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Demonstration of laser-driven proton acceleration above 100 MeV using hydrogen clusters
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Abstract

We have proposed a method to generate multi-MeV pure proton beam using Coulomb explosion of micron size hydrogen
clusters in a laser driven ion acceleration technology. A demonstration experiment of high repetition proton acceleration
using hydrogen cluster targets was carried out at the J-KAREN facility. The energy spectrum of the protons was obtained
using various detectors: CR -39, a nuclear emulsion, and a real-time Thomson parabola spectrometer. These detectors were
calibrated using ion accelerators. In the energy measurement using the Thomson parabola spectrometer, pure proton beam
of 19 MeV maximum was observed. In a particle-in-cell (PIC) simulation of the interaction process between high power
laser pulses and micron-sized hydrogen clusters, proton generation exceeding 100 MeV accelerated in the direction of
laser propagation is predicted, and this is a promising candidate as a laser-driven proton source by a multi-PW laser in the

future.
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Figure 1. CR-39 stack detector.
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Figure 2. Comparison between the number of etch pits and the results of PHITS simulations for

(a) 100 MeV, (b) 160 MeV, and (c) 230 MeV.
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Figure 5. Detected images of protons analyzed by the Thomson parabola spectrometer.
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Figure 6. Detected image of protons analyzed

by the Thomson parabola spectrometer in a

laser-driven proton acceleration experiment.
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