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Evidence for chiral symmetry breaking in 14%Eu?
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High spin states in**°Eu were populated following the reacticBRMo(®lV, 2pn) at a beam energy of
205 MeV by the ESTU accelerator at the Wright Nuclear Structure Laboratory, Yale University. A total of 5
bands and 69 transitions were assigne#*t8u. The assignments were basedkgx-ray coincidences and on
excitation function measurements.y andy-y-y coincidence matrices were created. Directional correlation of
oriented states analysis, angular distributions, and Compton asymmetry measurements were performed and
B(M1)/B(E2) branching ratios were extracted. The band assignments and structures are discussed in terms of
the rotational model and interpreted following a series of cranked shell model and total Routhian surface
calculations. In particular, two pairs of bands, one pair based onrthe,® vh;4» configuration, the other
based on ther(g;/,, ds;») ® vhyq)» configuration, are identified. These bands show some features expected of
either chiral partners or shape coexistence, based on triaxial shapeg-witB5°. Further measurements are
required to distinguish between these two possibilities.
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[. INTRODUCTION ate, and long axes, which together define a coordinate system
in the nuclear frame. For doubly odd nuclei and for a suitable

130 region withZ~60—65 and\~ 75 have long been con- choice of particle numper, the unpalred_ single particle angu-
lar momentum vectors,. (protong and j, (neutron$ may

§|dered to bey so.ft.[l],.the degree of deformation depend tend to align along the short and long axes, respectively. This
ing on the polarizing influence of the valence quasiparticles : ;

o ; .Is the case in the mas&~130 region where the proton
[2]. The y softness and shape polarization make this regio

. ) . . . ermi surface is low, and the neutron Fermi surface high in
particularly interesting for shape driven effects. CoeX|stenCt?he highj hy, shell. In addition, since the moment of inertia

of different shapes is one well known effect in this region,, roiation about the intermediate nuclear axis is the largest,
[3], in which several different deformations of the nucleusy,q 15 jrrotational flow(6], the collective rotational angular
may exist at nearly the same excitation energy and spin. Ifyomentum vectoR will tend to align along this axis. Thus,
addition, in triaxially deformed odd-odd nuclei, the sugges-gchematically, for intermediate spins where the magnitude of
tion that these nuclei may exhibit a type of dynamic qh!raIR is comparable tg, and j,, the total angular momentum
symmetry([4] has sparked a flurry of experimental activity jies not only off of any principal axis but out of any principal
and renewed interest in the study of the intermediate spiRjane. The orientation of this total angular momentum vector
structure of such nuclei. Indeed, chiral twin band candidategith respect to the nuclear axes defines two distinct coordi-
have been reported in several nuclei with-75 andZ rang-  nate systems, differing only in their handedness or chirality.
ing from 57 to 63[5]. Briefly, the idea of Ref{4] is the | this case, aplanar tilted axis cranking model calculations
following. A deformed nucleus with a finiteyr deformation 4] predict a doubling of states and the occurrence of two
possesses three distinct principal axes, the short, intermedi,i s of degeneratal =1 bands of the same orbital configu-
ration and parity, with levels of the same spin being degen-
erate. However, the energy degeneracy should persist only

The moderately deforme@~0.2) nuclei in the mas#\

*Electronic address: adam.hecht@yale.edu over a limited range of spins, roughly speaking, only for
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ermore, CA 94551, USA. is roughly comparable t¢,. andj,. For a finite barrier be-
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ergies, possibly offset from each other. This energy splittingdentified transitions. While confirming several of the results
is distinct from signature splitting, and in most chiral bandreported in Refs[15-17, we also report many new levels
candidates in the region, the splitting is several hundred ke\and several new bands. Several of the transitions reported in
less than predictions for signature splittiff, which is less ~ Refs.[15,17 were found to form another new band which is
by a factor of 2 or so. Note that for tilted axis crankifg]  Presented as a candidate chiral partner band.
signature is not a good quantum number but the term is used
in this work for ease of comparison with the better known
principal axis cranking modgB], in which the total angular High spin states in*®Eu were populated following the
momentum is aligned along a principal axis of the nucleus.reaction®’Mo(°V, 2pn) at a beam energy of 205 MeV, the
Recently, several doubly odd nuclei in the ma#ss130 target consisting of two stacked 7@ cri? foils. The beam
[5], A~110[10], andA~190[11] regions have been shown was provided by the ESTU tandem accelerator at the Wright
to possess such chiral partner bands. Most examples hawuclear Structure Laboratory at Yale University. Prompt de-
been found in theN=75 isotones, fromt*Cs to1%Eu, with  cay y rays were measured using the YRAST Ball detector
several other cases in the neighborg73 (Cs-P)y andN array [18]. For this experiment, YRAST Ball consisted of
=77 (Cs-Lg isotones. In all the cases in the odd-o8d seven Compton suppressed segmented clover germanium de-
~130 nuclei, the bands are based on #g,,® vhy1, Mmi-  tectors[19] mounted at 90° with respect to the beam axis,
croscopic configuration. The doubly-odd%u (N=77,Z  each with~150% efficiency relative to a standarck3 inch
=63) nucleus lies at the extremes of both thendZ ranges  Nal(Tl) detector. In addition, 16 Compton suppressed coaxial
in which chiral structures have been found in this mass reGe detectors, each with-25% relative efficiency, were
gion. It is at the limit where the proton and neutron Fermimounted in three rings at 50%ix detectory 126° (eight
surfaces are optimal for the required perpendicular couplingletectory and 160%two detectorswith respect to the beam
of the single particle angular moment@r example, forZ  direction. For additional sensitivity to low energyrays and
=63 andN=77 the)=3/2 proton and 11/2 neutron projec- x rays, three LEPS detectors were also mounted in the array,
tions of theh,,,, orbitals are lowest Clearly it is of great two at 50° and one at 90°. The total photopeak efficiency of
interest to probe this nucleus, to test the limits of this regionYRAST Ball in this configuration is about 2.5%.
of chiral symmetry. The bombardment energy of 205 MeV was chosen fol-
For essentially any low lying configuration, total Routhian lowing an earlier excitation function measurement where the
surface(TRS) calculations[12] for 1*%Eu show well devel- beam energy was varied from 190 to 220 MeV. The yield of
oped potential energy minima that are close in energy neaeveral high intensity transitions froM%d, another three-
both y=+25° and —-25° which persist up to high frequencies.particle (p2n) evaporation channel whose level scheme is
These two minima aB~0.2 andy=+25° open up the pos- well known, was optimal at 205 MeV. At this energy, about
sibility of another interesting phenomenon¥Eu, namely, 15% of the reaction intensity went int6°Eu, with the stron-
shape coexistence. Indeed, shape coexistence is well knovgest population going into the nuclet®Gd. In a five-day
in several nuclei in the regiofB], typically occurring for  experiment a total of 1.810° unfolded double and 4.7
bands based on different orbital configurations which polarx10° unfolded triple coincidences were measured using
ize the core to different shapes. However, in the even-eveWRAST Ball.
core of 9Eu(**8sm), two bands having the same orbital con-  The level scheme of*Eu deduced from this data set is
figuration [13] but different deformations are observed. In presented in Fig. 1. The level scheme was constructed using
that example, for one deformation the band built on theboth triples and doubleg coincidence data with the Rad-
m(M1/2 9710 © (g1 configuration shows a negligible sig- ware analysis softwarf20]. The use of triples coincidences
nature splitting. For the other band built on the same orbitajives a decided advantage over doubles as many of the tran-
configuration, only one signature is observed. sitions in*#%Eu are similar in energy to transitions that occur
Until recently, the low spin states if%Eu were known with significant intensity in other neighboring nuclei, and
from B decay, up to a 125 ms; 5someric level at an exci- single gates placed on these transitions are inevitably
tation energy of<234 keV, given in Ref[14]. Recently, strongly polluted. To illustrate the quality of the triples data,
other independent studies YEu were carried oui15-17. some typical double-gated spectra are presented in Figs. 2—4.
Several bands have been reported based on prompt coindetails of these spectra will be discussed below. The mea-
dence datdl5]. The isomer decay tagging method was usedsuredy ray transition energies and total intensities, together
to identify several transitions which feed thelBvel as well  with the extracted directional correlation of oriented states
as a new, higher lying;-300 ns isomef16]. Two rotational  (DCO) ratios, angular distributions, and Compton asymme-
bands were reported, assigned as th®,,® vhy;, and tries for transitions in*%Eu are presented in Table I. In gen-
7hy1,® Vg7, configurations, feeding into the-300 ns and eral, the centroid values for the transition energies were de-
into the 125 ms, § isomeric levels, respectivel\1.7]. termined using the doubles coincidence data and only when
In the current work, high statisticg triples prompt coin- uncontaminated gates were not available, using the triples
cidence data were used to develop and greatly expand tteincidences. The intensities in Table | are presented as rela-
level scheme for**%Eu. Transitions were identified with tive intensities, with the intensity of the 640.6 keV transition
1%Eu based orK, coincidence and through an excitation defined as 100.
function. Other transitions were identified as belonging to Transition multipolarities were determined following an-
1402y through coincidence analysis involving the directly gular distribution, angular correlation andray polarization

