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Outline

. What is the CMB? (hot big bang and thermal history)

. CMB statistics

. Light propagation

. Initial conditions

. Plasma evolution (transfer function)

. Cosmological Parameters
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The farther away a galaxy is, the faster it
appears to be receding from our
position

Copernical Principle The universe is expanding
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CMB detection

Penzias and Wilson 1964
1978 Nobel prize



CMB Black Body
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F1G. 4—Uniform spectrum and fit to Planck blackbody (T). Uncertainties are a small fraction of the line thickness.



Thermal history
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CMB anisotropies

DISTRIBUTION OF NEARBY GALAXIES
MAPPED BY THE DARK ENERGY SPECTROSCOPIC INSTRUMENT (DESI)
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CMB anisotropies

DISTRIBUTION OF NEARBY GALAXIES
MAPPED BY THE DARK ENERGY SPECTROSCOPIC INSTRUMENT (DESI)
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CMB anisotropies

DISTRIBUTION OF NEARBY GALAXIES
MAPPED BY THE DARK ENERGY SPECTROSCOPIC INSTRUMENT (DESI)
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CMB anisotropies

DISTRIBUTION OF NEARBY GALAXIES
MAPPED BY THE DARK ENERGY SPECTROSCOPIC INSTRUMENT (DESI)

Dipole x 10°

AT = 3.303 mK




CMB anisotropies

DISTRIBUTION OF NEARBY GALAXIES
MAPPED BY THE DARK ENERGY SPECTROSCOPIC INSTRUMENT (DESI)
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CMB anisotropies
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CMB anisotropies
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CMB anisotropies
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CMB anisotropies
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CMB anisotropies

ted in CMB map
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Spherical Bessel Functions
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Temperature fluctuations [ u K2 ]
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Temperature fluctuations [ u K2 ]
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Temperature fluctuations [ u K2 ]
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Temperature fluctuations [ i K2 ]

Acoustic Oscillations
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Temperature fluctuations [ i K2 ]
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Temperature fluctuations [ u K2 ]
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Temperature fluctuations [ u K2 ]
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Cosmological Parameters

Initial Conditions Matter content Geometry
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Cosmological Parameters

Initial Conditions
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Cosmological Parameters

Initial Conditions Matter content Geometry
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Cosmological Parameters

Initial Conditions Matter content Geometry
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Cosmological Parameters
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Cosmological Parameters

Initial Conditions Matter content Geometry
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