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Plasma wave instruments onboard the SCOPE mission

Observation targets
v'Macroscopic electric fields in the terrestrial magnetosphere
v'Plasma waves destabilized due to wave-particle interactions in
the terrestrial magnetosphere
v'Plasma/Radio waves propagating from the inside or outside of
the terrestrial magnetosphere
v'Spacecraft potential

Outputs _
o _ -Accelerations at shocks and
v'DC electric fields: vectors, magnitude 5 reconnections

¥ Plasma waves(E and B): -Mode identification
Amplitude, frequency, phase, :> -Identification of wave-particle

wavenumber interaction processes
v'Local plasma density :> -Macroscopic structure

:> -Monitor of solar and
magnetosphere activities

v'Solar/Terrestrial radio waves

SCOPE: Plasma Wave Instruments(PWI)



SCOPE/PWI (Plasma Wave Instruments)

Electric Field Sensors — 3-axial

WPT (Wire-Probe anTenna) 50-100m DC - 10MHz

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: OHz ~32H2z)

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: 2.5kHz~10MHz)
HFA (High Frequency Analyzer)
Wave-Patrticle Interaction Analyzer
S-WPIA (Software Wave-Particle Interaction Analyzer)

GEOTAIL
KAGUYA

BepiColombo
ERG
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Block diagram of the PWI onboard the SCOPE spacecraft (mother)

(almost the same design with the PWIs onboard the daughters)
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Electric field sensors: WPT & SPT

Installed in the Mother and all of daughter spacecraft’

) SPT
4
| WPT

WPT

* Detection of electric field oscillations in space
-Targets Macro-and micro-scopic electric field
-Frequency response DC ~ 10MHz

Daughter(near)

* Two components on the spin plane and one along the spin axis
Three pairs of dipole antennas
-Spin plane: WPT(Wire antenna) 25~50m(TBD) x 4elements
-Spin axis: SPT(Rigid antenna) 2.5~5m(TBD) x 2elements(*)
NB# T BET7TTDOTEEEITBI=6. MonopoleRLTICHEFE

Heritage
<WPT>
-BepiColombo/MMO [The same one is used in the ERG mission]
* EM design phase [Wire antenna : “15m” x 2elements]

<SPT>
-S520-23 sounding rocket(2007)  Successful extension of the same type of
rigid antennas in 2.5m length
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Rigid, Long, Light, and Safe antenna for the extension
along Spin-axis electric field sensor(SPT)

INFLATABLE TUBE ACTUATOR

SPOOL SYSTEM: 1kg [light!]
[without motor] 7.

TWEF (Tri-axially woven fabrics)
CFRP tubular member
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Magnetic field sensor: Search Coil(SC)

* Design:
Tri-axis search coil magnetometer for the AC magnetic fields
The SC is mounted at the top of the mast in the length of a few meters
In order to avoid the interference from the spacecraft
The design is almost the same one with the GEOTAIL search coils. However,
the size is drastically miniatulized.

* Specifications: (Mother and daughter spacecraft)

Frequency 10 Hz ~ 100kHz
Sensitivity ~90dBnT/HzY2 @1kHz
Resource 0.89kg (Including Preamp)
(a) Onboard Configuration (b) Each sensor
Tri-axial
search coils
b
— ~150 mm
Extendable ]
boom or mast o Size: ~16x16x105 mm
Pre—an{;) box Flate Mass: <100 grams
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Sensitivities of electric field and magnetic field sensors
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EFD: DC & Low frequency Electric field Receiver

[Functions] *Electric field measurement Double Probe (Vectors : X/Y/Z axes)
DC~Low frequency (128Hz sampling)
Amplitude: +-500mV/m
Plasma convection and Macroscopic electric field
Acceleration due to local electric fields
Low frequency plasma waves related to
the coupling of electron-ion dynamics
*Measurement of spacecraft potential Single probe
Density measurement with the high time resolution(~10msec)

[Specifications]: Mother and daughter spacecraft
-6 elements of electric fields (WPT x 4, SPT x 2(*))
Outputs -6¢h(*): Single probe (Digital)
8(/128)Hz x 6¢h
-3ch: Double probe(Digital)
128Hz x 3ch
() E#IEMonopolelZi b=, 1avR—R k. SchDBIEELE S,
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OFA/WEFC: Onboard Frequency Analyzer/Waveform Capture

[Functions]

-Direct waveform sampling for three components of E and

three components of B (WFC)
-Sampled waveforms are stored on the memory and

are telemetered to the ground after the data selection (WFC)
-FFT spectra are calculated by the onboard processor(OFA)

3D structure of nonlinear plasma waves
:> 3D poynting flux measurement

* Quantitative measurement of Wave-particle interaction

Specification: Mother and daughters
Electric field component(WPT x 2, SPT x 1) (SPT[&Monopole mode)
Frequency: 10Hz~300Hz (Low frequency mode)
10Hz~20kHz (Boundary region mode)
10Hz~100kHz  (Solar wind/Shock region mode)
Magnetic field component(SC: 3axes)
Frequency: 10Hz~300Hz (Low frequency mode)
10Hz~10kHz (Boundary/Solar wind/Shock region mode)
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HFA: High Frequency Analyzer

IM g :
@Targets it ) M B 4
- AKR(Auroral Kilometric Radiation) ' ‘ Wowy y -
ey . 100k £ | 0
~Activities of the terrestrial magnetosphere -~ oeonnl] 1
-Type II/11l solar radio burts i i B[ o
. ) 10K ;
- Solar activities and interplanetary : /
disturbaces e
-Boundary crossing detector by monitoring S

Moon Dayside Moon Nightside

plasma densities with very high time resolutions =]

