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   Since the famous paper of 1960 by S.T. 
Belyaev, it became clear that the low-energy 
nuclear dynamics is governed mainly with an 
interplay of pairing and the quadrupole degree 
of freedom. Properties of the quadrupole 
excitations themselves depend crucially on the 
pairing. It is clearly seen directly from the 
experimental data. Indeed, there is no low-lying 
collective 2+-state in magic nuclei where 

   pairing is absent. E.g., in the 208Pb nucleus the 
first 2+-state has the excitation energy 

   ω2 = 4.08 MeV, but in the neighboring isotope 
206Pb it decreases to ω2 = 0.80 MeV.  



   In fact, low-lying 2+  states and pairing have the 
common grounds, the unclosed shell structure 
where low energy virtual transitions of positive 
parity dominate, and pairing is just an 
approximate way to take into account  the most 
important part of correlations. In the paper cited 
above, we put attention to effects  of the density 
dependence of pairing  on characteristics of 2+  
states. I am an advocate of the surface type of 
pairing in nuclei. I mean the following. Almost 
50 years ago, within the FFS theory, in  

   E.E. Saperstein, M.A. Troitsky, Sov. J. Nucl. Phys., 1, 
400 (1965),  we suggested  



Density dependent effective pairing  interaction 

For brevity, we name it  ‘surface pairing’, in contrast with the 
‘volume pairing’:              . In several Skyrme HFB calculations, 
and in a modern version of the self-consistent FFS theory we use,  
the ‘Generalized EDF method’,  
S. A. Fayans, S. V. Tolokonnikov, E. L. Trykov, and D. Zawischa,  
Nucl. Phys. A 676, 49 (2000).   

But this does not change the essence. 



 Localized effective  ‘ab initio’ pairing interaction in 
200Pb and 120Sn  ( model space  with                       ) 

for the self-consistent basis the EDF 
DF3 by Fayans et al. was used 



Strong arguments in favor of surface pairing were found 
by Fayans et al. in the analysis of odd-even staggering 
of charge radii in the paper cited above. 



We use the self-consistent FFS theory with 
 the basis of the EDF method by Fayans et al. 

 with the functional DF3-a 
 (S.V. Tolokonnikov and E.E. Saperstein, Phys. Atom. Nucl. 73, 
1684 (2010).), 
a version of the functional DF3 by Fayans et al.  
with modified spin-orbit and effective tensor force.  
This modification  is important for better description  
of new data on spin-orbit splitting and is of primary  
importance for nuclei heavier than the lead. 



Spin-orbit and 1-st Landau-Migdal spin harmonic 
(effective tensor force)  terms of the EDF 

S.V. Tolokonnikov, E.E. Saperstein, Phys. At. Nucl. 73, 
1684 (2010). 



   We use the set of the FFS theory equations for 
the effective field for superfluid  systems which 
are completely equivalent to the QRPA 
equations. 

   We limit ourselves with semi-magic nuclei 
where the phonon coupling (PC) corrections to 
QRPA are less than in nuclei with both non-
magic subsystems.  





Transition amplitude 
from 0 to s: 



Normal vertex            for neutrons, protons in 118 Sn, 
red – surface, blue – volume pairing 



Charge transition density       for 118Sn, red – 
surface, blue – volume pairing 

Exp: J. E. Wise,  et 
al., Phys. Rev. C  
45, 2701 (1992). 
    blue – volume, 
    red  -  surface 
               pairing 



These figures confirm interpretation of the first 2+ 
excitations as “quantum capillary waves” 

(V. A. Khodel, 1972), with strong surface BM-like  
(classical) maximum and relatively weak inner 

“quantum”  corrections. 



Anomalous components         of neutron transition 
amplitude, red – surface, blue – volume pairing 



There is no direct way to observe       , but!  There is an 
indirect one. In semi-magic nuclei under consideration 
they are comparatively small and can be considered as 
a perturbation. Then we may to present the eigen energy 
as  

where the correction due to the anomalous components 
is 

Therefore, for the surface pairing this (negative) 
correction should be stronger. 
It turns out that way  in actual calculations. 
For B(E2) there is an interference of        and         ,  
therefore dependence on the type of pairing is not so  
simple.        





   SHFB calculations with SkM* and SLy4 are taken from 
   J. Terasaki, J. Engel, and G. F. Bertsch, Phys. Rev. C  

78, 044311 (2008). (volume pairing) 
   For surface pairing we obtained ω2 values 

approximately  0.3 MeV less than for volume, 
   closer to experiment: the rms deviation from 

experiment  is                                for surface pairing 
And                                   for volume pairing. The first 
one is better than the SkM* and especially SLy4 
results. For B(E2) situation is not so definite because 
of experimental errors,  but here the volume version 
looks a little better. 

   Again our results (both) are better than the SHFB 
ones. 





   For the lead, the situation is qualitatively 
similar: 

   ω2 for volume pairing is again 0.3 MeV higher,  
                                  for surface pairing and  
                                  for volume pairing. 
   Here our accuracy for ω2  is worse than in the 

tin chain, and is approximately the same as for 
both the SHFB calculations. 

   For B(E2) (only 4 points) the SHFB accuracy is 
a little higher. 







                              THUS, 
   the analysis of the excitation energies of the 

first 2+- states  in semi-magic nuclei gives a 
new evidence in favor of the surface pairing. 



Surface pairing only 



Surface pairing only 



PC corrections to QRPA 
I have an experience in the PC correction problem for 
quadrupole moments of odd nuclei – odd neighbors of 
semi-magic nuclei, a very similar problem: within the 
QRPA, 

Where V(r) is the static effective quadrupole field: 

at 



E2 

E2 



118 Sn odd proton neighbors 

117 In  (1g9/2)   QRPA: Q=+0.963  b [exp: 0.829(10)] 
119 Sb (2d5/2)   QRPA: Q=-0.764 b 
Z(1g9/2)=0.579,                     , BUT   
Z(2d5/2)=0.547, 

THUS 

   Two PC corrections to QRPA, the one for Green 
functions and the one of induced interaction 

    almost compensate each other 



Thus, we can hope that, as a rule, in semi-magic 
nuclei QRPA for the first quadrupole excitations 
works well . 

     THANK YOU FOR PATIENCE! 





h11/2 intruder state in tin isotopes  



s.p. levels in 116 Sn: B=DF3,C=exp,D=DF3-a 


