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Comment on ‘‘Shape and superdeformed structure in Hg isotopes in relativistic mean field
model’’ and ‘‘Structure of neutron-deficient Pt, Hg, and Pb isotopes’’
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We point out that the results of relativistic mean field calculations for neutron-deficient Pt, Hg, and Pb
isotopes by S. K. Patraet al. @Phys. Rev. C50, 1924 ~1994!# and S. Yoshidaet al. @Phys. Rev. C50, 1398
~1994!# contradict the large body of experimental data on these nuclei. In particular, we question their predic-
tions of deformed ground states in the Pb isotopes and prolate and superdeformed ground states in the Hg
isotopes.

PACS number~s!: 21.10.2k, 21.60.2n, 27.70.1q, 27.80.1w
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Neutron-deficient Pt, Hg, and Pb exhibit a variety
structures that put stringent tests on theoretical models
particular, the Hg and Pb nuclei exhibit excellent examp
of shape coexistence@1#. The first fingerprint of large prolat
deformations in this mass region was the large isotope sh
observed by Bonnet al. @2# in the neutron-deficient odd
mass Hg nuclei. Evidence for coexisting deformed structu
has come mainly from radioactive decay studies of exc
states; see, e.g., Refs.@3,4#.

For the even-even Hg isotopes, compelling evidence~see,
e.g. @3,4#! has been presented for oblate ground states
excited prolate bands in180,182,184,186,188,190Hg. Figure 1 dis-
plays the excitation energies of coexisting states in the e
even Hg isotopes. Experimental data onB(E2) values are
discussed in Ref.@1#; the deduced quadrupole deformatio
ub2u are shown in Fig. 2. They are 0.10–0.12 and;0.25 for
oblate and prolate band structures, respectively. Additio
information about deformations in this mass region com
from isotope shifts@5#.

In recent studies@6,7# based on a relativistic mean fie
~RMF! approach using the NL1 parametrization, predictio
were made for binding energies, deformations, and rad
the neutron-deficient Pt, Hg, and Pb isotopes. In particu
calculations were made which predicted~i! prolate ground-
state shapes in178,182,184,186Hg, ~ii ! a superdeformed groun
state in180Hg, and~iii ! deformed ground states in the eve
even Pb isotopes with 184<A<196. In this Comment, we
wish to point out that~i! the results of the RMF calculation
are in striking disagreement with experiment and~ii ! the
comparison with experiment done in Refs.@6,7# is based on
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incorrect experimental numbers. In the following we briefl
summarize the main points of our criticism.

~a! The experimental prolate-oblate energy difference
the Hg isotopes has been extracted by Dracouliset al. in Ref.
@8#. According to this analysis, the ground-state configurat
corresponds to an oblate shape.

~b! As seen in Fig. 2, for184,186Hg there are states corre
sponding totwo bands with regard to the values ofub2u
deduced from measuredB(E2) values, the smaller values o
ub2u;20.11 are associated@9# with moderately deformed
oblate ground states while the larger values,ub2u;0.25, cor-
respond to prolateintruder bands. In their Fig. 2, Patraet al.
@6# ignored the data for oblate bands.

~c! Experimental data for the nuclear charge radiir ch in
the Hg isotopes indicate a smooth increase inr ch with neu-
tron number@5#. In contrast, the RMF calculations predict
dramatic increase inr ch below A5188, and Patraet al. no-
tice this as ‘‘a puzzle as to why the charge radius does
reflect the behavior of the quadrupole deformation.’’ As d
cussed above, experimental ground-state quadrupole de
mations are consistent with the smooth behavior of cha
radii. ~For more discussion regarding this point, see R
@10#.!

