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b8 institutions across 13 countries are
collaboratively advancing a phased
experimental program of LEGEND
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CEGEN UL

L Large Enriched Germanium Experiment for Neutrinoless double beta Decay

1. Neutrinoless double beta decay (0vBB) n p
4+ create matter without antimatter »- T
4+ lepton number violation
+ currently not observed W- .
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l_arge Enriched Germanium Experiment for Neutrinoless double beta Decay

1. Neutrinoless double beta decay (0vBB)
4+ create matter without antimatter
4+ lepton number violation

4+ currently not observed

2. Enriched germanium detectors
4+ excellent energy resolution
4+ topological discrimination

4+ leading material for OvpB searches
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LLarge Enriched Germanium Experiment for Neutrinoless double beta Decay

1. Neutrinoless double beta decay (0vBRB)

6
+ create matter without antimatter E Pseudo data
4+ lepton number violation E 3 ZZ[;? 88: ig OVBB
+ currently not observed § ] Other background
2.  Enriched germanium detectors "g:
4+ excellent energy resolution % 3
4+ topological discrimination 8
4+ leading material for Ov[3B searches .
3. The LEGEND experiment 1
4+ indeed large - 1000 kg of germanium
+ optimized for Dvi discovery " "1040 1960 1980 2000 2020 2040 2060 2080
+ or push the lower limit on decay half-life to 1078 yr Energy (keV)
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« [-decay in the Standard Model:
A4,Z2) » (AZ+1)+e +v,

« when B-decay from even-even (a) to odd-odd (b) atoms isn't energy-
efficient, f[f-decay occurs, resulting in:

(A,Z) » (A, Z+2)+2e + 2V,

|sotopes like 48Ca, 7Ge, 10Mo, 130Te, 136Xe can undergo [ -decay

This rare process was first observed by S. Elliot et al, in 1987,
marking the longest decay lifetime (T;,,>10%% yr)" then.

*This record is now surpassed by other isotopes’ BB-decay and the double electron capture of 2%Xe (Nature 568, 532-535, 2019)
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Neutrinoless Double Beta Decay
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Two neutrino double beta decay (2vBf) Neutrinoless double beta decay (0vBS)
2n - 2p + 2e” + 2v, 2n - 2p + 2e”
(in a nucleus) (in a nucleus)
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Neutrinoless Double Beta Decay

No neutrinos are emitted, under the

n P n
> » > > hypothesis of light neutrino exchange
Charge conjugate
C ] e spinor:
W W = T
Y, I
— X Vi Majorana field:
v | Y =9°
_I_

W . ﬁ,\t_\ ‘\. ¥ =y +yf
> > The neutron decays under emission
I P of a rlght handed ‘anti-neutrino’ v§

Two neutrino double beta decay (2vBB) Neutrinoless double beta decay (0vBp) the v must be absorbed at the
2n - 2p + 2e” + 27, 2n - 2p + 2e” |5econ.d v|erte>< as left-handed
neutrino v

(in a nucleus) (in a nucleus)

« for the decay to happen neutrinos
and anti-neutrinos must be
identical, thus Majorana particles

o
v
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Neutrino mass problem

Standard Model posits massless neutrinos, yet
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Could neutrinos be their own antiparticle and have a

)

Majorana mass?

Neutrinos are chargeless fermions — may possess a
Majorana mass, potentially yielding small masses via

the ‘see-saw’ mechanism

What is the origin of small neutrino masses?

mv<0.8eV* dre sre be
? U He Ce te
'V1|_..|.'V2.V3 ce Ue Te
| | | l | l | | I | I I 1 l I | | | | l
ueV meV eV keV MeV GeV TeV
Dirac mass lagrangian:
_LD: mDIjLVR + h.c.
+ Majorana mass lagrangian:
_LM+D: mDVLVR + EMIjIgVR + h.c.
M > mp — Light (v) & heavy (N) states
v
m ~ b my =~ M
v My =

*Nat. Phys. 18 (2022) 160166
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Matter-antimatter asymmetry in the Universe

+ The Big Bang should have created equal amounts of matter and antimatter.

+ So why is there far more matter than antimatter in the universe?