Il. RESULTS
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FIG. 1. Level scheme of*%u from the present work. The widths of the arrows represent the total transition intensity

analyses. For the angular distribution analysis, the four detrices of E(any) versusE(6). Here E(any) refers to a transi-
tector angles of YRAST Ball, 160°, 125°, 90°, and 50° with tion measured at any array position whig6) refers to a
respect to the beam axis, were used. Due to the frequewbincident transition measured at a specific angle. Coinci-
occurrence of overlapping peaks and the weak intensity oflence gates were placed on transitions orBfaay) axis and
others, a gated angular distribution analysis was utilized. Fothe intensities of the transitions of interest were measured in
this analysis, the data were sorted into four coincidence mahe resulting spectra. This analysis assumes that any correla-
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FIG. 2. (a) Double gate on the 170 and 191 keV transitiq(3.

537, 716 keV transitions in band 1.

tions present in the data are averaged out by the use of many
coincidence pairs, an assumption that was verified by mea-
suring the angular distributions of known quadrupole and
dipole transitions in neighboring nuclei. The efficiency cor-
rected intensity values were fit to the Legendre polynomial
function: W(6)=Ag+A,P,(cosd). As W(H) is symmetric
about 90°, the 50° and 126° YRAST Ball detector angles
provide approximately the same information to the fit, and
can be used as a consistency check. The results, given as the
ratio a,=A,/A,, are presented in Table I. Tre values are
also presented in Fig. 5 together with a weighted average of
a, values from known transitions if®’Sm, -0.1%6) for
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FIG. 3. Double gate on all transitions in band 2 from thet®
Double gate on the 345 keV transition and any of the 170, 191, 362he 15 levels. Self-coincidences are not included. Transitions in

both bands 2 and 1 are clearly visible.
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100 T T o T T T T T included in Fig. 6. When corrected for the efficiency of both
w0 b (a) ] the gating and coincident transitions, ratios &co

51U ga ~0.904) and ~0.622) [~1.71(8) and ~0.852)] are found

60 | 512 648 ] for the knownAl=1 andAl =2 transitions, respectively, when
gating on aAl=1(Al=2) transition.

The polarization sensitivity of the YRAST Ball clover de-
tectors[19] helped in the assignment of the electromagnetic
character of the transitions. The Compton asymmetry ratio,
defined asA=(N,—N)/(N,+N,), is sensitive to the polariza-
tion of they rays, where\,(N ) is the number of added-back
photopeak counts which scatter between two elements of a
clover detector parallg¢brthogonal to the beamy plane. For
this definition, purely magnetic transitions have positive val-
ues of A while purely electric transitions have negative val-
ues of A. Extracted values for the asymmetry ra#oare
summarized in Fig. 7 and Table | for many of the transitions
assigned to**Eu. The Compton asymmetry was also ex-
tracted for several knowiM1 andE2 transitions from the
neighboring nuclei'®”138m. The weighted averages for
these transitions, 0.08) and —0.061), respectively, are in-

o (©)" cluded in Fig. 7 for comparison. .
- As mentioned above, the low lying structure 6fEu is
100 characterized by two isomeric states, a long lived
80 (125 mg 5™ isomer at an excitation energy of 185.3 keV and
60 a recently identified, higher-lying~300 ns isomer[16]
40 linked to the 5 isomer via several intermediate levels and
20 transitions. In the present experiment, the recoil velocity of
the *%Eu nuclei wasv/c~3% or ~9 mm per ns. Thus the
0 experiment is not sensitive to therays directly depopulat-
-20 L L ing the isomeric levels known in this nucleus, but prompt

0 100 200 300 400 500 600 700 800 900 1000  feeding which bypasses the isomeric states may be observed.

