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Abstract Within the supersymmetry scheme including many-body interactions and a perturbation possessing the SO (5) (or SU(5))

symmetry on the rotational symmetry, the superdeformed (SD) bands of the odd-A nuclei in A ~ 190 mass region are investigated

systematically. Quantitatively good results of the Y-ray energy spectra and the dynamical moments of inertia are obtained. It shows

that the supersymmetry approach is powerful in describing not only the generic rotational property, but also the AJ = 4 bifurcation and

the identical bands in SD states simultaneously.
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1 Introduction

Since the observation of the superdeformed (SD) bands
in ! Hgm , many SD bands have been observed in A =~ 190
mass region. Just for the odd-A nuclei in this region, more
than 40 SD bands have been established (for a compilation
see Ref.[2], for some recent data see Refs.[3,4]). And it
has been observed that, for the SD bands in A ~ 190 region,
there are some fascinating phenomena, such as identical
bands , AI = 4 bifurcation {(or AT =2 staggering)m even
though it is not so distinct as that in Waed(1) ) Then dif-
ferent models have been applied to describe the bands and
study the underlying physics. In the self-consistent cranked
approaches (see, for example, Refs. [8—12]), the single
particle configurations and the dynamical moment of inertia of
the SD bands in A ~ 190 mass region have been calculated.
In phenomenological approachesm'm ,some of the SD bands
have also been discussed. In the approach based on the inter-

acting boson model(IBM)[ISJ , the SD bands of some even-
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even nuclei in mass regions A = 190 and 150 have been stud-
ied!’*"®), With the approach being extended to the super-
symmetrym_zz], the SD bands of the odd-A nuclei in 4 =

(2] Meanwhile s

150 region have been studied systematically
the most typical AJ = 2 staggering SD band '*Gd(1) (7, and
the identical SD bands Dy (1), "' Tb(2), ** Dy (4),
3Dy(2) and 152Dy(3)[5] , even the identical SD bands with
AT = 4 bifurcation {¥° Gd(1),¥Gd(16),**Eu(1)} (24] ,and
those in A ~ 190 mass region have been reproduced
well23=7]  Furthermore, besides the SD bands in ' Hg
and 193Hg,were discussed in Ref.[28], the identical bands in
A = 190 region j1 Hg (2), 193 Hg(S)} , {9 Hg (3),
Hg(3)}, 1" TU(3), " TI(5)}, and | TI(D), T2,
and the SD bands with Al =4 bifurcation have also been re-
pmducedm'”] . Meanwhile, the SD bands of the odd-odd nu-
cleiin A ~ 190, 150 and 130 mass regions have been dis-
cussed within the algebraic appro:slchm_331 , too. However,
systematic study on the odd-A SD bands in A = 190 region is
still lacking. With the approach proposed in Ref.[26], we
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will investigate the SD bands of the odd-A nuclei in 4 =190
mass region systematically in this paper.

The paper is organized as follows. In the next section,
the formalism of the approach will be described briefly. In
Section 3 the calculated results and some discussions are pre-
sented. Section 4 summarizes the discussion and gives some

remarks .

2 Formalism

Experimental data show that superdeformed bands exhib-
it quite good rotational characteristics. The dynamical symme-
try group chains to label the states should be the ones ending
with SO (3) . Basing on the fact that supersymmetry scheme
can describe well the normally deformed states in even-even,

20
t ], we assume

odd-odd, and odd-A nuclei in a unified way
that SD states can be classified with supersymmetric group

chain
Ulm,n) D Uy(m) ® Ug(n) D+ D
[N] [Nel,  [Ned,
S0g,5(3) ® SU(n') D Spin(3),
L S I
where m is determined by the constituent of the bosons. n is
determined by the single particle configuration of the fermion
(s), and n' by the total pseudospin. N = Ny + Ny is the
total number of particles with Ny, N the boson, fermion
numbers, respectively. In the framework of supersymme-

(2] " even-even nucleus and its odd-A and odd-odd neigh-

try
bors are the multiplets of the irreducible representation (ir-
rep) [ N] of the supergroup U(m, n).

