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Inflationary Paradigm

* Why is the Universe homogeneous on
large scales?
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Inflation

The universe itself could be a product
of quantum uncertainty.
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Homogeneity
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Homogeneous scalar field

F3H $% V'($) =0 (effective description)
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single field inflation
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Slow-roll approximation
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Scale Invariant Spectrum




Power spectra
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Enters horizon
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After Inflation
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Basic Inflationary Predictions

Geometry and matter:

‘Homogeneity and Isotropy
Flat Spatial Sections
*Origin matter & radiation (reheating)

Metric Perturbations:

*Gaussian spectrum

*Aprox. scale invariant
*Adiabatic density fluctuations
*Gravitational waves

*No vector perturbations
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Cosmological Observations

Cosmic Microwave Background:
*Temperature Anisotropies (WMAP et al.)

Polarization Anisotropies (WMAP-TE+DASI)
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Discovery of CMB

Arno Penzias
Robert Wilson
(1965)
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T = 2,728 K

AT = 3,253 mK
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The microwave background is a snapsho
of the last scattering surface
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Gravitational collapse
and radiation pressure
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Acoustic Oscillations




Acoustic Oscillations
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Angular power spectrum
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Angular power spectrum
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Degeneracies in the
determination of parameters
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Cosmological Parameters: WMAPext

Rate of expansion H,=71+£3km/s/Mpc
Age of the Universe t, =13.7+£0.2 Gyr

Spatial Curvature Q. <0.02 (95% c.l.)

Cosmological Constant Q, =0.73+£0.04
Q. =0.23£0.04
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Q, =0.73+0.04 COSMOLOGICAL CONSTANT
Q, =0.27+0.04 DARK MATTER DENSITY

Gl U2 B4 e O 1.0

0 (Verde et al. '03)
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lobular Cluster M15

RCO5-06 - ST Scl OPO - November 1895 - P. Guhathakurta (UC Santa Cruz), NASA
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Density Contrast Thresholds

QSO




CMB Anisotropies
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Current power spectrum P(k) [(h~! Mpe)?]
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Are Neutrinos
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Supernova Cosmology Project
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Polarization around Hot spots
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onfirmed predictions of inflatio

The Universe is flat

Acoustic oscillations

E polarization anisotropies



Unconfirmed predictions of inflatio

Tensor (gravitational wave) spectrum

B polarization spectrum

Consistency relation (tensor/scalar)
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osmological Parameters: MAP and Planck

Rate of expansion H,=71x3km/s/Mpc 0.8%
Age of the Universe t, =13.7+£0.2 Gyr 0.1%

Spatial Curvature €2, <0.02 (95% c.l.) 0.5%

Cosmological Constant €2, =0.73+0.04 0.5%
Dark Matter Q, =0.23+£0.04 0.6%




Conclusions



« Cosmology is becoming “Cosmonomy”,
the science of measuring the Cosmos

» Dark matter is here to stay.
It could open the door to a new type




*The inflationary paradigm provides
a general framework in which one can
describe all cosmological observations

*The microwave background anisotropies
contain a huge amount of information
on the cosmological parameters,




The future looks promising

* New observations:
Planck & CMBPol (CMB)
SZE & Grav. Lensing (CMB+LSS)
SDSS Lyman S5 (LSS)
2dFGRS QSO (LSS)




