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From Hubert’s talk

convective overstability (+SBI)
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Instability Map
Spatial map of physical processes dominating the disk kinematics
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Convective Overstability

Cooling renders the 2nd
Solberg-Hoiland criterion irrelevant
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K 1/2 Figure 2. Four panels indicating the convective overstability
(E’/K) mechanism. In panel (a) a fluid blob is embedded in a radial

entropy gradient. In panel (b) it undergoes half an epicycle and
returns to its original radius with a smaller entropy than when
it begun S1 < Sp. It hence feels a buoyancy acceleration inwards
and the epicycle is amplified. The process occurs in reverse once
the epicycle is complete, shown in panel (c), where now Sz > Sp.
The oscillations hence grow larger and larger.
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Convective Overstability

Klahr & Hubbard (2014), Lyra (2014), Latter (2016)
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Prevalence of Convective Overstability in actual disks

Disk data from Andrews & Williams (2007)
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Saturation — vortices and o between 104 and 107
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Manger & Klahr (2018)

COV saturates into vortices

Lesur & Papaloizou (2010)
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VSI saturates into vortices
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Vortices and Planet Formation
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Pebble trapping in vortices in LOCAL models

Without particle feedback
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Vortex destruction at high dust load?
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Pebble trapping does not destroy vortices
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Vortex column disrupted only around the midplane
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Pebble drift: follows vortex
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Pebble trapping in 3D vortices
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Including selfgravity: Planetesimal Formation

Number of planetesimals

Dust density vs Time
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Including selfgravity: Planetesimal Formation

Gas Vorticity
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Including selfgravity: Planetesimal Formation

Gas Vorticity
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Including selfgravity: Planetessal Formation

5 Gas Vorticity
0812
0.608 Planetesimals formed by Vortex Trapping
0404 a
0200 '
-0.004
-0.208 3
-0.412
-0.616 10! 1
-0.820
) =
Pebble Column Density
2 == = —= = T = T 2454
T S e TR ey e 0= 2046
1‘_.' 3 ~e o~ -"“T o ey T —— e —_—— — - — 1639
N T o, . PR P oy — T B 1231 3
- 'S’.... M-_“‘.-‘-.-. l}.."%;”- m— TR Pt r 0823 w 10° 1
= 014= — g e W - : €% T =0 0y N
> e oS T Eaags — - = — . . 0415 <=
A e ——— "»"?R " - — - - -«.‘: —~ ‘~;$-m. n 0007 .
| e R T - - R o IR ———— _0401_8' -125 -100 -075 -050 -025 000 025 050
i s ~ ‘-’ — — -_— P, gl N = A —
EL:.-'-;#.-- R o T i e - ~0.808 10910 (M/Msear:)
S e T e St . > -1.216
-2 9 : e ESRERE SR e S "I&‘ Y |
-8 -6 -4 -2 0 2 - 6 8
yIH

17
W. Lyra; Ringberg 21 Spinning Fluids Lyra etal. in prep



ICI -

10°

W. Lyra; Ringberg 21 Spinning Fluids

Initial Mass Function

Planete=weeis formed by Vortex Trapping
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Initial Mass Function

Global 2D, Lyra et al. 2008
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Conclusions

(. Convective Overstability may be relevant for planet formation )
*  Finite cooling time + radial entropy gradient
«  Saturates into vortices
. Happens at 1-10 AU y
('« Vortices are very efficient pebble traps )
«  High particle load disrupts vortical motion around midplane, but not the full column
«  Trapping properties are retained
_ « The pebble load is high enough to collapse gravitationally Y
'+ Planet population is of planetary embryo mass A
«  Moon to Mars mass objects
_ * Resolved simulation in both gas and pebbles )
. Limitations A
«  Streaming Instability not resolved
L «  Vertical stratification not included )
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