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In geospace, there are characteristic plasma distributions in a wide energy hierarchy from eV to several MeV. 
Geospace is a collisionless plasma system, and wave-particle interactions play an important role in the dynamics 
of plasma distributions. To understand how wave-particle interactions work for the cross-energy couplings and 
the dynamical evolutions of the plasma environment; acceleration, transportation, and loss of charged particles,  
the Geospace Exploration Satellite "Arase" was launched in 2016 [1]. The Arase satellite has instruments for 
plasma/particle observations (electrons: tens of eV to a few MeV, ions: 10 eV/q to 180 keV/q with mass 
discriminations) and electromagnetic waves (electric field: DC-10 MHz, magnetic field: DC-100 kHz), and the 
Arase satellite has continued the observations in geospace. The observations of the Arase satellite provide new 
insights of wave-particle interactions in the geospace, especially for significant role for the accelerations and loss 
of energetic electrons and wave generation process through cross-energy coupling.  
In this presentation, we will introduce the highlights of the scientific achievements of the Arase satellite: 1) direct 
detection of electron acceleration and scattering by whistler mode chorus waves [2][3], 2) scattering and heating 
of ambient ions by electromagnetic ion cyclotron (EMIC) waves and magnetosonic waves (MSWs), and new 
generation mechanisms of plasmaspheric EMIC waves through interactions with MSWs[4][5]. For the first topic, 
we introduce the electron acceleration by non-linear wave-particle interactions with whistler mode chorus waves, 
as well as the scattering of electrons and the resultant pulsating auroral emission caused by the scattering of 
electrons. For the second topic, we will introduce the direct observation of the energy exchange process between 
ambient ions, EMIC waves and MSWs, and the mode conversion between MSWs and EMIC waves. In addition, 
we show that MeV electron flux in the radiation belt decrease through the pitch angle scattering with EMIC waves. 
Finally, we discuss the multiple roles of plasma waves in the different frequency bands for the dynamics of the 
inner magnetosphere. 
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