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Fig. 1. Schematics of radioactivity coincidence measuring instrument.
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Fig. 2. Cross section of 3Cu(p, n)83Zn reaction.
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Fig. 3. (color online) Decay curve of radionuclide pro-

duced by proton actived copper.
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Fig. 6. Self consistency test result of the method.
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Fig. 7. (color online) Activity and radiograph of the copper plates.
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Abstract

The protons accelerated by ultra-high intensity laser have been extensively studied. The most commonly used
detectors for measuring laser-driven proton are Tomspon parabola ion energy analyser (TP) and filtered nuclear track
detectors, such as radiochromic films (RCF). The TP uses a parallel magneto-electric field to distinguish ions. This
conventional technique can precisely identify the species and energy spectra of ions. However, the strong electromagnetic
field produced by the laser-plasma interaction has an effect on TP, which results in no spatial resolution of TP. The
RCF can give the spatial integration spectrum of proton, but it is easy to be saturated and cannot be reused anymore.
In this paper, we present a method based on the traditional charged particle activation analysis and the gamma-gamma
coincidence measurement to measure the spectrum of protons accelerated by ultra intense lasers. In this method, a
copper plate stack is placed in the proton emission direction. Colliding with MeV proton converts %3Cu in the copper
plates into radionuclide ®3Zn whose decay can be easily observed and measured. Proton spectrum is then recovered from
637n decay counts from layers in the copper stack. The layout of diagnostics and the method to solve proton spectrum
are discussed in detail and a self-consistent test is given. This spectrum analysis method is used in a laser-driven proton
acceleration experiment carried out on XG-III laser facility. The results show that protons up to 18 MeV are obtained,
and the spatial integrated spectrum and a laser-proton conversion efficiency of 1.07% are achieved. In conclusion, our
method has some advantages as a laser-driven ion diagnostic tool. It has no saturation problem and is not affected by
strong electromagnetic fields. The basic principle of charged particle activation analysis is based on nuclear reaction,
and can be extended to the measuring of other charged particle beams besides protons, such as deuterons, helium ions

produced by ultra-high intensity laser.

Keywords: charged particle activation analysis, laser-driven proton acceleration, coincidence measure-

ment, unfold spectrum
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