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D. Kocheva d, R. Lică c, N. Mărginean c, R. Mărginean c, K.R. Mashtakov e,f,h, C. Mihai c, 
R.E. Mihai c, A. Negret c, C.R. Nita c, A. Olacel c, A. Oprea c, S. Pascu c, G. Rainovski d, 
T. Sava c, M. Scheck e,f, P. Spagnoletti e,f,g, C. Sotty c, L. Stan c, I. Stiru c, S. Toma c, 
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Half-lives of the low-lying yrast states of 212Po have been measured using the delayed coincidence fast-
timing method. We report on the first measurement of the 4+

1 half-life, as well as a new measurement 
of the 6+

1 half-life with improved accuracy compared to previous studies. The extracted lifetime of 
the 4+

1 and 6+
1 state have been determined to be 100(14) ps and 1.66(28) ns respectively. With these 

measurements, precise values are now available for the reduced transition strengths B(E2) of all ground 
state band levels in 212Po up to the first 8+ state, in particular B(E2; 4+

1 → 2+
1 ) = 9.4(13) W.u. and 

B(E2;6+
1 → 4+

1 ) = 8.7(15) W.u. Comparison of the new available data with an α-clustering model 
calculation provides evidence that the inclusion of the α-cluster degree of freedom significantly improves 
agreement with experimental data compared to earlier shell model calculations.

© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

The isotope 212Po has two protons and neutrons outside the 
doubly-magic nucleus 208Pb. Therefore, it can be expected that 
its dynamics and structure can be described by the nuclear shell 
model [1]. While the energy of the excited states can be well re-
produced within the shell model, several measured properties of 
this isotope cannot be described by this approach. One of these 
properties is the large α-decay width of the short-lived ground 
state which indicates a high probability of preformation of an α
particle inside the nucleus [2]. This has motivated the description 
of 212Po by strongly mixing shell-model and α-cluster configura-
tions [3–5] which can reproduce the α-decay width of the ground 

* Corresponding author.
E-mail address: mtresckow@ikp.tu-darmstadt.de (Ma. von Tresckow).
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SCOAP3.
state fairly well. Another evidence for the α-clustering in 212Po is 
the observation of enhanced E1 transitions from several states at 
excitation energies above 1.7 MeV with non-natural parity [6,7]. 
This is interpreted to be due to the presence of large α-cluster 
components in the wave functions of these states.

Less clear is the tendency of the B(E2) values for the decays 
of the low-lying yrast states where the transition strength of the 
decay of the 4+

1 state is unknown yet. The decay of the 2+
1 state 

has an absolute transition strength B(E2) value of 2.6(3) W.u. [8]
and is thus overestimated by α-clustering models (7.41 W.u. [4], 
∼ 4.57 W.u. [5], 9.2 W.u. [9]). In contrast to the 2+

1 state, the ex-
perimental B(E2) values of the decay of the 6+

1 and 8+
1 state (13.2 

+4.9
−2.9 W.u. and 4.6(1) W.u. respectively [10]) have higher collectiv-
ity and are more consistent with α-clustering models. The B(E2; 
6+

1 → 4+
1 ) value is predicted within the α-clustering models to 

be 10.62 W.u. [4], ∼ 6.6 W.u. [5] and 14.4 W.u. [9]. The decay of 
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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Fig. 1. Partial level scheme of the low-lying yrast states of 212Po. The major coinci-
dence to determine the lifetime of the 4+

1 state applying the centroid shift method 
is marked in blue. The half-lives of the other are taken from Ref. [10].

the 8+
1 state in this model has an absolute transition strength of 

10.04 W.u.[4], ∼ 6.1 W.u. [5] and 5.8 W.u. [9].
The low collectivity of the 2+

1 state implies that the structure 
of this state could be described within the framework of nuclear 
shell model. Indeed, an existing shell model calculation yields a 
value of B(E2; 2+

1 → 0+
1 ) = 3.6 W.u. (SM2 − gh from Ref. [8]), 

which fits the experimental value better than α-clustering model 
predictions. However, the predictions of the shell model calcula-
tion are too low to reproduce the experimental B(E2; 6+