L 4
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Could Majorana neutrinos
explain this?
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Neutrinoless Double Beta Decay

=
o
=

4+ Violation of lepton number conservation

p
> > > >
could explain the matter-antimatter
W- We asymmetry of the universe (provided that
all Sakharov conditions are fulfilled).

[¢]

— |
;
! 4+ 0vfBf-decay: the most sensitive probe for
% " j\rﬁ\r\\e L-violation

> > » >

n P n Y
2vff: OvBp:

2n - 2p + 2e~ + 2v, (AL = 0) 2n - 2p + 2e” (AL = +2)
(in a nucleus) (in a nucleus)

*
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Neutrinoless Double Beta Decay

—n> )p= —i E 4+ In . virtual light (510 MeV) Majorana
:}Hﬂ<e V;’Ve neutrinos are exchanged™, resulting in no
o : neutrino emission.
v T Y

W W 4+ The electrons emitted in the decay take the
© ﬁﬁqf\e full energy of the decay and produce a peak at Qgg
> —> >
p

Y > A the endpoint of the 2v[33-decay spectrum

2 2vB

> 4+ The decay signature is a at its Q-value:
0 0.2 0.4 0.6 0.8 1

*There are other mechanisms that could mediate the OvpB process. Here only the light

ENERGY [E/QBB] neutrino exchange is discussed

*
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How to measure Neutrinoless Double Beta Decay”

4+ We need: source of the decay and something to detect it

Source # Detector Source = detector

v Bl f}? Bl
== \\\\\~ \\\\\‘k |
B2 9 52/
S D
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How to measure Neutrinoless Double Beta Decay”

4+ We need: source of the decay and something to detect it 4 Main experimental challenges:

— Energy resolution: ultimate background from
2vf B -decay

— cosmic rays and cosmogenic activation

radioactivity of detector materials (238U, 232Th,

40K, 60Co, etc.)

— anthropogenic (e.g., ¥3'Cs, 110mAg)

— neutrinos (e.g., 8B from the sun)
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How to measure Neutrinoless Double Beta Decay”

Source = detector
Bl
Bz/,

pB-decay sources: “8Ca, °Ge, 1%%Mo, 13Te, 136Xe,

)

4+ To ensure high sensitivity to this rare process, we
need:

Large exposure

— Abundance (a)

— Mass (M), time (t)
High detection efficiency (&)
High energy resolution (AE)
Low background index (BI)

% 2V
=>
= 4+ Measurement of the decay half-life:
Mt
Energy TOV
resolution 1/2 > 4¢ BIAE
. ] — ,@Qﬁﬁ 4+ High purity germanium detectors present high
. adc Jroun detection efficiency, the best energy resolution
Sha e - e i B and lowest background index in the field*
0 0.2 0.4 0.6 0.8 1

ENERGY [E/QBB]

L 4

*Resolution of ~0.1% FWHM at Qgg. Bl of 5.2x 10~* counts/(keV-kg-yr) [GERDA Coll. PRL, 125:25202,

o
v

:
5207
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High Purity Germanium (HPGe) Detectors A\

3600 m water equivalent
. 6
Source = detector HPGe enriched in 7Ge * Enrichment up to LA Muon flux reduced of a factor 10

+ Resolution of ~2.5 keV (FWHM at Qgg)
. , 4+ Low 232Th- and 238U-chain internal contamination
| < | 4+ Well-understood flat background and no known
\ 52/ ' peak near Qgg. i v

4+ Pulse shape discrimination (PSD)
4+ Lowest background among 0vf(33

Qgg = 2039 keV, Ty p>10%yr experiments

GERDA + MAJORANA DEMONSTRATOR + new institutions —

Lowest background index for OvBB: Best energy resolution for Ov[3:
52718 - 10* cts/(keV kg yr) 2.52 + 0.08 keV (FWHM) at Qgg

LEGEND-200

v

Ref.. GERDA Collab., PRL 125, 252502 (2020) Ref.. MAJORANA Collab., PRL130, 062501 (2023) ..

