R
INS NUMEN

Heavy-Ion Double Charge
Exchange reactions towards Ovff
NME determination :
the NUMEN project

Clementina Agodi
for
the NUMEN collaboration

SPES one-day Workshop “ Probing fundamental symmetries and

interactions by low energy excitations with SPES RIBs”
1-2 February 2018 - INEN, Pisa




SPES one-day Workshop

“ Probing fundamental symmetries and interactions by low energy excitations with SPES RIBs”
1-2 February 2018 INFN, Pisa

Clementina Agodi -



INEN Introduction

NUMEN
Unanswered questions in neutrino physics:

- What 1s the absolute mass scale of neutrinos? - S
trinoles
E. Fermi, Z. Phue 2° . Obta'\ﬂed from nev
ons
r to all three quest\ g
ay (DBD) and”

Itrino species are there?
B. Pontecorvo, Sov. Phys. JETP 26, 984 (1968)

Indeed, if observed, neutrinoless DBD may provide evidence for physics beyond the
Standard Model other than the mass mechanism.

Conversely, its non-observation will set stringent limits on other scenarios (sterile,...),
and on non standard mechanisms
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INFN Neutrinoless double beta decay

LNS NUMEN

X, >0, Y, +2e Still not observed

Beyond standard model
Access to effective neutrino mass
Violation of lepton number conservation

CP violation in lepton sector

e

A way to leptogenesis and GUT

E. Majorana, Il Nuovo Cimento 14 (1937) 171
W. H. Furry, Phys Rev. 56 (1939) 1184

-1 2 2
(0" >0 | =G M, | |f (m,U,
1/2 4 Ov i’ ei
» T Beyond the standard model
\\)\ (Particle physics)
Matrix elements
Phase-space factor (Nuclear physics)

(Atorriics %ysics) NME

Clementina Agodi - SPES one-day Workshop

“ Probing fundamental symmetries and interactions by low energy excitations with SPES RIBs”
1-2 February 2018 INFN, Pisa




INEN Nuclear matrix elements
LNS N
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Comparison of the main NME calculations: spread about x2

E e AT T T T ] N
7 meoF - - v'Calculations (still sizeable uncertainties): QRPA,
- QRPAJ N
6 amrary T |7 Aa = Large scale shell model, IBM-2 .....
[ QRPACH + ‘,fk I A 1
SE ev2 m gk A B
& dlsuann o I -{ ¥'Measurements (still not conclusive for Ovpp):
42 SEFEEEE IR (', ™)
- ] i 3
o A T _ : A single charge exchange (°He,t)
= * E electron capture
o 1 I T transfer reactions ...
1031 | £ —
E I ® 2.0 E
- . 5 ]
N; B ¢ L1 ! 3.5 Tz E ]
2 a0 u o : I P . . . (e
E 100 A & ® = No isotope significantly preferred when
= - " el ] F & = .
“2 [ # & = 42w a ] comparing decay rate per mass
IS - i 'y A | -
8% 102 » -
— = = . . . o
g 7 Choice mainly driven by experimental
- 1 considerations
1028 | | | [ | I . I
418 76 82 96100 116124130136 150

. A Engel & Menédez
number = signal rate per 1000 kg yr exposure & for middle of NME values for

e For<m,>=17.5meV (‘bottom of IH’ for g,=1.25, sin?0;, = 0.318) arXiv:1610.06548v?2
Courtesy of Stefan Schénert
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Al ——> nEXO
gas-Xe TPC: NEXT, PandaX-ll|
Xe-loaded LS: KamLAND-Zen
> Te-loaded LS: SNO+
Te-bolometers: CUORE / CUPID-Te
> Mo-bolometers: CUPID-Mo (ex Lumineu)

AMoRE

Se-bolometers: CUPID-0 (CUPID-Se)
Se-calo-tracko: SuperNEMO

>

Courtesy of Stefan Schonert

Ge-semiconductor: GERDA, MJD, LEGEND

& other interesting, but less advanced R&D;
48Ca, 150Nd not available in large quantities




