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Abstract. Lifetime measurements with the recoil distance Doppler-shift technique have been performed to
determine yrast E2 transition strengths in 178Pt. The experimental data are related to those on neighboring Pt
isotopes, especially recent data on 180Pt, and compared to calculations within the interacting boson model and a
Hartree-Fock Bogoliubov approach. These models predict prolate deformed ground states in Pt isotopes close
to neutron midshell consistent with the experimental findings. Further, evidence was found that the prolate
intruder structure observed in neutron-deficient Hg isotopes that is minimum in energy in 182Hg becomes the
ground state configuration in 178Pt and neighboring 180Pt with nearly identical transition quadrupole moments.
The new data on 178Pt are further discussed in the context of the systematics along the Pt isotopic chain with
respect to a possible sharp shape transition towards a weakly deformed or a quasi-vibrational ground state
whereas the prolate structure increases in energy in 174,176Pt and becomes an intruder configuration similar to,
for example, 180,182Hg.

1 Introduction

Neutron deficient nuclei in the A = 180 mass region close
to the Z = 82 main shell closure are the subject of nu-
merous experimental and theoretical studies. Here, chal-
lenges are the understanding of both the shape evolution
for isotopic chains where the proton number is not far
from magicity and the phenomenon of shape coexistence
that is very predominant in Pb and Hg isotopes close to
neutron midhell (see, e.g., [1] for a general overview and
[2, 3] for experimental data on Pb and Hg isotopes, re-
spectively). In Hg isotopes close to neutron midshell,
i.e., around N = 104, clear evidence was found for a
weakly oblate ground state configuration with quite con-
stant energy systematics and a prolate intruder band with
a parabolic trend of the level energies with respect to the
neutron number where minimum energies of the latter are
reached for 182Hg [4]. In a very recent work on 178Hg [5]
the expected shift of the prolate deformed structure toward
higher excitation energies for decreasing neutron number
was proven from E2 transition strengths. In addition, it
turned out that an intermediate deformation between nor-
mal and superdeformation has been attributed to the pro-
late intruders [5]. The latter is a new phenomenon in the
chain of the Hg isotopes.

Due to these experimental findings that are also sup-
ported by different theoretical approaches, an investigation
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of the neighboring neutron deficient Pt isotopic chain is
of enhanced interest. A detailed analysis of 180Pt includ-
ing the measurement of E2 transition strengths between
the lowest yrast levels indicates an axially deformed shape
with slight γ softness [6]. It is important to stress that
the deformation found for the ground state configuration
in 180Pt is comparable to the deformation of the intruder
states in 182Hg as discussed in [6]. In that framework it
should be noted that neighboring 176,178Os exhibit signa-
tures for nuclei at the critical point of the transition from
spherical to axialsymmetric rotor nuclei (X(5)) [7]. Never-
theless, 180Pt does not follow the expected trend for tran-
sition quadrupole moments in the close vicinity of X(5)
nuclei and approaching the N = 82 shell closure. In fact,
the rather large quadrupole deformations of both 180Pt [6]
and 182Pt [8] indicate that this deviation from the expected
trend is a general effect, which might be correlated to a
weakening of the Z = 82 shell closure.

For a decreasing neutron number in the lighter Pt iso-
topes, an evolution from a rotor-like ground state config-
uration towards a shape coexistence of a quasi-vibrational
structure and a well-deformed rotor intruder configuration
at very low spins is expected. This was already discussed
by Dracoulis and coworkers in an older publication [9] and
is partly supported by the level schemes. The authors of
[9] point out that the yrast bands of 176,178Pt show a co-
existence of a well deformed ’intruder’ configuration in
176Pt, that is falling in energy to be the main component
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Figure 1. γ-ray spectra of 178Pt for four different target–degrader
distances energy-gated on the 2+1 → 0+1 transition. The labels
“us” and “sh” denote the unshifted and shifted components of
the respective γ-ray lines.

