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Recent calculations of equilibrium deformation combining
Strutinsky's shell correction approach with a folded Yukawa
Nilsson/2/ or a Woods—Saxon single particle potential/3/ pre-
dict pearshape for the light actinides. Significant octupole
deformation is obtained for the restricted region 131 <N< 138,
83 < Z<90. Experimental binding energies and spectroscopic in-
formation about low spin states seem to support these pre-—
dictions, although the data is still too scarce to be conclusive.
The reaction of quasiparticles to the inertial forces is very
sensitive to details of the shape of a rotating nucleus. Analy-
sing experimental rotational bands in terms of the Cranked
Shell Model/5/ (CSM),ref./%/ found evidence for the existence
of strong hexadecapole deformation in the !800s region and
refs.’?” for configuration dependent triaxial quadrupole defor-
mations. In the present publication we show that an octupole
component of the deformed potential causes typical pattern of
the quasiparticle Routhians e’ as functions of the rotational
frequency of w. The CSM relates the e’(w) directly to the ex-
perimental rotational bands. Therefore, we suggest to measure
the rotational bands up to significant spin in order to decide
the question whether the light actinides have indeed pearshape
as predicted.

We follow ref./% and solve the quasiparticle equations given
by the quasiparticle Routhian h’:

.

h|lop>=e"_  |ou>,
ou
n
h’=hdef(a.a3 .a4)--An+A-mjx.

This provides the quasiparticle Routhians e} ,6 as functions of
the rotational frequency » and the quasiparticle aligned angular
momenta iﬂu (the negative slope of the trajectories e (w))
Here h,, f1s the deformed Woods-Saxon Hamiltonian as descrlbed
in ref. /8/.The shape is parametrized by axial symmetric Cassini
ovaloids which are modulated by multipoles of different order.
The parameters g »ay 5 @, are approximately equal to ¢,, ¢, »
—¢, of the more frequentiy used shape parametrization of ref./9/
The remainder of eq. (i) are the chemical potential A, the par-
ticle number n, the monopole pair field A and the x-component
of the angular momentum j_ .

The 1nterpretat10n of rotatlonal bands in terms of the e “(w)
is described in detail in ref./5/, Here, we only discuss the
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new aspects of the nonconservation of parity and signature. The
Routhian (1) is symmetric with respect to the reflection through
the y-z -plane, which may also be expressed by means of the
space inversion % and the rotation R4 about the x-axis by an
angle of ». Bohr and Mottelson 10/ ¢all this operation S,

-1
Sh'8  =n’, 8§=7P%,. (2)
This symmetry implies the quantum number ¢ defined by

Y% odd

Slou>=¢""|ou>, o= { for } particle number , (3)
0,1 even

which we call combined signature * . For systems with Dy -sym-
metry (no octupole) the combined signature may be expressed by
means of the parity = (impled by ?) and the signature 4
(impled by R, ).

1 -1
Og=q + { tOr 7= . (l‘)
0 +1

Let us now consider the relation between the total values of
combined signature, spin and parity. Since ¢ is conserved for
the quasiparticles (o= + 1/2), each intrinsic configuration
corresponds to a total o,, which is also the o, of the total
wavefunction and, therefore, measurable. It may be expressed by
7,1 and the total signature a, which are conserved for the
total wavefunction only. The pertinent relations are the con-
nection between I and a3/

a=I4 even number (5)

and eq. (4) connecting ¢, and a. The possible o, —values cor-
respond to the rotational sequences

o*, 1=, 2%, 3~ .., 0

0=, 1%, 2, 3%, ... 1

1/2%, 3/2-, 5/2%, 7/2-, ... FOF @ = 1/2 (6)
1/2=, 3/2%, 5/2=, 7/2%, ... -1/2.

*Je suggest this term in analogy to the "combined parity"
applied by Landau and Lifshits (v. IVb) in the context of suppos-—
ed invariance of weak interaction with respect to the combination
of space inversion and charge conjugation.
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Following ref./% we take the ground state rotational band
(g-band) as quasiparticle vacuum. In an octupole deformed
nucleus it corresponds to o= 0. Then, o, of a quasiparticle
configuration is equal to the sum of the o' of the excited
quasiparticles. A calculated quasiparticle configuration as
function of w is associated with a rotational band of the ap-
propriate o, .

Experimentally, a rotational band of good ¢ will show up as
a regular sequence of enhanced stretched El -transitions. The
enhancement is caused by a displacement of the centre of charge
relative to the centre of gravity which is generally expected
for octupole nuclei. The resu]7t1}1g rotating dipole generates
the El-radiation. Strutinsky 11/ and Bohr and Mottelson/12/
give the estimate for the dipole moment

D=D0B2B3' (7)

where D, = 10 e fm for the N= 134 region and B, and S, are the
usual/12) coefficients of the multipole expansion of the nuc-
lear shape. The corresponding B(El)-values are several orders
of magnitude larger than typical low energy B(E1l) -single par-—
ticle values.

