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Lecture I 

•! 1) Empirical information on the dynamical 

shell model 

•! 2) Green functions, Mass operator, Dyson 

and Nambu-Gor’kov (superfluid nuclei) 

equations, Bell and Squires proof. 



OUR  KEY  EQUATION 

•! We introduce the Mass Operator, 

•! Non local in space and TIME!! 



, 













Energy Dependence 

•! For positive energy, the depth of the 

empirical (WS type) average potential 

depends upon the energy according to the 

law: 

•! V0(E)=V0+0.3 E 





W and LDA 

Very often W is obtained from NM 

calculations, via LDA. 

The agreement between the empirical 

optical potential and the theory based 

on infinite NM should not be taken too 

seriously, because there is no justification 

for treating the surface as low-density 

NM. 

Valerie, may you tell us the true!    



Now Bound States 

•! No more Woods-Saxon empirical s.p. 

potential 

•! HF with effective forces, like Skyrme, 

Gogny…. 





The  phonon  coupling  has 

been known for many years 

to  be  important  for  the 
understanding of s.p. states 

around the 208Pb core.    

      Exp.        HF +        HF                                 

       phonons          

C.Mahaux et al., Phys. Rep., 1985 ! PV coupling increases m*  



E. Litvinova and P. Ring 

•! Covariant theory of particle-vibration 

coupling and its effect on the single-

particle spectrum 

•! PRC C73, 044328 (2006) 





EFFECTIVE   MASS 

•! m*(E)/m = 1-dV0(E)/dE  





























 J.S. Bell and E.J. Squires 

•! Phys. Rev. Lett. 3 (1959) 96 

A FORMAL OPTICAL MODEL: 

The propagation of a nucleon in a nucleus is  

specified by the proper self-energy ! of the one- 
particle Green function, which is equivalent to 

the optical potential. 









Particle-Vibration Coupling 

•! After BM approach, we must remember 

•! the paper by Nicole Vinh-Mau: 

•! Microscopic derivation of the optical potential  

•! in “Theory of Nuclear Structure: Trieste 

•! Lectures 1969” 

•! IAEA, 1970 





















NUCLEAR  FIELD THEORY 















The  phonon  coupling  has 

been known for many years 

to  be  important  for  the 
understanding of s.p. states 

around the 208Pb core.    

      Exp.        HF +        HF                                 

       phonons          

C.Mahaux et al., Phys. Rep., 1985 ! PV coupling increases m*  







Nucleons  are  coupled  to  phonons,  mainly  density  vibrations  (2+,3-).  In 

other words, the nuclear mean field undergoes fluctuations which are felt 

by the particles.  

To deal with these phenomena, a nuclear field theory has been developed 

by the Copenhagen group. Phenomenological particle-vibration coupling of 

the type  

< ! | VPV | " > = " dr u!(r) C(dU/dr) u"(r)  #  < p || YL || p’ > 

One can work out the particle-vibration coupling with effective forces and 

microscopic phonons: 

Removal  of  simple  approximations  (assumption  of  good  isospin  for 

vibrations). 

! 

" 



Spin-orbit splitting  

"E(#h9/2-#h11/2) [MeV] 

                HF    HF+phon.     

SLy4      9.44      8.52 

SGII       7.44      6.78      

Exp. value is 6.75 

      HF        HF+phon.    Exp. 



CAVEAT 

•! No t1  and t2 terms 

•! No bubble correction 

•! Pauli Principle is a correction of O(1/#2 ) , 

that is there are factors 1/(2j+1) more in 

each term. 

•! In  208 Pb, #$ 75!! 







Average numbers to remember 

•!    

•!  208Pb, average %-mass/m 

•! Skyrme and similar +PVC: 

For neutrons  1.2—1.4 

For protons    1.3—1.6  

•! RMF+PVC     1.26, 1.41 



Tensor term of the Skyrme forces 

•! Role of the triplet-even and triplet-odd 

tensor forces on the spin-orbit splitting   









Different  works 

•! G. Colo’, H. Sagawa, S. Fracasso and 

P.F. Bortignon, PLB 646 (2007) 227 







but 

•! Lesinski, Bender, Bennaceur, Duguet, 

Meyer in PRC 76 (2007) 014312 

showed that  ….the overall agreement 

of the s.p. spectra in double-magic 

nuclei is deteriorated by tensor coupling, 

if refit is done… 

Minimum for &=0 





Pairing renormalization 

•! Jon lectures!! 























F. Barranco….P.Schuck et al., PRC 72 









Paul Bonche et al. 