INFN The Idea:
LNS NUMEN

HI-DCE as experimental tool

NUMEN

NUclear Matrix Element towards
Neutrinoless 3 decay

The challenge: to access quantitative informations
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IN !N:SN Heavy Ion

Double Charge Exchange

@ nduced by strong interaction

e Sequential nucleon transfer mechanism
4™ order:

Brink’s Kinematical matching conditions |-

D.M.Brink, et al., Phys. Lett. B 40 (1972) 37

€) Meson exchange
mechanism 2"9 order

@) Possibility to go in both
directions

N

NUMEN

(ONoz ' Os1)

I {lﬂujlﬁﬂ)

(**Ne,22Ne)




INEN HI_DCE reactions vs OvBp decay NUMEN

Differences

* DCE mediated by strong interaction, Ov[33 by weak interaction
* DCE includes sequential multinucleon transfer mechanism

Similarities

« Same initial and final states: Parent/daughter states of the Ovff decay are the same as
those of the target/residual nuclei in the DCE

* Similar operator: Fermi, Gamow-Teller and rank-2 tensor components are present in both
the transition operators, with tunable weight in DCE

* Large linear momentum (~100 MeV/c) available in the virtual intermediate channel

* Non-local processes: characterized by two vertices localized in a pair of valence nucleons

 Same nuclear medium: Constraint on the theoretical determination of quenching
phenomena on 0vgf

» Off-shell propagation through virtual intermediate channels

A good linear correlation between double GT transitions to the ground state of the final nucleus and 0vpp decay NMEs is reported for pf-

shell nuclei in ref.:
J. Menéndez, N. Shimizu and K. Yako, arXiv:1712.08691v1. ; N. Shimizu, |]. Menéndez and K. Yako, arXiv:1709:01088.
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INFN Few experimental attempts MEN

First pioneering explorations of HI — DCE in the 80s at energies above the Coulomb barrier in:
Berkeley, NSCL-MSU, IPN-Orsay, Los Alamos to determine the mass of n-rich isotopes by reaction

Q-value measurements

40ca(*c,'*0)%CAar

> mnot conclusive because of the very poor yields in the “r SRR R
measured energy spectra and the lack of angular R N
distributions, due to the very low cross-sections 2 | PN T
involved. g = ==

5

" \ 1.46 Mey |
L + ]

» not easy to measure, in the same experimental . SN
conditions, the different competitive reaction channels - T ]
(limit due to the prohibitive small cross-sections). [ :

o 0 20 = 30 40
8, . (deg)

40Ca(4C,*0)*°Ar @ 51 MeV
Recently at RIKEN and RCNP (80-200 MeV/u):
- (®He,®Be) was used to search for the tetra-neutron (4n) system, K. Kisamori et al., Phys. Rev.
Lett. 116, 052501 (2016).
(11B,'1Li) and (!2C,'?Be) were used to find the DGT resonance, H. Sagawa, T. Uesaka, Phys. Rev.

C 94, 064325 (2016).
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INEN The facility: DCE @ LNS MEN

K800 Superconducting MAGNEX spectrometer

CYCIOtI‘OI‘l E. Cappuzzello et al., Eur. Phys. ]. A (2016) 52: 167

|l
-

* In operation since 1996.
* Accelerates from H to U ions
* Maximum energy 80

i : "_J,JltiﬂL ..JL
S . R ———

e

Optical characteristics Current values

Maximum magnetic rigidity (Tm) 1.8
Solid angle (msr) 50
Momentum acceptance -14%, +10%
Momentum dispersion (cm/%) 3.68

: Measured resolutions:
Good compensation of
the aberrations: I:> * Energy AE/E ~ 1/1000

_ _ « Angle AB ~ 0.2°
T
rajectory reconstruction . Mass Am/m ~ 1/160




INFN Laboratori Nazionali del Sud — Catania

0Ca(180,'3Ne)?°Ar @ 270 MeV

OO < Qlab < 100 Q = '59 MeV

> 180 and ¥ Ne belong to the same multipletin Sand T

> Very low polarizability of core 6O

» Sequential transfer processes very mismatched Q,,, ~ 50 MeV
» Doubly magic target



INFN

" LNS

90Ca(180,18Ne)4Ar @ 270 MeV

40Ca

41Ca

42Ca

IK

4K

3BAY

39Ar

DCE @ LNS

0°<6,, <10°

X

do/dE_ [mb/MeV]

Q=-5.9 MeV

6x10™ |

ax10™

2107

g.s.

