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Variation of moments of inertia with angular momentum and systematics of bandhead moments
of inertia of superdeformed bands
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The variation of the kinematic and dynamic moments of inertia and the bandhead moments ofJjnertia
systematics of superdeformé8D) bands in theA~190 region are investigated, which turns out to be helpful
in the spin prediction of SD bands. The spins of about 70 SD bands 10 region are predicted by these
approaches in combination with the usually adopted best-fit method.JJ Isgstematics seems to be very
useful to the understanding of the properties of excited SD bands and the implication of identical SD bands.
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I. INTRODUCTION 4
JANIK2= .
E,(1+2—1)—E(I=1-2)

2
Since the observation of the first high-spin superdeformed
(SD) band in Dy [1], SD bands have been intensively
studied in several mass regioAs-190, 150, 130, and 80.
However, while the intraband energies are easy to dete

with modern Ge arrays, it is difficult to observe the link ; . Lo .
Mottelson’s (I +1) expansion11], Harris’ w* expansion
between the SD band and normally deform@&D) states ; .
[12], ab expressior{13,14], etc), some properties concern-

with known spins. Therefore, the exact excitation energies; g the variation 08® andJ® with angular momenturtor

spins, and parities of SD bands remain. “.”"”°W”- Ir_1 the pa tational frequencycan be foundfor details see Sec.)ll
few years several approaches to predicting the spins of S hus, we may investigate whether the extractédl andJ®

bands have peen suggestéd-5]. Recently the discrety display these properties, which may be used as a very useful
rays connecting states of the yrast SD bafftig(1) to ND  guideline for the spin proposition of a rotational band. It is
states with known spins were discover@, and the spins  foung that for all well-established ND rotational bands and
and excitation energies of all members'8fHg(1) were es-  the fission isomeric band§D bands with low spins down to
tablished experimentally. Immediately, the spins and excitat=0 in the A~240 mass region the spin propositions by
tion energies of the yrast SD ban#Phb(1) [7-9] and  this approach are in agreement with the experiméses
19Hg(3) [10] were established. Therefore, the measuredFigs. 1-4. It is encouraging to note that for the high-spin SD
spins of these SD bands provide a significant test of théands*Hg(1), **Hg(3) and***Ph(1), the spin propositions
validity of these approaches. It is noted that all the availabléy this approach are also in agreement with experimsets
approaches profit from the comparison of the calculated tranFig. 5. Therefore, we believe the proposed spins by this
sition energies or moments of inertia with the experimentaBpproach are reliable for both ND and SD bands.

results and usually are referred to as the best-fit method By using the measured spins or suggested spins made by
(BFM). It was found that the rm&oot-mean-squajelevia- the BFM and approach ll, it is found that the observed intra-
tion of the calculated results with experimengsdepends on  band transition energies of both ND and SD bands can be
the number of transitions involved, and in some cagés  eproduced very well by thab formula[see Eq(10)], or its
insensitive to the suggested spin, i.e., the rms deviations mdivisedabc formula[15] [see Eq(13)] with rms deviations

be close to each other for two or more spin propositions, it <10 . As illustrative examples, the comparison of the

this case it is difficult to make a unique spin proposition.calculated E,'s with experiments for the SD bands
; o cinif i - . 194g(1,2,3 and%Hg(1) are given in Table (see Sec. I\
Particularly, if a significant bandmixing occurs in the transi- 1419 & o=
Therefore, it is reasonable to expect that the variation of the

tions involved in the least squares fitting, the rms deviatio inematic and dynamic moments of inertia extracted by Eqs
may display some imegularities and make the suggestion 3(71) and (2) can be faithfully reproduced by the calculation

the exit spin values more difficult, using theabc formula [see Egs.(14), (15 and Fig. §.

n S_ec. I we _suggest anqther approe(dpp_roach Il to Therefore, the bandhead moment of inertia calculated by Eq.
the spin proposition of a rotational band. In this approach, or 16) is meaningful, though an actual SD band may not ex-

the one hand, one can extract the kinematic and dynamig,,q 1, yery low spins. In fact, thé, thus extracted may be
moments of inertia by using the experimental intrab&2®  ngjgered as another equivalent parameter characterizing a
transition energies as follow: rotational band, and depends on the intrinsic structure of a
rotational band. It is interesting to note that thg values
thus extracted are usually more sensitive to the suggested
2-1 1) spin for a rotational band than the rms deviatjgri.e., while
E,(1—=1-2)’ for some SD bands thg values may be close to each other

It is seen that, while the extractel§®) depends on the spin
roposition,J?) does not. On the other hand, according to
e now available expressions for rotational bariBshr-

IV -1)1h2=
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for two or more suggested spins, the extraclgdalues are 4 6

rather different for different suggested spins. It is found that IVIh?=2a+ §,3w2+ 5 yott:, (8)
in the A~ 190 region, with increasin¢decreasingthe sug-

gested spin by one, thk values will increasédecreasgby JPIh?=2a+4Bw*+6yw+- . 9
about 10%(see Tables Il and 1)1 Analysis shows that th&, In [14], the ab formula

systematics of SD bands may provide another useful guide-

line for the spin propositions of SD bands in tihe-190 —_—

region, which will be discussed in Sec. lll. E()=a[y1+bi(l+1)—1] (10)

In Sec. IV, the spin propositions of about seventy SD

bands observed in th&~ 190 region are made by using the was derived from the Bohr Hamiltonian for a well-deformed
above three approaches. It is found that the spins of most SBucleus with small axial asymmetry (§i8y<1). This ex-
bands in theA~ 190 region(except a very feycan be pro- pression had been suggested empirically by Holmberg and
posed consistently and reliably, which are given in Tabled.ipas[13]. It was found that extensive amount of ND bands
IV=VII. The J, systematics of SD bands in tlhe~190 re- can be described very well by this simple expression and the
gion is discussed in detail, which turns out to be very usefuimprovedabc expressior{see Eq.(13)] [15,17. The kine-
not only for the spin proposition of a SD band, but also formatic and dynamic moments of inertia are given by
the understanding of its_ int_rinsic_ structyexcitation mecha- IVK2=3[1+bI(1+1)]¥2 (11)
nism etc). A summary is given in Sec. V.

