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- excitations (energy gap)
• Conequences : - geant glitches 

- cooling    

neutrons: superfluidity  of  1S0 type 

• Consequences • Core  :  - neutrons: superfluidity of  3PF type
- protons:  superfluidity of 1S0 type

• Crust: - neutrons: superfluidity of 1S0 type 
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Unified (DFT  ?) Description of Pairing  in Nuclear Systems 
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- reduction of moment of inertia

- enhanced pair transfer



1S0  Pairing Gap in Neutron Matter

A. Schwenk et al, NPA713 (2003) 191

U.Lombardo, H.-J. Schulze ( 2001)

BCS

A. Gezerlis, J. Carlson, PRC77(2008)

S. Gandolfi et al, PRL101(2008)



Pairing in neutron matter: Gorkov type calculations

L. Cao, U. Lombardo, P. Schuck, PRC(2006)

Gorkov equations ;0|)(|0 ><−= +aaTiG ><−= ++ 0|)(|0 aaTiF
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constraints  from  neutron stars properties ?



Cooling of Neutron Stars  in X- Ray Binaries 

PS Shternin et al, (2007)E. Cackett et al, 2006



Cooling Time and Crust Superfluidity
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Dificulties of an universal  DFT with pairing 

significant finite size effects  
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accuracy of BCS for nuclei:  - particle number conservation
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“In nuclei, the pairs cannot be localized  within 
dimensions smaller than the nuclear radius R ”.

A. Bohr and  B. R. Mottelson :

(Nuclear Structure, vol II,1963 )
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no spatial correlations !



Two-body correlations  induced by pairing: 
definitions

• two-body density

• two-body correlations 

• two-body correlations 
in BCS

describes correlations between two generic nucleons  
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Pairing tensor and two-particle transfer
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Main Issues

• Localisation properties of  

• Coherence length in nuclei  

• Structure of Cooper pairs : BCS  vs exact model

surface./bulk localisation ?
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• pairing tensor in coordinate representation :

• HFB equations

Pairing correlations in HFB  approach
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Spatial correlations: surface or bulk ?
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N. Pillet, N. S,  P. Schuck, PRC76( 2007)



N. S,  P. Schuck, X. Vinas, PRC 71 (2005) 054303

Vpair =V0[1-η(ρ/ρ0)α]δ(r-r’)

Localization of pairing correlations: Skyrme-HFB
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Two-body uncorrelated wave function
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The Effect of Parity Mixing 

r(fm)
0

2

4

6

8

10

R
(f

m
)

-0.100
-0.061
-0.022
0.017
0.057
0.096
0.135
0.174
0.213
0.252
0.291
0.330
0.370
0.409
0.448
0.487
0.526
0.565
0.604
0.643
0.683
0.722
0.761
0.800

K2

e K2

o

0 5 10 15 20

r(fm)

0

2

4

6

8

10

R
(f

m
)

2 Ke K0

0 5 10 15 20

r(fm)

120Sn K2

*10-2

)(cos )()(v)12(
4
1),( 21nlj21

1

θ
π

κ lnlnl
jn

nlj
BCS PrRrRujrr ∑ +=

rr



Coherence length in Ca, Ni and Sn isotopes
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What happens in deformed nuclei ?



Pairing localization in 152Sm

N. Pillet, N.S, P. Schuck, J.F. Berger, in preparation
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Coherence length in deformed nuclei 



Why the coherence length is so small in the surface ?



Coherence length in neutron matter and nuclei

120SnInfinite neutron matter



Coherence length and Pippard approximation
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Pairing tensor in momentum representation 
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Pairing  in local density approximation 

R. Bengtsson, P. Schuck, PLB89(1980)



How much depends the coherence length on pairing force ?



Coherence length versus pairing force

A. Pastore, F. Barranco, R.A.Broglia, E. Vigezzi, PRC(2008)

120Sn



Coherence length in a slab of neutron matter

S.Pankratov, E. Saperstein,M.Zerev, M. Baldo,U.Lombardo,PRC79(2009)



How much depend the two-body correlations on 
pairing treatment ?
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Solutions of pairing Hamiltonian
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all pairs are different !



Two-body correlations in configuration space

Npair =8
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N. S , G. Bertsch, PRC78( 2008)



Pair transfer amplitudes 

Npair =8

g=0.32 g=0.42 g=0.87

weak coupling intermediate coupling strong coupling
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Npair =8

Pair wave functions
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Accuracy and energy cut-off

BCS PBCS

N. S , G. Bertsch, PRC78(2008)



BCS and perturbative corrections 

N. S , G. Bertsch, PRC78(2008)



Summary and ConclusionsSummary and Conclusions

• small  coherence length  (2-3 fm) in the nuclear surface

• localization of pairing correlations:  dominated by the 
shell structure 

• exact solution :  all pairs are different !  

implication: energy cutoff  in BCS should be 
comparable with the pairing gap  


