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The scientific results that we present today are a product of the Planck
Collaboration, including individuals from more than 100 scientific institutes

in Europe, the USA and Canada

&f“f (< S d
@ DTU Space
N mr nal Space Institute ¢
Science & Technology C S ' C

- facilities Council
National Research Council of ltaly I“‘::: me

G oussts 7 ,,@
6 DLR mum wmmmev X

UK SPACE

> v
o ¢ ASF NSU INZP3
CITA-IKCAT e aan e

CEFCA

ROl @ v
Qe Bo e () /foé /* @soc JPL gar @ - EEE

Usevisarea cooe s Sruee

o Muaso

== -
e PE @m0 UM E TLEL
e SISS‘
l E 15_**;::.—. Eesa = N i*; 6 %) be centve éTOEdeO S O e 0

Planck is a project of the European Space Agency, with instruments provided by two scientific
Consortia funded by ESA member states (in particular the lead countries: France and Italy) with
contributions from NASA (USA), and telescope reflectors provided in a collaboration between ESA and

a scientific Consortium led and funded by Denmark.
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why is the night sky ... dark 7

left: D. Officer, P. Welch, UofA
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 right: NASA, HST 3




the two outstanding questions

homogeneous universe

structured, inhomogen

universe
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the two outstanding questions

?

homogeneous universe

inflation models 7

structured, inhomogen

universe

structure

formation,
ACDM
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how large scale structures form 7

Proton Helium
Photon L
Neutron nucleus CMB radiation
Electron Helium Hydrogen
atom atom Firststars Early Modern
- £ - galaxies galaxies

aujourd’hui

Hu & White, 2004
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CMB temperature anisotropies

LE RAYONMEMENT FOSSILE par PLANCK

the universe at 2.10° of its present age
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improvements with time & technology

Planck sensitivity in 1yr ~ 1000 years of WMAP

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 9



1. why Planck 7

Smoothed map (suppressing scales 8 < 1 deg) :

Quantum Fluctuations imprinted

When the age of the Universe was in the \
interval [10-3°, 10'1?] seconds

the key is to measure both large and small angular scales
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 10



outline

1. why Planck 7

the Cosmic Microwave Background (CMB) and the
astrophysical components, incl galaxies

analysis of the CMB: angular power spectra
cosmological implications
a word about inflation

a clumpy Universe

1. dark matter

2. galaxy clusters via SZ

/. digging into the Cosmic Infrared Background
1. lensed sources

2. overdensities: clusters of dusty galaxies 7

A

o Oor B
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Planck goals and key facts

= selected in 1996 by ESA - launched in 2009
» HFl cooled at 100 mK -> bolometer technology
= 29 months of operation (goal was 12: nominal mission)
= 5 all-sky surveys instead of 2 (hominal mission, this data release)

Hervé Dol
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a technological success

0.10295

Bolometer plate (a)
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stability: 0.1mK'!
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Fig. 7. The impressive stability of the HFI thermal stages during operations. Shown is the temperature evolution of the bolometer stage (top), the

1.6 K optical filter stage (middle) and the 4-K cooler reference load stage (bottom). The horizontal axis displays days since the beginning of the
nominal mission.

Cryostat:
dilution He3/He4

Planck Collab, 2013, 1
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a challenging analysis success
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a challenging analysis success
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Planck-HFI Core Team, 2011
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many intermediate products for jacknifes

143 GHz map

Planck Collaboration, 2013, 6

16
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many intermediate products for jacknifes

half ring difference

Planck Collaboration, 2013, 6
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 17



many intermediate products for jacknifes

survey 1 — survey 2 difference

Planck Collaboration, 2013, 6
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 18



Planck all-sky maps

The sky as seen by Planck

100 GHz 143 GHz

353 GHz 545 GHz 857 GHz




Planck 2013 papers

. Planck 2013 results. |. Overview of products
= Planck 2013 results. Il. Low Freguency |

processing
= Planck 2013 results.

