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Abstract Transfer reactions at the high-precision Q3D
spectrometer at the University of Munich have shown that
there are many low-lying excited K™ = 0% states in well-
deformed nuclei. A recent study of 192Dy shows eleven 0
states below an energy of 3 MeV. While this nucleus is studied
extensively, the lifetimes of the new states were not known.
We report on lifetime measurements of the newly observed
states in order to determine their properties and allow the
characterization of these states. Level lifetimes of 0" states
in 192Dy were measured by the (1, n’y) reaction and the
Doppler-shift attenuation method at the University of Ken-
tucky. This work allow us to report the transition probabili-
ties from six of the eleven 0T states. We suggest that the first
excited K = 07T excitation at 1400.2 keV in 2Dy may be
the B vibrational excitation and not the y y excitation indi-
cated in the past or a shape coexistence minimum.

1 Introduction and meotivation

One of the main challenges in nuclear structure today is
the understanding of the emergent regularities in structure
patterns, collectivity, or shape coexistence and the informa-
tion that they can divulge about the nature of nuclear forces.
The Q3D high-precision spectrometer at the University of
Munich nearly two decades ago, revolutionized nuclear struc-
ture by introducing the capacity to observe a large number of
07 states in the low-lying spectra of nuclei. Historically, 0T
states were difficult to measure and hindered testing and ver-
ification of numerous nuclear models due to the absence of
the predicted and essential 07 states. In 2002, one of the first
Q3D measurements showed 13 07 states [1] in one nucleus
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below 3.1 MeV. This work was followed by many others [2—
15] to reveal that in some cases, tens of 0T states exist in
the low lying structure of deformed nuclei. The lifetimes of
several 07 states in 13Gd were measured [16] but no dis-
tinct conclusions could be made since the full level scheme
depopulation was incomplete.

In this 19Dy nucleus, there are eleven 07 states reported [3]
below an excitation energy of 2.8 MeV. What is the nature of
these 0™ states? Our goal was to measure the level lifetimes in
an attempt to answer the question about the nature of these
states. The '9>Dy nucleus remains one of the best studied
rare-earth nuclei [17, 18] in nuclear physics in terms of reac-
tions and completeness. The focus of this work was not to
expand the already well developed level scheme but to mea-
sure the lifetimes of the 07 levels in 9Dy using the DSAM
(Doppler-shift attenuation method). An earlier measurement
of lifetimes in 92Dy, used the GRID (Gamma Ray Induced
Doppler Broadening) technique of lifetime measurements at
the ILL facility in Grenoble, France [18]. The results showed
one relatively collective E2 transition from the K* = O;’
band’s 2% state to the K* = 2% band and suggested that
perhaps the K™ = O;r band has two-phonon yy compo-
nents. The K™ = Ozr band at 1400 keV, contained several
band members depopulating to the K* = 2% band but no
conclusions could be made about this band since the tran-
sition probabilities disagreed with the Alaga rules [19]. In
this work, we show that the K = 0;' band may indeed
be the g vibration. Our conclusion is consistent with global
calculations that indicate that the transition probabilities con-
necting this band to the ground state are not only expected
to be weaker than the transition probabilities depopulating
the K = 27 but they also exclude the characterization of
this low lying band as a shape coexistence minimum. The
K" = 0; band at 1400.2 keV seems to be an oscillation built
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on the ground state of '9>Dy and indications are that it is the
B vibration.

2 Experiment

Levels in 192Dy were populated with the (n, n’y) reaction at
the University of Kentucky Accelerator Laboratory (UKAL)
using quasi-monoenergetic neutrons from the *H(p, n) reac-
tion. Measurements included y -ray excitation functions and
angular distributions. The scattering sample was 24.0 g of
96.17% enriched '®’Dy oxide powder contained in a thin-
walled polyethylene cylinder, 7.62 cm high and 3.81 cm in
diameter. The emitted y rays were detected with a < 50%
efficient HPGe detector with time-of-flight gating for back-
ground suppression and a BGO shield for active Compton
suppression [20].

