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

- External tracers



- Lensing maps can come from:

- CMB temperature - K(TT) - Today (Planck)

. Polarization - k(EB) Future (S4 / PICO)
- External tracers Today
- (Planck CIB /

Herschel CIB)
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Targets

* KK autospectrum

- Delensing



- Delensing

Targets «<Kk>~ <EBEB>or <TTTT>

- KK autospectrum -

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



- Delensing

Targets « <KK> or <TTTT>

Non-Gaussianity of
* KK autospectrum dust polarization

on small scales?

Btempl ~ E*K(EB) I
Bias if <BiowBremp> 4 <EBEB> =0}




Targets

- KK autospectrum

- Delensing

Models for small-scale pol dust

- Extending large-scale pol
directions to small scales

- Planck FFP8 model

- Correlation between pol direction
and filaments (HI maps)

- Clark+ sims
- Turbulent magnetic field models

Vansyngel+ sims
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Models for small-scale pol dust

-+ Extending large-scale pol
directions to small scales

Targets

- Planck FFP8 model

- Correlation between pol direction

and filaments (HI maps)
-+ Delensing
- Clark+ sims

- Turbulent magnetic field models

- Vansyngel+ sims l
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K(Edust 9 Bdust)

Vansyngel kappaMap 00036
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Bias to lensing autospectra

from Vansyngel+ sims
courtesy DW Han (Stony Brook)
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Bias to lensing autospectra

from Vansyngel+ sims
courtesy DW Han (Stony Brook)
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Models for small-scale pol dust

» Extending large-scale pol
i directions to small scales

Targets

| - Planck FFP8 model |

- Correlation between pol direction
S and filaments (HI maps)
- Delensing
- Clark+ sims

- Turbulent magnetic field models

- Vansyngel+ sims



Bias to lensing autospectra

from Planck FFP8 sims
CORE lensing paper (Challinor, Allison++2017) arXiv:1707.02259
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Models for small-scale pol dust

- Extending large-scale pol
Targets directions to small scales

- Planck FFP8 model

- kK autospectrum - Correlation between pol direction

- Clark+ sims

Turbulent magnetic field models

- Vansyngel+ sims '.
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¢(Edust7 Bdust)
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[TdU.St7 Eaust, Bdust] filtered

Vansyngel inTebFiltered 00036
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[Tdusta Qdustp Udust] filtered

Vansyngel inTquFiltered 00036




[Tdusta (dust Udust] fhltered
lensed with ¢(Equst Bdust)

Vansyngel delensedTqu 00036
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Takeaways

- Dust 4-point function is uncertain and might be
important!

- For models analyzed so far (all at one frequency, scaled
to 150 GHz):

- <K(TT)k(TT)> is biased from dust.

- Polarization: CORE+ on PlanckFFP8 found bias that
can be removed by down weighting (assumes uniform
power over patches!)
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Fractional CMB Lensing Bias

Foregrounds in CMB temperature-based lensing
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tSZ-1SZ-k
CIB-CIB-k
- Biases of several percent at one frequency
* Here 20 uK-amin noise(!)

- Spectral cleaning
(not kSZ - Hill&Ferraro 17)

- Spatial cleaning

- Also, impact of k non-Gaussianity (Boehm
+16)

van Engelen, Bhattacharya, Sehgal, Holder, Zahn, Nagai 2014



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:
extragalactic foregrounds

Polarization: galactic
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