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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!)

Figure 41.5
Hard-core square-well potential

Three parameters



The Bethe-Goldstone equation
For a pair of interacting particles in the nuclear 
matter, with total momentum P and relative 
momentum k, the relative wave function is ψPk
(x)
(suppressing spin-isospin indices) is



εp = ε0
p + U(p)

So the result is a system of equations for 
ψPk(x) and U(k). 

I.e., it is a self-consistent theory:

Eq. (1) ← →  Eq. (2)



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 V0(r) 
scarcely affects the 2-particle wave 
function.

Step 2:
Consider a purely hard-core potential.

⇒ “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.



Calculations Results

c = k
F 

b = 0.57