in the ground state of the heavier Pt isotopes as is the case
for 180Pt and as was observed by [6]. In addition, the very
similar and nearly constant transition quadrupole moments
within the yrast band of 180Pt and between the higher yrast
states in 180,182Hg that belong to the prolate intruder con-
figuration of Qt ≈ 8eb further support this picture. The
prolate ground state configuration of 180Pt is also evident
from theoretical approaches, e.g., with the Interacting Bo-
son Model (IBM) Hamiltonian derived from the Gogny
energy density functional [10] and with the IBM with con-
figuration mixing (IBM-CM) and a self-consistent mean-
field Hartree-Fock-Bogoliubov (HFB) approach, starting
from the Gogny-D1S interaction [11]. Even though these
calculations explain the experimental observations very
well, there are deviating results for the lighter even-even
Pt isotopes from 178Pt down to 172Pt as pointed out in [11]:
The IBM-CM calculation predicts a smooth transition to a
weakly prolate deformation for decreasing neutron num-
ber towards 172Pt. In contrast, the self-consistent mean-
field HFB approach hints at a transition from a prolate
structure in 178Pt via a coexistence of prolate deformation
and a γ-soft structure towards spherical shape in 172,174Pt.
Before this work experimental data were too sparse to clar-
ify this situation.

As 178Pt is expected to be just at the edge of the afore-
mentioned transition towards a suggested shape coexis-
tence an investigation of this nucleus with respect to the
precise determination of yrast E2 transition strengths is
of high interest and was done in this work. So far, for
178Pt level lifetimes and thus E2 transition strengths were
only known for the 4+1 and 6+1 states from an experiment
with a single Compton-suppressed Ge detector where six
NaI(Tl) detectors were used as a multiplicity trigger [9].
The authors of this publication also give a (tentative) life-

time value for the 8+1 state but state that the respective γ-
ray line is contaminated. Due to the fact that no gating on
populating transitions of the levels of interest in 178Pt was
possible the results from [9] might be influenced by unob-
served delayed sidefeeding. The lifetime of the 2+1 state
is well known from a more recent fast-timing experiment
[12].

2 Experimental details

To populate excited states in 178Pt, the 98Mo(84Kr,4n)178Pt
reaction was used. The 84Kr beam was provided by
the K=200 separated sector cyclotron (SSC) at iThemba
LABS, South Africa. The target consisted of an enriched,
self-supporting 0.9 mg/cm2 98Mo foil. After the fusion-
evaporation reaction, the reaction products were stopped
in a 15 mg/cm2 gold foil. During the flight in vacuum
the 178Pt nuclei had a mean velocity of about 4.2% of the
speed of light. Target and stopper foils were mounted in
the Cologne coincidence plunger device [13] to employ
the Recoil Distance Doppler-shift (RDDS) method for the
determination of level lifetimes. This plunger device was
used for the first time at iThemba LABS. The target-to-
stopper distance was monitored by measuring the capac-
itance between the foils. Beam-induced drifts were com-
pensated with a feedback system using a piezoelectric de-
vice. The plunger device was coupled to the AFRODITE
Ge-detector array [14]. In this experiment, it comprised
of 8 escape suppressed high-purity germanium (HPGe)
Clover detectors mounted in two rings with average angles
of 45 and 135 degrees with respect to the beam axis. Fur-
thermore, a low energy photon spectrometer (LEPS) de-
tector was mounted at an angle of 90 degrees with repect
to the beam axis.

Data were taken at 14 target-to-stopper distances rang-
ing from nearly electrical contact of the foils up to 7.2
mm. Each distance was measured for about 10 hours with
an average 84Kr beam current of 2.0–2.5 pnA. The reac-
tion cross section for the 4n channel to 178Pt was only of
the order of 1 mb. Nevertheless, it was possible to ana-
lyze the data by gating on the Doppler-shifted component
of each direct feeding transition of the respective level of

Table 1. Results of the RDDS experiment on the lowest yrast
states in 178Pt giving the level energies Elev (from [16]), the level
lifetimes and the E2 decay transition strengths B(E2; I+1 → J+1 )

(J = I − 2) and transition quadrupole moments derived from
these observables. The more precise lifetime value of the 2+1
state labeled with “∗” was taken from [12] and used for the

determination of the respective E2 transition strength.

