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Gas and dust in'disks: grain growth and disk evolution
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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



Accretion onto Pre-Main-Sequence stars

Low-velocity

Disk wind/jet disk wind?

Accretion flows

=\

=
' s

Accretion shock
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Inner hot Dty disk
— dust wall usty dis
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Hot continuum — Inner
emission (T=8,000K); Broad e lines gas disk
some narrow lines; (T=107K)
X-rays?
O UV-excess

HE . Hartmann, Herczeg and Calvet, 2016, ARAA
O Emission lines
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Accretion: a tracer of viscous evolution?
Hartmann, Herczeg and Calvet, 2016, ARAA
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al. 2014, Fairlamb et al. 2015, Sicilia-Aguilar et al. 2010, e
-10 [Rigliaco et al. 2011, Venuti et al. 2014, Manara et al. 2012, ?
Fang et al. 2009, Antoniucci et al. 2014, Manara et al. 2015
M S SRS LT N T TR AN S T ) AT S T S ) A S S
5.0 3O 6.0 6.5 7.0 7.5

log age/year

See also: e.g., Hartmann et al. 1998, Sicilia-Aguilar et al. 2010, Manara et al. 2012, Antoniucci et al. 2014
(but check Da Rio et al. 2014 and Soderblom et al. 2014)
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Accretion is a tracer of disk evolution processes
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SLOPE: (Macc~Mx&; 0X~2) Hillenbrand et al. 1992,
- i3 Muzerolle et al. 2003,
|. Initial conditions (Dullemond+06,Alexander+06) AT
: ; Mohanty et al. 2005,
5 A Phqtoevaporatlon (Clarke&Pringle 06, Ercolano+14) Natta et al. 2004, 2006,
3. Environment (Padoan+05) Herczeg et al. 2008,
» R Hartmann 2009,
4. Disk self-grawty (Vorobyov & Basu 08,09, DeSouza & Basu 2016) Rigliaco et al. 201 I,
Manara et al. 2012,
SPREAD: Da Rio et al. 2014,
I V A bl ‘ . Ercolano et al. 2014,
. vyariaol It)’ (Costigan+ 14,Venuti+ 4, 15) Venuti et al. 201 4.
Beltran & de Wit 2015,
2' MethOdOIOgy Frasca et al. 2015 ...
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A possible explanation for Macc-Mstar
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The same model predicts
Mdisk~Mser? and
Macc~Muisk

Carlo Felice Manara - Menaggio - 04.03.2019



Accretion and stellar properties determination

Flux [erg/s/cm?/nm]
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Isothermal hydrogen slab model for the
accretion shock spectrum =¥ L.
Extinction values + reddening law = Ay

ACCRETION &
STELLAR PROPERTIES
DETERMINATION

Manara et al. 2013b
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Accretion in transition disk objects
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Accretion rates of transition disks are compatible to those of full disks
(at least in some objects)
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X-Shooter surveys: aiming for completeness

95% complete

Chal (pi Testi)
M*/M:ﬁ‘_-f)< I

44 Class li
95% complete (Manara, Testi

et al. 2017)
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(Alcala, Manara, (Manara, Testi
Natta et al. 2017) etal. 2017)

p-Oph (P1 T@sti) LUPUS Chal (Pl Herzceg)
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TELLAR AGE
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(Stelzer et al. in prep)

>5 Myr
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X-Shooter survey: Chamaeleon | o,

Manara, Testi, Herczeg et al. 2017a
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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 | o,

Manara, Testi, Herczeg et al. 2017a
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Drop at log(Mx/Me)~-0.5:
two accretion regimes (Vorobyov & Basu 2009) or faster evolution at lower masses!?
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Macc vs Mstar: Lupus & Chameleon |

llrll]|
B Lupus

_* Chal
O
O

Transition disks

Alcala, Manara, Natta et al. 2017

data from: Manara, Testi et al. 2017a;
Manara, Fedele et al. 201 6a
Alcala, Natta, Manara et al. 2014,
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Drop at log(Mx/Me)~-0.5:
two accretion regimes (Vorobyov & Basu 2009) or faster evolution at lower masses!?