An excitation function was performed in 75 keV steps
from E, = 1.4-3.1 MeV with the detector placed at 90°
to the beam axis and was used to confirm the established
level scheme by checking the thresholds of y rays which
had already been placed. These excitation functions provide
y-ray yields as a function of neutron energy. Angular dis-
tribution measurements were performed at incident neutron
energies of 1.6, 2.2, and 3.1 MeV over an angular range of
40° to 150°. These energies were chosen to reduce the effects
of feeding to the levels of interest and facilitate accurate level
lifetime measurements.

The angular distributions of the y-ray intensities, W(6),
were fitted with even-order Legendre polynomials:

W) ~ a, [l + ax P2(cos 0),) + a4 P4(cos Hy)] @))

where the parameters a; and a4 depend on the multipolarities
and mixing amplitudes of the transitions.

Lifetimes of excited states shorter than about 2 ps [21]
were determined by the Doppler-shift attenuation method
(DSAM), a technique that exploits the shifting of gamma-ray
transition energies emitted from a recoiling nucleus as a func-
tion of the angle of observation. The y ray energies are there-
fore angular dependent, £, (0) = E;j[l + v/cF(t)cos(0)],
where de-exciting y rays will be Doppler shifted linearly as
a function of cos(f), the un-shifted y-ray energy E;, the
recoil velocity of the decaying nucleus v/c, and a lifetime-
dependent attenuation factor F(t), depends primarily on the
after nuclear stopping powers. Examples of which are shown
in Fig. 1. Uncertainty in lifetime measurements is primarily
due to the lack of knowledge of the stopping powers of the
recoiling residual nuclei [21]. These techniques and methods
are described in detail elsewhere [20,22-25].

@ Springer

3 Results

In this paper, the lifetimes of the low-lying 0% states in 92Dy
were measured and lifetimes were extracted for six of the
reported eleven 0T states. In cases where lifetimes existed
previously [18,26] there is agreement within experimental
uncertainties as shown in Table 1.
Meyer et al. [3] reported eleven excited 07 states below
2.8 MeV. Two of those states were identified as tentative,
and one as a likely contaminant [3]. In this work, we confirm
the spin assignments of the identified 0" states, and obtain
the level lifetimes where possible. Throughout this work, we
have maintained the labeling or numbering of the 0" states
in accordance with the (p, t) measurement results in order to
avoid any further confusion between what was observed by
Ref. [3] and our work with (n, n'y) where the ground state
0% is noted as 0 .

We searched for y ray decay from each of the identified 0"
states expecting the O;r — 2; transition to be the dominant
decay; transitions to low-lying 27, 17, and 1~ states were
also sought. In each case, we required that the level-energy
threshold from y-ray excitation functions were consistent
with level energy assignments. Furthermore, it was required
that the angular distributions of y rays from these states be
isotropic, i.e., a = 0 in Eq. 1.

The 07 state assigned at 774.2 keV [3] was identified as
a probable contaminant although the source of that contami-
nant was not identified, and no attribution of the source of the
contaminant was made by the authors. We did not observe
(OT)—> 27 decay from this level in our current experiment.

The Oi state at 1400.2 keV is well established and has been
observedin (¢, p) [27], (p, t) [3], and through E0 decay from
B decay of '92Ho [28]. We also support the identification of
this level and observe a y ray to the 2;’ level which provides a
lower limit on the level lifetime of T > 2100 fs correspond-
ing to a B(E2) < 2 W.u. As this level is well established,
the 1319.6 keV y ray was used to calibrate the angular dis-
tributions. Additional members of this band were observed
at 1453.4 keV (27) and at 1574.3 keV (45 ). We have deter-
mined a new level lifetime of 3400f?288 fs for the 22' level,
and our measured lifetime is in agreement with the previously
reported level lifetime [ 18] for the 4; level (see Table 1). Con-
siderable theoretical and experimental focus [3,29-31] has
been placed on the assessment of this 02+ band as a y y vibra-
tion, and its confirmation was contingent on the measurement
of level lifetimes and the 0 — y vibration interband tran-
sitions: a weak 565.3 keV y ray decaying from the 21, a
686.1 keV y ray from the 4;, and the elusive 512.0 keV y
ray from the 0; bandhead, to name a few. The broad annihila-
tion peak in our spectra prevents detection of this latter y ray
in our y-singles-based experiments, and the weak intensities
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Table 1 Level energies (keV), y-ray energies (keV), level F(7) values,
and mean lifetimes (fs) observed in the current 162Dy(n, n'y) experi-
ment for 07 states and band members. The literature lifetimes, 7;;;, are

