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Yrast superdeformed band in 194Pb: Jp and Ex
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The yrast superdeformed band in194Pb has been populated using the174Yb(25Mg,5n!194Pb reaction at
Ebeam5130 MeV. Decayg rays were detected using the GAMMASPHERE array at the 88-Inch Cyclotron.
Twelveg-ray transitions have been observed directly linking three members of the194Pb yrast superdeformed
band to low-lying normal deformed levels. Anisotropy measurements indicate that these linking decays include
E1, M1, and mixedM1/E2 multipolarities. The radiative widths deduced are very inhibited, typically
B(E1);1028 Weisskopf units~W.u.! and B(M1);1025 W.u. Without recourse toa priori assumptions
Jp561 andEx54878.4(3) keV have been unambiguously assigned to the lowest-lying observed superde-
formed state~the state populated by the 170-keV intraband transition!. The intensity of the observed primaries
accounts for 21~2!% of the superdeformed band population.@S0556-2813~97!03105-1#

PACS number~s!: 21.10.Re, 23.20.Lv, 25.70.Gh, 27.80.1w
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I. INTRODUCTION

The observation of one-step ‘‘primary’’ gamma-ray tra
sitions directly linking the superdeformed~SD! states to the
normal deformed~ND! low-lying states of known excitation
energies (Ex), spins, and parities (J

p) is crucial to determin-
ing theEx andJ

p of the SD states. With this knowledge on
can begin to address some of the outstanding problems a
ciated with SD nuclei, such as the identical band issue,
one can also place more stringent restrictions on theore
calculations which predict SD states and their propert
This information may also lead to a more detailed und
standing of the deexcitation of hot nuclei and other proces
involved in the decay of SD bands to the ND states.

The resolving power of the new generation of 4p g-ray
spectrometers allows the prospect of realizing this go
Brinkman et al. used the early implementation of th
GAMMASPHERE spectrometer array~32 detectors! and
proposed a single candidateg ray linking the194Pb yrast SD
band to the low-lying ND states in194Pb @1#. Using 55 de-
tectors in the GAMMASPHERE array Khooet al. observed
multiple links between the yrast SD band in194Hg and the
low-lying level scheme and conclusively determined valu
for Ex andJ of the yrast SD states@2#. Here we report on an
experiment in which GAMMASPHERE with 88 detecto
was used: TheEx and J

p values of the yrast SD states
194Pb were uniquely determined. Twelve single-step linki

*Present address: Lawrence Livermore National Laboratory,
ermore, California 94550.
550556-2813/97/55~6!/2819~7!/$10.00
so-
d
al
s.
-
es

l.

s

transitions between the yrast SD band and low-lying state
194Pb have been identified, including the transition propos
by Brinkman. These transitions have been placed in the le
scheme of194Pb using coincidence relationships and agr
ments between the energies of the primary transitions and
energy differences in level spacings. Furthermore, meas
ments of angular asymmetries have yielded the multipol
ties of the primaries which have allowedJp assignments of
the 194Pb SD states to be unambiguously determined for
first time withouta priori assumptions about the character
SD bands. A study performed in parallel to our work usi
the EUROGAM-II array reports similar, but less extensi
results@3#.

II. EXPERIMENTAL DETAILS

The experiment was performed at the Lawrence Berke
National Laboratory 88-Inch Cyclotron facility. High-spi
states in 194Pb were populated following the174Yb(25Mg,
5n) reaction atE(25Mg)5130 MeV. Coincidentg rays emit-
ted during the decay of these high-spin states were dete
using the GAMMASPHERE array@4# which, for this experi-
ment, consisted of 88 large-volume (;75% efficient!
Compton-suppressed Ge detectors. The detectors w
located in rings at 17 different angles with respect to
beam: Q517.3(162.7)°, 31.7(148.3)°, 37.4(142.6)
50.1(129.9)°, 58.3(121.7)°, 69.8(110.2)°, 79.2(100.8
80.7(99.3)°, and 90.0°. The isotopically enriched (.98%!
174Yb target was 1.21 mg/cm2 thick, and evaporated directly
onto a 6.13-mg/cm2 Au backing. The signal-to-noise ratio o
the SD primaryg rays is enhanced when a thick backing
-

