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How can we discover the neutrino’s true nature?

Majorana
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What to search for
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What to search for
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Gran Sasso National Laboratory (LNGS

/ m water equivalent
® Muon flux reduced of a factor
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90 tons of liquid Ar
200 kg of enriched Ge

*I } Stably taking data since 1 yr

T*FF 5 1027 yr @ 90% CL (5 yrs)
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336 detectors of 3 kg avg. mass ~~-8___
1000 kg of Ge detectors
First data in 2030 | _ _
PP >1.4+-10% yr @ 90% CL (10 yrs) WU SRR R
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Event topology

Single Site Event (SSE)
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Event topology

Single Site Event (SSE) Liquid Ar coincidence

.

Raoul Cesarano — La Thuile 2024




Event topology
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Single Site Event (SSE) Liquid Ar coincidence
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Event topology
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Single Site Event (SSE)
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Liquid Ar coincidence

Multi Site Event (MSE)
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How signals generate in Germanium detectors

WP and Charge Drift Generated Signal WP and Charge Drift Generated Signal
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PSD preliminary performance
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Designed for an unambiguous discovery

°Ge (91% enr.)
Pseudo data 10t - yr
OvBB (1028 yr)

2088 (102L yr)
Other background

LEGEND,-1000

T IIEEII[

LEGEND,-200

%
e
™
T
w2
=
=
=
Q
o
=
ab)
=
=
)
ul
)
@)
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—— Background free
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Thank you for your attention

WP and Charge Drift Generated Signal WP and Charge Drift Generated Signal
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BACKUP SLIDES



OvBB half life
[ = (T1O/Vz)

M approximate
@ this work

e 2 2, 2 2 LD 5 2 . 2 LD -
NR-EDF Mg = C12C13Myy + S12C13Mye P12 + Siam,ze P12
R-EDF
QRPA Jy
GRPA Ty ¢ — Majorana phases

QRPA CH
IBM-2

SM Mi

SM St-M, Tk
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Mass Number

https://doi.org/10.1103/PhysRevC.85.034316
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A

https://doi.org/10.48550/arXiv.1610.06548



Ge advantages

 Highly radio-pure
« High density
PSD capabilities

Enrichment up to 88% in 7°Ge

The source is embedded in the detector, providing high efficiency

Best energy resolution, FWHM better than 0.1% at Qg5 = 2039 keV
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Isotope isotopic abundance (%)

Ge disadvantages

2.998
3.348
. / 3.035
Low Qgg, below the 2%°Tl line of i 2.813
2615 keV wxe s

“UNd 5.6 3.371

Rather expensive enrichment
process

W approximate
® this work

Low value of the phase space

factor respect to other isotopes.

This implies the need to reach a
Ov -

longer T; ), to probe a given mg,

Value 50 3C 100 120 140 160 180 200 220 240

Mass Number




HPGe detectors geometries

semi-coaxial

M= 2,5 kg D=8 cm, H =3 cm, M= 0,8 Kg The wellallows depleting the
Mass limited down to 1 kg detector at the usual

Bore hole — depletion of a Smaller p+ area operational voltage of about

larger volume — large mass Lower noise 4000 V with a mass above 3 kg

detector Better AE

Better PSD Good PSD capabilities



LEGEND timeline

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

Design & Reviews . } Full Data Taking

Construction, Detector Production & Installation

GERDA MAJORANA LEGEND -200 LEGEND -1000
Mass [kg] 45 30 200 1’000
Exposure [kg - yr] 100 26 1'000 10000
BI [cts/(keV-kg-yr)] (5.2+1.6)-10 (4.7+0.8)-1073 2-10 2-10

Resolution [KeV] 2.610.2 2.52%0.08 2.5 2.5



Energy resolution preliminary performance

ICPC: FWHM at Qgg = 2.6 £ 0.1 keV (GERDA: 2.9 £ 0.1 keV)

PPC: FWHM at Qpe =24 +0.1 keV (MJD: 2.6 + 0.1 keV)

BEGe: FWHM at Qgg = 2.1 + 0.1 keV (GERDA: 2.6 + 0.2 keV)
O COAX: FWHM at Qpp =45+ 0.2 keV (GERDA: 49 £ 1.4 keV)

resolution curves FWHM =V a + bE + cE2

calibration data

physics data

Preliminary - Preliminary

750 1000 1250 1500 1750 2000 2250 2500 . . . 2.0 2.5 3.0
Energy (keV) Detector Mass (kg)

Overall in Energy scale very
energy resolution @Qgg between calibrations
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Neutron moderator
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