
「我々の将来地球惑星磁気圏ミッション」に
おける電場・波動・電波計測：特にＥＲＧ計画
Electromagnetic field measurements for our 

future missions: Especially for ERG
~ from Mercury, through Earth, toward Jupiter ~

Y. Kasaba1, H. Kojima2, S. Yagitani3, Y. Kasahara3, T. Imachi3, K. Ishisaka4, 
A. Kumamoto1, T. Ono1, Y. Katoh1, H. Misawa1, F. Tsuchiya1

(1.  Tohoku Univ.     2.  Kyoto Univ.     3.  Kanazawa Univ.     4. Toyama Pref. Univ.)

P2-030

[Objectives] Detection of Electric Field / Plasma Wave / Radio waves 
- All plasma frequency range 
- All X/Y/Z components

ERG (2014 [tbc]):  Small-sized Mission for Radiation belt studies
SCOPE (2019 [tbc]):  Multi-scale formation flight mission for Magnetosphere

*Earth-Orbit :   Sensitive measurement in DC ~ few 10MHz
*Earth-Orbit / Lunar surface :   Low-frequency Interferometer in several 10s MHz

*Jovian orbit :          Radiation & Activities from the ionosphere, magnetosphere, and satellite
in DC ~ several 10s MHz

Jovian 
Magnetospheric 
Orbiter 

Exceed
(2013)

JMO
(2022 [tbc])

with 
EJSM

ERG/PWE: Plasma Wave Experiment
~ from Mercury (BepiColombo/MMO-PWI) to Earth’s Radiation Belt ~

Electric Field Sensors (32m tip-to-tip dipoles)
WPT (Wire-Probe anTenna) DC-10MHz [Tohoku U et al.]
MEFISTO (Mercury Electric Field In-Situ TOol ) DC - 3MHz [Sweden]

Magnetic Field Sensors (search-coils)
SC (3-axis Search-Coils) few Hz – 20kHz [Kanazawa U et al.]

DC/Low frequency Electric field (E: 0Hz ～32Hz)
EWO-EFD (Electric Field Detector) [Toyama Pref. U et al.]

Low/medium frequency E/B field (E: 10Hz ～ 20kHz,  B: 0Hz ～20kHz)
EWO-WFC/OFA  (WaveForm Capture/Onboard Frequency Analyzer) [Kyoto U et al.]

High frequency E/B field (E: <10kHz～10MHz)
HF (High-Frequency) DC-10MHz [Tohoku U et al.]

<Team Members>
[PI] Yasumasa Kasaba (Tohoku Univ.)
[Sensors] WPT Yasumasa Kasaba (Tohoku Univ.)

MEFISTO Lars Blomberg (KTH)
SC Satoshi Yagitani               (Kanazawa Univ.)

[Receivers] EWO [WFC] Hirotsugu Kojima (Kyoto Univ.)
[EFD] Keigo Ishisaka (Toyama Pref. U.)

HF Atsushi Kumamoto (Tohoku Univ.)
[Software] Yoshiya Kasahara (Kanazawa Univ.)

(1) Catch the relativistic 
acceleration process
caused by Waves

(3) Density &
Temperature of
Plasmasphere

(2) Dynamics & Variations
of Electric field in
inner magnetosphere

Akebono 
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CRESS
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Akebono
observations

*Objectives



成功基準 I 

PWE : E Low-F
EWO
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PWE: 目標
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成功基準 II

PWE : E - all
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成功基準 II
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成功基準 III

PWE : all

PWE: 目標 電子ピッチ角分布・イオンピッチ角分布（背景磁場）の観測

断熱消失:  電子とイオンの挙動は同じ。
異なれば、電子に特有な消失過程が発動



WPT-S [from Tohoku Univ. etc.]WPT-S [from Tohoku Univ. etc.]

Optimized for plasma waves & radio waves

Optimized for dc & low frequency electric field

MEFISTO-S [from KTH, IRF-U, etc.]MEFISTO-S [from KTH, IRF-U, etc.]

Electric field: Dipole wire antennas
~ First long wire antenna (32m tip-to-tip length) aboard a Planetary Orbiter ~

based on 
GEOTAIL

based on 
CLUSTER

3. PWE: Sensors - E
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ボックス

（MMO：衛星内）

マスト先端（センサ近傍）に配置
（SCOPE / ERG） 3軸サーチコイルセンサ

（SCOPE：10 cm立方
ERG：20 cm立方）

マスト（～5 m）

Magnetic Field: Search Coil Magnetometers (SC)

Kanazawa U., Japan
Bx / By / Bz [0.1 Hz - 20kHz]

3. PWE: Sensors - B

[Receivers]

* EWO-EFD :   DC – 32Hz
- connected to the WPT and MEFISTO electric field sensors
- Double Probe Dynamic range 110 dB 

for Electric field
- Single Probe Spacecraft potential for Electron density

* EWO-WFC/OFA:  10Hz – 20kHz for E,  
few Hz – 20kHz for B

- connected to WPT / MEFISTO (E)  &  SC (B)
- Waveform receiver with spectrum data 

(derived in MDP)

* HF receiver <10kHz – 10MHz
- connected to the WPT / MEFISTO  (E)

--------------------------------------------------------------------------------------------------------------------------------------------

* MDP/DPU(digital Processing Unit) (x 1-5)
- connected to EWO-E/B

SORBET
MEFISTO-E
(MAST-WPT-E)

- CMD/HK I/F
- TLM calculations:  FFT, Compression, Triggering, Packet

MEFISTO
-E

SORBET

AM2P-E

WPT-E

AM2P-S

MDP
(CPU/
RAM)

PWI-E

LF-SC

DB-SC(L)

DB-SC(H)

MEFISTO-S

WPT-S

SC-Pre

SC-Pre

WPT-PreWPT Drive

MEFISTO Drive

EW
O

-Ｆ
Ｐ

Ｇ
Ａ

x 2 (for E, and B)

R
A

M

EFD

OFA/
WFC

EWO

Figure 2.2: PWE block diagram.

