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- Pairing interac,on induced by the exchange of  collec,ve vibra,ons

- Two-par,cle transfer and the Josephson effect
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Semiclassical diagonal pairing matrix elements (120Sn)
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Mean field calcula,on with low-momentum 2N and 3N 
interac,ons: 3-body force reduces the pairing gaps



By extending the Dyson equation…

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

and

NFT  has been mostly used in normal nuclei.
Extension to superfluid, spherical nuclei   within the Nambu-Gor’kov formalism
(cf. Van der Sluys et al., NPA551(1993)210) 



Renormaliza,on of  BCS quasipar,cle energies and pairing gap 
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a ṽb(m))

W (ab(m)�⇥) = h(ab�⇥)(uBCS
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Generalized Gap Equation (schematic)

Sensitive to effective mass

Quasipar,cle strength <1
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Renormalization of BCS pairing gap for states close to the 
Fermi energy  (single node approximation, SLy4 mean field )      

Experimental phonons were used  for natural parity  modes with  λ=2,3,4,5
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Many-Body Perturbation Theory
Holt, Menendez,Schwenk,  J. Phys. G  40 (2013) 075105









Local approximation 
Argonne+ induced

Argonne

Induced

The pairing gap 
associated with the bare 
interac,on  is surface 
peaked;
the induced interac,on 
reinforces this feature 

Microscopic jus,fica,on of surface peaked, 
density-dependent pairing force

A. Pastore et al., Phys. Rev. C78 (2008) 024315



A. Pastore et al.,  Phys. Rev. C78 (2008) 024315



One of the basic questions about nuclear pairing is the role of induced interactions 
in the effective pairing interaction [5,54–57]. Indirect information about this can 
in principle be obtained by exhibiting the density dependence and the isospin 
dependence of the effective interaction. It is therefore of interest to examine
interactions including a density dependence to see the sensitivity. 

The rms residual for the neutron OES with volume, mixed, and surface pairing 
in HF+BCS theory are shown in Table IV. There is a slight favoring of the surface interaction, 
but we deem that the difference in the residuals (10%) is too slight to be significant. 
The weak sensitivity to the density dependence confirms the results of other studies [10,58]. 
G.F. Bertsch et al., PRC 79 (2009) 034306

Binding energies do not provide a clean measure of pairing correlations since they 
have contributions which are not directly related to them. These include the impact 
of (quasi)particle-vibrational coupling on the binding energies of odd-mass nuclei. The inclusion
of particle-vibrational coupling increases the accuracy of the description  of the single-particle 

configurations in odd-A nuclei but such studies are limited  to spherical nuclei (see Refs. [76,77)
It is interesting that such features have already been mentioned in seminal article 
of Dechargé and Gogny [78] where they indicated that treating explicitly the residual 
interaction through configuration mixing in odd and even nuclei is expected to lower the 
OES by approximately 300 keV in the Sn isotopes. 
S. Tee= and A.V. Afanasjev, Phys. Rev. C 103 (2021) 034310 





- The Josephson effect and two-nucleon transfer reac5ons



Josephson JuncRon  in Condensed MaTer



















Velocity of the transferred (nuclear)  Cooper pair:   Depairing velocity .

𝜉 = ħ vF /2 𝛥, 
coherence length 
of the superfluid 



Extension of the Cooper pair in an isolated nucleus
: almost the same for different forces.

It is constrained by the nuclear mean and field is much smaller than
the nuclear matter estimate h vF /𝜋𝛥 (~ 20 fm)

M. Matsuo, Phys. Rev. C56 (2007) 3054
N. Pillet, N. Sandulescu, P. Schuck, Phys. Rev. C76 (2007)24310
K. Hagino, H. Sagawa, J. Carbonell, P. Schuck, PRL 99 (2007)22506
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The nucleon pair is transferred due to the mean field acting twice.
The amplitude due to the action of the  pairing force is about one order 
of magnitude weaker
D.R. Bes and O. Civitarese, Nucl. Phys. A 983 (2019) 53

Coherence length during the reac9on: possibly, a somewhat 
different concept
The two nucleons remain correlated even when they are separated 
by the distance of closest  approach