Energy (keV) The 170, 191, 361, and 285 keV transitions identified in the
isomer decay tagging experimdi], and connecting levels

FIG. 4. (2) Double gate on the 647 keV doublet and 787 kev intermediateybet?/\?ee% therz)two ?[sor%ers, were seengboth in the
transition. Low-lying transitions in band 4 and high-lying transi- - -
tions in band 3 are clearly visible. The energies of low-lying tran_present work and the excitation function measurement, con-

o . : 1 -
sitions in band 3 that are not in coincidence are indicated Withﬂrmmg their assignment t8*Eu. Several more transitions

circles.(b) Double gate on the 647 keV doublet and either the 407ere assigned through COinCidence_S with th@says.
or 95 keV band 4 transitions. The 787 keV transition linking bands _ B&nd 1, shown on the left-hand side of Fig. 1, was placed

3 and 4 is very intense and the low-lying band 4 transitions andliréctly feeding the Sisomer[17]. The lower part of band 1
high-lying band 3 transitions are visible. Once again, circles indi-Consists of a series of foukl=1 M1/E2 transitions with
cate low-lying band 3 transitions that are not seen in coincidenceCrossover Al=2 E2 transitions. The intense 170.6 and
(c) Double gate on the 641 and 446 keV transitions in band 3191.1 keV transitionsvisible in the total projectionand the
High-lying members of band 3 are clearly seen. The energies of theveaker 362.0 keV crossover transition are identified with the
low-lying intense members of band 4 that are not in coincidence ard 70, 191, and 361 keV transitions that directly populate the
indicated with circles. 5™ isomeric level in Ref[16]. At higher spins, the decay
intensity in band 1 is carried b2 transitions with weak or

known dipole and 0.38) for known quadrupole transitions. unobserved dipole transitions. Thel70 keV transition is a

A DCO analysis was also used to aid in the assignment ofloublet, the second member of which, 170.0 keV, is placed
transition multipolarities. For this analysis the 90° and 160°in band 2. A double gate placed on the 191.1 and
detector rings were utilized, the data being sorted into a-170 keV transitions, Fig.(2), shows the doublet character
E(90°) versusE(160° coincidence matrix. The DCO ratios of the 170 keV transition, the expected strong coincidences
were established by measuring the intensityjgfat 90°  with other transitions in band 1, and the higher lying transi-
when gated byy, at 160°, divided by the intensity of; at  tions in band 2. The 362.0, 537.4, 715.6, and 830.0 keV
160° gating on 1y at 90°, that is, R  transitions were also reported in RéfL7]. However, the
=1[y1(90°), gatey,(160°)]/1[ y1(160°), gatey,(90°)]. Results  higher lying 15— 13~ 843 keV transition in Ref{17] could
of the DCO analysis are presented in Table | and are sunmot be confirmed in the present work. The probable signature
marized in Fig. 6. For comparison, weighted averages fronpartner band, consisting of the 484.5 and 722.0 E&\ran-
several measured DCO ratios for known dipole and quadrusitions together with the connecting =1 transitions(244.0
pole transitions from®’Sm, 138Sm, 138y, and!*!Gd are also  and 292.9 ke, is reported here for the first time. The
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TABLE I. Summary of our results fol*®Eu. The columns show the transition energy in keV, the intensity
relative to the 640.6 keV transition, the Compton asymmetry ratithe angular distributiom, value, the
DCO ratio, the multipolarity of the gate used to measure the DCO ratio, and finally the assigned multipolarity
of the observed transition iHEu.

CN=NL

E, (keV) Intensity? A= NN, a DCO Gaté Multipolarity®
71.02) >13 0.5555) 2.8398) q (M1/E2)
94.92) =65 0.5723)° 1.2542) q (M1/E2)
153.72) 33 0.3624) 0.8929) d M1/E2
170.02) 39(7) (M1/E2)
170.61) 72 0.1621) 1.339) q M1/E2
191.12) 35 0.168) 0.148) 1.237) q M1/E2
209.92) 26 0.0q19) 0.9633) d M1/E2
230.41) 34 0.165) 0.734) d M1/E2
244.Q2) =8 1.5975) d M1/E2
258.02) 12 0.167) 1.0Q12) d M1/E2
274.73) 16 0.1112) 1.4982) q M1/E2
275.62) 31 0.2913) -0.21(26) 0.9621) d M1/E2
285.43) >3 0.139) 0.0912) 0.7410) d M1/E2
292.94) >15 0.3711) 0.0821) 1.0220) d M1/E2
345.43) 4 1.3741) q M1/E2
361.32) 16 0.099) -0.2323 0.6310) d M1/E2
362.02) 20 0.1114) 1.029) q E2
365.83) 26 0.0212) -0.11(28) 1.7837) q M1/E2
366.32) 4

372.92) 25 0.133) 1.459) d M1/E2
379.62) 1

386.12) 24 -0.1623 0.1314) 0.9930) q E2
396.12) 22 0.128) -0.1023 1.2917) d M1/E2
396.82) 3

401.42) >9 0.048) -0.169) 1.4518) d M1/E2
406.62) >33 -0.017) 0.4619) 0.9316) q E2
446.Q1) 59 -0.013) -0.10(14) 1.7711) q M1/E2
454.q2) 10 0.218) -0.3421) 2.0447) d M1/E2
460.43) 6 0.2028) 1.4%(41) d M1/E2
470.52) 28 0.1611) 3.46) q M1/E2
471.23) 14 0.097) 0.1881) M1/E2
478.%4) >3 0.61(15) d E2
483.54) 5 1.91.0 q M1/E2
484.52) >20 -0.044) 0.694) d E2
490.43) 16 0.179) -0.4646) 2.79) q M1/E2
502.14) 23 0.3536) 2.1450) q M1/E2
510.92) 58 0.9814) q E2
511.%3) <19 0.036) (E2)
537.41) 28 -0.0%4) 0.795) d E2
601.72) >14 -0.00741) 0.2316) 0.876) d E2
609.84) 13 1.1438) q E2
612.95) 8 0.1X6) -0.2318) 1.53) d (E2)
616.05) 19 (E2)
619.33) ~10 1.5132) q E2
640.61) =100 -0.125) 1.029) q E2
646.83) 35(24) (E2)
647.12) 53 -0.036) 0.8714) q E2
709.44) >22 -0.0111) 0.768) d E2
715.62) 21 -0.084) 1.01(7) q E2
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TABLE I. (Continued)
. _N=N : e
E, (keV) Intensity® NN a, DCO Gaté Multipolarity
TN

720.62) 10 0.4910) d E2
722.03) >10 0.636) d E2
754.23) 44 -0.079) 0.5430) 0.8912) q E2
787.33) 38 -0.067) 0.4527) 1.0610) q E2
805.33) >12 -0.0711 0.599) d E2
807.32) 5 -0.114) 0.5317) 1.2216) q E2
817.55) 20(10) -0.1314) 1.1221) q B2
821.03) >10 -0.0712) 2.5374) d E2
825.31.5) 7 (E2)
830.43) 15 0.9217) q E2
831.93) 30 -0.129) 0.3413) 0.9523) q E2
832.33) >24 -0.116) 0.625) d E2
907.44) 13 (E2)
913.15) 3

920.03) 27 -0.2811) 0.7241) 1.11(13) q B2
925.43) 4 -0.6223) 0.8218) q E2
991.74) 11 (E2)
1003.53) 18 1.3240) q E2

4ntensity errors are=10% unless otherwise noted.
PNature of gate used for DCO measurement: “stretched” dipole or “stretched” quadrupole.
“Multipolarity assigned to the transition.
dArray efficiencies for transitions belo®~121.8 keV are not well defined.

