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Basic Paysical Units/Quantities
Unit
a MKS unit usediin eguation, but “STRP” unit alse common
s Magnetic flux density: T, Gauss, ¥
= Energy:mv?z/2, KT, gV
Proten mass: m,=1.67'X 10" [kg]
Electron mass: m,=9.11 %X 10-* [kg]
Elementary charge:e=1.60 % 10-*° [C]
Boltzmann constant: ks=1.38/% 102 [J/K]
Permittivity: (vacuum): & ,=8.85>% 10 [F/m]
Viagnetic penmeability, (Vacuum): [ =47c % 10" [H/m]
Speed of light:3.00 % 108 [m/s]
Radius/mass off Earth: 6378 [km]=M:=5.97 %X 10% [kg]
Radius/mass of Sun: 696000 [km] =M=1.99X% 10=° [kg]
Distance between Sun and Earth: 1.496 %X 10 [m] (1 AU)
Gravitational constant: G= 6.67 % 10+ [N=m?3/kg?]




Solar Terrestrral
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Long-term Variation ofi Geemagnetic Eield: Intensity.
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Eermmation ana Structure of Geospace

. : MagI’IEtOSphere
o ///
. S Earth

Inner/Outer Electron)

B | Radiation Belts
Plasmasphere / (Van Allen Belts)
\\\\\l /
: ’ ‘““\“ Plasma
. heet

_/{ v/
7
[
° 4 | |
° 4 [l

- . Ionospher I'Southern Lobe |

ang Current




A Variety ofi Magnetospheres

MERCURY EARTH JUPITER SATURN URANUS NEPTUNE
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Comparison of Varous Magnetospheres
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Eeatures of the Space Plasma
In the Vicinity: of Earth/Planets

Tlenuous, almest collision-less, but often hot and energized/accelerated
Affected by or affecting magnetic/electric fields in space
IRteractien with: plasma waves
n  Cress-enengy’ coupling via wave-panticle interaction
e.g., Internall acceleration of the radiation belt electrons by Whistlier Waves
Semetimes deminated alse by non-MHID precesses
a  Significant rele of nen-MHD! drifts especially for the high-energy: pasticles
e.q., curvature/gradient drfts in the rnng current
n  |mportance of particle: moetions in boundanes
.0, PICk=-UpIIeNS as an escape Process In nen-magnetized planetary: space

Spread andhighly varable 3-dimensional velocity, or piich angle-enengy.
distributions;infa Wide enengy. range

m [ess than 1 eV up te tens of MeV.
. NUumereus types ol acceleration/transper/interaction mechanisms
Multi=cemposItion Iens

= Solar-wind (H*, Hez*, highly charged heavy atoms) and ionespheric (H*, He*,
singly charged heavy atoms/meleculars) ongins

Cross-sphere coupling

= Magnetosphere (plasma sheet, rng current, radiation belt), ionesphere,
plasmasphere; solar wind




Acceleration, Transport, and Loss Processes of the Relativistic Particles
--- Radiation Belt (Wave-Particle-Field Coupling)

Conditions for the Acceleration, Transport, and Loss Processes
--- Space Storm (Cross-Energy/Sphere Coupling)
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Exploration of energization and Radiation in Geospace




ESA-JAXA Joint Mercury Expleration Mission
5EP
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IColombo = MPO;, MMO:




odels off MMO: HEP-I and HEP-e




Engineering Model of MMO HEP-i on a Multi-Axial
Turntable System in the Vacuum Chamber




Calibratien Eacility, (Beam Line and Vacuum Chamier)
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AUrora emission and particle olhservatiens by Reimel
Emission-particle simultaneous measurements with high time/spatial reselutions
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Multi-Spectral Auroral Electron/lon Eneray
Imaging Camera (MAC) Spectrum; Analyzer (ESA/ISA)

Sectional view of ESA/ISA
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Calibration of ESA/ISA

Devélolpme‘t of MAC
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Appearance of Reimel

Electron Spectrum Analyzer lon Spectrum Analyzer
(ESA) (ISA)

Multi-spectral Auroral Camera

asma current Monror
(CRM)
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offered by the Russian/Ukrainian Kosmotras

consortium, is a modified three-stage R-36M2 Voyevoda
intercontinental ballistic missile (ICBM), known as SS-18
“Satan” missiles.
http://www.geocities.com/launchreport/dnepr.html#config

LEO
Payload .
(metric 19 Liftofr |- Off
Payload . . Mass |Est
tons) . |Configuration [Height . ;
500 km (metric (meters) (metric |Price
" tons) tons)
46 deg
$10-
3 Stage R-
Dnepr-14.51 34 m 211t |15
36M2 million
Dnepr- R-36M2 with $10-
M P lyot modified Stg 34 m 211t |20
3 million
Dnepr-1 + $10-
Dneer 015t 4th&5th  [34m 211t [20
Stgs million




Movie of Aurora Images
December 26, 2005

Exposure time: 60 msec.
Exposure cycle: 120 msec.

70 km (64 bins)  Northward (Poleward)
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Electron Energy-Time Spectrograms and Aurora Images

itensity in log 10 scale (FR)

December 26 2005 *@4;:::;:.{—' Y

f -ﬂ 1T ]

10

v”ﬁoooi}mmm IM

UT(09:MM:SS) 10:40 10 10 ';' 10:55
ILAT 742 9 73.7 73.4
MLT 0.9 0.8 | 0.8 0.8

T . VT i R BT P _.-'_.’_“1 _“, e |

Electron

' - . - - L
- . - .

