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A Photon's Odyssey
In the early Universe, photons are tightly coupled to 
the hot, charged, plasma and thus provide an image 
of the Universe at the moment when it cools to the 

point where electrons and protons combine.  
What we see is 
this image after 
processing by 
stuff between 

us and its 
creation, mixed 
with emission 

from other 
astrophysical 

sources.  



2014-05-23/Blois Ganga -- The CMB 3

A History of the CMB in One Slide
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Planck and Cosmological Parameters

And more!



The CMB Spectra Zoo
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Inflation
● ns = 0.9603 ± 0.0073 (Note: ns<1 at >5σ)
● Tensor-to-scalar ratio: r<0.11

– In the future, with polarization, we hope to be able to 
reduce this to ~0.05 

● B-Mode Polarization will allow us to improve limits 
on “r”

arXiv:1303.5082
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Differences with Others'
Ω

m
 and H

0
 are degenerate so a 

deviation in one will be accompanied 
by a deviation in the other. 

Significant differences between 
local and distant measures might 
point towards new physics – but 
evidence for this is limited.  
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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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Lensing
● Planck has taken a census of all 

the material in the Universe
● Note that these maps are noise 

dominated – they are similar to 
early COBE/DMR maps.

● arXiv:1303.5077
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CIB-Lensing Correlations
● The Cosmic Infrared Background (CIB) is the 

remnant of star formation, much of it around z~2.
– Here, think of it as a tracer of dark matter. 

● This material lenses the CMB
● A lensing/CIB cross-correlation shows this:

arXiv:1303.5078
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SPT Lensing B-Mode Detection
The first B-

mode detection 
was through a 

cross-
correlation 
between a 

noisy Bmode 
map the 

expected signal 
from the 
“infrared 

background” 
and measured 

E-modes.
Courtesy of Clarence CHANG
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Polarbear, Polarbear2, Simons Array
● First “mega” (kilo, 

actually) polarization 
experiment proposed.

● Led by UCBerkeley
● Fielded in Chile
● Taking data now...
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Relic Gravitational Waves – B-Modes

http://bicepkeck.org/visuals.html
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BICEP2 Results
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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
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Planck 353 GHz Temperature Map
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What Planck is Working on Now
● 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 [astro-ph.GA] 5 May 2014

Stokes Q & U at 353 GHz from Planck
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PILOT Advertisement
● Balloon to measure linear 

polarization of Galactic 
dust emission at 240 & 
550 microns (<Planck;10-
50 times more sensitive 
than for dust)

● Initially Galactic Plane 
observations, but 
coverage of CMB fields 
possible.

● Flight readiness review in 
autumn; 1st flight in 2015. J.P. Bernard
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Can Planck Confirm BICEP2 Directly?

From Planck Extension Proposal; Presented at
Perimeter Institute: Implications of BICEP2

http://pirsa.org/pdf/loadpdf.php?pirsa_number=14040122
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Planck's Schedule
● October: Second (Polarization) Public Release

– HOWEVER: Planck has reserved the right to publish 
“something” earlier if the team has solid results to 
contribute ahead of time.

– Note that it takes of order weeks for Planck to submit a 
paper even after the primary authors think it's perfect 

● December: PLANCK 2014 - The microwave sky in 
temperature and polarization 
– http://www.consorzioferrararicerche.it/Eventi/eventi-in-

programmazione-nel-2014/planck-2014-the-microwave-
sky-in-temperature-and-polarization/planck-2014-the-
microwave-sky-in-temperature-and-polarization 

● 2015: An additional release
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Near-Term Experiments

PIPER: Primordial Inflation Polarization Explorer
LSPE: Large-Scale Polarization Explorer

CLASS: Cosmology Large Angular Scale
               Surveyor

GroundBird MuSE
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Stolen from J. Bock; see: http://www-conf.kek.jp/cmb/2013/
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Thank You!
Lensed polarization B-Modes were detected at the end 
of 2013 by the South Pole Telescope, and confirmed 

by the Polarbear experiment.

BICEP2 has claimed a detection of primordial 
gravitational waves, which if confirmed would indicate 

that cosmological Inflation actually happened.

Planck and other experiments will confirm (or not!) 
these results soon.

These are exciting times for the Microwave 
Background
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The CMB and Neutrinos

arXiv:1309.5386v2
[astro-ph.CO] 24 Sep 2013

● Neutrinos are 
becoming a focus for 
future CMB 
experiments

● Now:
●Σmν<~ 0.8 eV from 
the CMB

●Σmν< 0.23 eV from 
the CMB+BAO

● N
eff

 ~ 3.3±0.6
● This goes up to ~3.6 
using local H

0
 priors.
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Planck and Cosmological Parameters

And more!

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


