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| ower nybrid waves

Lower hybrid waves are
commonly excited at sharp
boundaries where gradients
INn the density and magnetic
fields are large.

k-B =20 k-Vn=20

kpe ~ 1 W~ WrLH ~ \/chwci

kv/pepi ~ 1



L ower nhyorid waves

e Electrostatic mode located on edge of current

layer/separatrix . 0, ~ 1

* Electromagnetic mode can penetrate deeper Iinto
the current sheet ky/pepi ~ 1

» Change current sheet structure”
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e Clusteris in burst mode

(fs=450 Hz for E and B)

« Wave at lower hybrid frequency located

at strong gradient in density

« We find Vn/|Vn| by minimum variance
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Correlation of dE and dB

fee < fru < Jei A~ 2T Pe Neglect displacement

current and derivatives
along the background

magnetic field

Electrons unmagnetized / lons magnetized

The parallel magnetic
wave field is
proportional to the
electrostatic potential!




From 2 to 1 spacecraft

Usual way to Another way using completely

calculate potential independent measurements
. B

¢5E — oF - Uphdt ¢5B — é‘B||
Hone

: — - B

We need to find Upn such that /5E - Uppdt = 0B
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Normalized potential

Example: Find propagation
direction

¢5EL s integrated in several different directions perpendicular to B
— shows the direction of maximum correlation

dB_ .. =0.10nT

fog=32.9 Hz
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Example: Find propagation
speed

15 B I | | | | I I I I I I I
.,;B(n=2.OOCc) ( ..E(v=1 00Okm/s)

We minimize the
area between the
two waveforms to
find the speed.

Potential [V]
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Example: Results n-s
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kpe ~1 pe=0.5km = A\ =2mwp, ~ 3km

We can see small scale structure and
motion of electric field!



Example: Results i
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As the filtering frequency is lowered (33 Hz —>16 Hz),
longer wavelength modes becomes visible.

A~ Tkm



Magnetopause
reconnection

Magnetpspher

Spacecraft

trajectory

Inflow

Graham et al., PRL 2014
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Wave activity

Whistler waves
» Lower hybrid waves
» Electrostatic region

» Electromagnetic
region
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| ow beta outtlow

C1 GSM

A~ 4.5 km

2T pe =~ 2 km

= \Wavelength a little bit

longer than electrostatic £ |
mode =, Wr—-
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High beta outflow/

waves at small current layer

* [he minimum variance
direction [-0.46 0.49 0.74] and k

coincide

= Estimate current layer
thickness to 30 km

SB/AB ~ 0.4

* 2m\/pep; =~ 24 km
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(General remarks

4 Vperp ~ 100 km/S
(lower in ExB frame)
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(General remarks

Waves move In ExB
&
frame o
» Mixed scales

» Highest relative

potentials are in high
neta region
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When can we use the
method?

Short answer, when the structure is on electron
scaleandwhen E 1 B and v 1 B

Not only lower hybrid waves.
(+high sampling frequency)

Long answer IS work In progress...
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summary

. ¥ We used two spacecraft to observe
phase velocity and wavelength

-’ -
=2 | 1
‘ -L-—’
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v We go from two to one spacecraft and
T\ look at small scale wave structure In
Q\x unprecedented detall

v We find strong waves in both high and

low beta magnetic reconnection outflow
region
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