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52 MeV. Two nearly degenerateDI =1 sequences with the same parity were established. Both bands have been
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and on the measured values for theBsM1d /BsE2d ratios, and they are suggested as candidates for a chiral
doublet.
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I. INTRODUCTION

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

Chiral symmetry can be broken for a triaxial doubly-odd
nucleus with substantialg deformation, for which the proton
(neutron) Fermi level is located in the lower part of a high-j
subshell, while the neutron(proton) Fermi level is located in
the upper part of a high-j subshell[5]. The latter particle
might be considered as a valence hole in the high-j subshell.
The angular momentum of the valence particlej p s j nd, is
then aligned along the short axis, and that of the valence hole
j n s j pd along the long axis[6]. In the limit of uniform rota-
tion of an irrotational-like and incompressible liquid[7], the
core angular momentum vectorR aligns along the interme-
diate axis, as it possesses the largest moment of inertia. Such
a coupling of both the valence particle and the hole with the
triaxial core minimizes the interaction energy of the system.
These three mutually perpendicular angular momenta: of the
valence particle, hole, and of the triaxial core,j p, j n, andR,
form either a left-handed or right-handed coordinate system.
Consequently total angular momentumI chooses one of the
systems, thus introducing chirality.

It has been suggested that chiral twin bands might be
observed in theA,130 andA,190 transitional regions[1]

and consequently the existence of chiral solutions for these
two regions was demonstrated in the Ref.[3]. A well devel-
opedDI =1 sideband of the same parity as the yrastph11/2
^ nh11/2 band has been observed first in134Pr [8], and later
on a chiral interpretation has been suggested for these two
bands[1]. Chiral twin bands, which are built on theph11/2
^ nh11/2 configuration, has been established recently in sev-
eral doubly oddN=73, 75, 7755Cs, 57La, 59Pr, 61Pm, 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
chiral twin bands should be degenerate. In reality, for all
known cases the twin bands separate from each other
[5,9–15]. When the triaxial core deformation is not stable
with respect tog deformation the total angular momentumI
is not constrained to one of the left- or right-handed systems
of different chirality and therefore can oscillate from one
system to the other. This mechanism, called chiral vibration
has been suggested to account for the almost constant sepa-
ration between the twin bands, observed in theN=75 A
,130 doubly odd nuclei[5,16].

Studies on nuclear chirality were focused so far on the
massA,130 region, but there is no reason to consider the
massA,130 nuclei unique in terms of the underlying phys-
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
states of77

188Ir111. The Ir nuclei has 77 protons and lie in the
transitional region between the well deformed rare-earth nu-
clei and the spherical nuclei near doubly magic82

208Pb. De-
pending on the neutron number, nuclear deformation in this
region may vary between prolate, oblate and triaxial. These
large shape variations are also indication that the cores of
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these nuclei are “soft” with respect tog deformation. For
example, theoretical calculations for the odd-A 78Pt nuclei,
yield a smooth shape transition from a strongly deformed
prolate185Pt via triaxial 187–193Pt to a slightly deformed ob-
late 195Pt [17]. Such transition is expected to occur also for
the 77Ir nuclei. The proton Fermi level is located in lower
part of both, theph9/2 andpi13/2 subshells, while it is located
in the upper part of theph11/2 subshell. The neutron Fermi
level is located in the upper part of theni13/2 subshell. Theg
softness of these nuclei means that the deformation may be
greatly influenced by the properties of specific single-particle
wave functions. For example, in186Ir a difference in the de-
formation of the 5+ ground statesb= +0.23d and the low-
lying 2− isomer sb= +0.17d has been found[18]. The en-
hancement of the deformation for the ground state is a result
of thep

1
2

−f541g intruder orbital, which is present in the con-
figuration.

Here we report the first experimental evidence for chiral
rotation in a massA,190 region. Two nearly degenerate
DI =1 sequences have been established in188Ir, which have
been assigned sameph9/2^ ni13/2 configuration and they are
suggested as candidates for a chiral doublet. The details of
the experiments and the experimental results are presented in
Sec. II. The results are discussed in Sec. III.

