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Abstract

Using the criteria for the spin assignment of rotational band, based on the very general
properties of the rotational band of axdally symmetric nuclei, the spins of nine SD bands
in '*?Dy and neighb;:ring nuclei (32Dy(1), S1Tb(2), $*Dy(2,3), '**Dy(1), '**Dy(4,5),
151Dy(1) and !52Dy(6)) are determined. The close connections between these SD bands

(transition energy, J() and J{?) difference in the angular momentum alignment, etc.) are

investigated.

PACS numbers:21.10.re, 21.60 Ev.

1. INTRODUCTION

Since the first observation of the discrete line superdeformed (SD) transitions in
31Dy (1], this nucleus has been the focus of many experimental [2—6| and theoretical
[7—9] studies. However, as yet no linking transitions have been confirmed between the
yrast SD band and the normal deformed states, which makes the definite assignment
of spin, parity and excitation energy very difficult for the SD band. In ref. 1 the spin
of the lowest level observed in the yrast SD band of *?Dy was assigned to be o = 22.
This assignment is clearly not unambiguous. However, it was pointed out in ref. (3]
that it is unlikely that the I, value is less than 22. In ref. (10], the spin assignment
Iy = 25 was made. Recently, in addition to the yrast SD band “?Dy(1), seven new
rotational bands have been observed (4] in 1$2Dy, which are referred to as bands 2—8.
These bands each have between 14 and 17 regularly spaced transitions. Bands 1—6
are classified as SD bands and bands 7 and 8 as low deformation bands. The known
low deformation prolate band [11] (referred to as band 9) is also observed. For the
SD bands 1—8, spin assignment were made in [4]; particularly, the spin of the lowest
level observed in 1¥?Dy(1) is assigned to be Iy = 24 in place of the previously assigned
Iy = 22.

Obviously, the level spin determination is fundamental to understanding the physics
of the new regime of deformation. Recently, a new approach to determine the spin
sequence of a rotational band whose spin is unknown was proposed [12,13]. This
new approach is based on the very general properties of rotational band in axially
symmetric nuclei, demonstrated by A. Bohr and B. R. Mottelson [14]. In contrast to
the previous approaches [15—18} to determine the spin of SD band, this approach is

mode-independent and does not invoke the least squares fit of experimental data {on



the dynamic moment of inertia J, or the transition energy) to certain formulae for
rotational spectra. This approach has turned out to be very effective to determine
the spins of SD bands. Using this new approach the 37 SD bands observed in the
A ~ 190 region have been determined unambiguously [13]. In the present paper, the
spins of the SD bands in **?*Dy and neighboring nuclei are addressed. A sketch of the
new approach to determine the spin of rotational band is given in Sect. II. The spin
assignments of nine SD bands in %?Dy and neighboring nuclei are made in Sect. IIL
Based on these spin assignments, similarities and differences between these SD bands
are discussed and a series interesting relations between these SD bands are presented

in Sect IV. A brief summary is given in Sect. V.

II SKETCH OF THE NEW APPROACH TO DETERMINE THE SPIN OF

ROTATIONAL BAND

Usually, the kinematic moment of inertia is extracted from the experimental intra-

band transition energy by the difference quotient
JO(I /R = (2 = 1)/ B,(I = I - 2), W

and the dynamic moment of inertia by

2 -— 4 = 4
JE(I) /K = AE(I) E(I+2-DN-E,(I-1-2) )

As a function of I the extracted J{!) increases with the assigned level spin, but the
pattern of the extracted J{? is independent of the spin assignment. This extraction
is mode-independent and meaningful provided the moments of inertia vary smoothly
with the angular momentum (i.e., the local I(I + 1) rule for the rotational spectra

holds). For SD bands, because the level spins are unknown, the experimentalists have

no choice but to address J rathe? than J{). However, careful investigation shows
that there exists close connection between the features of JM) and J{¥ moments o'f
inertia of the same band, which séems not to attract attention.

