Radio and Plasmeé

¥

(RPWI) in Japan

Radio:
Wave:
E-field:
Plasma:

Direction/Polarization, Subsurface (gokHz- 45mHz)
Wave-Particle interaction
DC E-field measurement

(few — 1MHz/20kHz)

(Langmuir probe)

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

(3) Satellite — Jupiter system
(4) Satellite environment

Radio and Plasma Wave Investigation (RPWI) on JUICE

~System filled with energetic particles ~
~Electrical coupling of Satellite - Jupiter ~

~ Atmosphere, Magnetosphere, and Interiors ~

(Jan. 2018)
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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/
Reflection ! i

<Radio: 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 ?




RPWI: Contribution from Japan
V4
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[Co-PI] Y. Kasaba (Tohoku Univ.) I <Remote sensing: Radio> |
|
o [HF-System] '
LP-PWI I |
0 1| * RWI Preamp (Tohoku / Meisei) |
Poland 1| * HF — Receiver (Tohoku / Meisei |
Sweden (SRCIPAS) + IRF-Uppsala) | | LP-PWI
om “i:ipz:oala) * DPU: HF - Software (Tohoku / Kanazawa) J * HE — Receiver . .
wi Yy N = e = e = e e . £
(Tohoku / Meisei + < L&
p,,j E,a] IRF-Uppsala) EBOX i
Tohoku <In-situ: Wave, DC-field, '
p L * . LP-PWI Preamplifier
— Bl{el=e) Low-T plasma> DF L Software
" ety iy | [o [LF & LP-System] SWeIA
DC-1.5MHz, sweeps 0.08-45MHz (¥ Software-type WPIA (Tohoku / Kanazawa)

Sweden (IRF-Uppsala; with Sweden |
{ =) ('RF-Uppsala) I_* _______ ( Tgh%u/ﬁy(&olﬁanizaiva)_

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

Kyoto / Tohoku / Kanazawa Kanazawa / Tohoku
with Sweden (IRFU), PEP, JIMAG j@l with France (Obs Paris.)

[Science]
DC-DC i ;
d ——— Hokkaido, Hakodate FU, Tohoku,
Sweden / Czech / Poland , Nagoya, Toyama PU, Kanazawa, oM ‘ RWI
o __ Boards Extemal Sensors Fukui IT, Kyoto, Kouchi NCT, RIKEN | * RWI Preamp (Tohoku / Meisei)
Radio and Plasma Wave Investigation (RPWI) on JUICE (Jan. 2018) -6- (Jan. 2018)

Tohoku Univ
Meisei

RWI: on the MAG-BOOM

(1) Exposed: Low-T & High-Radiation
(2) Close to B-field sensors: Hard EMC
(3) Saturation by RIME (Radar)

NADIR

L ._I it = o
@ : = . Masayuki Fujii  Masashi Namiki

Optical
bench g

’::‘ RIME antenna
RWI EM2-1
MAG boom "_'E
RWI g
SCM s
MGSCA
MAGOBS

IMAG MAGIBS

HF EM2-1 B
RWI-Test-Harness -4
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Radio and Plasma Wave Investigation (RPWI) on JUICE (Jan 201.3)




RPWI: H/W Contribution from Japan ---- RWI-preamp RPWI0) B I8 1 58-S 9 HAREE 5 i EM2LARE

High Radiation RWI-preamp (in RWI)

RWI-Chassis Eﬁ?ﬁﬁ @l
“Al 3.0mm + Ta 1.3mm” -» <100krad (Polandigt) RERR
(established) e —— AHF-I/FERER gmﬁfiﬁg

(BB (BAEY) | RCYEIES [RPWI levelfE
Long Harness (~20m for 50MHz) | (Polandis %+ (Swedenif 2 +
- Tested & revised to ‘Co-axial 20m’, . ’ RWI-SDA (,amenna) EIJI:supEort) == =l et
well covered by Rad-shield HF-Receiver (in EBOX) (Poland88) ' ]

- Performance was confirmed by EM2. HF-Frame Py,
(established) (R—=5RigH) SHRWI pre UFEER EBOX level BB

HF-FPGA BERR HHIRIE - BicycleBlER
Low/High Temperature (SwedeniR k) BRI (6 5) [&: RWIEER]