Carlo Felice Manara - Menaggio - 04.03.2019%



Macc vs Mstar: Lupus & Chameleon |
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data from: Manara, Testi et al. 2017a;
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Gaia distances: similar general behaviour,
Chamaeleon | accretion rates slightly higher (d=190 pc vs d=160 pc),
Lupus more scattered (d=160 pc always, no 200 pc)
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More than 60 disks O
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~0.3“in DISkS Surve
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C180 and CN Ansdell et al. 2016



Internal processes driving disk evolution

Viscous accretion = loame i

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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Macc correlates ~linearly with Madust, no correlation with Mco
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Accretion and outer disk mass
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Macc correlates ~linearly with Mqust, no correlation with Mco. With a gas-to-dust

ratio of 100 the results are in general agreement with viscous evolution models
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Accretion and outer disk mass

adapted from Mulders, Pascucci, Manara et al. 2017

—4 -2
109(100-Myisk, dust/M o )
Observations support a correlation with the DUST mass

that is compatible with linear
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Can viscous evolution explain the observations?

-71 @ Viscous evolution models realization
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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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Initial results in the 5-10 Myr old Upper Scorpius region

>

Manara et al. in prep

109(100-Myisk, dqust/M o )

Still large spread, and several strong accretors! Issue for viscous evolution?
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What is the driver of the evolution of protoplanetary disks?

VISCOUS EVOLUTION | DISK WINDS

/

Disk

? Magnetic fields
l 2 l Dead zone

Turbulence

Nt
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;

(Q) Clarke et al., 1993, 2008;
. Adams 2010,
Winter et al. 2018

e.g., Clarke 2007,
Anderson et al. (2013),
e.g., Alexander et al. (2014) Facchini et al. (2016),

Erc’olano & Pascucci (20I7), gxtﬁrnal Ph Q_t_O_eVallOrat_Qn Winter et al..(20I8)
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Mdisk/Macc as a proxy of disk evolution processes

Rosotti, Clarke, Manara, Facchini 2017

—-4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5
|OQ(100 'Mdust) [MQ]
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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Initial data on old and strongly accreting objects
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b * p Oph (Manara et al., 2015)-
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E * o Ori (Rigliaco et al., 201 2):
80 t ® 1) Cha (this work) 4
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90f 4
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Rugel, Fedele, Herczeg 2017

There are STRONG accretors at |0 Myr
Problem for viscous evolution models!?

Mass budget problem?
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Is there enough mass in disks to explain the observed planets?
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Comparing the dust content in disks and in planets we get that
disks are not massive enough to explain the observed planets.
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A&A 618, L3(2018)
https://dor.org/10.1051/0004-6361/201834076 tronom!

© ESO 2018 Astrophysics

LEeTTER TO THE EDITOR

Why do protoplanetary disks appear not massive enough to form
the known exoplanet population?

C. F. Manara' *. A. Morbidelli®, and T. Guillot®

0) Currently measured disk (dust) masses are

underestimating real disk (dust) masses
(e.g., Tripathi et al. 2017,Ansdell et al. 2018, Hartmann et al. 2018)

|) (Proto-)cores of planets form very rapidly

(<0.1-1 Myr)
(e.g., Greaves & Rice 2010,Williams 2012, Najita & Kenyon 2014)

2) Disks as conveyor belts, i.e., replenished of

fresh material (continuously or episodically)
(e.g.,Throop & Bally 2008, Kiiffmeier et al. 2017)
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TAKE HOME

The great effort of Antonella et al.
gave Us a great way to measure Ma,cc
for large samples of objects

| . . |

Macc scales linearly with Mgyst, but with
a large scatter, even at older ages. Issue
for viscous evolution and mass budget!?

(9) Carlo Felice Manara (ESO Fellow)