1 → 4+
1 ) 

and B(E2; 8+
1 → 6+

1 ) values ([2.4, 0.8] W.u., respectively). Recent 
shell model calculation uses the new effective interaction H208 
derived from CD-Bonn nucleon-nucleon interaction and different 
proton and neutron charges due to the neutron dominance in the 
2+

1 state [11]. This calculation predicts enhanced B(E2) values for 
the decays of the low-lying yrast states [11]. The B(E2) values of 
the decay of the 6+

1 and 8+
1 state ([4.42, 2.34] W.u. [11]) are get-

ting closer to the experimental B(E2) values but are still too small.
Reported experimental α-branching ratios for the 6+

1 and 8+
1

states are contradicting. The large values of 71% and 42%, re-
spectively, from Ref. [12], which are adopted by Ref. [13], lead 
to smaller experimental B(E2) values of [3.9(11), 2.30(9)] W.u. 
[13] but other measurements [7,14] have concluded on smaller α-
branching ratios around 3% for both states. These values are now 
adopted in the recent compilation [10].

Therefore the missing B(E2; 4+
1 → 2+

1 ) value is an important 
puzzle piece in the discussion of the B(E2) values and can allow for 
a deeper insight into the competition between both models in this 
nucleus. The missing B(E2) value can be deduced if the lifetime of 
the 4+

1 state is measured.
Due to the short lifetime of the ground state, the experimental 

access to the isotope 212Po is difficult and was successfully done 
via light-ion-induced transfer reaction on a 208Pb target [8,15,16]. 
These reactions have several channels and the separation of the 
events belonging to the population of low-lying yrast states of 
212Po, shown in Fig. 1, is an experimental challenge. One of the 
solutions available, used also in Ref. [8], is the use of an additional 
particle detector setup select the α-transfer channel by detecting 
the reaction product. However, the expected lifetime of the 4+

1
state may be too long for applying the Recoils distance method. 
An alternative approach is the centroid shift method for delayed 
coincidence fast timing, which is very well suited for lifetimes in 
the expected range. To determine the missing transition probabil-
ity, this article reports the first lifetime determination of this state, 
using a fast-timing setup combined with a particle detector array.

2. Experimental setup

To populate excited states in 212Po the alpha transfer reac-
tion 208Pb(10B, 6Li)212Po was used at a 10B beam energy of 
51 MeV, which is around the Coulomb barrier. The ion beam from 
2

Fig. 2. Prompt response time walk CP (Eγ , 344 keV) relative to the reference Decay 
energy Ed,ref = 344 keV. The fit function to describing the time walk is shown in 
red. Between 200 keV and 1300 keV we assume an uncertainty of 7 ps for the 
calibration. Below 200 keV the uncertainty is less precise. We estimate 30 ps at 
energy 121 keV.

the Bucharest FN Tandem Accelerator [17] was impinged on a 
9.65 mg/cm2 target of enriched 208Pb (99.14%). The strongest ad-
ditional reaction channels are the fusion-evaporation to 214,215Fr, 
211,212At, and the one proton transfer leading to 209Bi.

The experiment was performed with the ROSPHERE array [18]
at the Horia Hulubei National Institute for R&D in Physics and Nu-
clear Engineering (IFIN-HH) in Magurele, Romania. The array con-
sisted of 15 high purity Germanium detectors (HPGe) with active 
anti-Compton shields and 10 lead shielded LaBr3(Ce) fast-timing 
scintillator detectors arranged in five rings. The HPGe detectors 
were placed in ring number 1 (37 degree with respect to the 
beam axis), 3 (90 degree), and 5 (143 degree) and the LaBr3(Ce) 
detectors were placed in rings 2 (70 degree) and 4 (110 degree). 
The cylindrical 2 inch x 2 inch (length x diameter) LaBr3(Ce) crys-
tals have a γ -γ coincidence time resolution of 309(1) ps (FWHM) 
measured with the 1173 keV – 1332 keV coincidences from a 60Co
source. During this experimental campaign, ROSPHERE was sup-
plemented by the particle detector array SORCERER [19]. The six 
Silicon photodiodes cover a polar angle range from 121.7 degree to 
163.5 degree with respect to the beam direction [19].

