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Shape coexistence in the relativistic Hartree-Bogoliubov approach

T. Niksic,22 D. Vretenart? P. Ring? and G. A. Lalazissfs®
IPhysics Department, Faculty of Science, University of Zagreb, 10 000 Zagreb, Croatia
2Physik-Department der Technischen Univéisiiinchen, D-85748 Garching, Germany
3Department of Theoretical Physics, Aristotle University of Thessaloniki, Thessaloniki GR-54006, Greece
(Received 17 February 2002; published 9 May 2002

The phenomenon of shape coexistence is studied in the relativistic Hartree-Bogoliubov framework. Standard
relativistic mean-field effective interactions do not reproduce the ground-state properties of neutron-deficient
Pt-Hg-Pb isotopes. It is shown that, in order to consistently describe binding energies, radii, and ground-state
deformations of these nuclei, effective interactions have to be constructed, which take into account the sizes of
spherical shell gaps.
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[. INTRODUCTION ied the dissolution of the sphericdll=28 shell gap in
neutron-rich nuclei. By performing constrained relativistic

Nuclear structure models based on the relativistic meanHartree-Bogoliubov calculations, we have shown how the
field approximation have been successfully employed in thétrong reduction of the gap between the neutrép,borbital
description of ground-state properties of nuclei all over theand the 2,, 2py, levels results in deformed ground states
periodic table. By adjusting a minimal set of model param-and shape coexistence in neutron-rich Si, S, and Ar isotopes,
eters, meson masses and coupling constants, to binding eif- excellent agreement with experimental data. On the
ergies and radii of few spherical closed shell nuclei, it hagproton-rich side, the relativistic mean-field model has been
been possible to perform detailed structure calculation of £mployed in studies of shape coexistence in neutron-
large number of spherical and deformed nudlel. More  deficient Pt, Hg, and Pb isotopgt0—13. However, as has
recently, the relativistic mean-field framework has also beereen pointed out in Ref14], the results of these studies
used in studies of nuclear structure phenomena in exotic nyere at variance with experimental data, especially their pre-
clei far from the valley ofg stability and of the physics of dictions of deformed ground states in Pb isotopes, and of
the drip lines. In particular, the relativistic Hartree- prolate and superdeformed ground states in Hg isotopes. In a
Bogoliubov model encloses a unified description of meanvery recent analysis of th&=82 shell closure in neutron-
field and pairing correlations, and we have used this model tgeficient Pb isotopelsl 5], relativistic mean-field calculations
calculate ground-state properties of exotic nuclei with ex-again predicted deformed ground states in some Pb isotopes,
treme isospin values: the halo phenomenon in light nuclein contradiction with experiment.
[2], properties of light neutron-rich nuclg8], the reduction In this work we employ the relativistic Hartree-
of the effective single-nucleon spin-orbit potential in nuclei Bogoliubov model in the analysis of shape coexistence phe-
close to the drip line$4], properties of neutron-rich Ni and nomena in neutron-deficient Hg and Pb isotopes. Although
Sn isotopeg5], the location of the proton drip line fror# standard relativistic mean-field forces do not reproduce the
=31 to Z=73 and the phenomenon of ground-state protorexperimental data on ground-state properties, it is indeed
radioactivity [6—8]. possible to construct effective interactions that consistently