2819 © 1997 The American Physical Society
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2820 55K. HAUSCHILD et al.
FIG. 1. Background-subtracted coinciden
spectra obtained from the singly gated cube
summing all possible pairwise gate combinatio
of the 170–532 keV194Pb yrast SD transitions
Exclusion of the 419-keV SD line from the gat
list used to create the cube results in its appar
increased intensity. The low-energy portio
panel~a!, displays the yrast SD band and trans
tions arising from deexcitation of the low-lying
ND states, while~b! presents the one-step trans
tions ~primaries! directly linking the SD and ND
states. Transition energies are labeled in ke
Yrast transitions in~a! are labeled byJi

p→Jf
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used because the lower-lying SD states have lifetimes
are longer than the characteristic stopping times of
evaporation residues in the Au foil. Thus, the linking tran
tions do not exhibit angle-dependent Doppler shifts,
broadening, and the intrinsic detector line shape is expec
Approximately 73109 events were recorded with sup
pressed Ge fold>4.

III. ANALYSIS

The search for linking transitions was performed using
triple coincidenceRADWARE cube@5#, gated by at least one
g ray with an energy that corresponded to a194Pb yrast SD
transition energy@6–10#. The SD-gate list excluded th
419.9-keVg ray of the SD cascade due to its proximity
the 421.1-keV 72→52 low-lying transition. In addition, the
g rays were required to be in prompt coincidence with
spect to the beam pulse. High fold events~fold>5) were
incremented into the SD-gated cube following the proced
of Ref. @11#. One should note that the excited bands
194Pb reported in Ref.@12# are not expected to influence ou
search for linking transitions between the yrast SD and
states. First, with the exception of the 341- and the 456-k
at
e
-
r
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V

lines of SD band 2b, the transition energies of the excite
bands are sufficiently separated from those of the yrast b
to cause little contamination of the yrast SD-gated cube. S
ond, both excited SD bands in194Pb are;5% of the yrast
SD band, making it highly improbable that linking trans
tions from the excited bands to the ND states would be
served in these data. Energy and efficiency calibrations o
the range 0.100–3.548 MeV were obtained from the stand
56Co, 152Eu, and182Ta sources.
Figure 1 illustrates two energy regions of a triple-gate

background-subtracted spectrum for the yrast SD band
194Pb projected from this cube. All possible combinations
double gates on the SD lines between 170 and 532
inclusive were summed to produce this spectrum. Rela
in-band intensities deduced from this spectrum are given
Table I: 56~4!%, 34~6!%, and 10~7!% of the SD band inten-
sity decay out occurs from the three lowest observed
states, respectively. Figure 1~a! illustrates that a number o
g-ray transitions from the low-lying ND states in194Pb @13#,
labeled by their correspondingJi

p→Jf
p , are in coincidence

with the yrast SD cascade. Many candidates for the disc
single-step transitions feeding into these low-lying ND sta
can be seen in the higher-energy portion of the triple S
gated spectrum, Fig. 1~b!. These transitions have energies
TABLE I. The in-band SD transitions in194Pb: g-ray energiesEg , relative intensitiesI g ,
a intensity decaying out of the bandI out ,

asymmetry ratioRasym, spin and parity informationJp, multipolaritiessL, and the widthsGSD andGout .

Eg I g I out Raysm sL Favored Ji
p→Jf

p GSD Gout

~keV! ~%! ~%! sL ~eV! ~eV!

31025

380.20~5! 91~4! - 1.42~5! L51,DJ50 or L52,DJ52 E2 181→161

339.90~5! 92~4! - 1.40~5! L51,DJ50 or L52,DJ52 E2 161→141

298.49~3! 94~4! - 1.47~5! L51,DJ50 or L52,DJ52 E2 141→121

256.32~3! 100~5! - 1.40~5! L51,DJ50 or L52,DJ52 E2 121→101

213.26~3! 90~5! 10~7! 1.45~4! L51,DJ50 or L52,DJ52 E2 101→81 6.9~9! 0.8~1!

169.52~4! 56~4! 34~6! 1.48~8! L51,DJ50 or L52,DJ52 E2 81→61 2.8~4! 1.7~3!

- - 56~4! 1.2~1!b 15~4!b

aCorrected for detector efficiency and electron internal conversion, and normalized to the intensity of the 256.3-keV transition.
bAssumes smooth extrapolation ofEg

SD @Eg
SD(61→41)5124.4 keV# and I g(61→41)50.04%.
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55 2821YRAST SUPERDEFORMED BAND IN194Pb: Jp AND Ex
the range corresponding to those expected for the prim
linking g rays @14#.

