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I. Le quoi ?




1915 : Relativité générale

844 Siwung der physikolisch-mathematischen Klssse vom 20, November 1915

Die Feldgleichungen der Gravitation.

Yon A. Kinsteix.

Irl 2wel vor lmrzem ersehienenen Miteeilungen' habe fch geeeigt, wie
mum #n Feldelvichomesn dee Geavitation eelaneen kaonn. die dem Postn-
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1915 : Equations d'Einstein

1
Iy — §RQW + Aguy =



1915 : Equations d'Einstein
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Géomeétrie de 1'Univers Contenu de 1'Univers

Naissance de la Cosmologie moderne



1910s-20s :

L'Univers est...
...otatique ...Dynamique

Einstein, Bondi, emaitre, Gamov, ...
Gold, Hoyle...



1929 : Fin du debat (?)

of the many stars which presumably exist in the central parts of these
nebulae. ‘The lack of depth in the absorption lines seems to be more
pronounced among the smaller and fainter nebulae, and in N. G. C. 7619
the absorption is very weak.

It is hoped that velocities of more of these interesting objects will soon
be available.

A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

By Epwin HUBBLE
MounT WiLsoN OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929

Determinations of the motion of the sun with respect to the extra-
galactic nebulae have involved a K term of several hundred kilometers
which appears to be variable. Explanations of this paradox have been
sought in a correlation between apparent radial velocities and distances,
but so far the results have not been convincing. The present paper is a
re-examination of the question, based on only those nmebular distances
which are believed to be fairly reliable.

Distances of extra-galactic nebulae depend ultimately upon the appli-
cation of absolute-luminosity criteria to involved stars whose types can
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Expansion de 1'Univers
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Expansion de 1'Univers
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Expansion de 1'Univers

“Singularité”
2~ = Le “Big Bang”
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Chronologie de 1'Univers
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Chronologie de 1'Univers
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Chronologie de 1'Univers
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Chronologie de 1'Univers
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Chronologie de 1'Univers
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Chronologie de 1'Univers
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“Premiere” lumiere libre de se propager
dans 1'Univers, émise il y a environ
13.7 milliards d'années
(~400000 ans apres le Big Bang)

Fond diffus cosmologique

s
% : atomes neutres




L'ultime lumiere...
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L'ultime lumiere...




II. Détecter le FDC



Le FDC a travers les ages...

t ~-13 millards d'années t=maintenant

_—



Le FDC a travers les ages...

t ~-13 millards d'années t=maintenant
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Expanding distance between galaxies




Le FDC a travers les ages...

t=-13 millards d'années t=maintenant

—_—
Taille Univers x ~1000
Longueur d'onde FDC x ~1000
Température FDC / ~1000

“fond diffus micro-ondes” ~ 3K




Détecter le FDC




Détecter le FDC




Des predictions a la détection

1940s-60s : Gamow, Dicke, Alpher, Herman....
- ~5 - 50K

1964 .

* Doroshkevich & Novikov : radiation préesentée
comme détectable

 Princeton (USA) : Dicke, Peebles, & Wilkinson
preparent une experience pour essayer de
mesurer cette “radiation micro-ondes”....



1964 : A Penzias & R. W. Wilson

Au méme moment, a 60km de la
(Holmdelm)....

...un bruit persistant...



1964 : A Penzias & R. W. Wilson




1964 : A Penzias & R. W. Wilson

Penzias : "To get rid of them, we finally found the most humane
thing was to get a shot gun...and at very close range [we] just
killed them instantly. It’s not something I'm happy about, but that
seemed like the only way out of our dilemma"

32



1964 : A Penzias & R. W. Wilson

Penzias et Wilson entendent parler des prédictions
de Dicke & cie a Princeton...

...Penzias contacte Dicke pour faire part de
leur découverte...

...reaction de Dicke a ses collegues :
“Well boys, we've been scooped”



“for [the] discovery of cosmic
\ microwave background radiation”




“for [the] discovery of cosmic
w4\ microwave background radiation”

... seulement pour Penzias et Wilson

MORALE :
Fusil de chasse + pigeons = Prix Nobel



Le FDC vu par Penzias et Wilson




Le FDC vu par Penzias et Wilson




Le FDC vu par Penzias et Wilson




Le FDC vu par Penzias et Wilson

Est-ce bien le FDC ? Si oui :
* Spectre en fréquence caractéristique d'un corps noir

* (Petites) fluctuations attendues
1960s-90s : Sachs, Wolfe, Rees, Sciama...