On the other hand, it is still an open problem how fardescribe binding energies, radii, and quadrupole deforma-
from stability can one extrapolate the predictions of standardions of neutron-deficient nuclei in this mass region. In addi-
relativistic mean-field effective interactions. The question istion to bulk properties, also the sizes of spherical gaps in the
how well can effective interactions that are adjusted to globasingle-nucleon spectra have to be taken into account when
properties of spherical closed shell nuclei, describe the stru@djusting the parameters of such an effective interaction. The
ture of nuclei far from stability, or predict new phenomena inspherical magic and semimagic gaps determine the relative
nuclei with extreme isospin values. It is well known, for €xcitation energies of coexisting minima based on different
example, that various nonrelativistic and relativistic mean-ntruder configurations.
field models differ significantly in the prediction of the exact ~ Section Il contains an outline of the relativistic Hartree-
location of the neutron drip line. This is, of course, related toBogoliubov model. The problem of the relativistic effective
different isovector properties of various effective interac-interaction and shape coexistence in neutron-deficient Hg
tions. In general, one cannot expect standard mean-fieldnd Pb isotopes is discussed in Sec. Ill. The results are sum-
models to accurately describe the properties, which cruciallynarized in Sec. IV.
depend on the proton and neutron single-particle spectra. An
important example is the suppres_sion of shell effects _and the || OUTLINE OF THE RELATIVISTIC HARTREE-
related phenomenon of deformation and shape coexistence. BOGOLIUBOV MODEL

A number of theoretical analyses of shell quenching and
shape coexistence phenomena have been performed in theln the relativistic framework a nucleus is described as a
relativistic mean-field framework. In Reff9] we have stud-  collection of nucleons that interact by the exchange of effec-
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tive mesons. The lowest order of the quantum field theory isyherehy, is the single-nucleon Dirac Hamiltonidf), andm
the mean-fieldapproximation: the meson field operators arejs the nucleon mass. The chemical potentahas to be
replaced by their expectation values. The sources of the Mefetermined by the particle number subsidiary condition in
son fields are defined by the nucleon densities and currentgrder that the expectation value of the particle number op-

The nucleons move independently in the mean-field potentiaéra,[Or in the ground state equals the number of nuclebns.

that originates from the nucleon-nucleon Interaction. Thq the pairing field. The column vectors denote the quasipar-
ground state of a nucleus corresponds to the stationary selj-

. . . . ~licle spinors ancE, are the quasiparticle energies. In most
consistent soIl_mon of the coupled system of Dirac and Kle'n'applications of the RHB model a phenomenological pairing
Gordon equations

interaction has been used: the pairing part of the Gogny force

1_
—ia-V+B(m+g,0)+g,w’+ gpr3pg+e( 273) AO] i

VPP(1,2) :.22 e [rr2/ml* (W, + B,P—H, P
1

=&iti, (1) =1
Ao s (o ~M;P7P), Y
[—A+m]o(r)=—geps(r) = G20(r) —gso™(r), (2)
[—A+m2]w’(r)=g,p,(r) 3) with the set D1917] for the parameterg;, W;, B;, H;,
¢ ere andM; (i=1,2).
[—A+mi]p°(r)=gpp3(r), 4) The RHB equations are solved self-consistently, with po-

tentials determined in the mean-field approximation from so-
lutions of Klein-Gordon equations for the meson fields. The
Dirac-Hartree-Bogoliubov equations and the equations for
: e - - the meson fields are solved by expanding the nucleon spinors
The single-nucleon dynamics is described by the Dirac equal—J () andV,(r), and the mesgn figlds ingterms of the eigen-

tion (1). o, w, andp are the meson fields, arkidenotes the functions of a deformed axially symmetric oscillator poten
electromagnetic potentiab,,, , and are the corre- . . - O )
9 P Bo, 9o 9 al. A detailed description of the relativistic Hartree-

. . [
sponding coupling constants for the mesons to the nucIeorE . . )
g, and gs are the coefficients of the nonlinear terms, ogoliubov model for deformed nuclei can be found in Ref.

which introduce an effective density dependence in the po[-7]'

tential. Due to charge conservation, only the 3rd component

of the isovectorp meson (_:(_)ntributes. The source terms i_n lll. SHAPE COEXISTENCE IN NEUTRON-DEFICIENT Hg
Eqs.(2)7(5) are sums of bilinear produc_ts of baryon ampli- AND Pb ISOTOPES

tudes with positive energgno-seaapproximation.

