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Abstract

The electromagnetic properties of low-excitation states in **Ir and **®Ir have been studied
following Coulomb excitation. Gyromagnetic ratios were measured by the transient-field tech-
nique and level lifetimes were measured by the Doppler-shift recail distance method. Multipolarity
mixing ratios were determined from measured particle—y angular correlations. The present
lifetime and g-factor results extend the data available for comparison with theory and help
discriminate between disparate experimental values reported previoudly in the literature. We
compare the experimental data with particle-triaxial-rotor model calculations and with the
predictions of the U(6,/4) and U(6,/20) supersymmetry models based on the interacting-boson—
fermion model. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The nuclei **Ir and *3Ir lie in a shape-transitional region with one more proton than
the prolate osmium isotopes 1°%1°20s and one proton less than the oblate platinum
isotopes 1°21%4pt, As such, there has been much interest in their structure from various
theoretical perspectives based on geometric [1] and algebraic approaches [2]. A satisfac-
tory description of the available experimental data before 1980 was given by Vieu et al.
[3] using the particle-asymmetric-rotor model, where several Nilsson orbitals were
coupled to arigid triaxia rotor. Around the same time, supersymmetry (SUSY) schemes
based on the interacting boson and interacting boson—fermion models (IBM and IBFM)
were introduced [4-7], where the Pt—Ir nuclel were proposed as prime examples. In this
original U(6,/4) SUSY model, the even Pt isotopes were described by the O(6) limit of
the IBM and the odd Ir isotopes by a proton hole in the 2d;,, orbital coupled to the
boson core. The desire to test the proposed nuclear SUSY resulted in many new
experimental investigations of the iridium isotopes [8—17]. Discrepancies between theory
and experiment found in these tests led, in turn, to the introduction of multi-j supersym-
metries U(6/m), m= X,(2j; + 1), where al (or most) of the single-particle orbitals in
the valence shell were included in the scheme [18]. In the case of iridium, the single
patticle orbitals involved are {3s, ,, 2d;,,, 2ds,,, 29;,,} and the corresponding
supergroup is U(6,/20) [19,20]. The U(6/20) SUSY model was also used in the
description of odd-neutron nuclei in the A= 130 mass region where the even—even
counterparts display a similar O(6) character [21].

Despite the intense theoretical interest in these nuclel and many experimental studies,
the magnetic moments of the low-lying states are not well known [15,22,23], and there
are disparate values in the literature for the lifetimes of the first 5/2* states in both
isotopes [15,24—-36). As noted in earlier work on *°Pt [37,38], the M1 properties directly
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Fig.1. Partial level scheme for °Ir showing the levels of interest. The widths of the arrows represent the
intensities of the y-ray transitions in the g-factor measurement following Coulomb excitation with 180 MeV
%8Ni beams (Run I1). The lifetimes are the results of the present recoil-distance measurements.
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probe the single-particle distributions and hence provide a more critica test of SUSY
than the level energies and E2 transitions. Therefore, their accurate measurement is
essential for a thorough assessment of the multi-j SUSY schemes. Besides our nuclear
structure interest, the iridium isotopes °*Ir and *Ir were also employed as probesin a
recent study of picosecond-duration pre-equilibrium effects in hyperfine fields following
ion implantation [39], for which accurate and precise lifetimes and g-factors were
required.

In the present paper we report experimental studies of the electromagnetic properties
of the low-lying states in °*Ir and **%Ir following Coulomb excitation. Some prelimi-
nary results of our transient-field g-factor measurements were reported previously [40].
Partial level schemes showing the levels of interest are presented in Figs. 1 and 2. The
experimental results are analyzed using the triaxia rotor model as a benchmark and
within the U(6/4) and U(6,/20) SUSY schemes. In the U(6,/20) case, the effects of
symmetry breaking due to the large differences in the single-particle energies are
included in the calculations.

2. Experimental procedures and analysis
2.1. Angular correlation and g-factor measurements

Gyromagnetic ratios in r and *¥Ir were measured by the transient-field (TF)
technigue, as in similar measurements reported previously [41-46]. States of interest
were Coulomb excited using beams from the ANU 14UD Pelletron accelerator. The
measurements performed and the beams employed are summarized in Table 1. Three
runs (Runs I-111) were performed to determine the g-factors by the transient-field
technique. In two of these measurements the transient-field precessions of the states of
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Tablel

Summary of precession and angular correlation experiments

Run Type of experiment 2 Detector angles ° Target © Beam Eg,, [MeV]
[ TE g-factors 0°, +30°, +45°, +55°, +65° AGD *BNi 155

Il TF gfactors 0°, £30°, +45° +55° +60° +65° B(Gd) *Ni 180

Il TF g-factors +30° AGdHD ®cu 130

IV TF precessions +30°, +45°, +55°, +65° C(Fe) *#s 100

V  SFprecessions 0, £30°, +35° +45° +55°, +65° D (Fe) 0 40

“TF g-factors: transient-field measurement of relative g-factors; TF precessions: study of the transient-field
strength for Ir in Fe; SF precessions: study of the static-field strength for Ir in Fe.
Angles at which the pair of detectors in the forward quadrants were placed. The backward-placed
detectors were at + 115° in dl cases.
Target details are in Table 2. The ferromagnetic hosts are indicated in parentheses.

interest in Ir and *3Ir were measured simultaneously with those of the first 2* state
in 18Pt as their ions traversed a polarized Gd foil. *8Pt was chosen to calibrate the
transient field because its g-factor is well known [47] and 1°8Pt does not produce y-ray
lines that would obscure lines of interest in the iridium isotopes. The measurements with
Fe hosts were performed primarily to study the static and transient hyperfine magnetic
fields for Ir in Fe [39,48]; they are reported here briefly in relation to the present
g-factor measurements.

Details of the targets are presented in Table 2. The ferromagnetic foils were rolled to
the required thickness and annealed under vacuum. The Ir and Pt layers were then
sputtered onto the upstream side. Finally, the Cu or Pb backing layers were evaporated
on the downstream side of the Fe or Gd foils. For additiona mechanical support and
improved thermal contact with the cold-finger, the targets were pressed onto a thicker
(~ 12 um) Cu foil using an evaporated layer of indium as adhesive. Throughout the
measurements with Gd host foils, the target temperature was maintained at = 90 K. The
measurements with Fe hosts were performed at room temperature. The ferromagnetic
foils were polarized perpendicular to the y-ray detection plane by a small el ectromagnet
and the direction of this polarizing field was reversed automatically, approximately
every 15 minutes.

The magnetizations of the targets at temperatures and applied field intensities close to
those that pertained during the precession measurements were measured using the

Table2
Target details
Target Ly, [mg-cm~2] 2 Host ® L% M b Backing ¢ L,.%
natyp  198pp  nayy [mg-cm=2]  [T] [mg-cm~2]
A 0.26 1.08 Gd 5.45 0.186(6) Cu 6.4
B 1.28 Gd 5.94 0.181(5) Cu 7.2
C 0.34 0.15 0.40 Fe 161 0.175(9) Pb >4
D 0.39 0.15 0.51 Fe 1.63 0.180(9) Cu 45

: Thickness of target layers, L, in the order encountered by the beam (Ieft to right in table).
. Ferromagnetic host, its thickness, Ly, and magnetization, M.
Nonmagnetic backing layer and its thickness, L -
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Rutgers magnetometer [49]. The main source of uncertainty in these measured magneti-
zations comes from uncertainties in the dimensions of the foils, estimated to be ~ 3%
for the Gd foils and ~ 5% for the Fe foils. In al cases the magnetization achieved is
consistent with the maximum routinely achieved for the polarizing fields and tempera-
tures that pertained.