COBE: Cosmic Background Explorer
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Cosmic Background Explorer

1974

1976 :

1981

: Appel a propositions de la NASA : 3 projets soumis

pour étudier le FDC — aucun selectionné
Comite propose COBE a la NASA

: Début construction (retardé)
1989 :

Lancement du satellite (retarde) en orbite polaire



COBE: Cosmic Background Explorer

. Cosmic Microwave Background Spectrum from COBE
|
Avril '92
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COBE: Cosmic Background Explorer

Avril '92

Fluctuations —» OK



COBE: Cosmic Background Explorer

J5) 00 ..\ Attribué a]. C. Mather and G. F.
i s ""”’”i Smoot : “for their discovery of the
- o] blackbody form and anisotropy of
the cosmic microwave background
radiation”

Prix Nobel ? ...check
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Wilkinson Mlcmwaue Amsntropy Probe

1995 : Proposé a la NASA
1997 : Approuve pour développement
2001 : Lancement et trajet vers L2

. dJan.1, 2002

\MAP atlo



WMAP

2001-2010 : 9 ans de fonctionnement et de données
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(... mais pas de prix Nobel)



Planck

Objectif : Mesure utlime du FDC sur tout le ciel par satellite dédié

Mission sélectionnée par I'ESA en 1996 (lancée en 2009)
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La collaboration Planck

Planck 2015 results. Xlll. Cosmological parameters
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February 5 2015
ABSTRACT

This paper presents cosmological results based on full-mission Planck observations of temperature and polarization anisotropies of the cosmic mi-
crowave background (CMB) radiation. Our results are in very good agreement with the 2013 analysis of the Planck nominal-mission temperature
data, but with increased precision. The temperature and polarization power spectra are consistent with the standard spatially-flat six-parameter
ACDM cosmology with a power-law spectrum of adiabatic scalar perturbations (denoted “base ACDM” in this paper). From the Planck tempera-
ture data combined with Planck lensing, for this cosmology we find a Hubble constant, Hy = (67.8+0.9) km s~* Mpc'l, a matter density parameter

M N3N0 AN and n 8Had nanlas rmantenl fndaw sith = — NOLD 1 NANE  Anecicband seidh sha W2 analnlo Ta thin ahetenat e meenée 005

1502.01589v2 [astro-ph.C

http://www.cosmos.esa.int/web/planck/publications



L.e coeur de Planck : HFI & LFI
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“Planck first light”

planck

ESA  SCIENCE & TECHNOLOGY [N\ (a4

Missions

ol PLANCK FIRST LIGHT YIELDS PROMISING RESULTS

L 17 September 2009
Mission Home

Preliminary results from the Planck First Light Survey, performed to demonstrate the stability of the

+ Summary
2 N
h instruments and the ability to calibrate them over long periods, indicate that the data quality is excellent. This st qui UR_L
+ Fact Sheet http://sci.esa.intjump.cfm?
. bodes well for the full sky survey that has just begun. 0id=45543
- Objectives

Images And Videos

+ R84 planck First Light
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Participants
+ Mission Team
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Way

Science Results - 18 planck First Light
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+ Planck's cosmalogy galactic latitude

+ Cosmic structure

- Through the Milky Way
Related Links

- HFI Consortium

Spacecraft - LFI Consortium

+ Spacecraft - Planck for the general
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“Planck first light”

Differences at low I in Planck's first light sky map of the cosmic microwave
background from WMAP's and COBE's

Short title: Differences at low / in Planck's first light sky map from WMAP's and COBE's

Keith S Cover

New evidence for lack of CMB power on large scales

Hao Liu! and Ti-Pei Lil2®
ABSTRACT

A digitalized temperature map is recovered from the first light sky survey
image published by the Planck team, from which an angular power spectrum is
derived. The amplitudes of the low multipoles measured from the preliminary
Planck power spectrum are significantly lower than that reported by the WMAP
team. Possible systematical effects are far from enough to explain the observed
low-1 differences.

Subject headings: cosmic microwave background — cosmology: observations



Planck apres un an

The Planck one-year all-sky suruey (c] ESA, HFT and LT consortia, July 2010
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III. La science du FDC
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III. La science du FDC :
a) Préliminaires




Comment on analyse ca ???




