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|. Why do we think planets interact with debris?



. Jupiter

Ephemerides: JPL 1



We see it around others stars too!

TWA 7 B Pic

Lagrange et al. 2025 Sutlieff et al. 2026; Gibbs et al. 2026
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E.g. Bonsor et al. 2014; Faramaz et al. 2017; Marino et al. 2017; Beust et al. 2024...




[I. What happens in planet-debris interactions?



Carve gaps Warp belts Pass bodies inward Make belts eccentric

—p— e WY

Sculpt disc edges Drive spirals Make clumps Stir debris













E.g. Wisdom 1980; Duncan, Quinn & Tremaine 1989; Gladman 1993; Malhotra 1998; Morrison & Malhotra 2015;
Pearce & Wyatt 2014; Lazzoni et al. 2018...
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E.g. Wisdom 1980; Duncan, Quinn & Tremaine 1989; Gladman 1993; Malhotra 1998; Morrison & Malhotra 2015;
Pearce & Wyatt 2014; Lazzoni et al. 2018... Ephemerides: JPL
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E.g. Wisdom 1980; Duncan, Quinn & Tremaine 1989; Gladman 1993; Malhotra 1998; Morrison & Malhotra 2015;

Pearce & Wyatt 2014; Lazzoni et al. 2018... Ephemerides: JPL



1. Planets can sculpt disc edges
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E.g. Quillen 2006; Chiang et al. 2009; Mustill & Wyatt 2012; Thebault, Kral & Ertel 2012; Rodigas, Malhotra & Hinz
2014; Nesvold & Kuchner 2015; Imaz Blanco et al. 2023; Pearce et al. 2024...
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E.g. Quillen 2006; Chiang et al. 2009; Mustill & Wyatt 2012; Thebault, Kral & Ertel 2012; Rodigas, Malhotra & Hinz
2014; Nesvold & Kuchner 2015; Imaz Blanco et al. 2023; Pearce et al. 2024...
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1. Planets can sculpt disc edges
HD 92945
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E.g. Quillen 2006; Chiang et al. 2009; Mustill & Wyatt 2012; Thebault, Kral & Ertel 2012; Rodigas, Malhotra & Hinz
2014; Nesvold & Kuchner 2015; Imaz Blanco et al. 2023; Pearce et al. 2024...
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E.g. Quillen 2006; Chiang et al. 2009; Beust et al. 2014; Faramaz et al. 2014; Tamayo 2014; Pearce & Wyatt 2014;
Kennedy 2020; Lynch & Lovell 2022; Lovell & Lynch 2023; Stuber et al. 2023; Lithwick et al. 2026...
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E.g. Quillen 2006; Chiang et al. 2009; Beust et al. 2014; Faramaz et al. 2014; Tamayo 2014; Pearce & Wyatt 2014;
Kennedy 2020; Lynch & Lovell 2022; Lovell & Lynch 2023; Stuber et al. 2023; Lithwick et al. 2026...



HD 202628
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Faramaz et al. 2019

E.g. Quillen 2006; Chiang et al. 2009; Beust et al. 2014; Faramaz et al. 2014; Tamayo 2014; Pearce & Wyatt 2014;
Kennedy 2020; Lynch & Lovell 2022; Lovell & Lynch 2023; Stuber et al. 2023; Lithwick et al. 2026...
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E.g. Dawson, Murray-Clay & Fabrycky 2011; Pearce & Wyatt 2014; Nesvold & Kuchner 2015; Smallwood 2023; Sefilian
et al. 2025... 10



3. Planets can warp discs

Golimowski et al. 2006

E.g. Dawson, Murray-Clay & Fabrycky 2011; Pearce & Wyatt 2014; Nesvold & Kuchner 2015; Smallwood 2023; Sefilian
et al. 2025... 0



4. Planets can carve gaps

HD 107146

Marino et al. 2018
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4. Planets can carve gaps

HD 107146

Marino et al. 2018

E.g. Faber & Quillen 2007; Kirsh et al. 2009; Su et al. 2013; Pearce & Wyatt 2015; Shannon et al. 2016; Lazzoni et al.
2018; Sefilian, Rafikov & Wyatt 2021; Friebe, Pearce & Lohne 2022, Friebe & Sefilian in prep.... 11



4. Planets can carve gaps

HD 107146

Marino et al. 2018 Sefilian, Rafikov & Wyatt 2021

E.g. Faber & Quillen 2007; Kirsh et al. 2009; Su et al. 2013; Pearce & Wyatt 2015; Shannon et al. 2016; Lazzoni et al.
2018; Sefilian, Rafikov & Wyatt 2021; Friebe, Pearce & Lohne 2022, Friebe & Sefilian in prep.... 11



5. Planets can create resonant clumps and rings

HD 121617 Fomalhaut

Marino et al. 2026 Gaspar et al. 2023

See also Wyatt 2003, 2006; Krivov et al. 2007; Reche et al. 2008; Tabeshian & Wiegert 2016, 2017; Booth et al. 2023;
Sommer, Wyatt & Han 2025; Weber et al. 2026... 12



Carve gaps Warp belts Pass bodies inward Make belts eccentric

—p— e WY

Sculpt disc edges Drive spirals Make clumps Stir debris
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Planets inferred from debris discs
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Planets inferred from debris discs
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Planets inferred from debris discs

Exoplanet.eu
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Planets inferred from debris discs

Exoplanet.eu, Pearce et al. 2022
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Planets inferred from debris discs

Planet mass / My,

1070 100 10 100 10°
Planet semimajor axis / au

= Typical prediction: Neptunes to Jupiters

Exoplanet.eu, Pearce et al. 2022
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[I1. Are our predictions correct?



