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We show in this paper that the superdeformed nuclear states can be described with a four parameter formula
in the spirit of the perturbated $B) limit of the sdg IBM. The E2 transitiony-ray energies, the dynamical
moments of inertia of the lowest superdeforni&®) bands in even-even Hg, Pb, Gd, and Dy isotopes, and the
energy differenced EFAE;‘3f of the SD band 1 off%Hg are calculated. The calculated results agree with
experimental data well. This indicates that the SD states are governed by a rotational interaction plus a
perturbation with SQ;((5) symmetry. The perturbation causing thé=4 bifurcation to emerge in the
Al=2 superdeformed rotational band may then possesg &) symmetry[S0556-28187)01509-4

PACS numbes): 21.10.Re, 21.60.Fw, 23.20.Lv, 27.8Qv

I. INTRODUCTION merical calculation within the framework is also quite time
c&:onsuming. Moreover, the agreement between the calculated

Since the discovery of the first discrete superdeforme results and the experimental data still has room for improve-
(SD) rotational band in the nucleu®Dy [1] in 1986, the ment.

investigation of superdeformation at high angular momenta On the phenomenological side, many modi26—29

remains one of the most interesting and challenging topics qgave also been proposed with different microscopic or

nuclear structure. The detailed experimental investigation of =~ ; . ; .
. . . semimicroscopic foundations. Because of the rich underlying
superdeformatioitfor a review on the data see the compila-

tion in Ref. [2]) reveals many interesting properties of the physics and the conciseness of calculation, the interacting
SD bands such as the phenomenon of the identical Find boson modelIBM) [30] has also been extended to describe

Al =4 bifurcation(many experimental results and theoreticaISD state¢31,33. In the SD 1BM, all the group structure and

: o . ) techniques are the same as those in the usual IBM. However,
investigations are available now: for experiments see, fo; . :

rom the Nilsson model we know that states with large de-
example, Refs[4-10]; for theory see, for example, Refs.

. - formation and high spins can be described only by the inclu-
[1}{1_—123()2,)anftihthettt':_rnovlefr of the dynarglcaIIB momen_tt (_)f """ sion of many spherical shells, the number of bosons is then
ertia 7 with rotationa requencﬁw [5]. By now, it is much larger for superdeformed states than for normally de-
commonly accepted that the properties of the SD bands, Sugh - ed stateg2—4 times or more[31,37. More recent in-
as the dependence ¢f®) on 7w, depend sensitively on the o Ry s _
number of occupied hight intruder orbitals. On the micro- vestigations[32-3§ indicated thatg bosons (the L=4
scopic side thepdensit?/—dependent Hartrée—Fock caIcuIatioﬂucmon_'0_airSin the IBM play_ a much more significant role
with zero ra’nge forces of the Skyrme ty[9] or with finite in describing SD states than in describing normally deformed
range forces t_)f_thg Goney ty@@O] and calculations with the fr:ztgzlgElsBﬁ)\iCiEsalg'reR;E?)ﬁ]albnlglCsatlger'([jintga;(:iﬁ ﬁ)@é;g'rtit?é SD
cranked relativistic mean field theofp1] have been per- tates in the IBM. Referend83] showed that there exists a
formed. In these models, the bulks and the single-particl '

properties are treated consistently based on the concept BRSIS @nd a Hamiltonian within thedg IBM which repro-
variation principle, however, the price to be paid is a highetdUces the geometric model resultsl-13 for the Al=4
numerical effort. With this in mind there are so far not manyb'f“_rc""t'on('n other words, theAl =2 staggering o, en-
applications available yet. Based on the semiphenomenologfrdies or dynamical moments of inejtipd—10 and Ref.
cal approach(the cranked Nilsson-Strutinsky and cranked 34] pointed out that the perturbated &) limit may be a

Woods-Saxon-Strutinsky approad22], many calculations suitable candidate to describe the valuable insight of the dy-
(for instance, Refs[23,24)) have been accomplishétbr a namics of SD states. Otherwise the spin dependence of the

review, see Refs[22] and [25]) and many experimental J @ of SD states is treated by introducing a spin-dependent
manuscripts also contain applications of these models to thefféngth(referred to as the Arima coefficignfor the inter-
latest experimental data. By treating the bulks and singleaction with S@3) symmetry (-L) [36]. However, numeri-
particle properties separately they have the advantage of fical calculation shows that thg () obtained from the IBM

ting many details of the actual nuclei under investigationwith an Arima coefficient changes monotonously with rota-
directly to the appropriate region under study. Since the richiional frequency. Then the turnover can not be described. In
variety of physical phenomena in the region of superdethis paper, by employing the perturbated g4B) symmetry
formed shapes is based on a complicated and rather subile the sdg IBM and extending the Arima coefficient, we
interplay of collective and single-particle properties, the nu-discuss the properties of the SD states of the even-even nu-
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clei in the A~190 andA~150 regions. In particular, the in which the parametef can be regarded as the Arima co-
turnover of the dynamical moment of inertia with rotational efficient. The energy of the statein a band is given as
frequency and thél =4 bifurcation will be investigated.

