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OvBP decay: new physics beyond the Standard Model

2. Neutrinos: Dirac o Majorana

Problems in modern physics:
1. Neutrinos absolute mass-scale ® f OvPBB is the most promising approach

Neutrinoless double beta decay**

A A - \ S
7XN = z42Yn—2 + 2e \
9XN = 7-5YN4+2 + 267 > AV
**E. Majorana, Il Nuovo Cimento 14 (1937) 171

W. H. Furry, Phys. Rev. 56 (1939) 1184

Still not observed!

e Beyond the standard model
e Violation of lepton number conservation )
° i i i + +\ — 4 Ov
CP violation in lepton sector — (0t > 0%) = gAGOv|M 33'

e Way to leptogenesis and GUT... T1/2 @l

e Access to effective neutrino masses

A. Spatafora — 14th International Spring Seminar on Nuclear Physics, Ischia 20t May



Nuclear Matrix Elements (NMEs):
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M. Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)
H. Ejiri et al., Phys. Rep. 797 (2019) 1-102

Measurements (still not conclusive for Ov[33)

v" B-decay and 2v[f3 decay

v’ (wn*, ), single charge exchange (°He,t), (d,?He),
HI-SCE, electron capture, transfer reactions, -
capture, y-ray spectroscopy, yy-decay etc.

D\/ A promising experimental tool: Heavy-lon
Double Charge-Exchange (HI-DCE)

- 15t order isospin probes
- 2"d order isospin probes
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Double Charge Exchange reactions (DCE)

£ )

A A A
Xy + 2XN = z52VN+2 T 242N F2

Why to study DCE?
76 77 78
Se Se Se e Population of exotic

nuclei from stable target

and projectile
* Nuclear response to
second order isospin

operator
* Connection with second
order weak processes

Nuclear Double Charge Exch:lge
reactions (DCE) to stimulate in the
laboratory the same nuclear transition
(g.s. to g.s.) occurring in OV

F. Cappuzzello et al., EPJ A (2018) 54:72

Differences | Similarities
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Theoretical aspects of Heavy-lon Double-Charge Exchange =™
E. Santopinto, et al. Phys. Rev. C98 (2018)(R) 061601
Reaction part ) MECT,, — Cm<®}5f} Z[E’” w 0] 07,7 (p}m)
do — L}( H )2( n,n’
Q) B \In2n2 : .
Structure part ara2m0] My = (gbf(ﬁ )‘ %2 fntn’ qb}A))

Useful approximations:
(to separate in terms of DGT and DF NMEs)

Milestones: e Eikonal approximation

0 DCE cross section can be factorized in terms of * Closure approximation

reaction and nuclear structure parts * Low momentum transfer (8, = 0°)

O Nuclear structure part can be factorized in terms

of target and projectile matrix elements Separations confirmed in a fully quantum

mechanical approach
H. Lenske et al., Universe (2024)
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Theoretical aspects of Heavy-lon Double-Charge Exchange

E. Santopinto, et al. Phys. Rev. C98 (2018)(R) 061601

OvBB-TOT (ga=1) vs DCE-DGT
"°Cd-»"""sn @ *Te " Xe »
"Ge-"°Se A #5e 552Kr kK

06 ”,,«" :
o.5f— ,_,...»"" ]
0.4?— "_‘,,-—“" b
03f == IBM calculations ]
0.2:— . .
; Linear correlation between
*'t DCE DGT and OvBp total NMEs |
OU:I I I I | I I | 1 I | I I | I 1 | I I | I I I I_-
0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34

MBS (fm™")

Useful approximations:

(to separate in terms of DGT and DF NMEs)
e Eikonal approximation

e Closure approximation

e Low momentum transfer (6,,, = 0°)

“The possibility of a two-step factorization of
the very forward differential DCE cross section
[...], combined with a linear correlation between
DCE-DGT and 0vB88 NMEs, opens the possibility
of placing an upper limit on Ov86 NMEs in terms
of the DCE experimental data at G = 0°.”
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Theoretical aspects of Double-Charge Exchange

NUMEN
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The NUMEN project

'
- \ U 4
Neutrinoless double beta decay**
2 Nuclear Double Charge Exchange reactions (DCE) to
+ + 0 2 (mv> 0 9
5, (07 > 07) = GO,,|M vﬁﬁ| stimulate in the laboratory the same nuclear ¢ — N
Ty, A me transition (g.s. to g.s.) occurring in OvBp -

