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Abstract

Based on the very general properties of the rotational band of axially symmetric nu-
clei demonstrated by Bohr and Mottelson, some rules of the [ variation of the kinematic
and dynamic moments of inertia are obtained, which may serve as the effective criteria
of the spin assignment of rotational band. Using these criteria, the level spins of 37 SD
bands in the 4 ~ 190 region are determined unambiguously. Hence, the kinematic mo-
ment of inertia J{1) can be extracted directly from the experimental transition energy
and compared with the corresponding dynamic moment of inertia J(2). The systematic
odd-even differences in J(1) (in the whole spin range observed) and in J{? {in the low
spin range) are established. The comparison of the J{1) and J(?) of identical SD bands

is discussed.

PACS numbers: 21.10.re, 21.60 Ev.

I. INTRODUCTION

Since the discovery of the superdeformed (SD) band in **Hg |1}, the region of
SD nuclei with mass A ~ 190 has been studied extensively over the last few years (2]
and a great number of SD bands have been discovered. The experimental data on
SD bands cor.lsist in a seties of y-ray energies linking levels of unknown spin, so the
experimentalists have no choice but to deal with the dynamic moment of inertia J{?,
rather than the kinematic moment of inertia J{¥. Usually, the kinematic moment

of inertia is extracted from the experimental «-ray energy E. using the relation
JO(r —1)/h* = (21 = 1)/E,(I -~ I - 2), (1)

which depends on the level spins, while in the extraction of the dynamic moment
of inertia only the differences in E.’s are involved and there is no need of spin

assignment
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This extraction is mode-independent and is generally considered to be reliable pro-
vided the moments of inertia vary‘smoothly with the angular momentum (i.e., the
local I(I + 1) rule for the rotational spectra holds). It is well known that the rel-
ative errors in E,'s are usually rather small (§E, < 1 keV, §E,/E, ~ 107%), but
the relative errors in A E,’s are larger by at least an order of magnitude (6AE,; ~ 1
keV, AE, ~ 50 keV, §AE,/AE, ~ 2 x 107?), so the uncertainty in the extracted
J@ is usually rather large. Obviously, the level spin determination is fundamen-
tal to understanding the physics of the new regime of deformation. As yet several
approaches to determine the level spins of SD band have been developed [3—8].

All these approaches invoke the least squares fit of the experimental data (on Jg



[3,4], or on E.'s [5,6]) to certain model-dependent expression for rotational spec-
tra. It is interesting to note that the same spin assignments were obtained by
these approaches for the SD bands in the A ~ 190 region (except for a few cases:
189Hg(1), *°Hg(1) and 'Hg(1)). However, there have been some comments on the
uncertainties in these spin assignments [7,8], and some people still take a skeptical
attitude.

Careful investigation shows that there exists close connection between the fea-
tures of both kinds of moments of inertia, which seems not to attract attention. In
Sect. IT we will show that, based on the very general properties of rotational spectra,
demonstrated by Bohr and Mottelson {9], some simple and illustrative criteria of
the spin assignment of rotational band can be derived from the investigation of the
I variations of J() and J), and may be used effectively to determine the level spins
of SD bands. In Sect. III the 37 SD bands available in the A ~ 190 region are ad-
dressed and the level spins of these SD bands are determined unambiguously. Once
the level spins are determined, the experimental kinematic moment of inertia can
be extracted directly from the experimental E,’s using eq. (1) and compared with
the theoretical value calculat;d using certain model-dependent formulae. From the
extracted and calculated J{1) and J(?, several important observations can be made,
including the odd-even differences in JM and J®, the similarities and differences
between identical SD bands, etc., which are presented in Sect. IV. A brief summary

is given in Sect. V.

II. CRITERIA OF THE SPIN ASSIGNMENT OF ROTATIONAL BAND

According to the famous work by Bohr and Mottelson [9], the K = 0 rotational

spectrum of an axially symmetric nucleus, under the adiabatic approximation, can

be expressed as a function of I(I + 1) and expanded in powers of I{I + 1). Let

& = /I(I + 1), the rotational energy can be expressed as
E=A8 + B +CE+DE + - (3)