The paper is organized as follows. In Sec. Il a short de-
scription of the possibility that SD states can be described on
a firmer foundation within the perturbated &{(3) symme-
try with perturbation holding the SQ,(5) symmetry is pre- Numerical calculation shows that theé () obtained in this
sented and a four parameter formula is developed by extendvay changes withh @ monotonously. Then, the recently ob-
ing the Arima coefficient and considering the perturbation. Inserved turnovef2,5,1Q of the 7 ) with A in experiment
Sec. Il numerical results for the lowest SD bands of thecannot be described with Eg&) and (6).
even-even nuclei in thé\~190 and 150 regions are de-  Along the line of the variable moment of inertigMI)
scribed and discussed. Finally conclusion and remarks ammodel [39], we expand the Arima coefficienf as

Co

E(l):1+f|(l+1)|

(I1+1). (6)

given in Sec. IV. f:f1+fzczsosdg(3)- Equation(5) can then be rewritten as
Il. FORMALISM H=e€Cay, 15+ kCasy,ya)
In the sdginteracting boson modéB7,39, the collective Co
nuclear stateswith quadrupole and hexadecupole deforma- + ZCZSOSdg(g). (7)
tions) are generated as states of a system With, d, andg 1+ flczs:osdg(s)+ fz(czsosdg(a))

bosons. Since the total single boson space is 15 dimensional, . o
the symmetry group is (15). It has strong coupling dynami- The energy of the statein a band is given as
cal symmetries S(B), SU5), SU6), O(15) and weak cou-

pling dynamical symmetries {{6)®U4(9), Uyq(14), E(1) = Co (141 ®
Ug(5)®Ug((10). It has been showr[32,34 that the ( )_1+f1|(|+1)+f2|2(|+1)2 ( )-
SUs4¢(3) limit could provide a reasonable phenomenological

framework for superdeformed nuclear states. As the parameter§, and f, are taken a$,>0, f,<O (or

As a nucleus holds the $8) symmetry of thesdgIBM,  {,<0, f,>0), Egs.(7) and(8) generate the rotational band
the states of the nucleus can be classified by the irreduciblghich exhibits turnover or platform of theZ @ with #w

representationéirreps of the group chain pretty well. However, the obtained dynamical moment of
inertia changes with rotational frequency so smooth that the
Usag(19)2SUsad(3) 2SQaqf 3)- @) quite weakAl =2 staggeringfor example, in Refs[5,10])

cannot be reproduced. Then, to describe the turnover and the
Al =2 staggering of dynamical moment of inertia with rota-
|(1))=[[N]1s a (nu) K 1) tional frequency simultaneously, the &) symmetry must
Usqq 15) SU(3) SQ443) (2)  be broken down. On the other hand, experimental data indi-
sd ’ ’ gt/ cate that superdeformed nuclear states are mainly governed

wherea andK are the additional quantum numbers. All the PY rotational characteristic plus some components of other
irreps and additional quantum numbers can be determinegeformations. It indicates that the breaking down of the
with the branching rulek38] of the irrep reductions. And the >U(3) symmetry is quite slight, so that only an appropriate

interaction Hamiltonian of the nucleus can be written as ~ Perturbation should be added to Eg).
On the other hand, many investigations on the other as-

pects of thesdg IBM have been accomplished. In view of
the geometric shape, by employing the coherent state tech-
nigue [30], Devi and Kota[40] showed that the geometric
shape of the SL}((5) limit of the sdg IBM is relevant for
deformed nuclei as well as the §l3) limit. However, its
E(1)=Eg+ eN+ k[ N2+ w2+ A+ 3N+ u)]+CI(1+1). stable shape is not oriented a&0° but aty=60°. In the
(47  view of other variables, calculations on the hexadecupole
deformation parameteB, [41], the two nucleon transfer
Considering only the relative excitation of the states in across sectioi42], and energy spect{@0,35 indicated that
rotational band, the energy of the state with angular momenthe SUg4(5) limit has almost the same property in describ-