Coincidence relationships between these candidate pr
ries, the low-lyingg rays, and the yrast SD transitions
194Pb were used to verify which, indeed, are linking tran
tions, and to place them in the194Pb level scheme. We give
two examples. For the first example, coincidence relati
ships for the 2743-keV primary transition were deduc
from the background-subtracted spectra shown in Fig. 2.
ure 2~a! was obtained by summing all triple-gate combin
tions between the 2743-keV transition and two of the yr
SD band in 194Pb. From this spectrum we determined th
the 2743-keVg ray depopulates the band below the 170-k
intraband SD transition since the 170-keV line is observ
Another important feature is the enhancement of the 5
keV 61→41 low-lying yrast transition in comparison with
Fig. 1~a!. This indicates that the 2743-keV transition deca
into, or above, the state from which the 595-keV line d
populates. As a second example, in Figs. 2~b! and 2~c! we
present partial spectra obtained by a summation of tr
gates on the 595-keV and any two in-band SD transitions
is apparent from these figures that the 595-keVg ray is in
coincidence with the SD band, the 303-keV 81→61 transi-
tion, and the 2117-, 2353-, 2470-, 2610-, and 2743-keV
mary transitions.

Initially seven linking transitions could be placed with th
adopted level scheme of194Pb compiled by Browne and

FIG. 2. Coincidence spectra projected from an SD gated c
obtained from the summation of pairwise gates between the y
SD band and~a! the 2743-keV transition and~b!,~c! the 595-keV
yrast 61→41 transition. An asterisk denotes a contaminant fro
193Pb brought in by the 213̂595 keV gate. Transition energies a
labeled in keV.
ry
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Singh @13#. A full resolutionRADWARE cube@5# was, there-
fore, sorted to build a more complete low-lying excitatio
spectrum. The resulting level scheme~see Fig. 3! is essen-
tially that of Refs.@15# and@16# with the addition of the 664-
and 672-keV transitions observed in Ref.@17#. These two
transitions depopulate states withEx52800 and 2914 keV,
respectively. Also, the 283-, 479-, 722-, and 788-keV tran
tions observed in Ref.@17# were placed at anEx5 2525,
2299, 3522, and 2609 keV, respectively. Additional sta
were added at 3374 and 3471 keV and a previously un
served 867-keVg ray atEx52408 keV. Twelve of the can-
didate primaries were placed with the aid of the new de
scheme of194Pb. We have also established that 12 furth
transitions are in coincidence with yrast SD band. Thesg
rays are listed in Table II. However, these transitions are
weak to be uniquely placed in the194Pb level scheme; they
could form part of the multiple-step decays between SD a
ND states.

Multipolarities of the SD lines and the linking transition
were deduced from an empirical asymmetry ratioRasym. Ma-
trices were constructed which containedg-g coincidences
between any detector with~1! detectors located at the thre
most ‘‘forward’’ and ‘‘backward’’ angles (Q517.3°,
31.7°, 37.4° and 142.6°, 148.3°, 162.7° with respect to
beam line! and, ~2! detectors at90° (Q569.8°, 79.2°,
80.7°, 90.0°, 99.3°, 100.3°, and110.2° with respect to
the beam line!. The asymmetry ratio Rasym(Eg)
5I g(forward1backward)/I g(90°), multiplied for conve-
nience by the ratio of the number of detectors at90° to the
number at the forward and backward angles, was deduce
relevantg rays in these matrices.Rasym values of known
low-lying stretchedL52 andL51 transitions are given in
Table III. The mean values are 1.35~3! and 0.71~2!, respec-
tively.

