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The isovector pairing Hamiltonian
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The isovector pairing Hamiltonian
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We confine our analysis to T = 0 seniority-zero eigenstates.

The Hilbert space of the model is spanned by the states
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The general recipe for an even-even N = Z system

» Adopt the collective pairs
SN
Bl, =Y ———pPf
vr Z ¢ — E, kT
k=1
as building blocks.

> Construct the states |s), product of B}'s arranged into T = 0 quartets,
Nq
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q=1

such that the space {|s)} be invariant under the interchange of any two
pairs.

> Expand |W) into this basis:  |W) = S°7%, d|s)
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Numerical results: 2 quartets

Pair energies for the ground state of a system of
4 protons and 4 neutrons over 4 equispaced levels
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Numerical results: 3 quartets

Pair energies for the ground state of a system of
6 protons and 6 neutrons over 6 equispaced levels
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Numerical results: 4 quartets

Pair energies for the ground state of a system of
8 protons and 8 neutrons over 8 equispaced levels




Comparison: isovector vs like-particle pairing
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Conclusions (1st part)

» The exact T = 0 seniority-zero eigenstates of an isovector pairing
Hamiltonian are linear superpositions of products of T = 0 quartets, each
quartet made by two collective T =1 pairs.

» The isovector pairing Hamiltonian favours the formation of a-like
structures in N = Z nuclei.
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Quartet approximation of the ground state of the IV pairing Hamiltonian (2)

6 protons and 6 neutrons over 6 equispaced levels
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Quartet approximation of the excited states of the IV pairing Hamiltonian

Excited states built on the QCM ground state:

> case (A)
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Quartet approximation of the excited states of the IV pairing Hamiltonian

Excited states built on the QCM ground state:
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Quartet approximation of the excited states of the IV pairing Hamiltonian

Spectrum of the isovector pairing Hamiltonian for a system
of 6 protons and 6 neutrons over 6 equispaced levels
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Quartet approximation for a general IV pairing Hamiltonian (1)

The general isovector pairing Hamiltonian in a sperical mean field
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The general isovector pairing Hamiltonian in a sperical mean field
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» The excited states built on the QCM ground state
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Quartet approximation for a general IV pairing Hamiltonian (2)

Spectrum of the isovector pairing Hamiltonian
for a system of 6 protons and 6 neutrons with
s.p.e.’s and V[ 5!(i,j) from USDB

energy




The case of the isovector-isoscalar pairing Hamiltonian
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Quartet approximation for a general IV + IS pairing Hamiltonian

Spectrum of the isovector + isoscalar pairing Hamiltonian
for a system of 6 protons and 6 neutrons with
s.p.e’s and V/51(i,f), V/5°(i,j) from USDB
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Conclusions (2nd part)

» The ground state of an isovector (plus isoscalar) pairing Hamiltonian in
N = Z systems can be well described as a condensate of a T =0,J =0
quartet built by isovector (plus isoscalar) pairs.

» The excited states of this Hamiltonian can be well described by promoting
one of the quartets of the condensate to an excited (T = 0) configuration.

» As a general conclusion, T = 0,J = 0 quartets play a key role both in the
ground and in the excited states of this Hamiltonian.
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Three basic problems.

1) How to define the quartets:
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3) What to do with them:
Configuration interaction calculations (quartet model (QM))



Intrinsic states of deformed N = Z nuclei in a formalism of quartets
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Intrinsic states of deformed N = Z nuclei in a formalism of quartets

» ‘“ground” intrinsic state
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> ‘“excited” intrinsic states
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QM results: 28S;j
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QM results: *8Cr
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Projection of the intrinsic states
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The projection goes through two steps:

> 1) We project states of good angular momentum from the intrinsic states:
P1|O¢)
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» 2) We diagonalize the Hamiltonian in the space of the projected states:
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QM vs projection from intrinsic
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QM vs projection from intrinsic states: 28Si
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QM vs projection from intrinsic states: “8Cr
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Conclusions (3rd part)

» We have described the spectra of N = Z deformed nuclei in a formalism of
a-like quartets.

» The quartets have been generated by means of proper intrinsic states.

» Band-like structures have emerged in correspondence with the various sets
of quartets employed.

» The same band-like structures have also been generated by projecting
states of good angular momentum from the intrinsic states.



