
Statisticalview
ofProtoplanetary

D
isks Evolution

Features

M
eizhi Liu, D

ept. of Astronom
y, M

1

Reference

Protoplanetary disc around H
L 

Tauri by ALM
A

•Role: 
•D

isks of gas and dust around 
young stars are the birthplace of 
planets.

•Structures:
•

R
ings, spirals, arcs, shadow

s.
•

Substructures differ in dust and 
gas com

ponents.
•Form

ation D
rivers:

•
H

ost star and disk properties.
•

D
isk-planet interactions.

u
Planet-Form

ing D
isks: Key Insights

Introduction

u
D

isk Lifetim
e

Em
pirical sequence for the form

ation and circum
stellar evolution of a single star, based on the shape of the SED

. [1][2]

u
D

isk D
ust M

asses

?
 M

ass budget problem
: 

     D
isk m

ass vs. planet m
ass

C
hoosing the sim

plest m
odel for disks: accretion disk

Evolution of protoplanetary disks w
ith detectable near-IR 

excess as a function of tim
e. [3]

u
Evolution of the D

isk:
•

Pre-m
ain sequence

•
M

easuring the disk fraction in SED
 

through infrared survey for different 
star-form

ing regions.

The typical disk lifetim
e is 1-3 M

yr (40-80%
):

D
isk fraction sharply decrease from

 young to old 
star-form

ing regions w
ith age of a few

 m
illion years.

•
D

ustdisk m
asses have been surveyed at 

m
illim

eter w
avelengths.

•
The disk m

ass is estim
ated w

ith a sim
ple 

relation (H
ildebrand 1983):

→
H

ow
 m

assive are the dust grains?

D
ust m

asses for all the continuum
-detected disks.[4]

→
 C

om
parison betw

een different regions 

C
om

parison of the dust m
asses cum

ulative distributions in the various regions.[5] 

•
Young star-form

ing regions statistically have 
m

ore m
assive disk than older regions: generally, 

the disk m
asses decrease w

ith tim
e.

•
The m

edian disk m
asses are ~10 Earth m

asses 
w

ith huge dispersion.

Solid m
ass budget of exoplanet system

s and 
protoplanetary disks around solar-m

ass stars.[6]
Estim

ated solid system
 m

ass vs. spatial scale for exoplanets 
system

s and protoplanetary disks around solar-m
ass stars.[6]

•
A

ll three distributions peak near ≈10 Earth M
ass.

•
Theoretically, planet form

ation involves steps like 
dust grow

th and gas accretion, each w
ith m

ass loss, 
needing a higher initial disk m

ass.
→

 The m
ass budget m

ay not be enough for form
ing 

extrasolar planets.
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