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Positive-Parity States in Pt and Hg Isotopes and the Coriolis Antipairing Effect
in the Deformed-Rotor Model
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Anomalies in the experimental spectra for the positive-parity states of the Pt and Hg

isotopes are explained in the y-deformed-rotor model which takes into account the coup-
ling of the two quasiparticle excitations with the ground band. It is found that the 0—2-
quasiparticle coupling is very important. Moreover, it is recognized that the linear in-
crease in the moment of inertia with the square of the angular velocity can be described
by this coupling.

A variety of spectra for low-lying high-spin
states in the transitional even-even nuclei '~ '~Pt
and '" s"Hg by (HI, xn) and (n, xn) reactions has
been obtained' ' during the last few years. The
positive-parity ground-state bands (gsb) in these
nuclei show some interesting anomalies which
are presumably explained' ' in terms of two-qua-
siparticle (qp) excitations (rotation-alignment
picture'). In this Letter we report the results of
our detailed investigation of the gsb carried out
using two different descriptions for the energy of
the core which is taken to be y deformed.

(i) In the first description, which is developed
in this contribution, we extend the asymmetric
rotor model of Davydov to include the coupling be-
tween 0- and 2-qp states. In the following we
shall refer to it as AHOT02. As a reference we
shall give also the results of the simple asymmet-
ric rotor (AROT) model of Davydov.

(ii) We compare the results of AROT02 with a
calculation where we neglect the interaction be-
tween the 0- and 2-qp states. Instead we allow
for an increase of the moment of inertia of the
asymmetric rotor with growing angular momen-
turn as described by the variable moment of iner-
tia (VMI) model' extended previously to include y

deformations' (AVMI2), and include also 2-qp ex-
citations.

The main result we want to emphasize is that
the iwo descriptions mentioned above (AROT02
and AVMI2) provide very similar results. This
indicates an underlying relationship between the
VMI model and the 0-2-qp coupling. Moreover,
this leads us to believe that the Coriolis antipair-
ing (CAP) effect which is supposed to be respon-
sible for the increase in the moment of inertia.
with the square of the angular velocity [as seen,
for example, in cranked-Hartree- Fock-Bogoliu-
bov (HFB) calculations'] can be described in the
simple deformed-rotor model in terms of the
coupling of the 0-qp and 2-qp bands.

For the description of the 0- and 2-qp excita, —

tions the Hamiltonian of the system is written
as10

H Hsp +Hoot +HI ps

in which H,p
is the Hamiltonian of the independent

quasiparticle and H, describes the rotational mo-
tion of the y-deformed core. The residual inter-
action H„, is taken to be the modified surface y
interaction" of Green and Moszkowski. The to-
tal wave function of the system with the core and
the 2 qp is expressed in the basis"

(2)

!
rnulation relevant to the present calculations is
similar to that given in Ref. 10.

The moment-of-inertia parameter of the asym-
metric rotor model is fitted to the 2,' energy.
The deformations (y =60' for Hg and y = 30' for Pt

((1,1,Z)R~;lm) =(1+6, , )-"' Q(ZM, IiM, (IM')((1,1,)ZM, )(It ~iW, ),
&~M~

in which l(j,j,)JM~) is the wave function of the
2 qp and IBa M„) represents the core eigenfunc-
tions. The 0-qp component is described by the
a,symmetric rotor multiplied by the BCS vaeuurn.
The symbols used in the above expressions are
self-explanatory. The essential theoretical for-
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isotopes) are taken from our work" on the nega. -
tive-parity states in these nuclei. The stiffness
parameter of the AVMt:2 model is adjusted by the
4y energy. For the single-particle configuration
we have considered only the whey/2 and vly3/2 spher-
ical subshells. The other parameters X and ~
which are very important to decide the band head
energies of the proton or the neutron 2-qp states
have been indicated in the figure captions and are
obtained in the following manner. An extensive
study of the parameter dependence of the level
spectra in the Hg and Pt nuclei has been made,
and our results show that in the case of the
(11h»„) ' configuration the 10' and 8' states are
almost degenerate whereas for the (vi»„) a con-
figuration the 12', 10+, and 8+ are very close to
each other. These distinct features of the level
spectra for the proton and the neutron 2-qp exci-
tations are independent of the values (within rea-
sonable limits) of the parameters X and A. Thus
a comparison of the experimental spectrum with
the theoretical results allows us to know the na-
ture of the excitation (proton or neutron) and in
most of the cases this answer is unambiguous.
After the nature of the 2-qp excitation is decided
we take the appropriate values of the parameters
A. and 6 to obtain the energy of the band head.

