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The potential energy surfaces of some superheavy nuclei are determined, using a mapping from the micro-
scopic shell model space to a geometrical model. The content of the shell model space is determined through
the knowledge of thebsolutedeformation and a single-particle spectrum as a function of deformation. Both
have to be extracted from a microscopic model. We show that one cannot restrict to only prolate or oblate
deformations because the content of the microscopic space already implies triaxiality. Also cadastaf
bility occur. The mass parameter $fNo is determined through the knowledge of at least one rotational state
of the ground-state band. Assuming the same mass parameter for the other superheavy elements, the spectrum
of each of them is determined. The following superheavy nuclei are consid@fisid, 269Rf, 262Sg, 27%Hs,
21410Ds), 270112, and®?114, where?®Rf and2%?Sg turn out to bey unstable.
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I. INTRODUCTION Further away fronZz=102, thep-vibrational spectrum of
the putative double magic superheavy nuclEds20, as pre-
dicted by the relativistic mean field, was studied in a phe-
nomenological collective approa¢f]. It turned out that the
spectrum of this nucleus, in the absenceyafleformations
does not exhibit an equidistant spacing between the vibra-
tional states as it is the case of the heaviest known double
magic nucleus?°%Pb.
In Ref. [8] a method of how to obtain, without any pa-

rameter, the potential energy surfadeE9 starting from a

Since almost five decades transfermium nu¢i 100
have been producgd]. The most spectacular recent discov-
ery was the superheavy element with atomic chatgé16
in Dubna[2]. However, little is known about their structure.
Except for two isotopes of the elemerdt102, no further
experimental information is available. Very recently, the iso-
tope?®>No has been measured after f&Ph(*éCa, ) reac-
tion at 215 and 219 MeV and the ground-state band popu

lated up to spin 22 and excitation energy=6 MeV [3]. known content of the shell model space was proposed. The

ZSShortIy after, the production cross sectlilon for the isotopgyethod uses as one possible input the deformation and the
No was measured in the reacti#Ph(**Ca, 1) with a  Njijsson diagram as a function of the deformati@my other

magnitude approximately ten times smaller than the one fogjng|e-particle spectrum as a function in the deformation can
“No and levels up to spin 20 were populaf@d. The ex- 550 pe useyl data which have to be obtained from some-

perimental data showed that both isotopes are well deformegere else. It is based on the symplectic description of the

with a well defined rotational level sequence. shell model space and it was able to reproduce the structure

There exist various theoretical models which attempted tQ)s 190p; 238 and Sm isotopes, and qualitatively the spectra
describe the collective structure of those nuclei and thus prosng B(E2)-transition values.

vide some information about physical observables, such as ¢ objective of this paper is to investigate the quadru-

deformation and the lowest states in the spectrum. pole structure of some superheavy elements, using the

The first calculation in the framework of the Hartree- yethod proposed in Ref8]. It will give some important
Focl2<5-BogoI|ubov approximation was carried out in R hints on the collective structure of these nuclei. We do not
for 4N_° and the properties of the ground-state rotationalyestigate all superheavy elements identified, but rather will
band discussed. This fully self-consistent approach showegse an isotope from each even chemical element flom
that apart from the first barrier, the nucleus is axially sym--102 tg 114. Also the results have to be seen as an estima-
metric at all deformations. _ __tion of the structure of these nuclei.

The ground-state rotational energies of several nucle_| I \we will show that the restriction to axial-symmetric nu-
the rangeZ=88-112 were calculated in the macroscopic-je; is not justified by the content of the shell model space.
microscopic approach for axial-symmetric nuclei by the Warye encountered throughout our investigation examples of
saw group[6]. y-unstable nuclei and/or of a softbehavior.

The paper is organized as follows. In Sec. Il the basic
ideas of the mapping to the geometrical model is outlined. In

*Electronic address: hess@nuclecu.unam.mx Sec. Il the PES, spectra, and soB(&?2)-transition rates are
"Electronic address: misicu@th.physik.uni-frankfurt.de calculated. Finally, in Sec. IV conclusions are drawn. Only
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even-even nuclei will be considered because any odd protoimstability. The result, of course, will depend on this model.
or neutron changes the structure of the low lying spectruniHere, we use the macroscopic-microscopic calculations of
significantly. However, the PES deduced can be used to idemMoller et al. for both the quadrupole deformatigh9] (using

tify the PES of the core of neighboring even-odd, odd-evene,~ g [20]) and the single-particle spectrum for the folded

and odd-odd nuclei. Yukawa potential as a function in the deformatigiv]. In
this sense, our result will contain the effects of relevant mi-
Il. THE MAPPING OF THE PES croscopic interactions. For the excited states we restrict to