II. EXPERIMENTAL DETAILS AND RESULTS

The 186Ws7Li,5nd reaction at 52 MeV was utilized to
populate the high-spin states in188Ir. The 7Li beam was de-
livered by the ESTU Tandem van de Graff accelerator at the
Wright Nuclear Structure Laboratory at Yale University. The
target consisted of three stacked foils of186W, each of thick-
ness 0.3 mg/cm2. Gamma rays were detected by the YRAST
Ball array [19], which consisted of five clover detectors, 17
single-crystal Ge detectors, and four low-energy photon
spectrometers(LEPS) detectors for this experiment. All clo-
ver detectors were located at 90°, three of the Ge single-
crystal detectors were at 160°, eight at 126.5°, and the others
at 50°. All coincidentg rays were sorted into theEg−Eg

matrix and analyzed with theRADWARE package[20].
Prior to our experiment only the low-spin states in188Ir

were known and no rotational bands were established[21].
The quadrupole moment of the 1− ground state in188Ir also
has been measured[18]. It is in agreement with the system-
atic measurements of the quadrupole moments of the3

2
+

states in the Ir and the Au nuclei, which supports the sug-
gestedp 3

2
+f402g ^ n

1
2

−f510g configuration for this state[21];
a discussion on the spin of this state is given in Ref.[22].
The low-spin part of the level scheme is built on this state. A
millisecond isomerfT1 / 2 =4.2s2dmsg has been reported to
decay to the low-spin states[21].

In the present study we have expanded the level scheme
of 188Ir considerably. TwoDI =1 bands were observed to-
gether with a number of single particle states. Since nog
rays connecting high-spin states were known, we measured
g-ray excitation functions at beam energies of 45, 49, 52, and
55 MeV. Along with the 188Ir nucleus, the187,189Ir nuclei

were also populated. These nuclei have well established
high-spin levels[23]. The intensities of the strongest transi-
tions observed in the total projection were deduced and plot-
ted versus excitation energy after an appropriate normaliza-
tion as shown in Fig. 1. Theg rays can be separated in three
different groups with respect to their dependence on excita-
tion energy. The excitation functions for theg rays, which
are known to belong to187Ir are displayed in the upper panel
of Fig. 1. The intensity of theseg rays increase with the
increase of the beam energy. The 263 keVg ray, which is
known to belong to189Ir (the 4n reaction channel), has a
decreasing excitation function, as demonstrated in the lowest
section of Fig. 1. In the middle part of Fig. 1 the excitation
functions for a number ofg rays are shown. All of them have
not been observed previously and have a different behavior
compared to theg rays associated with189Ir and187Ir (the 6n
reaction channel). Therefore, we associate them with theg
decay of188Ir (the 5n reaction channel).

In order to deduce the multipolarity of the measuredg
rays, the formalism of directional correlation from oriented
states(DCO) was employed[24]. For this purpose an asym-
metric matrix has been sorted by incrementing all events in
which a coincidence between ag ray detected at 90° and
another one detected at 160° occurs. The DCO ratio is de-
fined as

FIG. 1. Relative intensities ofg transitions at 45, 49, 52, and
55 keV energy of the7Li beam. The intensities were obtained from
the total projection spectra and normalized to the total number of
counts. Transitions with like behavior were separated in three dif-
ferent panels as follows: upper panel: transitions belonging to187Ir,
middle panel: transitions assigned to188Ir, and lower panel: the
263 keV transition, which belongs to189Ir. The error bars of all
measured intensities are of the order of the experimental points.
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RDCO =
Ig1

160°sin coincidence withg2 at 90 °d

Ig1

90°sin coincidence withg2 at 160 °d
. s1d

For the present detector geometry a value of 0.51 is expected
for pure dipole transitionssE1d and value of 1.0 forE2 tran-
sitions when the gating transitiong2 is a stretched quadru-
pole transition. A value of 1.0 is expected for pure dipole
transitionssE1d and value of 1.98 forE2 transitions when the
gating transitiong2 is a pure dipole transitionsE1d. We were
also able to distinguish between magneticsMd and electric
sEd transitions by measuring the linear polarization of theg
rays using the five clover detectors as Compton polarimeters.
Two spectra were sorted, the first of which contains all
events which are scattered between the segments of the clo-
ver detectors, which were perpendicular to the reaction

plane, while the other one contains all events scattered par-
allel to the reaction plane. The difference in these two spectra
is shown in Fig. 2, as all electric transitions take positive
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 assignment ofg rays is
based on their coincidence relationship and the measured
relative intensities. Information on all transitions assigned to
188Ir are summarized in the Table I together with their inten-
sities, DCO ratios and proposed multipolarities. Sample ex-
perimental spectra, revealing the transitions assigned to188Ir
are displayed in Fig. 4.