The wave functions are

H= EClUSdg(15+ KCZSUsdg(3)+CCZSQs,dg(3) y (3)

in which C, is thek-order Casimir operator of the gro.
The energy of the statgéN];sa (N, u)KI) is

tum | can be simply expressed as ing deformed rotational nuclear states as the 3(3) does.
Moreover, the potential energy surface of the nucleus with
E(=CI(1+1). (4b)  the SUy(5) symmetry via its intrinsic deformation variable

_ ) _ {%4 has two minima that are displayed in enefd@]. This
_ With the spin dependence of the dynamical moment Ofngjcates that the Sl4(5) symmetry of thesdgIBM admits
inertia being considered, E(B) should be rewritten as shape coexistence and shape phase transformation which can
be driven by hexadecupole deformation or angular momen-
+chs s tum. Combining these facts with the well-known idea that
1+szs<%dg(3> Qad 3 superdeformed nuclear states are the ones generated in the
(5) second minimum of the potential energy surface, we know

H=¢€Ciyy 15 kCasyyy3)
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TABLE |. Parameters used in the calculatid® &ndC, in keV).

f,#0 f,=0
B Co f, f, B Co f1
%49  0.001136  6.027 8.32410° —8562<10°° —0.002062 5.963 6.37810°°
¥Hg  0.001887 5.706 7.8¥10°° —9.108x10°° 0.001326 5.605 4.58510°°
%49  0.0005095 5.618 7.0%710°° —6.842<10°°  0.002550 5.515 4.28410°°
1%pp  0.006755 5.860 1.1X10°* —2.813<10°®  0.003875 5.758 7.33610°°
1%9pp  0.001681 5.688 8.1810° —1.375<10°® 0.002313 5.601 5.27510°°
19%pp  —0.0005568 5.709 5.13710°° —1.808<10°° —0.0008264 5.699 4.75610 °
1%pp  0.005425 5.725 4.33610°° —4.229<10°°  0.002556  5.695 3.0%410°°
1485d  0.002965 5.248 —2.862x107°  1.427x10°°  0.0002014 5.354 —1.836x10°°
10Gd —-0.001187 5.634 2.18110°° —2.894<10°° 0.0007603 5.255 —4.510<10 8
152Dy  —0.0001534 5.393 —1.042x10°° 5.817x10°°  0.0002124 5.443 —6.127x10°°
54Dy —0.001103 5.480 —9.184x10°°® 5.845<10°°  0.0001570 5.536 —4.785<10°°

TABLE Il. Calculatedy-ray energies of the SD bands of Hg isotopes and the comparison with experi-

ment.

1904g 192g 1944g(1
Spin Exp.2 Cal. Exp.? Cal. Exp.2 Exp.° Cal.
10 214.43) 213.8

12 257.81) 257.2 254.81) 253.934) 253.72
14 316.94) 316.1 300.11) 299.7 296.41) 295.993) 295.85
16 360.02) 359.7 341.41) 341.4 337.61) 337.183) 337.12
18 402.3404) 402.1 381.61) 381.8 377.7) 377.393) 377.40
20 442.9806) 443.3 421.12) 421.3 416.91) 416.6@3) 416.68
22 482.7106) 483.2 458.8) 459.6 454.91) 454.783) 454.86
24 521.3006) 521.8 496.(2) 496.9 492.1) 491.885) 492.00
26 558.61) 559.0 532.12) 532.9 528.01) 527.883) 528.00
28 594.91) 595.0 567.40) 568.0 563.01) 562.923) 562.98
30 630.11) 630.0 601.72) 601.9 596.91) 596.8715) 596.88
32 664.11) 663.9 634.22) 635.2 630.11) 629.933) 629.87
34 696.91) 696.6 668.12) 667.5 662.71) 662.014) 661.92
36 728.%4) 728.6 700.02) 699.4 693.61) 693.404) 693.24
38 757.44) 759.8 731.82) 730.6 724.71) 723.916) 723.82
40 783.56) 790.6 762.83) 761.8 754.71) 753.926) 753.95
42 792.74) 792.7 783.91) 783.678) 783.63
44 822.94) 824.0 813.%) 813.123) 813.18
46 853.15) 855.6 842.83) 842.556) 842.65
48 888.77) 888.3 872.60) 872.4113) 872.39
50 903.%8) 903.1G18) 902.47

%Reference$2,5].
PReferencd43].
‘Referencd 10].
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TABLE Ill. Calculated y-ray energies of the SD bands of Pb isotopes and the comparison with experi-
ment.

