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Europa
- Exosphere
- Internal conductive layer
- auroral footprint
- Io torus interaction

Ganymede
- Intrinsic Mag. Field
- Internal conductive layer
- Mini-Magnetosphere
- Local Waves
- Ganymede aurorae
- Auroral Footprint

Callisto
- Exosphere
- Internal conductive layer
- Induced Mag. Field

Jupiter
- Radio Emissions
- UV Aurora
- Magnetic Field
- Polar Cap
- Ionospheric Currents

Io
- Io-Jupiter Circuit
- Plasma Torus
- Alfvén Wings
- Auroral Footprint
- Source of plasma
- dust streams

Electrodynamic portrait of the Jovian System



Spacecraft Orbits
Radio

Instrumentation
Maximum 
frequency

Plasma Wave 
Instrumentation

Sensors

Voyager flyby
total flux, sign of 

circular 
polarization

40.5Mhz E only
Electrical:

2 monopoles 
(10m) 

Ulysses
flyby

(outbound 
was polar)

flux, 
polarization, 

direction 
finding

940kHz E+B

Electrical:
1 dipole (72.5m)

1 axial 
monopole (7.5m)

Galileo
misc 
orbits

total flux only 5.6MHz E+B
Electrical: 

1 dipole (6.6m)

Cassini
distant 
flyby

>135Rj

flux, 
polarization, 

direction 
finding

16MHz
(GP up to 

2Mhz)
E+B

Electrical: 
3 monopoles 

(10m)

New 
Horizons

distant 
flyby

— no Radio & Plasma Waves instrumentation —— no Radio & Plasma Waves instrumentation —— no Radio & Plasma Waves instrumentation —— no Radio & Plasma Waves instrumentation —

Juno
polar 
orbits

total flux only 40MHz E+B
Electrical: 

1 dipole (~2m)

EJSM
(JGO, JEO?)

Tour 
+

Satellites

flux, 
polarization, 

direction 
finding

45Mhz E+B
TBD

(This study!)

+

+

?

~

~

~
×

History of Jovian exploration



[See also the EJSM ElectroMagnetic Sensor Study Poster]

Possible sensor types:
- [a]	

Electric antenna boom (E-HF + E-BF)	

 RPWI-PDD
	

 • long dipole (~6 to 10 m)	

 use SSR?
	

 • triad of short antennas (~1m)	


- [b]	

Langmuir Probe (plasma + E-BF + E-DC)	

 RPWI-PDD
- [c]	

Search Coil (B-BF)	

 RPWI-PDD
- [d]	

High Frequency Magnetic Loop (B-HF)	

 not in PDD
- [e]	

Rogovski Coil (current)	

 not in PDD
- [f]	

Association with MAG instrument (B-DC)	

 TBD
- [g]	

Mutual Impedance Probe (plasma)	

 ⚠ EMC !

Science optimized sensor selection criteria:
- Size, mass of sensors
- Sensitivity (overall gain, preamplifier sensitivity)
- Interference with other instruments FoV
- Accommodation, risks (momentum, oscillations, planetary protection)
- Radiation tolerance (shielding, instrument design)
- Electromagnetic cleanliness (e.g. prefer passive instrumentation)
- ...

Electromagnetic Sensors for EJSM



•Goniopolarimetry: [a] or [d], monopole or dipole, (depending on EM-Sensor Study outcome)
•Thermal Noise Spectrometry: [a] with long antennas
•Dust, nano-dust: [a] with long monopole
•Plasma waves / waveform [a] [b] [c]  with long dipole
•Local plasma parameters: density [a] [b], temperature [a] [b], speed [e], S/C potential [b], magnetic 
field [a] [f], core/halo electron distribution [a]
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Unique Science Aspects
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ABSTRACT