Band 1 in Fig. 3 is the yrast sequence in188Ir. In a previ-
ous experiment, Kreineret al. [21] used millisecond timing
and reported only one delayed componentfT1/2=4.2s2dmsg,
which was observed for all low-spin transitions. They have
suggested an isomer with an excitation energy 923.7
+x keV and spin ranging fromIp=s8−d to Ip=s11−d, which
can be the bandhead of band 1. Nog rays have been ob-
served to de-excite the bandhead. However, the existence of
low-energy strongly converted transitions de-exciting the
bandhead cannot be excluded completely. Therefore, the
bandhead energy has been accepted to be 923.7+D keV,
whereDù0, as indicated in Fig. 3. Further, we provide ar-
guments that this level has spinIp=9−. Three crossover tran-
sitions were found for each sequence of band 1. Intraband
DI =1 transitions were established throughout the band.
ThreeDI =1 transitions and three crossover transitions were
established for band 2; the last of them being tentatively
assigned(see Fig. 3). Band 2 decays to band 1 predomi-
nantly through the 457 keV transition. A DCO ratioRDCO
=0.92s12d was measured for this transition, which indicates
an M1/E2 or a stretchedE2 character. The linear polariza-
tion measurement indicates that this transition is a magnetic
one, which supports theM1/E2 multipolarity (see Fig. 2).
Thus, spin and parityIp=13− are unambiguously assigned to
the lowest level of band 2.

FIG. 2. Polarization spectrum revealing the multipolarity of the
transitions. It has been obtained as a difference of total projections
of g rays detected in the clover detectors, which were scattered
between perpendicular or parallel elements of the detector with re-
spect to the reaction plane. The 324 and 464 keVg rays belong to
the yrast band in187Ir.

FIG. 3. Partial level scheme for188Ir showing the newly identifiedDI =1 bands as populated in the186Ws7Li,5nd reaction at 54 MeV.
Level spins are assigned under the assumption that spin of the 923.7+D level is 9− (see discussion in the text).
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The 4.2(2) ms isomer was previously assigned the
ph11/2^ ni13/2 configuration, but it may also have theph9/2
^ ni13/2 configuration. The excitation energies of theph11/2
andph9/2 orbitals in the odd-A Ir nuclei are shown in Fig. 5.
The energy of theph11/2 state decreases with the increase of
neutron number, while that of theph9/2 state increases. The
two curves cross betweenA=187 andA=189. The compari-
son of the experimentalBsM1d /BsE2d transition with the
three-dimensional(3D)-TAC calculations discussed in Chap.
III support theph9/2^ ni13/2 configuration.

Bands which are built on theph9/2^ ni13/2 configuration
were observed for184,186Ir. In 184Ir this is the ground-state
Ip ,K=5−,5 band[25,26], while in 186Ir the lowest level ob-
served in the band isIp=7− at 312.9 keV[27]. The excitation
energiesvs spin of these bands, together with bands 1 and 2

TABLE I. Energies ofg rays assigned to188Ir, their relative
intensities, DCO ratios, and multipolarities, as established in the
186Ws7Li,5nd reaction at 52 MeV.

Eg skeVd Ig
a (rel.) RdcosQdb RdcosDdc Assignment

Band 1

Odd spins

176.6 29.4(9) 0.63(7) 0.76(7) M1/E2

211.6 18.5(6) 0.76(9) 0.88(10) M1/E2

266.6 10.6(4) 0.61(14) M1/E2

474.6 100(3) 0.95(4) E2

523.5 84(3) 0.97(4) 1.39(8) E2

633.3 68(2) 1.06(6) 1.38(9) E2

Even spins

298.6 95(3) 0.66(3) 1.18(8) M1/E2

312.3 41(1) 0.76(4) 0.95(7) M1/E2

367.3 14.9(5) 0.59(7) 1.03(18) M1/E2

433.8 3.5(2) sM1/E2d
488.4 14.5(1) 1.34(22) 1.20(9) sE2d
578.6 12.0(4) 0.63(31) 1.25(61) E2

699.6 6.5(3) sE2d
Band 2

236.1 2.6(2) 0.42(13) 0.74(19) sM1/E2d
265.6 1.7(1) sM1/E2d
275.4 3.6(2) sM1/E2d
457.0 13.9(5) 0.92(12) 1.58(19) M1/E2

503.2 1.6(2) 1.55(27) 1.56(29) sE2d
512.3 3.9(2) sE2d
522.0 2.3(2) sE2d
732.1 2.4(2) sE2d
768.9 2.8(2) sE2d