The expression for the rotational energy of K # 0 band {9] takes a form similar to
eq(3), but includes a band-head energy, and T(I + 1) is replaced by I(I+1)~ K%
It was well established that the extensive experimental data on nuclear rotational
bands (below bandcrossing) of normally deformed nuclei are described very well by
eq. (3). Systematic analysis of the large amount of data on the rotational spectra
of rare-earth and actinide nuclei showed [9,10] that |B/A| ~ 1073, |C/A] ~ 1075,
|D/A| ~ 107°, etc.; i.e. the convergence of the I(/+ 1) expansion (3) is satisfactory,
hence the two-parameter AB expression (putting C = D = --- = 0 in eq. (3))
is widely used for the approximate description of rotational spectra. For the SD
bands, the convergence is even better [4] (|B/A| ~ 1074, |C/A| ~ 1078, etc )}, ie.,
compared to the normally deformed nuclei, the SD nucleus appears to be a more
rigid rotator with axial symmetry. From eq.(3) the kinematic and dynamic moments

of inertia [11],
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are expressed as

1 B c :
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JW/n 2A(1+ Ae+ Ae ) (5)
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JO R 2A(1+6A£+ A£+ ) (6)
Hence, we have

im JO/R? = lim JO /A% = 1/24, (7)
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It is also easily verified that
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From egs. (5)—(16), several rules can be observed:

(a) As I -+ 0, both J{!) and J® of the same band tend to the same limiting value

(bandhead moment of inertia).

(b) Both JM and J(* monotonously increase with I (for B < 0), or monotonously
decrease with I (for B > 0), but the slope of J(?) is much steeper than that of

JO (4T /dé = 3dT1/d¢ in the low spin range).

(c) Hence, JW.g and J®)-£ plots never ¢ross each other at any nonzero spin value.

(d) As I — 0, both the slopes of JW and J® tend to zero , i.e., both J(V-£ and

J()_¢ plots become horizontal.

(e) Both J-¢ and J()-¢ plots concave upwards (for B < 0), or concave downwards

{for B > 0}.

(£) /J13/J@ = constant (bandhead moment of inertia) holds for not too high

spin. -

Extensive analysis of large amount of available rotational bands {(below band-
crossing) of normally deformed nuclei whose spins are established shows that these
six rules do hold without exception. In Fig. 1 we give an illustrative example,
the analysis of the ground rotational band of the well-deformed nucleus, Mpy. In
Fig. 1(c), are displayed the JW) and J® extracted by egs. (1) and (2) from the
experimental rotational spectrum using the established spin sequence I =0, 2, 4,
---. Fig. 1(c) is a standard pattern of J().£ and J)-£ plots of well-deformed nuclei
whose spins are measured, and the J)_¢ and J-¢ plots for other rotational bands
are quite similar. However, if one artificially changes the spin sequence, some of
these rules may obviously fail. For example, if the spin of each level is artificially
increased by 1 & (Fig. 1{(d)) or 2 & (Fig. 1(e)), i.e., the measured spin sequence 0,
2, 4, coeis replaced by 1, 3‘, 5,---or 2, 4, 6, -, the pattern of JO¢ will change.
Particularly, in the low spin range, the extracted J) increases significantly (the
lower the level spin, the larger the increase of J) value), and the JM-¢ plot con-
caves upwa'rds. However, it is seen from eq. (2) that the pattern of the extracted
J@ is not influenced by the change of spin sequence, and for different assignments

of the spin sequence the J_¢ plot is only displaced as a whole. From Figs. 1(d)



and (e), it is seen that: (i) JM.¢ and J{-¢ plots cross each other at certain spin /.
(ii) For I > I., J®) decreases with decreasing I, but as I — 0, JW increases with
decreasing I, i.e., its monotonousness is broken. (iii) As [ - 0, J-¢ plot does
not become horizontal, and J{! does not tend to the same limiting value as that of
J®)_ On the other hand, if the spin of each level is artificially decreased by 1 A (Fig.
1{b)} or 2 & (Fig. 1(a)), i.e., the measured spin sequence 0, 2, 4, 6, - - - is replaced
by -1 (unphysical), 1, 3, 5, -+, or —2 (unphysical), 0, 2, 4, ---, the extracted J®
decreases to various extents (the lower the level spin, the larger the decrease of J(!)
value). It is seen from Figs. 1(b) and (a) that: (i) In the low spin range, the slope of
JW) increase with decreasing [ and does not tend to zero as I — 0. (ii) As T — 0,
J does not tend to the same limiting value as J®. (iii) In the low spin tange,
J)_¢ plot becomes concave downwards.

