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ADIABATIC COOLING
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TRANSPARENCY!

aka Last Scattering




(THIS IS HOW WE SEE
CLOUDS, TOO)










DISCOVERY OF THE CMB:
1964

Penzias



DISCOVERY OF THE CMB:
1964
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boys, we’ve been
scooped!

Wilson Penzias



A PERFECT “BLACK BoDY”

CosmIC MICROWAVE BACKGROUND SPECTRUM FROM COBE
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WE’VE ALL DETECTED THE
CMB!

CMB approx 1% of TV noise!




THE CMB

REVOLUTION




CosMIC BACKGROUND
EXPLORER (1994)




CosMIC BACKGROUND
EXPLORER (1994)




WILKINSON MICROWAVE
ANISOTROPY PROBE (2003)




THE CLEANED WMAP SKY
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QUANTUM PERTURBATIONS
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INFLATIONARY NOISE CAUSES
FLUID PERTURBATIONS



INFLATIONARY NOISE CAUSES
FLUID PERTURBATIONS




ACOUSTIC OSCILLATIONS

10"yrs




ACOUSTIC OSCILLATIONS
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POWER STATISTICS
(LIKE FOURIER ANALYSIS)
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POWER STATISTICS
(LIKE FOURIER ANALYSIS)
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SOUTH POLE TELESCOPE
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WHAT COLOR IS THE
INFLATIONARY NOISE?

white noise

pink noise
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INFLATIONARY NOISE?

white noise

pink noise




WHAT COLOR IS THE
INFLATIONARY NOISE?

white noise

pink noise




THE PATTERN IN THE CMB

almost white noise, just a bit pink
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THE NEXT STEP: PLANCK!

Cosmology results:
January, 2013

The Planck one-year all-sky suruey Eesa (c ESA, HFT and LFI consortia, July 2010



OTHER PHYSICS FROM

THE CMB




THE GEOMETRY OF SPACE IS FLAT!

GEOMETRY OF THE UNIVERSE

CLOSED




POLARIZATION FROM INFLATIONARY
GRAVITATIONAL WAVES
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Gravity wave polarization

ordinary polarization



SUNYAEV-ZELDOVICH EFFECT

higher energy

cmb photons cmb photons

hot gas cloud



SACHS-WOLFE EFFECT

photons blueshift photons redshift
falling into coming out of
clusters clusters

N

alternate proof of accelerating expansion!



