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Abltract 

The superdeformed bands in I8IIHg and 196Hg are inv<!stigaw.l. Th<! spin value of the lowest 

levels obsened in l$IIHg (fed oy 366.0 keY) is assigneci as 3lj2 ~nd that of IlIUHg (f<!d by 360.1) keY) 

is lUsigned to be 15, rather than the previously propos~d value l4. 

PACS numbers: 2110H. :n60E. 2160 

• Ma.iling a.ddress: Department oC Physics, Peking University. Beijing 100871. China 

Nuclear superdeformation at high-spin has been becoming one of the most attractive 

topics in nuclear structure physics. Now, a large number of superdeformed (SD I buHJ;; 

have been identified in several mass regions (A - 150, 130, and 190) [1]. It is [ouud 

that there exist great regularities in these bands, which have brought to mallY IlUcil!:'l.f 

physicists' attention [2,3.4J. It is a.pparent that the spin determination of the SD lavds 

is crucial for understanding the physics inherent in the SD bands. UnCorluuaLdy 111 110 

case have the spina in an SD band been determined by direct experiment . ..\ lil.:tllUJ \'IdS 

proposed [5J on the basis of the Harris parametrization of the dynamic momtOut vi iUerlia. 

3(2) to determine the spins of SD band•• but it seems to possess a rather large u(1ccttaimy 

because ,Jil) is extracted with an unceri8inty or about 5% due to the error ill tfa{l~iLi')H 

energy measurement. Recently. the SD band in la9Hg haa been identified (61, bilL ItO :;plll 

assignment was given there. 

In rels. [7, 81 an effective method haa been presented to determine the spins or the S D 

banda directly Cram the transition energies. In this approach (hereafter called ab littill~) 

the observed transition energies are leaat squares lit to 

E1(I):: E1(I - 1 - 2) =a [Jl +b/(l +1) - VI +b(1 - 2)(1-1)1 (1) 

deduced from the closed two-parameter 1(1 +1) expression [91 

E(l) =a [ v'1 +b/(l +1) - 1] , en 

which ma.y be derived from the Bohr Hamiltonian Cor a well-deformed nueleu:! with $LuaU 

axial asymmetry. It is found that, once 8. correct spin value of the lowest SD level. 1o• is 

a.ssigned, the calculated transition energies coincide with the observed results elCceliemiy. 

However, if 10 is shifted from the correct one, even merely by ±1, the root-mean-:lquare 

(rms) deviation 

11l 
_[!.. It IE;N(li) - E.!;XP( Ii ) 

(J - n L . EdP( l ) (3) 
i:1 ,. I 

(n being the number of fiUed tranations) in the leaat squares fitting will increase drastically. 

Therefore, the 10 value, hence all the spin vaJues of the SD band levels, can be determilled 

reasonably. The spins or all the SD band. in the A - 190 and 150 regions (available at that 

time) have been successfully assigned by this approach [d, 10]. As ~ supplement. the spins 

of the SD bands in li;;Hg and i.;UHg are assigned by the ab fitting in this note . 
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In Fig. 1 is given the plot of the rms deviation against various IIpin prescriptions o{ the 

SD band in lUBg. It is seen that a millimal rms devlativn is rea.ched when the spin of the 

lowest level observed in .utig (fed by 366.0 keV transition), Iil, is assigned as 31/2. ltowever, 

if 10 is aaaumed to be 29/2 or 33/'}., the rms deviation will increa:le Immedia.tely. Therefore. 

the JT -shaped 17 - 10 plot favors a reasonable assignment of 10 =:11/2. This assignment is 

consistent with the coincidence data that the known hSllg states up to I == 25/2 received 

some feeding [6}. 

The same assignment may be made from the analysis of the transition energies. The 

comparison of the calculated and observed tra.llsition energies is shown in Table I. IL is clear 

that the calculated transition energies indeed are in good agreement with the observed 

values (or 10 == 31/2. In fact, the transition energies in the SD baud o( USHg are identical 

to those in 1S1Bg(band 1) (11), but with a magnification o( about 10-1:% (indicating a slight 

reduction of the momellt oC inertia in b9Hg). Therefore, the same spins are expected for 

the corresponding transitions in the two bands. The similarity between these two bands 

may be attributed to to. similar high-N configuration. 