1.46 + g5

2.89 + 1.46"

10!

—

oo

doP<E /dQ=11ub/sr

16

20

24 2 32 36 40
E, [MeV]

at 0_,=0°

Experimental feasibility: zero-deg, resolution (500 keV), low cross-section (ptb/sr)

Limitations of the past HI-DCE experiments are overcome!

Data analysis feasibility: the analysis of the DCE cross-section has lead to NME compatible with the

existing calculations

F. Cappuzzello, et al. Eur. Phys. |. A (2015) 51: 145

M2 (*Ca) =0.24£0.12

M2 ("Ca) =0.2220.11
[



[ ] \
INEN The role of the competing processes o

X 2p-transfer 2n-transfer
T BO160) “ca™0,Ne)y* Ar ki 300
I Grme |> 210° o(°<e <)4° : 40Ca(180,1°0)2Ca
40C 41Ca 42Ca 3°< 0, < 6°
— > ;
2
= E
o°° - 1107 [
I E 39K K 41K :
N {
\{8 39 40 0;” s 8 1 0—=% ' '
Ar AI’N Ar E, [MeV] ’ S Eoey ?
Ca 180 lSF 40
2x10° 26°(<9 <)4 6° SCE
= 3 x-section (2MeV < E, < 3MeV)
= S = 0.5 mb/sr
= =)
:x xio? S
§ Extracted B(GT) = 0.087 * 0.02
B(GT) from (3He,t) = 0.083
F. Cappuzzello et al. Eur. Phys. J. A (2015) 51: 145 LUl
e
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N

Moving towards hot-cases
(76Ge’ 116Cd, 130Te, 136Xe, ...)

NUMEN

*  Reaction Q-values normally more negative than in the 4°Ca case
*  (0O,'®Ne) reaction particularly advantageous, but is of *f* kind
Reactions of -~ kind are not as favourable as the (*O,8Ne):

» (18Ne,180) requires a radioactive beam

> (®%Ne,2°0) or (12C,12Be) have smaller B(GT)
« In some cases gas or implanted target necessary (e.g. 1*¢Xe or 13°Xe)
* In some cases MAGNEX energy resolution is not enough to separate the g.s.

from the excited states in the final nucleus — Detection of y-rays

Much higher beam current is needed !
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(INFN NUMEN

: NUMEN
experiment programs

(180 ,18Ne) —> B*B* (®Ne, 20) —> B

» Beams intensity up to 10! pps
» Energy range 15-70 MeV/u

» Beam power range 1-10 kW
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INFN  The phases of the NUMEN project N

a long range time perspective NUMEN
» Phasel: the experiment feasibility
- 0Ca(180,!8Ne)Ar @ 270 MeV already done: the results demostrate the technique feasibility.

» Phase2: toward “hot” cases optimizing experimental conditions and getting first result
- Few experiments on selected isotopes candidate for 018 decay (integrated harge of tens of mC)
- R&D on CS and MAGNEX, preserving the access to the present facility
- Theoretical model developments.

» Phase3: the facility upgrade
- Disassembling of the old set-up and re-assembling of the new ones will start ( 18-24 months)
- Tests of new detectors (Tandem @ LNS and other Laboratories)

> Phase4: the systematic experimental campaign
- Systematic experimental campaign with high beam intensities (some puA; integrated charge of hundreds of

mC up to C) on all the isotopes candidates for 0vgf decay

Tentative time table

Phasel
ma T
Phase4 -




CNFN The NUMEN goals

1.