During the ten-day measurement, two trigger conditions were 
used: (one Si hit AND one LaBr3(Ce) event) OR two clean Ge 
events. The trigger window of the more important Si-LaBr3(Ce) 
trigger had a size of 200 ns.

3. Data analysis and results

For the lifetime analysis, the centroid shift method [20] was ap-
plied. This method is based on the delayed time difference distri-
bution of the γ -γ coincidence between the transitions populating 
(Feeder) and depopulating (Decay) the state of interest. The cen-
troid position C of this distribution is shifted by the mean lifetime 
τ of the intermediate state with respect to the centroid CP of the 
intrinsic time difference distribution of the setup (prompt response 
distribution):

C(E f , Ed) = τ + C P (E f , Ed).

The centroid CP depends on the energies E f and Ed of the co-
incidence Feeder and Decay transitions, which results in a prompt 
response time walk for the LaBr3(Ce) scintillators [21]. The timing 
(and energy) calibration of the setup was done by a measurement 
using a 152Eu source, which provides several calibration points in 
the energy region between the X-ray energies (∼ 40 keV) up to 
1299 keV. The resulting prompt response time walk curve of this 
analysis is shown in Fig. 2 and was confirmed by measuring known 
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Fig. 3. LaBr3(Ce) spectrum of gamma-rays in coincident with the 405-keV transitions 
recorded in the LaBr3(Ce) detectors.

lifetimes in isotopes produced by other reaction channels during 
the experimental run (210Po, 209Bi, and 207Pb).

3.1. Separation of 212Po data

Due to the contaminations in the recorded spectra from other 
reaction channels, shown in Fig. 3, the study of the lifetime of the 
4+

1 state of 212Po is only possible by applying different gating con-
ditions on the LaBr3(Ce) and Silicon timing and energy spectra. 
Especially the low peak-to-background ratio and the contaminat-
ing 217-keV transition, caused by inelastic neutron scattering in 
the LaBr3(Ce) detectors, pose a problem for the lifetime determi-
nation because the only usable feeding transition of the 4+

1 state 
in this analysis has an energy of 223 keV.

The advantage of this experimental setup is the opportunity to 
use the coincidence between the γ -rays of 212Po detected in RO-
SPHERE and the 6Li ejectile from the α-transfer reaction detected 
in SORCERER. The ungated, scaled particle-energy spectrum is 
shown in Fig. 4 (blue). In order to extract from this double-humped 
spectrum the particle events associated with the α-transfer reac-
tion, a coincidence with the 727-keV gamma-rays recorded in the 
HPGe detectors was applied (Fig. 4 red spectrum). All Si events be-
longing to 212Po are located in the lower energy bump.

Another gate to separate the 212Po data was a Si-LaBr3(Ce) time 
difference (SLTD) gate. The SLTD spectrum with a LaBr3(Ce) en-
ergy gate on the 223 keV - 405 keV coincidence is shown in Fig. 4
and can be separated into three different sections. 1st: The desired 
events corresponding to the Si-LaBr3(Ce) trigger peak at around 
3775 ns belong to the scenario where the events are detected in 
the LaBr3(Ce) and Si detector at the same time. This is the prompt
region. 2nd: If the LaBr3(Ce) event was detected first, the cor-
responding events had a time difference larger than the prompt 
region (> 3800 ns). The events of this scenario mainly belonged to 
the de-excitation of 215Fr and the following detection of the α par-
ticle from the decay of the ground state (T1/2 = 86(5) ns [22]). 3rd: 
In the opposite scenario for which the Si event was detected first, 
the SLTD is smaller than the prompt region (< 3760 ns). This sce-
nario appeared e.g. in the population of the isomeric 8+ state of 
212Po. The 6Li ejectile was detected first and the γ -rays of the de-
cay cascade from the 8+

1 state were detected delayed due to the 
lifetime of the state (T1/2 = 14.6(8) ns [10]). Therefore the lifetime 
of the 8+

1 state can be measured using the SLTD distribution and 
the slope method. In the following analysis a SLTD gate on this 
slope of the exponential decay of the isomer was used which is 
marked in light-blue in Fig. 4.