A 14

**E_Majorana, Il Nuovo Cimento 14 (1937) 171 F. Cappuzzello et al., EPJ A (2018) 54:72

W. H. Furry, Phys. Rev. 56 (1939) 1184

Why?To extract “data-driven” information on NME for all the systems candidate for OvBp: </’

* Constraints to the existing theories of NMEs (nuclear wave functions)
* Model-independent comparative information on the sensitivity of half-life experiments
* Complete study of the reaction mechanism

Catania, LNS-INFN

e K800 Superconducting Cyclotron
* MAGNEX magnetic spectrometer
e Experience in nuclear reactions

-e_\‘ o LA
\ : [ ’ i & F. Cappuzzello et al., EPJ A 52 (2016) 167
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The NUMEN prOjeCt NUMEN
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Theoretical aspects of Heavy-lon Double-Charge Exchange =

F. Cappuzzello et al., Progr. Part. and Nucl. Physics 128 (2023) 103999

Progress in Particle and Nuclear Physics 128 (2023) 103999

Contents lists available at ScienceDirect

Progress in Particle and Nuclear Physics

journal homepage: www.elsevier.com/locate/ppnp

Review
Shedding light on nuclear aspects of neutrinoless double beta 1)
decay by heavy-ion double charge exchange reactions |

F. Cappuzzello*", H. Lenske ¢, M. Cavallaro ", C. Agodi”, N. Auerbach ¢,

J.I. Bellone ™" R. Bijker ¢, S. Burrello', S. Calabrese ", D. Carbone ", M. Colonna”,
G. De Gregorio g'l,].L. Ferreira®”, D. Gambacurta®, H. Garcia-Tecocoatzi ¢,

A. Gargano®, J.A. Lay ¥, R. Linares ", J. Lubian ", E. Santopinto ¥, O. Sgouros ”,

V. Soukeras*”, A. Spatafora ", on behalf of the NUMEN collaboration
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Theoretical aspects of Heavy-lon Double-Charge Exchange

F. Cappuzzello et al., Progr. Part. and Nucl. Physics 128 (2023) 103999

DCE cross section is a combination of three different reaction mechanisms

e One-step DCE - Majorana like reaction mechanism
(MDCE): relying on short range NN correlations, leading
to the correlated exchange of two charged mesons

between projectile and target A -
H. Lenske et al. Progr. Part. and Nucl. Physics 109 (2019) 103716 9

(**0,°0)

H. Lenske, CERN Proceedings 2019-001 (2019) " |:| .
E. Santopinto et al., PRC 98, 061601 (2018) |:| n-n
* Two-step DCE - Double single charge exchange (DSCE):
two consecutive single charge exchange processes el &inel.

J.1. Bellone et al., PLB 807 (2020) 135528
H. Lenske el al. Universe 7 (2020) 98

e Multi-step nucleon transfer and SCE (transfer defined by
mean-field dynamics, its contribution can be tuned by

kinematics conditions)
J. A. Lay et al. JoP: Conf. Series 1056 (2018) 012029 M. Colonna talk
J. L. Ferreira et al., PRC 105 (2022) 014630 on Wednesday

(®®*Ne, 2 Ne)
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The NUMEN Experiments

Two directions: BB via (*’Ne,2°0) and L RE
BB* via (180,18Ne) Limitations of the past

HI-DCE experiments are 75As
Complete net of reactions which can overcome! 5.
contribute to the DCE cross-section: "Ge 75‘38@ TGeC Y
1p, 2p, 1n, 2n transfer, SCE, elastic and N - ==
inelastic Zero-degrees

V4 measurements with the

N
Trajectory for YWaiTeaslo
180 beam

MAGNEX magnetic
spectrometer

Two (or more) incident energies to TAs

study the reaction mechanism

i [ 20 2]

74Ge 75Ge 76Ge

Transitions of interest for Ovp:
Limited number of targets so far,
systematic exploration of all the
candidates

DIPOLE
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Heavy-lon Double-Charge Exchange Experiments @ LNS
MAGNEX magnetic spectrometer Measured resolution:
Vi Covalaro t o, NI 8463 (3020 33 Energy AE/E~1/1000 ~ 00 o T
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V. Soukeras on

