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My’ Background 1n Space Physics

Experimental research in space physics

= Instrumental developments and observations for space
plasma

= Satellite/spacecraft missions for terrestrial/planetary
magnetosphere/ionosphere explorations

Many-sided space physics
Elucidation of plasma acceleration/transport/loss
mechanisms as a fundamental science

Contribution to development/maintenance of social
Infrastructure in space as an environmental science

Lead of planetary exploration with space expertise

Driver of international cooperation and interchange In
scienfic, engineering, and human aspects




Geospace

~ Magnetosphere
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Plasma Observations In Space

In-situ (direct) measurement of collisionless plasma
s Plasma waves, magnetic/electric fields deminantly. interact the plasmas
s Simultaneeus olservations for these are crucial

Eull energy/velocity: distrbution fiunction
a 2-D Energy-pitch angle distrinution
s 3:D velocity distributien function

Wide ranges ol eneray, feld of view, and counting rate

<1 eV for plasmasphere or cold component (1-1000#/cm®)
0.1 - 10 keV for plasma sheet (0.1-10#/cm?)

10/ - 100 keV for ring current (<0.01#/cm?, <108#/cm? s sr)
100-10 MeV. for radiation: belt electrons (<10°%#/cm? s sr)

Appropriate; eneray, angular, time reselutions

10" sec. for wave(1lkHz whistler mode)-particle(sulh-MeV: electron)
Interaction

msec. for full distrbutien function of electron; dynamics
100 msec. for fullf distribution function; of 10N dynamics
10/ sec. for common Geospace ohservations




Outline of this talk

Reimel

= Micro-satellivte mission for fine-scale auroral exploration in
Geospace-ionesphere

» Caunched in 2005

FORNMOSAT-S

s [LaunRch planned ik 2011

x [aiwan-Canada-Japan cellaboeration

s Magnetic field and electreon/ion measurements

a Auroeral Electren Senser (AES) based onl Relmel expertise

ERG (Energizatien and Radiation! in Geespace)

= Small-satellite mission for high-energy: particle: acceleration
mechanisms In GEospace-magnetosphere

» Propoesed to launchiin 2013-2014

Calibration: facilities
a lon/electron beam line for up ter 130-200 keV.




Movie of auroral images
(January 3, 2006)

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

70 km (64 bins)  Northward (Poleward)
_at 110-km altitude _ 4
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Ch.1 (427.8 nm) Ch.2 (557.7 nm) Ch.3 (670 nm)

Dote=2000 Jan., 3 UT=10:05:41.52 Exp. time= ol msec.
RE|ME| M.-ﬂ's'-: intensity normalized in edch frame




Auroral emissions and electrons
(January 3, 2007)

Northward
(Poleward)
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Auroral electron sensor (AES) for
EORNMOSAT-5

[ncoming
Charged Particles

Spececraft structure Spacecraft structure
Mesh (-12 V)—| | im
MCP-in (+200V)-0-— S —

MCP-out (+2700V)— |
MCP-anode (+2800V)— |

-

0

v'Higher-performance of high-voltage power supply for electrostatic analyzer could
increase maximum energy level from 12 keV of Reimei to 18 keV for FORMOSAT-5.

v'Time resolution may decrease from 20 msec. to 100 msec. because of limitation on
telemetry data, which could cause a problem and should be avoided if possible.




Collaboration: In
FORMOSAT-5

MDRP Ant.




Geospace

Magnetosphere

Radlatlon Belts

\Ul / (van Allen Belis)
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Cross energy-coupling of collisionless plasma
and multi-sphere coupling in Geospace

Acceleration Background magnetic field

Supply
Loss e
Excitation Relativistic

Control electrons in the ULF wave
Contribution ~radiation belt

Wave-particle interaction

Whistler
wave (hiss)

Whistler
wave

(chorus)

maspheric thermal [

lonosphere




Plasma/particles in Geospace-magnetosphere

What is the origin of relativistic electrons in Geospace?

relativistic m outer belt
(~ MeV)

el ring current
(~ 100 keV)

plasma sheet

thermal
(~eV)

L=3 L=6
Geocentric distance (Rg)




Plasma/particles in Geospace-magnetosphere

What is the origin of relativistic electrons in Geospace?

r‘(aft:\\xgl/; m outer belt ULF waves>

el ring curren ®
(~ 100 keV)

7 plasma sheet

thermal
(~eV)

L=3 L=6
Geocentric distance (Rg)

Adiabatic transportation via ULF waves could be important for particle
acceleration.




