


3He synthesis is only one part of the full network of reactions...
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Fig. 8: The nuclear network used in BBN calculations

4He as a function of metallicity is nearly flat and no abundances are observed to be below about 23% as

exaggerated in Fig. 9. In particular, even in systems in which an element such as oxygen which traces

stellar activity is observed at extremely low values (compared with the solar value of O/H≈ 4.9×10−4),

the 4He abundance is nearly constant. This is very different from all other element abundances (with

the exception of 7Li as we shall see below). For example, in Fig. 10, the N/H vs. O/H correlation is
shown [64]. As one can clearly see, the abundance of N/H goes to 0, as O/H goes to 0, indicating a

stellar source for nitrogen. 2) Stellar sources cannot produce the observed abundance of D/H. Indeed,

stars destroy deuterium and no astrophysical site is known for the production of significant amounts of

deuterium [65]. Thus we are led back to BBN for the origins of D, 3He, 4He, and 7Li.

3.1 Abundance predictions

Because standard BBN theory rests upon the Standard Model of particle physics, the electroweak aspects

of the calculation are very well-determined and do not introduce an appreciable uncertainty. Instead, the

major uncertainties come from the thermonuclear reaction rates. There are 11 key strong rates (as well

as the neutron lifetime) which dominate the uncertainty budget [66–69]. In contrast to the situation for

much of stellar nucleosynthesis, BBN occurs at high enough temperatures that laboratory data exist at

and even below the relevant energies, so that no extrapolation is needed. Monte Carlo techniques [66,67]

are used to determine the best-fit abundances, and their uncertainties, at each η.

Recently the input nuclear data have been carefully reassessed [66, 68–71], leading to improved
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The full network used in current BBN codes: 

from K. A. Olive, arXiv: 1005.3955



from Beringer et al, PRD 86, 
010001 (2012) + update for 
2014 edition!!
[particle data group - http://
pdg.lbl.goc]

BBN: current 
predictions and 
observations

22. Big-Bang nucleosynthesis 3

Figure 22.1: The abundances of 4He, D, 3He, and 7Li as predicted by the standard
model of Big-Bang nucleosynthesis — the bands show the 95% CL range. Boxes
indicate the observed light element abundances. The narrow vertical band indicates
the CMB measure of the cosmic baryon density, while the wider band indicates the
BBN concordance range (both at 95% CL).
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