Thursday

Optical characteristics Measured values
Angular acceptance (Solid angle) 50 msr
Angular range -20° - +85°
Momentum (energy) acceptance -14%, +10% (-28%,+20%)
Momentum dispersion for k= - 0.104 3.68 cm/%
Maximum magnetic rigidity 1.8Tm

Angle AG ~0.2°
Mass Am/m ~ 1/300

« Measurement at zero-degrees

A. Badala et al., Riv. Nuovo Cim. (2020)

K800 Superconducting
Cyclotron

* |In operation since 1996.

e Accelerates fromHto U
ions

* Maximum energy 80
MeV/u.
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Background: OV decay and DCE reactions

Vethods: the multi-channel strategy.

Results: DCE measured cross-sections

Conclusions ana PErSPECTVES
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The NUMEN Experimental campaign

40Ca i 40Ar IZC b | 1ZB
F. Cappuzzello et al. EPJ J A (2015) 51:145
J. Bellone et al., PLB 807 (2020) 135528 A. Spatafora, Il Nuovo Cimento 45 (2022) 131
M. Cavallaro et al., Front. Astron. Space Sci. 8 (2021) A. Spatafora et al., PRC 107 (2023) 024605
S. Calabrese et al., PRC 104 (2021) 064609 A. Spatafora et al., PRC 111 (2025) 064612

J. Ferreira et al., PRC 103 (2021) 054604
B. Urazbekov et al., PRC 108 (2023) 064609
B. Urazbekov et al., PRC 111 (2025) 044603

J. Ferreira et al., PRC 111 (2025) 054609

404 410 | “2Ca > 12 13C 14C
12B
4K % 13B
\®
> “%
% 1
PAr lBe | 12Be
— N —.hl
Epearn = 15 AMeV Epearn = 15 and 22 AMeV
= 180 4+40Cy = 180 4+ 12C
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Elastic d nd in€|astic scatteri ng M. Cavallaro et al., Front. Astron. Space Sci. (2021) 8:659815 NUMEN

q ()
0 » “ Ca” + Dy Y T 1 2 3 4 5 -
Ca Ca Ca 3.904 MeV i | 101 = : : | : I | | @ 103 = o
0033 + 1809_5. i | = a =
3.737 MeV A T 10’k - SPPOM 100 B - SPPDOM
PK wg | 4K | ! o = —— SPPCC E —— sPPCC
“Cag+ %07 ' ! - 1 CCEP OM 1L CCEP DOM
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Bl Bl Bl R 1 I R 2 10'g '
b c C
0 MeV B 10_3 ;— %6 10_1 g_
%4005 o 104;_ 4DCa(ISD=ISDE_5_)4DCag__ = 10_2;_ 4DC3(180;1801_981 }.-f[a\'chag.s.
3 350f o *ca('®0,"*0)*Ca SF E
R 3 8.2°<0_<9.0° 10 107
300~ S T IR N T R B 7 R TR R R R
; ++ 10 5 10 15 20 25 30 10 5 10 15 20 25 30
2505— + . ECM (deg) eCM (deg)
2o | f Key information from elastic and inelastic scattering:
150 } > e Good description of data from CC approach
B = og e .
100[- - 3 e Initial State Interaction:
s0f- A Nucleus-nucleus optical potential (Sao Paulo)
- + S i R e : : + - i i
e e T LU L) . Couplings to low-lying 2* and 3 states for projectile and target
« (Me
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woro)) S. Calabrese et al., Phys. Rev. C 104, 064609 (2021) oL w | 3
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> ISl extracted from elastic and inelastic scattering data Ca(0,70,,) Cay,

» CCBA analysis
» Shell model spectroscopic amplitudes and occupation probabilities

Key information from one-nucleon transfer:

Good description of the data

Mixing of single particle and core polarization configurations

Nuclear structure description under control

Cross section (mb/st)

0'E
In-transfer
=
# Exp. Data
— SPP-DWBA
lD-l = — SPP-CCBA
102 | | |
0 5 10 15
By (deg)

