Exploring Beyond Standard
Cosmological Model during the Epoch
of Reionization

< @, o o« o
Sqo Sambit Giri <Y
%, NORDITA fellow »
Stockholm

University NORDITA

18-22 July 2023



13.8 Billion yrs

380,000 yrs 200 Million yrs

<
7]
<
£
2
4
w
5]
<
]
2
o
£
]
a
=
]
o
N
o
w
o
m

suonen)on|4
wnjuenp

9SJaAlUN 3|qISIA 33} JO snipey

History of our
Universe




BICEP2 Collaboration/CERN/NASA

Quantum
Fluctuations

g
d

vers!

History of our
Universe

iModern Uni

o
»
&
]
2
c
=)
2 3
] 4
2 2
> a2
) &
= a
-
]
@
=
5
S
14

Intergalactic
neutral
hydrogen gas

200 Million yrs

First generation
of galaxies

_ NASA, ESA, €SA, STSck j - ©~ :




e Implications of non-standard dark matter models on reionization
e Constraints on the nature of dark matter from JWST
e Forecast study for future measurements from SKA

e Constraints on Inflation models



Non-cold dark matter models
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Mixture of cold and warm dark matter particles
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Dark matter particle mass decides the suppression scale
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Differences are more distinct at high redshift

z=0

10°

T T T

1

010 1011

Mh [h_lMo]

T

T

012

T

T

013

z=6

T T T

108 109 1010 1011 1012 1013

M, [h~*M¢]

Giri & Schneider (2022)

10



Testing WDM models with JWST
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Log (N/mag/Mpc?)

Stellar Mass Function at Redshift 6
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Log (N/mag/Mpc?)

1.5 keV WDM can bhe ruled out
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Log (N/mag/Mpc?)

Reionization is delayed
in WDM
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Global 21-cm signal
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One code to run them all

Timothee Schaeffer’s
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+ 3D RT N-body + 1D RT Furlanetto et al.
RAMSES BEARS (2004)
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ATON N-body + 3D RT Excursion Set SChaeffer, Giri
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CRsA Simfast21
LICORICE




One code to run them all

Timothee Schaeffer’s

Poster
qgithub.com/cosmic-reionization/BEoRN
Hydrodynamics yti
+ 3D RT N-body + 1D RT Fuﬁ::;tttc:c(eatlal
RAMSES BEARS (2004)
ENZO GRIZZLY ZA/2LPT + HMreio (Schneider,
ATON N-bOdC2EX$ RT Excursion Set SChaeffer, Giri
Py 21cmFAST 2023)
CRsA Simfast21
LICORICE

SCRIPT



http://github.com/cosmic-reionization/BEoRN

One code to run them all
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HMreio: Analytical modelling of
Global 21-cm signal

Timothee Schaeffer
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HMreio: Gorrection including
correlations

— <dTp,>
== 0T, X (14E8(2))
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Globhal 21-cm signal & Power Spectrum
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Expected SKA Power Spectra
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Forecast study with SKA Power Spectra
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Constraints on warm+cold dark matter (WCDM)
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Constraints on fuzzy+cold dark matter (FCDM)
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Primordial Gravitational Wave
background
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CGonstraint on primordial GW
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Summary

e Non-cold dark matter models (e.g. WDM & FDM) show greater
distinctions in earlier times

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

e JWST data is already sensitive to rule out extreme dark matter models
o Mpn>1-5 keV (current JWST data)

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

o Mpn>4-15 keV (SKA-Low with 1000 hours)

e 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

Test with JWST data
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Can we constrain the GDM cosmology?

== 30 % theory error
== 10 % theory error

Timothée Schaeffer’s
talk yesterday!




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

Pec(k) = (1 — 21) (1 + k7)* P (k)

Pes(k) — (1 = wiyyy) (1 + k%) Pos (k)
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HMreio: Halo model approach for 21-cm signal distribution
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Matter distribution
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21-cm signal distribution
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HMreio: Halo model approach for 21-cm Power spectrum
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Ingredients for the halo model

Linear power spectrum
Halo mass function
Mass accretion
Halo bias

Stellar to halo mass relation
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Linear power spectra
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Halo mass function
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IMass accretion rate

103
—--  EXP accretion

s -=-  AM accretion
{\ — EPS accretion
Simulations

1012

108

107

10°

41



Halo hias
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Stellar to halo mass relation
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Flux profiles

1009 -

- z=30

M = 9.4e+09 Mo/h

—  Ual(k)

1073

1072

™ T

1071

k [h/Mpc]

10°

Schneider, SG, Mirocha (2021)

44



21-cm power spectrum during cosmic dawn
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Validity of the approach
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