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Planck	
  Milestones	
  
Ø  1993:	
  CNES	
  &	
  ESA	
  (accepted)	
  proposals,	
  followed	
  by	
  a	
  3	
  years	
  phase	
  A	
  study	
  with	
  ESA	
  
Ø  1996	
  SelecEon	
  by	
  ESA	
  (for	
  a	
  2003	
  launch)	
  
Ø  …. 	
  (industry	
  in,	
  consorEa	
  in,	
  design	
  &	
  tests…)	
  
Ø  2009	
  May	
  14th	
  :	
  Launch	
  from	
  Kourou,	
  French	
  Guyana.	
  

Ø  2009	
  August	
  13th	
  :	
  beginning	
  of	
  survey:	
  Instruments	
  very	
  stable;	
  EssenEally	
  no	
  hiccups	
  
since,	
  Ell	
  the	
  end	
  of	
  HFI:	
  Details	
  in	
  16	
  monthly	
  reports	
  to	
  MOC,	
  13	
  bi-­‐monthly	
  to	
  PSO	
  (150	
  p.	
  each),	
  138	
  
«	
  operaEon	
  »	
  teleconf.	
  	
  minutes,	
  	
  169	
  weekly	
  reports	
  to	
  MOC,	
  91	
  «	
  cryo	
  »	
  teleconf.,	
  8	
  coordinaEon	
  meeEngs,	
  978	
  
daily	
  quality	
  reports	
  &	
  127	
  HFI	
  weekly	
  health	
  reports	
  (97	
  800	
  plots),	
  1278	
  pages	
  wiki	
  écrites	
  ou	
  co-­‐écrites	
  …:	
  	
  

	
  
Ø  2010	
  June	
  :	
  first	
  	
  complete	
  coverage	
  of	
  the	
  sky	
  by	
  all	
  detectors	
  obtained	
  with	
  the	
  first	
  

nearly	
  10	
  months	
  of	
  survey	
  data.	
  ERCSC	
  release	
  &	
  25	
  “Planck	
  early	
  results”	
  papers	
  
submided	
  Jan	
  2011;	
  	
  

Ø  2010	
  November	
  27th	
  :	
  Nominal	
  mission	
  completed,	
  having	
  collected	
  about	
  15.5	
  months	
  
of	
  survey	
  data	
  insuring	
  that	
  	
  all	
  the	
  sky	
  at	
  been	
  seen	
  at	
  least	
  twice	
  by	
  each	
  detector:	
  
–  22	
  “Planck	
  Intermediate	
  results”	
  papers	
  on	
  CMB	
  foregrounds	
  results	
  submi<ed	
  in	
  2012-­‐14	
  	
  
–  public	
  T	
  data	
  delivery	
  on	
  March	
  21st	
  2013,	
  together	
  with	
  28	
  “Planck	
  2013	
  results”	
  papers	
  	
  (à	
  32)	
  

Ø  2012	
  Jan	
  14th:	
  all	
  HFI	
  survey	
  data	
  acquired!	
  885	
  days	
  of	
  acquisiEon,	
  900	
  billion	
  samples,	
  5	
  
surveys,	
  full	
  mission	
  =	
  twice	
  the	
  nominal	
  duraEon.	
  With	
  some	
  addiEonal	
  LFI	
  data,	
  will	
  be	
  
the	
  basis	
  of	
  our	
  next	
  data	
  delivery	
  (DD2),	
  including	
  polarizaEon	
  &	
  TOI.	
  Target	
  date	
  of	
  end	
  
of	
  October	
  (<dec	
  1st)	
  2014,	
  together	
  with	
  ~	
  35	
  papers.	
  

