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NUCLEAR STRUCTURE OF SUPERHEAVY NUCLEIIN A LARGE DEFORMATION SPACE�L. BitaudCommissariat à l'Energie AtomiqueB.P. 12, 91680 Bruyères-le-Châtel, Frane(Reeived Otober 30, 2000)The struture of SuperHeavy Nulei (SHN) is analyzed in two miro-sopi approahes. First one is the Hartree�Fok�Bogolyubov method usedwith the Gogny fore, applied to a large range of nulei with axial and left�right symmetries. The seond one breaks both of these symmetries in mean�eld. Potential energy surfaes of a few transatinides are studied in thisframework. One observes that the �ssion paths an be strongly modi�ed,leading to signi�ant hanges in lifetimes obtained from HFB-D1S.PACS numbers: 21.30.�x, 21.60.�n, 21.60.Jz, 25.85.Ca1. Nulear struture of superheavy nulei with the Gogny foreThe onstrained Hartree�Fok�Bogolyubov mean �eld approah usedwith the Gogny e�etive fore D1S has been extensively employed these lastyears to desribe the properties of even�even transatinide nulei along thevalley of �-stability up to Z = 128. In this framework where both the mean�eld and the pairing �eld are de�ned in a self-onsistent way, the axial andleft�right symmetries have been presribed to nulei. The mass quadrupoledeformation bQ20 = AXi=1r16�5 r2i Y 02is the only onstraint used.Results of this study are detailed in Ref. [1�3℄. Let us reall that strongspherial shell e�ets are found in neutron single partile levels for N =126, 184 and 228. Smaller ones also exist for N = 138, 164, 178 and 246.Deformed nulei, with � � 0:25, have neutron shell gaps for N = 152 and162. Conerning proton single partile levels, spherial shell e�ets are found� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.(669)



670 L. Bitaudfor Z = 92, 114, 120, 126 and also for Z = 138 and 164. Z = 114 is neverfound magi, whih is on�rmed by the proton pairing energy in 298114184about 17.4 MeV.Aording to N three regions of inreased stability have been well putinto evidene. Fig. 1 shows the pertinene of N to desribe Potential En-ergy Surfaes (PES) and subsequently Ground State (GS) �-deformation.For 150 < N < 170, prolate nulear shapes with 0:18 < � < 0:28 arefound. When N inreases, GS �-deformation beomes spherial. Nulei with182 < N < 192 are all found spherial. Above N = 202, GS �-deformationbeomes strongly oblate, with � � �0:4.
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Fig. 1. Fission barriers of a few representative superheavy nulei as funtions ofthe mass quadrupole moment obtained from HFB-D1S. The darker squares displaythe bottom of the valley of �-stability.From �ssion barrier heights and binding energies, �rst full mirosopipreditions of transatinides spontaneous �ssion and �-deay [4℄ half-liveshave been dedued, fousing on this N -dependene.



Nulear Struture of Superheavy Nulei in a Large Deformation Spae 6712. Potential energy surfaes of transatinidesAs studies of �ssion suggest, realisti desription of �ssion barrier heightsand onsequently of �ssion half-lives requires to examine the in�uene ofotupolar and non-axial deformations. Beause of the extremely large nu-merial work neessary to ompute the exhange and pairing �elds, breakingboth the axial and left�right symmetries in HFB-D1S alulations, the PESof transatinides are analyzed below within a simpli�ed mean-�eld approah.2.1. Mirosopi frameworkIn this approah, a new e�etive �nite-range fore alled L1 is used. Itis parametrized in suh a way that the gross properties of nulei an bereprodued in self-onsistent alulations where only the diret part of themean-�eld is taken into aount. The equation to be solved follows from thevariational priniple:Æh	 j bH � �N bNN � �Z bNZ � �20 bQ20 � �22 bQ22 � �30 bQ30j	i = 0 ; (1)where bH is the many-body e�etive Hamiltonian built with L1 and j	irepresents an independent orrelated nuleon pair state of the BCS form.As usual, onstraints on neutron and proton mean numbers bNN and bNZare introdued in order to ensure the onservation of the mean number ofpartiles. The Lagrange parameters �N and �Z are determined suh as theseonditions are assumed.As usual in Bruyères-le-Châtel linear onstraints are used in this work [5℄.The Lagrange parameters �lm are readjusted so that the mean values of bQlmpresribed to nuleus are obtained. With variations of these values the PESof the nuleus is generated. In addition of bQ20 one uses:8>>>><>>>>: bQ22 = AXi=1r8�15 r2i �Y 22 (bri) + Y �22 (bri)� ;bQ30 = AXi=1r4�7 r3i Y 03 (bri) ; (2)where the Y ml are the spherial harmoni. In our study, we impose up to 4simultaneously onstraints. Indeed the onstraints on bQ10 is also neessarywhen otupolar deformation on nulei is imposed to avoid osillations ofthe enter of mass. The mass multipole moments whih are not onstraintsmove towards values that minimize binding energy aording to variationalpriniple.



