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Outline 
Lecture 2 

•  Density and GW power spectra 
•  Inflationary Model Building 
•  CMB & LSS: predictions from inflation 
•  Quantum to classical transition 
•  Reheating after inflation 
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Stretched to cosmological distances 
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SCALAR POWER SPECTRA 



TENSOR POWER SPECTRA 
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Single field inflation





INFLATIONARY MODEL BUILDING 



SIMPLE EXACT MODEL 

Hamilton-Jacobi equation 

Exact solution 

ruled out ! 



CHAOTIC INFLATION MODEL 

end inflation 

Not ruled out ! 



STAROBINSKY INFLATION 



STAROBINSKY INFLATION 

end inflation 

ruled out ! 



INFLATIONARY MODEL BUILDING 
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The Nobel Prize in Physics 2006 

"for their discovery of the blackbody form and anisotropy 
of the cosmic microwave background radiation" 

                           

                           

John C. Mather George F. Smoot 



CMB 
Temperature 
Anisotropies 



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



SACHS-WOLFE PLATEAU 
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Theory 
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WMAP @ L2 
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WMAP-5yr (2009) 



Gaussian spectrum 

� 

alm



WMAP-9yr (2013) 





Planck (2013) 



Planck Power Spectrum 

Predicted by Inflation 
30 years ago! 
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ΩK = |Ω0 −1 | < 0.0009 ± 0.0056 Planck (2013) 
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Light carries 
energy and 
polarization 
(vector field) 

A vector field 
has two comp. 
gradient + curl 

(E + B) 
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Polarization around Hot spots 
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Polarization around Cold spots 

E  Polarization B  Polarization 
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Scott-Amundsen South Pole Station 

South Pole Telescope BICEP 
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Frequency Coverage of different Exp. 



Measurements BICEP2 









Measurements BICEP2 



Measurements BICEP2 



Measurements BICEP2 
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Could 
Planck 

confirm it? 
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Planck TT @ intermediate scales 
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Could Planck confirm BICEP results? 

•  Some tension Planck:  r < 0.11 at 95% c.l.  
•  Assumes 6-parameter ΛCDM model 
•  Degeneracies between parameters 
•  If add running tilt then tensors are relaxed 



Planck sensitivity in LFI & HFI 

No detection yet by Planck 



Other Experiments coming on line 

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



Future experiments that may confirm BICEP 



Future experiments that may confirm BICEP 

EBEX 6K 



What is the  
energy scale 
of Inflation? 
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What is the energy scale of inflation? 
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Is this the door to quantum gravity? 

What is the energy scale of inflation? 

Cosmology opens way to Fundamental Physics! 



Inflation and fundamental physics 



Structure  
Formation 





CMB Anisotropies 

Dark ages 

First stars 

Galaxies & Quasars 

Clusters & Superclusters 





Gravitational collapse 

time 

Expansion (Hubble flow) 

Colapsed region 
(a galaxy) 

overdense region 

Initial  
seed 



Gaussian Random Field  



Density Contrast Thresholds 
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