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1 Introduction



Chemical Structure of Young Disks
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Disk Accretion & Chemistry

Disk Accretion:
gas disk dispersal
gaseous planet formation,
migration of (proto)planets

«— Theory: MRI? Observation?
e p

H,S— = S

Icy mantle evaporation —
observational diagnosis of disk accretion?



Obs. of Solid & Gas-Phase Molecules

C%- Obs.

cold, dense

oBh.0

o\'f 0O S—H,S
d( ~ CO—CH,OH

S -‘_‘!\\7//"

1 DE :_

Flux (Jy)
C}

10°

hot

§
H (\)CH/OH—»(CHB)ZG-

H,S—SO0, SO,

SO,, (CH;),0: abundant



Obs. of Molecular Abundances

Molecules | Orion Hot Core AFGL 2591 | TMC1
H,O | 1.0(-5) 3.6(-5)

Ho 5 < 5.0(-6) < 1.0(-) |2.5(-10)
SO 1.5(-7) 2. 0( 8)  |2.5(-0)
SO, 0.4(-8) 63(7)  |5.0(-10)
NH; 1-10{-6) 2.3( 8) 1.0{-8)
HNC 3.0(-7) 3.0(-7) 1.0(-8)
CH3CN |7.8(-9) 2.0(-8) 5.0(-10)
CH3;OH |1.0{-6) 8.0(-8) 1.0(-9)

(from Charnley et al. ‘92, Charnley ‘97,
Ikeda et al. ‘01, Doty et al. '02, Lee et al. '96)



Disk Accretion & Chemistry

Disk Accretion:
gas disk dispersal
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2 Models



Gas, dust temp. & density profiles

gas dens.: hydrostatic equilibrium

(M.=2.5M,)
surface dens.: steady accretion model

dM,__.=(0.5-20)x108M_/yr (=const.)
gas temp.: local thermal equilibrium
[y : Xray heat., I, : FUV heat,, Aj :
radiative cooling, L, : gas-grain collisions
dust temp.: local radiative equilibrium
(irradiation(T.=10000K), viscous heating)

dust dens.: coagulation equation

for settling dust particles
(Nomura et al. 2007)




Chemical Model
Chemical kinetic models

d(nava): D AN+ By ngn,
ds B B,y

z 20"Teva Ltreezdl,0 y
e
*0 0 20 4|o G_e'(l):l's'o'l:t!o_foo r reese
Chemical reaction network :

209 species, 2203 gas-phase reactions
Initial condition: ice evaporation
CH, C,H,, C,H, C,H,, CO, CO,, O,,
H,0, H,CO, CH;0H, C,H.OH, N,,
NH;, H,S, OCS
(Nomura & Millar 2004)




3 Results




Time evolution of Mol. Abundances
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SPatiaI Distributions of Molecules
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Spatial Distribution of Line emission
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— Observable by ALMA

=1x10-7Ms/yr .




Spatial Distribution of Line emission
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4 Summary

Distribution of hot molecules in inner region
of young circumstellar disks
(evap. of ice + gas-phase reactions)

Timescale of chemical reactions: ~104>yr

accretion time > 104°yr
— high abundances only at large r
accretion time < 104>yr
— parents: uniform, daughter: high at inner

Dependence of accretion rate on
spatial distribution of line intensity

— Observable by ALMA ?






Chemical Model

Initial Condition
Inject mantle molecules into gas

iIf Tevap,i < Tfreeze, i

Tevap, i=V0,i-lexp(Eb,i/de)
Eb,i : binding energy

Tfreeze, i = (ST[azdgnV|)
~ 10° yr/n[cm ]



fdust

Dust Distribution
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Temperature Profiles
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X-rays & UV radiation fields
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Chemical Model
Chemical kinetic models

d(n va) Z An, + Z B,
Z L( Tevap freeze
's//hot/}sn/ CH.OH cold

Chemical reaction network
209 species, 2203 gas-phase reactions
Initial condition: ice evaporation
CH, C,H,, C,H, C,H,, CO, CO,, O,,
H,0, H,CO, CH;0H, C,H.OH, N,,
NH;, H,S, OCS
(Nomura & Millar 2004)




