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Radio and Plasmeé
(RPWI) in Japan

Radio: Direction/Polarization, Subsurface (sokHz- 4smHz)
Wave: Wave-Particle interaction (few — 1MHz/20kHz)
E-field: DC E-field measurement (Langmuir probe)
Plasma: Low-T plasma measurement (Langmuir probe)

Y. Kasaba (Tohoku Univ.) +
RPWI-Japan

(1) Jovian system: Structure & Variation ~ Fast rotating Giant magnetosphere ~

(2) Jovian system: Energy release ~System filled with energetic particles ~

(3) Satellite — Jupiter system ~Electrical coupling of Satellite - Jupiter ~

(4) Satellite environment ~ Atmosphere, Magnetosphere, and Interiors ~
Radio and Plasma Wave Investigation (RPWI) on JUICE (Jan. 2017)
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Japan ---- TEAM structure

S e O N Yasumasa Kasaba
o/ i X s Co-PI (overall) S/W. DPU- HF & SWPIA
{ ---__-,".L},-" — m [Tohoku Univ.] (Tohoku U., Kanazawa U.,
,_:.‘ = Nagoya U., RIKEN)
e 7 Tomoki Kimura Yoshiya Kasahara
S Co-l (HF: CAL & Data) =T Tomohiko Imachi
‘..‘_ [RIKEN] Scientist (Soft: HF / SWPIA)
N . L. i [Kanazawa Univ.]
Yoshizumi Miyoshi
N Co-l (HF: Data) 1 Yuto Katoh
Meisei Elec. Hiroaki Misawa [Nagoya Univ.] Scientist (SWPIA / model)
H/W development T  Co:l (RWI-PRE) Atsushi Kumamoto
[Tohoku Univ.] Co-l (HF: Passive Radar)
. Keigo Ishisaka . ) [Ietiete Uik
Scientist (ANT-UIF) Tagﬁg}; Aﬁl:e Sci. (Obs)
RWI-PRE & HF [Toyama Pref. Univ.] [ISASIIAXA] _ :
(Tohoku Univ., Chihiro Tao Sci. (Model)  Shigeto Watanabe sci. (Obs)
Meisei Elec. Co.) Fuminori Tsuchiya [NiCT] [Hokkaido Univ.]
= Scientist (HF) Masato Kagitani  sci. (Obs) Vladimir B. Riabov sci. (Obs)
Yoshihiro Sato [Tohoku Univ.] Hajime Kita Sci. (Obs) [Future Univ. Hakodate]
Engineer (Electronics) |_Akira Morioka Sci. (Obs) Tomoyuki Nakajo Sci. (Obs)
Hirot Koii LF/SC Hiromu Nakagawa sci. (Obs) [Fukui Univ. Tech]
C;:O(L?l:allle A)o;lma (Kanazawa U.) Shoichi Okano Sci. (Obs) .
“Kyoto Univ) Hiroshi Oya Sci. (Obs) Kazumasa Imai sci. (Obs)

. . Satoshi Yagitani Takeshi Sakanoi  sci. (Obs) [Kochi National Coll. Tech.]
Takeshi Takashima Co-l(SC) | NaokiTerada  sci(Mode  Yukitoshi Nishimura
Toshifumi Mukai Mitsunori Ozaki [Tohoku Univ] Sci. (Obs)  [UCLA]

[JAXA] Scientist (SC) . . .
: [Kanazawa Univ.] Satoshi Kurita  sci. (obs) EYJl=(3Te3)
Reviewers Shoya Matsuda  sci. (Obs) (Obs / Model)

[Nagoya Univ.]
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(2) Jovian system: Energy

~System filled with Relativistic particles ~

Particle accelerations along the field lines ?
MEV accerelation by Wave ?
Injection of plasmas into the innerregion 2

Direction/Polarization/Refl

<Rauio: Remote with UV/IR & Radar>
Global high-Energy activities !
Remote sounding of Satellites !

<Wave: In-situ>
Direct detection of Electromagnetic
energy exchanges !

Wave-Particle interaction]

(3) Satellite — Jupiter system

~Electrical coupling of Satellite - Jupiter ~

Current connections between them ?
Enhancement by plasma from satellites ?

', Passive Radar

1) Jovian system: Structure
Fast rotating Giant magnetosphere ~

MIT Couplings ?
Retraction of rot. Energy to outside?
Effects from outside? SW /EUV

detection !

<DC E-field: In-situ>
Grasp the plasma motion &
acceleration E-field !

<Low-T plasmas: In-situ>
Grasp the plasmas
around/from satellites !

Jupiter

detection !

(4) Satellite: Environment & Crust

~Electrical sounding of Atmosphere / Interior ~

Plasma production: Volcano, Water, ... ?
Conductivity of Surface & Subsurface ?




