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ApXxtreaneraiplanesyistems

Current population of known exoplanetshibita wide diversityin nature and architecture
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A Originof diversity?

AWhichprocessesleterminethe
final outcomeof planetarysystems

« Kepler» populationplanets with sizes
as small as and orbits as large as those
the Earth



Josdowmnapfanets

Whichiinitialcconditions/would favor
compact,;shorperiod multtplanet

systemsrin/theinneridisk; atiatdistance
rangingffrom 0.1 awto a few awfrom:-the

central star?

[Mishra+2023Batygin& Morbidelli 2023]
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single planet

Venus systems

Mercury

‘ Jupiter . Saturn ® Neptune - Earth Mercury
[Winn+2018]
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Structurevahaaprotopladetasy

A Materialreservoirdrom whichstar andplanetsare formed.
A Mostly constituted ofjas with a smalfractionin dust grains
A Set the initial conditions for plandbrmation

A Interactions planet(s)/host dishrief (< 10Myr) but foundational
A Imprinted on the disk structures
A Impact the evolution of the planstar-disk system.

How do dlisks shape star and planet formation?

[Observestructuresand evolution of protoplanetary diskgvhile planet formation is happening}
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Motivasdabal view of the protopla

100 au

10 au 1 au

emission lines (e.g., CO)

......
.....

5-15 auresolution

um-sized dust grains
Disk structures

IR scattered light

(sub-) mm/cm
continuum

Pebblesizedparticles
Dust density and temperature
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VLT/SPHER

5 auresolution

[Andrews2020]
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Ring/Cavity

[Andrews2020]
[Benisty+2022, PPVII]
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Glolmw of the protosiznetary: dekaoltknatstax

Wind Embedded planet

Jet
Shadows ?

Clumps - Scale ...~
gas
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Dust traf8

I

Dust traps,

limation :
Sublimatio orines

front
10 AU

D.03AU 0.4-1AU

[Adaptedfrom Dullemond& Monnier 2010]

emission lines (e.g., CO)

(sub-)mm/cm
continuum
(+ optically thin lines; e.g., C'%0)
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Opticabaseinterferobre@kthrough

Wind
Jet

Shadows ? 0.30.5au in NIR
dle “ ~2 au in MIR
GRAVITY® \\ ¥
~a few 0.01 au ,
Magnetospheric
accretion |
Sublimation Dust traps,
. front ortices ?
Koéku 0.1 -1AU ~0.2 auin NIR

- il
ESPaDOnN8s visible
SPIRoun NIR
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GRAVITY at VLTI

Interferometry

to synthetlzea giantmirror of 140/m

s 25
’%[ ll

Angularesolutionof 3.5 mas @ 2.2 um

Numberof combinedtelescopes4
Spectral range:-Band [2.0 um; 2.4 pum]
Spectrakesolutions 4000, 500, 20
Start ofoperation 2016

Astrometry
with referencestars

IRS1NW

.
K~ %6

*

IRS16 CSar A®
@,

K~15-18

Accuracy- a fewl0 pas






Interferomietecy addslities

Visibility at 1.65 pm
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More extended regions
of underlying brightness
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1 T T
- \ Model Model - - - -
\
. O Sharp rim o Fuzzy rim
- A _
\
\
- \ -
\
\
\
v \ —
\
\
\
» B

Visibility .

dropoff \ Visibility
- atshort \ bounce =

baselines \ at intermediate

tells us the \ baselines
- disk diameter \ tells us about

the sharpness of ring
o . Long-baseline
I o7 visibility tells A
L’ 2 us the fraction
— of light from star
| 1 "
0 100 200 300
(6 ~ 3.3 mas) (6 ~ 1.65 mas) (6~ 1.1 mas)

Regions closer to the centre
of the underlying brightness

distribution

VisibilityV2 ~extent
V2 sl =dusttemperature

© C. Davies
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GRAVITY Coll., 2017, A&A, 608, 78
GRAVITY Coll., 2019, A&A, 632, 53
GRAVITY Coll., 2020, A&A, 635, 12
The GRAVITY YSO Large Progearmc: i s
g g 1T Coll., 2020, A&A, 642, 162
GRAVITY Coll., 2021, A&A, 645, 50
GRAVITY Coll., 2021, A&A, BB,
. GRAVITY Coll., 2021, A&A, 654, 97
Aims GRAVITY Coll., 2021, A&BS5, 73
o GRAVITY Coll., 2021, A&B5, 112
A Usethe 4 telescopesthe sensitivityand accuracyof GRAVITY Coll., 2023, A&A, 669, 59
GRAVITY investigatethe findingsof the pioniering GRAVITY Coll., 2023, A&Apriess
works [Millan-Gabet2001 Eisner2005 2007 2014
Monnier & Dullemond 2010 Kraus 2015 within a GRAVITY YSO sample
statisticalapproach
30
A Use the spectraksolution(R ~4000) and the fult K
bandto simultaneously study thdust €mission
and thehot (BrNandwarm (CO)gas
F G K M HMYSO
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Probing the inner edge of the

AR
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Ring half-flux radius in K-band [au]
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Revibg Radiosnosity relation
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[Menu+2015]
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[From GRAVITColl..Perraut+2019]
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[Bohn,Benisty Perraut+202p
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[Bohn,Benisty Perraut+202p
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Verychallenginglue to compactnessindvariabilityat shorttimescales
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GRAVITY
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[Bouvier,Perraut LeBouquin#202C
[BouvierAlecian Alencar+2020]

Probing the accretion flows on DoAr44

GRAVITY
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[GRAVITY Collc Soulain+2#&3A,in presg

Probing the innermost regions of Cl Tau

Bestmodel of GRAVITY
K-band continuum U Strongly inclined inner disk7C°) and innefouter diskmisalignment

U Inner edge of the dusty disk significantly larger tRap
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[GRAVITYColl.oWojtezak+2023; A&A, B6C
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