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Besides the level scheme, absolute transition strengths between excited
states yield fundamental information on nuclear structure and can be de-
termined from level lifetimes. The recoil distance Doppler-shift (RDDS)
technique is very valuable for the measurement of lifetimes in the picosec-
ond range. During the last years, our group constructed several very
compact plunger devices for RDDS experiments with y-ray spectrometers
coupled to charged particle detector arrays situated in the target cham-
ber, and with dedicated setups for multinucleon transfer reactions where
the plunger must be placed at the grazing angle of the reaction. Re-
cent investigations have addressed the evolution of nuclear structure in
neutron-deficient nuclei in the A = 170 mass region from yrast B(E2) val-
ues and are discussed in this article. For these investigations very small
Byjy = B(E2;47 — 21)/B(E2;2] — 0]) ratios are of particular interest,
which cannot be explained with standard collective models and which are
not expected from the actual level schemes nor this far from closed shells.
Here, we present our new work on '8W, 172Pt, and '"6Pt, focus on this
B(E2) anomaly, and include B(E2) values between higher yrast states for
which experimental data have been sparse.
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1. Development of compact plunger devices for different
experimental conditions

For many years, our group has been working on the design and con-
struction of sophisticated plunger devices for different experimental condi-
tions of RDDS measurements [1], i.e., in combination with recoil separators,
with compact charged particle detector arrays mounted inside the target
chamber, and for multinucleon transfer studies where recoil identification
is required at the grazing angle of the respective reaction channel. As an
example, Fig. 1 shows a sketch of the compact plunger device APPA (Ad-
vanced Plunger-Particle detector Array) that was constructed by our group
for RDDS experiments at the University of Jyviskyld, Finland [2]. It is used
with the JUROGAM III ~-ray spectrometer |3] coupled to the MARA [4] or
RITU [5, 6] separators and the charged-particle veto detector JYTube [2].
A similar device, the iCAPS (integrated Cologne Argonne Plunger Setup)
plunger, was built by us for RDDS experiments at the ATLAS facility at
Argonne National Laboratory (ANL) with the v-ray spectrometers Gamma-
sphere [7] and Gretina [8] coupled to the gas-filled separator AGFA [9] or the
mass analyzer FMA [10] and the Microball charged-particle detector array
[11] that resides inside the target chamber. Further, our group constructed
the compact three-foil (one target, two degrader foils) plunger device CoCo-
Diff (Cologne Compact Differential plunger) [12] for experiments with the
AGATA ~-ray detector array [13]| coupled to, e.g., the PRISMA magnetic
spectrograph [14] at the Laboratori Nazionali di Legnaro (LNL), Italy, for
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use especially in multinucleon transfer reactions. The three-foil arrangement
allows to measure two distinct level lifetimes simultaneously or the deriva-
tive of the decay curve. A two-foil version of the CoCoDiff plunger was used
in previous experiments at LNL.

Fig. 1. Sketch of the APPA plunger built for RDDS experiments at the University
of Jyviskyla. Its total height is about 60 mm.

