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Class 19 : Primordial nucleosynthesis 

  This class 
  The basics of primordial nucleosynthesis 
  Constraints on the baryon density 
  Constraints on the number of neutrino species 

I : The “CMB Barrier” 

  “Seeing is believing”.  But it is impossible to 
directly observe any e/m process from before 
recombination… the CMB is the edge of an 
impenetrable fog-bank. 

  How can we proceed? 
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Notation… 

Atomic number 
= number of protons 

Symbol for element 
(set by atomic 
number) 

Total number of 
nucleons = 
protons+neutrons 

II : Before nucleosynthesis… 

  At the end of the lepton epoch (t=10s)… 
  T~3x109K 
  Mass difference leads to excess of protons over 

neutrons 

  High-energy photons prevent deuterium formation 

  Why is deuterium destroyed even when the typical 
photon energy is below the binding energy of 
deuterium? 
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III : The onset of nucleosythesis 

  At t≈340s, T≈6x108K… 
  Universe cool enough for deuterium to survive. 
  During this time, some neutrons have decayed 

(t1/2=614s for a free neutron) 

  Thus, neutron/proton ratio is now even smaller… 

  From this point on, nuclear reactions proceed fairly 
quickly… 

  The nuclear reactions… 
  Actually quite a complex network of nuclear 

reactions.  But the main ones are… 

  To a first approximation, all of the neutrons are 
locked up into Helium-4… thus the amount of He-4 is 
a direct consequence of the neutron:proton ratio. 
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IV : Nucleosynthesis as a 
diagnostic tool 
  Primordial nucleosynthesis is a competition… 

  Nuclear reactions are trying to lock the neutrons into 
Helium-4 (with Deuterium, Helium-3, Lithium-7 as 
intermediate products and by-products) 

  In the meantime… 
  Neutrons are decaying (half life 614s) 
  Universe is cooling 
  Density is dropping 

  The final products depend upon three factors 
  The correctness of the homogeneity assumption 
  The baryon density 
  The expansion rate (i.e. “H” at this time) 

Reactions are slowing 
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  Why is the expansion rate of the Universe 
listed as a parameter… surely we know this? 
  We know that the flat-space Friedmann equation is a 

very good approximation in early Universe.  So 

  We know that the Universe is radiation dominated, 
and we can estimate radiation density from today’s 
CMB and the physics of nucleosynthesis 

  So what’s the uncertainty here??? 
  See discussion on board… 


