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The Cosmic Microwave  Background (CMB)  

The CMB is a prediction of the Big Bang model. 
 

 The CMB is a relic radiation emitted at the time of 

recombination, when stable atoms formed, permitting the free 

transit of photons. 

 

The CMB is a snapshot of the oldest light in our Universe, 

imprinted on the sky when the Universe was just 380,000 

years old. 

 

 The CMB was first detected by Penzias and Wilson (1965) 

and it has the spectrum of a  blackbody with T = 2.726 K, in 

all directions of the sky. 

 



The anisotropy is at the level of  dT /T = 10-4-10-5 (once it is eliminated the 

contribution of the motion of the Earth with respect to the CMB referent 

frame).    

Anisotropies on the CMB 
The first hint towards the existence of CMB anisotropy came from the Relic 

experiment  (1992). 



CMB seen by Planck (2013) 

Planck 2013 (ESA) 
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Temperature power spectrum of the CMB 



This figure challenges the standard 

physical. 

 

Notice that these ovals are all maps of 

the entire celestial sphere 

The Horizon Problem 

T = 2.726 K 

dT /T = 10-4-10-5 

Then, it is hard to understand how 

these causally disconnected 

regions ended up with essentially 

the same temperature  



Temperature power spectrum. Points show the Plank data. 
(Planck 2013 results. I. Overview of products and scientific results arXiv:submit/0674450)  

No causal process could have generated the correlations seen on 

larger scales than 10 



The scheme of inflation is based on the idea that there was an early phase, 

before the Big Bang, in which the universe evolved through a nearly 

exponential expansion during a short period of time at high energy scales. 

(Guth, Linde and Albrecht & Steinhardt ~80´s). 

Cosmic Inflation 

H = Hubble parameter 



Inflation: standard scenario 

Friedman-Lemaître-Robertson-Walker (FLRW) 

k > 0    Closed universe 

k = 0    Flat universe 

k< 0     Open universe   

Scale factor 



Friedmann equation 

Energy conservation 



Slow-roll inflation 

Then, during Inflation the 

Hubble parameter H is 

almost constant 

Slow-roll condition 



Primordial perturbations 
In the standard inflationary Universe quantum fluctuations of the inflaton 

field give rise to a curvature perturbation.  

This curvature perturbation is then the seed for structure formation in the 

Universe, leaving also their imprint on the CMB. 

In particular, for a very flat inflaton potential the quantum fluctuation 

becomes: 



Notice: Modes of different scale exit the horizon at different time.  Once a 

given mode exit the horizon its amplitude freeze. This perturbation then 

reenter the horizon during the post inflationary era. 



 ns < 1 

 Then, perturbation of large scale (small k) have more power that the 

small scale perturbation. 

 Standard slow-roll inflation predicts a slightly red-tilted power spectrum 

of the primordial perturbation.  

Primordial perturbation 

generated during Inflation 



Planck Collaboration 





The hypothesis of small universe with a compact topology. In this case 

perturbations on scales exceeding the fundamental cell size are 

suppressed. 

 

Another possibility is hyperspherical topology corresponding to a 

closed universe. 

 

The topological approach have some problems with the S-statistic and 

the matched circle test. 

 

On the other hand, Planck searches yield no detection of the compact 

topology  

 

Another approach is introduce a cutoff in the primordial power 

spectrum. This cutoff is normally introduce by hand, but, linked to: 

 

•spatial curvature scale 

•String physics 

•fast rolling stage in the evolution of the inflaton field. 

 Some ideas 



This approach is interesting since it have been claimed that from the 

observed angular power spectrum it is possible to deconvolve the 

primordial power spectrum.  

The most prominent feature of the recovered primordial power spectrum 

is a sharp, infrared cutoff on the horizon scale 

Primordial power spectrum from WMAP,  

Arman Shafieloo, Tarun Souradeep  

Phys.Rev. D70 (2004) 043523 

Dhiraj Kumar Hazra, Arman Shafieloo, 

Tarun Souradeep 

Phys. Rev. D 87, 123528 (2013) 



Super Inflation approach 

It is interesting to note, that a super inflationary period is related with any 

mechanism which attempts to solve the cosmological singularity problem in a 

semiclassical spacetime description. There are two ways to avoid the singularity 

problem 

 

 

 1) Non-singular bounce 

 

 

 

 2) Emergent Universe scenario  

(assume that the universe began to evolve from a static state)  

 

 





The Emergent Universe scenario 

Singularity Theorems: 

 The universe always existed, but initially the universe is static (Past eternal 

Einstein static (ES) state) 

 

 Something happens and the universe begins to evolve 

 

 Inflation  

These models assume that the universe 

began to evolve from a static state. 

Past eternal 

universe 



Vilenkin's arguments shows that null and timelike geodesics 

are, in general, past-incomplete in inflationary models, 

whether or not energy conditions hold, provided only that the 

averaged expansion condition holds along these past-

directed geodesics. 

 

Any backward-going null (or timelike) geodesic have a finite 

affine (proper time) length. 



However, recently, models that escape this conclusion have been 

Studied. These models do not satisfy the geometrical assumptions of these 

theorems. 

The Emergent Universe scenario 
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