reported from Ref. [18] since they were published after the most recent

compilation [26]. The ground-state band members are noted using “g”.
Parentheses around the 07 state indicate a tentative assignment

Ejev (keV) E, (keV) JT — J}T I, (rel) F(1) 7 (fs) B(E2) (W.u.)
774.2(3) ohH
1400.21(6) 1319.60(5) 03 —2f 100 0.031(38) > 2100 <2
1453.41(5) 1187.80(5) 27— 4f 74(2) 0.042(26) 340073599 0.8270-3%
1372.80(5) 25— 2f 100(2) 0.541037
1574.27(6) 1308.64(5) 4 — 4f 100 0.043(31) >2000 <2
zir = 1080-3100
1666.00(8) 1585.35(5) 07 — 2} 100 0.051(33) 300077500 0.527999
1728.28(5) 1462.69(5) 2 > 4f 82(2) 0.105(21) 13507330 0.577013
1647.64(5) 2F —»2f 100(2) 7ir = 250-1000 0.3910:03
1728.29(5) 27 - 0f 64(2) 0.1970:04
1814.6(5)* ©7)
1820.3(5)? 09)
1886.48(6) 1805.86(5) 4F > 2f 100 0.086(34) 16001355 0.51%02%
2127.96(6) 2047.34(6) 0f — 2F 100 0.071(31) 220015500 0.2010:04
2189.72(7) 2109.10(6) Qf —2f 100 0.267(58) 5301320 0.707039
2497.85(10) 2417.22(9) 0f -2 100 0.376(55) 27014° 0.7£0.2
2505.68(12) 2505.68(12) - 0f
2588.8(7)* o)
2655.91(20) 2575.28(20) 0§ — 2F 100 0.436(164) 2001300 0.6970%)
2663.0(7) )
2800.92(24) 2720.28(24) 0f, = 2f 100 0.653(200) 9040 12453

#Level identified in Ref. [3] but no y-ray decay was observed in this work

(previously reported in the literature [17]) of the other two
make detection unlikely. In this work, we have measured the
lifetimes or lifetime limits of the 0; and 2; in addition to the
previously measured 4; state of the band. B(E2) values are
shown in Table 1 with the measured lifetimes, y-ray intensi-
ties, and associated B(E2) value assuming 100% E?2 yielding
upper limits for the B(E?2) values. Given the additional level
lifetimes, the transition probabilities for y-rays connecting
this band to the ground state ground state are stronger for this
band than any of the other 07 states.

The spin and parity of the 0% level at 1666.0 keV were
reported by Meyer et al. [3] and supported by Aprahamian et
al. [18]. The energy threshold of the excitation function and
ap = 0.02 £ 0.03 from the angular distribution support this
placement. Our lifetime value 30001“??88 fs relies on the
decay to the 2:; state. The lifetime of the 2; level of this
band at 1728.3 keV was previously reported [18] with a level
lifetime of 250 — 1000 fs. The current experimental value
is 13501‘?;8 fs. In addition, we have measured the lifetime
of the 4; at 1886.5 keV as 16003380 fs corresponding to a

B(E2: 47 — 23)=0.517(1% W.u. As calculated in Table 2.

These values imply strong transition probabilities connecting
members of this band to the K* = 27T band.

