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Hartree-Fock potential 





Random Phase Approximation (RPA) 





RPA equation 







Tamm-Damkoff Approximation (TDA) 

The difference between TDA and RPA is that we use  
Ø The simple particle-hole vacuum |HF> in TDA 
Ø The correlated ground state in the RPA 
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Tamm-Damkoff Approximation (TDA) 



TDA equation 

For holes 



Two-particle outside a closed core (in jj coupled scheme) 

form the orthonormal bases 

where 



The two-body interaction 



Two particles in a single j shell 
The J=0 pairing interaction is the dominant component of the nuclear interaction. 



Seniority 
The number of unpaired nucleons  



Two nucleons in p1/2 and g9/2 shells 

Configuration mixing 



For the wave functions 



Separable Force 
An interaction which is often used in nuclear physics is the separable force given by 







NN interaction and LST coupling 



Nuclear Physics: MeV 
The	
  atomic	
  nucleus	
  consists	
  of	
  protons	
  and	
  neutrons	
  (two	
  types	
  of	
  baryons)	
  bound	
  
by	
  the	
  nuclear	
  force	
  (also	
  known	
  as	
  the	
  residual	
  strong	
  force).	
  The	
  baryons	
  are	
  further	
  
composed	
  of	
  subatomic	
  fundamental	
  par;cles	
  known	
  as	
  quarks.	
  The	
  residual	
  strong	
  force	
  is	
  a	
  
minor	
  residuum	
  of	
  the	
  strong	
  interac;on	
  which	
  binds	
  quarks	
  together	
  to	
  form	
  protons	
  and	
  
neutrons. At low energies, the two nucleons “see” each other as structure-less point 
particles. 	
  

Philosophical issue: What are the relevant degrees of freedom since it is pretty 
complicated inside a nucleon? 

Answer: It depends on the energy scale! 



Proper;es	
  of	
  nuclear	
  forces	
  :	
  
² Nuclear	
  forces	
  are	
  finite	
  range	
  forces.	
  For	
  a	
  distance	
  of	
  the	
  order	
  of	
  1	
  fm	
  they	
  
are	
  quite	
  strong.	
  Short-­‐range	
  repulsion	
  (“hard	
  core”)	
  	
  
² These	
  forces	
  show	
  the	
  property	
  of	
  satura;on.	
  It	
  means	
  each	
  nucleon	
  interacts	
  
only	
  with	
  its	
  immediate	
  neighbours.	
  Volume	
  and	
  binding	
  energies	
  of	
  nuclei	
  are	
  propor;onal	
  
to	
  the	
  	
  mass	
  number	
  A.	
  

The distance b is found empirically to 
be of order b=1.4fm.  V(r) is maximally 
attractive inside 1 fm while for very 
short distances the nucleon-nucleon 
interaction becomes repulsive.  

Basic properties of the NN interaction 
 



A brief history of NN interactions 
1935     – Yukawa (meson theory or Meson Hypothesis) 
1950’s – Full One-Pion-Exchange potential (OPEP) 

          --Hamada-Jonston 
1960’s – non-relativistic One-Boson-Exchange potential (OBEP) (pions, Many pions,           

scalar mesons, 782(ω), 770(ρ), 600(σ)) 
1970’s – fully relativistic OBEPs 

          -- 2-pion exchange 
               -- Paris, Bonn potential 
1990’s – High-precision Nijmegen, Argonne V18, Reid93, Bonn potentials 
1990-2000’s – Chiral or Effective Field Theory potentials (2 and 3 body), Lattice QCD 







Antisymmetric two-particle wave functions 
For identical nucleons, i.e. either protons or neutrons, the Pauli exclusion principle 
requires that a many-nucleon wave function be antisymmetric in all particle coordinates. 
thus if the space and spin variables of any two protons or any two neutrons are 
interchanged, the wave function must reverse its sign. 

Isospin symmetry requires that the wave function reverse its-sign upon an odd 
permutation of alI coordinates (i.e. space, spin and isospin) of any two nucleons. 





The deuteron and low-energy nucleon-nucleon scattering data 

Much more information about the nucleon-nucleon interaction has been 
obtained from the scattering of proton and neutron projectiles against protons 
and neutrons. 



Deuteron	
  :	
  	
  ground	
  state	
  	
  J	
  =	
  1	
  (Total	
  spin	
  S=1)	
   proton	
  

neutron	
  

The	
  tensor	
  force	
  is	
  crucial	
  to	
  bind	
  the	
  deuteron.	
  Without	
  tensor	
  force,	
  deuteron	
  is	
  unbound.	
  
	
  

	
  
Rela@ve	
  mo@on	
  :	
  	
  S	
  wave	
  (L=0)	
  +	
  D	
  wave	
  (L=2)	
  

Tensor	
  force	
  does	
  mix	
  

No	
  S	
  wave	
  to	
  S	
  wave	
  coupling	
  by	
  tensor	
  force	
  because	
  of	
  Y2	
  spherical	
  harmonics	
  	
  

VT = (τ1τ2) ( [σ1σ2]
(2) Y(2) (Ω) ) Z(r) 

contributes  
only to S=1 states rela;ve	
  mo;on	
  

€ 

ψd = a 3S1 + b 3D1



magnet 



€ 

ψd = a 3S1 + b 3D1



http://www.phy.anl.gov/theory/research/av18/index.html 
http://nn-online.org/NN/ 



http://www.phy.anl.gov/theory/movie-run.html 

Anybody has a better solution? 


