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Planck picture of the matter distribution at z~2
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Typical deflection 68 sourced by potential W
Y~210~ 6B ~ 104

Photons encounter ~ 50 potential wells

r.m.s deflection
5012 * 104 ~2 arcmin
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The lensing potential
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Unlensed Lensed

Deflections are correlated on the degree scale
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Deflections are about 2 arcmin
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Deflections are correlated on the degree scale
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CMB lensing

Deflections are about 2 arcmin

Lensed,
beamed, noised

Deflections are correlated on the degree scale

Unlensed




Impact on CMB

CMB lensing induces statistical anisotropies
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Lensing can also be detected iIn TT
~10 sigma with Planck2013

®  Quadratic estimator (Hu & Okamoto)
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CMB lensing reconscruction
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® |deal Planck case
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& CMB lensing reconscruction
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®  Other souces of statistical anisotropies

Galactic + PS mask

Inh. noise

[L(L+1))* CY J2n

Ellipticity — 100 GHz

Beam ellipticity

143 GHz
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CMB lensing reconscruction
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- Take two temperature maps and inverse-variance filter them

- Multiply one by the temperature power spectrum and differentiate it

- Multiply it with the first filtered map

- Do the same on a set of realistic simulations

- Take the difference and normalize to get unbiased estimator



A= CMB lensing reconscruction
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Reconstruction on a realistic Planck simulation



857 GHz

® 857 GHz map used as a template for dust cleaning

B 30 % Galactic mask +CO+ point sources

® 5% apodization (for lensing power spectrum estimation)



Best reconstruction
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Testing foreground contamination Testing the filter & implementation
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Comparison to other surveys
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Cosmology
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CMB lensing break the angular diameter degeneracy
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See also Sherwin et al., 11 (ACT)
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Cosmology
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Reilonization

Optical depth - Amplitude degenerascy A.e %"
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Cosmology
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Sum of neutrinos masses

® Mild tension : constraint weaker than expected!

® Temperature power spectra: more lensing = smaller mass
® Reconstruction: less lensing = larger mass
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The lensing map traces the matter distribution up to the last scattering surface

28



The lensing map traces the matter distribution up to the last scattering surface
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CMB lensing - CIB
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CMB lensing - CIB
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® Deflection stacked on 20.000 temperature extrema
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CMB lensing - External tracers
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Planck ISW maps
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Shallowing of the potential due to
expansion driven by dark energy
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ISW - Lensing correlation

0 20 40 60 80 100

Estimator C-R o) NILC o) SEVEM o) SMICA o) MV
¢>10 052+£033 15 072+£030 24 058+031 19 068+030 23 ‘0.78 + 0.32’ 2.4
I'¢ t>2 052+£032 16 075+0.28 2.7 0.62+£029 2.1 2.5
KSW 0.75+£032 23 085+032 27 0.68+032 2.1 ‘0.81 + 0.31’ 2.6
binned 0.80+£040 20 1.03+£037 28 083+039 21 091x0.3 2.5
modal 0.68+£039 1.7 093+037 25 060+£037 1.6 0.77+£0.37 2.1

® First 2.5sigma detection. Robust againt dataset and estimator

@ Links A and CDM



The Planck lensing map

®  (Almost) Full-sky map of the large scale structure at z~2
®  Will be used for the next 10-20 years (DES, Euclid, LSST, ...)

® Available on the PLA