Moreover, the kinematic moment of inertia .:Jil) and dynamic moment of inertia .:Jil) 

can be extracted Crom the following analytic expressions [7,6) 

~ [1- (h..u,Jr1i:l.7<1) (4) 
l,b a 2b 

1iJ 
h,J [ (!lw.lr·.7<1) - 1---' (5)
:lb aJb 

a.nd aho may be ~stima.\ed roughly {rom the observed transition energies 

12I-llhJ 

J(l)(l-l) :::: (6) 
£./\[) 

-tli l 
J(l)(l) :::: (i)

.loE.,ill' 

wh~re ~..,(1) ;: E,lI +2) - £.,(1). The Jll) and JP) values for 11l9Hg I.'xtracted by these 

two approach~s are showm in Fig. 2. It is titlen [hat botb J(l)'s and Jll)·S ~xtra.cted by eqs. 

l6)and lnare in good agreement with those extracted by eqs. (4) :lnd (5) when 10 == 31/2. 

Therefore, the analysis on the moments of inertia prefers the spin assignment oC 10 == 31/2. 

In this case, both .1<1) and .:Jil) increase smoothly with increasing uJ a.nd JP) is a.J.ways 

larger than .:Jill, similar to those of other SD bands in this region (6). 
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It is interesting to note that. hom eqs. (4) and (5), the ratio 

[.1(lf == A2 •
Rs (01

.1(2) ab 

is independent oC w (or I) within a rotational band. One may extract the R-valu~<l di~EL,I:. 

from the observed transition energies by eqs. (6) and (7). This relation has beel! coulimlt:d 

by the extensive data on the normally defonned bands of well defonned nuclei liS \~ell (L, 

the SD bands, especially those in the A - 190 region [12). The R vs I plots Cor va.rlUUj :;~,ill 

assignments in 11l9Bg are shown in Fig. 3. Indeed an almost constant R-valne is cbtaJueJ 

for 10 == 31/2, which may be regarded as an additionallUpport to our ,pin determiuliJLl 

of 10 == 31/2. 

Similar analysis (or the SD band observed in 190Hg {6] was also made. 'n~ bigltbl 

transition (755.5 keY) is excluded (rom the <W fitting because its placement in lhe bund 1:> 

tentative [6]. The least squares fitting show. tbat a minimal rms deviation is achie\' <!d at 

10 == IS whether or not the lowest transition (360.0 keY) is involved in the fining. The 

comparison oC the calculated and observed transition energies i. given in Table II. It i" cl~dr 

that the calculated transition energies indeed are in excellent agreement with the oLs'lnetl 

values when 10 = 15. The dift'erencesIE~al-E~.r:PI for 10 =15 are less than 0.4 keY (e;{cept 

the 402.3 keY transition), smaller than the transition energy uncertainties estima.t~d iil rei. 

(6). But in case oC 10 == 14 or 16, the calculated transition energies wHi deviate apPNclably 

from the observation. Therefore, the spin of the lowest level in this SD baud mily be 

reasonably assigned as 10 == 15, rather than 10 == 14 previously pro\>osed Crom the Hams 

parametrization (13). 

It is worthwhile to note that known transition in 190Hg up to 14+ - 12+ in the positive

parity yrast band were also observed along with the SD cMcade and the intensity dilltribll

tion for the SD sequence indicates that the decay out takes place abr~ptly in the two lowell' 

observed SD states [6]. Therefore, the spin assignment oC 10 = 15 seems more reasonable 

than that of 10 = 14: because more angular momentum removal may be provided foL" tbe 

transition linking the SD band and the positive-parity yrut band. 

This work was supported by the Doctoral Programm Foundation of the Inslitlltion oC 

Higher Education of China, the National Natural Science Foundation ~C China., and the 

Science Foundation ot Peking University. 
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TABLE t. Transition energies in the SO band 01 1ii9Hg. 


Oua are taken from ref. [6). 


