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Magic numbers are a key feature of any finite Fermion sys-
tem as they provide crucial clues on the underlying mean
field. The study of shell closures is thus very interesting
in exotic nuclei. One wants to know how the shell closures
develop when moving towards the driplines. It is now well–
established for neutron–rich N =20 and N =28 isotones
that the neutron shells fade away. This gives rise to a
transient regime of pronounced low-lying collecive states
and finally to stable ground-state deformation [1]. There
are hints from the systematics of 2+ and 4+ excitation
energies in Cd and Pd isotopes that also the N =50 and
N =82 shells are weakened when going towards neutron–
rich nuclei [2]. All these examples concern a weakening
of neutron shells. The situation seems to be different for
protons. For light nuclei there is no indication that the
proton shell closures fade away towards the proton drip
line. But the analysis of recent mass measurements [3]
shows a substantial weakening of the two–proton shell gap

δ2p(Z, N) = E(Z − 2, N)− 2E(Z, N) + E(Z + 2, N)
for very proton-rich Pb isotopes. It is speculated whether
this is related to a weakening of the Z=82 shell [4]. This
contribution looks at this problem from a theoretical per-
spective.
As tool we take self-consistent mean-field models which

are nowadays well developed and provide a pertinent pic-
ture of the nuclear properties throughout the whole mass
table. We consider two different models, the Skyrme-

0

2

4

6

8

10

2p
[M

eV
]

102 106 110 114 118 122 126 130
Neutron Number

0

2

4

6

8

10

2p
[M

eV
] exp.

SkI3
NL3

spherical

axial

Pb

Pb

Figure 1: Two–proton shell gap δ2p for Pb isotopes calcu-
lated with SHF (force SkI3) and RMF (force NL3) and
compared with experimental data. Upper panel: from
spherical configurations of all nuclei. Lower panel: allow-
ing for ground-state deformations.

Hartree-Fock approach (SHF) and the relativistic mean-
field model (RMF). We take one typical parametrisation
for each model, SkI3 for the SHF and NL3 for the RMF,
see e.g. [5]. SHF as well as RMF produce single–proton
spectra in Pb with a well developed magic gap at Z = 82
for all isotopes up to the dripline. This is confirmed by
the systematics of the shell-correction energies extracted
from self-consistent calculations [6]. The δ2p are presented
in Fig. 1. The upper panel shows δ2p for spherical cal-
culations in Pb as well as in its Z±2 neighbours Po and
Hg. The theoretical results give an almost constantly large
δ2p along the whole isotopic chain, in compliance with the
large spectral gap and shell-correction energy. But the re-
sults for δ2p are clearly at variance with the data. This
changes dramatically when allowing for ground–state de-
formation, see the lower panel. While the ground states
of Pb isotopes stay spherical, the ground states of proton-
rich Hg and Po isotopes become deformed. They thus
gain energy which significantly reduces the extremely sen-
sitive double difference δ2p. The findings are consistent
with the currently available data which confirm deforma-
tion softness in these heavy proton-rich isotopes, see e.g.
[7] and references therein. Important for our purpose is:
(i) 180−190Hg have oblate deformed ground states, (ii) data
on excitation spectra and charge radii for Pb isotopes are
consistent with spherical ground states, and (iii) proton-
rich Po isotopes show an increased collectivity.
In summary the observed weakening of δ2p around

Z=82 is caused by the increased collectivity of the Hg
and Po isotopes, and not by a quenching of the Z=82
shell. Large values of δ2p are a sufficient, but not a neces-
sary indicator for a shell closure. This example shows that
a thorough analysis of magic shells requires a simultanous
consideration of various signals, e.g. the δ2p together with
energy and strength of low-lying 2+ and 4+ states, possi-
bly complemented by α-decay hindrance factors [8]. True
proton-shell quenching, however, is expected for the next
magic proton number in the realm of superheavy elements
[9].
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[1] S. Pèru et al., Eur. Phys. J. A9, 35 (2000).
[2] T. Kautzsch et al., Eur. Phys. J. A9, 201 (2000).
[3] T. Radon et al., Nucl. Phys. A677, 75 (2000).
[4] Yu. N. Novikov et al., submitted to Nucl. Phys. A.
[5] P.–G. Reinhard et al., Comm. Nuc. Part. Sci. (2001)
[6] M. Bender et al., in preparation.
[7] K. Heyde et al., Phys. Rev. C53, 1035 (1996).
[8] J. Wauters et al,, Phys. Rev. Lett. 72, 1329 (1994).
[9] M. Bender et al., Phys. Rev. C 60, 034304 (1999).