Since the n and Ny can be fixed with the assignment of
the single particle configuration, what we should determine is
the m and Ny. Since the bosons to describe positive parity
SD states should be s, d and g bosons''®*17-*! | and p, f
bosons are essential to depict negative parity states®*!, the
constituent of the bosons should be s, d, g, p and f bosons,

(36:37] showed that the subset

i.e. m =25. Symmetry analysis
of s, d,g bosons holds SUsdg(S) , SUsdg(3) , and other sym-
metry limits. Examining the geometric shape, hexadecupole
deformation parameter f3, and energy spectrum indicates that
the SU,(5) symmetry can describe well-deformed nuclear
states as well as the SU s,dg(3) symmetry[38'39] . Other studies

manifest that the SU 4,(5) symmetry can generate a geometric

shape with C4-symmetry[34] and energy spectra exhibiting AJ

=2 staggeringm] . Meanwhile, the potential energy surface
of the SU 4, (5) symmetry has two minima displayed with dif-

ferent energiesm]

. Then, the SU,, (5) symmetry can be
taken to describe positive parity SD states. On the other
hand, it has been known that the subset of p, f bosons also
has SU(5) symmetry (denoted as SUPf(S))DS}. We have
therefore the group chain for the boson part -

Uvigi(25) D Uy, {15)® U,(10) D SU.,(5)®

[Nl [NVl [Nyl IR (5pp)
SU(5)D Su(s)> S0(5)> 50(3),
IR(SNP) [n19n2’ ni, n4] (T17T2) LB

with which SD states can be classified. Here the IR (SPP) y
IR(5yp) refer to the irreps [ ny, ny, a5, n4:|sdg, [nysng,sns,
n4]pf of the groups SU4,(5), SU(5), respectively. For a
nucleus with definite Ny and Ny, all the possible irreps
[Nsdg] ’[pr] Lnysng,ng, n4:|sdg’ [y, ng, 03, n4]pf’[ ny,

Ny, Ny, n4] ,(7;,7,) and Ly can be fixed by the branching
rules of the irrep reductions of U, (15) D SUsdg(S)m’m )
U,(10) D SU(10) D SU(5), SU(5)® SU(5) D SU(5)
(See, for example, Ref. [40]), SU (5) D SO (5),
S0(5)D SO(3)[36’37] and the trivial one N, = Ny - N
with pre [0,Ng]. In practice, it is usual to take Nyg=0

sdg pf
for positive parity states and N ;=1 for negative parity states
since only “octupole vibration” has been observed in SD
states(see for example Ref.[41]) . The contribution of the p
and f bosons can thus be included on the level of angular mo-
mentum coupling. Taking advantage of the spectrum generat-
ing principle, we know that every irrep of the SU(5) group
contributes a constant to the energies of all the states within
this irrep. Consequently, the irreps of the SU(5)groups con-
tribute nothing to the relative excitation energies of the states
in a band. The contribution of the bosons to the Y-ray ener-
gies (Ey’s) in a SD band is thus in fact the one with the
S0(5) symmetry. We get then
E = E)( Ng, Ng) + Blr (1, +3) + t,{r, + 1)] +
CL(L+1)+ CS(S+1)+ CI(I+1), (1)
where ( r;, 7,) is the irrep of the SO (5) group. The
L = Ly + Ly is the total angular momentum of the effective
core ( Ly is the pseudo-orbital angular momentum of the
fermion) . I is the total spin of the nucleus (I = L + § with
S being the total pseudospin) . For the fully stretched pseu-
dospin configuration (i.e., I = L + 8), with an effective
aligned angular momentum { being introduced as i =
.S '
C+ G

,Eq.(1) can be rewritten as
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E = Ey(Ng,Ng) + Bz (zy +3) +
oy, + )]+ CI'(I +1), (2)
where ' =1-1i,C = C, + C;,and E;( Ny, Ng) is a little
different from that in Eq. (1) since a constant is involved.