= Planck 2013 results.
] Planck 2013 res
Planck 201

uency Instrument data

. HFI time response and beams

. VIll. HFI calibration and mapmaking
results. IX. HFI spectral response

2013 results. X. HFI energetic particle effects
Planck 2013 results. XI. Consistency of the data

Planck 201
Planck 201
Planck 201

= Planck 2013 results. XIX. The integrated Sachs-\Wolfe effect

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014

arameter

Planck 2013 results. XXII. Constraints on inflation

Planck 2013 results. XXIll. Isotropy and statistics of the
CMB

Planck 2013 results. XXIV. Constraints on primordial

ackground geometry and

topology of the Universe

Planck 2013 results. XXVII. Special relativistic effects on
the CMB dipole

Planck 2013 results. XXVIII. The Planck Catalogue of
Compact Sources

Su

Planck 2013 results. Explanatory supplement

29 papers (+1 to come on CIB) ; 800+ pages
1 Explanatory Supplement

all products available online
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2. component separation

100 GHz

70 GHz 143 GHz

0 GHz

European Space Agency

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 21



various components

different spectral and spatial behavior

NOISE, level of fluctuations
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Commander: Low-Frequency Emission Amplitude @ 30 GHz

some components

low frequency emission

Commander: "discovery” CO map @ 100 GHz

CO map

Commander: Dust Amplitude @ 353 GHz

dust at high frequency

Planck Collab, 2013, 1, 12, 13, 14
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014
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temperature anisotropies

LE RAYONMEMENT FOSSILE par PLANCK

Is of 5’

ions pixe

6m

2
o
S
%)
=
x
8]
C
iy
o

™
A
o
(Q\V
c
Q
4+
@®
j -
@)
Q
©
o)
O
X
O
C
©
o

300

-300

24

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014



Planck Catalogue of Compact Sources [PCCS]

Planck Collab, 2013, 28
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 25



galaxy clusters: Sunyaev-Zeldovich effect

1227 SZ clusters -> including 366 brand new cluster candidates

Planck Collab, 2013, 29
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 26



3. angular power spectra
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from maps to 6 cosmological parameters
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the Planck spectrum of temperature anisotropies

Angular scale

90° 0.5° 0.2° 0.1° 0.07°
6000 | | o _ | .
s A most precise measurement, in
a single experiment, over three
5000F 5 = decades of length allowing to
see by eye seven peaks
__4000f 5 °
(Q\
e
=3000( ¢ °
Q Lo e
2000 = . ® '.‘; °
1000
02 500 1000 1500 2000 2500

Multipole moment, ¢ Planck 15 months
Planck Collaboration, 2013, 15
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Planck best fitting theoretical model

Angular scale
90 0.5° 0.2° 0.1° 0.07°
6000 | | | | y

5000 6 parameter ACDM model

4000 f

3000 |
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> 500 1000 1500 2000 2500

Multipole moment, ¢ Planck 15 months
Planck Collaboration, 2013, 15
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theory confronts data — 1

Angular scale
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Planck Collaboration, 2013, 15
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theory confronts data — 2

Angular scale
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theory confronts data — 3 — polarization
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Fig. 11. Planck TE (left) and EE spectra (right) computed as described in the text. The red lines show the polarization spectra from

the base ACDM Planck+WP+highL. model, which is fitted to the TT data only.

-> NOT afit to TE and EE, just an overplot at higl-ell
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Planck 15 months
Planck Collaboration, 2013, 15
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cosmological parameters estimates

Planck 15 months
Planck Collaboration, 2013, 16
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matter density and velocity at recombination

Data (top) versus

0.4
¢ 0 expectation (bottom)
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. B spots
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4. standard A-CDM model

Unviers plat, avec constante cosmologique et matiere noire froide

Seulement 6 parametres.....