192Pb 194Pb 196Pb 198Pb
Spin Exp.2 Cal. Exp.2 Cal. Exp.2 Cal. Exp.p Cal.
6 124.95) 124.5
8 169.62) 169.1 171.®) 170.3
10 213.41) 2131  215.43)  214.9
12 262.64) 262.0 256.41) 256.3 258.@2) 259.1
14 304.14) 304.4 298.61) 298.6 302.43) 302.6 305.1 304.5
16 345.64) 345.8 339.81) 340.0 345.83) 3454 348.3 348.1
18 385.43) 385.7 380.21) 380.4 387.8) 387.5 391.1 390.8
20 424.44) 424.7 419.®) 419.8 428.83) 428.7 432.6 433.2
22 462.85) 462.3 458.71) 458.1 468.83) 469.0 473.9 474.5
24 500.@6) 499.4 495.41) 495.6 508.24) 508.2 515.0 515.5
26 535.18) 535.3 532.12) 532.0 546.44) 546.5 555.2 555.3
28 570.611) 571.4 568.42) 567.7 584.24) 583.6 594.9 594.9
30 604 606.8 602(1) 602.7 620.04) 619.7 633.6 633.3
32 636 643.2 638(%) 637.4 654.64) 654.6 671.9 671.5
34 672.34) 671.7 688.64) 688.4 709.9 708.5
36 706.22) 706.1 720.17) 721.0 747.3 745.7
38 739.%4) 740.6 752.18) 752.5 781.7 781.6
40 818.8 817.8
42 850.5 853.0
%Referencd?2].
PReferenced 44].

TABLE IV. Calculatedy-ray energies of the SD bands of Gd and Dy isotopes and the comparison with
experiment(the experimental data are taken from Refl).

14BGd 1SOGd 152Dy 154Dy
Spin Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.
28 602.41) 602.1
30 647.%1) 647.2
32 699.84) 697.7 692.71) 692.6
34 747.34) 746.6 738.11) 738.2 749.(8) 748.0
36 796.74) 796.7 780.010) 768.1 784.01) 784.1 794.42) 794.2
38 846.64) 847.2 815.(%) 809.1 829.91) 830.3 840.62) 840.7
40 897.94) 899.0 848.91) 849.9 876.481L 876.7 887.42) 887.3
42 950.14) 951.3 888.01) 890.9 923.21) 923.4 933.R2) 934.2
44 1003.96) 1004.8 928.01) 931.9 970.21) 970.3 981.11) 981.2
46 1058.46) 1058.9 970.8%) 973.3 1017.41) 1017.5 1028.2) 1028.5
48 1114.36) 1114.2 1013.@) 1014.9 1064.41) 1064.9 1075.) 1075.8
50 1170.66) 1169.8 1056.@) 1057.3 1112.@) 1112.6 1123.@) 11235
52 1227.66) 1226.8 1099.7) 1100.1 1160.8) 1160.4 1171.2) 1171.0
54 1285.26) 1284.0 1144.B) 1144.0 1208.4) 1208.4 1218.@2) 1218.9
56 1343.76) 1342.4 1190.4) 1188.7 1256.46) 1256.5 1266.@2) 1266.6
58 1402.95) 1400.9 1237.4) 1234.9 1304.4) 1304.7 1315.@) 1314.6
60 1461.75) 1460.5 1286.@) 1282.3 1352.4) 1353.0 1361.8) 1362.3
62 1520.06) 1519.9 1336.8) 1331.8 1401.4) 1401.4 1410.%5) 1410.1
64 1579.69) 1580.3 1387.(2) 1382.9 1449.@) 1449.7 1457 &%) 1457.6
66 1439.83) 1436.7 1497.8) 1497.9 1503.77) 1505.2

68 1492.43) 14929 15456&) 1546.0
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FIG. 1. The calculated result of the dynamical moments of in-  FIG. 3. The same as Fig. 1 but for the SD band 1%Hg. The
ertia as a function of the rotational frequency of the SD band 1 ofexperimental data are taken from REEO].
1909 and the comparison with experiment. The experimental data

are taken from Ref.2].
Comparing Eq.(9) with Eq. (7), we know that the
SUseg(3) is changed to Sl§(5) besides a term

that the SUuy(5) symmetry of thesdg IBM may be also a BCzsosdg(S) being added. It seems at first glance that the
good candidate to describe superdeformed rotational stateisteraction Hamiltonian has been changed completely, how-
Furthermore the spectrum generating process shows that tleer, they are, in fact, almost equivalent to each other in
irrep [ny,Nn3,n3,n,] of SUsq(5) plays the same role in la- describing SD rotational band in the view of the above dis-
beling the states as the irrep, () of SUsy¢(3) does, and it  cussion except for the perturbation. It is certain that, to guar-
does not contribute to the excitation energy of the state in antee that the interaction with $§(5) symmetry is only a
band labeled by it. The most significant difference betweerperturbation, we should preserve very sm#@|<Cg,|f4|,

the SUq4(5) limit and the SWYy¢(3) limit is then the term of  and|f|.

