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The measurement of the!'®Sn(80,'8Ne)!1®Cd double charge exchange reaction cross section at very forward
angles was performed for the first time at INFN-LNS using the MAGNEX magnetic spectrometer. This study,
carried out at 276 MeV beam energy, provides a cross section of 34 nb ([9, 44] nb at 95% confidence level),

Head confirming the tiny values recently obtained for the same reaction in other nuclides. This result has a major
impact on the forthcoming systematic investigation of Ovfp decay candidates carried out by the NUMEN
project, since it allows to properly tailor future experiments with high-intensity beams. The ultimate goal
of this exploration is to experimentally access information about nuclear matrix elements relevant to the Ovgp
decay rate.

Introduction neutrinoless double beta decay) [6] projects aim at constraining Ovfp

The search for neutrinoless double beta decay (Ovpf) represents a
crucial topic in modern physics. This process, if observed, is potentially
the best resource to answer to the unsolved question about the Dirac
or Majorana nature of neutrinos [1,2]. In addition, Ovpg decay is a
promising way to access the absolute scale of neutrino masses [3]. In
order to determine the neutrino mass, the accurate calculation of the
Ovpp decay nuclear matrix elements (NMEs), entering in the expression
of the decay rate, is mandatory. Nowadays, NMEs obtained by various
state-of-art theoretical approaches are spread over a factor of about
three, which is not an acceptable situation, motivating further research
on the field [4].

In this context, the NUMEN (NUclear Matrix Elements for Neu-
trinoless double beta decay) [5] and NURE (NUclear REactions for
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decay NMEs through an innovative technique, based on the measure-
ment of the double charge exchange (DCE) reaction cross sections. DCE
reactions are nuclear processes showing interesting analogies with Ovp
decay. In particular, the initial and final nuclear states involved in Ovpp
decay and DCE reactions are the same and the transition operators in
both cases consist of short-ranged central spin-0 (Fermi), central spin-1
(Gamow-Teller) and tensor spin-2 components [7,8]. The existence of
a linear correlation between the NMEs for the double Gamow-Teller
DCE and Ovpp was recently highlighted [9,10]. Nonetheless, since the
transition operators include also the Fermi and tensor components, it
is important to account for their relative weights in both processes. In
Ovpp decays these are controlled by the vector and the axial coupling
constants of the weak interaction, while energy dependent couplings
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shape DCE operators at energies below the pion mass [8]. Noteworthy,
such energy dependence, which is particularly pronounced at energies
below about 100 MeV/u, gives the chance to access the individual
components of Fermi, Gamow-Teller and tensor NMEs in DCE reactions,
providing that DCE cross sections are measured at different energies in
this range, as foreseen in the future NUMEN campaigns. DCE reactions
are challenging from the experimental side due to their very low cross
sections (a few nb) and a large background of competing processes
(cumulatively of the order of a few b) [11]. In addition, the mea-
surement of DCE high-resolution energy spectra and accurate absolute
cross sections is essential to identify the transitions of interest and give
reliable constraints to theoretical models. In this context, the region
at very forward scattering angles is particularly interesting, since the
momentum transfer is comparable to that available in the Ovgg decays,
the reaction mechanism is simpler and DCE cross section is higher [8].
Studies of some of the candidate systems for Ovpp decay have been
so far accomplished using two heavy-ion induced reactions: the (180,
18Ne) which explores the g* g+ direction and the (*°Ne, 2°0) for =~
one [12,13]. Various competing quasi-elastic nuclear reactions were
also examined together with DCE within a multi-channel approach
to build a constrained analysis of the DCE reaction mechanism. This
approach has been hitherto applied to 12C [14], “°Ca [15,16], 48Ti [17-
19], 76Ge [20], 76Se [21,22], 1168n [23], 116Cd [24-26], and 130Te [23]
target nuclei.

In the present study, the 116Sn(*80, 18Ne)!16Cd DCE reaction at
276 MeV incident energy is examined for the first time to measure its
cross section. This case is particularly relevant since the 11°Sn nucleus
is the daughter in the 1'°Cd pg-decay and the NMEs related to the
116gn,  — 116Cd, and 1'Cd,, — '1®Sn, transitions are the same
due to the time reversal symmetry.

