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Introduction: Geospace

Geosynchronous Earth Orbit 
(Meteological/Telecommunication Satellites) Radiation Belts

Geospace refers to the region shaped by the interactions between 
the solar wind and Earth’s magnetic field.



Outer belt 

Inner belt

slot region

Radiation Belts (Van Allen Belts)

Geosynchronous Earth Orbit

Typical energy:    100 keV ~ 10 MeV (electron)
Highly variable associated with the solar wind disturbances

Population of MeV electrons



Discovery of Van Allen Belts: Dawn of Space Age

US first satellite “Explore”
discovered “Trapped Radiation”
so-called “Van Allen Belts”  [1958]

NASA/GSFC

Van Allen

von Brawn



Variations of the radiation belts during geospace storm 
- Geospace storms occur when the solar wind changes.
- The variations of relativistic electrons in the radiation belts during 

geospace storms are diverse.
- Predicting flux variations remains very difficult.

Decrease (25%)Not change (25%)Increase (50%)



The radiation belts exit other planets 

Radiation belts also exist around Jupiter, Saturn, Uranus and Neptune, 
and are universal regions of magnetized planets.

[Baker +, 2014]
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Space Weather    killer electrons of the radiation belts

MeV electrons of the radiation belts cause satellite anomaly, 
therefore, understanding radiation belt dynamics is one of the key 
issues in space weather research. 

(NASA TM 2002)



JAXA/Arase satellite mission (launch in 2016) 

Objectives:
- Identify the mechanisms that cause increases or decreases in relativistic 

electrons during geospace storms.
- Identify the mechanisms responsible for geospace storms.

Where?  :   
- Inside the radiation belts (400 km x 32,000 km)

What?    :   
- Wide energy electrons and ions (10 eV - MeV) with 6 instruments

Electric fields/Magnetic fields   (DC – 10 MHz) with 2 instruments

Dec. 20, 2016



Miyoshi+[Space Sci. Rev.,2022]

Radiation Belts (2 MeV electrons)

Radiation Belts seen by Arase



Interactions between electrons and plasma waves
Acceleration and scattering of plasma/particles

-Acceleration of energetic electron
-Scattering of energetic electrons into atmosphere

Plasma waves

Electrons



Wave-particle interactions cause
large enhancement of relativistic electrons.

Wave-particle 
interactions
on remarkably 
short time 
scales, as brief 
as 40 seconds.

2018/8/8  ERG scientific evaluation

Plasma 
waves

Acceleration of energetic electrons by plasma waves

10 keV

20 keV

30 keV

Miyoshi+[2021]

Kurita+[2018]

Plasma waves

Electrons

R=5.5 Re, 
MLT=4.3-4.5



Japan-Czech Collaboration
• 10+ years partnership with Prof. Santolík’s group (Czech Academy 

of Sciences)
• Bilateral Project between JSPS and CAS
• International Joint Laboratory Program between ISEE Nagoya 

University and CAS

Joint Achievements
• Plasma wave research: Theoretical advice from Prof. Santolik was 

directly implemented in the onboard software of Arase.
• Joint papers and conferences
• Establishing human networks

me

Prof. Santolik



Japan-Czech Collaboration in the future

JUICE Mission (Jupiter Icy Moon Explorer Mission: ESA/JAXA) 

Our Japan–Czech team is working on 
the radio/plasma waves instrument
(RPWI).

We aim to confirm whether wave-particle 
interactions play the same essential role in particle 
acceleration in the Jovian radiation belts as they do on Earth.

JUICE will arrive at the Jupiter system in 2029



Summary and Future Outlook

The Arase satellite has made key contributions to space weather 
science through studies of radiation belts and geospace storms.

The Japan–Czech collaboration has been a long-standing 
partnership and a successful model of international cooperation.

Together, we have built mutual trust, established strong 
international networks, and trained the next generation of scientists.

We are opening new scientific frontiers together united in science, 
united in shaping our shared future.



Thank you very much !

Scan a QR-code to
download booklets 
about space weather



2018/8/8  ERG scientific evaluation

Accelerations of electrons by whistler waves

Test-particle simulation using Arase observed waves has successfully reproduced 
the observed evolutions of the distribution function.

Data-driven Simulation

32 sec

Energy

Pitch angle

Distribution
function
(simulation)

Saito, Kurita, Miyoshi+[2021, JGR]



Space Weather    killer electrons of the radiation belts

MeV electrons of the radiation belts cause satellite anomaly, 
so that understanding of the radiation belt dynamics is one of 
the key issue of the space weather study. 

(NASA TM 2002)2006/04/17
日経

A satellite broadcasting link for Sumo 
was temporary halted due to 
satellite trouble.

Japanese meteorological satellite
was temporary halted.



Science Instruments (plasma/particles)

- Wide energy plasma/particles from 10eV – 20 MeV can be observed.
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DC

1 Hz

1 kHz PWE

1mHz MGF

PWE
(MSC)

10 kHz

Electric
Fields

Magnetic
Fields

100 kHz

Science Instruments (Fields/Waves)

1MHz

MGF

PWE/MSC PWE/WAT

10MHz

PWE: Plasma Wave and Electric Field Experiment  (DC-10MHz)
MGF: Magnetic Field measurement (DC-100kHz）



Comprehensive plasma/particle observations

Seamless observations from ~20 eV to 20 MeV
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