The CSM~analysis /5/ is based on the angular momentum I(w) and
the Routhian E’(w) generated from the experimental levels of
a band to which a quasiparticle configuration is assigned. The
straightforward extension of this concept to pearshape would be
to calculated these functions from the adjacent levels of a
o -band (i.e., ?xm=E(I”)—E((I-1)-”)). However, 1n realistic
nuclei there is a tunnelling between the left- and right-hand
orientation of the pear, which causes a staggering between the
m#=+ and m=- members of the band. Since this tunnelling mo-
tion is not taken into account in the CSH the parity staggering
should be eliminated from the data. Assuming a smooth w-depen-—
dence of the energy shift this is achieved by the following
treatment of the data: Each group of states of given n has also
a good q. With the help of the CSM-prescriptions of ref. /5/ one
determines the functions I, _(w) and E7 (w) for each parity
separately. The functions I, (w) and E’(e) for the configuration
with good o are calculated by averaging over the two parities

1,(w)=-§(1,+<m)+1,_(m)).

A ®)
E*(0) =L (E{(0) + EZ(0))
g+ -

The functions E’(w)and I _(w) obtained in this way from the
levels of the g—%and (1= 0+ 1—, 2+, 3=, ...) may serve as a
reference to construct the relative aligned angular momentum
i(w) and the Routhian e’(@) in complete analogy to ref./5/



(w)=1 (0)-1_ (o),
e’(0)=E4(0)-E/ (o). (9

Other types of references are also possible. Once the functions |

(8) are defined it is quite straightforward to extend the con- \

siderations of refs.’!3 to the considered case. The relative

quantities (9) may be directly interpreted in terms of confi~

gurations of quasiparticles occupying the trajectories e; (w).
Figures 1-3 show a selection of single particle and qu#si-

particle diagrams e(',# (w) for the light actinide region. The

deformations q = 0.2, a,= 0.075, a, = 0.1 correspond to the

L 3.

minimum of the ground state deformation energy /2/. We have va-

ried 0.0 <a,< 0.2 in order to demonstrate the development of

the typical pattern indicating the octupole shape.
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M=~ _ ) Routhian at the fixed octupole
) \\\ - | deformation a,=0 (above) and
313 N ag= 0.2 (below). The remaining
29713 D7 K== .
(078 VPRSI deformation parameters are g =0.2
(1751 %2 and a4 = 0.075. The parameters

of the deformed Woods-Saxon })0-
tential are given in ref./18/,
Full drawn and dashed lines cor-
respond to combined signature
o= -1/2 and 1/2, respectively.

b For @ = 0 the angular momentum \ /
projection K onto the symmetry '
axis is indicated. For a; =0
the parity is added in the form
K7, For the K= 1/2 levels one
half of the decoupling parameter
(slope of the o= -1/2-level)
is given in parenthesis. The
7= - levels belong to the
j15/2 -shell.

Fig.2. Dependence of the quasi-
neutron Routhians on the octupo-
le deformation agy. The pairing
gap A = 0.75 MeV is about 807
of the even-odd-mass-differen—
ce’” . The chemical potential

A= -7.5 MeV corresponds to
<N>= 137.9, 136.5, 136.4 for
figs. 2a, 2b, 2¢, respectively,
at w=0.

Fig.3. Quasiproton Routhians for
ag =0.1. Line convention and pa-
rameters as in fig.l except

A= 0.9 MeV and A= -5.0 MeV cor-
responding to <Z>=86.7 at w=0.
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The consequences of pearshape for slow rotation (strong coup-
ling limit) have been discussed by Bohr and Mottelson /¥2/ and
more recently by refs./4/. Let us express their conclusions in
terms of the quasiparticle rajectories. As is seen in the figure
for @ +0 there are degenerate pairs e, _ +1/2, K#(m)' where

S



K is the angular momentum projection onto the symmetry axis.
Since each ¢ corresponds to a Al= 1 - one quasiparticle band
with alternating » (c.f. eq. (6)) one may alternatively say
that there are two AlI= 1 - bands having opposite n /127y The
o -degeneracy of the e;k, (@) also implies degenerate pairs of
multiquasiparticle configurations each of which corresponding
to parity doublet of Al= l-bands. For K= 1/2 the two trajec-
tories e;,=!1/2'1/2'u (w) have a finite opposite slope at

o= 0. In strong coupling terminology this means that the two
degenerate K= 1/2-bands have decoupling/Parameters of the op-
posite sign but the same absolute value 4,12/, In summar , the
strong coupling limit as discussed by Bohr and Mottelson/12/

is equivalent with 0 -degeneracy of the quasiparticle trajec-
tories. As is demonstrated by the figures this coupling is only
realized for sufficiently small frequency. The more general
feature of rotating pearshaped nuclei are nondegenerate bands
with a fixed combined signature. The frequency at which devia-
tions from the strong coupling arise depends strongly on the
state.

