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Cleaning the background
from its 7 veils
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3% of the CMB sky replaced by a Gaussian Random realisation
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Filtered at 5 degrees

357 GHz

Full sky map

Filtered at 5 degrees

(and high-passed filtered at ~7° )

Filtered at 20 arcminutes

Stockholm, June 2nd, 2015 F.R. Bouchet: "CMB@50: Planck@22, bicep2, ACT, SPT..."
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» Red curve is the prediction based on the best fit TT in base LCDM
» 2015 data model is fine in polarisation till ~ O(1) pK?

» There are unmodelled systematics at lower level, i.e., we are limited by the
sophistication of the analysis and not yet by the noise of the HFI instrument

» The green line presents an estimate of the (uncorrected) beam mismatch
systematic effect, possibly the largest one at high ell.
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Conditional spectra and covariances
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Within LCDM, Polarisation spectra are highly consistent with TT spectra.

- P = - v - e v - ey r - v
Stockholm, June 2nd, 2015 10

F.R. Bouchet: "CMB@50: Planck@22, bicep2, ACT, SPT..."



Base ACDM model

_

[1] Planck TT+lowP

[2] Planck TE+lowP

0.02222 + 0.00023
0.1197 = 0.0022

0.02228 + 0.00025

0.1187 = 0.0021

1000y . ... .. .. 1.04085 = 0.00047 1.04094 + 0.00051
............. 0.078 +0.019 0.053 +0.019
In(10"°4y) ...... 3.089 +0.036 3.031 £0.041
............ 0.9655 + 0.0062 0.965 + 0.012

........... 67.31 £ 0.96 67.73 £0.92

........... 0.315 £0.013 0.300 £ 0.012
............ 0.829 £ 0.014 0.802 £ 0.018
10°Ae™> .. .. .. 1.880 £ 0.014 1.865 +£0.019

TT & TE have quite similar uncertainties (but for ny),
but beware that they are still some low level systematics in the polarisation data
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The gravitational effects of intervening matter bend the path of CMB light on its way from the
early universe to the Planck telescope. This “gravitational lensing” distorts our image of the CMB
(smoothing on the power spectrum, and correlations between scales)

T(0+ V) ~T0)+Ve-VT(0)+ ...
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The (grey) masked area is where foregrounds are too strong to allow an accurate reconstruction

rage 14 £uropean >pace Agency
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Lensing power spectrum &= |4
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] Planck 2014
—|v' ~—}— Planck 2013

—— van Engelen et. al. 2012 7
o —— Das et. al. 2013

Amplitude constrained to ~2.5%
(400 detection of lensing).
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Planck for the first time measured the lensing power spectrum with higher accuracy than it is predicted by the base CDM model that fits the temperature
data
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=» Consistency of lensing versus LowP constraints on 1
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& Neutrinos masses Y mv<0.23 eV (95%)
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ks Measuring T, at LSS
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» To affects recombination physics...
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—  CosmoRec TT-+lowP+BAO
----- CosmoRec TT,TE,EE-+lowP+BAO
--- RecFast TT,TE EE+lowP+BAO

which depends
crucially on 2
photons decay
rate...

22



1.0 |

0s

‘ esa- A0 9= 7

WL from CFHTLens

T T T T T
WL+BAO

Planck TT+lowP

WL+0uc+BAO

Number counts
of SZ cIusters

0.60 0.65 0.70 0.75 0.80 0.85 0.90

- CMB
—— SZ+lensing PS
BN CMB+BAO

| SZa+BAO (WIG)
I SZa+BAO (CCCP)

SZa+BAO (CMBlens) |

F.R. Bouchet: "CMB@50: Planck@22, bicep2, ACT, SPT..."

