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High-spin states in the doubly-odf=77 nucleus'®8r were populated in thé®w(’Li,5n) reaction at
52 MeV. Two nearly degeneratd =1 sequences with the same parity were established. Both bands have been
assigned therhg,, ® viq3,, configuration, based on the systematic behavior of these excitations in the Ir nuclei
and on the measured values for tBEM1)/B(E2) ratios, and they are suggested as candidates for a chiral
doublet.
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[. INTRODUCTION and consequently the existence of chiral solutions for these
two regions was demonstrated in the R&f. A well devel-
opedAl =1 sideband of the same parity as the yrah{,,
® vhy1, band has been observed first’itiPr [8], and later
on a chiral interpretation has been suggested for these two
bands[1]. Chiral twin bands, which are built on theh,,,
® vhy,,» configuration, has been established recently in sev-
eral doubly oddN=73, 75, 775Cs, s/La, 54Pr, 5,Pm, and
63EU nuclei[5,9-15. In all these cases the observed mixed
M1/E2 linking transitions between the two nearly degener-
ate bands of the same parity and the similar ratios of the
reduced transitions probabilities in both bands have been
considered as the experimental evidence, which reflects their
common underlying structure.
In the ideal case of strongly broken chiral symmetry the
ral twin bands should be degenerate. In reality, for all
known cases the twin bands separate from each other
[5,9-13. When the triaxial core deformation is not stable
ith respect toy deformation the total angular momentum

Chirality is a recently introduced symmetry of nuclear
rotation[1]. Using the tilted axis crankingTAC) model[2],
it has been shown in Ref§3,4] that the rotating mean field
of triaxial nuclei can break chiral symmetry. Experimentally
this led to observation of two nearly degenerate=1 bands
of the same parity, which are called chiral twin bands.

Chiral symmetry can be broken for a triaxial doubly-odd
nucleus with substantiat deformation, for which the proton
(neutron Fermi level is located in the lower part of a high-
subshell, while the neutrogproton) Fermi level is located in
the upper part of a high-subshell[5]. The latter particle
might be considered as a valence hole in the highbshell.
The angular momentum of the valence partigle(j,), is
then aligned along the short axis, and that of the valence holghi
i» (j») along the long axi$6]. In the limit of uniform rota-
tion of an irrotational-like and incompressible liqyid], the
core angular momentum vect8 aligns along the interme-

diate axis, as it possesses the largest moment of inertia. SUED - v o hstrained to one of the left- or right-handed systems

a'co'upllng of b'o.th .the valence parycle and the hole with theof different chirality and therefore can oscillate from one
triaxial core minimizes the mte_ractlon energy of the SyStem'system to the other. This mechanism, called chiral vibration
These three mutually perpendicular angular momenta: of thﬁas been suggested to account for the almost constant sepa-

valence particle, hole, and of the triaxial cofg, J,, andR, ration between the twin bands, observed in the75 A
form either a left-handed or right-handed coordinate system._ 130 doubly odd nuclei5,16] '

Consequently Fotal angular ”T‘O”.‘e”t“mhooses one of the Studies on nuclear chirality were focused so far on the
systems, thus introducing chlrallty._ _ . massA~ 130 region, but there is no reason to consider the
It has peen suggested that chiral twin bands_ might b‘f’nassA~130 nuclei unique in terms of the underlying phys-
observed in theA~130 andA~ 190 transitional regiongl] ics, and it is therefore necessary to look for other examples in
the A~190 region, where chirality also can be observed.