II. VARIATION OF MOMENTS OF INERTIA IDh2=Jo[1+bI(1+1)]%, (12)

WITH ANGULAR MOMENTUM whereJ,=7%2/ab is referred to as the bandhead moment of

Based on very general symmetry arguments, Bohr anéhertia. _ _ _ o
Mottelson pointed ouft11] that, under the adiabatic approxi-  According to the above-mentioned expressi@rssimilar

mation, the rotational energy of an axially symmetric nucleusexpressions for rotational bands, which turned out to be

may be expanded as valid for ND rotational bands, the variation of kinematic and
a2 4 5 8 dynamic moments of inertia of a rotational band with angular

E()=AL&+BEHCEFDEF -, ®) momentum(or angular frequengyshould have the following

£=1(1+1) (for K=0 band. The expression for &+#0  properties(exceptk =1/2 bands and the case of significant

band takes the form similar to E3), but includes a band- bandmixing:

head energy and? is replaced byl (I +1)—K?2. It was well (A) lim;_ o IP=1im,_ o J®@=J, (the bandhead moment

established that extensive ND bands can be described rathef inertia).

well by Eq.(3) except in the bandcrossing region. Systematic (B) J™) and J® monotonically increasavith | (for B

analyses of a large number of ND bands shofed16 that <0 or 8,b>0), or decrease with I(for B>0 or 8,b<0),

|B/A|~10"3, |C/A|~10"° |D/A|~10"° etc; ie., the andd In J?/d¢é~3d In IV/dé.

convergence of thi(l +1) expansion is satisfactory. For SD  (C) Within the parametrizations considered in this paper,

bands, the convergence is even betf17], (IB/A|  theJ® vs ¢ andJ@ vs ¢ plots never cross with each other
~107%, |C/A|~1078, etc). The kinematic and dynamic at nonzero spins

moments of inertia are (D) Within the parametrizations considered in this paper,
1dE\"! 1 2B 3C -1 lim,_o dJM/dé=lim;_, dI®/dé=0, i.e., ast—0,IP vs
IJV/h2= (E 9 "oa ( 1+ T§2+ T§4+“' , £andJ® vs £ plots becoméhorizontal
4) (E) Within the parametrizations considered in this paper,
1 i both J®) vs ¢ andJ® vs ¢ plots areconcave upwardsfor
J(2>/ﬁ2:(d_E> _1 (1+ 6_B§2+ ﬁgﬂurm B<O0 or 8,b>0) or downwards(for B>0 or 8,b<0).
dé&? 2A A A Thus, for an energy band which is considered as a rota-

(5) tional band, it is expected that the energy spectra saffy

Another useful expression for nuclear rotational spectra iéeast, approximatelythe relations3), (6), (10), etc., thus the

the Harrisw? expression12] [ = (1/)dE/dg] extracted)™™ and J® by using Egs(1) and (2) using the
experimental intraband transition energies should have these
E(w)=aw?+ Bo*+ yob+ Swd+--- (6)  Pproperties. Itis found that for all ND rotational bands whose

spins have been measured experimentally, the extraétéd

whose convergence is believéti1] to be superior to the andJ® do exhibit these propertie@xceptk=1/2 bands
I(1+1) expansion(3), and particularly the Harris two- and significant bandmixing cagesiowever, if the spins are

parameter expansion artificially increased or decreased by one or two, some of
these properties will obviously disappear. Thus, whether the
E(w)=aw?+ Bu? (7)  extracted)® and J® exhibit these properties may be used

as a very useful guideline for the spin proposition. Some
was showr[18] to be equivalent to the variable moment of illustrative examples are given below. Examples 1, 2, and 3
inertia. model[19], and was widely used in the high-spin are for ND rotational band&ee Figs. 1-8 Example 4(see
nuclear physics. The kinematic and dynamic moments of inFig. 4) is for the fission isomeric band #%u. Therefore, it
ertia are given by seems reasonable to expect that the extratfédindJ? of
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FIG. 1. J® andJ@ plots for the ground-state band ¥fPu. The open and solid circles representifé andJ® extracted by Eqs(1)
and(2) using the experimental intrabai® transition energies. The shape of tH® plot depends on the spin proposition, but the shape of
the J@ plot does not. In(c) the experimental spin sequente 0,2,4 . .. is adopted. In(d) and (), the spin of each level is artificially
increased by 1 and 2, respectively; i.e., the experimental spin sequence is repldeedl,B)s ... andl=2,4,6 ..., respectively. In(b)
and(a), the spin of each level is artificially decreased by 1 and 2, respectively.
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FIG. 2. The same as Fig. 1, but for thevibrational band K™=2") of 1°%r. A significant signature splitting id® is seen.
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FIG. 3. The same as Fig. 1, but for the profat04]7/2 band of**%_u. A very small signature splitting id® is seen, which can be
understood from the very weak Coriolis response of the jlaand high() orbit [404]7/2.
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FIG. 4. JN andJ® plots for the fission isomeric band #%u. In(b), the experimental spin sequerice0,2,4,6,8,10 is adopted. i)
[(@)], the spin of each level is artificially increasédkcreasedby 1.
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SD bands by Eqg1) and(2) using a correct spin proposition 1. The ground-state band of*®Pu
should exhibit these properties. It is encouraging to note that
for the SD band§94Hg(1) and 194Hg(3), the extracted)(¥) In Fig. 1(c), the J® andJ®@ of the ground-state band in
andJ@ by (1) and(2) using the experiment&,’s and spins ~ **Pu are extracted by Eqél) and(2) using the experimen-
do exhibit these propertigsee Fig. 5. tal transition energies and the measured spin sequence
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FIG. 5. 3 andJ® plots for the yrast SD bant?*Hg(1) and excited signature partner SD baddfig(2,3). The open and solid circles
denote theJ® andJ® extracted by Eqq1) and(2) using the experimental intrabaf&® transition energies. F3P*Hg(1) and**Hg(3), the
spin sequences have been established experimef@allg], which are adopted ific). It is seen that the variations df") andJ® with
angular momentum do exhibit the five properti@—(e). In (d) and (e), the spin of each level is artificially increased by 1 and 2,
respectively. It is seen thaf? andJ® plots cross with each other at nonzero spin(th and (), the spin of each level is artificially
decreased by 1 and 2, respectively. It is seen dfdtand J® do not tend to the same limit with decreasing
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=0,2,4 ... . It is seen that all the five propertida)—(e) The analyses for most SD bands in the 190 region are
display obviously. However, if the spin of each level is arti- similar. The proposed spins for these SD bands are summa-
ficially increased by 1Fig. 1(d)] or 2 [Fig. 1(e)], i.e., the rized in Tables IV-VII.

