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THE ATOMIC NUCLEUS AS A BOUND SYSTEM 

NUCLEAR BINDING ENERGY / NUCLEON
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    The nuclear shell-model: from single-particle 
motion to collective effects 

 
    1. Nuclear forces and very light nuclei 

 

 2. Independent-particle shell model and few nucleon 
correlations 

 

 3. Many-nucleon correlations: collective excitations 
and symmetries 
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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: (  ,S) (k)





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) .1 2 1 2+V ( r) . 1 2.

TENSOR INTERACTION

V (1,2) = V (r)+V  (r) 
T To T[ 1 2 1,2. S]

with S = 3_
r

( .r ) ( r ) - .12 1 1 22 2

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

8 18

i,j p ij
p
i,jp=1,18

        Ô ={ 1, , S ,L . S ,...} { 1, . }
p
i,j i j ij i j

 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.

      

3

 under-'bound' with NN interactions

Systematic evidence from ab-initio calculations (A 12)

(Wiringa, Pieper, Pandharipande, Carlsson, Schiavilla) 

3  rings











Effective operators 
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Perturbation theory 

 microscopic effective interaction (realistic interaction) 
 
 
 
 
 empirical interaction (fitted to the data) 
 
 
 schematic interaction (delta-force, etc) 
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M. Hjorth-Jensen et al, Phys.Rep.261 (1995) 

B.A.Brown, B.H.Wildenthal, Ann. Rev. Nucl.Part.Sci. 38 (1988) 
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