C
Obviously, by adjusting the ratio —L . one can get any value

G
of the alignment i. In particular, taking C, =0,one has i =
0, i.e., the strong coupling limit. If C;, =0, one gets i =
S, i.e., the pseudospin decoupling limit. Even though the
quantum numbers can be fixed with the branching rules of the
irrep reduction, it is difficult to determine the (7,,1,) of the
S0(5) due to the complexity of the microscopic configura-
tions of SD states. Given that SD bands are generated by the
non-totally symmetric irrep [2Ng-2,2,0, 0]of the SU(5)

group, the (7, 7,) in practical calculation can be simply

given as[23,25,26,29]
([%] ,o), if L =4k 4k +1(k=0,1,)
T1,Ty/ = L »
([7] -1,2) Jf L=dk +2,4k +3(k =0,1,+)

(3)

where [ @] denotes the integer part of a.

It is evident that, the variance of the dynamical moment
of inertia ( Z (2)) vs rotational frequency (#w) can not be re-
produced by Eq.(2) if the parameter C is taken as a con-
stant . In light of the variable moment of inertia mod-
el 18:19:23:25,26,29,42,43) | ywo can write the C as a function of the

angular momentum ['. We get thus

E = EO(NB’NF) + B[Tl(fl + 3) + T2(T2 + 1)] +
Gy
1+ A7 +1) + LTI +1)?

where C,,f; and f, are parameters.

rar+1), (4)

3 Calculation and discussion

With Egs. (4) and (3) under the commonly used as-
sumption[s’m’m that Ey( Ny, Ng) is a constant for a nucle-
us, we calculate the Y-ray energies and the dynamical mo-
ment of inertia of the 43 odd-A SD bands "'Au(1—3),
189, 9 Hg(1—4) , P Hg(1—5) ,  Hg(1—4) , B TI(1—
2),"'(1—2), " T(1—5), P T (1—2), ¥ Pb(1—6),
195ph(1—4),"Pb(1—2), ™ Bi and " Bi(1—2) . After a
nonlinear least square fitting to the experimental 7-ray ener-
gies in the strong coupling limit (i.e., i =0,1" = I),we get
the E’,s. The best fitted parameters are listed in Table 1.
The obtained E’,s of almost all the levels in the SD bands fit
experimental data within 2keV if their experimentally ob-
served 7 ) 4 plots do not involve humps (i.e., in the
microscopic point of view, the single particle configurations
for the bands to build upon do not contain any band cross-

ing) . The errors of the calculations

Egcal.)( i)

a:\/lNi(l-m)z, (5)

where N is the number of Y-rays in a band, are also listed in

Table 1.

Table 1. The fixed parameters in the calculation ( B, Cy, f; and f,), the E,(Iy—>1,-2)
and the error ¢ of the calculation.

Band B*/1073 Co fi/7107°3 £/107° Iy E,(I;>1,-2)" 6/1073
Bl Au(1) -4.209 5.306 4.404 -3.346 9.5 186.8 4.828
YAu(2) 2.467 5.408 4.496 ~1.349 19.5 397.8 0.5812
¥1Au(3) 6.393 5.508 6.200 -5.750 18.5 382.7 0.8395