Following this motivation we have studied the high-spin
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these nuclei are “soft” with respect tp deformation. For 5L ' ' ' g
example, theoretical calculations for the adld»Pt nuclei, 10l Ir 16‘; B e
yield a smooth shape transition from a strongly deformed ST et
prolate *®Pt via triaxial *"~*°%t to a slightly deformed ob- S35 g 830 T
late 1°%Pt [17]. Such transition is expected to occur also for o , , , o
the ,,Ir nuclei. The proton Fermi level is located in lower 830 3
part of both, therrhg,, and i3/, subshells, while it is located ‘@ o5 | ' . 298 ]
in the upper part of therh;;,, subshell. The neutron Fermi g i / \ ]
level is located in the upper part of the, 5, subshell. They = 20EL v 474 ]
softness of these nuclei means that the deformation may be E E '/t\6\33's- ]
greatly influenced by the properties of specific single-particle 5 15 ET o3 5\\\3 ]
wave functions. For example, f{8r a difference in the de- N ; ,/ 312 ‘<
formation of the % ground state(3=+0.23 and the low- E or” ///0\2‘:§° 1
lying 2~ isomer (8=+0.17 has been found18]. The en- 2 7 1 ]
hancement of the deformation for the ground state is a result ‘ ‘
of the 77% "[541] intruder orbital, which is present in the con- 12 [ ey 7
figuration. 70 . _
Here we report the first experimental evidence for chiral . \‘\\\8__263 1
rotation in a massA~ 190 region. Two nearly degenerate 2t . . L
Al=1 sequences have been establishetfdin, which have 44 48 52 56
been assigned samghg,, ® i3, configuration and they are Beam Energy (MeV)

suggested as candidates for a chiral doublet. The details of
the experiments and the experimental results are presented in FIG. 1. Relative intensities of transitions at 45, 49, 52, and

Sec. Il. The results are discussed in Sec. Il 55 keV energy of théLi beam. The intensities were obtained from
the total projection spectra and normalized to the total number of
II. EXPERIMENTAL DETAILS AND RESULTS counts. Transitions with like behavior were separated in three dif-

ferent panels as follows: upper panel: transitions belongir‘?ﬁ7tn
The *W('Li,5n) reaction at 52 MeV was utilized to middle panel: transitions assigned 1¥r, and lower panel: the
populate the high-spin states i#fir. The 'Li beam was de- 263 keV transition, which belongs t§9r. The error bars of all
livered by the ESTU Tandem van de Graff accelerator at theneasured intensities are of the order of the experimental points.
Wright Nuclear Structure Laboratory at Yale University. The
target consisted of three stacked foils'&w, each of thick-

ness 0.3 mg/ch Gamma rays were detected by the YRAST o6 4150 populated. These nuclei have well established
Bgll array[19], which consisted of five clover detectors, 17 high-spin levelg23]. The intensities of the strongest transi-
single-crystal Ge detectors, and four low-energy photonigng ghserved in the total projection were deduced and plot-
spectrometergl EPS detectors for this experiment. All clo- 1o yersus excitation energy after an appropriate normaliza-
ver detectors were located at 90°, three ofothe Ge singlegon as shown in Fig. 1. The rays can be separated in three
crystail detectors were at 160°, eight at 126.5°, and the otheffitterent groups with respect to their dependence on excita-
at 50°. All coincidenty rays were sorted into th&,~E,  {jon energy. The excitation functions for therays, which
matrix and analyzed with thRADWARE package{20)]. . are known to belong t&*Ir are displayed in the upper panel

Prior to our experiment only the low-spin states'ffir ¢ Fig. 1. The intensity of these rays increase with the
were known and no rotational bands were establif24l i -rease of the beam energy. The 263 kgVay, which is
The quadrupole moment_of_the‘ fround state in®r also known to belong to!®r (the 4n reaction channgl has a
has been measurgdig]. It is in agreement with the systém- yqcreasing excitation function, as demonstrated in the lowest
atic measurements of the quadrupole moments of he section of Fig. 1. In the middle part of Fig. 1 the excitation
states in the Ir and the Au nuclei, which supports the sugfunctions for a number of rays are shown. All of them have
gestedrs [402]® v3 [510] configuration for this stat21];  not been observed previously and have a different behavior
a discussion on the spin of this state is given in R22].  compared to the rays associated witf%r and *&Ir (the &n
The low-spin part of the level scheme is built on this state. Areaction channgl Therefore, we associate them with tlpe
millisecond isomerT,,,=4.22)ms] has been reported to decay of*®8r (the 5 reaction channgl
decay to the low-spin statg21]. In order to deduce the multipolarity of the measured

