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Hartree-‐Fock	  mean	  field	  provides	  qualita/ve	  
agreement	  with	  exp.	  data	  

208Pb	  
Neutron	  single	  par/cle	  levels	  
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Correlated	  Par/cle-‐Hole	  excita/ons	  give	  rise	  to	  
Collec/ve	  Excita/ons.	  

Random	  Phase	  Approxima/on	  
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Searching the best effective interaction:  
SAMi (Skyrme-Aizu-Milano) parameter set 

This set provides good results for both nuclear 
matter properties like the symmetry energy, and for 
GRs - including charge-exchange ones.  

X. Roca-Maza, G.C., H. Sagawa, 
Phys. Rev. C 86, 031306(R) (2012). 



Isovector modes and symmetry energy 
Neutrons and protons oscillate in opposition of phase. We 
expect that their properties can shed light on S. 

IV Giant Dipole Resonance (IVGDR) 

Nuclear matter EOS 
Symmetric 
matter EOS 

Symmetry 
energy S 

E

A
(ρ,β) =

E

A
(ρ,β = 0) + S(ρ)β2 β ≡ ρn − ρp

ρ



S(ρ0) ≡ J
S�(ρ0) ≡ L/3ρ0
S��(ρ0) ≡ Ksym/9ρ

2
0

Main parameters that govern S: " M.B. Tsang et al., PRC 86, 015803 (2012)                                    
J.M. Lattimer, J. Lim, arXiv:1203.4286          

Nuclear structure experiments!
•  Hadronic/EM probes"
Milano"
O. Wieland et al., Phys. Rev. Lett. 102, 
092502 (2009) 
•  Weak probes"
PREX (Roma)"
S. Abrahamyan et al., Phys. Rev. Lett. 108, 
112502 (2012). 
"
Nuclear reaction experiments!
LNS"
"
Observational data!



 

  +                              +    …   =                                   
Particle-vibration 
coupling 

Need to go beyond mean field description: one nucleon transfer 
experiments show that single-particle have spectroscopic factors 
smaller than one.  This can be taken into account considering the 
coupling with collective vibrations (Nuclear Field Theory)  

In the Dyson equation 
 
 
 
we assume the self-energy is given by the coupling with RPA vibrations 
 
 
 
In a diagrammatic way 

[ω −H0]G(�r,�r�;ω) = δ(�r − �r
�) +

�
d
3
r
�Σ(�r,�r�;ω)G(�r,�r�;ω)

Σ(�r,�r�;ω) =

�
d3r1d

3r2 v(�r,�r1)Π
(RPA)(�r1,�r2;ω)v(�r2,�r)
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FIG. 11: (Color online) The comparisons with the experimental data[21, 22]. The level density is shown as a function of the
excited energy in 39Ca for hole states of 40Ca(left panels), as a function of the excited energy in 41Ca for particle states of
40Ca(right panels). The vertical dotted line show the one neutron threshold energy.
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 41Ca  

Microscopic calculations 
•  Starting from exact many-body equations the lowest-order 

approximation to PVC is calculated using consistently an effective 
interaction (Skyrme). Refitting should be necessary. 

 
•  S.p. states: r.m.s. deviations th. vs. exp. below ≈1 MeV (40Ca, 208Pb …) 
    G.Colo’, H. Sagawa, P.F. Bortignon, PRC 82, 064307 (2010). 
 
•  Implementation in the continuum. K. Mizuyama, G. Colo’, E. Vigezzi, 

PRC 86, 034318 (2012). 

 



Nuclear	  Superfluidity	  	  
Different behaviour from even to 
odd  open shell nuclei 

Fermions	  pair	  together	  in	  bound	  states	  
(Cooper	  pairs):	  (quasi)bosons	  

Odd-Even Staggering 



Success of second order  
DWBA in the calculation of 
absolute two-neutron  
transfer cross sections  

G. Potel et al., 
arXiV 1304.2569  

The	  best	  probe	  of	  pairing	  correla/ons:	  	  
two-‐par/cle	  transfer	  reac/ons	  



 
 

Theoretical progress in the microscopic description of 
superfluidnuclei  beyond mean field:  pairing induced interaction 

by extending the Dyson equation… 

to the case of superfluid nuclei (Nambu-Gor’kov), it is possible to consider both: 

and 

A.	  Idini	  et	  al.,	  PRC85	  (2012)	  014331	  	  
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G. Potel et al.,  
PRL 105 (2010) 172502 

Understanding	  the	  physics	  of	  halo	  nuclei	  	  