¥ Hg 2.118 5.462 2.250 4.900 17f5 366.2 0.6267
BlHg(1) - 0.6686 5.263 2.866 -0.3345 15.5 310.9 0.9263
1Hg(2) 0.9639 5.309 4.026 -2.724 12.5 252.4 0.4614
Y1Hg(3) 0.8815 5.321 4.770 -3.724 13.5 272.0 0.6537
Y1Hg(4) 6.876 5.874 4.715 -1.478 12.5 280.9 2.632
1B Hg(1) -4.272 5.426 8.519 -12.33 9.5 192.3 4.073
9 Hg(2) -1.128 5.364 4.995 ~-3.824 12.5 254.0 0.3135
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(Table 1 continued)
Band B*/10°3 Co fi71073 f/10°° Iy E(I—>1,-2)" 6/1073
% Hg(3) -4.544 5.369 5.106 -4.132 11.5 233.5 1.094
% Hg(5) -9.723 4.451 -5.003 15.44 16.5 291.0 4.575
%Hg(6) -2.334 5.463 2.818 -1.165 11.5 240.5 1.919
5Hg(1) -2.550 5.377 6.029 5.322 16.5 333.9 0.8506
9 Hg(2) -3.126 5.381 6.037 5.182 13.5 273.9 0.4943
19Hg(3) 8.397 5.046 -0.7697 8.873 14.5 284.5 2.535
1%5Hg(4) 1.044 5.122 2.992 -1.649 17.5 341.9 0.7346
18T1(1) -1.789 5.529 3.823 0.6183 15.5 326.3 0.4812
1971(2) 9.740 5.505 4.027 0.899%0 14.5 304.5 1.593
¥(1) 0.6083 5.390 3.612 1.161 17.5 358.9 0.6705
BIT)(2) -0.1572 5.822 8.895 12.49 19.5 417.2 0.8429
T1(1) -1.453 5.230 3.923 -4.182 11.5 227.2 1.176
9371(2) ~1.354 5.226 4.204 -3.063 10.5 206.6 1.173
1%511(3) -0.6049 5.287 2.151 -5.99 9.5 187.9 3.690
1”'11(;1) 5.008 5.787 10.33 -23.83 11.5 250.8 2.997
9T1(5) 2.427 5.335 4.585 -4.886 13.5 271.5 2.019
9T1(1) 3.363 5.251 3.305 -0.5114 7.5 146.2 1.162
19571(2) -7.792 5.261 0.4113 ~0.9868 8.5 167.5 1.348
93pp(1) 2.007 5.371 4.033 - 8.663 13.5 276.9 1.484
193pp(2) 8.386 5.271 -1.434 11.92 9.5 190.5 1.658
193pp(3) -2.466 5.277 3.387 -2.967 12.5 250.6 0.5466
193ph(4) 1.234 5.349 5.473 -6.459 13.5 273.0 0.4525
19Ph(5) 3.155 5.389 5.759 -8.941 10.5 213.2 0.6071
193ph(6) 4.273 5.405 6.066 -9.583 11.5 233.0 1.918
95ph(1) -0.1677 5.022 2.106 -5.038 9.5 182.13 0.5402
15pp(2) -4.557 5.067 -1.237 7.244 8.5 162.58 0.6388
195ph(3) 9.247 5.442 6.719 -12.84 9.5 198.19 5.902
19Ph(4) 4.946 5.432 5.743 -6.584 10.5 213.58 2.455
197ph(1) -0.7075 5.124 1.769 - 1.687 9.5 184.4 0.8729
97ph(2) 2.075 5.122 ~0.3773 3.583 10.5 205.5 0.6876
195B; 20.01 5.546 8.385 ~21.66 12.5 261.5 1.496
97Bi(1) ~9.306 5.214 0.5382 3.835 8.5 166.2 1.052
978i(2) 1.083 5.209 1.394 8.807 9.5 186.7 1.631

* in keV.
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With Z®=a4%%/[E,(I1+2) - E,(I)], we get the dy-
namical moments of inertia of the bands. The obtained results
and the comparison with experimental data are shown in Figs.
1—4 for the SD bands in Hg, Tl, Pb isotopes and in Blay,
'%5Bi and ' Bi, respectively. The figures show that the dynam-
ical moments of inertia of these SD bands have also been re-
produced well.

It is worth to mention that the calculated results have re-
produced not only the general trend but also the turnover of
Z )ys fuw . Extending the suggestion given in Ref.[43] in
which only f] is taken into account, one can know that the an-
ti-pairing (or pairing favorite) effect is strengthened when the

parameters are taken as f; > 0, f, >0, (or f; <0, f,<0).

However, when they are taken as f; > 0, f, <0, (or f; <0,
f2>0) both the anti-pairing and pairing favorite effects are
included. To show the necessity for us to extend the approach
proposed in Ref. [43], we have also evaluated the E:,s of
these 43 SD bands in that approach (i.e., taking f, =0 in
Eq.(4)). For the bands without turnover in the Z @ 4
plot, the obtained results in the two approaches are quite close
to each other. Nevertheless, the calculated results for the
bands with turnover, for instance the bands '* Hg (1),
19SHg(l) , 195Hg(2) and BT1(4) are quite different. Mean-

while we have also evaluated the E.s with the scheme of Har-

[44 [45]