Other transitions

88.5 6.8(3) 1.37(32) sE1d
223.0 6.9(3) 0.75(11) 1.46(24) M1/E2

236.5 1.3(1) 0.42(13) 0.74(19) M1/E2

242.9 1.9(1) 0.43(15) M1/E2

256.0 1.6(1) E2

277.8 2.5(1) 1.06(20) E2

304.4 38(1) 0.59(4) 0.80(7) E1

306.3 9.0(3) 0.76(28) 0.70(37) sM1/E2d
323.7 2.4(1) E2

353.2 3.4(1) 0.98(27) sE2d
360.0 3.9(2) 0.91(18) sE2d
391.0 4.6(2)

399.3 5.3(2) 1.3(3) sM1/E2d
440.0 1.8(1)

460.8 3.2(2)

503.0 8.7(3) 1.16(20) sE2d
534.0 10.0(4) 1.41(18) 1.43(21) M1/E2

545.4 2.2(2) sE2d
569.9 8.2(3)

575.7 26.0(8) 1.22(6) 1.93(42) sM1/E2d

TABLE I. (Continued.)

Eg skeVd Ig
a (rel.) RdcosQdb RdcosDdc Assignment

801.3 6.3(4) 0.64(28) 0.35(10) M1/E2

803.6 5.7(3) 0.30(17) 0.68(28) M1/E2

878.7 7.6(3) 1.09(21) 1.93(60) sM2d
aRelativeg-ray intensities normalized to 100% for the 474.6 keV
transition.
bDCO ratio obtained by gating on a stretched quadrupole transition.
cDCO ratio obtained by gating on the 298.6 keV transition, which is
a mixedM1/E2 transition.

FIG. 4. Coincidence spectra, revealing the transitions for band 1
(upper panel) and band 2(lower panel) in 188Ir. The spectrum for
band 1 is a sum of the 532 and 304 keV energy gates(the 304 keV
transition feeds the band). The spectrum for band 2 is gated on the
457 keV transition, which depopulates the band. Contaminant tran-
sitions are denoted with an asterisk. In italic are indicated transi-
tions belonging to bands 1 and 2.
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in 188Ir, are plotted in Fig. 6. Band 1 follows the same sys-
tematic pattern as the bands in the lighter Ir isotopes, which
supports the assigned configuration. The plot also demon-
strates that the initial displacement between the doublet
bands in188Ir decreases when the spin increases.

The energy staggering of theph9/2^ ni13/2 bands in the
doubly odd Ir isotopes is shown in Fig. 7. Band 1 in188Ir
displays the same phase of staggering like the other Ir iso-
topes if an odd spin for the bandhead is accepted. This re-
duce spin possibilities for band 1 to 9− and 11−, since the
spin of the isomer was estimated to range from 8− to 11− as
discussed earlier.

Taking into consideration the amplitude of the energy
staggering we arrive at the conclusion that the bandhead spin
Ip=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 theph9/2
^ ni13/2 bands in the doubly odd Ir nuclei. They are displayed
in Fig. 8 relative to theIp=9− states assuming spinIp=9− for
the 923.7+D keV level in 188Ir. This results in a smooth
increase of the excitation energy of the levels with the neu-
tron number. Such behavior is expected as when the neutron
number increases the neuron Fermi level moves away from
the middle of theN=126 neutron shellsN=104d. For a spin
of Ip=11− assumed for the 923.7+D keV level, excitation

energy trend will drop at188Ir. A spin of Ip=7− or less for the
bandhead will result in a very steep increase in excitation
energy of the band at188Ir, which is rather unlikely.

In addition to bands 1 and 2 we have established a com-
peting irregular structure of(most probably) single particle
states, which decays to band 1. The excitation energy of the
favored sequence of band 1 minus the energy of the rigid
rotor, together with the energies of a few states from the
irregular structure are plotted in Fig. 9. The pattern suggests
that an abrupt band termination takes place[28]. Such com-
peting single-particle structures have been observed in the
doubly-odd186Ir, as well as in the neighboring odd-A Ir iso-
topes and will be discussed in detail in a forthcoming paper
[29].

III. DISCUSSION

A total Routhian surface(TRS) calculation for the
ps−, + 1

2
d ^ ns+, + 1

2
d configuration in188Ir at "v=0.21 MeV

is presented in Fig. 10. It corresponds to the favored se-

FIG. 6. Excitation energy vs spin for theph9/2^ ni13/2 bands in
184,186Ir, together with theDI =1 bands in188Ir.