According to the famous work by Bohr and Mottelson {14}, the K = O rotational

spectra of an axially symmetric nucleus can be expressed as a function of I(I +1) and

expanded in powers of € = /I(I + 1), i.e.
E=A +B& +CE + DE + - (3)

The expression for the rotational energy of K # 0 band [14| takes a form similar to
eq(3), but includes a band-head energy, and.I(J + 1) is replaced by I(I + 1) — K*.
It is well known that the extensive experimental data on nuclear rotational spectra
(below bandcrossing) can be described very well by eq. (3). Systematic analysis of the
large amount of data on the rotational spectra of normally deformed rare-earth and
actinide nuclei showed {14,19| that |B/A| ~ 1073, |C/A] ~ 1078, [D/A| ~ 107, etc.;
i.e. the convergence of the I(I + 1) expansion is satisfactory. For the SD bands, the
convergence is even better (18] (|B/A| ~ 1074, |C/A| ~ 1078, etc.), i.e., 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 [20],

dE AN
(1) /42 = hatndt R = [ 2 4
JW £/df,J/h (df,) (4)
can be expressed as
1 B o4
(1) - ot 3___4+'_'—1 [
TR = (1 + 2267 +32¢ ) (s)
1 B C -
MRt = — &t ety )L 6
JOR = (14626 +152¢" +--) (6)



From this, several rules for a rotational band can be observed (for details see refs.

(12,13]):

(a) As I — 0, both JM and J® of the same band tend to the same limiting value

(bandhead moment of inertia).

(b) Both JO) 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 (dJ D /dE ~ 3dJMN) /dE in the low spin range).

(c) Hence, JM.¢ and J?)_£ plots never cross each other.

(d) As I — o0, ‘% and 1;(:—) tend to zero, i.e., both J(V-¢ and J(-£ plots become

horizontal.

(e) Both JM.¢ and J)-£ plots concave upwards (B < 0), or downwards (B > 0).

A}
(£) yJ(13/J@) remains constant (bandhead moment of inertia) at lower spins, and

only for very high spin states it decreases gradually with increasing 1.

Extensive analysis of large amount of rotational bands of normally deformed nuclei,
whose spins were known, shows that these six rules do hold without exception.v An
illustrative example (the ground bands of '%?Dy) is presented in Fig. 1. In fact, all the
J.¢ and JO.¢ plots of normally deformed bands are of the standard form shown in
Fig. 1{c). However, if one artificially changes the spin sequence of a rotational band,
these rules may fail, particularly in the low spin range. For example, if the spin of each
level is increases by 1 A (Fig. 1{d)) or 2 & (Fig. 1(e)), i.e., the measured spin sequence
0, 2, 4, - - - is artificially replaced by 1, :i, §,---or2,4,6, -, the pattern of J(N-£ will
change. Particularly, in the low spin range the extracted JV increases significantly

(the lower the level spin, the larger the increase of J(1) value), and the J(-¢ plot

concaves upwards. However, the pattern. of the extracted J).¢ is not influenced by
the change of the spin sequence, and for different assignments of the spin sequence
the J(?)-¢ plot is displaced as a whole. Therefore, the relations between JM and J®
will change. From Figs. 1(d) and (e}, it is seen that: (1) JW.¢ and J®-¢ plots cross
each other at certain spin I.. (2) As [ — 0, _](‘1) increases with decreasing I, i.e., the
meonotonousness is broken. (3) As I — 0, J(-£ plot does not become horizontal, and
JM) 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 & (Fig. 1(b)) or 2 & (Fig. 1(a)), i.e., the
measured spin sequence 0, 2, 4, 6, -« is artificially 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 JM) value). It is seen from Figs.
1(b) and (a) that: (i) In the low spin range, the slope of J increase with decreasing
I and does not tend to zero as I — 0. (i) As I — 0, J®!} does not tend to the same
limiting value as J(®. (iii} In the low spin range, J()_¢ plot concaves downwards.
Therefore, for a rotational band whose level spins are unknown, we may assume a
spin sequence, I, Jo+2, Io-+4, - - -, and then construct the JM-£ and J®)-¢ plots using
eqs. (1) and (2) from the measured intraband v 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, in most cases, the reasonable spin assignment of a rotational band whose

spins are unknown.