Ø  2013	
  Oct	
  23rd:	
  last	
  command	
  (off!)	
  to	
  the	
  spacecran	
  from	
  Darmstadt	
  control	
  room…	
  
Ø  2015-­‐end	
  of:	
  “legacy	
  release”.	
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The Planck sky 

François R. Bouchet,  "Planck Overview" 

Planck coming out of March 21st 2013  
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143 GHz & 217 GHz maps 

François R. Bouchet,  "Planck Overview" 
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The cosmic microwave background 
Temperature anisotropies 

François R. Bouchet,  "Planck Overview" 

 

 

 
 



What	
  theory	
  said…	
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(well before any observations...) 
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Cosmic	
  imprints	
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Peebles, Yu, Sachs & Wolf, Sunyaev, Zeldovich, 
Silk, Vittorio, Wilson, Mukhanov, Chibisov, 
Bardeen, Linde, Bond, Efstathiou, Bouchet, 
Bennett, Gott, Kaiser, Stebbins, Allen, Shellard, 
Seljack, Zaldariaga, Kamionkowski, Hu, … 
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The Planck power spectrum of 
Temperature anisotropies 

François R. Bouchet,  "Planck Overview" 
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Theory confronts data 

François R. Bouchet,  "Planck Overview" 



HL	
  posterior	
  correlaEons	
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Impact of foregrounds on cosmology: 
Main correlations: ns / APS

217 & kSZ 
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GRAVITATIONAL	
  LENSING	
  DISTORTS	
  IMAGES	
  

The	
  gravitaEonal	
  effects	
  of	
  intervening	
  mader	
  bend	
  the	
  path	
  of	
  CMB	
  light	
  on	
  its	
  way	
  from	
  the	
  
early	
  universe	
  to	
  the	
  Planck	
  telescope.	
  This	
  “gravitaEonal	
  lensing”	
  distorts	
  our	
  image	
  of	
  the	
  CMB	
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GRAVITATIONAL	
  LENSING	
  OF	
  THE	
  CMB	
  

A simulated patch of CMB sky – before lensing 

10º 
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GRAVITATIONAL	
  LENSING	
  OF	
  THE	
  CMB	
  

François	
  R.	
  Bouchet,	
  	
  "Planck	
  Overview"	
  

A simulated patch of CMB sky –  after lensing 

10º 
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GRAVITATIONAL	
  LENSING	
  DISTORTS	
  IMAGES	
  

The	
  gravitaEonal	
  effects	
  of	
  intervening	
  mader	
  bend	
  the	
  path	
  of	
  CMB	
  light	
  on	
  its	
  way	
  from	
  the	
  
early	
  universe	
  to	
  the	
  Planck	
  telescope.	
  This	
  “gravitaEonal	
  lensing”	
  distorts	
  our	
  image	
  of	
  the	
  CMB	
  

(smoothing	
  on	
  the	
  power	
  spectrum,	
  and	
  correlaEons	
  between	
  scales)	
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Projected	
  mass	
  map	
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Another	
  full	
  sphere	
  distribuEon	
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at	
  our	
  angular	
  resoluEon…	
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and	
  noise	
  level!	
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Lensing	
  potenEal	
  versus	
  distribuEon	
  of	
  
external	
  tracers	
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Our lensing map overlaps with YOUR survey… 
CIFAR,	
  Quebec	
  city,	
  2014	
  May	
  25th	
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The lensing potential spectrum 

François R. Bouchet,  "Planck Overview" 
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Polarisation around hot spots 

François R. Bouchet,  "Planck Overview" 71 Red is prediction in base model from fitting T alone  
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Base ΛCDM model 6 parameters 

François R. Bouchet,  "Planck Overview" 

Planck alone 
– 
– 
– 

– 

– 

– 
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The 2013 CMB temperature landscape 

François R. Bouchet,  "Planck Overview" 



Echos	
  of	
  the	
  primordial	
  drum…	
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Changing	
  equality	
  rad/mat:	
  
mh2	
  =	
  0.12	
  (green),	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.13	
  (red),	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.14	
  (blue),	
  and	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.105	
  in	
  pure	
  CDM	
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BAO  acoustic-scale distance ratio 

François R. Bouchet,  "Planck Overview" 

6dF 
WiggleZ 

SDSS 
-DR7  
2010 

BOSS 
-DR9 

 

SDSS 
-DR7 
2012 
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Base ΛCDM model 6 parameters 

François R. Bouchet,  "Planck Overview" 
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The basic content of the Universe 

François R. Bouchet,  "Planck Overview" 
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Planck Collaboration: Cosmological parameters

