The E(2) critical point description of the pairing phase transition in a two j-shell model
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Shortly after the development of the BCS theorysaper-
conductivity [1], Bohr, Mottelson and Pines [2] gegted a
pairing mechanism in the atomic nucleus analogouthat
observed in superconductors to explain the gaprebdean

the intrinsic excitation spectra of nuclei. Sinbert a wealth
of experimental data has been accumulated, supgatttie
important role played by nuclear "Cooper pairs'hindify-

ing many properties such as deformation, momenisef

tia, alignments, etc.

An early approach to describing pair correlations
nuclei was the development of a collective modeBbyg and
co-workers [3]. The variables in the model are & gafor-
mation a (which can be related to the gap parameter) and a 2
gauge anglep(which is the canonical conjugate to the parti-
cle-number operataX). The collective pairing Hamiltonian
was derived in direct analogy to the Bohr collestiamil-
tonian which describes the quadrupole degree efltym for
the nuclear shape [4]. The Bohr Hamiltonian hasemdg  Fig. 1: Potential as a function of the “pairing @ehation”qa,
received renewed attention due to the suggestarstmple shown for several values of the control parameter x
analytic approximations can be made to describectitieal

V(o)

point of the transitions between nuclear shapek[3fiese REFERENCES )
can then serve as new benchmarks against whictearucl [1] J. Bardeen, L. N. Cooper, and J. R. Schriefitys. Rev.
properties can be compared. 106, 162 (1957).

In a recent Letter [8], we followed the ideas of 52;;?('1%%2;’ B.R. Mottelson, and D. Pines, PhysvRHO,
lachello to obtain an analytic solution of theleolive pair- : )
ing Hamiltonian corresponding to the critical powit the [l\?iEIIPRH E';se:’lfé ?.(Iirgo%l)a, R.P. J. Rerazzo, &ndumalr,
transition from a “normal” to a “superconductifigiucleus. [4] A. Boﬁr K D'an Videnék Selsk. Mat. Fys. Me@, 1
Nuclei with two identical particles added or remdveom a (195'2) T ’ ’ ’ ' ' '
closed shell configuration should be close to tlemal [5] F. Iéchello Phys. Rev. LeB5, 3580 (2000).
limit, where there is no static deformation of air field 5] IacheIIo: Phys. Rev. Lew: 052502 (2001).
?nd tlhe flutctuanons of the field give rise to aripg vibra-  [7] F. jachello, Phys. Rev. Le®1, 132502 (2003).
lonal spectrum. 8] R. M. Clark, A. O. Macchiavelli, L. Fortunatand R.
In this work we study the E(2) critical point sym- E(r]ucken, Phys.Rev.Let86 032501 (2006). "
metry on the basis of a simple microscopic modat thkes
into account the necessary ingredients. We consiggeons
moving in two single-j shells of degenera€y interacting
with a pairing force of strength G. The levels aeparated
by an energy. The control parameter, driving the system
from the normal to the superconducting regimes x is
GQ/2e. When x is small the pairing correlations are not
strong enough to overcome the single particle tspitand
the system is amenable of a description in termpawing
vibrations. As X is increased, it undergoes asitam to the
superconducting regime, or pairing rotations.
We observe that the E(2) critical point correspond
as expected, to x~1. The potentials in the paiormedtion
coordinate derived from the model are shown inIFand
support the assumptions made in our macroscopilyssa

[8].