E— (Swedenif 4y + £A>/3—support)
Thermal Vacuum Test: HF [PCB] (GES:=E))
+110 ~ -180 degC [off-status] (EESE S T rySym———

by BBM#4  (2015)

EM1-1/2 (2016) LN2 low temperature HF-Software (in DPU) (Sweden/Poland/Czeckigfit)
Ev o) slhiovelie el o il HF-task. SWPIA-task P
[EM2-1] ‘300K <> 80K’ x 20 (EIiHEé) | ?Ssvtgggéa;oiﬁﬁ
* When RWI-pre PCB > -150 degC, by BBM#4  (2015) Coretasks | DPU-Emulator&tB £ 4 /3—support)
satisfied performance. 20800 () (CSC\’,;ZQZ‘?]';%) #HF IFELER
* When RWI-Chassis = -170 degC, EM20  (2017) | (Sweden®3) | (B% + Sweden{B ) e
RWI-pre PCB could be -140 degC. - No damage was found. DPU-Emulator & . ftasks
(established) (established) (R—52riEY) (Sweden, Czech#8%)
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Radio and Plasma Wave Investigation (RPWI) on JUICE (Jan. 2018)

<ref> System Schedule (“Pi day #10 - Presentation #07 - Instrument schedule V3") [Oct 2017]

RPWI: Contribution from Japan ---- Schedule

[RWI hi t] [HF —shi t] [ ot ] orhase [ e
reamp — snipmen —shipmen 2014 [ 2015 I 2016 | 2017 I 2018 I 2019 | 2020 I 2021 [ 2022
EM2 1rzusablefas ST'\?) E Mar_2018 STM P EJU'y 2018 S TFIMAMS TsTATSIIND TFIMAM T AT AN TFIMAM T3 TaTsToINo s TFMAM: To TATsToIN ol TFIMAM s TATs [N TFMAM s TATS]oINol TFMAM: T A s oIN s TFMAMA [ ATS[OINB s TAMAM: L [ATs[olNo]
[Renovation: from Jan 2018) [Manufacturing: from Apr 2018) EM2-1: from Meisei (E May 2017) R eQ 0 WESE € 2018
QM(=EM3) E June 2018 PFM M Dec 2018 N vl e NEeE: Fasies) eane o 018
[Manufacturing: from March 2018] NOW [Manufacturing: from Aug 2018]
FM/FS E Feb 2019 FS M Nov 2019 P 0 eise Dec 2018) —
[Manufacturing: from Nov ~ 2018] [Manufacturing: from July 2019] P
R pre 0 eise eb
[30 Dec._2017) 018 v Jd ey T mearoton oheh campaign
Calender Year 2003 | 2014 | 2015 | 2006 | 2017 | | 2018 2019 | 2020 | 2021 | 20ez | 2023 a6 X
Q 1T 2] o[ af o] 2] af af 1] 2] af o o] 2[af of o] o o[ a[ ] o] of af o] 2[ af af o[ 2 af al 1] 2[ [ af ] 2[ af af 1] 2 af 4 IRPWluu — Ix Guowzz | [Launch
Fiscal Year 2013 2014 2015 2016 2017 2018 2019 2020 2020 2022 2023 som
Q al 1] 2] a[ a] 1] 2] a] 4] 1] 2] a] a| 1] 2] 3] a] 1] 2] a[ o] 1] 2[ a] | 1] 2 a| | 1] 2] a] al 1] 2] a] & 1] 2] 3| a| 1] 2] 3 oep x - T I:::ti/:en::,:ﬂmiilolegratiun
1 PRA ] e EEEEE Hge i W 53 o i 1.1 _[._,Ll, HI e 4 1. 1§ ' X ¢
JUICE [mwed T T T T 1 0 1 1 1 e S DT e el BN i T [ GALA x X instruments initial tests
system I Phaselil | Phatedd H H L S e — Lovan T e HI uvs X /
schadule T £ 11 - I RIME X X L T m/mvtests
T T 1aNus x X
1 - R Y Rl swi x fx Magnetic & Radiated EMC tests
\.EU'DDG:' 5 i E 1 | MAJIS X X | 15/03/2021 -> 07/05/2021
h ! g B
schedule bk - e Final tests
bond E ST o1 e 2019 N
: . Noverber 2014 ] N OW P.;‘\'%M/: 11 s/cerep. for shipment
“‘:;"’ ! Lk St Adoption EM: to System (E Sep 2018) l
i T : | =
i i PR S x PFM/STM: to System (M Oct 2019) I
Japan) ; i [ X
RWI-PRE X w | PP
o sepertre 017 [ ~Yicpq X ‘em
| IR 1] I ™1 ] I O S T x uvs
X RIME
(Japan) L e o] < H H . H 5 JUI-MEISEI-RPWI-SC-001 HF_Schedule X JANUS
Sl UI-MEISEI-RPWI-SC-002 RWIpre_Schedule R . - o
i i (same with HF-ICD [060] / RWIpre-ICD [162])
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RPWI: H/W Contribution from Japan ---- RWI-preamp + HF