AKR and waves in the lunar wake
@®Specifications(Mother and daughters) [Kasahara et al., 2008]
Frequency: 10kHz~10MHz
Range:>101W/m2Hz (Galaxy noise)
66dB(12bits)

Design: High speed waveform sampling(80MHz)
DDC(Digital Down Conversion) installed

inside the FPGA (Field Programmable

Gate Array) realizes the spectrum data

with high speed frequency steps

Jovian solar bursts

HFAIX. ERCGEBIZICHEEH FETH 5. [Tohoku Univ.]
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Freqguency Coverage of the PWI receivers
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ERCEEZRICHAFEZEDH TS
WPIA(Wave-Particle Interaction Analyzer)%

SCOPEAIZZLUPLTES

In Wave-Particle Interactions, the phase relation of waves and particle
velocity vectors determines the energy flow direction

9 inve]ogev =
dt(va j_E V = glE|V|cos0

Particle —) Waves

Energy flow balance .
aves —) Particle
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The multi-spacecraft communication simulator will allow us to simulate the plasma wave
data flow among spacecratft. It will be very helpful for establishing the operation strategy.

Daughter

2 @ Daughter

S

~ Mother

S band
160kbps

2&5\ Daughter

Ground Station
N ! See poster paper by Kasahara et al.

*PC1, 2 and 3 are equivalent to three spacecraft.
*They communicate with each other through the control PC.
*The control PC simulates the quantity and quality of the communication line between each spacecraft.




SCOPEfmBRITHIEEERANS =1 L —Y DF

>

[E——— Y

A lL—2DHEE
O MIKFERORERRITEE
mm) LANTHEEGL-EHPC
O F®HPC

(FHIREZIESD)
s BN ElZ E@E{EDFIHE
/ BAE NS A—A D) Hl{H]
. EERE
v R{EEIE
O BZPC
(FNEFNDEEXEEY
s BEVAT L

BEPCX3

Ll




!

/ BIEPC \ \
!' BT —aMEN 1Y T OS5 LERD |

| FLA—ED Y LY R ETFEPCEN LTS

1RIZ2PC
BE BE2 1
s ik FEPC N
BLT SN # LT —SNE R i FR
HBE AT L -y CYNEI ([} £ Ea—)L
Eoa—)L Ea—)L

R FIVREED2—I
1




SCOPEfmBHRITHIEZEEFANS =1 L —Y DEF

ST AOBE R

n#ﬁ%b‘-“—@&&f@l:{&“/wﬁtﬂﬁz ExERETH

ANUE - BRBERNOREREFERGE
 RBBAIBRTEAL, REBLURRIMNLOBHEEILEFRIND

ARVNMIZA LT IFBLVEBEED/INGA—3%ZHFHED
O FREFANNVMNMEHREZHFZICHRETIT S
OBRFEIXTNODEHETEIC

RIEGE I E—FERTE

FRZEICOV L EEELTHEEZHS
OARVDRATEDPYEYTHDT, EE=EDE]

THEIE A RE
SCOPE Tl 20[bps] DBEBTEIEZZD

Jilll[
O
=
by




-

BT — RZE=
N> RiXE

IR SR7z AR A

xR O &R B nR S

T B R R A0
TR — &




SCOPEfRBRMRITAESEEHAS =1 L —5F DEHFE

>

$2aL—ARIzBHRERRETILTYR L

0 EEGERE—F
= BREENRELI-ARNVFDOAERLESL

A==

EDaWLWi+DIZinlsd

F=EL—EERE (24 L7 OME) ORICEFHOFHENRLANU MR

HLGAWSEIETDE—FIREY

O

BREZEERRNHMEECEICERREZITD

0 RESATE—FIEFEEICRFICAIT S
BAR KON TEHMRRBICERANETICLICEY, BROBRMEY-Z

BB EEZIEET S

HIFF SN DR
0 REREREDOZERBED L HMEH
0 BRTHIIRR D e




mof @ of e

\
L FHE1ANBMTI2 15T L
2 Erat— =

- b EmD1

(éﬁiihfrufaﬁﬂju ]
BHE—KMNMIZEE

P—_

[ B BCEDE—REE

| Eot-OTRALT IR

500
B Rl [sec]




3FEFED

o
@
@
@

Frequency [kHz]
B
@

Y
[

i

18:00:00 19:680:00 :
Time

ARV IALTEESE

' - 0 - 2w o
= B £ 5 —~re :
. . O W p 3 BT
~—e e =t SR TEININCS 5 4 bty vl & '-.,"’:-p - - < TP om0 v flodpre
{ oy a3 . 4 Qb ilen A
4.0 L — M (el — T AL ST = F 2
] = 13 o —
- Q= b o | T
\
— - = = ==
/ VALY VALY L
¢ e
) { q B
il 4

21:080:00

BEN (Broadband Electrostatic Noise)

Nt

12 5k

BEN > HHEE > HfZ




SCOPEfmBHRITHIEZEEFANS =1 L —Y DEF

>

MNCOWFCT—2 % o= 51l a -

0 miEEHE—FED—REDEBHZE—FEIZETE
0 BHFEBAEZITHLEWNMGS(F)

/o BFREBEZTHLEVWEMERDKRICERY 555 E

s EEARBOE L ZEHE| TR E YL ER R

/ BENTULVD &, 2B DM LN E L IERA N TELL
0 HFEREZITOIEE (FX2)

7 100%EHES>TULVELDIE, BEMBEDEENFZE

s HMSBERELEARBE46RA M REVEEEIE

O #HFREE

EICEHOTCEREBELBANT —32F/5ENTES

K1 BIHEHOFHEIE K2 B el E O FHil {E

87.3% 429% 20.4% 50.8% 97.9% 97.9% 91.1% 97.1%