Plasma/particles in Geospace-magnetosphere

What is the origin of relativistic electrons in Geospace?

relativistic m olter belt efecBigign
(~ MeV)

wave growth
hot ring current
(~ 100 keV)

thermal
(~eV) plasmasphere

L=3 L=6
Geocentric distance (Rg)
Non-adiabatic processes via plasma waves such as whistler and
magnetosonic waves are also important for particle acceleration.

Comprehensive observations have never been performed at the magnetic equator
because the observation in the radiation belts is quite difficult due to strong
radiation incident.

plasma sheet




ERG --Energization and Radiation in Geospace

A mission to elucidate acceleration and loss mechanisms of

relativistic particles in the inner magnetosphere during space storms.

During space storms, Geospace acts as an effective accelerator of electrons and ions,
and dynamic variation of Geospace causes various “space weather” phenomena.

/

Radlatlon Belts Rlng Current

ERG mission will achieve comprehensive plasma observations with
magnetic & electric field, wave, and particle detectors covering a wide
energy coverage (10-107 eV) to capture acceleration, transport, and loss of
particles in Geospace around the next solar maximum.




The ERG mission

Mission goal

Understanding cross-energy couplings for

acceleration and loss processes of relativistic particles
&
environmental variation of geospace during space storms

Significance of this mission

- Direct observations on generation of relativistic electrons
at the magnetic equator in the Geospace-magnetosphere
—> Contribution to understanding of the particle acceleration

- Instrumental development to measure plasma/wave/fields
under the severe radiation belt environment with small satellite
- Contribution to the future Jovian mission




Scientific Instruments on ERG

Software-type Wave-
Particle Interaction
Analyzer (S-WPIA)

XEP-e, HEP-e, MEP-€,

LEP-e, Coilable Mast [l Coilable Mast

MEP-i, LEP-i (2 pairs)

Search Coll

XEP, HEP, MEP, LEP, TSP-e/i stand for
extremely high, high, middle, low, thermal & suprathermal energy particle sensors
for electron/ion of plasma/particle experiment (PPE) of ERG.




Search Coll

Scientific Mission Payloads

Wire Antenna
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l\/ (2 pairs)
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Science instruments of ERG: plasma/particle

PPE: Plasma and Particle Experiment

10 MeV
1 MeV outer belt

100 keV
ring current

1 keV plasma sheet

plasmasphere

L=3 L=6

ERG-PPE measures a wide energy range over 6 orders.




Science instruments of ERG: wave & field

PWE: Plasma Wave and Electric Field Experiment
MGF:. Magnetic Field Measurement
100 kHz

10 kHz
outer belt

PWE whistler
(search coil)

1 kHz

_ magnetosonic
I’Ing CUlTe. wave

EMIC

MGF

(fluxgate) magnetic convective

plas.. field < field

L=3 L=6

ERG-PWE and MGF measure electric and magnetic fields for a
wide frequency range from DC to sub-MHz.




Extremely high-energy electron sensor (XEP-e)

collimator

Si SSD GSO scintillator PMT ELS-B/LPT Sensor Structure photo multiplier tube

Q(SSD) ssb scintillator zie

E Electron for 0.2 - 20 MeV

Adoption of the ELS-B sensor

design and expertise of JAXA
. IN JASON-2 and GOSAT

= Radiation shields with 7-mm of
.~, aluminum and 3-mm copper




High-energy particle sensor (HEP-e)
Electron for 0.03 - 2 MeV

Radiation ¢
structure

shiel

—oVv Adoption of pin-hole

camera principle using
three assemblies of strip
solid state detector




Calibration Facility for Space Plasma/Particle Instrument
~170-keV ion/electron beam line In Tokyo
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Summany.

Relmel has been elhsenving two types ofi electren
acceleration phenemena in the pelar IeReSpPhEre.

a Quasi-electrestatic parallel petential drep
a Dispersive Alfven wave

Univ. Tekyo, ISAS/JAXA, and PSSC/NCKU are
collaborating for the development of auroeral

electron sensor for EORNMOSAT-5 hased on Relmel
expertise.

Our Japanese space physics community IS new
pPremoting the Geospace: exploration mission With
the nternatienal collakhoration With PSSC/NCKU.

\Werare alser buillding the ien/electron heam fiacilities
for space qualification ofi plasma/particle sensors
for the space missions In Japan and Taiwan.