NUMEN

Holy Graal: sudying if the oP“Eand in turn NME; are connected to Ovpp NMEs
as a smooth function of E,and A—— require the development of the reaction and
nuclear structure theory and a systematic set of data.

A new generation of DCE constrained to Ovf3 NME theoretical calculations
achievable in a short term with a reduced dataset

To provide relative NME information on the different candidate isotopes for the
OvBp decay : the ratio of the oP¢F can give a model independent way to compare the
sensitivity of different half-life experiment

S

?Q
3

A Al
4

LUCIFER GOES

UNDERGROUND

)

130Te 82G 0 136Xe e

strong impact in future development of the field, looking for
a “golden isotope” ...
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(INER NUMEN phase 2

R&D for upgrade @ LNS facilities

Detector R&D : new MAGNEX focal plane detector for PID and tracker ;
new target development
electronic development ;

Theoretical model developments.

Long run @ LNS with MAGNEX with few isotopes, candidates for Ovgf already
at our reach in terms of energy resolution and availability of thin targets

2 &
K ok Hori 2020
h \ European orizon

European Union funding
\‘- Commission for Research & Innovation

ERC Starting Grant 2016
enhance the project discovery potential already in NUMEN phase 2
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ANN
NG

IN !N:SNNUMEN phase 2 R&D: upgrade @ LNS facilities NyMEN

» Upgrade of the LNS accelerator and beam lines

. * CS accelerator current (from 100 W to 5-10 kW); from
i AN Ny elecrostatic to extraction by stripping

channel =

* beam transport line transmission efficiency to nearly
* 100%. The new beam transport line corresponds with
the FRAgment Ion Separation line.

» Beam dump for the MAGNEX hall
q = MAGNEX Hind
Diﬁ:g SRR )
o S%q_ * installed 2.5 meters below the floor after a
\_ ' vertical beam line
CHIMERA N CATANA e 5x5x5m?d

ey

, NG

Vol | °



INFN

LNS

Gas section: proportional wires and drift chambers

NUMEN phase 2 R&D:

MAGNEX major upgrades

» The Focal Plane Detector (from 2 kHz to several MHz): hybrid detector

FROM

+

Stopping wall of silicon detectors

Induction

B

[
ES
-
=X
w
&
=

EFnfranca
_——

(750V)

DC wires

Large volume: 1360mm X 200mm X 96mm

——

FY £33 €Y

TO

+

PID wall
70 pm 140 ym

a B & &

Y VY Y ™
¥

B 4

Cathode & m 2

-

i . Transfer 1
ﬁd’-.----.---
:",“‘_1_ Transfer 2

Preamplifier

low pressure and
wide dynamic range

Micro-pattern tracker

Radiation hard
Heavy ions

N

UMEN

Working in gas environment
Large area
High energy resolution (2%)
Timing resolution (few ns)

>

SiC-SiC pad telescopes

»  Phoswich detectors

>

SiC (AE) + scintillator (E)



NEN NUMEN phase 2 R&D: N
LNS NUMEN

MAGNEX major upgrades

> Array of scintillators for y-rays

* Measurement in coincidence with MANEX
study and simulation still in progress...

> New electronics

 ASIC front-end chip VMM2(3)
* Read - out: new generation of FPGA and System On Module (SOM)

> Radiation tolerant Targets

* Evaporation on a Graphite backing (good properties)
* Cooling system

» Magnets upgrade

* Increase of the maximum magnetic rigidity from 1.8 Tm to 2.5 Tm



INEN NUMEN phase 2 N

~ INS NUMEN

experimental activity

Isotope Target for BB | E*(2") [keV] Isotope Target for E*(27) [keV]
B'B’, B'EC, ECEC decay

