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Abstract
The superdeformed bands in '*Hg and '*°Hg are investigated. The spin value of the lowest

Jevels observed in 19¥Hg (fed by 366.0 ke V) is assigned as 3172 and that of "**Hg (fed by 360.0 keV)

is assigned to be 15, rather than the previously proposed value 14,
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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) buuds
have been identified in several mass regions (A ~ 150, 130, and 190) [1]. It is found
that there exist great regularities in these bands, which have brought to many nuciesr
physicists’ attention [2,3,4]. It is apparent that the spin determination of the 5D lavels
is crucial for understanding the physics inherent in the SD bands. Unfortunaiely, in no
cage have the spins in an SD band been determined by direct experiment. A wethod was
proposed [5] on the basis of the Harris parametrization of the dynamic moment of incrtia
J®) to determine the spins of SD bands, but it seems to possess a rather large uacertainty
because J{? is extracted with an uncertainty of about 5% due to the error in transitivn
energy measurement. Recently, the SD band in '3¥Hg has been identified [6], but no sy
assigninent was given there. )

In refs. (7, 8] an effective method has been presented to determine the spins of the 51
bands directly from the transition energies. In this approach (hereafter called ab littiny)

the observed transition energies are leaat squares fit to

ED=E(I—[-2)= a[\/l +OI( + 1) = /1 + HI=2)(L = 1) (1)
deduced from the closed two-parameter I{ + 1) expression [9]
E(I):a{v'l+b[(1+l)-l], ()

which may be derived from the Bohr Hamiltonian for a weil-deformed nucleus with swall
axial asymmetry. It is found that, once a correct spin value of the lowest SD level. Iy, is
assigned, the calculated transition energies coincide with the observed results excelleuly.

However, if Iy is shifted from the correct one, even merely by +1, the root-mean-square

1 & 2142
o= oY (3)
ni:l

(n being the number of fitted transtions) in the least squares fitting will increase drastically.

(rms) deviation
ESN ) - ESP(L)
BV

Therefore, the I value, hence all the spin values of the SD band levels, can be determined
reasonably. The spins of all the SD banda in the A ~ 190 and 150 regions (available at that
time) have been successfully assigned by this approach 8, 10]. As ;l. supplement. the spins
of the SD bands in *%Hg and “Hg are assigned by the ab fitting in this note.



In Fig. 1 is given the plot of the rms deviation against various spin prescriptions of the
SD baad in !*°Hg. It is seen that a minimal rms deviation is reached when the spin of the
lowest level observed in ***Hg (fed by 366.0 ke V transition), fo, is assigned as 31/2. However,
if Iy is assumed to be 23/2 or 33/2, the rms deviation will increase immediately. Thereiore.
the V-shaped o — I plot favors a reasonable assignment of Iy = 31/2. This assignment is
consistent with the coincidence data that the known !*°Hg states up to [ = 25/2 received
some feeding [6].

The same assignment may be made from the aualysis of the transition energies. The
comparison of the calculated and observed trausition energies is shown in Table I. It is clear
that the calculated transition energies indeed are in good agreement with the observed
values for Ip = 31/2. In fact, the transition energies in the SD baund of 189H ¢ are identical
to those in 19'Hg(band 1) [11], but with a magnification of about 104% (indicating a slight
reduction of the moment of inertia in “9Hg). Therefore, the same spins are expected for
the corresponding transitions in the two bands. The similarity between these two bands
may be attributed to & similar high-V configuration.

Moreover, the kinematic moment of inertia J1) and dynamic moment of inertia J‘AZ)

can be extracted from the following analytic expressions [7.8]

g = % [xn%‘;iéi}_m, : (4)
s - %; {l ~ %‘%i}_m 5
and also may be estimated roughly from the observed transition energies
O = ‘—-2-’7:1\1[’# ®)
TN = 37?-:»5 ‘ (o

where AEy(I) = Ex(I +2)~ EL(I). The J™™ and Jt*) values for "**Hg extracted by these
two approaches are showm in Fig. 2. [t is seen that both JP3 and J3)s exiracted by eqs.
{6)and (7) are in good agreement with those extracted by egs. (4) and (3) when Ip = 31/2.
Therefore, the analysis on the moments of inertia prefers the spin assignment of Iy = 31 /2.
In this case, both J(Y and J1® increase smoothly with increasing w and J) s always

{arger than JtU, similar to those of other SD bands in this region [8).

It is interesting to note that, from eqs. (4) and (5), the ratio

3
ol _w o

R JO " ab

is independent of w {or I) within a rotational band. One may extract the R-values dizecidy
from the observed transition energies by eqs. (6) and (7). This relation has been confiriied
by the extensive data on the normally deformed bands of well deformed nuclei as well ws
the SD bands, especially those in the 4 ~ 190 region {12}. The R vs [ plots for various spin
assignments in *®Hg are shown in Fkig. 3. Indeed an almost constant R-value is cbtaued
for Iy = 31/2, which may be regarded as an additional support to our spin determination
of Iy = 31/2.

