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\P.stIT'£1= lfsin~ the ab fitting approach, the spin of the lowest level observed in the excited 

~'IT'i'rdi'forrT!ed (SD) band HtSGd'" (fed by 856 keV transition) is determined to be [0 =33. 

Th.! 11.~laJ}'S .. S of the dynamic moment or inertia .1(2) and the ,ratiO V![.7t 
1)J3/.:rt2

) shows 

indication of a structure change near f::::: .52 (hw 1:::::: 0.67 MeV), though not so significant as 

that observpd in the yrast SD band u6Gd. 

r.\CS numherls): 21.10.Dr, 21.10.Re, :!3.20.Lv, 27.60.+j 

"\rnilin~ ll.ddress: Department of Physics, P'!king University, Beijing 100871, China 

Recently an t'xcited superdeformed (SD) band in H6Gd (hereafter called H6Gd*~ was 

found [1]. The spin of the lowest level observed (fed by 856 keV ...,-ray) is assigned to be 

[0 > 29. It was pointed out that u6Gd* and the previously identified yrast SD band H 6Gd 

[2J are probably not signature partners, and for H6Gd* the dynamic moment of inertia 

changes smoothly with frequency which shows no evident indication of band crossing as 

observed in the yrll8t SD band at llw 1:::::: 0.65 MeV [2.3]. 

In [4, 5] an effective method was proposed to determine the spins of the SD bands 

directly from the transition energies. In this approach (hereafter called a.b fitting) the 

observed transition energies are least squares fit to 

E1([) == E.,(l- [- 2) = a [VI + b[([ + 1) - VI + b(l- 2X[ -1)] (0 

deduced from the dosed two-parameter f([ + 1) expression 

E(l) = a [v'I +b[([ +1) - 1] , (2) 

which may be derived from the Bohr Hamiltonian for a well-deformed nucleus with small 

axial asymmetry [6]. It is found that, once a correct spin value of the lowest SD level, [0. 

is assigned. the calculated E..,([)'s coincide with the observed results very wen. However, if 

[0 is shifted from the correct one, the root-mean-square deviation will increase drastically. 

Therefore, the [0 va.lne, hence an the spin values of the SD band levels, can be determined 

reasonably. Using this method the ~pin of the lowest level observed in the SD band H6Gd* 

is determined to be [0 = 33 (see Fig. 1). In Table 1 the comparison of the calculated 

and observed E.,'s are given. It is found that if the low('r nine transitions are involved in 

the litting the observed E..,'5 r.an be reproduced incredibly well (/E~al - E~xPI.:$ 0.3keV). 

However, the calculated four hilSher transitions I which are less closely related to the bottom 

of the band F)), E.,(l)'s for f =':,3. 55, :)7, and 59 are systematicany a little larger than the 

corresponding obs('rved resuits. Lt>. the ohserved four highest levt'ls are slightly depressed 

in compared with the prediction of eq. (2), which seems to indicate some changes of the 

intrinsic structure. 

In Fig. 2 a.re gi!en the dynamic moments of inertia .Ji.2) extracted by .1(2)(l) :::::: 

tll.'/[E.,(f +2)-E..,([)1 rrom the observed transition en('rgies (solid circles) and calculated 
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hy the "xprrssion [4] 
/

,1(2) = ~ [1- (hw)2]-3 2 (3)
a.b a.2b 

for II) =" 31. 33, and 35 (lines in the figure). It can be seen that while for the lower nine 

trn."~itil)m: (hw ~ O.6Sl\1eV) the calculated ,1<')'s for 10 =33 coincide with the observed 

r!'~lIlt'l v"ry well, but a. significant d~riation is found for the several highest ..,-transitions 

(fh) > n.iO MeV'. This gives an additional support for the spin assignment or 10 = 33 and 

<;hl)\'7~ that there eriats structure change in u6Gd* at 1 ,... 53 (l1w ,... 0.67 MeV), though not 

~o ~iltnifica.nt as that in the yrut SD band HtlGd [3J. Calculation shows that for 10 = 33 

hoth th ca.kulated .1(2) and .7(1) (> .7<'» decrese smoothly with w and in the range of 

fie..: - 0 ·l3 -0.65 MeV, .:Ji2) decreases by about 10% in accordance with the observation. 