I+1 Elev τ (I+1 ) B(E2; I+1 → J+1 ) Qt

(keV) (ps) (W.u.) (eb)
2+1 170.3 445 (100)

412 (30)∗ 143+11
−10 6.53+0.26

−0.22
4+1 427.4 40.8 (24) 259+16

−14 7.36+0.23
−0.21

6+1 765.2 11.9 (11) 245+25
−21 6.81+0.35

−0.29
8+1 1178.3 3.79 (50) 289+44

−34 7.24+0.55
−0.42

10+1 1661.3 1.84 (82) 276+222
−85 7.0+2.8

−1.1
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Figure 1. γ-ray spectra of 178Pt for four different target–degrader
distances energy-gated on the 2+1 → 0+1 transition. The labels
“us” and “sh” denote the unshifted and shifted components of
the respective γ-ray lines.

in the ground state of the heavier Pt isotopes as is the case
for 180Pt and as was observed by [6]. In addition, the very
similar and nearly constant transition quadrupole moments
within the yrast band of 180Pt and between the higher yrast
states in 180,182Hg that belong to the prolate intruder con-
figuration of Qt ≈ 8eb further support this picture. The
prolate ground state configuration of 180Pt is also evident
from theoretical approaches, e.g., with the Interacting Bo-
son Model (IBM) Hamiltonian derived from the Gogny
energy density functional [10] and with the IBM with con-
figuration mixing (IBM-CM) and a self-consistent mean-
field Hartree-Fock-Bogoliubov (HFB) approach, starting
from the Gogny-D1S interaction [11]. Even though these
calculations explain the experimental observations very
well, there are deviating results for the lighter even-even
Pt isotopes from 178Pt down to 172Pt as pointed out in [11]:
The IBM-CM calculation predicts a smooth transition to a
weakly prolate deformation for decreasing neutron num-
ber towards 172Pt. In contrast, the self-consistent mean-
field HFB approach hints at a transition from a prolate
structure in 178Pt via a coexistence of prolate deformation
and a γ-soft structure towards spherical shape in 172,174Pt.
Before this work experimental data were too sparse to clar-
ify this situation.

As 178Pt is expected to be just at the edge of the afore-
mentioned transition towards a suggested shape coexis-
tence an investigation of this nucleus with respect to the
precise determination of yrast E2 transition strengths is
of high interest and was done in this work. So far, for
178Pt level lifetimes and thus E2 transition strengths were
only known for the 4+1 and 6+1 states from an experiment
with a single Compton-suppressed Ge detector where six
NaI(Tl) detectors were used as a multiplicity trigger [9].
The authors of this publication also give a (tentative) life-

time value for the 8+1 state but state that the respective γ-
ray line is contaminated. Due to the fact that no gating on
populating transitions of the levels of interest in 178Pt was
possible the results from [9] might be influenced by unob-
served delayed sidefeeding. The lifetime of the 2+1 state
is well known from a more recent fast-timing experiment
[12].

2 Experimental details

To populate excited states in 178Pt, the 98Mo(84Kr,4n)178Pt
reaction was used. The 84Kr beam was provided by
the K=200 separated sector cyclotron (SSC) at iThemba
LABS, South Africa. The target consisted of an enriched,
self-supporting 0.9 mg/cm2 98Mo foil. After the fusion-
evaporation reaction, the reaction products were stopped
in a 15 mg/cm2 gold foil. During the flight in vacuum
the 178Pt nuclei had a mean velocity of about 4.2% of the
speed of light. Target and stopper foils were mounted in
the Cologne coincidence plunger device [13] to employ
the Recoil Distance Doppler-shift (RDDS) method for the
determination of level lifetimes. This plunger device was
used for the first time at iThemba LABS. The target-to-
stopper distance was monitored by measuring the capac-
itance between the foils. Beam-induced drifts were com-
pensated with a feedback system using a piezoelectric de-
vice. The plunger device was coupled to the AFRODITE
Ge-detector array [14]. In this experiment, it comprised
of 8 escape suppressed high-purity germanium (HPGe)
Clover detectors mounted in two rings with average angles
of 45 and 135 degrees with respect to the beam axis. Fur-
thermore, a low energy photon spectrometer (LEPS) de-
tector was mounted at an angle of 90 degrees with repect
to the beam axis.

