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Nonthermal charged particles are ubiquitously observed in space plasmas. The Fermi acceleration at a shock wave is one of t
most important mechanisms for the generation of high-energy patrticles. In this mechanism, the pitch-angle scattering is essenti
for the confinement of the particles in the close vicinity of the shock. Charged particles may be scattered by electromagneti
fluctuations via the cyclotron resonance. lons easily satisfy the resonance condition with low frequency Alfven waves, wherea:
the scattering of electrons requires higher frequency whistler waves. Since, in general, the power at lower frequencies is muc
larger than higher frequencies, the acceleration of electrons is much more difficult compared to ions. In fact, electron acceleratio
events associated with interplanetary shock crossings are very rare (Lario et al.2003, Dresing et al.2016). The condition th:
regulates the efficiency of electron acceleration at a shock is poorly understood at present. In particular, we do not know how an
when the whistler waves are generated to scatter the accelerated electrons.

In this study, we performed an analysis for high-frequency("100 Hz) electromagnetic waves observed during shock crossing
with enhanced energetic electron flux observed by NASAs MMS (Magnetospheric MultiScale) satellites.

The purpose of this research is to estimate propagation characteristics and spatio-temporal scales of whistler wave packe
that appear sporadically in the shock transition layer. First, by applying a bandpass filter to the magnetic field measured b
the SCM (Search Coil Magnetometer), we confirmed that high-frequency electromagnetic waves appear as wave packets
very short lifetime. We found that most of the wave packets do no show clear correlations between different spacecraft with
a separation distance of “20 km. This strongly suggests that the wave packets have very small spatial scales. By using MV
(Minimum Variance Analysis) and calculating Poynting vector, we determined propagation directions of individual wave packets.
In addition, the wavenumber is obtained from the electric-to-magnetic field ratio using Faraday’s law. We will compare the result
of the analysis applied for a large number of wave packets observed in a shock with the cyclotron resonance condition of electron

We will also estimate the spatial scale sizes of whistler wave packets by comparing events with different spacecraft separation
In particular, we discuss the difference of the scale size in parallel and perpendicular to the local magnetic field. For events witt
clear correlations between multiple spacecraft, we may also check the consistency between the single spacecraft analysis (M\
and Faraday’s law) and the actual multi-spacecraft observations.
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