III SPIN ASSIGNMENT OF THE SD BANDS IN !*?Dy AND NEIGHBORING

NUCLEI



Now we use the rules mentioned above as the criteria of spin assignment of the SD
bands in '*?Dy and related SD bands in neighboring nuclei.

Firstly, let us address the yrast SD band !*?Dy(1). The lowest transition energy
observed is E,(Io+2 — Iy} = 602.4 keV. In Fig. 2, eight trial values of I, = 22, 23, 24,
25, 26, 27, 28, and 29 are adopted. It is seen that o = 22 is definitely forbidden by the
six criteria mentioned above, particularly the criteria (b) (the same monotonousness
for JM and J®) and (f) (\/m = const) are obviously violated. Il = 23, 24,
and 25 are also not allowed by these criteria, particularly because JM_¢ and JM-¢
plots cross each other. On the other hand, Iy > 27 are ruled out, because \/j_(m
increases monotonously with decreasing spin, which in turn implies the criterion (a)
is clearly violated. Therefore, the unique plausible candidate is Iy = 26.

It was pointed out by Byrski et al. {21] that the yrast SD band **Dy(1) is identical
‘to the excited SD band !5!Tb(2) in neighboring nuclei. The analysis of the SD band
1Th(2) is presented in Fig. 3. E,(Ip + 2 — I) = 647.0 keV, I, = 25.5, 26.5, 27.5,
28.5 and 29.5 are tried. Obviously, Jo < 26.5 are ruled out, because the J(!)-¢ and
J_¢ plots cross each other. On the other hand, I; > 28.5 are forbidden, because
\/J(‘—)’/F’—) decreases significantly with increasing spin I. Therefore, we have no choice
but I, = 27.5.

Similar arguments can be applied to determine the level spiﬁs of the excited signa-
ture partner SD bands !¥Dy(2,3) (22} (see Figs. 4 and 5). E,(Jo4+2 — Io) = 816.5 keV
for ¥3Dy(2), and 935.7 kev for ‘“Dy(S_). The most plausible candidates are, I, = 34.5
for 3Dy (2), and I, = 39.5 for '**Dy(3).

It is very interesting to note that for the spin as'signment made above, the features

of the J) and J©® moments of inertia are quite similar for these four SD bands,

ie, (i) J® < JW (i) both JM) and J decrease very slowly and monotonously with
increasing I (for I < 60). The variation of J(*) within the spin range observed is less
than 4%. So it is not surprising that the same high-V coafiguration {7—9| 76*v7? has
been assigned to these SD bands {4,21,22].

For comparison, the analysis of the yrast SD band in %Dy, '%*Dy(1), is given in
Fig. 6. E,{lo +2 — L) = 809.6 keV, I, = 35.5 is obtained. The I variation of
the J and J® moments of inertia for **Dy(1) is aiso similar to that of ***Dy(2,3),
181Th(2) and ¥?Dy(1), though the high-V configuration for ¥*Dy(1) is assigned (22|
to be w6473,

Now we address another group of SD bands, the signature partner SD bands
1531)y(4) and **Dy(5), and the related yrast SD band in neighboring odd-A nucleus,
BiDy(1). For the SD band *!Dy(d4), E,(lp + 2 — L) = 669.6 keV, IJ = 27~ was
assigned in ref. [4]. Similarly, for ¥*?*Dy(5), E;(fo+2 — o) = 642.1 keV, Ig = 267 was
adopted. However, the present analysis presented in Figs. 7 and 8. shows that these
assignments are not allowed, because in this case the JW_¢ and J®)-¢ plots cross each
other, and in addition, while J® decreases with I, J@ increases, i.e., they have op-
posite monotonousness. From Fig. 7 and 8, the most plausible Iy value should be 3(k)
smaller, i.e., Jp = 24 for *?Dy(4) and I, = 23 for ¥*Dy(5). In this case, both J and
J@) moments of inertia increase very slowly with increasing I, (the variations in J
is less than 2% in the spin range observed), whiéh is consistent with the requirement
of the same monotonousness.

