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Lifetime measurements have been performed using the **Mo(®Kr,4n)'®'Pt reaction at a beam energy of
380 MeV, and the recoil distance Doppler-shift method. In a second experiment the '**Yb('°0,4n)'% Pt reaction
at a beam energy of 88 MeV using the Ge-gated y-y fast timing technique was used to determine lifetimes.
Lifetimes of the four lowest yrast states of 3°Pt have been determined. The experimental data are compared to
calculations within the framework of the interacting boson model and the general collective model. Both models
predict a deformed ground state and are consistent with all the remaining experimental results.
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I. INTRODUCTION

Even-even nuclei close to shell closures are a subject of
numerous experimental and theoretical studies [1,2]. One of
the challenges is to understand the shape evolution in the chains
of nuclei when one type of nucleon approaches magicity. In
the case of the platinum isotopic chain the proton number is
close to the shell closure at Z = 82. Phenomena such as shape
coexistence [2] and shape transitions [3] are observed in this
region near the neutron N = 104 midshell. The mean lifetime
T of excited states is an experimental observable from which
one can extract model-independent transition probabilities that
can be compared to theoretical approaches. In this context
the model-dependent quadrupole deformation parameter § can
also be derived.

A simple correlation for the description of the B(E2,0] —
27) values in even-even nuclei was proposed by Casten [4]. Itis
a function of the valence neutrons N, and valence protons N,
and the leading term is the product N, N,. According to this re-
lation, a rapid change in nuclear shape is expected compared to
the neighboring isotopic chains around the proton shell closure
at Z = 82 for valence neutron numbers around midshell. For
the case of 7gPt the neighboring isotopic chains are 740s and
goHg. The 761781800 jsotopes are known candidates [5] for
the critical point symmetry X(5) [6] proposed by Iachello. On
the other hand the shapes of the neutron-deficient Hg isotopes
[7] are determined by the excitation of intruder states, which
cause a significant prolate deformation [8] coexisting with
oblate ground states.

The purpose of the present work was to deduce E?2 transi-
tion strengths via lifetime measurements in the ground-state
band of '8Pt in order to extend the set of experimental
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observables and clarify the situation between contradicting
previous lifetime experiments [9,10] for the 47 state. Further-
more, the spectroscopic properties like the level scheme as
well as the transition probabilities are compared to theoretical
models to characterize the nuclei in more detail. Especially if
one needs multiparticle-multihole excitations to understand the
observables in the isotopic chain of platinum is a long-lasting
question [11]. In this work the approach of McCutchan et al.
[11] was used again to reproduce the spectroscopic properties
without intruder states, including the transition strengths which
were not known at this time or were incorrect. For this purpose
two collective models were used: The interacting boson model
(IBM-1) [12] within the extended consistent Q-formalism
(ECQF) [13] and the general collective model (GCM) [14].

II. EXPERIMENTAL DETAILS
A. Recoil distance Doppler-shift experiment

To populate excited states in 180p¢  the 98M0(86Kr,4n)
reaction was used. The beam with an energy of 380 MeV was
provided by the K-130 cyclotron of the University of Jyviskyla.
The target consisted of 0.9mg/cm? isotopically enriched
%Mo. After a fusion-evaporation reaction, the resulting nuclei
were stopped in a 15 mg/cm? gold foil, after a flight in vacuum
with a mean velocity of about 4.4% of the velocity of light.
Both the target and the stopper foils were mounted in the
DPUNS plunger [15] (differential plunger for unbound nuclear
states), which follows the design of the Cologne coincidence
plunger [16]. The target-to-stopper distance was monitored
by measuring the capacitance, and beam-induced drifts were
compensated with a piezoelectric device. The plunger device
was coupled to the JUROGAM II Ge-detector array, which
consisted of two rings of EUROGAM (European gamma-ray
microscope) clover detectors [17] around 90° and two rings
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FIG. 1. y-ray energy spectrum measured with the detectors in the
ring at 133° (10 detectors). This is the sum over all distances with a
gate on both components of the 2 — 0] transition (including the
clover detectors around 90°). Despite one random coincidence with
the strong Coulomb excitation of '’ Au the spectrum is very clean. The
initial states with their depopulating shifted and unshifted components
are marked with “sh” and “us”, respectively.

