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Precise control of high-energy protons transport in space environment
by using bayesian optimization
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Abstract: Considering the geomagnetic field, the relativistic effect and bremsstrahlung radiation of high-energy
protons, a single particle motion model of proton transport in the space environment is established. Based on this
model, the Bayesian optimization method is proposed to realize the precise control of protons transport from the initial
position to the target under a given proton energy. The dependence of the proton launch angle on the launch height is
obtained, that is, when the coordinate radial angle is 0° and 180°, the value of the coordinate axial angle will not
change the optimal emission direction of the particles. The results can provide theoretical references for long-distance
transport of proton beams in the space environment.
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Fig.2 Proton trajectory with and without relativistic effect Fig. 3 Proton trajectory with and without synchrotron radiation
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Table 1 Optimal emission direction and minimum distance at different emission positions

coordinate radial angle/(°)  coordinate axial angle/(°)  radial angle of exit/(°)  axial angle of exit/(°)  minimum distance from target/m

0 0 146.34 271.76 2.8
45 0 126.45 214.08 4.8
90 0 14.54 259.39 1.9
135 0 50.89 155.38 1.8
180 0 33.98 92.10 32

0 90 146.33 271.77 2.8
45 90 101.28 274.37 3.6
90 90 56.79 86.26 4.7
135 90 11.32 284.69 2.9
180 90 33.99 92.11 32

0 180 146.33 271.77 2.8
45 180 128.89 334.47 2.7
90 180 91.02 5.00 32
135 180 54.10 34.93 4.5
180 180 33.99 92.11 32

0 270 146.33 271.76 2.8
45 270 168.63 104.92 2.4
90 270 79.02 94.64 2.6
135 270 123.92 96.31 39
180 270 33.99 92.11 32
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