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Planck Temperature Power Spectra
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Spectra Zoo
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1-Year Planck and Inflation
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9-Year WMAP and Inflation
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BICEP Sees r ~ 0.2

● “The observed B-mode power 
spectrum is well-fit by a lensed-LCDM 
+ tensor theoretical model with 
tensor/scalar ratio r=0.20+0.07

-0.05.” -- 
BICEP2 I: Detection of B-mode 
Polarization at Degree Angular Scales 
(2014)

● We were looking for a needle in a 
haystack, but instead we found a 
crowbar. -- Clem Pryke

● “... the fractional contribution of tensor 
modes is limited to r < 0.13 (95% CL)” -- 
Nine-year Wilkinson Microwave 
Anisotropy Probe (WMAP) 
Observations: Cosmological Parameter 
Results (2012)

● “Planck establishes an upper bound on 
the tensor-to-scalar ratio of r < 0.11 
(95% CL).” -- Planck 2013 results. XXII. 
Constraints on inflation.
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Exacerbated 'r' Deficit
● Spectra fits are usually 

dominated by the 
smaller angular scales

● This has led to a small 
“deficit” at smaller 
angular scales

● The BICEP2 “r” 
detection exacerbates 
this. 

Miranda et al.; 
arXiv:1403.5231v2
[astro-ph.CO] 9 May 2014
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Planck 143 GHz Temperature Map



2014-06-10 Planck and Other Expts. 9 of 22

Planck 353 GHz Temperature Map
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What Planck is Working on Now
Stokes Q & U at 353 GHz from Planck ● Planck is finding that low 

column density regions tend to 
sometimes have higher 
polarization fractions

● BICEP has more sensitivity 
than Planck in their field at 
150 GHz

● BUT, Galactic dust is MUCH 
brighter at 353 GHz than at 
150 GHz

● Planck should be able to say 
much about polarized dust 
contamination over the full sky, 
and over the BICEP2 fieldarXiv:1405.0871v1 5 May 2014
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Early Planck Polarization Teases

● Planck has shown “teaser” polarization spectra in the 
2013 result papers

● The largest angular scales (and perhaps the most 
interesting!) are not visible

● At these angular scales, things will improve some in 
2014, with more data and improved treatment

arXiv:1303.5076

σ≥2µK2

ℓ~200



2014-06-10 Planck and Other Expts. 13 of 22

B-Mode Measurements

Stolen from Jeff Filippini; see https://indico.cern.ch/event/296546/session/1/contribution/5

2µK2
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Initial Calibration Difference
● 2.4% in power is 1.2% 

in the maps
– And Planck used the 

WMAP dipole as a 
calibrator!

● As well as the WMAP 
polarization to break 
degeneracies with τ
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Differences with WMAP+SPT
● The accepted version of 

the Planck 2013 
Cosmological Parameters 
has extended the 
discussion of comparisons 
with WMAP+SPT

● In particular, the 
discussion of relative 
calibration is now more 
nuanced
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“Features” in the Spectra
In work done 

after submission 
of this paper, 

this feature was 
shown to be 

associated with 
imperfectly 
subtracted 

electromagnetic 
interference 

generated by 
the drive 

electronics of 
the 4 K cooler 
and picked up 

by the detector 
readout 

electronics.
arXiv:1303.5082v2 5 Dec 2013
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Vague Differences with WMAP and Others

Ω
b
h2 = 0.02197 ± 0.00027
Ω

c
h2 = 0.1169 ± 0.0025

 τ= 0.089 ± 0.013
N

s
 = 0.9671 ± 0.0069

ln(1010A
s
) = 3.080 ± 0.025

H
0
 = 68.0 ± 1.1 kms−1Mpc−1

Some differences are to be
expected, as
the Planck 
data delivered
to the public is
not the same
as that used
internally. 

In addition,
different choices inevitably
lead to different values.
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Official- versus Re-Analyses

Changes noted by SFH may be real, though sub-σ, 
but are certainly sub-dominant to other considerations. 

Betoule et al.: arXiv:1401.4064
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Degeneracies
● Omegam & H0 are 

degenerate, so an 
increase in the latter 
evokes a decrease in the 
former. 

● The scalar spectral index 
is also affected. 

● Many of the “differences” 
may have a single “root 
cause”
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Planck Tension with ... Planck
● If 1-b=0.8, the primary 

CMB results imply twice 
the number of clusters 
actually detected.
– 0.6 would be in agreement.

● These can be reconciled if 
Σmν~0.6

● Or if we still don't quite 
understand cluster physics 
perfectly...

σ
8
-Ω

m
 constraints from 

primary CMB anisotropies 
and cluster number counts
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Anomalies

● There are a few ~2-sigma 
“features” in the CMB maps 
from COBE, WMAP and 
now Planck that have 
intrigued people 
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Planck's Schedule
● 2011-today: Planck Early & Intermediate Papers
● 2013-03: Science papers; Data release 1 (15 months 

of data; no timelines; no polarization)
● 2013-14: More papers, including Galactic polarization
● 2014-10: Polarization Cosmology papers; Data release 

2 (full mission, with timelines and polarization; but 
maybemaybe something this summer...)

● NEW! 2015 Release (at least some funding has been 
approved for a number of countries)

● Archive/Legacy phase