interaction with SQu¢(5) symmetry. Therefore it is quite Summarizing the previous discussions we know that by
sophisticated if an interaction with SQ(5) symmetry is  perturbating the SLy(3) symmetry of thesdg IBM and
added as a perturbation to the Hamiltoni{@ We get then extending the Arima coefficient, the excitation energy of the
state in a SD band is given with a four parameter formula
[Eg. (10)]. With the four parameter formula, tHe2 transi-
tion y-ray energye (1) =E(l)—E(l —2), the rotational fre-
quency fiw(l)=[E,(1)+E,(I1+2)]/4 and the dynamical
moment of inertia7 ?=4#2/[E (I +2)—E,(1)] can con-
sequently be determined. Moreover, the energy differences
AE, between two consecutivg-ray transitions after sub-
traction of a smooth referenmEryef(l) can also be obtained.
Taking Cederwall’s notation, we have

H=€Cay,y 151 kCasyy st BCasqyys)

Co

+ Cisa (3 (9
1+f1Casqyy3 fz((.“»zsgdg(e)))2 S

The excited energy of the state with angular momentum
a SD band is thus given as

E()=B[7y(71+3)+ 7o(7+1)] AEY(|)—AE;€f(|)=§ Ey(l)—%[4Ey(l —2)+4E(1+2)

Co

10
+1+fll(l+1)+f2I2(I+1)2 (19

1(1+1).

—E,(1-4)—E,(I1+4)]|. (12)

FIG. 2. The same as Fig. 1 but f6¥Hg. The experimental data

are taken from Refl43].

are taken from Ref.2].

170 T T T 140 T
160 o—o0 Exp. o—o0 Exp.
o—e Cal. 130 | ®—e Cal. 3
150 £ +——e Cal. with £,=0 +—e Cal. with f,=0
< 140 - E E
% ;: 120
S 130 =
£ 120 % 10} 3
= 110} -
0 100 F E
100 £
90 ) . . 90 . ‘
0.10 0.20 0.30 0.40 0.50 0.10 0.20 0.30 0.40
fiw (MeV) Tiw (MeV)

FIG. 4. The same as Fig. 1 but f&t?Ph. The experimental data
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FIG. 5. The same as Fig. 1 but f6¥Pb. The experimental data £ 7. The same as Fig. 1 but f6¥%b. The experimental data

are taken from Ref.2]. are taken from Ref[44].

It is also necessary to mention that to demonstrate\the 4 ll. CALCULATION AND DISCUSSION

bifurcation in experiment, one expresses &€, as a func-

tion of the rotational frequendy—10) since the angular mo- | eqtigating the above formalism more carefully, we

menta are not assigned. However, in a theoretical descripk—
tion, it can be illustrated as a function of the rotational
frequency or the angular momentufhl-18. Qualitative
calculation[35] shows that, only if the parameters hold rela-
tion |B|<C [the case of ;=f,=0 in Eq.(10)], the variation
characteristic ofAEy(I)—AErff(l) as a function of angular

now that the four parameter formylgqg. (10)] can only be

used for positive parity states in even-even nuclei. However,
experiment shows that there are also many SD bands with
negative parity. To describe the negative parity states in
IBM, f bosons should be taken into account. Then the group

momentum is consistent with that as a function of rotationaghaIn which classifies the wave functions of the states must

frequency. We now turn our discussion to the changing fegPe rewritten. Considering the Iower_ excitation which in-
ture of theAEy(l)_AEryef(l) versus the rotational frequency cludes only oné boson, the group chain and the correspond-

fiw in the practical calculation of this paper. ing irreps can be given as

U(22)D Uggg(15) ®@Ui(7) DSUgqg(3) ®@SUi(7) DSQOu¢3) ®SO(7) DSO¢3) ®@SOi(3) DSA3),