measured spin sequende=0,2,4 ... is replaced byl

=135...,0rl=24,6..., itisseen that, while the shape . SYSTEMATICS OF BANDHEAD MOMENTS

of the J® vs & plot remains unchanged, the shape and loca- OF INERTIA

tion of the J® vs ¢ plot change significantly, and some of _ ) )

the five properties disappear obviously. Particularly, iHe In [15,17) it was found that if the measured spins or cor-

rect spin propositions are adopted, the experimental intra-
band transition energies can be reproduced very well by the
e?b formula (10) or its improved version, theabc formula

vs ¢ and J@ vs ¢ plots cross with each other and the ex-
tractedJ® increases dramatically ds-0 rather than be-
comes horizontal. On the other hand, if the spin of each lev
is artificially decreased by fIFig. 1(b)] or 2[Fig. 1(a)], also
some of the five properties disappear. Particularlyl a9,
J®) andJ®@ do not tend to the same limit. Moreover, while E(l)=a[y1+bl(1+1)—1]+cl(l1+1), (13
the J® vs ¢ plot is always concave upwards, tHE" vs &

plot becomes concave downwards. in which the influence of the anharmonig4) term of po-

o 16 tential energy in the Bohr Hamiltonian has been taken into
2. The y-vibrational band (K"=27) of **%&r account, thus thabc formula is especially suitable for the

In Fig. 2 is shown the analysis for thevibrational band ~ description of SD bands with small axial asymmetry
(K™=2") of 18%r, There exists an obvious signature split- (Sin 3y<1). The corresponding kinematic and dynamic
ting for the @ plot. It is clearly seen that when the mea- moments of inertia are
sured spins are usdffig. 2(c)], the extracted® and J)
plots do have the five propertiéa)—(e). On the contrary, if 721V =ab[1+bl(l+1)] ¥+ 2c, (14)
the spins are artificially increasdéFigs. 4d) and Ze)] or
decreasedFigs. 2b) and 2a)], some of the five properties

3. The K"=7/2* (proton [404]7/2) band of'®%Lu The bandhead moment of inertia is
In Fig. 3 is displayed thd™ and J® plots for the ND
bandK™=7/2" (proton[404]7/2) of oddA nucleus®u. Jo=Hh?I(ab+2c). (16)
A slight signature splitting¢= = 1/2) in theJ® vs ¢ plot is
observed, which is easily understood becaud@]7/2 is a The examples given in Table | show that using the mea-

low j and high( orbit [20]. When the measured SPins are syred spins of the SD band¥Hg(1) and'**Hg(3), the large
adoptedFig. 3(c)], the angular momentum variation 3 numper ofE,’s (1<40) can be reproduced very nicely by
andJ® do have the five properties. In contrast, if incorrectthe simpleabc expressior(13) with rms deviationy~0.30
spins[Figs. 3a), 3(b), 3(d), and 3e)] are assumed, some of x 1073 and y~0.15x10 3, respectively, which are less

these properties disappear obviously. than the usual experimental errors in transition energies.
Similar situations are found for the SD bantf€Hg(1) and
4. The fission isomeric band if*%Pu 1944g(2) (see Table)l and most other SD bands in the

It is interesting to note that even for the fission isomeric_ 190 region, provided correct spin propositions are a?opted.
bands (SD bands with low spins down t6=0 in the There(fgre,_lt is reasonable to expect that the yarlatloﬂl Bf
A~ 240 region the extracted)® and J® by Egs. (1) and and J'“) with angular momentum can .be falthful(ll% repro-
(2) using the measured spifiig. 4(b)] also exhibit the five d(uzc):ed by Eqgs(14) and(15). The comparison of th¢ and
properties(a)—(e). J'¢) calculated by Eq914) and(15) with those extracted_ by
Egs. (1) and (2) for the SD bands®Hg(1), ***Hg(1,2,3 is
. displayed in Fig. 6, and a very satisfactory agreement is ob-
5. The yrast SD band*Hg(1) and excited SD bands*Hg(2.3) tained. Therefore, it is expected that the extracted bandhead
The spins of**Hg(1) and ***Hg(3) have been measured moment of inertial, by Eq. (16) is meaningful, though an
experimentally. It is interesting to note that for the correctactual SD band may stop at low spins due to the change in its
spin proposition[Fig. 5c)] which is in agreement with ex- intrinsic structurele.g., the SD barrier disappeark fact, J,
periment, the extractedf’) andJ(®) do exhibit the five prop- depends on the intrinsic structure of a rotational band and
erties(a)—(e) for | <40, which is in agreement with the fact may be considered as another parametrization of observed
that the intraband transition energigier |<40) can be re- transition energiefJ,=7%2/2A for Bohr-Mottelson’s I (I
produced nicely by theb expression(10) or theabc ex- +1) expansion,Jo=2a for Harris’ w? expansion,J,
pression(13) (see Table ). The observed downturn af?)  =#2/(ab+2c) for theabc expression, etg. It is interesting
for 1>40 implies that a significant change in the intrinsic to note that while the extractet} values(16) for the yrast
structure of the SD band may have happened, therEtfe  SD bands'*Hg(1) and **Ph(1) are close to each other,
(for 1 >40) no longer nicely follow the same relation as thatJo[ **Hg(1)]=88.6:2 MeV 1 and Jo[19P(1)]
for the lower spins (<40). =87.612 MeV %, the extracted, values of the excited SD
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TABLE I. Comparison of the calculated and experimenEaf's for the SD bands'®Hg(1) and
1944g(1,2,3. The spins of the SD band&*Hg(1) and'*Hg(3) have been measured experimentally by Khoo

et al. [6] and Hackmaret al.[10], respectively.

I 92Hg(1), a=0 ¥%g(1), @=0 %4g(2), a=0 ¥%g(3), a=1
E(1+2—1) (keV)  E(I1+2—1) (keV)  E(1+2—1) (keV) E(I+3—1+1) (keV)
Expt.[33] Calc® Expt.[22] Calc® Expt.[22] Calc®  Expt.[22] Calc?

40 792.7 792.6 783.7 783.1 777.7 777.6 793.5 793.2

38 762.3 762.3 753.9 754.0 746.9 747.4 762.8 762.9

36 731.5 731.5 723.9 724.2 716.2 716.5 731.7 731.9

34 700.1 700.0 693.4 693.6 684.6 684.8 700.1 700.2

32 668.1 668.0 662.1 662.3 652.0 652.3 667.8 667.8

30 634.9 635.2 629.9 630.1 619.0 619.0 634.6 634.7

28 601.7 601.7 596.9 596.9 584.8 584.8 600.9 600.9

26 567.4 567.4 562.9 562.9 549.9 549.9 566.3 566.2

24 532.1 532.1 527.9 527.8 514.2 514.1 531.0 530.9

22 496.0 496.0 491.9 491.7 477.7 477.5 494.8 494.7

20 458.8 458.9 454.8 454.7 440.3 440.1 457.8 457.8

18 421.1 420.8 416.6 416.5 402.0 401.9 420.1 420.1

16 381.6 381.6 377.4 377.4 363.1 363.0 381.7 381.7

14 341.4 341.4 337.2 337.2 3234 3234 3425 342.5

12 300.1 300.1 296.0 296.0 283.1 283.1 302.7 302.7

10 257.8 257.6 253.9 254.0 242.2 242.3 262.3 262.3

8 214.4 214.5 200.8 200.9
8a=6474.55 keV b a=11607.5 keV ¢a=24126.9 keV 4a=16222.1 keV
b=8.31535¢10 * b=5.5448% 104 b=2.91891x 10 * b=3.64544<10*

c=3.04890 keV c=2.41591 keV c=1.81208 keV c=2.37013 keV
x(rms)=0.26x10"%  x(rms)=0.30x10"%  x(rms)=0.42x10 3 x(rms)=0.15x 103
Jo=87.11% MeV ! Jo=88.6:2 MeV ! Jo=93.8.2 MeV 1! Jo=93.%2 MeV?!
band 1°Hg3) is much larger, Jo[!®Hg(3)] =40.062 MeV™L It is important to note that if the spin

