “depends on a scenario of
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three steps” for the ion acceleration process is given.
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