The thicknesses of the target layers were chosen to ensure that, in all runs, the Pt and
I ions left the Gadolinium layer and stopped in the non-magnetic backing layer. Details
of the reaction kinematics are given in Table 3. In preparing this table, we have
employed the stopping powers of Ziegler et al. [50], although there is evidence that they
tend to overestimate the stopping of A ~ 200 ionsin Gd [40].

Backscattered beam ions were recorded in an annular silicon surface barrier (SSB)
counter which subtended the angular range between 150° and 167° to the beam axis.
The precessions of the nuclel were measured by placing two Ge y-ray detectors in the
forward direction, usually at 4+ 30° but also often at + 65° to the beam direction, where
the particle—y angular correlations for most of the transitions of interest have near
maximal slope and hence give near-optimum sensitivity to the nuclear precessions. A
pair of detectors remained at +115° to the beam direction throughout the measure-
ments. Precession data were also taken during the angular correlation measurements.

Unperturbed particle—y-ray angular correlations were measured during each run. The
two detectors in the backward quadrants remained at + 115° to serve as monitors, while
the forward detectors were placed at a sequence of angles between 0° and +65° to the
beam direction, as listed in Table 1. For the transient-field measurements and those
static-field measurements where the precession angle is small (< 100 mrad), the
unperturbed angular correlation is obtained by adding together the perturbed angular
correlations for field ‘up’ and field ‘down’.

The angular correlations were analyzed as described in previous work [45,46].
Initially, we fit the pure E2 transitions with no free parameters but an overall normaliza-

Table3
Kinematics and transient-field precessions
Run  Nucleus E? E.*® (v/ve)” Tgt®  Thet — bR’ PRy Pexp®
[Mev] [MeV] [ps] [ps] [mrad] [mrad] [mrad]
[ 191193 92 13 2.78 003 11 220 170 171(7)
[ 198y 85 10 2.55 006 13 230 180 178(7)
Il 19L19% 108 15 2.98 003 1.2 233 178 182(7)
I 101,193 80 8 2.47 003 13 229 181 1799)
1 198y 75 6 2.26 006 14 237 191 187(9)
1Y 191,193 42 12 2.20 003 043 424!
\Y; 198y 4 11 2.13 003 045 42.9°

* E;(E,) calculated average energy of recoils on entry into (exit from) the ferromagnetic host layer of the

targgt. (The calculated exit energies underestimate the actual exit energies. See text.)

Average velocity of recoils traversing the Fe foil (v, = ¢ /137).

4 Tiat [Thost] @verage time spent by recoils in the Ir and 198pt [Gd or Fe] target layers.

Estimated transient-field precession based on the Chak River (CR) [54,55] and Rutgers (RU) [56]
parametrlzatlons of the TF for Gd hosts. ¢ = A6/ Q.

Measured transient-field precessions for %8Pt and the values for 1°11%%|r scaled from them.

The CR and RU parametrizations are not applicable for Pt and Ir in Fe. These estimated transient-field
precessions are based on the linear fit to data reported in Ref. [58].
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tion factor and a possible small offset of the detection angles from their nominal values.
Then, once this offset has been determined, we fit the mixed transitions with only the
normalization and the mixing ratio allowed to vary.

Anaysis of the g-factor measurements was performed as described previously
[41-46]. While the feeding intensity is not prohibitive in any of the runs, the three runs
with different beams were employed to vary the relative Coulomb excitation probabili-
ties for the low-lying states, particularly to provide cross checks on the corrections for
feeding applied to the 5/2] states.

2.2. Relative Coulomb-excitation cross sections

Relative Coulomb-excitation cross sections were determined for the levels in *ir
and *3Ir during the angular correlation measurements. As well as being required to
make the feeding corrections in the g-factor measurements, these can be used to
estimate the relative E2 matrix elements in °Ir and **Ir (cf. [16,17]), and hence help
discriminate between disparate lifetime results in the literature [15,24—36] (see below).

2.3. Recoil-distance lifetime measurements

The lifetimes of the lowest few states in *'Ir and 3Ir were measured by the
recoil-distance method (RDM). A layer of natural iridium ~ 500 pwg/cm? thick was
sputtered onto the downstream side of a stretched nickel foil 830 wg,/cm? thick. Beams
of %S with an energy of 100 MeV impinged upon the Ni side of the target foil and
encountered the Ir layer with an energy of ~ 91 MeV. The measured recoil velocity
determined from several lines at several distances was v/c = 2.11(1)%. Recoils were
stopped in a stretched ~ 10 mg/cm? thick Ta foil. The target—stopper distance was
varied from 23 to 2400 pwm, corresponding to flight times between about 4 ps and 400
ps.

The de-excitation y-rays from °*Ir and *3Ir were recorded by two Ge detectors,
placed at 0° and 30° to the beam, in coincidence with backscattered beam ions. The
backscattered ions were detected in an annular SSB counter which subtended the angular
range 156°—168° to the beam axis. The total number of backscattered particlesin singles
was recorded to provide a normalization for each target—stopper distance. This allows
for an analysis of unshifted, u, and shifted, s, peak areas individually, along with the
usua ratio R=u/(u+ s).

For the analysis we employed a computer code based on the formalism of Sturm and
Guidry [51], but with an improved treatment of the combination of feeding and
vacuum-deorientation corrections [52]. The required unperturbed angular correlations
were taken from our work described above and appropriately modified for the different
particle detector and +y-ray detector locations. The relative excitation probabilities
required to make feeding corrections were determined from the observed y-ray intensi-
ties and confirmed by rescaling the observed yields in the g-factor and angular
correlation measurements according to the calculated Coulomb-excitation cross sections.

As the extracted lifetimes were found to be insensitive to the vacuum deorientation
parameters, we set 7, =15 ps, with 7, = 0.37,, and assumed no hard-core effect at
longer times, consistent with the analysis of earlier measurements on the even platinum
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isotopes [53]. The computer program fits the ratio data and then predicts the u and s
peak intensities within a single normalization factor.

We found that the intensity of the peaks in the unshifted spectra did not always go to
zero at longer flight times. This is often found in RDM measurements and is possibly
due to small contaminant peaks from nuclear reactions and /or to a small build up of
some target material on the stopper. It can be accounted for either by excluding the
longer-distance data from the fits, or by including a constant ‘ background’ when fitting
the unshifted peak intensity. (We confirmed that these two procedures gave consistent
lifetime results.)

3. Experimental results
3.1. Angular correlations, mixing ratios and g-factors

Examples of y-ray spectra recorded in coincidence with backscattered beam ions
during Runs 1111 are shown in Fig. 3. Particle-y angular correlations measured during
Run | are presented in Fig. 4. The present measured mixing ratios are compared with
previous results in Table 4. Generally, our mixing ratios are more precise than the
previous vaues, with which they agree.

