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The Forward Path

Foreground cleaning?
Delensing effeciency?

Systematics?

Degeneracy breaking?
Cosmic Variance limit

Inflation (early universe) and Reionization (late time universe)
are the most important events but no direct detection so far!



The Backward Path
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Imprints of Reionization

How patchy reionization is?

What are the secondary anisotropies
generated due to the patchy reionization?



Imprints of Reionization

How patchy reionization is?

Probing the tau fluctuations
(Roy et al. 2018, Dvorkin & Smith 2009)

What are the secondary anisotropies
generated due to the patchy reionization?

Secondary B-mode signal, Patchy KSZ+TSZ

(Roy et al. 2018, Roy et. al 2019, Smith & Ferraro 2017,
Alvarez 2016, Zahn et. al 2005, Hu 2000, Lliev 2007,
McQuinn et. al. 2003, Roy et. al - in preparation)



Tau Fluctuations




Scattering + Screening




Smith & Ferraro 2017

kSZ signal
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Tau Powerspectra

Tau and B-mode power spectra can be written as:
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Tau Powerspectra

Tau and B-mode power spectra can be written as:
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Tau Reconstruction

< E(61)B({1) >= f®({1,03)$(L)=>Lensing

< E({1)B(f1) >= f' (¢4, l3)7(L)=>Reionization
fo(61,63) = (EG)CEE — (L&)CE® | sin2(8e, — 6r,)

F7(*1,%) = [CEE — CEB] sin2(#, — #,)

Estimated Phi/ Tau




Tau Reconstruction
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Patchy B-mode signal




Patchy B-mode signal




Patchy B-mode signal

Due to 1 sigma measurement of tau

Roy et. al 2018



Patchy B-mode signal

Due to 1 sigma measurement of tau

Can we trust this reionization model 2 NO!

We need realistic simulations to calculate the

amplitude of patchy B-mode signal.



Reionization History
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Excursion Set Approach
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Excursion Set Approach
Radiative = ”' ‘ |

Transfer
algorithm

Realistic
Ionization
History

Radiative transfer simulations can

generate ionization field in ~ 320
Mpc with ngrid=2048 (Imin~220).
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Large Scale Ionization Field
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Xe power spectra
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Patchy B-mode Signal







Patchy B-mode Signal
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Patchy B-mode Signal

= primordial, r=0.001
BB-patchy (total)

=== |ensed, r=0.001
Inst. noise, Ar=1 uK
Inst. noise, A+ = 0.5 uK
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Patchy B-mode Signal
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Level of contamination

An effective value of the tensor-to-scalar ratio, ¥ eff which
aims to inform us at what “r” patchy B modes will
become a nuisance in the detection of primordial B modes
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Effective “r”
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Summary

We used radiative transfer simulations which
agrees well with the available data.

Patchy BB signal is Small. itis lower than the
primordial B-mode signal with r=0.001 at |~100.

Increase of mnimum mass of the halo can
Increase B-mode signal signibcantly.

Tau reconstruction could be a promising probe
to constrain reionization by future experiments.

Thank you for your attention!