Parameter Best fit 68% limits
Quantite d'atomes Q.42 . . ... .. ... 0.022068  0.02207 + 0.00033
Quantite de matiere noire Q.42 . . ... ... .. 0.12029  0.1196 + 0.0031
Lié a la distance que parcourt le son 1006yc . . . . . . .. 1.04122 1.04132 + 0.00068
Fraction de diffusionrécente 7 . . . . . .. ... .. 0.0925 0.097 + 0.038
Variation d’échelles de la granulosité ng . . . . .. ... .. 0.9624 0.9616 + 0.0094
Force de la granulosité In(10"°45) . . . . . . . 3.098 3.103 + 0.072
Ho ........... 67.11 67.4+ 1.4
Et quelques paramétres dérivés A - - - - . oL 0.6825 0.686 = 0.020
Qm. oo 0.3175 0.314 + 0.020

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 S0



4. the Universe gets heavier...

Dark Matter Dark Matter

Dark Energy Dark Energy

Before Planck After Planck

La quantité de matiere ordinaire et de matiere noire doit étre
augmentee de 10% par rapport aux estimations précedentes.

Planck 15 months
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 Planck Collaboration, 2013, 16 37



... and older

km/s/Mpc

67.80 £ 0.77

13.798 + 0.037

Planck+WP Planck+WP+highL Planck+lensing+WP+high.  Planck+WP+highL+BAO

Parameter Best fit 68% limits Best fit 68% limits Best fit 68% limits Best fit 68% limits
k. 0.022032 0.02205 £ 0.00028  0.022069 0.02207 £0.00027  0.022199 0.02218 £0.00026  0.022161 0.02214 + 0.00024
Qh* ..o 0.12038  0.1199+0.0027  0.12025 0.1198+00026  0.11847 0.1186£00022  0.11889 0.1187 £ 0.0017
1006e - oo .e 1.04119 1.04131 £0.00063 104130 1.04132:0.00063  1.04146 1.04144 £0.00061  1.04148 1.04147 + 0.00056
T 00925 00897002 00927 00917992 0.0943 00907503 00952  0.092 0013
My o 09619  0.9603 + 0.0073 0.9582  0.9585 £ 0.0070 0.9624  0.9614 £ 0.0063 0.9611  0.9608 + 0.0054
In(10°4,) . . .. . .. 3.0980 3.089%) 02 3.0959  3.090 £0.025 3.0947  3.087 £0.024 3.0973  3.091 £0.025
Al oo 152 171 £ 60 209 21250 204 213+ 50 204 212£50
A L 63.3 5410 72.6 738 722 72 4
AR, L 117.0 107550 59.5 5910 60.2 58+
A 0.0 <107 3.57 324 £083 325 324+
ASE 27.2 29*8 539 496+ 5.0 523 50.0 4
ASE Lo 6.80 517 254°1) 4.64 2511
Mgy oo 0916 > 0.850 0.825 0.823°7 0% 0.814  0825%
By »oecenns 0.406 0.42+0.22 1.0000 > 0.930 1.0000 > 09
PP 0.601 0537013 0674  0.638 £0.081 0656 0643+
g .. 0.03 0.000 <0409 0.000 <0.389 000 <0410
ASZ 0.9 0.89 53475 1.14 47439 158 53475
0 T 0.6817 0.685001% 0.6830 0.6850017 0.6939 0693 £0.013 0.69 0.692 £ 0.010
O8 oo 0.8347  0.829+0.012 0.8322  0.828 £0.012 0.8271  0.8233 £ 0.0097 0.828%,  0.826 +0.012
Zan 1137 1111 11.38 1111 11.42 1111 11.52 31l
N 67.04 67312 67.15 673+ 1.2 67.94 679+ 1.0 67.77 67.80 +0.77
Age/Gyr . ... ... 13.8242 13817 + 0.048 13.8170  13.813 + 0.047 137914 13.794 £ 0.044 13.7965 | 13.798 +0.037
1000, . ........ 1.04136 1.04147 +0.00062  1.04146 1.04148£0.00062  1.04161 1.04159 £0.00060  1.04163 1.04162 + 0.00056
Tomg - ovaien s 14736 147.49+0.59 14735 147.47+0.59 14768  147.67 £0.50 147,611 147.68 + 0.45

