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Double beta-decay without neutrinos

The neutrinoless double beta (Ov3f3) decay is a

hypothesized nuclear transition.

](A,z) > (A,Z+2)+2e"

OvBB can be mediated by the exchange of two massive

Majorana neutrinos.
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Establish lepton number violation (LNV) — AlL=2
Best way to determine if neutrino is its own
antiparticle (v =7)

Important to understand the origin of the neutrino
mass

Probe the absolute neutrino mass scale and
neutrino mass ordering

Provide important input to cosmology
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OvBp signature and half-life

Qg = 2039 keV for ’5Ge
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Desirable design for an experiment searching for Ov[3 signal

Large QBB
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e Large exposure

Low background level
Good energy resolution of the detector
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LEGEND collaboration

LEGEND = Large Enriched Germanium Experiment for Neutrinoless Double-Beta Decay

LEGEND mission:

“The collaboration aims to develop a phased Ge-76 based double beta decay experimental program with
discovery potential at a half-life significantly longer than 10?8 years, using existing resources as appropriate
to expedite physics results”.
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LEGEND collaboration +EGE

CEGENU,
LEGEND-200 LEGEN
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LEGEND-200

[LEGEND, AIP 894:020027 (2017)]

First Stage

Upgrade of the existing infrastructure of GERDA experiment

~200 kg of detector mass: 35 kg from GERDA + 30 kg from MID +
140 kg which are new, distributed to 14 strings

rest of the detectors early 202¢

Current data taking with ~142 kg of detectors deployed in LAr

Reduction of the Bl of a factor 2.5 w.r.t. GERDA Phase Il results

Total planned exposure 10 times larger than GERDA, up to 1 ton yr A

Expected energy resolution at QBB equal to 2.5 keV FWHM

a 1200 Goals )
half-life discovery sensitivity 1027 yrs
mass sensitivity 30-70 meV
background index 2-10% cts/(keV - kg yr)

NS /
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LEGEND-1000

Further Stage

Staged installation of 1000 kg detector mass (ICPC)

Detector strings immersed in radiopure underground LAr
(UGLA)

Background reduction of a factor 50 w.rt. GERDA Phase |l

results

Location to be defined (SNOLAB or LNGS)

4 L1000 Goals N
half-life discovery sensitivity 1028 yrs
mass sensitivity 10-20 meV
background index 107° cts/(keV - kg - yr)
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Why germanium detectors?

High detection efficiency (detector = B3 source)

Best proved energy resolution at the Q-value

High pulse shape analysis capabilities

Lowest background per FWHM energy resolution in the field
Well-established technology

B

Semi Coaxial BEge PPC y V
/),
Inverted Coaxial Point Contact (ICPC) detectors:

Enriched detectors, 92% of detector material is 7°Ge

Excellent resolution and pulse shape discrimination

Significantly larger w.rt. BEGe or PPC (up to 3 kg) 1+ electrode

Less channels, less background p+ electrode
. passivation

Better surface to volume-ratio (30-40%)
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Liquid Argon veto and monltorlng

e The LAr scintillation-light detector
acts as an active shield from any
backgrounds source in the materials
surrounding the array

e |[tis read out via wavelength-shifting
(WLS) fibers coupled to SiPMs.

e Ligquid Argon Veto suppresses the
background events that deposit
energy in the Ar

e Argon cryostat: cools detectors to
approximately 87 K

e |t has proven successful in GERDA
and is being implemented in

LEGEND-200 as two-barrel
geometry.
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Active background reduction tools LEGeNU
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Optical
fibers

PMT

BB decay signal: single-site
event energy deposition in a
1 mm? volume

Anti-coincidence with the muon veto
Anti-coincidence between detectors (cuts
multi-site)

Active veto using LAr scintillation (LAr Veto)
Pulse shape discrimination (PSD)

51.0

© SSE
0.8
0.6

51.0
- s F MSE
. 0.8F
o — Charge F
s — Current 06F
3 0.4F
: 02F
0.0F 0.0F

0.4
0.2
- L . — —L 1 1 1 1 1
81200 81400 81600 81800 82000 81200 81400 81600 81800 82000
t [ns] t Insl

T T T T T
T

S1.0F . GERDA 13-06 S1.0F ,

& F N « [ P
08F 08F
06F 06
04F 04F
0.2F 0.2F
0.0F

87200 81400 81600 81800 82000 81200 81400 81600 81800 82000
\ t[ns] t [ns]

Valentina Biancacci | Rencontres du Vietham 2023 | 08.08.2023

-
o



LEGEND-200: current status

e L|ocation at hall A, LNGS: muon flux is
reduced by 6 orders of magnitude respect
to the surface

Vah 3 |
- PSR nylon shrouds

® HPGe: 8 e (1 ; ""*t_r‘ around
',, r—‘

each string

o 12 string array

e Low Mass Front End

o LA i’?’ I | , Y4 1P ke inner
o 64 m? LAr Volume in a stainless steel " - Lt TR . fibers barrel
cryostat Sl IR TR
o b8 read-out modules of SiPMs coupled 2 ol Y o ol
to WLS fibers ' ' Fo IR AN | fibers barrel [gil]

e Electroformed copper plates
o produced underground at SURF

e Ultrapure water tank:
o shieldsn,y
o 66 PMTs (Cherenkov) + plastic

scintillators for p
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LEGEND-200: current status

Stable data taking since March 12t ;
e 142 kg of detectors

e >2kg - yr/week

e 100 kg - yr by the end of the year

Energy resolution:
o FWHM~24keVatQ,
e |CPC detectors already fulfilling L1000 goals

Energy stability:
e shifts monitored between subsequent calibrations
e extremely stable for 120 kg of detectors
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LEGEND-1000: prospects

e Flat background - no y peaks close to QBB

e Unambiguous discovery of Ov[3 achievable
even with a handful of counts - signal will be
visible to the eye
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Conclusion

e LEGEND will search for OvBB decay in "°Ge via 2 stages.

e LEGEND-200 is currently taking data with >120 kg in a stable manner.

e Background Index for LEGEND-200 is anticipated in late summer and the first Onbb

result will be announced in 2024

e | EGEND-1000 is in the design stage and aims to fully cover inverted hierarchy

e More about LEGEND in

14





