Medium polarization effects In
neutron-proton pairing

Outline:
The puzzle of the missing neutron-proton pairing in nuclei

Self-energy effects on n-p (35D;) pairing energy gap
Induced interaction theory (Landau limit)
Vertex corrections in pairing interaction in 35D; two-body channel

Nuclear matter vs. finite nuclei
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The puzzle of neutron-proton pairing in nuclei

3 The neglect of the neutron-proton interaction is the major weakness of the pairing
force

theory. This interaction is just as strong as that between a pair of like nucleons. In fact
n

the T=0 state is stronger’( A.M. Lane, Nuclear Theory, Benjamin 1964)

Later this statement received support by numerical

estimates of np pairing gap in nuclear matter with realistic interactions ( 8-12 MeV).
(for a review see U. Lombardo, Superfluidity in nuclear matter, World Sci. 1999, Ed.
M.Baldo)

Despite the numerical predictions by A. Goodman (PRC 60,1999), no clear evidence
for n-p pairing has so far been found in nuclei.

Recently, first Bertsch et al. (PRC 2010) and later Sagawa et al. (Phys.Scr. 2016)
studied the competion between spin triplet and spin singlet pair correlations in nuclei
Bertsch predicted a transition from spin singlet (nn) to spin triplet (np) pairing

in large N=Z nuclei (A=130-140) .

But the suppression of the np pairing in nuclei has not yet been completely
understood. Possible candidates are many body effects, including self-energy and core
polarization.

It is already established the role of self-energy effects (effective mass and quasi-
particle strength).

The effects of core polarization have been predicted for nn and pp pairing (5=0,T=1)
within the indiiced interaction theorv either in niiclei ( Milano aroitin) and in niiclear
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Comparison with nn pairing (spin-singlet)
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Gap Egs with self-energy corrections

BCS maxtebderfaottolgedchaneeal 8485 by pyripg)iring):
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Quasi-Degenerate Fermi System
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self-Energy corrections

quasi-partide strength
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Self-Energy corrections

Full self-energy corrections
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Self-Energy corrections

Full self-energy corrections

np Vs. nn pairing
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Core polarization : ph excitations
within the BandB induced interaction theory
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particle-particle
coupling

pin-singlet (e.g.,neutron-neutron 'S, channel)
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It turns out tio be repulsive at any density,
quite small in comparison wih bare interactio
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spin-triplet Induced Interaction
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Intleraction at the Fermi surface.
000 005 010 015 020
p (fm°)

[
N
o

A O
o O
——T—— T

()™ (MeV )

o
——

IN
o
T




mo dsEsfiabd€ i esliclaa bielse(S D, NMp paitiay):

1
2E(k")

AL (k) = ZL’f Vi (k:k’) Ay (k')

yrmalization of the ?liring,int,eraction:
Renormalization of the pairing interaction: Momentum Space
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The window gap equation makes it more unstandablethe role of off-diagonal matrix
elements of the pairing interaction vs. , in particular
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Off-diagonal matrix elements V(kf,k)
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nclusions:

ere is a general consensus that self-energy corrections conspire against
kinds of pair correlations, including the neutron proton 3SD1 pairing.
nuclear matter they severely reduce the pairing gaps and shink the pairing
main to lower densities, typical of nuclear surface

e vertex corrections could provide a screening to the pair interaction

d could be good candidates to solve the puzzle of the missing neutron-proton
ps in nuclei . We found in fact that , in the deuteron channel, they have a repuls
ect in contrast with what happens in the case of 150 channel. However we foun
\iegligible effect in the approximation adopted in the present calcs.

proaches in finite nuclei attribute the missing np pairing to the spin-orbit splittir
t for N=Z very heavy nuclei a crossover from nn (pp) pairing to np pairing is
xdicted . This result is consistent with the present calculation.



Isospin splitting of potential energy
(BHF: Bonn+3BF)
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Correlation energies Ec_,/EC ._,
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Xavier,
Welcome into the club of die-hard
physicists!
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