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In the procedure of fitting of the rotational spectra in high spins of even-even nuclei the assumption that
there is equal uncertainty in the energy levels, overall, leads to more reasonable results than the assumption
that each energy level should be weighted by the square of its inverse.

NUCLEAR STRUCTURE Rotational spectra, VMI models, properties of %%16/Dy,
162,1G4Er’ 168Yb, 172'174’176Hf.

The article by Das and Banerjee' onthe extension
of the VMImodel to high spins describes a four-
parameter description (VMI234 model) of rota-
tional spectra in even-even nuclei using the pheno-
menological energy equation

E=C,(9-9,)?+C,(¢ -9.)°

+cq(s-so)4+1—(£2f§ﬂ (1)

and the equilibrium condition

%f—.: 0=2C,[0 —9,)+ 3C,(g —9,)?
I(I+1)

+4C (9 ~9,)° - o

(2)
where C,, C,, C,, andd  are the four parameters
of the model.

Since the VMI234 model, as given by Egs. (1)
and (2), seems to be one of the most successful
phenomenological models for even-even nuclei,
we found it tempting to make some comments on
the way the model is applied in Ref. 1, in order
to greatly improve its generality and usefulness.

The way the model is applied, even to the sam-
ple of nuclei (15%'18°Dy, 162:184gy 168y]h  and
172,174 176 1) yged for its demonstration, leads to
some undesirable results. Specifically, Ref. 1
predicts a backbending for the nuclei %Dy
which is not justified by the experiments and also
predicts that Eq. (2) has no physically meaningful
solution for g beyond a certain / in the cases of
all four nuclei **Er and 72" 17%Hf where C,<0

22

we found.! .
We reexamined here all eight nuclei of Ref. 1

-and the results are given in Table I and shown in

Fig. 1, together with those of Ref. 1 for compar-
ison. As is apparent, the mentioned undesirable
results of Ref. 1 are not present here for the
available data of the nuclei *®'1%°Dy  %‘Er  and
1721741764f  Also, the accuracy of the fit for the
remaining nuclei, '®?Er and '%®*yb, as for all nu-
clei, is overall improved, as can be seen by com-
parison of either the individual levels or the rms
deviations?® listed in the last column of Table I.
The only difference® between this work and the
work in Ref. 1 is that in the least-square fit for
determining the parameters C, and 9, from Eqgs.
(1) and (2) we assumed here equal uncertainty for
all level energies, instead of weighting each level
energy by the square of its inverse (i.e., minimiz-
ing the relative error), as in Ref. 1.

The argument considered in Ref. 1 that the low-
lying levels are measured more accurately and
thus should be weighted more compared to the
higher levels is more reasonable when we have to
fit a smaller number of levels (e.g., up toJ"
=~ 10%*. It seems, however, that in the cases
where we have many levels, as in our case where
the last to the first energies are in a ratio ~50:1,
the minimization of relative error procedure
seems to be a very severe requirement. The lat-
ter leads to a better fit for the first energy levels
and a rather poor fit for the last levels, and,
simultaneously, to bigger values of 4 for high
spins, which may eventually show up as an unjus-
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TABLE 1. (Continued.)

rms

deviations

4* 6%t 8* 10* 12+ 14* 16* 18* 20* 22%F

s 2+

E (keV)f

Nucleus

297.45 608.37 1009.42 1485.9 2020.6 2596.8
608.4 1009.6

297.4

91.01
90.8

Eexp

1T4gf

0.14

2020.7 2596.8

1485.7

Ecal

66.63 68.95 72.46 77.10 82.85 89.67 97.29

29cal

0.089

2646.8

0.078

2034.9

0.064

1481.27

0.048

997.94
998.0

0.032

0.017
290.17
290.1

0.005
88.35
88.3

W cat?
Eexp

0.05

2034.9 2646.8 (3302.3)

1481.2

596.95
597.0

178y

98.39

91.12

76.56 80.70 85.48

70.29 73.07

68.40

29cal
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FIG. 1. Plots of 29 /% vs (iw)® for the nuclei 1% !py,
162,164p . 168y, and 1%1%1%6¢  Tn each block of the fig-
ure the calculations of the present work for one of the
nuclei examined is shown with a solid line. Squares
stand for the experimental points, while broken lines
stand for the results of Ref. 1. For '®Er and 1'% 1" 176y¢,
Ref. 1 predicts complex g beyond a certain value of I. In
each block the parameters of Eqs. (1) and (2) determined
are also given in units: g]0=10"1 keV‘i; Cy: 10-3 keV3,
Cy: 107% keV*, and C;: 1077 keV?,

tified backbending.

Given that the main utility of the phenomenolo-
gical energy expressions from the experimental-
ist’s point of view is to provide guidance about the
extension of the known domains by extrapolation,®
the better fit of the higher spin levels provided by
the method followed in this paper is more desira-
ble since it leads to more reliable extrapolation®
results. The rather poor power of extrapolations
of the VMI234 model becomes apparent by com-
paring its predictions (levels in parentheses in
Table I) with the experimental values. Also from
the theorist’s point of view, any physical mean-
ing of the parameters involved is very question-
able under the present explanations of the back-
bending phenomenon,”™° which consider that high
spin state behavior involves physical phenomena
which are not present in the very low-lying rota-
tional levels.
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As one can see from Fig. 1 the parameter C,
is negative here only for the case of "®Hf (and
not for ®Er and ">'"*Hf, as in Ref. 1). No phy-
sically meaningful solutions for 9, however, start
from I"=18* i.e., beyond the available experi-
mental data. We also remark that even for the
cases of '"!"Hf  where here C,> 0, we have no
physically meaningful solutions for 9 beyond the
available experimental data (i.e., from /"= 22* and
16*, respectively). Thus the fact that there are
no physically meaningful solutions 4 beyond a cer-
tain I does not necessarily coincide with C,<0 as
reported in Ref. 1. Finally, we remark that here
for ®*Er no such levels appear up to I"=22*,

Finally, we may say that in the procedure of the
fitting of the spectra with high spins for even-even

nuclei, the assumption that there is equal uncer-
tainty in the energy levels, overall, leads to
more reasonable results than the assumption that
each energy level should be weighted by the square
of its inverse. Specifically, the procedure applied
here is superior to that of the VMI234 model in
three ways: the region of applicability (***Er,
12174 1761 nuclei cannot even be considered in

the VMI234 model), the quantitative fit to the ex-
perimental energies (see rms deviations in Table
I), and the high spin behavior (see Fig. 1).

I would like to express my appreciation to Mrs.
K. Demakou for her valuable work with the com-
puter programming.
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