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ABSTRACT

+ +

The K = 0 ground band and two rotation-aligned "bands (K a 1

or K = 2 two quasi-particle band and K = 2 four quasiparticle "band)

are studied in Hg, Kg and Hg by angular momentum projection from

Hartree-Fock and particle-hole intrinsic states. There is a first anomaly

in these three nuclei around 8ti due to the crossing of the ground band and
the two quasiparticle band. Because of the nature of occupation of il3/2

198
orbitals the four quasiparticle band is too highlying in Hg and does not

cross the two quasiparticle bands, while such a second crossing occurs in

19ltHg and 19°Hg near 20fi.

MIRAMARE - TRIESTE

April 19-81*

The mercury nuclei show a richness in spectrum with many bands

belonging to both positive and negative parities. Thus Hg, Hg and

Hg have positive and negative parity bands [l], the bands sometimes

showing sudden compression of energy spacJngs duo to rotation- alignment of

nucleons. It is now known that a pair of neutrons undergoes rotation

alignment causing the anomaly in the ^ycc.trum near Sfi [2-U ]. Measurements

of g factors of the isomeric levels near the first crossing in Hg and

Hg [5] as well as in Hg [6] are known. The measured g factors are

negative, suggesting the rotation alignment of a pair of neutrons.

Decoupled bands in odd mass mercury nuclei are known [7] and have

been interpreted within the framework of the rotation alignment model of

Stephens and Simon [8].

The nature of the Fermi surface for the protons and neutrons for

the mercury nuclei are known from Hartree-Fock calculations [9,1+]. The shapes

are oblate, the prolate shape being more than 5 MeV higher in energy, so

that we need consider the oblate shape only. There is a large energy gap

of It MeV or more across the proton Fermi surface of the oblate shape. Here
198

we concentrate on the study of band crossings in Hg,
k 190
He and Hg by

angular momentum projection, specially the location of the two quasiparticle

and four quasiparticle. rotation aligned bands.

The neutron deformed orbits near the Fermi surface of the oblate
198 191* 190

shape are shown in Fig.l for Hg, Hg and Hg. The orbits were ob-

tained by axially symmetric Hartree-Fock calculations using surface delta

interaction [9,U] and such single-particle energies as would give the hole

spectrum near Pb. It must be emphasised that although we always mention

the neutron configurations, in our actual Hartree-Fock and angular momentum

projection calculations, we include both the neutrons and protons and their

interaction. Only because of the large energy gap across the proton Fermi

surface no explicit mention is made of the proton excitations.

Although cranking model calculations of the spectrum of nuclei in

different mass regions are known, we study in this work the spectrum and

band crossings in mercury nuclei by angular momentum projection. By

projecting onto sharp angular momentum values, we study the band crossings

for states of some angular momenta and are thus free from the limitations of

the cranking model which has large fluctuations in ansular momenta near a

crossing of two bands [10].

We first discuss about the spectrum of Hg. The first anomaly in

the spectrum of Hg near Oft was studied by angular momentum projection
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and band mixing in Ref.l+. Here we extend the spectrum to 2im and include

additional bands with a view to looking for a second anomaly in the Yrast

spectrum. Thus in addition to (l) the K = 0 + HF band and (2) the K = 1 +

lp-lh band with holes in H3/2-3/2 and H3/2 1/2 orbits, we consider (3)

an lp-lh K = 2 band with holes in 113/2-5/2 and H3/2 1/2 and (k) a

2p2h K = 2 band with neutron holes in U3/2-3/2, 113/2 1/2, 113/2-7/2,

H3/2 5/2 and two neutrons occupying the + 3/2~ orbits above the Fermi

surface. The angular momentum projected spectrum of these bands are

plotted in Fig.2 and one notices the systematic lowering of the even branches

of (2), (3) and (I4) compared to their odd branches. This "signature-splitting"

between the "favoured" even branch and the "unfavoured" odd branch is due

to the rotation alignment of H3/2 neutrons [h].

At first sight it appears from Fig.3 that in addition to the

crossing near oil, the K = 2 + band (3) with (H3/2-5/2 il3/2 1/2) holes

structure crosses the band (2) around ikb. However the bands (2) and (3)

have large overlaps in wave function with each other. A full orthonorcualization

calculation for Hg including three K = 0 + configurations (as in Bef.1*) and

the configurations (2) and (3) show that, after taking into account the

overlap and the interaction matrix element, the bands (2) and (3) are smoothed

out and there is no real crossing between these two bands. On the other hand,

the band (k) corresponds to four unpaired neutrons (four quasiparticles)

and has little overlap with the two quasiparticle bands (2) and (3). Hence

if the band (3) crosses any of these two it will be a real crossing. However

in Hg the band (1*) is too highlying. It Just coincid3S with the band (3)

near 2k£ (see Fig.2) and there is no crossing. This is due to the high

intrinsic excitation energy involved for band (U) in Hg.