Besides the Si gates, a LaBr3(Ce) timing gate was set on the TDC 
trigger regions, and a Si multiplicity condition was set so that the 
coincidence event should contain only one event in the Si detec-
tors.
3

Fig. 4. Top: Show is the ungated (blue) and gated (red) particle-energy spectra as 
recorded in the Si detectors. For the lower (red) spectrum a gate on the 727-
keV transition detected in the HPGe detectors was applied. Bottom: Si-LaBr3(Ce) 
time-difference (SLTD) spectrum with an energy gate on the 223 keV - 405 keV 
coincidence gate. The SLTD gate is shown in light blue. In red is shown the expo-
nential fit to measure the half-live of the 8+

1 state of 212Po using the slope method. 
The literature value is taken from Ref. [10].

3.2. Lifetime determination of the 4+
1 state

Fig. 5 (a) shows the cleaned coincidence γ -ray spectra with a 
LaBr3(Ce) energy gate on the 405-keV transition (4+

1 → 2+
1 ). The 

peaks corresponding to the populating 223-keV (6+
1 → 4+

1 ) and 
121-keV γ -rays (8+

1 → 6+
1 ) are clearly present. The amount of con-

taminations is low and peaks belonging to the inelastic neutron 
scattering in the LaBr3(Ce) detectors are completely suppressed by 
the gates. The peak-to-background ratio of the 223-keV (405-keV) 
peak has within the later gate sizes a value of 1.79(9) (1.86(11)).

The measured time difference distribution for the determina-
tion of the lifetime of the 4+

1 state is shown in Fig. 5 (c) and has 
a centroid value of 33(7) ps. An important step in the centroid 
shift method is the background correction of the centroid value. 
This correction was done in the present work using an analytical 
time-correction term described in Ref. [23] and used in different 
analyses (e.g. [24–26]). In this approach, the corrected centroid po-
sition is given by

Ccor = Cexp + t̃cor .

The analytical time-correction term ̃tcor can be calculated from the 
centroids of the Compton background at the peak position together 
with the peak-to-background ratios and the measured centroid 
value [23]. The centroid of the Compton background at the peak 
position is interpolated by a polynomial fit on measured centroids 
in the pure background region (Fig. 5 (a,b)).

Using the Compton background corrected centroid position 
Ccor = 93(10) ps (̃tcor = 60(7) ps), the prompt response centroid 
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Fig. 5. (a) The coincidence LaBr3(Ce) (grey) and HPGe (blue) spectra with a 
LaBr3(Ce) energy gate on the depopulating 405-keV transition. The measured cen-
troids for the determination of one Compton background component of the lifetime 
measurement are shown in green and the corresponding polynomial fit in red. 
The centroid of the shown background component has a value of -74(13) ps. (b) 
Same coincidence spectra with a LaBr3(Ce) energy gate on the populating 223-keV 
transition. It is also shown the polynomial fit, which provides the centroid of this 
background component by a value of -79(15) ps. (c) Raw time difference distri-
bution obtained with a LaBr3(Ce) coincidence gate on the 223-keV and 405-keV 
transition. The measured centroid position is shown in orange.

CP(223 keV,405 keV) = −7(7) ps, taken from the time walk curve 
in Fig. 2, the resulting mean lifetime is given by

τ4+
1

= 100(14) ps.

A SLTD gate on the prompt region yields the same result but with 
larger systematic uncertainty due to the larger amount of contam-
inations and the poorer peak-to-background ratio (0.50(2) for the 
223-keV peak and 0.61(2) for the 405-keV peak), which made the 
uncertainty of the lifetime too large for a precise determination.

Additionally to check the analysis, the mean lifetime of the 2+
1

state was determined. The resulting value (16(13) ps) is compat-
ible with the previously reported lifetime value (20.5(26) ps [8]). 
The lifetime of the 4+

1 state is also determined indirectly by the 
time difference distribution gated on the coincidence transitions 
4

Fig. 6. Raw time difference distribution obtained with a LaBr3(Ce) coincidence gate 
on the 121-keV and 405-keV transition. In red is shown the slope fit with a constant 
to approximate the random background.

223 keV and 727 keV. The centroid position C of this distribution 
is shifted by the sum of the lifetimes of the intermediate states 
[20]:

C(223 keV, 727 keV) = C P (223 keV, 727 keV) + τ2+
1

+ τ4+
1
.