In the present study we have expanded the level schenrays, the formalism of directional correlation from oriented
of 88r considerably. TwoAl=1 bands were observed to- stateDCO) was employed24]. For this purpose an asym-
gether with a number of single particle states. Sinceyno metric matrix has been sorted by incrementing all events in
rays connecting high-spin states were known, we measureahich a coincidence between qaray detected at 90° and
y-ray excitation functions at beam energies of 45, 49, 52, andnother one detected at 160° occurs. The DCO ratio is de-
55 MeV. Along with the®&r nucleus, the'®”*®ir nuclei  fined as
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. - plane, while the other one contains all events scattered par-
- = = " a = — - . .
g = allel to the reaction plane. The difference in these two spectra
5 g 2 is shown in Fig. 2, as all electric transitions take positive
1 - i

values and all magnetic transitions take negative values.
The level scheme, which has been deduced from the
present study is shown in Fig. 3. The assignmeny tdys is
based on their coincidence relationship and the measured
relative intensities. Information on all transitions assigned to
188 are summarized in the Table | together with their inten-
sities, DCO ratios and proposed multipolarities. Sample ex-
perimental spectra, revealing the transitions assigné
are displayed in Fig. 4.
Energy (keV) Band 1 in Fig. 3 is the yrast sequence'ffir. In a previ-
ous experiment, Kreinegt al. [21] used millisecond timing
FIG. 2. Polarization spectrum revealing the multipolarity of the and reported only one delayed compongRy,=4.22)ms|,
transitions. It has been obtained as a difference of total projectiong,hich was observed for all low-spin transitions. They have
of y rays detected in the clover detectors, which were scattereguggested an isomer with an excitation energy 923.7
between perpendi_cular or parallel elements of the detector with re1x keV and spin ranging fromh™=(8") to 17=(11"), which
fﬁ:mr:;ttgzr:g?ﬁg%? plane. The 324 and 464 ketdys belong to can be the bandhead of band 1. Naays have been ob-
4 ' served to de-excite the bandhead. However, the existence of
X low-energy strongly converted transitions de-exciting the
13%%in coincidence withy, at 90 °) bandhead cannot be excluded completely. Therefore, the
Roco= 1907 (1) pandhead energy has been accepted to be 923keV,

" whereA=0, as indicated in Fig. 3. Further, we provide ar-
guments that this level has sdifi=9". Three crossover tran-
For the present detector geometry a value of 0.51 is expecteghions were found for each sequence of band 1. Intraband
for pure dipole transition§E1) and value of 1.0 foE2 tran-  A|=1 transitions were established throughout the band.
sitions when the gating transitiop, is a stretched quadru- ThreeAl=1 transitions and three crossover transitions were
pole transition. A value of 1.0 is expected for pure dipoleestablished for band 2; the last of them being tentatively
transitions(E1) and value of 1.98 foE2 transitions when the assigned(see Fig. 3 Band 2 decays to band 1 predomi-
gating transitiony, is a pure dipole transitiofE1). We were  nantly through the 457 keV transition. A DCO ratiRyco
also able to distinguish between magnefit) and electric  =0.9212) was measured for this transition, which indicates
(E) transitions by measuring the linear polarization of the an M1/E2 or a stretchedE2 character. The linear polariza-
rays using the five clover detectors as Compton polarimetersion measurement indicates that this transition is a magnetic
Two spectra were sorted, the first of which contains allone, which supports th®11/E2 multipolarity (see Fig. 2
events which are scattered between the segments of the cl@hus, spin and parity”=13" are unambiguously assigned to
ver detectors, which were perpendicular to the reactiorthe lowest level of band 2.

300 400 500 600

in coincidence withy, at 160°)

+ (440)
o en
e e
(19T'+'\ (197 460.8
s 503.0 (jg- 3063 :
................. i M6 56
L 16
ey 17 g7x7
391.0 3037 27 \
JOO 5454 1479726
13— 23'6.5 14~ 22;.0 2457\ VL
T
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I
923740 >
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FIG. 3. Partial level scheme f3f8r showing the newly identifiech| =1 bands as populated in ti&w(’Li,5n) reaction at 54 MeV.
Level spins are assigned under the assumption that spin of the 923e¥el is 9 (see discussion in the text
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TABLE I. Energies ofy rays assigned td®8r, their relative TABLE I. (Continued)
intensities, DCO ratios, and multipolarities, as established in the
188/(7Li,5n) reaction at 52 MeV. E, (keV) L2 (rel)  RgedQ® RgedD)°  Assignment
E, (keV) ya (rel)) Rdco(Q)b RycdD)¢  Assignment 801.3 6.34) 0.6428  0.3510) M1/E2
803.6 573 03017 0.6828) M1/E2
Band 1 878.7 763  1.0921) 1.9360) (M2)
Odd spins
176.6 29.49) 0.637) 0.767) M1/E2 aReIa.ti.ve y-ray intensities normalized to 100% for the 474.6 keV
transition.
211.6 18.%) 0.769) 0.8810) M1/E2 ®DCO ratio obtained by gating on a stretched quadrupole transition.
266.6 10.649)  0.6119 M1/E2 °DCO ratio obtained by gating on the 298.6 keV transition, which is
474.6 1003) 0.954) E2 a mixedM1/E2 transition.
5235 843) 0.9714)  1.3998) E2
633.3 682) 1.066) 1.399) E2 The 4.22) ms isomer was previously assigned the
Even spins h112® viq3» configuration, but it may also have thehg,,
298.6 9%3) 0.663) 1.188) M1/E2 ® viqg conflgurat_lon. The excitation energies of_thh_ll,z
3123 a11) 0.764) 0.957) M1/E2 and whg,, orbitals in the oddA Ir nuclei are _shown in Fig. 5.