TheRasym values obtained for the SD and linking trans
tions are given in Tables I and IV, respectively. One sho
note that with theseRasym ratios it is not possible to distin
guish between~1! L51, DJ51 andL52, DJ50 and ~2!
L51, DJ50 and L52, DJ52 transitions. Nevertheless
these measurements can be used to placerestrictionson the
primary multipolarities and, sinceJf

p is known, limits on
Ji

p . On comparing the possibleJp values deduced for eac
SD level from the measured angular anisotropies of the li
ing transitions~Table IV, column 6! one finds that the two
lowest SD states can only be assignedJp561 and
Jp581, respectively. These assignments have been m
without any assumptions about the nature of the SD ba
and are in agreement with those calculated in Ref.@18#. In
addition, a mean value ofRasym51.43(2) was measured fo
the intraband SD transition, consistent with the aboveJp

assignments, confirming theirE2 character~see Table I!.
These results have allowed the excitation energy of

yrast 61 SD state in194Pb to be unambiguously determine
we find Ex(6

1)SD54878.4(3) keV, in agreement with@3#.
Assuming a smooth extrapolation toJ50 @18#, the bandhead
of the SD band is estimated to haveEx.4640.7(4) keV.
This is in very good agreement with the axial Hartree-Fo
Bogoliubov1 BCS calculations of Kriegeret al. @14#, per-
formed with the Skm* effective interaction which predic
Ex(0SD

1 )54.86 MeV. For comparison,Ex(0SD
1 ) is estimated

e
st
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2822 55K. HAUSCHILD et al.
FIG. 3. Decay paths out of the
194Pb yrast SD band. Levels ar
labeled by Ex in keV and Jp.
Transition energies are labeled i
keV. For clarity, only states in the
immediateEx andJ

p region of the
lowest observed SD levels ar
shown.
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to be 6.017 MeV in194Hg @2#, the only other example in the
A;190 region of an SD cascade to have been unamb
ously linked into the low-lying level scheme via prima
transitions. In this case, the same calculations predict
bandhead of194Hg to lie at 5.00 MeV, a significant disagree
ment. The calculations do not include the nonaxial degre
freedom or configuration mixing, which are expected to
more important in194Hg than in 194Pb. Inclusion of these
effects may ameliorate the discrepancy. An alternate s
consistent calculation by Girod@19#, with theD1S effective
interaction, yields 6.49 and 4.55 MeV, respectively, for the
two nuclei. These calculations, while also axial, include co
figuration mixing effects through the solution of the Boh
Hamiltonian, an approximation to the generator coordin
method~GCM! equation. The better agreement of this calc
lation for 194Hg, without loss of agreement in194Pb, may
imply the importance of configuration mixing for194Hg or
the efficacy of theD1S effective interaction in this region o
the periodic table. However, both more experimental val
and improved calculations will be required to decide t
technically important point.

Reduced transition probabilitiesB(sL) ~wheres repre-
sents either electric or magnetic radiation andL is the mul-
tipolarity! for the primary decays have been calculated
relating the branching ratio of each primary to the in-ba

TABLE II. Transitions observed in coincidence with the yra
194Pb SD band in addition to those placed into the level schem
Fig. 3. Transition energies in keV. Errors are;1 keV.

Transitions observed in coincidence with
8SD

1 →6SD
1 170-keV line 10SD

1 →8SD
1 213-keV linea

1960 2128
2049 2208
2171 2215
2192 2269
2237 2397

2566
2996

aNot observed in coincidence with the 8SD
1 →6SD

1 170-keV transi-
tion.
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B(E2) value assuming a constant in-band transition quad
pole momentQt520.6(13)eb, derived from both Doppler
shift attenuation@20# and recoil distance@21# measurements
B(sL) values are given in Table IV. ObtainingB(sL)’s for
the primaries depopulating the 61 SD state required the fol
lowing additional assumptions about the unobserv
61→41 intraband transition. First, the energy~124.4 keV!
was calculated from a smooth extrapolation of known tra
sition energies. Second, the intensity of this transition is
timated to be<4%. The resulting transition strengths ind
cate that the decay out of the SD states is highly retarde
typical values were found to beB(E1);1028 Weisskopf
units ~W.u.! andB(M1);1025 W.u.

Similarly retarded transition strengths were obtained
the primary (E1! decays from SD states in194Hg, as sum-
marized in Table V. However, there are a number of strik
differences between the character of the linking transitio
observed in these two cases. From a comparison of Ta
IV and V it is immediately apparent that many more prim
ries are observed in194Pb—12 linking transitions have bee
placed in the level scheme of194Pb compared to 4 in
194Hg. Also, in contrast to194Hg in which onlyE1’s have
been observed, the linking transitions in194Pb are ofE1,
M1, and mixedM1/E2 multipolarities. That we observe
bothE1 andM1 transitions depopulating the194Pb SD band
is not unexpected. In average resonance neutron capture@23#,
M1 strengths are typically 1/7 of theE1 strengths and both
E1 andM1 transitions routinely depopulate highly exciteof

TABLE III. Asymmetry ratios obtained from the present da
for known stretchedL51 andL52 transitions in194Pb.

