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Inflationary Paradigm  
• Why is the Universe spatially flat?

• Why is the Universe homogeneous on 
large scales?

• What is the origin of all matter and radiation?

• What is the origin of the fluctuations that gave
rise to galaxies and other large structures?
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Homogeneous scalar field
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Slow-roll approximation
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Quantum Fluctuations 
within the horizon

Metric 
perturbations
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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.)

Large Scale Structure:
•2dF Galaxy Redshift Survey

•Polarization Anisotropies (WMAP-TE+DASI)

•Sloan Digital Sky Survey



Cosmic
Microwave

Background





Discovery of CMB

Arno Penzias
Robert Wilson
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COBE 4-year
Measurements

(1992-1996)
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The anisotropies reflect the perturbations 
in the surface of last scattering

The microwave background is a snapshot
of the last scattering surface
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Gravitational Collapse
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Angular power spectrum
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Angular power spectrum
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Degeneracies in the 
determination of parameters

It is necessary to make a
multiparameter fit with 

the largest possible data set
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Cosmological Parameters: WMAPext
km/s/Mpc3710 ±=HRate of expansion

.).%(. lcK 95020<ΩSpatial Curvature
040730 .. ±=ΩΛCosmological Constant

.).%(. lc9500760<ΩνNeutrino Density

040230 .. ±=ΩMDark Matter
00400440 .. ±=ΩBBaryon Density

Gyr207130 .. ±=tAge of the Universe

08508330 .. ±=sASpectral Amplitude

.).%(. lcr 95710<Tensor-scalar ratio
030930 .. ±=snSpectral tilt
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Baryon
Fraction





sn 807885 .. ±=τ

Neutron Lifetime

World average (PDG)

sn 805878 .. ±=τ
Mathews et al. (2005)
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HR-diagram
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Density Contrast Thresholds
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CMB Anisotropies
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Are Neutrinos
The Dark Matter?
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From 
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to 
Standard Model
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DASI: First 
detection of 
Polarization

(2002)



DASI: First measurement Polarization (2002)



Polarization around Hot spots

E  Polarization B  Polarization
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WMAP (2003)
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Confirmed predictions of inflation
The Universe is flat

E polarization anisotropies

Acoustic oscillations

Gaussian spectrum

(Approx.) scale invariant spectrum

No significant isocurvature component



Unconfirmed predictions of inflation
Tensor (gravitational wave) spectrum

No vector (vorticity) spectrum

B polarization spectrum

(Possibly) topological defects 

Consistency relation (tensor/scalar)

Reheating after inflation 
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Cosmological Parameters: MAP and Planck
%.803710 km/s/Mpc±=HRate of expansion

%..).%(. 5095020 lcK <ΩSpatial Curvature
%... 50040730 ±=ΩΛCosmological Constant

%.).%(. 19500760 lc<ΩνNeutrino Density

%... 60040230 ±=ΩMDark Matter
%... 6000400440 ±=ΩBBaryon Density

%... 10207130 Gyr±=tAge of the Universe

%... 1008508330 ±=ASpectral Amplitude

%.).%(. 595710 lcr <Tensor-scalar ratio
%... 20030930 ±=snSpectral tilt



Conclusions



• Dark matter is here to stay.
It could open the door to a new type 
of particle species (e.g. susy)

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

• Some kind of dark energy or “smooth tension”
is responsible for the acceleration of the 
Universe. We have no idea of what it is

• We may measure our Local Universe but
we ignore its origin and its fate

• The stuff we are made of amounts to 
just a few percent of all the matter/energy



•The microwave background anisotropies
contain a huge amount of information 
on the cosmological parameters, 
with small systematic errors

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

•The Standard Cosmological Model,
with errors of few %, has two unsolved
fundamental problems: the nature of
dark matter and the dark energy



• New theoretical ideas on the nature of
vacuum energy (e.g. ghost condensate)

• New observations:
Planck & CMBPol (CMB)
SZE & Grav. Lensing (CMB+LSS)
SDSS Lyman (LSS)
2dFGRS QSO (LSS)
SNAP & SNConsortium (SNIa)
MAGIC & GLAST (Dark Matter+Cosmic Rays)

• New models of inflation based on 
fundamental physics (e.g. strings/branes)

The future looks promising