As has been pointed out in ref. [4] the behavior of the J(?) of the SD bands '**Dy(4)
and 52Dy (5) is very similar to that of the yrast SD band "¥'Dy(1). In Fig. 9 is presented

the analysis of ¥'Dy(1), E,(Is+2 — Iy} = 577.1 keV. The reasonable spin assignment



is Iy = 20.5, and in this case, the behavior of the J() and J® moments is quite similar
to that of ¥2Dy(4) and '$?Dy(5). Therefore, it is not surprising that the same high-N
configuration w67} is assigned to these three bands [4,23|. In ref. [23|, for the SD
band *'Dy(1), o is assigned to be 25.5 rather than 20.5. It was emphasized [23] that:
“For *1Dy(1), the value of J{!) exceeds that of J(*} (for I, = 25.5). In
contrast, J®) > J) i ]”Dy(i) (for Iy = 22}, a fact for which there
is, to our knowledge, no explanation. Furthermore, while J() is seen
to decrease and J{?) to increase with spin in ¥'Dy(1), the opposite
happens in '*?Dy(2)" (see Fig. 3 of ref. [23]).

It is interesting to note that for the present spin assignments (I, = 26 for *?Dy(1)
and Iy = 20.5 for *'Dy(1)), this puzzle disappears. In contrast to the first group
of SD bands (**Dy(1), S'Tb(2) and %*Dy(1,2,3)), the features of this group of SD
bands (**?Dy(4,5) and 'Dy(1)) is, more or less, similar to that of the éD bands in
the A ~ 190 region, i.e., J® > J® and both J® and J® increase very slowly with I,
and both the J™M)-¢ and J).¢ plots concave upwards.

In ref. (4], for the new SD band *?Dy(6), E,(Ip + 2 — L) = 761.5 keV, I = 32 is
assigned, and '%?Dy(6) is considered to be similar to the yrast SD band in neighboring
nucleus, *3Dy(1). However, from Flg 10 the assignment [y = 32 seems unlikely,
because in this case J()-¢ and J?)-£ plots cross each other. In fact Iy > 32 should
be ruled out by the criteria (c). On the other hand, I; < 30 are not allowed, because
\/J—(‘F/_J—G)— clearly increases with I.’Therefore, the most plausible choice is I = 31.
In this case, both J() and J{*) increase very slowly with I, like the behavior of the

SD bands '¥2Dy(4), '**Dy(5) and '*!Dy(1), but unlike the SD band **Dy(1), of which

both J() and J©®) decrease very slowly with I.

It has been pointed out [4] that there exists bandmixing between the SD bands
187Dy (2) and ?Dy(3), like that observed in the SD bands **Hg(1) and '**Hg(4) in
the A ~ 100 region. The spin assignment for these bands is more complicated and will
be investigated in another paper.

The spin assignments made by the present approach for the nine SD bands in *?*Dy

and neighboring nuclei are summarized in Table 1.

IV. DISCUSSIONS

Using the spin assignments made in Sect III. (see Table I}, a series of interesting
relations between the SD bands in ¥*Dy and neighboring nuclei will be found, which
reminds us the similar relations between the SD bands observed in the A ~ 190 region.

Firstly, let us address the group of SD bands: the yrast SD band "'Dy(1) (a = 1/2),
and the excited signature partner SD bands l“DY(‘i) (a = 0) and ¥*Dy(5) (e =1). It
is found that, on the one hand, the a = 1/2 band extracted from '*?*Dy(4) and *?Dy(5)
(see Table II(d)) is almost identical to the observed SD band *!Dy(1) (& = 1/2);

(hereafter, E,(I) = Eq(I — I — 2))), lLe.

