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A Fourier parametrization of nuclear shapes and the macroscopic—micro-
scopic method are used to evaluate the potential energy surfaces (PES) of
nuclei in a 4-dimensional deformation space. The effect of different orien-
tations in space of the nucleus is taken into account when deformations
higher than quadrupole are considered. The effect on the PES of exact
solving the pairing eigenproblem is also studied.
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1. Introduction

In recent years, neutron-deficient nuclei in the Pt—-Hg—Pb region have
been intensively studied experimentally (cf., e.g., [1-7]). Several excited 0
states corresponding to the shape isomers were found in these nuclei. These
discoveries have motivated us to study the potential energy surfaces (PES)
of even—even Pt, Hg, and Pb isotopes. The present research is a continuation
of our previous studies [8], which were primarily focused on super-deformed
(SD) shape isomers. In the present paper, the PESs are evaluated in the
4-dimensional Fourier-over-spheroid shape parametrization (7,c,as,a4)

* Presented at the XXXVIIT Mazurian Lakes Conference on Physics, Piaski, Poland,
August 31-September 6, 2025.

(1-A26.1)


https://www.actaphys.uj.edu.pl/findarticle?series=sup&vol=19&aid=1-A26
https://orcid.org/0000-0002-5557-6037

1-A26.2 B. NERLO-POMORSKA ET AL.

[9, 10], where ¢ stands for elongation, as for the left-right asymmetry, a4
for the neck degree of freedom, and 7 allows for non-axial deformations.
One has shown that in this region of nuclei and for the considered deforma-
tion parameter range, the left-right asymmetry plays no role, i.e., ag =~ 0
corresponds to an energy minimum in all (7, ¢, a4) grid points.

2. Results

The set of deformation parameters (7, c,aq) is projected, with simul-
taneous minimization with respect to ag [12], onto the traditional (3,7)
Bohr parameters [11] to study the effects of different nuclear orientations in
space |12]. Potential energy surfaces (PES) are evaluated in the framework
of the macroscopic—microscopic method based on the Lublin—Strasbourg-
Drop (LSD) [13] macroscopic energy and the Strutinsky+BCS microscopic
energy corrections obtained using the Yukawa-folded [14] mean-field poten-
tial. Examples of the PES for a few Pt, Hg, and Pb isotopes are shown in
Fig. 1.

One can speak of a prolate—oblate shape coexistence when both prolate
and oblate minima have similar energies and are separated by a barrier of
the order of the zero-point energy (= 0.5 MeV) or smaller. Such a situation
is found in some of the considered Pt and Hg isotopes. The ground-state
deformation is on the prolate side at 5 ~ 0.16 in all the platinum isotopes
considered here, with diminishing barrier height between the prolate and
oblate minima with increasing mass number. In all three platinum isotopes,
an oblate, well-seen minimum is found around 5 = 0.18.

In the neighboring mercury isotopes (see Figs. 1 and 2), the ground-
state deformation is located on the oblate side and parallel exists a prolate
minimum. As mass increases, the ground states of Hg isotopes become
successively deeper, while the prolate shape isomer becomes shallower. The
deeper oblate minima in ¥4~ Hg nuclei are located at § ~ 0.15, which is
comparable with the deformation 8 = 0.13 extracted from the BE2(2;r —
07") values measured in Ref. [3]. In all three mercury isotopes, triaxial shape-
isomeric states are found around v & 20° at an elongation of 8 = 0.5.

In lead isotopes, the ground state is spherical. An oblate shape-isomeric
state at energy around 1 MeV and deformation around 8 = 0.2 is seen
in 186:190PhL  while on the prolate side, contrary to experimental findings
reported in Refs. [4—6], we have got only a kind of plateau. This discrepancy
can origin from our apprixmative treatment of the pairing correlations (see
next section). Another prolate SD isomer develops with increasing mass
number around the deformation 8 ~ 0.45 and v = 0°. A triaxial shape
isomer at energy ~ 6 MeV and {5 = 0.45,v ~ 27°} is also found in all three
lead isotopes.
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Fig.1. (Color online) The (8 cos~y) and (8 sin~y) cross sections of the 4D PES evalu-
ated relative to the spherical LSD energy of the corresponding 182186 pt, 184,188 g
186-190P} even—even isotopes [12]. Solid lines correspond to layers separated by

0.5 MeV, with intermediate dashed lines at 0.25 MeV distance.
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Fig.2. (Color online) PES of 8¢Hg evaluated within the HFB approach with the
Gogny D1S force [12] (top), using constraints on the axial Q¢ and non-axial Qa0
mass quadrupole moments and, for comparison, a similar PES evaluated within

the macroscopic—microscopic method (bottom). A cross denotes the ground state,
while white/yellow dots indicate local minima.