) _ ~quadrupoleexcitationsonly. It was shown in Ref[9] that

In Ref. [8] a mapping to the potential of a geometrical they are sufficient in order to describe low lying, positive
model [9] is presented, starting from the microscopic shellparity states and theB(E2) transitions. This should not be
model space and using the Hamiltonian of the pseudosymconfused with the argument that higher multipolarities are
plectic modelPSM) [10]. This Hamiltonian provides a mea- important for the description of the ground-state properties.
sure for the relative distances in energy of the@lreduc-  These effects were taken into account through the use of the
ible representationgirreps. Here we outline briefly the jisted deformation value and the single-particle spectrum in
procedure exposed in a more detailed form in Refsgrder to obtain the distribution of the nucleons into the nor-
(8,11,13. _ mal and unique orbitals. Once the numbgrg,,, andN, are

The PSM is an extension of the pseudot3unodel[13]  determined, the content of the shell model space in the va-
taking into account 2w shell excitations. In this model the lence She”s(protons and neutromfss fixed using the tables
orbitals are divided into intruders and the normal orbitals.of Ref. [21] or the SU3)-package routines of Reff22,23.
The intruders are the orbitals with maximal spin in each 0Shjs gives a list of S(B) irreps (\,, u,,) for protons and
cillator shell. By inspecting the normal orbitals and redefin-(\ , ) for neutrons. The pseudosymplectic space is then
ing orbital angular momentum into pseudo-orbital angulargptained by allowing Biw excitations on top Of(\, w)
momentum and spin into pseudospin, a new degeneration '5()\77-’-)\111 w.tw,), i.e., the stretched irreps of $8) (the oth-
observed which allows one to introduce a pseudd33U ers, e.g., scissors modes, are higher in energy and do not
model [denoted from here on as )]. The PSM adds to contribute to the envelope of the PE8Because the nucleons
the’§[{3) intershell excitations of the typenfiw. It is in the unique orbitals are treated as spectators and their in-

equivalent to the extension of the Elliott model of @[14]  fluence is only taken into account via the effective charge, a
to the symplectic modef15], including an approximation PE_S of two successive isotopes will be similar when the next
called contractior{16]. In the PSM the nucleons in the in- OrPitals filled are unique. _ o

truder orbitals are treated as spectators. The model describes /" order to estimate the relative positions in energy of the
without any parameter the polarization of the closed shellsdifferent symplectic irreps, the following Hamiltonian is

In order to take into account the nucleons in the intrudetSed:

orbitals, as an effective charge, a definite scaling is used in _

terms ofZ andA, the number of charge and nucleons, &d H=%oN-3x[Q%- Q°— (Q° Q%gperl + Hr, (1)
and A, are the same for the particles in the normal orbitals.

In order to determin&, and the number of neutrom& in -~ \yhere N is the phonon number operator of the protons
the normal orbitaldA,=Z,+N,), one needs the external in- plus the neutrong;w is 45AY3_ 250253 for light and 4113
form_at|on of the deforma‘qon of the nucleus and a snjgle-for heavy nuclei. TheQt, is the physical quadrupole op-
partlcle spectrurr@.g., a Nilsson d|a'gram or the ONes giveN grator and(QC-QC). is the trace equivalent parof the
in Ref. [17]) for either B<0 (or equivalently8>0 with y  o,aqrupole-quadrupole interaction, which guarantees that
=60 or 5>0. The deformation can be deduced experimen<, e, for jarge deformation, on an average, the shell structure

tally [18] or by a microscopic model, which is indispensablejs ¢onserved24]. H, contains residual interactions for the
for obtaining a single-particle spectrum, e.g., a Nilsson dia- o ~
gram. In Ref.[17] the single-particle spectra of different rotor Hamiltonian[10]. The termiwN guarantees that states

light and heavy nuclei are given, also taking into accounlmc a h|gh§r shell are shifted to_ Iarggr energies. .
higher multipolarities. For a particular nucleus we use a Following Rgf. [8] thg PES IS defmed as the expectation
single-particle spectrum of the next possible one, which ié’?‘lue of the microscopic HamiltoniaH with respect to a
listed in Ref.[17]. This should give for the neighboring nu- trial state

clei a fairly good first approximation of the single-particle

diagram. The main objective is to get the approximate occu- V=(®(ay,)[H|P(az,). (2)
pation of a particular nucleus in terms of nucleons in normal . ] )

and unique orbitals. We also checked what happens when tHd'e collective coordinates,, are nothing else but the
nucleons are filled into the orbitals at a prolate or oblatedeometrical quadrupole variablgd]. The trial state is the
deformation. As a result it changes maximally by 2, for theProduct of a cobgent state, describing intershell mixtures,
cases considered. From this we obtained a fairly good idea @fnd the Elliott SW3) state [14], describing the irreps
the absolute changes going from prolate to oblate nuclewithin the valence shell. The coherent st:itde(azu» is
This is important because, as we will see, the restriction t@iven by an operator, which is an exponential function in
axial-symmetric nuclei is too strong and the microscopicthe symplectic operators which raise the number of
shell model space dictates in many cases triaxiality or even phonons by two, applied to a lowest weight state of an
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“SU(3) irrep in the valence shell. In this way a symplectic X U(2)2SU(3) only spin S=0 states were considered, be-

irrep is defined. cause states with larg&are lying higher in energy and do
Restricting toonly one symplectic irrep, in the lowest Not contribute to the construction of the PES.
order, the potential is given by This method was applied in RdfL1] to 238U and°%Pt. In

