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ABSTRACT 
Metallicity is not a passive result of galaxy evolution, but a crucial driver. Dwarf galaxies are low in heavy elements, which 
has consequences to the ability to form cold, dense clouds that form stars. Molecular cores shrink and atomic envelopes 
grow in star-forming clouds as the metallicity drops. For this reason, CO had not previously been detected at log(O/H)+12 < 
8.0 (Schruba et al. 2012, AJ, 143, 138). We have now broken this metallicity barrier with CO 3-2 detections in two regions of 
the nearby dwarf galaxy WLM, which has log(O/H)+12 = 7.8 (Elmegreen et al. 2013, Nature, 495, 487). We present these 
observations and the analysis of sub-mm and FIR observations that allowed us to estimate the cloud masses to be of order 
105 MO. Our Herschel [CII]158 µm map of the photo-dissociation region of one of our CO detections shows directly the 
extended envelope of the molecular cloud (Cigan et al, in prep and this meeting). 
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Changing structure of molecular clouds with 
decreasing metallicity: CO core shrinks and PDR 
grows. 

We have Herschel observations of fine-
structure lines ([CII]158 µm, [OI]63, 145 µm, 
[NII]122 µm, [OIII]88 µm) in 5 metal-poor 
LITTLE THINGS galaxies (see poster by 
Phil Cigan), including Region B in WLM. 
These data show us the Photo-dissociation 
Region (PDR) around the molecular core. 

We detected CO in two positions in WLM, at 8x 
below solar metallicity. S/N ~ 5. 
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APEX LABOCA 870 µm detection of Region A 

•  Use MIPS and LABOCA to calculate dust mass 
•  Convert dust mass to HI+H2 gas mass 

•  Assume dust-to-gas ratio is 1100, from scaling from 
Milky Way value by [O/H] 

•  Subtract observed HI mass to leave H2 mass 
•  GMC masses: 1.8 ± 0.8 × 105 MO and 1.2 ± 0.6 × 105 MO 
•  Results in mass conversion factor αCO = 124 ± 60 MO pc-2/
K km s-1 = 30 × Milky Way value 

Schruba et al. 2012 

 We detected CO emission below the 
“metallicity barrier.” 

Region B: Molecular core + PDR – like a baseball in a glove 
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 Normal mass GMCs 
Region B: 
    APEX beam=86 pc diameter 
    Herschel [CII]  annulus = 87 pc thick 

Cigan et al., in prep 

Herschel observations of PDRs  

Expected Molecular Cloud Structure at low metallicity 


