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Planck map of the large scale structures

According to our reconstruction of the lensing effect
25sigma detection
Almost full sky map of LSS at z~2
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Planck map of the large scale structures
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According to our reconstruction of the ISW effect

2.5sigma detection



CMB lensing reconstruction
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CMB lensing reconstruction
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T =Tl +Ve)~T(0O)+ V- VT(0)+ ...




CMB lensing reconstruction

T(6) = T(0 + Vo) ~ T(6) + V- VT(G) + ..

100] ¢

A quadratic estimator to measure the specific NG signature.

%L \/(251 + 1)(2{32 + DL+ 1) NS AER)

1+( 1)€1+€2+L A §
xch( . 1oLt en. ®

t, € L
AMTem Tems) = ) ) (—1>M(,,,,j1 S _M)WzgngbLM,

LM é’lml ,fzmz

) 1 (€1 € L x ) Q)
XM = 5 Z (_1) (ml s _M)WflszT{’lml szmz

tymy,tomy
1 t, {» L
-MF _ M|t (2 (1) (2)
XM = 5 Z (=1) my m, —M Wz’clsz< tymy é’zmz>
Rxgb (1)(2) Z —_W* W¢ F(l)F(z) zflml,{’zmz : 2
L (2L+ 1) 2 flsz flsz 51

1
[S + N] 1Tgm ~ [C CéVN]_ngm = FyTy,,



CMB lensing reconstruction

T( ):T(§+%)NT( 0)+Veo-VT(0)+ ...

A quadratic estimator to measure the specific NG signature.

b=A"'V.[CT'T V(CIT)]

- Take two temperature maps and inverse variance filter them.
- Differentiate one and filter it by the temperature power spectrum
- Multiply with the other inverse variance filtered map
- Normalize to get unbiased estimator



Biases at the map level

[L(L+1)* CY /2n

noise RMS

Ellipticity — 100 GHz

143 GHz

1.0 e— — 1.2

Beam ellipticity

Due to the response of the quadratic estimator to sources of statistical anisotropies in the data.
Dominates the largest scales.
Can be removed on average by estimating a <mean-field» contribution from Monte Carlo.



CMB lensing reconstruction

—

T(0) =T + Vo) ~T(0)+Ve¢-VT(0) + ...

A quadratic estimator to measure the specific NG signature.

b=A"'V.[CT'T V(CIT)]

- Take two temperature maps and inverse variance filter them.
- Differentiate one and filter it by the temperature power spectrum
- Multiply with the other inverse variance filtered map
- Do the same with a set of CMB simulations containing your source of statistical
anisotropies (mask, noise, beams)
- Take the difference and normalize



On simulation

Reconstruction on a realistic Planck simulation.



Map noise - spectrum biases
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Power spectrum biases
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Power spectrum biases
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Gaussian bias. Dealt with by MC. Close to the
analytical value.

Dominates the final error budget.



Power spectrum biases

10° F
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Gaussian bias. Dealt with by MC. Close to the
analytical value.

Dominates the final error budget.

Higher order bias. We further include
cosmological uncertainty.



Power spectrum biases

[L(L+1)]> N2 J2n
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Gaussian bias. Dealt with by MC. Close to the
analytical value.
Dominates the final error budget.

Higher order bias. We further include
cosmological uncertainty.

Point source trispectrum contribution.
Measured on data



Power spectrum biases

[L(L+1)]> N2 J2n
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Gaussian bias. Dealt with by MC. Close to the
analytical value.
Dominates the final error budget.

Higher order bias. We further include
cosmological uncertainty.

Point source trispectrum contribution.
Measured on data

Residual bias. Also account for small
multiplicative bias. Dealt with lensed MC.



Best reconstruction

W Y b AE = b I & /W@ am A

MV combination between the 143GHz & 217GHz
857GHz used as a template for dust cleaning
30% Galactic mask + CO mask + point sources SNR5

50 apodization (for power spectrum estimation)

fsky = 0.67



CMB lensing reconstruction

Angular Scale [deg.]
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Robustness
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Comparison to other surveys
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We are using the most significant (and cleanest) part of the data L=40-400.
Lensing brings a 20%ish improvement on some of the vanilla LCDM parameters.



