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Introduction

® The Big Bang
® Blackbody Radiation

® What is Cosmic Microwave
Background Radiation?
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The Primordial Fireball
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Early History and Discovery

® Arno Penzias and
Robert Wilson
e Bell Lab’s Echo
o ~3K
e 1964

® Robert Dicke

e Princeton University
e Big Bang
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Early Research

® The Differential
Microwave

Radiometer (DMR)
and U2

@ Balloon-Borne
Anisotropy
Experiment




Polarlzat|on of the CMB

Explosive expansion of space
created ripples in the fabric of
space

e Gravity waves left a signature in the
polarization of the last-scattered
photons

Polarized because it was scattered off of free electrons
® EM wave incident on a free electron

e Scattered wave is polarized perpendicular to the
incidence direction

e |f the incident radiation were isotropic or had only a
dipole variation
o No net polarization

e If the incident radiation from perpendicular directions had
different intensities
o Net linear polarization would result

®
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Anisotropy

® Results from polarization

e Gravity waves
o Dipole

e EM wave incident on a free electron
o Quadrupole

® Inhomogeneity in the temperatures



COBE: FIRAS

Cosmic Background Explorer: Far InfraRed Absolute Spectrophotometer

® Measure Spectral
Distribution

® 2 Beam
Interferometer

® 0.1 —10mm
® Black Body Curve



COBE: DMR

Cosmic Background Explorer: Differential Microwave Radiometer

® Search for
Anisotropies

® 3.3mm, 5.7mm, and
9.5mm (90, 53, 31.5
GHz)

® 7° Angular
Resolution

® 3 sets of 2
corrugated horns at
60°

® Liquid He Cooled



Corrugated Horns

® quarter wavelength
grooves

® get better beam response
and eliminate outside
interference

® Beam pattern

e Corrugated
o Same in both planes
e Standard Gain Horn

o Depends on looking in
Magnetic or electric field

® Optical diffraction Pattern Sinx

e 1 partin million for corrugated vs.
1 in ten thousand for standard

X
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COBE Results: FIRAS

Cosmic Background Explorer: Far InfraRed Absolute Spectrophotometer

® 2.725+0.002 K

2
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COBE Results: DMR

Cosmic Background Explorer: Differential Microwave Radiometer

® Isotropic

® Dipole temperature
anisotropy -
3.358+£0.017 mK

T — 2.728 K

® 3D density
fluctuations give rise
to 2D temp

anisotropies




Post-COBE:

Millimeter Anisotropy Experiment Imaging Array (Maxima) &
Balloon Observations of Millimetric Extragalactic Radiation and
Geophysics (Boomerang)
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Post-COBE:

Wilkinson Microwave Anisotropy Probe (WMAP) &
Arcminute Cosmology Bolometer Array Receiver (ACBAR)

s WMAP 3-year
o ACBAR 3
“ BOOMERANGO03




Improvements of

Cosmological Parameters

® Hubble Constant

® Reduced Hubble parameter
® Scalar Spectral Index

® Baryon Density

® Dark energy Density

® Matter density

® Age of the Universe

® Reionization Optical Depth
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CMB Temperature at the
Origin

® 7:‘hen = (1 + Z)T

now

® Assuming a preserved blackbody
spectrum in redshift

® CMB spectrum distorted in the direction
of galaxy clusters

e Can use this distortion to determine the
CMB temperature

e Limited by intrinsic cluster properties
® Planck satellite will put better limits on it
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Summery of Results
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Conclusions

® 2.7251£0.002 K
Blackbody

® Strong evidence for
and improvements
of the Big Bang
Theory

® Improvements of the
Cosmological
Parameters
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