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Abstract

A charged particle in a space with a uniform magnetic field experiences a Lorentz force in a perpendicular direction to
both the particle velocity and the magnetic field, and undergoes cyclotron motion with the Larmor radius. In a space
where a magnetic field and an electric field exist, a drift motion occurs in which the guiding center moves perpendicular
to the magnetic field during cyclotron motion. The Larmor radius depends not only on the strength of the electric and
magnetic fields but also on the initial velocity of the charged particle, and there exist conditions under which the Lorentz
force balances with other forces. In the case of an external magnetic field in the z-axis direction and an electric field due
to a uniform charge distribution in a cylindrical coordinate system, the charged particle drifts around the center of the
uniform charge while undergoing cyclotron motion in a perpendicular plane to the z-axis direction. In this case, the
conditions under which motion with a Larmor radius of 0 occurs were analytically derived, and the particle trajectory was
confirmed by numerical analysis. In addition, the possible trajectories of the cyclotron motion of a charged particle were
compared when the initial velocity is changed, and the differences were investigated.
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Figure 1: Calculation model.
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Figure 2: Coordinate system for analysis.
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Figure 3: Particle orbit for § = 6_ (r < R).
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Figure 4: Particle orbit for = 6, (r < R).

- 1071 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

PASJ2024 FRP086

5 1 05 0 05 1 15

a=0.8,1.0, 1.2,

Figure 5: Particle orbit for § = 6 (r < R).
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Figure 6: Particle orbit for 6 = 6_ (r > R).
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Figure 7: Particle orbit for § = 8, (r > R).
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Figure 8: Particle orbit for § = 6_ (r > R).
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Table 1: Dependence of Particle Trajectory on Initial
Velocity a(r)
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