Ca* 3832 T 983

%Ge 563 | 76Se 559

TSe 614 Kr * 455

Few isotope targets: el 0 -~ 7o
Zr 034 Mo * 1509

energy resolution and availability of o 552 Mo 7
hin taregets at our rach amon e i o i
t ln g g "Mo* 536 "Ru 539
isotopes candidates for Ovf3p > g S| wsca || 69
Ppd* 374 Cd 658
116Cd 513 | 116G, | 1294

="Sn* 1132 = Te 603

™ Te 603 e * 354

P Te* 743 Xe 443

130Te 840 Xe 536

X e 536 ""Ba * 357

X e* 1313 "Ba 818

""Ba 318 °Ce * 552

ENdF 302 Sm 550

R 130 Sm 334

T Sm* 82 7Gd 123

Gd* 75 ™Dy 87

TP 207 ™Hg 112
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(NN NUMEN runs - Phase 2

116C(d - 116Sn case
» Two experiments @ 15 MeV/A

> 180 + 116G I
> 2Ne + 116Cd
N

130Te — 130X e case

» One experiment @ 15 MeV/A I

> 2Ne + 13Te

76Ge — 70Se case

» One experiment @ 15 MeV (November 2017)
> 2ONe + 7Ge

114(:‘?
N




>
>
>
>

The 116Cd(**Ne,?°0)116Sn reaction

20Nel0+ beam at 15 AMeV incident energy delivered by CS accelerator

116Cd rolled target, 1370 pg/cm? thickness

Ejectiles detected by the MAGNEX large acceptance spectrometer

Angular acceptance 3° < 6 < 14°

Measured channels

DCE reaction 116Cd(29Ne,2%0)116Sn
CEX reaction 116Cd(%°Ne,20F)116In
2p-transfer 116Cd(2°Ne,180)118Sn
2n-transfer 116Cd(2°Ne,22Ne)!14Cd
1p-transfer 116Cd(2°Ne,1°F)11/In

1n-transfer 116Cd(2°Ne,2!Ne)!15Cd

116Sn 117Sn IISSn

1151

114Cd

< ('Ne,2Ne) |
| |




(INFN Experimental results e

DCE reaction 116Cd(2°Ne,290)116Sn

116§ | 117Sp | 1188
> Absolute cross section measured

[
. L 116] > g.s. — g.s. transition isolated
IVE) O 117
a,
I < " 200 excitation at 1.673 MeV (2*)
N \ C
80— 116 20 20116
114 115 116 - Cd("'Ne,”"0) "Sn 40
Cd Cd Cd O 3cg <13
- lab

60— ag

> = .« ol i

N g 50 :_ Pre\lmlna y ]
Absolute cross ”-? 40 ;_ —|20

State (MeV) Counts tion (nb) s F i

section (n S s0f ]
116G, (0°) + 20, (07) 31 122 20 i— 10

11681, 595 (2) + 20, (0%) 63 25+ 3 10 ? i

1680, (0%) + 200, 75 (2) - 0 CH o b Lt ‘h__,__J_d_l_g,t,__J_;;f‘;'_‘,._” , D _0
-6 —4 2 (I‘(\)A o) 2 4 6
116G, 505 2+ 200, 7 (27) 212

Resolution ~ 800 keV FWHM

NS4 06 |/S1UN0D



(INFN Experimental results e
116§ | 117Sp | 1188p SCE reaction 116Cd(2°Ne,2%F)116In
120 1160d(20Ne,20F)116|I1 : 100%
T 15Tn 116In%<71n e, <1 N H’}LBO%
N 2’69 1001~ . 1 <
& S el | e .
wicqg |uscd |mecd|  iF Y5 H ”H Mh | HHWM!WlHm’ W lf’ |
% eo:— } _:40
_ TN 40— Hw H H‘ -
" 20F - |W|”Mm H a0
"IN E, (MeV) Jr B mﬂﬂﬂﬁﬂﬂ :
0.127 5" 0822 4 High level density in residual and ejectile
0.223 4 0.983 1-
8:;25 ? > Population of high multipolarity states