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014

Planck 15 months

Planck Collaboration, 2013, 16
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5. some inflation models excluded

e ﬁ T T T T ™ T T T
-
2 . s B Planck+WP+BAO
2
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5% 3[G, 0 N | |™= Planck+WP
c
g9 % B Natural Inflation
o § tn ] - = Power law inflation
o 2 -
:5 © ~—  SB SUSY
“ 2 Q
Se —
=5 2
°3 O 1 |— vxe
S ks —_ Vi ¢2/3
3¢ 8| ~ Vo
Qo .9 ° 3
2 3 ‘\ Vxo
3 g
a 8 1 1 1 L p—y
©  0.936 0.944 0.952 0.960 0.968 0.976 0.984 0.992 1.000
n inflation:
parametre lié au rapport entre le nombre de grandes 1039 3 1012 seconde

et de petites fluctuations de type perturbation de courbure

Planck 15 months
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 Planck Collaboration, 2013, 22 39



more implications

Planck+WP+highL+BAO

6. sound horizon is determined by the
position of the 7 peaks, and now 1.04147 + 0.00056
measured at 0.05% precision

= ng exact scale invariance of the primordial 0.9608 + 0.0054
fluctuations is ruled out, at more than 7o ' '
(as predicted by base inflation models)

= upper limit on neutrino masses Z my <0.23eV  (95%; PlanckA
= 3 neutrinos species favored by Planck Neg = 3.30i8:§? (95%:; Pla
* no evidence for dynamical dark energy

"  NON gaussiannities

Planck 15 months
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 Planck Collaboration, 2013, 16 40



6. between CMB and us: structures

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014




gravitational lensing of the CMB

A simulated patch of CMB sky — before lensing
) VN >0 S

typical deflection: 2.4 arcmin

Planck 15 months

Planck Collaboration, 2013, 17
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gravitational lensing of the CMB

A simulated patch of CMB sky — after lensing

> , T
N 4 » \I
- » - o
:
) -

typical deflection: 2.4 arcmin

Planck 15 months
Planck Collaboration, 2013, 17
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Planck all-sky map of the dark matter

= Carte de la masse projetée sur la ligne de visee

Planck 15 months

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 44 Planck Co”aboratlon’ 2013, 17



clumpiness of the Planck mass map

aka clumpiness now and at z<1090
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galaxies mi

rror the Planck mass map + ISW

Clusters
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20

opk  Stacking the Planck CMB at the
location of clusters and voids.
20 2.5 sigma detection.

Planck 15 months

Planck Collaboration, 2013, 17, 19 46



Cosmic IR Background maps probe high-z SFR

~2000 Sq. Deg
545 GHz

0.080 MJy/er
(330.0, —78.0) Galactic

Planck Collab., 2013, 30
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CIB peaks correspond to mass peaks

Stacking the Planck mass maps at the positions of peaks and troughs of Cosmic
Infrared Background leads to a strong detection of the mass associated with these
distant star forming galaxies. This is mostly Dark Matter.
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see also Hanson et al., 2013 about
lensing induced B-modes Planck 15 months
(NOT primordial B-modes !) Planck Collaboration, 2013, 18
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mass and CIB maps correspond closely

v=545 GHz (x 10) _

100 500 1000 1500 2000
14

Planck 15 months

Planck Collaboration, 2013, 18
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Planck map of the baryon distribution

Planck can also image the gas (baryon) distribution in the low-redshift Universe using
scattering of CMB photons off the electrons. This SZ (Sunyaev-Zeldovich) effect
causes a change in the shape of the CMB spectrum

—3.5 e— oo 5.0 Y x 10°

Planck 15 months
Planck Collaboration, 2013, 21
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Planck map of the lbaryon distribution

Planck can also image the gas (baryon) distribution in the low-redshift Universe using
scattering of CMB photons off the electrons. This SZ (Sunyaev-Zeldovich) effect
causes a change in the shape of the CMB spectrum

) I
©
Y ()

=20 .

