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Planck (1993-23/10/2013)
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Planck

HFI

LFI

Driving goal : The definitive
Temperature anisotropies
measurement

Primary 1.5m

2 instruments
LFI: 3 bands, 22 radiometers
HFI : 6 bands, 50 bolometers

4 stage cooler down to 0.1K
Last stage is a He3/He4 dilution cooler
Operated flawlessly since launch

HFI (and the dilution cooler) stopped
Jan 2012

~5 independent surveys
(nominal mission 2 surveys)



planck The sky as seen by Planck

353 GHz 545 GHz 857 GHz




First Planck (almost) full sky CMB Temperature Map

Released March 2013, along with 28 articles
Data available : first year maps and map characterisation
http://pla.esac.esa.int/pla/aio/planckProducts.html
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Di[uK?]

Angular scale
90° 0.5° 0.2° 0.1° 0.07°

I I
60 00 i Planck (CMB+lensing) Planck+WP-+highL+BAO
Parameter Best fit 68 % limits Best fit 68 % limits
Q2. 0.022242 0.02217 + 0.00033 0.022161 0.02214 + 0.00024
5000 i Qh .. 0.11805 0.1186 + 0.0031 0.11889 0.1187 +0.0017 |
1000vc - - o v o . 1.04150 1.04141 + 0.00067 1.04148 1.04147 + 0.00056
T 0.0949 0.089 + 0.032 0.0952 0.092 +0.013
4000 s oo 0.9675 0.9635 + 0.0094 0.9611 0.9608 + 0.0054 i
i In(10Ag) . . ... .. 3.098 3.085 +0.057 3.0973 3.091 £ 0.025
[0 0.6964 0.693 +0.019 0.6914 0.692 +0.010
o S 0.8285 0.823 £0.018 0.8288 0.826 +0.012
3000 B e v ve e 11.45 10.83; 11.52 11.3+1.1 7
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2000 i 1000, . ........ 1.04164 1.04156 + 0.00066 1.04163 1.04162 + 0.00056 i
Tdtag + + v v o e e e 147.74 147.70 £ 0.63 147.611 147.68 £ 0.45
Tdrag/Dv(0.57) . . . . 0.07207 0.0719 + 0.0011
1000 1
0 ]
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Amazing fit to the theory
6 parameter model !



Planck as a Matter tracer machme -
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» Planck is the first full sky mission capable of measuring
secondary anisotropies & small scale foregrounds

» Tracer of the large scale structure at lower redshift
e Dark matter and baryons

o Weak lensing

o [SW

o SZ clusters

o CIB



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



CMB lensing reconstruction
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CMB lensing reconstruction
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CMB lensing reconstruction
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Lensed



CMB lensing reconstruction
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100

Displacement is 0.3 arcmin scale.
HFI beam is 5 arcmin at best

Lensed



CMB lensing reconstruction
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CMB lensing reconstruction
T0) =T+ V) ~TO)+Ve-VT(0) + ...

A quadratic estimator to measure the specific NG signature.
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CMB lensing reconstruction
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T0) =T+ V) ~TO)+Ve-VT(0) + ...

A quadratic estimator to measure the specific NG signature.

o=A"V.[CTI'T V(C, 0 C'T)]

- 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
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1073 |

[L(L+1)) ¢ J2n

noise RMS

Ellipticity — 100 GHz

143 GHz

10— — | .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
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T0) =T+ V) ~TO)+Ve-VT(0) + ...

A quadratic estimator to measure the specific NG signature.

o=A"V.[CTIT V(C'T)]

- 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
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- spectrum biases

SNR<0.6
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Power spectrum biases
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Power spectrum biases
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Power spectrum biases H
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Higher order bias. We further include
cosmological uncertainty.
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Power spectrum biases R
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Point source trispectrum contribution.
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Power spectrum biases
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planck The sky as seen by Planck

353 GHz 545 GHz 857 GHz




Best reconstruction
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MV combination between the 143GHz & 217GHz
» 857GHz used as a template for dust cleaning

» 30% Galactic mask + CO mask + point sources SNR5

o fsky = 0.67
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CMB lensing reconstruction
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Comparison to other surveys
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Cosmology
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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

18 ><10_I7
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Planck+lensing 0.14
0.8/ Planck
0.12
Q:E\’Oﬁ 0.10
-
0.08
0.4
0.06
0.2 0.04
0.0 e . N R 0.0 ! ! ! ! ! | | 0.02
0.04 0.08 0.1T2 0.16 0.20 0.24 50 100 150 200 250 300 350 400
L

7 = 0.097 £0.038 (68%; Planck)
7 = 0.089 £0.032 (68%; Planck+lensing).



