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NUCLEAR STRUCTURE OF SUPERHEAVY NUCLEIIN A LARGE DEFORMATION SPACE�L. BitaudCommissariat à l'Energie AtomiqueB.P. 12, 91680 Bruyères-le-Châtel, Fran
e(Re
eived O
tober 30, 2000)The stru
ture of SuperHeavy Nu
lei (SHN) is analyzed in two mi
ro-s
opi
 approa
hes. First one is the Hartree�Fo
k�Bogolyubov method usedwith the Gogny for
e, applied to a large range of nu
lei with axial and left�right symmetries. The se
ond one breaks both of these symmetries in mean�eld. Potential energy surfa
es of a few transa
tinides are studied in thisframework. One observes that the �ssion paths 
an be strongly modi�ed,leading to signi�
ant 
hanges in lifetimes obtained from HFB-D1S.PACS numbers: 21.30.�x, 21.60.�n, 21.60.Jz, 25.85.Ca1. Nu
lear stru
ture of superheavy nu
lei with the Gogny for
eThe 
onstrained Hartree�Fo
k�Bogolyubov mean �eld approa
h usedwith the Gogny e�e
tive for
e D1S has been extensively employed these lastyears to des
ribe the properties of even�even transa
tinide nu
lei along thevalley of �-stability up to Z = 128. In this framework where both the mean�eld and the pairing �eld are de�ned in a self-
onsistent way, the axial andleft�right symmetries have been pres
ribed to nu
lei. The mass quadrupoledeformation bQ20 = AXi=1r16�5 r2i Y 02is the only 
onstraint used.Results of this study are detailed in Ref. [1�3℄. Let us re
all that strongspheri
al shell e�e
ts are found in neutron single parti
le levels for N =126, 184 and 228. Smaller ones also exist for N = 138, 164, 178 and 246.Deformed nu
lei, with � � 0:25, have neutron shell gaps for N = 152 and162. Con
erning proton single parti
le levels, spheri
al shell e�e
ts are found� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.(669)



670 L. Bitaudfor Z = 92, 114, 120, 126 and also for Z = 138 and 164. Z = 114 is neverfound magi
, whi
h is 
on�rmed by the proton pairing energy in 298114184about 17.4 MeV.A

ording to N three regions of in
reased stability have been well putinto eviden
e. Fig. 1 shows the pertinen
e of N to des
ribe Potential En-ergy Surfa
es (PES) and subsequently Ground State (GS) �-deformation.For 150 < N < 170, prolate nu
lear shapes with 0:18 < � < 0:28 arefound. When N in
reases, GS �-deformation be
omes spheri
al. Nu
lei with182 < N < 192 are all found spheri
al. Above N = 202, GS �-deformationbe
omes strongly oblate, with � � �0:4.
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Fig. 1. Fission barriers of a few representative superheavy nu
lei as fun
tions ofthe mass quadrupole moment obtained from HFB-D1S. The darker squares displaythe bottom of the valley of �-stability.From �ssion barrier heights and binding energies, �rst full mi
ros
opi
predi
tions of transa
tinides spontaneous �ssion and �-de
ay [4℄ half-liveshave been dedu
ed, fo
using on this N -dependen
e.
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lei in a Large Deformation Spa
e 6712. Potential energy surfa
es of transa
tinidesAs studies of �ssion suggest, realisti
 des
ription of �ssion barrier heightsand 
onsequently of �ssion half-lives requires to examine the in�uen
e ofo
tupolar and non-axial deformations. Be
ause of the extremely large nu-meri
al work ne
essary to 
ompute the ex
hange and pairing �elds, breakingboth the axial and left�right symmetries in HFB-D1S 
al
ulations, the PESof transa
tinides are analyzed below within a simpli�ed mean-�eld approa
h.2.1. Mi
ros
opi
 frameworkIn this approa
h, a new e�e
tive �nite-range for
e 
alled L1 is used. Itis parametrized in su
h a way that the gross properties of nu
lei 
an bereprodu
ed in self-
onsistent 
al
ulations where only the dire
t part of themean-�eld is taken into a

