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ULF waves in the magnhetosphere

Azimuthally large scale waves Azimuthally small scale waves

* Toroidal modes (small m)

Source beyond the magnetosphere or via solar wind —
m=3 magnetosphere interaction, antisunward propagation in
the magnetosphere

* Poloidal modes (large m)

Equatorial plane
Interaction with charged particles

Predominantly westward propagation (interaction with

| Toroidal oscillations Poloidal oscillations
protons / positively charged particles)

Based on radar observations, 10-15 % of the waves
propagate westward (positive m)

Waves with m>0 can effectively interact with electrons
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7 July 2020 MMS observations
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Post midnight sector of the magnetosphere,
spacecraft were moving towards the Earth
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components of the magnetic
field registered with the MMS1
spacecraft



7 July 2020 MMS observations
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Azimuthal wavenumber m estimation

GSE coordinate system

are known



Azimuthal wavenumber m estimation

GSE coordinate system

are known

in GSE

in the local coordinate system,
oriented with the local magnetic field



Geomagnetic conditions

Azimuthal wavenumber m = +25.
Large m eastward propagation, in the
direction of the electron drift in the
magnetosphere

SML index -200 at 0730 UT

Substorm could result in electron
injection in the magnetosphere
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Electron flux modulation

First wave packet start

Second wave packet start
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Relative electron flux 6J/J oscillations for
energies 89.4 to 171.3 keV and the
azimuthal electric field E_, oscillations

filtered in the 3—8 min period range

Intensity of omnidirectional electron flux
at different energies

Phase shift between E_, and 61/] is zero at some energy between 107.1 and 125.2 keV. Electron flux
phase is ahead of the electric field phase for higher energies, and is behind for lower energies. This
is a typical feature of the Alfvén field line resonance.



Drift resonance condition

Drift resonance scheme in the wave rest frame
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Conditions for instability

FEEPS electrons

Electron distribution by
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Conditions for instability

The con.dlt'!on for an mstat?lllty growth !n the 1 9F, 1 ¢ = . VFO
magnetic field with an arbitrary (non-dipole) T 3e + B [ktr X epr] N >0
configuration (Southwood, 1976) 0 q 0
Distribution function growth Electron distribution function
with energy increase spatial gradient

(bump on tail)

20

N |
MJ Hth I, N_ﬁ m’“ﬁ

-100 | | |
87:20 07:30 07:40 07:50 08:00
UT, hh:mm

OF /F, keV—1

A




Plasma instability did not generate the wave



Plasma instability did not generate the wave

Then what?



Alfvén wave generation by an alternating current

A cloud of energetic particles with a finite size can be represented as an
alternating current. Such current can generate Alfvén waves (Akhiezer
et al., 1967, 1975).

In the magnetosphere, a population of azimuthally drifting substorm-
injected ions/electrons can be such cloud emitting Alfvén waves
(Guglielmi, Zolotukhina, 1980; Mager, Klimushkin, 2008).

Some properties of this type of interacion:

= A waves is observed simultaneously with a particle registration at the
observation point

- m~w,/w,

= A wave is narrowly localized across L.
- A wave transforms from a poloidal to a toroidal one. When the
amplitude is highest, a wave has mixed polarization

The electric field of a
wave
(Mager, Klimushkin,
2008)




Summary

- A westward ULF wave with the azimuthal wave number m = +25
was observed in the postmidnight magnetosphere with the
MMS spacecraft constellation

= A flux of substorm-injected electrons modulated with the wave
frequency (~3 mHz) was registered with the zero phase shift
between the flux and E, for the electron energy ~113 keV

= The drift resonance with electrons is shown for this case,
however, the criteria for plasma instabilities that could generate
the wave are not met here

- The wave could have been generated by electrons forming a
moving plasma inhomogeneity that, as an alternating current,
can be a wave source (James et al., 2013)
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= A westward ULF wave with the azimuthal wave number m = +25
was observed in the postmidnight magnetosphere with the
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= A flux of substorm-injected electrons modulated with the wave
frequency (~3 mHz) was registered with the zero phase shift
between the flux and E, for the electron energy ~113 keV
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can be a wave source (James et al., 2013)

Thank you
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