Therefore, for a rotational band whose level spins are unknown, we may assume
a spin sequence, Jo, I+ 2, Iy +4, ---, and then construct the J(l)-f and J“)-f plots
using egs. (1) and (2) from the measured intraband ~ ray energies. In this case,
violation of one {or more) of the six rules implies an unreasonable spin assignment
is made, hence such spin assignment must be ruled out. Analysis shows that using
this procedure we can find out the reasonable spin assignment of a rotational band
whose spins are unknown. The advantage of this approach over the previous ones
|[3—#6] is that it does not involve the least squares fit of the experimental data to
some model-dependent formulae for rotational spectra.

Now we use the rules mentioned above as the criteria of the spin assignment of
SD bands. Fig. 2 give an illustrative example, the SD band 'Q‘Hg(i), E(lh+2—
Iy) = 254.3 keV. (The systematic analysis of the SD bands available in the A ~ 190

region is given in Sect. II1.) In Fig. 2, several spin assignments /; = 8, 9, 10, 11,

and 12 are assumed. It is seen that, on one hand, the spin assignments I3 > 11 are
obviously forbidden by the rules (c}, (a), (b) and (d). On the other hand, the spin
assignments Jo < 9 are ruled out by the rules (e}, (d) and (a). Therefore, only the
spin assignment Iy = 10 (Fig. 2(c)) is allowed, which is the same as that given in
refs. [4,5,6].

It should be noted that the six rules drawn above remain valid in the Harris w
expansion [9,12]

E=oaw®+ fuw' + v+ 6w+, (1n

of which the convergence is believed [9] to be superior to that of the I{I + 1)

expansion (3). The rotational frequency w is defined as

w=%=2A€+4B£3+GC£5+8D£7+-~, (18)

so
4 6 8
E:/ﬂs—=2cxw+—ﬁw’+—’1ws+—6w7+---. (19)
w 3 5 7

Hence, it is easily verified that

4 6
J“’/h’:2a+§ﬂw2+g"{w‘+-~~, (20)
JO/RY = 2a + 4wt + 6wt + -, (21)

lim JW/h* = lim JOR? = 24, (22)

ﬂ : 3’7 4 2
,/J(l)3/J(?):2ahz 1-121= “sa w4+ -2 ) = 2ahkt, (23)
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Particularly, for the widely used Harris 2 parameter expansion (putting v =

§=---=0ineq.(17))
dJ® /qJM
YT (28)
I 14250 8,
EGARE TR (29)

Similarly, the same rules can also be drawn from the less known abec expression

for rotational spectra (13|

E = a[y/1 + b€ — 1] + £, (30)

which can be derived from the Bohr Hamiltonian (including an anharmonic potential
term k%) of well-deformed nuclei with small axial asymmetry (sin?3v <« 1). ¢ may
be positive or negative according to the sign of k and |¢/a| < 1 (see Table II). For

¢ =0, eq. (30) is reduced to the ab expression

E =afy/1 + b2 - 1], (31)

which was suggested empirically many years ago by Hohmberg and Lipas {14] and

was rederived from the Bohr Hamiltonian [15,16]. From eqs. (30} and (4) we have

JO /KT = [ab(1 + 661V 4 2e] (32)

JO/R = [ab(1 + €)%/ +2] (33)

im JV/R? = lim JO /82 =
}l_l.%‘] /h —}1_*1%.] JR* = 1/ab. (34)

For the simplified ab expression (31), the expressions of JO and J® become

very simple and
VIWIJ@ = gy (Jo = h?/ab), (35)

is I-independent, {Jp is the bandhead moment of inertia}, which has been shown to

hold excellently for normally deformed nuclei [17].

III. SPIN ASSIGNMENT OF THE SD BANDS IN THE A ~ 190 REGION

Using the procedure to determine the spin sequence of a rotational band out-
lined in Sect. I, the level spins of 37 SD bands available in the A ~ 190 tegion have
been determined unambiguously and the results are summarized in Table I. For the
detailed analysis of each SD band, see Figs. (3)—(9).

