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quired to generate Langmuir or beam-mode waves [Fitzenreiter et al., 1990]. Thus, our562

observations are consistent with previous studies of the electron foreshock [Filbert and563

Kellogg, 1979; Etcheto and Faucheux, 1984]. However, SITL selection biases, which may564

a�ect the relative number of quasi-parallel and quasi-perpendicular shocks, and the typical565

Nyquist frequency of 32 kHz of E likely influence the statistical results.566

We find large-amplitude waves at the magnetopause and in the magnetosphere for all567

orientations of B0 in the solar wind, which could suggest that the instabilities responsible568

for the waves are not strongly influenced by solar wind conditions. We note that twice as569

many wave events are found for Bz < 0 (GSM) in the solar wind compared with Bz > 0570

(GSM) in the solar wind. This is likely the result of the selection biases of the burst mode571

intervals, which favor southward B0 in the magnetosheath, rather than the waves being572

more likely to be observed for solar wind Bz < 0, i.e., when magnetic reconnection is ex-573

pected to occur near the subsolar point. We also find that many of the waves are found on574

closed field lines, but close to the boundary layer. Therefore, we can conclude that day-575

side magnetic reconnection is probably not required for large-amplitude Langmuir and UH576

waves to develop.577

4.2.2 Electric field properties578

We now investigate the properties of the wave electric fields. To investigate the na-579

ture of the waves we define the fraction of energy density in the perpendicular electric580

field to the total electric field energy density [Malaspina et al., 2011; Graham and Cairns,581

2014]:582
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To compute FE we high-pass filter the waveform above f pe/1.5 to remove any lower fre-583

quency waves and sum over the entire wave event. This FE can be compared with the584

predictions in Figures 1a–3a. Figure 10a shows the histogram of FE for all wave events585

(black curve). Here, the counts are normalized so the maximum value is 1. We see that586

the wave events either have FE ⇡ 0 or FE ⇡ 1, corresponding to Langmuir and UH waves,587

respectively. There are very few wave events with intermediate values of FE . This means588

that the wave vector k of the waves is either close to parallel or close to perpendicular to589

B0, and rarely oblique. Moreover, many of the intermediate FE events simply result from590

an FE ⇡ 0 wave and an FE ⇡ 1 wave observed in the same wave event at di�erent times591
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Dispersion surface

• Parallel electric fields • Perpendicular electric fields

• Measured with MMS’s EDP hmfe snapshots; 2 second duration, sampling rate 65.536 kHz.



Wave Occurrence

• UH waves primarily occur in near the magnetopause. 

• Langmuir waves primarily occur in the electron foreshock and magnetotail.
• Electron foreshock: 43664 snapshots

• Magnetopause: 63535 snapshots

• Magnetotail: 2880 snapshots

MagnetopauseBow shock



Magnetotail wave properties

• Langmuir and UH waves are 
found in the plasma sheet 
boundary layer (PSBL) and 
central plasma sheet (CPS). 


• Probability is highest in the  
PSBL.

PSBL CPS



Source of Langmuir waves

• Langmuir waves are generated 
by field-aligned beams.



Source of upper hybrid waves

• Upper hybrid waves are associated with 
beam or loss-cone-like distributions.

Beams Loss cones



Relation to magnetic reconnection

Statistically, waves 
are observed close 
to but outside ion 
jets.



Conclusions

• Large-amplitude plasma frequency waves are commonly observed in the 
near Earth plasma environment. 


• Langmuir waves are generated by electron beams; upper hybrid waves 
are generated by beams or loss-cones. 


• Plasma waves in the magnetotail are primarily generated in the PSBL near 
reconnection separatrices. 
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