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PROPERTIES OF LIGHT Hg, Pb AND Po ISOTOPESI. Muntian and Z. PatykA. Soltan Institute for Nu
lear StudiesHo»a 69, 00-681 Warsaw, Poland(Re
eived De
ember 12, 2002)Dedi
ated to Adam Sobi
zewski in honour of his 70th birthdayQuality of mass des
ription for three di�erent theoreti
al mass models isstudied. Masses and deformations for Po, Pb and Hg isotopes are 
omparedwith experimental data. Gap in the proton single parti
le energy spe
trumis dis
ussed.PACS numbers: 27.70.+q 1. Introdu
tionThe knowledge of magi
 numbers is important in any �nite Fermi system,espe
ially for superheavy nu
lei e.g. [1-3℄. The heaviest known yet nu
leuswith two magi
 numbers, 208Pb, has 82 protons and 126 neutrons. Nu
leiaround the nu
leus 208Pb are intensively studied experimentally [4,5℄ andtheoreti
ally [6℄. Re
ently, masses and equilibrium shapes [7℄ for Pb isotopeshave been determined at GSI-Darmstadt [4℄ and at ISOLDE/CERN [5℄. Theshapes of the Pb isotopes 
an be understood as a balan
e of two tenden
ies:the gap in the proton single parti
le energy spe
trum for
es protons to havea spheri
al shape, while neutrons with neutron number between 82 and 126prefer deformed shape. From experimental data we know that light Pb nu
leiare spheri
al [7℄. Also a

ording to ma
ros
opi
�mi
ros
opi
 
al
ulationsthey are spheri
al, and have approximately 4 MeV energy gap in the protonsingle parti
le spe
trum. Analysis of Pb isotopes 
an help us to understandthe properties of superheavy elements.2. Des
ription of the 
al
ulationsIn the present paper (PP) mass of nu
leus is des
ribed by the ma
ros
opi
�mi
ros
opi
 model [2℄. The deformation-dependent ma
ros
opi
 part istreated within the Yukawa plus-exponential approa
h. The mi
ros
opi
 part(1969)



1970 I. Muntian, Z. Patykis the Strutinski shell 
orre
tion with the Woods�Saxon single parti
le po-tential. The pairing part is 
al
ulated in the framework of the BCS theory.The ground states for even�even nu
lei are found in 4-dimensional deforma-tion spa
e (��); � = 2; 4; 6; 8. Five deformation-independent parameters inthe ma
ros
opi
 part of the mass formula have been �tted to 273 measuredmasses of even�even nu
lei in a range of atomi
 numbers from Z = 50 up toZ = 92. As a result, experimental masses are des
ribed with a

ura
y (rms)of 0.7 MeV. Masses of nu
lei measured at GSI-Darmstadt or ISOLDE/CERNare not in
luded in the �t pro
edure.3. Results and dis
ussionIn the present paper, we 
ompare masses and equilibrium deformationparameters obtained within three approa
hes: the Extended Thomas�Fermimodel with Strutinski Integral [8℄ (ETFSI), the Hartree�Fo
k method (HF-BCS) [9℄ and the ma
ros
opi
�mi
ros
opi
 model (PP). Mass models witha set of parameters �tted for large area of measured masses are 
hosenfor 
omparison. In all these models pairing has been treated in the BCSapproa
h.
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Fig. 1. Equilibrium deformation parameter �2 for ma
ros
opi
�mi
ros
opi
 (full
ir
le), ETFSI (full square) and HFBCS (open 
ir
le) models plotted as a fun
tionof neutron number. The 
omparison is done for Hg, Pb and Po isotopes.



Properties of Light Hg, Pb and Po Isotopes 1971In Fig. 1 equilibrium deformation parameter �2 for Hg, Pb and Po iso-topes is presented as a fun
tion of neutron number. Full 
ir
les, full squaresand open 
ir
les denote ma
ros
opi
�mi
ros
opi
 (PP), ETFSI and HFBCS
al
ulations, respe
tively. The ground state shapes are predi
ted spheri
alin the Hartree�Fo
k approa
h for three mentioned isotope 
hains. The ex-
eptions are three light Hg isotopes 
al
ulated to be oblate, but with the
orresponding deformation energies less then 0.2 MeV.For the ETFSI model and the ma
ro�mi
ro method (PP), one 
an seedrasti
 shape 
hanges for light Po and Hg isotopes (predi
ted to be oblateor prolate) 
ompared with spheri
al shapes of neighboring Pb isotopes. Thedeformation energy rea
hes 2 MeV for light Hg isotopes in both models, asseen in Fig. 2. The ground states of the nu
leus 186Pb and heavier even�evenPb isotopes are spheri
al as re
ently has been shown experimentally [7℄.
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Fig. 2. Deformation energy (in MeV) for ma
ros
opi
�mi
ros
opi
 (full 
ir
le),ETFSI (full square) and HFBCS (open 
ir
le) models plotted as a fun
tion ofneutron number. Hg, Pb and Po isotopes are studied.