Similar analysis for the SD band observed in ®Hg [6] was also made. The highest
transition (755.5 keV) is exciuded {rom the ab fitting because its placement in the bund 1s
tentative [6]. The least squares fitting shows that a minimal rms deviation is achieved at
Iy = 15 whether or not the lowest transition (360.0 keV) is involved in the fitting. The
comparison of the calculated and observed transition energies is given in Table IL. It is clear
that the calculated transition energies indeed are in excellent agreement with the observed -
values when o = 15. The differences [ES* ~ E*P| for Iy = 15 are less than 0.4 keV (except
the 402.3 keV transition), smailer than the transition energy uncertainiies estimated i ref.
[6]. But in case of fo = 14 or 16, the calculated transition energies will deviate appreciably
from the observation. Therefore, the spin of the lowest level in this SD band may be
reasonably assigned as [y = 15, rather than [y = 14 previously prdposed from the Harrs
parametrization [13].

It is worthwhile to note that known transition in **Hg up to 14% — 127 in the positive-
parity yrast band were also observed along with the SD cascade and the intensity disiribu-
tion for the SD sequence indicates that the decay out takes place abrupty in the two lowest
observed SD states {6]. Therefore, the spin assignment of Iy = 15 seems more reasonable
than that of fo = 14 because more angular momentum removal may be provided for the
transition linking the SD band and the positive-parity yrast band.
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TABLE I. Transition energies in the SD band of '*Hy.

Data are taken from ref. [6].

Observed Calculated E.{I) values (keV)

E(I) values Io =292 Iy=31j2 Iy =332

(keV) I E(D I ED I E.D

640.5(06) 61/2 6398  63/2 641.0  65/2 6421
604.2(08) 57/2 6040  59/2 6040  61/2 604.0
566.4(0.4) $3/2 5670  s55/2 5663  57/2 565.6
527.8(06) 49/2 5288  s51/2 3277 53/2 526.7
483.9(0.4)  45/2 489.4 47/2 4884  49/2 4876
48.7(0.6)  41/2 4489 43/2 4485 45/2 4481
407.7004)  37/2 4074 33/2 4079  41/2 4083
366.0(0.4) 33/2 3643 35/2 3666  37/2 3653

a (x10%keV) 4.9831 3.0953 ' 178779
b (x107%) 2.3561 1.3580 0.577




Figure Captions
TABLE Il Transition energies in the SD band of ***Hg.

. ig. iati ; i i in VO .- [
The highest and the lowest transitions are excluded from Fig. 1 The rms deviations for various spin assignments for the SD band in $%H,;. 1, is

the spin value prescribed to the lowest level observed {i.e. E,(Ip+2 — fy) = 365.0

the fitting. Data are taken [rom ref. [6]. keV]

: Fig. 2 The kinematic and dynamic moments of inertia for the SD band in $9Hg.
Observed Calculated E,(I) values (keV) X

ELI) values =14 =15 Ih=16
{keV) I EJ{D I ED I EJD
(755.5%(1.3)
728.0(06) 36 726.3 37 7283 38 7296
696.2(0.8) 34 696.1 35 696.4 36 696.8

The J' values extracted by eq. (6) are denoted by circles (for Jy = 31/2),
diamonds (fo = 29/2), and triangles (I = 33/2), while the JI extracted by
eq. (7) (independent of the spin assignment) are denoted by circles. The values
extracted by eqs. (4) and (5) are represented by solid lines. The errors of J1!)
extracted by eq. (6) are too small (< 0.2A°MeV ™) to be drawn in the rigure.
The rotational frequency is given By ha() = (L2 ol T + 1) + bt ] - 1)] =
663.7(0.4) 32 863.9 33 663.5 34 6631 (YHE(T +2 =D+ E(I - T ~2)].

629.9(0.6) 3? 630.4 31 8295 32 6286 Fig. 3 The ratios R = \/[JW]F{ J1D for various spin assignments for the SD band in
594.4(0.1) 28 §95.5 29 53943 30 593.2 189,

558.1(0.6) 26 559.2 27 558.1 28 3571 )
521.1(0.4) 24 5216 25 52038 26 5201

182.7(0.4) 22 1826 23 4825 24 4825

443.1(0.4) 20 423 21 443.2 22 44411

$02.3(0.4) 15 1008 19 103.0 20 105.0

360.0(0.4)
a tx10*%keV) 1.1677 3.4296 7.4340
bix107%y 2.5658 2.0761 1.4346
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Fig. 2 The kinematic and dynamic moments of inertia for the SD band in 90y,

Fig. 1 The rms deviations for various spin assign- The J1) values extracted by eq. () are denoted by circles vfor [, = 31/3),

taents for the SD band in ¥*Hg. [y is the spin diamonds (lo = 29/2), and triangles (I; = 33/2), while the J'* extracted Ly
value prescribed to the lowest level observed

eq. (7) (independent of the spin assignment) are denoted by circles. The values
fie. Esily +2 — Ly = 266.0 keV].

extracted by eqs. (4) and (5) are represented by solid lines. The errors of SV
extracted by eq. (6) are too small (< 0.24*MeV 1) to be drawn in the figure.
The rotational frequency is given by hw(]) = (L2l +1) + huil — i)
A/D[E,T+2 =D+ E(I—T~ 2)
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- Fig. 3 The ratios R = |, [JWP/T?) for various

spin assignments for the SD band in 19Hg.