20
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2p transfer reaction NLKEN
l 2“.‘1 p(ltak. . .;t:CIa |;<O.21:T;I >;= RN'A :* ]
2 | 40, (18 20714138 ACTUTINET AT
fiCa | “Ca %5000 80- + g’aj BI:’< 219) Ar 10" N
K | 4K J.L. Ferreira et al., Phys. 4000 .
Rev. C 103 (2021) 054604 |40 + 10* ;
39Ar 4l]Ar : 20- _+_ _+_ E
3000 - +++Jr T \ ]
I Y-S R VR 107 £ o
- F ————- Seq_Sum Vo 3
20001 ~ [ e NUMEN
p: Coh-Sum ;
> ISl extracted from elastic and inelastic i % 10* Incoh-Sum
scattering data 000l > | Ahpesk 000 Ner S Are |
> CCBA analysis direct and two-step - 0 B
transfer |: | i ﬁﬁ - | | |
Key information from two-proton transfer: RN
o - 2E  # Data ~ - 3
* Good description of the data T S s N
o . - f — - — 1C_Sum 1
* \Very low cross-section (comparable with DCE) for low-lying states ' Coh-Sum b
0n0 . ) Incoh-Sum
e Competition between one-step and two-step mechanisms 07—
E!c_m_(dcg)
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B. Urazbekov talk

New PAPER:

Sin g|e cha rge exc han ge on Thursday B. Urazbekov et al., PRC 111, 044603 (2025) NUMEN
N _ 007 " . M. Cavallaro et al., Front. Astron. B. Urazbekov et al., PRC 108, 064609 (2023)
@6770)> S “Ca(0, FK | H:350§ %pace Sci. (2021) 8:659815  Exp.dxa 3 WY S, e
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> ISl extracted from elastic and inelastic scattering data e % = “Ca®0. ") K5 gy ] |
» Double folding QRPA form factors for meson exchange = 10 3 E z_
» 2-step DWBA analysis for sequential transfer SCE 10_33_ B T
> Shell Model spectroscopic amplitudes (occupancies) ok ] *G3) a0, A
Key information from SCE: 10 3
e Competition between one-step and two-step Lo .
. . E [1.7 - 2.6] MeV E
* Meson exchange important at higher E, : :
e 2-step nucleon transfer less contribute at higherE, | w555 v v es 5
eCM (deg) oM (deg)
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H. Lenske et al. Prog. Part. and Nucl. Phys. 109 (2019) 103716
J. Bellone et al., PLB 2020, 807, 135528
H. Lenske et al., Universe 2021, 7, 98

DOUbIe Cha rge eXCha nge H. Lenske et al. Universe 2024, 10(2), 93
wca | vca | 2ca | 40ca(220,18Ne)*Ar » 1Sl and FSI from double folding
2k " 0°<l,,<2° > QRPA microscopic form factors up to J* = 5%
YK [k | oK = > Two-step DWBA for the DSCE amplitudes
BAP 39Ar\ 407 % axi0” - 101
.
E . 10'2
g
E 103}
0 ] 4 8 12 16 20 24 28 32 36 40 -g
E, [MeV]
- - : 10-4 L
Key information from double charge-exchange:
e @G.s.to g.s. transition isolated 10 , . - . . .
e Spectroscopic factor extracted 0 2 4 8 8 10 2
O¢m [deg.]

A spectroscopic factor of % = S;;‘;g}?:jsbz = 0.024 is obtained, assuming closure approximation for L3 = Ly, = A =0

I I 150,01 _ 1. 1sL
M]]f]]zﬁaﬁu (k“' kﬁ)“’ 2 Z Z <Xé )‘ [FSZZT4 Z4Gopt(wa - wy)®FsllT3 13]1/1 X

$1,52 L1,13,l2,l4 L13,L24,

(+)

a | X siala>152 I3,15,14,L13,L34, )

JaJBiaib
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Double charge exchange NN

o Exp-data np-np
180y 16 . sesesssassss: 2n-2p = = ~——np-pn
(150,1%0) Moce DWBA and CCBA calf:ulatlons I 2n-pp — ptinp
sce of all the multi-nucleon e —’5’9-2“ pn-pn
W transfer routes competing with ~ ——cc.—C nﬂ-zp ---—---g?zn-p
- ———pp-2n n-2p-n

W meson-exchange processe.s. . .

e Coherent (and constrained) S

-1
ml approach 10 40Ca(180,8Neg s )*0Arg s,

Negligible contribution of
multi-nucleon transfer to the
full DCE reaction mechanism

do/d€Q2 (mb/sr)
S

107 DV
= ‘ ,.-'&,L\E
(ZDNetlaNe) 10_9% ...E? izi L=
= i
NEW PAPER ']1:| co v b b v P ey ay
10 0 2 9 6 8 10 12 14

J. Ferreira et al., Phys. Rev. C 111, 014630 (2025) Ocm. (deg)
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Background: OV decay and DCE reactions

Vethods: the multi-channel strategy.