In addition to the self-consistent mean-field potential, The light isotopes of Hg and Pb exhibit a variety of co-
pairing correlations have to be included in order to describeexisting shapefl8,19. A systematic analysis of shape coex-
ground-state properties of open-shell nuclei. For sphericabtence effects at"=0" in these nuclei has been performed
and deformed nuclei not too far from the stability line, pair- by NazarewicZ20], using the shell correction approach with
ing is often treated phenomenologically in the simple BCSthe axial, reflection asymmetric Woods-Saxon model. A com-
approximation 1]. However, the BCS model presents only a mon feature is the competition of low-lying prolate and ob-
poor approximation for exotic nuclei far from the valley®f late shapes. The ground states of Hg isotopes are weakly
stability [16]. The structure of weakly bound nuclei necessi-oblate deformedtwo-proton hole statgsin ¥%Hg the oblate
tates a unified and self-consistent treatment of mean-fielground-state band is crossed by the intruding deformed band,
and pairing correlations. In particular, the relativistic which corresponds to a prolate minimumpsh proton ex-
Hartree-Bogoliubov(RHB) model represents a relativistic citations into thehg,, and f;, orbits). The excitation energy
extension of the Hartree-Fock-Bogoliubov framework. In theof the prolate band is lowered with decreasing neutron num-
RHB model the ground state of a nuclgds) is represented ber, and reaches a minimum #%Hg. For lighter Hg iso-
by the product of independent single-quasiparticle statesopes the excitation energy of the prolate minimum in-
These states are eigenvectors of the generalized singlereases, and the oblate ground state evolves toward a
nucleon Hamiltonian that contains two average potentialsspherical shape. Experimental data on energy spectra and
the self-consistent mean-fielt, which encloses all the long charge radii show that the ground states of Pb isotopes are
range particle-holef{h) correlations, and a pairing field, spherical, but bath obla'ge @Zh proton ex_cqatlon)s and
which sums up the particle-particl@ ) correlations. In the prolate (4-4h proton ex0|t_at|on)slow-ly|ng minima are ob-
Hartree approximation for the self-consistent mean field, th&€7ved foN<110. A beautiful example of oblate and prolate

—AA°(r)=epy(r). (5)

relativistic Hartree-Bogoliubov equations read minima at almost identical excitation energies is found in
18%pp [21]. A recent review of experimental data on intruder
P 2 states in neutron deficient Hg, Pb, and Po nuclei can be
lo=m=r A Uk(”): k(uk(r)» found in Ref.[19].
—A* —hp+m+x/\ V() Vi(r) In Ref. [15] Benderet al. have used nonrelativistic and

(6) relativistic self-consistent mean-field models to analyze re-
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cent experimental data that seem to indicate a strong reduc  -7808 , , ‘ 7828 *

tion of theZ=82 shell gap in neutron-deficient Pb isotopes. | M L "*pp ]
The systematics of differences between two-proton separa- ' ' \\/\N
tion energies in adjacent even-even nuclei with the same  7s2 : ‘ : -7.84 w ‘ :
neutron numbeftwo-proton shell gapq22], Q,, values and 7845 : ‘ 786 ; ; y
a reduced width$23] suggest a lessened magicity of the | ey S oy /
=82 shell when neutrons are midway betweé¢m82 and ~ _ 7' W 1 788 1
N=126. However, in Ref[15] it has been shown that the 3

~7.857 L . L -7.872 L L .

systematics of two-proton shell gaps can be described quanZ,

titatively in terms of deformed ground states of Hg and Po < -7 192‘Pb 1 7875 1;4Pb ‘ l

isotopes. The experiment@,, values also reflect deforma- w1 I

tion effects, and the systematics@fdecay hindrance factors '

is consistent with the stability of the=82 shell gap. 7885 ‘ -7895 J ‘ ‘
The structure of coexisting minima in neutron-deficient 7880 [ g, ‘ ] - ~