The 0% states ar 2128.0 (07), 2497.8 (0%), and 2655.9 (03)
keV decay to the 2;,", via 2047.3 (ax = 0.04 £+ 0.06), 2417.2
(a2 = 0.12 £ 0.11) and 2575.3 keV (a2 = 0.24 £ 0.32),
respectively. No additional decay branches were observed.
The lifetimes extracted are 22002380 fs for the level at
2128.0 keV, 2707110 fs for the level at 2497.8 keV, and
2001200 fs for the level at 2655.9 keV as shown in Fig. 1.
We note that the 2127.96 keV level is not within 2o of the
2126.5 keV reported in Ref. [3]. A search for other y rays
near this energy was conducted without success.

The isotropic radiation observed for the 2720.3 keV y ray
that depopulates the Oﬁ state at 2801.0 keV, leads us to sup-
port the assignment of this previously assigned “tentative”
state as a 0T excitation. The 2720.3 keV decay has an angu-
lar distribution a, = —0.16 = 0.21 and provides the shortest
0% lifetime of 907 fs with a B(E2)=1.223 W.u.

In the work we did not observe y rays depopulating the
reported 07 states at 1814.6 (07 ), 1820.3 (07), 2588.8 (07 ),
or2663.0keV (OTO) identified in (p, t) experiments [3]. There
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Fig. 1 Examples of Doppler energy shifts observed for selected tran-
sitions following the '62Dy(n, n’y) reaction. In each case, the y ray
shown is the 0 —2 transition

are no obvious peaks above our background with the excep-
tion of the expected y ray from the 2588.8 keV state as shown
in Fig. 2. The angular distribution of the 2505.7-keV y ray
produces an ap = 0.46 £ 0.10 precluding it from being a 0
level decay. Through excitation functions and angular distri-
butions, this y ray was placed to a level at 2505.7 keV.

In this work, eleven 07 states were studied and six level
lifetimes were possible to measure. An additional five 2% and
4" band member state lifetimes were measured in agreement
with previous measured.

E =1814.6 keV E, =1820.3 keV

4 Discussion

This study reports on the measured lifetimes of K* = 0
states in 19Dy using DSAM. The extracted lifetimes are used
to calculate transition probabilities in an attempt to identify
the properties of these states. The lifetime of the 0T states
de-exciting to the ground state band members are compiled
in Table 1 along with the deduced B(E?2) transition probabil-
ities. A partial level scheme including the observed 07 states
in 12Dy is shown in Fig. 3 along with the excitation energies
of the two-neutron and two-proton pairing gaps.

The main focus of nuclear structure discussions has
revolved around the viability of observing low-lying col-
lective oscillations versus the existence of a shape coexist-
ing minimum. The '%>Dy nucleus is well deformed with a
4%/2% ratio (R4/2) of 3.28. Rotational motion is expected
in deformed nuclei; the question is whether the “granular-
ity” [32] of nuclei allows single or multiple quanta of vibra-
tional oscillations superimposed on the deformed ground
state shape of the nucleus. The observation of so many
K™ = 0T states below 3.0 MeV has not only revitalized
but also led to spirited discussions about the viability of
vibrational excitations built on a deformed ground state. The
lifetime measurements of numerous 0% states in 1Dy is a
significant addition.

Quadrupole oscillations (A = 2) of a deformed shape
are expected to be the lowest shape affecting oscillations.
That would result in two types of vibrations: g with no pro-
jection on the symmetry axis and y with a projection of
K™ = 2%. Discussions in recent years have focused on a
debate about the absence, or the lack of, a (K* = 0T) B
vibration with a multitude of possible interpretations that
vary broadly between claims of “no collective excitations”
built on the deformed ground state to the impossibility of
having one of the quadrupole shape oscillations, that is the
K* = 2% y-oscillations to the exclusion of the other type

E, =2588.8 keV E =2663.0 keV

o e N T N B | 0%
I ; i
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§ [ Ol [y 1 5 i \ I g g | Il § 1 Ty ! |
S UL[H e Lﬂ Jl-uwu © M JLHM‘\MMWM o WUW J o IHH 25862
Ei:‘agev) 1740 1730 EY (ke\}§40 102500 Ev (kev) 25‘10 258%v (kev) 25;90

