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Summary.— The HISPEC-DESPEC collaboration aims at investigating the struc-
ture of exotic nuclei formed in fragmentation reactions with decay spectroscopy
measurements, as part of the FAIR Phase-0 campaign at GSI. This paper reports
on first results of an experiment performed in spring 2021, with a focus on β-decay
studies in the Po-Fr nuclei in the 220 < A < 230 island of octupole deformation
exploiting the DESPEC setup. Ion-beta correlations and fast-timing techniques are
being employed, giving an insight into this difficult-to-reach region.
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1. – Introduction

Octupole correlations are the result of the long range octupole-octupole interaction
between nucleons occupying pairs of orbitals which differ by 3 units in both orbital and
total-angular momentum. This results in asymmetric shapes, also known as pear-like
shapes [1]. These exotically-deformed nuclei can be found in selected areas of the nuclear
chart, in particular in the mass regions A � 146 (Xe-Sm region) and A � 222 (Rn-Th
region), called islands of octupole deformation [2]. To find direct experimental evidence
of these elusive shapes proves to be very challenging, and it is worth exploring several
spectroscopic properties in a wide range of nuclei. The first signature is the excitation
energy spectrum itself, characterised by alternating, almost degenerate, negative- and
positive-parity states. Octupole deformation also results in large E3 and E1 strengths
due to the separation of the centre of mass and the centre of charge in the nucleus [3].
Atoms whose nucleus displays static octupole deformation can be an ideal laboratory
for measurements of electric dipole moments [4]. The Rn-Th isomers with A � 222
are expected to show the largest octupole deformations, as highlighted both by recent
experimental measurements [5, 6] and by theoretical calculations [7, 8]. Our experiment
was focused on two main aims: finding evidence of octupole deformation in the nuclei
of interest populated via β decay and providing new β-decay data to test r-process
nucleosynthesis models.

2. – Experimental setup

The experiment described here was performed at the GSI-FAIR facility in Darmstadt,
Germany, in April 2021, within the experimental program of DESPEC Phase-0. The cam-
paign focused on investigating the inner structure of exotic nuclei formed in high-energy
projectile-fragmentation reactions. The nuclei of interest were produced in fragmentation
reactions of a primary beam of 238U on a 9Be target. The primary beam had an intensity
of ∼109 /s and a spill length of 4 s. The fragments composing the secondary beam were
selected using the FRagment Separator (FRS) [9] with the Bρ−ΔE − Bρ method and
identified using the TOF−Bρ−ΔE method [10], collecting information on the ions’ time
of flight, position in the focal planes, and atomic number Z. The ions of interest were
then transported towards the DEcay SPECtroscopy (DESPEC) station [11], where they
were implanted into the AIDA (Advanced Implantation Detector Array) stack of three
double-sided silicon-strip detectors (DSSDs) [12]. This active stopper is sandwiched be-
tween two plastic detectors made of tiles of BC-400 scintillator material, read out by 16
series of SiPM coupled to each side. The plastic detector is used for timing measurements
of the β particle emitted in the decay. The decay station also comprises a hybrid array of
HPGe and LaBr3(Ce) detectors to measure the γ rays emitted in the de-excitation of the
daughter nuclei. The FATIMA (FAst TIMing Array) consists of 36 LaBr3(Ce) detectors
with a full-energy peak efficiency of 2.9% at ∼1MeV [13, 14]. An array of four 7-fold
EUROBALL HPGe clusters [15] in forward position is used for precision γ-ray energy
measurements, with an efficiency of 2% at ∼1MeV. Independent data acquisitions of
the subsystems were synchronised with a time sorter using a distributed clock.

3. – Study of the implantation profile in AIDA

The initial stages of the data analysis were focused on the identification of the ions
of interest and the study of their implantation profile. The Particle IDentification (PID)
plot, reported in fig. 1, shows the ions of interest in terms of their reconstructed Z
and A/Q ratio: 228,229,230Fr, 226,227,228,229Rn, 224,225At, together with several other ion
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Fig. 1. – Left: particle identification plot obtained for our dataset. Middle (right): implantation
profile of francium (astatine) isotopes in the three AIDA detectors.

species that can be investigated with this measurement. A study of the implantation
profile in AIDA was performed by evaluating the depth reached by the nucleus within
AIDA layers, as shown in the middle and right panels of fig. 1 for Fr and At isotopes,
respectively. Ions with different atomic number Z have a different implantation profile,
which will be of help in the study of ion−β correlations. Ad-hoc correlation algorithms
are being developed in order to perform ion-β and ion- β − γ − γ correlations. This
analysis will be used to study the inner structure of the daughter nuclei by identifying
new decay transitions and evaluate the presence of octupole deformation.

4. – Conclusions

This paper reports on the study of the implantation profile in an experiment performed
at GSI in April 2021 within the DESPEC-Phase 0 campaign framework. The study
presented here is focused on the investigation of the presence of octupole deformation in
Po-Fr nuclei in the A∼225 island of octupole deformation.

∗ ∗ ∗
The authors acknowledge the GSI accelerator team and the FRS group. Support by

INFN, the BMBF and the UK Science and Technology Facilities Council is acknowledged.

REFERENCES

[1] Butler P. A., Phys. G: Nucl. Part. Phys., 43 (2016) 073002.
[2] Carpenter M. P., J. Phys.: Conf. Ser, 312 (2011) 092006.
[3] Butler P. A., Proc. R. Soc. A, 476 (2020) 0202.
[4] Chupp T. E., Rev. Mod. Phys., 91 (2019) 015001.
[5] Gaffney L. P. et al., Nature, 497 (2013) 199.
[6] Chishti M. M. R. et al., Nat. Phys., 16 (2020) 853.
[7] Robledo L. M. and Butler P. A., Phys. Rev. C, 88 (2013) 051302(R).
[8] Xia S. Y. et al., Phys. Rev. C, 96 (2017) 054303.
[9] Geissel H. et al., Nucl. Instrum. Methods Phys. Res. B, 70 (1992) 286.

[10] Münzenberg G., Nucl. Instrum. Methods Phys. Res. B, 70 (1992) 265.
[11] Mistry A. K. et al., Nucl. Instrum. Methods Phys. Res. A, 1033 (2022) 166662.
[12] AIDA, Technical report (2008).
[13] FATIMA, Technical report (2015).
[14] Rudigier M. et al., Nucl. Instrum. Methods Phys. Res. A, 969 (2020) 163967.
[15] Beck F., Prog. Part. Nucl. Phys., 28 (1992) 443.


