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Earth’s Magnetosphere (1)

Magnetic field of the Earth + Solar wind from the
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Earth’s Magnetosphere (2)

Magnetosphere of the Earth:
Compressed towards the Sun (10 R;), dayside

Elongated opposite to the Sun (several 100 Rg),
nightside

Outside boundary: magnetopause

Ionosphere located bet sphere and

magnetosphere 3
Bow Shock
Inner :: \.,\\ Auroral mpgnetosheath
magnetosphere  — b
composed by: I; <
<@> Solar Win
Plasmasphere ‘V P neutral sheet

Ring current

Radiation belt‘_'

.. Magnetosheath

vy

Magnetopause
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Inner Magnetosphere

Inner magnetosphere of the Earth:
Co-location of 3 regions, different in terms of
energy of the particles populating those
regions Energy

Interaction

between those % Few eV
: . RET

regions and with

jonosphere
Electron radiation belt

Density Is an
important
A

parameter Iin
those regions

Various
dynamics of
those regions

Ak .

[Ebihara and Miyoshi, 2011]
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Plasmasphere (1)
Description

Toroidal shape around the Earth
(like a doughnut), at a distance
of ~10000-20000 km

Mainly in co-rotation with the
Earth

Populated by cold plas
H+ protons) originati
from the ionosphere (re
between the at
the magnetos

Outside bound
Particle energy:
Temperature:

Density: 10-104 cm3




Plasmasphere (2)

Main phenomenon modifying the structure of the
plasmasphere: erosion and refilling

Erosion

Motion of the plasmapause towards the Earth (hours)
Variation of density

Creation of density structures (
-

- instance)

Refilling
Motion of the plasmapau
Filling of plasmasphere frc
Motion of densit

Related to geome

storms

Storm: major dist
OCCurs in case of v
the solar wind intc
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HENNENWEIGCHE)

Often associated with coronal mass ejections (CMEs)
occurring at the Sun (talk earlier by Stefaan Poedts)

Often in case of fast solar wind, under particular magnetic
field conditions (strong B,)

Expressed by geomagnetic indices calculated from
ground-based data (Kp, Dst)

B
Other example of phenomen storms:
aurora borealis — Northern i
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HENNENWEIGCEE)
L parameter (Mcllwain) ~ geocentric distance (R¢)

Describes a set of B
lines which cross the
magnetic equator at a
number of Earth-radii
equal to the L-value

nd the radiation

Links between the plasmapau
belt boundaries -

Passive period: plasmapause |
globally closer to the outer bo

~ 6 Rz and
uter belt

More active period:
- plasmapause i
4 ® located closer to f
the Earth (L ~ 4-5 (
N R¢) and very close
to the inner
boundary of outer
belt
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Plasmasphere (5)
History - Discovery

Late 1940s: Owen Storey (UK) inferred the
existence of a dispersive medium in near-Earth
space to explain the propagation of whistler
waves along the geomagnetic field lines

1959: Konstantin
Gringauz (URSS) used L g
data measured by s* 6r 63
LUNIK 2 on its way to (56740 (287 (237207
the Moon and revealed .

both a region of plasmajitd A
density comparable to
the one identified by
Storey as well as an
unexpected falloffin”
that density at an

Geocentric distonce (eorth !_gdiil _
altitude of ~15000 km | ringauz, 1963]
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Plasmasphere (6)

1963: Don Carpenter
(USA) used data from a
spatial network of
whistler ground-based
RN receivers to identify a
i b knee-like drop-off in the
range 2-5 R in the
equatorial profile of
electron density

RRLRIC DIS TANCE

Meeting in Brussels in 200;
edited and published in 2009
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Density structures

Many various density structures exist in the
plasmasphere (many of them discovered
and named thanks to the NASA/IMAGE
mission launched in 2000)

Channel Definition of Terms

Crenulation Notch*

Finger
Notch
Shoulder
Crenulation
Plume

ST Shioulder

[Green, 2000]
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g \Vaves in the plasmasphere

A wide variety of electromagnetic waves
are present in the magnetosphere, and in
particular in the plasmasphere

MAGNETOSONIC
EQUATORIAL

NOISE { G
\ -
':‘,;,' N
Q |
PSS s N
DRIFT PATH OF -
Chorus NN X
EMIC \\g\ \é’{ - W orus -

RING CURRENT DRIFTS

Magnetosonic [Thorne, 2010]

Whistler (direc a
discovery and studie
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Whistler waves

Electromagnetic waves
In VLF frequency range
(2-20 kHz)
Human: 20 Hz - 20 kHz
Whistler: 5-15 kHz

Duration ~1 second

RE 1
Signal transposed into ar
impression of whistling...

Created by lightnin

Propagate along
hemisphere to a
plasmasphere

The propagatio

density along their "*‘W

electron density in ma
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VLF antenna in Belgium (1)

VLF antenna

Installed in 2010-2011 in Humain near Rochefort
(Lat. ~ 50.11° N, Long. ~ 5.15° E)

Consisting of 2 perpendicular magnetic loops (oriented
North-South and East-West, each covering an area of
around 50 m?) + preamplifier + VLF data-logger +
computer

Installation of a 12'ﬁ1etr na
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- VLF antenna in Belglum (2)
Observations = |

Time-frequency
spectrograms of the
magnetic field (North-
South top, East-West
bottom), 4 seconds,
up to 20 kHz

Results

Use of the World-Wide
Lightning Locator
Network (WWLLN) to |
find the lightning at the i
origin of the whistlers  B%

Lightning strikes near
the conjugate point, b
mainly to the east of
this point

17 PITHIA-NRF / T-FORS Training School — 5-9 Febz




18

VLF antenna in Belgium (3)

Statistical analysis of whistlers during 8 years
(2011-2019)

As a function of UT time As a function of month

00000

00000

un u
MMMMM

Few whistlers between 08 and 15 UT: link with

jonosphere -
More whistlers in spring anm
more thunderstorms,at thistime

hemisphere
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VLF antenna in Antarctica (1)

VLF antenna

Installed in 2016 at Princess Elisabeth station in
Antarctica (Lat.~71.57° S, Long.~23.20° E)

2 magnetic search coils fixed in a waterproof plastic box
placed in a bigger thermal insujq;ed box Iixed on a table

+ a medium
detect whistlers
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LF antenna in Antarctica (2)

Observations of whistlers
Weak whistler detected in both directions (left)

Cleaner sigrial than that measured at Human (right)

Less eleciromagnetic interference (horizontel lines from
transmittars, submarines communication, background
noise, ett.

N\
\
\
|
\
|
|

Observations of chorus e
Another type of ST
electromagnetic wave

linked to the
plasmasphere b

Also 2-20 kHz

Source region at the
magnetic equator W ‘

A
2908
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@ VLF antenna in Antarctica (3)

Comparison of observations (Jan-May 2016) with
4 "nelghborlng" stations (900- 4300 km)

-180 -150 -120 -90

357 whistlers detected at Princes 3beth
More than 75% of whistlers detecte

10 whistlers detected in 3 stz
(PE), Sanar2 (P Dist. = 900 ki
= 2900 km) ~

Compara’ive den5|ty an‘

Princess Elisabeth

aﬁons
ess Elis h
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VLF antenna in Antarctica (4)

Final goal is to derive electron density in
equatorial plasmasphere for all whistler events
detected by antennas (also product that should
be delivered to PITHIA e-science center)

Analysis not yet automatic but possible to
analyse some particular eve

8 March 2016, 21h34m04

L location of the station i

Propagation of
then towards
guide
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