Fig. 2 Solid lines represent the areas of the 162Dy spectrum where the Of — 2; gamma rays are expected to appear
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Fig. 3 The energies of the excited 07 states, the first excited 2+ band-
head, and low-lying ground-state band for '92Dy. The new transition
probabilities resulting from our measurements are presented with rel-
ative widths of all transitions proportional to known literature B(E2)

K* = 0" B-oscillations. Presently, the towering point in
the discussions is the claim of shape coexistence for the low
lying K™ = 07 bands. There are several comprehensive, the-
oretical studies [33—35] in support of our conclusion that this
nucleus does not exhibit shape coexistence.

Delaroche et al. [33] have studied the entire chart of
nuclides from Z = 10 to Z = 110 with neutron numbers
N < 200 and have mapped the structure of even-even nuclei
using a collective Hamiltonian and the DIS Gogny interac-
tion. In various parts of the table, they interpret the charac-
ter of the first excited 0T state as either shape coexistence
or B-vibration based on the relative quadrupole transition
strengths. This theory shows shape coexistence is found to
be more prevalent across the entire chart of nuclides but many
deformed nuclei exhibit strong rotational spectra when the
4127 ratios (Ry4 /2) correspond to axial rotors. This is the case
for 192Dy. They find, that in many cases, deformed nuclei
exhibiting strong rotational spectra (47/27) ratios that cor-
respond to axial rotors have a B-vibration for the first excited
0T state, although shape coexistence is found to be more
prevalent across the entire chart of nuclides.

Bonatsos et al. [34] explore the signatures of shape coexis-
tence for the ground state band and the first excited K* = 0T
bands. They publish a practical guide for the experimen-
tal findings of coexistence and these exclude well deformed

values (in W.u.). The proton and neutron pairing gap values (2A, and
2A,) are indicated on the left vertical scale as well as the Ref. [33]
predicted value for the 07 that shows the greatest collective strength to
the ground state

rotors. Their studies specifically exclude the '9>Dy nucleus
from the coexistence picture with Ry, = 17 and Ry =
3.27.

The IBM [36-38] model also has a viewpoint. The first
excited 0" and 2% bands are members of the same repre-
sentation, and in a pure SU(3) limit, would not decay to the
ground state. Most deformed nuclei, are not pure SU(3) in
nature and the breaking of that symmetry gives rise to inter-
band transitions from both of the low-lying K* = 2% and
K* = 0" (“y” and “B”) bands of significant strengths. An
investigation [35] exploring the B(E£2) dominance of 8 — y
and y — g transitions over the 8 — g resulted in a predic-
tion of weaker B — g values by 1/6 where “g” denotes the
ground state band. This result was found to stand indepen-
dently of the deformation or the proximity/distance to SU(3).

Our data show that the largest B(£2) values to the ground
state band in 9Dy are associated with the K* = 0% band at
1400.2 keV. This band that had been claimed as a two-quanta
oscillation built on the K = 27 band [29] with one strong
gamma ray measurement. There are strong B(E2) values to
the K* = 27 band. This is expected in the IBA since the two
bands (K* = 2% and K* = 0%1) are members of the same
representation. The character of the first K* = 07 band is
that of a B vibration. The nature of the K* = 0T at 1666.0
keV and others remain open to future experiments. Many of