The values of X and 4 thus obtained here are a
bttle different from those used in Ref. 10. This
modification of the Fermi surface could also be
described by a shift of the i»/2 neutron aI1d k»/2
proton levels. The spurious components in the
description of the 2-qp states arising due to the
nonconservation of the number of particles have
been removed by Schmid orthogonalization meth-
od.

Figures 1 and 2 show the results for the '~'"Hg
and '"Pt isotopes as the representative examples.
It is evident that the two descriptions (AROT02
and AVMI2) give similar results and both are in
good agreement with the experimental data. How-
ever, it should be pointed out that the difference
between the results of the two models for higher
spins (14', 16', etc.) is only the indication of the
fact that one has to take into account the admix-
ture of the 4-qp states to the 2qp states and this
is quite expected. Figures 1 and 2 also show on
the right-hand side the core energy of the simple
asymmetric rotor without including the 0-2-qp
coupling (AROT). A comparison with the results
which include this coupling (AROT02) shows a re-
markable lowering of the core energy (0-1lp ener-
gy) providing a nice agreement with the data.
Such an appreciable influence due to the admix-
ture of the 0-qp and 2-qp states is contrary to the
existing notion" which is derived from the fact
that the different 10' states, which are supposed
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FIG. 1. Experimental and calculated results for the
positive-parity states in '9 ~ '98Hg, Experimental data
(on the left) are compared with the asymmetric rotor
model (AROT) in column 4, the results of the asymmet-
ric rotor model with the 2-qp mixing wherein the in-
crease of the moment of inertia with growing angular
momentum is described by the extended VMI model
(AVMI2) in column 2. The parameters used in the cal-
culations are P = 0.116, y = 60', A =42.20 MeV, X„=48.06
MeV, ~=0.90 MeV, and a„=1.24 MeV for ~GHg, and p
=0.099, y=60', X&

——42.04 MeV, A„=48.18 MeV, b
= 0.90 MeV, and Q„=1.12 MeV for ~ Hg.

1.0
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FIG. 2. Experimental and calculated results for the
positive-parity statea in Pt. For the details see Fig.
1. Here the second and third 10+ states have been
shown beside the yrast band in each case. The param-
eters employed in the calculations are P=-0.155, y =80,
A =48.80 MeV, A„=48.76 MeV, 6&= 0.80 MeV, and +=1.10 MeV.
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to be 0- and 2-qp states, are close together indi-
cating no appreciable mixing. The important
point is that yrast 2-qp states do not have any ap-
preciable admixture with the 0-qp states. This
is because the yrast 2-qp states are built by large
J and small R values (J = total angular momentum
of the two quasiparticles; R = angular momentum
of the core), while the 0-qp state has R =I. In-
deed, in this case the matrix element between 0-
and 2-qp states is small. In contrast to the yrast
2-qp states, there are quite a few high-lying
2-qp states which are essentially made of small
J and large R values. For the 2-qp states with
such a configuration the Coriolis intera. ction can
provide a large coupling to the 0-qp states. The
consequence of this is that the yrast deformed-
rotor states are pushed down as demonstrated in
Fig. 1 for '~'98Hg, and in Fig. 2 for '"Pt (com-
pare AROT and AROT02). Thus it has been shown
that a linear increase in the moment of inertia
with the square of the angular velocity is caused
by the admixture of the 2-qp excitations which
reduces in a smooth way the pairing correlations
(CAP effect).

The experimental spectra of the Hg isotopes
are similar in structure excepting the following
irregularity: Up to A =196 the 8' and 10' states
are almost degenerate and the spacing between
the 10' and 12' is roughly identical to the 0' and
2' energy difference. Beyond A = 196 the spa.cing
between 10' and 12' states is substantially re-
duced and the difference between the 12' and 14'
states corresponds to about the 2' energy (see
Fig. 1). From our calculations wherein we have
considered (mh||„) ' and (vi»~, ) ' configurations
for the 2-qp excitations, we find that the change
in the structure of the spectrum for A =198 is
due to the fact that beyond A = 196 the neutron
2-qp energies are lower than the proton ones. A
similar conclusion has been reached by Gunther
et a/. ' in their experimental studies of the 8 (E2)
values in the Hg isotopes. The lowering of the
(vi»„) ' excitation energy in the case of '"Hg is
partly due to the movement of the neutron Fermi
energy (X„) very close to the highest Nilsson lev-
els and partly due to the decrease of the pairing
gap energy (b, „). In fact, with increasing neutron
number we fill for the obla, te shape in the Hg iso-
topes the smaller 0 levels of the i»i2 neutrons.
This makes it easier to align two neutrons which
further lowers the 8', 10', and 12' neutron 2-qp
states. Our calculations show that for the Hg iso-
topes the states up to spin 6' are 0-qp states (with
a small admixture of 2-qp states) whereas 8+, 10+

10', etc. , are essentially 2-qp states of proton na-
ture for A&196 and of neutron nature for A&198.

