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INTRODUCTION THE N(*C0)/N(*°C0) RATIO

Carbon monoxide and its isotopes are used as a tracer of
column density in studies of the interstellar medium. The most N, =300cm3"
_abundan_t CO is_otope,_ “CO, is usu_ally optically_ Fhick in Fractionation ) | 'ZSRFzzgra‘"e it it 2epEe
iIntermediate density regions and so provides a lower limit for the J reaction . : g e Before first sink ratio is 60
column density and total mass. In these regions, less abundant 4 dominates sl o e % b

isotopes are used, such as *CO. To relate observations of **CO LY ap
to the *CO column density, a constant **CO/*”CO ratio is often | g B Naas ||
adopted. In numerical studies the constant ratio is also used to SRR N e i >
infer ®CO abundances when only **CO chemistry is included ST VT ' S
due to the high computational expense of additional species. In
this work, we examine the impact of two effects — selective
photodissociation of *CO and chemical fractionation — on C’ deplition

the isotopic ratio, with the aid of numerical simulations.

(MUESTIONS TO ANSWER: Preferential = |
1) Can we infer “CO column densities and emission from P“O{?OSJIJI?]?J‘ﬁfEJOfJ *
simulations which only include *CO chemistry? N
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2) How much CO mass do we miss if we use a constant isotopic ‘ AT [P
ratio when interpreting observations? B At the outer parts of the domain, where total column densities are low, thus
the shielding is ineffective — but CO is not fully destroyed — the preferential
| photodissociation dominates, increasing the ratio (yzllow). Further in,
METHODS" where the column densities are high enough for both isotopic species, the
fractionation reaction takes over and decreases the ratio (blue). At the
core of the cloud the ISRF is attenuated to high extent and thus it can not

1 Ionize carbon atoms, the fractionation reaction stops. The ratio increases
x TreeCol (Clark et al. 2012) to calculate the attenuation of the | =8 again to the initially set ratio of **C and **C (orange).
interstellar radiation field due to dust grains, H,, **CO and **CO.

x GADGET-2 (Springel 2005) SPH (Lagrangian) hydrodynamics
code with self-gravity
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x Nelson & Langer (1999) chemical network with multiple CO SRF=1 | params.
formation pathways. Coppied **CO creation and destruction
pathways for *CO
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x Fractionation reaction added: °C*+*CO < “C*+“CO+AE
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Detection limit (Goldsmith et al. 2008)

N('?c0)/N(**c0)
3

N
o

x Line radiative transfer post processing with RADMC3D | . ' 2300 om-3 1 9 — o3xz, \ 1 —— Isrr=0.

: . : no_ M —— 0.6XZ, ISRF=1
(Dullemond) in **CO and **CO J = 1 - 0 transition 9 0=1000 ; 1xZq ; — ISRF=10
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INITIAL CONDITIONS: | 166(N("2C0)) [em™ Mog(N(2C0)) [om” 53 (N("20)) [em

x 10* M, fully molecular cloud, 0.5 M, mass resolution 8| The isotopic ratio does not show a clear correlation with the volume
' density. The **CO column density, however, correlates well with the column
density ratio of the isotopic species (see figure above). The correlation

| does not change significantly over wide parameter ranges, but shows mild
x 0.1, 1, 10 x Draine unit for the ambient radiation field J trends: high n, and low Z. result in shallower dips, while ISRF tilts the

x Decaying turbulence with a power spectrum of P(k) « k* B curve. Note that the total column density, into which a given **CO column ‘f

x Initial density 300 or 1000 particle per cm?®
x 0.3,06and 1 x Z,

« 2C/13C ratio of 60 density translates, changes in wide range depending on Z, and the ISRF.

a We calculated the *CO emission, CONCLUSIONS:
assuming different number densities: 19 113 . -
self-consistently calculated, constant X The “CO/™CO ratio changes within a

scaled (1/60) and variable scaled **CO factor of ~4 on the spatial scale

number density. For the later in each line | * The ratio correlates with N(**CO). The goyrglr:ngﬁ;/se ?hneynqligzgce)r}se;r
of sights the ratio is calculated using the correlation depends weakly on cloud e 10 ASk Ma hepre S

correlation of the isotopic ratio and *“CO parameters an e-mail to:
column density. x With the correlation *CO emission
The figures to the left show the relative could be better infered from simu-
difference of emission when the later two lations including only *CO chemistry

are compared to the self consistent _
case. When using constant scaling the | WORK IN PROGRESS:

average relative difference Is 21.4%, x Dependence on the fractionation
while in case of the variable scaling it is reaction and photodissociation rates?

5.3%. The estimated total “CO mass | x Are there morphological differences of
with the standard method (Wilson et al. emission maps when using constant

2009) is 0.127 M, for the self consistent and self-consistent ratios?
emission map, 0.098 Mg (77%) for '

constant scaling, and 0.125 M, (98.4%) x Implementation of iterative method to &
distanae (0o for variable s calia 9 ® Improve observational mass estimates e

THE AUTHOR

distance [pc]

szucsl@uni-heidelberg.de

.m .
Relative difference

Variable
isotopic ratio

o
~

o
N

o
o

distance [pc]

Background: Large Magellanic Cloud, Herschel HERITAGE key program and Spitzer SAGE



