Cosmology with the HI 21-cm line
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Neutral Hydrogen - HI
Ground state
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Universe 1onized and opaque at z >1000

Z=1000 WMAP NASA

T,=(1+2) 273K
Nearly isotropic AT ~ 10 micro K






CNBR
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T, < T  Absorption

Ts > Ty  Emission
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HI seen in absorption against CMBR



HI traces dark matter
Will be seen in absorption against CMBR 200 > z > 30

Ts < Ty
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HI seen



Z=1000 Z=0 Hierarchical Clustering
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Gravitational Instability

Dark matter dominates the dynamics



Dark Matter Halos
Baryons Condense Within Halos

- Galaxies

Photoionization First Luminous Objects z~30

HI Massive Stars

Quasars - Accreting Black Holes

Emit Photons with E > 13.6 eV

HII Bubbles of lonized Gas - HIl Regions
Bubbles Grow - Overlap
Reionization Complete bv z ~ 6

15>z>6
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Introduction
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Introduction

Ra'lesh Mondal SIIT KGP: Non—Gaussianitx =
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4050 4100 4150 4200 4250 2 3 4 3

Bulk of neutral gas in DLAs

Qcps- 103 1<z <6



Dark Matter Halos HiI
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Sarkar, D. et al., 2016, MNRAS
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The redshifted 21-cm brightness
temperature fluctuates with

frequency and angle on sky



Fourier Transform A (k)

Power Spectrum 0
P (k)
B A(k)A(—k) B 0.2 0.6 1 L4
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Abstract. The redshifted 1420 MHz emission from the HI in unre-
solved damped Lyman-cv clouds at high z will appear as a background
rachation in low frequency radio observations. This holds the possibil-
ity of a ncw tool for studying the universc at high-z, using thc mcan
brightness temperature to probe the HI content and its fluctuations to
probe the power spectrum. Existing estimates of the HI density at
z ~ 3 imply a mean brightness temperature of 1 mK at 320 MHz. The
cross-correlation between the temperature fluctuations across differ-
ent frequencies and sight lines is predicted to vary from 107 K? to
10~* K? over intervals corresponding to spatial scales from 10 Mpe
to 40 Mpc for some of the currently favoured cosmological models.
Comparing this with the expected sensitivity of the GMRT, we find
that thas can be detected with ~ 10 hrs of integration, provided we can
distinguish it from the galactic and extragalactic foregrounds which
will swamp this signal. We discuss a strategy based on the very dis-
tinct spectral properties of the foregrounds as against the HI emission,
possibly allowing the removal of the foregrounds from the observed
maps.

Key words: Cosmology: theory, observations, large scale structures—
diffuse radiation.
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21-cm Visibility Signal

r, = 6.67Gpc

Visibility  V(U,v) <> A(K)

\‘/ \r k = k"m + (21T/T,,)U.
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Efforts to Detect the Spatially Fluctuating
21cm Signal from Reionization
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. Redshifted 21-cm radiation fluctuates with
frequency and angle on sky

. Observations can be used to study:

- Universe at z ~ 50 (Dark Age) — only possible
probe

- Formation of the first luinous objects
-~ Reionization
- Structure formation after reionization
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Point Sources Diffuse

Removal Is Biggest Challenge
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Table 2. The k; and k| range that will be probed by the different Phases of

11.33Mpc M Hz ™!
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0.34 Gpc

by — . .2
k=lk|= \/A” + k2

OWFA.
Mpc™ Phase 1 Phase I1 Phase III | Phase IV
ky[min] | 1.1 x 1072 [[1.9 x 1072 [ 9.5 x 10~* | 4.8 x 10~*
ki[maz| [ 48 x 107" [p.0 x 107" | 51 x 10" | 5.1 x 10~
ky[min] | 3.0 x 1072 [1.8x 1072 ] 9.1 x 1072 | 4.6 x 10~
kj[mazx] 2.73 2.73 2.73 2.73
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