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Different imprints on the CMB due to the LSS

® Integrated Sachs-Wolfe & Rees-Sciama effect
- Variation with time of the gravitational potential between us and the surface of last
scattering
- Dark energy, curvature of the Universe

® [ ensing
- Gravitational deflection of the CMB photons due to the LSS
- Projected distribution of all the dark matter

® Scattering: Sunyaev—Zeldovich effect
- Spectral distortion of the CMB through scattering by high-energy electrons in clusters

- Distribution and properties of the gas in the Universe
- Very important signal and foreground in cosmology and galaxy evolution

® Scattering: screening
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Screening of the CMB photons

e CMB photons scattered 1n and out of the line of sight by
e~ 1n the gas in galaxies and clusters

® Damping of the CMB anisotropies
e [.OS with more €~ more suppressed and vice-versa

- Damping is anisotropic
- New CMB-anisotropies
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Screening of the CMB photons
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Why study screening?

e Contributions from two epochs
- Reionization (sometimes also called patchy screening)
p Patchy screening is a probe of reionization
- Late-time Universe

® Linear in gas profile
- Very useful to study distribution of the gas in the Universe
- Calibrating baryonic effects: halo-baryon connection

¢ Combining with kSZ will allow to measure velocity field

amplitude
- Cosmological parameters like growth rate, fy etc.
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How to measure this effect?

5TObS — 5T

true VCb . VéTt — CMB lensing

ruc

® [ensing causes mode coupling = Quadratic estimator (QE) (#u, 0kamoro 02)

® Screening causes mode coupling, like lensing = QE (pvorkin smith 09)
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QE: large-scale 7 limit

® [.ocal power spectrum amplitude
gives large-scale 7

® Foregrounds & lensing also modify
the local power spectrum
— biases QE
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QE: small-scale 7 limit

Small-scale screening limit:

Tlong WF ( X)

_ 72QE()
[ I =7 (.X) 5T(X) <T10ng WF 2>

® ‘“Temperature inversion” estimator
analogous to “Gradient inversion”

estimator (Horowitz, Ferraro, Sherwin 19,
Hadzhiyska, Sherwin, Madhavacheril, Ferraro 19)
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Relationship between QE and TI

Small-scale screening limit:

X Tlong WF( X)
° 1 — TQE()C) ~ 5T(X) <T10ng WE 2>
oT(x)
ATI
® I=77(x0) ~ Tlong WF(x)
Tlong WF 2( )C)

=250 = [1 = 0] s

® Small scale QE is unbiased

® However, irreducible statistical error even with arbitrarily small
experimental noise

® TI, on the other hand, can have arbitrarily small error
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TI: lensing & foreground biases

“Temperature inversion”

0T(x)
I-7 ()C) Tlong WF( X)

e In cross-correlation with tracers:

e Both insensitive to foregrounds due to the sign change if 77°" is clean
e [Lensing from the tracers does not add bias nor noise
e Lensing from other objects adds noise

e Same conclusions hold for small scale approximate QE as well
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Current work and next steps

 Implementing all estimators

 Forecasting & comparing SNR

e Checking lensing & foreground biases in cross-correlation
e C(lanifying the relation between all estimators

e First ever detection of this effect with the current data
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Thank you!



Screening quadratic estimator
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Sunyaev-Zel’dovich ettect

| |
e CMB 02 I O~0’O_Q§BV(TCMB) =]
photon . ¥,
electron \
,,,,,,,,,, S
- —i
_. ' 01
notplasma = © ’
ot plasma
g’ >
scattered E
photon 0
A 0 === +——
<] Kinetic SZE

Thermal SZE i

0 100 200 300 400 500
Frequency (GHz)

-0.1 |

Maniyar Abhishek Sanjay, CCPP-NYU



kinetic Sunyaev-Zel’dovich effect
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