=93.912 MeV 1. This is quite like the situation in ND nu- proposition is increasetecreasedby 1, the extracted,

clei, i.e., the bandhead moments of inertia of ground-statealue will increasedecreaseby about 10% for SD bands in
(quasiparticle vacuuinbands of neighboring even-even nu- the A~ 190 region. Some illustrative examples are given in
clei are usually close to each other, but thevalues are Table Il (yrast SD bands in eight even-even nugland
systematically larger for excited bands than for ground-stat&able Il (three pairs of signature partner SD bandis col-
bands. For example, the bandhead moments of inertia of themn 3 of Tables Il and lll, three suggested spins for each SD
ground-state band of®®r is very close to that of®Er,  band are presented and the corresponding bandhead mo-
Jo(F%EN~37.002 MeV 1, Jo(*%Er~37.5.2 MeV~%, but  ments of inertia are given in column 6. Tlyen column 4 is

for the y-vibrational K7=2") band of %%r, J, the relative rms deviation of the calculated transition ener-
140r v ug1) (a) v TH@ () v “Ha®) (c) T
ol ® Hg(1) LA ® Hg(2) * “Hg(3)
[ v ™Hg(1) v v "Hg(1) v Hg(1) % ) T
20l © "Hat) o “Hg() o o) i J? ]

110

(h*MeV ™)

100} J(’) ]

90F

80 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
30 40

i+1)"

FIG. 6. Comparison between the experimedtal andJ® extracted by Eqg1) and(2) and the calculated® andJ® by Egs.(14) and
(15). The experimental™ andJ(® of ***Hg(1) are denoted by open circle and down triangle, respectively. The experindéhtahdJ®®
of %Hg(1,2,3 are denoted by solid circle and down triangle, respectively. The solid lines represent the calculated results using the
parameters®, b, andc determined by the least squares fittifsge Table )L
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TABLE II. Comparison of the spin propositions by the BFM, approach Il, andlgh&ystematics for the
yrast SD bands in even-even nuclei.

Yrast SD band E,(lo+2—10) lg X Approach Il Jo
(keV) (1073) (A% MeV™?)

5 3.42 no 68.9
19%pq(1) 175.91 6 0.88 yes 84.2
7 9.06 no 94.5
11 1.09 no 775
19%pp(1) 305.1 12 0.39 yes 86.8
13 2.84 no 93.8
5 7.71 no 74.6
196ppy1) 171.5 6 1.20 yes 87.2
7 13.75 no 95.4
3 2.09 no 75.2
199pp(1) 124.9 4 0.68 yes 87.6
5 6.11 no 96.6
9 2.48 no 80.0
194g(1) 253.93 10 0.67 yes 88.6
11 4.36 no 96.2
7 3.56 no 76.8
192Hg(1) 214.4 8 0.26 yes 87.1
9 5.98 no 95.4
9 1.31 no 73.2
19%pp(1) 262.5 10 0.65 yes 84.5
11 1.64 no 93.8
11 0.56 no 75.3
19%4g(1) 316.9 12 0.23 yes 825
13 0.33 no 89.1

gies by Eq(13) with the experimental results. In column 5is (a)—(e), and “no” means some of the five properties no

presented the analysis using approach Il, where *“yes’longer exist. It is seen, for these SD bands in Tables Il and
means the variations of the extractéd andJ® by Eqgs.(1) I, that the spin propositions by the three approaches are
and (2) with angular momentum do have the five propertiesconsistent with each other, and also in agreement with the

TABLE lll. The same as Table I, but for three pairs of signature partner SD bands.

Signature partner E (lo+2—1p) lo X Approach Il Jo
SD bands (keV) (1073 (% MeV™Y
7 4.50 no 83.3
194g(2) 200.79 8 0.42 yes 93.8
9 9.70 no 101.2
10 2.21 no 84.9
1944g(3) 262.27 11 0.15 yes 93.9
12 4.84 no 100.8
8.5 1.92 no 85.2
19311 (2) 227.3 9.5 0.81 yes 95.8
10.5 7.39 no 103.2
7.5 3.15 no 85.3
19371 (2) 206.6 8.5 1.13 yes 95.8
9.5 9.42 no 103.3
9 1.45 no 86.6
19211(¢) 233.4 10 0.86 yes 975
11 6.62 no 105.1
8 2.06 no 86.0
1927 () 213.4 9 0.61 yes 97.5

10 8.03 no 105.4
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FIG. 7. The systematics of bandhead moments of inertia of SD bands A~i®0 region.(a) yrast SD bands of even-even nuclig)
excited SD bands of even-even nucl@). SD bands of oddN nuclei. (d) SD bands of od& nuclei.(e) SD bands of odd-odd nuclei.

experimentally measured spins for the SD bahtsig(1), and from thel, systematics, unique spin propositions can be
19449(3), and 1*4PK(1). The situations for most SD bands in made for most SD bands in the~190 region.

the A~190 region are similar. However, it is found that  The spins of most SD bands which are proposed consis-
while it is hard to make a unique spin proposition by ap-tently by the above mentioned three approaches are summa-
proach I(BFM) for some SD bands, one still may use the rized in Tables IV(even-even nuclgi V (oddN nuclej, VI
systematics in combination with approach Il to make reasontodd-Z nucle) and VII (odd-odd nuclei Some discussions
able spin propositiongsee discussions in Sec.)VTheJ,  are given below.

systematics for SD bands in ti#e~190 region is displayed

in Fig. 7 TABLE IV. Spin propositions for the SD bands in even-even

nuclei and systematics of the bandhead moments of inertial rhe
values inside a bracket means the spin proposition has not been
made very reliably. The spins of the SD bantHg(1) [6],
1999(3) [10] and ***PI(1) [7] have been measured experimentally.
The experimental data of transition energies are taken from

So far three approaches to predicting the spin of a rotal#0,22,23,29-33,24,21
tional band by using the observed intrabapttansition en-