1
: [E.,(I - 3 Dy(e),a = 0) + By(I + 3, Dy(5),a = 1)
1
= E‘v(LlSI Dy(1),a = E)v (M
On the other hand, though the @ = —1/2 band has not yet been observed in 151Dy,
the & = —1/2 band extracted from '*?Dy(4) and '**Dy(5) (see Table TI(e)) is almost

identical to the a = —1/2 band extracted from the observed SD band ¥'Dy(1), & = 1/2

(see Table II(f)); i.e.

1
% EL(I+ %,‘“ Dy(4),a = 0) + B, (I — 3 ** Dy(s), & = 1)]

10



1 1 '
= 3 E (I -1,"'Dy(l),a= E) + E,(I+1,%Dy(1),a = 5) . (8)

It has been well established [24] that there exist a signature partner SD bands !*‘Hg(2),
a = 1and "*Hg(3), @ = 0, and the extracted @ = 1/2 and @ = —1/2 bands are almost
identical to the excited SD bands observed in '3Hg and *'Hg; i.e.

1 1 1

5 [E.,(I — 3 Hg(3),a = 0) + By (I + 3, Hg(2),a = 1)}

= E,(1) Hg(2),a = 3) = £, (1" Hg(2),a = 3), (9)

% [E.,(I + %,”‘ He(3), o = 0) + E, (I — -;-,1“ He(2),a = 1)]
E,(I Bg(3),a = ~3) = E;(1," Hg(3),a = ~3), (10)
which are similar to eqs. (7) and (8). The relations (7) and (8) imply that these SD
bands have the same angular momentum alignment, i.e.
) L(**Dy(4,5)) — L.{**'Dy(1)) # 0 in the frequency range observed,  (11)

just like

L(***Hg(2,3)) - I.("**Hg(2,3)) 0 in the frequency range observed. (12)

Secondly, let us consider the group of SD bands: 5?Dy(1), ¥'Tb(2), and l”:’D'y(Z)
and '**Dy(3). It has been noted by Byrski et al., [21] that the experimental E, spectra
of Dy (1) and "“!Tb(2) are almost identical in the observed spin range. From the
spin assignment made in Sect III (see Table I}, it is clearly seen that

E, (I, Dy(1),a =0) = E,(I - %,‘5‘ Tb(2),e = —=), (13)
which implies that the difference in the angular momentum alignment between the

two SD bands is nearly 1/2, i.e.

L(**Dy(1)) — L(*'Tb(2)) ~

LV

) (14)

11

which seems to bé consistent with the assignment configuration {21] 76*»7% for ***Dy(1)
and 764({301]1/2)"'w7? (or “**Dy(1) core”®@(m(301}1/2) ) for *1TH(2).

From the experimental SD bands ¥*Dy(2,3), we can extract the a = 1 and @ =0
bands (see Table I1I (e) and (f)), and it is found that the extracted a =1 band is

almost identical to the observed SD bands '$2Dy{1}) and **'Tb(2),

1 _ l 153 _1 1 s - ___1_
LB - 39Dy a = P+ E(1 4 50 DY), = —3)

= E{I+1Dy(l),a=0) (15)
— E I+ 15Th(2),a=—1),
2 2
but for the extracted & = 0 band (see Table III (f}))

1 1 1 1 1
5 [E,,(I+ L Dy(2),a = 5) + Byl - 5 Dy(),a = —3)| (L even),

the corresponding counterpart & = 1 band in ***Dy has not yet been found. However,
this extracted o = O band is nearly identical to the @ = 1 band (see Table III (g))
extracted from the observed SD band ¥?Dy(1), @ = 0 and the & = 1/2 band extracted

fror the observed SD band ¥ Tb(2), a = ~1/2, i.e.
1
[E,(H %,m Dy(2),a = é) +E(I - %,m Dy(3),a = —5)]

[E,(I = 1,5 Dy(1), & = 0) + Ey(I + 1, Dy(1), @ = 0)]

— R N

= [E.,(I ~ 20 Th(2), = -3)+ BT+ L T(2), a0 = —%)] . (19)
Also this reminds us the similar relations established in the A ~ 190 region. It is well
known that the a = 1 band extracted from the observed SD bands '**Hg(2,3) is almost
identical to the observed excited SD band %*Hg(2), & = 1, and the observed yrast SD

band ¥?Hg(1), i.e.