» Multipole decomposition analysis needed



(INFR Experimental results o

16§y | 17§y | 18§ 2p-transfer 116Cd(?°Ne,180)118Gn
2500 — ‘2508
15[ | 16[n | U7 = 11%Cd(*'Ne,"®0)'"*Sn J( e
I S ool 47< 6, <14° _200%
N — ~ F ]
1500 |10
macq | uscq | uscq | Eeor o ary 1
g I Pye :100
o) - N |
N D1000: g Jr -
B a ]
500 — - —50
State (MeV) Counts A:esc(gg;e (:Irt()))s > B i
g.s. (0 11 33+10 I A E, (MeV)




INFN

LNS
116Sn 117Sn
IISIn 116In
114Cd 115Cd

— N

State (MeV)
g.s. (0%

Calculation for multi-nucleon transfer

T '| T T I T

10-1 %I F T ] T T I T T [
g 1160095(20Negs=1809511183'195
—— DWBA-IBM2
_ — - DWBA-jj45pna
2]
=
£
5
=
o
o
1D-G.I.I.I.I.I.I.III
0 2 4 6 8 10 12 14 16 18 20
Bc.m (deg)
Measured
] Calculated cross
cross section .
(nb) section (nb)
33+10 26



INFN Calculation for multi-nucleon transfer 5

The role of multi-nucleon transfer routes

VS
The diagonal process (experimental cross section 12 + 2 nb)
2n 2n n n n n
( 1 1 (—l—l—l ¢I: ¢I: ¢l: ¢l:
116SI‘1 17§y | 188y 116Sl‘l u7gy | 1sg 116§n | 117§ 11:;SnA u6Sn | 17sn 1185%
VA N
4 ‘13\ o .
IISIn IIGIn 1171" 2P 1151n 116In 117In IISIn 116In 117In 2p IISIn 116In 117In
p p
macq | nscq | necd mscq | 1scq | nsc uscq | vscq | necd™ macq | 15¢q | 1scd
3 x 10> nb 6.6 x 10> nb 1.1 x 10> nb 1.7 x 10°nb
IIGSn 117Sn IISSn 116SH 117Sn IISSn 116Sn 117Sn IISSn
p
2P 15[ 1161 17 2P }151n 16 17 /}115111 16 17
7|l
14Cd 115Cd 116Cd 14C IISC 116Cd 14C 115C 116Cd
p— Y==F== E=ds
2n n n 2n n n
6.9 x 104nb 4.0 x 10°nb 3.0 x 10“nb 8.3 x 10°nb
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INFN Calculation for multi-nucleon transfer

The role of multi-nucleon transfer routes
N
The diagonal process (experimental cross section 12 + 2 nb)

n n
116Sn 117Sn IISSn 116Sll 117Sn 1lsSn 16Sn 117Sn 118Sn 116Sn 117Sn 1lssn
72N p "} p ) 2N
il i Ei 5
IISIn 16In 117In 151 11612: 117In IISIn 116In 117In IISIn 116[11 117IIl

1]

==
116C(l‘

p p
114Cd IISCd 114Cd 115Cd 116C 114Cd Sca 116Cd 114Cd 15C 116Cd
9.4 x 108 nb 1.5 x10°nb 3.2x107nb 1.1 x107nb

We can rule out the contribution of multi-nucleon transfer on
the diagonal DCE process
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NUMEN

INFN The NUMEN collaboration N
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| . [ 4
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Conclusions and Outlook

W 'rlll"“ *TERL] I|
'y u—]:lll-l'“ L4

> Absolute cross sec'hon _ -
> Role of multi-nucleon transfer routes negligible with respect to th.g diagonal DCE

“ The NUMEN project “ a paper has been submitted to EPJA

High beam intensity is the new frontier for these challenging studies !
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AN Factorization of the -
1Y : INFN
NUMEN charge exchange cross-section o s
for single CEX:
a= Fermi (F)

or Gamow Teller (GT)

unit cross-section

6(E,, A) = K(Ep,0)|Jo|*N2

do
~5 (@) = 64(Ey A)F(q,0)Br (2)Br (@)

/ S

The factor F (g, @) describes the shape of the

cross-section distribution as a function of the

C.J Guess, et al, PRC 83 064318 (2011

linear momentum transfer and the excitation
T.N.Taddeucci, et al, Nucl. Phys. A 469 (1987) 125 energy.
(d,*He)
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N Factorization of the DCE cross section Ne=rEN

Under the hypotesis of surface localization, one can assume that the DCE process is just a second
order charge exchange: DCE cross sections can be factorized in a nuclear structure term, containing the
matrix element, and a nuclear reaction factor.