with tapered EUROGAM Phase I [18] or GASP (gamma-ray
spectrometer) type [19] germanium detectors at 133° and 157°
with respect to the beam direction. All detectors were Compton
suppressed. Data were taken for 18 target-to-stopper distances
ranging from electrical contact to 12 mm. The cross section
was only around 0.5 mb resulting in a low count rate for the
reaction to '*Pt, where only the JUROGAM II detectors at
133° and 157° can be used for the recoil distance Doppler-shift
(RDDS) experiment. Nevertheless, it was possible to analyze
the data by gating on the Doppler-shifted component of each
direct feeding transition of the respective level of interest.
Using the differential decay curve method (DDCM) [20], one
is independent of any unobserved side-feeding effects. The
normalization between the distances was done via Coulomb
excitation of '’ Au in the gold stopper. The target was changed
once during the experiment. Thus a constant correction factor
had to be introduced to the two groups of distances with
different targets.

Figure 1 shows the total statistics of the experiment in the
ring at 133° consisting of 10 detectors. It is summed up over
all distances with a gate on both components of the 2] — 07
transition. This shows not only the quality of the spectra but
also the low y-ray intensities resulting from the low reaction
cross section to '8P,

B. Electronic timing experiment

Since it was not possible to deduce the lifetime of the rather
long-lived 2] state within the RDDS experiment, a second
experiment on '8Pt was performed at the FN tandem accel-
erator of the University of Cologne using the fast electronic
timing technique. This method is sensitive to lifetimes starting
around 10 ps up to several ns, whereas the RDDS method
can be used to determine lifetimes between hundreds of fs
up to hundreds of ps. The Horus (high efficiency observatory
for y-ray unique spectroscopy) cube spectrometer [21] was

24 a
o | 7.7(9) ps

lifetime 7 [ps]
oo

61 | o ¢
3 | ring at 133 l

—~
=
=]

=

I, [counts]
(=)
jenlan)
[en]an]
TTT T T T T TTT

I, [counts]
[\
g

150 | } { ]

100 - 1

ok t . ?H Lo
1 t

1 10 100 1000 10000

distance x [pm)]

FIG. 2. t-curve (a) of the 6] state in '®°Pt using the detector ring
at 133° with a gate on the feeding 8] state in all backward angle
detectors. In addition, the intensities of the shifted (b) and unshifted
(c) components are shown.

equipped with eight LaBr3;(Ce) scintillation detectors (LaBr),
six of which were equipped with anti-Compton shields, two
detectors in a Pb shield were fixed inside the spectrometer as
additional detectors and in intermediate positions. The remain-
ing eight positions were used with standard single-crystal high-
purity germanium (HPGe) detectors. The 18y (100, 4n) 80Pt
reaction at a beam energy of 88 MeV was chosen for the
triple y coincidence measurement with a gate applied to the
HPGe detectors to clean the LaBr spectrum from other reaction
channels. The target was 1 mg/cm? '®Yb enriched to 35.2%
on a 2 mg/cm? Au backing.

III. LIFETIME ANALYSIS
A. DDCM

At each distance x, the lifetime is calculated according to
the formalism of the DDCM in “coincidence mode” presented
in detail in Ref. [20]. The lifetime is obtained from

Lis(x) 1
L Ip(x) v’

T(x) = ey
where x is the target to stopper distance, I, and I, are
the areas of the unshifted and shifted peaks of the transition
of interest, respectively, and v is the mean velocity of the
recoiling nuclei. Equation (1) yields a set of lifetime values
(the T curve), one for each distance x, which should be
independent of x. Since y y coincidences were measured with
a direct gate on the Doppler-shifted component of a feeding
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TABLE 1. Experimental values of the lifetimes using different
methods. The adopted values are marked with *. In the theoretical
calculations a lifetime of 2.2(3) ps for the 8] was employed, since no
other result for the lifetime existed.