Table 5 summarizes the results of the transient-field precession measurements from
Runs I-I11. The observed precessions, the precessions of the levels after correction for
the effects of feeding and finite level lifetimes and the relative excitation cross sections
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Fig.3. Examples of y-ray spectra recorded in coincidence with backscattered beam ions, following Coulomb
excitation, in the transient-field g-factor measurements. Upper: 130 MeV %Cu (Run 111). Middle: 155 MeV
%8N (Run 1). Lower: 180 MeV %Ni (Run I1). (The 279 keV line comes from a small amount of **’Au which
was sputtered from the sample substrate during the deposition of the 6Pt layer.)
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Fig.4. Particle-y angular correlations for transitions in °Ir and 1°3|r, measured during Run | (155 MeV *Ni
beam). The experimental data are compared with the calculated angular correlations. For the mixed
multipolarity transitions, the mixing ratio is a free parameter.

are shown. To obtain the absolute values of the g-factors, we define the integral
transient-field strength for each atomic species and each runas ¢ = A6/g, where A6 is
the precession of the nucleus (corrected for finite lifetime effects and feeding from
higher populated states) and g is the g-factor of the nuclear level. In Runs | and III,
these transient-field strengths for Ir in Gd were calibrated relative to the simultaneously
measured TF strengths for 8Pt in Gd, after taking into account a small correction for
the different atomic numbers and stopping powers of the two species. The measured
transient-field strengths for Pt in Gd are presented along with the predictions of the
Chalk River [54,55] and Rutgers [56] parametrizations in Table 3; the integral field-
strengths adopted for the iridium isotopes are also shown. In agreement with the work of

Table4

Comparison of mixing ratios in %Ir and °3Ir

| sotope E, (keV) E, (keV) Transition )

present work NDS?

9Ly 129 129 5/2% - 3/2F —0.402+0.007 —0.40+0.01
343 214 7/2% >5/2% —0.342+0.007 —0.34+0.04
686 557 7/2% >5/2F —-0.98+0.12 —13440.16

93y 139 139 5/2% —3/2* —0.362+0.006 —0.329+0.012
358 219 7/2t >5/2% —0.280+0.009 —~0.34+0.04
621 482 7/2% >5/2% —0.89+0.13 —1.02+0.19

* Nuclear Data Sheets [22,23].
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Table5
Measured transient-field precessions in °*1r and %3Ir
Run J™ ®L)y 193,
E, P)/PE)2AG, > A6° E, PQ)/P(E)? AL, A6°©
[kev] [%] (mred]  [mrad]  [keV] [%] [mrac] [mrad]
[ 5/2% 129 100(4) —62(3) —58(5) 139 100(4) —-64924) —60(3)
7/2% 343 36.8(5) -67(3) —68(3) 358 36.9(5) -73326) -75(3
9/2* 503 65(3)  —90(13) —93(14) 552 481 —114(12) —117(13)
Il 5/2* 129 100(2) —70(4) —63(7) 139 100(2) —74926) —73(5)
7/2% 343 56.8(5) ~73(3) —68(5) 358 557(5)  —793) —82(4)
9/2% 503 29.3(3) —92(9) —95(10) 552 17.6(2) —75(7) —71(9)
7/2" 686 51(2)  —38(15) —42(17) 621 570  —53(7) —59(8)
11/2* 832 37(1) —100(28) —111(31) 857 6.3(1) —792D —8%(23)
M 5/2% 129 100(3) —-55(5) —51(6) 139 100(3) —5%(4) —57(5)
7/2% 343 18.5(3) —87(8) —88(8) 358 19130  —76(7) —-78(7)

: Measured Coulomb-excitation cross section relative to the first 5/2% gate.
Observed transient-field precession, including the effects of (i) feeding from higher excited states and (ii)
decays which take place while the ions are in transit through the ferromagnetic fail.
“ Precession of the individual level, after corrections for feeding and finite lifetime effects. Within each
run, relative A6 values give relative g-factors.

Tanczyn et al. [57], the TF strength measured for Pt in Gd agrees with the Rutgers
parametrization [56], but is about 20% smaller than that predicted by the Chalk River
parametrization [54,55]. For the present purposes of scaling the measured precessions for
platinum to apply for iridium, however, the difference between the two parametrizations
is not statistically significant. Table 6 shows the absolute g-factors obtained from Runs
I-I11 and the average adopted values.

As noted above, Runs IV and V were performed primarily to study the hyperfine
field strengths for iridium in iron. We present them here because similar measurements
were used by Kolbl et al. [15] to determine the g-factorsin °tIr and *3Ir. The results of

Table6

Measured g-factorsin °*Ir and *3Ir

|sotope E, (keV) J™ g-factor?

Run | Run Il Run 11 Adopted

9Ly 129 5/2* 0344003  035+004  029+004  0.322+0022
343 7/2% 040+002  037+003  049+005  0.401+0.018
503 9/2* 054+008  052+006  — 0.53+0.05
686 7/2% - 0234009 - 0.23+0.09
832 11/2* - 061+017 - 0.61+0.17

193 139 5/2% 0.35+002  040+003 0324003  0.356+0.016
358 7/2% 044+002  045+003 0434005  0.441+0.016
552 9/2% 0.68+008  039+005 - 0.48+0.04
621 7/2% - 0.33+004 - 0.33+0.04
857 11/2* - 0494013 - 0.49+0.13

& g-factors evaluated from the precessions A6 given in Table 5 using the transient-field strengths ¢ given
in the final column of Table 3, g=A60/¢.
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Table7

Transient-field measurements for °%1%3|r and 18Pt traversing an iron host (Run 1V)

Nucleus N P(J)/P(5/2) @ Afy Ag © gd

(%] [mrad] [mrad]

By 5,2+ 100(4) —15.2(23) -134) 0.31(9)
7/2+ 51(1) —15.7(23) —15.8(23) 0.37(6)
9/2+ 7.93) —32(15) —32(15) 0.8(4)

193 5,2+ 100(4) —-15.3(17) —12(3) 0.29(7)
772+ 51(1) —20.4(21) —19.4(19) 0.45(5)
9/2f 5.8(2) —39(13) —39(13) 0.9(3)

198 py 25 100 —14.49) —14.5(9) 0.34(2)

@ Measured relative populations of the states within each nucleus.

® Observed precession of the level J, including the effects of feeding.
¢ Precession of the level J™, corrected for feeding.

d g-factor, g = A0 /¢, where ¢ = 42.4[42.9] mrad for Ir[Pt]; see text.

the transient-field measurements from Run 1V are summarized in Table 7. Assuming
that the transient-field strength for iridium in iron has the same form as that for platinum
iniron [58], we obtain g-factors that agree, within relatively large statistical errors, with
those obtained in Runs I-I11. However, neither the relative nor the absolute g-factors
obtained agree with those of Kolbl et al. [15]. The difference in the absolute g-factors
originates, in part, from the g(5/27) values adopted from their static-field measure-
ments which were interpreted with incorrect lifetimes values (see below). It is not clear
why there is a discrepancy between their relative g-factors and ours, but it would be
explained if, for example, some fraction of the recoiling iridium ions stopped in the iron
layer in their measurements.