Hg and Pb nuclei has also been analyzed in the relativistic Po e Pb 1

mean-field framework. In Ref§10,11] the relativistic mean- 7887 17892 .

field (RMF) model, with the NL1]24] effective interaction, 7905 ‘ ‘ \ 1 701 ‘ ‘ ‘

was used to calculate prolate, oblate, and spherical solution: TR g e g

for neutron-deficient Pt, Hg, and Pb isotopes. Pairing was

treated in the BCS approximation with constant pairing gaps. FIG. 1. Binding energy curves of evehPb isotopes as func-
Although the NL1 effective force strongly overbinds thesetions of the quadrupole deformation. The curves correspond to RHB
nuclei, i.e., the calculated binding energies are 10—12 MeVnodel solutions with constrained quadrupole deformation. The ef-
larger than the empirical ones, nevertheless detailed predidective interaction is NL3-Gogny D1S.

tions were made for ground-state deformations and relative

positions of coexisting minima, including the excitation en-

ergies of superdeformed states. Most of these results, ggutron-deficient Hg and Pb nuclei in the relativistic Hartree-
pointed out in Ref[14], contradict well established experi- Bogoliubov framework. In most applications of the RHB
mer_1ta| datdwrong sign of the ground-state deformations for j,oqe| we have used the NL3 effective interacti@#] in the

Hg isotopes, calculated deformed ground states for some Bl ticje hole channel, and pairing correlations were de-
nuclei, superdeformed ground states, )ef€he calculations scribed by the pairing part of the finite range Gogny interac-

;’;’Oer:e[zrg]peaitg(ir'lg Fjj&j]s vg:ctrt]htge ;\:rLi;]SH Zﬁgcvs\éfelr\]}s:izg b tion D1S[17]. This force has been very carefully adjusted to
' P g 9ap Y airing properties of finite nuclei all over the periodic table.

as much as 50%, but the results remained essentially the ticular. the basic advant fthe G f is th
same. Eventually, deformed RMIBCS calculations with h particular, the basic advantage of the Logny force Is the

the NL1 effective interaction reproduced the experimentaf‘inite range, which automatic.ally guarantees.a proper gutoff
ground-state oblate deformations §~8Hg [13]. The dif- in momentum space. Properties ca!culated .vvllth_ N.L3 |nd|(_:ate
ferences of the intrinsic energies of the lowest prolate andhat this is probably t_he best effective relatlv!stlc mtere_lctlon
oblate states were also in agreement with experimental datgC far, both for nuclei at and away from the line @istabil-
The gap parameters were not kept constant in each nucleu/- A recent systematic theoretical study of ground-state
rather they were determined in a self-consistent way from ®roperties of more than 1300 even-even isotopes has shown
monopole force with constant strength parame@erThis  very good agreement with experimental dg2d]. However,
leads to deformation dependent pairing gaps. In particulain the analysis of th& =82 shell closure in neutron-deficient
for the oblate ground states the proton pairing gaps vanistPb isotopeg15], it was noted that RMF BCS calculations
while the neutron pairing gap is a factor 2 larger than thewith the NL3 interaction predict deformed ground states for
average value 12/A. Since the calculated ground-state prop-several Pb nuclei.
erties are very sensitive to both pairing and deformation ef- In Fig. 1 we display the calculated binding energy curves
fects, it was arguedi13] that a unified and self-consistent of evenA 84-19%p isotopes as functions of the quadrupole
framework, i.e., the relativistic Hartree-Bogoliubov model, deformation. The curves correspond to axially deformed
might be more appropriate for the study of neutron-deficienRHB model solutions with constrained quadrupole deforma-
nuclei in this mass region. It is not only the treatment oftion. The effective interaction is NL-8Gogny D1S.#Pb
pairing that makes it difficult to assess the conclusions ofind '¥Pb have spherical ground states, and we find low-
Ref.[13], but also the large deviations of the calculated bind-lying oblate and prolate minima, in qualitative agreement
ing energies from the experimental values. The relative powith experimental dat§19]. With increasing neutron num-
sitions of prolate and oblate minima differ by only ber, however, the oblate minimum is lowered in energy and
~0.5 MeV in most cases, while the calculated binding en-the nuclei'®-1%Pb have oblate ground states. This result, of
ergies are more than 10 MeV too large. This is, of coursegourse, contradicts experimental data. Only frAm 196 the
caused by the well known fact that the parameter set NLZTalculated Pb ground states become again spherical, but both
fails to reproduce nuclear binding energies far from stability.for 1*Pb and!®®b the potential curves display wide and flat
In this work we calculate ground-state properties ofminima on the oblate side.
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FIG. 3. Proton single-particle states #Pb. The experimental
= Il 1 L L _ . . .
1928 s o2 07 o6 " Ber oz o o2 oa s levels in the first column are from Ref32]. The. levels in the
B, B, second, third, and fourth columns are calculated in the RHB model

