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The spin of the lowest level observed in the superdeformed band in ' Dy is determined to be ID=25
rather than the previously assigned 10=22. As a result, we have 2 ' & 2 and both 2 ' and J
decrease very slowly with rotational frequency. From the spin determination of the two pairs of identi-
cal bands in " Dy and '"Tb, ' "Tb and ' Gd*, evidence has been obtained to support the assump-
tion of quantized alignments in units of h/2.

The discovery of superdeformed (SD) rotational band
in ' Dy was one of the significant advances in nuclear
structure physics in recent years [1,2]. Since then
numerous SD bands have been observed in the mass
A —150, 130, 190 regions [3]. The experimental data on
SD bands are in the form of a series of gamma-ray ener-
gies, E,'s, with almost constant difference hE, . It has
been found that there exist great regularities in the SD
bands, which have been the subject of theoretical and ex-
perimental efforts. One of the striking features of the SD
bands is the astounding similarities of transition energies
in different nuclei [4-7]. For example, the excited SD
bands in ' 'Tb and "Gd have almost identical gamma-
ray energies to those in the yrast SD bands in neighboring
Z+1 nuclei, ' Dy and ' 'Tb, respectively [4]. There-
fore, it was argued that there may exist some underlying
symmetry [5] and this behavior may be characterized by a
quantized spin alignment [6,7]. A most useful concept to
understand the SD band is the moment of inertia, which is
related to the observed gamma-ray energies. The kine-
matic moment of inertia 2 ' =h 1„(dE/dl„) ' is usual-
ly estimated by the difference quotient

2 "'(I 1) =(21—1)h—/E, (1 I —2),
while the dynamic moment of inertia J" =h (d E/
dl„) ' is roughly given by

(I) 4h 2/AEr 4h /[Et(1+2 I)

SD bands in ' 'Tb and ' Gd, no spin assingment was
given [3].

In Ref. [9], an effective and reliable method to deter-
mine the spins of the SD bands from the observed transi-
tion energies was proposed. It was found that the ob-
served SD rotational spectra can be reproduced extremely
well by the two-parameter closed expression [10]

E(l) E(1 ) =a[[1—+bl(1+1)] '

which is derived from the Bohr Hamiltonian for a well-
deformed nucleus with small axial asymmetry. From Eq.
(1), the transition energy from level I to level (I —2) is

E„(1)=Er(I I ——2)

=a [J1 +bl (I+ 1 ) —41 +b (I 1)(I—2) ]—. (2)
For an SD cascade Ip+2n Ip+2n —2 Ip+4

Ip+ 2 Ip, the observed transition energies
Er(lp+2n), Er(lp+2n —2), . . . , E„(lp+4), and
E„(lp+2) can be least-squares fit to Eq. (2) with fitting
parameters a and b It was foun. d that the agreement be-
tween the calculated and observed transition energies de-
pends sensitively on the prescribed level spins. When a
correct Ip value is assigned, the calculated energies coin-
cide with the observed results incredibly well. However, if
Ip is shifted away from the correct one, even merely by+ 1, the root-mean-square (rms) deviation,

The exact determination of the kinematic moment of iner-
tia requires an unambiguous assignment of the angular
momentum. Therefore, the level spin determination is
crucial for understanding the physics of SD band. How-
ever, in all cases in the 2 —150 region the exact angular
momenta have not been measured [3]. In some cases, the
angular momenta are estimated from the known spin
values at which the SD bands deexcite into the yrast
states. These assignments are probably often accurate to
a few h. In Ref. [1],the spin of the lowest level observed
in the SD band of ' Dy was assigned as Ip =22. For the

n Ecttlc(1 ) Eexpt. (I )
n;=l E expt. (I )

will increase drastically (see Fig. 1). Therefore, the spin
value of the lowest level Ip, hence all the spin values of the
SD states, can be determined unambiguously.

From Fig. 1 and Table I it is seen that the spin of the
lowest level in the SD band in ' Dy is Ip=25 [i.e.,
E„(27 25) =602.3 keV], which is larger than the previ-
ously assigned value by 3h. However, as pointed out in
Ref. [11],the previous spin assignment for the SD band in

Dy was not unambiguous and the uncertainty in spin
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TABLE I. Comparison of the identical SD bands in " Dy
and ' 'Tb* (excited).

pd Assigned
I

I s2Dy

E„(1)
Expt. " Calc. "

' 'Tb* (excited)
Assigned E„(1)

I Expt. ' Calc. ~

I

X

assignments was 2h under the even spin assumption.
Moreover, it was also emphasized [ll] that the correct
spin of the lowest level observed cannot be less than
Ip =22, as this would mean that no angular momentum is
removed by the transitions between the bottom of the SD
band and the oblate single-particle states. Therefore, our
results do not con[]ict with the above statement [11]
drawn from the analysis of the experiment. The similar
analyses (see Fig. 1 and Tables I and II) show Ip = —"', for
the SD band in ' 'Tb* (excited), [E„(—," —') =647.0
keV]; Ip

= —', for the SD band in ' 'Tb (yrast),
[E„(—"~ —") =728.0 keV)]; lp=38, for the SD band in

