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Charter of CMB Task Force

• OSTP response to Turner Panel “From Quarks 
to Cosmos” sponsored by DOE,NASA and NSF.

• Recommend a program of research of CMB 
observations to understand the properties of the 
inflationary epoch of cosmology

• Primary objective to present plan to measure 
CMB polarization

• HEPAP and AAAC Committees to receive report
• Full report available mid March 2005



THE BASIC QUESTIONS

• How did the universe begin
Is inflation correct and how can it be tested

• What is the fundamental physics
What is the energy scale and the interaction
What are the constituents of the primeval universe

• How did the universe evolve
What is the nature of the dark energy
What is the geometry of the universe





Properties of "standard “
inflation measurable with the CMB

• Spectrum of spatial temperature fluctuations
– Intrinsic quantum fluctuations both scalar and tensor
– Scale invariant spectrum kn, n = 0.96+/-0.02

• Gaussian probability distribution of fluctuations
• Tensor gravitational waves generated due to 

acceleration during inflation, related to energy scale of 
inflation

– cause quadrupolar density and temperature fluctuations in the 
primeval plasmas

– uniquely measurable in the patterns of the CMB polarization due 
to Thomson scattering of the CMB by electrons (B modes)
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Figure 1: The cosmic mean density (solid curve) is diluted as the Universe 
expands. Inflation is a period when there is almost no dilution, causing the 
expansion to accelerate.  The result is that the curve decreases slower than 
the dotted diagonal lines of slope –2.  The two triangles lie on the same 
diagonal, which means that quantum fluctuations generated during 
inflation at the open triangle have been stretched into the horizon-scale 
fluctuations that we observe today at the filled triangle in the CMB
Detecting inflationary gravitational waves with CMB  polarization woul
directly measure the shape of this cosmic density curve in the upper left 
corner of the plot, just as the proposed Joint Dark Energy mission would
directly measure the same curve in the lower right 
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2.2 Inflation 
 

The leading paradigm for what produced these seed fluctuations is inflation.  
Inflation is defined as an epoch when the cosmic expansion accelerated (ä > 0).  This 
corresponds to the density curve ρ(a) in Figure 1 dropping only slowly, with a slope 
shallower than –2 (dotted lines).  This has emerged as the leading scenario for what 
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2.4 Other inflationary observables 
 

Independently of whether primordial gravitational waves are detected, a sensitive 
next-generation CMB satellite could dramatically enhance our understanding of the early 
Universe by measuring three other observables connected with inflation. 
 

1. Departures from scale invariance. 
 

2. Non-Gaussianity. 
 

3. Isocurvature modes. 
 

None of these has been detected so far, since, with a few minor caveats of unclear 
significance, all measurements to date are consistent with “vanilla” primordial 
fluctuations.  By this we mean the very simplest case known as scalar scale-invariant 
Gaussian adiabatic fluctuations, which are defined by only one free parameter, their 
amplitude ~10–5.  Although creative theorists have generalized the classic inflation 
models (involving a single slow-rolling scalar field) in many different ways over the past 
two decades, essentially all of these models naturally predict some form of “non-vanilla” 
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an example E mode

components of a B mode

Gravitational wave strain pattern



1 10 100 1000

Multipole moment, l

∆T
 [µ

K
]

10.00

1.00

0.10

0.01

BB

1 10 100 1000

Multipole moment, l

Dust est. (94 GHz)
Synch est. (94 GHz)

POLAR
synch limit

30GHz

DASI
synch limit

30GHz

EE

∆T
 [µ

K
]

10.00

1.00

0.10

0.01

TE

A B

C D

Future Experiment II
Future Experiment IPlanck

r=0.30

r=0.01

DASI CBICAPMAP

WMAP

τ

EE:
TE: WMAP

Rai
G. Hinshaw



Major components of the program
• Completion of WMAP and successful launch and 

operation of PLANCK (TE, EE and foregrounds)
• Ground based and balloon borne observations of small 

angular scale temperature variations (n and SZ effect)
• Ground based and balloon borne program to measure 

polarization of the CMB and develop techniques and 
technology for a space mission (CMBPOL) in the next 
decade designed to measure the B modes to a level 
limited by the ability to model foregrounds.
– Program to measure polarized foregrounds
– Program to develop polarization sensitive receivers incorporating 

arrays of 1000s of detectors operating at the background limit of 
the CMB 

• Cooperative interagency program of research supported 
by DOE, NASA, NSF, NIST makes good sense.
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2002 2004 2006 2008 2010 2012 2014 2016

Polarization Sensitivity100µΚ−s½ 10µΚ−s½ 1µΚ−s½

Polarization Map Sensitivity 1 x 1 degree10µΚ 1µΚ 0.1µΚ
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