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(NEUTRINOLESS) DOUBLE BETA DECAY
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(NEUTRINOLESS) DOUBLE BETA DECAY
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EAPERTMENTAL PANORAMA

Experiment Isotope Median Half-1l1ife Mg Source
sensitivity limit limit
(x 102% yr) (x 10%° yr) (meV)
KamLAND-Zen 136xe 2.3 3.8 28-122 arXiv:2406.11438
GERDA 5Ge 1.8 1.8 79-180 PhysRevLett.125.252502
CUORE 130T 0.44 0.38 70-240 arXiv:2406.11438



https://arxiv.org/abs/2406.11438
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.252502
https://arxiv.org/abs/2404.04453
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LEGEND(-200)




THE COLLABORATION

Il

Large Enriched
Germanium Experiment
for Neutrinoless B3 Decay

+ 59 dinstitutions
+ 300 members
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THE LEGEND PROJECT

[(=emma [ iecmnio ]
Mass [kg] 200 1000
Exposure [kg yr] 1000 10 000
Bl goal [cts/(keV kg yr)] 2:10* 10°
Half-life sensitivity [yr] 10% 1028
Mgg sensitivity [meV] 33-89 9-24

“The collaboration aims to develop a phased,
76Ge-based double-beta decay experimental
program with discovery potential at a
half-1ife beyond 10%%® yr, using existing
resources as appropriate to expedite physics
results”




IH[ l[(‘[ND PRO]E(T Dedicated talk by Malgorzata Haranczyk
on Friday 11 Jul 2025, 08:45
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https://indico.in2p3.fr/event/33627/contributions/154819/
https://indico.in2p3.fr/event/33627/contributions/154819/

[HE EXPERIMENT

HPGe detectors

Liquid Argon (LAr) cryostat
Volume: 64 m3

Role: Coolant & shield & active veto
(fibers+SiPM)

Water tank
Volume: 590 m®

Role: Shield & active veto (PMTs)




[HE DETECTORS
h'igh purity detectors enriched in "®Ge

° Well known technology
Detector = Source

° %Ge > %Se + 2e [+ 2V]

° Excellent energy
resolution:

e f("Ge, nat) ~ 8%
FWHM - 0.1% @Qg,

> f("°Ge, enr) ~ 92%

o Q,("Ge) = 2039.061  0.007 keV [x]
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.81.032501

THE DETECTORS

Active high purity germanium detectors enriched in "®Ge

LEGEND. IC

Mass

fraction:
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BACKGROUND SUPPRESSION STRATEGIES




BACKGROUND SUPPRESSION STRATEGIES
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BACKGROUND SUPPRESSION STRATEGIES (dopending on

detector type):
Y A/E (ratio
. between the
amplitude of the
current pulse and
the energy of the
17 event), LQ
st (charge collected
in the last part

PULSE-SHAPE hmONANﬂ‘ of the rising
SIGNAL-LIKE MULTIPLICITY cUT DISCRIMINATION COINCIDENCE edge). ) _A'\_'N
(Artificial

Neural Network)

& 75K L

= signal
— current

The shape of the acquired signal depends on
the topology of the energy release 1in the
detector, which depends on the event type.

¥202-90 - 00Z-AN3937

0 1000 2000 0 1000 0 1000 2000 0 1000 2000
time (ns) time (ns) time (ns) time (ns)
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BACKGROUND SUPPRESSION STRATEGIES
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PULSE-SHAPE "ARGON ANTI-
DISCRIMINATION COINCIDENCE

SIGNAL-LIKE MULTIPLICITY CUT

Instrumented LAr (fibers, SiPMs)
detects scintillation light when some
energy 1is released in argon 1in
coincidence with an energy deposition
in germanium.




BACKGROUND SUPPRESSION STRATEGIES

PSD cut &
parameter  9qp 4 Mnmnqaedom[¢&3kgyd @
IC, BEGe, (PPC) Events in the background window S
After muon veto and multiplicity cut  |S ~ PSD and LAr cut are
;g 100 4 «  After PSD and argon anti-coincidence 8 strongly anticorrelated
3 S
o & > The combination 1is
g ol % powerful for background
suppression
-100 A
0 50 186 350 200 250
Argon light intensity (p.e.)
LAr cut
parameter
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HIRST RESULTS




EXPOSURE

142.5 kg of Germanium (101 detectors)
Approximately one year of data taking

LEGEND-200 - 02-2025
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Gaps mostly due to test periods
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PERFORMANCE AND §TA
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BACKGROUND PREDICTION (RADIOASSAY)

o &
1 Radioassay model - all detectors [76.2 kg-yr] g
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Background (before analysis cuts) higher than expected from radioassays
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Counts / 15 keV

Residual

BACKGROUND MODEL

///- Background ~flat @QBB
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Background model fit suggests the excess to be due to ??®Th decay chain
» Screening and cleaning campaign to identify and remove source

[Results from current data taking will prove effectiveness]

Data
Model
2vBp
a

Th

U
40K

42K
Other
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Counts / 10 keV

ENERGY SPECTRUM

G20¢2-€0 - 002-AN3937Y

10% 4
E All detectors [61 kg-yr]
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10° ; — 2uBBdecay (T1p =2 - 1021 yr)
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Fully blind analysis 1in the region Qbb * 25 keV
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Counts / 10 keV