@ Springer
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Table 2 Transition probabilities are calculated for bands of interest in
162Dy, Level energies (keV), y-ray energies (keV), level lifetimes (fs),
E2/M1 mixing ratios (), and relative intensities are from this (n, n’y)
work and reported in Table 1 unless noted. If y rays from previous mea-
surements are added to the level, the relative intensities are adopted from
that reference and normalized with the intensities of the observed tran-
sitions. Conversion coefficients (a7) are theoretically calculated from
Ref. [26] and the assigned multipolarities are deduced given the tran-

sitions and reported in parentheses. The B(E2) values are reported in
W.u. where 1 W.u. = 5.2461 x 1073 ¢2b?. For transitions with mixed
E2/M 1 assignments, the B(E?2) value is reported as an upper limit. The
B(E1) transition probabilities are reported in mW.u. where 1| mW.u. =
1.9155 x 10~ e2b. Gamma rays with low intensities were not observed
in our work and the relative intensities were adopted from Refs. [17]
or [29] and noted. When our lifetime measurement provided a limit, the
literature lifetime [17,26] was used and denoted with a T

Ep Jf E, Ky J7 Ef I, or T l B(E1)or B(E2) Notes
(keV) (keV) (keV)  (rel.) (fs) oré mW.u or W.u.
K™ =2}
888.16 2t 62249 0 4f 266 1945)  0.00875 2840+ 130F  E2 0.59 709 a
80754 0 2 81 100(3)  0.00481 —045T095 14404
888.18 0 Of 0 91(2) 0.00391 E2 47404
962.86 3t 69730 0 4F 266 19(1) 0.00670 > 3200 0.20£0.06 <03
88231 0 2f 81 100(1)  0.00397 99.3%E2 <8
106092 4+ 9805 2 3f 963 008(1) 253 320011500 M1 - a
172.84 2 2 888  0.71(3)  0.387 E2 140 T110 a
51246 0 6¢ 548  1.58(6)  0.01422 E2 14159 a
79535 0 4Ff 266 100Q2)  0.00500 —0.92700¢ 44138
98036 0  2f 81 57(1) 0.00317 E2 19113
118260 5% 12177 2 4Ff 1061  0.17(1) 1325 > 2500 T5%E2 <260 a
21982 2 3F 963 2.5(1) 0.1729 E2 <260 a
63424 0 6f 548 20(1) 0.00853 E2 <10
91710 0 4Ff 266 100(2)  0.00365 96.2%E2 <8
K™ =05
140020 0t 512.0 2 2f 888 83(38) 001425 > 2100 E2 <24 b
1319.60 0 2k 81 100(2) 1.77 x 1073 E2 <2
145340 2 17770 0 17 1276 0.94(11)  0.0664 340013500 El 0.09 007 a
39248 2 4F 1061 0.99(11)  0.0292 E2 27733 a
49051 2 3% 963 326(17) 0.0164 > 945%E2 > 1 a
56532 2 2 888  2.04(33) 0.016 E2/M1 0.89 108 a
1187.80 0 4Ff 266 74(2) 0.00215 E2 0.79 *0-2
137280 0 2f 81 1002)  0.00241 M1 -
157426 4% 12082 0, 2t 1453 021(4) 1357 1080 — 31007 E2 330-940 a
21636 0 37 1358 0.25(3)  0.039 El 0.02-—0.06 a
27728 21 47 1297 0203)  0.021 El 0.01-—0.02 a
36421 21 37 1210 048(3)  0.01070 El 0.01-—0.02 a
391541 2 55 1183 092(8)  0.044 E2/M]1 4-12 a
513314 2 4F 1061 2.1(1) 0.021 E2/M1 2.4-—6.8 a
611228 2 3F 963 0508 0013 E2/M1 0.24-—0.68 a
686.146 2 2F 888 1.2(3) 0.00695 E2 0.32-—0.91 a
102584 0 6f 548 18(1) 0.0028 E2 0.6-—1.8
130864 0 4F 266 1002)  0.002181 0.9301¢ 0.5-—1.4
K™ =47
1535.80 4+ 23867 2, 47 1297 0.122)  0.0310 120073500 El 0.01475013 a
35290 2 55 1183 0.90(16)  0.046 > 62%E2  >22 a
47527 2 4% 1061 9.0(6) 0.0219 T3%E2 20113 ¢
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Table 2 continued