925.0 keV transition is seen in both the present work and in A small band consisting of a series of fivd=1 transi-
Ref. [17]. Figure 2b), a double gate on the 345.4 keV tran- tions is shown beside band 1 in Fig. 1. These transitions are
sition and low lying members of band 1 shows that the 345.4nutually coincident and are in coincidence with low lying
and 925.0 keV transitions are in coincidence with one antransitions in band 1, though direct linking transitions have

other and members of band 1. We have placed these transiot been identified. The dashed lines in Fig. 1 indicate pos-
tions with the 345.4 keV transition directly feeding the"11 sible decay paths. As such, spin assignments are tentative
level of band 1, though the ordering of these two transitionsaand are given relative to the lowest level in the band. The
is uncertain. The 12-10 E2 transition is not observed. transitions have been ordered such that the transition ener-
gies increase, and the total transition intensities decrease,
with increasing spin. The exception in the intensity ordering
is the lowest lying transition, 153.7 keV, which has less in-

S anansmaces

25 E

1.0

0s | 30 . T T

(5“‘ 0.0 4
20} T ]
g __L_E 18 o
@ T T
-05 F 15 | ] 4
O
Q
a)
10} l |
-1.0 1 1 1 N N N N N N —== =_==—===Fr=== === == = ===3
0 100 200 300 400 500 600 700 800 900 1000 £
Energy [keV] os | i

FIG. 5. Plot of extracte@, values from Legendre polynomial
fits of angular distribution intensities. Opéfilled) squares are as- 00 00 200 300 400 500 600 700 800
signedM1/E2 (E2) transitions. The soliddashey bounded region E [keV]
denotes weighted average and erroragfvalues extracted from
known M1 (E2) transitions in neighboring nuclei. See text for de-
tails.

900 1000

FIG. 6. Plot of the measured DCO ratios, gating on quadrupole
transitions. Symbols are as in Fig. 5. See text for details.

054310-6



EVIDENCE FOR CHIRAL SYMMETRY BREAKING IN 14%Ey?

0.5

04
03 |

S

0.1 =

e

-0.3

Asymmetry (N,-N,)/(N,+N,)

04

-0.5

0 100 200 300 400 500 600 700 800 900 1000
E [keV]

FIG. 7. Plot of polarization asymmetry ratids=(N,—N )/(N;
+N ). Symbols are as in Fig. 5. See text for details.

PHYSICAL REVIEW C68, 054310(2003

excitation energy assignments for band 2. The 285.4 keV
transition, assigned as &l=1 M1/E2 transition, feeds di-
rectly from the lowest observed level of band 2 to the 5
isomeric level. Thus band 2 is assigned negative parity with
the lowest observed level having a spm6. The 366.3 and
379.6 keV transitions are tentative, and are shown in Fig. 1
with dashed arrows.

Band 3, shown near the middle of Fig. 1, at lower spins
consists of a sequence of siM=1 M1/E2 transitions with
crossoverAl=2 E2 transitions. A band crossing occurs
around spin 15, after which the in-band decay is dominated
by Al=2 E2 transitions. The observed transitions in band 3,
up to spin 25, confirm the band reported a#,,,® vhy1»in
Ref. [17]. Relative spin assignments were made following
DCO, angular distribution, and Compton asymmetry mea-
surements. Note that the spins reported here are two units
higher than in Ref{17]. Absolute spin assignments are based
on a systematic study of level energies in ti®,® vhyy)
bands in neighborindN=73, 75, and 77 nuclej21]. The

tensity than the 210.2 and 275.6 keV transitions presumablgnergies of the knownrh,,® vhy1» bands, relative to the
due to unobserved decay out transitions. These intensity0" level, are plotted for odd-odd nuclei frogaCs through
measurements are complicated, since very intense mutuallyEu and forN=73 through 77, see Fig. 8. As can be seen for
coincident y rays with energies similar to the 210.2 and nuclei of the same, the level spacing increases Bisin-
275.6 keV transitions occur it¥’Sm, which is produced via creases from 73 to 77, approaching the closed neutron shell
the strongly competingypn three particle evaporation chan- at N=82. In contrast, for the san, the level spacing de-

nel.

creases a¥ increases from 55 to 63, towards the proton

Band 2, shown near the left in Fig. 1, is reported here fomidshell. The excitation energies for thd, ;,,® vhy;,, band

the first time. Band 2 is dominated i =2 E2 transitions at

in 1% u are plotted on the far right in Fig. 8 using the spin

lower spins. However, at spin-12%, a band crossing occurs assignments from the present wggymbols connected with
(see below after which the nature of the band changes andsolid lineg and from Ref.[17] (symbols connected with
dipole transitions dominate the decay with weak or unob-dashed lines Using these assignments, the excitation ener-
servedE2 crossover transitions. A typical double gated spec-gies show a sudden upturn for the levels above tHden@l,

trum for transitions in band 2 is presented in Fig. 3. Severaind sudden downturn for the @&vel, contrary to the trends
weak branches, including the 612.9,396.8 keV sequence artkscribed. Since the energy difference between neighboring
the tentative 366.3 keV transition, feed into band 2 at highetevels generally increases smoothly with spin, the relatively

spins. TwoAl=2 E2 transitions(821.0 and 709.4 keVand
two Al=1 M1/E2 transitions(401.4 and 285.4 keMconnect

large difference in energy between neighboring levels for
19U supports a revision of the spin assignments. T&u

levels in band 2 and band 1 allowing firm spin, parity, anddata, plotted with our spin assignments shown on the far

