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- Lensing maps can come from:
- CMB temperature - k(T7)
- Polarization - k(EB)

- External tracers



- Lensing maps can come from:

* CMB temperature - K(T7T) - Today (Planck)

- Polarization - k(EB) Future (S4 / PICO)
- External tracers Today
- (Planck CIB /
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Lensing map noise - from space!
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“Delensing beyond the B modes”
CMB TT power spectrum
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“Delensing beyond the B modes’
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Power spectrum covariances
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Delensing - possible issues

Btempl ~ Eobsk K(Eobs Bobs)

Bdel — Bobs = Btempl

<BgeiBde>~ <(B - EEB)2>
~ <BB> - 2<EBEB> + ...

Bias if <EBEB> =0



Delensing - possible issues

Btempl ~ Eobsk K(Eobs Bobs)

Bdel — Bobs = Btempl

<BgelBae>~ <(B - EEB)2>
~ <BB> - 2<EBEB> +

Bias if <EBEB> I= 0 1. Biases even for GRF

\\ 2. Correlations from Dust



Delensing - possible issues

Btempl ~ Eobsk K(Eobs Bobs)

Bdel — Bobs = Btempl

<BdeBde>~ <(B - EEB)?>
~ <BB> - 2<EBEB> +

Bias if <EBEB> l= 0 ——" \|ses even for RF, D

\\ 2. Correlatlons from Dust
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Using same lensed B modes for reconstruction that you are
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Mitigation method (c)

Namikawa 2017

<BgeBde>~ <(B - EEB)2>
~ <BB> - 2<EBEB> + <EBEBEE>

N(4) N(6)

Calculate 4pt and épt directly from realization of map



Delensing - possible issues

Btempl ~ Eobsk K(Eobs Bobs)
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[TdU.St7 Eaust, Bdust] filtered
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[Tdusta Qdustp Udust] filtered
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<Bdust Btemplate>
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Summary

T delensing

Biases for T and P delensing arise when using same modes to
reconstruct k that you are trying to delens.

3 methods to mitigate

Polarized Dust NG on small scales??? No evidence for impact at leading
order in Vansyngel simulations



Extra slides.....



3. More mitigation methods

- Model this bias usina simulations (Carron+2016)
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Demonstration with Planck CIB

ol Larsen et. al 2016 — Theory
¢ ¢ Planck data
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Outline

Lensing noise vs. instrumental noise
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Fractional CMB Lensing Bias

Foregrounds in CMB temperature-based lensing
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CIBASZ/kSZ/K biltrispectra are measurable and interesting

Is bias-hardening feasible?

Is spectral cleaning feasible? tSZ/CIB bispectrum/trispectrum
residuals — comparable to kSZ?

To-do for TT lensing — test both spectral and spatial
cleaning with full end-to-end simulation analysis
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Outline

Lensing noise vs. instrumental noise
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Lensing noise vs. instrumental noise

30 x10~7 :

Polarization lensing will
dominate for PICO

Temperature:
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Areas of Lensing
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Areas of Lensing

* Delensing —> r, Neft
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Areas of Lensing

e Delensing —> r, Neff . .
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Areas of Lensing

e Delensing —> r, Neff . .

» Large-scale lensing —> » m,, w, dm

Slides courtesy Neelima Sehgal



Areas of Lensing

e Delensing —> r, Neff . .

» Large-scale lensing —> » m,, w, dm

* Small-scale lensing —> w, > m,

Slides courtesy Neelima Sehgal



Areas of Lensing

Delensing —> r, Neff . .

Large-scale lensing —> » m,, w, dm

Small-scale lensing —> w, > m,

Cross-correlation between CMB lens and other

data sets —>w, » my
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2. Using reconstructed lenses
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- Delensing

Targets «<Kk>~ <EBEB>or <TTTT>

- KK autospectrum -

Btempl ~ E*K(EB)
Bias if <BiowBtempi> ~ <EBEB> =0



- Delensing

Targ ets - <KK> or <TTTT>

Non-Gaussianity of
* Kk autospectrum dust polarization

on small scales?

Btempl ~ E*K(EB)

Bdel — Bobs = Btempl



Bias if <BiowBremp> £ <EBEB> 1= 0