The main features of the quasiparticle spectrum at finite
@ are a consequence of the parity mixing caused by the octupo-
le component of the potential. For aj =0 the conservation of
parity results in the well-known intruder—host-structure: Due to
the spin orbit splitting intruder states carrying the maximal
angular momentum of a shell are embedded into the next lower
shell of opposite parity. These host states have moderate or
low angular momentum, since the quadrupole deformation causes
an appreciable redistribution of angular momentum damping the
angular momentum fluctuations in a spherical potential. As a
consequence of their different angular momenta intruder and host
states react rather differently to the inertial forces at fini-
te . This is clearly seen for the single neutron Routhians
shown in fig.la. The j;5/o - intruder trajectories (states with
7=~ ) rapidly transiate into the Rotational Aligned Coupling
Scheme characterized by large alignment (slope) and splitting
between states of different signature a (cf., e.g., ref./13/ 7y,
The host states of positive parity change much less vwith w.

As is seen in fig.lb an octupole deformation of a; =0.2 melts
the host-intruder-pattern. The angular momentum is much more
evenly distributed over the states resulting in trajectories
e’(w) with similar alignment and splitting of the o-pairs. In
the low w region the angular momentum redistribution shows up
as drastic changes of the decoupling parameter /4/,

Pairing is introduced in figs.2 and 3. The a, -dependence
demonstrated by figs. 2a,b,c is also a consequence of the an-
gular momentum redistribution caused by the parity mixing. As
is well known, for @ = O the pairfield pushes the states away
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from the Fermi surface (e°= 0) such that there is a group of
closely spaced levels just above the pairing gap A. For a4, = 0
(fig.2a) this group is quickly resolved with growing o since

the intruder states achieve a much higher alignment (slope) than
the hosts. For a; =0.2 (fig.2c) the clustering above the gap
persists over a large « -interval since the similar alignment
prevents the spreading. For the intermediate octupole deforma-
tion of a, =0.1 (fig. 2b) which is sg§gested by the calculations
as the groupd state equilibrium value =4/ the clustering is
less prominent but still present. The same is true for the quasi-
proton spectrum shown in fig.3.

Another obvious consequence of the angular momentum redistri-
bution is the different pattern of quasicrossings (backbends)
between the trajectories e’ >0 and e” <0, For a, =0 one has the
familiar situation /% of a sharp early crossing for the intruder
and later and very smooth crossing for the host. For a, =0,2
there is a whole group of smooth crossing at intermediate fre-—
quency.

A comparison of figs. 2 shows that €’(w,a; ) of the lowest
quasiparticle trajectories increases with a3 for the ones des-
centing from the intruders (|Ae’(ho = 0.25 MeV)| ~ 0.4 MeV) and
decreases for the ones descending from the hosts (|Ae’(hw =
= 0.25 MeV)| ~ 0.1 MeV). Refs.’/ =% calculate ground state defor-
mation energies of the order of 1-2 MeV for 133 <N <137, Hence,
the excitation of rotating quasiparticles is not expected to
quench the octupole deformation.

In summary, for the N =134 region octupole deformed rotatio-
nal bands are expected. Doing a CSM analysis the pearshape
should be revealed by the following finger-prints:

i) The rotational levels form band with fixed combined signa-
ture and are interconnected by enhanced stretched El-transitions.

ii) There is a cluster of quasiparticle states of both ¢
above a gap in the spectrum. This structure persists up to about
hw = 0.35 MeV where the gap disappears.

iii) Pronounced backbending is absent at frequencies where it
is observed in reflection symmetric nuclei. A delayed smooth
upbend 1is exqected instead.