1972 I. Muntian, Z. PatykIn Fig. 3, the ratio of two experimental ex
ited states E4 and E2 is plottedas a fun
tion of neutron number. The ratio equal to one des
ribes perfe
tharmoni
 os
illator spe
trum, while for the ratio approa
hing 3.3 (perfe
trotor) the spe
trum has rotational 
hara
ter and the nu
leus is deformed.For light Hg isotopes we observe that experimental ratio approa
hes 3 andwe 
on
lude that the light Hg isotopes are deformed, what supports theresults of ETFSI and PP 
al
ulations.
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Fig. 3. The experimental ratio [10℄ E4 to E2 for Hg (square), Pb (
ir
le) and Po(triangles) isotopes illustrated as a fun
tion of neutron number.In Fig. 4, the di�eren
e between 
al
ulated and measured masses is pre-sented for three models. The largest deviations (absolute value 2.6 MeV)are obtained for light Pb isotopes in HFBCS approa
h. For Hg isotopes,absolute values of mass di�eren
es are less then 1 MeV. For Po isotopes,only the ma
ros
opi
�mi
ros
opi
 model des
ribes masses with dis
repan
ysmaller then 1 MeV.Having three masses, see the Eq. (1), we 
ompute Gp, whi
h is interpretedas a gap in the proton single parti
le spe
trum.2Gp = (M(Z � 2; N) +M(Z + 2; N) � 2M(Z;N))
2 : (1)Similar equation 
an be 
onstru
ted for the neutron gap Fig. 5 presents thequantity 2Gp, extra
ted from experimental and theoreti
al masses for Pbisotopes. Additionally, the gap around the Fermi level in the Woods�Saxonspe
trum is illustrated. Substantial weakening of Gp is observed for theexperimental data, what 
ould suggest that light Pb isotopes have small gaparound the Fermi level and they are not magi
 nu
lei. However, experimentaldata [7℄ for light Pb isotopes supports the opposite idea: light Pb isotopeshave strong enough proton gap to keep neutrons within spheri
al shape.
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Fig. 4. Deviation of theoreti
al nu
lear mass (in MeV) for ma
ros
opi
�mi
ros
opi
(
ir
le), ETFSI (square) and HFBCS (triangle) models plotted as a fun
tion ofneutron number. The experimental mass has been 
hosen as a referen
e. Isotopesof Hg, Pb and Po are presented.Also the 
al
ulated Woods�Saxon proton gap shows that the gap is strongfor light Pb isotopes. If three nu
lei 
onne
ted by the formula (1) havesimilar stru
ture at the ground state, the value Gp 
an be interpreted as thegap around the Fermi level in the single parti
le spe
trum. Light Pb andHg isotones have di�erent shapes at the ground state, so the latter 
onditionis not ful�lled. We 
annot interpret Gp for light Pb isotopes as the gap inthe single parti
le spe
trum. Moreover, in Fig. 5 we see that the 
al
ulatedgap in the proton Woods�Saxon spe
trum (WS) in
reases as the neutronnumber de
reases.When we use the same Woods�Saxon spe
trum to 
al
ulate masses inthe ma
ros
opi
�mi
ros
opi
 approa
h, the gap extra
ted from formula (1)de
reases for light Pb isotopes (full 
ir
les).
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 WSFig. 5. The double proton gap (in MeV) 
al
ulated a

ording to Eq. (1) in thema
ros
opi
�mi
ros
opi
 (full 
ir
les), ETFSI (full squares) and HFBCS (open
ir
les) approa
hes plotted as a fun
tion of neutron number. The experimentalproton gap is indi
ated by stars. Also the gap in the proton single parti
le spe
trumof the Woods�Saxon (WS) potential around the Fermi level (triangles) is presented.Finally we 
on
lude, that light Pb isotopes have spheri
al ground stateshapes and they are still magi
 nu
lei. The quantity Gp de�ned by theEq. (1) 
annot be interpreted as a gap in the proton single parti
le spe
-trum. The latter is very important for predi
tions of magi
 numbers inself-
onsistent studies of superheavy nu
lei using Gp as a magi
ity indi
ator(
f. e.g. [12℄).Dis
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