State E, (keV) T (ps)

420(20)° *
420(30)
540(50)¢
37(2)° *
36(6)°
75(14)¢
33(4)°
53(5)f
7.7(9) *
8.8(10)¢
133)f
2.2(3)°
3.0(1)E*
3.6(12)f

2/ 153.2

4t 257.6

6/ 346.5

8/ 4243

2This work using the convolution method.
This work using the GCD method.

“This work using the RDDS method.

dde Voigt et al. [9].

‘Williams et al. [10].

[Chen et al. [24].

gvon Spee [25] using the RDDS method.

transition, no feeding has to be taken into account. Only a
normalization between the distances was performed using the
y-ray lines from the Coulomb excitation of '’ Au. Since the
target was changed once during the experiment, a constant
factor of 0.65 was introduced to correct the normalization for
different targets. The application of Eq. (1) for the lifetime
determination of the 6] state in '®°Pt is shown in Fig. 2. The
lifetimes using this analysis are t(4]) = 37(2)ps, t(6]) =
7.709) ps, and r(8f’) = 2.2(3) ps and are summarized together
with the lifetimes obtained in other experiments in Table I. The
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FIG. 3. PRD curve of the electronics using a '>?Eu source.
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FIG. 4. Time-difference spectra of the 4] state. The difference
of the centroids between the delayed and antidelayed spectra corre-
sponds, after correction for the PRD, to twice the lifetime of the state.

107 state in "*°Pt could not be analyzed due to contamination
of a y-ray line from '®2Pt with almost the same energy and the
gate would have been in the tail of an intense '’ Au y ray in
addition to the decreasing statistics for higher lying states.

B. Electronic timing

By applying two energy gates on the LaBr detectors a
feeder-decay cascade corresponding to a given state of interest
can be selected. For every combination of LaBr detectors the
setup provides two independent time difference spectra, the
delayed and the antidelayed, measured as the time difference
between a start and a stop detector. The delayed spectrum
is produced when the feeding transition provides the start
signal and the decay transition the stop signal. The antidelayed
spectrum is incremented when the decay transition provides
the start signal and the feeding transition the stop signal. To
clean up the spectrum, an additional gate on a coincident y-ray
transition observed with a HPGe detector was applied, so
triple coincidences were used for the lifetime analysis. Two
lifetimes using two different methods were extracted, namely,
the generalized centroid difference (GCD) [22] method for the
47 state and both the convolution method and the GCD method
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FIG. 5. Fit of the convolution of a prompt peak with the lifetime
of the 2 state. Also the corresponding prompt peak (dotted) is plotted
to show the low statistics in the tail.
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FIG. 6. Potential energy surface extracted from the GCM
calculation.

for the ZT state. Details of the GCD method are presented
in Ref. [22]. Since the displacement of the centroids of the
delayed and antidelayed time distributions is equal to (twice)
the mean lifetime of the state T and an energy-dependent
y-y time walk of the system, known as the prompt response
difference (PRD) [23], a PRD calibration with a >?Eu source
was determined and is shown in Fig. 3. The function to describe
the form of the PRD is

PRD(E,) = + cE, +d. 2)

a

E,+b

The analysis of the lifetime of the 41" state is then straight-
forward since there is no background below the peak in the
LaBr spectra. The time difference spectra are shown in Fig. 4.
The result is in agreement with the lifetime using DDCM.
Regarding the 2;’ state, there is still some background below
the peak at 153 keV. One can correct for the timing behavior
of the background events originating from Compton-scattered
photons of higher energy with the formula [22]

