18.5 The Major Nuclear
Burning Stage
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e Ppl
AH -> A"He + 2(e+) +2 v +y

e Pp2
AH+e- -> 4"He+ (e+) + 2v (pp-v +Be-v) + y

e Pp3
4H -> 4"He + 2(e+) +2v (pp-v +B-v) +y
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NEUTRON-CAPTURE CROSS SECTIONS

Because the neutr.on-capture lifetimes depend upon the magnitude of neutron-
capture €ross sections, we may profitably digress into a brief discussion of the
determination of neutron—capture cross sections.! The neutron binding energy
in an average heavy nucleus is near 8 Mev, so that the excited compound nucleus
(Z, A + 1)* formed by the addition of a low-energy neutron to the nucleus (Z,4)
generally has an excitation of some 8 Mev in the nucleus (Z,A +1). The den-
sity of nuclear states at that excitation energy in a heavy nucleus is commonly
very large, there being on the average an energy of only 1 kev or so separating
adjacent resonances. The resonances are generally broad, moreover, because the
neutron widths I', are large. This fact reflects the absence of a coulomb barrier
and is especially true for s-wave neutrons. The neutron capture in such a heavy
element occurs, therefore, through many wide overlapping levels of the compound
nucleus. The Maxwell-Boltzmann distribution of neutron velocities in a star
yields a weighted average of ov over resonances primarily in the vicinity of k7.
It is experimentally difficult to obtain a neutron energy resolution comparable to
the level separation, so that the experimental measurements already yield o aver-

aged over an energy region sufficiently large for it to vary smoothly with energy.
It is found that o varies as v~! at low energies, i.e., thermal cross sections, and

1 An outstanding program of this type has been pursugd at the Oak Ridge National Laboratory.
The reader is referred to R. L. Macklin and J. H. Gibbons, Nf.autron Ca,p.ture Data at Stellar
Temperatures, Rev. Mod. Phys., 37:1§6 (1965). See also th_eu' account 1n Sczence, 1.56:1039
(1967). A very interesting discussion is G. I. Bell, Cross Sections for Nucleosynthesis in Stars

and Bombs, Rev. Mod. Phys., 39:59 (1967).
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