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Abstract: Positive parity states at normal deformation and superdeformation (SD) 
are calculated in medium and heavy nuclei as eigenstates of the Bohr-like Hamiltonian 
deduced from the Griffin-Hill-Wheeler equation treated in the Gaussian Overlap Ap
proximation. Potentials and tensors of inertia entering this five-dimension (5D) Hamil
tonian for quadrupole modes are deduced from constrained Hartree-Fock-Bogoliubov 
(HFB) calculations based on Gogny's force. Illustrations are offered for , 5 1 Dy and 
190,192,lMjjg f n e pre<Jicted yrast and excited SO bands have properties (reduced tran
sition probabilities for in- and off-band transitions) compared with experimental infor
mation. Excitations of two quasi-particle (qp) states in the SD potential of , 9 2 Hg are 
also calculated to get their pairing energies which are compared with that for the qp 
vacuum. 

I) Introduction 
A large number of SD bands have recently been observed in the A = 150 and 190 

mass regions, and their properties»are far from being completely understood.1] In this 
work, SD states and bands in , 5 2 Dy and <"M»VWHg are predicted by solving a micro
scopic collective Hamiltonian in which potentials and tensors of inertia are built from 
constrained Hartree-Fock-Bogoliubov (HFB) calculations based on Gogny's force.3] 
This theoretical framework is presented in Sec.II, and Sec.III includes a comparison 
between experimental results and present predictions. The moments of inertia J ' 3 ' 
inferred from measurements of yrast SD bands in the Hg mass region display similar 
magnitudes and variations with ha.1] This feature is also observed for the two excited 
SD bands seen in l 9 4Hg. All these observations suggest that the nuclei in the A = 
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Figure 1: Potential energy surfaces V(j8 ,7 ) calculated for 1 5 2 D y from our constrained 
HFB calculations. Zero point energies are included. The insert is a cut across the PES 
along 7 = 0° and 7 = 60° 

Figure 2: Potential energy surfaces V(/9 ,7 ) calculated for 1 9 2 - 1 M H g from our con
strained HFB calculations. Zero point energies are included. Inserts are cuts across 
the PESs along 7 = 0° and 7 = 60° 

190 mass region have similar pairing properties at superdeformation. Whether this is 
true or not for excited bands is discussed in Sec.IV where blocking calculations are 
performed for two qp states in the SD potential of 1 M H g . 

II) Theory 

The ж = + level predictions are performed by solving a collective Hamiltonian 
H„n that is defined in terms of the five quadrupole collective degrees of freedom. In 
our completely microscopic and quaatiun mechanical approach3 , 4], Н„и is deduced from 
the Griffin-Hill-Wheeler equation which governs large amplitude collective excitations5] 
(Generator Coordinate Method). This is performed using well-known techniques: 
Gaussian overlap approximation and second order expansion of the Hamiltonian Kernel. 
The H„n inputs are i) potential energies deduced from constrained HFB calculations 
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Figure 3: Positive parity levels of I 9 0Hg at normal deformation and low excitation 
energy. Comparison between present predictions and recent experimental results9] 
obtained from the /3 +/EC decay of 1 S 0T1 3 ' '" at the ISOCELE facility in Orsay. The 
levels are organized in quasi-rotational bands built on ground state, /3 , 7 vibrations, 
and other collective excitations. The relative E2 branching ratios (normalized to 100) 
are shown on top of the levels in the quasi 7 bands. At low excitation energy, 1 0 oHg 
behaves like a 7 unstable nucleus 

and including corrections for zero point energy motion, and ii) tensors of inertia deter
mined in the cranking approximation from the HFB self-consistent states.0] The only 
ingredient for the HFB calculations is Gogny's force. With this density dependent, 
finite range effective interaction2], pairing correlations are included in a fully micro
scopic manner without any additional parameters. Нон is solved using basis expansion 
techniques4]. The eigenstates &k(q) of Н„и are calculated for spins up to I = 30 in 
1 5 2Dy and I = 22 in the ,9°.1M,i94jjg ^„topes. From these collective solutions, the many 
body wave functions in the laboratory system of coordinates are built as 

l*m >= £ ff'M < П \ШК > Л(П) \ф, > dq da, 

where < Я \1MK > and \ф, > are the rotor and HFB wave functions respectively, 
q'the coordinates (ft, A) related to the Bohr coordinates (#,7), and /£-(?) the in-
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Figure 4: Positive parity levels of 1 5 2 D y at normal deformation and low excitation 
energy. For more details, see caption of Fig.3 

verse Gauss transform of the vibration amplitude g'K(q)- With these many-body wave 
functions, the calculation of E2 transition rates is performed using the microscopic op
erator e £,- Г; Yip. No effective charge is included. In the following discussions, results 
are presented at normal deformation for 1 9 0 Hg and at superdeformation for 1 9 2 , 1 9 4 H g . 