ount. The equation to be solved follows from thevariational prin
iple:Æh	 j bH � �N bNN � �Z bNZ � �20 bQ20 � �22 bQ22 � �30 bQ30j	i = 0 ; (1)where bH is the many-body e�e
tive Hamiltonian built with L1 and j	irepresents an independent 
orrelated nu
leon pair state of the BCS form.As usual, 
onstraints on neutron and proton mean numbers bNN and bNZare introdu
ed in order to ensure the 
onservation of the mean number ofparti
les. The Lagrange parameters �N and �Z are determined su
h as these
onditions are assumed.As usual in Bruyères-le-Châtel linear 
onstraints are used in this work [5℄.The Lagrange parameters �lm are readjusted so that the mean values of bQlmpres
ribed to nu
leus are obtained. With variations of these values the PESof the nu
leus is generated. In addition of bQ20 one uses:8>>>><>>>>: bQ22 = AXi=1r8�15 r2i �Y 22 (bri) + Y �22 (bri)� ;bQ30 = AXi=1r4�7 r3i Y 03 (bri) ; (2)where the Y ml are the spheri
al harmoni
. In our study, we impose up to 4simultaneously 
onstraints. Indeed the 
onstraints on bQ10 is also ne
essarywhen o
tupolar deformation on nu
lei is imposed to avoid os
illations ofthe 
enter of mass. The mass multipole moments whi
h are not 
onstraintsmove towards values that minimize binding energy a

ording to variationalprin
iple.



672 L. BitaudThe e�e
tive intera
tion we used takes the form:bv12 = exp �� ra�r (W1 �H1P� )+t3(1 + x0P� )Æ(~r)��� ~r1 + ~r22 ��� + e2r ; (3)where we put r = j~r1� ~r2j. The �rst term is the �nite range 
entral 
ompo-nent that only depends on isospin in order to satisfy the 
harge symmetry ofthe nu
lear intera
tion. The se
ond term is, as in D1S e�e
tive for
e, fun
-tion of the density so that usual saturation properties of symmetri
 in�nitenu
lear matter are found and the last term represents the usual Coulomb
omponent. Let us mention that for numeri
al reasons we 
al
ulate thespin�orbit mean �eld from the usual expression used in the single parti
lemodels but with the 
entral part of the mean �eld derived from the L1 for
e.In the same spirit, pairing 
orrelations are in
luded by simply addingto the Hamiltonian a BCS residual intera
tion as in 
al
ulations with theSkyrme for
e. The pairing strengths are determined in order to reprodu
ethe pairing energies given by HFB-D1S in one point of the axial symmet-ri
 �ssion barrier. With these simpli�
ations self-
onsistent 
al
ulations inwhi
h both the axial and left�right symmetries are released 
an be performedto SHN. 2.2. Triaxial and asymmetri
 �ssion barriers: �rst resultsTo 
on�rm HFB-D1S results on SHN �ssion barriers heights, one has to
he
k that they are not modi�ed when new free degrees related to triaxialand left�right asymmetri
 nu
lear shapes are introdu
ed. In this aim, inves-tigations have been performed on nu
lei representative of the three stabilityregion as fun
tions of N previously mentioned. First results show that the�ssion barrier of 298114184 and of 332124208 are not modi�ed. Nonetheless,with the in
lusion of more general symmetries �gure 2 shows that the �s-sion barrier of 266106160 is unstable against both non-axial and left�rightasymmetri
 deformations. The top of the axial symmetri
 �ssion barrieris redu
ed by about 4 MeV. Taking these into a

ount the �ssion half-lifede
reases from 14 y. to 71 s. As T� is about 270 s with the 9-parameterempiri
al model in Ref. [4℄, total half-life appears in good agreement withexperimental results.
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 (plus) and triaxial asymmetri
 (star) �ssion barriers of266106160 obtained from HF+BCS-L1. The two 
urves in the lower part, related tothe right y-axis, show the evolution of triaxial (star) and o
tupolar deformations(
ir
le) in ea
h point of the triaxial asymmetri
 barrier.3. Con
lusion and outlookThe simpli�ed mean �eld approa
h HF+BCS-L1 is a very useful andreliable tool to des
ribe well deformed nu
lei and in parti
ular to have themore realisti
 �ssion barriers of SHN. Extensive 
al
ulations applied to SHNare envisaged with this method.
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