AC — AC
ACpgp = AC + =~ — —~BG

3)
Here AC is a centroid difference, where BG and FEP stand for
background and full energy peak, respectively, and IT is the
peak-to-background ratio. In fact the centroid difference for
background events is the mean value of the combinations for
background in the feeder (decay) coincident with an event in
the decay (feeder) respectively. The result of 420(30) ps for the
lifetime is reasonable, but due to the large peak-to-background
ratio a second method was applied, the so-called convolution

¢=1x=0
0(6)
riaxia
E(5)
80Pt axial
spherical deformed
u®G) X(5) SU(3)
¢=0 ¢=1,x=-1.32

FIG. 7. Placement of '3°Pt in the Casten triangle.

method. Here one fits a complete convolution of a prompt peak
and a decay function using the lifetime as a fit parameter to the
time spectra, given by the function

(erf is the error function). For longer lifetimes, it is possible to
restrict the fit to the tail of the time distribution in order to avoid
the prompt peak. In this case, the lifetime is too short for the
slope method as the statistics away from the prompt peak are
too weak, resulting in a large error. The fit of the convolution
is shown in Fig. 5, resulting in a lifetime of the ZT state of
420(20) ps and supporting the result of the GCD method.
The deconvoluted prompt peak has the same width as prompt
events in this energy regime, which is an indicator for a correct
convolution, and it shows how many counts would remain for
a slope fit. Using this method no correction of background
events is taken into account, but the background events should
correspond mostly to Compton-scattered y rays of higher lying
transitions with shorter lifetimes. Under this assumption these
counts are in the timing spectrum close to the prompt peak and
do not affect the measured lifetime significantly. In fact the
lifetime information is in the tail and the centroid difference
between the expected Compton events and a prompt peak is
less than 10 ps. This worst case scenario would most probably
correspond to a Compton-scattered y ray of the decaying 6,
state, because the reaction channel is selected with the HPGe
gate on the 8 decay.

IV. DISCUSSION OF RESULTS

The lifetime of the first excited state in '%°Pt was remeasured
and the value of de Voigt ef al. [9] is longer than the value
obtained in this work. This holds also for the 47 lifetime,
where the data shown here are in good agreement with the
lifetime of Williams et al. [10]. Especially it has to be noted
that two independent methods within two experiments were
used and the derived values agree with each other. At the
time the experiment was performed the lifetimes of the 6T
and 8}L states were unknown, but recently Chen et al. [24]
also published lifetimes for these states. All their results for
lifetimes of the lowest yrast states are significantly longer.
The results in this work were then again confirmed by another
RDDS experiment on '8Pt aiming for the commissioning of
the GALILEO plunger [26] using the '3*Sm(*2S,6n) reaction.
This measurement was sensitive to the lifetimes of the 6] and
8;’ states (also shown in Table I) [25]. For the 8;’ state the
GALILEO plunger commissioning run has a lot more statistics
than the previous experiment, therefore this lifetime is given
as an adopted value which is within the errorbars consistent
with Chen et al. The error of the RDDS experiment is purely
statistical and may be underestimated. Regarding the 6] state
the lifetime result is confirmed again. The fact that the results
for the lifetimes of the 4] and 6 states of Chen et al. are both
longer hints at a systematic error of these data.
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FIG. 8. Comparison of the IBM calculation (a), the experimental values (b), and the GCM calculation (c). Shown are the level energies for
the ground state, 8 and y bands, and the third 0" state. The B(E2) values are summarized in Table 1.

V. INTERPRETATION

Two collective models were used to reproduce the level
energies and B(E2) values of 180pt. The first one is the
IBM-1 [12] with the Hamiltonian in the extended consistent Q
formalism (ECQF) [13]

H(C.x) = c[(l Oy — ﬁ@xoﬂ,

A =did, 0% =I[s'd +d's]® + x1did1®, 5)
T(E2) = e5 OF,

with Npg being the boson number, 7i; the d-boson number
operator, QX the quadrupole operator, st s, df, and d the
creation and annihilation operators for s and d bosons, ¢ a
scaling parameter for the energies, 7(E2) the E2 transition
operator, ep the effective boson charge, and ¢, x the fitting
parameters which can directly be used for classification within
the Casten triangle [27]. ¢ = 0.57, x = —1.00, ¢ = 1.25, and
ep = 0.18 ¢ b were deduced for Pt to reproduce the level
scheme and B(E?2) values. The uncertainty of these parameters
corresponds to %1 in the last digit given.

