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Abstract High-spin states in '™ Ir have been investigated via the " Sm(* P,4ny)'™ Ir reaction through
excitation functions, X-Y and Y-Y coincidence measurements. Four rotational bands have been identified
for the first time and their configurations are suggested on the basis of the existing knowledge of band
structures in odd-odd nuclei as well as the measured in-band B (M1)/B(E2) raties. Among the four
bands ohserved , the whq, ® viyss and iy, @ vijy, bands exhibit an anomalous signature splitting. The
signalure inversion point is observed in the former at /, = 184 which is consistent with expectations; this

signature inversion spin in the wi,,; ®vij;, band may be larger than 25% .
Key words in-beam Y-spectroscopy, rotational bands in '”° Ir, signature inversion

Low-spin signature inversion ' has been systematically observed throughout the chart of nuclid-
es in the g, @ vEsn s Thyypy @ vh,y, s Thy, @vi, and wthy, @ vi,, configurations. Systematic
analysis for the first three configurations has been done by Bermiidez and Cardona'® . Analysis for
the mhq, ®vi,y, structure shows that the critical spin /,,at which the two Al = 2 signature branches
cross with each other, seems to decrease(increase)2—3% while decreasing two neutrons( protons ) for
a chain of isotopes(isotones)” . If this regularity could be extended to a wide range of nuclei,one
may expect to observe such an inversion spin around /. ~ 184 in "* Ir. On the other hand, the sign-
ature-inversion bands systematically investigated correspond to the high-j spherical parentage, it is
thus a natural assumption that the xi3, ® vi 3, bands of high-j parentage may have similar inversion

phenomenon ;the =iy, —

% [660] orbital is involved instead of wh,, - —% [541] in the nhy, ®

Vi3, structure’ . With these points in mind,great efforts have been devoted recently to the studies

of in-beam Y-ray spectroscopy in odd-odd ™" Ir and ' Au. We concentrated on the observation of

critical spin I in the wh,, ®vi s, band;this could be regarded as an indirect evidence of signature

inversion in spite of the uncertainties in spin assignment. Meanwhile much attention has been paid

to establish the interband transitions from the expected wij, ® vi;;;, structure to a
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low-lying 2-quasiparticle band. We have noticed the fact that the % % [541] levels are consid-

175a77

ered to be the ground states in Ir, and the excitation energy of the ni,,, band member 17 de-

creases from 0.807MeV in "'Ir 1o 0.66MeV in "™Ir**" making it easier to observe the i ., ®vi 3
g 13/2 132

"%Ir have been available in the literature’® .

band in "Ir. Prior to this work,no high-spin data on
Bosch et al. proposed'’’ the spin and parity of 5 for the ground state of Ir according to the in-
tense B /EC feeding to the 6° rotational state in "*Os. Preliminary results of this research subject
have been reported in Refs. [3,8,9]. During the course of this investigation, Hojman et al. report-
ed the observation of signature inversion in the xi,;, ®vi,;, band in S (R

The experiment was performed at the Japan Atomic Energy Research Institute ( JAERI).
The “’Sm(* P,4ny) "™ Ir reaction was induced by a ’'P heam provided by the JAERI tandem acceler-
ator. The target was an enriched '“Sm metallic powder of 2. 1mg/cm’ thickness evaporated on to a
5.5mg/cm’ Pb backing layer. A y-ray detector zm’ay[IIJ comprising 11 HPGe’ s and one LOAX with
BGO anti-Compton shields was used; the detectors were calibrated with “Co,™ Ba, and "*Eu stan-
dard sources;typical energy resolution was about 2.0—2.5keV at FWHM for the 1332.5keV line.
In order to identify the in-beam ¥ rays belonging to "Ir, we measured an excitation function by vary-
ing the *'P beam from 145MeV to 160MeV with SMeV energy steps. At each beam energy , about 5 x
10°—10 x 10° ¥-Y coincidence events were accumulated and sorted on-line into a 4k x 4k matrix.
By setting gates on the Ir K X-rays, we compared the relative intensities of ¥ rays emanating from
""Ir and "Ir at various beam energies ; numerous unknown ¥ rays were found to have comparable in-
tensities as those of "’Ir and ""Ir,and therefore have been assigned to ™Ir. Finally a beam energy of
155MeV was used for Y-7 coincidence measurement. About 350 million coincidence events were ac-
cumulated and sorted into a 4k x 4k matrix for off-line analysis. The relatively intense ¥ rays were
from the fusion-evaporation residues of """ Ir,"”"0s,and ""Re corresponding to 5n,4n,3n,
4np, 3np and a3n evaporation channels, respectively. Fortunately, the detailed high-spin level
schemes for "> Ir,"”"™ Qs and "Re are available. This information and the coincidences we
measured with Ir K X-rays helped us assign new rotational bands in "Ir.