From eq. (2), one may derive an analytic expression for .7<1) [4]. It can be proved that 

the ra.tio R V[..111)]3/.1(2) i. w- (or 1-) independent within a rotational band, which has 

been verified by the extensive data of rotational bands for normally deformed as well iuJ SD 

nuclei F~]. The R - w plot for H6Gd* is displayed in Fig. 3, which also indicates a structure 

change a.t 1 .... 53. 

The above analyses seem to support the scenario I in ref. [3J (see Fig. 7( a) there) for the 

neutron confi~ration of the SD bands Hllad (710{642]::;-1/2) and u6Gd" (7181[642]:;;1/2). 

In this I'ase both SD bands UIIGd and UIIGd* should experience a crossing where the [6421~n 

intern.cts [651 ]1/1 (0 = -1/2 a.nd 1/2, respectively). However, the la.tter crossing is predicted 

to occu r at higher [requency but with less interaction strength, 
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TAB LE I. Transition energies in the SD band 

of 146Gd*. The calculated values are ~btained 

from the least squares fitting (with parameters 

a = -8.4491 x 105keV,b = -1.5900 x 10-~). 

Only the nine lowest transitions are involved 

in the fitting. Data are taken from ref. II]. 

EU.P Eeal E;u _E~xp.. ., Spin assignments 

1532 (1548.4) 16.4 59 -57 

1413 (1485.0) 12.0 57 -- 55 

1415 (1422.8) 7.8 55 - 53 

1359 (1361.9) 2.9 53 ..... 51 

1302 1302.1 0.1 51 -- 49 

1243 1243.4 0.4 49 - 47 

1186 1185.6 -0.4 47 -- 4:5 

1129 1128.8 -0.2 45 -- 43 

1073 1072.8 -0.2 43 -·11 

1018 1017.6 -0.4 41 - 39 

963 963.1 0.1 39 -- 37 

!109 909.4 0.4 37 - 35 

.s5G 856.2 0.2 35 - 33 
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Fig. 1 Tht' root-rne/tO-l'quarl' devia.tion~ t = 
2J I, 2

! "" I! Eul(l) - PlCPf l}', t ' (or[n --,-::, ...., .". 

various sl'i n assign Illents (or th(' SO 

hl\lId in 116 r; (/,<, !'J is Ihl:' spin value 

pr('sr Ii bed 1(0 1 h,' lo\,:"sl It'vt'l obs\>rv,',j 

[i.e. E·,(/o + 2 - fl)} =... 5GkeV} 
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Fig. :2 Th,· :Iyr.11I1i, mOIIl<>nts .j[ in'~rtia ~... r 

Ihl? SD i;.:tnd 116(;,.1_ TI\(· \<lJII~~ I'X

tracted (rom th", observpd ~E.";:. are rep

f(,Sl'llted by solid circles, while l,ho5e -:al

C'ulnt"d [mill "'I- (:1) art' <:\","old ty ~r;hd 

lint'S. Tht:.' rotalion~1 frequency IS gi\'!'n by 

fi..:I/) =;1/'2 {Ii .... i ( + I) + ?i.... , { , '1 

(I/-1:)(E.,./ +:2 - f, + E.( {- (- :?l] 

• , r ' ,gO,l 

I 

> 
(J) 85 [ • 00 •• 00" 

::E 
C\1 

JC • •• 
"--" 80 • 
~ 

75 
a to 20 

I - I a 

Fig. 3 The ratio R == V[.1( 1)]31.1(2 ) values for 

various spin assignments for the SD band 

1I6nd* . ..\ ~Iight stru('tur'! chan~e rail b" 

~~E'n a.t f :;: ;'2. 
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