The results of our static-field measurements (Run V) have been presented and
discussed elsewhere [39] in relation to pre-equilibrium effects in static hyperfine
magnetic fields following ion implantation. Some of the results are summarized in Table
8. It is evident from these data that the effective static-field strength experienced by the
implanted ions depends on the lifetime of the nuclear state. This has been interpreted in

Tables

Measured precessions and static hyperfine field strengths for 192Ir and *3Ir in Fe hosts

Nucleus Level g? P Ady ot Bimpac

[ps] [mrad] [mrad] [T]

By 5,2+ 0.322(20) 127.6(20) -8 207(3) 106(7)
7/2f 0.401(18) 29.5(11) —10(1) 51(2) 8%(6)

198y 5,2+ 0.356(16) 100.5(15) -1 177(3) 103(5)
7/2f 0.441(16) 27.0(8) -11(D) 48(2) 84(5)

198y 2f 0.314(11) 33.0(16) -7 44(2) 89(8)

& g-factors from present transient-field measurements relative to the 2] state in %8Pt [47].

b Average meanlives for 2°2Ir and 1931r from present work and Refs. [16,17]. The meanlife in 298Pt is from
Ref. [59].

¢ Calculated transient-field precessions. See Refs. [39,48] and text.

9 Present results. For 18Pt the weighted average of present and previous results [60] is given.
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Table9

Comparison of measured 5/2; -state g-factors in 2Ir and %3Ir

Isotope 7 [ps] 2 g-factor Method ° Reference

¥y 12742 0.32240.020 TF (Gd) Run 1111
0.31+0.09 TF (Fe) Run IV
0.276+0.017 IPAC® [32]
0.392+0.030 IPAC® [63]
0.281+0.024 IPAD,ME*® [64]
0.28+0.04 RIG® [62]

193y 101+2 0.356+0.016 TF (Gd) Run 1111
0.29+0.07 TF (Fe) Run IV
0.24+0.05 IPAC® [61]
0.21+0.05 IPAC® [63]
0.33+0.05 RIG® [62]

& Adopted meanlife from present RDM measurements.
® TE: transient field technique with the designated host; IPAC: Integral perturbed angular correlations in
radioactivity measurement; IPAD,ME: Integral perturbed angular distributions of resonance-scattered +y-rays,

RIG: Recail into gas.
¢ Lifetime-dependent technique.

terms of the lifetime of the thermal spike that accompanies ion implantation, causing the
static field to be absent for about 7 ps after implantation for typical implantation
perturbed angular correlation (IMPAC) measurements [39]. As such, the static-field

counts
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Fig.5. Examples of y-ray spectra recorded in the detector at 0° to the beam during the recoil-distance lifetime
measurements. The target—stopper separations are (top to bottom) 23 wm, 231 wm and 1232 wm, correspond-
ing to the flight times 4 ps, 39 ps and 205 ps, respectively. The positions of the shifted and unshifted peaks are

indicated.
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Fig. 6. Shifted (s), unshifted (u) and ratio (R) data and fits for the 129 keV 5/2F — 3,27 transitionin **Ir.
Once the lifetime is varied to fit the ratio data (lower panels), the fits to shifted and unshifted data are
determined within a single normalization parameter.

IMPAC technigque cannot be employed to determine the g-factors of states with lifetimes
of about 30 ps with an accuracy better than ~ 20%. Rather than attempting to correct
for this effect, we exclude the present and previous IMPAC measurements from the
comparisons of measured g-factors presented below.

The static-field precessions we observe for the first 5/2" states in ***Ir and *3Ir
agree with those reported by Kolbl et al. [15], but those for the first 7/2* states do not
agree, despite relatively large uncertainties in the previous measurements. The reason for
this disparity is not known; however as our measurements are more precise, and as the
simultaneously measured precession of the 2] state in Pt (which has a similar
magnitude) agrees with earlier work [60], there are strong reasons to believe that our
results are correct.

103 ¢ o e o T e S et R AR
—— s ; s ]
LY i i
g 10 3 E
g E E
3 ] ]
10! E 3 3
— T T T T
100 7/2% + 3/2% 343 kev | 343 kev |
- 0o 3 — 3003
By=0° 3 By = 30°3
» ]

107t 3 F E
29.2 * 1.5 ps [ 29.5 1.6 pS ]

10—2 PR NS SRS B P B 1

0 50 100 150 200 O 50 100 150 200
flight time [ps] flight time [ps]

Fig.7. Asfor Fig. 6, but for the 343 keV 7/27 — 5/2] transitionin ®%Ir.
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Our results for the first 7/2" and higher states are either the first measurements
reported or are much more precise than those obtained previously. On the other hand,
there have been several measurements of the g-factors of the 5/2; states by a variety of
techniques [15,32,61-64]. These (excluding the static-field IMPAC measurements for
the reason noted above) are compared in Table 9. Where applicable, the results have
been corrected to correspond to the present adopted lifetimes (see below) and, for
consistency, the room-temperature static field in the radioactivity measurements is taken
to be By(IrFe) = —135.8+ 1.7 T [65].

For the first 5/2" states, the g-factors obtained from our transient-field measure-
ments are generally larger than the previous results, but for °Ir, where the statistical
uncertainties are much smaller than for 3Ir, the difference is hardly significant. The
previous IPAC measurements for 1°%Ir are not in very good agreement with the present

w
el
g
=}
———— —

100 g 7/2% ~ 3/2% 358 kev o 358 keV o

F —_n0o 3 — 07

By= 0° 7 By = 30°7

e o107l L 25.9 1.3 ps | 27.8 + 1.4 ps |

2 ] ]

10 1 1 3 1 1 1

0 50 100 150 200 O 50 100 150 200
flight time [ps] flight time [ps]

Fig.9. Asfor Fig. 6, but for the 358 keV 7/2; — 5/27 transitionin %3r.



254 E. Bezakova et al. / Nuclear Physics A 669 (2000) 241-265

TF measurements, despite their relatively large uncertainties. As these older IPAC
measurements for both °Ir and *3Ir were made with Nal detectors, it would be
appropriate to repeat the measurements with high-resolution Ge detectors. The present
TF measurements agree quite well with the recoil-in-gas measurements [62], but again
the uncertainties are relatively large.

3.2. Lifetimes

Some examples of the y-ray spectra from our RDM lifetime measurements are shown
in Fig. 5. In view of the disparate lifetime values in the literature for the 5/2; statesin
both °Ir and *3Ir, we show in Figs. 6, 7, 8, 9 our complete set of shifted-, unshifted-
and ratio data, and the corresponding fits, for the lowest 5/2% and 7/2" states. The
internal consistency of our data is evident: note that once the ratio data are fitted in each

Table10
Comparison of meanlives in **Ir and 2%3Ir
Isotope  E, (keV) J7 Meanlife [ps]
RDM Radioactive ~ Mossbauer  Coulomb RDM
previous @  decay excitation present
oLy 129 5/27 17447 189+ 14 ° 1284+3°  131+4¢ 126.8+2.3
182+16 © 144410 F 141414 9
115423 " 132421 132+11
343 7/2%  308+44 - - 296+139  294+22
30.6+3.69
33+6!
503 9/2" 189+46 — - - 19.3+2.7
193 139 5/2° 13346 127+13 % 115+3°¢ 1005+38' 100.5+15
111425 ™ 115+ 159
108+15 " 108+ 11
96+12 ° 103+10 P
358 7/2%  294+35 - - 27.3+1.2! 26.8+1.0
20.3+3.29
284+4.2)
522 9/2" 165+58 - - - 20.1+3.2
621 7/2%  88+24 - - - 6.3+0.7
. Ref. [15].
. Ref. [25].
4 Ref. [33].
, Ref. [16].
. Ref. [31].
, Ref. [32].
. Ref. [28].
. Ref. [26].
; Ref. [36].
 Ref. [35].
| Ref. [27].
- Ref[17].
., Ref.[29].
, Ref. [34]
, Ref. [30]

Ref. [24].
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case, the associated u and s values are predicted within a single normalization factor.
The rise in the unshifted peak intensity observed for the 129 and 139 keV transitions at
short flight times is due to the combined effects of feeding from the higher states and
vacuum deorientation [52].

