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Abstract

To account for the near equality of transition energies between “identi-
cal” saperdeformed (SD) bands, a phenomenological analysis is presented. It
is demonstrated that though the “identical” SD bands usually have different
bandhead moments of inertia, §Jo/Jo > 10~2, under certain conditions differ-
ent increasing (or decreasing) paces of the moments of inertia with w may result
in an apparent equality of J(?'s or E.'s (|6E,/E,| = 18T )T ~ 10-3) in
certain {requency range. No pseudospin alignment is involved in this analysis

and it seems to be consistent with the microscopic calculations.

PACS numbers: 21.10.Re. 21.60.Ev, 27.70.4q, 27.80.4+w

One of the most amazing properties of superdeformed (SD) rotational bands
is that the observed cascade transition energies for bands in some adjacent nuclei
are almost identical (6E,/E, ~ 107°),"much similar than expected [1, 2[. It was
argued that [2, 3] the very similar SD bands can be characterized as having vir-
tually identical moments of inertia and alignments that differ from each other by

quantized amounts and to understand this property pseudospin alignment was in-

- troduced [2-4]. However, some comments were presented, e.g. in Refs. (5, 6]. The

questions surrounding the occurence of identical SD bands remain an area of de-
bate. Does the near equality of transition energies observed ¢ctu;lly imply @ near
equality of moments of inertia of the “identical” SD bands? In other words, does the
“identical” SD bands really have identical moments of inertic (bandhead moment
of inertia, kinematic and dynamic moments of inertia, and thesir veriation with w,
etc.)? To account for the near equality of transition energies, this letter presents a
phenomenological analysis, which seems to be consistent with the available micro-
scopic calcnlations [7-10]. |

In order to extract kinematic moment of inertia and alignment one needs to know
the actual angular momenta of the band levels. However, in no case have the angular
momenta in an SD band been determined by direct experiment. To determine
the spins of an SD band, a method was proposed [11] on the basis of the Harris
parametrization of the dynamic moment of inertia J' (@, extracted by the observed
transition energy differences AE, () = E,(I+2)- E,(1), E,(I}) = E(I)- E(I-2).
In Ref. [12] an more effective method was presented to determine the spins of an SD
band directly'l'rom{ the transition energies themselves, i.e. the observed transition

energies are least squares fit to the analytic expression deduced from the closed two
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parameter expression for rotational spectra [13]

E(I):a[\/1+bl(1+l)— 1], Q)

which may be derived from the Bohr Hamiltonian for a weil deformed nucleus with
small axial asymmetry. The spins of all the SD bands observed in the 4 ~ 190 and
150 regions have been determined by this approach [14, 15].

In this paper, to improve {urther the calculation, the transition energies are least

squares fit 1o a three-parameter expression {16] (hereafter called the abc fit)

E(I):a[,/ubl(ux)-l] yel(I+1), 2)

in which the anharmonic effect has been taken into account. Im Table 1 is given
the analysis for the four SD bands in *?Hg and '*'Hg, whose spins have been
assigned cousistently by different methods [2, 11, 14, 17, 18]. It is seen that without
ezception all the sicty-nine E,’s obscrved in these bands can be reproduced incredibly
well (deviation < 0.5keV) by the abc fit. The microscopic calculations {8-10] reveal
the appearance of SD minima already at / = 0 for Hg-Pb nuclei. Therefore, it is
expected that the predicted E,'s for I < 10 and [ > 40 are meaningful. From eq.
(2), the kinematic and dynamic moments of inertia can be expressed as

A? ab , A ab
S W) § = 2¢. 3
JO T (1 4 bI(T + 1) + JO T 1+ bI(I + )P + e (3)

In view of the astouding coincidence between the calculated and observed E,'s, the
moments of inertia [J(), 7 and bandhead moment of inertia Jy = h¥/{ab +
2¢)] thus extracted are reliable. [n fact, the moments of inertia calculated by eq.
(3) agree quite well with the usually adopted results extracted by the difference

quotients, (I — 1) = A} (21 — 1)/ E,(I) and J®)(I) = 4h*/ AE,(I), as expected.

3

The moments of inertia of the SD bands in **Hg and ¥*Hg are shown in Fig. 1.
Microscopically, the smooth increase of the moments of inertia may be attributed
to the gradual alignment of high-N orbitals [8].

Now, let us address the bandhead moments of inertia J;. For comparison, firstly
we investigate the J;'s of the signature partner SD bands. To date nine signature
pairs have been observed. The extracted Jy’s are listed in Table 2. It is seen that
each signature pair have almost identical 7o and the accuracy of the coincidence
is of order 6§75/ Jy ~ 10~%. Therefore, the signature partner SD bands, apart from
a possible relative shift in energy, can be considered as truly ideatical This is
understandable because they are characterized by the same intrinsic (configuration)
structare. However, the situation is quite different for the so-called “identical” SD
bands. In Table 2 are also given the extracted Jp's of several “identical” SD bands.
The differences in J;'s between the “identical” SD bands are usually 6%/ % > 1072,
an order of magnitude larger than those of the signature partners, but somewhat
similar to the situation often encountered in normally deformed nuclei.