Eg ~keV! Ji
p→Jf

p sL Raysm

195.8 81→72 E1 0.66~12!
280.2 52→41 E1 0.71~2!

302.6 81→61 E2 1.33~12!
595.4 61→41 E2 1.30~8!

575.2 41→21 E2 1.34~4!



lines, in
ty of the
of the

55 2823YRAST SUPERDEFORMED BAND IN194Pb: Jp AND Ex
TABLE IV. The primary SD decay data in194Pb:Eg , I g , Rasym, J
p, sL, and reduced transition probabilitiesB(sL). I g is given as a

percentage of the SD band population.a

Eg ~keV! I g ~%! Raysm sL Jf
p Ji

p FavoredsL B(sL) ~W.u!

Decays out of the third lowest SD level (Ji
p5101)

1887.9~3! 1.0~4! 0.9~1! L51,DJ51; ~112) (106,112,126) (E1! 5(2)31028

L52,DJ50
Decays out of the second lowest SD level:Ji

p581

2116.5~4! 0.9~5! 0.3~1! mixedM1/E2 91 81,91,101 M1/E2
2438.5~4! 0.9~4! 1.0~2! mixedM1/E2 - - -
2609.6~4! 1.7~6! 1.4~3! L51,DJ50; 81 61,86,101 M1 2.3~9!31026

L52,DJ52
2627.9~4! 1.3~6! 1.4~3! L51,DJ50; 82 62,86,102 E1 1.6~8!31028

L52,DJ52
2806.1~3! 1.7~5! 0.7~1! L51,DJ51; 72 66,72,86 E1 1.7~6!31028

L52,DJ50
Decays out of the lowest SD level:Ji

p561

2353.4~3! 2.8~6! 0.8~1! L51,DJ51; - - -
L52,DJ50

2469.7~4! 1.5~6! 1.4~3! L51,DJ50; - - -
L52,DJ52

2579.1~2! 3.0~6! 0.7~1! L51,DJ51 - - -
L52,DJ50

2636.6~2! 1.8~6! 0.8~2! L51,DJ51; 72 66,72,86 E1 >12~5!31028

L52,DJ50
2742.5~2! 3.3~6! 1.1~2! mixedM1/E2 61 51,61,71 M1 >22~7!31026

3056.4~12! 0.8~5! - - 52 - E1 >4~2!31028

Total I g521(2)% of SDband intensity accounted for by the above primaries.

aThe relative intensities were obtained from a triple-gated, background-subtracted spectrum for which the 170-, 213-, and 256-keV
addition to the 420-keV line, were not included in the SD gate list, corrected for detector efficiency and normalized to the intensi
256.3-keV SD line. Angular dependence ofg-ray emission has not been corrected for; it is not expected to be important because
4p coverage of GAMMASPHERE.
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normal states, for example, in114Sn @24#. One should also
note that the decay of the shape isomers in236U @25# and
238U @26# is also very different; the predominantg branches
areE1 andE2, respectively.

A surprisingly large proportion of the194Pb band inten-
sity, 21~2!%, is accounted for by the one-step decays co
pared to the recent results in194Hg which indicate that only
;5% of the yrast SD band intensity is attributed to the o
step links@2#. The root cause of these differences reflects

TABLE V. The primary decay data for194Hg. Eg , I g , and
sL taken from@2#.

Eg ~keV! I g ~%! sL B(sL) W.u.a

Decays from theJp5121 superdeformed state
3489.3 1.4 E1 2.7~6!31028 a

3709.6 0.7 E1 1.1~3!31028 a

4195.2 1.2 E1 1.3~3!31028 a

Decays from theJp5101 superdeformed state
4485.3 1.5 E1 1.1~3!31027 b

Total I g54.8%

aThese values correct an error in Ref.@2#.
bAssumesEg

SD(101→81)5211.7 keV andI g
SD(101→81)53%

@22#.
-

-
e

greater phase space for decay available in194Hg compared to
194Pb. The factors that contribute to this are the followin
~1! The excitation energies of the SD bandheads in194Pb and
194Hg are estimated to be 4.640 and 6.017 MeV, resp
tively. ~2! The spin of the SD states at deexcitation is high
in 194Hg. ~3! TheEx of the ND states into which the prima
ries decay is;2.4 and;2.8 MeV for 194Pb and 194Hg,
respectively.~4! In addition, 194Pb is spherical at low exci-
tation energy, while coexisting oblate and prolate minima
further increase the density of ND states in194Hg compared
to 194Pb. These distinctions result in an order of magnitu
difference in the level densities of states at the point of
excitation in 194Hg, leading to a more fragmented decay.