ris expansion Yorl (I+1) expansion'*’,and the ab formu-

1aM61B) | For comparison we re-display the & 205 of the bands

—m— Cal.
140 | —— Exp. 1 140
120 | be175% | L1557 . L=12.5% vvd.,e" {120
100 | ,,.rv’f - Ll 100
4 189 191 191
Hg Hg(1) Hg(2)
I=12.5% I=12.5% 1=9.5%
140 | + 140
2 ™ v,
120 | L jf ] / 'icvwgi"\\v 120
p ]
100 | go A ,,w"’f 100
PHg(3)1 T P'Hg(4) Heg(1)
~ I=12.5% I=11.5H I=16.5R 180
T 140 v r
> M J 160
= /
Z 10 rﬂfwﬂ fvv 140
= 120
S 100 | oo L y :
% 193Hg(2) va 193Hg(3) W“vw;:yvj 193Hg(5) 100
I=11.5% I=16.5% I=13.5%
140 " | 140
120 vaﬂg ; f‘,ff 120
100 | oo™ ] | = 100
' Hg(6) Hg(1) *5Hg(2)
1=14.5 1=17.5k 02 03 04
200 S 140 #io/MeV
./ v
160 iﬂ ﬁ 120
120 3 100
- L ad 195Hg(3) 1”Hg(4)
02 03 04 02 03 04
T/ MeV

Fig.1.

The calculated result of the dynamical moments of inertia as a function of the rotational frequency of the SD bands

in the odd-A Hg isotopes and the comparison with experiment. The experimental data are taken from Ref. [2].
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—&— Cal.
140 | _g— Exp. 1 140
I=15.5% I=14.5 I=17.5%
120 | ff s JJ; 1120
100 | v‘wm’/{v vae” { o~ 1100
189T)(1) 189Tl(2) 1IT|(1)
140 - L=11.5% 1=10.5% 1;=9.5% 1 200
= 1160
120 o8 4 ]
i
VVJ {54 1 120
2 100} we popom T
2 93T)(1) 1987)(2) 19T1(3) 4 80
= + + + + + +
®
& 2007 pernsw 1,=13.5% 1=8.5% w1140
e
160 | £
ff 1120
120 | . o
SO, oo )
oo™ R yroo= o 7 {100
80 1 TI(4) TI(S) 5T1(2)
01 02 03 04
140 [ L=7.5% I=19.5% 140 Fo/MeV
£
120 | ﬂ_&v ﬂf 1120
100 | g oed 100
195T1(1) 191T|(2)
01 02 03 04 01 02 03 04
Ao/ MeV

Fig.2.

The same as Fig.1 but for the SD bands in TI isotopes.

The experimental data are taken from Refs.[2,3] and [4].

193Hg( 1), 195Hg( 1), Hg(2),and 9T1(4) obtained in the
present approach and those gained with the other schemes in
Fig.5. It is apparent that the approach proposed in Ref.[43]

2 5 with the

and the ab formula produce only a monotonic Z
Hw . The three parameter /(I + 1) expansion (or Harris ex-
pansion) and the present approach generate the turnover of
the 7 (2’5 Moreover the present approach gives globally lit-
tle better results than the three parameter /( I + 1) expansion
(the total calculation error of the 43 bands in the present ap-
proach is 67.2871 x 10~ and that in the three parameter
I(I+1) expansion is 68.5988 x 1073).

On the other hand, examining the experimentally ob-

served Y-ray energies, we know that there also exists AJ = 4

bifurcation in the SD bands ®*'Au(3) ,"™Hg(2) ,"®TI(5) and
YBi (1)1, even though the staggering sequence is not as
long as that in 149Gd(1)[7] and 194Hg( 1 )[6] , and the ampli-
tude is not so large as that in ¥Gd(1). For the completeness
to show the efficiency of the present approach and the others,
we reexamine the energy difference AE, between two consec-
utive Y-ray transitions in the four bands obtained in the above
mentioned approaches. In the examination, we take Ceder-
wall’ s notation'®’ to manifest the difference AE,, where a
smooth reference expressed in the fourth-order derivative is
subtracted. The obtained results are displayed in Fig.6. The
figure shows obviously that the present approach reproduces

the Al = 4 bifurcation quite well. However the three parameter
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—&— Cal.
140 | —7— Exp. 1 140
I=13.5% 1=9.5% I=12.5%
120 + 1120
T
100 A }JJ' Mﬁn 100
I = I ~ ]
B‘Q—W
193Pb(1) 193Pb(2) 193Pb(3)
140 +  [~13.5% I=105% I=11.5% 1 140
1 120

