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Cosmiic structure formation
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Non-standard dark matter models
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Mixture of cold and warm dark matter particles
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Dark matter mass decides the suppression scale
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Differences are more distinct at high redshift
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Stellar-to-halo relation consistent with UVLEs
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Bubbles during Epoch Of Reionization Numerical-simulator
(BEORN) framework

Tgas (r) [K]

104 4

103 .

102 .

10" 4

100 .

101

Age of Universe 1.2 A
(million-years)
- 300 1.0
- 400
— 700 _.0.84
=
Z 0.6
x
0.4 1
0.2 1
T T 0.0 T T
10° 10! 107! 10° 10!

r [Mpc/h] r [Mpc/h]

|
Analytical Halo Model , ‘

|

Power Spectrum A%, [mK?]

10! 10°
Wavenumber k [h/Mpc]

Post
processing
N- body
’ simulations

. 20
(6]
Q.
3
- |
10
. <
2 , E
= =
- ©
-10
o EEEE N 20
700 Myrs
PRas o« -30
o
[N
g -40
—

0 25 50 75 100 125

L (Mpc)

Schaeffer, Giri & Schneider (2023)

14



Globhal 21-cm signal & Power Spectrum
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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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Can we constrain the GDM cosmology?

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

Schneider, Schaeffer, Giri (2023)
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Stellar Mass Function at Redshift 6
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Maximum Log(M./M,)
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Summary

e Non-cold dark matter models 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

® Reionization epoch observations can improve upon the constraints on
the dark matter models
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Massive Early Galaxies
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Cumulative number density of galaxies

1012 4
| & Labbe+2023 ,
$  Xia0+2023 /'+ /
7.
10 f ./0+ ’/
_ AL 7
© ./ '
= 10 7 78 : 7
s R4 §
/7 ‘/ l
<O/ 4
10° 7 Pyl R
] / 0/‘ /
R /
7 7
108 2 . . . ‘
20 18 16 14 12 10 8 6 4

Redshift

- -2

log1o(n [Mpc~3])

|
[e)}

%
M* — 0 8Mhalo
m
Q Mmax dn
n(>M,) = —"s/ dM—
Qm Mhalo dM
Analysis similar to Boylan-Kolchin (2023) 57



Increasing star formation efficiency
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Massive Early Galaxies with spectroscopic data
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Dynamic Dark Energy - HME
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Dynamic Dark Energy
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Dynamic Dark Energy & non-Gold Dark Matter
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Dynamic Dark Energy & non-Gold Dark Matter

3.0 keV WDM
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Dynamic Dark Energy & non-Gold Dark Matter
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Summary

e [uture SKA observations are capable of improving the constraints on
non-Cold Dark Matter models

e JWST suggests that either
o structure formation began earlier, or
o galaxy formation was very efficient at early times

e Dynamic Dark Energy with non-Cold Dark Matter is a plausible
explanation for early structure formation
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