
PSZ2 G313.33+61.13 (Abell 1689): Model Fit
• The analysis effectively constrains the model 

geometry at the few percent level. 

• Compared to the similar gas-only analysis using 
X-ray and SZ data presented in Sereno et al. 
(2012), the axial ratios and elongation 
parameters in our study demonstrate a 
substantial improvement, with uncertainties an 
order of magnitude lower.

Reference

0.70 ± 0.15 0.81 ± 0.16 0.70 ± 0.29 1.68 ± 0.53 Sereno et al. (2012)

0.63 ± 0.14 0.70 ± 0.16 0.93 ± 0.06 1.16 ± 0.10 Umetsu et al. (2015)

0.65 ± 0.02 0.79 ± 0.02 ≥ 0.96 1.24 ± 0.03 This work
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CO Intensity Mapping for Capturing  
Star-formation History in the Early Universe  



History of the Universe

https://map.gsfc.nasa.gov/media/060915/index.html
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https://map.gsfc.nasa.gov/media/060915/index.html

Cosmic Microwave 
Background (CMB)

ESA/Planck Collaboration

Galaxy surveys 
z = 0-1+

History of the Universe

?
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• Tracer of cold molecular gas, the fuel 
for star formation. 

• The second most abundant molecule 
in the gas phase. 

• Line emissions at multiples of ~115 GHz.

Carbon Monoxide (CO)

Credit: ALMA (ESO/NAOJ/NRAO)/PHANGS, S. Dagnello (NRAO)
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Line Intensity Mapping (LIM)
• LIM is sensitive to the “aggregate line emission from all galaxies in the line of sight”.

Kovetz et al. (2017), Cleary et al. (2022), Credit: Patrick Breysse & Dongwoo Chung

(convolved with ~5 arcmin beam)

all of the photons!

Fourier transform

Fourier transform
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CO Mapping Array Project (COMAP)
• CO probes cold molecular gas, the fuel for star formation.

Madau & Dickinson (2014)

CO(2-1)  
at z=6-8

CO(1-0)  
at z=2.4-3.4

Cleary et al. (2022)

Peak of the  
Star-formation History
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CO Mapping Array Project (COMAP)

https://comap.caltech.edu/team.html# 
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COMAP Pathfinder
• Site: Owens Valley Radio Observatory (OVRO), CA 
• Telescope: “Leighton” dish (10.4 m) 
• Receiver: 26-34 GHz (z=2.4-3.4) 

• 19-pixel, single-polarization focal plane array 
• Backend digitization 

• 38 ROACH2 spectrometers, 2 MHz resolution

Cleary et al. (2022)
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COMAP Pathfinder: Season 1 Results
• x

Cleary et al. (2022), Chung et al. (2022)
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COMAP Pathfinder: Season 1 Results

Clustering amplitude ×  
(Underlying matter  
power spectrum)
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↵CO

(mean CO temperature) (molecular gas abundance)

<latexit sha1_base64="n6Sj+WngKWzgzk6cdwA4XVwAreI=">AAACGnicjZDNSgMxFIUz/tb6V3XpJlgEV6WjpbpwIQgiuLCC1UJnGDLpbRtMMkNyRyxDwbdw46u4caGIO3Hj2zhtFVQUPBA4nHPDTb4wlsJiufzmjI1PTE5N52bys3PzC4uFpeUzGyWGQ51HMjKNkFmQQkMdBUpoxAaYCiWchxf7g/78EowVkT7FXgy+Yh0t2oIzzKKg4HqS6Y4Eehp4CFdoVLp/3KeeGaW7dKtUpZ5KPsujflAouqXyUPRvUyQfqgWFF68V8USBRi6ZtU23HKOfMoOCS+jnvcRCzPgF60Azs5opsH46/FqfrmdJi7Yjkx2NdJh+vZEyZW1PhdmkYti1P7tB+FvXTLC946dCxwmC5qNF7URSjOiAE20JAxxlLzOMG5G9lfIuM4xjRjP/PwhnmyW3WqqcVIp7B9cjHDmyStbIBnHJNtkjh6RG6oSTG3JHHsijc+vcO0/O82h0zPlAuEK+yXl9B4R+oPo=</latexit>

hTCOi < 3.6µK
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⇢H2 < 2.5⇥ 108M� Mpc�3
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