Excitation Energy Systematics

2000 - 15+ 15"0—0/0\(\0 :
1" N/"\o\
\—ﬂ\o . 14+o—-0/°\o\O FIG. 8. Systematics of level energies in
_ 1500 1 e 1 i mhy1,® vhy ), bands in the mass 130 region as a
E O\D—o\o . .0 function of proton number, plotted for several
Es 3t 13t 13 0’0/0_0\0 different neutron numbers. The level energies are
5 1000 - O\*‘*’\o 0\?’°~0\0 1 plotted relative to the I0level, following the
= . .0 level assignments of Liet al. [21]. 14%Eu, with
= [ 12* 2t 0\0_0__0\0 1 o—0—0—0oL, N=77,Z=63, lies at the far right. Level assign-
’é 500 +O\°"°\o R n* 0o ] ments of Cullenet al. [17] are connected with
= [ o ooy 6006 ©—0—0—0=0 dashed lines. Level assignments from the current
work are connected with solid lines.
of o 0000 Yoo o000 W -
[ 9t O—0—0—0 ¢ 0—0—0—0—0 9+m:g\:8
N=73 N=75 N=77 ©
500 Cs La Pr Pm Eu Cs La Pr Pm Eu Cs La Pr Pm Eu

nucleus
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right in Fig. 8, connected with solid lines, continue the trendE2 character, and is connected to band 3H2y(787.3 and
of smoothly decreasing interlevel spacing with increasding 511.5 ke\j and mixedM1/E2 (502.1, 490.4, and 483.5 keV
and follows the trend of larger interlevel spacing with in- transitions. The comparable strength of intraband and inter-
creasing\N. In addition, a 71.0 keV transition not observed in band transitions in and between bands 3 and 4 supports the
Ref. [17] was placed at the bottom of band 3 as a new 10 assignment of the interband transitions/ds1 M1/E2 and
—9* transition. The 71.0 keV transition is clearly visible in Al=2 E2. The parity conserving character of both t1é&/E2
Fig. 4(c), a double gate on the 640.6 and 446.0 keV transiand E2 interband transitions suggest a total positive parity
tions in band 3. It is similar in energy to the low energy configuration for band 4.
10"—9* transitions seen in other nuclei in the systematics Finally, band 5, shown on the right side of Fig. 1, consists
plot, further supporting its placement and spin assignmentsof a series of threeAl=2 transitions, 609.8, 619.3, and
Curiously, the low-lying, even-spin levels in band 3 are619.3 keV, which are strongly in coincidence with both the
populated more strongly than the odd spin levels. The 720.64.9 keV transition of band 4 and the 386.1 keV, probably
and 831.9 keVE2 transitions(connecting the odd-spin low- A|=2 transition. The 386.1 keV transition is easily seen in
lying levely are less intense than the 640.6, 807.3, anQjouble coincidence gates placed on the 94.9 and 646.8 keV
920.0 keVEZ2 transitions. Nevertheless, it is the odd-spin Sig'transitions, and is placed at the bottom of the band. The
nayure partner member of thi; b:?md.that is observed to hi_gh%"og_g keV and 619.3 keV doublet are strongly in coinci-
fe%glss(fnsgsfﬁ?re%rﬁgr t|?1 ;f)e,rér;d;gﬁg\?v?n;]h?r:eﬂg)zr?gi?czg:rr:g dence with the 386.1 and 94.9 keV transitions, but are not in
) . : ‘coincidence with any other transitions identifiedfiEu. A
;gﬁsig :rttoiig.?nkeR\éqt{%nsghoen O%%nfs';)r?ns ;quzrzlgeki;/- very low energy 20.5 keV transition connecting the 646.8
e and 386.1 keV transitions is implied by the coincidence of
ported here agrees with the results of Ref7] up to the the 646.8 and 386.1 keV transitions, although the 20.5 keV
ggéjaﬁzvlé?: iig\c;nt'r:r\{git;gﬁrsesggﬁbift;c;tcfe?g:;nnéze 962’transitio'n has not 'been observed. :I'he 20.5 keV tra.nsition
y ' must be fast enough for the 646.8 and 386.1 keV transitions

Due to its similarity of level energies as a function of spin i " X
in bands 3 and 4, band 4 is of considerable interest. The 94.§ Poth occur in the sensitive region of the array, a concern

