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Abstract: The observation of the Cosmic Microwave Background (CMB) is a powerful probe to unravel many mysteries of the late-time Uni
During the first half of the talk, | will discuss how future low-noise and high-resolution CMB experiments can be used to probe the detailed pl
of reionization, constraining the morphology, shape, and temperature of ionized bubbles. Furthermore, | will talk about the prospects of LSS :
to understand the thermodynamic properties of gas in the halos. In the second part of my talk, | will also talk about "line intensity mapping", &
technique that will provide us with new information from the star formation in galaxies to the expansion of our Universe. Mentioning the v
challenges, | will discuss the estimators to extract the signal in the presence of interlopers and instrumental noise. | will also describe how the
could help us to perform cross-correlations with complementary probes such as CMB lensing and galaxy field. In the end, | will prese
constraints on astrophysical and cosmological parameters that we hope to achieve from future intensity mapping observations.

Zoom link: https://pitp.zoom.us/j/93308659447?pwd=VVM2czBWcONTeTA5eTRWdzVFRUtndz09
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Probing the Universe
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How could CMB be used to
probe the late-time Universe?
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Ionization history 3
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A variety of observations (Lyman alpha, tau constraints from
CMB, QSO near-zones...) suggests reionization is delayed.

Roy et al. 2021, Kulkarni et al. 2019

Pirsa: 23010094 Page 5/50



Probing reionization inside and out .
Ann«banRoyA

Potential of high resolution CMB B et E—

Sources of reionization -
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Potential of multi-line intensity mapping -
ISM physics at high redshift

How does an intensity map trace LSS?
Morphology of reionization

Tomography using MLIM and a robust analysis
of MLIM can shed light on these topics
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Patchy reionization &
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kinetic SZ
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Roy et al. 2018, Namikawa 2018,
Ferraro & Smith 2017, Dvorkin & Smith 2009
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Patchy reionization

screening

scattering

kinetic SZ
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Roy et al. 2018, Namikawa 2018,
Ferraro & Smith 2017, Dvorkin & Smith 2009
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Modeling patchy reionization
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Toy Model

—=- R =5Mpc, o =log(2)
—== R=7Mpc, 0, =log(2)
—==- R=10Mpc, g = log(2)
—— R =5Mpc, 0j, =10g(2.5)
—— R =5Mpc, o = log(3)
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bubble distribution
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bubble size
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Inferring the statistics of ionized
bubbles from radiative transfer
simulations is not straightforward.

Wang & Hu 2006, Furlanetto et al. 2004
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Tau fluctuations
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Hu 2000, Dvorkin & Smith 2009
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The path forward &

Lensing Potential Optical Depth Aioan Rfﬁ; —N
(free electrons)

Optical depth map can act as an electron density template of the universe.
Optical depth map = Reionization + Clusters + Diffuse sources

l e

tau / kSZ Compton y-map
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Detectability
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Maps of optical depth =3
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Roy, Kulkarni, Meerburg et al. 2021,
Mukherjee et al. 2019, Namikawa 2018
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B modes in a nutshell
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Roy, Kulkarni, Meerburg et al. 2021,
Mukherjee et al. 2019, Namikawa 2018
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B modes in a nutshell 2.
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Roy, Kulkarni, Meerburg et al. 2021,
Mukherjee et al. 2019, Namikawa 2018
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Roy, Kulkarni, Meerburg et al. 2021,
Mukherjee et al. 2019, Namikawa 2018
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B modes in a nutshell
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Roy, Kulkarni, Meerburg et al. 2021,
Mukherjee et al. 2019, Namikawa 2018
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Bias due to the patchy reionization -
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Roy, Kulkarni, Meerburg et al. 2021
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TSZ from reionization and halos

galaxy clusters ionized bubbles

L5 ) aksTh (R, X)ne (7, X)
C; 7 (reionization) > C77 (halos)
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Pirsa: 23010094 Page 20/50



oW

»l
Anirban Roy !
g ET = 38

TSZ from reionization and halos

observer

galaxy clusters ionized bubbles
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C; 7 (reionization) > C77 (halos)
C}? (reionization) << C}¥ (halos)

Can we measure the tau-y cross-correlation?
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Bias due to the patchy reionization -
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Measurements of tau-y

baseline (lens-hardening)
no bias-hardening
lens & source-hardening
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Temperature of
ionized bubbles Namikawa, Roy et al. 2021
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Constraints on reionization parameters 1

i Ty
N Y+ TT

Priors on R,  [0.01,10]  [0.01,50]
Parameters C[Y C[Y4+CI” C7Y
Ry, 9.4 9.5 23.1
Olnr 0.81 0.83 0.74
log(Ty) 6.11 [ 5.85 | 6.05
a 5.8 6.3 6.16

Oinr log(Tp) 5 %
normalization

Ty(total) ~7y(reio) —T— CTy(ha,los)

+a X (),

Namikawa, Roy et al. 2021,
Battaglia 2016
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Forecasts for future CMB experiments 17 &
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Forecasts for future CMB experiments 17 &
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Constraints on reionization parameters 1
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Namikawa, Roy et al. 2021,
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Forecasts for future CMB experiments 17
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Cross-correlations
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electron density electron density - galaxies electron density - pressure
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Can we measure the thermodynamic properties of galaxy clusters
(and CGM) by the measurements of these cross-correlations?

Roy et al. 2022
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Constraints on CGM &
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Constraints on the density and
pressure profile translate into
constraints on fg (~ 7%).

density pIEsguLe HOD model Roy et al. 2022, Pandey et al. 2020
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Multi-line intensity mapping
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Observation

Halos star formation rate Line luminosities
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MLIM experiments
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Kovetz et al. (2017)

Pirsa: 23010094 Page 32/50



Basic structure of LIMpy

Anirban Roy

MCMC/
Foreground Fisher
forecast

Models of star Halo model Apply HOD
formation formalism model
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Cosmology Specerin
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Models for . Paint the . Voxel
Simulate halo Noise istonsity

Hiris catalo halos wit simulation
luminosity g line emissions distribution

Modelling of all bright lines from z ~ 0 -10.
Generate simulated intensity maps quickly for analysis.

Include varieties of model to study the foreground contamination.

Roy et al. in preparation
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Modelling of star formation rate &
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Modelling of line luminosities
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CII Power spectrum
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Power spectra (analytic)
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