MARTA BABICZ 19
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90 tons of LAr
200 kg of enriched Ge
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LEGEND-1000

avg. mass each, B | LY |-
totaling

1000 kg of Ge- all

nd LAr '

=t
|
Lomm

. ------«:mr”J

AU

e
i
>

planned to use the

i:‘----?'
----b'-

Inverted Coaxial Point
Contact (ICPC) design

exclusively

L 2
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HPGe detectors event topology

Liguid Ar coincidence

Multi Site Event (MSE)

MARTA BABICZ 22



HPGe detectors event topology

| %1: Single-site (Ov3p) 4+ Pulse-shape discrimination (PSD)
5 . differentiates single- and multi-
B gt site events via unigue charge and
A | current profiles:
z: 4+ Single-Site Events (SSE):
ook | Energy deposited in a
Single S|te Event ( SSE) 2 e ) localized volume (e.g., (Ov)BR
signal)

Multi-site (y scatters)

4+ Multi-Site Events (MSE):
Energy deposited across
multiple interaction points
(e.g., y-ray backgrounds)

Multi Site Event (MSE) 55 60 65 70 75 80

Time (us)

L 4
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HPGe detectors operate in liquid argon (LAr)

4+ Liquid Argon:
4 serves as a coolant, passive and active shield
4+ scintillates in response to background events

MARTA BABICZ 24



HPGe detectors operate in liquid argon (LAr)

4+ Liquid Argon:

4 serves as a coolant, passive and active shield
4+ scintillates in response to background events

VUV scintillation light

LAr (~87K)

L 4
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HPGe detectors operate in liquid argon (LAr)

* Jo collect the LAr scintillation light, wavelength-shifting
(WLS) fibres surround the HPGe detector array.

8 T

IAILC

acrylic fiber coup“ling

Top view

KETEK PM33100T
3x3 mm

n

iPM
—

WLS fibres ‘

LAr (~87K)

L 4
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HPGe detectors operate in liquid argon (LAr)

= Tetraphenyl butadiene (TPB) shifts this light to blue

wavelength.

— LAr SCINTILLATION
— TPB RE-EMISSION

INTENSITY [R. U]
N B O ® O
S © © © oS

_\

100r
80r
60
401
20r

— FIBER ABSORPTION

100 200 300

= Blue light can be collected by the fibres and guided to SiPMs

P
A4

400

500 600
WAVELENGTH [nm]

G. R. Araujo et al., EPJC 82,442 (2022)

U
=3
<

>
>

14
WLS fibres
e HPGe I
f

LAr (~87K)

MARTA BABICZ
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HPGe detectors operate in liquid argon (LAr)

= TJo increase light collection efficiency, wavelength-shifting

materials surround the fibres

SiPM

—

A HA
The reflector is also %
coated with TPB WLS fibres

i' T HPGe
>
TPB | ‘

_______
- o,

WLSR schematic cross-section TPB blue

shift % I a

Image credit: G. Araujo

= WLS-reflector (WLSR) aid in identifying distant y-scatters
and recapturing uncollected light from the fibres.

L 4
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Muon veto instrumentation

<

>

WLS fibres

Image credit: G. Araujo

The experiment is located underground at the Photomultiplier Tube (PMT) instrumented water
Laboratori Nazionali del Gran Sasso (LNGS), Italy  tank: A detector for Cherenkov light from muons

L 4
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~ND-200 Timeline

Construction
phase: Utilizing
GERDA's
infrastructure,
Integrating
detectors from &

GERDA and MJD + MRl Data taking with
new Inverted 3 142 kg HPGe
Coaxial detectors 2022 2023 detectors

Results with 61 kg-yr exposure

@

Sprlng 2025 ~ 2029

l >

2020-2022 Commissioning: 03/2023-02/2024
HPGe Detectors,
LAr, and Calibration

Systems.

Restarting data Reach target

taking with sensitivity of
additional 35 T1>1077

kg of HPGe years
detectors

*

L 4
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Construction and commissioning

« First test of new technologies (HPGe
electronics, PEN plates) and detectors in
GERDA infrastructure

* Detector holders, made of polyethylene

naphthalate (PEN), shift VUV light

\
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<l

NN
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Image credit: P. Krause Image credit: E. Sacchetti

* New lock, mechanics, wiring, and glove box installed (with water tank and
cryostat repurposed from GERDA) to house the expanded LEGEND-200
detector array and additional channels.