It is interesting to note that the spin assignments obtained by the present
approach are the same as those given in refs. [3—6] except of a few cases (18%Hg(1),
191Hg(1}, and '*Hg(1)). To confirm the reliability of the present spin assignments
for these three SD bands, we may use the additional rule (f); i.e., \/._]T”—”ﬁm should
be I-independent for not too high spin (see eq. (8)). The results are displayed in
Fig. 10. It is seen that for the SD bands '**Hg(1) and ¥1Hg(1), Jo < 14.5 and
I, > 16.5 are forbidden by the rule (f), and I, = 15.5 is the unique plausible
candidate. Similarly, for the yrast SD band '%°Hg(1), E, = 360 keV, Iy = 14 is the

most plausible candidate.
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It is noted: (i) All the yrast SD bands in even-even nuclei have signature {a = 0)
(I even). (ii) For the 37 SD bands now available in the A ~ 190 region, the spin of
the lowest level observed is not too high (fy ~ (6~37/2) < 20), which may be the

reason that the spin assignment can be made unambiguously.

IV. MOMENTS OF INERTIA AND DISCUSSIONS

Once the level spins of a rotational band are determined, using eq. (1) one
may extract the experimental kinematic moments of inertia directly from the ~y-tay
energies observed. From the extracted J() and J(® of the SD bands in the A ~ 190
region, systematic odd-even differences in the moments of inertia can be established,
which is discussed in Sect. IV.A. On the other hand, the observed transition energies
can be least squares fit to a suitable analytic expression for rotational spectra,
and then the moments of inertia can be calculated by the corresponding analytic
expressions and compared with the experimental onés, which are presented in Sect.
IV.B. In Sect. [V.C the comparison of the moments of inertia of identical SD bands
is addressed. Similarities and differences between the SD bands of neighboring

even-even nuclei will be discussed in IV.D.

A. Odd-even differences in the moments of inertia of SD bands

From Figs. (3)—(9) it is seen: (i) For all the SD bands in the A ~ 190 region
{except the excited SD band '**Hg(4) above bandcrossing) J(!) and J® increase
smoothly with spin in the spin range I < 40A4. (ii) '% = 3%%’ holds well. (iii)
The s!ope of J (Jm) for the yrast SD bands is steeper in even-even nuclei than

in odd-A nuclei, and there is indication that systematic odd-even differences in J(V

and J® do exist. To show this, the extracted J( and J® for I ~ 10, 20 and 30

11

are presented in Fig. 11. It is noted that in the spin range observed (I < 40k},
JW) (odd-A) > JM (yrast SD band in even-even nuclei), and the difference is
especially significant at low spins, quite like that observed in normally deformed
nuclei [41]. This may be an indication of the influence of pairing interaction and
blocking effect in SD nuclei. In contrast, while in the low spin range (I < 20)
there exists systematic odd-even difference in J{*, with increasing [ this odd-even

difference gradually disappears.

B. Calculation of moment of inertia

Considering the much largér relative error in A E, than that in E,, it is better to
carry out the least squares fit of the experimental E, (rather than AE, or J®) to a
suitable analytic expression (with some parameters) for rotational spectra, and then
the moments of inertia can be calculated by the corresponding analytic expressions.
In ref. [13] it was shown that all the experimental ground band rotational spectra
of well-deformed rare-earth and actinide nuclei can be reproduced excellently by
the abc expression (30) up to very high spin (below bandcrossing). Considering the
features of SD bands (very large quadrupole deformation . small axial asymmetry
sin?3y < 1, super-rigidity, etc.), which are consistent with the basic assumptions
made in the derivation of abc expression (30) from the Bohr Hamiitonian [13], we
prefer to use the abc expression to fit the experimental £,’s and then calculate
JOY and JO® using the analytic egs. (32) and (33). Four examples, the SD bands
192Hg(1), " Hg(1), '"Hg(2) and " Hg(3)) are given in Table IL It is encouraging
that all the experimental E.’s, and J) and J(® extracted by egs. {1) and (2),
can be reproduced excellently within the experimental errors. For example, for

the SD band "“*Hg(2), |Eyeste — Erexpel < 0.3 keV, [JOL — gL 1700, < 1073,

12



| 7@~ J2)17J8), < 2 x 1072, For the other SD bands in the A ~ 190 region, the
situation is similar.

In Fig. 12 the comparison of the calculated and experimental J() and J® for
the SD bands !**Hg(1), '%*Hg(1), and the signature partners '*Hg(2) and '**Hg(3)
are presented. It is seen that the calculated J()'s (dotted line in Fig. 12) are practi-
cally identical to the experimental ones. On the other hand, while the experimental
I variation in J®) is reproduced very well by the calculation (dotted line in Fig.

12), some fluctuations in J,(:;),‘ appear due to the large experimental error in AE,.

