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The moon formed in a
circumplanetary disk
(CPD)









Analytic models

Minimum Mass Sub-Nebula
Gas Starved Disk



Infall from the protosolar nebula

, Jupiter .

gas accretes onto Jupiter

Canup & Ward 2002 Gas StaVEd DiSk



Minimum Mass Sub-Nebula

No Source from the protosolar nebula
Massive enough to form the moons

Very massive and hot

Lunine & Stevenson 1982
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Tanigawa et al 2012

Hydrodynamic models :
meridional circulation



Hydrodynamic models : large variety

Dependence on :
* Gas opacity

* Jupiter timescale of formation

* Jupiter temperature

* Jupiter magnetic field



magnetospheric truncation
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How to discriminate the models ?
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Radial drift (inward)

Pure condensates
pebbles

Schneerberger et al 2023
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Enceladus
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Hydrated minerals : source of water

400-600 K

Phyllosilicate Dehydration line

Dehydrated phyllosilicates Phyllosilicates possibly ice
silicates

Mousis et al 2023



Hydrated minerals : source of water

400-600 K

Phyllosilicate Dehydration line

Hﬁ.

Dehydrated phyllosilicates Phyllosilicates possibly ice
silicates

Mousis et al 2023
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CPD substructures

“HOT)) ((COLD)) HO.T”
region region region

[ CPD model ]

Jupiter Vapor
(2000 K)

[ Volatile species evolution ]

Infall from the Protosolar nebula

Schneeberger et al in prep



CPD substructures
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Further D/H ratio measurements to

come with JUICE and Europa-Clipper

Organics
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f=(D/H)y,o/(D/H)y,

Warm region
evolve toward

protosolar
D/H

Horner et al 2008



Toward thermochemical
modelling

Adaptation of protoplanetary disk
thermochemical models to CPDs such as
ProDiMo



A&A proofs: manuscript no. aanda

Mass fraction of impurities
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A&A proofs: manuscript no. aanda

Mass fraction of impurities
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Conserve the
molecular diversity
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CO. ice in chaos
terrains regions
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Originate from accreted
1. CO:ice

2. Complex Organic
Matter
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We need to couple these analysis with
Orbital Evolution

Interior Structure Evolution



Not enough solids to form the moons

Accreted material from the protoplanetary disk
is dust depleted by a factor 10-100

Not enough to form the moons

Tanigawa et al 2012



Solutions

Dust is lifted from the midplane (szulagyi et al 2022)
or
We have to find other sources of solids :
* Captured planetesimals (Ronnet et al 2017)

* Captured collision debris



PDS 70

Looking elsewhere

¢

8 systems with tentative
detection of CPD
Around very massive planets
(>5 M)




PDS 70

Looking elsewhere O

CPD C/0 larger than the disk
Delorme 1 AB, CT Cha b

WISPIT-2

Malin et al 2025



PDS 70

Looking elsewhere O

Very hot silicate dust
emission (>1000 K)

PDS 70 b-c, YSES b-c, TWA 27 b

WISPIT-2

)

Malin et al 2025



Takeaways

1.Most of primordial constrains no longer exists.

» Isotopic ratios

» Interior structure

2.Combination of CPD structure and composition

MOGC

3.Stuc

MOGC

elling can produce these o

y of forming exoplanets wi
els in coming years

pservables

| help constrain



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