In refs.”'% were the yrast levels of 222Ph measured up to
I=17h. They form a ¢ =0 sequence connected by enhanced El-
transitions. At low @ there is a pronounced parity staggering that
gradually disappears with o . The experimental function I(w)
(fig.12 of ref./!* ) does not show any backbend up to hw=0.22 MeV.
Our a3 = O calculation predicts a pronounced vj, /2 -backbend
at heo=0.20 MeV (in accordance with the results of ref./15/}),
For e, > 0.1 the first irregularity is delayed to hew > 0.30 MeV.
Hence, the 222 Th data seems to be consistent with the assumption
of a substantial octupole deformation for 1> 10h. Let us stress
the importance of measuring other high spin spectra in the
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N = 134 region in order to check in a more conclusive way whe-
ther all the above mentioned finger-prints of a stable octupole
deformation are observed. In particular, the clustering of bands
with both combined signatures and similar alignment predicted
for the odd neutron nuclei would be a strong positive evidence.

The authors thank Prof. V.G.Soloviev for his continuous in-
terest in the work, which was mainly done during a stay of S.F.
at the JINR Dubna.
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Opayerpopd C., Nawxesuu B.B. EL-84-160

KsaauuacTuuHue Bo3BywaeHuA BO BPaWanyuxca AAPax rPyweBuAHON (DOPMbI

CoBCTBEHHHE 3HAUYEHWA OAMOYACTHMUHOrO PafMyCca BO BPAWANWLEMCA KBAaAPYNONbHO=
OKTYNONbHO=AEPOPMUPORAHHOM AKCHANLHO-CHUMMETPUYHOM NOTeHuuane Tuna Bypca-
CakcoHa OGHAPYMUBANT TUNUUHYO 3aBUCUMOCThL OT YrNOBOW YAcCTOTH, YTO MOxeT OuTe
WCNONL30BAHO ANA MAEHTUOMKAUUKM GOPME TaKOro xapaxkTtepa. 06cyxpantca kak
CNeACTBUA ANA IKCNEPUMEHTANbHLIX POTAUUOHHHIX NONOC, TaK WU UX KNACCHOWKAUMA
B8 COOTBETCTBUM C NOABNAOWWMCA GNAaronapA CUMMETPUM KBAHTOBHIM YMCNOM, HAa3BAHHLIM
KONGUHUPOBAHHONW cUrHaTypon., B obnactm N =134 omuganTca OkTynonsHo-AedoOpMU-
pOBaHHHE POTAUWOHHHE NONOCH. AHANU3, OCHOBaHHLIA Ha BpawaTensHol obonoueuwoi
Mogenu, ceugeTenncTesyeT O TOM, UTO rpywesugHan GopMa AONKHA NPOABAATLCA
B chneaymuux ABREHWAX: a/ BpawaTensHue ypoBHu o6pa3ynT aBe nosnocu C onpege-
NEeHHOM KOMOWHWUPOBAHHON CUrHaTYpOi, KOTOPHE CBA3aHH MeNay COobOW yCuneHHuMn
BucTpoeHHuMu E1 -nepexogamu; 6/ uMeeTCA rpynna KBa3uHac TMUHBIX COCTOAHMIA
obeux KOMOMHUPOBAHHLIX CUrHATYP Had Wensn B CNEKTPE, KOTOPaA COXPaAHAETCA
8ANoTe A0 hw =0,35 MaB, nocne uero wens ucue3daeT; B/ YeTKO BbipaMeHHWH o6~
paTHuii n3arub oTcyTcTeyeT nNpu Tex YacToTax, Npu KOTOpux oH Habmopaetca B8 3ep-
KanbHO-CUMMETPUUHBIX AAPax, BMECTO 3TOr0 ONMAAETCA 3ana3fuBantiui NNaBHLIA
noagvem.

Pabota ewnonHeHa B JlaGopaTopuu TeopeTuHueckow duluku OUAU.

Coo6meHne O6beAHHEHHOT'O MHCTHTYTa AfEPHMX Hccrnemosanmit. Jly6ma 1984

Frauendorf S., Pashkevich V.V.
Quasiparticles in Pearshaped Rotating Nuclei
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The quasiparticle Routhians in a rotating octupole-quadrupole deformed
axial Hoods-Saxon potential show typical pattern that may be used to iden-
tify this shape.The implications for experimental rotational bands as well as
their classification with respect to the new symmetry quantum number combi-
ned signature are discussed. For the N= 134 reaion octupole deformed rota-
tional bands are expected. Doing a CSM analysis the pearshape should be re-
vealed by the following finger-prints: i) The rotational levels form banc
with fixed combined signature and are interconnected by enhanced stretched
E1-transitions. ii) There is a cluster of quasiparticle states of both
combined signatures above a gap in the spectrum. This structure persists up
to about the = 0.35 MeV where the gap disappears. iii) Pronounced backbending
is absent at frequencies where it is observed in reflection symmetric nuclei.
A delayed smooth upbend is expected instead.

The investigation has been performed at the Laboratory of Theoretical
Physics, JINR.
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