C. Moments of inertia of identical SD bands

Based on the analysis of the dynamic moments of inertia and rotational align-
ments, the signature partners ' Hg(2) and **Hg(3) were considered as identical to
the SD band ¥2Hg(1) {33|. In Fig. 13 the comparison of the J{) and J®) for the
SD bands !**Hg(2,3) and "*Hg(1) are displayed. Frou; Fig. 13 several observations
can be made: (a) In the spin range I ~ 20—40 (Aw ~ 0.2—0.4 MeV) the J(*
values of the SD bands '**Hg(2,3) do nearly equal to the corresponding J(*) values
of ¥¥Hg(1). (b) However, at the low spin range I < 20 (hw < 0.2 MeV), the J@
values of '%Hg(2,3) are systematically larger than the corresponding J(* values of
92Hg(1). (c}) The J® values of **Hg(2,3) are systematically larger than those of
192Hg(1). Similar situation occurs for the two pairs of signature partner SD bands
131Hg(2,3) and '**Hg(2b,3), which are displayed in Figs. 14 and 15.

It has been noted {42,43) that the identical bands are also present in normally
deformed pairs of even- and odd-mass nuclei. An example is displayed in Figs. 16.
It is seen that at high spins I > 10, the J®) values of the [633|5/2* band are nearly

equal to the corresponding J{* values of the ground band of 2*¢U.

13

D. Similarities between SD bands in neighboring even-even nuclei

Though the yrast SD bands of 9?Hg(1) and '**Hg(1) are usually not considered
as identical, they are in fact quite similar to each other in the whole spin range
observed I < 40 {Fig. 17). Similar situations occur for the yrast SD bands in '**Pb
and '*Hg(1) (Fig. 18), and '*Pb and ®Pb (Fig. 19). Similarities between the
ground bands of neighboring normally deformed even-even nuclei [44,45| have been
recognized for a long time, which may be considered as an indication of strong
pairing correlation and nuclear superconductivity. In fact, the extracted J() and
J) values of the ground bands of ?*®U and ?*®U are almost identical to each other

in the whole spin range I < 26 (below bandcrossing).

V. SUMMARY

In summary, based on the investigation of the general properties of rotational
spectra of axially symmetric nuclei, some simple and illustrative rules for the I
variations of J(Y and J(*} are derived, which may be used as effective criteria to
determine the spin sequence of a rotational band. The advantage of this new ap-
proach over the previous ones is that it does not involve the least squares fit of
experimental data {on J® or E,) to some model-dependent expression for rota-
tional spectra. The 37 SD bands in the A ~ 190 region have been determined
unambiguously. Using the spins thus determined, some important features of the
J) and J® moments of inertia of these SD bands are investigated, including the
systematic odd-even differences in J(!) (in the whole observed spin range) and in J®
(in the low spin range), the similarities and differences in J(V) and J® of identical
SD bands, etc., which are very useful for understanding the intrinsic configurations

of these SD bands.
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Table Captions
Table I Spin assignment of the SD bands in the A ~ 190 region. (a} Odd-A
nuclei. (b) Even-even nuclei. (c) Odd-odd nuclei.

Table II Comparison of the experimental and calculated transition energy
E, (in units keV). J® and J®@ (in units #*MeV ") of the SD bands: (a)

192Hg(1), (b) **Hg(1), (c) '**Hg(2) and (d) "**Hg(3).
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Table I

(a) Odd-A nuclei

E,(Io +2 — 1) Io

SD band keV a b c present
91Ay 229.54 , 19/2
PITI(1) 358.9° 31/2
191 T|(2) 417.2¢ 37/2
1937(1) 228.7 19/2 19/2 19/2  19/2
193T(2) 248.3f 21/2 21/2 21/2  21/2
19571(1) 146.2 11/2

350.7¢ (31/2) 31/2
195T((2) 208.49 17/2

330.1¢ (29/2) 29/2
B9 Hg (1) 366.0" (29/2°,31/2) 29/2  31/2
Bl g(1) 350.6' (29/2°,31/2) 31/2 29/2 31/2
191 Hg(2) 292.0/ 25/2 25/2 25/2 25/2
191 g(3) 311.8f 27/2 27/2 27/2  27/2
193Hg(3) 233.7* 19/2 19/2  19/2
9% Hg(2b) 254.3% - 21/2 21/2 21/2  21/2
199Hg(1) 192.6% 15/2 15/2 15/2
193Hg(2a) 254.3 21/2 21/2  21/2
193Hg(4) 200.5* 27/2 29/2

*Ref. [4], ®Ref. [5], “Ref. {6], “Ref. (18], *Ref. (19}, 'Ref. [20,21], *Ref.