2. Structural evolution in neutron-deficient nuclei
around A =170

It is well established that shape coexistence of a prolate intruder struc-
ture and a weakly deformed, oblate ground-state configuration is present in
nuclei around Z = 82 and N = 104 (neutron mid shell) (see, e.g., [15]).
Detailed data on a prolate intruder structure and weakly oblate deformed
ground-state configuration exist in neutron-deficient Hg isotopes where the
intruding configuration is minimum in energy for ¥2Hg [15, 16| and results
from a w(4p6h) excitation across Z = 82. In the Pt isotopes around neutron
mid shell, the prolate structure even becomes the ground-state configura-
tion [17-21|. From the data on the next lighter Pt isotopes, it seems that
the prolate structure increases in energy and a weakly deformed (or quasi-
vibrational) structure is associated with the ground-state configuration; the
change to a well-deformed rotor appears at low spin [17]. However, theo-
retical approaches do not yield a conclusive picture, and more experimental
data are needed. For example, IBM calculations with configuration mixing
and an approach with a Hartree—-Fock—Bogoliubov treatment of deformation
done for the Pt isotopes with N < 104 differ drastically from each other
[22].
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In addition, a B(E2) anomaly was found in Pt, Os, and W isotopes
around N = 92 [23-26]. The B(E2) values usually increase with spin for
the low-lying states of a band structure [27]; i.e., for collective excitations
the By, = B(E2;4] — 27)/B(E2;2] — 0]) ratio is larger than unity.
For an ideal rotor, By, = 1.43 is expected from the Alaga rules, and for
a collective vibrator, By, = 2.0. By, can take values in between those
limits, e.g., when using the IBM with dynamical symmetry breaking. This
applies for, e.g., '™®Pt with By5(*™Pt) = 1.81(15) [20]. However, for more
neutron deficient isotopes, a B(E2) anomaly frequently appears represented
by small such ratios: Bys(*%0s) = 0.34(18) [23], Byo('7°0s) = 0.38(11)
[24], By/o(*OW) = 0.33(5) [25], and Byo('™Pt) = 0.55(19) [26]. It should
be stressed that the QT states of these nuclei agree with the expected cor-
relations between the Ryjo = E(4])/E(2]) ratio and the B(E2;2{ — 07)
values [28]. In the present understanding of nuclear structure, the only possi-
ble exceptions from By, > 1 are excitations exhibiting seniority symmetry.
These are only expected near magic numbers, but there is no corresponding
experimental evidence in this region. Perhaps shape coexisting structures
are causing By < 1, but there are no such cases known so far. On the
other hand, recently, in this region By, < 1 could be calculated within an
extension of the consistent-Q IBM Hamiltonian and explained to originate
from a strong band mixing induced by a third-order term of the triaxial
rotor realization [29]. Furthermore, even more recently in a follow up publi-
cation [30], a general procedure for constructing triaxial rotor modes in the
IBM was demonstrated and the collective mechanism underlying the B(FE2)
anomaly phenomena was elucidated.

Data on E2 transition strengths between higher-lying yrast states in nu-
clei in this region are very sparse and, thus, the structural evolution along
the yrast line is unclear. Therefore, in this work, we investigated 17>176Pt
and W with the RDDS technique aiming at the measurement of yrast
B(E2) values at least up to the 8] states. For !™Pt, only the lifetimes of
the 2f and 4f states are known from an RDDS study using v-ray “singles”
spectra tagged by a-decay [26]. The yrast B(E2) values in 7Pt stem from
older work [17] and the lifetime values might be affected by unobserved de-
layed side feeding, motivating a new study using 7 coincidences to rule out
such effects. In '®W, lifetimes were measured for several states in an older
work [31], too, using ~-ray “singles” spectra employing only a multiplicity
filter to reduce contamination from Coulomb excitation of the target and
activity. Thus, corrections for unobserved delayed feeding had to be taken
into account. Therefore, the results might be affected by additional unob-
served feeding. Furthermore, for the 61 and 8 states only upper limits of
the lifetimes were measured in [31]. This motivates a new investigation of
168W with v+ coincidences.
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Lifetimes in !"?Pt were measured in our study at ANL with the RDDS
technique using the ?2Mo(83Kr, 3n)172Pt fusion-evaporation reaction and
combining the iCAPS plunger with Gammasphere and AGFA. The latter
enabled 2Pt identification via a-decay tagging, which was required due to
the very small production cross section for "2Pt of about 10~ of the total
reaction cross section. The experiment was very similar to the earlier one by
Cederwall and coworkers that was performed at the University of Jyvaskyla
[26]. The measurement was done at eight target—degrader distances ranging
from nearly electrical contact of the foils up to 400 pm.

The investigation of 1"®Pt was done at the Heavy Ion Laboratory (HIL),
University of Warsaw, Poland, with the Cologne coincidence plunger de-
vice [1] mounted at the EAGLE y-ray spectrometer [32], using the 48Sm
(328, 4n)175Pt fusion-evaporation reaction and analyzing 77 coincidences
with gates on flight components of feeding transitions of the levels of inter-
est to rule out any contribution from unobserved delayed feeding.