1 1 e 1 1 1os _ 1
5 E (I 5 Hg(2),a—2)+E,(I+2, Hg(3),a = 2)

i2



E,(1,"™ Hg(2),a = 1) (17)

E,(I -1, Hg(1),a = 0).

Similarly, the @ = 0 band extracted from '**Hg(2,3) is almost identical to the observed
SD band '™Hg(3), a =0,

1

L 1193 _l _ims __l
3[BT+ 5% (), 0= 5) + Bl - 5. He(), o« = —3)

= E,(I,"* Hg(3),a = 0), (18)

but the expected @ = 1 SD band in *?Hg has not been observed.

The relations (15) and (16) imply

N

Iz(lnTb(z)) - Iz(lssDY(zr 3))

u

(19)

L(**Dy(1)) - L(***Dy(2,3))

144

(20)

V. SUMMARY

Using the new approach based on the very general properties of the rotational
spectra of axially symmetric nuclei, the spins of the nine SD bands in !**Dy and
neighboring nuclei (**Dy(1), (4), (5), (6), ¥!Tb(2), ¥*'Dy(1) and '*3Dy(1), (2), (3)
are determined and summarized in Table [. Particularly, the spin of the lowest level
observed in the yrast SD band '%?Dy(1) is determined to be Iy = 26 (E,(lh + 2 —
Iy} = 602.4 keV) rather than the previously assigned I = 22 or 24.

Based on the present spin assignment, several observations can be made:

(i) The group of SD bands (the signature partners *?Dy(4), « = 0 and '?Dy(5),
a = 1, and the yrast SD band '$!Dy(1)) are almost identical to each other

in the spin range observed and have the same angular momentum alignment

13

L(*¥*Dy(4,5)) = L(**'Dy(1)), which seems consistent with the same high-«¥ con-
figuration 76*v 7" assigned to these SD bands. For these SD bands and 1Dy (6),
(a) J® > JO, (b) both JI!) and J®) monotonously, but very slowly increase

with spin.

(ii) The group of SD bands (1¥?Dy(1), @ =0, *!'Tb(2), & = —1/2, '¥*Dy(2), a = 1/2,
and '¥Dy(3), @ = —1/2) are almost identical to each other in t}?e spin range
observed, but have different angular momentum alignment, i.e., in the observed
spin range L;(***Dy(1)) — L(*'Tb(2)) = 1/2, L(**'Tb(2)) — L('*Dy(2,3)) =
1/2, L(**Dy(1)) - L(***Dy(2,3)) = 1. For these SD bands and '**Dy(1}, (2)
J(zj < JW, (b) both J®) and J®) monotonously, but very slowly decrease with

spin.

14
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Table Captions

Table I Spin assignrment of the nine SD bands in *?Dy and neighboring nuclei. f is

the spin of the lowest level observed.

Table II Transition energies (in units of keV) and spin assignments of the group of
SD bands: *!'Dy(1), ¥*Dy(4) and '*'Dy(5). E,(I) = E,(I — I —2). Columns
2, 3 and 4 are the experimental transition energies of the SD bands ¥'Dy(1),
3Dy (4), and "**Dy(5), respectively. Columns 5 and 6 are the transition energies
of the @ = 1/2 and & = —1/2 bands extracted from the experimental transition
energies of ?Dy(4) and 52Dy(5), i.e.

1 1 1 1
Ei(la=3) =3 [BlI - 3 Dy(4),a = 0) + Ey(T + 1, Dy(5), = )]

1

1
.\ Ella=-3)= 5.[3,(” %,m Dy(4),a = 0) + E,(I — %,m Dy(5), & = 1)] .

Column 7 is the transition energies of the @ = —1/2 band extracted from the

experimental transition energies of **'Dy(1), i.e.

E(l,a= —%) = % [E.,(I—- 1L,¥'Dy(1),a = %) + E,(I+1,"' Dy(1),a = %)] .

.

