Chemical exchange between
Isotopes of carbon and oxygen In a
T-Tauri disk

Paul Woods

Jodrell Bank Centre for Astrophysics
University of Manchester
Paul . Wods @manchest er. ac. uk
&

Karen Willacy
NASA Jet Propulsion Laboratory

Computational Astrochemistrv - anew era? —p. 1/,



Outline of thetalk

* Modelling disk chemistry

Computational Astrochemistrv - anew era? — n. 2/



Outline of thetalk

* Modelling disk chemistry
. 13C isotope chemistry in disks

Computational Astrochemistrv - anew era? — n. 2/



Outline of thetalk

* Modelling disk chemistry
- 13C isotope chemistry in disks
- 180 isotope chemistry in disks

Computational Astrochemistrv - anew era? — n. 2/



Outline of thetalk

* Modelling disk chemistry
. 13C isotope chemistry in disks

» 180 isotope chemistry in disks
« Small species - HCN and»&;

Computational Astrochemistrv - anew era? — n. 2/



| ow-mass star formation

w cloud | gravitational collapse.
&

Greene (2001
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A chemical view of disks
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i) Photon-dominated layer - mostly ions and radicals, e:g. C

i) Warm molecular layer - many species in the gas phase,
Interactions between ions and neutrals

i) Midplane - most species frozen out onto grains
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Disk model

Model of D’Alessio et al. for a typical T Tauri disk

Gas density profile Dust temperature profile
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Chemical modéd

A subset of the UMIST Ratefile
(www.udfa.net)
+ grain surface reactions
+ X-ray ionisation reactions
= around 8000 reactions
between 475 species
Incorporating 6 elements
Interstellar initial abundances
3 or 4 daystorunona3GHz PC
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Outline of thetalk

* Modelling disk chemistry
 135C isotope chemistry in disks
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What can isotopes of C tell us?

» Trace the origin and evolution of molecules
* Formation environment
» Types of chemical processing

 Trace vertical temperature structure of disks
(Piétu et al. 2007, Dartois et al. 2003)

 Allow us to trace molecules which may be
optically thick (*CO vs.!°CO)
 Label various regions of the disk

* Indicate grain chemistry in action? (Charnley e
al. 2004)
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Carbon isotope chemistry

BOT +12 00 =" CO +* CT+AE(35K)

Rate measured by Watson et al. (1976), Smith & Adams (1980)
Rate calculated by Langer et al. (1984), Lohr (1998)

H2CO" +13 CO = HBCO™ +2 CO+AE(9K)

Rate measured by Smith & Adams (1980)
Rate calculated by Langer et al. (1984), Lohr (1998)
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Carbon isotope chemistry

BOT +12 00 =" CO +* CT+AE(35K)

kior = 3.3 x1071%(T/300K) V448
krev = kiorexp(—35K/T)

Woods & Willacy (2008)

H2CO" +13 CO = HBCOT +2 CO+AE(9K)

kior = 2.6 x 10719(T/300K) 027"
krev — kforexp(_gK/T)

Woods & Willacy (2008)
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Carbon isotope chemistry

HOMCT +12CO =% CO + HO¥Ct+AE(2.5K)
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Carbon isotope chemistry

HOMCT +12CO =% CO + HO¥Ct+AE(2.5K)

BCt 42 ON =" ON +2 C*4+AE(34K)

Bt 1208 =B CS+2 Ct+AFE
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Carbon isotope chemistry

HOMCT +12CO =% CO + HO¥Ct+AE(2.5K)
BCT +12CN =18 CN +2 CT+AE(34K)
BOT +12CS =P CS+2 CT+AE

BC*T +2 CH; =% CH; +* CT+AE
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Carbon isotope chemistry

HOMCT +12CO =% CO + HO¥Ct+AE(2.5K)

BCt 42 ON =" ON +2 C*4+AE(34K)
BT 41208 =18 CS +2 CT+AE

BC*T +2 CH; =% CH; +* CT+AE

e — Rates unknown?
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Selective photodissociation
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Inputs: thelocal **C/°C ratio

Hawkins & Jura (1987) 434
Goto et al. (2003) 5F5
Langer & Penzias (1993) a2
Langer & Penzias (1990)~70

Stahl & Wilson (1992) /%3

Stahl et al. (1983) H#3
Goto et al. (2003) 8649
Penzias (1983) 10014
Viadilo et al. (1993) 08-120
Goto et al. (2003) 13¥#9

