
TACOS @ SHSU

COMAP × LOFAR
Forecasting the Cross-Correlation between CO(2–1) and 

21-cm Lines during Reionization

Jianrong Tan

Postdoc Researcher @ SMU



TACOS @ SHSU

Why CO x 21-cm?

Credit: Kieran Cleary
Credit: Lidz et al. 2011
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Pathfinder frequency coverage: 26-34 GHz

Sensitive to:CO(1-0) @ z = 2.4 – 3.4
                     CO(2-1) @ z = 6 - 8 

Primary goal: Detect CO power spectrum at z ~ 3
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COMAP S1 + S2 results out!

Credit: Chung et al. 2024
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Credit: Breysse et al. 2022
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Credit: Breysse et al. 2022

z = 6.2
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COMAP LOFAR Mode Overlap
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LOFAR Ultra-Deep Observation (LUDO)
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LOFAR Ultra-Deep Observation (LUDO)

● The field: Euclid Deep Field North (EDFN)
● 3,200 hours (400 x 8 hour observations) at 0.3” resolution
● Dithering pattern of 5 pointings to provide more even sensitivity across central 3.7 

deg2
● Field of view will be larger for lower resolution imaging (but impacted by confusion 

noise)
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LOFAR Ultra-Deep Observation (LUDO)

● The field: Euclid Deep Field North (EDFN)
● 3,200 hours (400 x 8 hour observations) at 0.3” resolution
● Dithering pattern of 5 pointings to provide more even sensitivity across central 3.7 

deg2
● Field of view will be larger for lower resolution imaging (but impacted by confusion 

noise)

Credit: Delaney Dunne
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Forecasting Tools:

● oLIMpus An effective model for line intensity mapping auto- and cross- power spectra in cosmic dawn and 
reionization

     https://github.com/slibanore/oLIMpus Libanore, Muñoz and Kovetz, oLIMpus: An Effective Model for Line Intensity Mapping   
           Auto- and Cross- Power Spectra in Cosmic Dawn and Reionization, arXiv:2507.15922

● LIMstat A end-to-end pipeline for the simulation and analysis of line intensity maps

      https://github.com/McGill-Cosmic-Dawn-Group/LIMstat Sarah Libanore

https://github.com/slibanore/oLIMpus
https://arxiv.org/abs/2507.15922
https://github.com/McGill-Cosmic-Dawn-Group/LIMstat
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oLIMpus 

In ~10 seconds
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oLIMpus 

In ~ 10 Minutes
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LIMstat

Credit: Fronenberg et al. 2024
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Simulation

CO(2-1) 21-cm
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Simulation

CO(2-1) 21-cm
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Preliminary Results

S/N ~ 0.2

FoV ~ 12 deg2
σ_rms ~ 600 uk

z = 7, Li16/Keating20 model
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Preliminary Results

S/N ~ 4

t_obs  ~ 1000 hr
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Preliminary Results

S/N ~ 0.3
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21cm auto only

21cm auto + CO(2-1) auto + Cross
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Thank you!
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