IV. RESULTS AND DISCUSSIONS

A. Proposed spins for SD bands in theA~190 region

ergies are developeda) Approach |—the BFM(best-fit ~ Yrast SD band E (Io+2—1g) I Jo References
method, e.g., by Beckeet al. [2], Zeng etfe;l). [3], e(tztg (b) (keV) (52 MeVY)
Approach ll—investigating the variation gt andJ'’ ex- |4
tracted by Eqs(1) and(2) with angular momentum(c) Ap- PoD) 17581 6 84.2 [29]
proach lll—theJ, (bandhead moments of ineftiaystemat-  * PA(1) 305.1 12 86.8 [30]
ics. All of them are based on the assumption that the energif®u(1) 171.4 6 87.2 [31]
spectra follow the usual available expressions for a rotationailg4pb(1) 124.9 876 [32]
band [Bohr-Mottelson’s| (1 +1) expansion(3), Harris w? 1 ' '
expansion(5), ab and abc expressiong10) and (13), the Ho(D) 253.93 10 88.6 [22]
variable moment of inertia moddl19], etc] which had  ***Hg(1) 214.4 8 87.1 [33]
turned out to be suitable for describing ND bands. 192ppy7) 2625 10 845 [24]
The advantage of approach Il to approach | is as foIIowswq_|
(1) The extracted®(1 +1) andJ®(1) depend only on the 9(0) 316.9 12 82.5 [21]
experimental values d. (I +2—1) andE(I—1—-2), but  Excited SD band
are irrelevant to other transition energies and the number oftpyy2) 204.5 91.6 [31]
transitions mvolyed in the BFM(2_) Approach Il can be 196p(3) 226.7 916 [31]
managed very simply and no tedious least-squares calcul%
tion is needed(3) While the magnitude of the rms deviation — Pb2a 241.2 10 94.4 (23]
x depends on which expression for the energy spectra and‘Ph2b) 260.9 11 94.1 [23]
moments of inertia are used, the above-mentioned propertiasaHg(z) 200.79 8 938 (40,22
of the variation ofJ®) and J® are common for all now '
available expressions for rotational spectra. Ho(3) 262.27 11 93.9 [40,22
The advantage of approach Il to approach | is as follows*Hg(2) 282.4 12 93.8 [33]
On the one hand, for some SD bands, the rms deviation i®z4g(3) 3331 14 89.9 [33]
not sensible to the spin proposition, i.e., thevalues are
close to each other for two or more proposed spins, thus it iégOHg(Z) 48l.1 23 88.6 [21]
hard to make a unique spin proposition. On the other hand Hg(3) 318.0 13 87.7 [21]
the extracted], values for SD bands in tha&~ 190 region  190g(4) 446.3 (20) 92.6 [21]

are, in general, more sensitive thgrto the proposed spin,
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TABLE V. The same as Table 1V, but for the SD bands in odd- TABLE VI. The same as Table 1V, but for the SD bands in odd-
N nuclei. The experimental data of transition energies are takeZ nuclei. The experimental data of transition energies are taken

from [30,36,28,38,27,26,41 from [39,44).
SD band  E,(lg+2—1) lo Jo References SD band E.(Iot2—1g) g Jo References
(keV) (h? MeV™?) (keV) (A% MeV}
isz(l) 184.4 7.5 97.5 [30] 1978j(1) 166.2 6.5 95.8 [37,39
195ib(Z) 205.5 8.5 97.2 [30] i:7|3|(2) 186.7 75 95.7 [37,39
oy iese 65 e (g wnn 2 e 3 L
195,)53; Joae o oy e 195TI(2) 167.5 6.5 95.1 [44]
155piya) 213-58 8-5 91-7 36 193T|(1) 227.3 9.5 95.8 [45]
19%pp(3) 250.6 105 94.8 [28] o e o e
153t 30 118 o34 24 lng|(1) 358.9 135 92.6 [46]
155y, 2129 85 928 (28] lng|(2) 417.2 16.5 92.5 [46]
15%i) 2a1 oF 92.4 (28] 191Au(2) 397.8 175 92.4 [47]
19%Hg(a) 333.9 14.5 92.8 [38] mﬁzg igé'; 13': 22'3 Eg
19%g(b) 273.9 11.5 92.9 [38] ' ' '
1%%Hg(c) 284.5 12.5 97.6 [38]
1%%Hg(d) 341.9 15.5 97.9 [38]
19944(1) 233.2 95 92.7 [27] (3) *Hg(4)
19%g(24) 2540 105 93.0 [27] ~ For the SD _bandg%g(4), a bandcrossing was observed
19%g(2b) 2540 105 93.0 [27] in the lower spin .st.ates and no spin was propo;eﬁdlﬂl We_ _
19944(3) 2335 95 928 [27] find that though it is hard to make a unique spin proposition
19314(2) 259 4 105 94.1 26] by approaches_l and I, frqm th@, systematics, = ZQ .
199 443) 2720 115 93.7 [26] [E,(Io+2—10)=446.3 keV] is the most reasonable choice:
¥9%pp1) 277.2 115 92.0 [28] 4 —1
19%K2) 190.5 (7.5 94.1 [28] lo x(1079 Jo(* MeV™)
19%4g(4) 291.0 (12.5 92.3 [27] 19 16.2 79.0
19344(5) 240.5 9.5 91.2 [27] 20 16.2 92.6
191Hg(1) 310.9 135 95.0 [26] 21 16.2 124.4
1¥Hg(1) 366.4 15.5 90.9 [41] (4) 19%Pb(1)

Using the BFM by Beckekt al,, in [24] the spin of the
lowest level of19Ph(1) was suggested to big=10 or 11

(1) ¥%Hg(2) [E(lo+2—14)=262.5 ke\|. According to our analysis us-

According to the linking transitions between the SD bandsing the three approaches, the most reliable choidgsl10
19%g(2) and **Hg(1), the spin of the lowest level observed rather than ,= 11, i.e., the signature ia=0. Recently, the
in 1%%Hg(2) was assigned to béy=23 [E(Io+2—1¢)  spinl,=10 was assigned by McNale al.[25] according to
=481.1 ke by Wilsonet al.[21]. Analysis shows thatitis the observed 2058 keV linking transitioE{) between the
hard to make a unique spin proposition by approaches | and )
Il. From approach Il ,= 23 is the most reasonable choice, ~TABLE VIl. The same as Table IV, but for the SD bands in
because fot,= 23, J0=88.G’L2 Merl, which is consistent odd-odd nuclei. The experimental data of transition energies are
with the J, systematicssee Table I, but for 1,=22, J,  t@ken from[48,33.
=62.41> MeV ! which is much smaller than that in neigh-

boring nuclei, and fot =24, J,=99.8:2 MeV %, which is  SPband  E,(lo+2—1o) o Jo References
much larger than that in neighboring nuclei. (keV) (A% MeV™?
(2) **Hg(3) 1947 (14) 268.0 12 99.7 [48]
For the SD band*®Hg(3), 1o=14 [E,(lg+2—10)  194ry1p 209.3 9 99.7 (48]