ENERGY SPECTRUM

10*

108
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10!
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Energy [keV]

All detectors [61 kg-yr]

After muon veto and multiplicity cut
B After argon anti-coincidence

4000 5000

Effective suppression of Compton events releasing energy in a HPGe and in LAr

Efficiency LAr (Ovbb) ~ 93 %

G202Z-€0 - 00Z-AN3931
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Counts / 10 keV

ENERGY SPECTRUM

0%
All detectors [61 kg-yr]

After muon veto and multiplicity cut
After argon anti-coincidence
I After PSD and argon anti-coincidence
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Effective suppression of Compton events releasing all the energy within one
HPGe (multi-site events) and @ and B (surface events)

PSD efficiency (Ovbb) ~ 76-85 %
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Counts / 10 keV

UNBLINDING
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10%
All detectors [61 kg-yr]
After muon veto and multiplicity cut
10° After argon anti-coincidence
I After PSD and argon anti-coincidence
102
10"
10° | o i sy | Ll m_” 1
1000 2000 3000 4000 5000
Energy [keV]
10° - o
o, | : 3
510 e E Analysis window: [1930-2190] keV
éwi ot - Known gamma lines (excluded):
§ 107 o 29871 -> (2104 + 5) keV
o e 214Bi —> (2119 + 5) keV

1960 2000 2040 2080 2120 2160
Energy [keV]



Counts / keV-kg-yr
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arXiv:2505.10440
(sent to PRL for publication)

UNBLINDING: BKG INDEX AND HALF- LIFE LIMIT

Two separate unblindings:
o Golden dataset: 48.3 kg yr
o Silver dataset: 12.7 kg yr

Total: 61.0 kg yr

11 events in the analysis window
after cuts
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https://arxiv.org/abs/2505.10440

arXiv:2505.10440
(sent to PRL for publication)

UNBLINDING: BKG INDEX AND HALF-LIFE LIMIT

10 1200 data [61.0 kgyr] 2 & . .
C S 350 » 30 . E e Two separate unblindings:
> 1074 omb. T9% > 1.9 x 1020 yr (90% P IB
) Sl g g o Golden dataset: 48.3 kg yr
= ° 8 :
£ 102 o | (S o Silver dataset: 12.7 kg yr
; 2035 2040 2045 53
£
3 10 e Total: 61.0 kg yr

107 : : : , : e 11 events 1in the analysis window

1960 2000 2040 2080 2120 2160
Energy [keV] after cuts

e Corresponding background index (68% CL, frequentist analysis):
o BI(golden) 5%, x 107" cts/(keV kg yr)
o BI(silver) = 13*% _x 107* cts/(keV kg yr)

5
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https://arxiv.org/abs/2505.10440
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arXiv:2505.10440
(sent to PRL for publication)

BLINDING: BKG INDEX AND HALF-LIFE [IMLY

Counts / keV-kg-yr

10 1200 data [61.0 kgyr] 2 & . .
1 S 350 » 30 . E e Two separate unblindings:
107" 4 omb. 9% >1.9 x 102 yr 2 IB
Sl g g o Golden dataset: 48.3 kg yr
1072 : o | (S o Silver dataset: 12.7 kg yr
i 2035 2040 2045 53
1072 e Total: 61.0 kg yr
—]
107 : : : . : e 11 events 1in the analysis window
1960 2000 2040 2080 2120 2160
Energy [keV] after cuts

Corresponding background index (68% CL, frequentist analysis):
o BI(golden) 5%, x 107" cts/(keV kg yr)
o BI(silver) = 13*% _x 107* cts/(keV kg yr)

5

Combined fit GERDA+MJID+LEGEND (90% CL, frequentist analysis):

o Half-life limit: T% , > 1.9 x 10*° yr -> mbb < 70-200 meV

o Median exclusion sensitivity: 2.8 x 10%° yr

Bayesian analysis provides compatible results 36


https://arxiv.org/abs/2505.10440

PAST, PRESENT AND FUTURE

May 2025 - redeployment of the array:
e 35 kg of new Ge mass
e 130 kg of Ge 1in total
e Only best performing HPGes deployed
> Higher efficiency and best performance expected

Phy s q i Material screening, NEW
Commissioning ysics ati<ta ng background studies, Physics data
(142.5 kg) detector production taking
- - ——————
2023 2024 \ 2025 \

Neutrino’24 APS’25

first unblinding updated results

after one yr of with silver
data taking: dataset included

golden dataset (48.3+12.7 kg yr)

(48.3 kg yr) 37



CONCLUSIONS




e First year of physics data taking with LEGEND-200 completed

o 142.5 kg of Germanium operated
4 HPGe detector geometries

e Performance of the experiment has been studied

o Energy resolution mostly compatible with goal: 2.5 keV FWHM @Qbb (0.12%
o Background (before analysis cuts) higher than expected (radioassay model)
» Screening and cleaning campaign to identify and remove source

® First results from LEGEND-200 have been presented (arXiv:2505.10440)

o 61 kg yr exposure

©  LEGEND-only fit: T% , > 0.5 x 10* yr

o Combined fit GERDA+MJID+LEGEND ("®Ge limit): T, > 1.95 x 10% yr
> Limit < sensitivity due to an event at 1.30 from Qbb


https://arxiv.org/abs/2505.10440