) SR .

H - ¥ .
el e e -
e I B g T

i C
T ot
YRR

UT=09:10:46.26 UT=09:10:49.13 UT=09:10:51.17 UTl=09:10:52.98 UT=09:10:55.98 UT=09:10:59.82




Solar Activity and Magnetic Field




Statistical Data of Selar Wind Speed
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Speed of the solar wind: a histogram of measurements between 1962 and 1970. (J. T.
Gosling, in Solar Activity Observations and Predictions (eds. McIntosh and Dryer).
MIT Press, 1972)



Rough Structure of Selar Winad and
Interplanetany Magnetic Eield

Ballerina model of current sheet in the solar wind. M is the axis of the current sheet and

Q is the Sun’s rotation axis. (E. J. Smith, Rev. Geophys. Space. Phys. 11, 610, 1979,
copyright by the American Geophysical Union)

Form of the interplanetary magnetic field in the solar equatorial plane,
corresponding to a solar wind speed of 300 km/s. (T. E. Holzer, Solar System Plasma
Physics, Vol I. North-Holland, 1979, p. 103. Elsevier Science Publishers) (b) Sector
structure of the solar wind in late 1963, showing inward (—) and outward (+) IMF.
(J. M. Wilcox and N. F. Ness, J.Geophys. Res. 70, 5793, 1965, copyright by the
American Geophysical Union)




Interplanetary: Magnetic Field Line Carried
Py Selar Wind Plasma

“Parker Spiral*

Frozen Field Line

Rotating Sun




CIR (Corotating Interaction Region)

CME (CeronallViass Ejection)
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Draped Interplanetary: Magnetic Field Lines
and Fermation ofi Shock and Magnetopause
Rear the Earth




Location of Shock and Magnetopause

Magnetosphere

1 1 i
10 Earth —-10

Geocentric distance (earth radii)

Observed and calculated positions of the magnetopause and the shock in the
solar-equatorial plane. (After N. F. Ness et al., J. Geophys. Res. 69, 3531, 1964,
copyright by the American Geophysical Union)




Structure of Earth’s Magnetosphere
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‘Energy-layered” Geospace

Plasmasphere (~1 eV) High density (up to several thousands of #/cm?3)
Cold plasma of ionospheric origin
. Contribution to Coulomb collision
Control to plasma wave excitation and properties

Ring current(~108-10° eV) Low density (less than 1 #/cm3)

Hot (energized) plasma of solar-wind or
lonospheric origin

. Contribution to space electric current and
magnetic field in the magnetosphere

Radiation belt(>10° eV)
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Section ofi Terrestrial Magnetosphere




Space Electric Current Systems in the Magnetosphere

(c)

M‘agnctospheric current systems : (a) magnetopause (Chapman-Ferraro) ; (b) ring; (c)
tail. (Reprinted with permission from W. P. Olsen, Adv. Space Res. 2, 13, copyright
(1982) Pergamon Press PLC)
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Intrinsic Geemagnetic Field and Structure of

Actuall Terrestrial Magnetesphere
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A schematic diagram of Earth’s magnetosphere in the noon-
" midnight plane. The basic particle and magnetic field features are representative
o of other planetary magnetospheres although the details can be different.



Connection and Transport/Circulation of the

Interplanetary Magnetic Eield and Magnetespheric Field

Flow of plasma
within the magnetosphere
Magnetopaus€_ _ . (convection) driven by magnetic
- reconnection. The numbered
5 field lines show the succession of
configurations a geomagnetic
field line assumes after
reconnection with an IMF field
line (1’) at the front of the
d magnetosphere. Field lines 6
and 6’ reconnect at a second
x-line in the tail, after which the
field line returns to the dayside
at lower latitudes. The inset
shows the positions of the feet

—— > of the numbered field lines in
T the northern high-latitude
4 ionosphere and the
Plasma Flow Lines corresponding high-latitude
Midnight plasma flows, an antisunward

flow in the polar cap, and a
Auroral Zone return flow at lower latitudes.




Seguence oft Connection and Transpoert/Circulation ofi the

Interplanetary Magnetic Eield and Magnetespheric Field

O

Merging ( Ry ) Convective transport (7))

: ~—-——@--—-—©<

Return flow (~)
Reconnection (Ry)

e Solar wind particle
o Plasma sheet or Van Allen particle

History of a selected field-line.



Plasma Convection In the Polar
lonesphere due to the Vagnetic
EFieldl Line: Circulation
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Large-scale Daily/Seasenall Variation
of the Magnetespheric Structure
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Reconnection for the Northward! IME
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Selar Wind Entry and Transport

In Terrestriall Magnetesphere
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lonespheric Plasma Escape te and Transport

I Terrestrial Magnetesphere
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Development ofi Plasmoid durng Substrom
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Sequence of events in the magnetotail during a substorm. White arrows indicate
plasma flows. The plasma sheet is bounded by field-line 5. N” is the second neutral line
that forms in the substorm, and picture 8 shows the plasmoid being expelled down the
tail. (E. W. Hones, in Magnetic Reconnection (ed. Hones). A.G.U. Monograph 30,

1984)



Typical Types of Charged Particle Motions in the Geomagnetic Eield
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