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How and when do giant planets form?

<0.1AU 0.1-1AU 1-10 AU 10-100 AU >100 AU

Core accretion
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Mass transfer is facilitated by a circumplanetary disk (CPD)
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This program will place the first population-level constraints on
accretion and circumplanetary disk properties

Motivation:

- ~50% of wide companions show signs of CPDs, yet many basic
properties remain poorly constrained (Bowler+2017, Martinez+2022)
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This program will place the first population-level constraints on
accretion and circumplanetary disk properties

Motivation:

- ~50% of wide companions show signs of CPDs, yet many basic
properties remain poorly constrained (Bowler+2017, Martinez+2022)

- This program aims to study the diversity of accretion and CPD
properties across a range of ages and masses

- Our photometric program will be used to calibrate CPD properties to
allow follow-up with higher resolution, e.g. MIRI/MRS
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This program will place the first population-level constraints on
accretion and circumplanetary disk properties

Through what mechanism does
the planet accrete material from
the disk (i.e. magnetospheric,

boundary layer)?

Hartmann+2016
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accretion and circumplanetary disk properties

How diverse are the bulk
properties of CPDs? Are they
correlated with host planet
properties?

Through what mechanism does
the planet accrete material from
the disk (i.e. magnetospheric,

boundary layer)?

On what timescale do CPDs | Hartmann+2016
dissipate? Do they decay
similarly to stellar disks?

What is the characteristic
timescale of accretion? Is
this process stochastic?
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This program will place the first population-level constraints on
accretion and circumplanetary disk properties

Through what mechanism does
the planet accrete material from
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Accreting protoplanets are windows into
mass transfer during planet formation
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Accretion is traced by UV continuum excess and
hydrogen emission lines
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Mid-IR excess offers a way to study warm dust in
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SR 12 cis a young, accreting, planetary-mass companion

System properties
Age: ~2 Myr

Kuzuhara+2011 Ortiz-Ledn+2017, Wu+2022, Santamaria-
Miranda+2018, Bowler+2014, Wilking+2005, Pecault &
Mamajek (2013)

Kuzuhara et al. (2011)
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SR 12 cis a young, accreting, planetary-mass companion

System properties
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SR 12 cis a young, accreting, planetary-mass companion

System properties
Age: ~2 Myr

Orbital separation: ~1200 AU
Location: p Oph cloud
Mp: 1323 Mup
Planet SpT: LO=T1

M,:~1.0 and 0.5 MQ

Kuzuhara+2011 Ortiz-Ledn+2017, Wu+2022, Santamaria-
Miranda+2018, Bowler+2014, Wilking+2005, Pecault &
Mamajek (2013)

Kuzuhara et al. (2011)
Claire Finley, 2 February 2026 - Spirit of Lyot 6 8



Previous imaging and spectroscopy of SR12 ¢

uv MIR
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Previous imaging and spectroscopy of SR12 ¢
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New HST/WFC3 imaging from
2200-6600 A shows
continuum and emission line
accretion sighatures
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SR12 AB -

New HST/WFC3 imaging from
2200-6600 A shows
continuum and emission line

accretion signatures
Finley+(in prep.)

F225W F336W

GO 16203 Claire Finley, 2 February 2026 - Spirit of Lyot 6 10



New HST/WFC3 imaging from
2200-6600 A shows
continuum and emission line

accretion signatures
Finley+(in prep.)

F225W F336W F438W F555W F656N
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Previous imaging and spectroscopy of SR12 ¢
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Previous imaging and spectroscopy of SR12 ¢

HST/WFC3-UVIS

Finley+(in prep)
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Previous imaging and spectroscopy of SR12 ¢

HST/WFC3-UVIS

Finley+(in prep)
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The UV through sub-mm SED of SR 12

HST/WFEFC3-UVIS

Subaru/IRCS
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The Uv through sub -mm SED of SR12c¢

Claire Finley, 2 February 2026 - Spirit of Lyot 6
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The UV through sub-mm SED of SR12c¢
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Fitting hydrogen slab models to the Balmer break
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Slab+photosphere models quantify accretion properties
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From UV excess to mass accretion rate

1.3x10-5 3.3x106 —— 17x105 =y 1 0x]0-1
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From UV excess to mass accretion rate

Continuum Hc line accretion Total accretion ,
. . . ' ' . . Mass accretion rate
accretion luminosity luminosity luminosity (Mo yr-1)
(Lo) (Lo) (Lo) .

1.3x105 = 33x106 == 17x105 =P 1.0x10

Over the next Myr, at this rate, it will only accrete another 0.01 Myp—
SR 12 ¢ formed all 13 Myyp in just 2 Myr
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Accretion rate may trace formation history
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Accretion rate may trace formation history
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Accretion rate may trace formation history
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Ha is not significantly variable over a short baseline
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Accretion variability implies dynamic mass transfer

X-shooter spectrum, Oct. 2018
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Accretion variability implies dynamic mass transfer

X-shooter spectrum, Oct. 2018
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Jointly modeling accretion, photosphere, and CPD emission
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Summary

- Giant planet growth via gas accretion is relatively untested, but can be studied via UV
continuum excess and hydrogen emission lines
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Summary

- New HST/WFC3-UVIS imaging extends the SED of SR 12 ¢ to span the UV through MIR
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Summary

- Hydrogen slab models reproduce and quantify the UV continuum excess
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Summary

- SR 12 cis in the end stages of accretion and shows variability in the Ha emission line,
implying an overall dynamic mass transfer process as the planet forms
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Summary

- Giant planet growth via gas accretion is relatively untested, but can be studied via UV
continuum excess and hydrogen emission lines

- New HST/WFC3-UVIS imaging extends the SED of SR 12 ¢ to span the UV through MIR

- Hydrogen slab models reproduce and quantify the UV continuum excess

- SR 12 cis in the end stages of accretion and shows variability in the Ha emission line,
implying an overall dynamic mass transfer process as the planet forms
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Supplemental slides




Extinction is estimated using the host binary
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Hydrogen slab models approximate accretion
properties without knowing shock geometry
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10°
Models from Valenti (1993)
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Strength of the Balmer

jump with varying

temperature and
density
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. | / Slab model temperature is

———— 1 unconstrained, while the
density is slightly
more precise
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The rest of this program will double the current
census of PMC continuum accretion studies

CTChab FUTaub SCHO06-J0359+2009 b OTS-44 (free floating)
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