Direct Observations of Whistler-Mode Chorus Modulation of
500eV EDI Electrons by MMS
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, Abstract

We present here direct observations of chorus-wave modulated quasi
field-aligned electrons using the Electron Drift Instrument (EDI) on
board the Magnetospheric Multiscale mission. These events demon-
strated fluctuations in the count rates of 500 eV electrons exhibiting
the same spectral characteristics as simultaneously observed whis-
tler-mode chorus waves using the on-board search coil magnetom-
eter.

We use the multiple look directions of EDI close to the alignment di-

Electron Oscillations

MMS1 - EDP and EDI Comparison - 80-170 Hz Filter

- In ambient mode, 8 total detectors
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rection in combination with the sweep of the instrument as the
spacecraft spins to generate both pitch angle and gyrophase plots of

the fluctuating counts in the wave perturbation frame of reference.
We identify periods of gyrophase bunching suggesting active wave-
particle interactions. These periods of wave activity were additional-
ly observed to be modulated by Pc5-frequency magnetic perturba-
tions, some of which have been identified as mirror-mode structures.
The spacecraft encountered these mirror-mode structures just inside
of the duskside magnetopause.
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MMS1 Observations of Modulated Chorus Activity
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» Particle fluctuations dem-
onstrate same spectral
characteristics as wave
events

- Wave propagation direc-
tions determined by local
field deviations

* Right, only counter-
streaming electrons dem-
onstrate resonant fluctua-
tions
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record 500 eV electron counts

» EDI samples 1024 /s in both field-
aligned (0°) and anti-aligned (180°) di-

rections

- Resonant electrons oscillate at same

frequency as wave perturbations

Poynting Flux for MMS1
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Cyclotron vs Landau

* Resonant electron interactions observed
in cases both traveling in the same direc-
tion and opposite direction as wave energy

- Oppositely-traveling waves and particles

indicate cyclotron resonance, parallel-
traveling waves and particles imply

LLandau resonance.
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MMS1 Chorus and Pc5 activity with EDI and SCM Burst data
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Gyrophase Bunching
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* PSD of electron fluctuations plotted as func-
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* Wave event highly coherent and strongly
right-hand circularly polarized

ground field direction

- Poynting Flux directed opposite back-

- Electron oscillations recorded simultane-
ously with wave activity at ~16:24:20 at

- Gyrophase orientation rotated into wave
magnetic perturbation frame of reference

- Enhancements of electron
PSD by gyrophase indicate

bunching of resonant electrons
In wave train

» Electron fluctuations only in
180° channels

- Same direction as wave
propagation, implying Landau
resonance

- Particle oscillations bunched
around gyrophase angle of 30°
and -150° (B_at 0°and E_ at 90°)

The high sample rate of EDI allows us to directly observe in situ wave/particle interac-
tions by comparing fluctuations in 500 eV electron counts to simultaneous lower band
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Pitch Angle and Gyrophase for Resonant 500eV Electron Fluctuations
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Conclusions/Discussion

chorus activity.

We have identified electron populations resonantly fluctuating with chorus wave field

vectors. This occurs both when particles and waves are aligned as well as counter-

streaming, implying both Landau and cyclotron resonance, respectively. In one partic-
ular cases we have observed gyrophase bunching of resonant particles demonstrating

active interaction between waves and particles.
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