Ref. [12] several Sm isotopes were investigated. The PESs

65 T 7 ~ ) obtained were in agreement with the knowledge of their
V= 16 (No)Bs + 7= No| rw = =xNo | (5= B9 structure. For example, %Pt a y-unstable potential was
5 5 5 obtained[11] due to many similar S(B) irreps, i.e., with a
- AN + 2 3 similar eigenvalue of the second-order Casimir operator. In
(xNp)—BsB No| iw XNo | BsB .
™ 2m 6 all cases, the agreement of the spectrumBi{f®)transitions
X (L - cody - 7J), (3) with experiment was remarkably well, considering the

simple approach. The energies came out more or less right,
with N, the total number of phonons in the lowest while theB(E2) transitions deviated about a factor of 2. The

SU(3)state plus BA-1)/2 and B=B/«x. The valuex is ap-  B(E2) systematics, however, were excellently reproduced.

proximately given by We emphasize that the method presented in B&gives
a procedure to obtain the PES for a given nuclefighe

1/7.-1 n,-1 deformation of a nucleus is knowr proposed by a theo-

5(7]—7 + TV) retical mode) andif the distribution of nucleons in the nor-

mal and unique orbitals can be obtained from a single-
with %, and 7, the valence shell number of protons and particle spectrum diagram, deduced by a microscopic model
neutrons, respectivel\(Bs, v in Eq. (3) is related to the as the one in Ref17]. In this sense, our approach depends
deformation of the Bw space in the strong coupled for- on the underlying microscopic model and may vary from one
malism, without multifw excitations. For largg the sys- model to the other. Thus, trusting one of these models, our
tem is dominated by the monopole and quadrupole intermethod gives the first estimate to the PES. As we will see,
shell excitations acting on the leading irrep. However, forhowever, sometimes the PES obtained is in contradiction to
lower values ofg3 a different Sg3, R) irrep minimizes the an initial assumed axial symmetry and sheds some doubt on
expectation value in E¢2), leading to a differen3; and  the used microscopic model.
therefore to a dependence of the foBy= 8 tan ¢, with ¢ In Ref. [11] the spectrum of a nucleus could be deter-
a function iny, Ny, and#w (see for details Ref.8]). The  mined by solving numerically the Schrédinger equation us-
total PES is then obtained by the envelope of all potentialé$ng the finite element method. Unfortunately, the program is
related to different symplectic irreps. not available anymore. An alternative is to estimate the stiff-
The expression in Eq.3) depends on the parameteys  ness of the potentighs obtained by our procedyri& S8 and
No, and%w. iw and N are fixed as explained above. The vy and use it as an input to the routine, published in (28],
value is obtained by requiring that the total potential has itsvhich calculates the spectrum and B€2) values within
minimum either at the experimentally deduced posifiag,  the GCM [9], using a potential expanded up to the sixth
or one can use the predictions of the macroscopicpower inB. The program also estimates the potential param-
microscopic mode[19], or any other source of information eters, once the depth and the stiffness of the potential is
and theoretically calculated values of the deformation from &nown.
microscopic model. In the application of the following section we will see that
The only parameter which cannot be deduced is the colthe procedure works more or less well. Care has to be taken
lective mass, of the geometrical modgB]. This parameter when the potential is spherical or its minimum is)&t0° or
has to be adjusted to, e.g., a state in the ground-state barféD® or very near to one of these values. The estimation
Another possibility is to use a cranking model to obtain themethod then has a singularif{t1]. The position of the po-
mass parameter. However, this method is quite insecure aridntial minimum ing andy will be reproduced as well as the
will not be used here. Fittind, to the experimental data depth. The stiffness, however, is not always well reproduced.
automatically gives a good estimate. Also assuming forThe error is, however, not large because the frequency, i.e.,
neighboring nuclei the same value Bf is in general far 7w, is proportional to the square root of the stiffness.
more accurate than using the cranking model. This conjec-

ture can be tested in lighter isotopes. In R@6] the Pt, Os, Ill. APPLICATIONS TO SUPERHEAVY NUCLE]

and W isotopes were investigated within the generalized col-

lective model(GCM). The adjusted mass parameBgris of The method of obtaining the PES, shortly resumed in the
the same order over a wide range of nuclei. preceding section, will be applied to the nuci&iNo, 25%Rf,