FIG. 7. Energy staggering of theph9/2^ ni13/2 bands in the dou-
bly odd Ir isotopes as a function of level spins.

FIG. 8. Experimental excitation energies of theph9/2^ ni13/2

band members relative to the 9− state in the odd-odd Ir isotopes
182–188Ir. The bandhead spin of 9− was accepted for band 1 in188Ir.

FIG. 5. Excitation energy with respect to the ground state of the
ph9/2 and ph11/2 isomers in the odd-A Ir nuclei as a function of
mass number.
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quence of theph9/2^ ni13/2 band and indicates that the tri-
axial shape stabilizes for this configuration atb2=0.17, b4
=0.04, andg=−31°. We have performed 3D-TAC calcula-
tions [30] for this configuration and the results are summa-
rized in Table II. These calculations demonstrate the exis-
tence of an aplanar solution, having bothu and w (the
orientation angles for the spin axis) substantially different
from 0° or 90°, i.e., outside the principal planes of the body-
fixed reference frame and indicate that chiral rotation is pos-
sible for this configuration but only in a narrow frequency
interval. It is because, aplanar solution can only exist while
the core spin value is big enough and comparable with that

of the quasiproton and the quasineutron angular momenta.
With an increase of the total spin the Coriolis interaction will
force the total angular momentum to align on a principle
plane and finally along a principal axis, resulting in normal
principal axis rotation, and both the broken chiral and signa-
ture symmetries will be restored[31]. It should be noted that
the calculations yield a chiral solution for theph9/2^ ni13/2
configuration in188Ir, while such a solution cannot be found
for the lighter Ir nuclei.

Within the 3D-TAC model[30] we have also calculated
reduced transition probabilities in rotational bands with dif-
ferent configurations. The theoretical values for theph9/2
^ ni13/2 and theph11/2^ ni13/2 configurations are presented in
Fig. 11 together with experimental results for bands 1 and 2.
The experimentalBsM1d /BsE2d ratios for band 1 show some
signature dependence, which cannot be taken into account in
the 3D-TAC approach. Since the signature is not a good
quantum number in 3D-TAC model, the bothDI =2 se-

FIG. 9. The energy of the states belonging to the favorite sig-
nature of band 1(minis a rigid rotor) vs spin. Labels from(a) to (e)
on the figure correspond to the 2199, 2457, 2726, 3436 and
3132 keV levels. The parameterA0=0.0193 was obtained from the
ground state band in186Os.

FIG. 10. Theoretical TRS calculation for theps−, + 1
2

d ^ ns+,
+ 1

2
d configuration in188Ir at "v=0.21 MeV. The equilibrium shape

corresponds tog=−31°.

TABLE II. Orientation angleu, f, value of the angular momen-
tum and ratio of reduced transition probabilities for different con-
fifurations in188Ir as calculated by 3D-TAC model.

"vsMeVd u f J BsM1d/BsE2d

ph9/2^ ni13/2

0.200 60.9 0.0 10.7 1.93

0.250 66.0 39.0 12.4 0.83

0.275 68.6 48.0 13.5 0.65

0.300 71.1 54.8 14.7 0.58

0.325 73.7 60.8 16.7 0.38

0.350 77.9 69.0 19.7 0.28

0.375 83.9 76.5 24.7 0.15

ph11/2^ ni13/2

0.200 55.3 89.5 8.5 20.0

0.250 74.0 89.5 9.5 19.4

0.275 79.6 90.0 25.6 0.22

FIG. 11. ExperimentalBsM1d /BsE2d ratios for band 1(full
circles) and band 2(open circles) in 188Ir, compared to theoretical
calculations within the 3D-TAC model for theph9/2^ ni13/2 (solid
line) and theph11/2^ ni13/2 configuration(dashed line).
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quences in band 1 are indistinguishable. Nevertheless, it is
clear that the calculated average values for theph9/2
^ ni13/2 configuration are of the order of the experimental
values, while those that are predicted for theph11/2^ ni13/2
configuration differ by an order of magnitude. This strongly
supports the suggestion that the yrast band in188Ir has the
ph9/2^ ni13/2 configuration. Thepi13/2^ ni13/2 configuration
should also be excluded for this band, because it is expected
to lie higher in excitation energy. Figure 11 also shows that
the experimentalBsM1d /BsE2d values for band 2 are of the
same order as the values in band 1 and have the same stag-
gered phase. This supports the suggestions for a common
underlying structure for these two sequences.

