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ABSTRACT

Recent sub-arcsecond resolution surveys of the dust continuum emission from nearby protoplanetary disks showed a strong correlation
between the sizes and luminosities of the disks. We aim to explain the origin of the size-luminosity relation (SLR) between the 68%
effective radius (r.g) of disks with their continuum luminosity (L,,,), with models of gas and dust evolution in a simple viscous
accretion disk and radiative transfer calculations.

We use a large grid of models (10° simulations) with and without planetary gaps, varying the initial conditions of the key parameters.
We calculate the disk continuum emission and the effective radius for all models as a function of time. By selecting those simulations
that continuously follow the SLR, we can derive constraints on the input parameters of the models.

We confirm previous results that models of smooth disks in the radial drift regime are compatible with the observed SLR (L, rgﬁ)
but only smooth disks cannot be the reality. We show that a larger fraction of disks populates the SLR if planets are present. However
they tend to follow a different relation than smooth disks, potentially implying that a mixture of smooth and sub-structured disks are
present in the observed sample. We derive a SLR (L, « 1; t/f“l) for disks with strong sub-structure. To be compatible with the SLR,

models need to have an initially high disk mass (> 2.5 - 1072M,,) and low turbulence-parameter a values (< 10~%). Furthermore, we
find that the grain composition and porosity drastically affects the evolution of disks on the size-luminosity diagram where relatively
compact grains that include amorphous carbon are favoured. Moreover, a uniformly optically thick disk with high albedo (0.9) that

follows the SLR cannot be formed from an evolutionary procedure.
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Which initial eonditions can give us disks on the size-
luminosity relatiorns(SLR)?
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Parameter Description Value-Range

a viscosity parameter 104 -2.5x10-2
My [M-] initial disk mass 10-3-2.5x10-"
M- [Mo] stellar mass 0.2-2.0

rc [au] characteristic radius 10 - 230

vs[cm/s] fragmentation velocity 200 - 2000

q Ka”agzgﬁvz etal planet/star mass ratio 3 x10-4, 10-3, 3x10-3

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

Simulations performed with two-pop-py model by Birnstiel et al. 2012.
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Description

Value-Range

Viscosity parameter

104 - 2.5x10-2

Md [M*]

initial disk mass

10-3-2.5x10-1

M- [M@]

stellar mass

0.2-2.0

r. [au]

characteristic radius

10 - 230

V¥ [cm/s]

fragmentation velocity

200 - 2000

Kanagawa et al.
9 2016

planet/star mass ratio

3x104 10-3, 3x10-3

o [rc]

planet position

1/3,2/3

Simulations performed with two-pop-py model by Birnstiel et al. 2012.

100.000 simulations
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How does every parameter aftect the
evolution tracks?

MIAPP Workshop - Gaps, Rings, Spirals and Vortices: 2021 - Garching 4



LUDWIG-
MAXIMILIANS-

owversir | | [Jependence on the planet position

MUNCHEN

2
Lim X g

O ] Sm()oth—Rosotti etal. 2019
@ 2: Planet at 1/3r,

e 3 : Planet at 2/3r.

4 : T'wo planets
4+ Andrews et al. 2018

0.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
log 1o / au

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



LUDWIG-
MAXIMILIANS-

owversir | | [Jependence on the planet position

MUNCHEN

2
Lim X g

O ] Sm()oth—Rosotti etal. 2019
@ 2: Planet at 1/3r,

e 3 : Planet at 2/3r.

4 : T'wo planets
4+ Andrews et al. 2018

0.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
log 1o / au

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

Smooth




LUDWIG-
MAXIMILIANS-

owversir | | [Jependence on the planet position

MUNCHEN

2
Lim X g

O ] Sm()oth—Rosotti etal. 2019
@ 2: Planet at 1/3r,

e 3 : Planet at 2/3r.

4 : T'wo planets
4+ Andrews et al. 2018

0.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
log 1o / au

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

Smooth




LUDWIG-
MAXIMILIANS-

owversir | | [Jependence on the planet position

MUNCHEN

L € 12 Single planet
® 1 : Smooth-Rosottietal. 2019

@ 2: Planet at 1/3r,

e 3 : Planet at 2/3r,

4 : T'wo planets
4+ Andrews et al. 2018

0.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
log 1o / au

MIAPP Workshop - Gaps, Rings, Spirals and Vortices: 2021 - Garching 5



LUDWIG-
MAXIMILIANS-

owversir | | [Jependence on the planet position

MUNCHEN

2
Lim X g

O ] Sm()oth—Rosotti etal. 2019
@ 2: Planet at 1/3r,

e 3 : Planet at 2/3r.

4 : T'wo planets
4+ Andrews et al. 2018

0.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
log 1o / au

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

Single planet



LUDWIG-
MAXIMILIANS-

owversir | | [Jependence on the planet position

MUNCHEN

2
Lim X g

O ] Sm()oth—Rosotti etal. 2019
@ 2: Planet at 1/3r,

e 3 : Planet at 2/3r.

4 : T'wo planets
4+ Andrews et al. 2018

0.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
log 1o / au

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

Two planets



LUDWIG-
MAXIMILIANS-

owversir | | [Jependence on the planet position

MUNCHEN

2
Lim X g

O ] Smooth—Rosotti etal. 2019
@ 2: Planet at 1/3r,

e 3 : Planet at 2/3r.

4 : T'wo planets
4+ Andrews et al. 2018

0.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
log 1o / au

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

Two planets

\ iﬁa}

= Y]

a5




LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MUNCHEN

Dependence on the a-parameter
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Heatmaps

Heatmaps - R10-0 - Ricci et al. 2010
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Heatmaps

Heatmaps - DSHARP - Birnstiel et al. 2018
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Heatmaps

Heatmaps - DSHARP-50% - Birnstiel et al. 2018
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Heatmaps - R10-0 - Ricci et al. 2010
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Heatmaps - R10-0 - Ricci et al. 2010
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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. (L o resz vs L relffs)

® Preference towards high initial disk mass (> 2.5x102)
® Preference towards low a-values (< 103).

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