Results: DCE measured cross-sections

Conclusions ana PErSPECTVES
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The NUMEN Experimental campaign

116Cd llﬁsn 7GGe 765e 130Te 130xe 48Ca 48Ti
D. Carbone et al., PRC 102, 044606 (2020) A. Spatafora et al., PRC 100, 034620 (2019) M. Cavallaro et al., Res.Phys. 13,102191 (2019) 0. Sgouros et al., PRC 104, 034617 (2021)
S. Calabrese et al., NIMA 980, 164500 (2020) L. La Fauci et al., PRC 104, 054610 (2021) V. Soukeras et al., Res. Phys. 28, 104691 (2021) G. A. Brischetto, Nuovo Cimento C 45, 96 (2022)
D. Carbone et al., Universe 07, 58 (2021) I. Ciraldo, Nuovo Cimento 44, 38 (2021) D. Carbone et al., Universe 07, 58 (2021) 0. Sgouros et al., PRC 108, 044611(2023)
S. Burrello et al. PRC 105, 024616 (2022) . Ciraldo et al., PRC 105, 044607 (2022) G. A. Brischetto et al., PRC 109, 014604(2024)
J. Ferreira et al., PRC 105, 014630 (2022) I. Ciraldo et al., PRC 109, 024615 (2024)
C. Eke et al., RP 67, 108037 (2024)

N,
765 77Se 7SSe 50T
s, 8
a2
7/ 5
O z
\‘*o;’% 3 5
usCd | 1sCd Ge | Ge L 6Ge 8Ca
0 21 0 2T
5 ‘Ne, Ne) %) lNe, Ne) NG "lNe.“Ne]

N N
Epour = 15 AMeV Epeur = 15 AMeV Epour = 15 AMeV Eponr = 15 AMeV
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, y TIME INVARIANCE ((@ NOMEN
Study OvBp cadidates: °Ge @‘
;1005 — 35 *E
% zgf— MEN 76Ge(®Ne 2°0YSe 30 §
76 76 T =0, =T 1
Ge & /°Se g ol
501 o N
74Ge | 5Ge | "%Ge 40— | _;: 15
301 WIN ={ 10
20f N
10f- AMLAHENMnah N
%A RN A\,

T 0 1 N

4 5
A. Spatafora, PhD Thesis E. (MeV)

> 140 :20§
b= 765e(%0, *Ne) Ge. 1183
’6Ge(2°Ne, 2°0g ] )755egs 304 nb g 120 0°< <8 116
s. . < . It
4 100 114
765e(180’ 18Neg.s.)76(;eg.s. 296 nb g %0 12
N C
60 8

e Same cross sections for different directions
* G.s.to g.s. transition: isolated!
e Similar distortion factors
- Same NME (encouraging test of time invariance!)

40

201

A. Spatafora — 14th International Spring Seminar on Nuclear Physics, Ischia 20t May



S
Study OvBB cadidates: 116Cd e nvariance Sl
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A 116sn,, (0*) + 2°0,, (0*) 31 1212 5 section (nb) 95% C.L. (nb)
114 115 116 114 5Cd
Cd | 10CA | HOd || mesn, o (29) 420, (0) 2at3 Cd | ™ Cd M 1+1 5 36 [4--46]
1165“gs (0+) + 2001.673 (2+) =
—~ 1000 = %)
=210 E . -
E > %J 9 = 0<6Iab<7 —120E
801160, 4(20Ne 2°0) 165 g = %953 =
- n S E° =
- ("'Ne,”0) 40 8 O 800F oL {oen
70 % = - : —100
r3°<0 <13° = S 700 =, r -
E lab g o - | ]
60 :— © /—-.'(_“ 600 :_ 1 F —_ 80
9 - i 30 Ll_l - 5 _
2 50 i B s00F :
5 r - o} g —60
= a0 7 T s00F .
g 20 : :
8 5ol ] 3001 —J40
- MEN n 200:_ 165020 "®Ne)''® =]
c - — BN n( O, Ne) "Cd
20: —10 E MEN Oo (s} 70 __20
10— i 100E- L PR _
: ] n :i 1 1 1 1 rﬂ 1 I 1 1 1 1 I 1 1 1 1 ' 1 1 1 1 | 1 1 1 1 B
ST Ak RS S _J, NEwpApER © > 1o i B 2
s -4 -2 0 2 4 6
£ (MoV) C. Eke et al., RP 67, 108037 (2024) « (MeV)

