Does the CO-to-H; conversion factor
depend on the star formation rate?

Clark, P. C., and Glover, S. C. O. 2015, MNRAS, 452, 2057
(http://adsabs.harvard.edu/abs/201 5MNRAS.452.2057C)

Journal Club 2015. ||.06.
Ryo Ando (loA)


http://adsabs.harvard.edu/abs/2015MNRAS.452.2057C

Abstract

ABSTRACT
We present a series of numerical simulations that explore how the ‘X-factor’, X¢o — the

conversion factor between the observed integrated CO emission and the column density of
molecular hydrogen — varies with the environmental conditions in which a molecular cloud
is placed. Our investigation is centred around two environmental conditions in particular: the

cosmic ray ionization rate (CRIR) and the strength of the interstellar radiation field (ISRF).
Since both these properties of the interstellar medium (ISM) have their origins in massive
stars, we make the assumption in this paper that both the strength of the ISRF and the CRIR
scale linearly with the local star formation rate (SFR). The cloud modelling in this study

first involves running numerical simulations that capture the cloud dynamics, as well as the
time-dependent chemistry, and ISM heating and cooling. These simulations are then post-
processed with a line radiative transfer code to create synthetic >CO (1-0) emission maps
from which X-o can be calculated. We find that for 10* Mq, virialized clouds with mean

density 100 cm >, Xco is only weakly dependent on the local SFR, varying by a factor of a
few over 2 orders of magnitude in SFR. In contrast, we find that for similar clouds but with

masses of 10° M, the X-factor will vary by an order of magnitude over the same range in
SFR, implying that extragalactic star formation laws should be viewed with caution. However,
for denser (10% cm ™), supervirial clouds such as those found at the centre of the Milky Way,
the X-factor is once again independent of the local SFR.




| . Introduction

» Conversion factor X5 = N,;, /W =2 x 10” [em” K km™ s] (at MW)
+ GMC H D H, Z BZE AT 2 D FEEH » CO(1-0) B EE (Weo) D5 H HEEE (N,) ICE#R

* Galactic ISM EERBDRBET—ED Xo ZAWVWDDIFEYIRD D ?

* Weo [GHADZEEDE « HADRRE + BHSWLWCOMF D filling factor DR/ T X — 5 [CHUX
CE ! ENZENMIZLTIEFZWV)

+ local GMC T X, DMEEFE—FHRIER :

* N, HYNE U cloud (& dust shielding B’ &IDVE W = CONTDER S NT D FEE UTERH S L
* N, DNKZE W cloud TIIBIERRENE — stellar feedback |C & D COFERE (FIEZ T E 7R 0N

- FELIWUV cosmic ray 1'% 2355 Xco DIRSFWIIBEATALY

+ CODILHEREMN K DHEL — CODIRIE - filling factor DA — Xo DIFEN 7

- H,DE « cloud DRE EF (photoelectric/cosmic ray heating I K 5) = X o DA 7

- B12BIRIET T model cloud DL - 24 - NEEEIaL -3V U

- B (IRE)  UVIREITEE (ISRF) - FEHIREBE (CRIR) — EFZHE (SFR) (CXT %

- AUEE - ZEZEED cloud T, IRIBEOEHELTD X HNEDELT HH 7



2. Numerical Method
2.1. Details of the algorithms
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2. Numerical Method
2.2. Cloud Properties
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2. Numerical Method

2.3.The ‘star formation rate’
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3. General Cloud Structure
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3. General Cloud Structure
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3. General Cloud Structure
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3. General Cloud Structure
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3. General Cloud Structure
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4. X-factor Variations
4.3. Dependence on the SFR p
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5. Discussion

5.1. Consequences for the Kennicutt-Schmidt relation
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5. Discussion

5.2. Comparison with previous work
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5. Discussion

5.3. Caveats
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6. Conclusion
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