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MOTIVATION WHY STUDY JUPITER?

® Jupiter is the biggest giant in the Solar System

® [t highly influenced the history of our Solar System

Understanding Jupiter
we will know more

about the history of our
own Solar System

® \Whatis it made of?

® Does it have a core?

................. YamiIaMigueI



JUPITER INTERIOR: PRE - JUND RESULTS
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WHAT DO WE KNOW?: ATMOSPHERES
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WHAT DO WE KNOW?: Js
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WHAT DO WE KNOW?: Js

Contribution fonctions
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WHAT DO WE KNOw?: Js
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WHAT DO WE KNOW RBOUT JUPITER?

Mcore=0' I7MEar‘th

Mz up to 40 M Farth

(Saumon & Guillot 2004,

Nettelmann + 2008,2012, Helled & Guiillot 2013,
Hubbard & Militzer;201 6, Miguel +2016)
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WHAT DO WE KNOW RBOUT JUPITER?

»+He

JUPITER'S INTERIOR Juno!

Mcore=0' I7MEar‘th

Mz up to 40 M Farth

(Saumon & Guillot 2004,

Nettelmann + 2008,2012, Helled & Guiillot 2013,
Hubbard & Militzer;201 6, Miguel +2016)
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MoDELING JUPITER'S INTERIOR: EOS

Miguel, Guillot & Fayon

A&A 2016
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MoDELING JUPITER'S INTERIOR: EOS
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MoDELING JUPITER'S INTERIOR: EOS
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MoDELING JUPITER'S INTERIOR: EOS

Saumon
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MoDELING JUPITER'S INTERIOR: EOS

Saumon
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E0S - ComPARISON WITH EXPERIMENTS
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MoDELING JUPITER'S INTERIOR

CEPAM (Guillot & Morel 1995)
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MODELING JUPITER'S INTERIOR: OPTIMISATIONS

Initial parameters: Mcore,Yatm, Zatm,Ydeep, Zdeep...

N ceram (Guillot & Morel 1995)

Radius, |2, |4

We find a solution!

................. YamiIaMigueI



JUPITER'S INTERIOR - PRE - JUND RESULTS
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JUPITER'S INTERIOR - PRE - JUND RESULTS

Interior Models:
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JUPITER'S INTERIOR - PRE - JUND RESULTS

InteriorlModeIs:
50 i Miguel et al. (2016)
D 40 |
X 30| JUP230
o) T(Jacobson 2003)
.| i S
20 |
JUP310
i (Jacobson 2013)
1 O Campbe/l & Synnott ( 1985)
-600 595 590 -985 580 575 -570
Jg X 10°

................. Yam”aMigueI



JUPITER'S INTERIOR - PRE - JUND RESULTS

Interior Models:
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JUPITER'S INTERIOR - DIFFERENT E0S
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JUPITER'S INTERIOR - DIFFERENT E0S
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JUPITER'S INTERIOR - DIFFERENT E0S
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JUPITER'S INTERIOR - DIFFERENT E0S

REOS3b

Mcore [ M Earth]

0 10 20 30 40
Mz [MEar]

Miguel, Guillot & Fayon

A&A 2016
() Yam"IGM"gueI .................



JUPITER'S INTERIOR - PRE - JUND RESULTS
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JUPITER'S INTERIOR - PRE - JUND RESULTS
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JUPITER'S INTERIOR - PRE - JUND RESULTS
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JUPITER'S INTERIOR - PRE - JUND RESULTS

Recent EOS lead to large
core masses

Mcore =7-17 MEarrh

MZ UptO 33 M:arth

RM 46 ..
Miguel, Guillot & Fayon (A&A 2016)
................. YamiIaMigueI



JUPITER INTERIOR: FIRST JUNO RESULTS
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A Juno Mission : OrsiT
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8. Juno MissioN : INSTRUMENTS

= \ w -

I

National Aeronautics and
Space Administration

Juno’s Instruments

Gravity Science and Magnetometers
JunoCam : Study Jupiter’s deep structure by mapping the

'/ Uttraviolet planet’s gravity field and magnetic field
Spectrograph (UVS)
_ Microwave Radiometer

Probe Jupiter's deep atmosphere and measure
how much water (and hence oxygen) is there

JEDI, JADE and Waves
_ Sample electric fields, plasma waves and
j\o"'a”llrh‘/‘fmm particles around Jupiter to determine how the
e 8 r SR v
( JT,;(L,?,,) s : . : magnetic field is connected to the atmosphere,

S and especially the auroras (northern and
Plasma Waves Instrument / southern lights)
(WAVES) 35