Figure 2 depicts the transition quadrupole moments @); within the yrast
bands of 1Pt and 7Pt determined from level lifetimes from the prelimi-
nary analysis of our data. These are compared to the predictions for vibrator
and rotor cases as well as for the X(5) critical point of the transition be-
tween those symmetries and to the results for 1"180Pt from [20, 21]. The
QT and 4f states in 7Pt show a similar degree of collectivity as those in
178,180pt “and the @y values are consistent with a rotor. A drastic change
takes place in 1"™2Pt where the collectivity is far lower. The related E2 tran-
sition strengths are about a factor of ten lower as compared to '"®Pt. Thus,
the lowest states in 1"2Pt might belong to a weakly deformed configuration.
However, due to the large error bars of the preliminary results from this
work, the resulting By, ratio is compatible with both previous data [26] as
well as with collective models.
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Fig.2. (Colour on-line) Transition quadrupole moments between yrast states in
172p¢, 176Pt (preliminary data from this work), and 7Pt [20] and '8Pt [21]. The
lines in the respective diagrams are drawn to guide the eye, where the upper line
(magenta) represents the expectation values for a vibrator nucleus, the middle one
(green) that for an X(5) nucleus, and the lower one (red) that for a rotor nucleus.
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The nucleus W was investigated at ANL with the Cologne coinci-
dence plunger and Gammasphere using the 1%¥Pd(54Zn, 2p2n)1%¥W fusion—
evaporation reaction. The experiment was done at 12 target—stopper dis-
tances from nearby electrical contact of the foils up to 6400 um. The life-
times of the 2?, 4f and 6f states were measured, with the preliminary result
B4/2(168W) = 0.91(8). From the By, ratio, this nucleus is just at the transi-
tion towards the region where the B(E2) anomaly was found. The value de-
rived from the literature, BZI/%(MSW) = 1.11(33) [31], did due to its large un-
certainty not allow to exclude agreement with the value for a rotor, whereas
our new result does. Furthermore, for the first time, the 67 lifetime has been
measured yielding a very small B/, = B(E2; 67 — 47)/B(E2;2{ — 0])
ratio of Bgo('%*W) = 0.34(3). Within the aforementioned recent theoret-
ical works on the B(E2) anomaly in neutron-deficient even—even nuclei in
the A ~ 170 mass region [29, 30] these low By, and B/ ratios can be
interpreted for the first time with triaxial modes in the IBM and a strong
band mixing.

This work was supported by the German Research Foundation (DFG),
grant No. FR 3276/3-1, partially by the National Science Centre (NCN),
Poland (grant No.2020/39/D/ST2/00466), by the U.S. Department of En-
ergy (DOE), Office of Science, Office of Nuclear Physics, under Awards
No. DE-AC02-06CH11357 (ANL), No. DE-SC0020451 (MSU, and No.DE-
SC0023633 (MSU). This research used resources of ANL’s ATLAS facility,
which is a DOE Office of Science User Facility. The experiment on 7Pt at
the HIL, Warsaw, Poland, has received funding from the European Union’s
Horizon Europe Research and Innovation programme under Grant Agree-
ment No. 101057511 (EURO-LABS). We acknowledge Gammapool for pro-
viding the HPGe detectors of the EAGLE spectrometer.

REFERENCES

[1] A. Dewald, O. Méller, P. Petkov, Prog. Part. Nucl. Phys. 67, 786 (2012).

[2] J. Saren, J. Uusitalo, H. Joukainen, Nucl. Instrum. Methods Phys. Res. B
541, 33 (2023).

[3] J. Pakarinen et al., Fur. Phys. J. A 56, 149 (2020).
[4] J. Uusitalo et al., Acta Phys. Pol. B 50, 319 (2019).

[5] J. Saren, J. Uusitalo, M. Leino, J. Sorri, Nucl. Instrum. Methods Phys. Res.
A 654, 508 (2011).

[6] M. Leino et al., Nucl. Instrum. Methods Phys. Res. B 99, 653 (1995).
[7] I-Yang Lee, Nucl. Phys. A 520, c641 (1990).


http://dx.doi.org/10.1016/j.ppnp.2012.03.003
http://dx.doi.org/10.1016/j.nimb.2023.04.040
http://dx.doi.org/10.1016/j.nimb.2023.04.040
http://dx.doi.org/10.1140/epja/s10050-020-00144-6
http://dx.doi.org/10.5506/APhysPolB.50.319
http://dx.doi.org/10.1016/j.nima.2011.06.068
http://dx.doi.org/10.1016/j.nima.2011.06.068
http://dx.doi.org/10.1016/0168-583X(94)00573-7
http://dx.doi.org/10.1016/0375-9474(90)91181-P

The Recoil Distance Doppler-shift Technique: a Valuable Method for ... 2-A30.7

18]
9
[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

28]
[29]
[30]
[31]

[32]

S. Paschalis et al., Nucl. Instrum. Methods Phys. Res. A 709, 44 (2013).
B.B. Back, EPJ Web Conf. 163, 00003 (2017).

C.N. Davids, J.D. Larson, Nucl. Instrum. Methods Phys. Res. B 40—41,
1224 (1989).