with the effective interactions NL1, NL-SC, and NL3, respectively.
FIG. 2. Same as in Fig. 1, but for neutron-deficient Hg isotopes.

The RHB NL3+D1S binding energy curves of even- explicitly included in the model. In a series of recent papers
176-1949 nuclei are shown in Fig. 2. Model calculations (see, for examplg,. F\"ef$_28,29)', Furnstahl and Serot have.
predict a spherical ground state féf®Hg and an almost argued that relat'|V|st|c mean-fleld models should be consid-
spherical, but slightly oblate ground state f&fHg. With ~ €red as approximate implementations of the Kohn-Sham
increasing neutron number the spherical state evolves into #£nsity functional theory, with local scalar and vector fields
oblate minimum, and a pronounced minimum develops or@Ppearing in the role of relativistic Kohn-Sham potentials.
the prolate side. The positions of the mining~—0.150on  The mean-field models approximate the exact energy func-
the oblate side, ang,~0.3 for the prolate minimum, agree tional of the ground-state density of a many-nucleon system,
well with the values calculated by Nazarew[@0] using the ~ Which includes all higher-order correlations, using powers of
Nilsson-Strutinsky approach. The problem is, however, thewuxiliary meson fields or nucleon densities.
relative excitation energies. For the NED1S effective in- In the recent analysis of the phenomenon of shape coex-
teraction the prolate minimum is the ground state foristence within the nonrelativistic self-consistent Hartree-
180.182,184.1019 The calculated ground states are oblate forFock method and the nuclear shell mofig0], it was em-
1881949, These results are at variance with experimentaphasized that the sizes of spherical magic and semimagic
data: all Hg isotopes witlh=178 have oblate ground states, gaps in the single-nucleon spectrum determine the relative
the prolate minimum is estimated at 300—800 keV above thgositions of many-particle many-hole intruder configurations
ground statg19]. If the NL1 effective interaction is used in with respect to the ground state. The spherical gaps are the
the ph channel, we find that the oblate minima are alwaysmain factor that determines the relative excitation energies of
lower, and this is similar to the result obtained with the cpexisting minima based on different intruder configurations.
RMF+BCS calculation of Refl13]. The calculated binding  The relative distance between the individual shells also de-
energies, however, are on the average more than 10 Me¥mines the effective strength of the quadrupole f[&.
Iarger than the expenmental Ones. L . The spherical proto@ =82 shell closure is illustrated in Fig.