[P1] Jan-Erik Wahlund

(IRF — Uppsala, Sweden)

~2.5m

Poland

(Astronica)

Sweden
(IRF-Uppsala)

with Kyoto

LP + MIME transceiver
4 channel (14bit)
DC-1.5MHz, sweeps

Kyoto / Tohoku / Kanazawa
with Sweden (IRFU), PEP, JMAG i

(DC-DC converter)

Sweden (x2), Austria (x1) Czech(x1), France (x4),
| Japan (x6+a), USA (x5), Poland (x1), UK (x2)

Radio and Plasma Wave Investigations (RPWI)

3 channel (14bit)
0.08-45MHz
with Sweden
‘IRF-Uppsala)

’

<Remote sensing: Radio>
[HF-System]

* Ex3(80kHz — 45MHz)
Direction & Polarization >

Remote sensing of Plasma with IR/JUV/ENA
h Radar & submm

<In-situ: Waves, DC E-field,
Low-T plasma>
[LF-System]

Wave-Particle interaction
DC-E field detection
low-T plasma detection

RPWI: Contribution from Japan

Poland
Sweden (SRCIPAS)

(IRF-Uppsala)

with Kyoto

MAG boom
il 3

S RWI s
Preamp |Preamp| &

Tohoku

(Meisei)
L d
E

HF receiver + MIMI
3 channel (14bit)
0.08-45MHz

LP + MIME transceiver
4 channel (14bit)
DC-1.5MHz, sweeps

Board 2
Board 1

Radio and Plasma Wave Investigation (RPWI) on JUICE

Board 5 External Sensors

with Kanazawa

with Sweden |
('‘RF-Uppsala)

/

. . \
I <Remote sensing: Radio> |
: [HF-System] :
1| * RWI Preamp (Tohoku / Meisei) |
I | * HF — Receiver (Tohoku / Meisei |
1 + IRF-Uppsala) |
\| * DPU: HF - Software (Tohoku / Kanazawa) ’

<In-situ: Wave, DC-field,
Low-T plasma>
e [LF & LP-System]

f = Software-type WPIA
(Tohoku/Kyoto/Kanazawa) |

Contribution to design: E/B sensor,
Langmuir Probe (Kyoto/Kanazawa/Tohoku)

=
*

[Science]
Hokkaido, Hakodate FU, Tohoku,
Nagoya, Toyama PU, Kanazawa,
Fukui IT, Kyoto, Kouchi NCT, RIKEN

(Jan. 2017)
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RWI-ANT . a HF [Heritage]
Poland (Astronika) Tohoku U Kaguya/LRS
Meisei ERG/HFA
with HF-FPGA
/ by IRF-Uppsala
2.5m tip to tip x 3 pairs
(8m fror:n S/cp) d \ RWI-Pre EM1 HFA: EM1
(tested in 2016) (tested in 2016)

RWI URF

RWI-Pre
Tohoku U
Meisei

[Heritage]
MMO/WPT-Pre

Kaguya/PWS-Pre
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High Radiation (Mrad ?7?)

“Al 3.0mm + Ta 1.3mm”

- <100krad

Long Harness  (10.5m for 50MHz)

- Tested & revised to ‘Co-axial’,
well covered by Rad-shield

Low Temperature (30-40 K 2?)

- LN2 (-77K) test
- Ok above 145K!

- Low-TEMP chamber
- in TU & Meisei + ESTEC

LNz low temperature Shock-cycle test
‘300K <> 80K’ x 20 (BBM#4 in 2015, EM1 in 2016)

and perfo

LNz -- low temperature function

rmance test

LNz dip test — by BBM, EM, and
Radio and Plasma Wave Investigation (RPWI) on JUICE

Thermal Vacuum Test: +120 ~ -170degC
... succeeded by BBM#4 /| EM1

(Jan. 2017}
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RPWI: from Japan DPU software

A. DPU - HF data reduction (Kanazawa U / Tohoku U)

[
Ex chi'!
‘—T-‘) -:—v-i-l
1

<HF> (D)

1Rer!
14 bits AT Filtering and ~
Limi!
Conversion Decimation : T
i oo i Re2
Ey | €hzy 14 bits AID Fiering and
=¥ T conversion Docimation
1 Analog o = Lol
B | FrontEnd. 1, cn3 14 bits AID Filtering and I“";
| 1 Conversion Decimation i
- R
A 14 bats AT Filtering and :
Conversion Decimation | LI
I