' ' ' The energy of therh,,,, state decreases with the increase of
367.3 14.95) 0597 1.0318 M1/E2 neutron number, while that of thehg,, state increases. The
433.8 3.82) (M1/E2) two curves cross betweek=187 andA=189. The compari-
488.4 14.81) 13422 1.2Q9) (E2) son of the experimentaB(M1)/B(E2) transition with the
578.6 12.04) 0.6331) 1.2561) E2 three-dimensional3D)-TAC calculations discussed in Chap.
699.6 6.%3) (E2) Il support thewhg,, ® vi,3, configuration.

Band 2 Bands which are built on therhg,,® viy3, configuration
236.1 262 04213 07419  (ML/E2) were observed fol®18§r, In 1§4lrl§hls is the ground-state
2656 170 (ML/E2) I”,K=5",5 band[25,26, while in 8r the lowest level ob-

' ' served in the band is=7" at 312.9 keM27]. The excitation
275.4 3.62) (M1/E2) energiesvs spin of these bands, together with bands 1 and 2
457.0 13.95) 0.9212) 1.5819) M1/E2
503.2 1.62) 15527) 15629 (E2) s T — — ]

512.3 3.92) (E2) | 2 ]
522.0 2.32) (E2) & ‘ b
732.1 2.42) (E2) 104 & 8 2 1
768.9 2.82) (E2) o < €

Other transitions 5: S 8‘% | |
88.5 6.83) 137132 (E1) — 8 ‘g* ’,f%“ﬁ% e o ol
223.0 6.93) 0.7511)  1.4624) M1/E2 = J\‘ | ‘/“Jt ”’ " VJ J\M‘/ T \A S B
236.5 1.3)  04213) 0.7419  M1/E2 PR éé}(‘; AN '“4(‘,;8 . MGE)O ot 82\)0 :
242.9 1.91)  0.4315 M1/E2 § 3 ‘ ‘ — —
256.0 1.61) E2 o &
277.8 2.51)  1.0620) E2 v
304.4 381) 0.594)  0.8Q7) El 24 8 1
306.3 9.03) 0.7628) 0.7037)  (M1/E2) \ Ty

0 ) @

22:; 23 0.9927) (E; ] - ?3? o

' ' ' ] SAr . 1R
360.0 3.92)  0.9118 (E2) ] l\ ‘ ﬂ 'g‘ J
391.0 4.62) 0 Jr.ﬂ MJMfM d\)‘mMM\ wdnsil ;;)W'

399.3 5.32) 1.33) (M1/E2) 1 00 200 300 400 500

440.0 1.81) Energy (keV)

1608 38 FIG. 4. Coincid t ling the transitions for band 1
. 4. coincidence spectra, revealin e transitions 1or pan

503.0 8.3 1.1620) (E2) (upper paneland band ZFI)ower panel in 988". The spectrum for

534.0 10.04) 14118  1.432)) M1/E2 band 1 is a sum of the 532 and 304 keV energy gétes304 keV

5454 2.22) (E2) transition feeds the bapdThe spectrum for band 2 is gated on the

569.9 8.23) 457 keV transition, which depopulates the band. Contaminant tran-

575.7 26.08) 1.226) 1.9342) (M1/E2) sitions are denoted with an asterisk. In italic are indicated transi-

tions belonging to bands 1 and 2.
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FIG. 5. Excitation energy with respect to the ground state of the
7hg/, and mhy/, isomers in the odd: Ir nuclei as a function of
mass number.

