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2.  Prospects for its occurance
3.  How can we see it? Aside:  Pd92 according to Gogny



Motivation

The neutron-proton interaction in the spin-triplet channel is stronger
than the identical-particle interaction (spin singlet).

So why don’t we see spin-triplet pairing in nuclear spectroscopy?

(Need to be close to N=Z line.)

Answer: the spin-orbit field quenches pairing.  It quenches spin-triplet pairing
more effectively than spin-singlet pairing.

Bertsch and Luo have previously shown that a model of nuclear pairing with
realistic strengths of the interaction predicts spin-triplet pairing condensates 
in very heavy nuclei (Phys. Rev. C 81 064320 (2010)).  That work  
was restricted to spherical nuclei on the N=Z line.  More recently, we found 
that the triplet pairing condensate can persists off the N=Z line.
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The Hamiltonian

Woods-Saxon single-particle potential

Contact pairing interaction

Active single-particle space is taken in an energy window E_B=10 MeV 
about the Fermi energy.

Strengths of the interactions v_0, v_1 are fitted to USDB and GX1A.
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The  Bogoliubov approximation

M orbitals in the single-particle space

Define MxM matrices U,V (subject to orthonormality conditions)

ρ = V V t κ = V U t

E = Tr(Hspρ)− 1
2
Tr2(κvκ)

Minimize E subject to constraints:  N, Z, ...

Typical dimensions:  M=100-200

Ecorr = E0 − ECorrelation energy



Results  --Phys. Rev. C 81 064320 (2010)

1.  There is a large fluctuation of pairing correlation energies, depending on
the shells near the Fermi energy.

2.  Spin-triplet np pairing is favored in extremely large N=Z nuclei
(beyond the proton dripline).



In the physical region
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New Results--off the N=Z line



New Results--off the N=Z line
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Character of pairing  below the N=Z line

Red:  mostly triplet
Green: mostly singlet
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Theory Questions

1.  How can we understand the mixed-spin ground state?

2.  Does a trace of the spin-triplet condensate persist in CI-based theory? 

3.  Do mixed-spin states persist in asymmetric nuclear matter?

4.  What would be the effect of imposing good number parity on N,Z separately?



Aside on the theory for Pd-92



Computed spectroscopic observables for 1712 nuclei:
  -yrast energies up to J=6
  -excited 0+, first and second yrare J=2
  -B(E2) values for many of the transitions
  -E0 matrix elements
  -deformations, including triaxiality

The CEA/DAM global survey (HFB/GCM/5DCH), on the N=Z line

PRC 81, 014303 (2010)
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How can we see NP pairing correlations?



Observables

Two-particle transfer

�A− 2|aiaj |A� ≈ �aiaj�HFB = κij

Possible definition of pair transfer amplitudes 

Aα = Tr(Pακ) α = (1, ..., 6)

= 0 otherwise

Example

Pα
ij = 1 if �i = �j ,mi = −mj , szi = −szj , tzi = tzj = 1/2

(T, Tz, S, Sz) = (1, 1, 0, 0)



Warm-up cases?

PRC 20 1198 (1979)
PR C 28 141 (1983)



Reactions A (p,3He) (A-2) A (d,4He)  (A-2)

Example:  40Ca (p,3He) 38K

Falk, PR C 20 1198 (1979) Sen,  Nucl. Phys. A407 45 (1983)



Extracted Spectroscopic Quantities



How good is single-step zero-range DWBA?

It is easy to do with DWUCK4. 

Code is freely available:  http://spot.colorado.edu/~kunz


