o Of
Sheffield.

University

Cluster observations of
magnetosonic waves in the inner
magnetosphere

S. N. Walker, K. H. Yearby, S. A. Boardsen, D. G. Sibeck, and
M. A. Balikhin

1 Department of Automatic Control and Systems Engineering, University of
Sheffield, Sheffield. U.K.

2 Goddard Planetary and Heliophysics Institute, University of Maryland, Baltimore,
Maryland, USA

3 NASA/GSFC Greenbelt, Maryland, USA




g University .
Outline
v Sheffield.

» Characteristics of EMW

» Cluster observations of banded emissions
» Dispersion

» Rising tone EMW

» Non time-continuous EMW

» Applicability of quasi-linear theory

November 9, 2016 Cluster-THEMIS workshop, Palm Springs 2



Outline

» Characteristics of EMW

» Cluster observations of banded emissions
» Dispersion

» Rising tone EMW

» Non time-continuous EMW

» Applicability of quasi-linear theory

November 9, 2016 Cluster-THEMIS workshop, Palm Springs 3



o Magnetosonic waves
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Various names

Equatorial noise — original OGO-3 observations

Magnetosonic — from dispersion — low frequency merges
with fast magnetosonic branch

lon Bernstein mode — emission at discrete frequencies

Characteristics

Frequency range (O, < w < wy

Discrete frequency spectrum —nQ,

k-vector almost perpendicular to B,

AB, wave magnetic field, parallel to B, , high compressibility
Highly elliptical polarisation

Source

Ring or shell proton distributions with positive df/dv
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e Express as sum of different harmonics of an
integral over perpendicular velocity that
depends on the gradients of ion phase space
density in the velocity space
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2. Coherence
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Bz component

Dispersion estimated using phase
differencing method in which phase shift
between two measurements is
proportional to the wave k-vector along
the measurement separation vector

Frequency (Hz)

A (w)=|k||r|cos(B,,) + 2nm
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First reported Fu 2014 (VAP),
Boardsen, 2014 (THEMIS), Nemec 2015
(Cluster)
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“ e Periodic occurrence, 1-2 minutes

* Emission frequencies coincident with
; gyroharmonic frequencies
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. * Usually accompanied by other

150 . magnetosonic emissions above or
g1 "% below periodic emissions

s « * Cluster’s polar orbit allows us to study
: «f  their variation with latitude.
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Sweep rates
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Van Allen Probes/
THEMIS show sweep
rates ~1Hz/s

Cluster results show
that sweep rate changes
with observed latitude
Stepper sweep rages
observed in the vicinity
of the geomagnetic
equator
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EMW modify local electron distributions

Numerical models use diffusion tensors to
describe this process

Wave models are based on quasi-linear theory
which assumes a continuous spectrum

Is this applicable to discrete EMW spectrum ?
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Chirikov criterion

* Justify assumption of continuous spectrum
provided that the harmonic elements satisfy
the Chirikov resonance overlap criterion

e Particle trajectory will begin to move between
two nonlinear resonances in a chaotic manner
as soon as the resonances overlap

Where 8 is mean angle between propagation
Vl / tan(@m) direction and external magnetic field, 66 is the

00 >

5 3 standard deviation of 8, | is the harmonic
1 — ) / ngce number, v is the electron to proton mass ratio,

(Artemyev et al, 2015) Q. is the electron gyrofrequency.



University

Of
Sheffield.

Using data from 6 July, 2013 18:47:05-18:47:15

Cluster 4, 2013-07-06 18:47:05-18:47:15
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Since RHS << LHS, Chirikov criterion is fulfilled and quasi-linear theory is applicable
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Presented Cluster observations of EMW

 Demonstrated link between ring distribution
and occurrence of waves

* Sweep rate of rising tone emissions

* Experimental dispersion closely matches cold
plasma approximation

* Chirikov criterion shows that quasi-linear
theory is valid for the numerical treatment of
the discrete emissions
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