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Abstract

Lifetimes in the yrast bands of the nuclei 182,186Pt have been measured using the Doppler-shift

Recoil Distance technique. The results in both cases viz. a sharp increase in B(E2) values at very

low spins, may be interpreted as resulting from a mixing between two bands of different quadrupole

deformations.
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Shape-coexistence has been observed in many nuclei in the A ∼ 180 region [1]. For

example, in the 178−188Hg (Z=80) nuclei, bands of states of spin-parity 0+1 , 2
+
1 , 4

+
1 , ... and

0+2 , 2
+
2 , 4

+
2 , ..., have been observed with similar intensities [2, 3] and are known (via energy-

spacing and B(E2) measurements) to have different quadrupole deformations [4, 5]; the

lower-energy bands exhibit oblate shape characteristics, and the higher-energy bands exhibit

prolate characteristics [6]. Indeed, all mean-field calculations [7–10] predict a coexistence of

prolate and oblate shapes in this region of nuclei. There is also evidence to support shape

coexistence in the light Pt (Z=78) nuclei [11–13]. In particular, the B(E2) values in the

yrast band of 184Pt undergo a dramatic increase in going from the 2+ state to the 6+ state

and this increase has been interpreted as resulting from a mixing, at low spins, between

two bands with deformations of different magnitude [11]. An extensive discussion of the

deformation-driving aspects of all the quasiparticles, as well as shape-coexistence, in 184Pt

has been provided in Ref.[14].

The shape-coexistence picture in the Pt nuclei has engendered extensive theoretical in-

terest in recent years [15–19]. In particular, there has been a controversy regarding whether

shape evolution in the Pt isotopes involves intruder states [17–19], or can be understood

without invoking the intruder states [15, 16]. Most recently, Garćıa-Ramos et al. [19] have

established that configuration-mixing is an essential feature of these nuclei, although it is not

apparent when considering only a limited set of data; they termed this “concealed config-

uration mixing” and have suggested further spectroscopic measurements where this mixing

might be clearly revealed. Lifetime measurements, and the extracted transition probabilities,

up to the states beyond the mixing region provide such additional spectroscopic information.

In this Brief Report, we present results from lifetime measurements in the 182,186Pt nuclei,

using the Doppler-shift recoil distance method (RDM). The primary aim of these measure-

ments was to extend the 184Pt results to the nearby Pt isotopes in order to develop a better

understanding of the nuclear structure properties in this transitional region. No previous

lifetime information was available on the excited states in these two nuclei, save that of the

first 2+ state in 186Pt, obtained from decay of 186Au [20].

Two separate RDM experiments were carried out at the ATLAS facility at the Argonne

National Laboratory, using the 154Sm(36S, 4n)186Pt and 122Sn(64Ni, 4n)182Pt reactions at

beam energies of 167 MeV and 295 MeV, respectively. Statistical model calculations (with

the code CASCADE) and brief excitation function measurements were employed to deter-
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mine the beam energies for the optimal population of the 4n channels. In the case of 186Pt,

the target was enriched 154Sm evaporated, to a thickness of 500 µg/cm2, onto a stretched 1.2

mg/cm2-thick Au foil. For the 182Pt experiment, the target used was similarly prepared with

enriched 122Sn evaporated onto a 1.5 mg/cm2-thick Au foil to a thickness of 850 µg/cm2.

The targets were mounted in the Notre Dame “plunger” device, with the Au surface facing

the beam. The plunger device consisted of three dc actuators which are used for precision

placement of the target foil with respect to a fixed stopper foil (a stretched, self-supporting,

Au foil of 10.0 mg/cm2 thickness in the case of 186Pt and 25 mg/cm2 thickness in the case

of 182Pt). Gamma-ray spectra were recorded using the Argonne-Notre Dame γ-ray Facil-

ity, which consisted of twelve Compton-suppressed HPGe detectors and a 50-element BGO

multiplicity array. Four detectors each were placed at angles of 34◦ (“forward-angle”), 90◦,

and 146◦ (“backward-angle”) with respect to the beam direction. Data were collected for

approximately 3 hours at each of 18 and 24 target-to-stopper distances for 186Pt and 182Pt,

respectively, ranging from the closest attainable distances (corresponding to electrical con-

tact) of 15 µm (186Pt) and 9 µm (182Pt) to a maximum distance of ∼10000 µm in each case.

This resulted in an effective measurable lifetime range of ∼2 ps to ≥1 ns.

