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How are planet parameters actually inferred?
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Inferring planets from debris discs

We can use several dynamical arguments:
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E.g. Wisdom 1980; Quillen 2006; Chiang et al. 2009; Mustill & Wyatt 2012; Faramaz et al. 2014; Pearce & Wyatt 2014; Su et al. 2013



Inferring planets from debris discs

We can use several dynamical arguments:
Planet truncates
disc inner edge Broad cavities could imply
\\ multi-planet clearing

Jes o -

o

Stirred debris collides,
releasing observable dust

E.g. Wisdom 1980; Quillen 2006; Chiang et al. 2009; Mustill & Wyatt 2012; Faramaz et al. 2014; Pearce & Wyatt 2014; Su et al. 2013; Mustill & Wyatt 2009

Eccentric planet drives
disc eccentricit
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What it looks like in practice...

Example: HD 202628

ALMA: Faramaz et al. 2019

Star
Background
object
-
~~ Debris
disc
Min. mass
100 au planet orbit
-

Planet parameters: Pearce et al. 2022
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Sometimes there are radial or azimuthal asymmetries:
HD 1071464 Gaps may be carved by
embedded planets...
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...or by a complex interaction
with a remote planet

?

E.g. Faber & Quillen 2007; Shannon et al. 2016; Friebe, Pearce & Lohne 2022; Pearce & Wyatt 2015; Yelverton et al. 2019;
Sefilian, Rafikov & Wyatt 2021, 2023



Inferring planets from debris discs |l

Sometimes there are radial or azimuthal asymmetries:

~
Gaps may be carved by
Q /}\ embedded planets...
/

] .!.

Clumps are formed via
mean-motion resonances

f *

) ...or by a complex interaction
3 3 / with a remote planet
- P —
T L\‘\ ) —

Booth et al. 2023

E.g. Faber & Quillen 2007; Shannon et al. 2016; Friebe, Pearce & Lohne 2022; Pearce & Wyatt 2015; Yelverton et al. 2019;
Sefilian, Rafikov & Wyatt 2021, 2023; Ozernoy et al. 2000; Wyatt 2006; Krivov et al. 2007
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. Constraints from vertical structure:
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E.g. Mouillet et al. 1997; Augereau et al. 2001

B Pic: Golimowski et al. 2006



Inferring planets from debris discs Ill

Constraints from vertical structure:

| | d
B Pic: Golimowski et al. 2006

E.g. Mouillet et al. 1997; Augereau et al. 2001; Farago & Laskar 2010; Kennedy et al. 2012; Pearce & Wyatt 2014



What exoplanets are actually inferred?
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e Planets inferred from debris match those inferred to be forming in protoplanetary discs
e Forming planets don't migrate inwards as far as thought?
e Or young planets quickly sculpt debris before migrating in?

Pearce et al. 2022 Protoplanet predictions: Lodato et al. 2019



The Future



Image: NASA
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= Many planets interacting with debris discs should be visible to JWST

Inferred planets: Pearce et al. 2022 Rough JWST curves based on Carter et al. 2021



What could we learn by pairing JWST data
with planet-debris-interaction theory?
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Evolutionary histories of planetary systems
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Evolutionary histories of planetary systems
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Evolutionary histories of planetary systems
We're close to doing this for extrasolar debris discs too:
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Debris-disc masses

Dominate ‘
mass ————

Dominate
flux

Total mass

Dust km-size? Plutos?
Debris size

Debris-disc masses are unknown!
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See also: Ida, Larwood & Bli,rkert 200 rce & Wyatt 2015; Yelverton et al. 2019; Friebe, Pearce & Ldhne 2022; Sefilian, Rafikov & Wyatt
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See also: Ida, Larwood & Bl.i’rken: 2000; Kirsh eta
2023 i B



JWST won't find everything!



JWST won't find everything!

= Debris will still provide the best constrains on outer planets for years to come
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Conclusions

e Debris discs are a valuable tool to probe planetary systems

e We see extrasolar debris, but nearby planets are often undetectable

e Planets interact with debris in many ways

e Planet parameters can be constrained from debris-disc features

e Planets inferred from debris discs are very different to those known

e However, they strongly resemble planets inferred to be forming in protoplanetary discs

o JWST should detect some (but not all) debris-inferred planets

e We are starting to use debris-planet interactions to probe fundamental system properties

Questions?
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Future planet detections

SPHERE is getting close too!
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SHARDDS survey: Dahlqvist et al. 2022



Evolutionary histories of planetary systems

HD 107146
HD 107146

ALMA observation: ?



Evolutionary histories of planetary systems

HD 107146
HD 107146
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ALMA observation: ? Simulation: Friebe, Pearce & Ldhne 2022




Evolutionary histories of planetary systems

ALMA observation

Booth et al. 2023



Evolutionary histories of planetary systems

ALMA observation Simulation
Booth et al. 2023






Debris-disc masses

='Debris-disc mass problem’
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Adapted from Krivov & Wyatt 2021






Debris-disc masses

How large are primordial planetesimals?
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Pearce et al. in prep.



Debris-disc masses

How large are primordial planetesimals?
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Debris-disc masses

How large are primordial planetesimals?
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formation model
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Pearce et al. in prep. Formation model: Kenyon & Bromley 2008



Debris-disc masses

How large are primordial planetesimals?

2000

(=

=2

L

= 1500 HD 53143

8 \Y

£ K

Z 1000 2, 0,

& 7 5;’

19} % e

kS ? %V

2 500 v

(%]

S ??

i \
(0] 50 100 150 200

Distance from star / au

=Debris-disc masses would directly probe primordial planetesimal sizes
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It's not always straightforward! Il

Planet 9

Batygin & Brown 2016

See also: Beust 2016; Sheppard & Trujillo 2016; Batygin & Morbidelli 2017; Bernardinelli et al. 2020; Napier et al. 2021...



Comparing planet populations
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Protoplanet predictions: Lodato et al. 2019



Predictions for systems with known planets
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Debris-disc data
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Not all disc data are equal! ALMA is best
ALMA data: Faramaz et al. 2019



Debris-disc data
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Debris-disc data
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Not all disc data are equall ALMA is best, then Herschel, then SED
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