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NUMEN project @ LNS: Status and perspectives
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The aim of the NUMEN project is to access the Nuclear Matrix Elements (NME), involved in
the half life of the neutrinoless double beta decay (0νββ), by measuring the cross sections of
Heavy Ions (HI) induced Double Charge Exchange (DCE) reactions with high accuracy. First
evidence  of  the  possibility  to  get  quantitative  information  about  NME from experiments  is
shown  in  the  reaction  40Ca(18O,18Ne)40Ar  at  270  MeV,  performed  with  MAGNEX
spectrometer using Superconducting Cyclotron (CS) beams at INFN - Laboratory Nazionali del
Sud (LNS) in Catania. Preliminary tests on 116Sn and 116Cd target are already performed. High
beam intensity is the new frontiers for these studies.
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The 0νββ decay, besides establishing the Majorana nature of neutrinos, has the potential to
shed light on the absolute neutrino mass and hierarchy. For that purpose, it is critical that the
associated NMEs are reliably known.

From an updated comparison of the main NME calculations, obtained with various nuclear
structure frameworks [1]-[8], there are still significant differences. In addition some assumption
common to different competing calculation, like the unavoidable truncation of the many body
wave-function, could cause overall  systematic uncertainties. 

To access quantitative information, relevant for 0νββ  decay NME, the NUMEN project
proposes to use HI-DCE reactions as a tool [21], [22]. These reactions are characterized by the
transfer  of  two  charge  units,  leaving  the  mass  number  unchanged,  and  can  proceed  by  a
sequential multi nucleon transfer mechanism or by a double meson exchange.

Despite 0νββ  decay and HI-DCE reactions are mediated by different interactions, they
present a number of similarities. Among that, the key aspects are that the initial and final nuclear
states are the same and the structure of the operator in both cases present the same components.
At present time a complete and coherent theory of HI-DCE reactions does not exist:  in a simple
approach one can assume a two-step model which contains all the relevant features. So we try a
simplified  approach based  on  the  well  known relationship  between single  charge  exchange
(CEX) reactions and beta decay. Moreover for single charge exchange, under specific conditions
[9],[10], the cross section can be factorized in independent factors, where the quantity named
"unit  cross-section"  behaves  as  an  universal  property  of  the  nuclear  response,  depending
smoothly on the projectile energy and on the target mass. In this way it is computable all along
the nuclear chart. In the case of HI-DCE data analysis are typically more involved, due to the
projectile  degrees  of  freedom and  the  sizable  amount  of  momentum transfer.  A significant
simplifications comes from the strong absorption of the scattering waves in the inner part of the
impinging  systems  and  the  consequent  surface  localization.  In  a  simple  model,  under  the
hypothesis of surface localization, we can assume that HI-DCE is just a second order CEX, so
we can make a generalization to DCE for the factorization of the cross section in a nuclear
structure term, that contain the NME, and a nuclear reaction factor in analogy with CEX. To
extract a "unit-cross sections" from DCE systematic cross sections measurements is the most
ambitious goal of the project, that requires also a step forward in the development of the theory.
The other  NUMEN goals, in the same way groundbreaking and reachable in a short-term, are: a
new generation  of  DCE constrained  of  0νββ NME theoretical  calculations  and the ratio  of
measured cross sections, that can give a model independent way to compare the sensitivity of
different half-life experiments.

 In literature a lack of data persists because of the technical  difficulties to measure very
low cross sections at zero degrees and due to the difficult to disentangle the contribution of the
competing processes, leading to the same  final state. 

At INFN-LNS we perform the  DCE reaction 40Ca(18O,18Ne)40Ar  at 270 MeV, with the
aim to measure accurately the cross section at zero degrees [11]. For this reason we have chosen
a particularly advantageous system, using a beam of  18O and a double magic target as  40Ca,
choosing the bombarding energy in such a way to mismatch the competing transfer reactions
leading to the same final [12]. Crucial for the main experimental challenges involved has been
the use of the simple turn CS beams [13] delivered at LNS and the use MAGNEX, a modern
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high resolution and large acceptance magnetic spectrometer with high resolution in energy, mass
and angle [14]. This facility has been proven to be very effective for accurate nuclear structure
and dynamics studies [15],[16],[17],[18],[19],[20]. In this "pilot experiment" we have shown
[11], for the first time, high resolution and statistically significant experimental data on heavy-
ion double charge exchange reactions in a wide range of transferred momenta and that precious
informations  towards  NME  determination  could  be  at  our  reach.  To move  towards  nuclei
candidates for 0νββ  decay one needs to overcome some experimental limits as it is proposed in
the NUMEN project [15]. The challenge is to measure rare events under a very high flux of
heavy ions. The project is divided into four successive phases [16], among that Phase2 is crucial
to allow us to optimize the experimental conditions and open a new challenging research field,
carrying out an experimental investigation of few candidate nuclei for the 0νββ decay. In this
framework, we already perform some tests both with  the (18O,18Ne) reaction as a probe for the
β+β+ like transitions  and the (20Ne,20O) as a probe for β-β-.

In the reaction test:  116Sn +  18O  at 15 MeV/A  we have measured at  0° < θlab < 10° :
DCEX  reaction  116Sn(18O,18Ne)116Cd;  CEX  reaction  116Sn(18O,18F)116In  ;  2p-transfer
116Sn(18O,20Ne)114Cd; 1p-transfer 116Sn(18O,19F)115In. 

In the reaction test 116Cd + 20Ne  at 15 MeV/A and 22 MeV/A we have measured at 0° <
θlab <  8°:  DCEX reaction  116Cd(20Ne,20O)116Sn;  CEX reaction  116Cd(20Ne,20F)116In;  2p-
transfer 116Cd(20Ne,18O)118Sn; 1p-transfer 116Cd(20Ne,19F)117In.

For both kind of reactions data reduction is in progress. 
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