Data were taken at 14 target-to-stopper distances rang-
ing from nearly electrical contact of the foils up to 7.2
mm. Each distance was measured for about 10 hours with
an average 84Kr beam current of 2.0–2.5 pnA. The reac-
tion cross section for the 4n channel to 178Pt was only of
the order of 1 mb. Nevertheless, it was possible to ana-
lyze the data by gating on the Doppler-shifted component
of each direct feeding transition of the respective level of
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states in 178Pt giving the level energies Elev (from [16]), the level
lifetimes and the E2 decay transition strengths B(E2; I+1 → J+1 )

(J = I − 2) and transition quadrupole moments derived from
these observables. The more precise lifetime value of the 2+1
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Figure 2. τ-curve of the 4+1 state in 178Pt determined from a gate
on the flight component of the feeding 6+1 → 4+1 transition (upper
panel). The lower two panels show the intensities of the shifted
(Ish, middle panel) and unshifted (Ius, lower panel) components.

interest to exclude contributions from unoberved delayed
sidefeeding.

The listmode data with γγ coincident events between
all Clover HPGe detectors data were sorted into four γγ
matrices for all detector-angle combinations for each dis-
tance. Each Clover was used as a single HPGe detector,
i.e., the spectra of the respective four HPGe segments were
summed up including an addback of Compton scattered γ-
rays between the segments of the respective Clover. An
example for the γ-ray spectra of this measurement show-
ing the unshifted and Doppler-shifted components of the
lowest yrast transitions in coincidence to the 2+1 → 0+1 γ-
ray transition for four target to stopper distances is shown
in Fig. 1.

The lifetimes were determined with the well estab-
lished Differential Decay Curve Method (DDCM) [13,
15]. For γγ-coincidence data the relation between the life-
time τ(D) for a distance D between target and stopper is
given by

τ(D) =
{Ysh, Xus}(D)

d
dt {Ysh, Xsh}(D)

, (1)

where {Ysh, Xus} and {Ysh, Xsh} are the intensities of the
Doppler shifted (sh) and unshifted (us) components of
a decay transition X, determined in a direct gate on the
Doppler shifted component of a direct feeding transition
Y . The decay curve {Ysh, Xsh}(D) was obtained by fitting
it with piecewise continuously differentiable second order

polynomials. As an example, Fig. 2 depicts the intensi-
ties of the shifted (Ish, middle panel) and unshifted (Ius,
lower panel) components of the 4+1 → 2+1 decay transition
in the direct gate on the shifted component of the feeding
6+1 → 4+1 transition including polynomial fits for all rele-
vant distances, i.e., in the sensitive range for the 4+1 life-
time. The upper panel of Fig. 2 shows the lifetime values
deduced via equation (1).

From the data of this experiment we were able to de-
termine lifetimes of the 2+1 , 4+1 , 6

+
1 , 8

+
1 , and 10+1 yrast states

in 178Pt which are listed in Tab. 1 together with the yrast
E2 transition strengths and transition quadrupole moments
Qt deduced from the level lifetimes. The lifetime of the 2+1
state was only determined in this work with a large un-
certainty due to the low intensity of the 2+1 → 0+1 γ-ray
transition because of its rather large conversion coefficient
and a contamination of the Doppler-shifted γ-ray line ob-
served under backward angle with a γ-ray line from 181Ta.
Therefore, the more precise value for the 2+1 lifetime from
a fast-timing experiment of C.B. Li and coworkers [12] is
given, too, and used for the determination of the E2 tran-
sition strength and Qt value. The fact that in the work of
Dracoulis and coworkers [9] significantly longer lifetimes
are given for the 4+1 and 6+1 states of τ(4+1 ) = 54.1(46) ps
and τ(6+1 ) = 15.7(12) ps supports that these results are con-
siderably influenced by unobserved delayed sidefeeding.

