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Abstract Total-Routhian-Surface calculations have been performed to investigate the deformation and align-

ment properties of the No isotopes. It is found that normal deformed and superdeformed states in these nuclei

can coexist at low excitation energies. In neutron-deficient No isotopes, the superdeformed shapes can even

become the ground states. Moreover, we plotted the kinematic moments of inertia of the No isotopes, which

follow very nicely available experimental data. It is noted that, as the rotational frequency increases, align-

ments develop at hw=0.2—0.3 MeV. Our calculations show that the occupation of the vj;5/, orbital plays an

important role in the alignments of the No isotopes.
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1 Introduction

In the past decade, great progress has been noted
in the synthesis of superheavy nuclei. Superheavy ele-
ments with charge numbers up to Z =118 have been
produced™ !, which can be identified through the
identification of the alpha decays of the ground states.
On the theoretical side, investigations have predicted
the shape coexistence of spherical, prolate, oblate and
triaxial deformations near the ground states of the su-
perheavy nucleil® .

Such superheavy nuclei are very unstable and very
difficult to detect. As a result, only in a few cases ex-
cited states have been observed in superheavy nuclei.
Recently, the rotational bands of ?*2No and ?5*No
have been identified and extended to the spin-parity
of 207 and 167, respectively” %,
properties provide a unique opportunity to extract
further detailed structure information and test the-

The rotational

oretical models in this extreme mass region. In this
paper, total-Routhian-Surface (TRS) calculations™
have been performed in the deformation space of

B= (B2, v, Ba) to study the deformations, kinematic

Received 17 June 2008

moments of inertia and alignments of the nobelium
isotopes.

2 The model

The total Routhian E“(Z, N, B) of a nucleus
(Z, N) at a rotational frequency w and deformation

B is calculated as!*

E“(Z, N, ) = E*=°(Z, N, B)+[(&*|H*|0* > —
< <ww|f{w|gjw >w:O]a (1)

where E“=°(Z, N, ﬁ) is the total energy at the zero
frequency while the last two terms in the bracket
represent the change in energy due to the rotation.
The energy E“=°(Z, N, B) takes into account the
macroscopic liquid-drop energy™, the microscopic
shell correction™® ' and the pairing energy!™®’. The
total Hamiltonian appearing in the above equation,

H”, is written as!*
H* =3 [(ilhweli) = A )ad a; —w(ilj.]j)ar a;] -
ij

G Z aialaga; . (2)

i8>0
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where we adopt a non-axially deformed Woods-Saxon
(WS) potential for the single-particle Hamiltonian,
P -

The pairing correlation is treated using the
Lipkin-Nogami approach™ in which the particle
number is conserved approximately and thus the spu-
rious pairing phase transition encountered in the BCS
calculation can be avoided (see Ref. [15] for the de-
tailed formulation of the cranked Lipkin-Nogami TRS
method). Both monopole and quadruple pairings are
considered™® with the monopole pairing strength G
being determined by the average gap method!"” and
the quadruple strengths obtained by restoring the
Galilean invariance broken by the seniority pairing
forcells: 18, 19]
the rotational frequency and deformation. In order to
include such dependences in the TRS, we have to per-

. Pairing correlations are dependent on

form a pairing-deformation-frequency self-consistent
TRS calculation, i.e., for any given deformation and
frequency, the pairing is self-consistently treated by
a Hartree-Fock-Bogolyubov-like equation!’™. At a
given frequency, the deformation of a state is de-
termined by minimizing the calculated TRS. The
total collective angular momentum is calculated as
follows!?”!

L= (Blisla)pas+ Y (Blicldpas, (3)

a,3>0 a,3>0

where p is the density matrix in the representation
of signature basis being denoted explicitly by «, 3 (&
and 8 stand for the opposite signatures). The mo-

3 Calculations and discussions

TRS calculations for even-even nobelium isotopes
have been performed and ground-state deformations
are obtained, as shown in Fig. 1. All these nuclei
have axial-symmetric deformations. Besides this, the
coexistence of normal deformed and superdeformed
prolate shapes is observed, consistent with the rela-
tivistic mean field calculations® ®. The No isotopes
with N > 150 have well-deformed prolate ground-
state shapes with 0, ~0.24. The experimentally de-
duced ground-state deformations for the nuclei ?5?No
and *No are (3, = 0.26 and 0.27, respectively, and
agree well with the present results. Our calculations
show that the stable moderate deformations in these
nuclei can be related to the large energy gap at around
B> =0.27 with N =152 in the single particle diagram.
However, for the nuclei 2*6:248No, the superdeformed
states with 3, = 0.68 suddenly become ground states.
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Fig. 1. Calculated quadrupole deformations,

B2, for even-even No isotopes. The open tri-
angles and circles represent ground-state and
first excited state deformations, respectively.
The filled squares represent the experimental

ments of inertia are obtained by 3 =1, /w. results®.
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Fig. 2. Experimental[silo] and calculated kinematic moments of inertia for No isotopes. ND and SD represent
rotational bands of normal deformed and superdeformed states, respectively.
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Fig. 3. Quasineutron (a) and quasiproton (b)
Routhians of 2%?No with deformations

(B2, 7, Ba) = (0.238, —1.259°, 0.017). (7, av):
solid = (+,+1/2), dotted = (+,—1/2), dot-
dash = (—,+1/2), dashed = (—,—1/2).

To investigate the rotational properties of the su-
perheavy nuclei, the kinematic moments of inertia
of nobelium isotopes have been calculated and com-
pared with experiments. Results are shown in Fig. 2,
as a function of rotational frequency. 2°?25*No are
the heaviest nuclei whose rotational bands have been
observed experimentally up to date. However, there
is little information at high rotational frequencies.
In our calculations, the alignments of ?°2No appear
with a rotational frequency greater than 0.2 MeV. For
2%4No the alignments appear slower than for 2°°No.
In our calculations we obtain the kinematic moments
of inertia for both, the normal deformations and the

shape-coexisting superdeformations. For the nuclei

252,254No, the calculated kinematic moments of in-
ertia of normal deformed shapes are in good agree-
ment with experiment. It shows an upbending with
hw = 0.20 for ?2No and a slower one for ?**No. For
the other No isotopes our calculations also show an
obvious upbending with hw=0.2—0.4 MeV.

The single-quasiparticle Routhians have been cal-
culated for the deformation of (8, 7, £i) = (0.238,
—1.259°, 0.017) which are obtained from the TRS
plots shown in Fig. 3. For the quasi-proton Routhi-
ans (lower panel), there are no alignments up to iw =
0.35 MeV. However, alignments appear around hw =
0.25 MeV for the quasi-neutron Routhians. It is con-
sidered to be the alignments of the vj5,» quasineu-
trons. Thus, the location of the high-j states plays an
important role for the alignments. It also should be
pointed out that the energy decrement of the vjis/o
orbital would result in a faster alignment in ??No
whereas in a slower one in 2**No[*!.

4 Summary

In conclusion, theoretical investigations have been
carried out within the TRS model to study the prop-
erties of superheavy nobelium isotopes. The coex-
istence of normal deformed and superdeformed pro-
late shapes have been observed in these nuclei. The
kinematic moments of inertia for the rotational bands
are calculated, which agree well with available exper-
imental results. If the rotational frequency increases,
alignments can develop at Aw = 0.2—0.3 MeV. It is
found that the vj;5,, orbital plays an important role
in the onset of the alignments. Our calculations for
the rotational properties of No isotopes may be help-
ful for the understanding of collectivity in even heav-
ier nuclei.
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