It is interesting to note that the difference in 7p's between the SD bands '%*Hg
and **Hg(1), though usually not considered as identical, §J,/ T, ~ 1.6%, is much
smaller than that between the “identical” SD bands, '**Hg and '**Hg(2,3), 6 o/ Jo ~
7%. This result seems to be consistent with the microscopic calculations [7-10].
Microscopic calculation [7] shows that the feature of an SD band is mainly influenced
by the high-N configuration. In fact, the high-N configurations of the ylrnst 5D
bands in *?Hg and '*Hg (i.c. **Hg(1)) were reasonably assigned [8-10] as 64174,
which may account for their similar moments of incrt;u. The high-N configuration

of 194Hg(2,3) were also assigned as x6'v7*, but with two unpaired valence neutrons
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occupying the high-K orbitals {512 5/2|®[624 9/2] strongly coupled to the core,

. . e
hich may be responsible for the difference in Jo's between the “identical” SD
w

bands *?Hg and **Hg(2.,3)-

But how can we understand the near equality of transition energies observed

i i . (a) This near equality is
in the “identical® SD bands? The essential points are: (a)

established only in a limited range of rotational frequencies [2]. {b) With increasing

frequency w the moments of inertia of “identical” SD bands increase (decrease) with

different paces due to their different configuration structures. (c) T® changes with
v ere

» much faster than 7 [12, 14]. Therefore, though the Jo's of the two “identical

3 ’ ~ -J
bands are different, the near equality of the consecutive E,'s (6E,/Ey ~ 10 ) or

j i le is displayed
J()’s may occur within certain frequency range. A beautiful example p

1 Fig. 1. The near equality of 73 between *Hg and 194Hg(2, 3) occurs in the
in Fig. 1.

ange fuw 0.2—0.4 MeV. In fact, as a rough estimate, {rom the usual expression
T ~ 0. . .

for rotational spectra, E(I) = RAI(I + 1)/2T (with I-dependent J), we have

8B, &1 67 @)

-

i At L) of the same
For “identical® SD bands §I/1 is of order 107* {19]. If 61 and 87 are

sign and §TIT ~ 10-? maintains in certain frequency range, the two terms on

the righthand side of eq. {4) may cancel with each other and result in [6E,/E4| =
léj(’)lj(z)l ~ 10-3. These requirements are met in the case of the “identical” pair

i i ical” bands.
192{g and *‘Hg(2,.3). Similar sitaation vccurs for the other “identical SD band

From Table 1 it is seen that both for the observed and calculated E)'s,

E,(I, WHg) > E (1, ®'Hg(1)) > E.(I, *'Hg(2))

= gy (ri 1, P HEE) + BAL - L 191 Hg(3))|
2
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which is consistent with the analysis for the moments of inertia. However, if we
compare E,'s with different I values in **Hg(3) and '"Hg (note: different signature
values), it is found that E, (I +1, “*Hg(3)) = E,(I, **Hg) indeed holds well in the
spin range I ~ 18—42. However, just as already observed in the range I ~ 10—20,
the calculated E, (I)'s in "¥2Hg for I < 20 (Aw < 0.2 MeV) gradually become smaller
than the corresponding E,(I + 1)'s in **Hg(3), and for I > 40 (Aw > 0.4 MeV),
E(I, WHg) > EN(I +1, 'Hg(3)).

Finally, the alignment difference, i = I, (w, “Hg) — L(w, *?Hg), is displayed
in Fig. 2. It is seen that for *Hg(2, 3) and **Hg, i ~ 1 indeed holds well {2] in
the frequency range hw ~ 0.2—0.4MeV. However, in the ranges fiw ~ 0.1—0.2MeV
(observed already), hw < 0.1MeV, and Aw > 0.4MeV (not yet observed), there
seems to exist a systematic deviation from inl For '™Hg(1) and ¥Hg, though
they are quite similar both from the phenomenological and microscopic points of
view, no quantized alignment difference is found.

In summary, the above analysis shows that: (1) Just as seen in the nbrmally
deformed nuclei, the Jy's of the so-called “identical” SD bands in neighboring nuclei
usually are different, §7y/J, > 10-2. (2) Because with increasing w the moments
of inertia of “identical” SD bands increase (decrease) with different paces, the near
equality of J*) between the “identical” bands may occurin certian frequency range.
Careful analysis shows that all the “identical” SD bands observed can be accounted
for consistently in this phenomenological sc;heme, which seems to be consistent with
the available cranked shell model calculations, in which no pseudospin symmetry is

assumed. Of course, the analysis given above was made on the basis of the observed

data now available. More experimental data on the SD bands in the lower and
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higher spin regions and more careful microscopic calculations are needed to judge
the validity of the statement given above. The preliminary calculation using the
particle-number-conserving treatment [20, 21] for the cranked Nilsson model showes
that the pairing interaction and particularly the blocking effect play an important
role in the differences of moments of inertia between the “identical” SD bands ?Hg

and **Hg(2, 3). Details will be published elsewhere.