Calculated E.,(/) vaJ UeS (ke V) 
E..,(I) values 10 = 29/2 10 = 31/2 10 =33/2 

(keV) 1 E..,(I) 1 E.,(I) 1 E"l(/) 
640.6(0.6) 61/2 639.8 63/2 641.0 65/2 642.1 

604.2(0.8) 51/2 604.0 59/2 604.0 61/2 604.0 

566.4(0.4) 53/2 561.0 55/2 566.3 51/2 565.6 

521.d(0.6) 49/2 52d.8 51/2 527.1 53/2 526.1 
488.9(0.4) 45/2 489.4 41/2 488.4 49/2 4b7.6 

448.1(0.6) 41/2 448.9 43/2 448.5 45/2 448.1 

401.1(0.4) 31/2 401.4 39/2 401.9 41/2 408.3 
366.0(0.4) 33/2 364.8 35/2 366.6 31/~ 366.3 

a (xlO·keV) 4.9831 8.0953 17.0779 
b(XlO--l) 2.3561 1.3580 0.5i76 
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TABLE II. Transition energies in the SD band of 190Hg. 

The bighest and the lowest transitions a.re excluded from 

the fitting. Da.ta are taken from ref. [6]. 

Observed Calculated values {keY) 

E..,{f) values 10 = 1-1 Io == 15 Io = 16 

(keV) I E.,11) I E-,(l) I E ..(1) 

(755.5)(1.5) 

72~.0(0.6) 36 726.~ 37 72~.3 38 729.6 

696.2(0.d) 3t 696.1 35 696..1 36 696.6 

S63.llO.il 32 663.9 33 663.5 3~ 663.1 

629.9(0.6) 30 630.-1 31 629.5 32 628.6 

594.4(0.-1) 28 595.5 29 .;94.3 30 593.2 

550.1(0.6) 26 559.2 27 550.1 28 557.1 

521.1(0..1 ) 2-1 52U:i 25 520.8 26 520.1 

-182.7(0.4 ) 22 482.6 23 402.5 24 -182.5 

H3.1I0.4l 20 -142.3 21 '143.2 22 H4.1 

!02.3{OAl 18 100.ii 19 403.0 ~O 105.0 

360.0( 0.4) 

a ex 104 keV) -1.16;7 5.4296 7,4340 

b i x 10--1) 2.8650 2.0761 1.-13016 

Figure Caption. 

Fig. 1 The ml.S deviations for various .pin assignments for the SD band in lU9H~. Iu is 

the spin value prescribed to the lowest level observed [i.e. E..,(lo +2 ..... I,) :;:;; 3615.0 

keY]. 

Fig. 2 The kinematic aDd dynamic m.oments of inertia (or the SD band in •j9Bg. 

The ,1<1) values extracted by eq. (6) are denoted by circles (Cor Jo :: 31/2), 

diamonds (Io =29/2), and tria.ugles (Io = 33/2), while the ,1<'J) extracletl by 

eq. (7) (independent oC the spin assignment) are denoted by circles. The values 

extracted by eqs. (4) a.ud (5) are represented by solid lines. The errors or .:J11) 

extracted by eq. (6) are too small (~ O.2h:lMeV-1 ) to be drawn in the ligure. 

The rota.tional frequency is given by Jiw(l) = (1/2)[hw(1 + 1) + hw(l - 1)] = 
(1/4)[E1(I +2 - I) +E..,(l- 1-2)]. 

Fig. 3 The ratios R == /[:I(1)]3/.J1:1) for various spin as.ignments for the SD band iu 

189Hg. 
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Fig. 1 Tbe rms devla.tions ior va.rious spin assign

ments for the SD band in lli9Hg. 10 is tbe spin 

vaiue prescribed to the lowest level observed 

[i.e. E"!(lo +2 - 10J =~66.0 keV1. 

0.1 	 0.2 0.3 0.1 0.2 0.3 OA 

hCJ (MeV) 

Fig. 2 The kinema.tic a.nd dynamic momen\a of inertia for the SD ba.nd in L9U~. 

The .111
) values extracted by eq. (6) are denoled by circles dor Iv ::: ;n/::.), 

dia.monds (10 = 29/2), a.nd triangles (/0 =33/2), while the "TAl extracttd Ly 

eq. (7) (independent of the spin assignment) are denoted by circles. The v,du.:;; 

extracted by eqa. \ 4:) and (5) are represented by solid lines. Tbe error:> Ol JII) 

extracted by eq. (6) are too small (:5 O.::?t~l~1eV-t) to be drawn in the ii!{Urc" 

The rotational frequency is given by hw(I) = (l/2)[hw(1+ 1) + flwi I - i )] ::.: 

0/4)[E1(/ +2 ..... 1) + E"I(1 - 1-2)1. 
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Fig. J The rMios R == V [.1(1)]3/.1(2) for variOUS 

spin <lssignments Cor the SD band in L~9Hg. 