Table III Transition energies (in units of keV) and spin assignments of the grou.p of
SD bands: ¥2Dy(1), ¥1Tb(2), 1"""‘Dy(Z), and ¥3Dy(3). E,(I) = E,(I — I -2).
Columns 2, 3, 4, and 5 are the transition energies of the SD bands %?Dy(1),
S1TH(2), **Dy(2), and '**Dy(3), respectively. Columns 6 and 7 are the transition
energiesof thea = land a =0 Ba.nds extracted from the experimental transition

energies of 1*Dy(2) and 'S*Dy(3), i.e.
i 1 153 1 1 153 1
EfLa=1) =7 |E(I - 3 Dy(2),a = 3) + E,(T + 3 Dy(@),« = =),

17

1 1 1 1
Ey(la=0) = [E,(I + 3, Dy(2),a = ) + B(I - 3 Dy(3)a = —3)].

Column 8 is the transition energies of the & = 1 band extracted from the exper-

imental transition energies of "*?Dy(1), i.e.

Ey(I,a=1) = > [E,(I = 1, Dy(1),a = 0) + E,(I + 1,'"* Dy(1),a = 0)] .

(A
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a b c d e f
lSlDy(l) 152Dy(4) XSZDY(S)
I a=1/2 a=0 a=1 a=1/2 a=-1/2 a=-1/2

SD band E,([j+2— I)),keV I, signature o

Table I ‘ Table II
1Dy (1) 602.4 26 0 J

¥1Dy(4 669.6
v 2 0 E(I+Y)  E() E(U+1) E(U+}) EUI-}) E(-}

12Dy (5) 642.1 23 1 expt. expt. expt. extr. extr. extr.

5Dy () T61.5 3 1 : 58 14903

151 56 1442.4

Tb(2) 647.0 275 —1/2
54 13934 13759

133

Dy(2) 816.5 34.5 1/2 52 13434 13277 13160  1318.4

153Dy (3) 935.7 39.5 -1/2 50  1293.3 1281.0 1304.2 1292.6 1267.4 1269.0

153Dy (1) 809.6 55 —1/2 48 12446 12280 = 1253.8 1240.9 1216.9 1219.7

151 46 11947  1180.3  1205.8 1193.1 1168.1 1169.5

Dy(1) 577.1 20.5 1/2
44 11443 11306  1155.8 1143.2 1117.8 1119.2
42 1094.1  1080.8  1105.0 1092.9 1067.9 1068.4
40 10426 10208  1055.0 1042.4 1017.5 1017.0
38 991.4 978.7 1005.1 991.9 966.3 965.9
36 940.4 929.0 953.8 941.4 916.1 914.8
34 889.1 876.8 901.3 889.1 864.0 863.5
32 8378 825.0 851.1 838.1 811.9 811.8
30 785.8 772.8 798.8 785.8 759.9 760.1
28 7344 721.0 747.0 734.0 708.0 708.1
26 681.8 669.6 694.9 682.3 655.9 655.0
24 628.1 642.1
22 5771
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Table III

a b ¢ d e f g
182Dy (1)  SITH(2) 153Dy(2)  3Dy(3)

I a=0 a=-1/2 a=1/2 a=-1/2 a=1 a=0 a=1
E(l) E(I-1) E(I+}) E(I-%) E(I+1) E(D E(I+1)
expt. expt. expt. expt. extr. extr. extr.

66  1497.8

64  1449.6 -

62 1401.3 1410.0

60 13529 1353 1387.9 1362.3 1399.0 1375.1 1377.1

58 © 1304.8 1305 1340.7 1314.7 1351.4 1327.7 1328.9

56 1256.6 1256 1291.0 1266.3 1302.9 1278.7 1280.7

54 1208.6 1207 1244.1 1219.9 1255.2 1232.0 1232.6

52 1160.5 1158 1196.2 1170.5 1208.1 1183.4 1184.6

50 11127 1112 1148.6 1123.7 1159.6 1136.2 1136.6

48 1064.9 1063 1100.0 1075.1 1111.9 1087.6 1088.8

46 10174 1016 1052.2 1028.7 1063.7 1040.5 1041.2

44 9706 970 1006.1 980.1 1017.4 993.1 994.0

42 923.2 922 958.6 935.7 969.4 947.2 946.§

40 876.4 876 909.9 . 922.8

38 8299 828 862.1

36 784.0 783 816.5

34 738.1 738

32 692.7 692

30 6475 647

28 602.4
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Figure Captions

Fig. 1 JM) and J® of the ground rotational band of the normally deformed nucleus

Fig.