<TLM output> *** SOFTWARE in DPU! ***

80kHz~45MHz x 1~3ch. 1-64s resolution
Spectrum data: 0.2 — 1.6kbps

Tcm (100 MHZ) §

B P i e . ]
b <DPU> HF data reduction
| -
: .Rﬂ.u Fet RFI Sub-band Kanazawa/Tohoku U
| T Mitigation Filtering o
. 4 lasi;
ﬁ“‘j o RFI sub-band > V‘-Ewé‘ '
Mitigation Filtering Auto & Cross- £ Data Flow lnvesn tian

| Re3! corelations -

; P RFI Sub-band I o

s Mitigation Filtering 4

Red | >

REI Sub-band - 3

| >
: I i RFlLinedetection i : # of sub-band i Imegrationtime  } [Herltage]
Lo i jcanbeturmedoff) i  dependingonfc i | dependingonfc } M MOIM D P PWI
Pl
oNDRUMERSW . ERG/PWE - HFA
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[DPU: Software-type Wave Particle Interaction Analyzer (SWPIA)] [Heritage]

ERG/S-WPIA

[PEP/ISA] (ion distribution function) ) (Kyoto / Tohoku / Kanazawa)

n(W)
Electroni r 7~
[Sensors|————esOigtad v W W0
Velogity vector/ N

Form the svet. Semcawie| STC T - —
Timing DS,:: <1§ussfczaumy> fDitshmt:_mion Particle to Wave Wave to Particle

e .

[ERG] Special H/W
Distribution = =
i Electron interaction
[RPWI/LF] (E- and B-waveform ... om WP
% é Rs:c":i:rs CW'W Data Recorder > MDP
53 Elctronics(
Ny Digital)
e Waveform
o % Plasma d
th | Time stamp
ws g PWE SPC
- sracetie Sum of 8 sec
[JMAG] (background DC-B field) > Averaged view
Digital) MGF SPO <TLM>
‘Ambient magnetic field
- ootor 0.02 — 16bps (once / 1h)
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[DPU: Software-type Wave Particle Interaction Analyzer (SWPIA)] [Heritage]

JUI-IRFU-RPWI-TN-026_i1.0_Wave_Particle_Interaction_Analyzer ERG/S-WPIA

Plasma particle sensor ‘ H
(Plasma measurement) ®

=3 U Ty

V)| V)|

‘ H (Kyoto / Trhoku / KanazamT)

v vy

. . E(t,) .

Plasma wave receiver I E(t, | E,)
(Waveform observation) . . .
E) . . .
v v v v

Direct measurement of energy flow
by Wave — Electron/Ion interaction

It is larger demand for
the low-TLM missions!

time

Energy exchange

Radio and Plasma Wave Investigation (RPWI) on JUICT

(1) Jovian system: Structure & Variation

2) Jovian system: Energy release

(3) Satellite — Jupiter system

~ Fast rotating Giant magnetosphere ~
~System filled with Relativistic particles ~
~ Electrical coupling of Satellite - Jupiter ~

lo flux tube Satellite-Jupiter connection Relativistic Polar cap (QPB)
(IO_DAM) Polar emission | @acceleration Quasi-Periodic
Jupiter-sat. Emission

interaction

resonance cunve | fing beam
g

vy (10% km/s)

AN

Ganymede and Europ:

Main oval (non-ldiEsaEts
lonosphere —

footprints

20 -10 0 10 2
Wy (107 km/5) ‘o orus

nKOM -I-

( o o ) i . . M I T Coup|e proc%e Magnetosphere tric current
injection « - auroral zone g YoNTT [Tale)

Accelerations were i d

rarely observed by in-
situ. They can be

remotely sensed by
radio emissions.

A gation (RPWI) on JUICE

(Jan. 2017}




(1) Jovian system: Structure & Variation ~ Fast rotating Giant magnetosphere ~

(1) Jovian system: Structure & Variation ~Fast rotating Giant magnetosphere ~
(4) Satellite environment ~ Electrical Atmosphere, magnetosphere, and interiors ~

Plasma Density -

(2) Jovian system: Energy release ~System filled with Relativistic particles ~
(3) Satellite — Jupiter system ~Electrical coupling of Satellite - Jupiter ~

o DC-E field detection )
low-T plasma detection w A8
by In-situ & Remote [radio occultation]) .
[CecconH- 2011] . Cassini REWS LI 20050502 23:28:45.003 - 23:28:45.604 UT
The number density is determined through 3 "] a -
several techniques: 5 o

S e » LP-PWI bias voltage sweeps (for densities >
Saturn’s auroral radio S -‘ 10 cm)
imaged by Cassini e s Y * Monitoring the upper hybrid emissions (f,;,)
[Lamy+09] . @ ”" T » Monitoring the spacecraft potential (Ugc)
- s S and calibrating toward f,, (or possibly an
‘imaging of particle accelerations’ s X ¥ . electron spectrometer on board S/C).

can be achieved by + Continuous sampling of the probe current
(allows ms time resolution).