[22,23], "Ref. {24}, 'Ref. [1], Ref. (25}, *Ref. [26,27].
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Table I (continued)

(b) Even-even nuclei

E,(Io+2 — L) Iy

SD band keV a b ¢ present
199Hg(1) 360.0° 14 15 14 14
15211g(1) 214.6° 8 8 8 8
194Hg(1) 254.3¢ 10 10 10 10
19411g(2) 201.3% 8 8 8 8
194 Hg(3) 262.38 11 11 11 11
192ph 262.6" 10, 11 10
194py 169.6! 6 6 6 6
196ph 169.99 6

214.8 8 8 8 8
198ph 303.8* 12 12

*Ref. [4], "Ref. 5], °Ref. (6], °Ref. [21], *Ref. [28—31], ‘Ref. [32], *Ref.

[33], "Ref. [34], ‘Ref. [35,36], iRef. [37,38], “Ref. {38].
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Table I (continued)

(¢) Odd-odd nuclei

E,(Io+2— L) Io
SD band keV a b ¢ present
194T(1a) 268.04 12 12 12 12
194T1(1b) 209.3¢ 9 9 9 9
¥4TI(22) 280.0¢ 12
240.5¢ (10°,11) 10 10 10
%4T1(2b) 259.4¢ 11
220.51 (9-,10) 9 ¢ 9
19471(3a) 187.9¢ 8 8 8
226.34 {10°,11} 10
194T1(3b) 207.0¢ 9 9 9
245.4¢ (11°,12) 11
192T1(1) 357.8° 16
192Tj(2) 378.0° 17
193TY(3) 375.7¢ 18
192T)(4) 357.0° 17
91T1(5) 381.2¢ 16
192T](6) 406.5° 17

*Ref. (4], °Ref. {5], °Ref. 6], TRef. [39], Ref. {40].
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Table I1

(a) Hg(1)

(b) 1**Hg(1)

E,(I—=1-2) JOI-1)

expt. calc.® expt. cale.?®

JO(

expt. cale.®

E(I—1-2) JO(I-1)

expt. calc.® expt. calc.®

J(’)([)

expt. calc.b

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

793.4 793.4 104.6 1046
762.8 763.0 103.6 103.5
732.1 7321 102.4 1024
700.6 700.6 101.3 101.3
668.6 668.5 100.2 100.2
635.8 635.7 99.1 99.1
602.3 602.1 98.0 98.0
567.9 567.7 96.8 96.9
532.4 5324 958 95.8
496.3 496.3 94.7 ‘;34.7
459.1 459.1 93.7 93.7
420.8 4209 92.7 927
381.6 381.7 91.7 91.7
341.1 341.4 909 90.38
299.9 300.0 90.0 90.0
257.7 257.7 89.3 89.2

2146 2144 88.5 886

130.7 131.7
130.3 129.4
127.0 127.0
125.0 124.5
122.0 1219
119.4 119.1
116.3 116.3
112.7 113.4
110.8 110.5
107.5 107.6
104.4 104.7
102.0 101.9
98.8 993
97.1 96.8
94.8 945

92.8 92.4

841.0

812.9

783.9

754.6

725.4

693.8

662.4

630.5

597.3

563.6

528.3

492.3

455.2

417.1

377.8

3377

296.2

254.3

840.7

812.7

784.1

754.9

725.0

694.3

662.9

630.6

597 .4

563.3

528.2

492.2

455.1

416.9

3778

3376

296.4

254.3

108.2

107.0

105.9

104.7

103.4

102.3

101.1

99.9

98.8

97.6

96.5

95.5

94.5

93.5

92.86

91.8

91.2

90.4

108.2

107.0

105.8

104.6

103.4

102.3

101.1

99.9

98.8

97.6

96.5

95.5

94.5

93.5

92.6

91.8

91.1

90.4

142.3 1429

137.9 140.0

136.5 136.9

137.0 133.7

126.6 130.5

127.4 127.2

125.4 123.9

120.5 1206

118.7 1173

113.3 114.1

111.1 1109

107.8 107.8

105.0 104.9

101.8 102.1

998 995

96.4 97.2

95.5 95.0

* a=6597 keV, b = 8.168 x 107%, ¢ = 3.0428 keV.