/ g enera lization to DCE: In analogy to the single charge-exchange, the dependence of the cross- \

section from g is represented by a Bessel function.

dO_DCE /

g (@)= 67 (B, A)FP (q 0B (@B (@)

unit cross-section

62 (Ep, A) = K(E,, 0)|J2°F |2N2

\_ /

A wide range of DCE cross sections has never been accurately measured due to :

» The difficult to perform zero degrees measurements.

» The poor yields in the measured energy spectra and angular distributions, due to the very
low cross sections.

» The difficulty to disentangle possible contributions of multi-nucleon transfer reactions
leading to the same final state.

o ®
Clementina Agodi 103° Congresso SIF Trento, 11-15 settembre 2017
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Energy resolution

In order to separate the ground state-to-ground state transition from that to the
first excited state of the residual nucleus, sufficient energy resolution in the
measured excitation energy spectra is required. This resolution mainly
depends on three factors:

1) the intrinsic energy resolution of the MAGNEX spectrometer (0E,,,cnex/E ~
1/1000)

2) the energy spreading of the cyclotron accelerated beam (0E-¢/E ~ 1/1000)

3) contribution due to the straggling and energy loss of the beam and ejectiles
in the target film OE yrcpr-

OEr4rcer depends, for a given beam, on the target film material and thickness and on its
uniformity.



@?N Search of Ov(33 decay: a worldwide race

LNS

List not complete...

GERDA

CUORE
Majorana
KamLAND-Zen
EXO/nEXO

CUPID - Lucifer
SNO+
SuperNEMO
CANDLES

COBRA

DCBA

ANAR A

76Ge

130Te
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136X e
136X e
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130Te
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48C a
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100N 1 A
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[Italy]
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SURF [USA]
Kamioka
[Japan]
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[Italy]

Sudbury
[Canada]
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[France]

Kamioka
[Japan]
LNGS
[Italy]
[Japan]
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BROv [
Line at Qg i
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0.4} I/ \Bﬁ2v N g
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- / N —
7/
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0.5 ~
Isotope  BB(0v) Half-life limit ~ Natural Q-value (MeV)
(years) Abundance [%]
48 ~14 x 1022 [31] 0.187 42737
76Ge >3.0 x 10% [32] 7.8 2.0391
825e ~1.0 x 1023 [33] 9.2 2.9551
00Mo =11 x 102 [34] 9.6 3.0350
130Te ~4.0 x 10% [35] 345 2.5303
136Xe >1.1 x 10% [36] 8.9 2.4578
150N( ~1.8 x 1022 [37] 5.6 3.3673
R. Henning / Reviews in Physics 1 (2016) 29-35
Nature 544, 47-52 (06 April 2017)
doi:10.1038/nature21717
“ Background-free search for neutrinoless
Double-fdecay of 76Ge with GERDA “
°
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INuciear response to tihe same aegrees o1 ireedom

NUMEN

by weak and strong interaction: f decay and Single Charge Exchange
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Fig. 18. Crosssections af(uN" ) for G' transitionsin the ('L, Be) reactions at 03and B(G' ) values. juand N" are the

reduced mass and the distortion factor, respectively [ 197]. °®
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LNS
large acceptance magnetic spectrometer
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(INFX The CS facility

> The CS accelerator current (from 100 W to 5-10 kW);

