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1 Introduction
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Disk Accretion & Chemistry
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Icy mantle evaporation
observational diagnosis of disk accretion?

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

Theory: MRI?  Observation? 



Obs. of Solid & Gas-Phase Molecules

W33A ISO

(Beuther et al. 2005)

(Gibb et al. 2000)
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Obs. of Molecular Abundances

(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
gaseous planet formation,
migration of (proto)planets

Theory: MRI?  Observation? 
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2 Models



Gas, dust temp. & density profiles

gas dens.: hydrostatic equilibrium
(M*=2.5 Ms)

surface dens.: steady accretion model

dMacc=(0.5-20)x10-8Ms/yr (=const.)

gas temp.: local thermal equilibrium

ΓΓΓΓX : X ray heat., ΓΓΓΓpe : FUV heat., ΛΛΛΛline : 
radiative cooling, Lgr : 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 reaction network :
209 species, 2203 gas-phase reactions

Initial condition: ice evaporation

CH4, C2H2, C2H4, C2H6, CO, CO2, O2, 
H2O, H2CO, CH3OH, C2H5OH, N2, 

NH3, H2S, OCS

(Nomura & Millar 2004)
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3 Results



Time evolution of Mol. Abundances

dMacc=1x10-8Ms/yr , z=1.5H
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Spatial Distributions of Molecules

dMacc=1x10-8Ms/yr (ττττacc> ττττ
react

)
: high abundances only at large r

dMacc=2x10-7Ms/yr (ττττacc< ττττ
react

)
: parents: uniform, daughter: high at inner
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Spatial Distribution of Line emission

Dependence of spatial distribution of 
line emission on accretion rate

Observable by ALMA

r
z

obs.

( )∫
∞

∞−
−=

z

z ul
ul

ulur ul, dzτexp
4π

hν
AnF

nu: LTE distribution

(Hogerheijde & 
van der Tak 2000,

Schoier et al. 2005)

ALMA 5σσσσ detections
10 antennas, 1km/s, 
0”.1, 600s

dMacc=1x10-7Ms/yr

dMacc=5x10-9Ms/yr

r [AU]

T
b

 

[K
]

d=144pc

CH3OH: JK=7-1 6-1 @338GHz



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: ~104-5yr

accretion time > 104-5yr
high abundances only at large r

accretion time < 104-5yr
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

if ττττevap, i < ττττfreeze, i ;

ττττevap, i=νννν0,i
-1exp(Eb,i/kTd)

Eb,i : binding energy

ττττfreeze, i = (Sππππa2dgnvi)
-1

~ 10
9 
yr /n [cm

-3
]



Dust Distribution

(Nomura et al. 2007)



Temperature Profiles

(Nomura et al. 2007)



X-rays & UV radiation fields

(Nomura et al. 2007)



Chemical Model

Chemical reaction network :
209 species, 2203 gas-phase reactions

Initial condition: ice evaporation

CH4, C2H2, C2H4, C2H6, CO, CO2, O2, 
H2O, H2CO, CH3OH, C2H5OH, N2, 

NH3, H2S, OCS
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