[N] [Nsaglis  [1]7 (N ) [1l7 Isdg (1)7 lsdg 3 |
with perturbation

U(22) DUgo(15) @Ug(7) DSUsed5) ®SU(7) DSOuy5) ®SG(7) DSQuy(3) ®©SG(3) DSA3),

[N] [Nsdglis [1]7 [N1,n2,N3,N4]5 [1]; (11,72)s (1), I'sdg 3 I

It shows that for a state with definite angular momentym can belg4q=1—-31—-2/—-1],1+1]+2]+3 and the num-
the angular momentum contributed by thel, andg bosons  ber of thes, d, andg bosons isNgy3g=N—1, whereN is the

140 T T 90 T T T T
o—o Exp.
130 | e—e Cal. k|
+—— Cal. with £,=0
120} 80 1
. <
@
NE 110 ¢ E é’
b= k=
cﬂ 100 - E s 701 o o Exp. — 1
i o—e Cal.
o0 ¢ E +— Cal. with £,=0
80 L L L 60 1 1 L L
0.00 0.10 0.20 0.30 040 030 040 050 060 070 0.80
fiv (MeV) fiw (MeV)

FIG. 6. The same as Fig. 1 but f&#Pb. The experimental data FIG. 8. The same as Fig. 1 but f6t°Gd. The experimental data
are taken from Ref.2]. are taken from Ref.2].
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FIG. 9. The same as Fig. 1 but f&t%Gd. The experimental data
are taken from Refl.2].

FIG. 11. The same as Fig. 1 but fé?’Dy. The experimental
data are taken from Reff2].

total boson number determined by the shell structure. Thed? '=4#%/[E,(1+2)—E,(1)], the dynamical moments of
we can take = | ;44 for simplicity but pay no attention to the inertia of the above SD bands are also obtained. The calcu-
exact boson number and the parity when we regard(Ey).  'ated results and comparison with experimental data are il-
as a four parameter formula to fit experimental data. In factlustrated in Figs. 1-11. For comparison, we give also the
in view of the last section, the boson number does not concalculated results in the case with=0 and where thé=2

tribute directly to the excitation energy of the state in a SD”'rI";Iy enter:glﬁs are reprlc()ducet?] Vﬁ'}' i fih
band except for the influence on the angular momentum. In, " 'OM the figures we know that theé smooth increase ot the
ynamical moment of inertia with rotational frequency in the

practical calculations, the angular momentum is assigneﬁ| S . 4
: ; . : g-Pb region is reproduced well in both the# 0 andf,=0
with the guidance of experimental data. The irrep, () of cases. In more detail, the case fgi=0 is favored for the

the SQqq(5) in Eq. (19) is determined by the branching 51000y increase at higher rotational frequency in the
rules of the irrep reductiofB88]. What we used in calculation SD bands of1%Hg and 19%Pb, but fails to reproduce the

can be simply given as changing feature of the SD bands 6¥Hg, °*Hg, and

(71,72)

curve of the7 ® vs hw. For the SD bands in the Gd-Dy
region, the experimentally observed dynamical moment of

inertia changes much more smoothly with rotational fre-
quency than that in the Hg-Pb region, and holds a platform
or even a turnover. Figures 8—11 show that only .- 0,

can the changing characteristic be depicted well. In particu-
lar, if f,=0, the obtained dynamical moment of inertid?

of 15%Gd is almost a constant. Only if,# 0, can the experi-
mentally observed feature of thé (?) of °Gd be repro-
guced. However, the SD bands ¥fGd and*°Gd cannot be

194ph, which exhibit a turnover or platform in the changing
I .
(§,0>, if 1=4k,4k+1(k+0,1,2...),

2

I
——1,2), if 1=4k+2,4k+3(k=0,1,2...).

After a nonlinear least fitting to the experimentally ob-
servedE, energies, we get the spin assignment andE&e

transitiony-ray energies. The best fitted parameters are liste X ST X
in Table I. It shows that the practical value of tBeis only ~ described well not only witif,=0 but also withf,#0 be-

Co/1000 or even less, i.e., the interaction with the,g®) ~ €ause there are sudden jumps.® which are probably
symmetry is really only a perturbation. The calculated result§lue to sudden particle alignmef5]. _ .
of the E,, energies and the comparison with experimental For the Al=4 bifurcation, since there is not a definite

data are listed in Tables I, Ill, and IV for the SD bands in conclusion for band 2 and band 3 6t*Hg and the phase
and Dy

Hg, Pb, Gd, isotopes, respectively. With

0.06 T T T
0.05 - o——o Exp.
004 - e—ecCal

0.01 ETK

BN i

+— Cal. with £,=0 -0.06

v

AET—AE el (keV)
bbo
o oo
823

0.5
fio (MeV)

230 040 050 060 070 080
fio (MeV) FIG. 12. The calculated result of the energy differens&s, as

a function of rotational frequency of the SD band 1'&Hg and the

comparison with experiment. The experimental data are taken from

Ref.[10].

