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THE ALPHA-DEFORMED SUPERHEAVY NUCLEUSINTERACTION POTENTIAL�M. Kowal and Z. �ojewskiInstitute of Physis, M. Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20-031 Lublin, Poland(Reeived January 7, 2003)The � partile emission proess through the multidimensional barrierpotential has been onsidered. The deformed nuleus-� partile intera-tion energy inluding proximity approximation in the nulear potentialand Coulomb terms have been proposed. The alpha deay of very heavyarbitrarily deformed nulear systems have been studied within the abovepotential. The urvature e�ets have been also investigated.PACS numbers: 23.60.+e, 23.70.+j1. IntrodutionTheoretial preditions of existene of deformed superheavy nulei (SHE)[1�3℄ promote the studies of alpha deay proess, whih is predominant inthis area. The form of interation potential required for desription of lightfragments emission from the deformed nulear shapes is proposed in our pa-per. The method of spherial potential expansion [4℄ provides in the desrip-tion additional degrees of freedom assoiated with higher orders deformationof parent nuleus as well as with di�erent positions of alpha partiles. Asommonly known even a small di�erene in the barrier height an hange lifetime of a few orders of magnitude. Exat alulations of barrier heights andwidths are essential in estimation of life times onsidering this deay. How-ever, the existene of deformed SHE has not been experimentally on�rmedyet and preise theoretial studies in this area are neessary.� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2411)



2412 M. Kowal, Z. �ojewski2. Shape parametrizationThe paper presents parametrization of the shape of the parent nuleus(M) and the � partile whih proeeds in the following way:~rM(�) = 8<: RM(�)(�M(�)) sin(�M(�)) os(�M(�)) ;RM(�)(�M(�)) sin(�M(�)) sin(�M(�)) ;RM(�)(�M(�)) os(�M(�)) : (1)The standard form of nuleus surfae RM expansion into a series of spherialharmonis in the �l deformation parameters is used. The vetor onnetingthe mass enters of alpha partile and parent nuleus is reorded in thespherial referene system assoiated with this nuleus (R;� ;�).~R = 8<: R sin(�) os(�) ;R sin(�) sin(�) ;R os(�) : (2)As only the emission of alpha partile from the axially symmetri deforma-tion of nulei is onsidered � = 0 and �M = 0. It is additionally assumedthat the � partile does not a�et deformation of the nuleus from whih itwas emitted. 3. Coulomb energyExpansion of spherial formula of the Coulomb potential for the de-formed parent nuleus with the atomi and mass numbers ZM (AM ) and the� partile is of the form:V = 2ZMe2R + ep� 1XlM=2 1RlM+1C 0;0lM ;0 Y 0lM (�)Q0lM : (3)Here e is the harge unit and C 0;0lM ;0 are the Wigner oe�ients. For theappliation presented here, it is su�ient to onsider only the outer regionwhere the barriers are loated and the Coulomb expansion is absolutelyonvergent. We adopt here the following de�nition of the multipole momentsin the spherial harmonis Y 0lM (�M ):Q0lM = Z�M �M (~rM )rlMM Y 0lM (�M )d�M ; (4)where �M (~rM ) is a harge distribution with uniform density, with the �equiv-alent sharp radius� [5℄. Integration over parent nuleus volume (�M ) in theoordinates de�ned by Eq. (1) is arried out. Let us note that the �rst termin the presented multipole expansion orresponds to the ase of interationwhen both fragments are spherial.



The Alpha-Deformed Superheavy Nuleus Interation Potential 24134. Nulear energyTo alulate the nulear part of � partile-deformed parent nuleus in-teration we used the suitable form of �proximity� approximation [6℄,Vn =  K  (s) (5)with the surfae tension oe�ient  = 0:9517(1 � 1:7826I2) MeV=fm2,where I = (N�Z)=A. This hypothesis is based on the assumption, that thenulear interation takes plae between two in�nitesimal volume elementsloated losest for a given on�guration. It allows to separate nuleus inter-ation formula into two independent fators, geometrial one (K) onnetedwith the surfae urvature and the universal funtion  (s) independent ofthe system geometry. In this paper the version of this funtion given in [7℄is used. Extension of �proximity� interation for the ase of deformed nuleionsists in rede�ning of the geometrial fator K only beause, as alreadypointed out, the universal funtion does not depend on the system geometry.Geometrial prefatorK is given by �redued main radii of the urvature�k1M(�) and k2M(�): K = 2�qk1M(�)k2M(�) (6)whih are alulated in the point of the nuleus surfae for whih the distanebetween the parent nuleus and the emitted partile surfaes (for a given Rand �) is the smallest s = min j~R+ ~r� � ~rM j.k1M(�) = R1MR1�R1M +R1� ; k2M(�) = R2MR2�R2M +R2� : (7)From the minimization proedure we �nd the parameters (angles) �minM , �min�for whih we are able to alulate the �rst R1M(�) and seond R2M(�) mainradius urvatures, with earlier alulation of the fundamental forms of the�rst and the seond order of the nuleus surfae for parametrization pre-sented in Setion 2. 5. ResultsThe model presented above is used for alulation of interation en-ergy between the alpha partile and the parent nuleus as a funtion of thepartile position (�) and the distane between mass enters (R) of bothfragments. The alulations were made for exemplary deformed (�2 = 0:2;�4 = �0:08) superheavy nuleus 278114. The equilibrium deformations werefound by minimizing energies in the multi-dimensional deformation spae.Fig. 1(a) presents exemplary interations of energy for the distane between



2414 M. Kowal, Z. �ojewskithe mass enters R = 11 fm. The maximal di�erene of energy is about 10MeV in the ase �4 = �0:08 and two times more (� 20 MeV) when �4 hasthe opposite sign.
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(a) (b)Fig. 1. (a) Interation energy between the � partile and the parent nuleus for thedistane between the mass enters R = 11 fm. (b) Full barriers for the emission ofpartile � as the distane funtion for � = 90Æ (dotted lines), and � = 0Æ (dashedline).Full shapes of barriers ( Vn+V ) are presented in Fig. 1(b) only for twoextremal orientations. The di�erene between the barrier heights in theseextremal ases where � = 0Æ (�tips� position) or � = 90Æ (�equatorial�position) is �Vmax = 1.54 MeV. The orresponding di�erene in the barrierradius for the superheavy element under disussion is Rmax=1.34 fm. Therean be observed the in�uene of emitting nuleus urvature on the obtainedshapes of the barriers. Distint di�erenes are visible partiularly at smalldistanes of the emitted partile alpha where dominant ontribution omesfrom the nulear part. Large energy di�erene for various diretions (�) ofthe emitted partile has a signi�ant e�et on the obtained life times for thisproess. REFERENCES[1℄ Z. Patyk, A. Sobizewski, Nul. Phys. A533, 132 (1991).[2℄ I. Muntian, A. Sobizewski, Ata. Phys. Pol. B 32, 629 (2001).[3℄ I. Muntian, Z. Patyk, A. Sobizewski, Phys. Rev. C60, 041302(R) (1999).[4℄ A. Sobizewski, I. Muntian, Z. Patyk, Phys. Rev. C63, 034306 (2001).[5℄ R.W. Hasse, W.D. Myers, Geometrial Relationships of Marosopi NulearPhysis, Springer-Verlag, Berlin 1988.[6℄ J. Bªoki et al., Ann. Phys. (N.Y.) 105, 427 (1977).[7℄ W.D. Myers, W.J. Swiateki, Phys. Rev. C62, 044610 (2000).