Fig.

Fig.

Fig.

Fig

20y 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 I1=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, -+ in Fig.
1(d) and by 2, 4, 6, 8, --- in Fig. 1(e). 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, -+ JW and J® are in units of A'MeV-L.

2 70 and J of the yrasi: SD band $?Dy. J&) and J(?) are extracted directly
from the experimental v-ray energy using egs. (1) and (2). E,(fo+2 = L) =
602.4 keV is the transition energy between the levels with spins Io+2 and ly. Iy is
the spin of the lowest level observed in this SD band. The J®M)-£ and J®¥-¢ plots
for eight spin assignments Iy = 22, 23, 24, 25, 26, 27, 28, and 29 are presented in
the upper panel of Fig. 2. The corresponding \/m{ plots are presented
in the lower panel of Fig. 2.

3 The same as Fig. 2, but for the SD band '*'Tb(2) and five trial values of
I, = 25.5, 26.5, 27.5, 28.5, and 29.5 are adopted, E (Io + 2 — I) = 647.0 keV.
4 The same as Fig. 2, but for the SD band %*Dy(2) and five trial values of
Iy = 32.5, 33.5, 34.5, 35.5, and 36.5 are adopted, E {lo +2 — Iy) = 816.5 keV.
5 The same as Fig. 2, but for the SD band 153Dy (3) and five trial values of

I, = 37.5, 38.5, 39.5, 40.5, and 41.5 are adopted, E,(Jo + 2 — fo) = 935.7 keV.
. 6 The same as Fig. 2, but for the SD band '**Dy(1) and five trial values of
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Iy = 33.5, 34.5, 35.5, 36.5, and 37.5 are adopted, E,(Jo +2 — I) = 809.6 keV.

Fig. 7 The same as Fig. 2, but for the SD band *?Dy(4) and five trial values of

30 T LI T j . o | ' o !
! 4 e -
Iy = 22, 23, 24, 25, and 26 are adopted, E,(Io + 2 — I;) = 669.6 keV. 70 (a) — (b) _lr (e) e (d) / : \ te)
! | o a0 \
50 — T T\ T A A
Fig. 8 The same as Fig. 2, but for the SD band ¥'Dy(5) and five trial values of 50 _ - P N e >
o P S e J el o 1 e i
Io = 21, 22, 23, 24, and 25 are adopted, E,(ly +2 — I;) = 642.1 keV. 40 e —a/f P e T
|> 30 + /-" '— a - e I '
Fig. 9 The same as Fig. 2, but for the SD band *!Dy(1) and five trial values of ; 80 ./.} — / e S Buan R s m {y\: -t
i
— 4. = - = T I =2
Iy = 18.5, 19.5, 20.5, 21.5, and 22.5 are adopted, E,(I, + 2 — Ip) = 577.1 keV. , “e 70 F [0= -2 7 ]o= -1 [0—0 A [o L \ 0 |
60 - - + . \ T
. |
Fig. 10 The same as Fig. 2, but for the SD band *?Dy(6) and five trial values of g0 k- - -1~ J; o T Voot
VT B
- - e o’ T T
Io = 29, 30, 31, 32, and 33 are adopted, E, (I, + 2 — Io) = T61.5 keV. 40 o e | T 1 1
| 30 e + T
Zor‘(«l"] . ;//1.'.|. PR TURN RO I N TP O PR IR N S
0 %5 1018 9 5 1015 0 5 1015 0 S5 1015 0 5 10 15 20
1/2
(I(7+1))
Fig. 1
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