=318.0 keM was suggested in21] using the BFM by

19
Beckeret al. Analysis shows that, though it is hard to make Ti(23 240.5 10 94.6 [48]

a unique spin proposition by approach I, according to ap- T'2b 220.3 9 94.4 [48]
proach Il and the, systematicsl,o=13 is the most plausible ***TI(3a 187.9 8 100.2 (48]
choice: 19471(3p) 207.0 9 101.1 [48]

19211(3) 283.0 13 102.8 [35]
lo x(10°9) approach Il Jo(A* MeV™) 1oz 337.5 16 103.6 [35]
12 1.03 no 78.3 1927 (g 233.4 10 97.3 [35]
13 0.65 yes 87.7 1927 () 213.4 9 97.5 [35]

14 0.74 no 95.8
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SD band'®Ph(1) and the yrast 9 state. It was pointed out =291.0 ke was suggested. No reliable spin proposition
[25] there is every expectation that the yrast SD bandtan be made by approach I, because an obvious bandcross-
192p1(1) should have positive parity and even spin, becauséng is seen at the lower spin states'8Hg(4) in the J® vs

the yrast SD band in neighboring even-even nucléfRu(1) ¢ plot. Using approach |, also no unique spin proposition can
have been measured experimentgfiyto have positive par- be made. However, from thk systematicsl,=12.5 seems

ity and even spin. Moreover, no signature partnet®#b(1)  most reasonable and the corresponding bandhead moment of
is observed, which argues that the band is built dd=a0 inertia Jo=92.312 MeV ! is close to that oft®Hg(5), J,

bandhead: =91.2:
lo x(1073) approach I Jo(h2 MeV ™)
9 131 no 73.2 19%4g(4) 19%4g(5)
10 0.65 yes 84.5 Iy X Jo lo X Jo
11 1.60 no 93.8 (1073) (42 MeV‘l) (1073) (h? MeV‘l)
(5) 191Hg(4) 115 0.58 87.4 8.5 4.39 81.0
The SD band*®Hg(4) was considered as the signature 125  0.63 92.3 95 1.68 91.2
partner of the yrast SD barld*Hg(1) in [26], and the spin of 135  0.70 97.0 105 691 98.0

its lowest level observed was proposed to hge=12.5
[E,(lo+2—10)=280.9 ke\|. However, our analysis shows
that the most plausible choice Ig=10.5 rather than
=12.5. In fact, according to approsélch I, §=11.5 are n%t partner  SD ba?gds’ and1p=13.5 [E,(lo+2—1)
reasonable becaudé!) vs ¢ plot andJ® vs ¢ plot cross with ~ — 2/ 7-2 keM for 193Pb(1) and 19=8.5 [E,(lo+2—1o)
each other. However, fdp=10.5, the bandhead moment of —190.5 ke\] for Ph(2) were suggested. Our analysis
inertia is J,=85.0:2 MeV %, which is quite different from shows thaty=13.5 is in contradiction to approach Il and the

that of 29%Hg(1), Jo=95.0. Thus, the spin 0°'Hg(4) needs Jo Systematics. Recently, according to the linking transitions

(7) %%Db(1,2)

In [28] 1°%PK(1,2 were considered as a pair of signature

further investigation: between!®¥Ph(1) and several yrast ND states with known
spins, the spin and parity assignméfjt=11.5" was made
I x(107°3) approach I Jo(h2 MeV™h by Perriset al. [34]. This assignment is consistent with the
9.5 1.73 no 76.7 Jo systematics. If'%PK(2) is considered as the signature
10.5 0.75 yes 85.0 partner of'%PK(1), I, should be 8.5 or 6.5 fot**®PK2), and
115 3.44 no 91.1 the corresponding,=102.5 or 79.6%2 MeV ™1, which are
12.5 7.18 no 97.2 quite different from that off®Ph(1) (J,=92.0:2 MeV ™).
Thus, it is hard to consider them as a pair of signature part-
(6) 1%Hg(4) ners. On the other hand, from tlg systematicsl,= 7.5 for

In [27] the SD band*®*Hg(4) was considered as the sig- %Ph(2) is reasonable. If sd?%(2) is no longer a signature
nature partner of®Hg(5), and 1,=13.5 [E,(Io+2—1o)  partner of'*Ph(1):

19%P(1) 19%PH2)
lo x(107%) Jo(h2 MeV ™) lo x(1079) Jo(h2 MeV ™)
10.5 1.54 79.0 6.5 3.22 79.6
11.5 1.21 92.0 7.5 3.03 94.1
12.5 2.38 100.5 8.5 13.2 102.5

(8) 92Tl (a,b)

In [35] 1o5=15[E(lo+2—10)=283.0 ke\] for **°TI(a) and =18 [E,(Io+2—10)=337.5 ke for *TI(b) were sug-
gested by Fischeet al. However, from thel, systematics and approachl}=13 for °?Tl(a) and|,=16 for %?TI(b) are
reasonable. It is noted that for such spin propositions, B8thandJ(®) keep almost constant with increasing spin, which can
be understood from the double-blocking effect of the unpaired proton and neutron:

1921 (3) 1927 ()
lo x(107%) Jo(h2 MeV ™) lo x(1079) Jo(h2 MeV ™)
12 3.37 94.0 15 1.35 94.9
13 1.45 102.8 16 0.70 103.6
14 3.23 109.9 17 6.20 108.4
15 6.56 117.2 18 4.44 116.5

(9) SD bands in Bi isotopes
In [37] by Clarket al., two SD bands were established in Bi, but their isotopic assighmefitBois tentative. In[39] the
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SD band 1[E,(lo+2—15)=166.2 ke\] was tentatively suggested to belongBi and the SD band 2E,(Io+2—1y)

=186.7 ke\] was suggested to belong 18/Bi. According to approach Il and llil,<5.5 andl,=7.0 for SD band 1 are
definitely unreasonable. Similarly, for SD bandig=6.5 andl ;=8.0 are also unreasonable. For SD bantl,%6.5 seems

more reasonable thd= 6.0 both from approach Il and thk systematics of odd- nuclei (Table VI) and odd-odd nuclei
(Table VII). Similarly, for SD band 2],=7.5 seems more reasonable tHas7.0. Therefore, our analysis supports the
isotopic assignment given [137] and both SD bands may be reasonably considered as a pair of signature partner, of which the
extracted bandhead moments of inertia are nearly the siwed5.8:2 MeV ™ *:

SD band 1 SD band 2
E,(lg+2—10)=166.2keV E,(lo+2—10)=186.7keV
lo x(1073) approach I Jo(h2 MeV™h lo x(1073) approach I Jo(h2 MeV ™)
5.0 2.20 no 67.3 6.0 1.69 no 71.2
55 1.20 no 78.6 6.5 1.59 no 80.6
6.0 1.52 no 88.8 7.0 1.42 yes 89.2
6.5 1.36 yes 95.8 7.5 1.75 yes 95.7
7.0 8.01 no 100.4 8.0 5.93 no 100.3
7.5 14.1 no 105.1 8.5 14.7 no 103.5

Another SD bandE,(1,+2—1,)=261.5 ke\ reported  the signature of all yrast SD bands of even-even nuclei in the
in [39] was suggested to belong t8°Bi. According to ap- A~190 region according to the present analysis,a=0
proach Il and thel, systematics],=11 seems the most rather thane=1 (see Table I\
reasonable proposition. Thus, this band seems to belong to
1968j. However, its spin proposition and isotope assignment 2. 3, systematics of SD bands in odd-A nuclei

need further investigation: ] ] ] ]
The bandhead moments of inertia of one-quasiparticle SD

SD band[E,(1y+2—10)=261.5keV] bands in oddA nuclei, Jo~ (94+4)4% MeV ™1, aresystem-

I ¥(10°3) approach Il (k2 MeVY) atically Iarggr thgnthat _of the yras(quasipar';icle vacuum

SD bands in neighboring even-even nuclei. The odd-even
10.0 1.37 no 82.2 . . . L .
10.5 124 88.8 differences in bandhead moments of inertia in ND nuclei
11'0 1'01 yes 94'5 have been investigated in detd#0]. The odd-even differ-

' : yes : ences in bandhead moments of inedil are mainly attrib-
115 1.83 no 98.6 uted to the blocking effect, which can be properly treated by
12.0 3.31 no 102.8 the particle-number-conservir@NC) treatmen{20] of the
125 7.67 no 105.4 cranked shell model Hamiltonian. Experimental results of

ND nuclei show[11] that there exists very large fluctuation
B. Discussions about thel, systematics in 8Jy. According to the PNC calculation, the odd-even dif-

ferencedJ, depends on the followinga) The energy posi-
tion of the single-particle level occupied by the odd particle.
(b) The Coriolis response of the blocked single particle level.
In particular, for an intruder high(N) and low Q orbit,
8Jy/Jy may be very large. On the contrary, for a Igwand
o high Q orbit (e.g., proton[402]5/2, [404]7/2), 8o/, is

For the yrast SD bands of even-even nuclei in e yery small, which may result in almost identical bands ob-
~190 mass region, the extracted bandhead moments of irved in ND neighboring odd-and even-even nuclei. It is
ertia are close to each othel,~(85+3)%* MeV ™. If the  seen from Figs. @) and Ad) that in SD nuclei there also
suggested spify of each band is artificially increased by 1, exists significant fluctuation in the differences in bandhead
Jo will increase by about 10%J6~954* MeV ™), which is  moments of inertia. From the observed,/J,, valuable in-
much larger than thel, values of the yrast SD bands formation about the properties of the single-particle orbit oc-
%Hg(1) and **Ph(1) (Jo~884° MeV ™", see Table Il but  cupied by an odd nucleon can be obtained.
is close to thel, values of excited SD bandsee Table IV
and Fig. 7b)]. On the contrary, if the suggested spinof
each band is artificially decreased byJ}, will decrease by
about 10% {,~ 74%2 MeV 1), which seems very unreason-  The J, values of excited SD bands in even-even nuclei
able from thel, systematics. Therefore, we believe the spin(Hg, PDb, Jo~9342 MeV ™1, are systematically larger than
propositions for the yrast SD bands of even-even nuclethat of the corresponding yrast SD band by about 7%,
given in Table Il are reliable. It is interesting to note that,and &Jy=J, (excited SD bang-Jy(yrast SD bang
like ground-state bands observed in all ND even-even nuclei-622 MeV ™. From Fig. 7 it is seen that while there exist

From Tables IV-VII and Fig. 7, some useful information
about thel, systematics for SD bands in tie~ 190 region
can be obtained as follows.

1. J, systematics of yrast SD bands in even-even nuclei

3. Jp systematics of excited SD bands in even-even nuclei
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large fluctuations in the bandhead moments of inertia of thg,(1%Hg(a))=J,(***Hg(b))=92.%:2 MeV L,  J,(**Ph2))
SD bands in oddN nuclei [Fig. 7(c)] and odd-odd nuclei =J,(1°Ph3))=91.6:> MeV %, Jo(*%Ph3))=J,(**Ph4))
[Fig. 7(e)], the J, systematics of the excited SD bands in =91.6:2 MeV 4, Jo(*CTI(1)) = 3o (*°%TI(2))=95.812
even-even Hg and Pb nuclei displeather regular behavior  Mev—1, Jo(***TI(1a)=Jo(***TI(1b))=99.7:2 MeV 2, etc.
[see Fig. To) and Table IV, which seems to support the Therefore, if there exists a significant differenceljwvalues
assumptiorf10] that some of the excited SD bands in even-of two SD bands, it is very hard to consider them as a pair of
even Hg and Pb nuclei may be vibrational excited bands. signature partner.

If the excited SD bands in even-even nuclei are consid-
ered as two-quasiparticle SD banfisg., Hg(2,3 were 6. J, systematics of “identical” SD bands
considered as'%Hg(core®[(v624)9/4®[(¥512)5/7 in

[40]], the difference’], may attribute to the blocking effects . " . .
of two unpaired particles. For ND even-even nuclei in thepl'c":ltlon for identical bands. The yrast SD baifHg(1)

rare-earth and actinide regions, it has been well established> considered by Stepheesal. [43] as identical to the

that the bandhead moments of inertia of excited two—eXCit'EOI Sp_bandg“Hg(B), because the observed sequence of
2 transition energies are almost identicabE(/E,

guasiparticle bands are in general larger than that of thg -
ground(quasiparticle vacuuirbands due to the blocking ef- 19 3.) for the two SD bandssee columns 2 and 8 of Table
fects of two unpaired particles, and the differenceljnde- ) Within the frequency rangéw~0.2-0.4 MeV (or 1~20
pends mainly on the Coriolis response of the single particle_(;')o)' which |m_pl|es_ the|_r dy_namlcal moments of |n_ert|a
states occupied by two unpaired particles. Calculafig?j 3 _&ré almost identical in this frequency ranfgee Fig.

showed that, to account for the difference in the bandhead(¢)]: However, it is seen that at lower frequenciese(
moments  of inertia, 8Jy=Jo(*Hg(3)—Jo(%Hg(l)) =0.2 MeV, orl <20), there exists obvious differencedff)

