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Background and motivation

e Langmuir (k| >> k.) and/or upper hybrid (k| << k.) waves have

) [e.g., Gurnett et al., 1978;
been reported at Earth’s magnetopause. o 9501
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Magnetic reconnection
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Radio emission
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e Langmuir and UH waves can
generate radio waves by

o4 linear or nonlinear processes.
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Langmuir/UH dispersion surface

e Single electron Maxwellian distribution.
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Langmuir/UH dispersion surface

e Hot and cold electron Maxwellian distributions
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L-O surface
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R-X surface
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Electron Bernstein waves

Electron Bernstein waves
[
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In addition to the three
dispersion surfaces near
foe, €lectron Bernstein
waves can develop
between fce harmonics.



MMS data

* We search through high-resolution electric field data for large-
amplitude waves near fpe (Emax > 20 mV m-1).

e From MMS magnetopause phases we find 8837 wave events

(most near the MP, some near the foreshock).
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Langmuir waves (1)

MMS3 MMS4
(a) . ()
§ < 500 1
=
- > 0 —
- 7 -500
LLl
EL 1 EL 2 E[I
/85/03:33:47.90 .95 03:33:48.00 85 03:3 9 03:33:48.00

(b)

03:33:47.90 92  03:33:47.94 03:33:47.96

MMS3:03:33:47.916UT

1? 1.8
f (kHz)
MMS4:03:33:47.837UT

. 15
(k) | [
'

\38 0.5
1 3

00

90°

180°

10’ 10° 10° 10* 0

E (eV)

E (eV)

0.1

0.2 0.3
K A

0.4

e Ej>>E.

e Langmuir
waves are
driven by the
bump-on-tail
instability.
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e Three examples of
Langmuir waves

Very narrow spectral peak
and Bernstein waves.
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UH waves (
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UH waves (2)
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Electromagnetic properties

MMS1: Langmuir and UH wave
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Langmuir

Wave properties (1)
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Wave properties (2)
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Comparison with kinetic theory

fok - frequency of
peak power. fun = \[fpe + fée
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Wave properties (3)

Histogram of peak frequency fok/fce for UH waves

fok - frequency of
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Comparison with kinetic theory

e Case 1: Single Maxwellian
e Case 2: Hot and Cold Maxwellians
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Electromagnetic properties
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Comparison with kinetic theory

e Case 1: Single Maxwellian
e Case 2: Hot and Cold Maxwellians
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Conclusions

e | arge-amplitude Langmuir and UH waves are
frequently observed at Earth’s magnetopause.

e The electrostatic and electromagnetic
properties of the waves are consistent with
Kinetic theory.