Design Overviews4. PWE: Sensors - Receiver
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S-WPIA
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・S-WPIAは、独立のMDP上で動作
・コマンド/status系もS-WPIA独立になると考え
られる
・Data Recorder内に収められたS-WPIA用デー
タを読み取り処理
・S-WPIAが処理したデータは、Data recorderに
戻す
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各機器のMDPはS-WPIAデータ用のRing buffer
をもち、trigger信号によって、S-WPIA用データ
を生成、通常とは別経路のSpWにてData 
recorderへデータを送信する。

Spacewire

Software Wave-Particle Interaction Analyzer
PWE: Sensors - Receiver

P2-032

(see Kojima et al. [P2-032])



SCOPE/PWI (Plasma Wave Instruments)
~now in the Phase-A development phase (Launch: 2019 [tbc]) ~
Electric Field Sensors – 3-axial

WPT (Wire-Probe anTenna) 50-100m DC - 10(30)MHz
SPT (Spin-Axis anTenna) 5-10m few – several MHz

Magnetic Field Sensors (search-coils)
SC (3-axis Search-Coils) 10 Hz – 100kHz

DC/Low frequency Electric field (E: 0Hz ～32Hz)
EWO-EFD (Electric Field Detector)

Low/medium frequency E/B field (E: 10Hz ～ 100kHz,  B: 0Hz ～20kHz)
EWO-WFC/OFA (WaveForm Capture/Onboard Frequency Analyzer)

High frequency E/B field (E: 1kHz～10MHz)
HFA (High Frequency Analyzer)

Wide‐band Simultaneous Observations 
from DC ~ 30MHz

 3‐Axial DC Electric Field measurements
by Mother‐NearDaughter pair

 All = 6 components Electric & Magnetic Field vector
by Mother‐NearDaughter … Electron scale
by Mother FarDaughter … Electron‐Ion Coupling scale

 Sun & Magnetospheric Activity Monitor
by Mother‐Daughter pairs

 Detection of Boundary Crossing with high‐time resolutions
by Mother‐Daughter pairs

Requirements

<Team Members>
[PI] Hirotsugu Kojima (Kyoto Univ.)
[Sensors] WPT Yasumasa Kasaba (Tohoku Univ.)

SPT [by System] Ken Higuchi (JAXA)
SC Satoshi Yagitani               (Kanazawa Univ.)

[Receivers] EWO Hirotsugu Kojima (Kyoto Univ.)
Keigo Ishisaka (Toyama Pref. U.)

HFA Atsushi Kumamoto (Tohoku Univ.)
[Software] Y. Kasahara (Kanazawa Univ.)

Electric Monopole/Dipole Antenna
~ SCOPE-PWI: Spin-axis Probe Antenna (SPT) ~

EVMR-ANT-1/3 [S-520-23 Sounding Rocket]

E:3-axis

Cover the whole-components 
in key regions

Rigid antenna 
for the spin-axis extension

SCOPE-PWI: Wire Probe Antenna (WPT)
E:3-axis

Cover the whole-components 
in key regions

Surface element test (2007)

Mechanical Model
(2008)

Preamp BBM (2009)



-17-日本地球惑星科学連合2010年大会 (27 May 2010) -17-

Launched by H-IIA

Complete Survey of  All Region

Jovian Magnetospheric Orbiter (JMO)
Optimized to Magnetospheric Sciences
for Multi-Scale studies for Jovian System

Complete Survey by Coordinated Techniques
Coupling of         latest IN-SITU & IMAGING techniques
Coupling with    JEO & JGO   =   Multipoint studies

Complete Survey of  Wide Time-Regime

… Jovian Magnetosphere: Into an Astrophysical Target … (Launch: 2022 [tbc])

* First multi-spacecraft: Jovian ‘Geotail’ with the EJSM fleet,
* First solar wind Info: comprehensive comparison, and
* First magnetospheric imaging coupled with in-situ views.

-18-日本地球惑星科学連合2010年大会 (27 May 2010) -18-

Complete Survey of  All Region

Jovian Magnetospheric Orbiter (JMO)
Optimized to Magnetospheric Sciences
for Multi-Scale studies for Jovian System

Complete Survey by Coordinated Techniques
Coupling of         latest IN-SITU & IMAGING techniques
Coupling with    JEO & JGO   =   Multipoint studies

Complete Survey of  Wide Time-Regime

… Jovian Magnetosphere: Into an Astrophysical Target … (Launch: 2022 [tbc])

* First multi-spacecraft: Jovian ‘Geotail’ with the EJSM fleet,
* First solar wind Info: comprehensive comparison, and
* First magnetospheric imaging coupled with in-situ views.
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