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DEFORMED NUCLEAR COLLECTIVE
STATES DESCRIBED IN LABORATORY
SYSTEM
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Abstract

Microscopic description of nuclear collective excitations is reviewed in terms
of the deformed Quasiparticle Random Phase Approximation (dQRPA). To this
purpose a deformed single particle basis with good angular momentum is used.
The dQRPA equations for collectice states are formally similar to those given
by the spherical formalism. It is shown that electromagnetic BE2-values in
even-even deformed nuclei are satisfactorily described for both spherical and
deformed nuclei. The generalization to proton-neutron excitations decribing
beta decays in deformed nuclei is given in terms of pn-dQRPA. The analysis of
the effective axial-vector strength g4 evidences shell effects.
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1 Introduction

The many-body description of deformed nuclei is usually performed by using single
particle states (sp) in the intrinsic system of coordinates. One of the most popular
approaches is provided the Nilsson model [1], deseribing sp dynamics in an intrinsie
system of cylindrical symmetry. This basis is used to desecribe collective excitations
within the Quasiparticle Random Phase Approximation (QRPA) [2]. Thus, the
physical states with good angular momentum are given by the projection procedure
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[3]. This projection after variation method, was extensively used to describe a large
variety of collective excitations, like the Gamow-Teller 11 resonance in the context
of double-beta-decay processes [4, 5, 6, 7], low-lying states in neutron-rich nuclei
[8, 9, 10], the linear response function [11], giant resonances [12, 13, 14], the Pygmy
resonance [15] and magnetic properties of nuclei [16].

A more exact approach is the use of projected wave functions before the varia-
tional procedure, like in the VAMPIR method [17], able to describe complex like the
shape coexistence effects [18]. On the other hand, the projected Generator Coordi-
nate Method gives a precise analysis of first excited 21 state in even-even deformed
nuclei [19, 20].

In Ref. [21] A.A. Raduta proposed a relative simple approach in terms of the
product between one spherical sp orbital and core wave function described by a de-
formed coherent state, projected to a given angular momentum, describing a basis
state for the many-body problem. In this way, many-particle-many-hole config-
urations are described in an effective way due to the fact that the sp states are
“dressed” by core wave functions. The equations of motion have a similar form
as for a spherical system. The method was used to describe various collective ex-
citations in deformed nuclei, like the two-neutrino double beta decay [22, 23, 24],
magnetic collective states [25] and collective excitation in atomic clusters [26].

Later on, in Ref. [27], we generalized this approach by considering all allowed
spherical sp states in order to build a sp state “dressed by deformation”. A particular
case is the adiabatic limit, which is nothing else than the usual Nilsson wave function
expressed in the laboratory frame. In the first part of this review we show that
dQRPA satisfactorily describes BE2 values in deformed nuclei [27], while in the
second part we use the pn-dQRPA to generalize our earlier results [28] on the problem
of the effective axial-vector strength by using the available data on GT S~ and
BT /EC decay rates between 0 states in even-even and 1T states in neighboring
odd-odd nuclei [29]. It turns out that an additional analysis of 28§ half-lives is
essential in determining the effective value of gp.

2 Theoretical background

In order to describe collective excitations we proceed with the steps described in

Refs. [27, 29, 30, 31].

2.1 Single particle basis

1) We first build a deformed sp basis with good angular momentum starting from the
standard Nilsson sp representation in the intrinsic frame, which is then transformed
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in terms of the normalized pair quasiparticle operator

(2.15)
a _ L [ @al,
Ainr) = e o0 0 0]
where we used the short-hand notation 713 = (751j2) and
A {rall@xllTs2)
T = 7§, Urjy + UrjyUrj, ) - 2.16
512 \/(2)\+1)(1+53132)(u.?v.? U.?u.?) ( )
For GT operators in the quasiparticle representation one obtains
Dy, = 3 [gmAlu(on) + Endiu(om) ()] (217)
pn
P o= 3 [mpndl,(0m) — GnAru(pm) ()]
pn
where
Al (pn) = [a;, ®oz;'1] L= (—yrtinal (np), (2.18)
f . -
Au(r) = (ALn) = () (6 © )y,
depend also on the Euler angles €2, and we have defined
olln -
g = B, — (i, 219)
z (pllolln) ip—in
Epn = T%’pun = (=) Iy,
olln .
lpn = LD”‘/IEI )upun = (_)jp jnnnp:
(pllolln) i—in
Cpn = T”pvn = (_)]p J Cnp-

2.3 Collective excitations

5) Finally, we diagonalize the residual interaction in terms of collective dQRPA
phonons of multipole A

MW = > > [y (r12) A4 (m12) — V¥ (n2) As_u(m2) (V] (2.20)

T 1<
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