FIG. 7. Energy staggering of thehy,», ® vi,3,, bands in the dou-
bly odd Ir isotopes as a function of level spins.

in 188y, are plotted in Fig. 6. Band 1 follows the same sys-&nergy trend will dmp_ajtgslr- Aspin of I"=7" or less for the

tematic pattern as the bands in the lighter Ir isotopes, whicl@ndhead will result in a very steep increase in excitation

supports the assigned configuration. The plot also demorn€rgy of the band af*r, which is rather unlikely.

strates that the initial displacement between the doublet 'N @ddition to bands 1 and 2 we have established a com-

bands in*33r decreases when the spin increases. peting |rregular structure afmost probably S|.ngle particle
The energy staggering of thehg,»,® vi;5, bands in the states, which decays to band 1._The excitation energy of_ the

doubly odd Ir isotopes is shown in Fig. 7. Band 1ffir favored sequence of band 1 minus the energy of the rigid

displays the same phase of staggering like the other Ir isor_otor, together with the energles.of a few states from the

topes if an odd spin for the bandhead is accepted. This rdiregular structure are plo_tted_ in Fig. 9. The pattern suggests

duce spin possibilities for band 1 to @nd 1T, since the that an abrupt band termination takes pl§28|. Such com-

spin of the isomer was estimated to range from@11" as peting smg{g—partlcle structures haye bee_n observgd in the

discussed earlier. doubly-odd®r, as well as in the neighboring oddl4r iso-
Taking into consideration the amplitude of the energytopes and will be discussed in detail in a forthcoming paper

staggering we arrive at the conclusion that the bandhead sp[@g]'

|™=9" is the most probable. Support for adoption of this spin

for the bandhead can also be derived from the systematic

study of the excitation energies of the levels of thhy,

® viq30 bands in the doubly odd Ir nuclei. They are displayed A total Routhian surface(TRS) calculation for the

in Fig. 8 relative to thé =9 states assuming spifi=9™for (-, +2) @ u(+, +3) configuration in'*®r at w=0.21 MeV

the 923.74A keV level in *®r. This results in a smooth is presented in Fig. 10. It corresponds to the favored se-

increase of the excitation energy of the levels with the neu-

tron number. Such behavior is expected as when the neutron . . . .

Ill. DISCUSSION

number increases the neuron Fermi level moves away from
the middle of theN=126 neutron shellN=104). For a spin . o
of I"=11" assumed for the 923.7%keV level, excitation 20 r — 7
< 1770 o
2 1670 o
T T T T T T T T E o
o 184) ] g | /'/o
om r =
sl o e 186|r . i GCJ 15 o——® o/
o 14 o o
L & 88 Band 1 ] s 10r * -
= 3l v+ '8r.Band2 S | = e o
3 // = 13 e—* _—
2 7 / 4 ' 8 |10 _
uit 2+ ' %. 4 w "
A A5 e e .
| //oj. | 11 =
A 10°© o o
1t s : 00F g . . .-
o : 9
L .ﬁ//:/z/ 1 1 1 1 1
op 1 182 184 186 188

4 6 8 10 12 14 16 18 20 22 .
Atomic number
Spin (%)
FIG. 8. Experimental excitation energies of thdg,,® viiz
FIG. 6. Excitation energy vs spin for thehg,,® rvii3, bands in  band members relative to the State in the odd-odd Ir isotopes

184,189, together with theAl =1 bands in-&r. 182-188; The bandhead spin of Qvas accepted for band 1 fffr.
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TABLE II. Orientation anglef, ¢, value of the angular momen-

05 .
[ a 1 tum and ratio of reduced transition probabilities for different con-
[ A ] fifurations in*®r as calculated by 3D-TAC model.
s 10 _ \. N
— ! \ b fhw(MeV) 9 P J B(M1) /B(E2)
T 15¢ o eC b _
= _ o2 ® vtz
E 20f ] 0.200 60.9 0.0 10.7 1.93
b [ d 4
L e ] 0.250 66.0 39.0 12.4 0.83
o5l - 8] 0.275 68.6 48.0 13.5 0.65
9 11 ' 13 15 17 0.300 71.1 54.8 14.7 0.58
Soin (4 0.325 73.7 60.8 16.7 0.38
pin () 0.350 779 690 197 0.28
FIG. 9. The energy of the states belonging to the favorite sig-0.375 83.9 76.5 24.7 0.15
nature of band Iminis a rigid rotoy vs spin. Labels fronga) to (e) h11/2® Vigg
on the figure correspond to the 2199, 2457, 2726, 3436 ang oop 55.3 89.5 8.5 20.0
3132 keV levels. The parametdp=0.0193 was obtained from the 0.250 74.0 895 95 19.4
ground state band ifOs.
0.275 79.6 90.0 25.6 0.22