The present lifetime results are summarized and compared with previous measure-
ments in Table 10. It is apparent that the present and previous measurements are in
agreement for the 7/27 and higher states, but that there is a range of values reported for
the lifetimes of the first 5/2* statesin both isotopes. Our results for the 5/2] states do
not agree with the only previous RDM measurement [15], but they agree well with the
Coulomb excitation measurements [16,17,24,28,35] and with the Mossbauer measure-
ments in °r [36].

Some authors, including the compilers of Nuclear Data Sheets [22], have dismissed
the Mdssbhauer measurements on the grounds that possible spurious effects may broaden
the absorption line, consequently reducing the level lifetime. A subsequent Mdssbauer
study by Wagoner, Mullen and Schupp [36] however, has concluded that, if present, the
purported broadening would have been clearly evident in their data anaysis; but instead
they find that there is no evidence for such broadening. Our lifetime measurements
support these conclusions. Furthermore, the present observed relative cross sections are
consistent with the B(E2) values implied by our measured lifetimes (and with the B(E2)
vaues from previous Coulomb excitation studies), but are not consistent with the B(E2)
values implied by the longer lifetimes reported for the 5/2; states of °*1%|r in Refs.
[15,22,23]. For example, if we normalize to the previously measured B(E2) values for

Table1l

M1 and E2 transition rates in °*Ir and **3Ir

Isotope E, J™ 7, % JF EI,° ar © 8¢ B(MD  B(E2)
[keV] [ps] [keV] [pd] [e*b?]

B 1294 5,2 127(2) 1/2° 471 0.0093(7) 147 o - 0.067(7)

3/2* 1294  100(6) 284  —0402(7) 0046(1) 0.64(2)
3434 7/2t 292) 5/2° 2139  5%2) 0689 —03427) 0.051(3) 0.186(16)

3/2% 3435 10020  0.065 o - 0.28(2)
5028 9/2% 19(3) 772 1595  91(65) 123 [1]° - -
5/2* 3734  1002)  0.051 o - 0.46(7)
9% 1389 5,27 101(2) 3/2* 1389 100 235 —03626) 0.056(1) 0.542)
357.7 7/2% 27(1) 5/2% 2188 62(3) 0646 —0.280(9 0.056(3) 0.13(1)
3/2t 3577  1002) 0058 = - 0.25(1)
5219 9/2% 20(3) 772 1642  99(7) 113 [1]° - -
5/2t 3830  100(2) 0048 - 0.39(6)
621.2 7/2° 63(7) 5/2% 259.8 52) 0436 [1] - -

7/2% 264.0 10(2) 0395 —0.26(11) 0.023(5) 0.032(26)
5/2" 4822 100(2) 0053 —093(11) 0.021(3) 0.112)
3/2% 6212 T4(4) 00144 - 0.052(6)

: Meanlives from present RDM measurements.
. Y-Tay intensities from the present work and Nuclear Data Sheets [22,23].
Total conversion coefficients, mainly from Nuclear Data Sheets [22,23]. Mixing ratios from present work
and dNuclear Data Sheets.
To evaluate the transition rates for the other decays from this state, the mixed multipolarity transition
with unknown mixing ratio was assigned 6 =1+ 1.
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the 7/27 states (for which the lifetime and B(E2) values are not controversial), our
observed cross sections imply meanlives of about 139 + 6 ps and 98 + 4 ps for the
5/2; statesin *Ir and *%*Ir, respectively.

It now appears, therefore, that it is the previous RDM measurement of the 5/2 state
lifetimes and some of the early decay measurements (which are difficult for such
short-lived states) that are in error. Concerning the previous RDM measurement, it may
be relevant that the fits to the y-ray yields for stopped nuclei shown in Fig. 4 of Ref. [15]
approach zero at time zero, which is unphysical. It is unfortunate that Kolbl et al. [15] do
not mention feeding corrections in their analysis of the RDM data for the 5/2] states,
for these corrections have more influence on the extracted lifetimes than the vacuum
deorientation parameters.

The M1 and E2 transition rates determined from the present level lifetimes and
mixing ratios are presented in Table 11. Note that our measured y-ray branching ratios
for the 358 keV state in %%Ir agree with those of Mundy et al. [14] but disagree with a
recent measurement by Drissi [66]. The 219 keV transition may have been contaminated
by atransition from the 7 /2~ state at 299 keV in Ref. [66], but the population of such
negative-parity states is strongly suppressed in Coulomb excitation.

4. Theoretical calculations
4.1. Particle-triaxial-rotor model

Asymmetric rotor model calculations have been performed previously for **Ir and
93|y by several authors, e.g. Refs. [3,16,17,66]. Generally the E2 properties of these
nuclei are well described by particle-triaxial-rotor calculations based on the Nilsson
potential, in which the deformations are about € ~ 0.17 and y ~ 25°.

We have performed calculations similar to those reported previously to (i) provide
more detailed comparisons with the M1 properties and g-factors and (ii) provide a
benchmark for comparison with our broken U(6 /20) supersymmetry model calculations.
In contrast with some of the earlier work, we have employed a standard set of model
parameters and have not fine-tuned them to improve the agreement between theory and
experiment.

Calculations were made with the modified oscillator version of the particle-plus-tri-
axial-rotor code of Semmes, Ragnarsson and co-workers [67]. The deformation was set
to €, = 0.17 for **Ir and €, = 0.16 for **Ir, with ¢, = 0 and y = 25° in both cases. As
in the calculations of McGowan et al. [16,17], we included the orbits numbered 19,20
and 21, which correspond mainly to the Nilsson orbits 5/2%[402], 1/2%[411] and
3/27[402]. (See also the discussion of Vieu et a. [3].) However, unlike McGowan et
al., we used the ‘standard’ parameters for the Nilsson potential given by Bengtsson and
Ragnarsson [68]. The energy of the first-excited state of the core was set to E(27) =
210(220) keV for ¥r (**3Ir). The pairing parameters were the same as employed by
McGowan et al. [16,17]. The Coriolis interactions were not attenuated. In the calcula-
tions of the g-factors and B(M1) strengths, the collective g-factor was setto Z/A = 0.40
and the spin g-factor was quenched to 0.75 times that of the free nucleon.
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Table12

Comparisons of quadrupole moments and g-factors in °Ir and 193Ir

Nuclide Quantity 2 ARMP u@e/49° u(6,/20)¢ Experiment

8Ly Q@3/2F) +0.546 —0.899 —0.966 +0.816(9)
9(3/27) 0.094 0.380 0.504 0.1005(4)
g(1/2+) 1.359 0.182 0.540 1.200(12)
g(5/27) 0.353 0.328 0.474 0.322(22)
9(3/2}) 0.561 0.314 0.301 0.93(27)
9(7/27) 0.370 0.334 0.350 0.401(18)
g(9/2) 0.423 0.311 0.397 0.53(5)
9(7/23) 0.290 0.310 0.289 0.23(9)
g(11/2;) 0.328 0.322 0.320 0.61(17)

193), Q@B/27) +0.466 —-0.813 —0.879 +0.751(9)
g(3/21) 0.107 0.381 0.495 0.1091(4)
g1/27) 1431 0.182 0.637 1.038(4)
g(5/23) 0.356 0.328 0.468 0.356(16)
9(3/23) 0.529 0.315 0.278 0.69(25)
g(7/2) 0.375 0.335 0.348 0.441(16)
9(9/27) 0.426 0.312 0.39%4 0.48(4)
a(7/23) 0.296 0.311 0.257 0.33(4)
0(11/27) 0.328 0.323 0.320 0.49(13)

& Quadrupole moments in eb. See Tables 13—16 for experimental excitation energies of the states.
b Asymmetric Rotor Model.