Is '.t then possﬂ)_le to cc_)nstruct a relgtlwsnc effective in- 3, where we display the last four occupied and the first three
teraction, which will consistently describe the ground-state . . . .

unoccupied proton single-particle states#Pb. The experi-

properties of neutron-rich nuclei in this mass region? The

motivation, of course, is not just to reproduce the experimen[nental levels in the first column are from R¢82]. The

tal data. The real question is whether effective mean-field€V€!S in the second, third, and fourth columns are calculated
interactions can be accurately extrapolated from stable nucld? the RHB model with the effective interactions NL1I,
to isotopes with extreme isospin values and to the drip lined--SC (Shape Coexistengeand NL3, respectively. Com-

In the particular example considered in the present study, thearing the magic gap8(he) — E(sy5), one notices that the
quantitative description of coexisting spherical, oblate, andralue calculated with the NL3 effective interaction is much
prolate minima is, of course, beyond the mean-field apsmaller than the empirical gap. This explains why several
proach. A detailed analysis of coexisting shapes necessitatégutron-deficient Pb isotopes, calculated with the NL3 inter-
the use of models, which can account for configuration mix-action, have deformed ground states. The magic gap in the
ing effects. However, a consistent description of groundproton spectrum calculated with NL1, on the other hand, is
states should be possible in the relativistic mean-field framesomewhat larger than the empirical value. The spectrum of
work, even if their properties are affected by correlations noproton occupied states is, however, more bound and the total
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binding energies calculated with NL1 do not compare well -7.82
with the experimental masses of lighter Pb isotopes. We have
tried, therefore, to construct a new effective interaction —784
which, on one hand, preserves the good properties of NL3
(binding energies, charge radii, isotopic shifteut at the =786 1
same time takes into account the gap between the last occu-__
pied and the first unoccupied major spherical shells. The re- 3 ~"#
sult is shown in the third column NL-SC of Fig. 3. There are T
several comments that should be made at this point. w -7
First, the NL-SC interaction has been constructed by start-
ing from the standard NL1 parametrization, and changing the ~ ~"92 [
parameters towards NL3. While the masses and coupling
constants of thes and @ mesons are those of NL1, the ToA T
parameters of the nonlinear terms and, especially impor-
tant for the binding energies of isotopes with sméllZ, the e 182 186 190 194 198 202 206
coupling constant of thp meson, are very close to the NL3 A

parameter se_t. It should also b_e emph_a5|zed th?‘t- althpugh N FG. 4. Binding energies of evei-Hg isotopes calculated in
the construction of the NL-SC interaction we paid part'CUIarthe RHB model with the mean-field effective interactions NL1,

attention to the Pt-Hg-Pb region, the parameters were, 8§ 3 and NL-SC, and with the Gogny D1S interaction in the pair-

usual, checked to reproduce a set of ground-state data gy channel. The theoretical binding energies are compared with the
about ten spherical nuclei from different mass regions. Fopmpirical values from Ref:34].

nuclei with A>100 the calculategt? per datum is compa-

rable to the one obtained with the standard NL3 interaction, _ . . .
. ) . b h t h t .

The ground-state properties of light nuclei calculated with egions characterized by shape coexistence

: In Figs. 4 and 5 we display the binding energies per
NL-SC, on the other hand, are not as good as with NL3 and, , o1"of evermn Hg and Pb isotopes, respectively, calcu-

';_hereftl)rf_, .W? do not fr_eglg dafdtNL'f_C aSNEE ggwhgenbe ral e1EfeCI?;\ted in the RHB model with the mean-field effective inter-
lve refativistic mean-field intéraction. NL- 1as DEEN SP€+ tions NL1, NL3, and NL-SC, and with the Gogny D1S
cifically tailored to illustrate the problem considered in the

vsi interaction in the pairing channel. The theoretical binding
pressent acr;at)r/]s;ls. fructi f the NL-SC int i energies are compared with the empirical values from Ref.
be oerfdor':h’e sthCdoar}?j rrl:1(:e;)nr1-fi% Id : ro-ach '%i;]aec '3213960$ 34]. Both the NL3 and the NL-SC interactions reproduce in
y PP ! étail the mass dependence of the binding energies of Pb

the parameters of the mean-field functional depend not Onletotopes, while the NL1 interaction strongly overbinds the

on the ground-state density, i.e., on the occupied states, bt 0,205 “The reason is the much larger value of
Impllc]tly also on the relative posmon of '.[he unoccuplgd (t]hep meson coupling constant. Essentially identical binding
spherical shells. In order to be qonSIStent with the rnean_ﬂelenergies are calculated with all three forces for nuclei above
approach, the calculated spherical gap should be larger th%an. A similar effect is observed for the Hg isotopes in Fig.