A similar study for the Pt isotopes (see Fig. 2)
shows that the yrast states up to spin 8' belong to
the 0-qp band. In '~Pt the 10', 12+, and 14' are
also found to be 0-qp (with a small admixture of
2-qp) states. In the '" "4Pt isotopes the yrast
10' state is found to be throughout of (mh»») '
configuration. Further, our analysis shows that
in '" "~Pt the 12' and 14' states are due to neu-
tron excitations. The variation in the excitation
energy of the 12' and 14' states is again due to
the change in the neutron Fermi energy (A.„)with
increasing neutron number.

An interesting feature of the spectra, in Pt is
that there are three close-lying 10+ states (see
Fig. 2). Two of these states are supposed to be
of (wh»&, ) ' and (vi»») ' configurations whereas
the other one is known to be a member of the gsb.
Our calculations confirm these conclusions and
we get the neutron 2-qp 10' state a little higher
in energy relative to that of the proton 2-qp 10+

state, the gsb 10' being the highest one. Because
the three 10' states are quite close in energy it
has been thought by others that 0-2-qp coupling
is extremely weak. " This understanding, how-
ever, needs modification in the following sense.
As indicated earlier the 0-qp 10+ state has, in
fact, appreciable coupling with other high-lying
2-qp states having small total single-particle an-
gular momentum and is consequently pushed down.

Our results regarding the influence of 0-2-qp
coupling studied in the Hg and Pt isotopes might
be general. This can be argued in the following
way. For small deformation P the Coriolis force
(~1/p') is large and hence the 0-2-qp coupling is
strong. Indeed, for nuclei with small P the devia-
tion from the simple asymmetric rotor spectrum
(AROT) is large and we have shown that this de-
viation can be accounted for by the 0-2-qp cou-
pling. For well-deformed nuclei the 0-2-qp cou-
pling is expected to be weak and the deviation
would be very small which is quite well known.
However in such nuclei where the deviation is al-
ready small the influence of the coupling with P
and y bibrational bands may be comparable to the
0-2-qp coupling and both should be included. "

In the present calculations we have considered
only the high-spin single-particle states (mh»»
and vi»») for the two quasiparticles. It is expect-
ed that other single-particle states may contrib-
ute. This contribution would depend on the follow-
ing factors: (i) Only if the quasiparticles are in
high —angular-momentum (j) shells does the Cori-
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olis interaction admix such 2-qp to 0-qp states ap-
preciably. (ii) Only if the Fermi level is near to
the level in question can it contribute strongly.

In our calculations of the Pt and Hg isotopes ad-
ditional contributions have been calculated and
are found to be small. This is obviously because
in these nuclei the 2-qp states (vi»» and mh»»)
are the only high- j levels near the Fermi surface.
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Energy and medlar distributions of photopions from ' C, leading to low-lying residual
states in '-8, have been measured via the (e, e'7t+) reaction at F, = 195 MeV, The shape
of the patterns agrees with the theoretical estimates deduced from other electron scat-
tering data and also with shell-model calculations. A comparison of the absolute value
shows the importance of correct estimation of the pion wave. The result demonstrates
that photopion experiments can provide a promising method for studying spin-Qip-type
electromagnetic transitions in nuclei,

e2 2 '

g 2

dQ ~ Am~

IR = (J M
~ Q v„v „'exp(tq ~ r„)~J,.M, ), (2)

where h and p, are the momenta of the incident

It is well known that the photopion production
from a nucleon is caused mainly by a spin-flip-
type transition, the leading term of the amplitude
of this transition being proportion33. to (T ~ c, where
a is the intrinsic spin operator of nucleon and e
is the photon polarization vector. ' When only the
leading term is applied to express the photopion
cross section of complex nuclei, the cross sec-
tion is given in the impulse approximation by

photon and the outgoing pion, respectively, m, is
the pion rest mass, e'=~, f '=0.08, J=-{2J
+1)"', J and M are nuclear spin and magnetic
quantum number with suffix i or f denoting the
initial or final state, Xespectively, v' is the iso-
spin raising and lowering operator, q=R- p„ is
the nuclear recoil momentum, r„ is position vec-
tor of a component nucleon, I J,M;) and I J&lvlt)
are the initial and final nuclear states, respec-
tively, and Qs means summation over the pho-
ton po j ari z ation 2p3

As shown by Fqs. (1) and {2), photopion cross
sections on complex nuclei are expressed in
terms of the matrix element K of the nuclear
spin-flip-type charge-exchange electromagnetic
transition of a momentum transfer q. On the ba-