FIG. 10. The same as Fig. 1 but fé?Dy. The experimental
data are taken from Reff2].
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shifts are quite complicated in these two barid8], we  |f,|12(1+1)? in Eq. (10) determines the slope of thg (?

f .
show then only the calculated result 8 ,— AE'" against  ¢yrye with%w and the smaller onef¢ andf, take opposite

the rotational frequency of the SD band 1 iffHg in Fig.  symbols to each othghas an opposite effect and reproduces
12. It indicates that the experimentally observed staggering i§ e turnover.

Wg” r%pro_dgcseéj ig ggrl\?p\r;roaCh except for the phase shiftat |, 3 microscopic point of view, Ref36] has shown that,
abouts w=0.38-0. ev. . s the interaction is written as E(p) with f>0, the term
Investigating the tables and the Figs. 1-11, we know tha L(1+1) in the d . | le of antipairi E
the E2 transitiony-ray energies and the dynamical moment ( + ) n t.e enominator plays a role of antipairing. Ex-
ending this idea we know that, ds<0, the termfl (1 +1)

f inertia of the SD itativel (}1 ni .
of inertia of the SD states can be quantitatively describe as a pairing favorite effect. Then, when the Hamiltonian is

excellently when thé, is not taken as zero. In particular, the
turnover or the platform can be reproduced well. However @ken as Eqsl7), (9) and the parameters are takenfas 0,

as the parametef, =0, the turnover cannot be depicted. To 120 (0r f1<0, f,<0), the antipairingor pairing favorite
discuss the mechanism for why the turnover5f2) with ~ ©ffectis strengthened. As they are takerfas0, f,<<0 (or

fw is described well in our approach, we compare it with af1<<0, f2>0), both the antipairing and pairing effects are
rigid rotor. It is known that the energy of a rigid rotor is taken into account, and the competition between them deter-
given asE, = (%2271 (1 +1). Its dynamical moment of in- mines the changing characteristic. The successful description
ertia is a constany. When the energy of the state is given as0f the dynamical moment of inertia within this approach sug-
Eq. (10 with |B|<C,, |f4|, and|f,| very small, the dynami- gests that there exists competition, even a change over be-

cal moment of inertia of the stateis tween pairing and quasiparticle alignment caused by the
Coliolis antipairing interaction in the SD states in both the
o R 1+6f1(1+1)+15f,12(1+1)?] A~190 andA~ 150 regions.
- 2C, Recalling the spectrum generating process we know that
the totally symmetric irreps7;,0) of the SQqu¢(5) generate
A2 J 3f1h%0? ; 15f i % w? rotational bands with level sequence®,4,8,12...},
N 2001 1+ 2C?2 [1+afld+ D]+ 6C? {2,6,1Q...}, etc, and the nontotally symmetric irreps

(71,2) of the SQq((5) produce bands with level sequences
{6,10,14,18. ..}, {8,12,16,20. ..}, etc. According to the
rules ofsdg IBM, there are stronde4 transitions between
the state$ + 4 andl which belong to the same kind of $8)

It is obvious that wherf,=0, the angular momentum has a I"ePS (11+2,2), (71,2) [or (71+2,0), (71,0)] separately.
driving (restraining effect on the7 @ if f,>0 (f,<0), and Strong E_2 transition can _take plat_:e between the state
the 7 ® changes monotonously withe. If the parameters andl which belong to a different kind of SG) irreps (r1,2),
are taken ag,>0, f,>0 (or f,<0, f,<0), the angular (71:0) [or (71+2,0), (1,2)]. Thus, two closely placed en-

X[1+8f,1(1+1)]}.

momentum driving effect(or the restraining effegtis €9y bands with level sequenchs Io+4, [o+8, ..., and
strengthened. The @ changes more rapidly withw. As 072, 1o 6, 1o+10, ..., appear naturally, and couple to
they are taken aé,>0, f,<0 ( or f,<0, f,>0), both the "€ band with level sequentg, 15+2, 15+4, ... . Inthis

driving effect and the restraining effect are considered, anf@nd the states differing by 2 in angular momentum are
nked with strongE2 transitions. From Eq(10) we know

