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Pairing correlations in multi-quasiparticle states in deformed nuclei are expected
to be reduced because of blocking. New intrinsic states and their associated rotational
bands have been identified allowing comparisons to be made as a function of seniority
and between nuclei. The possible effects of the reduced pairing on the collective
rotation, and its manifestation in terms of alignment, are discussed

Recent measurements [1 —3] which exploit time-correlated 7 — 7- coincidence studies
are producing a comprehensive map of the excitation energies and properties of
states formed by combining individual nucleon orbits close to the Fermi surface.
Proton subshell gaps near Z = 66 and Z = 76, and neutron subshell gaps at N =
98 and N = 108 result in the effective isolation of the intervening groups of orbitals
particularly in the case of the neutrons. High-K states obtained by the summation
of the projections, fi, of a number of nucleons, compete with collective rotation
of low-seniority configurations as a means of carrying angular momentum. At the
same time, however, blocking of the pairing correlations should affect the collective
rotation in the high-seniority states themselves.

The dramatic effect on the pairing is illustrated in figure 1, for the case of 177Ta,
recently reported by Dasgupta et al [2]. The lower panel shows their comparison of
observed excitation energies of multi-quasiparticle states, many of them long-lived
isomers, with the results of quasiparticle calculations, which treat the Fermi and
pairing energies self-consistently [3,4] and which include particle-number conserva-
tion [5]. (The small open symbols connected by lines show for comparison, how the
excitation energies are overestimated if a simple summation of 1-quasiparticle ener-
gies is used, without due regard to the further reduction of pairing and the related
change of Fermi level as the seniority increases.) The upper panel shows the calcu-
lated neutron and proton correlation energies An and Ap for each of the observed
states. For most of the 5-quasiparticle states, which are assigned configurations of
7T3I/2 the proton pairing is close to zero while the neutron pairing is reduced to ~
200 keV. The two cases where the proton pairing persists are associated with 7T1!/4

configurations. For the 7-quasiparticle states (TT3I/4) both neutron and proton pair-
ing should have been quenched. While such calculations are known to produce a
spuriously abrupt loss of pairing [6] significant effects might yet be expected.

The decay of high spin isomers such as the 200^s, 49/2" state in 177Ta is prefer-
entially through other high-K states, and importantly through the rotational bands
based on them. This information and the related "prompt" spectroscopic data in
which these and other bands are extended to higher spins opens the prospect of
examining the rotational behaviour as a function of both configuration, and of re-
duced pairing. The focus in high-spin studies, both theoretical and experimental, has



often been on the reduction of pairing induced by rotation 7\ while configuration-
dependent pairing reduction has been considered rriainiy :o explain differences in
band-crossing frequencies in certain 1-quasiparticle cases 81, essentially through the
dependence of the energies of the excited bands on pairing.
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Figure 1: Comparison of observed and calculated multi-quasiparticle excitation en-
ergies in 1 Ta ref [2] and the proton and neutron pairing in each state (upper panel).

As well as new results for 177Ta. the group at the ANU is engaged in a sys-
tematic study of other tantalum isotopes including :75Ta, l76Ta :78Ta and 179Ta [91.
Complementary results are already known for multi-quasiparticle states in 179\V fll,
including rotational bands based on 5- and 7-quasiparticle states. Very recently new
studies [10] of 178W, which were guided by predictions of calculations similar to those
carried out for 177Ta, but with the inclusion of empirical residual, p — p, n - n and
p ~ n interactions [11] have found a number of multi-quasiparticle states, including
an extensive rotational band based on an 8-quasiparticle yrast trap (7r4y4). Within
each of these nuclei there are related multi-quasiparticle states whose configuration
can be identified, or constrained, by the in-band properties, such as the M1/E2
branching ratios which, These depend on the magnetic properties and to first order
at least, allow one to count the proportion of participating protons and neutrons. As
well, since many configurations involve one or two of the :13/2 neutrons ( 7/2+[633]
and 9/2+[624]) and the kg/2 proton (l/2~;54l!) which are strongly Coriolis-mixed,



examination of the alignments can be used as a signature of the component config-
urations. (See ref [1] for an evaluation of the : 9 W cases, where the presence of one
or more i13/2 neutrons or the h9,2 proton is apparent, almost by inspection. ) The
same rotational properties should also be a probe of the loss of pairing and its effect
on the collective motion. Does the motion indeed tend towards "rigidity", through
the loss of pairing correlations? How will that be manifested, and what effect is
there on the high-j particles ?

