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21cm line as a cosmological probe

• 21 cm (1.4 GHz) line becoming a versatile probe in cosmology
• Hydrogen abundance, not much confusion from other lines
• A “forbidden” transition, ~10 Myr lifetime of excited state => observed 

frequency gives a good measurement of the redshift of emission.

• 1 + 𝑧 =
1420

𝜐𝑜𝑏𝑠

• Sensitive to study the history of matter and growth of structure in the 
Universe.



Current Observations



▪ Credit: Astro.uni-bonn.de

SZ effect

Thermal SZ

Kinetic SZ

Polarized SZ



The tSZ probe

▪ Bolliet et. al. 2018▪ Ibitoye et. al. 2022▪ Ibitoye et. al. 2024
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Constraining power of 21cm related studies



Constraining power of 21cm related studies



4Summary &

Outlook

3 Forecast

2
Previous

Constraints

1 Introduction

OUTLINE



The Halo Model 

HI distributed within 
each dark matter halo 

(density profile) 
(Padmanabhan et al. 

2016, 2017)

HI distribution of 
galaxies within the halo 

(HOD)

(Zheng et al. 2005, Wolz 
et.al 2019)



The Halo model
(Density Profile)

(2D HI temperature fluctuation field)

(2D tSZ field)



Fisher Forecast

At ℓ ≤ 1500 , the massive halos with more HI could also have a stronger tSZ effect.

Beyond this (ℓ ≥ 30000 or k ≥ 2h/ Mpc), HI distribution must be discrete and considered carefully.



Mass DependenceRedshift Dependence



RFI dominated frequency range.

▪ Li et. al. 2023

0.09 < z ≤ 0.235



Noise                                   Foreground

❖21 cm x CMB lensing is more robust 
against the foreground and other 
systematics than the auto-correlation 
of 21cm (Dash & Guha Sarkar 2021)

❖ largest scales at ℓ ⩽ 5 suffers from 
effective foreground cleaning 
(Witzemann et al 2019, Cunningtom 
et al. 2019)

❖Foregrounds due to the Milky way 
emissions are uncorrelated with the 
tSZ Compton-y field.

❖ Thermal noise for FAST is modeled as a 
Gaussian white noise (Wilson et. al 
2013)

❖Planck data has a Std map 

❖ Thermal noise vs cosmic variance 
(Padmanabhann et. al 2020, Lin et.al 
2012)



Improved constraints 
on ΩHI



Constraints on MHI
parameters
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Summary & Outlook

❖Analysis that incorporates tests for possible systematics such as those arising from the survey 
area effect, foreground effect, RFI flagging, and noise effect would likely lead to more accurate 
cosmological constraints from the HI-tSZ angular power spectrum. 

❖Would HI^2-tSZ analysis using simulation be needed to test correlation at small scales?

❖This constraint appears smaller than the previous estimate on the error of the HI cosmic density 
because we have assumed a larger sky coverage ∼ 20, 000deg2 and longer integration time.



Thanks 
for 

listening


	幻灯片 1: Probing Large-Scale Structure with HI-SZ Cross-Correlation
	幻灯片 2
	幻灯片 3:  21cm line as a cosmological probe
	幻灯片 4:  Current Observations
	幻灯片 5
	幻灯片 6:  The tSZ probe 
	幻灯片 7
	幻灯片 8: Constraining power of 21cm related studies 
	幻灯片 9: Constraining power of 21cm related studies 
	幻灯片 10
	幻灯片 11
	幻灯片 12: The Halo model
	幻灯片 13: Fisher Forecast
	幻灯片 14:                                                           Mass Dependence
	幻灯片 15: RFI dominated frequency range.
	幻灯片 16: Noise                                    Foreground
	幻灯片 17: Improved constraints  on ΩHI
	幻灯片 18: Constraints on MHI parameters
	幻灯片 19
	幻灯片 20: Summary & Outlook
	幻灯片 21: Thanks  for  listening