The measured sum of both lifetimes (114(18) ps) indicates the 
same mean lifetime for the 4+

1 state and confirmed the measured 
mean lifetime using the 223 keV - 405 keV coincidence.

3.3. Lifetime determination of the 6+
1 state

Only one experimental value for the 6+ state lifetime has been 
published by A. Poletti et al. [16]. They report a value of 1.1(3) ns. 
The main experimental challenge of the lifetime determination 
of this state is the low energy E2-transition populating the 6+

1
state (121 keV) and the associated strong internal electron con-
version coefficient (3.24(5) [27]). Therefore, the γ -ray statistics for 
analysing this state are much lower than the statistics for the de-
termination the lifetime of the 4+

1 state, but the peak is clearly 
visible in the coincidence spectrum of the 405-keV transition in 
Fig. 5(a).

The time difference distribution of the 121 keV - 405 keV 
coincidence is shown in Fig. 6. Due to the peak-to-background 
ratio of the 121-keV peak (0.39(5)) and 405-keV peak (0.51(5)) 
in the coincidence spectra, the spectrum is dominated by the 
prompt background distribution. However the comparatively long 
lifetime of the 6+

1 state is well visible by the slope to positive 
time differences. The lifetime is determined by the slope method 
(1.75(26) ns) and centroid shift method (1.56(30) ns). The average 
mean lifetime has a value of

τ6+
1

= 1.66(28) ns.

This mean lifetime is larger than the current literature value 
(1.1(3) ns [16]) but it has to be mentioned that the lifetime of the 
6+

1 state in Ref. [16] depends by the lifetime of the 8+
1 state which 

is in Ref. [16] (24.6(3) ns) longer compared to the lifetime deter-
mined by three other measurements (20.2(14) ns [7], 20.5(35) ns 
[14], 21.2(4) ns [15]) and this work (20.8(17) ns).

4. Discussion

Taking into account the newly derived lifetime of the 4+
1 state 

(100(14) ps), the internal electron conversion coefficient for the 
4+ → 2+ transition of 212Po (0.0544(8) [27]) and the α-branching 
1 1
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Fig. 7. Semi logarithmic plot of the B(E2) transition strength for the low-lying yrast 
states of 212Po. The experimental values (from Ref. [10] and this analysis) are 
marked in red. The theoretical values of 212Po come from shell-model approaches 
(SM1 from Ref. [8] and SM2 from Ref. [11]), and from α-clustering models (Clu1 
from Ref. [4], Clu2 from Ref. [9] and Clu are the calculations from this work).

ratio of 0.5% [7,10], the missing absolute transition strength is 
given by

B(E2;4+
1 → 2+

1 ) = 9.4(13) W.u.

It is worth to mention that the statements of Ref. [7] regarding 
the α-branching ratio of 27% [13] and the smaller ratio were con-
firmed within this analysis. We have applied the same method as 
in Ref. [7] by setting a gate on a coincidence transition above the 
feeding transition and taking the relative intensity in the coinci-
dence spectrum between the transition feeding the state of interest 
and transitions below this state. The relative intensities between 
the 223-keV transition and the 405-keV and 727-keV transition in 
the HPGe coincidence spectra are 1.01(8) and 0.98(10) respectively.

Due to the larger lifetime of the 6+
1 state (1.66(28) ns), the in-

ternal electron conversion coefficient of the 6+
1 → 4+

1 transition 
(0.324(5) [27]) and α-branching ratio of 3% [10], the B(E2; 6+

1 →
4+

1 ) value decreases to 8.7(15) W.u. It was tried to check the α-
branching ratio of the 6+

1 state with the isomeric SLTD gate and 
the resulting LaBr3(Ce) single spectrum, but the contaminations 
by 212At and another transitions are too strong for a quantitative 
statement about this ratio based on data from this work.

