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Reionization
-CMB
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o Reionization is a process whereby
hydrogen and helium is ionized by the
radiation from first luminous sources.

Quadrupole
isotrop

e  CMB photons re-scatters off free
electrons in the era of Reionization.
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SCRIPT: https://bitbucket.org/rctirthankar/script/src/master/

Self-consistent evaluation ]
of CMB Anisotropies with 1
SCRIPT =

A\ 4 A\ 4

o  SCRIPT is a photon-conserving semi-numerical reionization [Coorer | Modified cau |
scheme (Choud/wky & Paranjape 2015) 0 ‘

e Advantages of SCRIPT: / Jr—— / / iszreion / / . / / e / / J—— /

Resolution-independent large-scale ionization maps
Generate 21 cm and kSZ maps

Vital for parameter estimation due to semi-numerical " + Yo
nature. J

e Key Conclusions with current CMB data: § ¥

o Radiative feedback suppresses star formation in / Cj /_67

Jainet o/ haloes <10° mass atz ~ 8 |

2023 As reionization progresses, ionizing efficiency of the _./ e i /_
sources increases #
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Width of reionization : Az = 1.197453 Jain et al. 2023



https://bitbucket.org/rctirthankar/script/src/master/

Patchy Reionization Bias
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1. Gravitational Waves (GWs) are prediction of
Inflationary waves (kamionkowsti 2016)

2.  GWs produce B mode polarization.

3. The amplitude of B-mode is tied to the
tensor-to-scalar power spectrum ratio r.

4. The latest constraint on r:
a. 1<0.035(95% C.L) (B1CEP3 2022)
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Framework to forecast | L
bias 0” I Jain et at 2023 Pessimistic case of bias with CMB-S4
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To study bias, the idea is the following : '\ Ar=0.13¢
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o Inference of r for the model Template — D, 95% delensing
corresponds to a biased recovery of . extreme reionization model
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Framework to forecast

bias 0” r Jain et al. 2023

Likelihood function:
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To study bias, the idea is the following :
e Inference of r for the model Templ
corresponds to a biased recovery of 7.

Post inference of » for each model, bias as:

(rTemplate o 7nTemplate—DfB’reion
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Pessimistic case of bias with CMB-S4

BB,reion

Inaccurate B-mode power modelling hiases
r =1e-3 measurement, lowering detection
significance from 5 to ~4.8c.

With extreme reionization and efficient
delensing, detection claims for r = 5e-4
influenced by a ~0.13¢ bias.

Combining CMB observables we can
constrain patchy reionization and mitigate
its impact on the value of r.
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Detecting Patchy B-mode:

exploiting synergy z-power spectrum

e Stage-4 CMB experiments will allow near
model-independent detection of patchy reionization,
exploiting the - and B-mode power spectrum synergy.

Infer the signal of both primordial gravitational waves and
patchy reionization jointly from the CMB data.

Cumulative signal-to-ratio to detect patchy-z power at different delensing
scenarios corresponding to observations with CMB-S4 and PICO.
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Jain et al. (in prep)

Model B-mode S|gna|: Measures patchiness in the reionization B-mode
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Constraining A_with projected t and B-mode data:
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Analytical relation between patchy-B mode and the
T-power spectrum: (Dvoréin et at. 2019)
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Forecasts on A_with Stage-4 CMB experiments
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Forecasts on A_with Stage-4 CMB experiments
hinatal finped
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e First work to assess the patchy z-power
spectrum's detectability using physical,

0.060 ; realistic reionization models.

. 0055 \4 e The z-power spectrum is detectable at 1 36+0-50
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e Detection of patchy kSZ will enable crucial insights into
-‘.\..\‘\ /"/ Raghunathan & Qmori

patchy reionization era. j
Bias from tSZ and CIB foregmund in kSZ, critical for 1033563000 3300 40004300 sté(l)o 5500 6000 2023
Stage-4 CMB experiments, can't be overlooked MR
(,Qaghzmathau & Omori 2023)
Cross-ILC technique (Raghunathan & Omori 2023) aimed at sl T e et
robustly extracting the kSZ signal, minimizes residual bias is g [ o0 w2 oLl kS/ power
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Reionization forecast for

CMB-3$4
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Comparison of the
68% spread in the
evolution of the
minimum mass of
halos for models
corresponding to R21
and S4 Cross-ILC

Comparison of the
68% spread in the
evolution of the
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of the sources for
models corresponding
to R21 and S4
Cross-ILC
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Reionization forecast

for CMB-S4

m R21

[ S4 Cross-ILC

~5.0
z (redshift)

7.5 10.0 12,5 15.0 17.5 20.0

I R21

[ S4 Cross-ILC

z (redshift)

5.0 7.5 10.0 12.5 15.0 17.5 20.0

£=3000

+0.69
8.087,%0
I
Jain et al. (in prep) /m 0.0702+0-0136
-0.017]
ancaa+(.0063

-0.0027

e Tighter constraint on source properties of
reionization

o Errorbarsonz_ ~ 0.50 (34 Cross ILC)
compared to ~1.62 (R21)
e  Error bars on kSZ at £=3000 reduce to
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Summary:

SCRIPT is a photon-conserving semi-numerical reionization scheme https://bithucket.org/rctirthankar/script/src/master/
(CAoudAury & Paranjape 2078)

PATCHY REIONIZATION BIAS ON TENSOR TO SCALAR POWER SPECTRUM RATIQ: (Jain et at. 2023)
1. lIgnoring patchy B-mode could undermine 5o detection claims, with extreme bias scenario up to ~0.73¢ for r =5e-4 .
2. Our model, using CMB observables, can constraint patchy reionization and consequently mitigate its impact on .
DETECTING PATCHY B-MODE WITH STAGE-4 CMB EXPERIMENTS: (Jain et a/. in preparation)

1. Patchy z and B-mode power spectrum synergy may enable first 3o detection of patchy reionization B-mode signal,
potentially up to 7o for extreme reionization scenarios.

2. Detection of patchy B-mode is cardinal to achieve unbiased measurement on .
UPDATED REIONIZATION FORECASTS WITH CROSS ILC TECHNIQUE: (Jain et af. in preparation)
1. Our model can predict the kSZ power spectrum shape.

2. Informed by power spectrum shape and Cross-ILC error bars, our model forecasts tight error bars on both homogeneous
and patchy properties with CMB-S4 kSZ measurement.
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