Goto et al. (2003) 158
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Galactic *C/°C ratio

Solar System

Milam et al. (2005)

The University of hester
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| nput abundances
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Carbon isotopes- CO

Fractionation of CO Distribution of CO
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Bot 1200 =B CO+PCr+AE
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Carbon isotopes- CO

Fractionation of CO Distribution of CO
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Gibb et al. (2007), GV Tau:

T(*2CO)~ 240K 12COMCO =54+15
Brittain et al. (2005), HL Tau:

T(**CO)~ 100K 12COo/MCO =769
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Carbon isotopes- CH,

Fractionation of CH, . Distribution of CH,
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Carbon isotopes- HCN
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Pointsto note

 Fractionation varies with species

 Fractionation varies with radius
 for gaseous species
e some iIces retain interstellar fractionation

» Fractionation varies with height
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Solar System comparison
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Outline of thetalk

* Modelling disk chemistry
» 13C isotope chemistry in disks

o 180 isotope chemistry in disks
- Small species - HCN and»8&5
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Oxygen Isotope chemistry

BT+ CP0 = PCPO+CT 4+ AE(36K)
HCO" + C®O0 = HC®O' +CO + AE(14K)
HCOT + C'*0 = H"C"¥O" + CO + AE(22K)
H®CO* 4+ C®O0 = HCY®O" +"* CO + AE(5K)
HPCOt +72 C®*0 = H¥C®O" +¥ CO + AE(13K)
HC'®OT 45 C%0 = HY¥C®OT +C¥0 + AE(8K)

Rates measured by Smith & Adams (1980)
Rates calculated by Langer et al. (1984), Lohr (1998)
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| nitial results

Fractionation of CO
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| nitial results

Fractionation of “CO
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Simple molecules- HCN, C;H5

Distribution of HCN
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Simple molecules- HCN, C;H5

Distribution of C,H,
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Outline of thetalk

* Modelling disk chemistry

- 13C isotope chemistry in disks
« Small species - HCN and»8&5
 Complex species - benzene and PAHs
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For ming complex species

CH4 CQH:;F — CgH; H2
CgI‘::g_—Fe_ — C3Hy+H

The University of Mancheste
Jodrell Bank
Observatory

1824
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For ming complex species

CH4 CQH:;'_ — CgH; H2
CgEﬁnge_ — C3Hy+H

CsHy +C — CHW + H,
CsH, + CoHf — C4HF + CH;
CsH, + C,H — CsHf + H,
CsHy + CoH — C;H; + Hy
C3Hy 4+ C3XT — CeX" +Hor Hy
CsHy + C Xt — C.X"+Hor H,
CsHy + C: Xt — CgX™ 4+ Hor Hy
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Complex species- CsHg
C3H4 + CgHI — C—C6H%|_ + H
c—CgHF + grain — ¢—CgHg + g—H

Distribution of CgH,

Radius [AU]

hester

Woods & Willacy, 2007, ApJ, 655, L49
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PAHS

" +CyHy (- H)
—_———

Allamandola et al. (1989)
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PAHS

PAHs have been observed in T Tauri disks:
e.g., Geers et al. (2006)

PAHs may form in the gas phase in AGB stars:
e.g., Frenklach & Feigelson (1989), Cherchneff et al. (31992

Regions of high density with long residency times occur m th
Inner regions of disks. Do the right ingredients (benzene,
acetylene) mix at the right temperatures (700-1 100 K)?
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|mpact of ALMA on chemistry

* ALMA will allow us to resolve different chemical regions - tho
vertically and radially

® Sub-arcsecond resolution at the distance of local stamfay regions
such as Taurus and Orion will let us probe inside 10 AU

* ALMA will be able to probe the cold gas at R<30 AU, and discotrey
chemically important regions where molecules come offrggal

® High spectral resolution that will help us to separate veayaow lines
In the line forest

® Observers will be able to map species and physical congitaba
much higher resolution than currently possible, and helgetiers to
refine their models.

®* Models will give observers densities, temperatures, anctmo
Importantly, the location of species of interest

The University of Manchester
Jodrell Bank

Observatory

1824
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|mpact of ALMA on chemistry

Domain sampled

in current \mages ALMA: Optically thick CO lines
at 150 pc
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Carbon isotopes- CO

Fractionation of CO Distribution of CO
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Complex species- CsHg

Distribution of CgH,

1.5 .
Radius [AU]
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What happens next?
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