The microscopic shell model space in the pseudosymple2Sg, 2"™Hs, 274110 (Ds), 276112, and?*®114.
tic model can be obtained by first filling the single-particle ~ The first nucleus to be considered’®No for which ex-
orbitals from below at a given deformation, counting the perimental data on excited states in the ground-state band are
number of nucleons in the normal orbitals, and finally use theavailable[3]. This permits us to adjust the collective mass
tables of the reduction (@) X U(2) DSU(3) [21], with U(2) parameter and to deduce with more confidence the spectrum,
as the spin group. An alternative is to use thg3ackage apart from the PES which does not need this information.
of the Louisiana groug22,23. In the reduction of (h) For the other nuclei, after having determined the PES in each
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case, the same mass parameter will be assumed. Howevéifted using the routine of Ref[26]). Our fit gives
care has to be taken because this mass parameter might vaxyp45 MeV for the 2 state and 0.301 MeV for the' Gtate
from nucleus to nucleus. A fixed mass parameter alreadgnd the mass parameter acquires the valueBgf230
gives us a rough estimate about the spectfsee the discus- x 1042 MeV s In Fig. 3 the corresponding spectrum is plot-
sion below. Changing the mass parameter by a given factoked. The spin of each level is indicated to the right. The

more or less raises the energies, for smaigror lowers, for  spectrum shows the typical structure of an axially symmetric
greaterB,, by the same factor. It is better realized for statesrotor with its 8 and y bands.

within the ground-state band than for the vibrational band |n Table | someB(E2)-transition values in units o? b2
heads. This way of estimating the mass parameter is in gerre given. It can be used as an estimate for expected transi-
eral more accurate than calculating it from a microscopigion strengths in experiment. TH&E2) values indicate a
model, which normally has a bad performance in determinciear identification of the ground state, {Beand they band.
ing B,. For higher states the identification is not clear because the
B(E2) values from one given spin to higher ones are of the
A, 2540 same order for more than one transition.

The physical proton(neutron shell has 7,=5 (7,=6),
which implies the pseudoshellg.=4 (7,=5). It will be the B. 260Rf
same for all cases studied here. The occupation in the
pseudoprotorineutron shell turns out to be 12 protor{¢é6
neutron, having before filled the nucleons in the single-
particle scheme of Refl7], with 8=0.246[19], and counted
the nucleons in the normal orbitals. The 12 prot¢i® neu-

In the physical protorineutror) shell the occupation is 22
(30), which indicates that the shell is filled more than half.
This suggests a tendency to an oblate deformation. We ap-
plied the same steps as in the former case, using a deforma-

wons in the pseudoshelf, =4 (7,=5) correspond to a it KO TN SO RS, L ence of man
nearly half filled shell. Because it is less than half filled, we— & ' q y

expect a prolate deformation. The spin representations use¥M(3) irreps lying near together in energy. In order to be
are[62] for protons and8?] for neutrons. consistent with the shell model space we then used a nega-

tive deformation(oblate with the same absolute value as
Ireported in Ref[19] (note that we have changed the sign of
éz €, as given in Ref[19]). The result is given in the fol-
lowing paragraph. Compared to the prolate filling of the
single-particle diagranjl7] the occupation in the normal

second-order Casimir operat@y for the irrep(\, w) is given - ; . e . )
2 2 ; : orbitals is a little bit different, but the PES obtained is nearly
by (\+Agut i +31+3).] The largest irep in the sector of indistinguishable and the shell model space also favors

25°-30° is(38,30 at y=26.2° with the eigenvalue of the —— " )
second-order Casimir operator of 3688, which is a differencéU(3) irreps which are oblate.

of 402 to the former one. The separation is well pronounced, Changing the sign of the deformatiore., =-0.228 and
explaining the rise iny. The « value is 1.168 and\, assuming that at least the absolute deformation is cQrrect