Gd (excited), [E„(40 38) =770 keV].
Once a correct spin assignment is made, using the cor-

responding parameters a and b the precise values of kine-
matic moment of inertia 2 ' and dynamic moment of in-
ertia 2 can be calculated from the following analytic
expressions [9]:

~() hl, p dE=6 I,
M dI

=Jp 1—(hco) '
7a-

(4)

(hco) '
a b

2

~ (2) ~2 d E
d12

(5)=Jp l—

where Zp=(h /ab)(1+bK ) '1 = h /ab is the bandhead
moment of inertia. It is very important to note that for
different assingments of angular momenta, the magni-
tude, and behavior of 7 ' may be quite different (see Fig.
2). For the SD band in ' Dy, according to the previously
assigned Ip =22, we would have 2 ' & 2 ) and 7 de-
creases monotonically with co, while J" ' increases mono-
tonically with co, which seems hard to understand. On the
contrary, for Ip =25, we have 2 ' & 2 ), and both 2

~ J I I I ~ I I I

Io—4 Io—Q Io ID+2 I()+4

Spins
FIG. 1. The rms deviations for various spin assignments of

the SD bands in " Dy, "'Tb, and "PGd (see text). Curves a' Gd* (excited SD band), 1p =38; b "Tb (yrast SD bands),
1p= —, , c "Dy (yrast SD bands), Ip =25; d "'Tb excited SD
bands), Ip= —", .
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"'References [1,2] and [11].
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MeV
"'Reference [4l.
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and S decrease very slowly with co. In the frequency
range observed, hco —(0.30-0.70) MeV, 2 r') increases
only by —1%, while 2 by —3%, which is expected by
Eqs. (4) and (5), because dln1 ( /dco=3dlnZ ' /dco.
The moments of inertia of the four SD bands in ' Dy,
' 'Tb, and ' Gd are plotted against co in Fig. 3. It is
worthwhile to note that the variations of 2 ' and 2
with co are in excellent agreement with the results of the
microscopic calculation [12]. Microscopically, the varia-
tion of 2 with frequency depends critically on the number
of high-N intruder orbit occupied. For ' Dy (n6 v7 ),
four protons occupying the N =6 shell and two neutrons
occupying the N =7 shell, the total proton contribution to
2 shows little variation with co and a very slight decrease
in 2 comes mostly from the two high-Ã neutrons. The
virtually constant 2 is particular to ' Dy and a much
greater variation with frequency is expected for the neigh-
boring nuclei with different proton configurations.
Indeed, the extracted 2 for the SD bands in ' 'Tb and

Gd* shows a much sharper decrease with co (see Fig.
3).
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' 'Tb (yrast)
Assigned E„(1)

I Expt. " Calc. b

"Gd* (excited)
E„(r)

Expt. ' Calc.
Assigned

I

TABLE II. Comparison of the identical SD bands in ' 'Tb
(yrast) and 'OGd* (excited).
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FIG. 3. The extracted 2 "' vs cu plot and J '-' vs m plot for

the two pairs of identical SD bands in "-'Dy and "'Tb*, and
I-'ITb and '-"6

Having determined the spins of the SD bands, we can
compare the perspective values of the alignments of the
identical bands. It is very interesting to note that the spin
diA'erences in the two identical bands, ' 'Tb* and ' Dy,
are just —, (see Table I) and the diA'erence in angular
momentum alignment i =AI, is very c1ose to & over tke
whole range of observed frequency (see Fig. 4). Similarly,

for the two identical SD bands, ' 'Tb and"Gd*. These results provide evidence supporting the as-
sumption of quantized alignments in units of rt/2 suggest-
ed by Stephens etal. [6,7]. Several attempts have been
made to understand the identical bands in neighboring nu-
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FIG. 2. Comparison of 2 and 2 ' for various I0 in ' Dy.
The extracted 2 ' 's using Eq. (4) for 10 =22, 24, 25, and 26 are
denoted by dashed lines, while 2 '2~'s using Eq. (5) for 10=25
are denoted by the solid line. In the experimental estimate,
2 t "(1—1) =(21—l )rt. /E„(r 1 —2) which is sensitive to the
spin assignment, while 2 ' (1)=4h I[E„(I+2 1) E&(r

1—2)l, independent of the spin assignment.
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FIG. 4. The diAerence in spin alignments in the two pairs of
identical SD bands.
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clei. Nazarewicz [5] attributed the origin of these intrigu-
ing bands to the presence of pseudospin decoupled orbits
near the Fermi surface for large deformation and certain
particle numbers. However, the spins of the SD bands in

Dy, ' 'Tb (yrast and excited), and ' Gd (excited)
were not known then. Moreover, the analyses there de-
pend on the evenness or oddness of the spin of the core.
From the present spin assignment, it seems hard to under-
stand the pair of identical SD bands in 's Dy and '5'Tb
(excited) in terms of the pseudospin decoupled orbit
[220 —,

' ]. .'However, a likely explanation may be provided

in the framework of the particle rotor model with the cou-
pling of certain pseudospin doublets [13]. Systematic
analysis of the spin alignments for all the SD bands in
A —190 and 150 regions will be published in a forthcom-
ing paper.
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