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PATCHY REIONIZATION AND
CMB B-MODE POLARIZATION



THE UNIVERSE WE KNOW SO FAR....

COSMIC HISTORY-101

Time since the
Big Bang (years)

~ 380 Thousand

~ 1 Billion

~ 9 billion

~ 13.7 Billion

—————— The Big Bang/Inflation

Universe filled with
ionized gas:
fully opaque

Universe becomes
neutral and transparent

Epoch of Reionization

Galaxies and Quasers
begin to form - starting
reionization.

Reionization complete
~ 10% opacity

Galaxies evolve

Dark Energy begins
to accelerate the

expansion of space

e

Our Solar System
forms

Today: Astronomers look back and understand




WHY TO CARE ABOUT PATCHY REIONIZATION TO MEASURE CMB B-MODE SIGNAL 3

HURDLES TO THE PRIMORDIAL B-MODES .|~ /N — 1 1{

» Instrument noise T

» Systematic effects

Epoch of Beionization

» Galactic foregrounds e
» Extragalactic foregrounds T o
L Pegl T s Reionization complete

» Weak Lensing of CMB Y #5 | Z apay

SN .| Galaxies evolve

polarization L r T

to accelerate the
. 2 expansion of space
~ 9 billion

Our Solar System
forms

» Epoch of cosmic reionization

~13.7 Billion
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COSMIC REIUNIZATIUN

Redshift z
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» When reionization started ?

» When reionization ended ?

» Is it afast process or a slow process?

» Are they driven by lighter halos or massive halos?

» How much inhomogeneous is the reionization process?
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COSMIC REIUNIZATIUN
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» When reionization started ?

» When reionization ended ?

» Is it afast process or a slow process?

» Are they driven by lighter halos or massive halos?

» How much inhomogeneous is the reionization process?
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FROM INHOMOGENEQUS DISTRIBUTION OF FREE ELECTRONS T0 B-MODE POLARIZATION SIGNAL

Screening: Important at small angular scales

Scattering: Important at large angular scales

Hu (2000), Dvorkin and Smith (2009),

Mortonson and Hu (2010)
LSS
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1‘0 12
redshift (z)

We consider a fixed reionization history and make simulations of cosmic reionization
(with MANY assumptions)
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Reionization driven by big halos lead to large bubbles hence large fluctuations



ESTIMATE OF THE CONTAMINATIONS TO CMB B-MODE POLARIZATION

CMB B-MODE POWER SPECTRUM

Exact solution with Limber

Mukherjee, Paul, Choudhury MNRAS 486 (2019)

Simulation for M,,;, = 108M,
- Analytical for M,,;, = 10°M,
Simulation for M, = 10°M,
- Analytical for M, = 101°M,
Simulation for M,,;, = 101°M
= Analytical for M,,;, = 1011M,
Simulation for M, = 1011M,

102

CMB multipoles (£)




Dvorkin & Smith 2009 (toy model)
—— =+ Mukherjee et al. 2019

Roy et al. 2018

This work (Roy et al. 2019)

BICEP2 + Keck

BICEP2 T

POLARBEAR

SPTpol




=== For Mp,, =101M,

o(r) x 103 for SO

For Imin=>5
For Imin =40
For Imin =50

o(r) x 103 for CMB-54

LiteBIRD CMB-S4 CMB-Bharat/PICO
CMB Experiments
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[—1 CMB-54

/1 so

1 CMB-S4 without A,
1 SO without A;

r [in units of 1073]
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COMBINING DIFFERENT PROBES TO UNDERSTAND COSMIC REIONIZATION

A \Width of the epoch of reionization
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COMBINING DIFFERENT PROBES TO UNDERSTAND COSMIC REIONIZATION

A Width of the epoch of reionization

» Measurement of the E-mode
polarization and reionization KSZ Pl ()

S4 (TT)

S4 (T?T?)

signal can constrain the optical - N T
depth and width of the cosmic
reionization. ..................................................

0.05 0.06 0.07 0.08

CMB-S4 Collaboration (2019)
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COMBINING DIFFERENT PROBES TO UNDERSTAND COSMIC REIONIZATION

A \Width of the epoch of reionization

» Measurement of the E-mode

polarization and reionization KSZ Pl ()
S4 (TT)
signal can constrain the optical ~ N e

depth and width of the cosmic
reionization. ..................................................

» Use KSZ-21 cm cross-correlation to
probe the bubble size during the
epoch of cosmic reionization. o XE 0-3;5 007 008

CMB-S4 Collaboration (2019)




CROSS-CORRELATION BETWEEN DIFFERENT PROBES 19

KSZ X 21 CM : PROBE TU THE BUBBLE SIZE Realizations from the same initial conditions
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Planck (EE)
S4 (TT)
S4 (T?T?)
m S4 (TT) + (T?T3)
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IS PATCHY REIONIZATION AN OBSTACLE IN DETECTING THE PRIMORDIAL 29
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CONCLUSION

» Reionization driven by massive
halos causes larger fluctuations in
the electron density.

» Larger fluctuations in the electron cuB mutipoles (1)
density leads to secondary B-mode | e
polarization.

» B-mode signal from reionization
differs from the PGW in the spatial

LiteBIRD SO CMB-54 CMB-Bharat/PICO

domain and can be separated. M8 Experiments

PATCHY REIONIZATION IS NOT A SHOW-STOPPER TO DISCOVER PGW SIGNAL
WHICH ARE ACCESSIBLE FROM THE UPCOMING CMB MISSIONS




MORE SLIDES FOR ENTHUSIASTIC
AUDIENCE

23
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Bubble size distribution at z
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