3 Discussion

Fig. 3 displays the kinetic moments of inertia for the lower
yrast states up to the 10+1 state in 174,176,178,180Pt and 180Hg
as a function of the frequency ω(I+1 → (I − 2)+1 ). A com-
parison of these data gives hints at a very similar struc-
ture of the prolate intruder configuration in 180Hg and the
ground state configuration of 178,180Pt: the high absolute
values of the latter and only a slight increase within the
yrast band can be attributed to a quite stable deformation.
The small but still recognizable decrease for the 2+1 state in
178Pt might hint at the fact that this nucleus is right at the
edge of a change towards a different structure of the lowest
states for lighter Pt isotopes. In 176Pt a clear decrease of

Figure 3. Kinetic moments of inertia of yrast levels of 174−180Pt
and 180Hg up to the 10+1 states as a function of the frequency
ω(I+1 → (I − 2)+1 ).
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the kinetic moments of inertia is observed for both the 2+1
and 4+1 where for 174Pt this happens already for yrast states
below the 10+1 . This is consistent with a different shape of
the lower yrast states as compared to the rotational picture
for 178,180Pt and the higher yrast states in 174,176Pt, 180Hg
and neighboring Hg isotopes as discussed in detail in [5].
This is also evidenced by a comparison of the transition
quadrupole moments for 178,180Pt and 180,182Hg shown in
Fig. 4. For 174Pt no such data are available to date and
for 176Pt the older data from [9] could be questionable due
to possible unobserved delayed sidefeeding similar to the
data for 178Pt from the same work.

From mixing calculations for Hg isotopes with A ≥
180 it turned out that the wave function of the 2+1 state con-
tains a significant part of the prolate intruder configuration
while the ground state is weakly oblate deformed. This re-
duces the transition probability of the 2+1 → 0+1 transition
as pointed out in [5] (see also [3, 4, 18]).

Vibrator
X(5)
Rotor

Figure 4. Transition quadrupole moments between the lowest
yrast states in 180Hg [4], 182Hg [17], 178Pt (this work and [12])
and 180Pt [6, 19].

For states higher than the 4+1 state the constant transi-
tion quadrupole moments between the corresponding yrast
states of Qt ≈ 8eb give evidence for a rotational structure.
The very similar Qt values within the yrast bands of both
178,180Pt down to the ground state and the agreement with
the expectation values for a rotor nucleus from a geomet-
rical model prove that the prolate structure observed as an
intruder structure in neutron deficient Hg isotopes repre-
sents the ground state configuration in 178Pt in agreement
with the data on the kinetic moments of inertia. However,
it should be noted that the systematically slightly smaller
yrast Qt values in 178Pt hint for a slight decrease of the
collectivity of the yrast states as compared to 180Pt.

Nevertheless, the approaches made for 180Pt in [6]
within the IBM with extended Q formalism (see [20]) and
the general collective model (GCM) [21] allowing to inter-
prete this nucleus as a rotor nucleus with slight γ softness
apply for 178Pt, too, due to its very similar characteristics.

This is also in agreement with calculations with, e.g., the
IBM-CM and the self-consistent mean field HFB approach
[11] that were alluded in section 1. These predict a rotor
like structure of 178Pt and a rapid structural change is ex-
pected for lighter Pt isotopes where contradicting theoret-
ical approaches exist to date that cannot be tested in detail
due to sparse experimental data. This highly motivates a
measurement of yrast E2 transition strengths in the lighter
Pt isotopes, especially in 174,176Pt which are expected to
be just at the edge of this change towards a potential shape
coexistence in 176Pt as is supported by the kinetic moments
of inertia of the lowest yrast states (see Fig. 3).
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