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The Calibration Study of Real-time Thomson Parabola Spectrometer
for Laser-accelerated Ions using a Tandem Accelerator
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Abstract

The calibration study of real-time Thomson parabola spectrometer for laser-accelerated ions has been

carried out by a tandem accelerator. The spectrometer consists of parallel aligned electromagnetic field and

micro channel plate (MCP) or CR-39 track detector as ion detector units. To calibrate the incident positions of

protons on the ion detector unit, 1~3 MeV protons and neutral particles from tandem accelerator are irradiated

to the spectrometer. Based on the results of MCP signals and the etch pits on CR-39, the trajectories of protons

with the energies more than 1.5 MeV coincide the theoretical calculations. Therefore, we have found that the

developed spectrometer can be applied for the measurements of laser-accelerated ions shot-by-shot.

(Received 12 July 2019)
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Fig.1 Schematic of the Coulomb explosion model. [3]
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Fig.2 Schematic of the developed real-time Thomson
parabola spectrometer. [4]
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Fig.3 A trajectory image of laser-accelerated protons

on phosphor screen.
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Fig.4 A photograph of Thomson parabolaspectrometer (a),
and an image of reconstructed the system by AMaze (b).
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Fig.5 Comparison between the measured

magnetic field and the result of simulation
by AMaze.
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Fig.6 Comparison between the trajectory by the
simulation and theoretical trajectory.
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Fig.7 Overview of the calibration experiment
using tandem accelerator SSDH2.

Fig.8 Ion detectors(a)MCP and (b)CR-39.
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Fig.9 Trajectory images of 1, 2, 3 MeV protons with the electrode voltage 0 and 3000 V.
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Fig.10 Comparison between the trajectories on
phosphor screen and theoretical curve.
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Fig.12 Shape comparison of trajectories between
CR-39 and theoretical curves.
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Fig.13 Calibration curve of CR-39 for protons.
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Table 1. Difference between theoretical energies
and results of CR-39

Ax Theoretical E E on CR-39
(pm) (MeV) (MeV)
3600 2.59 1.8~2.5
4500 2.08 1.3~2.3
5300 1.76 0.5~1.5
9800 0.95 ~0.4
11200 0.83 ~0.4
12900 0.72 ~0.1
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