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Planetary-mass accretors in discs

e Small numbers still... WISPIT 2

0)

V.

accreting
gas giant
planet

Benisty et al. (2021), Haffert et al. (2018)
van Capelleveen et al. (2025), Close et al. (2025b)
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Planetary-mass accretors in discs

e Small numbers still...

e ... but growing!
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Benisty et al. (2021), Haffert et al. (2018)
van Capelleveen et al. (2025), Close et al. (2025b)
Lawlor et al. (2026)



Planetary-mass accretors in discs

e Small numbers still... WISPIT 2
e ...but growing!

e There are also some (semi-)isolated accretors
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Coming soon...

ELT from VLT VLT from ELT
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Coming soon...

e The ELT: Extremely Large Telescope @
2z~
e First light: 2029-2030 S8
3 2
e METIS: first-generation, R ~ 10° % E
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Coming soon...
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Our goals and methods

e Predict spectral shape of emission lines

* Focus on gap-opening planets in discs
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Our goals and methods

e Predict spectral shape of emission lines R
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Our goals and methods

e Predict spectral shape of emission lines
* Focus on gap-opening planets in discs

e (Calculate emission from CPD surface
and planet surface

e Use a semianalytical approach
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Our goals and methods

e Predict spectral shape of emission lines
* Focus on gap-opening planets in discs

e (Calculate emission from CPD surface
and planet surface

e Use a semianalytical approach

o Limiting case: no magnetospheric accretion

—400 —200 1] 200 400
Observed Radial Velocity,

£

line of sight

- Thanathibodee et al. (2019)

15 - Gabriel-Dominique Marleau



Our goals and methods

e Predict spectral shape of emission lines 30
* Focus on gap-opening planets in discs 50
e Calculate emission from CPD surface
and planet surface 10
e Use a semianalytical approach 0
0 10 20 30
* Limiting case: no magnetospheric accretion R (Ry)

Marleau et al. (2023)

16 - Gabriel-Dominique Marleau



Our goals and methods

e Predict spectral shape of emission lines 30
* Focus on gap-opening planets in discs 50
e Calculate emission from CPD surface
and planet surface 10
e Use a semianalytical approach 0 l
0 10 20 30
* Limiting case: no magnetospheric accretion R (Ry)

Marleau et al. (2023)
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Our goals and methods

e Predict spectral shape of emission lines 30

* Focus on gap-opening planets in discs 50

e (alculate emission from CPD surface

and planet surface 10
e Use a semianalytical approach 0
o . . 0 10 20 3 0 1 2 3 4 5
* Limiting case: no magnetospheric accretion R (Ry)

Marleau et al. (2023)
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Line-emitting regions
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Line-emitting regions
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Spatially-integrated line profile

. NarrOW line: FWHM ~ 30 km/s 10 1 I 1 T I I 1 1 1 I 1 ] ] I T T 1 ] 1 1 1 I 1 T T I I
|~ - Planet surface | B ]
. — | - - CPD surface ra |
e ... much less than free-fall velocity < g — Total -
[8Y]
E - .
5 [ ]
o 6 y
™~ i |
7))
) [ —
o A e
o [ :
o 2f .
L ;
0 1 I 1 1 1 I 1 1 1 I 1 L L I 1 1 1 | 1 1 1 I 1 L 1 | 1

-60 —-40 -20 O 20 40 60
Velocity offset (km/s)

21 - Gabriel-Dominique Marleau Marleau et al. (2025)



Spatially-integrated line profile
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Spatially-integrated line profile

e Narrow line: FWHM ~ 30 km/s 10 T
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Photosphere: “noise”

L B M Line peak similar to continuum
Planet photosphere Br o
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Photosphere: “noise”

L B B B BRI Line peak similar to continuum
Planet photosphere Br o
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Simulated spectrum with noise
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Simulated spectrum with noise
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Other lines accessible to METIS

; 3 Br o
31.5_‘ -
n L
o] )]
o
~ 1.0F
|
S ]
Z 05 "ﬁy ﬂ
[l:c
oo ........

-50
Velocity offset km/s)

28 - Gabriel-Dominique Marleau

a1 1.0
'08

0.6
0.4

Other hydrogen lines:
Not very detectable (but worth a try)
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Line shape: ~insensitive to parameters
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Stellar contribution?
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Stellar contribution? No
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Detectability as f(M, M)
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Detectability as f(M, M)
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Summary

e C(Calculated line emission from shock at super |upiters observable with METIS

 Shock at planet (dominates) + CPD surface = integrate spatially to get line shape

e Shock emission can produce only smooth, narrow, Gaussian-core lines

NAETIS

ELT Imager and
Spectrograph

34 - Gabriel-Dominique Marleau



Summary

e C(Calculated line emission from shock at super |upiters observable with METIS
 Shock at planet (dominates) + CPD surface = integrate spatially to get line shape
e Shock emission can produce only smooth, narrow, Gaussian-core lines

e Planetary spin smooths photosphere = shock line stands out
e PDS 70 b detectable at peak S/N ~ 14 per binin 4 h (1)

o Othertargets: WISPIT 2, Gaia DR4 discoveries...

<

Mid-infrared
ELT Imager and
Spectrograph

35 - Gabriel-Dominique Marleau



Summary

e C(Calculated line emission from shock at super |upiters observable with METIS
 Shock at planet (dominates) + CPD surface = integrate spatially to get line shape
e Shock emission can produce only smooth, narrow, Gaussian-core lines

e Planetary spin smooths photosphere = shock line stands out
e PDS 70 b detectable at peak S/N ~ 14 per binin 4 h (1)

e Other targets: WISPIT 2, Gaia DR4 discoveries...
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Summary

e C(Calculated line emission from shock at super |upiters observable with METIS
 Shock at planet (dominates) + CPD surface = integrate spatially to get line shape
e Shock emission can produce only smooth, narrow, Gaussian-core lines
e Planetary spin smooths photosphere = shock line stands out Aufmevksamkeit!
e PDS 70 b detectable at peak S/N ~ 14 per binin 4 h (1)
e Other targets: WISPIT 2, Gaia DR4 discoveries...
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Extra slides



Fiducial parameters

Nominal case: PDS 70 b, ~WISPIT 2 b

Planet intrinsic parameters

2
Mass M, =5 M; Fé -5 .'_.-.-,“ Z (gécén )
Radius R, =2R, =2 ~“.~ 0.2 I
Effective temperature” Tex = 1400 K _.? —6 . .‘. .. P O
Surface gravity” logg = 3.5 8 . d ‘ *.
Projected rotation speed” vsini = 10 kms™! g -7 é R N .-@® . ------ ®
CPD parameters E I t - ‘ °
Relative centrifugal radius  feent = Reent/Ruin = 0.03 o —8 I et ‘
CPD opening angle” Ocpp = 77° E PDS 70 b Ao21 ’
System and observer parameters a0 —9 S
Stellar mass M, =09 M, = Hp H o Pa @ D?Br ¥ Br o
PPD surface density in gap® =0.2gcm™? —10 L 0| . I ‘
Distance to observer? d=113.4pc 0.5 1 3
Viewing inclination i =50°

Wavelength (pm)
Marleau et al. (2025)
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Shock model: Line widths
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Shock model: Line widths
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Shock model: Wings
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Telescope+detector sensitivity
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Photospheric contribution

Planet photosphere, T = 1400 K
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