=633.5. the occupation in the pseudoprot@meutron shell turns out
In upper left corner of Fig. 1 the deduced potential energylo be 14 protong22 neutron, having before filled the nucle-
surface is given. FoP®No two potentials are drawn, the Ons in the Nilsson scheme of R¢l7], with Ref.[19], and
upper one is the potential as derived by our procedure whiléounted the nucleons in the normal orbitals. The 14 protons
the lower one gives the approximation of the potential within(22 neutronsin the pseudoshef;,=4(7,=5) correspond to
the GCM. Note that the GCM potential is used finally in the Shells filled more than half. The spin representations used are
calculation of the energies and tH(E2) transitions. As [7°] for protons and11%] for neutrons.
ground-state deformation we use the valuggf2.046 from The largest S(B) irrep is in the sector of 50°—55° and is
Ref. [19]. In the lower panel of*No we depicted the func- given by(8,58 with the eigenvalue of the second-order Ca-
tion which approximates the deduced potential within a finitesimir operator 4090 and thgangle 53°. The highest irrep in
power expansion up to sixth order 1 The potential exhib- the sector of 30°-35° i631,39 at y=33.7° with the eigen-
its a near prolate minimum and a stiff behavior towards largevalue of the second-order Casimir operator of 3901, where
v values, as can be seen in Fig. 2. Even for this prolatgehe difference in its value to the former one is 189, which
nucleus a slight triaxiality is produced by the content of theindicates a softer behavior ipas in the former case. Another
shell model space, as can be appreciated by the value information is that the largest irreps indicate @rlate defor-
different from zero in(\, u)=(58, 8 of the lowest SUB) ir-  mation though in the tables of Ref19] a prolate deforma-
rep. tion (positive B) is reported. This hints already to a problem
In Ref. [3] the states in the ground-state band up to spirbetween the shell model space and the supposed deforma-
20 are given. We adjust the mass parameter such that'the 8on. The « value is 1.168 and,=683.5.
and 6 states at 0.044 MeV and 0.305 MeV are well repro-  The deduced potential energy surface is given in the upper
duced. For this we use the formt{lﬁ2/482/3§)L(L+1) of the  right part of Fig. 1. Again, two PESs are plotted, the upper
rotor [9], wherelL is the spin,B, the mass parameter of the part referring to the PESs as deduced by our procedure and
model, andg, the ground-state deformation of the nucleusthe lower one its approximation within the GCM potential.

The largest S(B) irrep formed by the product of proton
and neutron irreps is in the sector between 5° and 10° and
given by (58,8 with the eigenvalue of the second-order Ca-
simir operator 4090 and the=7°. [The eigenvalue of the
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Contrary to the previous case, this Rf isotope turns out tdency. According to the microscopic shell model space a
be y unstable(see Fig. 2. Note that the microscopic shell y-unstable potential is preferred.
model space is purely determined by the number of valence We use for this isotope of Rf, like for all other nuclei
protons and valence neutrons in the normal orbitals at thender study in this paper, the same mass parameter as for
measured deformation, given by a microscopic calculatiorf®No. The corresponding spectrum is plotted in FigfiBst
[17]. This is the first example that the restriction to only line, right). On the right-hand side of each level the spin and
prolate or oblate deformation creates problems of consisparity are indicated. Please note the near degeneracy of the
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first 4" with the second 2 Also, the first 3, the second %

and the first excited *0are degenerate. This kind of degen-
eracy can also be observed approximately in the IBA-I
within the O(6) limit [27-29. This particular structure
should be observed in experiment. In experiment the degen-
eracy in they band might be seen as an extreme even-odd
staggering.

SomeB(E2)-transition values in units & b? are given in
Table I. It can be used as an estimate for expected transition
strengths in experiment. As in the previous case,B(f2)
values indicate a clear identification of the ground-state, the
B, and they band.

C. 26%5g

The physical protor{neutron shell is as in the previous
case more than half filled, and the number of protomeu-
trong in the normal orbitals is 2430). This occupation sug-
N gests again a tendency towards an oblate deformation. We

o
N;
o

FIG. 2. Sections of the PES along thedirection for the fol-
lowing superheavy nuclei®No, 260Rf, 2625g, 27%s, 274110 (Ds),

and?76112.
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50 ,?o applied the same steps as in the former case, using a defor-
mation value of3=0.229[19] (prolate. The resulting PES
turned out to be nearlyunstable, which is a consequence of

manmS) irreps lying near together in energy. In order to
be consistent with the shell model space we used again a
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TABLE I. SomeB(E2) transitions, in units o&? b2. 0}, 2}, 4;, and § from the ground-state band, while
25, 31, 4, 5, and § from the y-vibrational and § and Z from the g-vibrational band. This association was
done, except for?°114, looking for the largesB(E2) values connecting a band. For higher states the
identification is not easy because there are more tharB&2) transitions of the same order connecting a
given spin with a higher one. F8f%.14 the states are ordered according to a harmonic spectrum.