120 + ’yeﬂ_nﬁa 4
100 + ,«r"’f

ﬂ T v,/y‘f’xi { 100

T
E 193pi(a) 193Pb(5) 193pbi(6)
z N . ;
’& 140 | I=9.5% 1=8.5% L =9.5% 1 140
120 | fﬁ {120
W—Q/ﬂiﬂ
100 | guwoo® SR + \VVVVV& 1 100
195Pb( 1 ) 195Pb(2) 195Pb(3)
140 | r=10.5% 1=9.5% 1=10.5% { 140
120 | V&J { 120
] /V
o
& _VBWW
100 | }ﬂj 1 wowese™™ ! soosos W‘,_Ww”j 1 100
7 195pp(4) 197pp(1) 197pp(2)

0.1 02 0.3 0.1

03 04 01 0.2 0.3 0.4

ho/MeV

Fig.3. The same as Fig.1 but for the Pb isotopes. The experimental data are taken from Ref. [2].

I(I +1) expansion does not. The ab formula, the approach
proposed in Ref.[43] and the present approach with B =0
do not either( For simplicity, we show only the results in the
three parameter I( I + 1) expansion in Fig.6). By the way,
since the best fitted parameter B in the present approach is
very small, the term with SO(5) symmetry contributes only
to the Al = 2 staggering in Y-ray energies ( the total error ¢
with B =0(67.5948 x 107?) is slightly larger than that with
B£0).

The parameters listed in Table 1 exhibit some systematic
properties. For almost all the bands, the C,’ s are about
5.5keV, the f;s are positive and the f,’ s are negative. The
few exceptions come from that the variation of Z Dys T is

drastically different from the general behavior of the SD bands

in A =190 region. It means that, for the SD bands in A ~
190 region, especially the ones with turnover, the anti-pair-
ing effect plays more important role than the pairing effect in
the low rotational frequency region, but the pairing effect re-
covers in the region of high rotational frequency. It indicates
that there exists competition between the pairing and anti-
pairing effects in the SD states in A ~ 190 mass region (at
least for the ones whose 72 exhibits turnover with the 7w in-
creasing) . The few exceptions which possess f; > 0 and
f> >0 mean that only the anti-pairing effect plays a role in
generating the bands, and those with f; <0 and f, > 0 shows
that the pairing effect is more important to build the bands. In
the other point of view, since the inclusion of the f; and f, is

[25]

a way to consider the many-body interactions' ™, the present
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—&— Cal.
140 | —9— Exp. 140
I=9.5% ] I=19.5%
120 120
100 | . 100
sl BlAu(1) BlAu(2)
T> 140 + [=18.5% I=12.5% 140
L)
3 J’j
> 120 120
x /
= 1
g\ 100 Y 100
N 191Au(3) 195Bi
140 | 1,=8.5% 1=9.5H 140
120 120
100 Y Jp.{v-f‘z 100
197Bi(1) 197Bi(2)

01 02 03 04 01 0.2 03 04
ho/MeV

Fig.4. The same as Fig.1 but for the SD bands ' Au, ' Bi

and '"Bi. The experimental data are taken from Ref.[2].

160 —
1130
150 |
140 + 1120
130
1110
120 +
110 1 100
5 100 |
2 ‘ {90
T 170 b 2 o '/3-170
7:\ 160 | ' 160
150 Jg 110
fus {140
140 t
1 130
130 }
1120
120 }
1110
110 } -
195Hg(1) . 195ig(2) 1 100
0oy ¥ . . . . . e
01 02 03 04 01 02 03 04

fio/MeV

Fig.5. The same as Fig. 1 but for the bands > Hg (1),

95Hg(1) ,Hg(2) and '*T1(4). The ones labeled with Cal.