The initial difference in the excitation energies of bands 1
and 2 is about 200 keV. Figure 6 shows that this difference
decreases when the spin increases and at spin 15" both bands
are degenerate. This situation resembles the experimental ob-
servations, which were reported for the chiral doublets in
134Pr and136Pm nuclei[5,11]. The initial displacement of the
chiral bands was attributed to the so called “chiral vibration”
(see Ref.[5]). When the triaxial core deformation is not
stable atg=−30° the total angular momentum of the system
I is not constrained to the one of the left- and right-handed
systems of different chirality, and can oscillate from one sys-
tem to the other. However, in Ref.[32] it was shown that
even in the ideal case of rigid triaxiality the two chiral bands
are separated in energy at low spins.

For axially symmetric odd-odd nuclei, the favorite signa-
ture of a rotational band is given as,a f =

1
2fs−1ds jp−1/2d

+s−1ds jn−1/2dg, where the total angular momentumI is related
to a f by I =a f +2n sn=0,1,2,3, . . .d. For the ph9/2^ ni13/2

configurationa f =1, and the favorite signature band members
have odd spin. According to Ref.[1], in an ideal case, apla-
nar rotation implies breaking of signature symmetry and the
disappearance of signature splitting. Experimentally signa-
ture splitting is quantified by the energy staggeringSsId
=EsId−fEsI +1d+EsI −1dg /2. Since the signature is not con-
served quantum number in case of nuclear rotation axis out-
side any of the principle planes, it is more appropriate to talk
that SsId has odd/even spin dependence. The calculation
within the two-particle-plus-rotor model performed in Ref.
[32] show the typical behavior of the quantitySsId in case of
the chiral rotation. At the beginning of the chiral bandSsId
exhibit odd/even spin staggering, which diminish when the
spin increases and finallySsId takes constant value.

In Fig. 7 SsId is plotted for theph9/2^ ni13/2 yrast con-
figuration in the odd-odd182–188Ir. In comparison with
182–186Ir, whereSsId odd/even spin staggering increases with
spin, in188Ir SsId odd/even spin staggering stays constant and
even decreases a little in the spin interval of the observation
of band 1. This agrees with interpretation of bands 1 and 2 as
chiral doublet and calculations made in Ref.[32]. Since we

do not observe that theSsId odd/even spin staggering con-
verges to a constant value, the chiral region of band 1 was
not reached in our experiment. The reason for this are the
competing single particle states which become more yrast
than the levels of bands 1 and 2, when the spin increases.

A different interpretation, that band 2 is ag-vibrational
state coupled to theph9/2^ ni13/2 configuration is rather un-
likely, since such excitations lie at about 600 keV for the
neighboring even-even nuclei[33], while the excitation of
band 2 is,200 keV with respect to the yrast band. It should
be noted, here, that a recent calculation, which has been done
within the framework of the interacting boson fermion-
fermion model for the massA=130 nucleus134Pr, suggests
that theg vibration coupled to thenh11/2^ ph11/2 configura-
tion comes down in energy as compared to the neighboring
even-even nuclei[34]. On the other hand, a very detailed
analysis performed in Refs.[13,35] including investigation
of nuclear wave functions and electromagnetic properties of
the twin bands in128,130,132,134Cs and132La nuclei, definitely
shows the chiral nature of these bands.

IV. CONCLUSIONS

In summary, we have studied the high-spin structure of
188Ir and extended the levels scheme considerably compare
to the previous studies. We observe a pair ofDI =1 bands
which have the same parity and lie above the previously
reported 923.7+x keV T1/2=4.2s2d ms isomer. Both bands
have been assignedph9/2^ ni13/2 configuration, based on the
systematics ofph9/2 andph11/2 configurations in neighboring
odd-A Ir nuclei and comparison between calculated and ex-
perimental BsM1d /BsE2d ratios for ph9/2^ ni13/2 and
ph11/2^ ni13/2 configurations. These two bands are suggested
to be a chiral doublet on the base of their experimental fea-
tures and the 3D-TAC calculations which show existence of
chiral rotation in188Ir. Another possibility for band 2, to be a
g vibration coupled to theph9/2^ ni13/2 configuration was
ruled out, becauseg vibrational bands in neighboring even-
even nuclei has higher excitation energy compare to what we
observed experimentally.
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