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Protoplanetary disks are the place where planets are formed.
- Their evolution is KEY to understand planet formation

Artist impression. Credits: G. Glasg, Mark A. Garlick, M. Kornmesser



Internal processes driving disk evolution
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Internal processes driving disk evolution
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Bai et al. (2014, 2015, 2016),
Gressel et al. 2015,
Simon et al. 2015
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Internal processes driving disk evolution

e.g., Lynden-Bell & Pringle 1974;

Viscous accretion et 508
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What is the driver of the evolution of protoplanetary disks?

VISCOUS EVOLUTION | DISK WINDS

> v 4

Magnetic fields

‘ =
& i Dead zone

Star & planets

e.g., Lynden-Bell & Pringle 1974; e.g.,Armitage et al. 2013, Bai et al. (2014,2015,2016),
Hartmann et al. 1998 Gressel et al. 2015, Suzuki et al. 2016

INTERNAL EFFECTS OF ENVIRONMENT -

PHOTOEVAPORATION STELLAR CLUSTERS
Dynamical interactions

e.g., Pfalzner et al., 2005;

,<
ﬂ ’ Clarke et al., 1993, 2008;
v \\Q\ Adams 2010,
'

Winter et al. 2018

—a

Massive star (O,B)
& e.g., Clarke 2007,
Anderson et al. (2013),

.g., Alexander et al. (2014), . Facchini et al. (2016),
eEfcolare\oa;( ::siu:ci 220I7; EXternGI Ph OtOeVGPOI’GtIOH Winter et al. (2018)

Carlo Felice Manara - OA Roma - 26.06.2018



Spectroscopy: RS

Talk by L. Venuti, E. Rigliaco, T. Giannini.... e Stellar properties
® Mass accretion rates

® Wind properties

mme-interferometry:

Rl ® Disk mass
® Disk morphology
® Surface density

IR-interferometry g
& spectroscopy: /h/\,

® |nner disk morphology
® |nner disk composition

~x e Astrometry:

=¥ ® Distances Poster by CFM
® Kinematic membership

® Dynamical properties

Artist impression. Credits: G. Glasg, Mark A. Garlick, M. Kornmesser



Accretion onto Pre-Main-Sequence stars

Low-velocity
disk wind?

Disk wind/jet

Accretion flows
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Accretion shock

\

Inner hot Susty disk
dust wall usty dis
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Hot continuum — Inner

emission (T = 8,000K); Broad emission lines gas disk

some narrow lines; (T=10"K)

X-rays?

O UV-excess

.. . Hartmann, Herczeg and Calvet, 2016, ARAA
O Emission lines
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VLT/X-Shooter

wshooter
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O Medium resolution and high-sensitivity

O Simultaneous observation from ~300 nm to ~2500 nm
O UV-excess
O Many accretion diagnostics (emission lines)
O Photospheric features
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X-Shooter surveys: aiming for completeness
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95% Complete (Manara, Testi

et al. 2017)
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Natta et al. 2017) etal. 2017)
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X-Shooter survey: Chamaeleon | SO -
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Single power-law: result of initial conditions (e.g.,Alexander & Armitage 2006,
Dullemond et al. 2006), Bondy-Hoyle accretion (Padoan et al. 2005),
photoevaporation (e.g., Clarke & Pringle 2006, Ercolano et al. 2014)!?
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X-Shooter survey: Chamaeleon | Yo,
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Drop at log(M%/Me)~-0.5:
two accretion regimes (Vorobyov & Basu 2009) or faster evolution at lower masses!?
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Macc vs Mstar: Lupus & Chameleon | S
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data from: Manara, Testi et al. 2017a,
Manara, Fedele et al. 20163,
Alcala, Manara, Natta et al. 2014, 2017

Empty region compatible with internal photoevaporation?
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Internal processes driving disk evolution
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Magnetic fields

? Origin of turbulence
? Long timescales
? Structures in disks
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Accretion rates scale with (dust) disk mass "
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Lupus ALMA
Disks Survey

Accretion and outer disk mass "
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Using Mdust and a gas-to-dust ratio of 100 to get Muisk
the results are in general agreement with viscous evolution models
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Accretion and outer disk mass

@® Lupus
—opf @ chal 1 A similar result is obtained with
Transitional Py ]
—— Fit Detections ) the data in the Chamaeleon |
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(data from Manara et al. 2016a,20173;
Pascucci et al. 2016;Alcala, Manara et al. 2014,
2016;Ansdell et al.2016)
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Can viscous evolution explain the observations?
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Yes, but only IF the viscous timescale is
of the order of the age of the region (~| Myr)
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Mdisk/Macc as a proxy of disk evolution processes

Rosotti, Clarke, Manara, Facchini 2017
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Viscous models predict a tight correlation between
mass accretion rates and disk masses

See also Hartmann et al. 1998, Jones et al. 2012, Lodato et al. 2017
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Mdisk/Macc as a proxy of disk evolution processes

Mulders, Pascucci, Manara et al. 2017

Manara, Rosotti, Testi, Natta et al. 2016b
Rosotti, Clarke, Manara, Facchini 2017
Lodato, Scardoni, Manara et al. 2017

10g(100-Mygisk, dqust/M o )

To be tested with objects at different AGES and evolutionary stages
= input for disk evolution, planet migration and formation models
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How does the Macc/Mdisk relation looks at 10 Myr?

| | | | | | | | | | | | | | | | |
@ USco viscous model with uncertainties

+ USco viscous model

N N T

slope = 0.98 = 0.04
correlation = 0.89 = 0.02
spread = 0.41 = 0.03

0 1 2

IOg(Mdust/M ® )
To be tested in Upper Scorpius,VLT/X-Shooter visitor run May 19-20 2018
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Examples of Balmer excess in Upper Scorpius
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There are strong accretors in Upper Scorpius (5-11 Myr old)!!!
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Initial results in the 5-10 Myr old Upper Scorpius region
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Still large spread, and several strongly accreting disks!
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Initial results in the 5-10 Myr old Upper Scorpius region
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Most of the accreting objects follow the same distribution as the younger ones
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Initial data on old and strongly accreting objects
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There are STRONG accretors
at 10 Myr

Talk L.Venuti for more
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TAKE HOME

BIMODAL distribution of Macc vs Mstar at all
ages, and with a large spread of values.

s

Macc scales linearly with Mqus¢, but with
a large scatter, even at older (???) ages.
Ruling out viscous evolution?

+E+S*
(9 Carlo Felice Manara (ESO Fellow)
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