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Phasedpproach

LEGEND-200
A Up to 200 kg of 76Ge in the upgraded infrastructure

of GERDA @Hall A of LNGS, Italy

A Operative since 2023: 4| O "after 5 yr

LEGEND-1000
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A Up to 200 kg of 76Ge in the upgraded infrastructure
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LEGEND-1000
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A Under construction: 1] ; 8 O “after 10 yr
A Quasi-background -free: 8 “HW1 "H{T 1 G0 7
A Unambiguous discovery with just a handful of counts
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Why Germanium?

A" @égq~zik|é s«~®~8k i~k« | ~® kfs«®O
A O mix of theoretical & experimental preference s: costs, energy

resolution, b ackground level, scalability (liquids, gas, crystals)

Sofia Calgaro 4



Why Germanium?

A" @égq~zik|é s«~®~8k i~k« | ~® kfs«®O
A O mix of theoretical & experimental preference s: costs, energy

resolution, b ackground level, scalability (liquids, gas, crystals)

Already
established
technology

Sofia Calgaro 4



Why Germanium?

A" @égq~zik|é s«~®~8k i~k« | ~® kfs«®O
A O mix of theoretical & experimental preference s: costs, energy

resolution, b ackground level, scalability (liquids, gas, crystals)

Detector
K
source

Already
established
technology

High detection
efficiency

Sofia Calgaro 4



Why Germanium?

A" @égq~zik|é s«~®~8k i~k« | ~® kfs«®O
A O mix of theoretical & experimental preference s: costs, energy

resolution, b ackground level, scalability (liquids, gas, crystals)

Detector

Already High
established k ]
technology source purity

High detection Low intrinsic
efficiency background

Sofia Calgaro 4




Why Germanium?

A" @égq~zik|é s«~®~8k i~k« | ~® kfs«®O
A O mix of theoretical & experimental preference s: costs, energy

resolution, b ackground level, scalability (liquids, gas, crystals)

Detector

ablshec ‘ Al =
establishe

' purity o
technology SR resolution

High detection Low intrinsic FWHM< 8 b
efficiency background @Q,

Sofia Calgaro 4



Why Germanium?

A" @égq~zik|é s«~®~8k i~k« | ~® kfs«®O
A O mix of theoretical & experimental preference s: costs, energy

resolution, b ackground level, scalability (liquids, gas, crystals)

Detector

Already High Excellent
established Kk _ energy
technology purity resolution

source

High detection Low intrinsic FWHM< 8 b
efficiency background @Q,

A "B 3A cA c¢u with Q, =2039.061 (7) keV

A Q, »2 MeV: less processes can mimic the 1t ¢/ signal

Sofia Calgaro



Why Germanium?

A" @égq~zik|é s«~®~8k i~k« | ~® kfs«®O
A O mix of theoretical & experimental preference s: costs, energy

resolution, b ackground level, scalability (liquids, gas, crystals)

Detector

Already High Excellent
established Kk _ energy
technology purity resolution

source

High detection Low intrinsic FWHM< 8 b
efficiency background @Q,

A "B 3A cA c¢u with Q, =2039.061 (7) keV

A Q, »2 MeV: less processes can mimic the 1t ¢/ signal

A Natural abundance is low (~8%): enrichment up to ~92% is possible
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LEGENE200 diodes

22.1 kg
16%

A p+ (implanted B), n+ (diffused Li), passivated groove
A Different geometries - mass: 0.7-4 kg
A Latest result: 142 kg in total
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LEGENE200 Setup

Ge array
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LEGENE200 Setup LEGEND,
-
Outer Barrel
InnerlBErrel
Ge array
Liquid argon ( LAr) system
58 read-out modules of

SiPMscoupled to WLS fibers
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LEGENE200 Setup

Cryostat
A @4m,H588m,V64 m3
A Cylindrical WLS reflector
to shield and increase
LAr detection efficiency
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Argon Monitoring
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o~

Outer Barrel
Inner Barrel

Ge array

Liquid argon ( LAr) system
58 read-out modules of
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LEGENE200 Setup LEGEND,

Cryostat Ultrapure water tank
A @4m,H588m,V64ms A @10m,H8.5m, V590 m
34 0| A 66 PMTs + plastic
scintillators for
A Shield for n, |
A 3500 mwe of rock

A Cylindrical WLS reflector
to shield and increase
LAr detection efficiency
A LLAMA (Liquid
Argon Monitoring

Apparatus) /‘

Outer Barrel
Inner Barrel

Ge array

Liquid argon ( LAr) system
58 read-out modules of
SiPMscoupled to WLS fibers
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Signal-like
single-site event
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Background Reductien

Signal-like Multiplicity cut
single-site event

Det-LAr
coincidence

Scintillation VUV light
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Background Reductien LEGEND.

