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Electromagnetic field measurements for our

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

Future Space Plasma Missions at JAXA

:6  Geospace Exploratio

Y. Kasabal, H. Kojima?, S. Yagitani3, Y. Kasahara?, T. Imachis, K. Ishisaka?,
A. Kumamoto?, T. Ono?l, Y. Katoh?, H. Misawal, F. Tsuchiyal

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

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

*Earth-Orbit Sensitive measurement in DC ~ few 10MHz

*Earth-Orbit / Lunar surface : Low-frequency Interferometer in several 10s MHz
CROSS SCALE

ER (3 —Energization and Radiation in Geospace

A mission to
relativistic particles

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

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

Jovian
Magnetospherict
Orbiter -
Exceed
(2013)

ERG/PWE: Plasma Wave Experiment

~ from Mercury (gepicolombommo-Pwi)to Earth’s Radiation Belt ~

Electric Field Sensors (32m tip-to-tip dipoles)
WPT (Wire-Probe anTenna)
MEFISTO (Mercury Electric Field In-Situ TOol )

DC-10MHz
DC - 3MHz

[Tohoku U et al.]
[Sweden]

Magnetic Field Sensors (search-coils)
SC (3-axis Search-Coils)

few Hz — 20kHz [Kanazawa U et al.]

DC/Low frequency Electric field (E: O0Hz ~32Hz)
EWO-EFD (Electric Field Detector)
Low/medium frequency E/B field (E: 10Hz ~ 20kHz, B: OHz ~20kHz)
EWO-WFC/OFA (WaveForm Capture/Onboard Frequency Analyzer)
High frequency E/B field (E: <10kHz~10MHz)
HF (High-Frequency) DC-10MHz

[Toyama Pref. U et al.]

[Kyoto U et al.]

[Tohoku U et al.]

E R G -—Energization and Radiation in Geospace

A mission to elucidate acceleration and loss mechanisms of
relativistic particles around Earth during space storms.

ERG o

*Objectives Akebono CRESS Akebono

observations observations observations

Ko _index 2 M smasy Deonkey

— 1 9

Ey (MGSE) (corotating frame) (mVim)

2.5 3.8 485 55 65 75 S
L whall (Ag) (12:00 < MLT < 04:08)

(2) Dynamics & Variations
of Electric field in

(1) Catch the relativistic
acceleration process

(3) Density &

Temperature of

caused by Waves inner magnetosphere Plasmasphere

<Team Members>

[Sensors]

[Software]

WPT

[P1] Yasumasa Kasaba

Yasumasa Kasaba

Yoshiya Kasahara

(Tohoku Univ.)
(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.)

(Kanazawa Univ.)
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Electric field: Dipole wire antennas

~ First long wire antenna (32m tip-to-tip length) aboard a Planetary Orbiter ~ Magnetic Field: Search Coil Magnetometers (SC)

WPT-S [from Tohoku Univ. etc.] Kanazawa U., Japan
e Bx/By/Bz [0.1Hz - 20kHz]
G0mm ¢ Suinless wire polyimide-sheet covered Lot
._lm . -- l - “:'n‘::‘;m
Ilt - . 15m ] (7 %Ohm ‘TB_CJ (hot)
Conductive part connected
[aguadag coated] 1o chassis

Optimized for plasma waves & radio waves

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

Sensor wire,

. 01-03mm, 1-2m

RyoR
(MMO: B 2MR)

TiAIN probe 40 mm diameter Pre-amp box Boom, 13-14 m, connected to e ground Vxl‘ﬁﬁ#ﬁ <t>"j-i&1%) I:EEE
imi ic fi (SCOPE / ERG) gy —Faf)LtY
Optimized for dc & low frequency electric field (SCOPE:10 cmit A

ERG:20 cml'UlJ;)

4. PWE: Sensors - Receiver . . PWE: Sensors - Receiver . .
Design Overviews - Software Wave-Particle Interaction Analyzer
(see Kojima et al. [P2-032]) . .
> HEEHF D CorrelationZ &> THALERHS 1 &LV

[Receivers]

ER-HFOMEMERERFLEE TORMES DR

* EWO-EFD : DC - 32Hz
- connected to the WPT and MEFISTO electric field sensors @:@7 PWEE TS X HF B2 (MEP-e/HEP-e) EREOVOrES Wik — 3R Rng burr]
- Double Probe Dynamic range 110 dB DB-SC(H) SC-Pre — S prewpe  EEXG ERL BRGSO
for Electric field MEFISTO.S BPIL [ecorder~ T —5%2ET &,

= MEFISTOl___| Z(Digital)
%TODH\TEJ € MDP Counter

AM?P-S' -
- Single Probe  Spacecraft potential for Electron density o> f| E i
o> !
T-S >

