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* Density and GW power spectra
* Inflationary Model Building

 CMB & LSS: predictions from inflation
« Quantum to classical transition
» Reheating after inflation
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SCALAR POWER SPECTRA

two-point correlation function in Fourier space
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TENSOR POWER SPECTRA

tensor (g‘ravitational wave ) metric perturbation
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History of the Universe

Gravitational Waves
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Single field inflation
¢

p Large field
V(6) = A" (6/)
V(¢) = Ated/

' Small field
A V(¢) = A*[1 — (o/p)”]
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INFLATIONARY MODEL BUILDING

slow-roll parameters
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SIMPLE EXACT MODEL
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CHAOTIC INFLATION MODEL
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STAROBINSKY INFLATION

Quantum field theory in curved space time

1 1
R;u/ — Y9 R = K’Q <T/u/>ren — E (I)H,Lw
1

2
(1)Huu = 2(V,V, = gV )R+ 2R R, — §9WRQ
effective action formalism.

/d4 1 R RQ o / d4
p— €ZT AV . — — T
v 62

conformal transformation g = f'(R) g = €9

~ )

R = ¢ |R —3ar Vi — §Q2n2(8@)2 o =2/3

o 1_ f(R)—Rf(R) R R\ 2
Vo) =55 (f'(R)?  12k2M?2 (1_ )




STAROBINSKY INFLATION
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INFLATIONARY MODEL BUILDING

V(p) /




Predictions of Inflation

BIG BANG

380.000 years
after the Big Bang

gravitational waves

13.800 Million years
after the Big Bang
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Discovery of CMB

Arno Penzias
Robert Wilson
(1965)
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"for their discovery of the blackbody form and anisotropy
of the cosmic microwave background radiation”

John C. Mather George F. Smoot
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Temperature

Anisotropies




The microwave background is a snapshot
of the last scattering surface

The anisotropies reflect the perturbations
in the surface of last scattering
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Gravitational collapse
and radiation pressure

Acoustic oscillations

Snapshot SLS




CMB TEMPERATURE ANISOTROPIES
gravity + density + velocity
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SACHS-WOLFE PLATEAU
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SACHS-WOLFE PLATEAU

gauge-invariant tensor perturbation
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Gaussian spectrum
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Planck (2013
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GEOMETRY OF THE UNIVERSE
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Polarization: How It Works
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Linear Polarization of CMB

Quadrupole
Anisotropy




Polarization around Hot spots

E Polarization B Polarization




Polarization around Cold spots

E Polarization B Polarization




Simulations

Scalar+Tensor Perturbations
42’ beam, 30deg. diam. polar cap
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3.58 uK



Simulations

Tensor Perturbations
42’ beam, 30deg. diam. polar cap

3.58 uK
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Scott-Amundsen South Pole Station

South Pole Telescope




South Hole
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Declination [deg.]
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Total Polarization
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BICEP2 total polarization signal
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Declination [deg.]

B-mode Contribution

BICEP2 B-mode signal Scale: 1.7 ,UK
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B-mode Contribution

0.3 uK

Scale

BICEP2 B—-mode signal
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Measurements BICEP2

BICEP2 B-mode signal
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Measurements BICEP2
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Could
Planck

confirm it?
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Could Planck confirm BICEP results?

« Some tension Planck: r<0.11 at 95% c.l.
* Assumes 6-parameter ACDM model

» Degeneracies between parameters

* If add running tilt then tensors are relaxed
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No detection yet by Planck
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Other Experiments coming on line

Chile(Atacama): PolarBear, ACTpol
Baloon @ South Pole: EBEX(6K)




Future experiments that may confirm BICEP

2

10— - — 1
F :
- —EE
— total B-modes
10' 1 — primordial B-modes ]
=== |lensing B—-modes
— Dust 5% pol

0
100 POLARBEAR
x f ot collaboration
i L ’/ 4
CEI I J'C;l~ "l
\N -1 ,'\y’ ¢
S 107 Q o
- p
+ , R
3 " ,/ g\z’
[N

10 ~

r' "\

. %>
’ ro
e \Qo 7
4 ,/’ 5

10 21 |2 1 1 1 |3
10 10

multipole ¢
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Future experiments that may confirm BICEP
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What Is the
energy scale

of Inflation?
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What is the energy scale of inflation?
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What is the energy scale of inflation?

Inflation

l

10°%eV  107%eV 1eV 107eV  10%eV 10%eV 10%eV 107 eV
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Is this the door to quantum gravity?
Cosmology opens way to Fundamental Physics!



Inflation and fundamental physics




Structure

Formation







CMB Anisotropies

Dark ages

First stars

Galaxies & Quasars

Clusters & Superclusters




First Stars and Reionization Era

Time since the
Big Bang (years)

~ 380 Thousand

~ 400 Million

~~1Billion

~ 9 billion

~ 13.7 Billion

The Big Bang/Inflation

Universe filled with
ionized gas:
fully opaque

Universe becomes
neutral and transparent

Galaxies and Quasers
begin to form - starting
reionization.

Reionization complete
~ 10% opacity

Galaxies evolve

Dark Energy begins
to accelerate the
expansion of space

Our Solar System
forms




Gravitational collapse

Colapsed region
(a galaxy)

overdense region
Initial

seed

Expansion (Hubble flow)




Gaussian Random Field
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Predictions of Inflation

BIG BANG

380.000 years
after the Big Bang

gravitational waves

13.800 Million years
after the Big Bang







The Global

structure of
the universe
















