SPacc thsics Master's (_ourse
| ecture 6

———

electron _ .

motion \ 7/
wave /

propagation

wave-
particle
Interaction



RECOMMENDED READING

Alaotnuikn Puoikn: AaykAng, KatoaBplag,
[ewpylov, 2epyncg. Kedpaialo 4

(https://repository.kallipos.gr/handle/11419/11507)

Physics of Earth’s Radiation Belts: Koskinen and
Kilpua. KepaAawo 3

(https://link.springer.com/content/pdf/10.1007/978
-3-030-82167-8.pdf)

Space Physics: May-Britt Kallenrode. KedaAaio 5

2


https://repository.kallipos.gr/handle/11419/11507
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf

Periodic motion

e Energetic particles

undergo three types of
periodic motion:

- They gyrate around the
magnetic field

- They bounce between
the mirror pomts

- They dnft around the
Farth

Assoclated adiabatic
Invariant

T

1 MeV electron, o = 45°, LL.=4.5

bounce drift

motion motion
3 Hz 1 mHz
0.36 s 15 min

J = Ip”ds D = deS

bounce drift
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Quiet-Time Field Storm-Time Field




Sun-Earth connections: a complex system of
coupled processes and phenomena
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Magnetopause

* 1930 Chapman and Ferraro
* 1960s: in-situ evidence (Explorer 10&12 )
* nose at ~10 RE
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KIM ET AL.: RELATIVISTIC ELECTRON DRIFT LOSS
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Auvapiki ieon nAilakoU avéuou
1 nPa




1 nPa: Large Hadron Collider
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Auvauikf ieon nAlakoU avépou
1 nPa = 10 Pa

ATHOOQAIPIKA TTieon
10° Pa

Aiapopd 14 1d€ ewv peyéBouc

ApTNnPIAKA Ttieon:
10° + 104 Pa = 115 kPa
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Magnetic reconnection



https://www.youtube.com/watch?v=7sS3Lpzh0Zw
https://www.youtube.com/watch?v=K-YAPFcy6Wk
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Solar wind — magnetosphere coupling
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Energy transfer and storage

Given that reconnection links
the solar and terrestrial B fields,
the energy transfer from the

solar wind to the tail occurs quite PR, .
naturally.

On the night-side, the field lines in
the tail stretch and the solar wind
plasma slows down. Hence,

energy is removed from the flow
and stored in the magnetic field in  _.\}

ar

the tail. The rate of energization "
can be calculated from the \
Poynting vector integrated over
the surface of the tail. The
magnetic energy, flux and field
strength of the tail increase.
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Space Storms

« Historically defined (and identified) as
prolonged world-wide depressions of
H-component of geomagnetic field

« Associated with aurora and solar eruptions
 Now recognized as the most complex, multi-
faceted dynamic phenomenon in geospace
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Space Storms

Not to be confused with Solar Storms,
(aka Solar Radiation Storms)
which are episodes of intense acceleration
of solar particles to very high energies
(Solar Energetic Particles — SEPs)
by solar flares and/or CMEs.



Space Storms

Not to be confused with Solar Storms,
(aka Solar Radiation Storms)
which are episodes of intense acceleration
of solar particles to very high energies
(Solar Energetic Particles — SEPs)
by solar flares and/or CMEs.

Solar Storms and Space Storms are not identical!
Solar Storms do not cause Space Storms!



Aurora in Rikkokushi - chronicles of ancient Japan
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Planet. Space Sci. 1954, Vol. 12, pp. 273 to 282. Pergamn Press Ltd. Printed in Northern Ireland

THE DEVELOPMENT OF THE AURORAL SUBSTORM

S.-I. AKASOFU
Geophysical [nstitute, University of Alaska, College, Alaska

(Received 13 January 1964)

Abstract—A working model of simultaneous auroral activity over the entire polar region is
presented in terms of the auroral substorm. The substorm has two characteristic phases, an
expansive phase and a recovery phase. Each phase is divided into three stages, and character-
istic auroral displays over the entire polar region during each stage are described in detail.
Further, all the major features seen at a single station are combined into a consistent picture
of large-scale auroral activity.
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Aurora - The magnificent northern lights

Ioannis Daglis* and Syun-Ichi Akasofu**
*Research Director, National Observatory of Athens, Athens, Greece

“*Professor, University of Alaska, Director, International Arctic Research Center, Fairbanks, USA

Figure 1: Auroral bands with rays, Alaska. © Jan Curtis

Figure 2: Aurora in Manitoba, Canada. © Wa rren Justice

Daglis and Akasofu, CSEG 2004
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Aurora in Greece




Aurora in Japan
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Kyoto Word Data Center for Geomagnetism

March 2013 DSt(Flnal) WDC for Geomagnetism, Kyoto
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storm sudden Dst Index
commencement

D

Their postulated and
observationally verified
cause: the Ring Current
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Ring Current

Carried mainly by ions (H*, O*, N*, He**, He?) in the
energy range ~1 keV to a few 100s keV

Bulk of energy within 50-100 keV
Spatial extent: ~2-8 R; (geocentric)

Maximum intensity at ~3-5 R (geocentric)




Geomagnetic Storm: Ring Current Evolution

TRAJECTORY OF

TRAPPED PARTICLE
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* Composition: e, H*, He*, O*, N*, He**

* Energy Range: ~1keV <E <300 keV
* Location: ~2<L<8

* Energy Density: ~ 10 - 1000 keV/cm?3



THE INTERRELATIONSHIP OF MAGNETOSPHERIC
PROCESSES

VYTENIS M. VASYLIUNAS

Dept. of Physics and Center for Space Research, Massachusetts Institute of Technology,
Cambridge, Mass,, U.5.A.

“One Ring to rule them all . .."”
J.R. R. TOLKIEN

1. Introduction

Convection of plasma in the magnetosphere is one of the major aspects of magnetos-
pheric dynamics, Attempts during the past 10 yr to understand this complicated
phenomenon have led to a sequence of theoretical models of constantly increasing
sophistication (see, for example, Axford (1969)). Most of these models have been

Vasyliunas, in Earth’s Magnetospheric Processes, 1972
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