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See talk by Marco Tazzari

TW Hya _________
Credit: S. Andrews (CfA)
ALMA(ESO,NAOJ,NRAO)
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BULK GAS

warm
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- Less abundant isotopologue of
molecular hydrogen
rotational transition J(1-0)
detectable with
Herschel Space Observatory
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only 3 detections in disks
Bergin et al. (2013); Favre et al. (2013);
McClure et al. (2016)
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BULK GAS

warm
¢ molecular

layer
molecules survive in CO

the gaseous phase
. second in abundance to H,
- very well studied chemistry
readily detectable
pure rotational lines
at mm wavelengths
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13C0O and C'80

optically thin lines
their detection

allows us to trace
the bulk of the gas
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Isotope
selective

processes

taken into account with
physical-chemical

disk modeling

DALI, Bruderer et al. 2012
Miotello et al., 2014b; 2016

!

carbon
abundance

relative to H,
difficult to quantify

TW Hya

Favre et al., 2013
Kama et al., 2016
Schwarz et al.,, 2016



GAS IN DISKS WITH ALMA
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ALMA LUPUS DISK SURVEY

Ansdell et al., 2016;2018
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LARGE GRID OF MODELS

Analytic expressions
of the line emission
as function of the

disk mass

Williams & Best 2014
Miotello et al., 2016

L [Jy km/s pc?]

L [Jy km/s pc?]

1 13CO optically thick

! at high disk masses
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CO ISOTOPOLOGUES

as gas mass tracers

linear

log

"®CO (3-2) L [Jy km/s pc]

Miotello et al., 2017




CO ISOTOPOLOGUES

as gas mass tracers linear log

Jy km/s pc’]

13COscales. S
linearly with
disk mass

Miotello et al., 2017




DISK MASSES

dust
masses

Disk dust mass [M,]
S

gas
Masses
10

Disk gas mass [M,]
E;c'o

10°

gas/dust 10000.0
ratio 1000.0
100.0

10.0
1.0

Gas—to—Dust Ratio

0.1

Miotello et al., 2017
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LOW GAS/DUST OR HIGH C DEPLETION?

sign of disk evolution

-l physical
evolution

gas Is dissipated

Mgas<Miyp

giant planet

formation
Is quick or rare

Ansdell et al., 2016
Miotello et al., 2017
Manara et al., 2016

chemical : 2
evolution

volatile carbon

Is locked up

In large icy bodies

or turned into

more complex species




C,H rings

Hydrocarbons in TW Hya

— 4 T
J=7/2-5/2, F=3-3 J=7/2-5/2, F=4-3 & 3-2 J=9/2-7/2, F=5-4 & 4-3 3 J=9/2-7/2, F=4-4
.
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Bergin et al. (2016)
Kastner et al. (2015)

TW Hya
C,H strong emission
CO fainter than expected
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settling




Ice coating




Radial drift










hydrocarbon
emission IS boosted



C,H in Lupus

follow up ALMA Cycle 4 program in Band 6 (PI: Miotello)

search for anti-correlation
of C,H and '3CO line luminosity

in 10 of the brightest in continuum

g/d ratios between 1 and 100

Disk gas mass [M,] Disk dust mass [M]
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Lupus and Cha disks

CO faint emission

may be explained by
carbon depletion
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Lupus and Cha disks

CO faint emission

may be explained by
carbon depletion

CO-based masses need
to be calibrated

sssssssssssssssss
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Lupus and Cha disks | |®@|®©

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

CO faintemission | |e| 0

may be explained by
carbon depletion 10 |-°

C,H

Miotello et al. in prep.

t‘ « Larger sample

' « Detailed modeling to constrain C
abundance and C/0O



Lupus and Cha disks

CO faint emission

may be explained by
carbon depletion

Cl and HD lines
ALMA and SPICA (?)

See Trapman et al. (2018)
Kama et al. (2016)
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Lupus and Cha disks

CO faint emission

sssssssssssssssss

zzzzzzzzzzzzzzzzz

may be explained by

carbon depletion

OUT OF THE BOX IDEAS?

Talk by Benedetta Veronesi




