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PROPERTIES OF LIGHT Hg, Pb AND Po ISOTOPESI. Muntian and Z. PatykA. Soltan Institute for Nulear StudiesHo»a 69, 00-681 Warsaw, Poland(Reeived Deember 12, 2002)Dediated to Adam Sobizewski in honour of his 70th birthdayQuality of mass desription for three di�erent theoretial mass models isstudied. Masses and deformations for Po, Pb and Hg isotopes are omparedwith experimental data. Gap in the proton single partile energy spetrumis disussed.PACS numbers: 27.70.+q 1. IntrodutionThe knowledge of magi numbers is important in any �nite Fermi system,espeially for superheavy nulei e.g. [1-3℄. The heaviest known yet nuleuswith two magi numbers, 208Pb, has 82 protons and 126 neutrons. Nuleiaround the nuleus 208Pb are intensively studied experimentally [4,5℄ andtheoretially [6℄. Reently, 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 balane of two tendenies:the gap in the proton single partile energy spetrum fores protons to havea spherial shape, while neutrons with neutron number between 82 and 126prefer deformed shape. From experimental data we know that light Pb nuleiare spherial [7℄. Also aording to marosopi�mirosopi alulationsthey are spherial, and have approximately 4 MeV energy gap in the protonsingle partile spetrum. Analysis of Pb isotopes an help us to understandthe properties of superheavy elements.2. Desription of the alulationsIn the present paper (PP) mass of nuleus is desribed by the marosopi�mirosopi model [2℄. The deformation-dependent marosopi part istreated within the Yukawa plus-exponential approah. The mirosopi part(1969)



1970 I. Muntian, Z. Patykis the Strutinski shell orretion with the Woods�Saxon single partile po-tential. The pairing part is alulated in the framework of the BCS theory.The ground states for even�even nulei are found in 4-dimensional deforma-tion spae (��); � = 2; 4; 6; 8. Five deformation-independent parameters inthe marosopi part of the mass formula have been �tted to 273 measuredmasses of even�even nulei in a range of atomi numbers from Z = 50 up toZ = 92. As a result, experimental masses are desribed with auray (rms)of 0.7 MeV. Masses of nulei measured at GSI-Darmstadt or ISOLDE/CERNare not inluded in the �t proedure.3. Results and disussionIn the present paper, we ompare masses and equilibrium deformationparameters obtained within three approahes: the Extended Thomas�Fermimodel with Strutinski Integral [8℄ (ETFSI), the Hartree�Fok method (HF-BCS) [9℄ and the marosopi�mirosopi 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 BCSapproah.
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Fig. 1. Equilibrium deformation parameter �2 for marosopi�mirosopi (fullirle), ETFSI (full square) and HFBCS (open irle) models plotted as a funtionof 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 funtion of neutron number. Full irles, full squaresand open irles denote marosopi�mirosopi (PP), ETFSI and HFBCSalulations, respetively. The ground state shapes are predited spherialin the Hartree�Fok approah for three mentioned isotope hains. The ex-eptions are three light Hg isotopes alulated to be oblate, but with theorresponding deformation energies less then 0.2 MeV.For the ETFSI model and the maro�miro method (PP), one an seedrasti shape hanges for light Po and Hg isotopes (predited to be oblateor prolate) ompared with spherial shapes of neighboring Pb isotopes. Thedeformation energy reahes 2 MeV for light Hg isotopes in both models, asseen in Fig. 2. The ground states of the nuleus 186Pb and heavier even�evenPb isotopes are spherial as reently has been shown experimentally [7℄.
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Fig. 2. Deformation energy (in MeV) for marosopi�mirosopi (full irle),ETFSI (full square) and HFBCS (open irle) models plotted as a funtion ofneutron number. Hg, Pb and Po isotopes are studied.



1972 I. Muntian, Z. PatykIn Fig. 3, the ratio of two experimental exited states E4 and E2 is plottedas a funtion of neutron number. The ratio equal to one desribes perfetharmoni osillator spetrum, while for the ratio approahing 3.3 (perfetrotor) the spetrum has rotational harater and the nuleus is deformed.For light Hg isotopes we observe that experimental ratio approahes 3 andwe onlude that the light Hg isotopes are deformed, what supports theresults of ETFSI and PP alulations.
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Fig. 3. The experimental ratio [10℄ E4 to E2 for Hg (square), Pb (irle) and Po(triangles) isotopes illustrated as a funtion of neutron number.In Fig. 4, the di�erene between alulated 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 approah. For Hg isotopes,absolute values of mass di�erenes are less then 1 MeV. For Po isotopes,only the marosopi�mirosopi model desribes masses with disrepanysmaller then 1 MeV.Having three masses, see the Eq. (1), we ompute Gp, whih is interpretedas a gap in the proton single partile spetrum.2Gp = (M(Z � 2; N) +M(Z + 2; N) � 2M(Z;N))2 : (1)Similar equation an be onstruted for the neutron gap Fig. 5 presents thequantity 2Gp, extrated from experimental and theoretial masses for Pbisotopes. Additionally, the gap around the Fermi level in the Woods�Saxonspetrum 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 nulei. However, experimentaldata [7℄ for light Pb isotopes supports the opposite idea: light Pb isotopeshave strong enough proton gap to keep neutrons within spherial shape.
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Fig. 4. Deviation of theoretial nulear mass (in MeV) for marosopi�mirosopi(irle), ETFSI (square) and HFBCS (triangle) models plotted as a funtion ofneutron number. The experimental mass has been hosen as a referene. Isotopesof Hg, Pb and Po are presented.Also the alulated Woods�Saxon proton gap shows that the gap is strongfor light Pb isotopes. If three nulei onneted by the formula (1) havesimilar struture at the ground state, the value Gp an be interpreted as thegap around the Fermi level in the single partile spetrum. 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 partile spetrum. Moreover, in Fig. 5 we see that the alulatedgap in the proton Woods�Saxon spetrum (WS) inreases as the neutronnumber dereases.When we use the same Woods�Saxon spetrum to alulate masses inthe marosopi�mirosopi approah, the gap extrated from formula (1)dereases for light Pb isotopes (full irles).
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