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THE ALPHA-DEFORMED SUPERHEAVY NUCLEUSINTERACTION POTENTIAL�M. Kowal and Z. �ojewskiInstitute of Physi
s, M. Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20-031 Lublin, Poland(Re
eived January 7, 2003)The � parti
le emission pro
ess through the multidimensional barrierpotential has been 
onsidered. The deformed nu
leus-� parti
le intera
-tion energy in
luding proximity approximation in the nu
lear potentialand Coulomb terms have been proposed. The alpha de
ay of very heavyarbitrarily deformed nu
lear systems have been studied within the abovepotential. The 
urvature e�e
ts have been also investigated.PACS numbers: 23.60.+e, 23.70.+j1. Introdu
tionTheoreti
al predi
tions of existen
e of deformed superheavy nu
lei (SHE)[1�3℄ promote the studies of alpha de
ay pro
ess, whi
h is predominant inthis area. The form of intera
tion potential required for des
ription of lightfragments emission from the deformed nu
lear shapes is proposed in our pa-per. The method of spheri
al potential expansion [4℄ provides in the des
rip-tion additional degrees of freedom asso
iated with higher orders deformationof parent nu
leus as well as with di�erent positions of alpha parti
les. As
ommonly known even a small di�eren
e in the barrier height 
an 
hange lifetime of a few orders of magnitude. Exa
t 
al
ulations of barrier heights andwidths are essential in estimation of life times 
onsidering this de
ay. How-ever, the existen
e of deformed SHE has not been experimentally 
on�rmedyet and pre
ise theoreti
al studies in this area are ne
essary.� Presented at the XXXVII Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.(2411)



2412 M. Kowal, Z. �ojewski2. Shape parametrizationThe paper presents parametrization of the shape of the parent nu
leus(M) and the � parti
le whi
h pro
eeds 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 nu
leus surfa
e RM expansion into a series of spheri
alharmoni
s in the �l deformation parameters is used. The ve
tor 
onne
tingthe mass 
enters of alpha parti
le and parent nu
leus is re
orded in thespheri
al referen
e system asso
iated with this nu
leus (R;� ;�).~R = 8<: R sin(�) 
os(�) ;R sin(�) sin(�) ;R 
os(�) : (2)As only the emission of alpha parti
le from the axially symmetri
 deforma-tion of nu
lei is 
onsidered � = 0 and �M = 0. It is additionally assumedthat the � parti
le does not a�e
t deformation of the nu
leus from whi
h itwas emitted. 3. Coulomb energyExpansion of spheri
al formula of the Coulomb potential for the de-formed parent nu
leus with the atomi
 and mass numbers ZM (AM ) and the� parti
le 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 theappli
ation presented here, it is su�
ient to 
onsider only the outer regionwhere the barriers are lo
ated and the Coulomb expansion is absolutely
onvergent. We adopt here the following de�nition of the multipole momentsin the spheri
al harmoni
s 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 nu
leus volume (�M ) in the
oordinates de�ned by Eq. (1) is 
arried out. Let us note that the �rst termin the presented multipole expansion 
orresponds to the 
ase of intera
tionwhen both fragments are spheri
al.
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tion Potential 24134. Nu
lear energyTo 
al
ulate the nu
lear part of � parti
le-deformed parent nu
leus in-tera
tion we used the suitable form of �proximity� approximation [6℄,Vn = 
 K  (s) (5)with the surfa
e tension 
oe�
ient 
 = 0:9517(1 � 1:7826I2) MeV=fm2,where I = (N�Z)=A. This hypothesis is based on the assumption, that thenu
lear intera
tion takes pla
e between two in�nitesimal volume elementslo
ated 
losest for a given 
on�guration. It allows to separate nu
leus inter-a
tion formula into two independent fa
tors, geometri
al one (K) 
onne
tedwith the surfa
e 
urvature and the universal fun
tion  (s) independent ofthe system geometry. In this paper the version of this fun
tion given in [7℄is used. Extension of �proximity� intera
tion for the 
ase of deformed nu
lei
onsists in rede�ning of the geometri
al fa
tor K only be
ause, as alreadypointed out, the universal fun
tion does not depend on the system geometry.Geometri
al prefa
torK is given by �redu
ed main radii of the 
urvature�k1M(�) and k2M(�): K = 2�qk1M(�)k2M(�) (6)whi
h are 
al
ulated in the point of the nu
leus surfa
e for whi
h the distan
ebetween the parent nu
leus and the emitted parti
le surfa
es (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 pro
edure we �nd the parameters (angles) �minM , �min�for whi
h we are able to 
al
ulate the �rst R1M(�) and se
ond R2M(�) mainradius 
urvatures, with earlier 
al
ulation of the fundamental forms of the�rst and the se
ond order of the nu
leus surfa
e for parametrization pre-sented in Se
tion 2. 5. ResultsThe model presented above is used for 
al
ulation of intera
tion en-ergy between the alpha parti
le and the parent nu
leus as a fun
tion of theparti
le position (�) and the distan
e between mass 
enters (R) of bothfragments. The 
al
ulations were made for exemplary deformed (�2 = 0:2;�4 = �0:08) superheavy nu
leus 278114. The equilibrium deformations werefound by minimizing energies in the multi-dimensional deformation spa
e.Fig. 1(a) presents exemplary intera
tions of energy for the distan
e between



2414 M. Kowal, Z. �ojewskithe mass 
enters R = 11 fm. The maximal di�eren
e 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) Intera
tion energy between the � parti
le and the parent nu
leus for thedistan
e between the mass 
enters R = 11 fm. (b) Full barriers for the emission ofparti
le � as the distan
e fun
tion 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�eren
e between the barrier heights in theseextremal 
ases where � = 0Æ (�tips� position) or � = 90Æ (�equatorial�position) is �Vmax = 1.54 MeV. The 
orresponding di�eren
e in the barrierradius for the superheavy element under dis
ussion is Rmax=1.34 fm. There
an be observed the in�uen
e of emitting nu
leus 
urvature on the obtainedshapes of the barriers. Distin
t di�eren
es are visible parti
ularly at smalldistan
es of the emitted parti
le alpha where dominant 
ontribution 
omesfrom the nu
lear part. Large energy di�eren
e for various dire
tions (�) ofthe emitted parti
le has a signi�
ant e�e
t on the obtained life times for thispro
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