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a short history of the 13.8b yr old universe
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Planck 15 mois
Planck Collaboration, 2013



CMB temperature anisotropies
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Planck 15 mois
Planck Collaboration, 2013
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the universe at 2.10-5 of its present age
6 millions pixels of 5’



and a fairly wide coverage
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March 21st or 22nd, 2013



but there is more in CMB light: polarization
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CMB light is polarized !



CMB polarization
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CMB polarization
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CMB polarization
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-> E modes:
origin of large-scale structure

-> B modes:
signature of inflation



CMB polarization: E and B modes
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1. improvements with time & technology
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Planck sensitivity (in T) in 1yr ~ 1000 years of WMAP



outline
1.  why Planck ? why the CMB ?
2.  the Cosmic Microwave Background (CMB) and the 

astrophysical components, incl galaxies
3.  analysis of the CMB: angular power spectra
4.  cosmological implications
5.  a word about inflation
6.  a clumpy Universe

1.  dark matter
2.  galaxy clusters via SZ

7.  digging into the Cosmic Infrared Background
1.  overdensities: clusters of dusty galaxies ?
2.  the brightest lensed sources in the sky
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Planck goals and key facts
!  selected in 1996 by ESA – launched in 2009
!  HFI cooled at 100 mK -> bolometer technology
!  29 months of operation (goal was 12: nominal mission)

!  5 all-sky surveys instead of 2 (nominal mission, this data release)
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a technological success
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Cryostat:
dilution He3/He4

-> fraction of a mK stability in space for > 2 years ! 

Planck Collab, 2013, 1
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stability: 0.1mK !



a challenging analysis success
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143 GHz

545 GHz

blind bolometer

Planck-HFI Core Team, 2011
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Planck-HFI Core Team, 2011

de <20% de données perdues à cause des glitches

a challenging analysis success
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143 GHz

545 GHz

blind bolometer
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Planck all-sky maps 2013
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Planck all-sky maps 2015
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Planck all-sky maps 2015
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Planck all-sky maps 2015
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Planck impressive sensitivity
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new results 2015: polarization
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new results 2015: polarization and mag. field
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ESA/Planck



ESA/Planck

new results 2015: polarization and mag. field
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ESA/Planck

new results 2015: polarization and mag. field
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2. component separation
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various components
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different spectral and spatial behavior

Planck Collab, 2015, 1

sky temperature

100



various components
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different spectral and spatial behavior

Planck Collab, 2015, 1

sky polarization

100



2015 Planck sky components
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temperature anisotropies
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6 millions pixels of 5’

Planck Collab, 2015, 1



3. angular power spectra
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courtesy Olivier Doré
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from maps to 6 cosmological parameters
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the Planck spectrum of temperature anisotropies
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A most precise measurement, in 
a single experiment, over three 

decades of length allowing to 
see by eye seven peaks

Planck 15 months
Planck Collaboration, 2013, 15 



Planck best fitting theoretical model 

6 parameter ΛCDM model
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Planck 15 months
Planck Collaboration, 2013, 15 



theory confronts data 
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Planck 15 months
Planck Collaboration, 2013, 15 



theory confronts data – polarization 2013
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Planck 15 months
Planck Collaboration, 2013, 15 

-> NOT a fit to TE and EE, just an overplot at higl-ell



theory confronts data – from 7 to 19 peaks
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Planck 2015

2015



theory confronts data 
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Planck 15 months
Planck Collaboration, 2013, 15 



independant datasets
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cosmological parameters estimates

Hervé Dole, IAS - Planck results - LRR - March 09 2015 45

Planck 15 months
Planck Collaboration, 2013, 16 



matter density and velocity at recombination
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Data (top) versus 
expectation (bottom) 

of stacked cold 
spots

"  Planck “sees” 
precisely the 
dynamics of 
fluctuations,

at ~380 000 years

Planck 15 months
Planck Collaboration, 2013, 1 



4. 2015 cosmological parameters
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0.3% uncertainty !

6 cosmological parameters

Planck Collab, 2015, 1



5. inflation 2015
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5. inflation 2015
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Planck 2015, 20cosmic inflation < 10-35 second



inflation and primordial B-modes ?
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détection des modes B primordiaux ?
un débat vif !BICEP2

SPT
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inflation and primordial B-modes ?
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détection des modes B primordiaux ?
un débat vif !BICEP2

SPT

Mortonson & Seljak, 2014



inflation and primordial B-modes ?
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détection des modes B primordiaux ?
un débat vif !BICEP2

SPT

Mortonson & Seljak, 2014

Planck Collab., PIP19, 2014



inflation and primordial B-modes ?
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Planck Collab., PIP30, 2014

Planck Collab., PIP19, 2014

détection des modes B primordiaux ?
un débat vif !



inflation and primordial B-modes ?
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Planck Collab., PIP30, 2014

Planck Collab., PIP19, 2014

détection des modes B primordiaux ?
un débat vif !



key foreground polarization maps
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B field.
top: dust @ 353 GHz
right: synchrotron @ 30 GHz



inflation and primordial B-modes ?
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Planck Collab., PIP30, 2014

Planck Collab., PIP19, 2014

détection des modes B primordiaux ?
un débat vif !