Fig. 16. Comparison of H0 measurements, with estimates of
±1� errors, from a number of techniques (see text for details).
These are compared with the spatially-flat ⇤CDM model con-
straints from Planck and WMAP-9.

excellent agreement with the base ⇤CDM model evident in Fig.
15, we can infer that the combination of Planck and BAO mea-
surements will lead to tight constraints favouring ⌦K = 0 (Sect.
6.2) and a dark energy equation-of-state parameter, w = �1
(Sect. 6.5). Since the BAO measurements are primarily ge-
ometrical, they are used in preference to more complex as-
trophysical datasets to break CMB parameter degeneracies
in this paper.

Finally, we note that we choose to use the
6dF+SDSS(R)+BOSS data combination in the likelihood
analysis of Sect. 6. This choice includes the two most accu-
rate BAO measurements and, since the e↵ective redshifts of
these samples are widely separated, it should be a very good
approximation to neglect correlations between the surveys.

5.3. The Hubble constant

A striking result from the fits of the base⇤CDM model to Planck
power spectra is the low value of the Hubble constant, which is
tightly constrained by CMB data alone in this model. From the
Planck+WP+highL analysis we find

H0 = (67.3±1.2) km s�1 Mpc�1 (68%; Planck+WP+highL).(51)

A low value of H0 has been found in other CMB experi-
ments, most notably from the recent WMAP-9 analysis. Fitting
the base ⇤CDM model, Hinshaw et al. (2012) find24

H0 = (70.0 ± 2.2) km s�1 Mpc�1 (68%; WMAP-9), (52)

consistent with Eq. (51) to within 1�. We emphasize here that
the CMB estimates are highly model dependent. It is important
therefore to compare with astrophysical measurements of H0,
since any discrepancies could be a pointer to new physics.

24The quoted WMAP-9 result does not include the 0.06 eV neutrino
mass of our base ⇤CDM model. Including this mass, we find H0 =
(69.7 ± 2.2) km s�1 Mpc�1 from the WMAP-9 likelihood.

There have been remarkable improvements in the preci-
sion of the cosmic distance scale in the last decade or so.
The final results of the Hubble Space Telescope (HST) Key
Project (Freedman et al. 2001), which used Cepheid calibrations
of secondary distance indicators, resulted in a Hubble constant
of H0 = (72 ± 8) km s�1 Mpc�1 (where the error includes esti-
mates of both 1� random and systematic errors). This estimate
has been used widely in combination with CMB observations
and other cosmological data sets to constrain cosmological pa-
rameters (e.g., Spergel et al. 2003, 2007). It has also been recog-
nized that an accurate measurement of H0 with around 1% pre-
cision, when combined with CMB and other cosmological data,
has the potential to reveal exotic new physics, for example, a
time-varying dark energy equation of state, additional relativistic
particles, or neutrino masses (see e.g., Suyu et al. 2012, and ref-
erences therein). Establishing a more accurate cosmic distance
scale is, of course, an important problem in its own right. The
possibility of uncovering new fundamental physics provides an
additional incentive.

Two recent analyses have greatly improved the precision of
the cosmic distance scale. Riess et al. (2011) use HST observa-
tions of Cepheid variables in the host galaxies of eight SNe Ia to
calibrate the supernova magnitude-redshift relation. Their “best
estimate” of the Hubble constant, from fitting the calibrated SNe
magnitude-redshift relation, is

H0 = (73.8 ± 2.4) km s�1 Mpc�1 (Cepheids+SNe Ia), (53)

where the error is 1� and includes known sources of systematic
errors. At face value, this measurement is discrepant with the
Planck estimate in Eq. (51) at about the 2.5� level.

Freedman et al. (2012), as part of the Carnegie Hubble
Program, use Spitzer Space Telescope mid-infrared observations
to recalibrate secondary distance methods used in the HST Key
Project. These authors find

H0 = [74.3 ± 1.5 (statistical) ± 2.1 (systematic)] km s�1 Mpc�1

(Carnegie HP). (54)

We have added the two sources of error in quadrature in the
error range shown in Fig. 16. This estimate agrees well with
Eq. (53) and is also discordant with the Planck value (Eq. 16)
at about the 2.5� level. The error analysis in Eq. (54) does not
include a number of known sources of systematic error and is
very likely an underestimate. For this reason, and because of the
relatively good agreement between Eqs. (53) and (54), we do not
use the estimate in Eq. (54) in the likelihood analyses described
in Sect. 6.