24y 28Rf  %%g  4g 2450 2781y 290714
0;—2; 8.679 7.346 8.626 6.945 8.455 6.410 0.250
21 —4] 4.528 3.797 4.456 3.633 4.370 3.410 0.180
41'%61 4.093 3.579 4.197 3.173 4.119 3.168 0.217
2,—3] 3.976 2.478 2.906 3.282 2.852 2.876 0.150
2;*)4; 1.767 2.337 2.740 1.464 2.689 1.452 0.141
4;—>51' 1.810 0.795 0.932 1.485 0.915 1.210 0.058
4J2'—>6§ 2.848 2.685 3.145 2.362 3.089 2.299 0.197
05— 23 7.328 4.998 5.855 3.300 5.750 5.758 0.350
0;—2; 0.305 0.048 0.058 0.617 0.053 0.736 0.000
0;—2; 0.039 0.000 0.000 0.024 0.000 0.025 0.000
214, 2.461 0.015 0.019 0.084 0.017 0.066 0.000
OEH 21' 0.054 0.016 0.020 0.031 0.018 0.037 0.100

negative deformatioifoblate with the same absolute value used again a negative deformati¢oblate with the same
as reported in Ref19]. The result is given in the following absolute value as reported in REE9]. The result is given in
paragraph. the follwing paragraph.

After having filled the nucleons at deformatiop The occupation of the normal orbitals in the pseudoproton
=-0.229 the occupation of protoriseutron$ in the normal shell is 18, while for the pseudoneutron shell it is 22. The
orbitals is 14(22). The spin representations used &7é]  corresponding spin-zero representations [&¢ and [117],
([122)). The proton pseudoshell is less than half filled, whilerespectively.
the neutron pseudoshell is more than half filled. This is the por this isotope of Hs the largest ) irrep is in the

identical occupation of the proton and neutron pseudoshellgector of 55°—60° and it i€0,64) with the eigenvalue of the
as for the casé®™Rf. The reason is that the additional pair of second-order Casimir operator 4288 and thangle 59.2°.
protons are in a unique orbital which does not contribute torpe largest highest irrep in the sector 30°—35¢38,40 at
the PES within the pseudosymplectic description. The nucle; =34 g° with the eigenvalue of the second-order Casimir
ons in the normal orbitals already trace the deformation o perator of 3910, where the difference in its value with the
the system. The number of neutrons is the same. Due 0 thgymer one is 378, which hints to a well deformed oblate
same occupation, the PES and the spectrum are expecteddQcleus. Thec value is 1.168N,=705.5.
be similar. Differences appear due to the different deforma- |, Fig. 1 the deduced potential energy surface is given. As
tion reported in Ref[19]. The « value is 1.168No=683.5.  the deformation of the system the valuey=-0.231 from

In Fig. 1 the deduced potential energy surface is given. Ikef, [19] was used. In the lower panel &Hs the potential
the lower panel of®’sg the potential is depicted which ap- jg depicted, which approximates the deduced potential within
proximates the deduced potential within a finite power ex- finjte power expansion up to sixth ordergnThe PES has
pansion up to sixth order iB. As in ?%Rf, this isotope tumMs 3 minimum near 60°, i.e., it is an oblate nucleus as can be

out to beyunstable(see Fig. 2 o ~clearly noticed from Fig. 2. In the approximated PES the
_ The corresponding spectrum is plotted in Fig. 3, which ispehavior neary=60° and 30° is well reproduced, while at 0°
similar to the spectrum of*®Rf. the potential is too high. The error in the spectrum is not

In Table | someB(E2)-transition values in units 0"2 b large because the stiffnessyrat 60° is well reproduced. The
are given. TheB(E2)values indicate a clear identification of potential hints to an oblate rotor. This is in contrast to the

the ground-state, thg, and they band. proposed prolate structure of R§L9].
In Fig. 3 the corresponding spectrum is plotted. There is
D. 2704s now a clear distinction of the rotational bands. No odd-even
' staggering in they band is observed.
In the physical protorineutror) shell the occupation is 26 In Table | someB(E2)-transition values in units of? b?

(36) which is more than half filled. This suggests again aare given.
tendency to an oblate deformation. We applied the same

steps as in the former case, using a deformation valye of 2741
=0.231[19] (prolate. The resulting PES turned out to be E. 10(D9)

oblate, in contrast to the initially assumed prolate deforma- For this nucleus the physical protgneutror shell is as
tion. In order to be consistent with the shell model space, wavell filled more than half and the occupation is @8). This
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suggests again a tendency to an oblate deformation. Followewer y has increased further. Note again that we started
ing the same steps as in the previous cases, we use a deffrem a prolate deformation, but the shell model space sug-
mation value of3=0.222 Ref.[19] (prolate. The resulting gests an oblate deformation.
PES turned out to be oblate. In order to be consistent with In Fig. 3 the corresponding spectrum is plotted.
the shell model space we used again a negative deformation In Table | someB(E2)-transition values in units of” b?
(oblate with the same absolute value as reported in Refare given. TheB(E2)values indicate again a clear identifica-
[19]. The result is given in the following paragraph. tion of the ground-state, tha and they band.