Décomposition de Fourier
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Harmoniques sphériques
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Harmoniques sphériques




Le spectre de puissance par Planck

Angular scale
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III. La science du FDC :
b) Origine des fluctuations (“blobs”)
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Evolution des fluctuations primordiales

= aggrégat de matiere baryonique + photon
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Evolution des fluctuations primordiales
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Evolution des fluctuations primordiales
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Evolution des fluctuations primordiales
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Evolution des fluctuations primordiales
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Effet de la quantité de matere (totale)




Effet de la quantite de baryons

1000




Taille physique des “blobs” - OK

Taille apparente dans le ciel ?



Taille apparentre des fluctuations

WMAPSSO00GE



If the universe is closed,
light rays from opposite
sides of a hot spot bend
toward each other ...

If the universe is flat,
light rays from opposite
sides of a hot spot do not
bend atall ...

(b)

y T ]

ll
i

If the universe is open,

light rays from opposite
sides of a hot spot bend
away from each other ...

... and as a result, the hot
spot appears to us to be
larger than it actually is.

— —

... and so the hot spot
appears to us with its true
size.

... and as a result, the hot
spot appears to us to be
smaller than it actually is.




Effet de la densité totale




Le spectre de puissance théorique

Angular scale
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LLa comparaison...

Angular scale

90° 0.5° 0.2° 0.1° 0.07°
6000 | | | | 1
accord essentiellement parfait entre théorie et
?:U 5000 1 observations
i)
“o 4000 I’'univers vibre en rythme, comme prévu
3L
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Les parametres du modele standard

Table 9. Parameter 68 % confidence levels for the base ACDM
cosmology computed from the Planck CMB power spectra, in

combination with the CMB lensing likelihood (“lensing”). T
Parameter Planck TT+lowP+lensing
Quk* ... 0.02226 + 0.00023 7 o
Qh .......... 0.1186 + 0.0020
1006y ... ... .. 1.04103 + 0.00046 -
T e e e e e 0.066 + 0.016
In(10°4;) ... .. 3.062 +0.029 6 paramétres cosmologiques
Ry oo veie e een 0.9677 £ 0.0060 _
Hy ........... 67.8 £0.9
Qe e e 0.308 + 0.012
Q. h%. ... ... ... 0.1415 £ 0.0019
O 0.09591 + 0.00045
Og e e, 0.815 + 0.009
(Tg.Q.g'lS .........
Age/Gyr . ...... 13.799 + 0.038 |O.3% d'incertitude !
Fdrag « « « o v v v o v o 147.60 £ 0.43
keq «vviiinn 0.01027 + 0.00014

Planck Collab, 2015, 1









[II. La science du FDC :
c) Univers primordial et FDC




Praton

Photon Helium
nuclews

Helium Modern
Earl ;
atom First stars g:la'_;ltles galaxies

appear appear appear

=

#



L'inflation cosmique

- fi’]'f{;_} T NOU.S

Now

0.3 04 05

0.2

EDC
380,000 ans apres BB |

0.4

-
=
o

m ~ a = 3 o R

Distance a 1'obs.



L'inflation cosmique

' i..l"hr{j_} T NOUS

0.5

Now

0.3 04

0.2

FDC |

0.4

1

e

=

N
o ~ = S = o R

Distance a 1'obs.



L'inflation cosmique

[ i..l".f]%tri:;_} T NOUS

0.5

Now

0.4

0.3

0.2

FDC |

0.4

1

o7

q

N
® ~ v © ] o R

Distance a 1'obs.



L'inflation cosmique

Alan Guth U (1/Hy) t Nous ©
American Now =
Cosmological <
inflation (1981)
*
o
™
==
FDC ’
C a
O
© ©
u—
A b ”
107-35 s (') """""""""" -
) -'-"'!
= & i e 5 ) o

Distance a 1'obs.



L'inflation cosmique

Alan Guth
American

Cosmological
inflation (1981)

Now

FDC

« Homogénéise 1'Univers

Inflation

t (1/H,)

' Nous

0.5

0.3 04

0.2

0.4

Distance a 1'obs.



L'inflation cosmique

Alan Guth A (1/Hp) t Nous
American Now S
Cosmological 3
inflation (1981)
*
o
™
==
FDO -
orr '
© ©
1= "
, . R <
* Homogeénéise 1'Univers i i
* Génere fluctu. macro. T A A =

a partir des fluctu. quantiques Distance a l'obs.