The dominant source of error in the estimate in Eq. (53)
comes from the first rung in the distance ladder. Using the
megamaser-based distance to NGC4258, Riess et al. (2011) find
(74.8±3.1) km s�1 Mpc�1.25 Using parallax measurements for 10
Milky Way Cepheids, they find (75.7 ± 2.6) km s�1 Mpc�1, and
using Cepheid observations and a revised distance to the Large
Magellanic Cloud, they find (71.3 ± 3.8) km s�1 Mpc�1. These
estimates are consistent with each other, and the combined esti-
mate in Eq. (53) uses all three calibrations. The fact that the er-
ror budget of measurement (53) is dominated by the “first-rung”
calibrators is a point of concern. A mild underestimate of the

25As noted in Sect. 1, after the submission of this paper
Humphreys et al. (2013) reported a new geometric maser distance
to NGC4258 that leads to a reduction of the Riess et al. (2011)
NGC4258 value of H0 from (74.8±3.1) km s�1 Mpc�1 to H0 = (72.0±
3.0) km s�1 Mpc�1.

32

The rate of expansion 

François R. Bouchet,  "Planck Overview" 

Planck	
  H0	
  is	
  67.95	
  ±	
  1.5	
  km/s/Mpc	
  

Pap IV replacement on water 
maser UGC 3789: it is now at ~ 
50 Mpc: H0=68.9±7.1km/s/Mpc 

Freedman et al. (2001) 

Riess et al. (2011) 

Freedman et al. (2012), 

Direct determinations of the 
distance ladder: 

Humphreys et al. (2013) 
revision of NGC4258 distance 
to (7.60±0.23) Mpc leads to 
a lowering of the Hubble 
value from Riess, 
H0=(74.8±3.1) to 
H0=(72.0±3.0) km s−1 Mpc−1 



Summary	
  on	
  base	
  Elted	
  LCDM	
  

Ø Base	
  LCDM	
  is	
  a	
  very	
  good	
  fit	
  to	
  Planck	
  T	
  spectrum,	
  
with	
  parameters	
  (ns,	
  Ωb,	
  Ωc,	
  θ/H0)	
  accurately	
  
determined	
  by	
  Planck	
  alone,	
  with	
  the	
  excepEon	
  of	
  
the	
  (As,	
  τ)	
  degeneracy	
  which	
  can	
  be	
  broken	
  by	
  adding	
  
WP.	
  	
  

Ø The	
  model	
  is	
  fully	
  consistent	
  with	
  two	
  other	
  Planck	
  
observables,	
  Lensing	
  and	
  PolarizaEon	
  spectra.	
  

Ø This	
  model	
  is	
  also	
  fully	
  consistent	
  with	
  BAO,	
  and	
  
show	
  some	
  tension	
  with	
  a	
  direct	
  H0	
  determinaEon.	
  
The	
  situaEon	
  regarding	
  Ωm	
  from	
  Supernovae	
  surveys	
  
was	
  unclear	
  at	
  the	
  Eme	
  of	
  wriEng	
  (but	
  see	
  below).	
  

Ø 	
  CMB+LSS	
  now	
  exclude	
  scale	
  invariance	
  (ns=1)	
  at	
  ∼7σ	
  
	
   François	
  R.	
  Bouchet,	
  	
  "Planck	
  Overview"	
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  2014	
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Beyond the standard model 

– 
– 
– 
–   
– 
– 

no compelling evidence for any of them

François R. Bouchet,  "Planck Overview" 

infla3on	
  (flocal=2.7±5.8,	
  	
  	
  	
  	
  	
  	
  
fequil	
  =-­‐42±75,	
  	
  	
  fortho=-­‐25±39	
  68%CL)	
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Neutrinos masses  

François R. Bouchet,  "Planck Overview" 

