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SINGLE-NUCLEON DENSITIESIN SUPERHEAVY NUCLEI�R. Nowakowski, S. �wiokFa
ulty of Physi
s, Warsaw University of Te
hnologyKoszykowa 75, 00-662 Warsaw, PolandW. Nazarewi
zDepartment of Physi
s and Astronomy, University of TennesseeKnoxville, Tennessee 37996, USAPhysi
s Division, Oak Ridge National LaboratoryP.O. Box 2008 Oak Ridge, Tennessee 37831, USAInstitute of Theoreti
al Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Polandand P.-H. HeenenServi
e de Physique Nu
léaire ThéoriqueU.L.B-C.P. 229, 1050 Brussels, Belgium(Re
eived November 6, 2000)Radii and di�useness parameters of heavy and superheavy nu
lei areanalyzed for spheri
al and axially deformed shapes within the Skyrme�Hartree�Fo
k+BCS theory with zero-range pairing for
e.PACS numbers: 21.10.Ft, 21.10.Gv, 21.60.Jz1. Introdu
tionNu
lear moments provide stringent tests of nu
lear models. There existmany data on 
harge distributions of nu
lei 
lose to the � stability line [1,2℄and rather limited information on neutron distributions (
f. Ref. [3℄ for areview). In this work, we investigated properties of heavy and superheavynu
lei with 92< Z <128 and 132< N <188. We have �rst determined self-
onsistent single-parti
le density distributions using the Hartree�Fo
k+BCS� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.(1113)



1114 R. Nowakowski et al.model with the Skyrme intera
tion SLy4 and the same zero range pairingfor
e as in a previous study of superheavy nu
lei [4, 5℄. These density dis-tributions then have been analyzed using the Helm model [6℄ in order toextra
t physi
al parameters, su
h as the density radius and surfa
e di�use-ness. The mean-�eld 
al
ulations have been performed for spheri
al andaxially deformed nu
lear shapes.2. Deformed Helm modelThe deformed Helm model has been used to analyze the single-nu
leondensity distributions. The density radius and the di�useness parameter aredetermined from the form fa
tor of the density distribution,F (q) = Z �(r) eiqr d3r: (1)For axially symmetri
 density distributions �(r), the 
orresponding formfa
tor F(q) is also axially symmetri
.There are various ways to 
hara
terize nu
leoni
 densities. In this work,we have used the Helm model in whi
h the density is approximated by the
onvolution of a sharp-surfa
e density with radius R(�) with a Gaussianpro�le fun
tion fG(r)�(H)(r) = Z d3r0fG(r � r0)�0�(R(�)� jr0j) ; (2)where fG(r) = 1(2�)3=2�3 e� r22�2 ; (3)R(�) = 
(�)R0"1 +Xl �lYl0(�)# : (4)The radius R0 in Eq. (4) is the di�ra
tion (box equivalent) radius, and{�l} denotes the set of axial deformation parameters. The folding width �determines the surfa
e thi
kness. The quantity 
(�) in Eq. (4) guaranteesthat the volume 
onservation 
ondition is met. Sin
e the Helm density�(H)(r) must be normalized to the number of parti
les N , the parameter �0is given by �0 = 3N4�R30 : (5)
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leon Densities in Superheavy Nu
lei 1115The advantage of the Helm model 
omes from the fa
t that folding be-
omes a simple produ
t in the momentum spa
e. Using the well-knownidentity eiqr = 4� 1Xl=0 lXm=�l iljl(qr)Y �lm(q̂)Ylm(r̂); (6)one 
an rewrite Eq. (1) for the Helm density as followsF (H)(q) = p4� 1Xl=0 Gl(q)Y �l0(q̂); (7)where Gl(q) = e��2q22 il4� Z j1(qr)Yl0(r̂)�0� (R(�)� jrj) d3r (8)are the 
oe�
ients of the expansion of the axially symmetri
 form fa
tor interms of spheri
al harmoni
s. In the spheri
al 
ase, the 
oe�
ient Gl(q) isdi�erent from 0 only for l = 0. The �rst zero of G0(q) is uniquely determinedby the radius R0 and the deformation parameters �l. In the spheri
al 
ase,the �rst zero of G0(q) depends only on R0 [7℄. (For more dis
ussion ofthe deformed Helm model, see Ref. [8℄.) In this work, we have appliedthe following pro
edure to determine the nu
lear radius and the surfa
ethi
kness.First we sear
h for the �rst zero q(R)0 of the monopole part of the formfa
tor, G0(q). We then take a 
onstant density surfa
e R(R)(�) 
orrespondingto �
 = 12�(0) and determine its parameters a

ording to the formulaeR0
(�) = R �0 R(R)(�)Y00 sin �d�R �0 Y00 sin �d� ; (9)�l = R �0 R(R)(�)Yl0 sin �d�R0
(�) : (10)Substituting the parameters R0; �l into Eq. (3) we determine the �rst zeroq(H)0 of G0(q) and 
ompare it to q(R)0 . If they are not equal, the quantity �
is varied until the 
ondition q(H)0 = q(R)0 (11)is a
hieved. The surfa
e thi
kness parameter � 
an be 
omputed by 
om-paring the values of the mi
ros
opi
 and Helm monopole form fa
tors at the�rst maximum qm [7℄: �2 = 2q2m lnG(H)0 (qm)G(R)0 (qm) : (12)



1116 R. Nowakowski et al.3. ResultsThe values of R0 and � obtained for nu
lei ranging from U to Z = 128are plotted as a fun
tion of N in Figs. 1 (proton densities) and 2 (neutrondensities). We have 
onsidered deformed (portions (a) and (
) of the �gures)and spheri
al (parts (b) and (d)) 
on�gurations. Due to self-
onsisten
y, r0
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Fig. 1. Proton Helm parameters R0 and � parameters obtained for spheri
al andaxially deformed shapes.parameters (r0 = R0=A1=3) 
al
ulated under the 
onstraint of a spheri
alshape are systemati
ally greater. However, as will be dis
ussed in the forth-
oming publi
ation, this 
on
lusion does not hold for the r.m.s. radii. InFig. 2(
) one observes three minima in � at N = 152; 162, and 184. Fol-lowing the reasoning given in Ref. [7℄, one 
an 
on
lude that these minimaare related to the large energy gaps obtained for these neutron numbers [4℄.
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Fig. 2. Neutron Helm parameters R0 and � parameters obtained for spheri
al andaxially deformed shapes.For the protons (Fig. 1(
)), the energy gap o

urs for Z = 108 [4℄ but the� parameters are very 
lose for Z = 104; 106; 108. The surfa
e thi
knessin
reases for Z = 110; 112; 114, i.e., when nu
leons o

upy orbits lyingabove the energy gap Z = 108.The authors would like to thank Piotr Magierski and Wanda Dudek forhelpful dis
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