L'inflation cosmique

Alan Guth ) L (1/H,) i Nous 0
American Now =
Cosmological 3
inflation (1981)
™
o
™
==
FDO -
orr !
© ©
1= "
Y R <
* Homogeénéise 1'Univers i i
* Génere fluctu. macro. T A A =

a partir des fluctu. quantiques Distance a I'obs.

Comment vérfier l'inflation ?






Polarisation du FDC
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Polarisation vue par Planck

fluctuations de polarisation du FDC

Planck Collab, 2015, 1
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Modes E ? ok !

Le rayonnement fossile mesuré par Planck
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III. La science du FDC :
d) Les premieres structures
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Sonder la réionisation




Sonder la réionisation

Libération d'e- :
* Collision avec photons FDC
* “brouille” le signal : pics moins haut en Temp.
* Ajoute de la polarisation




[II. La science du FDC :
e) L'univers proche/récent
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Lentillage gravitationnel




Lentillage gravitationnel

patch du FDC simulé - avant lentillage

Déviation moyenne : 2.4 arcminutes

Planck 15 months
Planck Collaboration, 2013, 17



Lentillage gravitationnel

patch du FDC simulé - apres lentillage
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Déviation moyenne : 2.4 arcminutes

Planck 15 months
Planck Collaboration, 2013, 17



[.a matiere sombre reveélée

= carte de la masse de matiere projetée sur la ligne de visée

Planck 15 months
Planck Collaboration, 2013, 17



Etffet Sunyaev Zel'dovich
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Effet Sunyaev Zel'dovich
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Amas par etfet Sunyaev Zel'dovich

1227 amas détectés -> dont 366 inédits

Planck Collab, 2013, 29



Effet Sachs-Wolfe intégre




Effet Sachs-Wolfe integre

L'énergie sombre “applatit” les potentiels gravitationnels



Effet Sachs-Wolfe integre

L'énergie sombre “applatit” les potentiels gravitationnels



Effet Sachs-Wolfe integre

L'énergie sombre “applatit” les potentiels gravitationnels



Effet Sachs-Wolfe integre

L'énergie sombre “applatit” les potentiels gravitationnels



Effet Sachs-Wolfe integre

L'énergie sombre “applatit” les potentiels gravitationnels



Effet Sachs-Wolfe intégre

..............

Y o P Y . 25
e 1 WL W

Caldwell

L'énergie sombre “applatit” les potentiels gravitationnels
— Les photons du FDC sont affectés



III. La science du FDC :
f) Bonus !
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Carte de la “poussiere”
dans notre galaxie

Commander: Low-Frequency Emission Amplitude @ 30 GHz

Commander: "discovery” C0 map @ 100 GHz

Commander Dust Amplitude @ 353 GHz

30-353 GHz: 8T [uKam]: 545 and B57 GHz: surface brightness [kly/sr]



En polarisation

dans notre
Galaxie, un
avant-plan

B field.
top: dust @ 353 GHz
right: synchrotron @ 30 GHz

Planck Collab, 2015, 1



Contraindre la taille de I'Univers

L.'univers est-il de taille finie ?

Si oui, quelle est sa taille ?



Contraindre la taille de I'Univers

Chimney Space with Chimney Space with Chimney Space with
Vertical Flip Horizontal Flip Half Turn and Flip

A

Slab Space Slab Space with Flip




III. La science du FDC :
g) Tant d'autres choses....




PLANCK TECHNICAL RESULTS

The technical papers presented here reflect some of the work carried out by the Instrument Teams. Data Processing Centers, and Working Groups. Mote that
this list is not intended to be complete.

Title Authors Publi
Polarization measurements analysis 1. impact of the full covariance matriz on polarization fraction and angle Montior etal.. Z0L arki: -
MEASUTEMEnts
Palarization measuremanis analysis 11 Best estimatoss of polarization fraction and angle Montier et al. 2014 arXiv:1407.0178

e 2 2014 1. Low Temp. Phys..