It has been suggested that the decay of the SD to
states is statistical and governed by the mixing between
and ND levels at similar excitation energies@27#. In this
scenario, the pattern observed in the decay of the SD st
reflects the decay of the ND component and the retar
decay-out transition strengths result from a small admixt
of ND components into the SD wave function. An order
magnitude calculation of the squared amplitudean

2 of the ND
admixture has been performed using the method outlined
Krückenet al. @28#. These calculations relate the out-of-ba
transition probabilitylout to theE1 ND-ND transition prob-
ability lstat

E1 , which is estimated using a standard back-shif
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2824 55K. HAUSCHILD et al.
spin-dependent level density formula@29# and the Brink-
Axel giant dipole resonance~GDR! strength function@30,31#
with Lorentzian parameters taken from@32#. The
an
25lout/lstat

E1 values obtained are 1.0~1!%, 1.8~3!%, and
7~2!% for the 101, 81, and 61 SD states, respectively, as
suming a constant in-bandQt ~errors have been determine
from the experimentally deducedlout only!. The increase in
an
2 with decreasing spin reflects the competition between
in-band and out-of-band decay. Even if the Lorentzian fu
tion accurately modeled the dipole transition strength be
;3 MeV, one should note that a factor of 4 uncertainty
an
2 arises using published extremum values of the level d
sity parametera, a5A/7.5 @33# to a5A/13.5 @34#. Further
uncertainties arise from a limited knowledge of the lev
density itself, and the peak cross section, energy, and w
of the GDR for neutron-deficient Pb isotopes.

IV. SUMMARY

In summary, 12 discrete one-stepg-ray transitions have
been observed linking three members of the194Pb yrast SD
band to low-lying ND levels. A further 12 high-energy tra
sitions have also been identified to be in coincidence with
yrast SD band. Anisotropy measurements have determ
that the linking decays includeE1, M1, and mixedM1/E2
transitions. Jp561, Ex54878.4(3) keV and Jp581,
Ex55047.8(3) keV have been unambiguously assigned
the two lowest-lying observed superdeformed states with
making assumptions about the properties of SD bands. T
results represent the first experimentally self-consistentJp

assignments to an SD band.
Here 21~2!% of the 194Pb yrast SD band intensity ha

been observed to decay out through the one-step linking t
sitions. At first glance this is a suprisingly large proportion
the SD flux when compared to the;5% observed for the
194Hg yrast SD band@2#. A more highly fragmented decay i
194Hg is to be expected from simple arguments based
level density considerations at the point of SD decay, co
ic
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bined with the different low-lying ND structure of194Hg and
194Pb. Evidently each case is different and any general
tions about the nature of the primary decays based o
single case must be viewed cautiously.

Calculations by Døssinget al. @35# estimate the branching
ratio of single-step links to be;5% compared to the unre
solved statistical decays. However, these calculations h
been ‘‘tuned’’ for 194Hg and it is not clear how one would
extrapolate to the different excitation energies and level d
sities of the 194Pb case. The decay-out pattern of the yr
SD bands in has also been calculated by Boncheet al. @36#.
These calculations reproduce qualitatively the SD band
tensity profile, but for simplicity only treatedE2 transitions.
Both calculations need refinement.

Greater understanding of these properties is anticipa
with the improved resolving power of the ‘‘complete
GAMMASPHERE and EUROBALL arrays, for example
excited bands and their decay properties. A unique dete
nation of theJp and Ex values of SD bands is needed
place more stringent restrictions upon theoretical calcu
tions which predict the SD states and their properties,
particular, the excitation energy of the SD bandheads. In
dition, this knowledge will help to address the phenomena
‘‘identical’’ bands—for the first time the spins of states em
ting g rays of similar energies could be compared and c
figurations assigned to the SD bands with greater certain
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