* EWO-WFC/OFA: 10Hz — 20kHz for E, (cPU/
few Hz — 20kHz for B p— RAM) To the data y:::)rder i
- connectedto  WPT/ MEFISTO (E) & SC (B) T o FRARCEETRE 3
- Waveform receiver with spectrum data Lo l";* " R e "™ | ooz 4 —
(derived in MDP) : = “m 75 X < 3% B & 8 52 (PWE-WFC) Clt)=— =qB{) - v(t) K=my(1-1)
* HF receiver <10kHz — 10MHz bc-prb | | wer- c Recaners FEor Y
- connected to the WPT / MEFISTO (E) > BE o |y . | | Regionfor STWRIA Jomcenie | s-wpia
B — li'g 5 Receivers ska=% 3 the Data Recorder - o RDE
> e meigitan H
* MDP/DPU(digital Processing Unit) (x 1-5) peset) G T
-connectedto EWO-E/B Figure 2.2: PWE block diagram. (nominal line)
SORBET
MEFISTO-E | =vwrEs ok
(MAST-WPT-E) DCH 35 #1381 235 (MGF) MGF MDP ° -ngslégmusﬁ?g?vpvﬁfﬁzl:txée%i

5h%
-Data Recorder[4 (2R & 5 7=S-WPIAR 7 —

EHRAHBMYDIE
- S-WPIAAY LI L 1= 7 — %[, Data recorder|<
7

- CMD/HK I/F [ Flux gates |————

- TLM calculations: FFT, Compression, Triggering, Packet

A(Digital)

To the data recorder
(nominal line)




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
SPT (Spin-Axis anTenna) 5-10m

DC - 10(30)MHz
few — several MHz

Magnetic Field Sensors (search-coils)
SC (3-axis Search-Coils)

10 Hz — 100kHz

DC/Low frequency Electric field (E: O0Hz ~32Hz)
EWO-EFD (Electric Field Detector)
Low/medium frequency E/B field (E: 10Hz ~ 100kHz, B: OHz ~20kHz)
EWO-WFC/OFA (WaveForm Capture/Onboard Frequency Analyzer)
High frequency E/B field (E: 1kHz~10MHz)
HFA (High Frequency Analyzer)

- = CrROSS SCALE
E R G —Energization and Radiation in Geospace 4 . 2

Requirements

v Wide-band Simultaneous Observations
from DC ~ 30MHz

v' 3-Axial DC Electric Field measurements
by Mother-NearDaughter pair

v All = 6 components Electric & Magnetic Field vector

by Mother-NearDaughter
by Mother FarDaughter

v’ Sun & Magnetospheric Activity Monitor
by Mother-Daughter pairs

Electron scale
Electron-lon Coupling scale

v’ Detection of Boundary Crossing with high-time resolutions

by Mother-Daughter pairs

<Team Members>

[P Hirotsugu Kojima
[Sensors] WPT Yasumasa Kasaba
SPT [by System] Ken Higuchi
SC Satoshi Yagitani
[Receivers] EWO Hirotsugu Kojima
Keigo Ishisaka
HFA Atsushi Kumamoto
[Software] Y. Kasahara

(Kyoto Univ.)
(Tohoku Univ.)
(JAXA)
(Kanazawa Univ.)
(Kyoto Univ.)
(Toyama Pref. U.)
(Tohoku Univ.)
(Kanazawa Univ.)

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

= Magnetic Ficld
— i
=== Electric Field

i I

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

SCOPE-PWI: Wire Probe Antenna (WPT)

Surface element test (2007)

me (2008)
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.. Jovian Magnetosphere: Into an Astrophysical Target ... (Launch: 2022 [tbc])

Jovian Magnetospheric Orbiter (JMO) 5’3

Optimized to Magnetospheric Sciences /3
for Multi-Scale studies for Jovian System

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

Complete Survey by Coordinated Techniques
Coupling of latest IN-SITU & IMAGING techniques

Coupling with JEO & JGO = Multipoint studies

Launched by H-11A

Complete Survey of Wide Time-Regime

Complete Survey of All Region

HAAMEREEFFES2010EXR (27 May 2010)

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

Jovian Magnetospheric Orbiter (JMO) 5’3
Optimized to Magnetospheric Sciences -~
for Multi-Scale studies for Jovian System

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

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

Complete Survey of Wide Time-Regime

Complete Survey of All Region
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AAXMEREEFZFES2010FEAR (27 May 2010)

Significance of remote radio obs.
O wave form, spectral, polarization, and 3D-
direction finding measurements

anisotropic velocity distribution
of energetic ele.

(loss-cone, beam, ...)

@®Rotationally driven

. \ activities
radio wave source -injections
direction } location -M-1 couple
beamin @Particle acceleration
spectra ] 9 _QP phenomena
. . -main oval
polarization ] AU -satellite footprint
wave form J time @Jupiter-satellite
/ variation binary

-lo plasma torus
-Ganymede m’sphere
O incomplete wave experiment in JUNO mission

Summary of radio observations
0 flux tube {
AM) fo fotprint Polar emission
Jupiter-sat.
mteractlon

v, (10" km/fy)

'\'t
Ganymede and Europa footpnints
Main oval
,,,) (non-lo-DAM/HOM)

P\ W% v M-I couple process

Vino magnetic "lXio

up down Gk Wbg LIf_Ltm. current

IO torus (nKOI\/!) aururalzone N\ femm—

injection
e Jupiter
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