The second model used is the general collective model [14],
which approximates the Bohr-Hamiltonian with the sum of
kinetic energy 7' and collective potential V(8,y) expanded in
a series of the quadrupole variables ay,,. The kinetic energy
is

. 1 P
P =gt A%+ S (7 x ) < #1%). (6)

where {...} means the sum over all even permutations of ¢ and
the conjugated momenta 77, while B, is the common mass
parameter and P; accounts for the deformation-dependent

inertial functions. The potential energy is

V(B,y) = \/ ° cos
2«/—.‘; : 35 v
+C —1,34—C —,35 3

Cos
45 > 175 v

+D Lﬂuc 3;3%0523 @)
6 55 6 35 Vs
with the two intrinsic vibrational variables B and y, which
are related to the quadrupole variables via the polar transfor-
mation ol = B cosy and o} = Bsiny/+/2. Using the fit
parameters C, = —24.98, C3 = 195.60, C4 = 312.60, Cs =
—2135.80, C¢ = —613.70, and Dg = 3051.20 one can obtain
directly the potential energy surface (PES) shown in Fig. 6.
For completeness the mass parameters are B, = 61.14 and
P53 = 0.0594. One can summarize for both models that all level
energies in the ground-state band are reproduced very well, in
addition to the corresponding B(E2) values within the error
bars. Also the 8 and y bands together with the third 0% state
are reproduced in the correct order with most relative transition
strengths from known branching ratios [28] within the error
bars. Given the parameters ¢ and x from the IBM-1 calculation
one can locate '8'Pt in the space spanned by them: the Casten
triangle (Fig. 7). In addition to the three limits U(5), SU(3),
and O(6), which can be geometrically interpreted as a spherical
vibrator, a prolate rotor, and a y-soft rotor, the location of the
critical point symmetries E(5) [29] and X(5) [6] are marked.
One sees that '*'Pt is, as expected, close to the X(5) symmetry,
but on the axially deformed rotor side. It has to be emphasized
that in contrast to the Hg nuclei no mixing with proton 2p-2h
intruder excitation was introduced or needed to reproduce the
spectroscopic properties with a high quality. Garcia-Ramos
et al. [30] published a series of model calculations for the
platinum isotopic chain using these intruders and compared it
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to the simpler ECQ calculations by McCutchan et al. [11]. The
values given in there are consistent with the parameters of the
ECQ Hamiltonian used in this work. This means the parameters
found to describe Pt in a detailed way are consistent with
parameters used to describe a larger series of nuclei. Also the
PES from the GCM calculation shows a prolate deformation
with some y softness for the ground state. The experimental
and theoretical values from the models for the level energies
and transition strengths are summarized in Fig. 8 and Table II.

In Fig. 9 experimental results of transition quadrupole
moments Q, for the N = 102 isotones are shown. Also given
are the expectations for rotor, vibrator, and X(5)-like nuclei
with increasing spin. It has been shown that multiparticle-hole
excitations cause a large deformation in the neutron-deficient
lead and mercury isotopes [1]. This effect is also observed in
the yrast band of '®?Hg. One can see an abrupt increase in Q,
values of yrast transitions above the 2?’ state. Whereas '80P¢,
1780, and "W show a rather constant behavior. Observed
variations are small and can be explained by different collective
structures: For '8P, Q, values are constant and follow the
rotor expectations; the same holds for "W (unfortunately here
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FIG. 9. Transition quadrupole moments for the N = 102 isotone
around Pt. 7 and v are the valence proton and neutron number,
respectively. Experimental values taken from [7,32,33]. The indicated
deformations are calculated from the lowest quadrupole moment
neglecting variations described by the collective models; just for the
case of '32Hg the near constant deformation for the excited states is
given as well.