Sometimes, yes!
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Sometimes, yes!

Golmowski et al. 2006
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B Pic
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ESO / A.-M. Lagrange et al.
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Sometimes, yes!

B Pic

Lacquement et al. 2025; Sutlieff et al. 2026; Gibbs et al. 2026
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Ren et al. 2021

TWA 7
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Sometimes, yes!

Ren et al. 2021

TWA 7

Lagrange et al. 2025
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JWST

NASA
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JWST

Exoplanet.eu, Pearce et al. 2022
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JWST

Exoplanet.eu, Pearce et al. 2022
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HD 92945

Bendahan-West et al. 2026
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HD 92945 Vega

Bendahan-West et al. 2026 Su et al. 2024
17



V. So what's going on?
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Some possibilities:

1. Our models don't work?

18



Simulated Kuiper Belt

20AU

Rishin Anil & Avaneesh Subramanian. See also: Tobias Morgner's talk on Thursday 19



Our models don't work?

Simulated Kuiper Belt
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Some possibilities:

1. Our models don't work?
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Some possibilities:
1. Our models don't work?

2. More than one planet?

20



E.g. Faber & Quillen 2007; Su et al. 2013; Shannon et al. 2016; Lazzoni et al. 2018 21



E.g. Faber & Quillen 2007; Su et al. 2013; Shannon et al. 2016; Lazzoni et al. 2018 21



Some possibilities:
1. Our models don't work?

2. More than one planet?
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Some possibilities:
1. Our models don't work?
2. More than one planet?

3. More-complicated interactions?
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Migration po
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More-complicated interactions?

Migration

Star Warm dust
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More-complicated interactions?

Migration
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More-complicated interactions?

Migration

Star Warm dust
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More-complicated interactions?

Migration

2x108  4x108 6x108  8x108 100 1.2x10°
Time (yr)




Debris-disc mass b

23



More-complicated interactions?

Debris-disc mass

Friebe, Pearce & Lohne 2022

E.g. Gomes et al. 2005; Kirsh et al. 2009; Bonsor et al. 2014; Pearce & Wyatt 2015; Yelverton et al. 2019; Poblete
et al. 2023; Sefilian, Rafikov & Wyatt 2023; Lithwick et al. 2026; Rafikov, Akansoy & Sefilian 2026...
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More-complicated interactions?

Debris-disc mass

Friebe, Pearce & Lohne 2022 Sefilian, Rafikov & Wyatt 2021

E.g. Gomes et al. 2005; Kirsh et al. 2009; Bonsor et al. 2014; Pearce & Wyatt 2015; Yelverton et al. 2019; Poblete
et al. 2023; Sefilian, Rafikov & Wyatt 2023; Lithwick et al. 2026; Rafikov, Akansoy & Sefilian 2026... 25



Some possibilities:
1. Our models don't work?
2. More than one planet?
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Some possibilities:
1. Our models don’t work?
2. More than one planet?
3. More-complicated interactions?

4. We can't ignore the protoplanetary disc?
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NASA/JPL-Caltech : Ny G N h 27



We can't ignore the protoplanetary disc?

Protoplanetary disc

-

ESO/L. Cal¢cada

E.g. Michel, van der Marel & Matthews 2021; Miller et al. 2021; Najita, Kenyon & Bromley 2022; Poblete, Pearce &

Charalambous 2025; Poblete et al. 2026, Johnston et al. in prep.

Debris disc

NASA /JPL-Caltech
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Some possibilities:
1. Our models don’t work?
2. More than one planet?
3. More-complicated interactions?

4. We can't ignore the protoplanetary disc?

29



Some possibilities:

1. Our models don’t work?
More than one planet?
More-complicated interactions?

We can't ignore the protoplanetary disc?

O

Debris features aren’t always linked to planets?

29



Debris features aren't always linked to planets?

Debris-disc observation
HD 107146

Marino et al. 2018

30



Debris features aren't always linked to planets?

Protoplanetary-disc theory

Debris-disc observation
HD 107146

MHD Wind Photoevaporative + MHD
Wind

Height / au

100

Marino et al. 2018 Lesur et al. 2023

Radius / au
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Some possibilities:

1. Our models don’t work?
More than one planet?
More-complicated interactions?

We can't ignore the protoplanetary disc?

O

Debris features aren't always linked to planets?

31
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Conclusions

TWA 7

B Pic

Lagrange et al. 2025

Sutlieff et al. 2026; Gibbs et al. 2026
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Carve gaps Warp belts Pass bodies inward Make belts eccentric

—p— e WY

Sculpt disc edges Drive spirals Make clumps Stir debris




Conclusions

Planet mass / My,
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Some possibilities:

1. Our models don't work?
More than one planet?
More-complicated interactions?

We can't ignore the protoplanetary disc?

O

Debris features aren't always linked to planets?
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Some possibilities:

1. Our models don't work?
More than one planet?
More-complicated interactions?

We can't ignore the protoplanetary disc?

O

Debris features aren't always linked to planets?

Questions?
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Extra slides



Aside: introduction to debris discs

Pearce 2026



5. Debris can make planets migrate




5. Debris can make planets migrate




Debris can make planets migrate

HD 107146
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Lots of non-detections :(

HD 53143
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MacGregor et al. 2022



Lots of non-detections :(

HD 53143
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More-complicated interactions?

Migration

HD 107146

Marino et al. 2018



More-complicated interactions?

Migration

HD 107146
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