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𝚲CDM Cosmology

• non-baryonic cold dark matter
•whatever it is (e.g., WIMPs)

• dark energy
•whatever that even means

• dark baryons
• 29% not accounted for

We have direct knowledge of only 4% of the total mass-energy density of the universe
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SUSY, WIMPs, and all that

Up & down 
quarks are 

light: most of 
the rest mass is 
binding energy 

mp = 938.3 eV

mn = 939.6 eV

Baryons (3 quarks)
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recombination

nucleosynthesis (BBN)
~ 3 minutes

~380,000 year

T ~ 1010 K

T ~ 3000 K
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Primordial Nucleosynthesis (BBN):

When the universe is just a few minutes old,
the Temperature and Density are just right
for it to be one Big Nuclear Furnace:

The light elements
Hydrogen, Helium, and Lithium

are made at this time.

Gamow
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Big Bang theory prediction:   75% H, 25% He  (by mass)

Matches observations of nearly primordial gases
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BBN products:

• 3/4 Hydrogen
• 1/4 Helium
• Traces of
– deuterium
– tritium
– helium 3
– lithium
– berylium

Abundances depend on the density of 
matter.  The higher the density 
parameter (Ωb), the more helium.
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Made in Early Universe

Made in Stars

Made in the laboratory

Made in Supernovae/Neutron star collisions



no stable mass 5 or 8

BBN restricted to elements 

Stars skip over the mass bottleneck 
via the triple alpha reaction 3 .4 He → .12 C*



Source:  Ned Wright:  http://www.astro.ucla.edu/~wright/BBNS.html

BBN reactions
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Ωb

BBN gets the 
abundances of 
deuterium, 
helium, and 
lithium right if the 
mass density is 
about 4% of the 
critical density.



Intercept is Primordial Helium; 
slope due to production in stars

Fukugita & Kawasaki (2006)

Yp = 0.25


