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SURFACE DIFFUSENESS AND PROPERTIES OFSPHERICAL SUPERHEAVY NUCLEI� ��Z. Patyka, I. Muntiana, W.D. Myersb, A. Sobi
zewskiaand W.J. �wi¡te
kiba Soltan Institute for Nu
lear StudiesHo»a 69, 00�681 Warsaw, PolandbLawren
e Berkeley National LaboratoryBerkeley, Ca 94720, USA(Re
eived January 18, 1999)Proton and neutron surfa
e di�usenesses are treated as degrees of free-dom in ma
ros
opi
-mi
ros
opi
 
al
ulations. Their values are establishedby minimization of the energy of a nu
leus. The e�e
t on nu
lear proper-ties su
h as single-parti
le spe
tra and the shell 
orre
tion to the energy(mass) of a nu
leus is studied. Even-even spheri
al superheavy nu
lei withthe magi
 neutron number N = 184 and the proton numbers Z = 110 to126 are 
onsidered.PACS numbers: 21.10.�k, 23.60.+e, 27.90.+b1. Introdu
tionIn a ma
ros
opi
-mi
ros
opi
 des
ription of nu
lei, the di�useness of thenu
lear surfa
e is usually treated as independent of the nu
leus. In parti
-ular, this is the 
ase in the studies of the properties of superheavy nu
lei(e.g. [1,2℄). We know, however, that this quantity 
hanges from one nu
leusto another (e.g. [3℄). It seems then to be reasonable not to �x the valueof this quantity, but to treat it as a degree of freedom with its �nal valueobtained by minimization of the nu
lear energy, as is done for the deforma-tion degrees of freedom. Su
h a pro
edure has been re
ently adopted in ama
ros
opi
 des
ription of a nu
leus [4℄.� Presented at the XXXIII Zakopane S
hool of Physi
s, Zakopane, Poland, September1�9, 1998.�� Work supported by the Polish Committee for S
ienti�
 Resear
h (KBN), grant no.2 P03B 117 15, and by Dire
tor, O�
e of Energy Resear
h, Division of Nu
learPhysi
s of the O�
e of High Energy and Nu
lear Physi
s of the U.S. Department ofEnergy under Contra
t No. DE-AC03-76SF00098.(693)



694 Z. Patyk et al.The obje
tive of this paper is to extend this pro
edure to a fullma
ros
opi
-mi
ros
opi
 model and to estimate its e�e
t on the propertiesof superheavy nu
lei. Properties su
h as single-parti
le energy levels and theshell 
orre
tion to the nu
lear energy are 
onsidered. Spheri
al superheavynu
lei with the 
losed neutron shell at the neutron number N = 184 areanalyzed. 2. Des
ription of the 
al
ulationsThe ma
ros
opi
 part of the di�useness-dependent energy is des
ribedby the Thomas�Fermi model [4℄. The mi
ros
opi
 part is the Strutinski shell
orre
tion based on the Woods�Saxon single-parti
le potential.In both parts of the energy, the di�usenesses of the neutrons as well as theprotons are treated as variable degrees of freedom. Their equilibrium valuesare found by minimization of the total (ma
ros
opi
-mi
ros
opi
) energy ofa nu
leus. 3. ResultsFigure 1 shows the dependen
e of the proton single-parti
le energiesep on the surfa
e di�useness z of the Woods�Saxon potential for protons,
al
ulated for the nu
leus 310126. For ea
h value of z, the radius of the protonpotential is 
hosen so that the number of protons (Z = 126), 
ontained inthe potential up to the Fermi surfa
e, is kept 
onstant. (The proton densitydistribution is 
al
ulated in the Thomas�Fermi approximation.)One 
an see in Fig. 1 that the shell stru
ture of a nu
leus dependsstrongly on z. In parti
ular, the energy gap at Z = 114 de
reases, whilethe gap at Z = 126 in
reases with in
reasing z. For purposes of illustration,Fig. 1 is plotted for a large range of z. In reality, the equilibrium value ofz, obtained for protons in the nu
leus 310126 is zeq = 0:78 fm, i.e. it is onlyabout 12% larger than the value z0 = 0:70 fm, used by us in earlier 
al
u-lations (e.g. [1, 2℄). This in
rease of z does not 
hange the gap at Z = 114,while it in
reases the gap at Z = 126 by about a fa
tor of three.Figure 2 shows the shell 
orre
tion, Esh, to the ground-state energy,
al
ulated for 9 even-even nu
lei with the magi
 neutron number N = 184.A

ording to the 
al
ulations, these nu
lei are spheri
al. The 
al
ulationswere done twi
e: �rst, when the surfa
e di�usenesses are treated as degreesof freedom (TF) and, se
ond, when they are �xed (Y).One 
an see in Fig. 2 that in the former 
ase the shell 
orre
tion energy isin
reased (in absolute value) in 
omparison to the latter one. This in
reasesthe nu
lear stability, espe
ially for heavier elements. The shell 
orre
tion isonly a little larger for the nu
leus 298114, while it is larger by more than 2MeV for the nu
leus 310126, as 
ompared to the 
ase of �xed di�usenesses.
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Fig. 1. Proton single-parti
le energies 
al
ulated as fun
tions of the surfa
e di�use-ness z of the Woods�Saxon potential for protons, for the nu
leus 310126. Spe
-tros
opi
 symbol 
orresponding to the orbital angular momentum l and total spin(multiplied by two) 2j are given for ea
h energy level. Energy levels with odd parityare denoted by dashed lines. Thin dashed verti
al lines 
orrespond to z0 = 0:70 fm(
hara
teristi
 of our previous 
al
ulations) and the equilibrium value zeq = 0:78fm, obtained as an optimum for the nu
leus 310126.
Fig. 2. Shell 
orre
tion energy, Esh, 
al
ulated when the surfa
e di�usenesses aretreated as degrees of freedom (TF) and when they are �xed (Y).



696 Z. Patyk et al.The 
omplete result for the nu
leus 310126 is as follows: zeq in
reased by12% for protons and 4% for neutrons, the shell 
orre
tion in
reased (in abso-lute value) by 2.18 MeV and the ma
ros
opi
 energy (also in absolute value)by 2.34 MeV. Thus, the total binding energy of this nu
leus is in
reased by4.52 MeV with respe
t to the 
ase when the di�usenesses z are �xed at thevalue z0 = 0:70 fm. REFERENCES[1℄ Z. Patyk, A. Sobi
zewski, Nu
l. Phys. A533, 132 (1991).[2℄ R. Smola«
zuk, A. Sobi
zewski, Pro
. XV Nu
l. Phys. Conf.: Low EnergyNu
lear Dynami
s, St. Petersburg (Russia) 1995, eds. Yu.Ts. Oganessian, W.von Oertzen, R. Kalpak
hieva, World S
ienti�
, Singapore 1995, p. 313.[3℄ H. de Vries, C.W. de Jager, C. de Vries, At. Data Nu
l. Data Tables 36, 495(1987).[4℄ W.D. Myers, W.J. �wi¡te
ki, Phys. Rev. C58, 3368 (1998).


