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2.1 General properties of nucler
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Fig. 2.1. Approximale potentials for the nuclear shell model. The solid curve
represents the 3-dimensional harmonic oscillator potential, the dashed curve the
infinite square well and the dot-dashed curve a more nearly realistic Woods—
Saxon potential, V{r) = —Vu/l] + exp{{r — R)/a}] (Woods & Saxon 1954).
Adapted from Cowley (1993).
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nuclear force and b the classical turning point.
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A more exact expression for the barrier penetration factor, denived for example
by Clayton (1968), is

EN'? i E. \' 1IN (h22m R
PE(E)Z(E) exp[—sg E+4(h2;’2mR3) -2(e+5)( . )

(2.23)
or numerically
E 142
Pi(E) = (E) exp| — BE™'? + 1.05(ARZ,Z5)'/*
1 2
— 7.62 (E + E) (ARZ,Z)"'?] (2.24)
where
Z\Z2e? Z1ZA
E.= S = 10—y MeV (2.25)
A7+ A,

is the height of the Coulomb barrier and R 1s in fm.
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2.0 Resonant reactions

n(Eleru

log n(E)

kT

E (MeV)

Fig. 2.9. Dependence of particle number and barrier penetration probability on
energy for '?C + '2C at a temperature kT = 100keV. In this case, the energy at
the Gamow peak, shown on a linear scale in the inset, 1s well within the range of
typical laboratory energies. Adapted from Krane (1937).
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be measured in the labo_ratory The integral can be approximated by the ‘method
of steepest descents’ in which f(E) is approximated by a Gaussian with the same
peak value and the same second derivative at that peak, i.e.

f FUEYAE ~ f(E)/[2nf(Eo)/ — f"(Eg)) = %n‘”ﬂ* e (2.59)
0

Owing to the asymmetry in f(E), the best value to take for <S(E)> turns out to
be S(E, = Eo+ %kT) rather than S{Ep). Making all the substitutions in Eq. (2.34)
one finds

8 h 2 _ , 7.2 X 10_]9 2 _ ’ 3 _1
{vazamtﬂtS(ﬂ'u)z—A-a—ZzFYErS(EU)CmS :
(2.60)
where S(Ep) is in keV barns, and
T = 3Eo/kT = 19.7(Z3254/T:)'7 (2.61)

where T is in units of 107 K.
From Eqs. (2.60), (2.61), one can deduce an approximate power-law dependence
of specific reaction rates on temperature, T, since

vEHlog{.Jv:}:t—Z- (2.62)
dlogT 3

For example, in the interior of the Sun (T; = 1.5; kT = 1.3keV), one has the
following:
Reaction FEgp(keV) T v
p+p 5.9 137 39
p+'"N 27 63 20

These temperature dependences are illustrated in Fig. 3.5.
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MAXWELL -BOLTZMANN
DISTRIBUTION

RELATIVE PROBABILITIES

NEUTRON ENERGY .E

Fig. 2.13. Schematic superposition of the Maxwell energy distnbution and neu-
tron capture cross-section. The most probable energy for the capture process in
stars is near k7. After Rolfs and Rodney (1988). Copyright by the University of

Chicago. Counesy Claus Rolfs.



2.0 Resonant reactions 37

| D E ¥ | T 1 T 3
= §
S ]
(MeV-b)[ 1
OOl —
- \H .
Q001
0O | 3

2
Ecm {MeV}

Fig. 2.12. S-factor for 12C{e, y}'®0. The dashed curve ignores the sub-threshold
resonances, while the continuous curve allows for them, but the uncertainties are
still stgnificant at low energies. Koonin, Tombrello and Fox (1974). Reproduced
with kind permission of Elsevier Science. Courtesy S. E. Koonin.