Study of Cosmec Ray impact on Planck/HF Low Temperature Detectors Miniussl et al. it mp. FIys.
Impact of particles on the Planck HF) detectors: Ground-based measurements and physical nterpretation Catalano et al. 2014 ALA 560, ABB
Characterizaton and Physical Explanation of Energetic Particles on Planck HFI Instrument Catalano et al. 2014 arxXiv:1403.5639
Anahytical approach to optimizing aftermating curernt biasang of bolometers Catalano et al. 2014 arXiv: 1403 5631
In-flight cakbration and verification of the Planck-LFI mstrument Gregono et al. 2013 J. Inst. & TOTODL

P i Celabrouille et
The pre-laumch Planck Sky Model a madel of sky emission at submillimete to centimeire wavelengths al S So1s A&A_ 553, AOE
PowellSnakes 1i: & fast Bayesian approach to discrete ohject detection in multi-requency astronomical data sets Carvalho et al. 2012 MNRAS 427, 1384
Applcation of XFASTER power spactrum and likelihood estimator to Planck Rochaetal 2011 MNMNRAS 414, 823

Fast Pixel Space Conwvolution for Cosmic Microwawve Background Surveys with Asymmetric Beams and Complex
Scan Stalegies: FEBeCoP

Performance of XFaster iikelihood in real CME exparimernts Rochaetal. 2010 Submitted to MMNRAS
Muiti-mode horn design and beam charactenstics for the Pianck satslits Murphy etal. 2010 1. Inst. 5 TO4DDL
Markoy chan beam randomizaton: a swedy of the impact of Planck beam measurement errors on cosmoloqcal
parameter estimation

Mitra et al. 2011 ApJS 193, 5

Rochaetal 2010 AEA 513, AZ3

: Huffenh
Measunng Planck Beams with Plansts Iual SO0 a010 AA 510, AS8
et al.
Dynamic vakdation of the Planck-LF thermal model Tomasietal. 2010 J. Inst. 5 TO1002
A fast Bayesian approach to discrete olfect detection in astrenomical data s=ts - PowellSnakes | Carvalho et al. 2002 MNRAS 393, 681
Making maps from Planck LRI 30 GHz data with asymmeatric beams and cooler noise Ashdown et al. 2009 ALA 493, 753
A systematic approach io the Planck LFI end-to-end test and its application to the DPC Level 1 pipeline Frailis etal. 2009 J. Inst. 4 T12021
offline radsometne analysis of Planck-LF| data Tomasietal. 20092 3. inst 4 T1Z2020
Lavel 1 an-ground tefemetry handiing in Planck-LF Zacchei et al. 2009 1. InsL 4 T12019
Optimization of Planck-LF1 on-board data handiing ‘Maris et al. 2009 1. Inst. 4 T12018
: o nMalaspina et
LF! Radiometnc Cham Assembly (RCA) data handiing " Rachel" al 2009 1. InsL. 4 T12017
Cryogenic characterizaton of the Planck sorpion cooler system fiight model Moegante et al. 2009 J. Inst. 4 T12016
Cryogenic environment and performance for t2sting the Planck radiometers Terenzi etal 2009 J.InsL 4 T12015
Advanced modeliing of the Planck-LF radiomaters Battaglia et al. 2009 J. Inst. 4 TL2014
Planck-LF radiometers g Cuttara et al. 2009 J. Inst. 4 T1Z013
Thermal susceptibility of the Planck-LF1 receners Terenzi et al. 2009 J. Inst 4 T12012
The linearity response of the Planck-LF1 flight mode] receivers Mennelia et al 2009 3. Inst. 4 T12011
Planck-LF1 radiometers’ spectral response Foncaetal 2009 1. Inst 4 T12010
Moise properties of the Planck-LF) receivers Meinhold et al. 2009 1. Inst. 4 T12008
The Planck-1 Fi Radiometer Electronics Box Assemibly Herreros et al. 2009 1. Inst. 4 T12008
. Drarcangeln et
The Planck-LFI fiight mode! composite wavegudes 2009 1. Inst. 4 T12007
al.
Planck-LFI: design and performance of the 4 kelvin Reference Load Unit :EJEHZI.!.I‘IO £l 2009 1. Inst 4 T12006
Crarcangelo et
The Planck-LFI fiight mode! onho-mode transducers il 2002 1. Inst. 4 TLZ006
Planck-LF1 flight model feed homs vitla et al. 2009 1. Inst. 4 T12004
LF1 30 and 44 GHz receivers Back-End Modules Artal et al. 2009 1. Inst. 4 T12003
Design, development and verification of the 30 and 44 GHz froni-end modules for the Planck Low Freguency ek el SOOERE 4
Instrumernt
Desgn, development, and venfication of the Planck Low Frequency Instrument 70 GHz Front-End and EIal:k-En:lu e, I e
Wodules
Initial 1e5t resuits on holometers for the Planck high frequency instrumant Holmes et al, 2008 Appl. Opt. 47, 32
Component separation methods for the Planck mission Leachetal. 2008 A&A 491, 597
Making sky maps from Planck dals Ashdown et al. 2007 A&A 4567, 761
Making maps from Planck LFI 30 GHz data Ashdown et al. 2007 A&A 471, 361
A simulaton pipeline for the Planck mission Reinecke et al. 2006 A&A 445, 373
. D &
Scanning sirateqy for mapping the Cosmic Microwave Badkground anisotropies with Planck LpLee 2005 ALA 430, 363
Tauher

