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Introduction

» Neutrinoless double beta decay
»The NUMEN project
» A global approach in the 80+%8Ti collision at 275 MeV
Experimental details - The MAGNEX facility
Data reduction
> 48Ti(180,180)4%Ti elastic scattering reaction
> 48Ti(180,F)4/Sc and 48Ti(180,1’0)*°Ti single-nucleon transfer reactions

> 48Ti(180,’°Ne)*6Ca two-proton transfer reaction

> 48Ti(130,18Ne)*8Ca double charge exchange reaction

Summary - Conclusions



Phase space factor: Motion of the
two electrons (Atomic physics)

t S
Tf/é = Goy |f(mi)|2
|

OvBp decay rate

Contains the average
neutrino mass

Nuclear Matrix Element (NME)
Nuclear physics enters

o ”
the “game M. Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)

l [ EDF # A ]
7EF v T ]

. ORPA T +e * . _
Acces.S|bIe through —> Significant discrepancies between  °[, ¢ tI°* L . . E

theoretical calculations the various structure models!! ~ spe I o ]: A T e ]

88 , - T = -

st L] .5 5 1]

I * T &

A promising experimental tool: Eog ) E

Heavy-ion induced Double Charge Exchange (DCE) reactions ob %=1 ]

| | 1 1 1 1 |
4Brq Bge B2ge 00g MBog 1307y 136y,  150Ng

7*th International Workshop of HINP, 31 May - 01 June 2024, Ioannina, Greece



The NUMEN project

NUclear
.l= Matrix NUMEN review article Talk by F.
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N U M E.N Elements for F. Cappuzzello et al., Cappuzzello
apiEE EPJA 54, 72 (2018)
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11 ks NUMEN review article

double beta decay F. Cappuzzello et al.,

Prog. Part. Nucl. Phys. 128, 103999 (2023)

Access information on the Nuclear Matrix Elements
(NMEs) of the OvBpB decay through the study of DCE
reactions induced by heavy ions.

Transfer reactions: Competing processes leading to the same
final states as DCE reaction.

Measure the complete net of reaction channels that may
contribute to the measured DCE cross-section.




A global description of the 120+*%Ti collision @ 275 MeV

» Taking into consideration all the above, the study of the 80+48Ti collision at the energy of 275 MeV was pursued by measuring

the complete net of the available reaction channels as a part of NUMEN and NURE projects.
NURE: M. Cavallaro et al.,
PoS (BORMIO 2017), 015 (2017)
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The MAGNEX large acceptance spectrometer

See talks by F. Cappuzzello,
V. Soukeras, G. Souliotis and
S. Koulouris
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Possibility to measure at zero degree !

Measurements in a wide mass range
o (from protons up to 7°Zn)!!
MAGNEX characteristics

Achieved resolutions
Energy AE/E: 1/1000
Angular: 0.2°

Mass Am/m: 1/300




Experimental Details

Beam: 808 accelerated by SC cyclotron at 275 MeV.
Target: TiO, evaporated onto a thin 2’Al foil.

Background estimation: 2 additional runs with a WO; and an
27Al target.

Detection system: The reaction ejectiles were detected by the
MAGNEX Focal Plane Detector (FPD).
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Examples of particle identification spectra
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Elastic and inelastic scattering channels

19F+47G¢ (one-proton pick-up)

70+49Ti (one-neutron stripping)
180)+48Tj 20Ne+45Ca (two-proton pickup)

160+-0Tj (two-neutron stripping)

18F 448G (single charge exchange)

18Ne+48Ca (double charge exchange)

ISI: Key ingredient for the theoretical interpretation
of all measured reaction channels !



Elastic and inelastic scattering channels
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Single-nucleon transfer reactions




The Distorted-Wave Born Approximation ingredients

1.982(21)
* Transfer proceeds in a single step from the ground state of the projectile (target) ’I“,f;..

to a final state of the ejectile (residual) nucleus. R. Ascuitto and J. S. Vaagen, EPJA 49, 3 (2024)
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48Ti(180,19F)*’Sc reaction
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48Ti(180,170)*Ti reaction
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Two-proton transfer reaction




48Ti(1%0,%°Ne)**Ca reaction — Differential cross-section determination
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Projectile coupling scheme *Ti("®0,*Ne, ) Ca,
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Double charge exchange reaction
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Summary - Conclusions

» NUMEN is an ambitious project aiming at accessing information on the NMEs of OvBf decay
through the study of heavy-ion induced double charge exchange reactions.

* A multi-channel study of the 80+%8Ti collision was performed by measuring the
complete net of the available reaction channels.
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Next steps:

* Completion of the analysis for the rest reaction channels.
e Estimation of contribution of multi-nucleon transfer on the DCE cross-section.

* Description of all data set under a unique coupled channels framework!




Summary - Conclusions

» NUMEN is an ambitious project aiming at accessing information on the NMEs of OvBf decay
through the study of heavy-ion induced double charge exchange reactions.
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Next steps:
* Completion of the analysis for the rest reaction channels.

e Estimation of contribution of multi-nucleon transfer on the DCE cross-section.

* Provide experimental constraints on the calculation of NMEs of Ovf33 decay !
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The multi-channel approach within the NUMEN project

Measuring all the available reaction network under the same experimental conditions

/\

Suppression of Provides the appropriate constraints in the
systematic errors in the adopted reaction and nuclear structure
data analysis models




Trajectory reconstruction

F. Cappuzzello et al., NIM A 638, 74 (2011) s

Measured parameters at the FPD

Trajectory Reconstruction

Momentum vector at target position

Missing mass method

[F. Cappuzzello et al.,
EPJA 52, 167 (2016)]

Excitation energy spectrum

Through a high order software trajectory reconstruction,
the initial phase space parameters (E,;,,0,,,) at the target
position are determined from the measured ones.




Final phase space (measured) parameters

27A] target — 27Al(*20,1°F)26Mg reaction
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Through a high order software ray reconstruction, the

initial phase space parameters (E,,,6,,,) at the target
position are determined from the measured ones.
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