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Relation between whistler waves and electron acceleration efficiency at Earth’s

bow shock
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Non-thermal high-energy particles are frequently observed in space. Collisionless shock waves are one of the sources of
acceleration of these particles. In fact, non-thermal particles with a power-law energy spectrum have been observed around
collisionless shock waves in some events. However, how and when particle acceleration occurs at collisionless shock is not
yet fully understood. For example, the first-order Fermi acceleration is a promising candidate for the acceleration process of
particles with a power-law energy spectrum. In this mechanism, particles in the vicinity of the shock are trapped around the
shock due to pitch-angle scattering by MHD waves. However, low-energy electrons cannot resonate with MHD waves. Other
mechanisms are necessary to accelerate electrons to intermediate energies where the Fermi acceleration becomes efficient. Tc
solve this problem, Katou & Amano (2019) proposed stochastic shock drift acceleration. The cyclotron resonant scattering
with higher frequency waves plays an important role in this mechanism. The most promising candidate for the scatterer is
whistler waves, which have frequencies from 10% to 50% of the electron cyclotron frequency. In this study, we consider the
relation between whistler waves and electron acceleration in collisionless shock.

Oka et al. (2006) statistically investigated the relationship between the shock parameters and electron acceleration ef-
ficiency. They showed that the ratio between Alfven Mach number to the whistler critical Mach numbévl (v )
correlates very well with the electron acceleration efficiency. Note thaf;Mis defined with respect to the group velocity
of the whistler wave normal to the shock, which leads tg. M o< cos 6 g,. Oka et al. (2006) showed that harder energy
spectra were found only at supercritical shocks with respect to the whistler critical Mach nump@ (M*“>1). That
suggests that the whistler wave plays a significant role in electron acceleration, but the specific mechanism has not yet been
understood.

Katou & Amano (2019) and Amano et al. (2020) predicted that electron acceleration occurs only when the intensity of the
whistler wave exceeds a certain threshold which depends on frequency. This threshold is strongly depengéribp/bbs
6 g, ,and qualitatively consistent with Oka et al. (2006). However, since the wave intensity may generally vary with Mach
number orf g, more detailed investigation is necessary to confirm the theory.

The purpose of this study is to investigate the validity of this threshold statistically at Earth’'s bow shock. We use the data
of shock crossing events observed by Magnetospheric MultiScale (MMS) spacecraft in burst mode. First, we confirmed that
particles around the shock have a power-law energy spectrum. We integrate the data observed by Fast Plasma Investigation
(FPI) integrated over 1s and calculated the time variation of the spectral index by fitting. To investigate the changes in the
index between upstream and downstream we used the fast survey mode data as well. We also calculate the time variation
of the wave power spectrum in the frequency band of the whistler wave by using Search Coil Magnetometers (SCM) at a 1s
interval. Using these high time resolution data, we can resolve the internal structure of the shock. Based on the above data,
we will discuss the relation between the whistler wave intensity (both absolute and relative to the theoretical threshold) and
the electron acceleration efficiency.
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