We are proposing a full radio astronomy experiment to be embarked on any of the Europa-Jupiter System Mission. This package includes radio goniopolarimetric remote sensing, plasma wave analysis and quasi thermal 
noise spectroscopy (see poster 56).  
We are proposing a high frequency spectro-goniopolarimeter (ie a spectrometer with 2 channels providing auto- and cross- correlation of the di!erent channel signals allowing to retrieve full polarization and incident wave 
vector). Such a spectrometer shall be connected to "3 antennas (in case of a 3-axis stabilized spacecraft) or 2 antennas (for a spinning spacecraft). The covered frequency range of observation should span from 2 kHz to 45 
MHz, in order to include the full range of auroral radio emissions as well as the one linked to the satellite-magnetosphere interaction. The antenna shall be short (~1 m) to ensure goniopolarimetric measurements up to 45 
MHz. Longer antennas would lower the high frequency limit for goniopolarimetric observations. This instrument will be a miniaturized version of the spectro-goniopolarimeters of Cassini (RPWS/HFR) et STEREO (S/Waves). 
The goniopolarimetric capabilities makes this instrument very complementary with JUNO, as the radio instrument of that latter spacecraft is only measuring the total flux of the jovian radio emissions"(close to and within the 
sources). The most suitable spacecraft of the Europa-Jupiter System Mission (ESJM) for this radio experiment is JMO for being a spinning spacecraft et for its o!-equatorial orbits. It would be however very interesting to have 
such an experiment on each of the ESJM spacecraft. This would ensure direct radio source localization (from multi-point wave vector measurements). This also would be used to remotely sound the plasma environment of 
the jovian satellites when such a satellite is in-between the spacecraft and Jupiter, occulting the radio planetary emissions.
We also propose a complementary low frequency plasma wave analyzer.

A- Radio remote sensing

A goniopolarimetric radio receiver: 
allows to retrieve the flux of of incoming electromagnetic wave, its polarization, its direction of arrival and possibly the size of 
the source.

Type of measurements: 
auto- and cross- correlations of the signal detected simultaneously on several antennas, with a sensitive multi-channel radio 
receiver. 

Multi-spacecraft measurements:
stereoscopic observations with receivers on several spacecraft: source localization, beaming properties

Sensors required:
3 electric short antennas (~1m)

Science objectives

• Radiosources localization (never done >1MHz, magnetic footprint to compare with UV, L-shell: region of  
  acceleration of precipitating electrons...).
• Microphysics of emission processes (via polarization measurements, beaming properties with joint observations 
  with Earth-based radio such as LOFAR...)
• Remote sounding of plasma (propagation effects between observer and source)
• Quasi Periodic bursts (localization?, trigger?, emission process?)
• Jovian Space Weather (Solar Wind parameters / radio correlation)
• Auroral campaigns: Radio/UV(HST)/X-rays(Chandra,XMM) 
• Dynamics of the magnetosphere (radio (nKOM, auroral...) + magnetometers + plasma)
• Galilean satellites magnetospheric interaction (beaming, localization, lead angle + plasma near satellites?)
• Quasi-thermal Noise Spectroscopy (see poster 56)
• Hi-frequency Cutoff => magnetic field near ionosphere

• Satellite science
!!!!- magnetospheric interaction (ganymede radio emissions).
!!!!- ionosphere/wake remote characterization through radio 

 occultation of auroral emissions.

B- Plasma waves

No full plasma wave analysis capability has been flown to the Jovian 
system, hence, this mission provides the opportunity to:

- Measure the wave normal and Poynting flux for whistler mode 
  waves in the Jovian magnetosphere

  - Quantitatively determine the scattering and acceleration of 
    energetic particles due to plasma waves in the Jovian magnetosphere
  - Determine the source of plasma waves associated with the 
    interaction of the magnetosphere with the Galilean satellites, hence, 
    determine the role these wave play in the interaction
  - Determine the local plasma frequency, hence, plasma density 
    from the frequency of upper hybrid waves.
  - Determine the source of plasma waves in Ganymede's 
    magnetosphere and their role in scattering and/or acceleration of 
    charged particles in the magnetosphere.

Sensors required:
3 electric antennas (~1m) and 3 magnetic search coils.
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(Cross-Instrument or Cross-Spacecraft)

Galilean Satellite Science
- flyby science (local electrodynamic content, induced magnetic response)
- magnetospheric interaction (alfven wings, current, magnetosphere, exosphere,  footprints)
- Ganymede magnetosphere (stereo observations)
- magnetospheric context (ENA, UV, IR, Radio, Io torus)

Radio & Plasma Wave Instrumentation provides:
- Unique and continuous radio remote sensing
- Unique and reliable local plasma diagnostic

- Stereo (radio-in situ): correlation radio footprint + local electrodynamic content
- Stereo (radio-radio): Io radio footprint + Ganymede ? + Europe ? ➟ radio emission 
	

 microphysics (radio beaming, electron energy and distribution function)

SYNERGISTIC SCIENCE JGO/JEO
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(Cross-Instrument or Cross-Spacecraft)

Magnetosphere Science
- Stereo (radio-radio): 
      both inside magnetophere; 
      Solar Wind Spaceweather; 
      Io torus Spaceweather
- Latitudinal coupling (radio & in situ)
- Plasma wave interactions

SYNERGISTIC SCIENCE JGO/JEO
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the jovian satellites when such a satellite is in-between the spacecraft and Jupiter, occulting the radio planetary emissions.
We also propose a complementary low frequency plasma wave analyzer.