There are 18 proton@2 neutrongin the pseudovalence
shell and the spin representations used[&f¢ for protons
and[12?] for neutrons. It is the same as f0fHs, which then The occupation of the pseudoshells is 18 for protons and

results into the same $B) irreps. The reason is that the 50 for neutrons. The largest §®) irrep is (0,60. Because
additional nucleons occupy unique orbitals and thus the octhe microscopically deduged deformauon is only —-0.026
cupation in the normal orbitals is the same. Thealue is  (slightly oblatg the resulting potential should be nearly

1.168,Ny=692.5. spherical. In this case a comparison of the differen{3U

In Fig. 1 the deduced potential energy surface is given. Asrreps does not give much insight into thedependence of
the deformation of the system the value&f=-0.222 from  the potential, which is washed out by the small deformation.
Ref.[19] was used. In the lower panel &*110 the potential In Fig. 1 the potential energy surface is given. It is iden-
is depicted, which approximates the deduced potential withifical for the deduced potential as well for the potential within
a finite power expansion up to sixth ordergnThe PES has the GCM, because it is just an oscillator which can be given
an oblate minimum, which is less pronounced than the oNngy the termp? of the potential.
for 2°Hs (see Fig. 2 In Fig. 3 the corresponding spectrum is plotted. Towards

In Fig. 3 the corresponding spectrum is plotted. To thethe right of each level the spin and parity are indicated. The
right of each level the spin and parity are indicated. Thespectrum is typical of an oscillator.
same degeneration is observed as in the other cases of |n Table | someB(E2)-transition values in units of? b2
instability, presented so far. are given.

Table | lists somd3(E2)-transition values in units & b?.

G. 299114

IV. CONCLUSIONS

F. 276112 In this paper we estimated the collective quadrupole struc-

. o ture of some superheavy nuclei, with atomic charge from 102

In the_ physmal protor@neutroq shell thg occupation is 30 {0 114. The PES, the low lying spectrum, and some
(38), which is more than half filled. This again suggests ag(g2) transition rates were calculated for each nucleus. The
tendency to an oblate deformation. We applied the samg,qaihod used8] is based on the pseudosymplectic descrip-
steps as in the former case, using a deformation valyé of ijon of nuclei and is quite robust, i.e., it depends only on the
=0.212[19] (prolate. The resulting PES turned out to be gyernal information of the deformation of a nucleus and the
oblate. In order to be consistent with the shell model spacgycyjated single-particle diagram. All the shell structure in-

we used again a negative deformatioblate with the same ;s are determined by microscopic models, such as in Refs.
absolute value as reported in REE9]. The result is given in [17,19. Changing slightly the occupation and/or the defor-

the following paragraph. _ mation has similar effects on the spectrum, i.e., small
The occupation of the protons and neutrons in the ”Ormaéhanges do not effect the core of the results.
orbitals is the same as féf®Hs and?’4.10. The additional We showed thaf5No is a prolate rotor in accordance

protons and neutrons all fall into unique orbitals, which doyith Ref. [19]. However, 2Rf and 262Sg are typical

not contribute to the PES. The largest (S8Virrep is again  j-unstable nuclei. For example, i.€?’%Hs, 274110, and

(0,64 with the eigenvalue of the second-order Casimir op-76112, the nuclei turn out to be oblate, contrary to the re-

erator 4288 and thg angle 59.2°. The largest, highest irrep ported positive value o8 in Ref.[19] or [6]. Finally, 2°°114

in the sector of 30°—-35° 630,40 at y=34.6° with the ei- is a spherical nucleus.

genvalue of the second-order Casimir operator of 3910, Our study indicates the necessity to include dynamically

where the difference in its value with the former one is onlythe y-vibrational degree of freedom. Though, assuming an

378, which hints to a well deformed oblate nucleus. ke axial-symmetric shape the microscopic shell model content

value is 1.168,N,=705.5. As before the irreps hint to an dictatesy values different from zero and the PES deduced

oblate deformationBecause of the same occupation as foreven containgy-unstable cases. We assume that at least the

21%Hs we expect a similar spectrum and PES. absolute deformation is well reproduced by the microscopic
In Fig. 1 the deduced potential energy surface is given. Asnodel. Our results then suggest the corrgdtiaxiality (or

the deformation of the system the valuegyf=-0.212 from instability).

Ref.[19] was used. In the lower panel 112 the potential Only even-even nuclei were considered. The reason is that

is depicted, which approximates the deduced potential withian odd proton and/or neutron changes the spectrum signifi-

a finite power expansion up to sixth order@nThe PES has cantly at low energies. However, the PES can be used to

a minimum near 60¢Fig. 2), i.e., it has an oblate shape like deduce the PES of the core of neighboring even-odd, odd-

the two previous investigated nuclei. The stiffness towardsgven, and odd-odd nuclei.
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We did not consider in the present paper the nucleusaken with respect to the absolute scale. Using only relative
252No, because from the point of view of the microscopicalscales is more secure. Also, the reporBéf2) values have
shell-model space it is identical witi®No. This is due to the to be interpreted as depicting tendencies and first estimates
fact that the only orbital which is removed because it has twf their absolute value.
neutrons less is an intruder. It is possible that the mass pa-
rameter changes slightly, but the spectrum is more or less the ACKNOWLEDGMENTS
same as fof*No.
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ments for the structure of low lying states. Some typicallN119002 and CONACYT, is acknowledge$lM. acknowl-
signatures were discussed in the text, though care has to leelges the financial support from the European Community.