> The beam transport line transmission efficiency to nearly 100%

From elecirostatic extraction
fo
Extraction by stripping

|
New i ne/ AR 2N Achroma
A < N :
FC-QUa /V \, i Waist
5 &\/< /\\\H_-_-_ N\ . @0]\\ B
TDR of the project approved 11.2 M€ b5 P S N
Cryostat tender started (~4.1M€) ﬂ e =g 5 s



@ The role of Nuclear Physics

NUMEN

Physics observable

Phase space factor
OvBp decay half-life

2

/T (0" —>07) = GO<ZV> -

]
0,)
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=|<of

Clementina Agodi 103° Congresso SIF Trento, 11-15 settembre 2017
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INFN

~ LNS

The (*°Ne, 2°0O) reaction EEE

4]
ST < B

- --I 15MeVlC| |

20Nel0* beam passing through the

20 1
target produces 9* and 8* charge states

The 2°Ne?®* has the same
magnetic rigidity of

The has the same
magnetic rigidity of 2°0%*

I_O-2I | | D | | | 02 | | | 04
xf_fit

The use of a post-stripper reduces the amount of 9* and 8* charge states



INEN NUMEN selected “hot-cases” N

~ NS NUMEN

Candidates for Ovff already at our reach in terms of energy

resolution and availability of thin targets.

1166n (180,18Ne) 116Cd - first excited state 513 MeV

116Cd (*°Ne,2°0) 16Sn - first excited state 1.29 keV

76Ge (2%Ne,20°) 76Se - first excited state 562 keV

76Se (180,18Ne) 7Ge - first excited state 559 keV

130Te (*°Ne,20°)130Xe - first excited state ...

Clementina Agodi 103° Congresso SIF Trento, 11-15 settembre 2017



NME: 2vf33 vs 0vpf

/T, (0" —>07)=G,, M7

g-transfer like ordinary p-decay
(q~0.01 fm! ~2 MeV/c)
only allowed decays possible
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INFN DCE cross-section factorization

LNS

-

\_

generalization to DCE:

DCE
d

dQ

unit cross-section

section from g is represented by a Bessel function.

e

(q,w) = 62°E(E,, A)EPE (q, w)BRCE (@)BR“E ()

62 (Ep, A) = K(E,, 0)|J2CE 2N

In analogy to the single charge-exchange, the dependence of the cross- \

/

A wide range of DCE cross sections has never been accurately

» The difficult to perform zero degrees measurements.
» The poor yields in the measured energy specira and angular

measured dve to :

distributions, due to the very low cross sections.

> The difficulty to disentangle possible contributions of multi-
nucleon transfer reactions leading to the same final state.
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> Gas-filled hybrid detector
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Particle identification @ N

Z identification A identification
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Bertsch, G. F., J. Borysowicz, H. McManus, and W. G. Love,
1977, Nucl. Phys. A 284, 399,
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FIG. 15. Energy and momentum dependence of the free nucleon-nucleon ¢y matrix. The upper part of the figure shows the energy
dependence of the central components of the effective ¢ matrix at zero-momentum transfer (including direct and exchange terms).
The G-matrix interaction of Bertsch et al. (1977) was used below 100 MeV and joined smoothly to the ¢ matrix above 100 MeV. The
lower figures show the momentum dependence of the 135-MeV ¢r matrix for natural-(left figure) and unnatural-(right figure) parity
transitions. Isoscalar and isovector central (C), spin-orbit (LS), and tensor (T) components are shown. From Petrovich and Love
(1981).
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AN Factorization of the -
1Y : INFN
NUMEN charge exchange cross-section o s
for single CEX:
a= Fermi (F)

or Gamow Teller (GT)

unit cross-section

-

do
g\ 0w = 64(Ey A)F,(q, )Br()Bp(ax)

/ \ C.J Guess, et al, PRC 83 064318 (2011

The factor F (g, ®) describes the shape of the

_ 27D
a(Ep’ A) =K (EIJ‘ 0) |/ |* N cross-section distribution as a function of the

linear momentum transfer and the excitation
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