
 

 

                                                   

 NUMEN [1] is an innovative project aiming at accessing information 
on the Nuclear Matrix Elements  (NMEs) of the 0νββ decay through the 
study  of heavy-ion induced Double Charge Exchange (DCE) reactions.  

 

 

DCE reactions and 0νββ decay are mediated by different interactions BUT they exhibit some 
interesting similarities. Among them, both processes probe the same initial and final nuclear wave 
functions and the operators connecting them have a similar spin – isospin mathematical structure 
[2,3]. 

Transfer reactions: Competing processes leading to the same final states as DCE reactions. Their 
study can provide information on the degree of  competition between successive nucleon transfer 
and charge exchange reactions, the latter being of particular interest in the context of single and 
double beta decay studies [4,5]. 

The 18O+48Ti reaction was studied at the energy of 275 MeV for the first time under the  NUMEN 
and NURE [6] experimental campaigns with the aim of investigating the complete net of reaction 
channels potentially involved in the 48Ti→48Ca DCE transition. 
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Study of single-nucleon transfer reactions in the 18O+48Ti  

collision at 275 MeV 

Experimental setup: The MAGNEX facility @ INFN-LNS 

 The theoretical cross-sections are found to be in very good agreement with the experimental data 
suggesting the validity of the adopted optical potentials and the shell-model description of the 
involved nuclear states within the adopted model space. 
The same technique will be also tested through the data set of the two-proton transfer channel. 
The results of the present analysis in the 18O+48Ti reaction will clarify the degree of competition 
between the direct SCE mechanism (18O,18F) and the sequential nucleon transfer. 

Results - 48Ti(18O,19F)47Sc reaction 

• Beam: 18O8+ accelerated at 275 MeV. 
•Target: TiO2 evaporated on a thin 27Al foil. 
•Background estimation: 2 additional runs 
with a WO3 and a 27Al target. 
•The reaction ejectiles were detected by 
the MAGNEX Focal Plane Detector (FPD). 
 

Particle identification (PID) 
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Max. magnetic rigidity (Tm) 1.8 

Solid angle (msr) 50 

Momentum acceptance -14%, +10% 

Energy resolution (ΔE/E) ~1/1000 

Angular resolution ~ 0.3o 

Mass resolution ~ 1/160 

Optical characteristics of MAGNEX  

Lateral view of the 
MAGNEX FPD 

D. Torresi et al., NIM A 
989, 164918 (2021) 

Decomposition of the excitation energy 
spectrum obtained with the TiO2+27Al 
target for the one-proton transfer 
reaction. 

Results - 48Ti(18O,17O)49Ti reaction 

Present angular distribution cross-
section data for the excitation energy 
range (0-3.5)MeV are compared to the 
results of a DWBA and a CCBA 
calculation. 

DWBA framework 
The main ingredients of the DWBA calculation are: 
The distorted waves at the entrance and exit 
channels            Calculated adopting the São Paulo 
Potential (SPP) [8]. 
The overlap functions: Single particle solutions of 
a Woods-Saxon potential weighted by the 
corresponding spectroscopic amplitudes provided 
by many body shell-model calculations. 

 

 

NUclear Matrix Elements for Neutrinoless double beta decay 

(0νββ)  

CCBA framework 
A CCBA calculation is performed in the same 
way as the DWBA one considering also the 
following additions: 
Coulomb deformations: Introduced in terms 
of the reduced transition probabilities B(Eλ). 
Nuclear couplings: The nuclear coupling 
potentials were treated in the first-order 
approximation as described in Ref. [9]. 
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