In addition to our macroscopic—microscopic estimates, we have deter-
mined the structure of the '86Hg isotope through a self-consistent HFB cal-
culation with the Gogny D1S force using a constraint on the axial QQo¢ and
non-axial (25 mass quadrupole moments. The ground state was found with
an almost prolate shape with a slight triaxiality of nearly v = 12°, about
200 keV lower than the oblate minimum at 5 ~ 0.12. In the macroscopic—
microscopic approach (bottom part of Fig. 2), the ground state shape, on
the contrary, is oblate deformed and located about 300 keV lower than the
prolate minimum. In both calculations, several prolate, axially symmetric,
local minima are obtained, at Qo9 ~ 21.0, 34.4, and 70.5 b, in the HFB
approach corresponding, respectively, to values of 5§ = 0.56, 0.79, and 1.13
obtained within the macroscopic—microscopic method. Despite minor quan-
titative differences, one clearly finds equivalence in the description of the
structure of this nucleus across both methods, as shown in Fig. 2.
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3. On exact and BCS solutions of the pairing eigenproblem

A question appears: how accurate are our predictions? In Ref. [8], we
have shown that our macroscopic—microscopic model predicts well the posi-
tions and energies of the SD minima in the 97194 Hg and 2~196P} isotopes.
It means that the global (read: macroscopic) deformation dependence of the
PES for these nuclei is well reproduced. On the other hand, at smaller defor-
mations, a competition between the shell and pairing corrections is crucial
for reproducing the shape coexistence phenomenon. The pairing eigenprob-
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Fig. 3. (Color online) Comparison of the PESs of the nuclei "°Pt, !”?Hg, and 17*Pb
evaluated with an exact solution of the pairing eigenproblem (L.h.s.) and with the
BCS pairing treatment (r.h.s.). The 4D PESs are projected here onto the Fourier
parameter (g2, 7) 2D space [15, 16]. The ground state deformation of each isotope
is denoted by a dark gray/red dot, while a coexistent minimum is indicated by
a dark gray/red cross. The corresponding (3, ) grid is marked by dark gray/red
lines.
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lem is usually solved in the BCS approximation, which by definition is not
exact. To give the reader a sense of how accurate the BCS approximation
is, we recall here the calculations by Guan and co-workers [16] performed
in a similar macroscopic—microscopic model but for the lighter Pt—-Hg—Pb
isotopes. The maps in Fig. 3 are plotted using the Fourier deformation
parameters (g2,n) [17], but the (8,v) grid is marked in addition for read-
ers using this traditional parametrisation. Comparing the PES evaluated
using the BCS approximation with that obtained from the exact solution
of the pairing eigenproblem, one can judge the accuracy of this frequently
used approximation. The pairing strengths in both exact and BCS pairing
calculations are adjusted in Ref. [16] to the experimental odd—-even mass dif-
ferences for the platinum and lead isotopes. In Fig. 3, a comparison of the
PESs of "Pt, 1™Hg, and ™Pb obtained within the exact (L.h.s. column)
and the BCS (r.h.s. column) pairing is shown. As one can see, the minima
around the ground states are more pronounced in the exact PESs than the
BCS ones. For small deformations, the difference between the two PESs is
of the order of 0.5 MeV, which may influence our prediction of the shape
coexistence. This is why we will use the exact pairing solution in our future
calculations. Unfortunately, it takes much more computer time.

4. Conclusions

From our study of shape isomers in even—even nuclei of the isotopic
chains of Pt, Hg, and Pb nuclei around '8¢Hg, we conclude:

— The left-right asymmetry degree of freedom does not play an impor-
tant role in any of the here-considered nuclei, and this is not only
around the ground state but throughout the considered range of defor-
mations, as long as the elongation does not become too large (8 < 0.6).

— Minimizing the PESs with respect to the waist/neck parameter a4
leads to a deeper ground-state minimum in the Pt and Hg isotopes
and therefore it is important for the study of shape isomers,

— A self-consistent HFB calculation with the Gogny energy-density func-
tional is shown to yield PESs that are close to the ones of the macro-
scopic—microscopic method.

