N

High Energy Physics and Nuclear Physics

Volume 15, Number 4

An Analysis of Energy Spectra
and Determination of Spins for
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Fifteen superdeformed bands in seven nuclei of the 4 ~ 190 region are analyzed based on
a phenomenological model. An overall and excellent agreement between the calculated and
observed spectra E,,, kinematic moment of the inertia .70 and dynamic moment of the
inertia Z® is obtained for all superdeformed bands in the A ~ 190 region.

Recently, it was found that the rotational bands in different superdeformed (SD) nuclei in 4
~ 150 and 4 ~ 190 regions have nearly identical transition energies (with differences within 1-2 ke V).
This is by no means accidental. It may have profound physical implications. Stephens et al. [1,2]
pointed out that this feature can be characterized as a quantized alignment effect (1/2 % or 1%). On
the other hand, Wu et al. [3,4] mentioned that the quantized alignment proposed by Stephens et al.
relies essentially on the accurate determination of the spins for SD bands. However, the spins are
not yet measured for such bands and the tentative spin assignments have uncertainties. Therefore,
if the spin values in these bands are shifted properly (e.g., by 1%), the original non-zero quantized
spin alignments will disappear. Thus, whether or not the quantized alignment is a real fact depends
entirely on the accurate determination of the spins in such bands. However, up to now the spin values
in SD bands can not be measured yet. Thus, it is important whether the spin values in SD bands can
be determined from ~-transition energies. .

We have pointed out [5] that the SD band structure can be analyzed and the spin values of the
SD band levels can be precisely determined from the observed transition energies by using W-Z
expression [6-9]. In this paper our purpose is to perform the phenomenological analysis of the SD
bands for all the present data in 4 ~ 190 region. First, the spin values of the SD bands are
determined. Then, the energy spectra of these bands are fitted. Finally, the kinematic moments of
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Table 1
Various calculated results.
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the inertia ‘¥ and the dynamic moments of the inertia #®are given.

In the A ~ 190 region, 15 SD bands in "*'Hg [10,11], **Hg [12,13], *Hg [14,15], *Hg [16,17],
*T1 [18], ™*Pb [19,20] and **Pb [20] nuclei have been discovered. These bands involve even-even,
odd-4 and odd-odd nuclei, including both Yrast and excited bands. The analysis of all these bands

has been performed by using W-Z expression. The two-parameter expression for the rotational band
is

E(I) = o[/l + bI(1 + 1) — 1], (1)
Thus,
E.(I)=a[~/1+6I(I+1) —+/1 4+ 6(1 —2)(I — D], (2

Since the change of the spin values can only be integers and the transition energy spectra are
rather sensitive to the assigned spin values, it is easy to determine the spin values of the SD bands
based on the transition energies [5]. The procedure to determine the spins of an SD band is as
follows: suppose the spins of the SD band have been assigned. The parameters g and b in Eq.(2) are
obtained in terms of the two lowest observed +4-transition energies. When the spin assignment for
the SD band is correct, the calculated transition energies from Eq.(2) should be optimally fit to all
observed ones; if the spin assignment is not correct, the obtained parameters g and b cannot describe
the experimental data quite well. In this case, we readjust the spin values within the experimental
uncertainty and recalculate @ and b until the calculated transition energies best fit to all measured
ones. Then, the spin values of the SD band are obtained correctly. The calculated results are given
in Table 1, where 7, (the exit spin) is the lowest spin value of the SD band we assigned, while
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(a) Determination of spin for the SD bands 1 of ®'Hg. The solid line corresponds to
theoretical results. The calculated values corresponding to / — / - 1 are shown by the
dashed line. In the case of / — I - 1, the abscissa scale is changed from / to [ = 1. The
experimental data are marked by filled circles. The parameters used here: a = 111175
keV, b = 9.4 x 10° for solid line and a = 35616 keV, b = 3.2 x 10~ for dashed line. (b)
Comparison between calculated and observed 7-transition energies £, (/) for three SD
bands of 'Hg. The curves show the calculated values. The experimental data are marked
by @ for band 1, A for band 2 and V¥ for band 3. To make the Figure clear, the curve of
band 3 is shifted down by 100 ke V.

(Jexe)exp 1s @ result assigned by using the method suggested by Becker et al. [12]. This table shows
that all /., except 'Hg (band 1), are the same as those assigned by experimentalists. However, our
analysis shows that the lowest spin value should be 15.5% for *'Hg(b1) rather than 14.5% in order to
fit to the observed data optimally. The calculated results are given in Fig. 1(a). This figure shows that
the agreement between the calculated and observed transition energies is better for 7, = 15.5%,
compared with that of I, = 14.5%. The root-mean-square deviation is defined as

A=\/Ni-ﬂ ZiE,(!,cacl)—E.,(I,exp)iz, (3)
where N is the number of the fitted transition energies, # is the number of the parameters. In the
case of I, = 15.54, A = 3.9 keV, while for /., = 14.54, A = 199 keV. In the latter case, the
calculated transition energies deviate obviously from the observed ones. After the spin values of the
SD bands have been assigned, the three-parameter expression [5]