D.G. Saranties et al., Nucl. Instrum. Methods Phys. Res. A 381, 418 (1996).
M. Beckers et al., Nucl. Instrum. Methods Phys. Res. A 1042, 167418 (2022).
S. Akkoyun et al., Nucl. Instrum. Methods Phys. Res. A 668, 26 (2012).

A. Latina et al., Nucl. Phys. A Suppl. 734, E1 (2004).

L.P. Gaffney et al., Phys. Rev. C' 89, 024307 (2014); 89, 059905 (2014).

C. Miiller-Gatermann et al., Phys. Rev. C' 99, 054325 (2019).

G.D. Dracoulis et al., J. Phys. G: Nucl. Part. Phys. 12, L97 (1986).

P.M. Davidson et al., Nucl. Phys. A 657,219 (1999).

G. Dracoulis et al., Phys. Rev. C' 44, R1246 (1991).

C. Fransen et al., EPJ Web Conf. 223, 01016 (2019).

C. Miiller-Gatermann et al., Phys. Rev. C 97, 024336 (2018).

J.E. Garcia-Ramos et al., Phys. Rev. C' 89, 034313 (2014).

T. Grahn et al., Phys. Rev. C 94, 044327 (2016).

A. Goasduff et al., Phys. Rev. C 100, 034302 (2019).

B. Saygi et al., Phys. Rev. C' 96, 021301 (2017).

B. Cederwall et al., Phys. Rev. Lett. 121, 022502 (2018).

A. Bohr, B.R. Mottelson, «Nuclear Structure», World Scientific, Singapore
1998, Vol. II, p. 45.

R.F. Casten, N.V. Zamfir, Phys. Rev. Lett. 70, 402 (1993).
F. Pan et al., Phys. Rev. C 110, 054324 (2024).
Yu Zhang, Wei Teng, Phys. Rev. C' 111, 014324 (2025).

G. Dracoulis, G.D. Sprouse, O.C. Kistner, M.H. Rafailovich, Phys. Rev. C
29, 1576 (1984).

J. Mierzejewski et al., Nucl. Instrum. Methods Phys. Res. A 659, 84 (2011).


http://dx.doi.org/10.1016/j.nima.2013.01.009
http://dx.doi.org/10.1051/epjconf/201716300003
http://dx.doi.org/10.1016/0168-583X(89)90624-1
http://dx.doi.org/10.1016/0168-583X(89)90624-1
http://dx.doi.org/10.1016/S0168-9002(96)00785-1
http://dx.doi.org/10.1016/j.nima.2022.167418
http://dx.doi.org/10.1016/j.nima.2011.11.081
http://dx.doi.org/10.1016/j.nuclphysa.2004.03.005
http://dx.doi.org/10.1103/PhysRevC.89.024307
http://dx.doi.org/10.1103/PhysRevC.89.059905
http://dx.doi.org/10.1103/PhysRevC.99.054325
http://dx.doi.org/10.1088/0305-4616/12/3/005
http://dx.doi.org/10.1016/S0375-9474(99)00340-1
http://dx.doi.org/10.1103/PhysRevC.44.R1246
http://dx.doi.org/10.1051/epjconf/201922301016
http://dx.doi.org/10.1103/PhysRevC.97.024336
http://dx.doi.org/10.1103/PhysRevC.89.034313
http://dx.doi.org/10.1103/PhysRevC.94.044327
http://dx.doi.org/10.1103/PhysRevC.100.034302
http://dx.doi.org/10.1103/PhysRevC.96.021301
http://dx.doi.org/10.1103/PhysRevLett.121.022502
http://dx.doi.org/10.1103/PhysRevLett.70.402
http://dx.doi.org/10.1103/PhysRevC.110.054324
http://dx.doi.org/10.1103/PhysRevC.29.1576
http://dx.doi.org/10.1103/PhysRevC.29.1576
http://dx.doi.org/10.1016/j.nima.2011.08.037

	1 Development of compact plunger devices for different experimental conditions
	2 Structural evolution in neutron-deficient nucleiaround A=170