Signal-like Multiplicity cut Det-LAr Multi -site event,
single-site event coincidence surface events

Pulse shgpe
discrimination (PSD):
discrimination based
on the signal risetime

and amplitude

— signal
== current

acceptance
region|
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2020 4 2022 ¢——o0 Constructiom plase:
& deployment of GERDA/MJD
detectors and new IC detectors

2022 4 9/2022 ¢———0 60 kg commissianing;
Test of HPGe detectors,
electronics, LAr, calibration system

10/2022 & 2/2023 ¢——0 142 kg commissianing;

3/2023 & 2/2024 ¢——0 Stable physics data taking
@k  ®2s| ~i AAD psSsyrokdata @&kgiyr)z ® «

3/2024 atoday$—o Background characterization runs,
{*s| ®k[ ] gk p~2yl
Start of data taking im May) 2025
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Exposure

0.4 ~LEGEND-200 - 02-2025 80
I Run exposure gain —— Cumulative exposure /
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A Duty cycle of 91.4% over 242 days

A 76.2 kgtyr: background characterization dataset

A All active detectors

A 61.0 kgtyr: T’ | dataset
A All active detectors but those with invalid PSD performance

(*) Test runs/ HV scans

Exposure (kg-yr)
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3 Th sources

Energy Scale and Resolution

4 calibration source
insertion systems

Last Th source
Taabsorber

A Weekly energy calibrations using 222Th sources

Distances
between the
center of Th

sources
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A Weekly energy calibrations using 228Th sources

: -3 u
A Overall resolution of 0.1-0.2% FWHM atQ, '0‘ s e ot
I 1 ICPC . g‘!;
< 80 —1 PPC :“I | L Distances
Q ) s - between the
cﬁ 60 - [ 1 BEGe ] - .- center of Th
=3 B 1 COAX L ‘ =i sources
@ y . .-
c 40 A el W
S Y ‘,h 4
5 20 T . L
£ 20 | ot
:IZI‘;I_L'-\IJLI_ | - ol
0 T T —— : .
2 4 6 g ﬂ
FWHM at Qg (keV) ) L, T
- SR L
J»

Sofia Calgaro 10



Energy Scale and Resolution

3 Th sources
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4 calibration source
insertion systems

. . . 1 | LastTh
A Weekly energy calibrations using 228Th sources f 1 o hepatce
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Energy Spectrum

4 J o
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A Blinded analysisin Q, ; 25 keV

A Spectrum after:

A data cleaning A 95-99% survival after removal of unphysical events
A muon veto A 2 events removed at Q, |

A multiplicity cut A 26% events removed at Q; |

Ad, cdrgcm@ipy mroy p 7 yr[GERDAColab., PRL 131, 142501 (2023)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.142501

Background Model [76.2 &g]
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A Bayesian background model using the full dataset + extra 10.2 kgtyr of special runs

A Decomposition of the full -range energy spectrum : no unexpected background components

A 228Th underprediction in physics data compared to radioassay predictions

A Tested different 228Th locations via the background model: no hotspots or asymmetries

A Ongoing screening campaign & re -evaluation of cleaning techniques
A This background is efficiently suppressed by analysis cuts

Data
Model

2vBp

Other
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Energy Spectrum after PSb

104
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Counts / 10 keV

107

100 111

After muon veto and multiplicity cut
I After Pulse Shape Discrimination (PSD)

All detectors [61 kg-yr]

GZ02Z-€0 - 002-GN39237

Po-210
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1000 2000 3000
Energy [keV]

A Cut acting on A/E = max(current) / energy
A Late charge cut for PPC (large passivated surface)
A Neural-network methods developed for semi -coaxial

A ~60% suppression of Compton MSE at Q, |

Partitions

4000 5000

40 1 ICPC
mean=84.9%
BEGe

30 + mean=81.1%
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mean=85.0%

20 + Batch5
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L0l e neabRY |
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Energy Spectrum after PSIDA&rcut

4 m
10 All detectors [61 kg-yr] §
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A Strong anti-correlation of PSD & LAr cuts ® 1007 | - After LArand PSD cut 0T+
: : . s | j
A Characterized via special runs: 1 p.e. per 10 keV 2 ! 59
I s e
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Energy Spectrum after PSIDA&rcut

