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Which initial conditions can give us disks on the size-
luminosity relation (SLR)?   



MIAPP Workshop - Gaps, Rings, Spirals and Vortices: 2021 - Garching

Parameter Grid

Parameter Description Value-Range

α viscosity parameter 10-4 - 2.5x10-2

Md [M*] initial disk mass 10-3 - 2.5x10-1

M* [M   ] stellar mass 0.2 - 2.0

rc [au] characteristic radius 10 - 230

vf [cm/s] fragmentation velocity 200 - 2000

q planet/star mass ratio 3 x10-4, 10-3, 3x10-3

rp [rc] planet position 1/3, 2/3

⊙

Kanagawa et al. 
2016

Simulations performed with two-pop-py model by Birnstiel et al. 2012.
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rc [au] characteristic radius 10 - 230

vf [cm/s] fragmentation velocity 200 - 2000

q planet/star mass ratio 3 x10-4, 10-3, 3x10-3

rp [rc] planet position 1/3, 2/3
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Simulations performed with two-pop-py model by Birnstiel et al. 2012.
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How does every parameter affect the 
evolution tracks?
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Dependence on the planet position

— Rosotti et al. 2019
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Shorter tracks when planets are included
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Shorter tracks when planets are included
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Dependence on the planet position
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The outer planet defines the radius
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Shorter tracks when planets are included
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Narrow and optically thick ring formed

α = 10-4

Drift limit 

Fragmentation limit 
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Opacity models
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Opacity cliff
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Opacity models
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Opacity cliff
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• Disks with strong substructures (i.e. 
massive planets) follow a different 
SLR, while smooth disks are more 
consistent with the SLR in terms of 
the shape of the relation. 

• A bright disk (top right of the SL 
diagram) is more probable to remain 
in the SLR if there is a pressure bump 
formed in the first 1Myr, regardless of 
the opacity model.
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• More simulations stay on the SLR when we include planets.  

• Disks with strong traps (i.e. massive planets) follow a different SLR than 
smooth disks. (    vs   ) 

• Preference towards high initial disk mass (> 2.5x10-2)  

• Preference towards low α-values (< 10-3).    

• If disks are matching or not depends heavily on the opacity model and the 
grain porosity.

L ∝ r2
eff L ∝ r1.25

eff

Conclusions
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