A. Spatafora — 14th International Spring Seminar on Nuclear Physics, Ischia 20t May



S

Study OvBP cadidates: 13%Te and 4€Ti NUMEN
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Background: OV decay and DCE reactions

Vethods: the multi-channel strategy.

Results: DCE measured cross-sections

Perspectives and Conclusions
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PERSPECTIVES:

MAGNEX FPD @ iThemba LABS: new measurement of 30 + 75Se @ 22 AMeV
LNS experimental campaign: CS and MAGNEX FPD upgrade to study all the OvBp decay

cadidates with the high intensity beams
TREFLE: Transfer REactions For neutrinoless doubLE beta decay @1JCLab Orsay (O. Sgouros et al.)
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PERSPECTIVES:
e MAGNEX FPD @ iThemba LABS: new measurement of 130 + 7Se @ 22 AMeV

* LNS experimental campaign: CS and MAGNEX FPD upgrade to study all the OvpB decay

cadidates with the high intensity beams
e TREFLE: Transfer REactions For neutrinoless doubLE beta decay @1JCLab Orsay (O. Sgouros et al.)

IDEA (by B. A. Brown, Phys. Rev. Lett. 113, 262501 (2014)) f i: Initial nucleus states
MOV = z V(f, i, m) 7689‘ f: Final nucleus states
EmJm
V({f.im)= ka, kﬁ Jm|V ey, kes)m) TGAS»’\
i

Two-nucleon spectroscopic

amplitudes
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IDEA (by B. A. Brown, Phys. Rev. Lett. 113, 262501 (2014))
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TREFLE: Transfer REactions For neutrinoless doubLE beta decay @1JCLab Orsay NUMEN
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PERSPECTIVES:

MAGNEX FPD @ iThemba LABS: new measurement of 30 + 75Se @ 22 AMeV
LNS experimental campaign: CS and MAGNEX FPD upgrade to study all the OvpB decay

cadidates with the high intensity beams
TREFLE: Transfer REactions For neutrinoless doubLE beta decay @1JCLab Orsay (O. Sgouros et al.)

CONCLUSIONS:

Multichannel approach for the data analysis: a way to the full DCE reaction mechanism
DCE cross-sections on 116Cd, 76Ge, 7Se, 48Ti, 139Te and 11°Sn measured for the first time
e Good energy resolution to isolate the g.s. - g.s. transition

e Absolute cross section measured (tens of nb!)

* Time invariance

New theory of DCE (DSCE, MDCE and multi-nucleon transfer)
New experimental campaigns at LNS, iThemba LABS and ICJLab Orsay

A. Spatafora — 14th International Spring Seminar on Nuclear Physics, Ischia 20t May



The NUMEN collaboration

NUMEN

(NUclear Matrix Elements for Neutrinoless double beta decay)
Spokespersons: F. Cappuzzello (cappuzzello@Ins.infn.it) and C. Agodi (agodi@Ins.infn.it)

Proponents: C. Agodi, A. Anastasio, R. Babu, A. Boiano, S. Brasolin, G.A.
Brischetto, M.P. Bussa, D. Calvo, F. Cappuzzello, D. Carbone, G. Castro, M.
Cavallaro, K. Challa, I. Ciraldo, M. Colonna, A. Comite, G. D’Agostino, C. De
Benedictis, G. De Gregorio, F. Dumitrache, C. Ferraresi, D. Gambacurta, C.
Garofalo, A. Gargano, M. Giovannini, V. lzzo, L La Fauci, C. Lombardo, L. Neri,
A. Pandalone, L. Pandola, R. Panero, M. Paterna, D Pierroutsakou, A. Pitronaci, A.
Rovelli, A.D. Russo, E. Santopinto, D. Sartirana, O. Sgouros, V. Soukeras, A.
Spatafora, D. Torresi, S. Tudisco, I. Valinotto, A. Vanzella

Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Sud , Italy

Dipartimento di Fisica e Astronomia “Ettore Majorana”, Universita di Catania, Italy

Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy

Dipartimento di Fisica, Universita di Torino, Italy

Dipartimento di Fisica, Universita di Napoli Federico Il, Italy

Istituto Nazionale di Fisica Nucleare, Sezione di Napoli, Italy

DISAT, Politecnico di Torino, Italy

DIMEAS, Politecnico di Torino, Italy

Istituto Nazionale di Fisica Nucleare, Sezione di Genova, Italy

Dipartimento di Fisica, Universita di Genova, ltaly

Universita degli Studi di Enna "Kore", Italy
N. Added, V.A.P. de Aguir, L.H. Avanzi, E.N. Cardozo, E.F. Chinaglia, K.M.Costa,
J.L. Ferreira, R. Linares, J. Lubian, S.H. Masunaga, N.H. Medina, M. Moralles,
J.R.B. Oliveira, T.M. Santarelli, R.B.B. Santos, M.A. Guazzelli, J.V. Schervenin
V.A.B. Zagatto

Instituto de Fisica, Universidade de Sao Paulo, Brazil

Instituto de Fisica, Universidade Federal Fluminense, Niteroi, Brazil
Instituto de Pesquisas Energeticas e Nucleares IPEN/CNEN, Brazil
Centro Universitario FEI Sao Bernardo do Brazil, Brazil

P. Amador-Valenzuela, R. Bijker, E.R. Chavez Lomeli, H. Garcia-Tecocoatzi, R. Gleason, A.

Huerta-Hernandez, D. Marin-Léambarri, J. Mas-Ruiz, S. Sandoval, C. Valencia
Instituto de Fisica, Universidad Nacional Auténoma de México, México
Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de México, México
Instituto Nacional de Investigaciones Nucleares, México
Instituto Tecnoldgico y de Estudios Superiores de Monterrey, Mexico
I. Boztosun, H. Djapo, A. Hacisalihoglu, Y. Kucuck, S.O. Solaket, A. Yildirin
Akdeniz University, Antalya, Turkey
Institute of Natural Sciences, Karadeniz Teknik University, Turkey
H. Lenske, N. Pietralla,
Department of Physics, University of Giessen, Germany
Institut fur Kernphysik, Technische Universitat Darmstadt, Germany
L.M. Donaldson, T. C. Khumalo, R. Neveling, L. Pellegri
School of Physics, University of the Witwatersrandy, Johannesburg, South Africa
iThemba Laboratory for Accelerator Based Scienes, Cape Town, South Africa
S. Koulouris, K. Palli, A. Pakou, G. Souliotis
Department of Physics, University of loannina, Greece
Department of Chemistry, National and Kapodistrian University of Athens, Greece
H. Petrascu
IFIN-HH, Bucarest, Romania
N. Auerbach
School of Physics and Astronomy Tel Aviv University, Israel
L. Acosta, J.A. Lay, Y. Ayyad, J. M. Lopez Gonzélez
Departamento de FAMN, University of Seville, Spain
IGFAE, Universidade de Santiago de Compostela, E-15782 Santiago de Compostela,
Spain

96 Researchers
31 Institutions
10 Countries

M Italy
Mexico
B Germany

B Greece
B Romania

M Brazil
Turkey

m Sud Africa

B Spain

M [srael

A. Spatafora — 14th International Spring Seminar on Nuclear Physics, Ischia 20t May


mailto:cappuzzello@lns.infn.it
mailto:agodi@lns.infn.it




jons!




	The NUMEN project: a new way to provide data-driven information on neutrino-less double-beta decay
	Diapositiva numero 2
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Elastic and inelastic scattering
	1p/1n transfer reactions
	2p transfer reaction
	Single charge exchange
	Double charge exchange
	Double charge exchange
	Diapositiva numero 23
	Diapositiva numero 24
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Diapositiva numero 28
	Diapositiva numero 29
	Diapositiva numero 30
	Diapositiva numero 31
	Diapositiva numero 32
	Diapositiva numero 33
	The NUMEN collaboration
	Diapositiva numero 35
	Diapositiva numero 36

