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Sidney	  Harris	  (2006)	  
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The standard flat, six-parameter, ΛCDM model successfully describes the Planck temperature 
and lensing-potential power spectra at multipoles l  > 40. 

No evidence of deviation from power-law, adiabatic, scalar fluctuations 
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•  ΛCDM	  best	  fit	  driven	  by	  80	  <	  l	  <	  2000 
•  lensing	  breaks	  the	  geometric	  degeneracy	  (both	  lensed	  ClTT,	  Clϕϕ)	  
•  é	  baryons,	  é	  dark	  maUer,	  ê	  cosmological	  const.	  	  
•  excellent	  agreement	  with	  BBN,	  BAO	  acousEc	  scale	  
•  scale	  invariance	  (ns	  <	  1)	  ruled	  out	  at	  5.4	  sigma	  (CMB	  alone)	  
•  low	  H0	  relaEve	  to	  HST	  
•  no	  evidence	  for	  (data	  disfavor)	  

•  anything	  beyond	  the	  3	  standard	  neutrino	  species	  
•  curvature,	  running	  index,	  dynamical	  dark	  energy,	  isocurvature,	  sterile	  neutrinos,	  …	  	  
•  local	  type	  NG,	  fNL	  <	  6	  or	  so.	  

•  above	  mulEpole	  of	  40,	  excellent	  agreement	  with	  ΛCDM	  
•  below	  mulEpole	  of	  40,	  the	  χ2	  doesn’t	  tell	  the	  story…	  
•  complicated	  disagreement	  with	  WMAP	  on	  the	  CMB	  

Cosmological	  Summary:	  
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The	  lensing	  potenEal	  
according	  to	  Planck	  
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25σ detection 

The	  lensing	  power	  spectrum	  
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ΛCDM	  Cosmological	  Parameters	  
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AcousEc-‐scale	  distance	  raEo	  consistency	  between	  
Planck	  and	  other	  experiments	  

6dF	  

SDSS	  DR7	  

SDSS DR7	

BOSS	

WiggleZ	


1σ	  Planck,	  WP,	  highL	  
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AcousEc-‐scale	  distance	  raEo	  consistency	  between	  	  
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Consistency	  between	  Planck	  and	  BBN	  
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A	  determinaEon	  of	  H0	  from	  the	  CMB	  alone	  
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Two key results: 
 robust detection of a blue tilt: ns = 0.9585 ± 0.0070 
 a “low” value of the Hubble constant: H0 = 67.3 ± 1.2 km/s/Mpc 
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Constraints	  on	  InflaEon:	  ns	  is	  robust	  
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Constraints	  on	  InflaEon	  
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Polnarev,	  et	  al.	  
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Quiet	  CollaboraAon,	  2012	  

Ground:	  
DASI	  
CBI	  
QUAD	  
Bicep1/2	  
CAPMAP	  
QUIET	  
Keck	  Array	  
ABS	  
PolarBear	  
CLASS	  
	  

Balloon:	  
Boomerang	  
Maxipol	  
Ebex	  
Spider	  
Piper	  

Status of CMB Polarization Observations���
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Suborbital	  Polarimeter	  for	  InflaEon	  Dust	  and	  the	  Epoch	  of	  ReionizaEon	  

•  Long duration (20+ day cryogenic hold time) balloon borne polarimeter	


•  Sensitive to scales from 20° to 0.5°	


•  Instrumental sensitivities 5x that of Planck	


•  Polarization modulation and survey redundancy	


•  Technical Pathfinder: solutions appropriate for a space mission	
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•  94/150 GHz flight in 2013/14 (~2600 detectors)	


•  8% full sky, 0.27/0.20 µKCMB/deg2 	

•  5x Planck’s sensitivity	

•  Probing Inflation at r ~ 0.03	

•  Detect weak lensing	

•  Detect Galactic polarization	
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Fraisse,	  et	  al	  (2011)	  

CMB Polarization Power Spectra:���
Polarization���
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Would	  the	  real	  Planck	  please	  stand	  up?	  
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Survey	  null	  tests	  fail	  with	  high	  
significance	  (and	  low	  amplitude)	  
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CMB	  Power	  Spectrum	  on	  the	  Larger	  Scales	  
 

The high-l  Planck data essentially determine the best-fit ΛCDM model. 
This model gives more large-scale power than can be seen in the data. 

 
 
 
 
 
 
 
 
 
 
 
 

This effect requires the whole range of multipoles measured by Planck to be seen. 
 

All the “anomalies” previously detected by WMAP are still detected, now with higher statistical 
significance, by Planck (paper 23). 
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Planck sees less power than WMAP at large angular scales. 

 
As they stand, our and WMAP’s error budgets cannot explain a difference at this level. 

 
 
 
 
 
 
 
 
 
 

The	  absolute	  calibraEon	  of	  the	  Planck	  CMB	  channels	  is	  known	  to	  beUer	  than	  0.4%.	  
 

The overall uncertainty at these scales in the Planck data is smaller than 1%. 
 
 

 

Planck beam error budget 

WMAP	  /	  Planck	  
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Planck sees less power than WMAP at large angular scales. 
 

As they stand, our and WMAP’s error budgets cannot explain a difference at this level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

We do not see evidence in the Planck data of residual systematic errors at large scales. 
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Cosmology	  from	  SZ	  Cluster	  Counts	  (Paper	  
20)	  

Planck CMB 
Planck CMB + SZ  

Planck CMB + SZ + BAO 

Planck CMB + SZ, 1-b = 0.8 

 
 Planck SZ cluster counts prefer a lower σ8, lower Ωm region of the 

parameter space than the CMB. 
… or a modest hydro mass bias and a reasonable neutrino mass! 

[in fact a bias similar to that from the maxBCG analysis (2011, A&A, 536, A12)] 
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