Planck 2015 all sky CMB polarization
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6. between CMB and us: structures
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gravitational lensing of the CMB
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10º 

A simulated patch of CMB sky – before lensing

typical deflection: 2.4 arcmin
Planck 15 months

Planck Collaboration, 2013, 17 



gravitational lensing of the CMB
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10º 

A simulated patch of CMB sky – after lensing

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 visée
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Planck 2015



nature de la matière noire – 2015 
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Les observations de Planck montrent 
qu’il n’est pas nécessaire de faire appel à 
l’existence d’une forte annihilation 
matière noire - antimatière noire pour 
expliquer la dynamique des débuts de 
l’univers.

En effet, un tel mécanisme produirait une 
quantité d’énergie qui influerait sur 
l’évolution du fluide lumière-matière, en 
particulier aux périodes proches de 
l’émission du rayonnement fossile. Or, les 
observations les plus récentes n’en 
portent pas la trace.  



neutrinos – 2015 
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Planck 2015, 13



neutrinos – 2015 
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7. Extragalactic Bkg. Light Spectral En. Distrib.
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Dole et al., 2006 ; Dole 2010 HDR;
Béthermin et al., 2012;

Dole & Bethermin (in prep)

CIB > COB 
EBL ~ 5% of CMB



CIB peaks correspond to mass peaks
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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.

1º 

Planck 15 months
Planck Collaboration, 2013, 18 

see also Hanson et al., 2013 about
lensing induced B-modes
(NOT primordial B-modes !)



7. digging into the Cosmic IR Background
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Planck Collab., 2013, 30

~2000 Sq. Deg
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« cold sources » of the CIB
in Planck data (4.5’ beam)

•  z >1.5 overdensities of 
intensely star forming 
galaxies ?

•  z >1.5 extremely bright 
lensed sources ?

•  large scale structure 
alignments ?

•  residual cirrus ?

545 GHz

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



searching for high-z massive structures: probe of DE ? 
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Brodwin et al, 2012 – Mortonson et al., 2011

how to find z>2 clusters ?
(observationnally) rare objects can be unveiled using 

all-sky surveys: Planck, Euclid,
and further studied with JWST, WFIRST

Predictions / mesurements: massive clusters vs redshift

Gobat Cl. 

z > 2
Planck

Herschel, ALMA
then Euclid,

WFIRST, JWST

2 issues
Q: processes of cluster 
- stellar mass assembly
-  star formation ?
- -> can we find a new 
way to select highly 
star-forming clusters ? 

Galaxy clusters are proxies for 
massive DM halos



Planck & Herschel
Institut d’Astrophysique Spatiale

several hundreds of Planck high-z candidates
228 followed-up by Herschel H. Dole & Planck collab

SPIRE SPIRE SPIRE SPIRE

SPIRE

SPIRE

Planck/HFI
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a remarkable Planck+Herschel dataset among others
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GOODS 16’x 10’
(Elbaz+2011)

HLS 20’x 20’
(Egami+2010)

Planck/Herschel HPASSS
30’x 30’ (Planck subm)

H. Dole & Planck collab

SPIRE SPIRE PACS+SPIRE



the case of one field: Spitzer and VLT
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Herschel-SPIRE
3-color image:
blue = 250um
green = 350um
red = 500um

SPIRE5 arcmin



the case of one field: Spitzer and VLT
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SPIRE

IRAC

5 arcmin

30 arcsec

Martinache et al., in prep

Euclid will provide this kind of 
sensitivity over the whole sky !
JWST and WFIRST much 
better, on smaller sky areas !

Herschel-SPIRE
3-color image:
blue = 250um
green = 350um
red = 500um

IRAC image at 3.6um



25 Spitzer fields having >5σ overdensities
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IRAC fields,
about 5’x 5’ each

observed at
3.6 and 4.5um

color contours: 
significance of red 

IRAC source 
overdensity

deep blue contours: 
SPIRE 350um



many bright z>2.2 lensed sources
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Canameras, Nesvadba et al., subm

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  



finally
!  Planck flawlessly worked at 0.1K for ~2 yrs: 5 surveys
!  CMB TT ultimate measurement, TE
!  Polarization: BB ongoing
!  Many results

!  CMB, params, inflation, NG, neutrinos, dark matter, lensing
!  foregrounds, point sources, SZ clusters
!  polarized foregrounds: magnetic field

!  Only 6 cosmological parameters perfecly fitting the data
!  Some novelties

!  all-sky polarization
!  LSS with all-sky dark matter map
!  search of high-z high-SFR clusters in CIB fluctuations and bright 

lensed sources
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!  Polarization: BB ongoing
!  Many results

!  CMB, params, inflation, NG, neutrinos, dark matter, lensing
!  foregrounds, point sources, SZ clusters
!  polarized foregrounds

!  Only 6 cosmological parameters perfecly fitting the data
!  Some novelties

!  all-sky polarization
!  LSS with all-sky dark matter map
!  search of high-z high-SFR clusters in CIB fluctuations and bright 

lensed sources
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the best-ever T map of
the early Universe

(~380 000yr or z=1090+/-2.5)
and foregrounds

... all this for only!
7 cents/european/year over 20 years!

under European lead!


