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NUMEN and the multi-channel approach
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double beta decay F. Cappuzzello et al., Eur. Phys. J. A 54 (2018) 72
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There are competing processes leading to the same final k

states as double charge exchange (DCE)

Multi-channel approach:

e Study the complete net of reaction channels that
contribute to the DCE cross-section

* Probing different features of the nuclear many-body
wave function by analyzing different nuclear reaction
channels

(160, 18Ne)

(®Ne, ®Ne)

F. Cappuzzello et al., Prog. Part. Nucl. Phys. 128 (2023) 10399
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Application of the multi-channel approach
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Elastic&inelastic and one-nucleon transfer in the multi-channel approach NUMEN
This talk
Why study elastic and = Why study one-nucleon
(0.50) inelastic scattering? ® ~£ transfer?
3 Optical Coupling To evaluate the To access
S : potential effects contribution of single-particle
5@ > multi-step nucleon configurations in
cross-section
e NG Initial State Interaction (1SI)
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The MAGNEX facility @ INFN-LNS

INFN e

The MAGNEX magnetic spectrometer

R\
Scattering ‘{',Quadrupole =

chamber |

Dipole

F. Cappuzzello et al., Eur. Phys. J. A 52 (2016) 167

Experimental set-up

Beam: 808" at 275 MeV
Target: TiO, evaporated onto Al
Optical axis:

* Elastic & inelastic: 9°, 15°, and 21°
e 1p&1-n:9°

Focal Plane Detector

Anode pads
FTTd

L N ] . e e @ = Partition

i DCl D2 DC3 DG4 DCS Doe 2R

ke "3 o *
Entrance | & AE section — E section|

window
‘ D. Torresi et al.,

NIM A 989 (2021)

1l

Frisch Grid

Shaping g
wires 2

lon trajectory

____--:""' b Si 164918
e ‘ L
i Cathode Ll

Hybrid detection system based on:
=  Proportional drift chamber:
e Measureofx,y, 0, ¢
 Measure of AE
= Wall of 60 silicon detectors:

* Measure of E, 4
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The MAGNEX facility @ INFN-LNS Onene B
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Particle Identification
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cvid
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m
4

F. Cappuzzello et al., Nucl. Instrum. Meth. A 621 (2010) 419

Elastic and inelastic
scattering
G. A. Brischetto et al., Il Nuovo

Cimento C 45 (2022) 96
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Elastic & inelastic scattering excitation energy spectrum

g E 48Ti

49Ti SI]Ti
47'Sc 4SSc 49Sc
4%Ca | Ca | ¥Ca

Counts
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Missing mass formula

M
+ Ebeam 1-

M,

M My M
e
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1.982
3.555
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3.920

e |
0 0*
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2.997 0"
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3.224 3*

Energy resolution =~ 500 keV (FWHM)
Angular resolution =~ 0.5°
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Elastic scattering cross-section angular distribution

q (fm™) Optical Potential:
. — S S < M- L " Double-folding S&o Paulo Potential Vspp
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G. A. Brischetto et al., (to be submitted)
9

G. A. Brischetto — COMEX7 — Catania, Italy



Elastic scattering cross-section angular distribution

q (fm™)
1 2 3 4 5
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Optical Potential:
= Double-folding Sao Paulo Potential Vspp

Rotational model for the 2* and 3" collective excited
states of both projectile and target

G. A. Brischetto et al., (to be submitted)

) Nr N;
Uopt - (NV i ZNW) Vspp OM/DWBA 1.0 0.78
where
12 CcC 1.0 0.60
Vepp = e & //dﬂdfg p1(71) p2(m2) VN (r19, EN)
L. C. Chamon et al., Phys. Rev. C 66 (2002) 014610
Coupling scheme
180(37) + *8Ti(37) : 8.457 MeV
180(37) + *8Ti(27) 6.082 MeV
180(27) + *Ti(37) || 5341Mev
180(37) + *8Ti(g.s.) - : 5.098 MeV
180(g.s.) + *8Ti(37) - : 3.359 MeV
180(27) + *8Ti(2) : : : : | | 2,966 MeV
180(2%) + *8Ti(gss.) — | 1.982 MeV
180(g.s.) + *8Ti(2])—= i l 0.984 MeV
180(g.s.) + *®Ti(g.s.) : : | : I l ] ANERER 1 . 0 MeV
DWBA CC-1 CC-2 CC- cc-4 cc-5
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Elastic scattering cross-section angular distribution

q (fm™) Optical Potential:
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G. A. Brischetto et al., (to be submitted)
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Inelastic scattering cross-section angular distributions
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Inelastic scattering cross-section angular distributions

Confirmed the relevance of I_
the couplings to the 2* and
3" low-lying collective states
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G. A. Brischetto et al., (to be submitted)
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One-proton transfer reaction

T 10%c
BT | OTi | T 1.5 | #T1i(*°0,"°F)*"sc NUMEN = ( )
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Distorted waves: solution of the Schrodinger
REACTION redw ) >CNroding
DYNAMICS equation with the optical potential derived L
from the analysis of elastic scattering No significant role of
core excitation ®
NUCLEAR Spectroscopic amplitudes derived from Large- D Sigllie S alky [Py e € 10w (2020 021
STRUCTURE scale Shell Model calculations
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One-neutron transfer reaction NUMEN
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Same prescriptions as in
one-proton transfer reaction

No significant role of I
core excitation ®

O. Sgouros et al., (to be submitted)
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Conclusion & Perspectives
< ooy
(30,70) e )—l/
@T%{L/;"ﬂ SO
v’ Study of the 180 + %8Ti system at 275 MeV in the context of the 5 \3
. 3 4S¢ [“8Sce | ¥Sc
NUMEN project ,} @’\I
46Ca 47Ca 48Ca
v" Determination of angular distributions for elastic and inelastic
scattering and one-proton and one-neutron transfer reactions R
. . 1E STi("t0, o) Tid —
l‘ v Good agreement between experimental and theoretical cross Bz
sections for elastic, inelastic and one-nucleon transfer channels e
without any free parameter g 0 _
v’ Couplings to the 2+ and 3- low-lying collective states relevant ]
for ISI, not significant for one-nucleon transfer reactions D R CH R

45Ti(150 19F)47Sc

@ Data (0-3.5)MeV
— DWBA
-« CCBA

o Completion of the analysis of the whole 180 + %8Tj reaction net

(mb/sr)
3
T

c.m.

g‘ o Determination of the DCE cross section for the 180 + “8Ti system

WORK IN PROGRESS
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Thank you for your attention
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