A- Radio remote sensing

A goniopolarimetric radio receiver: 
allows to retrieve the flux of of incoming electromagnetic wave, its polarization, its direction of arrival and possibly the size of 
the source.

Type of measurements: 
auto- and cross- correlations of the signal detected simultaneously on several antennas, with a sensitive multi-channel radio 
receiver. 

Multi-spacecraft measurements:
stereoscopic observations with receivers on several spacecraft: source localization, beaming properties

Sensors required:
3 electric short antennas (~1m)

Science objectives

• Radiosources localization (never done >1MHz, magnetic footprint to compare with UV, L-shell: region of  
  acceleration of precipitating electrons...).
• Microphysics of emission processes (via polarization measurements, beaming properties with joint observations 
  with Earth-based radio such as LOFAR...)
• Remote sounding of plasma (propagation effects between observer and source)
• Quasi Periodic bursts (localization?, trigger?, emission process?)
• Jovian Space Weather (Solar Wind parameters / radio correlation)
• Auroral campaigns: Radio/UV(HST)/X-rays(Chandra,XMM) 
• Dynamics of the magnetosphere (radio (nKOM, auroral...) + magnetometers + plasma)
• Galilean satellites magnetospheric interaction (beaming, localization, lead angle + plasma near satellites?)
• Quasi-thermal Noise Spectroscopy (see poster 56)
• Hi-frequency Cutoff => magnetic field near ionosphere

• Satellite science
!!!!- magnetospheric interaction (ganymede radio emissions).
!!!!- ionosphere/wake remote characterization through radio 

 occultation of auroral emissions.

B- Plasma waves

No full plasma wave analysis capability has been flown to the Jovian 
system, hence, this mission provides the opportunity to:

- Measure the wave normal and Poynting flux for whistler mode 
  waves in the Jovian magnetosphere

  - Quantitatively determine the scattering and acceleration of 
    energetic particles due to plasma waves in the Jovian magnetosphere
  - Determine the source of plasma waves associated with the 
    interaction of the magnetosphere with the Galilean satellites, hence, 
    determine the role these wave play in the interaction
  - Determine the local plasma frequency, hence, plasma density 
    from the frequency of upper hybrid waves.
  - Determine the source of plasma waves in Ganymede's 
    magnetosphere and their role in scattering and/or acceleration of 
    charged particles in the magnetosphere.

Sensors required:
3 electric antennas (~1m) and 3 magnetic search coils.
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- dust ➟ sputtering ➟ surfaces	

 [Surface]
- radio monitoring ➟ Radar intruments 	

 [Surface/Interior]
- calibration reference (plasma density + S/C potential)	

 [plasma particle instruments]
- event triggering: burst mode observation, onboard boundary crossings detection, 
	

 instrument mode change (cf STEREO, THEMIS)	

 [Engineering]
- current detection ➟ magnetometer data ➟ interior magnetic field (cf ESA/SWARM)	

[Interior]
- diagnostic of onboard S/C activity/interference 	

 [Engineering]
- radio/UV ➟ auroral emission	

 [Atmosphere]
- Ganymede/Io local aurora	

 [Surface/Atmosphere]

COMPLEMENTARY SCIENCE

Dust detection with STEREO/Waves



differ by 7401 from that of Io. For such an interaction
between an unmagnetized satellite and the Jovian field, the
radius of the obstacle to be considered is the typical exo-
ionospheric radius, taken as 1.1! to 1.4!RIo in the case
of Io [Kivelson et al., 1997b].

The power dissipated through the ‘‘dipolar’’ interaction
(Pd) can be estimated from the reconnected magnetic flux
at the magnetopause. Following Akasofu (1981, 1982) we
can express the flow-magnetosphere reconnected power as
the Poynting flux on the magnetopause cross-section, or
equivalently (following Eq. (2)):

Pd ¼ !KðVB2
?=moÞpR

2
MP (5)

with e a reconnection efficiency of the order of 0.1–0.2, and
K, a function that ‘‘triggers’’ the reconnection in response
to the magnetosphere state (open or closed). Depending on
the orientation of the planetary dipole field, K is
represented by a sin4(y/2) (for Earth) or cos4(y/2) function
(for Jupiter and Saturn), y being the angle between the
magnetic field embedded in the flow and the field of the
obstacle. The relative orientation of Ganymede’s field and
of the Jovian field is such that K%1 (open magnetosphere
case). Thus, the dissipated (reconnected) power may be
written

Pd%!ðVB2
?=moÞpR

2
MP. (6)

It is a fraction e of the incident Poynting flux VB2
?=mo

! "

on the obstacle of cross-section (pR2
MP, with RMP%2.5&3!