Cosmology - |

Constraining the reionization from Planck alone
strengthen the Polarization result
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Cosmology-Il

Breaking the geometrical degeneracy
2+fold improvement on the errorbar
3% precision determination of Dark Energy
from CMB alone

Qp = 0.577000  (68%; Planck+WP+highL)
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Mild tension with neutrino masses
T'T wants more lensing
T'TTT wants less lensing

Zmy < 0.66eV, (95%; Planck+WP+highL),
Zmy < 0.85eV, (95%; Planck+lensing+WP+highL),
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Shallowing of the potential due to
expansion driven by dark energy

\ 4

Stacking the Planck CMB at the
location of clusters and voids
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ISW - Lensing correlation
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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
re 052+032 1.6 075+£028 27 0.62+0.29 2.1 Q.lQ_—|—_Q_2.j 2.5
KSW 0.75+£032 23 085+032 27 0.68+032 2.1 (0.81 0.3l 2.6
binned 0.80+£040 2.0 1.03+037 28 083+039 21 091£0.3 2.5
modal 0.68+039 1.7 093+037 25 060+037 1.6 0.77+£0.37 2.1

First detection
2.5sigma
robust against foreground
contamination and detection
algorithm



ISW - external tracers
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LSS data u C-R o) NILC o) SEVEM O  SMICA
CAPS 0.86 +0.33 2.6 091 £0.33 2.8 0.90+0.33 2.7 091 +0.33 2.7
NVSS CCF 0.80+0.33 24 0.84+0.33 2.5 0.83+£0.33 2.5 0.84+0.33 2.5
SMHWcov 0.89+0.34 2.6 093+0.34 2.8 0.89+0.34 2.6 0.92+0.34 2.7
CAPS 098+0.52 1.9 1.09+0.52 2.1 1.06+0.52 2.0 1.09+0.52 2.1
SDSS-CMASS/LOWZ CCF 0.81+0.52 1.6 091 +£0.52 1.8 0.89+0.52 1.7 090+0.52 1.7
SMHWcov 0.80+0.53 1.5 0.89+0.53 1.9 0.87+0.53 1.6 0.88+0.53 1.7
CAPS 1.31 £0.57 2.3 143+0.57 2.5 1.35+£0.57 24 1.42+0.57 2.5
SDSS-MG CCF 1.00+0.57 1.8 1.11+0.57 2.0 1.10+£0.57 19 1.10+0.57 1.9
SMHWcov 1.03+0.59 1.8 1.18+£0.59 2.0 1.15+£0.59 2.0 1.17+0.59 2.0
CAPS 0.84 +0.31 2.7 091 +0.31 29 0.88+0.31 2.0 0.90=+0.31 2.9
all CCF 0.77+0.31 2.5 0.83+0.31 2.7 0.82+0.31 2.6 0.82+0.31 2.7
SMHWcov 0.86+0.32 2.7 092+0.32 29 0.89+0.32 2.8 091 +0.32 2.9
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Lensing external tracers
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b(z) = 1.7 — A% o = 1.03 4 0.05 (=~ 200) b(z) =3 = AL Lo = 1.54+£0.21 (= 7o)
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b(z) =2 — A% = 0.96 £ 0.10 (=~ 100) b(z) =1 — A%y = 0.97 +0.13 (= 7o)

No particular effort here to optimize the model for the external survey
There is an untapped astrophysical treasure in the Planck Lensing Map



Conclusion

P
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anck trace late dark matter distribution
_ensing reconstruction on the whole sky

irst determination of the ISW-lensing correlation

mprovement of the cosmological parameters constraint

Great potential for cross-correlation with other surveys

Where do we go from here

We will improve our lensing reconstruction

Full mission

Polarization (possibly 15sigma TTXTE)

Potential for improving the ISW-lensing cross correlation
significance.

Small scales lensing will be improved by SPT & other surface
experiments
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CMB lensing reconstruction
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CMB lensing reconstructlon
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Biases and errors
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Variance of the power spectrum
dominated by the NO bias.

We also account for

«Beam errors

PS correction uncertainties
«Cosmological uncertainties (N1)
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Robustness
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Robustness
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