-1, Cal.-2, Cal.-3, Cal.-4 refer to the result obtained with pre-

sent approach, the approach of Ref.[43],the ab formula and the

three parameter I{ [ + 1) expansion. The experimental data are
taken from Refs.[2] and [4].

calculation shows that many-bedy interactions play dominant
roles in SD states. In addition, the fitted parameters for the
bands in the pairs {®' Hg(2), " Hg(3)}, {"™ Hg(1),
Hg(2)}, "™ TI(1), *TI(2)} and {*"Bi(1), ""Bi(2)}
are quite close to each other, and the difference between the
angular momenta is 1 unit. It manifests that the bands in the

pairs are signature partners.

—a—Cal.-1

04 1 o Cal-4
02 t —Exp. .
0 ofolo, 9 g ofol

=02 v » A
—-0.4 191A4(3) 195H5(2)

0.4
0.2 .

o aghgherd M

AE,~AEF/keV

v v

—0.2 .
—-0.4 193'1-1(5)

0.1 02 03 04 0.1 02 03 04
hiw/MeV

Fig.6. Calculated results of the energy differences AE, -
AE™ of the SD bands ' Au(3), " Hg(2), TI(5) and
97Bi(1) in the present approach with B 520 (denoted as Cal.
-1) and those in the three parameter /([ + 1) expansion (de-
noted as Cal.-4) and comparison with experimental data (taken

from Ref.[4] for 'TI(5) and from Ref.[2] for the others) .

4 Summary and remarks

In summary, within the supersymmetry scheme including
many-body interactions and a perturbation holding the
SO(5) (or SU(5)) symmetry on the rotational symmetry,
the superdeformed bands in the odd-A nuclei in 4 =~ 190 re-
gion are investigated systematically in this paper. The calcu-
lated results show that, when the parameters are taken as free
ones, not only the generic properties of the SD bands but also
the turnover of the dynamical moment of inertia can be de-
scribed quantitatively well if the observed variation of 7 Pyg
Fiw in experiment does not possess humps. The calculated re-
sults are also compared with those obtained within the scheme
of Harris expansion[‘“] or I(I+1) expansion[45] ,and the ab

(46.13] ' The comparison indicates that the present ap-

formula
proach is much more powerful to describe the bands with the
“turnover” phenomenon and those with Al = 2 staggering in
E, energy. Recalling Ref. [29], one can also know that, with

the single particle energy being considered simultaneously,
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the supersymmetry approach reproduces the identical SD
bands {*'Hg(2), " Hg(2)}, {*'Hg(3), " Hg(3)} and
{198 71(3), ¥ T1(5) |, | ™*T1(1) ,"*TI(2) | as well. It shows
that the supersymmetry scheme approach is powerful to de-
scribe not only the global rotational properties of SD bands but
also the identical bands.

Investigating the algebraic structure of the groups one
knows that the SO(5) and SU(5) symmetries are those of a
five-dimensional space. Other investigations have shown that
the SD states in the A =~ 190 mass region can be described
well in the framework of a quantal Hamiltonian with five col-

[47]

lective quadrupole coordinates Our present calculation

confirms the success in another direction. We propose then

that the mean field to generate the SD states may not be the
usual three-dimensional space field, but the five-dimensional
super-space field spanned by the five collective quadrupole
coordinates. Such a super-space may possess the orthogonal
rotational symmetry SO (5), even the unitary symmetry
Su(s).

It is also worth while mentioning that, even though the
meaning of the parameters f; and f, have been discussed, the
microscopic mechanism of involving the many-body interac-
tions and the competition between the pairing and anti-pairing
effects in the way described in this paper and Refs.[ 18,23,
25,26,29,43] needs to be studied further.
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A=190 HBRHT A BBREFNREHME"
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AERTYRYFTRESALZRE dbx 100871)
I(FEMERELYHEFITA Juz  100080)
AZHMEBEFIESERTREFEFZHERPC 2M 730000)

WE ARCEFEAMEIEAMEA SOG)(K SUG)H)MHRER &S HFRA N B HRER T &, 51 4
~190 FERHF ABWRBHERAFHTRANFR, AAR R KE v AR E LRGN FHARES
BRALGERERRHATERANER XEP BARFEF N TURTEH U LB EFHERER, &F
URBFHHERBHEFH AI=4 22T LAFEFTRAL.

XA ABEFT i FAFEEHIFEE EXHHEE EARFARE
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