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(Qi et al. 2013)

CO snow line

Anti-correlation of CO and N,H*
CO + N,H* 2> HCO* + N,

=» N,H* ring as a probe of CO snow line

% But, the sublimation temperature of N, and CO are similar.
- Why is N,H* abundant outside CO (N,) snow line ?




This Work

1. Numerical calculation of disk chemistry

2. Derive analytical formulae of N,H", HCO™, H;" abundances
= Good agreement with numerical calculation

3. Dependence on 1onization rate



Numerical calculation of disk chemistry

@ T Tauri Disk model
(Nomura et al. 2005; 2007)
- M ,=0.017M_,

- T.=4000 K

-L,=10%0erg s
- Ly=103t erg st
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€ Chemical model (Furuya &YA 2014)
- Gas + Grain-surface reactions
- shielding of H,, HD, CO and N,
- lonization | X-ray
—~ cosmic-ray
radio-active
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Numerlcal calculatlon of dlSk chemlstry
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Numerlcal calculatlon of dlSk chemlstry
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Numerical calculation of disk chemistry

COisdepletedatT>T,,

".“conversion to less volatile species
(Aikawa et al 1997; Favre et al 2013 ; Furuya &Aikawa 2014)

= N,H* is the major ion

CO is sublimated to destroy N,H*
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Numerical calculation of disk chemistry

0.6
COisdepletedatT>T,,
".“conversion to less volatile species -6
(Aikawa et al 1997; Favre et al 2013 ; Furuya &Aikawa 2014)
= N,H* is the major ion -8
-0
CO is sublimated to destroy N,H* _12]
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Analytical Formulas

Density, Temperature, ionization rate, CO&N2 abundances
= N,H*, HCO*, H;*, e abundances

N kx(H3)x(N,)
*(NH) = k,x(e) + k. x(CO)

Hy*+ N, > N H" +H,
N,H*+e=>NH+N or N, +H
N,H* +CO = N, + HCO+




Analytical Formulas

Density, Temperature, ionization rate, CO&N2 abundances
= N,H*, HCO*, H;*, e abundances

X(N,H") = kyx(H3)x(N,)

k,x(e)+ k,x(CO)
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Analytical formulas agree well with the full network results.



Analytical Model

If CO and N, abundances (gas + ice) are constant
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N,H" abundance is maximized when x(CO)/x(e)~ 3000




If CO and N, abundances (gas + ice) are constant

Analytical Model
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Dependence on ionization rate

lonization source in disk: Cosmic ray is the dominant ionization

- X—ray source in the midplane, but could be
_ scattered by stellar winds.
— CosmIC Ray (Glassgold et al. 1997; Aikawa et al. 1999; Cleevs et al. 2014)
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Summary

1. Numerical calculation of disk chemistry
- Outside the CO snow line, N,H™ 1s abundant

in layers with CO conversion to less volatile species

2. Derive analytical formulae of N,H", HCO™, H;" abundances

- Good agreement with numerical calculation
- N,H" abundance 1s maximized when CO/e ~3000

3. Dependence on 1onization rate
- N,H" column density declines by ~100 w/o cosmic-ray