Σmν< 0.23eV (95CL PT+WP+HL) 



SZ	
  /	
  CMB	
  tension	
  

François	
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CMB	
  –	
  
No	
  mυ	
  

Planck	
  SZ	
  	
  
+BAO+	
  BBN	
  

 

CMB	
  with	
  
mυ	
  >	
  0.06eV	
  	
  

CIFAR,	
  Quebec	
  city,	
  2014	
  May	
  25th	
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Neutrinos number (relativistic dof at decoupling) 

François R. Bouchet,  "Planck Overview" 

	
  

9 

Wmap9+ excluded 3 
neutrinos at more ~2.5σ 
(Bennett et al. 2013, v2) 



Constraint	
  on	
  representaEve	
  InflaEon	
  models	
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è ExponenEal	
  potenEal	
  models(power-­‐law	
  inf.),	
  simplest	
  hybrid	
  inflaEonary	
  models	
  (SB	
  SUSY),	
  	
  
monomial	
  potenEal	
  models	
  of	
  degree	
  n	
  >2	
  do	
  not	
  provide	
  a	
  good	
  fit	
  to	
  the	
  data.	
  	
  

(Higgs 1) 

ChaoEc	
  

68% & 95%  
CL contours 

V*=(1.9	
  x	
  1016	
  GeV)4	
  	
  (r/0.12)	
  

CIFAR,	
  Quebec	
  city,	
  2014	
  May	
  25th	
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A theorist dream, or nightmare? 

François R. Bouchet,  "Planck Overview" 
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Zooming on the very largest scales, 
l<50... 

François R. Bouchet,  "Planck Overview" 



Inflaton	
  potenEal	
  reconstrucEon	
  

François	
  R.	
  Bouchet,	
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Best	
  fi�ng	
  potenEals,	
  
when	
  V(φ)	
  is	
  Taylor	
  
expanded	
  at	
  the	
  n-­‐th	
  
order	
  around	
  the	
  pivot	
  
scale;	
  
Planck-­‐T+WP;	
  
Flat	
  priors	
  on	
  ε,	
  η,	
  ξ2;	
  
	
  

Φ*	
  	
  in	
  natural	
  units	
  /	
  
(8π)1/2Mp=1.	
  
	
  

This	
  tail	
  /	
  -­‐0.4	
  (for	
  n=4)	
  
generates	
  a	
  significant	
  
running	
  at	
  the	
  largest	
  scale,	
  
with	
  a	
  be<er	
  fit	
  at	
  l	
  <	
  30,	
  
while	
  indisTnguishable	
  from	
  
LCDM	
  at	
  smaller	
  scales	
  

CIFAR,	
  Quebec	
  city,	
  2014	
  May	
  25th	
  



Assuming	
  a	
  single	
  isocurvature	
  mode	
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…	
  helps	
  (somewhat)	
  at	
  low-­‐l	
  (again!)	
  
CIFAR,	
  Quebec	
  city,	
  2014	
  May	
  25th	
  



NB	
  

Ø Planck	
  did	
  confirm	
  the	
  COBE/WMAP	
  anomalies	
  (even	
  
if	
  with	
  somewhat	
  different	
  significance),	
  relieving	
  
possible	
  concerns	
  about	
  measurement	
  technology	
  
and	
  foreground	
  contaminaEon	
  

CIFAR,	
  Quebec	
  city,	
  2014	
  May	
  25th	
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Since	
  then…	
  
(>march	
  2013)	
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Sound Horizon 

François R. Bouchet,  "Planck Overview" 
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Tension with SNLS results… 

François R. Bouchet,  "Planck Overview" 
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Astroph1401.4064 Betoule et al. (JLA)  

Planck versus JLA (SNLS +SDSS) 

François R. Bouchet,  "Planck Overview" 



May	
  5th	
  2014:	
  4	
  papers	
  on	
  dust	
  polarisaEon	
  

Ø  In	
  march	
  2013,	
  we	
  did	
  not	
  deliver	
  polarisaEon	
  data,	
  nor	
  performed	
  
quanEtaEve	
  analyses,	
  due	
  to	
  concerns	
  on	
  that	
  data	
  quality,	
  prevenEng	
  its	
  
general	
  use.	
  

