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Outline 
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• Precursory work 

 

• Seismology of giant planets 

 - what we know, what we imagine, what we ignore 

 - lessons from stars 

 

• From past observations to JOVIAL 

 

 



Adiabatic oscillations 
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Seismic signal: forcing mechanism, observations 
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Theoretical expectation 

~ 50 cm/s  



 – Jovial kick-off meeting - Nice 5 

   IR observations 

Negative observation  

< 1 m/s  



Jovian seismology 
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Adiabatic oscillations (François-Xavier Schmider’s, Jason Jackiewicz’s talk) 

 Fluid interior: DnJupiter ~ Dnʘ but nmax,Jupiter < Dnmax,ʘ  

Rapid rotation, non-negligible oblateness 

 

Forcing mechanism (Ethan Dederick’s talk) 

Forcing mechanism?  

 

Interior structure (Tristan Guillot’s talk) 

Size and nature of the core 

Bulk composition / heavy elements / mixing process  

EOS at high pressure and degenerate conditions 

Rotation profile 

 

Observational answers 

Gravitational moments; Juno? 

Seismic observations 

 

[+ Saturn rings seismology (Mark Marley’s talk)] 



Direct problem 
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Characterization of interiors models derived from the oscillation spectrum 

 



Direct problem 
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Observation of high angular degrees  probe of the upper envelope 

Lower turning point: w / ℓ = c / r  

 

 In Jupiter 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observation of ℓ ~15 – 25 to probe the 2 Mbar level 
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Acoustic glitches in Jupiter? 

 Jovial kick-off meeting - Nice 11 April 2016 

Glitches = modulation in the oscillation pattern due to sharp gradients of interior 

structure paramers; period of the glitch  acoustic radius of the discontinuity 

In stars, observation of acoustic glitches, of buoyancy glitches 

Acoustic glitches of low-degree modes probe  

 - the base of the convection zone 

 - the helium second-ionization region 

 

 

 

 

 

 

 

 

 Jupiter 

- glitches in low-degree modes probe the region where H becomes metallic 

- glitches in medium-degree modes probe the regions just below the surface 

Mazumdar et al. 2012,  

ApJ 782, 18 



Mixed modes in Jupiter? 
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Mixed modes result from the coupling of pressure waves propagating in the 

envelope and gravity waves propagating in the core 

In stars, gravity modes form in the radiative core of evolved stars 

 Direct view in the core: size, mass, rotation 

 

 

 

 

 

 

 

 

 

 

 Jupiter 

- Gravity modes in the radiative core?  

- Possible coupling? (requires NBV,core > angular oscillation frequencies) 



Conventional forcing mechanism 

 Jovial kick-off meeting - Nice 13 April 2016 

Convection! 

 

Classical view 

A     ~ L1 M-1 

 AJup ~ Aʘ / 106 

 

Jupiter as a star 

 A     ~ L0.818  M-1.32 Teff
-1   (valid from MS to RG, Huber et al. 2011) 

  AJup ~ Aʘ / 50 

 

To be investigated 

Radiative damping 

Quality factor 

Unconventional mechanisms? 

 



Observations 
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Gaulme et al. 2015, Seismology of Giant Planets 

2014arXiv1411.1740G 



Infrared photometry 
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First tentative observation: Deming et al. 1989 

 

Observations of the Shoemaker-Levy 9 fragment impacts in July 1994 

 No detection  energy deposit <  2 1021 J 

 Strong impact    1020 J   waves that probe the upper envelope 

 Very strong impact  1021 J   excitation of pressure modes  

 

In 1994, strongest impacts ~ 20 times too small to excite detectable waves 

Today, new infrared detectors (small pixels, enhanced sensitivity)  

 much easier detection 

 

Mosser et al. 1996,  

Icarus 121, 331 



Doppler measurements 

 Jovial kick-off meeting - Nice 16 April 2016 
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First tentative observation: Schmider et al 1991 

 

Instrument = optical resonant sodium cell 

Complex instrumental visibility due Jovian rotation  

 incorrect calibration of the oscillation amplitude 



Visible photometry 

 Jovial kick-off meeting - Nice 17 April 2016 

No observation: JOVIS project = small mission, phase O-A funded by CNES 

Low-Earth orbit, visible photometry 

Cloud amplification   amplification of the signal by a factor of about 70 

    complicate visibility  

 Gaulme & Mosser 2005, Icarus 178, 84 

Gaulme et al. 2015, Seismology of Giant Planets 

 



Fourier seismometry 

 Jovial kick-off meeting - Nice 18 April 2016 
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First tentative observation: Mosser et al 1993 

Instrument = FTS / CFHT 

1991: drift of the working point  reduced sensitivety 

1996: new set-up  phase measurement  tentative observation 



Fourier seismometry 
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Jupiter observed with the SYMPA in 2005 at Teide Observatory 

SYMPA instrument: Fourier-transform imaging-spectrometer with fixed OPD 

main optical device is a Mach-Zehnder interferometer [Schmider et al., 2007]. 

 

Accurate calibration of the instrument   nmax = 1213  ± 50  μHz 

      Dn  = 155.3 ± 2.2 µHz  

              A  =   49    ± 10  cm/s 

Gaulme et al. 2011, A&A 531, A104  



Lessons from observations 

 Jovial kick-off meeting - Nice 20 April 2016 

 

Day-night alternance *must* be avoided 

 

Photometric observations are noisier than Doppler measurements 

 

Mode visibility is complicate 

 

Observations have to deal with Jovian rotation 

 

Imaging capability 

+ image of the full Jovian disk  

+ spatial resolution up to the degree ℓ = 20 

 

Accurate calibration is necessary 

 best compromise = imaging Fourier transform seismometry 

(but dont forget IR photometry if a comets crashes into Jupiter) 



18 april 2020                                               International weekly journal of science 

 

 

 

€ 10      www.nature.com/nature 
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nature 
Jovian oscillations reveal a 10-MEarth solid core 

 
Differential rotation stronger than expected 

 

The hydrogen plasma-phase transition definitely ruled out 

 

Asteroseismic relations now valid from Rʘ /10 to 1000 Rʘ 

 

Editor’s note: quem Jupiter vult perdere, prius dementat 
  