Figure 2 shows the alignments calculated using particle-rotor band-mixing in a
very simple model, which might be illustrative. Since in a realistic multi-particle
case the subset of orbitals (fi = 1/2...9/2) from the £9/2 proton would be coupled
to a high-K core (see ref[l2]) for related calculations), there will be no decoupling
parameter or diagonal contribution because the Corioiis operator cannot connect
+K with -K components in the symmetrised wave function if K is large. The results
have therefore been calculated with the decoupling parameter set to zero and with
the Fermi level placed below the fi = 1/2" orbital, in the hg/2 case and between the
fi = 7/2+ and 9/2+ orbitals for the i13;2 neutron, as expected for the nuclei in this
region.

The results are shown in the form of the apparent alignment for the lowest
sequence of states from diagonalisation of the Corioiis matrix, as a function of an
arbitrary reduction of the proton pairing (with the neutron pairing fixed) and vice
versa. The moments-of-inertia of the unperturbed bands built on each orbital have
been increased as the pairing is reduced using the prescription of Migdal [13] with
the proton and neutron contributions separated, so that

N Z
3 , o t = ^-D n (A n ) - - D P ( A P )

A A

and

with

The reduction of pairing affects the mixing (which gives rise to the alignment)
through (i) the change in quasiparticle energies of the orbitals, (ii) the occupation
probabilities which are factors in the off-diagonal matrix elements (iii) the unper-
turbed moments-of-inertia, which as they increase towards the rigid body value, will
reduce the off-diagonal matrix elements. The apparent alignments were deduced by
subtracting from the final mixed states, a common reference;

with 3 0 = 30 MeV-1^2, the value that would be used for the "full" pairing (An =
0.998 MeV and Ap= 0.915 MeV ) as in the 1-quasiparticle alignments.

The implication of figure 2, therefore, is that if the pairing did fall, the apparent
alignment could increase. If one were to use the correct reference, whose value in



general would not be known, aut in the calculation at least, should be equal to the
unperturbed moments-oi-ir.er::a that are the input :o the band-mixing calculations,
the real alignment would be revealed. That is shown for the proton case with \
= 0.092 MeV, where the alignment is seen to be smail at very low frequency, and
rise with frequency to reach a vaiue similar to that for the full pairing case. That
the alignment persists despite the low pairing is consistent with the fact that the
Coriolis effects are still large when the Fermi level is near the ft = 1/2 orbital.
For the i13/2 neutron case where the Fermi levei is near mid-shell, the apparent
alignment increases and has a more positive slope than the proton case, as the
pairing is reduced, but the rtal alignment (as shown for An = 0.053 MeV) is very
low, over the whole frequency range.
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Figure 2: predicted alignments as a function of pairing for (a) the set of proton
h9/2 orbitals (b) the set of neutron i13/2 orbitals, in an extreme model (see text);
(c) observed alignments for bands in :78 W and 179 W [9,10,1] ;(d) selected 2, 4 and
6 quasiparticle rotational bands in 176Ta [9]. All rotational frequencies have been
determined taking K = bandhead spin.

In contrast to the expectation that the large changes in pairing with seniority
would have severe effects, examination of states which have related configurations
but in which the pairing is predicted to be very different, suggests that approximate
additivity of alignment is obtained in some cases. For example, new bands found



[8] in 176Ta based on K* = 8", 14" and (20") intrinsic of seniority. 2, 4 and 6, have
been assigned the configurations

TT9/2- [514]S w/2+[633l = 8 " .
x9/2"[514]>5/2+f402l,7/2+r404j S v7/2-[633' = 14".

7r9/2"[514],5/2+[402],7/2+[404] S ^7/2+[633]7/2"[514;5/2-:512" = 20".

The proton pairing should be much smaller in the 14" state than in the 8" band, and
both proton and neutron pairing would have been quenched in the 6-quasiparticle
20" state. The alignments however are very similar (reflecting the presence of one
ii3/2 neutron), the small differences being largely attributable to the small contribu-
tions from the additional particles. Similar conclusions are reached in comparisons
between nuclei, and for example in 178W, even for the new [10] 25+ 8-quasiparticle
state, as shown in figure 2. As shown, its alignment is essentially identical to that
for the 179W 45/2" band [1] from which it can be formed by the addition of a 5/2"
neutron.

Of course, there remain subtle differences between these and other cases, with
respect to both absolute magnitude and frequency dependence, and further analyses
are required before reaching conclusions regarding the quenching of pairing and its
effect on the collective rotation. A consistent recipe for treating a number of parti-
cles outside a core in particle-rotor calculations is also required. Nevertheless, the
growing suite of experimentally observed multi-quasiparticle states, with associated
rotational bands holds promise for unravelling the single-particle and collective ef-
fects.

The results presented here are drawn from work in progress, and I am grateful to
my colleagues for making the results available, and for continuing discussions.
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