— An exact pairing treatment confirms, on average, the BCS results, but
tiny differences between the two estimates may be important for better
reproduction of experimental data, especially the shape coexistence
phenomenon.
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— More extended calculations for neutron-deficient nuclei from the Pt—
Hg—Pb region of nuclei, but using the exact solution of the pairing
eigenproblem are planned.

This research was funded in part by the National Science Centre (NCN),
Poland (project No. 2023/49/B/ST2/01294), the National Natural Science
Foundation of China (grant No. 12275115), and the Polish-French collabo-
ration agreement COPIN-IN2P3 (tasks No. 08-131 and 15-149).

REFERENCES

[1] R. Julin, T. Grahn, J. Pakarinen, P. Rahkila, J. Phys. G: Nucl. Part. Phys.
43, 024004 (2016).

[2] K. Wrzosek-Lipska, L.P. Gaffney, J. Phys. G: Nucl. Part. Phys. 43, 024012
(2016).

[3] K. Wrzosek-Lipska et al., Eur. Phys. J. A 55, 130 (2019).

[4] J. Ojala et al., Commun. Phys. 5, 213 (2022).

[5] P. Papadakis et al., Phys. Lett. B 858, 139048 (2024).

[6] A. Montes Plaza et al., Commun. Phys. 8, 8 (2025).

[7] J. Ojala et al., Phys. Lett. B 867, 139601 (2025).

[8] K. Pomorski et al., Eur. Phys. J. 56, 107 (2020).

[9] K. Pomorski et al., Phys. Rev. C 107, 054616 (2023).

[10] K. Pomorski, B. Nerlo-Pomorska, Acta Phys. Pol. B Proc. Suppl. 16, 4-A21
(2023).

[11] A. Bohr, Mat. Fys. Medd. Dan. Vid. Selsk. 26, 14 (1952).

[12] J. Bartel et al., Phys. Rev. C 112, 064301 (2025).

[13] K. Pomorski, J. Dudek, Phys. Rev. C' 67, 044316 (2003).

[14] K.T.R. Davies, J. R. Nix, Phys. Rev. C' 14, 1977 (1976).

[15] C. Schmitt, K. Pomorski, B. Nerlo-Pomorska, J. Bartel, Phys. Rev. C 95,
034612 (2017).

[16] X. Guan et al., Nucl. Sci. Tech. 36, 128 (2025).

[17] K. Pomorski, B. Nerlo-Pomorska, J. Bartel, C. Schmitt, Acta. Phys. Pol. B
Proc. Suppl. 8, 667 (2015).


http://dx.doi.org/10.1088/0954-3899/43/2/024004
http://dx.doi.org/10.1088/0954-3899/43/2/024004
http://dx.doi.org/10.1088/0954-3899/43/2/024012
http://dx.doi.org/10.1088/0954-3899/43/2/024012
http://dx.doi.org/10.1140/epja/i2019-12815-2
http://dx.doi.org/10.1038/s42005-022-00990-4
http://dx.doi.org/10.1016/j.physletb.2024.139048
http://dx.doi.org/10.1038/s42005-024-01928-8
http://dx.doi.org/10.1016/j.physletb.2025.139601
http://dx.doi.org/10.1140/epja/s10050-020-00115-x
http://dx.doi.org/10.1103/PhysRevC.107.054616
http://dx.doi.org/10.5506/APhysPolBSupp.16.4-A21
http://dx.doi.org/10.5506/APhysPolBSupp.16.4-A21
http://publ.royalacademy.dk/backend/web/uploads/2019-07-23/AFL%202/M_26_00_00_1950-1951_6351/M_26_14_00_1952_1124.pdf
http://dx.doi.org/10.1103/gk8b-jl6y
http://dx.doi.org/10.1103/PhysRevC.67.044316
http://dx.doi.org/10.1103/PhysRevC.14.1977
http://dx.doi.org/10.1103/PhysRevC.95.034612
http://dx.doi.org/10.1103/PhysRevC.95.034612
http://dx.doi.org/10.1007/s41365-025-01737-w
http://dx.doi.org/10.5506/APhysPolBSupp.8.667
http://dx.doi.org/10.5506/APhysPolBSupp.8.667

	1 Introduction
	2 Results
	3 On exact and BCS solutions of the pairing eigenproblem
	4 Conclusions

