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Why GMCs are important:  

The conversion of gas to stars is at the 
core of structure formation the direct 
conversion takes place in GMCs. 



Take home message:  



Background: GMC scaling relations in the MW 
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Points: individual Galactic GMCs 

CO 



“Mass-Luminosity Relation” 

Background: GMC scaling relations in the MW 

Points: individual Galactic GMCs 
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What We Did… 

“The Resolved Properties of Extragalactic GMCs”  
Bolatto, Leroy, Rosolowsky, Walter, Blitz, 2008, ApJ,in press. 

CO 

Compiled new and literature 
observations of GMCs: 

-  BIMA, OVRO, PdBI, and SEST 

-  spatial resolution 7-120 pc. 

-  metallicity to ~ 1/5 to solar. 

-  two orders in galaxy mass. 

Analyzed these data in a consistent 
manner:  

- CPROPS (Rosolowsky & Leroy 06) 



Measuring Extragalactic GMC Properties  
 Comparing heterogeneous data sets among galaxies is made challenging by 
biases due to … 

An attempt to systematically correct for these biases: CPROPS (Rosolowsky & Leroy 06) 

Finite Sensitivity 

“Tip of the iceberg in a sea of noise” 

Finite Resolution 

Other galaxies are very far away 
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The Size-Line Width Relation in Galaxies 
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The Size-Line Width Relation in Galaxies CO 



Luminosity-Virial Mass Relation 

CO Luminosity 
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 (one version of other 
independent Larson’s Law) 

We find Mvir ~ LCO … 
 - Solomon (MW): Mvir ~ LCO

0.8 

 CO-to-H2 factor roughly as 
MW if GMCs are 
virialized… 

 SMC falls on Galactic line. 

 Other scaling relations: 
 LCO vs. R 
 LCO vs. σ 
 Mvir vs. R  

 follow from these two. 



The CO-to-H2 Conversion Factor CO 

Metallicity [12+log O/H] 
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 Ratio of virial mass to CO 
luminosity vs. metallicity. 

- XCO for virialized clouds. 

 No strong trend. 

 SMC completely 
compatible with MW 
clouds and Solomon (0.8) 
slope…  

 - i.e., Mvir/LCO ~ LCO
-0.2 



Photoionization-regulated star formation? 
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Recent developments: Σ may not be constant 
Heyer et al. (2008) using GRS survey 
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Background: A Different Way to Trace H2 

CO is expected to be biased at low z.  
FIR dust emission offers another view. 

-  Traces the total gas (HI + H2) column. 

-  Probably better, at least  
‘differently biased.’ 

-  In the Galaxy, matches Gamma Ray  
and CO results well. 

-  In the SMC, IRAS suggests much more 
H2 than seen from CO (Israel 1997). 

Dame, Hartmann, and Thaddeus (2001) 

Method: 

ΣH2 = (Σdust × DGR-1)- ΣHI 
Estimate the dust surface density 
using FIR emission at 100 & 160 
microns (need two bands to make a 
temperature estimate). 

Measure the dust-to-gas ratio from the 
ratio of dust to atomic gas away from the 
molecular line emission but near enough 
to calibrate out galactic variations. 

From the beautiful ATCA+Parkes HI 
map by Stanimirovic et al. (1999), the 
distribution of atomic gas is known. 

FIR 



Dust emission at 24, 70, and 160 µm from the SMC: 
 SMC-SAGE (PI: K. Gordon)+S3MC (Bolatto+ 07) 
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The Spitzer view of H2 in the SMC at 70 pc  

Leroy, Bolatto, et al. (2007) using NANTEN CO 
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What happens at higher resolution? 

Leroy, Bolatto, et al. (2008, in prep.) 

FIR 



Metallicity and Cloud Structure in the SMC 

SMC 

outer disks? 

Milky Way 
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Metallicity and Cloud Structure in the SMC 

SMC 

Outer disks? 

Milky Way 

FIR CO 





     A systematic sampling of the blue sequence 


