
Big Bang nucleosynthesis



The early universe vs. the Large Hadron Collider

LHC is 27 km in circumference Accelerates protons to ~13 TeV
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Ryden

Binding energy per nucleon

Forming 4He from lighter elements releases energy, 
but low probability of going beyond 4He
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Neutron-to-proton ratio

Weak interactions freeze out at T~1010 K (t~1 s) → nn/np~0.2



Ryden

Deuterium-to-neutron ratio

After freeze out, n's bind to p’s and form D — half done by T~8×108 K (t~200 s)



Many rapid, strong force-mediated reactions once 
D present

efficient 4He production



Roadblock at 4He

Large B/A (costs energy to fuse) 

No stable A=5 or A=8 nuclei 
(can’t produce stable elements 
by fusion with free p or other 4He)

Small amounts of stable Li, Be isotopes produced via relatively rare 
reactions:

equilibrium abundances reached by 
T~4×108 K (t~10 mins) — end of BBN
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n freeze out

D synthesis

BBN light elements yields
Beyond deuterium

Solving full reaction network gives abundances of each isotope vs. T, for given η



Particle Data Group

Baryon density from BBN vs. CMB

Observed light element 
abundances constrain η 

higher η ⇒ higher Tnuc, i.e. 

D synthesis starts earlier 

⇒ BBN more efficient at 

producing 4He, leaving 
less D, 3He behind 

→ can solve for implied Ωb



Expressing BBN η constraint in terms of Ωb

nγ,0

CMB temperature

SNe

→ consistent with Ωb value from acoustic 
oscillations (CMB power spectrum)



Dodelson 03

Rest wavelength of D Lyα 
is 0.3 Å shorter than H Lyα

Light element abundances can be measured using 
QSO absorption, e.g. D


