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Content

● Implications of non-standard dark matter models on reionization

● Constraints on the nature of dark matter from JWST

● Forecast study for future measurements from SKA

● Constraints on Inflation models
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Non-cold dark matter models

Parimbelli, Scelfo, Giri et al. (2021) 5



Mixture of cold and warm dark matter particles

Parimbelli, Scelfo, Giri et al. (2021) 6



Matter power spectrum

Giri & Schneider (2022) 7



Dark matter particle mass decides the suppression scale

Giri & Schneider (2022) 8



Halo Mass Function

Giri & Schneider (2022) 9



Differences are more distinct at high redshift

Giri & Schneider (2022) 10



Testing WDM models with JWST

Dayal & Giri (2024) 11



Stellar Mass Function at Redshift 6
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1.5 keV WDM can be ruled out
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Reionization is delayed 
in WDM

Dayal & Giri (2024)
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Global 21-cm signal

Giri & Schneider (2022)
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HMreio
Analytical Model

Post 
processing 

N-body 
simulations

300 Myrs

400 Myrs

700 Myrs

BEoRN

One code to run them all

Warm Dark Matter

Cold Dark Matter



HMreio: Analytical modelling of 
Global 21-cm signal

Schaeffer, Schneider & Giri 
(soon to be submitted)

19

Timothee Schaeffer



HMreio: Correction including 
correlations
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Global 21-cm signal & Power Spectrum

Giri & Schneider (2022) 21



Expected SKA Power Spectra
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Forecast study with SKA Power Spectra

Giri & Schneider (2022) 23



Constraints on warm+cold dark matter (WCDM)

Giri & Schneider (2022) 24



Constraints on fuzzy+cold dark matter (FCDM)
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Primordial Gravitational Wave 
background
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Magnetic 
field (B0)

Gravitational 
waves

Electromagnetic 
waves

Cosmic 
Inflation
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LOFAR 21cm upper limit at z=9.1
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Constraint on primordial GW 
background

2828He, Giri et al. (2024)
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Summary
● Non-cold dark matter models (e.g. WDM & FDM) show greater 

distinctions in earlier times

● Cosmic reionization is delayed due to formation of less number of small 
mass light sources in non-cold dark matter scenarios

● JWST data is already sensitive to rule out extreme dark matter models
○ MWDM>1.5 keV (current JWST data)

● Reionization epoch observations can improve upon the constraints on 
the dark matter models

○ MWDM>4-15 keV (SKA-Low with 1000 hours)

● We can constrain primordial gravitational wave background with the 
21-cm signal during reionization
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Detecting Beyond Standard Model Cosmology through Epoch of Reionization Observations

Forecast for SKA
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Can we constrain the CDM cosmology?

Timothée Schaeffer’s 
talk yesterday!

Schneider, Schaeffer, Giri (2023)



Halo model for bubble distribution
Schneider, SG & Mirocha (2021)
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Halo model for bubble distribution
Feng, Cooray & Keating (2017)
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Correcting for the bubble overlap
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HMreio: Halo model approach for 21-cm signal distribution

Matter distribution
Seljak (2000)

Cooray & Sheth (2002)
…

21-cm signal distribution
Schneider, Giri & Mirocha (2021)

Giri & Schneider (2022)
Schneider, Schaeffer & Giri (2023)
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HMreio: Halo model approach for 21-cm Power spectrum

Schneider, Giri & Mirocha (2021) 37



Ingredients for the halo model

Linear power spectrum

Halo mass function

Mass accretion

Halo bias

Stellar to halo mass relation

Flux profiles
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Linear power spectra

z = 0
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Halo mass function

e.g. Leo+2018
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Mass accretion rate
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Halo bias

e.g. Cooray & Sheth (2002)

42



Stellar to halo mass relation

(SG & Schneider 2022)
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Flux profiles

Schneider, SG, Mirocha (2021)
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21-cm power spectrum during cosmic dawn

Schneider, SG, Mirocha (2021)
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Validity of the approach

Schneider, SG, Mirocha (2021)
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