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Probing deep...
Atmospheric probes (spectroscopy, in situ):
skin-deep measurement of the composition

Assumed uniform composition in 
the molecular envelopeSomething happens at ~Mbar level:

molecular/metallic hydrogen transition
helium differentiation

Assumed uniform composition in 
the metallic envelope

A central dense core is generally 
needed to fit the measured 

gravity field
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Theoretical bases
Vorontsov et al. (1976) and subsequent work: identification of free oscillation modes

Bercovici & Schubert (1987): Trapped high degree accoustic waves (form + excitation)
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Theoretical bases
Vorontsov et al. (1976) and subsequent work: identification of free oscillation modes

Bercovici & Schubert (1987): Trapped high degree accoustic waves (form + excitation)
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u~80m/s, c~1000m/s => M~0.08

=> u0~0.5m/s
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• Fw~ρu02c ~ 10-4 g/cm3 (50 cm/s)2 105 cm/s ~ 25000 erg/cm2/s

• Intrinsic flux and absorbed solar flux

• Fint= 5440 erg/cm2/s

• Firr=8140 erg/cm2/s

• Lifetime of the modes required for u0 assuming ϵFtot~1%(Fint+Firr) 
are transfered to the p-waves:

• τlifetime~τmode (Fw/ϵFtot) ~10mn (25000/(13600x1%)) ~ 1.3 days
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Theoretical bases
Vorontsov et al. (1974) and subsequent work: identification of free oscillation modes

Bercovici & Schubert (1987): Trapped high degree accoustic waves (form + excitation)
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IR Observation

Deming et al. (1989)

No oscillation at the 0.07K level, equivalent to ~1m/s velocity

IRTF
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Doppler shift observations

Schmider et al. (1991)
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Fourier Transform Spectrometer Observations 

Mosser et al. (1993)

9



T. Guillot 28 oct 2011

Other works

• Marley & Porco (1992): Resonance of f-modes, possible gaps 
in Saturn’s rings

• Provost et al. (1993): Asymptotic calculation with jovian core

• Lee (1993): Non-perturbative approach including rotation

• Mosser et al. (1994): Link with the observables

• Gudkova et al. (1995): Influence of the troposphere & core, 
inverse problem

• Lederer & Marley (1995): Power spectrum contaminated by 
albedo features at f<700mHz, but not above
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SYMPA
Seismographic Imaging Interferometer for Monitoring of Planetary Atmospheres

Magnesium triplet: 517nm

Schmider et al. A&A (2007)
Gaulme et al. A&A (2008)
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SYMPA
Seismographic Imaging Interferometer for Monitoring of Planetary Atmospheres

Magnesium triplet: 517nm
fringe contrast

wave phase map:

Gaulme et al. A&A (2008)
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SYMPA
Seismographic Imaging Interferometer for Monitoring of Planetary Atmospheres

Jupiter’s rotation:

Final velocity map 
(averaged over 5 mins):

Gaulme et al. A&A (2008)
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SYMPA: data analysis

Ylm basis:

velocity map

Sum of the time series l,m=1,0  &  1,+/-1

Power spectrum:
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SYMPA: data analysis

Power spectrum:
Δν0

Power spectrum of the 
power spectrum:

Power spectrum:

Echelle diagram
Gaulme et al. A&A (2011)
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Analysis of a CoRoT lightcurve
Power spectrum
of HD 181906:

Power spectrum:

Echelle diagram

Garcia et al. (2009)

Comparison with other stars
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SYMPA: data analysis

Power spectrum:
Δν0

Power spectrum of the 
power spectrum:

Power spectrum:

Echelle diagram
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SYMPA: data analysis

Power spectrum:
Δν0

Frequencies & amplitudes 
of the peaks:

Power spectrum:

Oscillation frequencies

Gaulme et al. A&A (2011)
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SYMPA & interior models

Power spectrum:
Gaulme et al. A&A (2011)
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What is next?
• Juno’s arrival at Jupiter in 2016

• Accurate gravity field measurements (up to J10 and beyond)

• Accurate mapping of the magnetic field

• Constraints on the deep water abundance (radiometry)

• JUICE: an ESA mission to the Jupiter-system

• Proposal for an on-board sismometer called DSI-ECHOES (PI: F-X 
Schmider)

• Future ground-based observations

• Jupiter is becoming a good target again for Northern hemisphere 
observations
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