Sample spectra for several recoil distances, taken with the detectors placed at 34◦, are

shown in Fig. 1 and Fig. 2, with the corresponding recoil distance given in the upper right

corner of each spectrum. The level schemes of these nuclei are known from Refs.[21, 22] and

the transitions of interest are labelled. Lifetime information was reliably extracted for yrast

transitions up to the 16+ (14+) level in 186Pt (182Pt). For each transition, a set of ratios,

Rd, defined as the ratio of the intensity of the unshifted γ-ray peak to the total intensity of

the unshifted and the associated shifted peak at recoil distance d, were determined. Each

set of Rd values defined a decay curve for a given transition. All such Rd curves were

fitted simultaneously with a combination of exponential functions and the lifetime for each

level was extracted from these fits. The computer code LIFETIME [23] was employed in

the fitting procedure. This code allows for all the “standard” corrections to be applied to

the data: changes in the solid angle subtended by the detectors due to the changing ion

position along the flight path; changes in solid angle subtended by the detector due to the

relativistic motion of the ion; changes in the angular distribution due to the attenuation

of alignment while the ion was in flight; and, slowing of the ion in the stopper material.

In addition, corrections were made to the data to account for the detector efficiencies and
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internal conversion. A crucial aspect of data analysis was accounting for the effects of cascade

feeding, both observed and unobserved, from higher-lying states. A two-path feeding process

into the level was assumed for each instance where the observed intensity feeding into the

level was less than the observed intensity decaying out of it. One of the feedings is from

the next highest transition in the yrast cascade, which represents the cumulative effect of

the decay of all higher members of the cascade, while the other represents all unobserved

feeding, i.e., feeding from the γ-ray continuum and non-yrast states. The relative intensities

for the observed states were determined from the data collected by the detectors placed

at 90◦. Initial relative intensities for the levels representing the unobserved feeding were

determined by taking the difference between the observed intensity into a given level and

the observed intensity out of the said level.

The resulting fits to the experimental data are presented in Fig. 3 and the extracted

lifetimes as well as the corresponding B(E2) values are given in Tables I and II; preliminary

results have been reported previously [24, 25]. We note that the lifetime obtained for the

2+ state in 186Pt is consistent with the “adopted value” in the compilation by Raman et

al. [20, 26]. Further, of all the theoretical predictions listed in Ref.[26], the B(E2)’s for

the 2+ states in 182,184,186Pt obtained in our measurements are closest to those from the

Woods-Saxon Model (WSM in Ref.[26]).

As can be seen in the Tables and Fig. 4, there is indeed a sharp increase in the B(E2)

value when going from the 2+ to the 6+ state in each case, similar to the observation in

184Pt [11]. In a deformed rotor interpretation, this change in B(E2) value corresponds to an

increase in deformation from β2=0.20 for the 2+ state to β2=0.25 for the 6+ state in 186Pt

and from β2=0.19 for the 2+ state to β2=0.25 for the 6+ state in 182Pt. [If this were an

undisturbed rotational band, the β2 value would be nearly a constant.]. These results are

in qualitative agreement with the calculations presented in Ref.[14].

A likely explanation for this increase in the associated deformation is that there is a

mixing of states at low spins. Dracoulis et al. [12, 13] had interpreted such increase in

the deformation in the Pt nuclei as resulting from a mixing of coexisting bands and, in

performing two-band mixing calculations in 176−178Pt, obtained results consistent with the

observed behavior of the bandhead energies and mixing matrix elements. We have performed

similar band-mixing calculations for the nuclei studied here, the results of which are shown

in Fig. 4; the results from 184Pt [11] are also included for comparison. It has been assumed
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in these calculations that the bands mix at low spins only, and that the 8+ level in both

cases is completely unmixed. The unperturbed energies of the yrast bands (called B1) were

then calculated using a rotational constant of h̄2/2J = 15.51 (14.36) keV for 186Pt (182Pt),

obtained from the respective 8+ → 6+ transition energies. The mixing bands (called B2)

were assumed to be built on the low-lying 0+2 states, at 472 (500) keV in 186Pt (182Pt) [27].

Calculations for the mixing between the 0+1 state (in B1) and the 0+2 state (in B2) resulted

in interactions, Vint, between the unmixed states of 259 (237) keV for 186Pt (182Pt). These

mixing interactions are comparable to those obtained in two-band model calculations by

Thiamov́a and Van Isacker [28]. The calculations also imply that the ground-state band

in 186Pt is composed of 56% B1 (larger deformation) and 44% B2 (smaller deformation),

whereas the ground-state band in 182Pt is composed of 66% B1 and 34% B2. These results

are very similar to those obtained in Ref. [11] for 184Pt and are consistent with the theoretical

results in Refs. [18, 19], supporting a band-mixing interpretation of this B(E2) increase at

low spins in these nuclei.