406.6, 646.8, and 787.3 keV transitions were previously re_since transition half-lives are inversely dependent on transi-
ported in Ref[17], where they were placed as a side feedingtion energy. Calculated Weisskopf single particle estimates
cascade, above and in coincidence with the 754.2 keV trarfor the 20.5 keV transition half-life are 30 ps and 3 nsHdr
sition of band 3. While their coincidence with the 754.2 kev and M1 transitions, respectively, fast enough to be observed
transition is confirmed in our experiment, a triples coinci-in the present experiment. The large electron conversion co-
dence analysis indicates that the transitions are considerab@fficient for this low energy transitiofo~ 100 for M1 and
lower in the level scheme and form a band, as presented in10 for E1 transitions[22]) and the low sensitivity of the
Fig. 1. In particular, the 787.3 keV transition is not in coin- detector array at this low energy, leaves the 20.5 keV transi-
cidence with any of the transitions lying between thé 48d  tion as only conjectural. The ordering of the other transitions
12" levels in band 3, placing it parallel to these levels. Thisin band 5 is based on intensity arguments.
can be seen in Fig.(d), a double gate on the 787.3 and
646.8 keV transitions. Furthermore, the 406.6 and 94.9 keV
transitions are not in coincidencg with any band 3 member IIl. DISCUSSION
below the 1% level, see Fig. é). Finally, Fig. 4c) shows a
double gate on the 446.0 and 640.6 keV band 3 transitions. To investigate the nature of these bands, we performed
No evidence is seen in this spectrum for the low lying andTRS calculations for**®u. These calculations, for essen-
most intense band 4 members. The observation of the 502.fially any low-lying proton and neutron orbital combinations,
490.4, and 483.5 keV linking transitions confirms our place-predict ay soft potential energy surface with two potential
ment. Most of the intensity of band 4 comes from band 3 viaenergy minima, at a deformation gf~0.2 andy~ +25°, see
the 787.3 keV linking transition. Within band 4, the dashedFig. 9. As previously mentioned, such minima open up the
817.5 keV transition weakly links the 616.0 keV transition interesting possibilities of chiral twin bands and/or shape co-
as part of the same band. The 502.1 keV transition feedsxisting bands occurring itf%u. These minima persist over
from directly below the 616.0 keV transition to band 3 anda wide frequency range frow=0 to ~0.450 MeV, corre-
takes some of the intensity away from band 4. Thesponding to a spin of ~244. These minima are close in
~647 keV transition is a doublet, occurring as 646.8 keV inenergy, to frequencies of at ledsb~0.450 MeV, and spin
band 4 with the stronger partner occurring as 647.7 keV in~24# for both low lying positive and negative parity con-
band 3. Thus, coincidences with this transition bring backigurations. For these deformations, proton orbitals close to
too much background to clearly see the 817.5 keV transitionthe Fermi surface include the above mentioned negative par-
However, the 817.5 keV transition is seen in double gatedty h;, orbitals, originating from the lovf [541]3/2 Nils-
coincidence spectra gated by the 616.0 and 406.6 keV trarson configuration, and th@ighly mixed positive parityds;»
sitions. [411]3/2 andgy, [413]5/2 orbitals. For neutrons, the orbitals
DCO analysis, Compton asymmetries, and angular distrielose to the Fermi surface include the negative pdrity,
bution measurements show that band 4 comprises transitiomsbital from the high¢) [505]11/2 orbital and the positive
that are either ofAl=1 mixed M1/E2 character or oA|=2  parity ds/, [400]1/2 orbital.
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ﬁh‘“’ i R— transitions between odd spin levels, circles between even spin lev-
10 020 030 040 050 060 els. The open figures are for band 1 while the closed symbols are
for band 2.(b) Alignment plot of bands 3 and 4. Squares denote
X= B cos (Y+300) transitions t()e)twegn odd sE)in levels, circles between even spin lev-
FIG. 9. Polar coordinate plots of total Routhian surfdt&s) els. Open figures are for band 3, closed symbols are for band 4.
calculations atiw=0.2 MeV. Radial length i deformation, angle o hresence of théB h,,, crossing suggests that the
Is y deformation. The top figure is for protofm @)=neutron .0 configuration for band 2 below the backbend does not
(7, @)=(=, =1/2), which describes therh;,,,® vhyq), configuration. ! ; . fi i
The bottom figure is for protorim, a)=(+ +1/2), neutron (, a) mvolve the 7hy1)» _orbltal. The probable orbital configura
~(~,~1/2, which describes ther(dyy gy ® vhyy/p configuration.  1ONS then are either protols{411]3/2 or g7 d413J5/2
There are potential energy minima in both plots f6r~0.2,y coupled to an h11/2[505]11/2 neutrqn. Follpwmg th_e
— +25° and —25°. Contours are 175 keV. Gallagher-Moszkowski (ules for coupling of single p_artlcle
angular momenta, the likeliK(=Q2,+(),) for the band is 6
for the mds,,® vhy4, band and 2 for therg,,,® vhy4, band
[24]. It is misleading though to describe band 2 as solely
We consider first the negative parity bands, bands 1 and 27ds;,® vhyy, or 7g7,,® vhyy, due to the mixing which is
The aligned angular momenta for bands 1 and 2 are plottelikely to occur between the two proton orbitals.
in Fig. 1@ as a function of rotational frequency. The Harris ~ The wh;/, orbital coupled to the low-lying neutrods,
parameters used,=54? MeV™! and J;=45* MeV 3, were  orbital is the most probable configuration for the negative
chosen to subtract the angular momentum of the core. Fqyarity states at low spin, below theé Bomer[16]. That said,
band 1, no backbend is observed through the highest transihe negative parity configurations above theigsbmer prob-
tions identified, while band 2 shows a sharp backbend cerably do not include thés, neutron orbital. The lowest lying
tered athw~0.28 MeV, with Ai,~6#. As particles in the total negative parity configuration at higher spins is calcu-
intruderhy,, orbitals have the largest angular momentum inlated to be mixedm(gy,, ds/») ® vhy1. Thus, one possibility
this mass region, they are the most probable particles particis that both band 1 and band 2 involve th&gy,, ds.)
pating in the pair alignment. The large increase in alignment vh, 4, configuration. In Ref[17], the band that we have
of Aiy~6# observed in Fig. 1@) is consistent with the an- labeled as band 1 is assigned thi ;,® vg,,, configuration
gular momentum gain from the alignment of a pairgf,  in Fig. 5 and therh,4,,® vds, configuration in the text, both
particles. of which we consider to be less likely.

Quasiparticle Routhian calculatioj23] performed for The Al=1 sideband shown to the left of band 1 is intrigu-
the deformations,=0.19, 8,=-0.021, andy=-26° are pre- ing. Though the specific linking transitions could not be
sented in Fig. 11. As can be seen, the lowest frequency for @entified, the band is in coincidence with band 1. Further-
band crossing is calculated to ba»~0.32 MeV, corre- more, it is tantalizingly similar to the high spin portion of
sponding to the alignment of a pair bf,,, protons, in good band 2. The similarity of the behavior leads one to speculate
agreement with the experimental alignment plot for band 2that these transitions form a continuation of band 1 after a

A. The negative parity bands
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for the other two linking transitions, the 502.1 and 483.5 keV
transitions, are more ambiguous, though consistent with their
assignment ad/1/E2 transitions. Thus, band 4 is assigned
the same positive parity as band 3. Moreover, for both the
proton and neutrons, thie;;,, orbitals are intruder orbitals
and are the only negative parity orbitals near the Fermi sur-
face. The possible configurations for band 4 then are either
the total positive paritymrh;1,® vhy1/, orbital configuration

or a combination of proton and neutron orbitals that are in-
dividually positive parity. The selection rules fivtl andE2
transitions make it exceedingly unlikely that both proton and
neutron configurations are changed in a single transition, and
so band 4 is assigned the sami® 1,,® vhy 4/, Orbital configu-
ration as band 3.

Further evidence for this configuration assignment is pro-
vided in the alignment plot of bands 3 and 4, presented in
Fig. 1Qb), where one observes the same large initial aligned
angular momentum for the bandig~ 7%), consistent with
7hy11o® vy 1 @ssignment. Band pen points in Fig. 1®)]

- ) backbends at a frequency btv~0.31 MeV. Band 4(solid
VoK : . . . K
SN SR points is not observed to high enough energies to complete
AN T~ its backbend, but both bands 3 and 4 begin to align at the
o1 o0z o3 OTA 05 08 o7 o8 o8 10 same frequencyiw~0.37 lo\/IeV. Cranked shell cEnodel ca_llcu-
i (MeV) lations for_ﬁ~0.2,y~+25 and,8~0.2,y~—25_ , (see Fig.
11) predict the secondhyy, band crossing athw

FIG. 11. Calculated Woods-Saxon quasiparticle Routhian plot~0.45 MeV for negativey deformation, but at onlyiw
for N=77,Z=63. The parity and signatufer, «) of the orbitals are = ~0.35 MeV for positivey deformation. The lower value is
represented by solid linds,, +1/2), dotted lines+, -1/2), dot-dash  in good agreement with experimental results.
lines, (-, +1/2, dashed lineg-, =1/2. The deformation chosen for While the calculated and experimental alignment frequen-
the calculations isy~-25°, from TRS calculations(@) Plot for  cies are not in exact agreement, it is instructive to look at
neutron configurationgb) Plot for proton configurations. regional trends. To view these trends, experimental align-

ment plots of thewh;,,»® vhy1» bands in the doubly odd
band crossing, similar to that observed in band 2. Furthenucleis/La, 59Pr, ;Pm, andgsEu, for N=75 andN=77, are
experiments are required to clarify the structure of the bandpresented in Fig. 12. The same Harris parametdgs,
and determine if there is a sharp backbend in band 1. These5#? MeV™! and J,=45:* MeV~3, which were chosen to
bands and their possible interpretations will be discussed fuisubtract out the average core rotation for tH&u, are used
ther below. in all the plots(this explains the slow increase in the plotted
alignment in theN=73 isotopes Several of the nuclei show
experimental evidence of band crossing, with a gain in single
particle angular momentury of ~6#, consistent with the