the empirical value. It is well known that the coupling of . 2
single-particle states to collective vibrations increases the ef—l' While NL3 and NL-SC rep_ro_duce mu_ch better the empiri
cal data for the neutron-deficient Hg isotopes, comparable

fective mass in the vicinity of the Fermi level, and this effect [Esults are obtained with all three interactions Ace 100

decreases the gap between occupied and unoccupied she ‘A remarkable success of relativistic mean-field models
We have recently shown how to include the particle-

vibration coupling in the self-consistent relativistic mean-
field framework[33], but the present analysis does not con-
sider this effect. In Ref[30] it was emphasized that the
proper treatment of pairing and zero-point correlations, vi-
brational and rotational, is crucial for detailed predictions of
shape coexistence effects. And while we treat pairing and
mean-field correlations in the unified Hartree-Bogoliubov
framework, no attempt is made to explicitly include zero-
point energy corrections. Since in the analysis of R&] it

was shown that the sum of rotational and vibrational zero-
point energy corrections is approximately constant as func-
tion of deformation for a given nucleus, we assume that these
corrections can be absorbed in the parameters of an effective
interaction adjusted to reproduce binding energies, at least in
a limited mass region. In any case, since the effective inter- ;45 . . . . R . .
action NL-SC is adjusted to reproduce the spherical proton 180 184 186 192 196 200 204 208 212 216
shell gap aZ =82, one cannot really expect that it accurately A

describes the ground-state shapes of nuclei in otAeK) FIG. 5. Same as in Fig. 4, but for Pb isotopes.

-7.75

-7.79

-7.83

E/A (MeV)

-7.87

=791
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A
A

. e . FIG. 8. The difference between binding energies of prolate and
FIG. 6. Charge isotope shifts in evénPb isotopes. The results oblate states in evef-Hg isotopes. The results of RHB calcula-

of RH.B calculathns with the NL1, N.L3’ anql NI."SC effe_c_tlve " tions with the NL1, NL3, and NL-SC effective interactions, and
teractions, and with the Gogny D1S interaction in the pairing chan-

. " with the Gogny D1S interaction in the pairing channel, are com-
nel, are compared with experimental data from Ra6]. pared with the empirical data from Ré87].

was the realization that, because of the intrinsic isospin det'|ons of neutron-deficient Hg nuclei. The interactions NL1
pendence of the effective single-nucleon spin-orbit potentialand NL-SC reproduce the experimental data, although the
they naturally reproduce the anomalous charge isotope Shiﬂasgreement is not as good as in the case of PE) isotopes.
[35]. The well known example of the anomalous kink in the In Fig. 8 we plot the differences between the binding en-
isotope shifts of Pb isotopes is shown in Fig. 6. The results of

. \ _ gies of prolate and oblate minima in evant?-184g iso-
RHB calculations with the NL1, NL3, and NL-SC effective topes. The values calculated with the NL1, NL3, and NL-SC

!nteractions, and with the Gogny D1S !nteraction in the pair- ffective interactions are shown in comparison with the em-

Ing chanpel, are compared with experimental data from Refoirical data[37]. As it was already shown in Fig. 2, prolate

