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• conversion factor αCO → molecular mass

abundances → cooling → star mass

• pop-III to pop-II transition (e.g., Bromm+03, Omukai+05) 
1. May be atomic (H) rather than molecular (H2) 

2. OH-dominated versus CO-dominated gas 

3. CO/H2 variations with Z, ionization rate and density
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• Lyman-Werner band blocked 
(11.2-13.6 eV)         

• CR, X-rays                         

• FUV (E<11.2 eV)

Model

Cosmic-Rays 
X-rays  
far-UV

Lyman-Werner 

H2, CO, OH  
H+, e etc.

H2 self-shielding 
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Ion-mol. network (+ H2 on dust α Z) 
  ⇓ 

Steady state formation destruction eq. 
  ⇓ 

Species abundances

Chemical Model

Hydrogen network Oxygen network

primarily gas phase
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1D cuts at fixed ζ/n
ζ-16/n3=1
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At low metallicities, OH may be a 
better molecular tracer than CO 
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Thermal Emssion

OH rotational transitions CO ladder

(in µm)
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• OH dominated 

• CO/H2 ∝Z’2  

• CO vanishes

H2 regime H regime

Z

ζ -1
6/n

3 H2 

H 
OH

CO

ζ-16/n3 = 102Z

“GMC-like (star-forming) clouds for the Pop-II 
generation may have been OH-dominated and 

atomic rather than CO-dominated and molecular.”	


Bialy & Sternberg 	
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Dependence on dust-to-gas ratio

H/H2
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