III) Results and comparisons with measurements 
In Figs. 1 and 2 are shown the potential energy surfaces (PESe) calculated ••7&\ 

for 1 5 2 D y and i e 2 , 1 9 4 H g , respectively. As can be seen, the isomeric PES minimum 
takes place at /J ~ 0.7 for , 5 2 D y and 0 ~ 0.55 for 1 9 2 - 1 M H g . (The PES of 1 9 °Hg has 
also been calculated but is not shown; its topology bears similarities with those for 
i92,i94jjgj т п г secondary PES minimum is shallow in the former nucleus and rather 
deep (3-4 MeV) in the later Hg isotopes. These properties are suggesting that the SD 
bands extend down to lower spins in , 9 2 ' 1 9 4 H g than in 1 5 2 D y , features consistent with 
experimental information1] and with predictions discussed below. 

Solving H„n provides us with states having normal, superdeformed , and inter
mediate deformations. At low excitation energy, all the predicted levels are normally 
deformed. These can be organized in quasi-rotational bands as illustrated in Fig.3 
where our low energy predictions for 1 9 0 Hg are compared with recent experimental re
sults obtained9] at ISOCELE from measurements of the /9 +/EC decay of «""n»'™. In 
fig.5 is shown a similar comparison10] between observed and predicted levels for 1 5 2 D y . 
There is an overall good agreement between the predictions and measurements, in par
ticular for the relative E2 branching ratios of the 7 band in i a 0 Hg. The spectroscopic 
properties of 1 9 0 H g are close to those for a 7 unstable nucleus. 

The yrast and excited SD bands predicted for 1 B 2 > 1 M Hg and 1 B 3 D y are shown as 
solid curves drawn through diamonds in Fig.5 and through squares in Fig.6. As can 
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be seen, the SD bands in 1 9 2 > 1 9 4 Hg extend down to very low spins. This is not the case 
for 1 5 2 Dy; in this nucleus the SD states exist only for I > 18. This result illustrates the 
effect of increasing rotational frequency upon the stability of states in the 1 5 2 D y yrast 
SD band. 

ICO 1(h) 
Figure 5: Excitation energies (MeV) of the I = 0 - 22 collective levels predicted in 

, l 9 1 Hg. Diamonds and crosses represent SD and normally deformed stales, respec
tively. The open and solid triangles are for intermediate deformations. The SD bands 
-.re shown as continuous curves drawn through diamonds. For each isotope, the yrast 
collective band at normal deformation crosses the yrast SD band at I = 12 

The same effect also takes place for the two excited SD bands predicted in 1 9 2 - l s 4 l l g . 
These bands built on /3 and 7 vibrations exist for I > 6 even though their excitation 
energies E, are well above (i.e. more than 1 MeV) the top of the axial potential barrier 
separating the regions of normal and super deformations (see Fig.2). In the (E r ,I) plane 
the yrast and excited SD bands of , ! r a l lg and I S 4 l Ig display near parallel trajectories 
(see Fig.5), features which imply a close similarity between the moments of inertia of 
tin; three SD bands predicted in each Hg isotope.4] This property stems from that the 
SD levels have collective wave functions peaking at about the same deformations. Since 
the SD bands here are of pure collective origin, they have similar pairing contents. For 
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, w l l g . the only even even Ilg isotope for which three SD bands have been observed, 
this similarity is consistent with that obtained from an extrapolation of the measured 
J'2' values toward very low rotational frequencies. 4 1 0] 

I(n) 

Figure 6: Excitation energies (MeV) of the I = 0 - 30 collective levels predicted in 
1 5 2 Dy. For more details, see caption of Fig.5 

So far, the excitation energies at which the SD bands take place in nuclei are not 
well known. However, some estimates exist for the yrast SD bands of , 5 2 D y (Ref.lU 
and l 9 2 IIg (Rcf.12). Our calculated excitation energies are in good agreement with 
these results. 

