
   The atomic nucleus: a bound system of 
interacting nucleons 

 
   1. Nuclear forces and very light nuclei 
 
 2. The nuclear shell model: from independent 

particle motion towards modern applications 
 
 3. Nuclear deformation and collective motion: 

phenomenological models and self-consistent 
mean-field theory 

 



Lecturing about nuclear forces, one has to go back to the theoretical 
work of H. Yukawa (1935) who proposed that the NN force with a 
short range of the order of 10-13 could be explained introducing an 
« unknown » particle called « mesotron » purely on theoretical grounds 
along the idea ’s of QED as the exchange of the photon between  
electrons, with a mass of ~250 me . Nobel prize in Physics in 1949. 

 In cosmic ray physics, using cloud chambers, C. Anderson (Caltech),  
a particle that was thought to be the proposed carrier was discovered  
This turned out to be wrong: it was the muon. 

It was the work performed in the Cosmic Ray group of Cecil Powell at 
The Physics Institute of the University of Bristol that, using photo- 
graphic emulsions, exposed at the Pic du Midi, unambigously discovered 
tracks of the pion. He received the nobel prize in Physics in 1950.  



H. Yukawa (Nobel prize 1949) «  for his  
prediction of the existencde of mesons 
on the basis of theoretical work on  
nuclear forces » 

C.Powell (Nobel prize 1950) « for 
his developments of the photographic 
method of studying nuclear processes 
and his discoveries regarding mesons 
made with this method » 
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SEPARATION IN RELATIVE + C.O.M. COÖRDINATES
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FULL WAVE FUNCTION  (r )
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SIMPLE POTENTIAL V(r) SCATTERING: (k)

MORE GENERAL POTENTIALS: 
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NOTATION: L2S+1





GENERAL PROPERTIES OF N-N INTERACTION
POTENTIALS

a. Hermitian

b. Symmetric for permutation symmetry

    V(1,2) = V(2,1)

c. Translational invariance r = r -r

d. Galilean invariance  p = 1_
2

(p - p )

e. Parity invariant (strong int.)

    V (r, p ,..)  =  V  ( -r, -p ,..)

f. Time-reversal invariance

    V ( p , ,..)  = V(-p , - ,..)

g. Rotational invariance

    r , p , L , L. S, (S = 1_
2

( +

h. Rotational invariance (charge-isospin)
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CENTRAL INTERACTION

Vc(1,2) = Vc(r) + V (r) .  
 (1) (2)

+ V (r) .
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TENSOR INTERACTION

V (1,2) = V (r)+V  (r) 
T To T[   
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with S = 3_
r
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SPIN -ORBIT INTERACTION

V  = V (r) L .SLS LS

 

QUADRATIC SPIN-ORBIT INTERACTION









TWO-NUCLEON (NN) INTERACTIONS

Argonne V , V  potentials

    Coulomb, one-pion exch. (OPEP) + intermediate and short-range

   V  = v (r ) Ô
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 Fitted to 4300 nn scattering data

      Bonn potential

 Based on meson exchange

   Effective field theory (EFT)

  , , ,...









Phys.Rev.Lett. 99(2007),022001 

 central force 
calculated by 
a Lattice QCD 
calculation 

Calculations for tensor and 3-body forces will be great 



THREE-NUCLEON (NNN) INTERACTIONS

First evidence for NNN interaction comes from 'exact'

calculations for t and He.
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 under-'bound' with NN interactions

Systematic evidence from ab-initio calculations (A 12)

(Wiringa, Pieper, Pandharipande, Carlsson, Schiavilla) 
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FROM REALISTIC (NN free) TOWARDS EFFECTIVE (NN  nucleus)
INTERACTION

in

Some literature (old papers) :

Recent:
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  H. A. Bethe, B. H. Brandow, A. G. Petscheck, PCR 129 (1963), 225

T.T.S. Kuo and G. E. Brown, Nucl. Phys. 85 (1966), 40; ibid. A103 (1967), 71

B. R. Barrett and M. W. Kirson, Adv. Nucl. Phys. 6 (1974) 219 
    (many more)
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