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The exact analytic solutions of non-relativistic particles in the cyclotron resonance
condition

#Masabhiro Kitahard, Yoshizumi Miyoshl),Satoko Nakamura,Masafumi Shoji), Yuto Katoh?),Naritoshi Kitamurd)
(1ISEE, Nagoya Univt?Dept. of Geophys., Kyoto UniV3Dept. Geophys., Grad. Sch. Sci., Tohoku UfiWniversity of
Tokyo

Wave-patrticle interactions play a crucial role in the dynamics of charged particle such as particle acceleration, pitch angle
scattering, wave growth in space plasmas. For quantitative evaluation of wave-particle interactions, it is the most important
to estimate the size of a trapping region of charged particles encountering plasma waves in the velocity space (phase space).
The trapping region in wave-particle interaction is expressed as a set of closed trajectories in the velocity space with the
conserved quantities. In this study, we solve the equation of motion for a non-relativistic charged particle in electromagnetic
waves propagating along the uniform ambient magnetic field, and we derived two conserved gquantities, which correspond to
the diffusion curve in the velocity space and the rescaled Hamiltonian introduced by Albert et al. (2021). Classifying particle
trajectories by using the conserved quantities, we derived the exact trapping region in the velocity space. Because the exact
trapping region includes trajectories of "transversal phase bunching” mentioned by Matsumoto et al. (1974), the size of the
exact trapping region is larger than that of the trapping region of "longitudinal phase bunching”. This fact should indicate
that the trapping efficiency estimated from the exact trapping region should be higher than that from the longitudinal trapping
region. We also found that the parallel velocities of some trapped particles do not always meet the cyclotron resonance
condition. These particles can be classified as hon-resonance trapping in the sense that the particle velocities do not match
the cyclotron resonance velocity, while the particles can also be classified as the resonance trapping in a broad sense that
the resonance condition is defined as the temporal-stationary points of the relative phase angles. Our derived exact solution
can be applied to the particle data analysis of the high-time-resolution observations and contribute to more quantitative
interpretations of wave-particle interactions through the cyclotron resonance.
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