During the present work, a new α-clustering calculation has 
been performed in the frame of the Dinuclear System Model (DNS) 
[28]. The model is based on the assumption that the cluster-type 
shapes are produced by the motion of the nucleus in the mass 
asymmetry degree of freedom ξ . The nuclear wave function is 
treated as a superposition of mononucleus (spherical in the case 
of 212Po) and cluster configurations. The weights of various compo-
nents are determined by the solution of the Schrödinger equation 
with Hamiltonian in mass asymmetry (Ref. [29])

H(I) = − h̄2

2B

1

ξ

∂

∂ξ
ξ

∂

∂ξ
+ U (ξ, I), (1)

where B is the mass parameter and U (ξ, I) is the potential energy 
in mass asymmetry for a given angular momentum I = 0, 2, 4.... 
The members of the ground-state band are described as the lowest 
eigenfunctions of H(I).

The energies of cluster configurations are calculated as a sum 
of the binding energies of corresponding fragments and nucleus-
nucleus potential. The details of calculations are presented in 
Ref. [29]. The energy of the mononucleus configuration cannot be 
determined within the DNS model. Since, for 212Po, we deal with 
two protons and two neutrons outside a spherical double magic 
core, the structure of the mononucleus is mainly determined by 
the shell model configuration with two neutrons and two protons 
in the 2g9/2 and 1h9/2 shell, respectively, [8]. This leads to the 
5

Table 1
B(E2) values and α-branching ratios from the low-lying yrast 
states. The theoretical values are calculated in the α-clustering 
model from the present work. The experimental B(E2) values are 
taken from this analysis and from Ref. [10].

B(E2; I → I-2) α-branching ratios

State I exp. theo. Ref. [10] Ref. [13] theo.
(W.u.) (W.u.) (%) (%) (%)

2+
1 2.6(3) 3.01 0.033 0.033 0.18

4+
1 9.4(13) 5.39 ∼ 0.5 27 3.92

6+
1 8.7(15) 6.23 ∼ 3 71 15.20

8+
1 4.6(1) 5.90 ∼ 3 42 7.71

seniority-like spectrum up to I = 8, where the onset of 2p2h com-
ponents breaks the smooth variation of the excitation spectrum 
with I . The energies of the yrast states of 212Po are mainly deter-
mined by the mononucleus configuration, since its weight is much 
larger than that of the cluster components (see Table 2). There-
fore, the pattern of the excitation spectrum of 212Po largely cor-
responds to the behavior of the mononucleus spectrum. However, 
for the description of B(E2)’s the weight of the cluster components 
is of crucial importance because of the large (collective) value of 
the quadrupole transitional moment for the cluster configurations. 
Since in this work we are interested in the calculation of B(E2) 
values and lifetimes of the yrast states in 212Po, the energy of the 
mononucleus configuration was not calculated, instead it was fitted 
to describe the experimental energy Eexp(I) as the lowest eigen-
value of (1).

Our calculations show that for the DNS’s with light clusters 
heavier than an α-particle, the potential energy rapidly increases. 
Therefore, the mononucleus configuration and α-particle DNS are 
the only components contributing significantly to the wave func-
tions of yrast states in 212Po. The weights of these components and 
their change with angular momentum are determined by the dif-
ference �E(I) = Eα(I) − Em(I) between the potential energies of 
α-cluster DNS and the mononucleus. The lower U (I) for the α-
particle system is with respect to the mononucleus, the higher its 
weight, and vice versa.

As found, the energy of α-cluster DNS at I = 0 is 1.8 MeV 
higher than the binding energy of 212Po. It increases with angu-
lar momentum according to rotational law. The moment of inertia 
of α-cluster DNS is calculated within the cranking approximation 
using the wave function of two-center shell model [30]. This mo-
ment of inertia is about 30% of the corresponding rigid body value. 
Alternatively, the spectrum of the mononucleus behaves like in the 
pairing-coupling scheme. It shows strongly bound I = 0 state while 
the increase rate of energies of states with higher angular mo-
menta slows down with I up to I = 8.

As a result of different behavior of energies of α-cluster DNS 
and mononucleus with angular momentum, we observe that �E(I)
first fastly decreases up to I = 4 and then increases up to I = 8. 
The weight of the α-cluster system calculated as

ωI =
∞∫

ξα/2

|	I (ξ)|2ξdξ (2)

increases strongly for I = 2 and I = 4 states and then slowly de-
creases. Here, ξα is the mass asymmetry value corresponding to 
the α-cluster DNS. Results are presented in Table 2.