\en
—3.5 m— e 50 y x 10°
(0.0, -45.0) Galactic

Planck 15 months
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cluster counts — on 188 clusters
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Fig.11. 2D Qo3 likelihood contours for the analysis with
| Planck CMB only (red); Planck SZ + BAO + BBN (blue) with
o Planck counts (1 _ b) in [0 7 1]
- Best model (b=0.2) — R
— — — Best model from y-map (b=0.2)
oL Best model from Planck CMB (p=0.2) N
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V4

physics of the baryons ? bias ?
massive neutrino ?
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/. digging into the Cosmic IR

Background

« cold sources » of the CIB
in Planck data (4.5 beam)

« 7z >1.5 overdensities of
intensely star forming
galaxies 7

« 7 >1.5 extremely bright
lensed sources ?

* large scale structure
alignments 7

e residual cirrus ? —0.080 m—— 0.080 MJy/er

predicted number of extragalactic objects :
100 — 1000 (Negrello+2005)

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014

~2000 Sqg. Deg
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» .
"

(330.0, —"78.0) Galactic
Planck Collab., 2013, 30
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finding z>1.5 galaxy clusters 7

Predictions de masse des amas en fonction du redshift (et de la surface)

1016.---.11--|""I

+J1 426.57

1014 1 1 1 L 1 1 1 1 1 1 1 1 1

0.0 0.5 1.0 1.5 2.0
Redshift Gobat CI.

Amas de galaxies a grand redshift: objets tres rares sur le ciel.

_ Necessité d’observer tout le ciel (Planck, Euclid).
Brodwin et al, 2012

Mortonson et al., 2011
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014



finding z>1.5 galaxy clusters 7

Predictions de masse des amas en fonction du redshift (et de la surface)

1 01 b7
Z>2
Planck
3 1015 '\ . ] I
e L | andEucld
Tt  ‘~\_\+\]1426.5 1
1 014 PR SR S N R S SR U RS S T T RS S S
0.0 0.5 1.0 1.5 2.0
Redshift Gobat CI.

Amas de galaxies a grand redshift: objets tres rares sur le ciel.

_ Necessité d’observer tout le ciel (Planck, Euclid).
Brodwin et al, 2012

Mortonson et al., 2011
Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014



several hundred Planck high-z candidates

226 Planck sources followed-up by -
Herschel/SPIRE (OT1, OT2, must-do). ﬂ

o - .“j-
P . At |
F SR 1]
.‘" h\
) i 3
4 7 :
L]
»
L)

98% success

- either bright lensed candidates
- or overdensities of red galaxies
- 1.4% of the fields were cirrus
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f cach map
~20'x20’°
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excess of red sources

Number counts
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Counts outside Planck beam
Counts in highz maps
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: $factor 3

David Guéry’s
ongoing thesis peoject

Dole et al., in prep .



excess of red sources

Number counts at 500um
106 S — ———— T

Counts inside Planck beam o

Counts outside Planck beam ®

5 Counts in highzmaps @
1 0 Counts in E.Egamisample O 3
Counts in HerMES Lockman-SWIRE X .
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B12ms — —
B12sh —-— =

B12 lens 3

S dN/dS (Jy'".sr")

10 100 1000
flux (mdy)
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$factor 3

David Guéry’s

ongoing thesis peoject

Dole et al., in prep
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/.1 first identifications: all at z>1.5

Planck cutouts after cleaning

857GHz  545GHz  353GHz _ 217GHz Confirmation  Redshift Nature
SPT (1) 2,783 Lensed Dusty Galaxy
(Greve et al.2012)
(Marrone et al.in prep)
Herschel
3.26 Lensed Dusty Gal
ATLAS (Herrantzyet al.z?g)
(Fu et al.2012)
Lensed Dusty Galaxy
SPT (2) 2.738 behind a Galaxy Cluster
(Greve et al. 2012)
(Vieira et al.in prep)
T:;s;:e’ 5.2 Lensed Dusty Galaxy
8 ' behind a Galaxy Cluster
Survey (Combes et al.2012)
Courtesy Ludovic Montier )
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a bright gravitational lens candidate

