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DECAY PROPERTIES OFHEAVIEST ATOMIC NUCLEI�R. Smola«zukSoltan Institute for Nulear StudiesHo»a 69, 00-681 Warszawa, Poland(Reeived July 4, 1998)Stability of transatinide nulei is disussed. Theoretial results wereobtained in a multidimensional deformation spae on the basis of the maro-sopi-mirosopi model. In the large enough deformation spae, shelllosures at Z = 108 and N = 162 were obtained whih stabilize the reentlysynthesized deformed superheavy nulei. Muh stronger in�uene of theshells at Z = 114 and N = 184 on the alulated half-lives for spherialsuperheavy nulei is also demonstrated.PACS numbers: 27.90.+b, 21.10.Tg, 25.85.Ca, 23.60.+e1. IntrodutionNowadays, one hundred years after the disovery of radioativity [1, 2℄,the Mendeleyev Table ontains 112 hemial elements. All elements beyondUranium, whih is the heaviest one observed in nature, were obtained ar-ti�ially in nulear reations. An impressive progress in the prodution ofheaviest elements has been made during the last few years due to the dis-overy of �-deaying isotopes of the new elements 110 [3�5℄, 111 [6℄ and112 [7℄.Transatinide nulei known so far deay mainly by the emission of the�-partile or by the spontaneous �ssion [8℄. This is beause these short-living nulei are situated on the nulear hart very lose to the area of the�-stability. The aim of this ontribution is to present results on the �-deayand spontaneous-�ssion half-lives alulated on the basis of the marosopi-mirosopi model [9, 10℄.� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1565)



1566 R. Smola«zuk2. The methodWe alulated the potential energy and its dependene on deforma-tion using the marosopi�mirosopi model [9, 10℄. The Yukawa-plus-exponential potential [11℄ with the parameters from Ref. [10℄ was taken forthe marosopi energy. The mirosopi energy was alulated by meansof the Strutinsky method [12℄. The single-partile levels, from whih themirosopi energy was alulated, have been obtained by the diagonaliza-tion of the Woods�Saxon single-partile Hamiltonian [13℄ in the deformedharmoni osillator basis. We used the Woods�Saxon potential with theuniversal parameters [13℄. Residual pairing interation was treated in theBCS approximation with the strength taken from Ref. [14℄.Nulear shapes were parametrized in the intrinsi frame of referene on-neted with a nuleus. We used the standard deformation parameters ��whih multiply spherial harmonis Y�0(#) in the expression for the nu-lear radius. We heked that the use of four deformation parameters ��,� = 2; 4; 6; 8; desribing axially and re�etion symmetri nulear shapes, issu�ient for the alulation of the ground-state energy for almost all trans-atinides [9,10℄. This set of deformation parameters is also su�ient for thealulation of the spontaneous-�ssion half-lives beause of the dynamial de-sription of this deay mode [9,10℄. In the dynamial alulation [15,16℄, the�ssion trajetory is determined by the minimization of the ation integralwhih desribes penetration of the potential energy barrier by a nuleus.This quantity is dependent on both the potential energy and the tensor ofinertia alulated along a trajetory. The tensor of inertia was obtained byusing the ranking approximation with the inlusion of pairing [17℄. Theprobability of tunneling of the potential energy barrier along the �ssion tra-jetory by a nuleus and, onsequently, the spontaneous-�ssion half-life wasalulated by means of the WKB approximation. The shortest trajetory(the smallest spontaneous-�ssion half-life) was obtained for axially and re-�etion symmetri nulear shapes.The �-deay half-life (in seonds) was alulated by the semi phenomeno-logial Viola and Seaborg formulalog10 T� = (aZ + b)Q�1=2� + (Z + d) : (1)The �-deay energy Q� (in MeV) for eah nuleus was obtained by subtrat-ing from its theoretial mass the theoretial mass of the daughter nuleusand the measured mass of the �-partile. Parametersa = 1:81040; b = �21:7199;  = �0:26488; d = �28:1319 ; (2)were �tted to 58 even�even nulei with Z > 82 and N > 126 for whih bothQ� and T� are experimentally known [10℄.



