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Planet Detection Methods
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Circumstellar/Protoplanetary Disks

PP disk fact sheet

Density: 10371 10 cm™
(Air: 101° cm3)

Temperature: 10-1000 K
Scale: 0.1-100AU
Mass: 10271 101 Mg,
Composition:

5:2 H,-He mixture.
1% fimet al s 1




Before ALMA ALMA

HL Tau

Credit: ALMA Partnership







Disk spectra
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Vortices 1 an ubiquitous fluid mechanics phenomenon
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Vortex Trapping

Geostrophic balance:
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streamline Barge & Sommeria (1995)

Grains do not feel the pressure gradient.

They sink towards the center, where they accumulate.

Aid to planet formation
(Barge & Sommeria 1995, Tanga et al. 1996, Adams et al. 1996)

Speeds up planet formation enormously
(Lyra et al. 2008b, 2009ab, Raettig & Lyra + 2021, Lyra et al. 2024)
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Vortex Trapping

Geostrophic balance:
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Grains do not feel the pressure gradient.

They sink towards the center, where they accumulate.

Aid to planet formation
(Barge & Sommeria 1995, Tanga et al. 1996, Adams et al. 1996)

Speeds up planet formation enormously
(Lyra et al. 2008b, 2009ab, Raettig & Lyra + 2021, Lyra et al. 2024)
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Drag force

Trapped particle

Drag-Diffusion Equilibrium

.

Diffusion

Dust continuity equation
%a _ —(v-V)pg — paV - v+ DV?py,

ot l

compression

advection

diffusion

Lyra & Lin (2013)
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Analytical Solution for dust in Drag  -Diffusion Equilibrium

Steady-state solution

Intensity (Jg/beam
0.00 0.05 01101 0.21 0.27 0.32

| pa(a,z) =epg(S+1)>2 exp{ 2f ) + 2] (5+1]}

2
0 65 131 19.6 261 327 392 2H
Intensity (o)

0-5; 7 I- S:§
: 2 d
0.0F 1 & oso
[ . .
-05F ] 6 I”rm_'-;jfgr
: 1 oz
-1.0F -
: a =vortex semminor axis
S T H = disk scale height (temperature)
St S ¢ =vortex aspect ratio
d = diffusion parameter
Solution for St = Stokes number (particle size)
f(¢) = modeldependent scale function
c=4 S=1

15
Lyra & Lin (2013)



ADec ()

Analytical Solution for dust in Drag  -Diffusion Equilibrium

Steady-state solution

04(a,z) = epy (S +1)3/2 exp{ [ﬂzﬂiiz+ al (S-i—l]}

Lyra & Lin 613
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MWC 758

Marino+Lyra (2015), Dong et al. (2018), Casassus+Lyra (2019)
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Pebble trapping

342 GHz uvmem
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Take home message

A Vortex-trapped dust in drag-diffusion equilibrium explains the observations

04(a,z) =epg (S +1)>2 exp

Lyra-Lin solution
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KR Muscae (HD 100546)

L band (~3.5 mm) H band (~1.6 mm)

Currie et al. (2014), Currie (2015)



Spiral arm fitting leads to problems

Analytical spiral fit Spirals are toowide:,
hotter (300K) than ambient gas (50K).

MWC 758
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Supersonic wake of high mass planets
does not follow the linear prediction
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Pinning down the temperature

HD 100546
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Planet -driven turbulence
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Some crazy turbulence showing up at high planet mass....

15 orbits 30 orbits
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Turbulence in high -mass planets in adiabatic disks

Planet mass

Isothermal

Adiabatic
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Richert & Lyra + (2015)



The energy source: shock heating!
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Shocks (velocity convergence)

A%

3D: Shock bores

Temperature
T (K)
100. 150. 200. 250. 300.

Lyra et al. (2016)




3D shocks: bores and breaking waves
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Lyra et al. (2016)