[1] D. C. Hofman, A. Ghiorso, and G. T. Seabofithe Transura- Proc. R. Soc. London, Ser. 245 562 (1958.
nium Peoplg(lmperial College, Singapore, 2000 [15] D. J. Rowe, Rep. Prog. Phyel8, 1419 (1985; Prog. Part.
[2] Yu. Ts. Oganessiaet al, Phys. Rev. C63, 011301R) (2000. Nucl. Phys.17, 265(1996.

[3] P. Reiteret al, Phys. Rev. Lett82, 509 (1999; M. Leino et ~ [16] O. Castafios and J. P. Draayer, Nucl. Ph4g91, 349(1989.
al., Eur. Phys. J. A6, 63 (1999: P. Reiteret al, Phys. Rev. [17] P. Mdller, J. R. Nix, and K. L. Kratz, At. Data Nucl. Data
’ ' ' ' Tables 66, 131 (19979.
Lett. 84, 3542(2000. )
(4] R.-D Herzberg(;at a? Phys. Rev. C65, 014303(2001) [18] S. Raman, C. H. Malarkey, W. T. Milner, C. W. Netsor, and P.
T N ) ) ' ' H. Stelson, At. Data Nucl. Data Table36, 1 (1987).
[51J. L. Egido and L. M. Robledo, Phys. Rev. Le85, 1198 1q; p \mgller, J. R. Nix, W. D. Myers, and W. J. Swiatetecki, At.

(2000. Data Nucl. Data Table$9, 185 (1995).
[6] I. Muntian, Z. Patyk, and A. Sobiczewski, Phys. Rev.60,  [20] P. Ring and P. SchuckThe Nuclear Many-Body Problem
041302(1999; A. Sobiczewski, I. Muntian, and Z. Patyikid. (Springer, Heidelberg, 1980
63, 034306(2001). [21] J. P. Draayer and Y. Leschber, Institute of Physics and As-
[7] S. Misicu, T. Blrvenich, T. Cornelius, and W. Greiner, J. Phys. tronomy internal report, 1987.
G 28, 1441(2002. [22] J. P. Draayer and Y. Akiyama, J. Math. Phyil, 1904(1973;
[8] O. Castafios, P. O. Hess, J. P. Draayer, and P. Rochford, Phys. J. Escher and J. P. Draaydrid. 39, 5123(1998.
Lett. B 277, 27 (1992. [23] J. P. Draayekt al, SU(3)-package routines, Louisiana, 2002.
[9] J. M. Eisenberg and W. GreineNuclear Theory I: Nuclear [24] G. Rosensteel and J. P. Draayer, Nucl. Phygl36, 445
Models(North-Holland, Amsterdam, 198,7p. 220. (1985.
[10] O. Castafios, P. O. Hess, P. Rocheford, and J. P. Draayer, Nu¢R5] P. O. Hess, J. A. Maruhn, and W. Greiner, J. Phys7,&37
Phys. A524, 469 (1991). (1981.

[11] D. Troltenier, Ph.D. thesis, University of Frankfurt, 1992, p. [26] D. Troltenier, J. A. Maruhn, and P. O. Hess,Gomputational
55; D. Troltenier, J. A. Maruhn, W. Greiner, and P. O. Hess, Z. Nuclear Physics 1: Nuclear Structyredited by K. Langanke

Phys. A: Hadrons Nucl343 25 (1992. et al. (Springer, Heidelberg, 1991Chap. 6, pp. 105-128.

[12] H. vanGeel, P. O. Hess, J. A. Maruhn, W. Greiner, and D.[27] F. lachello and A. ArimaThe Interacting Boson Mod¢Cam-
Troltenier, Nucl. Phys A577, 605 (1994). bridge University Press, Cambridge, 1987

[13] K. T. Hecht and A. Adler, Nucl. PhysA137, 129(1969; A. [28] A. Frank and P. van Isackeflgebraic Methods in Molecular
Arima, M. Harvey, and K. Shimizu, Phys. LetB0B, 517 and Nuclear Structur¢Wiley-Interscience, New York, 1994
(1969. [29] D. BonatsosThe Interacting Boson Models of Nuclear Struc-

[14] J. P. Elliot, Proc. R. Soc. London, Ser. 245 128 (1958, ture (Oxford Science, Oxford, 1988

064303-9