€ U(6,/4) supersymmetry model.

9 Broken U(6,/20) supersymmetry model; see text.

¢ Experimental values from Nuclear Data Sheets [22,23] and the present work.

4.2. U(6 /4) and U(6 / 20) supersymmetries

In SUSY schemes, the Hamiltonian is diagonal in the group chain considered, leading
to asimple energy formulain terms of afew parameters. These parameters are fitted to a
given experimental spectrum to obtain an optimal description of the energy levels. In
contrast, the wave functions are fixed from the outset; that is, they are completely
independent of the Hamiltonian parameters. Thus matrix elements of an observable
depend only on the operator used and are not affected by the fits to the energy spectrum.
Clearly, if the operators describing the electromagnetic transitions can be chosen in a
parameter free way, these would provide the most stringent tests for the proposed SUSY
scheme. For E2 properties, the rank 2 generator of the superalgebra provides a
convenient parameter-free choice for the quadrupole operator. Note that the effective E2
charge is determined from the even—even partner following a basic assumption of the
SUSY, namely, that the even—even and odd—even partners are described using the same
operators. The situation for the M1 operator is complicated by the fact that the rank 1
generator is proportional to the angular momentum operator, and hence it cannot
describe M1 transitions. In previous studies, the M1 operator was parametrized so as to
obtain an optimal fit to the data. Here, following Refs. [37,38], we adopt a parameter
free choice for the M1 operator, more in the spirit of SUSY. The most genera M1
operator in the interacting boson—fermion model with s-d bosons is

3 ) X 1D
TMD =/ — Lo [dld] — ZB”'[a}raJ’] ' (1)
47 i’
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In a SUSY scheme, «;, is determined from the even—even partner as a, = gg/ V10,

where gy isthe g-factor of the 2] level. A redistic choice for the fermion parameters
is to relate them to the matrix elements of the single particle operators

1
Bjj’:ﬁ<j||gll+gss|lj/>v (2)

with the respective g-factors g, and g, for the orbital and spin contributions. For the
diagonal parameters, this choice yields

Bjj=‘/j(j+1)(2j+1)/3 9, (3

where g; are the Schmidt values for the single-particle g-factors. Note that the fac-
tor in front of g; is pat of the fermion angular momentum operator, i.e
L, =i(j +1)(2j + 1) /3[a]§ ], which explains the factor of y3 in the definition of

Table13
Comparison of E2 transition rates in *Ir
E, N Jr E, B(E2) [e?b?]
[keV] [kev] ARM? U(B/4° U(®B/200° Experiment?
82 1/2% 372 82 0084 0379 0.476 0.134(7) [22]
129 5/25 172 47 0118 0057 0.106 0.067(7)¢
5/2f 3/2f 129 0572 0379 0.414 0.64(2)¢
179 3/25 5/2f 50 0058 0273 0.319 0.21(9) [22]
3/25 1/2f 97 0307 0179 0.191 0.38(9) [22]
3/25 3/27 179 0209 O 0.001 0.10(2) [22]
343 7/2f 5/2f 214 0103 0.084 0.073 0.186(16)°
7/25 372 343 0273 0379 0.444 0.28(2)¢
351 5/25 3/25 172 0018 0.010 0.024 0.028(6) [22]
5/25 5/2f 222 0001 0.078 0.101 -
5/25 1/27 269 0256  0.306 0.319 0.27(4) [22]
5/25 3/2f 351 0044 O 0.004 0.012(3) [22] 0.020(5) [16]
503 9/2f 7/2f 160 0205 0.109 0.121 -
9/2f 5/2f 373 0522 0401 0.491 0.46(7)¢
539 3/2f 5/25 188 0021 O 0.077 0.08(3) [22]

3/2F 3/25 360 0007 O 0.221 0.0000%(7) [22]

3/25 5/2f 409 0068 O 0.001 0.0041(6) [22]

3/2F 1/27 457 0064 O 0 0.0026(7) [22]

3/25 3/2] 539 0056 0 0 0.0147(14) [22]
686  7/2% 5/2f 557 0073 O 0 0.14(2) [22]

7/25 3/2; 68 0003 O 0 0.058(52)[22]  0.063(2) [16]
832  11/2] 7/2{ 489 0476 0510 0591 0.46(3) [22]

& Asymmetric Rotor Model.

® U(6,/4) supersymmetry model.

¢ Broken U(6,/20) supersymmetry model; see text.

4 Experimental values mainly from Nuclear Data Sheets and the present work. Generaly there is
reasonable agreement between the values in the literature; however, where there are significant disparities, the
aternative values are shown.

€ Present work.
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B;;;- The off-diagonal parameters are all zero except when j=1—-1/2and j’=1+1/2
(or vice versa), in which case they are given by

21(1+1)
Bi—1/21+12= m (—9+9,)- (4

For reasons stated above, we shall not dwell on the description of energy levels, but
we refer to earlier studies where they have been well tested in the case of U(6/4) [4-7]
and note that the U(6,/20) results are very similar to those of U(6/4). Instead, we focus
here on testing the E2 and M1 properties using realistic, parameter-free operators.

Table14
Same as Table 13 but in %3Ir
E, I i E, B(E2) [e?h?]
[keV] [keV] ARM? U(6/4° U(6/20)¢ Experiment?
73 1/2f 3725 73 0084 0.306 0.392 0.146(6) [23] 0.274(32) [17]
139 5/2% 3/2f 139 0508 0.306 0.337 0.54(2)¢
180 3/25 5/2f 41 0042 0218 0.258 -
3/25 1/27 107 0255 0.142 0.152 0.25(5) [23]
3/2; 3/2; 180 0208 O 0.001 0.039(6) [23] 0.092(7) [17]
358 7/2% 5/2f 219 0082  0.069 0.060 0.13(1)®
7/2f 372 358 0249 0.306 0.363 0.25(1)°
362 5/25 3/2; 182 0014 0.008 0.019 0.045(1D[23]  0.19(4) [17]
5/25 1/2{ 289 0236 0244 0.258 0.15(3) [23] 0.47(8) [17]
5/25 3/27 362 0037 O 0.003 0.009(3) [23] 0.0093(4) [17]
461 3/25 5725 99 0022 O 0.037 -
3/25 3/25 281 0008 O 0.064 0.0007(4) [23]
3/25 572 32 0082 0 0.003 0.0082(12) [23]  0.0049(17) [17]
3/25 1/2; 388 0075 O 0.001 0.0032(11) [23]
3/25 3/2] 461 0056 O 0 0.023(3) [23]