~6.842 MeV L, the pairing interaction strength is much ©f 194"'9(3)_ andllggzl-lg(l). Moreover, according to the experi-
weaker in SD nuclei than in ND nuclei. According to Hack- rlgental spin of 4Hg(3) and the reliable spin proposlmon of
manet al.[10], the excited SD ban&®Hg(3) is an octupole Hg(1), there exists significant difference id of
vibrational band with K'=2", rather than a two- . H9G) andngHg(l) in the whole frequency randsee Fig.
quasiparticle band. Because a vibrational state may be mf.C)]. Particularly, the bandhead moments of ineftiznich
croscopically considered as a coherent superposition of a It€Pend intimately on the intrinsic structures of rotational
of two-quasiparticle states with the same spin and parity, th@ands of the SD tigndé “Hg(3) 3”9 ! 2"'9(}) are gwte dif-
rather regular behavior a$J, may be understandable from ferent, ) Jo( 4'49(3)):93-% MeV > Jo( zlﬂg(l))

the average of blocking effects over a lot of single-particle=87.1:% MeV™%. For two truly identical bands, it seems
orbits. It was well establisheflL1] that the bandhead mo- Necessary that both bands have the same bandhead moments
ments of inertia ofy-vibrational bands in even-even ND nu- of inertia. Thus, it seems difficult to understand the implica-
clei in the rare-earth and actinide regions are systematicallfjon of “identity” for the SD bands'®Hg(1) and ***Hg(3).
larger than those of the ground bands and display rathefhe largerd® for ***Hg(3) than for **Hg(1) at lower fre-
regular behavior. For example, for the 821.1 kkV=2+  quency (w=0.2 MeV) and the large}") for 9Hg(3) than
y-vibrational band intS8r, J,=40.062 MeV %, but for the ~ for *®Hg(1) within the whole frequency range were ex-
ground band, J,=37.5:> MeV %, which is about 7% plained microscopically40,42,49—-5] by pairing reduction

smaller than for the-vibrational band. The situation is simi- due to blocking. Phenomenologically, taevariation of the
lar for ND octupole vibrational bands. difference in angular momentum alignments

The above analysis is conducive to understanding the im-

4. J, systematics of SD bands in odd-odd nuclei .
N i=AlL=1,"Hg(3))—1,(**Hg(1)
The bandhead moments of inertia of SD bands observed
in odd-odd nuclei arenuch larger than(>10%) that of the
yrast SD bands in neighboring even-even nuclei. However,

like the situation observed in ND odd-odd nuclei, there exist, h - hich i .
large fluctuations inJy values of these SD bands. Thus, it is shown in Fig. 8, which is taken frofd9]. It is noted that

seems reasonable to consider these SD bands as tW%_simiIar plot was _given in Fig. ®) of [.10]' Itis seen that
quasiparticle bands, whose bandhead moments of inertia d _~0~atw=0, buti increasegradually with o, andi~1 for
pend sensitively on the Coriolis response of the single” w~0.2-0.4 MeV.

particle orbits occupied by the odd neutron and odd proton.

= w[ IV (*¥Hg(3) - IV (*Hg(1))] (17

V. SUMMARY

5. Jp systematics of signature pariner SD bands In addition to the usually adopted approd@&FM) to the

It is seen that overwhelming majority of SD spin proposition of SD bands by using the experimental in-
bands observed in oddl- nuclei (see Tables V and VI traband transition energies, other two approaches to the spin
and odd-odd nuclei(Table VIl) and excited SD bands prediction of a rotational band are developed. All three ap-
in even-even nuclei{Table IV) are signature partner SD proaches are based on the assumption that the considered
bands. It is interesting to note th#éihe bandhead mom- energy band can be described by the available expressions
ents of inertia of each signature partner SD bands arefor rotational spectrunfe.g., Bohr-Mottelson’d (1 +1) ex-
almost identical In fact, in most casesdly/Jo~103. pansion, Harris'w“ expansion, variable moment of inertia
For examplesJo(**Hg(2))=Jo(***Hg(3))=93.9:2 MeV !,  model,ab andabc expression, et¢. The advantages of the
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Some remarks should be pointed out.

(1) For a few SD bands, the present spin propositions are
different from that made in some previous papers. For ex-
ample, the spin of the lowest level observed¥Ph(1) was
proposed 28] by Ducrouxet al. to be l;=13.5[E (Io+2
—1)=277.2 keV]. The present analysis showsshould be
11.5. It is encouraging to note that this spin proposition is in
agreement with the recent experimental result by Petra.
[34]. Another example is the pair of signature partner SD
bands!®?TI(a,b). 1,=15 for 1°°Tl(a) andl,= 18 for 1°°Tl(b)
were suggested by Fischer al.[35]. However, according to
the Jy systematics and BFM, the most reasonable choice
should bel o=13 for 1°2Tl(a) andl,= 16 for %2TI(b).

(2) For a few SD bands, the spin assignment was not
made uniquely using the BFM by Becketr al. For example,
lo=10 or 11 for®®Ph1) was made iff24] using the BFM
by Becker. However, our analysis shows thgt 10 is the
most reasonable choice, which is in agreement with the re-
cent spin assignment by McNalgh al. [25].

(3) For the three SD bands observed in Bi isotopes
[37,39, our analysis supports the isotopic assignment given
in [37] by Clarket al, i.e., two of them are a pair of signa-

19700 _
two approaches to the BFM are discussed. It is found that thig're partner SD ?3?915 in7Bi, 10=6.5 [E,(lg+2—1o)
=166.2 keV] for 19Bi(1), and 1,=7.5 [E,(lo+2—I)

spin propositions of most SD bands in the- 190 region can 19701
b d istently by the th h d th 7fs186.7 keV for 'Bi(2).
e i Tables VVIL. For the SD. band®a(s) (4) There are still a few SD bands whose spin proposi-

are given in Tables IV-VII. For the SD band5*Hg(1), , . ; 1Y
19449(3), and **4PK(1), the spin propositions are in agree- ?gzgsk'xg)anrlm bi_rrr:ade (l;r;lq?r?ly,_ e.é.,tl_l-lg(t_4), Hg(4),
ment with experimental results. The variation of the kine- » €1C., which need further investigation.

matic and dynamic moments of inertia, particularly the band-
head moments of inertid, systematics, are investigated in

detail, which turn out to be very useful for the understanding This work was supported by the Natural Science Founda-
of the properties of SD bands, e.g. the properties of excitetion of China and the Doctor Program Foundation of Institu-
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FIG. 8. Thew variation of the difference in angular momentum
alignments of 1%Hg(3) and *Hg(1), i=Al,= o[ ID*Hg(3))
—JIW(@9%Hg(1))], w(1 —1)=E,(1 +2—1)/2. The solid square rep-
resents the experimental result extracted by(Eq.The solid line is
the result calculated by Eq14) using thea, b, andc values given
in Table I.
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