Ill-band and off-band B(E'l) calculations have also been performed for the yrasl 
and lirst excited SD bands in 1 0 2 Ilg. The result is summarized in Fig.7. where the 
numbers along the transitions indicate the B(£2)'s in VVl'. In-hand transitions in the 
second band are found a little weaker than in the lowest one, while transitions between 
the two bands are more than two orders of magnitude smaller. Similar results are 
obtained for 1 9 4 H g for which two excited SD bands have been observed. That t hese 
bands are observed in , ! M Hg and not in , 9 2 l l g may be related to the occurrence in the 
latter isotope (see Fig.5) of intermediate deformed states at high excitation energies. 
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Figure 7: Computed B(.C2) in Weisskopf units for transitions within and between the 
lowest and the first excited superdeformed bands predicted in 1 9 J Hg 

IV) Two quasi-particle excitations 
The pairing energy in SD nuclei at high spins is not presently very well known. In 

the Hg region, the gradual increase seen in the measured J^'s for increasing rotational 
frequency suggests that pairing energy does not fall off rapidly. This issue cannot be 
addressed in the present approach based on the adiabatic approximation. 

On the other hand, it is possible to calculate two qp excitations in the SD region and 
compare their pairing energies with that for the qp vacuum. Here we have considered 
the possibility that the excited SD bands in the even even nuclei of the Hg region were 
built on two proton and neutron qp excitations. Since at superdeformation the proton 
pairing field is much weaker than that for neutrons, the two proton qp configurations 
are lying higher in excitation energy than the first two neutron qp configurations. 
The two qp states in 1 9 2 H g have been determined from blocking calculations at the 
isomeric potential minimum. Blocking the 2qp neutron states leads to a dramatic 
reduction in the pairing energies as compared with that for the qp vacuum (see Table 
1). This considerable effect should propagate into the moments of inertia. In a crude 
interpretation, we would expect that the moments of inertia for the excited SD bands 
resemble that for a near rigid body, certainly not that for the yrast SD band which 
is built upon the superfluid qp vacuum. Thus an interpretation < 3 ] of the excited SD 
bands observed in 1 9 4 Hg as stemming from pure qp excitations is questionable. An 
explicit calculation of the moments of inertia for 2qp excitations indeed is required to 
settle this issue. 
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2qp state ^(McV) JEP(MCV) 2qp state £ x (MeV) Ep(MeV) 
neutrons 

11/2Г-5/2, 
11/2Г-5/2, 
11/2Г-9/2+ 
3/2 8--5/2 5-

1.37 
1.72 
1.75 
1.95 

0.26 
0.30 
0.26 
O.SO 

3/2J - 11/2Г 
9/2? - 5/2? 
l l / 2 r - 7 / 2 j 
3 /2в-5/2 5 -

2.65 
2.75 
2.85 
3.05 

3.49 
2.30 
1.14 
3.40 

protons 
1/2J-5/2+ 2.06 0.00 1/2? - l/2f„ 2.91 0.00 

Tabic t Excitation energies Ex of two qp stales and pairing energies Ep in 1 9*Hg as 
deduced from blocking calculations at the SD potential minimum. The corresponding 
neutron and proton pairing energies for the zero qp states are 5.10 MeV and 0.53 MeV, 
respectively 

V) Summary and perspectives 
In this work, a completely microscopic method has been used to predict it = + 

normal and superdeformed collective states at low and intermediate spins in 1 5 2 D y and 
i.jo.i92.i94Hg S D s t a t c s л т с „ localized l n t i , e secondary, shallow PES minimum of 1 M D y 
are obtained only for I > 18. For lower spin values, the rotational frequency is not large 
enough In secure the stability of SD levels. In the "»-№i94i|g isotopes, the secondary 
PES minimum is deep enough to sustain levels with spins down to I = 0 for the yrast 
SD bands. On the other hand, the excited SD hands here built on в and •) vibrations 
do not exist at low spins. Like for the yrast SD band in I 5 2 Dy, the excited SD bands 
in 1 s 2 ' , ! M I |g gain their stability only with increasing rotational frequency. 

These SD bands together with the yrast SD bands show similar dynamical moments 
of inertia, features consistent with experimental observations in the Hg mass region. 
This remarkable property would probably be lost in calculations intending to explain 
the excited SD bands of I 9 2 l l g (and l w H g ) in terms of rotational bands built upon pure 
two quasi-particle excitations. 

In the near future, wc plan to extend this study to t he decay out of the superdefor-
mation regions for , 5 2 D y and , ! M Hg. Since the adiabatic approximation has well-known 
limits, we are also working on breaking time reversal invariance in the HFB framework. 
Cranking HFB calculations based on a finite range effective force will be very useful 
to study high spin physics in SD nuclei, in particular the pairing field behavior with 
increasing rotational frequency. 

Discussions with and suggestions from J.F.Bcrger and D.Gogny during this work 
were greatly appreciated. 
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