522 9/2f 7/2f 164 0.182  0.087 0.098 -
9/27 5/27 383 0.466  0.319 0.397 0.39(6)¢

557  1/2 3/27 97 0382 0241 0.267 036(16)[23]  0.07(3) [66]
1/25 3/2; 377 0168 0 0.008 0.0027(33) [23]
1/2; 5/2; 418 0067 O 0.004 0.009(3)
1/2; 3/2f 557 0039 0 0.001 -
559  5/25 5/2; 197 0036 0277 0311 -
5,28 7/2f 202 0020 O 0 -

5/25 3/25 379 0.074  0.119 0.150 -
0.004 0.0007(27) [23]

5/2% 5/2;7 420 0005 O

5/2% 1/27 48 0006 O 0 -

5/2% 3/2; 589 0001 O 0 0.0003(3) [66]
621 7/2% 7/2f 557 0026 O 0 0.032(26)°

7/2% 5/27 557 0069 O 0 0.11(2)®

7/25 3/2; 68 0003 O 0 0.052(6) [23]
857  11/27 7/2f 489 0431  0.406 0.476 0.33(2) [17]

& Asymmetric Rotor Model.

® U(6,/4) supersymmetry model.

¢ Broken U(6,/20) supersymmetry model; see text.

d Experimental values mainly from Nuclear Data Sheets and the present work. Generally there is
reasonable agreement between the values in the literature; however, where there are significant disparities, the
alternative values are shown.

€ Present work.
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The U(6/4) scheme, being the first SUSY proposed, has been well documented in
the literature. We refer to the original references [4—7] and the monograph, Ref. [2], for
details of the model and various analytical expressions used in the calculation of the
electromagnetic moments and transition rates. The E2 operator is taken as the generator
of Spin®F(6), that is,

. - 2
T(E2)=a2<[sTd+de] + [a;/zaS/Z] }1 (5)

where the effective charge is determined from the neighboring Pt isotopes as «, = 0.135
eb. We note that a positive effective charge leads to the wrong sign for the ground-state
quadrupole moment, which can be corrected simply by making «, negative. However,
as the use of a negative boson effective charge is unprecedented, we resist this
temptation here. In the M1 operator (1)—(3), the boson g-factor is gz = 0.3, again
determined from the Pt isotopes, and the Schmidt value is used with 0.7 quenching of
Oss U3/, = 0.418. The U(6/4) results for this choice of operators are presented in Tables
12-16.

It is difficult to justify the truncation of the single-particle levels for protons to the
d;,, orbit only, as assumed in the U(6,/4) SUSY, and the poor results obtained for the
M1 observables are a direct reflection of this restriction. In the U(6,/20) SUSY [19-21],
al the positive-parity single-particle levels in the shell, namely s, ,,d; ,,,ds,, and g5,
are included. However, the U(6,/20) SUSY assumes degeneracy of all the single-particle
levels, whereas in fact the total energy splitting in the shell is over 3 MeV. Not

Table15

Comparison of M1 transition rates in 2Ir

E, Jr r E, BMD) [ 3]

[keV] [keV] ARM? u6,/4)° u(6,/20)° Experiment ¢

82 1/2f 3/2f 82 0.002 0.003 0.007 0.00082(4) [22]

129 5/2F 3/2;F 129 0.062 0.001 0.040 0.046(1)¢

179 3/23 5/2] 50 0.025 0.001 0.005 0.011(3) [22]
3/2; 1/2F 97 0.076 0.001 0.013 0.125(23) [22]
3/23 3/2f 179 0.041 0 0.056 0.0039%(7) [22]

343 7/2% 5/2F 214 0.032 0.002 0.018 0.051(3)¢

351 5/23 3/23 172 0.081 0.002 0.005 0.113(16) [22]
5/25 5/2F 222 0.018 0.001 0.001 0.0016(5) [3]
5/2; 3/2f 351 0.025 0 0.007 0.0113(14) [3]

503 9/27 7/2% 160 0.080 0.001 0.051 -

539 3/2% 5/23% 188 0.029 0 0.047 0.0050(9) [22]
3/2% 3/2% 360 0.008 0 0.015 0.0141(14) [22]
3/23 5/2f 409 0.013 0.003 0.020 0.0130(13) [22]
3/2% 1/2F 457 0.003 0.002 0.001 0.0036(3) [22]
3/23 3/2F 539 0.006 0.002 0.006 0.0065(5) [22]

686 7/2% 5/2F 557 0.020 0 0.007 0.017(3) [22]

& Asymmetric Rotor Model.

® U(6,/4) supersymmetry model.

¢ Broken U(6,/20) supersymmetry model; see text.

4 Experimental values mainly from Nuclear Data Sheets and the present work. There is reasonable
agreement between these and other values in the literature (except where an incorrect lifetime was adopted for
the 5/2F state).

€ Present work.
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surprisingly, the description of M1 properties in a pure U(6,/20) scheme is even worse
than that of U(6/4). Clearly, a realistic representation of the single-particle energies is
essential in order to get a better description of the M1 data. We do this by including the
single-particle energies obtained from a standard BCS calculation in the SUSY Hamilto-
nian and diagonalizing the perturbed Hamiltonian. The quasiparticle energies used in the
Hamiltonian to break the SUSY are E, ,, =34, E;,,=0, E;,, =782 and E; , = 2451
keV.
The E2 operator is again taken as the generator of U(6,/20) SUSY,

N L 1@

with the same effective charge as in the U(6/4) case. The coefficients yj; in the
fermion part are given by: vy, ,,5,,= —V12/25,,,55,, = V21/50,v3,3/2 =

Table16
Same as Table 15 but in 19%|r
E, Jr Jr E, BIMD [ 3]
[keV] [kev] ARM? U(B/4P U(6/200°¢ Experimentd
73 1/2f 3/2; 73 0003 0.003 0.007 0.0018(1) [23]
139 5/2f 3/2f 139 0063  0.001 0.037 0.056(1)°
180 3/23 5/27 41 0026 0001 0.007 -
3/2; 1/2f 107 0065  0.001 0.010 0.079(11) [23] 0.066(9) [66]
3/25 3/27 180 0046 O 0.053 0.0039(5) [23] 0.009(6) [66]
38 7/2F 5/2f 219 0082 0002 0.016 0.056(3)®
362 5/2; 3/2; 182 0082  0.002 0.015 0.047(9) [23]
5/23 3/2F 362 0021 O 0.008 0.0077(14) [23]
41 3/2% 5/27 99 0040 O 0.143 0.0048(9) [23] 0.0007(2) [66]
3/23 3/25 281 0006 O 0.012 0.016(2) [23] 0.014(2) [66]
3/2f 5/27 322 0012 0003 0.002 0.0109(13) [23]
3/23 1/2f 388 0002 0.002 0.014 0.0057(7) [23]
3/25 3/27 461 0006  0.002 0.004 0.0082(11) [23]
522  9/27 7/2{ 164 0077  0.001 0.046 0.025(4) [66]
557 1725 3/25 97 0051  0.002 0.005 0.048(13) [23] 0.009(3) [66]
1/25 3/25 377 0003  0.005 0.001 0.00036(30) [23]
1/2% 172 484 0000 O 0.396 0.0007(2) [23]
1/25 3/2f 557 0012 0.001 0.008 0.0036(9) [23]
559 5/2% 5/25 197 0038 O 0.003 0.018(5) [66]
5/23 7/2F 202 0016 O 0.002 0.0011(6) [66]
5/2% 3/25 379 0001 O 0.020 0.013(4) [66]
5/23 5/2F 420 0046 O 0.008 0.115(20) [23]
5/2% 3/27 589 0025 0 0.004 0.140(25) [23] 0.010(2) [66]
621  7/2% 772 557 0025 O 0.043 0.023(5)¢
7/23 5/2f 557 0021 O 0.008 0.021(3)¢

& Asymmetric Rotor Model.

