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Basic Physical Units/QuantitiesBasic Physical Units/Quantities
UnitUnit

MKS unit used in equation, but MKS unit used in equation, but ““STPSTP”” unit also commonunit also common

Magnetic flux densityMagnetic flux density：：T, Gauss, T, Gauss, γγ

EnergyEnergy：：mvmv22/2, /2, kTkT, , qVqV

Proton massProton mass：：mmpp=1.67=1.67××1010--2727 [kg][kg]

Electron massElectron mass：：mmee=9.11=9.11××1010--3131 [kg][kg]

Elementary chargeElementary charge：：e=1.60e=1.60××1010--1919 [C][C]

Boltzmann constantBoltzmann constant：：kkBB=1.38=1.38××1010--2323 [J/K][J/K]

Permittivity (vacuum)Permittivity (vacuum)：：εε00=8.85=8.85××1010--1212 [F/m][F/m]

Magnetic permeability (vacuum)Magnetic permeability (vacuum)：：μμ00=4=4π×π×1010--77 [H/m][H/m]

Speed of lightSpeed of light：：3.003.00××101088 [[m/sm/s]]

Radius/mass of EarthRadius/mass of Earth：：6378 [km]6378 [km]・・MMEE=5.97=5.97××10102424 [kg][kg]

Radius/mass of SunRadius/mass of Sun：：696000 [km] 696000 [km] ・・M=1.99M=1.99××10103030 [kg][kg]

Distance between Sun and EarthDistance between Sun and Earth：： 1.4961.496××10101111 [m] [m] （（1 AU)1 AU)

Gravitational constantGravitational constant：： G= 6.67G= 6.67××1010--1111 [N[N・・mm22/kg/kg22]]



Solar wind plasma stream and 
interplanetary magnetic field
(Expansion of solar corona)

Terrestrial upper atmosphere and
strong intrinsic magnetic field

Mercury’s magnetospheric formation and
acceleration of space plasma particles due to
interaction between high-pressure solar wind
and Mercury’s weak intrinsic magnetic field

Mercury magnetospheric
exploration mission

Atmospheric escape/evolution and climate
change due to direct interaction between 
solar wind and ionosphere without planetary
magnetic field
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LongLong--term Variation of Geomagnetic Field Intensity term Variation of Geomagnetic Field Intensity 



Hot Jupiter, Super Earth  Hot Jupiter, Super Earth  
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A Variety of MagnetospheresA Variety of Magnetospheres



Comparison of Various MagnetospheresComparison of Various Magnetospheres



Features of the Space PlasmaFeatures of the Space Plasma
in the Vicinity of Earth/Planetsin the Vicinity of Earth/Planets

Tenuous, almost collisionTenuous, almost collision--less, but often hot and energized/acceleratedless, but often hot and energized/accelerated
Affected by or affecting magnetic/electric fields in spaceAffected by or affecting magnetic/electric fields in space
Interaction with plasma wavesInteraction with plasma waves

CrossCross--energy coupling via waveenergy coupling via wave--particle interactionparticle interaction
e.g., Internal acceleration of the radiation belt electrons by we.g., Internal acceleration of the radiation belt electrons by whistler waveshistler waves

Sometimes dominated also by nonSometimes dominated also by non--MHD processesMHD processes
Significant role of nonSignificant role of non--MHD drifts especially for the highMHD drifts especially for the high--energy particlesenergy particles

e.g., curvature/gradient drifts in the ring currente.g., curvature/gradient drifts in the ring current
Importance of particle motions in boundariesImportance of particle motions in boundaries

e.g., picke.g., pick--up ions as an escape process in nonup ions as an escape process in non--magnetized planetary space magnetized planetary space 
Spread and highly variable 3Spread and highly variable 3--dimensional velocity or pitch angledimensional velocity or pitch angle--energy energy 
distributions in a wide energy rangedistributions in a wide energy range

Less than 1 Less than 1 eVeV up to tens of up to tens of MeVMeV
Numerous types of acceleration/transport/interaction mechanismsNumerous types of acceleration/transport/interaction mechanisms

MultiMulti--composition ionscomposition ions
SolarSolar--wind (Hwind (H++, He, He2+2+, highly charged heavy atoms) and , highly charged heavy atoms) and ionosphericionospheric (H(H++, He, He++, , 
singly charged heavy atoms/singly charged heavy atoms/molecularsmoleculars) origins) origins

CrossCross--sphere couplingsphere coupling
Magnetosphere (plasma sheet, ring current, radiation belt), ionoMagnetosphere (plasma sheet, ring current, radiation belt), ionosphere, sphere, 
plasmasphereplasmasphere, solar wind, 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)

Science Objectives of ERG
Dynamics of the radiation belt particles due to the cross-energy couplings



ESAESA--JAXA Joint Mercury Exploration MissionJAXA Joint Mercury Exploration Mission
BepiColomboBepiColombo –– MPO, MMOMPO, MMO



Flight ModelsFlight Models of MMO HEPof MMO HEP--i and HEPi and HEP--ee



Ion beam

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



Calibration Facility (Beam Line and Vacuum Chamber)Calibration Facility (Beam Line and Vacuum Chamber)



Isolation
Transformer

(200kV)
High-voltage power supply （+50kV）

High-voltage power supply （+150kV）

Vacuum chamber

Vacuum pumps

Turntable
and X-stage

Isolation tube with 
linear accelerator

Ionization source with
mass separator and 
beam expander



Aurora emission and particle observations by Aurora emission and particle observations by ReimeiReimei
EmissionEmission--particle simultaneous measurements with particle simultaneous measurements with high time/spatial resolutionshigh time/spatial resolutions