672 L. BitaudThe e�etive interation we used takes the form:bv12 = exp �� ra�r (W1 �H1P� )+t3(1 + x0P� )Æ(~r)��� ~r1 + ~r22 ��� + e2r ; (3)where we put r = j~r1� ~r2j. The �rst term is the �nite range entral ompo-nent that only depends on isospin in order to satisfy the harge symmetry ofthe nulear interation. The seond term is, as in D1S e�etive fore, fun-tion of the density so that usual saturation properties of symmetri in�nitenulear matter are found and the last term represents the usual Coulombomponent. Let us mention that for numerial reasons we alulate thespin�orbit mean �eld from the usual expression used in the single partilemodels but with the entral part of the mean �eld derived from the L1 fore.In the same spirit, pairing orrelations are inluded by simply addingto the Hamiltonian a BCS residual interation as in alulations with theSkyrme fore. The pairing strengths are determined in order to reproduethe pairing energies given by HFB-D1S in one point of the axial symmet-ri �ssion barrier. With these simpli�ations self-onsistent alulations inwhih both the axial and left�right symmetries are released an be performedto SHN. 2.2. Triaxial and asymmetri �ssion barriers: �rst resultsTo on�rm HFB-D1S results on SHN �ssion barriers heights, one has tohek that they are not modi�ed when new free degrees related to triaxialand left�right asymmetri nulear shapes are introdued. In this aim, inves-tigations have been performed on nulei representative of the three stabilityregion as funtions of N previously mentioned. First results show that the�ssion barrier of 298114184 and of 332124208 are not modi�ed. Nonetheless,with the inlusion of more general symmetries �gure 2 shows that the �s-sion barrier of 266106160 is unstable against both non-axial and left�rightasymmetri deformations. The top of the axial symmetri �ssion barrieris redued by about 4 MeV. Taking these into aount the �ssion half-lifedereases from 14 y. to 71 s. As T� is about 270 s with the 9-parameterempirial model in Ref. [4℄, total half-life appears in good agreement withexperimental results.
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3/2)Fig. 2. Axial symmetri (plus) and triaxial asymmetri (star) �ssion barriers of266106160 obtained from HF+BCS-L1. The two urves in the lower part, related tothe right y-axis, show the evolution of triaxial (star) and otupolar deformations(irle) in eah point of the triaxial asymmetri barrier.3. Conlusion and outlookThe simpli�ed mean �eld approah HF+BCS-L1 is a very useful andreliable tool to desribe well deformed nulei and in partiular to have themore realisti �ssion barriers of SHN. Extensive alulations applied to SHNare envisaged with this method.



674 L. BitaudREFERENCES[1℄ L. Bitaud, J.F. Berger, J. Dehargé, M. Girod, in Proeedings NATO Ad-vaned ourse, �Frontier Topis in Nulear Physis�, Predeal, Roumania(1993); L. Bitaud, thesis, Université de Paris-Sud, Orsay, Theoretial Studyof Transatinide Fission in a Mirosopi Framework, in Frenh, May 1996.[2℄ J.F. Berger, L. Bitaud, J. Dehargé, M. Girod, S. Peru-Desenfants, inProeedings of the International Workshop XXIV on Gross Properties ofNulei and Nulear Exitations, �Extremes of Nulear Struture�, Hirshegg,Austria, 1996.[3℄ J.F. Berger, L. Bitaud, J. Dehargé, M. Girod in Proeedings of the 1st Int.Conf. on the Chemistry and Physis of the Transatinide Elements, �NulearStruture in the Heaviest Elements�, Seeheim, Germany, 1999.[4℄ J. Dehargé, L. Pangault, Rapport C.E.A.-R-5672 (1994).[5℄ J.F. Berger, M. Girod, D. Gogny, Nul. Phys. A428, 23 (1984); Comput.Phys. Commun. 63, 365 (1991).


