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Introduction



Gas & Dust Observations in PPDs
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Revealing physical & chemical structure
of planet-forming regions




From Molecular Clouds to Planetary Systems
Molecular Cloud Cores, ~10°yr
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From Protoplanetary Disks to Planetary Systems

- Grain growth, settling, radial drift
- Gas dispersal
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ALMA Long Baseline Qbs. of TW Hya
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Dust In Gap Opened by a Planet

Planet opens a gap in gas
— Distribution of small grains are similar to gas
Large grains are depleted in the gap due to
dust filteration
— only small grains are left in the gap
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ALI\/IA Long Baseline O (t?s of TW Hya
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Chemical Structure of PPDs

(e.g., Dutrey+ 1997, Markwick+2002, Aikawa+ 2002, Bergin+ 2007)
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Complex Organic
Molecules In Disks



Observed Interstellar Molecules
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Obs. of Gas In Protoplanetary Disks
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Complex Organic Molecules In Disks

HC;N J=16-15, 12-11, 10-9 @ 146, 109, 91GHz

MWC480, LkCal5, GO Tau, IRAM 30m, PdBI
(Chapillon et al. 2012)

c-C,H, J=6-5 @ 218GHZ —rrrr

"d CHCN 1413, CH;CN
:HD163296 ALI\/lA SV : 14,13, 14,-13,,
: 5Co 2-1 3: FH 6-5 [@ : @ 257GHZ,
- MB - MWC480,
) ~ ALMA cycle 2
_ | WL&JJUJLI[:J“U\/
o 1aa0"1 - S(Q' etal. 2013b) i (Oberg etal 2015)

—more complex mol. WI|| be found by ALMA



Modeling Complex Molecules in PPD

Grain surface reactions Photodesorption
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CH OH detectlon from TW Hya
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First detection of CH,OH from protoplanetary disk!



CH,CN & HC,;N detection In Disks

TW Hya
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Further detection & further Investigation is needed



Distribution of Molecules Iin Disks found In
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Abundances of relatively small molecules are consistent, but
we need more complete model especially for larger molecules



Model Spectra of More COMs In Disks
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Searching more COMs in disks by ALMA!

(Walsh et al. 2017)




Effect of C/0 Ratio
IN Gas In Disks



Carbon Depletion in Inner Solar System
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Carbon grains must be destroyed and carbon bearing
species in gas escape from the Solar Nebular



Effect of carbon grain destruction
w/o C-grain destruction  with C-grain destruction
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Effect of carbon grain destruction

physical model + chemical reactions
+ line radiative transfer
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Effect of carbon grain destruction
w/o C-grain destruction  with C-grain destruction
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Summary

Observation & modelling of organic molecules in
protoplanetary disks by ALMA

- Detection of HC;N, CH;CN, CH;OH from disks
- Observed CH;0H could be formed via grain surface
reactions and non-thermally desorbed into gas
- CH,0H/ H,0 ratio consistent with that in comets
- Further investigation is needed for connection to
Solar System objects

Effect of C/O ratio in gas on disk chemistry

- Carbon grain destruction leads to enhancement of
carbon-bearing species, such as HCN and carbon-
chain molecules — testable by ALMA observations,

effect on Solar System objects?






C/0 ratio In gas around snowlines
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