~d! The prediction of a superdeformed~SD! ground state
in 180Hg by Patraet al.contradicts experimental data of Re
@8# and the smooth systematic behavior shown in Fig.
Experimentally, moments of inertia of SD bands in th
A5192 mass region are of the order of 90\2/MeV @11#. This
would correspond to a first excitedIp521 state at about
33 keV. It is worth noting that in the systematic calculatio
based on the macroscopic-microscopic approach@12# the
1035 © 1996 The American Physical Society
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reflection-asymmetric hyperdeformed band in180Hg is pre-
dicted atE*;6.5 MeV.

~e! The predicted deformed ground states in the neutr
deficient Pb isotopes contradict experimental data conc
ing energy spectra and charge radii~see Refs.@1,12,13#!. In
particular, the very smooth behavior in the nuclear cha
radii @5# gives no indication of shape change.

~f! The experimental binding energies of176,180Pt,
174,180,184,188,190,192Hg, and178,180,184,188,192,194,196,198Pb are un-
known. The ‘‘experimental’’ values quoted in Refs.@6,7# are
not measurements: They are extrapolated from system
trends@14#.

~g! Both works@6,7# contain many conceptual errors re
lated to theoretical aspects. For instance, in Ref.@6# it is
stated that, contrary to the RMF model, a drawback of n
relativistic calculations is that the parameters, such as
force parameters, are determined phenomenologically f
properties of stable nuclei. Actually, the RMF approach
based on an effective Lagrangian whose parameters are
justed to properties of known nuclei~masses, radii, etc.!. The
fact that the model is relativistic is irrelevant. All theoretic
models describing physics of exotic nuclei have to invol
dramatic extrapolations. It is impossible to say that a mo
can describe the properties of nuclei far off stability, as
authors qualify the RMF approach, since the~dis!agreement
with experiment cannot be assessed~for more discussion re-
garding this point, see Ref.@15#!. The statement that the
available model space used in practical nonrelativistic cal

FIG. 1. The systematics of deformed bands in the even-even
nuclei. The 01 states near 3 MeV in196,198Hg are identified as
proton-pair excitations from their strong population in the (3He,n!
reaction.~From Ref.@1#.!
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lations is too small to discuss SD states is incorrect. Usua
the calculations based on the macroscopic-microscopic
proach, such as those of Ref.@16#, involve Nmax514–16
oscillator shells. This can be compared with the num
Nmax512 used in Refs.@6,7#.

~h! Since the RMF calculations have been constrained
axial shapes, the excited minima predicted in an adiab
approach often correspond to saddle points and, there
should not be associated with actual physical configuratio

In conclusion, we stress the fact that the large body
existing experimental data@band structures as obtaine
through gamma decay studies, isotope shifts,B(E2) values,
etc.# points towards a consistent picture of oblate and sph
cal ground states in the Hg and Pb isotopes, respectively,
deformed intruder structures corresponding to cross-shell
citations. In contrast to the RMF-NL1 approach, nonrelat
istic studies based on deformed mean field theory give
overall good description of the above observations@1,12,17#.
In our opinion, the failure of the RMF-NL1 approach in d
scribing properties of neutron-deficient Pt, Hg, and Pb nu
has nothing to do with the fact that this approach is rela
istic, but rather with the particular parametrization of t
relativistic Lagrangian and a very schematic treatment
pairing.

The authors are grateful to many colleagues for disc
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nuclei. Two of the authors~K.H., J.L.W.! thank NATO for
research Grant No. NATO CRG 92/0011/R. K.H., C.D.C
P.V.D., and M.H. thank the NFWO for financial support. Th
work was supported by the U.S. Department of Ene
through Grants Contracts No. DE-FG05-87ER 40330~J.W.!,
and DE-FG05-93ER40770 and DE-AC05-84OR214
~W.N.!.

Hg

FIG. 2. Experimental quadrupole deformationsb2 extracted
from theB(E2) values in Pt and Hg isotopes. They are compared
the theoretical values calculated with the Woods-Saxon poten
The open circles relate to the oblate band, the solid circles to
prolate band.~From Ref.@1#.!
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