b a = 10860 keV, b = 5.796 x 1074, c = 2.4983 keV.
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Table II (continued)

(c) **Hg(2)

(d) 19Hg(3)

E(I-1-2) JONI-1)

expt. calc.®

expt. calc.®

JO(n

expt. calc.®

E (I-1=7-3) JONI-12) JON(1-1)

exptl.

calc.d

expt. calc.d

expt. caled

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

807.0 807.0

T17.7 7776

T47.6 7475

716.7 716.6

684.5 684.9

652.2 652.4

619.3 619.2

585.2 585.1

550.3 550.1

514.3 514.4

477.7 4778

440.7 4405

402.1 402.3

363.7 363.4

323.8 323.8

283.3 283.5

242.7 2427

201.3 2013

107.8 107.8
106.7 106.7
105.7 105.7
104.8 104.7
103.7 103.7
102.7 102.7
101.7 101.7
100.8 100.8
99.9 100.0
99.2 99.1
98.4 98.4
976 97.6
97.0 96.9
96.2 96.3
95.7 95.7
95.3 95.2
94.8 948

94.4 94.4

98.5

136.5

132.9

129.4

124.2

123.8

121.6

1173

114.6

1111

109.3

108.1

103.6

104.2

100.3

98.8

98.5

96.6

139.2

135.9

132.7

129.5

126.3

123.2

120.2

117.3

1145

111.9

109.4

107.0

104.8

102.8

101.0

99.3

97.9

96.6

793.0

762.7

732.2

700.4

668.0

635.1

600.9

566.4

531.6

494.6

458.3

4204

382.1

342.8

302.5

262.3

793.0

762.8

732.0

700.4

668.1

635.0

601.2

566.6

531.2

495.0

458.1

420.3

381.8

342.6

302.8

262.3

107.2

106.2

105.2

104.2

103.3

102.3

101.5

100.6

99.7

99.1

98.2

97.5

96.8

96.3

95.9

107.2

106.2

105.2

104.2

103.3

102.3

101.5

100.6

99.8

99.0

98.2

97.5

96.9

96.3

95.8

95.3

132.0 132.7

131.1 1297

125.8 126.8

123.5 1239

121.6 121.0

117.0 118.3

1159 115.6

114.9 113.0

108.1 110.5

110.2 108.2

105.5 106.0

104.4 103.9

101.8 102.1

99.3 100.3

99.5 988

€ a=122050 keV, b =3.103 x 107¢, ¢ = 1.9229 ke V.

d g = 19240 keV, b = 3.297 x 1074, ¢ = 2.1532 keV.
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Figure Captions

Fig.

Fig.

Fig.

Fig.

Fig.

1 JU) and J(? of the ground rotational band of the normally deformed nucleus
M2py. J() and J?) are extracted directly from the experimental y-ray energy
using egs. (1} and (2). In Fig. 1{c}, the observed spin sequence [ =0, 2, 4, 6, ---
is used. In Figs 1(d) and (e), the spin of each level is artificially increased by 1
and 2, i.e., the spin sequence 0, 2, 4, 6, --- is replaced by 1,3, 5,7, -+, and 2, 4,
6, 8, - --. Similarly, the spin sequence adopted in Fig. 1(b) is —1 (unphysical}, 1,
3,5, -+, and in Fig. 1(a), is: ~2 (unphysical), 0, 2, 4, -- .

2 J) and J(®) of the yrast SD **Hg(1). J{V and J(? are extracted directly from
the experimental '7-ray>energy using egs. (1) and (2). E,{lo + 2 — Io) = 254.3
keV is the transition energies between the levels with spins [p + 2 and I, and [p
is the spin of the lowest level observed in this SD band. The J{1.£ and J(#.¢

plots for five spin assignments [y = 8,9, 10, 11, and 12 are presented.

. 3 J() and J() of the seven SD bands in the odd-Z nuclei: °*Au(1), 11 T1(1,2),

19371(1,2), 195T1(1,2). J®) and J(* are extracted directly from the experimental
~-ray energy using eqs. (1) and (2). E,{Iop + 2 — Io) is the transition energy
between the rotational levels with spins Iy + 2 and [y, and [y is the spin of the
lowest level observed in this SD band. The J{U-¢ and J(Pg (¢ = JT(T+ 1))
plots for five assigned values of Ip are presented. JM) and J® are in units of
h?MeV~—1.

