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So far we have assumed a nonsingular nucleon-nucleon force of a Serber
exchange nature and have calculated the ground-state energy shift to lowest
order in the interaction. This result is very powerful since it gives a variational
bound on the true ground-state energy and shows that the assembly is unstable
against collapse with such a Serber force. We are now faced with two problems.
First, how do we explain nuclear saturation? The answer is that the potential
has been assumed to be nonsingular, whereas nuclear forces are actually singular.
As seen in Sec. 38, there is evidence for a strong repulsicn at short distances,
which must be included in the calculation. The second problem is to understand
the success of the independent-particle model of the nucleus. It is clear that the
singular nuclear forces introduce important correlations. Nevertheless, the
numerous triumphs of the single-particle shell model of the nucleus and the
accurate description of scattering through a single-particle optical potential show
that the independent-particle model frequently represents an excellent starting
approximation in nuclear physics. In Sec. 41 we attempt to answer these
questions with the independent-pair approximation, in which two-body

correlations are treated in detail.
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41. Independent pair approximation
(Brueckner’s theory)
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Fig. 41.7 The energy per particle in nuclear matter as a
function of & computed from Egs. (41.57), (41.58), (41.67),
and (41.72) for the two-body potential of Egs. (41.39) to
(41.42). The results are shown both with and without a
hard core in the p state. (The authors wish to thank
E. Moniz for preparing this figure.)




41. Independent pair approximation
(Brueckner’s theory)

The idea is:

Consider two particles in the nuclear
matter (a “pair”).

Calculate their interaction energy,
neglecting the other particles.

Sum over pairs to get the ground state
energy.




Introduce a “realistic 2-particle

potential”
(actually very simplified!)

Fiqure 41.5
Hard-core square-well potential
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The Bethe-Goldstone equation

For a pair of interacting particles in the nuclear
matter, with total momentum P and relative
momentum kK, the relative wave function is g,

(%)

(suppressing spin-isospin indices) is
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Fig. 41.1 Momentum regions in the Bethe-Gold-

stone equations.
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Step 1.

Consider a purely attractive potential.

.A purely attractive potential has
almost no effect on the 2-particle wave
function.

.The long range attraction of V (r)
scarcely affects the 2-particle wave
function.

Step 2:

Consider a purely hard-core potential.

.I“healing distance”;

."interparticle distance” is larger ;

“These observations also provide a simple
qualitative basis for the independent-
particle model of nuclear matter.”

The Pauli exclusion principle restricts the
effect of the hard core to short distances;
the repulsion does not produce long range
correlations.
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Fig. 41.7 The energy per particle in nuclear matter as a

function of &k computed from Egs. (41.57), (41.58), (41.67),

1 and (41.72) for the two-body potential of Egs. (41.39) to

1 ) P S R TP SRR S (41.42). The results are shown both with and without a

08 9 12 s 16 13 hard core in the p state. (The authors wish to thank
kF [fm™) E. Moniz for preparing this figure.)