This work was supported by the National Natural Science Foundation of China,

and the Doctoral Program Foundation of Institution of Higher Education of China.
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Table Captions ’ .

Table 1. Calculation of the transition energies (in units of keV) of the SD bands ; : Table 1
yod — e
in Hg and *‘Hg. Hg, a=0 T'Hg(1),a=0 “Hg(2),a=0 Hg(d),a=1
| E(I) _ EAD) B,(I) Byl +1)
L A3 L3 .
Table 2. Bandhead moments of inertis of the signature partner SD bands and g 418 expt ;;:"7 expt sc;l;l expt :61;5; expt ;;;c;
the “identical” SD bands. 46 852.7 841.0 840.7 835.8 851.3
. 44 823.3 812.9 812.7 (807) 8ov.0 822.4

42 7934 7934 783.9 784.1 T e (793) 793.0
40 762.8 763.0 754.6 7549 7476 7475 762.7 7628
38 732.1 7321 7254 7250 716.7 716.6 7322 7320
36 700.6 700.6 693.8 5943 684.5 684.9 7004 7004
34 668.6 668.5 662.4 6629 652.2 652.4 668.0 668.1
32 635.8 635.7 630.5 630.6 619.3 619.2 635.1 635.0
30 602.3 602.1 597.3 5974 585.2  585.1 6009 601.2
28 567.9 567.7 563.6 563.3 550.3  550.1 566.4 566.6
26 532.4 5324 5283 528.2 514.3 514.4 5316 531.2
24 496.3 4963 - 4923 492.2 4777 4778 4946  495.0
22 459.1 459.1 455.2  455.1 440.7 4405 458.3 458.1
20 420.8 420.9 417.1 4169 102.1 4023 4204 4203
18 381.6 381.7 3Tr.8 3718 363.7 363.4 3821 3818
16 3411 314 337.7 3316 3238 3238 3428 342.6
14 299.9 300.0 296.2 296.4 2833 2835 3025 30238
12 287.7 2577 254.3 2543 242.7 2427 262.3  262.3

10 214.6 2144 2114 201.3 2013 2213
8 170.3 167.8 159.4 179.8
6 125.5 123.6 117.2 137.9
4 80.1 78.8 74.7 95.7
2 34.4 33.8 32.1 53.2

*Reference 11.
b3=6597.3 ke V, =8.168x10"*, c=3.043 keV.
‘Reference 17.
4;=10855 keV, b=5.796x 10", c=2.498 keV.
‘Reference 18.
10=22052 keV, b=3.102x 107, c=1.923 keV.

63=10241 keV, b=3.207x10-%, ¢c=2.153 keV.
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Table 2

signature pairs Jg (A*MeV1) f‘_‘z‘l %10%  identical bands  Jo (A*MeV~1) %‘? x 103
¥3Dy(2,3) 86.20, 86.07 1.51 182y 15t pe 88.88, 90.51 1.8
B1Hg(2,3) 94.45, 94.34 1.16 ISLTH-1%Gd*  108.85, 106.91 1.8
193Hg(2,3) 93.09, 92.73 3.88 180Ty 149Gge 82.70, 81.13 1.9
15¢Hg(2,3) 93.57, 93.89 3.42 153Dy (2,3)-153Dy  86.14*, 88.88 32
13 TY( -, +) 95.53, 95.73 2.08 VYiHg(2,3)-"%%Hg  94.40%, 87.15 8.0
“"Tl(la,lt;) 99.69, 99.71 2.40 193Hg(2,3)-9%Hg  92.91%, 87.15 6.4
1347Y(2a,2b) 95.16, 94.93 2.42 194Hg(2,3)-19%Hg  93.73%, 87.15 7.3
134TY(3a,3b)  100.53, 100.16  3.69
BSTY(-,+) 94.92, 94.66 2.7

.

*The J; value averaged over the signature pariners.

Figure Captions

Fig. 1. The moments of inertia of the SD bands in **Hg and '**Hg. The open
circle and triangle denote the 7() and J® of Y3Hg extracted by the difference
quotients JU(I — 1) = h*(21 = 1)/E (I — I -2) and JO)(I) = 4h*/ AE, (1), while
the full circle and triangle represent those for the SD bands in %Hg. The dashed

and solid curves are the resuits calculated by eq. (3).

Fig. 2. The angular momentum alignments (I, = Jw) of the SD bands in % Hg
relative to “?Hg, i = I.(w, “*Hg)— I,(w, '*Hg). The triangle, full circle, and open
circle denote the experimental values for '*‘Hg band 1, 2, and 3, respectively, while

the curves stand for the results calculated by the abe fit.
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