MultiMulti--Spectral Spectral AuroralAuroral
Imaging Camera (MAC)Imaging Camera (MAC)

Electron/Ion Energy Electron/Ion Energy 
Spectrum Analyzer (ESA/ISA)Spectrum Analyzer (ESA/ISA)



Calibration of ESA/ISA

Development of MAC



Plasma Current Monitor
(CRM)

Multi-spectral Auroral Camera
(MAC)

Electron Spectrum Analyzer
（ESA）

Ion Spectrum Analyzer
（ISA）

Appearance of Reimei



MAC
ESA/ISA 
CRM
OICETS



Dnepr Rocket 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



Movie of Aurora Images
December 26, 2005

Ch.1 (427.8 nm)          Ch.2 (557.7 nm)         Ch.3 (670.0 nm)

70 km (64 bins)
at 110-km altitude
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Exposure time: 60 msec.
Exposure cycle: 120 msec.

Northward (Poleward)

Footprint of S/C mapped
onto 110-km altitude 
along field line
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Electron Energy-Time Spectrograms
December 28, 2005

Electron EnergyElectron Energy--Time Spectrograms and Aurora ImagesTime Spectrograms and Aurora Images
December 26, 2005December 26, 2005

UT(09:MM:SS)  10:40          10:45  10:50            10:55         11:00            11:05
ILAT    74.2              73.9               73.7              73.4            73.1               72.8
MLT      0.9                0.8                 0.8 0.8 0.8 0.8



Solar Activity and Magnetic Field



Statistical Data of Solar Wind SpeedStatistical Data of Solar Wind Speed



Rough Structure of Solar Wind and Rough Structure of Solar Wind and 
Interplanetary Magnetic FieldInterplanetary Magnetic Field



Interplanetary Magnetic Field Line Carried Interplanetary Magnetic Field Line Carried 
by Solar Wind Plasmaby Solar Wind Plasma

““Parker SpiralParker Spiral””



Fast

Slow

Slow

CIR (CIR (CorotatingCorotating Interaction Region)Interaction Region)
CME (Coronal Mass Ejection)CME (Coronal Mass Ejection)



Draped Interplanetary Magnetic Field Lines Draped Interplanetary Magnetic Field Lines 
and Formation of Shock and Magnetopause and Formation of Shock and Magnetopause 

near the Earthnear the Earth



Location of Shock and MagnetopauseLocation of Shock and Magnetopause



Structure of Earth’s Magnetosphere



Plasmasphere（~1 eV) High density (up to several thousands of #/cm3)
Cold plasma of ionospheric origin
Contribution to Coulomb collision
Control to plasma wave excitation and properties

‘‘EnergyEnergy--layeredlayered’’ GeospaceGeospace

Ring current（~103-105 eV) Low density (less than 1 #/cm3)
Hot (energized) plasma of solar-wind or 
ionospheric origin
Contribution to space electric current and 
magnetic field in the magnetosphere

Radiation belt（>105 eV) Tenuous but highly accelerated particles 
(electrons) of solar-wind or ionospheric origin
Negative impacts to space infrastructure due to 
electronics damages of spacecraft



Akebono (Japan)
Launched in 1989
Auroral physics

Geotail (Japan)
Launched in 1992
Magnetospheric physics

Polar (USA)
Launched in 1996
Polar magnetospheric
physics

FAST (USA)
Launched in 1996
Polar magnetospheric
physics

Reimei (Japan)
Launched in 2005
Auroral physics

THEMIS (USA)
Launched in 2007
Magnetospheric physics

CLUSTER II (Europe)
Launched in 2000
Magnetospheric physics

Van Allen Probes (USA)
Launched in 2012
Radiation belt physics



Section of Terrestrial MagnetosphereSection of Terrestrial Magnetosphere



Space Electric Current Systems in the Magnetosphere



Intrinsic Geomagnetic Field and Structure of Intrinsic Geomagnetic Field and Structure of 
Actual Terrestrial MagnetosphereActual Terrestrial Magnetosphere



Connection and Transport/Circulation of the Connection and Transport/Circulation of the 
Interplanetary Magnetic Field and Interplanetary Magnetic Field and MagnetosphericMagnetospheric FieldField



Sequence of Connection and Transport/Circulation of the Sequence of Connection and Transport/Circulation of the 
Interplanetary Magnetic Field and Interplanetary Magnetic Field and MagnetosphericMagnetospheric FieldField



Plasma Convection in the Polar Plasma Convection in the Polar 
Ionosphere due to the Magnetic Ionosphere due to the Magnetic 
Field Line CirculationField Line Circulation



LargeLarge--scale Daily/Seasonal Variationscale Daily/Seasonal Variation
of the of the MagnetosphericMagnetospheric StructureStructure



Reconnection for the Northward IMFReconnection for the Northward IMF



Cusp

Solar Wind Entry and TransportSolar Wind Entry and Transport
in Terrestrial Magnetospherein Terrestrial Magnetosphere



IonosphericIonospheric Plasma Escape to and TransportPlasma Escape to and Transport
in Terrestrial Magnetospherein Terrestrial Magnetosphere



Development of Development of PlasmoidPlasmoid during during SubstromSubstrom



Typical Types of Charged Particle Motions in the Geomagnetic FieTypical Types of Charged Particle Motions in the Geomagnetic Fieldld


