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Conventional Jupiter-Formation Model

100

thoma et l. (2000 | | Two Separate Phases
A 80F ® 1 Phase1-Core growth
g O .. Cores grow via accretion
~ 60} 2 of 10-100km planetesimals.
£ ;
W 4 *** Critical Core Mass ***
§ Phase 2- Envelope growth
s 20f .. Strong gravity of

the critical core triggers

runaway gas accretion.
20

Time (Myr)

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



Cloudy atmosphere
Gaseous Hydrogen
Liquid Hydrogen

Metallic Hydrogen

Ice + Rock

Key Questions

® /s a high-density core present at
the center? How massive is it?

® /s 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?



Conventional Estimate of Core Mass

Fortney & Nettelmann (2010, SSRv) w/ Miguel et al. (2016, A&A)
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Big uncertainty about internal
composition of Jupiter



Jovian Seismology

Radial displacement

&r(1,0,0,t) = a(r) Yy (0, ¢) exp(—2mivt)

- Spherical harmonics
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Jovian Seismology
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The core is sensed by

modes of frequency > ~2 mHz & low degree.



Previous Detection

The SYMPA Project
0.15 F € _l 1 — Data smoothed over4ule 1 Gaulme+ 2011
T ——Data smoothed over 14-129 uHz
- ——Background fitting
i(; 0.10 | ——Background + excess power fitting
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Detected global oscillations of Jupiter!

=5 Two excesses are found around frequencies
of 1.2 mHz and 2.8 mHz.

= Frequency spacing Ay is ©~ 0.16 mHz.



Previous Detection
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Modified from Fig. 9 of Gaulme+ 2011

Core mass [Earth mass]

Comparison with models

1
Rj
Ay = (2/ dr)
0 C

LM-SOCP «+ The inferred value agrees
F - basically with the
W Obs. theoretical predictions.
SCvVH-i =+ Useful for validating Jupiter
- models
«+ More accurate determination
| , of Av can constrain the core
5 10 45 Mmass more definitively.



(D) Obsenatoire VR
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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

National Solar Observatory Observatolre de Calern
(United States) = = ~_-- ZFrance)

| * =L _:_._‘*;; e =2 *

By Oka-yama Dbservatory (Japan)
= I "-:-:_...: 188 cm tefescope

= .- -

" W L - ISh‘lgakl Observatory (flapan)
% : -~ ..108 cm telescope



The Japanese Team
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Observation in May, 2018
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Jupiter’s Elevation
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Doppler - J

OPD
modulation

Spectro- | &=

| mager
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«+ Mach-Zehnder interferometer

«+ Measures the Doppler shift of
reflected solar lines at 517nm

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

Image of Jupiter

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




The Okayama 188cm

TENTATIVE SCHEDULE

2018.3-4
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Observation in June, 2019
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