® U(6,/4) supersymmetry model.

¢ Broken U(6,/20) supersymmetry model; see text.

4 Experimental values mainly from Nuclear Data Sheets and the present work. Generaly there is
reasonable agreement between the values in the literature; however, where there are significant disparities, the
aternative values are shown.

€ Present work.
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V49/25, Y3252 = V 36/25, Y3272 = V48/25, Ys/25/2 = TV 3/175, Ys/27/2 =
V3144/175, 7,57, =V6/7.

The M1 operator has the form described in Egs. (1)—(4), with the same boson
g-factor and the Schmidt values quenched by 0.7. Note that there is a non-diagonal term
inthis case, B;,,5,,, Which has a significant effect on M1 transitions. The E2 and M1
matrix elements are calculated numerically using the wave functions obtained from the
diagonalization of the perturbed SUSY Hamiltonian. The results are listed next to those
of U(6/4) in Tables 12—16. In the tables and the following discussion we refer to these
broken SUSY results as U(6,/20) for convenience. (The pure U(6,/20) results are not
presented here, so there is no danger of confusion.)

5. Discussion

The E2 properties of °*Ir and °Ir have been compared with the triaxial rotor model
and U(6/4) SUSY model by McGowan et al. [16,17]. Our results and comparisons of
the E2 properties generally support their conclusion that these isotopes are better
described by the triaxial rotor model. However, it should be noted that while the
agreement is good, it is not perfect. For example, the quadrupole moments of the ground
states are underestimated by about 30% and a nhumber of the transition rates differ from
experiment by about a factor of two.

Comparison of the B(E2) vaues in U(6/4) and U(6/20) (Tables 13 and 14) shows
that the two are quite similar. This is consistent with the expectation that B(E2) are
dominated by the boson core, and therefore, even significant changes in the single
particle part have a relatively small effect on the results. We note that the consistently
larger values obtained in U(6,/20) are a consequence of the larger fermion charges in
the E2 operator in Eq. (6) compared with Eq. (5). As a result, agreement of U(6,/20)
with the data is in some cases worse than U(6/4). The effect of the perturbation of the
single-particle energies can be seen in breaking the degeneracy in some E2 transitions,
eg., from the first 1/2, 5/2 and 7/2 levels to the ground state. The only dramatic
effect of the perturbation occurs in B(E2; 3/2, — 3/2,), which is sizable here but
vanishes in U(6/4) and in the pure U(6,/20) case.

The above E2 results confirm that one needs to look at the M1 properties to
distinguish between the SUSY schemes, i.e. to probe the single-particle distributions
directly, and thus provide a more critical test.

The particle-triaxial-rotor model description of the g-factors is very good, but it
should be noted that the rotational g-factor and the quenching factor for the spin part of
the single-nucleon g-factor were chosen to give this agreement. Once adequate agree-
ment with the static moments was obtained we did not further tune the parameters either
to improve the static moments or the transition rates. The M1 transition rates are
generally predicted within about a factor of two, with a satisfactory tracing of the
experimental trends; i.e. strong M1 transitions are usually predicted to be strong and
weak M1 transitions are generaly predicted to be weak. The similar calculations by
Vieu et a. [3], who did not quench the spin g-factor from its free-nucleon value, show
about the same level of agreement between theory and experiment. Although the
description of the M1 propertiesin the SUSY models is much worse, it should be kept in
mind that there is no scope at al for tuning the M1 parameters in those models.
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Comparison of g-factors in Table 12 shows that while there are some improvements
(notably 1/2,) in going from U(6/4) to U(6,/20), this is not uniform and for some
states the agreement actually gets worse. One can presumably improve the description of
g-factors by adjusting the quasiparticle energies obtained from the BCS calculations,
though we do not attempt it here. The B(M 1) values presented in Tables 15 and 16 paint
a completely different picture: they are more than an order of magnitude smaller than
the measured values in U(6/4) whereas U(6/20) provides a more reasonable descrip-
tion of the data. Thus the use of arealistic M1 operator (including the consistent choice
of parameters) exposes the inadequacy of the truncation of the single particle levels to
the d;,, orbit. Again there are a few transitions which have small measured B(M1)
values and vanish in U(6/4) (e.g., 3/2, > 5/2, and 1/2, — 1/2,), but are amplified
to quite large values in U(6,/20) as a result of perturbation-induced mixing. Notwith-
standing these few anomalous cases, overall, U(6,/20) provides a much better descrip-
tion of the M1 transitions than U(6/4).

Extension of the U(6/4) to U(6,/20) SUSY was first suggested by Zhu [20] in order
to improve on the large symmetry breaking observed in the 19419198 py(t, ¢ )193.195197)
single-particle transfer experiments [9,10]. Due to the increased number of fitted
parameters in the transfer operator (from one to four), it is difficult to assess whether the
improved description of the transfer strengths obtained in U(6,/20) is a genuine feature
of the model or not. In this respect, the recent transfer experiments that connect °°pt
with both its even—even and odd-odd partners in the U,(6,/12) ® U,_(6,/4) supermulti-
plet offer a much more thorough test of the proposed SUSY scheme [69]. It would be
interesting to perform similar studies on the iridium isotopes to see if a complementary
description of the transfer data can be obtained in U(6,/20).

6. Summary and conclusions

The electromagnetic properties of the low-lying natural-parity states in *°*Ir and *3Ir
were studied following Coulomb excitation, thereby extending the data set and resolving
discrepancies in earlier work. The present and previously compiled E2 and M1 data
were used in parameter-free tests of the U(6/4) and broken U(6,/20) SUSY models,
with triaxial rotor model calculations, which provide a good description of both the E2
and M1 observables, serving as a benchmark for comparison.

Qualitatively, a similar level of agreement between the U(6,/4) and U(6 /20) models
is found for E2 transitions, although the U(6,/20) results are dightly inflated compared
with those from U(6/4) due to larger effective charges in the fermion sector of the E2
operator.

Comparison of the M1 data with the predictions of the two SUSY schemes, however,
gives a very different perspective: it clearly demonstrates the inadequacy of the single-j
U(6/4) SUSY in describing the M1 transitions, and shows the necessity of including
other orbits in a multi-j SUSY such as U(6,/20).

In comparison with the U(6/12) SUSY model which described the g-factors of
excited states in *°Pt very well [37,38], the U(6/20) model as applied to *°*Ir and *Ir
is found to be less successful. One reason for this is that the splitting of the single-par-
ticle energies is quite large in U(6,/20), which necessitates their inclusion in the
Hamiltonian via a perturbation. While the BCS procedure used for this purpose gives a
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reasonable ordering of single-particle levels, it cannot be expected to provide the
accuracy (~ tens of keV) required to mix the s, ,, and d; , levels correctly.
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