E(?t]o Vghsiﬁfg”at:éetigokrﬁis Eﬁggdﬁ: é?fgc??:%lrge?g. Oground states are Calcul_ated with the NL3 interaction. The
P ' p NL1 and NL-SC interactions, on the other hand, reproduce

nounced for NL1 and NL3. The experimental data are bes{h : " -
i . ) e relative positions of the prolate and oblate minima. One
reproduced by the NL-SC interaction. The RHB theoretical < 1 keep in mind, however, that the total binding energies

values for the charge isotopg shifts of e\/é_eng isotopes calculated with NL1 are, on the average, more than 10 MeV
are compared with the experimental di88] in Fig. 7. The too large. The RHB model with the NL-SC interaction in the

large discrepancy between data and the values calculatx?)dn channel and with the Go : L
. . g gny D1S interaction in thp
with NL3 for A<<188, simply reflects the fact that this inter- channel, provides a consistent description for the ground-

action predicts the wrong sign for the ground-state deformag,ie nroperties of neutron-deficient nuclei in the Pt-Hg-Pb
region (binding energies, radii, ground-state deformatjons

0.5 ' ' ' ' ' We should emphasize that NL-SC was not adjusted to repro-
duce the relative excitation energies of the prolate minima in
0.3 r 1 Hg nuclei. However, the fact that the calculated relative po-
sitions of prolate and oblate minima agree with the empirical
0.1 r ’ values, might indicate that configuration mixing effects are
o not very important in these nuclei.
Ng .
Z—,“ -0.3 - 1 IV. CONCLUSIONS
05 L . e EXP | This work presents an analysis of ground-state properties
e—o NL-SC of neutron-deficient Hg and Pb isotopes in the framework of
o7l Eﬂt‘? | the RHB model. In the last _cou_ple of years th_is model has
been very successfully applied in the description of nuclear
09 . . ‘ . . . structure phenomena in medium-heavy and heavy exotic nu-
180 184 188 192 196 200 204 208 clei far from the valley ofg stability and of the physics of

A the drip lines. It is still very much an open problem, how-

FIG. 7. The RHB theoretical values for the charge isotope shifts£Ver, how ff_ir from stability one can apply relativistic effec_—
in evenA Hg isotopes, compared with experimental data from Ref.tive interactions that have been adjusted to global properties
[36]. of a small number of spherical closed shell nuclei. Can these
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interactions accurately describe experimentally known prop- Although a quantitative analysis of shape coexistence
erties and predict new structure phenomena in exotic nuclgghenomena goes beyond the mean-field approach, a consis-
far from stability? tent description of ground states is possible in the relativistic
One of the testing grounds of nuclear structure models isnean-field framework. We have shown that the RHB model
their ability to describe shape coexistence phenomena in saitith the NL-SC interaction in theh channel, adjusted to the
nuclei. In the present study, in particular, we have analyze@=82 proton shell closure irf°%b, and with the Gogny
the results of relativistic mean-field calculations in the regionD1S interaction in thepp channel, reproduces in detail the
of neutron deficient Pt-Hg-Pb nuclei. Standard relativistic in-empirical ground-state properties of neutron-deficient Hg
teractions, adjusted to ground-state properties of stable nand Pb nuclei.
clei, do not reproduce the empirical ground-state shapes of The results of the present analysis suggest that, when con-
neutron-deficient nuclei in this mass region. We have showrstructing effective mean-field interactions to be used in re-
however, that effective interactions can be constructedgions of exotic nuclei far from stability, not only bulk prop-
which consistently describe binding energies, charge radiierties of spherical nuclei, but also magic and semimagic gaps
ground-state quadrupole deformations and, at least qualitda the single nucleon spectra must be taken into account.
tively, the relative positions of coexisting minima in Hg and
Pb isotopic chains. In adjusting the parameters of such an
interaction, in addition to the usual experimental data on
ground states of stable nuclei, also the sizes of spherical gaps This work was supported in part by the Bundesministe-
in the single-nucleon spectra have to be taken into accountium fur Bildung und Forschung under Project No. 06 TM
The spherical magic and semimagic gaps determine the rel@79, and by the Gesellschaft rfuschwerionenforschung
tive excitation energies of coexisting minima based on dif-(GSIl) Darmstadt. T.N. and D.V. would like to acknowledge
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