Nonlinear outcomes of gravitational instability
in irradiated protoplanetary disks
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Angular momentum and energy transport in disks

e.qg. Balbus & Papaloizou (1998
e shear stress 9 p (1998)
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Angular momentum and energy transport in disks

e shear stress e.g. Balbus & Papaloizou (1998)
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Locality of transport depends on Maisk / Mstar

Kratter and Lodato (2016)

Mdisk / Mstar ~ 0.5 Mdisk/ Mstar ~ 0.1

&

tightly-wound spiral waves

low m spiral waves .
P “gravito-turbulence”

Muisk / Mstar large small

energy transport non-local local

Caveat: c.f. Tsukamoto et al. (2015), Takahashi et al. (2016)
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Nonlinear outcomes of Gl: dependence on r and 2
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r=50 AU

> =100 gcm2 MDIFH : gravito-turbulence
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r =50 AU, = =100 gcm2 DIFH : gravito-turbulence

T = 20.00 orbits radial )

e azimuthal

vertfical

= T~60K

i vertical

T~15K

N\
N

VeRiz=Pe 1 .
N "

Z felolfe]

gds Temperc’rure
1. OOOe+O1 TR

IIIHIIII‘MNIIIIIIIIII

/
X




r =50 AU, = =100 gcm2 DIFH : gravito-turbulence
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r=50 AU

> =300 gcm MDIFH : runaway collapse

100
— B OO0 »rA _
i H EE>>ID >N laminar )
B gravito-turbulence
— O EERE N [ 1 | —
¥ clumping
~ 0 EEl H B EEm . Collapse _
— OCEAEENEN BE u —
-)
$ B 0 m HE B EERN _
O BN P EEE BN
— (A N | H N HOMm —
B EE B B ON
10 | | | | | | 1 1 | | | | | | 11 1 | | | | | | | 1 1
10 100 1000 10000

%, [gem™]



r =50 AU, = = 300 gcm-3 DIFH : runaway collapse
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r =50 AU, = = 300 gcm-3 DIFH : runaway collapse
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Effective cooling time 3 as a function of Z and r
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Nonlinear outcomes of Gl in disks: phase diagram
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