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The generation mechanism of nonthermal particles is one of the most important unresolved problems in space physics. T
Fermi acceleration at a shock wave is one of the leading mechanisms for the nonthermal particle acceleration. In this mechanisi
pitch angle scattering due to wave-particle interaction is important to confine charged particles in the vicinity of the shock
wave while charged particles are being accelerated. In particular, whistler mode waves are considered as the scattering age
for electrons. The whistler mode waves are high frequency electromagnetic waves which propagate parallel to the backgroun
magnetic field with right-hand circular polarization. Whistler mode waves are observed in the shock transition layer [Hull et al.,
2012], and are thought to scatter electrons efficiently by cyclotron resonance. In fact, observation of wave-particle interactior
between electrons and whistler mode waves in the shock wave transition layer has been reported [Oka et al., 2017]. However,
has been known that the acceleration of electrons at the shock is rare, and the relation between whistler mode waves and elect
scattering efficiency has not yet been clarified.

In this study, we investigate the propagation characteristics of whistler mode waves statistically for clarifying the electron
scattering efficiency in the shock transition layer using data from the Magnetospheric Multiscale (MMS) spacecraft.

We focused on 25 seconds of 10:29:50-10:30:15 UT on Dec. 6, 2016, as a period during which the energetic electron flux wa
enhanced in the Earth’s bow shock. At first, as a single spacecraft analysis, we applied band pass filters with a bandwidth of 2
Hz for the typical frequency band of whistler mode waves, 0.1 to 0.5 fce (30 - 150 Hz; fce "300 Hz). We performed Minimum
Variance Analysis (MVA) with a time window of 50 ms for each of the filtered frequency bands. At this time, the propagation
direction was uniquely determined by considering the direction of the Poynting flux. Also, we determined the phase velocity
from the electric-to-magnetic field ratio using Faraday’s law for each time window. We conducted this analysis for the above
period during which the MMS spacecraft passed through the shock transition layer. We investigated the time variation of wave
propagation directions, wave amplitude, and dispersion relation. We analyze each spacecraft independently and report the res
of statistical analysis of the propagation direction and wave amplitude of the whistler mode wave in the shock transition layer.

In the previous analysis, we found that different spacecraft observed completely different waveforms when the spacecraf
separation was as large as 20 km which is smaller than the typical ion inertial length. This indicates that the coherent scal
length of whistler mode wave packets are on the electron scale. By taking the advantage of an even smaller spacecraft separat
distance of 7 km for the analyzed event, we will discuss the spatial scale of the wave packet of the whistler mode wave anc
the propagation characteristics parallel and perpendicular to the magnetic field by comparing the analysis results independent
performed by each spacecraft.
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