TABLE II. Derived absolute B(E?2) values from the experiments
for the yrast band transitions in e? b” as well as relative B(E2) values
from known branching ratios [28] for the states in the B and y bands
and the third 0" state. For each state the level energy is given in keV.
The experimental data of '*°Pt are compared to the predictions of the
IBM and GCM calculations.

Jr 7 Eievet [keV] B(E2) [¢*b’]
IBM  Expt. GCM IBM  Expt. GCM

2F 153.1 1533 171

- 0F 113 1.206) 1.09
4F 4106 4107 415

-2} 178 170(8)  1.89
61 7588 757.1 720

— 4} 21 192) 24
8F 1188.1 1181.5 1077

— 6F 22 26(4) 28
05 581.4 478.1 576
2% 988.7 8614 968

—2F 324.36 400(300) 158.23

- 0f 100 100 100

— 4} 56.7  61(7)  60.99

—2F 318 53(7) 135

— 0f 972 12409 734
@5 1415.9 12482 1348

—2F 100 100 100

—2F 124 4(7) 1.43

— 4} 134 097 119

—2F 111 0.6(1)  1.83
2% 801.5 677.5 756

— 0F 214.95 200(200) 98.41

— 4F 4033 30200 225

-2} 100 100 100

- 0F 441 10.08) 9.38
3+ 1156.9 962.7 1069

-2 100 100 100

— 4F 1829  152)  20.61

—2F 1162 17.1(7) 16.44
)5 11632 1049.3 1089

—2F 100 100 100

— 4} 1790  45(6) 31.84

-2t 004 147 085
O 1556.1 13152 1417

— 3" 100 100 100

— 4} 315 474)  8.02
05 1367.0 1177.7 1338

—2F 100 100 100

—2F 083 222) 001
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the experimental errors are larger, especially for the 6, 87
states). '780s follows very nicely the X(5) prediction. Looking
to the absolute Q,(Zfr — OfL) values, the corresponding B
deformation is given also in Fig. 9. For '8?Hg the 8 deformation
of the excited states caused by the intruder configuration is
given as well. The deformation decreases approaching the shell
closure from "W to '®2Hg with one exception: '°Pt. The
deformation found for '8'Pt is comparable to the deformation
of the excited states in '3?Hg. This strongly suggests that
the large deformation in '8Pt is caused by the intruder
configuration becoming the ground state. This is supported
by Garcia-Ramos er al. [31] with a mean-field approach as
well as an IBM calculation with 2p-2h configuration mixing.
However, the authors also admit that the configuration mixing
is somehow “hidden” and does not show up explicitly as it does
in the isotopic chains of mercury or lead.

VI. CONCLUSION

Four lifetimes in the yrast band of '8Pt were measured
using three experiments to determine yrast B(E2) values.
IBM-1 and GCM calculations were performed to describe the
nuclear structures. They indicate both an axially deformed
shape with some y softness and reproduce the level scheme
and the B(E?2) values quite well. Except for the large Q, values
we have no indication of multiparticle-hole excitations. This is

different from the isotopic chain of mercury and others where
such excitations are needed to explain the nuclear properties
[2,8]. A second note can be made that '8°Pt is clearly not fol-
lowing the expected trend for transition quadrupole moments
in X(5) nuclei. The rather large quadrupole deformation in the
neighboring '82Pt (seen by Gladnishki et al. [34]) indicates that
this is a general effect, which points to a weakening of the shell
closure at Z = 82. In the future one should investigate also the
transition quadrupole moments for the lighter ! !78Pt isotopes
and compare them to the calculations by Garcia-Ramos et al.
[31]. It is suggested that the weakening of the shell closure
is apparent only down to '"8Pt and the deformation should
decrease for the lower masses. So far the lifetime information
on these nuclei is too sparse, but reachable with standard
fusion-evaporation reactions and stable beams; they would
serve as a perfect testing ground.
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