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Precise measurement of laser-accelerated protons using CR-39 track detectors
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Abstract

In the laser-driven ion acceleration experiments using micron-sized hydrogen cluster targets, energetic protons

are accelerated by Coulomb explosion. Because the laser-accelerated protons are simultaneously generated with

high-energy electrons and X-rays, we have used CR-39 track detectors, which are insensitive for electrons and

X-rays. The energy spectrum of protons which are accelerated by the interaction between J-KAREN-P laser with

the intensity of 102 W/cm? and hydrogen cluster targets have been measured by stack type detectors using CR-39

and energy moderators. In this detector, the energy spectrum can be measured with the energy resolution of

several MeV from the number of etch pits in each region. To obtain the precise energy spectrum, we have

developed the method which is the combination between the calibration data of protons for CR-39 and PHITS

simulations.
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Table.1 Detection threshold of CR-39 for protons.
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Fig.1 Schematic top view of the laser-driven
ion acceleration experiments using

hydrogen cluster targets.
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Fig.2 Schematic of the stack detector using
CR-39 track detector and radiochromic film (RCF)

as the energy moderator.
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Fig.3 Optical microscope image of the etch pits

on each region.
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Fig.4 The number of etch pits on each energy region.
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Table.2 Calculation result of PHITS.

Region Proton energy (MeV) Incident energy (MeV)
(Dfront 4.7 MeV 4.45 MeV
@front 6.7 MeV 4.5 MeV
@front 8.4 MeV 4.45 MeV
@®front 9.2 MeV 3 MeV

(Drear 10.5 MeV 4.3 MeV
@rear 11.8 MeV 4.4 MeV
Brear 12.9 MeV 4.3 MeV
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Fig.5 Optical microscope image of the etch pit
(b) 1 MeV with the energies of 0.5~5 MeV, which irradiated

by conventional accelerator.
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Fig.6 Calibration curve for protons obtained by

the images on Fig.5.
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Table.3 The energy of protons and etch pits area.

Region Proron energy (MeV) Etch pit area (um?)

(Dfront 4.45 MeV 0.337 um?
@front 4.5 MeV 0.334 um?
@ front 4.45 MeV 0.337 um?
@front 3 MeV 0.510 um?
(Drear 4.3 MeV 0.347 um?
@rear 4.4 MeV 0.341 pm?
(Drear 4.3 MeV 0.347 um?
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Fig.7 Proton energy spectrum.
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