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MMS observation of importance of high-frequency whistler waves intensity for
electron acceleration at Earth’s bow shock

#Miki Masuda®), Takanobu Amano?), Mitsuo Oka®), Naritoshi Kitamura®

(IDepartment of Earth and Planetary Science, Univers,(?University of Tokyo, ®SSL, UC Berkeley, *ISEE, Nagoya Univer-
sity,

Non-thermal high-energy particles are frequently observed in space, and collisionless shock waves are one of the sources
of these particles. Particle acceleration in the vicinity of shock waves has been observed, but the specific process has not been
understood clearly. Although shock drift acceleration is candidate mechanism for the acceleration process, some problems
remain yet. For example, in these mechanism, low-energy electrons cannot be accelerated or accelerated electrons’ energy is
not sufficient. To solve these problems, Katou & Amano (2019) proposed stochastic shock drift acceleration. In this mech-
anism, low-energy electrons are trapped in the transition layer by cyclotron resonant scattering with high-frequency waves.
The most promising candidate for the scattering agent is whistler waves with frequencies ranging from 10% to 50% of the
electron cyclotron frequency. On the other hand, Oka et al. (2006) showed statistically that the electron acceleration occurs
efficiently only when the shock is super-critical with respect to the whistler critical Mach number. This result suggested
that the whistler waves play important roles to accelerate electrons in the layer, but the specific mechanism has yet been not
understood. Katou & Amano (2019) and Amano et al. (2020) predicted that the electron acceleration occurs only when the
intensity of the whistler waves exceeds a certain theoretical threshold, which comes from the condition that electrons need to
be trapped sufficiently in the layer. The theoretical threshold is proportional to (M scos 0 g,)~ 2 and may be consistent with
Oka et al. (2006) in the statistical sense. However, since the intensity of the whistler waves may vary in each event, more
detailed analysis is needed.

In this study, we use the data of the Earth’s bow shock crossing events observed by the Magnetospheric Multiscale (MMS)
spacecraft in the burst mode. We investigate statistically the relation between the intensity of whistler waves and some shock
parameters ( M4, 0 g,, B ), as well as efficiency of electron acceleration. We select events where the upstream and the
downstream are stable during 2017 to 2018 performed a detailed analysis of the transition layer where the electron acceler-
ation occurs efficiently. We define the time when the magnetic field strength increased by a factor of more than 1.2 relative
to the upstream magnetic field as the transition layer. First, by using Search Coil Magnetometers (SCM), we calculated the
power spectrum of magnetic fluctuations with a time resolution 1s. We determine the wave intensity for each frequency
normalized by the electron cyclotron frequency and correlate with each shock parameter. As the result, we find the positive
correlation between the intensity of the high-frequency whistler wave and M 4/M..,.;+*’. Furthermore, we investigate the rela-
tion between the shock parameters and the energy density of high-energy electron in the downstream normalized to the flow
kinetic energy of the upstream plasma, or the electron pressure in the downstream for each event. Based on these results, we
discuss the relation between the electron acceleration efficiency and the property of whistler waves.
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