•! Let us emphasize that this study was done at the 

mean-field (HF) level. However, NO ingredient in 

our protocol prevents further studies beyond the 

mean field approximation. If needed be, further 

correlations can be explored and it is quite 

legitimate to use these interactions for RPA or 

configurations mixing (GCM) calculations. This 

would NOT has been the case if we had 

included in our protocol detailed information 

such as s.p. energies of some selected nuclei. 





ABOUT S. P. SPREADING WIDTH 

•! 'j = 2< Wj > with 

•! Wj= Im !j 



Gamma(s.p.)=0.5 (E-E_F) 



How to proceed? 

•! Add a small imaginary part in the energy  

denominators: 

1/(%-( +i)) 



Giant Resonances 

•! Centroid and strength  reproduced 

by (Q)RPA, as well as escape width. 

What about spreading width? 



Low-lying dipole strength in 

unstable nuclei 



References: 

N. Ryezayeva et al., Phys. Rev. Lett. 89 (2002) 272502. 

P. Adrich, A. Kimkiewicz  et al., Phys.Rev. Lett. 95 (2005) 132501. 

D. Sarchi, PFB, G. Colò, Phys. Lett. B 601 (2004) 27.  

N. Paar, D. Vretenar, E. Khan, G. Colò, nucl-th/0701081, submitted  
To Reports on Progress in Physics. 

E. Litvinova, P. Ring, D. Vretenar, nucl/th/0701046v1  

1) 

2) 

3) 

   4) 

5) 



132Sn low-lying GDR strength 



Blue line = theory of 3) (dashed line) convoluted with the detector response 

 by A. Klimkiewicz  to compare with the experiment  of 2) (green) 



Theory: 15.5   5.8 

GSI-LAND 

PRL 95 (2005) 

132501 



Spreading width in GR 

•! G.F. Bertsch, P.F. Bortignon, R.A. 

•!  Broglia, Rev. Mod. Phys. 55 

•! Gamma(GR)=? Gamma(part.)+Gamma

(hole)   NO!!!    













In the last decade we have developed, within a Milano-

Orsay collaboration, a microscopic model aimed to a 

detailed  description  of  GR  excitation  and  decay  [G. 
Colò et al. Phys. Rev. C50, 1496 (1994)].  

The  model  includes  the  coupling  with  1p-1h  plus  1 

phonon  configurations  and  with  the  continuum 

(allowing the description of particle decay). 

The model has been able to reproduce the total width 

of the GMR, and total and partial decay widths of GTR 

and IAR in 208Pb.  

Recently,  we  have  extended  the  model  to  include 

pairing correlations (without the continuum coupling). 



   RPA continuum 

coupling 

1p-1h-1 

phonon 

coupling 

This effective Hamiltonian can be diagonalized and from 

its  eigenvalues  and eigenvectors  one  can extract  the 

response function to a given operator O. 

It is possible to extract at the same time to calculate 

the branching ratios associated with the decay of the 

GR to the A-1 nucleus in the channel c (hole state).  



 The IAS: a stringent test 

Z N

The measured total width (!exp=230 keV) is well reproduced. The 

accuracy of the symmetry restoration (if VCoul=0) can be 

established. 





















Problem of the 2d3/2 –1h11/2  position, wrong in all mean-field calculations, 

Not cured by coupling to vibrations (see below , G. Colò and PFB unpuplished), 

But   tensor contribution may help: G. Colò et al., PLB 646 (2007) 227 ,  

However see also T. Lesinski et al., nucl-th7 0704.0731 
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Coulomb excitation of 68Ni at 600 MeV A 
Search for pygmy Dipole Resonance 

Dipole strength shifts at low 

energy.  

Collective or non-collective  

nature of the transitions? 

Stable nuclei ! photoabsorption 

Exotic nuclei 

Virtual photon breakup 

LAND experiment  

Aldrich PRL95(2005)132501 

Virtual photon scattering 

RISING experiment 

RPA 

G. Colo private communications 

68Ni 

~10  
MeV 

Geant 

Simulations 

Measured $-ray spectra                        Theory 

In neutron rich coulomb excited 68Ni 

a structure centered at ~ 10.5 MeV 

has been measured in the $-ray 

spectra 



E. Litvinova et al. Nucl/th/0609061 

 . Lit 









S. Pèru et al., Comex2 



Effective mass at finite temperature 

•! Symmetry energy, stars 

•! P.Donati, P.M. Pizzochero, PFB, R.A. 

Broglia, PRL  72 (1994) 2838 

•! …..and G.E. Brown 



A lot of fun 

•! Temperature as imaginary time, thank you 

to Matsubara 













Effects on stars 

•! Smaller effective mass, larger Symmetry 

   Energy (the kinetic part of it), smaller 

neutronization……. 