Ø  We	
  sEll	
  put	
  out	
  preliminary	
  results	
  at	
  ESLAB	
  and	
  in	
  the	
  papers	
  of	
  3	
  weeks	
  ago	
  
on	
  what	
  we	
  believe	
  can	
  be	
  already	
  extracted	
  safely	
  from	
  the	
  data	
  (mostly	
  at	
  
353GHz),	
  i.e.	
  on	
  regions	
  of	
  the	
  sky	
  where	
  the	
  signal	
  is	
  strong	
  enough	
  for	
  
GalacEc	
  studies,	
  purposely	
  excluding	
  the	
  (more	
  demanding)	
  high	
  GalacEc	
  sky.	
  
–  Planck	
  intermediate	
  results.	
  XIX.	
  An	
  overview	
  of	
  the	
  polarized	
  thermal	
  emission	
  from	
  GalacTc	
  

dust	
  
–  Planck	
  intermediate	
  results.	
  XX.	
  Comparison	
  of	
  polarized	
  thermal	
  emission	
  from	
  GalacTc	
  dust	
  

with	
  simulaTons	
  of	
  MHD	
  turbulence	
  
–  Planck	
  intermediate	
  results.	
  XX.	
  Comparison	
  of	
  polarized	
  thermal	
  emission	
  from	
  GalacTc	
  dust	
  

with	
  simulaTons	
  of	
  MHD	
  turbulence	
  
–  Planck	
  intermediate	
  results.	
  XXII.	
  Frequency	
  dependence	
  of	
  thermal	
  emission	
  from	
  GalacTc	
  

dust	
  in	
  intensity	
  and	
  polarizaTon	
  

Ø  We	
  are	
  working	
  on	
  another	
  PIP	
  (intermediate	
  paper)	
  on	
  the	
  staEsEcal	
  
characterisaEon	
  of	
  dust	
  polarisaEon	
  at	
  high	
  GalacEc	
  laEtude	
  which	
  may	
  
appear	
  earlier	
  than	
  the	
  ~October	
  data	
  release,	
  if	
  and	
  when	
  ready.	
  	
  	
  

Ø  NB:	
  As	
  of	
  now,	
  we	
  are	
  sEll	
  working	
  on	
  an	
  improved	
  processing	
  of	
  our	
  353GHz	
  
maps	
  to	
  make	
  the	
  2014	
  delivery	
  as	
  useful	
  as	
  possible	
  for	
  general	
  use.	
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BICEP2,	
  on	
  March	
  17th	
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NB: using 100 X 150 GHz, Dust spectral index disfavoured at 2.2 sigma level 

CIFAR,	
  Quebec	
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Adding	
  Bicep2	
  as	
  stated	
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Coming	
  soon	
  (October	
  2014?)	
  

Ø Delivery	
  through	
  the	
  Planck	
  Legacy	
  archive	
  of	
  the	
  	
  
	
  	
  	
  	
  Full	
  mission	
  data	
  (HFI	
  29months,	
  LFI	
  48):	
  O(104)	
  maps	
  

–  T,	
  Q,	
  U	
  maps	
  at	
  6	
  frequencies,	
  30-­‐354GHz+	
  T@545-­‐857GHz	
  
–  “Half-­‐Ring”,	
  yearly,	
  survey,	
  detset	
  maps	
  
–  Ancillary	
  maps	
  (CO,	
  dust,	
  BP	
  leakage,	
  Zodi	
  correcTon…)	
  
–  IMO	
  (beams,	
  spectral	
  bandpasses…)	
  
–  CMB	
  &	
  FG	
  maps	
  &	
  Compact	
  sources	
  catalogues	
  (SZ)	
  
–  PS	
  &	
  likelihood	
  (&	
  many	
  model	
  parameters)	
  
–  TOIs	
  of	
  all	
  detectors,	
  clean	
  &	
  calibrated	
  
–  	
  10	
  000	
  simulaTon	
  of	
  maps	
  (CMB,	
  FG,	
  Noise…)	
  –	
  O(105)	
  
–  Explanatory	
  supplement	
  

Ø Through	
  astroph:	
  ~	
  35	
  papers	
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To	
  do	
  what?	
  