Herschel confirmation of the first
Planck lensed Galaxy

Spectroscopic data

(PABI) CO(3-2) ==l |z =2.59
interferometery

Spectroscopic
data (PdBi)

N «——____ 2 images of interacting
| galaxies

2 merging images of

S350 =400 mjy other or same galaxies
1000.0F . , 2 Highly magnified
SPRE+ |« = ea10)

s 0 SCUBA2 + o« g
E 100} GISMO 1 | . 12.5” o Waiting for
2 : : lens  model

1.0 " -

T T T T R T Canameras et al., in prep

observed wavelength [microns] Nesvadba et al., in prep

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014 62



many bright high-z lensed sources

15+

p—y
o
!

Histogram Density
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Hervé Dole, IAS -
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Planck Dusty Gems — Nesvadba et al., in prep
SPT - Greve+12, Weiss+13
H-ATLAS — Harris+12

all measured
redshifts at IRAM:
z:2.2-3.6

major contribution
from ground-
based mm img/
spec

0 200 400
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Nesvadba et al., in prep
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f cach map
~20'x20’°
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most of the SPIRE sources look z~1.5 -3
SOE

o5 F il
X

1.5

SSOO/SSSO

1.0

0.5
David Guéry’s
ongoing thesis peoject

0.0
00 05 10 15 20 25 3.0

S250/8350
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the case of XMMU J0044.0-2033 @z=1.58

-

A
4

s 2

4

Dole et al., in prep
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the case of XMMU J0044.0-2033 @z=1.58

Dole et al., in prep
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2033 @z=1.58

Discovery of a massive X-ray luminous galaxy cluster at z = 1.579*

0

the case of XMMU J0044

N N

1. S. Santos', R. Fassbender?, A. Nastasi, H. Bohringer?, P. Rosati®, R. Suhada?, D. Pierini®**, M. Nonino®,
M. Miihlegger?, H. Quintana’,

A. D. Schwope®, G. Lamer®, A. de Hoon®, and V. Strazzullo’
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new structure at z>~1.7

Herschel confirmation of the Planck proto-cluster candidate
857GHz 545GHz 353GHz K (R), J (G), g (B)

Planck
Detection

IR observation: CFHT + Spitzer OverdensiFy of
J-K galaxies
: , 2 groups of
Spectroscopic redshifts (VLT) Galaxies:
z=2.0 & z=1.7
(Flores-Cacho et al. in prep) 24

Courtesy Ludovic Montier
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more identifications to go

BLRAC (3.5 x 2.3'). Left: IRAC channel 2
ing the red color of the sources within the

Figure 10. A high-z cluster candidate observed by
(4.5 pum) with SPIRE 350 um contour. Right: color
cluster candidate.

Clément Martinache’s
ongoing thesis project

Dole et al., in prep
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finally

one sky round per minute (repeated 50 times at the same
place)

200 measurements/second par detector, during 30 months at
temperature 0.1K at 1.5M km from Earth

~1000 billion samples (72 ch., 30 months) and few billion
telemetry packets to downlink

raw data for one detector (Time Ordered Informatio, TOI)
= 50 Gb (multiply by 52 detectors, eand many versions)

1 release: 1 month of processing, 2200 maps generated
sky maps : 50 millions pixels (6 freq for HFIl + 3 LFI)

Cosmic Microwave Background angular power spectrum:
1000 values

only 6 cosmological parameters perfecly fitting the data
inflation, LSS etc; and next year: POLARIZATION !!!

Hervé Dole, IAS - Planck results - LAL - Jan 21st 2014
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finally

" one sky ro~

2!&’?;' gl
BHA
i ”-;":“}t“&-",
et
BRI » 73

A

.ccly fitting the data
. year: POLARIZATION !l

Hervé Dole, 1AL 200