We now turn to a discussion of the positive parity bandsalignment of a pair ofh;1;, protons. Looking at the well
Band 3 is the yrast band based on th® ,,® vhy1, orbital  studiedN=75 isotones, we see a clear decrease in the cross-
configuration[15,17. Strongly populated yrast bands baseding frequency as proton number increases, frdm
on awhy15® vhy ), configurations are well known in neigh- ~0.47 MeV for Pr to 0.39 MeV for Eu. This can be seen in
boring odd-odd nuclei, see Fig. 8. In addition, our quasiparfig. 12, with the open data points representing the yrast
ticle Routhian calculations suggest that both the proton anédands. The closed points, the chiral partner bands, are similar
neutron hy,,, orbitals lie near the Fermi surface fax in behavior to the yrast bands. For tNe73 isotones back-
=77,Z=63 at the calculated deformation. As previously men-bends are not observed. However, the same trend is present
tioned, a systematic comparison of the energy levels in banih the decreasing frequency of the start of the backbend for
3 with those ofwhy,® vhy1,» double intruder bands from these isotones, fro»0.5 MeV in La to~0.4 MeV in Pm.
neighboringN=73, 75, 77 nuclei strongly suggestsmh;,;,  No information is available for th&l=73 13¢Eu. A lowering
® vhyy ), positive parity configuration for band 3, confirming in the alignment frequency is consistent with a decrease in
the assignment of Refl17]. deformation as a function of proton number, and this trend

The orbital configuration of band 4 can be deduced fromwould be expected to continue with tiN=77 isotones. The
its relation to band 3. Band 4 is linked to band 3 by severalLa alignment frequency foN=77 already occurs atw
transitions. The measured DCO ratio, angular distribuéiopn ~0.4 MeV. Given the systematics, it is expected thatkhe
value, and Compton asymmetry rafidfor the intense 787.3 =77 *%Eu backbend would occur at a frequency lower than
and 490.4 keV transitions establish them to be parity confiw~0.4 MeV. The absence of evidence for a backbend in
servingE2 and M1/E2 transitions, respectively. The results the 3%Pr and'*%m nuclei is anomalous, and might be re-
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B. The positive parity bands
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bands in doubly odd nuclei frolN=73 to 77 andZ=57 to 63.
Squares denote even spin levels, circles odd spin levels. Open figdeasured values for the reduced transition probability ra-
ures are for the more strongly populated main band, closed symbot$o B(M1)/B(E2) are presented along with the calculated
denote the side chiral partner band. The Harris paramelgrs values in Fig. 13 and Table Il. For band 3, there is a
=57 MeV™" andJ,=45" MeV ™, andK=6, were used for all plots  reasonable agreement between the measBtktl)/B(E2)
for convenience. values and the calculated values for sfinl3: and
above. For band 1, on the other hand, experimental
solved with an experimental observation of transitions aB(M1)/B(E2) values are far off those of the particle-rotor
higher spins. In conclusion, it is most likely for both bands 3model calculations, perhaps due to mixing of the positive
and 4 to have arhy;,® vh; 4, configuration. parity proton configurations at low spins. Unfortunately,
As previously mentioned, transitions in theh,, we do not have_ mt_aasurements of the individBav1) or
® vhyy/, and them(gyyy, desp) ® vhyy, bands were found to be B(E2)_ va_Iu_es. Lifetime measurements are needed t_o com-
of M1/E2 andE2 character. Calculations of the in-band tran-Par® |r_|d|V|duaIl_3(M1) andB(E2) Va.“.Jes W't.h calculations
sition strength8(M1:1—1-1) and B(E2:l —1-2) were per- to clarify the discrepancy. In addition to in-band branch-
X ing ratios, in-band to out-of-band transition branching ra-
formed for the why4»® vhy4, and the wg;;,® vhyq, orbital tios, B(ML:d—l-1) /BM1d—I-1) and B(E21— |
configurations in'*®Eu using the particle-rotor model with : ' n ' out '

o . R . -2)in/B(E2:l —1-2),, Wwere measured for several transi-
triaxial deformation,y~25°. The reduced transition prob- tions in bands 2 and 3. These values are also presented in

ability ratio is defined as Table II.
B(ML;l —1-1) _1o1aI=)) C. Possible chiral structures in14%Eu
B(E2;l —=1-2) 0'69‘1 + &1, (A1=2) We now turn to a discussion of possible chiral band struc-
. tures in4%Eu. We note that chiral band partners must both
EN(Al= 2)( e b)? have the same orbital configuration, but point out that this
Ei(N =1) L ' configuration is not limited to therh;1,® vhy4/, Orbital con-

figuration. Indeed, ift'8 chiral band candidates were found

in the 7gy,® vhy1, bands[10] and in *&r in the 7hyq)
whereE, is the energy in MeV of the/ ray from an initial ~ ®vi;3, bands[11]. So far, however, in the mas&~130
state of spinl to a final state with spir{l-1) for the Al region all chiral band pairs have been found to haWe,,

=1 transition or(I-2) for the AI=2 crossover transition. ® vh;q, orbital configuration. In this respect, it is important
& is the E2/M1 intensity ratio for theAl =1 transition and that both bands 3 and 4 haver,,® vh;4,, configuration.

can be estimated from the formulas] Furthermore, the bands exhibit a near degeneracy of levels of
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TABLE Il. Comparison of experimental and calculated of levels in such structure occurs. To clarify the situation,
B(M1)/B(E2) values for transitions in band 1 and in band 3. Also further measurements are required, such as are discussed be-
shown are the measur&{E2,,)/B(E2,,) values, and the measured |gw.

