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The Dynamic Magnetosphere

Outline:
Introduction
~Basic concepts
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The Sun: driver of magnetospheric
| — dynamics

Age: 4.6 x 10° yrs

Mass: 2x10° kg 330 000 Mg .,

Diameter: 1.4 M km 109 Dg, .4,

Power: 3.86 x 1020 W 4 Mtons/s matter -> energy
Distance 150 M km 390 x distance to Moon

EIT 195 A EIT 195 A
Dec. 1996 June 1999




Planetary magnetism

In 1600 William Gilbert publishes "De Magnete™




Planetary maghetism
_ e—
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The result:

S,

lllustration by K. Endo / Y. Kamide




The Sun ejects vast magnetic clouds
- —

Magnetic clouds @ Earth
Size: 50 Mkm
Mass: 10'° kg
Velocity: 500-1000 km/s

Ejection rate from Sun
1/week (solar min)
3/day (solar max)

2000/02/27 00:18




Clouds need 1-2 days to Earth orbit

Magnetic cloud Cloud reaching the
leaving the Sun Earth




Magnetospheric response
| —

Enhanced upstream pressure
changes the position of the magnetopause

by several R-resulting in
large-scale magnetosphere
reconfigurations




Magnetospheric response
| —

The orientation of IMF (sign of B,) -

if (i.e. anti-parallel to the

direction of geomagnetic field) then

(reconnection) of solar wind
and fterrestrial magnetic field lines
occurs.




Or'igin Of BsouTh
I

e Alfvenic fluctuations in SW (quiet Sun)

® Deflections in front of and inside
magnetic clouds or ICMEs (active Sun)




Magnetic reconnection in geospace

Earth's Magnetosphere
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The overall picture




Magnetic reconnection in geospace
| —

interplanetary
magnetic field and
the geomagnetic

field at the
maghetopause
drives

and the




Magnetospheric response to merging
| —

In case of B, < O, merged magnetic

field lines allow

to from outer
space intfo the magnetosphere.
Magnetic flux is added to and

in the magnetotail.




Magnetospheric response to merging
| —

This excess of stored magnetic

energy eventually leads to the
occurrence of

magnetospheric
and geospace magnhetic
, as a means of




Simulated magnetospheric reaction

January 10
01:49:50




Magnetospheric substorms

Duration: 1-3 hours

Energy: 101>-101¢]

dayside reconnection =/
energy loading

nightside reconnection =
msph. reconfigurations,

nslon onset

¢ —

energy dissipation, —
particle acceleration,

\Hﬂ r—=Earth—rmeatral-tne

plasmoid ejection

auroral brightening,
field-aligned currents,
Joule heating

Rate: several / day

Exp

nslon phoser—Fnergy dissipation

Tallward mchngpléﬂTd




Geospace magnetic storms
- —

Duration: 1-3 days
Energy: 101°-10'7]
Magnetosphere:
global B disturbances
intense currents (RC)
particle acceleration
Auroral regions

bright auroral displays

intense ionospheric
currents (electrojets)

rapid surface B variations
Rate: 1/month




Storms and substorms
 —

Similiraties:

e Collective phenomena

e Merging / reconnection

e Particle acceleration

e Intensification of currents
® Auroral displays
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Dayside and

/ solar wind

boundaries

NightsiGoTR

plasma sheet

POLAR VIS imager, courtesy of Lou Frank, U. lowa




— lonosphere
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Saturn Al (rora HST « STIS
PRC98-05 « 5T .Scl OPO « January 7, 1998 » J. Trauger (JPL) and NASA




Jupiter Aurora HST = STIS
NASA and J. Clarke (University o"=<lhigan) = STScl-PRC00-38




Magnetospheric substorms
—

® Duration: 1-3
hours

e Energy: 10%-10%¢]
® Rate: several / day

nslon onset

\Hﬂ r—=Earth—rmeatral-tne

Expanslon pheser—Fnergy dissipation

Tallward mchngpléﬂTd




Fundamental mode of magnetospheric
disturbance. Response to specific IMF variation

resul reased energy transfer from SW
Tom ere.

Main features:

ereconfigurations

eparticle acceleration

e plasmoid ejection

e auroral b:’@h’rening

eelectrojets and field-aligned currents
e Joule heating




Typical substorm features
I

Magnetic field reconfigurations
(stretching followed by dipolarization)

2004-09—-14 FGM Data from TC—-1
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Typical substor
U —

Particle acceleration
and injection into

inner magnetosphere




lonosphere

Growth Noon-midnight Equatorial
QOval boundaries cross-section projection
move equatorward

Qnsel Current
Initial arc brightening disruption

N Tail size decrease
)

Convection
surge

Convection )
surge Rarefaction
wave

Neutral line




Monitoring of substorms

Solar Wind

(nT) pV{dynes/cm? x 10°F)

Auroral Index

Midlatitude Index
Dst (nT)

Solar Wind and Magnetic Indices

for February 7-10, 1967
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Storms and substorms
 —

Main differences:
® Duration

® Occurrence frequency
® Energy content
® Spatial extent




Geospace magnetic storms
- —

® Duration: 1-3 days

e Energy: 10'°- 1017 ]
e Rate: 1/month




Most complex mode of magnetospheric
ce. Response to long-duration energy

agnhetospheric B disturbances
- intense currents - Ring Current
- particle acceleration
- bright auroral displays
—"intenseionospheric currents (electrojets)
- rapid ground B variations




Intense magnetic storms can cause:

* bright aurorae, down to low latitudes,

» damage to high voltage lines in arctic regions,

» anomalous corrosion of oil pipelines,

» damage to long-distance communication cables,
» malfunction of maghetic compasses,

+ damage to satellites and satellite systems,
- effects on biological
systems.




Monitoring of storms

Recovery phase

- Main Phase

Initial
phase







Cycle 23 Sunspot Number Prediction (April 2004)
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Storm size and solar cycle

® Solar Minimum:
Jan., 1995-Jun., 1997

56 Storms ( + . //
48 Moderate) M e aw o me o

NASA/NSSTC/Hathaway

Moderate Storms: -100nT<Dst* <-50nT |

r Minimum

2 Solar Maximum:
Jul., 1999-Jun., 2002
97 Storms (34 Intense
+ 63 Moderate)




The storm-substorm controversy

Solar wind

(nT) pVEdynes/cm? x 10F)

Auroral Incex

Midlatitude Incex
Dst (nT)
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Solar Wind and Magnetic Indices
for Fehruary 7-10, 1967
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