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Debris disks:

e Dusty disks found around main

sequence stars.

e Post protoplanetary disk (=

several million years).

e Created and sustained through

collisional cascades.

Pearce (2024)




Debris disks host a wide variety of morphologies!

~Planets probed
by debris disks

Direct Imaging
Radial Velocity

10 10° 10°
Separati'pn (AU) 41569

Hughes et al. (2018)
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Sub-Jupiter Imaging Survey

Pl: Aarynn Carter || GO 4050

This Survey '
Detectlon SensitiVvity,

Debris disk separations

Radial Velocity Timing Variations
Imaging Microlensing
Transit Brightness Modulation

10! 107 10° 104
Semi-Major Axis (au)




The case of TWA 7

ensity \‘T

‘0 -

e Young (~7-13 Myr) M-dwarf.
e Harbors a complex, near face-on debris disk.

e Imaged from 1998-2019 with NICMOS, ALMA,
SPHERE, GPIl and STIS.

e Second narrow ring resembles a resonant-like
structure.

Ren et al. (2021)



Planet-Disk Interactions?
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Ren et al. (2021)

Stark & Kuchner (2008)




MIRI Observations

Lagrange et al. (2025)

Consistent with
Saturn mass!!

s mpmnd, | Mass;,p: 0.30, Met 0.59
/ Terr : 324.53, fseq : 3.0
Radiusy,p : 1.3

Massyp: 0.41, Met 0.43
. Teff: 315-57, fsed : 3.3
Radius,,, : 1.4

Direct Imaging
Radial Velocity

Mass,p: 0.31, Met 0.56
Teff: 317.72, fsed 2.8
Radius,, : 1.4

upper limit SPHERE
MIRI

bgd star

Separation (AU)



NIRCam Observations

Crotts et al. (2025)
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NIRCam Observations

Crotts et al. (2025)
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MiIRI, F1140C NIRCam, F444W




At m OS p h e ri C I\/I O d e I i n g Warm Saturn mass planet w/above Solar

metallicity and chemical disequalibrium

Crotts et al. (2025) required
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Disk Substructures

Crotts et al. (2025)

SPHERE
Ren et al. (2021)

1 | 1 1
- Deconvolved Residual Substructure

-F200W Brightness
IIDipll 82

q - "o
b ' a%
Background : .-
oy~

Star
Q




Location of Ring 2 Underdensity

Crotts et al. (2025) RN | CERCIEEST | T | caen

H+  NIRCam 2024 SPHERE 2017 |
H4 STIS 2019 H+ NICMOS 1998 |

- 19.8°+1° yr!
Ren et al. (2021)
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Both the dISk and candldate fluxes
support a warm Saturn -mass planet
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study young Saturn analogs and planet-
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Future Work

TWA 7 Observations

Spectroscopy

DEq Cloudy | Eq Cloudy
} =30 detection } >30detection
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Millimeter Disk Observations
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e What is the chemical composition of TWA 7b?

e How does the disk morphology vary with wavelength?

e \What is the spatial location of the disk’s CO?

e What can we learn about the planet’s formation and
evolution?



Summary

e \We have imaged the near-IR counterpart of a planet candidate imaged with MIRI in the TWA 7 debris disk
system.

e The companion presides in the exact location predicted in 2021 to help explain the disk’s substructures.

e The NIRCam observations are consistent with the MIRI candidate being a warm Saturn-mass planet
companion, making it the smallest planet to be directly imaged to date.

e The TWA 7 system is further confirmation that we can reliably predict planets from debris disk
morphologies

kcrotts@stsci.edu
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Where are the planets?
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Disk+Planet Models
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TWA 7b Color
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TWA 7b Color
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Estimated Planet Mass

Linder et al. (2019) planet
Crotts et al. (2025) evolutionary models
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Planet or Background Galaxy?
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~0.3% chance of being a

background galaxy




Planet or Background Galaxy?

Crotts et al. (2025, submitted)
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TWA 7/c?
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What does the future hold for planet-disk
science?

Upcoming Instruments/Upgrades

More JWST observations!

THE NANCY GRACE ROMAN
SPACE TELESCOPE

TXVA 10 TWA 25
X
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