The reduced probabilities of E2 transitions are calculated as

B(E2, Ii → I f ) =
5

4π

⎛
⎝C

I f 0
Ii 0 20

∞∫
	I f (ξ)q0(ξ)	Ii (ξ)ξdξ

⎞
⎠

2

, (3)
0
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Table 2
Weights of alpha-particle cluster system 
and the width of alpha-decay �α calcu-
lated in the α-clustering model from the 
present work.

State I ωI �α(I)/h̄ in s−1

0+
1 0.116 2.36 106

2+
1 0.170 1.02 108

4+
1 0.199 2.32 108

6+
1 0.190 7.49 107

8+
1 0.158 4.99 106

where the transition operator is

q0(ξ) = e2
A2

1 Z2 + A2
2 Z1

A2
R2. (4)

Here Ai(Zi), (i = 1, 2) are the masses (charges) of clusters and R-
distance between the centers of the clusters. The effective charge 
for the quadrupole transition is taken as e2 = 1.

The calculated B(E2) transition strengths are shown in Fig. 7
and listed in Table 1. The experimental B(E2; 2+

1 → 0+
1 ) value is 

well predicted by this calculation. In contrast to the shell-model 
calculations, an enhancement of the B(E2) values for the decay 
from the 4+

1 , 6+
1 and 8+

1 state is also described. As seen from 
(4), the strength of quadrupole transitions is wholly determined 
by the weight of the α-cluster component in the wave functions. 
The strong increase of α-particle weight at I = 2 allows us to un-
derstand the enhancement of B(E2) values.

The absolute values of B(E2;4+
1 → 2+

1 ) and B(E2; 6+
1 → 4+

1 ) 
are somewhat underestimated in the present calculation. Also, the 
experimental trend shows the decrease of B(E2, I → I − 2) values 
after I = 4, while in the DNS model the decrease starts from I = 6. 
This trend is better described by α-clustering model calculation 
from Ref. [9] but the absolute values are most overestimated by 
this calculation. Overall, cluster models calculations appear to be 
more appropriate than the current shell-model predictions.

Using the calculated weights, we obtain the decay width �α(I)
of α decay in WKB approximation (Ref. [31]). The results are pre-
sented in Table 2. To obtain more accurate angular momentum 
dependence of �α(I), the frequency of the barrier assaults is fixed 
to reproduce the α-decay half-life of the ground-state of 212Po: 
h̄ν0 = 1.35 MeV. This value is comparable with h̄ν0 =1.2 MeV taken 
in Ref. [31].

Using the calculated �α(I) and B(E2, I → I − 2) values, we 
obtain the α-branching ratios presented in Table 1. The theoreti-
cally calculated α-branching ratios are closer to the experimental 
branching reported in Ref. [10] and are significantly lower than the 
ones reported in Ref. [13].

5. Conclusion

In this work we have measured the lifetime of the low-lying 
yrast states of 212Po by utilizing different fast-timing techniques. 
A very important feature of the analysis was the first combination 
between a fast-timing measurement and a particle detector setup 
to investigate states below an isomer. The results are shown in 
Table 3. The lifetime of the 4+

1 state is determined for the first 
time in this work.

The extracted B(E2; 4+
1 → 2+

1 ) = 9.4(13) W.u. value completes 
the experimental dataset of the low-lying yrast states. This electro-
magnetic transition strength and the new derived B(E2; 6+

1 → 4+
1 ) 

= 8.7(15) W.u. value are an important contribution to the knowl-
edge about the nuclear structure of 212Po. The available exper-
imental data on the electromagnetic transition strengths for the 
yrast states in 212Po is adequately described, at least qualitatively, 
6

Table 3
Measured mean lifetimes τ of the low-
lying yrast states of 212Po resulting from 
the presented analysis. The literature 
mean lifetimes are taken from Ref. [10].

State This work Literature

2+
1 16(13) ps 20.5(26) ps

4+
1 100(14) ps -

6+
1 1.66(28) ns 1.1(3) ns

8+
1 20.8(17) ns 21.1(4) ns

in the framework of an α-clustering model. This suggests that α-
cluster components play an important role in the structures of 
these states. To fully prove this conjecture more experimental in-
formation on the α-branchings and the static electromagnetic mo-
ments of the yrast states in 212Po is needed.
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