Cosmology - I

Breaking the geometrical degeneracy 80 ' ' al K&
. 0.70
2+fold improvement on the errorbar ! Il
3% precision determination of Dark Energy 0.60
from CMB alone _ o4 1110
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lensing on 20% of the sky as a function of redshift and redshift
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D. Hanson



ISW
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Shallowing of the potential due to
expansion driven by dark energy
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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 0.72+030 24 058+031 19 0.68+030 23 (0.78 + 0.32, 2.4
re ¢>2 052+032 16 075+£028 27 062+029 2.1 2.5
KSW 075+£032 23 085+032 27 068+032 2.1 2.6
binned 080+040 2.0 1.03+037 28 083+039 2.1 91 £0. 2.5
modal 068039 1.7 093+037 25 060+037 16 0.77+037 2.1
| First detection
< ! MV 2.5sigma
3 005 B J | T .
: Ny robust against foreground
S 0.00 —/Vi AN A =~ S <
(D [ [ ] [
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—0.05F [ 1 .
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Non-Gaussianit

y

Planck bispectrum
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Independent ISW-lensing subtracted
KSW Binned Modal KSW Binned Modal
SMICA
Local ................ 9.8 +5.8 9.2+59 83+£59 ..... 22+59 1.6 £ 6.0
Equilateral ............ -37+75 -20+73 2077 ..., -25+73 -20 £ 77
Orthogonal ............ -46 + 39 -39 + 41 -36+41  ..... -17 £ 41 —14 £ 42
No NG!

(WMAP9 constraint : local fNL=37 + 20)



Planck lensing X planck CIB

—-15}

L L L L L
100 500 1000 1500 2000

-3.60x10* 2.56x10™

T T T
v=100 GHz (x 10

8.73x10™ -6.00x10* 2.91x10™

T
1.0}

0.8

0.6

0.4

0.2

0.0

1 -0.2

6.00x10™ -9.33x10°

0.00  9.33x10°

T T T T
v=143 GHz (x 100) ]

12}
10 b
| osf

0.6

0.4

1 o02f

0.0

T T T T
v=217 GHz (x 100)

1 -02}

4

L L L L L
100 500 1000 1500 2000

4

L L L L L
100 500 1000 1500 2000

L

v=353 GHz (x 100)

> P
F—— == -

v=545 GHz (x 10) |

o2 o0 = 00 = =0 = oo —]

2.0

15

1.0

0.5

0.0

i v=857 GHz (x 0.1) T

o= —0— - 00 = —0—5 & o—o

L L L L L
100 500 1000 1500 2000
L

L L L L L
100 500 1000 1500 2000
L

L L L L L
100 500 1000 1500 2000

L

o~ N
—_— @ FI PLANCK

Stacking of the extrema of the CIB field
(and at random locations)

Impressive visual correlation on degree
scale

Cross correlation of the maps

Using the best 40% of the CIB & lensing
from Planck

Boxes give statistical errors. Grey boxes
are the 143-lensing X 143-cib correlation

Lines are the predictions from the
Planck Early papers!



Lensing external tracers

S ——— Q) HFi ruinac
b()—17—>AgVSS—103i005( 200) b()—3—>AgaXBce—154i021( 70)
0.6 | NVSS Quasars - 1.8 MaxBCG Clusters -
/\\ enn = 1.1 0.1< 2 < 0.3
0.4 F N - 1.3} -
| N %5
<., 0.3 N 1 5,09 .
< / ~ < ,\
0.1} . 0.4 S .
DSE@;E T~ . _
oop-7-=-7--¢-------=---=-== 7] 00p -5 --------=F====="""1
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
0.6 | SDSS LRGs A 1.2 F WISE A
Zmean = 0.55 Zmean = 0.18
0.4 | . 0.9 | .
S — 1 . g~
< N <
g;qq 0.3 / "~ . %E 0.6 f~ .
0.1 = I sl | [T~ 1
—] — |
oop-7--¢7--¢c--F--"--TT =T~ 00“7“T“T%14=Lﬂ:F#‘biﬂﬁ‘
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
R L L
b(z) =2 — A% .. = 0.96 +0.10 (~ 100) b(z) =1 — A% =097 +0.13 (= 70)

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



Conclusion
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Planck trace late dark matter distribution
Lensing reconstruction on the whole sky
Reconstruction of the full sky dark matter distribution
First determination of the ISW-lensing correlation
Improvement of the cosmological parameters constraint
Tension for neutrino masses
Great potential for cross-correlation with other surveys
Where do we go from here
SPT/ACT/others will greatly improve the small scales
PRISM ?



