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The proces of primordial nucleosynthesis terminates when 
temperature T drops below 108 K 
  

       Physical conditions at the end of primordial                
     nucleosynthesis: 
 

                                          Temperature ~ 108 K 
 

                                              Density ~ 10−2 𝑔/𝑐𝑚3 !!! 

Number density of photons 𝑛γ ~ 2.04 ⋅ 1032 
1

𝑐𝑚3 

Number density of baryons  𝑛𝐵 ~ 6 ⋅ 1021 
1

𝑐𝑚3 
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Max Planck black body quantum  
description 
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h = Planck’s cst    k = Boltzmann’s cst     c = speed of light     

  

𝐸γ = h ν 



http://en.wikipedia.org/wiki/File:Wiens_law.svg 

Black Body Radiation     

Wien’s Law 
λ𝑚𝑎𝑥 ∙T = 2.9∙106 𝑛𝑚 ∙ 𝐾 
 
T = 6K 
λ𝑚𝑎𝑥 = 0.05 cm 
 
microwaves 
 

 



In an expanding universe the Planck distribution  
is preserved because  T ~ 1/R, and λ ~ R !! 





Homdale://www.nytimes.com/2023/09/04/science/astronomy-holmdel-antenna-microwaves.html 

https://www.nytimes.com/2023/09/04/science/astronomy-holmdel-antenna-microwaves.html














COBE 
Cosmic Background Explorer  





Mollweide projection 
The map projection is the Mollweide projection. It's an equal area projection that 

is suitable for when you want to show an undistorted view of a sample of 

features. It's well suited for maps like the Planck results because the areas of 

features are not distorted. However, there is several angular distortion, 

especially along the prime meridian and polar regions.  







Dipol perturbation due to 
motion of the Solar System 
relative to CMB 

Intrinsic perturbations 

















Wilkinson Microwave Anisotropy Probe (WMAP) 

COBE to WMAP 

http://map.gsfc.nasa.gov/m_or/mr_media2.html
http://map.gsfc.nasa.gov/m_or/mr_media2.html


Power spectrum 

Max Tegmark's concordance site 

http://space.mit.edu/home/tegmark/concordance.html










      Very important conclusions: 
 
Early universe was almost homogeneous  
                  and isotropic 
 

                   
δ𝑇

𝑇
 ~ 10−5    =>     

δρ

ρ
 ~ 10−5 

How the primordial fluctuations were formed ? 

The small temperature fluctuations are  
random (Gaussian) in nature ! 





Power Spectrum from Planck 





https://background.uchicago.edu/~whu/index.html 
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Tegmark https://space.mit.edu/home/tegmark/cmb/pipeline.html 

https://background.uchicago.edu/~whu/index.htm
https://background.uchicago.edu/~whu/index.htm
https://background.uchicago.edu/~whu/index.html
https://space.mit.edu/home/tegmark/cmb/pipeline.html
https://space.mit.edu/home/tegmark/cmb/pipeline.html












μ – denotes the chemical potential 










