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Part I. Effect of tensor force on the 

properties of excited states in finite 

nuclei  



1.Introduction 

The Skyrme energy density functional(SEDF) is applied successfully to 

describe the properties of finite nuclei after the pioneer work of Vautherin and 

Brink. 

 

The parameters of SEDF are fitted by using the bulk properties of infinite 

nuclear matter and finite nuclei, but most of them lose the tensor part.  

 

Following the work of Otsuka, there are many works contribute to describle 

successfully the evolution of single-particle states based on Skyrme force with 

tensor. 

 

Here we extend our calculations to excited states, and discuss the effects of 

tensor on the properties of excited states, we will foucs on the non-spin flip 2+ 

as well as on spin flip and charge exchange states. 



2 Formula 
Skyrme Force 

Skyrme Energy Density Functional： 
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The energy density founctional for centeral exchange and tensor 

part： 
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is the spin density 



For spin-saturated nuclear 

The total spin-orbit potential： 
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For Excited states 

RPA equation： 

Vmjin includes：central part of the Skyrme 

force, spin-orbit, tensor force 
 

                                              Cao L. G. et.al.,PRC 80, 064304(2009) 
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ISGQR:                  Cao L. G. et.al.,PRC 80, 064304(2009) 
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M1： 
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Gamow-Teller: 
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1. We have shown the effects of tensor on properties of finite nuclei both in 
ground states and excited states. 

 
2.The isotope dependence of energy splitting of proton states (ε(h11/2) − 

ε(g7/2)) in Sn isotopes  is well reproduced by a parameter set of tensor 
interactions. 

 
3. Self-consistent HF+RPA calculations are  performed for non-spin flip 2+ 

as well as for spin flip M1 and charge-exchange GT excitations for 208Pb.  
We found that the the effects of tensor on non-spin flip giant resonance is 
very small, tensor has weak effect on low-lying states, but the effect is 
mainly from mean field level. For spin-flip case, the tensor gives large 
effects, the ph residual interactions change drastically the properties of 
the spin-flip states. 

Summary I 



Part II. Study on the properties of 

single-particle states within beyond 

mean field theory 



self-consistent mean field theory or the nuclear energy 
density functional theory 

     starts from an effective NN interactions  
         (properties of nuclear matter and finite nuclei) 
     
    such as: zero-range Skyrme force 
                  finite-range Gogny force 
                  relativistic Lagrangian 
    
  very successful           bulk properties 
    Binding energy(0.581MeV), Radii(0.03fm)  
        S. Goriely, N. Chamel, et. al., PRL 102(2009)152503  
               stable nuclei  and  exotic nuclei  
   
  Giant resonances(monopole, dipole, Pygmy dipole…) 

Motivation of this work 
 



limitations of NEDFT 

• Widths of GRs. 

• Single-particle states and their spectroscopic factors  

NPA 553, 297c (1993) 



In the Dyson equation  

 

 

we assume the self-energy is given by the coupling with RPA vibrations 

 

 

In a diagrammatic way 

 

2nd order PT: 

ε + <Σ(ε)> 

 

                         +                     +    …   =                                   
Particle-vibration 

coupling 

Particle-vibration coupling (PVC) method for nuclei 

Density vibrations are the most prominent feature of the low-

lying spectrum of spherical systems 

)()()()()( 00  GGGG 



• Microscopic calculations are now feasible. One starts from 

Hartree or Hartree-Fock with Veff and add PVC on top of it. 

All is calculated using the same Hamiltonian or EDF 

consistently. 

RPA 

microscopic Vph 

 

•Pioneering Skyrme calculation by V. Bernard and N. Van 

Giai in the 80s (neglect of the velocity-dependent part of Veff 

in the PVC vertex). 
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We have implemented a version of PVC in which the 

treatment of the coupling is exact, namely we do not wish to 

make any approximation in the vertex. 

 

 

The whole phonon wavefunction is considered, and all the 

terms of the Skyrme force enter the p-h matrix elements 

A consistent study within the Skyrme framework 



2019/7/4 

Cao LG, et.al., Phys.Rev. C89, 044314 (2014) 



Results and discussion 
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The values of σ are 1.421, 1.002, 0.907, 0.873 for T44 . 

I. Single-particle states Cao LG, et.al., Phys.Rev. C89, 044314 (2014) 



II. Effective mass 
Cao LG, et.al., Phys.Rev. C89, 044314 (2014) 

     



Cao LG, et.al., Phys.Rev. C89, 044314 (2014) 

III. Spectroscopic factor 



Summary II 

•Microscopic particle-vibration coupling calculations are now 

available - based on the self-consistent use of nonrelativistic 

functionals. 

• Results for single-particle states are improved compared to 

mean-field results. 

•The effective mass is enchanced by particle-vibration 

copuling calculations, so the level density is improved 

around the Fermi surface which is improtant for astrophysics 

study. The spectroscopic factor is quched by about 20%. 
 



Thanks! 


