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Conventional Jupiter-Formation Model
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Ikoma et al. (2000) Two Separate Phases

Phase 1 - Core growth

Phase 2 - Envelope growth

… Cores grow via accretion 
of 10-100km planetesimals.

… Strong gravity of 
the critical core triggers 
runaway gas accretion.

*** Critical Core Mass ***

Mass of the core is a clue to the origin of Jupiter.



Ice + Rock
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Is a high-density core present at 
the center? How massive is it? 
Is there a clear boundary b/w core 
& envelope? 
How much heavy elements are 
contained in the envelope? 
Where does the molecular/metallic 
transition occur in the envelope?

Key Questions



Conventional Estimate of Core Mass
430 J.J. Fortney, N. Nettelmann

Fig. 1 Mass of the core and of
heavy elements within the
envelope. Each box represents
the solutions found using a
particular equation of state as
listed in Table 1. In the case of
DFT-MD EOS models which
originally have Ȳ = 0.238, we
also indicate the position if 3%
(∼9M⊕) of metals are replaced
by He in order to have Y = 0.27,
in accordance with all other
models in this figure

Fig. 2 Mass fraction of heavy
elements in the outer envelope
(Z1) and the inner envelope (Z2)
of Jupiter interior models using
the different equations of state
described in Sect. 2.2. The dotted
region shows the atmospheric
metallicity if the O abundance is
similar to the values measured
for C, N, S and some noble gases,
i.e. 2–4 times solar

our current knowledge, we conclude that the interior of Jupiter is badly constrained with a
possible core mass ranging from 0 to 18M⊕ and an envelope heavy element (Z) mass from
0 to 37M⊕. If these large uncertainties are taken at face value, a prediction about Jupiter’s
formation process is highly unreliable.

Figure 2 shows the mass fraction of metals in the two envelopes for the same EOSs as in
Fig. 1. Models without a discontinuity of metals have Z1 = Z2 per definition. For tentative
evaluation of these results, Z1 is compared with the range of atmospheric abundances of
some volatile species, where we used two assumptions. The first is that O atoms are as
abundant as the species C, N, S and Ar, Kr, Xe, i.e. 2–4 × solar (Mahaffy et al. 2000), and
the second is a mass fraction equivalent of 1× solar ≃1.9%. As stated in Sect. 2.3, the
real O abundance xO in Jupiter might be much higher than the measured value of 30% of
the solar value due to condensation of water above 20 bar, where the Galileo probe stopped
working (Wong et al. 2004). If however xO ≪ xC,N,S,P, then the lower boundary of the dotted
region in Fig. 2 would sink, otherwise if xO ≫ xC,N,S,P, then the upper boundary would rise.

Fortney & Nettelmann (2010, SSRv) w/ Miguel et al. (2016, A&A)
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has been inferred from 
measured gravitational 
moments.

Gravitational moments are 
sensitive not to deep 
envelope structure, but 
to outer-envelope 
structure.

Big uncertainty about internal 
composition of Jupiter



Jovian Seismology
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Jovian Seismology
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The core is sensed by  
modes of frequency > ~2 mHz & low degree.



Frequency spacing      is ~ 0.16 mHz.

Previous Detection
The SYMPA Project

Gaulme+ 2011` = 1
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Two excesses are found around frequencies 
of 1.2 mHz and 2.8 mHz.

�⌫

Detected global oscillations of Jupiter!



Previous Detection
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Comparison with models

The inferred value agrees 
basically with the 
theoretical predictions.

Useful for validating Jupiter 
models

More accurate determination 
of Δν can constrain the core 
mass more definitively.



 Jovian Oscillations through radial Velocimetry 
ImAging observations at several Longitudes 

F.-X. Schmider (Obs. Cote d’Azur), P. I.



JOVIAL Network Observation
Continuous observations from 3 sites

> 50% duty cycle over two weeks

Observatoire de Calern  
(France)

National Solar Observatory  
(United States)

Okayama Observatory (Japan) 
…188 cm telescope

Ishigaki Observatory (Japan) 
…105 cm telescope
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～内部構造と起源の解明に向けて～



Observation in May, 2018
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UT / JST (9 May 2018)

Okayama 188cm



Jupiter’s Elevation

Nice

Apache point

Okayama



The Instrument 

Measures the Doppler shift of 
reflected solar lines at 517nm

Mach-Zehnder interferometer

Linear combination of the interferograms 
leads to a radial velocity map.

位相が90度ずつずれた 
木星の干渉像

Doppler  

Spectro- 

Imager

Noise level < 4cm/s in 2 weeks
Velocity accuracy ~ 20m/s/“ in 1h

Image of  Jupiter



The Okayama 188cm

2018.3-4
Transport & install 
of the instrument

TENTATIVE SCHEDULE

Test observation

2018.5
Observation



Observation in June, 2019

Okayama 188cm Ishigaki 105cm

UT / JST (10 June 2019) UT / JST (10 June 2019)



Summary

The internal structure, especially the mass 
of the core and the distribution of heavy 
elements in the envelope, provides crucial 
constraints to the origin of Jupiter.
Conventional inference of the interior based 
on gravitational moments contains a large 
uncertainty regarding the internal composition.
Our network observations of Jovian 
oscillations at Okayama/Ishigaki, Nice, & New 
Mexico, which are scheduled in May 2018 & 
June 2019, is expected to narrow down the 
uncertainty greatly.

Stay tuned!