The results presented in Fig. 4 also exhibit a steep decline in B(E2) values beyond the

10+ state in both nuclei. Some of this decline comes naturally because of the alignment of

the i13/2 neutrons that is associated with a loss of collectivity in a limited spin range. In

many transitional nuclei, a similar decline in B(E2)’s has been attributed to the possible

onset of triaxiality, with positive values of γ, the classic example being that of the Yb nuclei

[29]. This reduction in B(E2)’s (and, hence, in Qt) is also consistent with the theoretical

results presented in Ref. [9].

Very recently, results of another lifetime measurement on 182Pt have become available

[30]. In that work, lifetimes have been measured up to the 10+ state and their results are

in good agreement with those presented here, albeit the quoted uncertainties in Ref. [30]

are larger. They also have presented calculations within the Interacting Boson Model and

the General Collective Model, both of which indicate shape coexistence in this nucleus, in

general agreement with the conclusions presented here.

In summary, we have measured the lifetimes of the yrast states in 182Pt and 186Pt up to

spins 14+ and 16+, respectively, using the Doppler-shift recoil distance technique. A sharp

increase in the B(E2) value in going from the 2+ state to the 6+ state is observed in both

nuclei. This increase can be understood, in the traditional way, in terms of the mixing of

coexisting bands of different deformations at low spins and two-band mixing calculations are
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in good agreement with the observed experimental results. We wish to emphasize, however,

that the two-band mixing interpretation of these data might not be unique. Indeed, it

would appear that the observed B(E2)’s in 182Pt can be reproduced reasonably well in IBA-

1 calculations using the parameters provided in Ref. [16]. Further measurements, especially

of lifetimes of non-yrast states, could be very useful in unambiguously deciding between the

competing theoretical approaches to understanding the nuclear structure in this region.
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TABLE I: Lifetimes, associated B(E2) values, and the extracted transition quadrupole moments,

Qt, for
186Pt

Eγ(keV) Ii → If τ(ps) B(E2)↓(e2b2) Qt (eb)

191.4 2+ → 0+ 318±24 0.69±0.05 5.87±0.22

298.8 4+ → 2+ 27.3±1.9 1.15±0.08 6.37±0.22

387.2 6+ → 4+ 5.1±0.4 1.77±0.14 7.53±0.30

465.4 8+ → 6+ 2.0±0.2 1.80±0.18 7.42±0.37

515.4 10+ → 8+ 1.2±0.1 1.86±0.16 7.43±0.31

478.8 12+ → 10+ 2.0±0.2 1.56±0.16 6.76±0.34

489.2 14+ → 12+ 2.1±0.2 1.38±0.13 6.30±0.30

571.1 16+ → 14+ 1.1±0.2 1.23±0.22 5.93±0.54

658.0 18+ → 16+ 1.6±0.2a

TABLE II: Lifetimes, associated B(E2) values, and the extracted transition quadrupole moments,

Qt, for
182Pt

Eγ(keV) Ii → If τ(ps) B(E2)↓(e2b2) Qt (eb)

155.0 2+ → 0+ 709±43 0.66±0.04 5.77±0.17

264.3 4+ → 2+ 47.5±2.9 1.15±0.07 6.37±0.19

355.0 6+ → 4+ 7.8±0.5 1.74±0.11 7.45±0.24

430.9 8+ → 6+ 3.4±0.3 1.55±0.12 6.88±0.27

492.6 10+ → 8+ 1.7±0.2 1.63±0.13 6.95±0.28

543.5 12+ → 10+ 1.7±0.1 0.97±0.11 5.33±0.30

590.0 14+ → 12+ 1.6±0.2 0.69±0.07 4.47±0.23

628.5 16+ → 14+ 3.3±0.4a

aLifetimes of the 18+ and 16+ levels, respectively, could not be separated from the side feeding lifetimes.

The values given are therefore upper limits.
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FIG. 1: Sample spectra from the “forward-angle” detectors for 186Pt at the indicated recoil dis-

tances. The transitions of interest are marked. The relative increase in the intensities of the

“shifted” peaks with increasing distance is clearly visible.
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FIG. 2: Same as Fig. 1, but for 182Pt.
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FIG. 3: Fits to the ratios Rd as a function of the recoil distance for the lowest yrast transitions in

(a) 186Pt and (b) 182Pt, as obtained from the code LIFETIME.
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FIG. 4: B(E2) vs. the spin of the depopulating state for 182Pt (panel (a)) and 186Pt (panel (c)).

The experimental results from the present work are shown, along with the expected results for a

rigid rotor with deformation corresponding to the 10+ →8+ transition (solid lines) and the results

of two-band mixing calculations (dashed lines; see text). The results for 184Pt (taken from Ref.

[11]) are also shown (panel (b)) for comparison.
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