96

88

80

72

64

56

48

40

32

Some tensions

IEYT BN Wi

°H

LT ENwE Wi

OPLANCK @

L

HFi PL VC-

EE W AE &4 == IlN /JFER ari . I ENE W B A I I BEwWiL BN T

Growth rate of fluctuations from
redshift space distortions

07 T T T T T T T T T T T T
Bl BOSS CMASS (Samushia et al.)
- BOSS CMASS (Beutler et al.)
SDSS MGS )
| B Planck TT+lowP+lensing ]
0.6 | T SDSS LRG VIPERS ] 0.56 .
WiggleZ
05 1 < ossf .
© ©
$ 0 ﬁ <
¢ B
04 = Ly h -
a 0.40 | .
6DFGS i '
031 BOSS CMASS T
BOSS LOWZ 0.32 | i
02 l L | | | | | | | l L 1
01 02 03 04 05 06 07 08 O 0.60 0.65 0.70 0.75
Fap(0.57)

z

i.e., some tensions with astrophysical measurements of
the amplitude of matter fluctuations

ENE W ALE 4 = ENE W B AT I EEWL BN TW

Stockholm, June 2nd, 2015

Il /B &l u. I

23



) What these tensions can do...
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& Allowing neutrinos extensions &
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G2 Planck 2015: n_vs r

I AT ENEN W NHE YW LE I == HE /JFEE AL § 1 T ESE W E L SERE 1 AW 5 _ 1 ~

Planck 2013

Planck TT-+lowP
Planck TT,TE ,EE+lowP
Natural inflation
Hilltop quartic model
(v attractors

Power law inflation
Low scale SB SUSY
R? inflation

V x ¢?

V x ¢?

V ¢4/3

Voxo

V x ¢?/3

N,=50

N,=60

0.15

Tensor-to-scalar ratio (70.002)
0.10

0.05

0.00

0.94 0.96 0.98 1.00
Primordial tilt (ns)

Tightening ns, and (indirect) r constraint wrt the 2013 release
(Fo.002 < 0.10 @ 95% CL instead of 0 11)

@ AT BFTT EmwWT WL YT ENE Wi ENHE. "W LE A= HE /JFER ari U L TN W = AT I EEWL BN TN >

F.R. Bouchet: "CMB@50: Planck@22, bicep2, ACT, SPT..." Stockholm, June 2nd, 2015 26



i

===

e

Tensor-to-scalar ratio (r)

&‘

=
?

0.2

0.1

0.0

With a little help from my friend (polarlsatlon)

I TN ENEN W NEE WS iz

T T T
= Planck TT+owP+BAO:ACDM+r+Ngr + mEit

v, sterile
= Planck TT+lowP+BAO:ACDM+r+N_¢
B Planck TT+lowP+BAO:ACDM-+r

0.94

|

1.00

0.96

0.98
Primordial tilt (ny)

- A 4

F.R. Bouchet: "CMB@50: Planck@22, bicep2, ACT, SPT..."

- v LI YT ENE Wi EE WS | 94

Tensor-to-scalar ratio ()

HFI ~oonvcr_2%®
i B /JPEs ari = L s W B W S EBW 1 AV & . -
T T T
) Planck TT.TEEE+HoWP:ACDM+r+Noge + meHE o
(&N == Planck TT,TE,EE+lowP:ACDM~+r+N_¢f
< | B Planck TT,TE,EE+lowP:ACDM+r
™
= F i
— | | |
094 096 098  1.00

Il /JFEs &l u I

OPLANCK ®

L

Primordial tilt (n,)

BN W = Al I BEWL =N TS

Stockholm, June 2nd, 2015

27



<
,4 & OPLANCK ®

i C Power spectra reconstruction L CL(@/

W

“esa- A A4 - v WLIEY NS W/ W WS | W i == HI B /B Syl = T B W B w’ S EW 1 AV & .- B
{ = kD,
10* 102 10° 10%
| R R | S mm M l'l'l'|—l—l-|'l'l'l'l'l'|—l—l-l'l'l'l'l'l_l-
——————— l-0 scalar
102 mean scalar
m?@? scalar 12-knots
power
- spectra
N~ = a—— = — — — —
2015 Ogcf n,=0.968 (actually
TT+lowP é 101! g?f?edr:nt
+BAO+JLA fixed r = 0.1 methods,

+Hlow all with

similar

results)

A\ A A A A A A A A A AN
100 | 2 [ N | nnl
1074 1073 102 1071 10°
= 9 e-folds k (1\f‘1p C—l) -