2003 New Astron Rew 47,

The Planck High Frequency Instrument. a third generation CME expernment. and a full sky submilimeter survey  Lamarre et al. i
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PLANCK PRE-LAUNCH RESULTS

These papers contan detailed technical descriptions of the siatus of Planck immediately prior to launch, including the satellite, the optical system, its two
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PLANCK EARLY RESULTS

Thess papers are produced by the Planck Collaboraton, and are based on data acquired by Planck between 13 August 2009 and & June 2010. This set of
papers describes the scientific performance of the Planck payload. and presents results on a variety of astrophysical topics related to the souwrces included in
the ERCSC, as well as selected topics on difuse emission. The papers are available online, and links 1o each are provided below. if you use any of these
resulis for presentations. please acknowledge the corresponding paper, ESASMPlanck, and the Planck Collaboration.

Planck earfy resulis.
Planck sarky resulis.
Pilanck early results.
Planck earky resufis.

Planck early resulis.
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1. The Planck missson

1. The thermal performance of Planck
11 First assessment of the Low Frequency Instrumernt in-flight perfformance
. First assessment of the High Frequency instrument in-flight pericrmance

W, The Low Frequency insirument daia processing

Planck sarfy resuliz. W1, The High Freguency Instrument daia processing

Pianck early results.

Wil The Early Release Compact Source Catalogue

The Explanatory Suppiemant to the Planck Early Release Compact Source Catalogue

Planck early resufis.
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Pianck early results.
Planck earky resufis.

Planck earty resufis.

Pianck early results.
Catzlogus

Pianck early results.
Planck earfy results.
Planck earfy resulis.
Planck earky resulis.

Pilanck early results.

Planck early resulis.
our Galay

Planck early resufis.
Planck sarty resulis.
Pianck early results.
Planck earky resufis.
Planck early resulis.

Planck sarty resulis.

Planck earky resufis.

Wil The all-sky early Sunyaev-Zeldovich cluster sample

D HbAnt-wewton follow-up tor validatson of Planck cluster candidates

. Statistical analysis of Sunyasv-Zeldovich scaling relations for ¥-ray galewy clusiers

x| Calibration of the local galaxy cluster Sunyaesv-Zeddowich scaling relations

. Cluster Sunyaey-Zeldovich optical scaling relations

X Statistical properties of extragalactic radic sources in the Planck Early Release Compact Source
X ERCSC validation and extrems radio sources

xv. Spectral energy distnbutions and radio continuum spectra of northern extragalactic radio sources
%y The Planck view of nearby galames

Hvil. Crigin of the submilimerre excess dust emission in the Magellanio Clouds

il The power spectrum of cosmic infrared background anisotropies

12 All-sky temperature and dust optical depth from Planck and IRAS — constraints on the “dark gas" in

®x. Mew light on aromalous microwave emssion from spinning dust grains
31 Properties of the interstellar medium in the Galacuc plans

X The submilimetrs properties of & sample of Galactic cold clumps
#xp. The first all-sky survey of Galactc cold clumps

H X Dust in the diffuse interstellar medium and the Galactic halo

300, Thermal dust in nearby molecular clouds

¥3w . Detecton with Planck and confimmation by s*Mi-Newton of PLCK G266.6-27.3, an exceptionally

¥-ray luminces and massive galaxy clusier at z-1

smmullansous Planck. Swift, and Fermi obsenations of X-ray and gamma-ray selected biazars
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Aussi avec Planck :

* Nature de la matiere noire
 Abondance des eéléments primordiaux
* Nombre/masse des neutrinos

» Test des modeles de gravité modifiée

* Topologie de I'Univers
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