Counts / 10 keV

Counts / keV-kg-yr
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All detectors [61 kg-yr]
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A Analysis window: 1930-2190 keV
A Excluded r lines:

A 208T| at (2104 5) keV

A 214Bjat (2119 5) keV
A 9 events before unblinding
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Energy Spectrum after PSIDA&rcut
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After muon veto and multiplicity cut
10° T1-208 After Pulse Shape Discrimination (PSD)
Il After PSD and argon anti-coincidence
102
Po-210
10’
10° arlr's il L IIJ_”I
1000 2000 3000 4000 5000
Energy [keV]
o <
: o < . .
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o A Excluded r lines:
102 4 | A 208T| at (2104 5) keV
A 214Bjat (2119 5) keV
1072 5 A 9 events before unblinding
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LEGENE200 Background Index LEGEND,

15 fay
BEE LEGEND-200 data [61.0 kg yr] a
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https://agenda.infn.it/event/37867/contributions/233912/

LEGENE200 Background Index LEGEND,

15 i

EEE | EGEND-200 data [61.0 kg yr] a

3 { #== Background best fit and 68% CL 3 104 =
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~ ]

3 e :
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LEGENE200 11 ¢4 ¢Results LEGEND.

1.5 [y
M | EGEND-200 data [61.0 kg yr] a
3 { #== Background best fit and 68% CL 3 &
- s LEGEND-200 Ov38 limit [90% CL] = S
2 o
() € :
‘;_c 5] '~
~ 2 - N
2 R
c 2039 o
8 Energy [keV]
o 1 4
0 =
1950 2000 2050 2100 2150
Energy [keV]

A Frequentist and BayesianTt’ T gnalysis: no signal evidence
A Observed T,,>0.5 102yr @ 90% CL/CI

A Sensitivity T;, =1.0 102 yr

A leventat1.4 from Q. sweakens the observed limit

A p-value (bkg. only) = 0.10 does not reach 3" discovery
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GlobaléGert & ¢Results LEGEND.

B | EGEND-200 data [61.0 kg yr] " E
3 { #== Background best fit and 68% CL 3 &
- s LEGEND-200 Ov38 limit [90% CL] 2 %,
2 Bl Global "°Ge OvBp limit [90% CL] § E
5 2
§ 2039 o
8 - Energy [keV]
0 e
1950 2000 2050 2100 2150
Energy [keV]

A Combined fit of GERDA® + MJD * + LEGEND-200
A Frequentist and Bayesiantt’ | dnalysis no signal evidence
A Observed T,,>19 10%yr @ 90% CL/CI

A World -leading sensitivity T,,, =2.8 1026 yr Q
A O8§ " § JarXiv:2505:10440] submitted to PRL!

(*) PRL 125 252502 (2020) (**) PRL 130 062501 (2023)

Sofia Calgaro



https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.252502
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.062501
https://arxiv.org/abs/2505.10440
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Limits o
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T Nuclear - 2
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A Assumption : light Majorana neutrino exchange % :[
A Range of phenomenological NME ("6Ge: 2.35 46.34) I
10

A O, <75-200 meV @ 90% CL
A Uncertainty-quantified NME ("6Ge: ¢& 8§ )

(meV)

A Bayesianab-initio calculation with quenching and short - £ 10"
range physics [Belley et al., PRL 132, 182502 (2024]

A O, <316 meV @ 90% ClI

A A new era of uncertainty -quantified NME - however,
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Summary gt

First LEGEND200 results N

A Stable operations and excellent performance with 142 kg@f enr-Ge -1
First LEGEND-200 1t & [rgsults based on 61 kgtyr

Combined fit with GERDA and MJD set T,, >1.9 10%°yr @ 90% CL/CI

World -leading sensitivity of 2.8 1026 yr
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New effective Majorana neutrino mass O , <75-200 meV @ 90% CL or
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A New effective Majorana neutrino mass 0 , <75-200 meV @ 90% CL or
0 , <316 meV @ 90% Clusing uncertainty -quantified NME

Future steps

A Restarted data taking in Spring 2025
A Deployment of new 35 kg in Summer 2025
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A LEGEND-1000 preparations are underway at LNGS
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Full LEGENROO Exposure LEGEND.

04 LEGEND-200 - 02-2025 100
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LEGEND Sensitivity

LEGEND-200: “Yy
LEGEND-1000: “Y;

pT UG w B,
PHtp T UO wm i,

Pre-conceptual Desgin Report [2107:11462]

LEGEND-200: & o1 X yneV
LEGEND-1000: & U® p @ meV
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