Method

The measurement of the 116Sn(180, 18Ne)!16Cd double charge ex-
change reaction cross section was performed at Istituto Nazionale di
Fisica Nucleare-Laboratori Nazionali del Sud (INFN-LNS) in Catania.
A 276 MeV 1808+ beam was delivered by the K800 Superconducting
Cyclotron accelerator and impinged on a 257 + 13 pg/cm? thin 116Sn
film used as target. Supplementary runs with a 323 + 16 pg/cm? thick
116gn target were also performed to cross check. The 18Ne!%* ejectiles
were momentum analyzed by the MAGNEX large acceptance magnetic
spectrometer [27,28]. The optical axis of the spectrometer was cen-
tered at 0;’;’;=+3°, which allows the measurement at forward angles
including zero degrees (0° < 6,,, < 7°). A specific particle identification
technique [29] in atomic number, mass number and charge state was
applied to identify the 18Ne!%+ ejectiles among the others detected ions
by the focal plane detector [30]. A technique for trajectory reconstruc-
tion was used to solve the high-order non linear equations of motion of
the identified ions [31]. Thus, the momentum vector at the target was
determined. The excitation energy of the DCE reaction products E, was
obtained from the difference E, = Q, - Q (where Q, is the g.s. to g.s.
Q-value) using the missing mass technique. The absolute cross section
was extracted according to the technique described in Ref. [32], taking
into account the overall MAGNEX efficiency [33], the beam collected
charge and the target thickness.

Results and discussion

The excitation energy spectrum for the 116Sn(180, 18Ne)!16Cd DCE
reaction at 276 MeV incident energy and 0° < 6,, < 7° angular
range is shown in Fig. 1 up to 25 MeV. The spectral shape is not
much structured also because of the high density of the 116Cd excited
states [34]. Thus, it was not possible to determine the energy resolution
directly from the spectra. We estimate about 500 keV full width at
half maximum from the known gaussian-like response of our setup
to the same reaction performed at the same energy in another thin
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Fig. 1. Excitation energy spectrum for the '°Sn(*80, '8Ne)!'®Cd DCE reaction at
276 MeV incident energy and 0° < 6,,, < 7° angular range. Inset: zoomed view for
E, < 15 MeV with the vertical axis in logarithmic scale. The 1¢Sn,  —'Cd, , region
(-0.68 MeV < E, < 0.68 MeV) is indicated with the pink area (see text for details).
(For interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

target [7]. In particular, the overall resolution is dominated by energy
straggling due to beam-target interaction, by the beam energy spread
and detector intrinsic resolution. In the ground state area, a peak of 5
counts is identified as corresponding to the transitions to 18Negls‘(0+) +
116Cd, , (0+) and '8Ne,  (0+) + 116Cdy 5,3 pev(2+) [34]. The absence
of counts at the negative excitation energy region indicates that no
spurious events were detected. The integrated cross section estimation
is 34 nb ([9, 44] nb at 95% confidence level) in the energy range
—0.68 MeV < E, < 0.68 MeV and in the angular range 0° < §,,, < 7°.
The large and asymmetric spread around the average value, calculated
according to Ref. [35], is due to the low statistics. A contribution
due to the 116Cd(2*) state at E, = 0.513 MeV is also expected but,
due to the finite energy resolution, it was not possible to separate it
from the 116Sn, , —11°Cd, , transition. The analysis of the 130Te(2'Ne,
200)130Xe DCE reaction [13] led to similar results. Also in that case, a
contribution due to the first 2% state of the residual nucleus (}3%Xe at
0.536 MeV) was unresolved in the ground state region and, therefore,
it was included in the cross section estimation.

In conclusion, the 116Sn(180, 18Ne)!16Cd DCE cross section was
measured for the first time at 276 MeV incident energy at the INFN-LNS
in Catania. Our measurement provides unique data-driven information
to the nuclear structure and reaction theories for such a system [8].
Resembling the case of 116Cd(*°Ne, 200)116Sn and 4°Ca(180, 18Ne)40Ar
reactions, where theoretical predictions [10,25,36] based on different
assumptions about the reaction mechanism give significantly different
cross-sections, the present result could be enough to exclude specific
scenarios. Thus, dedicated cross-section calculations for the reaction
studied here are desired and represent an interesting future perspective.

In addition, our measurement gives also a significant boost to the
next phase of the NUMEN campaigns since it will allow to set up the
appropriate experimental conditions whenever high-intensity beams
will be available. The upgrade of the Superconducting Cyclotron of
INFN-LNS and the MAGNEX focal plane detector is on-going with the
aim of increasing the beam intensity and the performances of the
detectors at high rate in order to obtain better statistics [37-39]. In
addition, the forthcoming development of a specific calorimeter, based
on LaBr;(Ce) scintillators [40], for the coincident measurement of the
gamma rays emitted by the populated low-lying excited states in the
DCE reaction and the ejectile detected in the focal plane detector will
allow to improve significantly the energy resolution (less than 20 keV
FWHM is expected for the 116Cd 5,5 yov(2+) state discussed above),
making it possible to separate the transition to the ground state from
the other ones.
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