–  Less	
  «conservaTve»	
  	
  temperature	
  analyses,	
  and	
  further	
  
checks	
  of	
  tantalising	
  hints/anomalies	
  

–  PolarisaTon	
  fronTer!	
  
–  Expected	
  results:	
  

•  Beder	
  Temperature	
  science	
  (higher	
  sensiEvity,	
  more	
  redundancy	
  
&	
  checks,	
  improved	
  analyses,	
  eg	
  on	
  FG	
  modelling,	
  bispectrum	
  osc.)	
  

•  E	
  polarisaEon:	
  tau,	
  independent	
  parameters	
  determinaEon	
  (with	
  
similar	
  constraining	
  power	
  to	
  T),	
  fnl	
  Egher,	
  anomalies	
  (large	
  l)…	
  	
  

•  T+E:	
  joint	
  constraints	
  (constraints	
  improve	
  eg	
  Isocurvature	
  modes)	
  

•  B	
  modes	
  polarisaEon	
  from	
  dust,	
  from	
  reionisaEon	
  (l<15)	
  and	
  
recombinaEon	
  bump,	
  and	
  in	
  lensing	
  dominated	
  regime	
  

•  Upper	
  limits	
  (?)	
  from	
  EB,	
  TB	
  (TBC)	
  

François	
  R.	
  Bouchet,	
  	
  "Planck	
  Overview"	
   151	
  CIFAR,	
  Quebec	
  city,	
  2014	
  May	
  25th	
  



Conclusions	
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Ø  Excellent	
  agreement	
  between	
  the	
  Planck	
  2013	
  temperature	
  
spectrum	
  at	
  high	
  l	
  and	
  the	
  predic<ons	
  of	
  the	
  <lted	
  ΛCDM	
  
model	
  using	
  the	
  simplest	
  slow-­‐roll	
  infla<onary	
  models;	
  	
  

Ø  But	
  with	
  tantalizing	
  hints	
  both	
  at	
  low-­‐l	
  (<30)	
  	
  and	
  high-­‐l...	
  (is	
  
there	
  a	
  model	
  tying	
  all	
  Large	
  Scale	
  anomalies?)	
  

	
  
–  ns=0.963	
  ±0.006	
  from	
  PT+WP+BAO;	
  à	
  HZ	
  robustly	
  excluded	
  	
  
–  ΩK=-­‐0.006±0.018	
  at	
  95%CL	
  from	
  Planck-­‐T+L	
  à	
  flat	
  spaTal	
  geometry	
  
–  fNLLEO	
  (and	
  others)	
  consistent	
  with	
  zero;	
  à	
  most	
  stringent	
  test	
  of	
  Gaussianity	
  to	
  date.	
  
–  No	
  evidence	
  for	
  cosmic	
  defects.	
  Nambu-­‐Goto	
  strings	
  have	
  Gμ/c2	
  <	
  1.3	
  x	
  10-­‐7	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  (η	
  <	
  4.7	
  x	
  1015	
  GeV).	
  	
  
–  r0.002	
  <	
  0.12	
  (PT+WP	
  alone)	
  à	
  inflaTon	
  energy	
  scale	
  <	
  1.9	
  x	
  1016	
  GeV	
  at	
  95%CL.	
  
–  Concave	
  potenTals	
  preferred.	
  	
  
–  Strong	
  constraints	
  on	
  parameters	
  values	
  of	
  specific	
  inflaTonary	
  scenario	
  	
  
–  PotenTal	
  reconstructed	
  in	
  observable	
  window	
  shows	
  that	
  allowing	
  a	
  fourth	
  order	
  leads	
  to	
  

deviaTon	
  to	
  slow-­‐roll,	
  and	
  allows	
  a	
  be<er	
  fit	
  to	
  the	
  low-­‐l	
  data	
  (improvement	
  of	
  Δχ2eff	
  ~4).	
  
Idem	
  when	
  allowing	
  for	
  CDI	
  isocurvature.	
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Exciting times 

Still Lie ahead 