4 The same as Fig. 3, but for the four SD bands in the odd-N nuclei ¥¥Hg and
191Hg: 189Hg(1), *'Hg(1), and signature partner *'Hg(2,3).

5 The same as Fig. 3, but for the five SD bands in the odd- ¥ nucleus '9*Hg:
193Hg(3), 199Hg(2a), 9 Hg(2b), %3 Hg(1), and 'S Hg(4).

6 The same as Fig. 3, but for the four SD bands in the even-even Hg nuclei:
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1% Hg(1), 9?Hg(1), and signature partner '%Hg(2,3).

7 The same as Fig. 3, but for the four yrast SD bands in the even-even Pb nuclei:

192pp, 194py, 198Ph and 98Pb.

8 The same as Fig. 3, but for the three pairs of signature partner SD bands in
the odd-odd nucleus ' TL: *TI(1a), E,(fo + 2 — o) = 268.0 keV, '%T}(2a),
Ey(Io +2 — Io) = 240.5 keV, 14TI(3a), E,(fo +2 — Iy) = 187.9 keV, '4TI(1b),
E\(Io+2 ~— Iy) = 209.3 keV, "4TI(2b)}, E,(fo + 2 — Ip) = 220.3 keV, "4 TI(3b),

E\(lo + 2 — Ip) = 207.0 keV.

9 The same as Fig. 3, but for the three pairs of signature partner SD bands in
the odd-odd nucleus 2Tl **TU1), E4(lo + 2 — L) = 357.8 keV, 192TI(2),
Ey(Io+ 2 — Ip) = 378.0 keV, 19°TI(3), E,(Io + 2 — Iy) = 375.7 keV, 92Ti(4},
Ey(lo +2 ~ fp) = 357.0 keV, '*TUS), E,(fo + 2 — Ip) = 381.2 keV, ®2T}(5),

Ey(lo + 2 — Ip) = 406.5 keV.

10 /J(3/J()_¢ plots of the three yrast SD bands: 1#9Hg(1), °'Hg(1), and

Y%0Hg(1) for five spin assignments. J(1) and J(% are extracted directly from the

experimental transition energy using eqs. (1) and (2) (see also Figs. 4 and 6).

11 The odd-even differences in J{*) and J(*) at the spin values / ~ 10, 20, and
30. JO) and J are extracted from the experimental transition energy using
eqs. (1) and (2) and the spin assignments presented in Table I. ¥V —— SD band in
199Ay, — SD bands in ®“19%1%T] & __ SD bands in 189,190,191,192.183,194 -

o — SD bands in 192.194.196p},

12 The [ variation of J(!) and J{? of the SD bands: ®2Hg(1), ®*Hg(1), **Hg(2),
and '"Hg(3). » and o denote the J(1) and J(?) extracted from the experimental
transition energy using eqs. (1) and (2) and the spin assignments presented in

Table I. The dotted line represents the calculated J(1) and J(2) using the analytic
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

expressions (32) and (33) (the values of the parameters ¢, b and ¢ are given in
Table II).

13 Comparison between the moments of inertia of °4Hg(2) and '°*Hg(1), and
1941g(3) and '*Hg(1). o and V are the extracted J() and J) of 2Hg(1), re-
spectively. e and are the extracted J{!) and J(?) of '*4Hg(2,3), respectively. The
calculated J(1) and J) of 192Hg(1) and *4Hg(2,3) usiﬁg the analytic expressions
(32) and (33) are displayed by the dotted (1°?Hg(1)} and solid (***Hg(2,3)) lines
(see also Fig. 12).

14 The same as Fig. 13, but for the signature partner SD bands 9'Hg(2,3).

15 The same as Fig. 13, but for the signature partner SD bands '°*Hg(2b) and
193Hg(3).

16 Comparison between the moments of inertia of the [633]5/2* band in 233U
and the ground state band of ¥ U. The calculated J(1) and J(?) are practically
the same as the extracted ones for the two bands in normally deformed nuclei.

17 Comparison between the moments of inertia of the yrast SD bands: '**Hg(1)

and 197Hg(1) (see also Fig. 13).
18 The same as Fig. 17, but for the SD bands '"*Pb and 9*Hg(1).

19 The same as Fig. 17, but for the SD bands ®°Pb and '%*Pb.
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