It must be noted that the band crossings and the anomaly in the Yrast

spectrum are largely determined by the configurations that contribute to

rotation alignment. More details like inclusion of 2p-2h pairing type

excitations can cause changes in the spectrum; but such changes vary smoothly

with spin. The sudden changes characterized by band crossings are due to

the interplay of various rotation aligned configurations and pairing type

excitations play no major role in such band crossings. This has been

found from detailed band mixing studies of Hg [h]. Hence in our discussions

here we concentrate on the various possible rotation aligned configurations
our

and their crossings and omit from7discussion many, configurations involving

2p-2h pairing type excitations. For example in the configuration {k) of Hg

(d of Fig.3), if one occupies the +_1/2 orbits above the Fermi surface in-

stead of the +̂  3/2~ orbits, then one has1 an additional 2p-2h rotation aligned

configuration. However, as far as rotation alignment is concerned, there is

no difference between the new configuration and the configuration (t), the

two configurations differing only in pairing type excitations. In this

discussion of rotation alignment, only one such configuration, namely con-

figuration (U) will be included. Inclusion of pairing-type excitations

will not materially change the nature of crossing of bands.

We now discuss the intrinsic excitations in the three nuclei

Hg, Hg, Hg involving il3/2 neutrons and the band crossings in

Hg and Hg, The zero, two and four quasiparticle configurations are

sketched in Fig.3 and one notices that although the lowest two quasiparticle

configurations have comparable excitation energies in the three nuclei, the

difference in intrinsic excitation energies of the second two quasiparticle
19!* 1Q0

and the four quasiparticle configurations is much smaller in Hg and Hg

than in Hg. Thus although the first crossings near 9n in the three

nuclei are expected to be quite similar (as In the experimental spectrum),
198 19*t

it is possible that a second crossing, absent in Hg, can occur In Hg
190

and Hg. Angular momentum projection indeed gives such a second crossing

in the latter two nuclei.

19U
The crossing between the two and four quasiparticle bands of Hg

190
is shown in Fig.U. The corresponding crossing for Hg is quite similar.

The four quasiparticle band shows more undulation than the two quasiparticle

band. The intensity distributions of the various quasiparticle bands

of Hg are shown in Fig.5. The intensity plots-for Hg and Hg are
198

similar to those of Hg. One sees that the band with more rotation-

alignment is peaked at a progressively larger angular momentum. We note

that experimentally Hg has an anomaly in the Yrast spectrum near 20n [3]

and this could be due to the crossing of the two and four quasiparticle bands

as found here. As shown in Fig.U, there is a crossing between the old

branches of the two quasiparticle and four quasiparticle configurations near

2111.

We have calculated the spectra in Hg, Hg and * Hg upto spin

26fi and we have the following picture of band crossings In these three nuclei.

The two quasipartiele bands (b) and (c) of Fig.3 do not really cross each

other because of large overlaps in the wave functions and these two bands

together form the two quasiparticle band that crosses the ground band near

QK. We predict a four quasiparticle band crossing the two quasiparticle
I9U

band near 2CH1 causing a second anomaly in the Yrast spectrum in Hg and
1^°Hg. In the odd branch, the two quasiparticle and four quasiparticle

-3- -h-



19^ 190 198
bands cross each other near 2111 in Hg and Hg. In Hg the four quasi-

particle band lies a. little above the Trast line and does not cross the two

quasipartiele band. We see the nature of these crossings in our angular

momentum projection calculation. The occupation of il3/2 neutron orbits plays

an important role in these hand crossings, A fuller account of this letter,

giving the complete orthonomaliaed spectra for both positive and negative

partities and including E2 and Ml matrix elements between various states, will

be published elsewhere.
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FIGURE CAPTIOUS

Fig. l

Fig. 2

Fig. 3

Fig. 5
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Neutron HF orbits near the Fermi surfaces of Hg, Hg and Hg.

Occupied orbits are shown by crosses.

Angular momentum projected spectra of Hg corresponding to the

intrinsic configurations of Fig.3. Hote the signature splitting

and crossing of bands (see text).

Particle-hole (quasiparticle) configurations in Hg, 1 9 Hg, 19°Hg.

The approximate excitation energies in MeV of the various intrinsic

configurations are indicated.

Crossing "between the two quasiparticle and four quasiparticle bands
X9U

in Hg, The crossing occurs both in the even I and odd I branches.

Intensity distributions for even I of the various particle hole

ens:
198.

198
bands of Hg Intensity distributions for 1 ? Hg and 190Hg are

similar to those of

of Fig.3.

Hg. The band labels correspond to those
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