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Overview

Setting the scene
Auroral processes in the upward current region

Auroral processes in the downward current
region

Dayside and cusp aurora, theta aurora

Temporal evolution in the auroral zone
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Very useful reference:

Space Science Series of 1SS/
Auroral Plasma Physics

Gotz Paschmann, Stein Haaland, Rudolf Treumann

(Space Science Reviews, vol 103, 1-4, 2002)
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The auroral oval Is the projection of the
plasmasheet onto the atmosphere




Auroral emissions
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. Homogenous auroral arcs
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Particle motion in the geomagnetic field
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Magnetic mirror
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particle turns when o = 90°
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If maximal B-field is B_,, a particle with
pitch angle « can only be turned around if

The magnetic moment 1 is an B =B/sin"a< B .
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e_lectrons hit
air molecules

00" "

0 o molecules
are "excited"

molecules give off light
as they calm down

magnetosphere
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Birkeland currents in the auroral oval

Low geomagnetic activity =~ High geomagnetic activity
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Current sheet approximation and
Ampere’s law
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Ampére’s law (no time dependence):
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Current sheet
Determination of current density
by magnetic field measurement
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Upward and downward current regions
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¢ Upward current region
Inverted V arc

FAST ORBIT 1849
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Bipolar electric field structures
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Measurements made by the ISEE
e satellite (Mozer et al., 1977)
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@ Acceleration potential structure |
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¢2 Acceleration potential structure Il
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b, * The magnetosphere often acts

Wh y p art I C I e as a current generator

KONST %
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| » Electrons are accelerated

aC C e I e r at I O n f) downwards by upward E-

field.

 This increases the pitch-angle
of the electrons, and more
electrons can reach the
ionosphere, where the current
can be closed.
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&2 Auroral currents — Knight relation
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& Particle distributions associated
with inverted V's
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The Upward Current Region

Magnetosphere
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& Accelerated Maxwellian
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Broad-banded
Low-altitude clectrostatic noise
processes, including auroral acceleration

Diffuse electron and
10N precipitation

Koskinen

Auroral acceleration region typically situated at altitude of 1-3 Rg



Mapping of auroral electric fields

OCTOBER 23,1981 DAY 296
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Figura 8. Conturun echipotentizls posibile in zona de accelsrare (v, text). Din Hudson avd Mozar (1978)
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Figura 9. Reconsmctia calitativa a connumriler echipotentizle din date 53-3. Figura ilustreaza 1 minut de

T IfHII}

observatii. Din Mizera ot al. {1982}
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Large < > Small between Dynamics Explorer 1 and
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2 at different altitudes. (Weimer et

al., 1985)




Static, medium-scale MIl-coupling

MI-coupling critical scale size |l
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Static, medium-scale MIl-coupling

MI-coupling critical scale size Il
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Static, medium-scale MIl-coupling

MI-coupling critical scale size
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Experimental results, comparison

between Dynamics Explorer 1 and
2 at different altitudes. (Weimer et
al., 1985)
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Fig. 4. Electric field spectrums from day 296 (October 23) of 1981.
The spectrums are obtained from a Fourier transform of the electric
field data between 62° and 67° invariant latitude. The solid line shows

the spectrum of the electric field measured by DE 1. The solid line

shows the spectrum of the electric field measured by DE 2. The ordi-

nate values are obtained from the square root of the “spectral power
Lo o . 112

density.” The actual units are mV m~! km!/2, Weimer et al, 1985
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