Er T E, Ky " E, L, ar T b4 B(E1) or B(E2) Notes
(keV) (keV) (keV) (rel.) (fs) ord mW.u or W.u.
572.96 2 3f 963  63(1) 0.0113 89%E2 67143
647.61 2 888 100(2) 0.00794 E2 6574
987.15 0 6¢ 548 1.04) 0.0022 E2 0.08 010 a
K™ = 0§
+4800 +0.40
1666.00 0t 158535 0 2f 81 100 300077500 E2 0.52 7049
172827 2+ 154026 0, 4t 1574 057(7) 0575 18007850 E2 270 1159 a
37039 0 3= 1358 3.54(16)  0.01028 El 0.06 1003 a
45254 0 1= 1276 323(55)  0.00643 El 0.03 1007 a
0.38
840204 2 2 888  3.9(16)  0.0063 E2/M1 039 703% a
1462.69 0 4t 266 32(6) 1.49 x 1073 E2 0.201013 ¢
1647.64 0 2F 81 100(2) 1.78 x 1073 M1 -
0.08
172829 0 05 0 64(2) E2 0.17 T3 d
1886.45 4t 180586 0 2f 81 100 1600733 E2 0.51 10-1%
2180.58 4 121772 2 3f 963 100(21) 2401300 0241007 07138
129244 2 2 888 88 E2 8.4 3% e
- 70 0.12
223097 2+ 95575 0 1 1276 73(2) 360700 El 0.44 1002
134257 2 2 888 100(3) 89%E2 51771

4This y-ray was not observed in this work. Energy and intensity information adopted from Ref. [17]

b This y-ray was not observed in this work. Energy and intensity information adopted from Ref. [29]

¢ Since this is a multiplet in our work, the intensity of the y ray was adopted from Ref. [17]

4 This y ray was not observed in Ref. [17], and, therefore, the intensities were scaled between the two measurements

¢ This y ray was not observed in this work. Energy and intensity information adopted from Ref. [41]. An error was not reported for the intensity of

this y ray

them are above the pairing gaps. The 2;’ and 4; members
of the K" = O;r at 1666.0 keV form the band structure on
top of this state. Transitions from this band however are only
weakly connected to the ground state. Further experiments
with conversion electrons should help determine the nature
of the remaining K” = 0T bands.

5 Conclusion

We have measured the lifetimes of nine new levels in 192Dy
including six of the eleven reported 0T states. We assert that
the 1400.2 keV 0™ excitation may be the 8 vibration and it is
connected to the ground state band with stronger transition
probabilities than any of the other K” = 0T bands. Reduced
transition probabilities to the ground state band are not in
the order of tens or several Weisskopf units [24], they are
however in line with other observations of 0T state decays to
the ground state band for Er, Yb, and other Dy isotopes [39,
40]. Further, the transition probabilities agree with the Alaga
rules.

The measurement of the 1666.0keV 0T band show weaker
connections to the ground state band than the 1400.2 keV

band. The 27 state of this band seems to show a strong con-
nection to the K "= 2% band in agreement with previous
measurements [ 18] although that is not shown in Fig. 3. The
K 7= 07 bands at 2497.8 keV, 2655.7 keV, and 2800.9 keV
show fairly collective E2 transitions connecting to the ground
state in the order of approximately 1 W.u. The state at 2800.9
keV shows a depopulating transition B(E2) value between
0.6 to 1.2 W.u. The K™ = 0% band at 2497.8 keV also shows
a fairly collective connection to the ground state 2+ with a
B(E?2) value of 0.7 W.u. In a deformed nucleus, B(E2) values
in the order of 1 W.u. can only result from collective effects.

The nature of the K* = 0" at 1666.0 keV remains open.
The 2% and 4T members of strongly connected and form the
band structure on top of this state. Previous measurements
had seen a strong connection to the y-band. Transitions from
this band are only weakly connected to the ground state.
Further experiments are needed to determine if this band is a
potential candidate for a coexisting shape. All of the 0 states
except the first two are above the two-neutron and two-proton
pairing gaps as indicated in Fig. 3.
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Fig. 4 Level scheme showing all observed transitions from the lowest-
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