B(M1,30/B(M1z5¢) value for the 230 and 258 keV transitions in  However, there is a problem with the chiral interpretation.

band 2. In the chiral scenario, the signature splitting within the yrast
i i and yrare chiral bands should be small, leadingAtle=1
Experiment Calculation bands. In this context, the lack of evident signature partners
B(M1jp:1 —1-1) B(M1jp:1 —1-1) for bands 4 and 2 is troublesome. It is possible that the in-
linital B(E2i,!1 —1-2) B(E2i,!1 —1-2) tensity of the signature partner bands may be below the sen-
Band h (unfe b)? (un/e b)? sitivity of this experiment. A rough estimate of the popula-
tion intensity range of the weaker partner for a variety of
1 7 0.9417) 6.17 signature splittings can be obtained from an examination of
1 8 0.0Q08) 6.25 several of the nuclei populated in the current experiment. For
1 9 0.4131) 3.49 example, in'*%Eu, the weaker partner of band 3, the levels
1 10 0.35 with odd spin, is populated with about 15—-20 % the intensity
1 11 057 of the favored sigijg?aturesplitting ~100 keV). The odd neu-
3 12 0.4Q11) 10.20 tron neighbor ~'Sm has a signature splitting of
3 13 3.4290) 293 1QO—150 keV in thezhll!z yrast b.anc{26]. The Ie;g favo_red
3 14 1.5389) 3.95 S|gnature part_ner of this band is clearly identifiable in our
3 15 1.9739) 3.49 data, with an intensity about 70% that of the favorec_j signa-
B(E2yil —1-2) tlajre. For the7_rh_11,2 yrast band of the odd proton ne|ghbor
R —— Eu, the splitting is 350—400 keV and the intensity of the
B(E2:1 —1-2) signature partner drops to about 10% of the favored signature
2 12 2.6680) [27]. We point out that the typical observed splitting within a
3 15 1.0%10) mhy1,®vhyy, chiral band in the region is about
B(Mlgsgl —1-1) 50—100 keV, and the splitting within band-3100 keV. As-
B(M1ysgl —1-1) suming, as a rough estimate, that the unobserved partners of
2 13 2.2Q11) band 4 and band 2 were populated with an intensity ratio of

~15-20 %, we would expect a relative intensity of transi-
tions in bands 2 and 4 of5%. If this rough estimate is

the same spin, typical of chiral partner bands, with a differ-generous, then the signature partners of bands 4 and 2 could
ence of only~30 keV at spins 1B and 1% to ~140 keV at b€ €asily missed. Therefore, the “missing partners” do not
spins 1% and 17%. Therefore, band 4 may be the chiral necessarily rule out the chiral interpretation for band 2 and

partner band to band 3. d 4.
Interestingly, bands 1 and 2 are both assigned the same
7(Qy2, ds10) ® vhy 4, Orbital configuration. Similar to the rela-
tion between bands 3 and 4, the levels of the same spin in Another interesting possible interpretation for the bands is
bands 1 and 2 are also nearly degenerate, with a separationtbht of shape coexistence. Shape coexistence is well estab-
~110 keV for the 6 and 8 levels, and only~10 keV for lished in this mass region, some examples can be found in
the 10 level. Added to that, th&l=1 band segment feeding Ref.[3]. The examples of shape coexistence in the region are
into band 1 is similar to thél=1 high spin structure of band typically found for bands based on different orbital configu-
2. This leads to the interesting possibility that perhaps bandrations polarizing the nucleus to different shapes, but even in
1 and 2 are also chiral partners. The Fermi surface is aboubhe even-even core of*®u (**8sm), shape coexistence is
midshell for theg,,, anddg, orbitals and their angular mo- suggested for two bands having the same orbital configura-
menta are less than tg,,, orbital. Thus the proton angular tion [13]. In that example, for one deformation the band built
momentum vector is not predicted to be as strongly orientedn the m(hy1/,, 972 ® (hy1,)? configuration shows a negli-
toward a nuclear axis as for thg,,, particle and the total gible signature splitting and the signature partner is clearly
angular momentum vector would not be as strongly aplanaevident. For the other deformation built on the same orbital
TRS calculations predict similar deformation minimayat configuration, only one signature is observed. E#Eu,
=25° for thegy,, or ds, proton coupled with d,,,, neutron  TRS calculations for any reasonable proton and neutron con-
as for thewh,1,,® vhy1, configuration, so the total deforma- figurations predict well defined coexisting minima At
tion is predicted to be triaxial, and the total angular momen-—~0.2 andy~ +25°. These minima coexist and persist over a
tum still may be aplanar. Thus we have the interesting poswide frequency range, frorhw~0 to ~0.45 MeV (see Fig.
sibility that bands 1 and 2 may also be chiral twin partners9). Thus, if a principal axis cranking model is more appli-
Of course, this is only speculative since, in contrast to thecable in the case of**Eu, it is reasonable to suggest that
double-intrudersh,,»® vhyy,, configuration, there are sev- bands 3 and 4, while both being based on thk, ),
eral natural parity proton orbitals near the Fermi surface® vh,;, configuration, may be based on differentleforma-
allowing many possibilities for a total negative parity bandtions, and likewise for bands 1 and 2, both built on the
structure. It is always possible that an accidental degeneracy(gy,, ds;») ® vhy1,, configuration.

D. Shape coexistence
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Once again, the lack of evident signature partner bands Both bands 1 and 2 as well as bands 3 and 4 show some
for bands 2 and 4 is a problem. For thé,;,® vh;y, con-  of the features expected from chiral twin bands, namely,
figuration, for 8,=0.2, 8,=-0.021, y~-26°, and at a fre- pased on the same orbital configuration and having a near
quency offiw=0.30 MeV (about midrange for the observed gegeneracy of levels of the same spin and parity. However,
band and before any band crossindse calculated signature TRs cajlculations indicate that there are two minima close in
splitting for the proton(neutron hy, orbitals is AE,  gnergy in the potential energy surface at deformationg of
~400 keV(AE,~100 keV). On the other hand, for the posi- _ 2 andy~ +25°, allowing the possibility that these band
tive y minimum with 8,=0.16, 3,=-0.021, andy~+28°,  5ir5 are indicative of shape coexistence. Thus we have two
we expectAE,~300 keV (AE,~0 keV). We note that for a  ossible scenarios for bands 1 and 2 and bands 3 and 4. In
doubly odd nucleus to have only omd=2 band observed i scenarios the lack of a secoat=2 sequence for the
requires a large signature splitting fooththe proton and the \yeaker partner band presents a problem. For the chiral inter-
neutron orbitals. While the proton splitting is indeed es“'pretation we expect the level degeneracy between the two
mated to be large for both deformations the neutron splitting.pi g partners to increase uplte 15% as indeed is observed
estimate is only small or moderate, but is definitely larger forsy; the odd spin sequence in bands 3 and 4 and for the even
the negativey deformation. Thus, in this scenario, band 4 gjin sequence in bands 1 and 2. In addition, the chiral model
may correspond to thehy,,® vhy, ), configuration based on - hregicts[28] a large jump INB(E2) values for the intraband
the negativey deformation while band 3 may correspond 10 yransitions around the same spin. In contrast, for shape coex-
the same quasiparticle configuration based on the posjtive isience the signature splitting should increase with rotational

minimum. frequency up to the band crossing, while the corresponding
IV. CONCLUSION B(E2) values should show a smooth increase. Lifetime ex-

_ _ . periments are required to resolve this dilemma.
In conclusion, we have developed the high spin level

scheme for'*%Eu following the reactior¥"Mo(®V, 2pn) at a
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