quence of therhg,,® vi13, band and indicates that the tri-
axial shape stabilizes for this configuration &=0.17,8; ¢ the quasiproton and the quasineutron angular momenta.

=0.04, andy=-31°. We have performed 3D-TAC calcula- it an increase of the total spin the Coriolis interaction will
tions [30] for this configuration and the results are SUMMa-srce the total angular momentum to align on a principle

rized in Table Il. These ca_lculation; demonstrate the eX'SbIane and finally along a principal axis, resulting in normal
tence of an aplanar solution, having bothand ¢ (the

. . ) , , : principal axis rotation, and both the broken chiral and signa-
orientation angles for the spin axisubstantially different .o symmetries will be restord@1]. It should be noted that
from 0° or 90°, i.e., outside the principal planes of the body-e ca|culations yield a chiral solution for thehg,® viys,
fixed reference frame and indicate that chiral rotation is POSgonfiguration int€8r, while such a solution cannot be found
sible for this configuration but only in a narrow frequency ¢, the lighter Ir nU(’:Iei.

interval. It is because, aplanar solution can only exist while  \yithin the 3D-TAC model[30] we have also calculated
the core spin value is big enough and comparable with thafeceq transition probabilities in rotational bands with dif-

ferent configurations. The theoretical values for thley,,

0.30° 3 ST A U G N . ® viy3, and themh,,,® viy 3, configurations are presented in
] - Fig. 11 together with experimental results for bands 1 and 2.
E == 2 The experimentaB(M1)/B(E2) ratios for band 1 show some
3 A C signature dependence, which cannot be taken into account in
0.20 B \ 3 the 3D-TAC approach. Since the signature is not a good
E '\\\\ g quantum number in 3D-TAC model, the bothl=2 se-
Ay \ E
%\0.10 = \\\‘\\ \\ o S
= f - 10 | T .
o0 3 \ : 3 h
J 000 - ; z
] : T
- — L
E E i 1F 1
010 3 - s
] - m
020 - = 10 11 12 13 14 15 18 17

0.10 0.20 0.30

X= P ,cos( y+30)

0.40 Spin (h)
FIG. 11. ExperimentaB(M1)/B(E2) ratios for band 1(full
FIG. 10. Theoretical TRS calculation for the(—, +§)®v(+, circles and band 2open circlegin *®r, compared to theoretical
+3) configuration in'®&r at 2w=0.21 MeV. The equilibrium shape ~calculations within the 3D-TAC model for thehg,® viys, (solid
corresponds toy=-31°. line) and thewh,,,,® viq3, configuration(dashed ling
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quences in band 1 are indistinguishable. Nevertheless, it ido not observe that th&(l) odd/even spin staggering con-
clear that the calculated average values for thBy, verges to a constant value, the chiral region of band 1 was
® viz, configuration are of the order of the experimentalnot reached in our experiment. The reason for this are the
values, while those that are predicted for #hey;,® vi13>  competing single particle states which become more yrast
configuration differ by an order of magnitude. This strongly than the levels of bands 1 and 2, when the spin increases.
supports the suggestion that the yrast band®fir has the A different interpretation, that band 2 is vibrational

g2 ® vl 1/, CONfiguration. Themiys,® vy, CONfiguration  siate coupled to therhy,® viy, configuration is rather un-
should also be excluded for this band, because it is expectqfé@y since such excitations lie at about 600 keV for the

to lie higher in excitation energy. Figure 11 also shows tha ei ; : o
. ghboring even-even nucl§B3], while the excitation of

the expe(;lmentziﬁ(Ml)I/ B(E?) k;/ alléei’ for dbﬁnd Zﬂ?re of the t band 2 is~200 keV with respect to the yrast band. It should
32?;3 (:)rhggeaSThies Vsatjggzrltg tk?g sug%r:asti(?r:/se fofgacn(;;;%% noted, here, that a recent calculation, which has been done

