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ALMA wrong frequencies for CO 1-0 during EoR
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CO C+CI

H2 HI

The physics (and chemistry) of C+



how do you destroy CO and make C+?

Narayanan & Krumholz 2016
Glover & Clark 2010
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Calculating Thermo-Chemical Equilibrium

Narayanan & Krumholz 2016

ΓPE + ΓCR − Λline +Ψgd = 0

SFR SFR SFR (nH >104 cm-3)



Calculating Thermo-Chemical Equilibrium

ΓPE + ΓCR − Λline +Ψgd = 0

SFR SFR SFR (nCO/CII

Narayanan & Krumholz 2016



cloud surface cloud interior

MW-like LIRG-like Center of Arp 220-like

Building our intuition before going to high-z

Narayanan & Krumholz 2016



The [CII]-FIR Deficit in Luminous Galaxies

data compiled in Casey, Narayanan & Cooray 2014



Building a Galaxy full of Clouds

Narayanan & Krumholz 2016
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Narayanan & Krumholz 2016

The [CII]-FIR Deficit at low and high-z

data compiled in Casey, Narayanan & Cooray 2014
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What happens at z>6?



What happens at low metallicity?
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Building a Universe full of Galaxies

Parameterizationbuilding into the Davé, Finlator & Oppenheimer (2011) SAM

I.     infall  

II.    preventative feedback  

III.   recycling 

IV.   ejection  

V.    quenching



The [CII]-SFR Relation at z>6



Summary: 
1. Developed models for the chemical and thermal 
structure in giant clouds in galaxies with a range of 
physical properties

CO CI C+

H2 HI

CO nominally confined to well-protected  
and shielded layers.  As metallicity decreases 
and CRs + UV penetrate, the entire cloud  
becomes dominated in C+

II. Combined thermo-chemical models with SAM
to model galaxy growth
II. Combined thermo-chemical models with SAM
to model galaxy growth

The [CII]-SFR relation in low metallicity galaxies
arises due to the bulk of the ISM being dominated 
by C

CO may be excruciatingly difficult to detect

The [CII]-SFR relation in low metallicity galaxies
arises due to the bulk of the ISM being dominated 
by C+

CO may be excruciatingly difficult to detect