UVS and JIRAM
SPACECRAFT DIMENSIONS ; Using ultraviolet and infrared cameras,
Diameter: 66 feet (20 meters) G .~ o take images of the atmosphere and auroras,
Height: 15 feet (4.5 meters) B = = A S\ including chemical fingerprints of the gases
. ! present

JunoCam

: : Take spectacular close-up, color images
For more information:

missionjuno.swri.edu &
www.nasa.gov/juno

Jovian Auroral
Distributions
Experiment (JADE)

Microwave
National Aeronautics and Space Administration Radiometer (MWR) (600 MHZ . 2 2 4 4. 8 9 22 GHz

Jet Propulsion Laboratory % 3 N
California Institute of Technology Jupiter Energetic-particle

Pasadena, California Detector Instrument (JEDI)

+ Magnetometer

WWW.nasa.gov




SOME PHOTOS

Juno Mission
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A Juno Mission : SomE PHOTOS
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A Juno Mission : FIRST RESULTS
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A Juno Mission : FIRST RESULTS
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Bolton+ (Science, in press 2017)
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Juuu MlssmN Fmsr RESULTS

GAUSS

\
80° 60° 40° 20° -20° -40° -60° Latitude
1 | | | 1 | | | | L N

12:00 12:30 13:00 13:30
August 27 Day 240, 2016

The maximum magnetic field observed was 7.766 G, more than
an order of magnitude greater than Earth’s.

The rich harmonic content indicated a dynamo generation region
not far beneath the surface.



A Juno Mission : FIRST RESULTS

| Interior Models:
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A Juno Mission : FIRST RESULTS
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A Juno Mission : FIRST RESULTS

Interior Models:
- EHubbard & Militzer(2016)
50 . sNettelmann et al. (2012)
A MH13+SCvH
B REOS3b
| @ SCvH
®O 40 v
T O -
A Error in Js — o SE— :
< 30 JUP230 Js with -
O T differential
- _ _ rotation
20 - G (Guillot, 99)
JUP310
1 O i Campbell & Synnott (1985)

-600 -590 é580
From Miguel, Guillot & Fayon J 4 X 10
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A Juno Mission : FIRST RESULTS

Molecular hydrogen
(He depleted, Z moderate)

»
‘‘‘‘‘‘‘‘‘‘

REOS3 v

MHI3 X

Wahl + (GRL, 2017 in press)
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A Juno Mission : FIRST RESULTS

Molecular hydrogen
(helium depleted)

REOS3 v REOS3 v

MHI3 X MHI3 Vv
Wahl + (GRL, 2017 in press)
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AJuno : EFFECT OF R DILUTE CORE

T T T T T T T T ]

i 4 | AU U U L RS S S A . R S S A . R S
. i 10 x Solar‘ R i
= .'. ‘.‘ - 45 | ,’ _
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I H : : ] L 9xSolar
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' . 1 @ iy T ST :

- : : a ) ¢,

34.5 — ’ o o //@/ -
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A 4+ Z=Z;., ASat P=50.0 GPa : 1 I /. 7z,
33 5 1 I 1 I 1 I 1 | P 1 | L | 1 | 1 I - | | . | ﬁ\?}\\"’ |
- — — — — — — — — — 2 L L 1 1 L L L L 4 1 L 1 1 1 1 1 1 - 1 1 1 1
596 594 592 590 588 586 584 582 580 O0 5 10 15 0 55

6
J4x 10 Mcore

Wahl + (GRL, 2017 in press)



STANDING (UESTIONS

Models:
Knowledge of H-He EQOS is crudal to determine giant planets interior struc
Heavy elements EOS, mixtures of heavies with H and He?

Distribution of heavy elements in the interior and energy transport
Differential rotation
Observations & Experiments:

Water measurements in the deep atmosphere of Jupiter
Osdlations?

Hugoniot experiments for better constrains on EOS

................. YamiIaMigueI



[AKE HOME MESSRGE

Juno first 2 passages greatly improved accuracy of Js

New interior models have a higher concentration of heavies in the me
region (independently of the EOS!) & larger cores!

This implies that mixing was not complete in Jupiter's envelope
20< Mz,total<45 M@ - 6<Mcore< 25 M@

Some more questions:

A barrier at the He/H phase
separation region?

Stable (conductive) zones inherited
from the formation era?

Double-diffusive convection (with e.g.
an eroding core)?

................. YamiIaMigueI
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New interior models have a higher concentration of heavies in the me
region (independently of the EOS!) & larger cores!

This implies that mixing was not complete in Jupiter's envelope
20< Mz,total<45 M@ - 6<Mcore< 25 M@

Some more questions:

A barrier at the He/H phase
separation region?

Stable (conductive) zones inherited
from the formation era?

uno team! Double-diffusive convection (with e.g.

July.3xd 2016 an eroding core)?
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