[hard points] radiation, low/high-temperature, long harness (~20m)

RWI-ANT - - RWI-Pre EM2-1 (EM2)

Poland (Astronika) (shipped to IRFU: May 2017)

. . . (to be shipped to System: June 2018)
2.5m tip to tip X 3 pairs >To be refurbished for ‘STM-usage’

(8m from S/C, ~20m harness) T (shipped to AST: End March 2018)

| (80k-45MHz2) x 3h (u/viw) RWI EM2-2 (BBM)
. [test: Jan 2018-]
; (to be kept in Japan, till 2033)

| RWI-pre QM
\ (shipped to AST: E June 2018)
RWI URF

RWI-Pre
Tohoku Univ
Meisei

e

l [Heritage]
MMO/WPT-Pre
Kaguya/PWS-Pre

(Jan. 2018)

for the Elec. design evaluation of QM

RWI-ANT - m HF
Poland (Astronika) Tohoku Univ

2.5m tip to tip x 3 pairs Meisei
(8m from S/C, ~20m harness)

| (80k-45MHz2) x 3h (u/viw) \ /
N
HF EM2-1 (EM2)

Y (shipped to IRFU: E May 2017)
(to be shipped to System: June 2018)

: | HE EM2-2 (BBM) HE STM

----- [test: Jan 2018-] (shipped to IRFU: E July 2018)
(to be kept in Japan, till 2033)
for the Elec. design evaluation of PFM | HF PFM

(shipped to IRFU: M Dec 2018)

RPWI: H/W Contribution from Japan ---- RWI-preamp + HF

[hard points] radiation, low/high-temperature, long harness (~20m)

[Heritage]

with HF-FPGA
from IRF-Uppsala

Kaguya/LRS
ERG/HFA

Ch2(Y) W]
N

Single Dipole
Antenna 2

|
Ch3(2) v

Survival
Heater #1

Radio and Plasma Wave Investigation (RPWI) on JUICE

Common
stand-off

(location TBC) \
==

Radio and Plasma Wave Investigation (RPWI) on JUICE

(Jan 2012)

Common
stand-off
(location TBC)




[DPU: Software-type Wave Particle Interaction Analyzer (SWPIA)] [DPU: Passive SubSurface Radar (PSSR)]

Implementation: by IRFU (supported by LF + HF) AT [Specification to IRFU: from Tohoku + IRFU] ’

[Specification to IRFU: from Tohoku / Kyoto / Kanazawa] JUI-IRFU-RPWI-TN-087 (PSSR design)
[PEP/ISA] (ion distribution function) U ‘JUI-IRFU-RPWI-TN-091" (SWPIA design)
o) [Heritage] Kaguya/LRS
L ERG/S-WPIA Pros
Ealfv
SpaceWire SPC A

Radio Source: Low-Frequency (& Wide-band)
radio waves from Jupiter
Timing E:‘;: ET;;V::Z':W“Y) Distribution Particle to Wave “ Wave to Particle

Electroni

os(Digital)

which continuously emitted.

of the timeing
singal

Cons

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

Dictrihition
\eing

[RPWI/IM_IWZ] (E-and B-wavef(')rm) [RPWI/DPU]
oo [ (correlations between them)

Subsurface —
Surface Lunar case: AKR by Kaguya LRS

~500km away | "% ——
. | . :

Electronics(

S [Arase] “special MDP” + PWE, ...
Electron interaction

: 3component:

eld: 2 component:

£3 Pla.sma densit;
£2 \w» PWE SPC (~ kHz) o
N SpaceWire % ) :
) . urface —
o o ~150km thickness? Direct
Ambient magnetic field H H -4dB ]
-mae Liquid Ocean “*%__ P
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