Gomopo'a"metry e : + Active mutual impedance measurements
Direction & Polarization - : G (MIME)
-> plasma remote sensing package 1= (N
with IR/UV/EUV

Radio and Plasma Wave Investigation (RPWI) on JUICE (Jan. 2017)

(3) Satellite — Jupiter system ~Electrical coupling of Satellite - Jupiter ~
(4) Satellite environment ~ Electrical Atmosphere, magnetosphere, and interiors ~

(1) Jovian system: Structure & Variation ~ Fast rotating Giant magnetosphere ~

(3) Satellite — Jupiter system ~ Electrical coupling of Satellite - Jupiter ~
(4) Satellite environment ~Electrical Atmosphere, magnetosphere, and interiors ~

* H,O-products released fr. surface:

DC-E field detection — Magnetospheric particle sputtering
low-T plasma detection - Syb-syrface br.eaching of oceanic material
Surf & subsurface _ & — Diffusion from interior
urface & subsu _ \ — Meteoritic impact evaporation
Remote [radio reflection]) ; i~ _ — Solar radiation decomposition
* Determine the electric conductivity e Leadsto

— O & O,-rich atmospheres (108 cm-3)
— 0O,*-rich ionospheres (500-20000 cm-3)
— Electrically conducting layers

» Assess their role in supporting
MHD-dynamo generated current systems
induced by the rotating and variable
Jovian magnetosphere

» Assess how these currents may couple Upward/Downward
inductively to sub-surface oceans §=0.05-0.1 pA/m?

* Monitor electric acceleration structures at
magnetic flux tubes connected to Ganymede’s

All Exposures

 RPWI will:
— Monitor plasma densities 104 — 10% cm3 (ms resolution)
— Locate (electron) heating regions in the dense plasma (>0.1 cm-
— Determine ExB convection and bulk ion drift speed
— Monitor the size and mass distribution of a possibly existing

auroral regions. Gy = - 6p~ en/(2B) ~ 10103 mho near surface — Chafged dust component )
— Monitor dust-plasma interactions

01 1304 01 1356

Europa plume
“orn> Saur et al, 2011

* j2cE~0.1pA/m? 1>100 KA through ionosphere?
* Or through salty sub-surface ocean?

low-T plasma detection
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(2) Jovian system: Energy release ~System filled with Relativistic particles ~
Whistlers Dispersive Alfvén Waves

Wave-Particle interaction]
DC-E field detection

low-T plasma detection
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[DPU: Passive SubSurface Radar (PSSR)]

JUI-IRFU-RPWI-TN-026_i1.0_Passive_Subsurface_Radar

S\ ?fﬁOﬁS'.OnIi‘c' &
\ " disturbance -

[DPU: Passive SubSurface Radar (PSSR)] [Heritage]
o Kaguya/LRS

~

Pros

Radio Source: Low-Frequency (& Wide-band)
radio waves from Jupiter
which continuously emitted.

Less attenuation (o< 1/f)
in the subsurface media is expected in ~1MHz.
(Long antenna & PWR is needed if we emit it.)

| ref. RIME = Active Radar @ 9MHz |

Cons

Jupiter-side area of the moons only
(Ganymede: 7.15 day orbit around Jupiter)

Subsurface —

Surface Lunar case: AKR by Kaguya LRS

~500km away |*%® —>

3
g.
@
Ice crust EX _
~150km thickness? - Surface
. Direct
Liquid Ocean :
q TYM ™ Frequency [Hz]  1-0™™

Radio and Plasma Wave Investigation (RPWI) on JUICE (Jan. 2017)

[DPU: Passive SubSurface Radar (PSSR)] Jul-IRFU-RPWI-TN-026_i1.0_Passive_Subsurface_Radar

<Reflectance> Space(e=1) ©Ice(¢,=3) < Liquid ocean (g,=87)
Surface echo (Space ¢ Ice) PSSR (passive radar) @ 1MHz
Rg ~0.27 [up to ~90km ?7?]

Subsurface echo (Ice < Ocean)
Rgs ~ (1-0.27) x 0.69 x T,
~0.50 x Tice
<Transmission in ice ~150 km>
T, ~0.25-0.06 @ 50MHz
[friozFe0=1-10%]

10-14

10-16

Ice thickness: D>150km
(suggested in prev. studies)
[kivelson et al. 2002; Spohn and Schubert, 2003]

10—18

10-20
Space (g,=1) RSsTS

Ice (g,=3) TS
Ocean (g,=87)
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RSS

Direct 14 Sbursts

HOM

@ Ganymede

" [Cecconi et al., 2012]

lo-DAM

lo-DAM +

4

N \
- \ i,
. \ ety
\ A
. . Oty
Solar Ty I = e

[up to ~9km]

;,..
~ e, -

RIME (active radar) @ 9MHz

1

10 100 1000 10000

Frequency [MHZz
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