the competition between them determines the changing chat: ) =<
acteristic. If the driving effect is stronger7 ® increases that _the contr|bult|on of the termClI(l+1) i to_
with 7 w. If the restraining effect is stronger, thg@ de- E»y~E(1)—E(1=2) is smooth, and that thseo(g)ontnbutlon
creases whildiw increases. When these two effects are in®f the term W'tgo E@) symmetry is E;7(1=4k)
balance with each other, an extreme value appears. ThenZa(2! —4)B and ES®®(1=4k+2)=6B. Therefore, there
turnover emerges. In the present case, the parameters &¥stsE, staggering in the SD band, even though the exact
taken asf,>0, f,<O0 for Hg and Pb isotopes anid<0, Value of B is very small. This indicates that the simulta-
f,>0 for *%Gd, 5Dy, and ®Dy, respectively, and Neous appearance of the totally and nontotally symmetric
|f1]>1f,|. Since|f,|[1(1+1)]? increases more rapidly than irreps in thesdg IBM, which is not possible in thed IBM,
|f,]I(1+1) asl increases, the two kinds of effects changegenerates the spectrum withl =4 bifurcation. In other
from driving dominant to restraining dominant in the SD words, it shows that the emergence of the energy band with
states of Hg-Pb isotopes and from restraining dominant té! =4 bifurcation is an intrinsic property of the perturbation
driving dominant for 1*8Gd and 12" '*Dy, respectively, a With the SQy((5) symmetry. From Fig. 12 we know that the
turnover point must then emerge. It is also worthwhile tofeature of the staggering afE,(1)—AE[(I) obtained in
mention that the best fitted parameters t8%Gd aref,>0, this spirit agrees with experimental data quantitatively well.
f,<0, which are the same as those for the Hg and Pb iso- Since the paramete® = Co/1+ f;Cyo(sy+ fol Cao(z)? i
topes. This suggests then that the property®86d may be  Ed. (9) holds the S@) symmetry and the parameters used
similar to that in the range beyond the turnover of Hg-Pbin practical calculations keeping the relati¢B|<C, the
isotopes, but not close to its neighbors. Comparing the reinteraction Hamiltonian we used is definitely an axial rota-
sults of f,#0 with those obtained witli,= 0, we know that  tional interaction plus a perturbation with §&) symmetry.

the competition between the driving effect and the restrainThe successful description & (1), J @), and AE(1)

ing effect plays a crucial role in reproducing the turnover. It—AE’ff(I) implies that the interaction generating the super-
shows also that the larger one dff;|/I(I+1) and deformed rotational bands is governed by the rotational in-
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teraction, and the perturbation causing thie=2 rotational
band to split intoAl =4 bifurcation may possess $§J(5)
symmetry.

IV. CONCLUSION AND REMARKS

In summary, we have shown in this paper that the supe

deformed nuclear states can be described in the framewo

of an interacting boson model as theosons are taken into
account. By perturbating the SLi(3) symmetry with an
interaction holding the SQ(5) symmetry and extending
the Arima coefficient to two coefficienfs andf,, the ener-

gies of the states in a SD rotational band are expressed asi8nal

four parameter formula with two terms. The first term
B[ 71(71+3)+ 72(72,+1)] holds the SQu(5) symmetry,
and determines thé\l=2 staggering. The second term
Co/[1+f1(I1+21)+f,12(1+1)?]I(1+1) possesses 38

symmetry and a many-body interaction, and dominates th

general characteristic of the band and the changing feature

the dynamical moment of inertia with rotational frequency.

With the Arima coefficient being extended to two coeffi-
cientsf; and f,, both the angular momentum driving and

LIU, SONG, SUN, AND ZHAO

f
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With the four parameter formula, we have calculated the
E2 transition y-ray spectra and the dynamical moments of
inertia of the lowest SD bands in Hg, Pb, Gd, and Dy iso-
topes and the energy differencki ,— AEZ/‘Ef of the SD band
1 of *®*g. The calculated results agree with experimental
data excellently, especially the turnover or the platform of
J @ with % w is reproduced well. It indicates thus that a

the
éEJperdeformed rotational band withl =4 bifurcation can

be described well in thadg IBM as the Hamiltonian is
taken as a rotational interaction plus a perturbation with
SQy4¢(5) symmetry. This provides also a clue that the per-
turbative interaction making th&l =2 superdeformed rota-
band split into Al=4 bifurcation may possess
SOsq¢(5) symmetry. The electromagnetic transition rates
and the moments of deformations can be given in principle;
work to do so is currently in progress. Meanwhile, the appli-
cations to other SD bands are also underway. Furthermore,

e investigation of describing the SD states in the frame-

ork of perturbated S(B) symmetry with SW3) wave func-
tions[34] is also being carried out.
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