Deay Properties of Heaviest Atomi Nulei 15673. Disussion of the resultsTransatinide nulei are stabilized by large shell e�ets beause verysmall or even no marosopi barriers are obtained for these nulei [18℄.Suh nulei are alled very often �superheavy nulei�.Contour map of the total shell orretion energy de�ned as the di�erenebetween the total potential energy alulated for the equilibrium shape andthe marosopi part of the potential for the spherial shape is given inFig. 1. Sine the spherial shape is the equilibrium point in the marosopi

Fig. 1. Contour map of the total shell orretion energy Esh for even-even nuleiwith Z=82�120 [10℄. Numbers at ontour lines give energy in MeV. The energydi�erene between neighboring ontour lines is equal to 1 MeV. Squares denotedeformed transatinide nulei synthesized so far. The region of known nulei isalso shown. Deformed magi numbers, Z=108, N=162, as well as spherial ones,Z=114, N=184, are indiated. Traditional superheavy elements (SHE), whih arenot observed so far, are expeted to be stabilized by the large spherial shells.(i.e., without shell struture) model, the total shell orretion Esh is thegain in energy of a nuleus due to its shell struture, inluding the e�et ofpairing. In the region of superheavy nulei, two minima of Esh, exeedingslightly 7 MeV, were obtained [10℄. They appear at the well deformed nuleus270Hs162 (270108162) and for nulei lose to the spherial nuleus 298114184.The minima indiate the reation of large gaps at the Fermi level in thesingle-partile spetra of these nulei. The energy gaps equal to 2.1 MeVwere obtained between Z = 114 and 115 in the proton spetrum and betweenN = 184 and 185 in the neutron spetrum of the spherial nuleus 298114184.In ase of the deformed nuleus 270Hs162, nulear shells are reated by energygaps equal to 1.4 MeV whih appear between Z = 108 and 109 in the protonspetrum and between N=162 and 163 in the neutron spetrum. These



1568 R. Smola«zuknulear shells are �lled out by outer nuleons for the nulei 298114184 [19℄ and270Hs162 [20,21℄ what leads to the inreased stability of these heavy systemsagainst � deay and espeially against spontaneous �ssion. Therefore, weall these nulei �spherial doubly magi superheavy nuleus� and �deformeddoubly magi superheavy nuleus�, respetively.Fig. 2 shows the spontaneous-�ssion half-life Tsf and the �-deay half-lifeT� alulated for even-even deformed superheavy nulei [9℄. These quanti-ties are plotted as funtions of neutron number N . The e�et of the de-formed neutron shell is seen as maxima of Tsf and T� at N=162 for par-tiular elements. Measured spontaneous-�ssion and �-deay half-lives foreven-even deformed superheavy nulei [22�27℄ are also shown in Fig. 2 to-gether with the experimental �-deay half-lives for odd-N isotopes of theelements Hs-112 [3�5,7,28℄. Experimental half-lives obtained for odd-N iso-

Fig. 2. Logarithm of the spontaneous-�ssion (squares) and �-deay (irles) half-lives [9℄, given in seonds, versus neutron number N , for even-even deformed iso-topes of the elements Rf�114. Open symbols indiate alulated half-lives. Exper-imental data [22�27℄ are marked by full symbols. Triangles indiate experimental�-deay half-lives for odd-N isotopes of the elements Hs-112 [3�5,7, 28℄.



Deay Properties of Heaviest Atomi Nulei 1569topes of the element 110 [3�5℄ manifest the same behavior around N=162 asthe alulated �-deay half-lives for even-even isotopes of this element. Thisseems to mean that the deformed neutron shell appears exatly at N=162.The in�uene of the spherial shell at N=184 is seen as the inrease of Tsffor N>� 170.Total half-lives alulated for �-stable even-even superheavy nulei areshown in Fig. 3. E�et of the spherial shell at N=184, whih is strongerthan the one at N=162, is demonstrated. It is also learly seen in this �gurethat the region of traditional superheavy nulei (SHE), i.e. spherial nuleistabilized by the shells at Z=114 and N=184, is not separated from theknown nulei by the area of deep instability. The total half-lives alulatedfor isotopes with N � 170 are still larger than 1 �s whih is nowadays thesmallest half-life possible to measure after the synthesis of a superheavynuleus. Very reently, an attempt at the synthesis of the nulei 282112170and 283112171 has been made in Dubna. The results of this experiment aredisussed in Ref. [29℄.

Fig. 3. Total half-life preditions for both deformed and spherial �-stable iso-topes of the elements Rf�116. The total half-life was obtained from �-deay andspontaneous-�ssion half-lives taken from Ref. [10℄. Full irles denote spontaneously�ssioning nulei, open irles mark �-deaying ones and mixed symbols indiatevery heavy systems for whih both deay modes are expeted with the probabilitynot di�ering more then about 10 times.
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