RG the radius of Ganymede’s magnetosphere). The
strongly magnetized environment of Ganymede leads to
expect a value of e larger than in the Earth’s magneto-
sphere case, up to 0.3 (Kivelson et al., 1997a). Ip et al.
(2004) have studied via MHD simulations the shape of
magnetospheric (obstacle) field lines as a function of the
orientation of the magnetic field embedded in the plasma
flow.
In the case of the Io–Jupiter ‘‘unipolar’’ interaction, the

dissipated power has been estimated via several mutually
consistent approaches. The potential drop across the
obstacle (Io’s ionosphere) is

f ¼ E ! 2Robs ¼ V ! B? ! 2Robs (7)

with V ¼ 57 km/s, B? ¼ BJ the Jovian field at Io’s orbit
(%0.02G), thus E%0.1V/m, and an obstacle radius
Robs ¼ (1.1&1.4)RIo, thus f%500 kV. The Voyager 1
spacecraft deduced from magnetic field perturbations
measured near Io that a current of intensity I ¼ 2&3! 106

Amperes was circulating in the Io flux tube (IFT), thus a
first crude estimate of the dissipated power is

Pd ¼ I ! f% 102 W ðper hemisphereÞ.

A nonlinear MHD analysis of the Io–Jupiter circuit led
Neubauer (1980) to infer the existence of currents
perpendicular to the Jovian magnetic field in the Alfvén
wings, contributing to close the Io current circuit (instead
of Jupiter’s ionosphere only in the unipolar inductor case
of Goldreich and Lynden-Bell (1969)). Neubauer (1980)
expressed the Alfvén conductance as

SA ¼ MA=moV ð1þM2
AÞ

1=2

when the flow is strictly perpendicular to the field
(MA ¼ V/VA is the Alfvén Mach number, with VA%B/
(Nmmo)1/2), and derived a dissipated power

Pd ¼ SA ! E2 ! pR2
obs% 102 W ðper hemisphereÞ.

Following Zarka et al. (2001a), we rewrite the above
expression as

Pd ¼ ð1þM&2
A Þ&1=2ðVB2

?=moÞpR
2
obs. (8)

This expression is identical to (5) except for the factor ð1þ
M&2

A Þ&1=2 instead of e. Whatever the value of MA, one has

MApð1þM&2
A Þ&1=2p1.

The Io–Jupiter interaction occurs in sub-Alfvénic re-
gime, with MA ¼ 0.15–0.3, implying ð1þM&2

A Þ&1=2 ¼
0.15–0.3, very similar to the expected value for e. The
detailed values of the efficiency also depends (through E)
on the conductivity of the obstacle.
We infer thus a general estimate for the power dissipated

Pd via a satellite–magnetosphere interaction, be it ‘‘uni-
polar’’ or ‘‘dipolar’’

Pd%!ðVB2
?=moÞpR

2
obs. (9)

This very general expression is simply the fraction e of the
magnetic energy flux convected on the obstacle. It is
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Fig. 6. Generalized ‘‘Radio Bode’s laws’’ showing the proportionality
(slope%1) between output planetary radio powers and the SW power
(kinetic-upper horizontal scale- or magnetic-lower horizontal scale)
incident on the magnetopause. E, J, S, U, N are the initials of the 5
radio planets. Kinetic-to-radio efficiency is %10&5, magnetic-to-radio
efficiency is %2! 10&3. Open dots show the correlation between induced
radio emissions from Io, Ganymede and an upper limit for Callisto, and
dissipated magnetic power deduced from Eq. (8) and Table 2. The thick
bar results from extrapolation to hot Jupiters of the SW–planet
magnetospheric interaction (solid) and dipolar and unipolar star-planet
interaction (dashed).
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RPW instrumentation added value

• Unique jovian system space weather (Solar Wind, Io 
torus...) via remote sensing and in situ measurements.

• Unique stereoscopic mission concept opportunity.

• Pluri-disciplinary science.

• Passive and reliable local plasma parameters 
diagnostics necessary for other instruments.

• Strong collaboration/enhanced science return between 
instrument teams (see MAPS group on Cassini)

• Strong heritage in the community (Cassini, STEREO, 
Bepi-Colombo/MMO, JUNO, RBSP...)