F.R. Bouchet: "CMB@50: Planck@22, bicep2, ACT, SPT..." Stockholm, June 2nd, 2015 33



S Search for features D

s

Feature in the potential:
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= Axion monodromy inflation
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Periodic potential, analytical template from Flauger etal.
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= Chi2 improvement insufficient. There are expected bispectrum oscillations /xi = <
Lowest frequency checked already. Others imminent.
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%8  Bispectrum constraints w. full mission data e | LI/
7 R w L0
Planck 2015
ALKSW)

Shape and method Independent  ISW-lensing subtracted

SMICA (T) Planck 2013
Local ......... 95+ 5.6 1.8+ 5.6
Equilateral .. ... —-10 +69 -9.2+ 69 ISW-lensing subtracted
Orthogonal . . ... —43  +33 -20 +33 KSW Binned Modal
SMICA (T+E) ol B B
Local ......... 6.5+ 5.1 R 27+£58 22+59 1.6 £ 6.0

Equilateral .. ... -39 +44 fortho =96 + 21 -42+75 -25+73 =20+ 77

Orthogonal . . ... —35 +22 L= -25+39 —17 £ 41 —14 £ 42
Constraint volume in LEO space
shrunk by factor of 3.
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The world of physics is taken aback by an extraordinary result

from a beautiful experimen with great sensitivity.
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Stockholm, June 2nd, 2015

The search for primordial gravitational waves is over.

It is r=0.2 and it is 5 sigma!

F.R. Bouchet: "CMB@50: Planck@22, bicep2, ACT, SPT..."
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Plank | and B-fields in Bicep2 region
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o) Planck X (Bicep2 & Keck) = BKP

e —
> Since January 30t 2015, the ¢ |
direct constraints on r < ]
(Planck X Bicep2 & Keck) - b i _
have reached the level of the ot e —
previous best indirect T e R

constraints (from Planck
alone T), i.e.

> r<0.11 @ 95%CL
(r=A/A; at, e.g.,

k=0.05Mpc1)
» A new era began... 0 005 01 015 02 025 00
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Planck vs Planck + BKP
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Planck 2013: 1y o, < 0.11 @95%cl
Planck 2015: 1y o, < 0.10 @95%cl
BKP o002 < 0.12 @95%c

Planck+BKP: rj 402 < 0.08 @95%cl

- Planck TT+lowP+BAO -— +BKP
B Planck TT,TE,EE+IlowP Il BKP

ne

(using n, and ry o, @s primary parameters)
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== Conclusions

s

S ol

=>»powerful evidence in favour of simple inflationary models, that match Planck data to very high precision.

10! 102 10? 10"

Parameter  Planck TT, TE . EE+lowP Parameter TT, TE, EE+lensing+ext

QR ... 0.02225 + 0.00016 L : Qr ...... 0.0008j8‘88§8
QR .. 0.1198 +0.0015 | E Sm, [eV] .. <0.194
1008yc . ... ... 1.04077 + 0.00032 Ne oo 3.04703
T 0.079 £ 0.017 : Yo oo, 0.249+0025
In(10"°4;) .. ... 3.094 + 0.034 dng/dInk . . ~0.002:0013
E ........... 069763§ + 8.(6)(6)49 [ 70002 - - - - - <0.1 103075

0 e 27 £0. " W ~1.019*
Qoo 0.3156 + 0.0091 0080
(0 S 0.831 £0.013 focalNL =08+50 O, Defect  Gu/c?
10°Ae™ > ... .. 1.882 +0.012 @95%c ﬁqz:’lNL = 4+43 |P,., NG.. <13x igj

S =-26 £ 21 SL .. <85x 107

=>If there is new physics beyond base ACDM, its observational signatures in the CMB are weak & difficult to detect. IX .. <86x107
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a What's commg in CI\/IB
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Next Planck release, in 1 year...+lots of steps and
opportunities towards

» full sky polarisation mapping, with enough
sensitivity to detect unambiguously r=1073, and .
lots of frequency channels (+SZ, * form)

» + spectroscopy: y, mu, recombination lines...

HFlP VCR
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