The partial level scheme of "*Ir deduced from the present work is shown in Fig.1. The Y-tran-
sition energies in the level scheme are within an uncertainty of 0.5keV. The ordering of the transi-
tions within the bands is established on the basis of ¥-7 coincidence relationships, Y-ray energy sums
and 7Y-ray relative intensities. No linking transitions have been observed from band 1 to bands 2,3,
and 4. The 97.8keV line, de-exciting the bandhead of band 2, exhibits the dipole character and is
assigned to be an F1 transition based on the argument of intensity balance and measured DCO ratio.
We tentatively placed the 97.8keV 7Y-ray to feed to the (7" ) level of band 3;no other interband
transition between band 2 and band 3 could be identified. The connection between band 3 and band
4 has been established as shown in Fig.1 which fix unambiguously the spin and parity of one band
relative to the other and thus facilitates their configuration assignments.

According to the classification of coupling scheme for odd-odd nuclei proposed by Kreiner et
al.'"” ,and considering the fact that the x1/2” [541],79/2" [514] and =1/2* [660] bands in
"Ir'*'and the v1/2” [5217,v5/27 [512] and v7/2* [633] bands in ™0s"™ are strongly populated
in the heavy-ion induced fusion-evaporation reactions, we propose the configurations of mhy, (1/2°
(541]1) ®@viyy, (7/2° [633]), th,, (9727 [514]) @ viys, (7/2° [633]) ,xhy,, (9727 [514]) ®
v5/27 [512] ,and miyy, (172° [660]) @ vi,, (7/27 [633]) for bands 1,2,3, and 4, respectively .

Indeed, the mhy, ®vi,y, and nh,,, ®vi,,, bands have been identified in many odd-odd nuclei in
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Partial level scheme of "Ir deduced from the present work .

this region, and they exhibit very similar level spacings and decay pattems (e.g. in "SRe' '
and "™Ir'") . Therefore the bandhead spins and parities are proposed to be I = (8 ) for band 1
and I5 =0, + 0, =(8 )for band 2 which are consistent with level spacing systematics. Band 3
have an effective Kz =(2- X)/(X -1) =7.2( X is the energy ratio of first two in-band AJ = 1
transitions) close to the projection quantum number K = 2, + 2, =9/2 + 5/2 = 7. This high value
corresponds to a case in which both proton and neutron orbitals are weakly affected by the Coriolis
interaction, resulting in Kz=K=0_,+ 0, = 7, Consequently , the spin and parity for the lowest
level of band 3 have been assigned to be I; = K =7 . Based on the spin and parity assignments for
band 3 and the observed linking transitions between band 3 and band 4, the spin and parity for band
4 can be fixed as shown in Fig.1. Fig.2 presents the experimental B(M1)/B(E2) ratios for bands
1—4 together with the geometrical model calculations'™ . It is clear from this figure that the experi-
mental B(M1)/B(E2) ratios can be well reproduced under the assumption of the proposed configu-
rations. Tt should be noted that the nh,,, ®v5/2” [512] and mi 5, @ viys, bands in ™ Ir*'" and
their connections have been observed showing similar level structures and decay pattems as the cases
of bands 3 and 4 in "Ir.

Based on the configuration and spin-parity assignments, it is now interesting to point out that
the signature splitting in the why, ®@vi,, and ®i,;, ®vi ., bands of odd-odd "Ir is inverted at low
and medium spins. To illustrate further the features of signature inversion, we compare the typical

staggering curves S(l):E(l)—E(l—])—%[E(I+I)—E(1)+ E(I-1)-E(I-2)] vs

176

! in Fig.3 for the why, @ viy, and wiyy, @ vy, bands in "Ir. The similar staggering pattern is

. Lo n w1 1 . . .
impressive,i.e. ,the af" = a{ + a; = 2 *t3 = 1 favored signature branch( odd-spin sequence) lies
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geometric model calculations’"’ under the assumplions for the whe;, ®viyy, and xiy, ®viyz, bands in
of proposed configurations indicated on the pannel. "®Ir. The arrow indicates the inversion spin .
. pon , | 1 . . .
higher than the a" = af + ay = 75 0 unfavored signature branch( even-spin sequence ) ; this

is the so-called low-spin signature inversion''’ . On the other hand, the signature splitting reverts to
the normal ordering at I, = (18~ ) for the mh,, ®vi i, band in "Ir. This critical spin is 34 lower
than that in '™Ir which is consistent with systematic expectationsm . For the mi,,, ®vi,;, band, the
critical inversion spin has not been reached in this work , indicating that the critical spin /, should be
larger than 254 . The mechanism of such inversion phenomena in both the nhy, ® vi,;, and the
i,y @iy, structures may be associated with, say, residual p-n interaction, positive ¥, and quadru-
pole paring, etc. , this is however beyond the scope of this paper. We would like to emphasize that
the observation of such inversion phenomena in both " Ir and " Ir provides an interesting test
ground for different theoretical interpretations.

The authors wish to thank the staffs in the JAERI tandem accelerator for providing *' P beam and
their hospitality during experiment .
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