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Kinetic Alfvén waves (KAWSs) are electromagnetic waves with a long wavelength parallel to the magnetic field lines and a
perpendicular wavelength on the order of the ion Larmor radius. KAWSs possess a parallel electric field component (8 E;;)
and are known to accelerate electrons along the field line [e.g., Hasegawa, 1976]. KAWs are associated with substorms and
auroral beads in the magnetosphere and can accelerate electrons to energies ranging from a few hundred eV to a few keV
along the field line, leading to enhancing auroral brightness [e.g., Duan et al., 2022; Tian et al., 2022]. In the process of
electron acceleration by KAWs, Landau resonance occurs between electrons and the KAWs when the electron velocity (v; J)
is equal to the wave phase speed (V,;;). When the electron enters the trapped region v;; € [Vppj; £ Vi ], where Vi, is
a nonlinear trapping width and depends on & E;;, the electron is trapped by the KAWs and transported to higher latitudes
while being accelerated to a speed close to V5,55 [e.g., Artemyeyv et al., 2015; Damiano et al., 2016]. Previous studies have
focused on this trapped process, but in the actual magnetospheric environment, the gradient of the background field, including
magnetic flux density, plays a significant role, and the transition processes between trapped and non-trapped states due to the
mirror force are important. However, these transition processes have not been sufficiently investigated.

In this study, we apply the second-order resonance theory of charged particles trapped by coherent electromagnetic waves
[e.g., Omura et al., 2008] to the electron acceleration process by KAWs. We can describe the motion of electrons trapped
by KAWs in the velocity phase space by considering a simple harmonic motion of the wave phase as viewed from the elec-
tron (1) and the inhomogeneity factor (S) due to the background magnetic field gradient. As the trapped move parallel to
magnetic field lines, the background magnetic field gradient and S, as viewed from the electron, change accordingly. As S
increases, Vy, decreases, causing the trapped region to shrink as the electron moves toward higher latitudes. This makes it
easier for the electron to be detrapped from KAW. From theoretical calculations, we find that electrons can be trapped by
KAWSs up to approximately 36° of magnetic latitude on the L=9 magnetic field line in the terrestrial magnetosphere, assum-
ing & E;; is approximately 1 mV/m at the magnetic equator. We perform test particle simulations and confirm that while v,
of trapped electrons remain at around V y,;;, the energy of electrons significantly changes after they escape from the trapped
region. In particular, we find that electrons transitioning from the trapped state to the non-trapped state with y near - 7, the
electrons are accelerated to up to approximately 10.5 keV at the ionosphere while located at € (-7,0) where the wave
accelerates the electron [Saito et al., P-EM17-07, JpGU Meeting, 2024]. Additionally, when non-trapped electrons move
toward lower latitudes, the kinetic energy changes due to 6 E;; and the background magnetic field gradient make it difficult
to be re-trapped near =0, but more likely near p=-1. The electrons trapped near =-7 are greatly accelerated through
the aforementioned process and precipitate into the ionosphere. This process of accumulating un-trapped electrons near \)=-
T can be an important process in the electron acceleration process by KAWSs, which efficiently accelerates the electrons. In
this presentation, we discuss the above theoretical considerations and calculation results in detail.
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