E(L) = a[+/1+ 61(1 + 1) + o I*(I + 1)? — 11, 4)

are further used to analyze the measured data. Both the used parameters and the root-mean-square
deviations for all 15 SD bands are given in Table 1. In Figs. 1(b), 2 and 3, the comparison between
the calculated and measured 7-transition energies £, (/) is given, where the curves are calculated
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Comparison between calculated and observed y-transition energies £ =)
for the SD bands of *Hg, ’Hg and '**Hg. Used parameters are given in
Table 1. To make the Figure clear, some curves are shifted down by 100
keV. (a) **Hg. The experimental data are marked by @ for band 1, A for
band 2, x for band 3 and v for band 4. (b) “Hg and **Hg. The
experimental data are marked by v for **Hg, while x, A and
correspond to band 1, band 2 and band 3 of **Hg, respectively.

from Eq.(4) and the experimental data are denoted by different symbols. The values of the
parameters are listed in Table 1. From these figures and Table 1 one can see that the calculated
values of the transition energies are in excellent agreement with the observed data. The
root-mean-square deviations A are less than 1 keV for 11 of the 15 SD bands considered. The two
largest deviations occur in the band 1 and band 4 of '**Hg, which have anomalous behaviors in . ®
and probably have band crossing [15].

The following conclusions can be drawn from our analysis:

1) The W-Z expression is successfully applied to analyze all SD bands in 4 ~ 190 region
(including odd-A and odd-odd nuclei) and the determination of the spin values for SD bands on the
basis of the observed 7-transition energies E, (1) is reliable and unique with no uncertainties.

2) The exit spins /.y, assigned by us for the SD bands in the A4 ~ 190 region are the same as
those used in Refs.[1,2]. Therefore, it is not appropriate to shift the exit spins I, by 17 in Refs.[3,4].
Therefore, a natural conclusion is that the analysis of the observed data in Refs.[1,2] is correct,
namely, there is a *’Hg family in the 4 ~ 190 region, which consists of nine SD bands. The spin
alignment for the member of the family relative to the Yrast band of **Hg is quantized over a wide
range of rotational frequency [1,2].
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Comparison between calculated and observed y-transition energies £, ()
for the SD bands of '*T1, "Pb and "**Pb. The parameters used here are
given in Table 1. To make the Figure clear, the curve of *Pb is shifted up
by 100 keV. (a) "TL. The experimental data are marked by @ for band 1
and A for band 2. (b) **Pb and "*Pb. The experimental data are marked
by @ for **Pb and A for *°Pb.

3) A method has been developed by Becker et al. to determine the spins of the SD bands [12].
In this method the dynamic moment of inertia &#® is expanded by a power-series in w’. The
expansion coefficients are determined from the least-square fit to the observed data / (2) within a
certain range of frequency (for example, [W,, w,]). Although there exist some uncertainties in this
method, the assigned exit spins of the SD bands are still correct for even-even nuclei because the
observed exit rotational frequency is rather low and / (2) is a smooth function of the rotational
frequency w in the A ~ 190 region. However, in our opinion, one should be cautious when dealing
with odd-A4 and odd-odd nuclei. As for the A4 ~ 150 region, because the exit rotational frequency of
the SD band is much higher, it must be carefully reconsidered whether the method suggested by
Becker et al. can be applied to this region.

From Egq.(4), the rotational frequency is defined as

1 dE -
[) =— , 5
w(1) ¥ ar ©)
where )
I, =11 +1) — K, 6)
Thus,

alb+ 211+ 1)1,
1+ 611 + 1) + (1 + 1)}

Aw(l) =

9
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Comparison between calculated and observed kinematic and dynamic
moments of inertia /(1) and /(2) for **Hg, *Hg, *T1, "*Pb and “°Pb.
The solid lines correspond to the calculated values of 7 (2), while the
dashed lines denote the calculated values of /. The parameters used here

are given in Table 1. The experimental data are marked by ¥ for #v
and @ for £ @,

If I > K, then
alb+2c1(1 + DIWI + 1)
T == D =l el L) | (3)
Furthermore, the kinematic moment of inertia £ is
W Bl B

w(l) a(b+ 2¢c1(I+1))

and the dynamic moment of inertia #® is
e ,;(M)“ _ B, [1+ 611+ 1) + cI’(I + 1)" . 10)

di, 8 a4+ 6cI(I =+ 1)+ 3bc(1 + 1)* + 282P(1 + 1)}

In Figs. 4 and 5, the calculated kinematic and dynamic moments of inertia Z® and 2 are
plotted against the rotational frequency w and compared with the experimental data. The observed
kinematic moment of inertia # Vs extracted from ' = (2] - 1)/E.,, assuming that the exit spin
of the SD band has been determined as given in Table 1. These figures show that the calculated _Z <
and @ curves reproduce the observed data for all SD bands in A ~ 190 region satisfactorily and

Ao(l) =

V14 61(I + 1) + cI*(1 + 1)}, ©)
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Comparison between calculated and observed kinematic and dynamic
moments of inertia /(1) and /(2) for *'Hg and '*Hg. The symbols are the
-same as those in Fig. 4.

give the general feature of moments of inertia, which increase with the rotational frequency w. For
two anomalous bands *Hg(b1) and *Hg(b4), the calculated # ® also show the average properties
of the observed data. -

In brief, it is a great success that the W-Z formula can be used to analyze the SD band structure

. in A ~ 190 region. Thus, the spin values of the SD bands can be determined by using the W-Z

formula correctly. Using three-parameter formula, the calculated 7-transition energy spectra £, (),
the moments of inertia . ‘? and & ® are in excellent agreement with the observed data for all SD
bands in the 4 ~ 190 region.
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