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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 micron size hydrogen clusters as a target
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. We have developed a method to measure the energy spectra of proton beams with a
resolution of less than a few MeV using the CR-39, which is capable of detecting proton beams of tens of MeV. The
nuclear emulsion was developed for sub-GeV proton detection. In the Thomson parabola spectrometer, the characteristics
of the detectors were measured so that the fluence of the energy spectra can be accurately evaluated. In addition, the

generation of argon clusters was carried out for future development.
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Figure 1. Schematic of the energy spectrometer using
CR-39 detector with a step-wise energy filter.
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Figure 2. The number of etch pits on CR-39 as a
function of the reaching energy.
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Figure 3. Corrected energy spectrum of laser-
accelerated protons from hydrogen clusters.
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Figure 4. Root mean square of proton-track

scattering angle in each emulsion layer.
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Figure 5. (a) A stack of images of detected proton beams at different energies from 0.4 MeV to 3.0 MeV. (b) Spectrum

of proton energies.
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Figure 6. Angular distribution of light scattering for argon clusters produced by injecting argon in the gas phase,

liquid phase, and supercritical state, respectively.
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