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What we will learn

Horizon problem and one of its solution

Scalar field solution

Some comments on the perturbation theory (if possible)
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Horizon problem

Big Bang

                                        CMB radiation is isotropic. However only 1 degree in the sky seem to be causally connected. This is                                                 
known as the Horizon problem and inflation comes to the rescue.
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Cones do not match (Horizon problem)
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Modes
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Modes
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Solving horizon problem -- Inflation
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Solving horizon problem -- Inflation
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Inflation (Scalar fields)
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Inflation (necessary conditions)
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How to solve these equations numerically 

Approximation fails in many cases:

Euler method:



        November 26, 2022

Inflation: scalar field evolution
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Inflation: slow roll
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Metric perturbation (Linear order)
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Metric perturbation (Linear order)
Will not be discussing degrees of freedom, coordinate transformation and choices of Gauges. See 
Inflation reviews. 
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Bardeen equation
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Curvature perturbation (Conserved at SHS)
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Curvature perturbation (Conserved at SHS)
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Mukhanov Sasaki Equations
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Power spectrum and its tilt
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Slow roll

I am following notations consistent to Sriramkumar’s review 2009.

The slow roll parameters:



        November 26, 2022

Slow roll

If we parametrize the power spectra as:

                                               Ps(k)=As (k/k0)
ns-1, PT(k)=AT (k/k0)

nt
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Slow roll

We obtain the spectral index and tensor to scalar ratio as:

The relation between the tensor spectral tilt and the tensor to scalar ratio is the 
consistency relation
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Power spectrum and its tilt
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Power spectrum and its tilt
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Cosmic Microwave Background (Observation)

https://docs.google.com/file/d/1ui-pwy0FYapUGQFzpC76Z4Z39drHDfBq/preview
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Cosmic Microwave Background (Evolution: COBE)
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Cosmic Microwave Background (Evolution: COBE)
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Cosmic Microwave Background (Evolution: WMAP)
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Cosmic Microwave Background (Evolution: Planck)
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Cosmic Microwave Background (MAP)
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Cosmic Microwave Background (BlackBody)
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Cosmic Microwave Background (Power spectrum)
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Cosmic Microwave Background (PS WMAP)
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Cosmic Microwave Background (PS Planck)
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Cosmic Microwave Background (Physics of scales)

https://docs.google.com/file/d/1fW3wMVcMpVkTBbt6Uzdd2aBrXQnK5UFp/preview
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Cosmic Microwave Background (Power spectrum)
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Cosmic Microwave Background (PS WMAP)

10.1088/0004-637X/779/1/86

http://www.preposterousuniverse.com/blog/2014/03/16/bicep2-updates/ 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1088%2F0004-637X%2F779%2F1%2F86?_sg%5B0%5D=TFPSYwtkO0woLtc_INftVpl3_7aIfxyiYEr7kdtobT5_raUn99wH-NMZ1-lFUY63mO3U6nrjUsCUx27wt-OQ2-F5mQ.7jvByU8eYGHip8UFH5EN82TGnLMhik2PCBvK4Ee8tFG9nNgmjtZmN22hV_2DXAvl1pGzth01XgR0To-iwFMVng
http://www.preposterousuniverse.com/blog/2014/03/16/bicep2-updates/
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Cosmic Microwave Background (Planck)

Planck 2018: Constraints on inflation
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Inflation models and Planck

Planck 2018: Constraints on inflation
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BINGO

BIspectra and Non-Gaussianity Operator: https://github.com/dkhaz/bingo 

This code can be used to calculate both power spectrum and bispectra for any 
single field canonical model of inflation

For our purposes we will just focus on the power spectrum part

Therefore, it is simpler to work with the ipynb

https://gitlab.com/dhirajhazra/simple-codes-in-cosmology/-/blob/master/Inflation-Pr
imordial-Perturbation.ipynb 

https://github.com/dkhaz/bingo
https://gitlab.com/dhirajhazra/simple-codes-in-cosmology/-/blob/master/Inflation-Primordial-Perturbation.ipynb
https://gitlab.com/dhirajhazra/simple-codes-in-cosmology/-/blob/master/Inflation-Primordial-Perturbation.ipynb