. : thin the framework of the interacting boson fermion-
underlying structure for these two sequences. fermion model for the mas8=130 nucIe3§34Pr suggests

The initial difference in the excitation energies of bands 1 o » SUgg
and 2 is about 200 keV. Figure 6 shows that this differencé@t they vibration coupled to they,,® mhyy, configura-
decreases when the spin increases and at sgiba bands UON comes down in energy as compared to the neighboring
are degenerate. This situation resembles the experimental oBYen-éven nuclef34]. On the other hand, a very detailed
servations, which were reported for the chiral doublets in@nalysis performed in Ref$13,33 including investigation
13Pr and*Pm nuclei[5,11]. The initial displacement of the Of nuclear wave functions and electromagnetic properties of
chiral bands was attributed to the so called “chiral vibration’the twin bands in?***%1*21€s and'*4.a nuclei, definitely
(see Ref.[5]). When the triaxial core deformation is not Shows the chiral nature of these bands.
stable aty=-30° the total angular momentum of the system
| is not constrained to the one of the left- and right-handed IV. CONCLUSIONS
systems of different chirality, and can oscillate from one sys- ] ) )
tem to the other. However, in Ref32] it was shown that In summary, we have studied the h|gh-$p|n structure of
even in the ideal case of rigid triaxiality the two chiral bands Ar and extended the levels scheme considerably compare
are separated in energy at low spins. to the previous studies. We observe a pairAdE=1 bands
For axially symmetric odd-odd nuclei, the favorite signa-Which have the same parity and lie above the previously

ture of a rotational band is given a&fzé[(_l)(jv—lla reported 923.7-x keV T1,2:_4.2(2) ms isomer. Both bands
+(~1)0+-12], where the total angular momentunis related have been assignethy, ® vi,3, configuration, based on the

to a; by I=a;+2n (n=0,1,2,3,..). For the 7hg;»® vis systematics ofrhg;, andh, 1/, configurations in neighboring

configurationes=1, and the favorite signature band membersOdd'A Ir nuclei and comparison between calculated and ex-

have odd spin. According to Reffl], in an ideal case, apla- Pe"imental B(M1)/B(E2) ratios for whg,® vz, and

nar rotation implies breaking of signature symmetry and theTrhll/2® Vi1, configurations. These two bands are suggested

disappearance of signature splitting. Experimentally signato be a chiral doublet on the base of their experimental fea-

AP e ; tures and the 3D-TAC calculations which show existence of
ture splitting is quantified by the energy staggerisd) . T -
~E(1)-[E(1+1)+E(I-1)]/2. Since the signature is not con- chiral rotation in*r. Another possibility for band 2, to be a

served quantum number in case of nuclear rotation axis out?. IDration coupled o therhg,® »is5), configuration was
) q L L . ruled out, because vibrational bands in neighboring even-
side any of the principle planes, it is more appropriate to talk . : o
: ._even nuclei has higher excitation energy compare to what we
that S(1) has odd/even spin dependence. The calculation .
o ) ) observed experimentally.
within the two-particle-plus-rotor model performed in Ref.
[32] show the typical behavior of the quanti®/l) in case of

the chiral rotation. At the beginning of the chiral baSd)

exhibit odd/even spin staggering, which diminish when the  This work is supported by the U.S. Department of Energy
spin increases and final§(1) takes constant value. under Grant Nos. DE-FG02-96ER409@83niversity of Ten-

In Fig. 7 S(1) is plotted for themhg,® viy3, yrast con-  nessep DE-FG02-91ER-40609(Yale University, DE-
figuration in the odd-odd™®*"®¥. In comparison with FG02-88ER-40417Clark University. D.L.B. also acknowl-
182-189r whereS(1) odd/even spin staggering increases withedges partial support of the Bulgarian National Science Fond
spin, in'®r (1) odd/even spin staggering stays constant andhrough Contract No. F-908 and NATO CLG No. 978799.
even decreases a little in the spin interval of the observatiohe authors are also grateful to Dr. M. Riley for providing
of band 1. This agrees with interpretation of bands 1 and 2 athe % targets and to Dr. F. D6énau, Dr. V. I. Dimitrov, and
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