


Construction of the functional
Perlinska et al., Phys. Rev. C 69, 014316 (2004)

isoscalar (T=0) density (Po =p + Pp) +isoscg|ar and isoyector densities:
spin, current, spin-current tensor,

kinetic, and kinetic-spin

isovector (T=1) density (P1 = Py —Pp) + pairing densities

hz p-h density p-p density (pairing functional)
H(r) = 5 —mo(r) + ) (xe(r) + X (r))

t=0,1

Most general second order expansion in densities and their derivatives
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« Constrained by microscopic theory: ab-initio functionals provide quasi-data!
* Not all terms are equally important. Usually ~12 terms considered

« Some terms probe specific experimental data

 Pairing functional poorly determined. Usually 1-2 terms active.

» Becomes very simple in limiting cases (e.g., unitary limit)



Pairing correlations: Introduction
This Lecture closely follows chapter 6 in Ring & Schuck The nuclear
many-body problem.
|dea of pairing correlations due to

1. energy gap: Even-even nuclei have few levels up to 1-2 MeV.
Odd-even nuclei have several levels in this range.

2. level density: For a few nucleons in single j-shell, calculated level
density exceeds experimental level density.

3. odd-even staggering: Odd-mass nuclei are less bound than their
even-mass neighbors.

4. moments of inertia: Moments of inertia from single-particle pic-
ture too large when compared to data.

5. deformation: Nuclei close to closed shell are spherical, deformation
sets in suddenly when further away from shell closure.

Even-even nuclei have J = 0 ground states. Goppert-Mayer (1950)
showed that the J = 0 coupling of two nucleons in a single j-shell
is energetically favored for a short-ranged, attractive nucleon-nucleon
force. This is due to the large overlap of single-particle orbitals with
+m angular momentum projection.

1
J=0,M=0)=—>{j,4,m, —ml|00)a’ al |-).
| ) = 550 00)ap,aly,|=)
The observations 1.-5. listed above can be explained when one as-
sumes that (i) spin-0 pairs are an important component of the wave
function, (ii) the breaking of a pair costs about 1-2 MeV, (iii) pair

condensation yields superfluid components.



Evidence for pairing correlations in nuclei

(i) Odd-even effect: mass of an odd-even nucleus is larger than the mean of
adjacent two even-even nuclear masses — shows up in S, and S, for all
nuclei.
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@ Behavior points towards pair formation of nucleons.




Evidence for pairing correlations in nuclei

(i) Energy spectra for nuclei near closed shells (A+2, A + 4) show a clear gap
for the O* g.s.
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Evidence for pairing correlations in nuclei

(iif) The excitation energy of the first excited 2* state in nuclei remains
remarkably constant over large intervals of neutron (proton) numbers.
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@ These 2* states are not rotational states but are connected to a coherent
pairing condensate.

@ Pair breaking energy: 2A=2 MeV



Pairing gaps in even-even nuclei, reduced
moments of inertia, etc.
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Figure 6.1. Excitation spectra of the ¢Sn isotopes.




Evidence for pairing correlations in nuclei

(iv) Energy gap: odd-even and even-odd nuclei (especially deformed nuclei)
have energy spectra different from even-even nuclei.
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Evidence for pairing correlations in nuclei

(v) Moment of inertia: extracted from level spacing in rotational bands
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deviates about a factor of two from the rigid rotor values.
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@ Pairing correlations
have a dramatic
influence on collective
modes.
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