Image credit: M. Willers

L 4
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Liguid Argon Instrumentation

Images credit: E. Sacchetti and M. Willers

* LAr instrumentation hardware and readout electronics have been successfully constructed and commissioned.
* A milestone during the 60 kg campaign: inaugural operation of 60 kg of HPGe within the LAr instrumentation.

final optimization of hardware and execution of specific calibration runs.
* 142 kg installation: installation of all available HPGe detectors and full setup of the LAr instrumentation

*

L 4
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Calibration System

Images credit: M. Willers

Calibration system is installed
on the top of the cryostat.

It precisely positions the 228Th
sources close to the HPGe
detectors for weekly calibration
runs.

The sources are attached to a
steel band, which is guided
through a funnel to reach the
correct calibration location.

The systems were built and
tested at UZH. The calibration
sources were characterized
prior to installation™.

*L. Baudis et al., JINST 18, P02001 (2023)

| pueq Joolg

L 4

MARTA BABICZ

33

*



Status of LEGEND-200

« Atotal of 101 detectors, weighing around 142 kg, have been installed.

« 130 kg operational (12 kg OFF due to hardware issues)

« First results with 48.3 kg-yr exposure (presented at Neutrino 2024), updated with 61 kg-yr
exposure (APS 2025)

Data is categorized into two subsets:
- Detectors with stable energy and PSD performance
«  Silver dataset: Detectors with known limitations (e.g., higher background or unstable PSD)

i)
T

L 3
=

uf
-
lw
1%

~60 mm <75 mm

| | |
e e i S \Sp——

~73mm

BEGe

unu g~

we g01-89

*
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Status of |

« Atotal of 101 detectors, weighing around 142 kg, have been installed.
« 130 kg operational (12 kg OFF due to hardware issues)
« First results with 48.3 kg-yr exposure (presented at Neutrino 2024), updated with 61

-GEND-200

kg-yr exposure (APS 2025)

Name Advantage Mass
PPC | p-type Point Efficient discrimination of | Varies
Contact low-energy background
events
BEGe | Broad Energy Excellent energy resolution | ~ 0.7 kg
Germanium (~2 keV FWHM at Qgg)
ICPC | Inverted Increased surface-to- 1 -4 kg
Coaxial Point volume ratio, reducing
Contact background
COAX | Semi-Coaxial Robust design, but lower ~ 2 kg

energy resolution and PSD
performance

L 4

BEGes

— '
s ‘
| | | |
U S W To— o
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‘_.l
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|
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+ Compare event Energy from waveform with the derivative

+ Single-site y events (0vBB, DEP): a narrow /\/E parameter range

Pulse Shape Discrimination (PSD)

(A/5)

+ Calibrate with 226Th calibration spectrum

L 4

Counts / 4 keV

106 3 ‘
] — before cuts
1 — after PSD cut
108 3
104
] > .
: = 40000 - DEP
108 E o
3 2 20000 -
- PSD tuned to 90% |
e T T survival at 2T DEP
: 1592 1620
1 Energy (keV)
10 E T T T T T T T
1200 1400 1600 1800 2000 2200 2400 2600
Energy (keV)

£202 BnY -00Z1

Z [mm]

WP and Charge Drift

Single

Deposition

Radius [mm]

WP and Charge Drift

Multiple

Depositions

Radius [mm]

Signal [a.u.]

Signal [a.u.]

1000 4

800

600

200 4

Generated Signal

Acceptable A/E /‘.

200 400 600 800
Time [ns]

Generated Signal

1000

1000 4

800

600 -

400

200

200 400 600 800 1000 1200
Time [ns]

1400

M
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FWHM at Qg (keV)

so f ICPC:2.59%0.07 keV .
' $  PPC:2.42 +0.06 keV
4.5 - BEGe: 2.10 + 0.02 keV 3
? COAX:428+0.15keV = ® B
4.0 - 5
3.5 .
3.0 - ¢ . o 5
sl o °
i [ ] D @ =
=2 A é 53 msi% e * o o
d [ &1 B P ®
2.0
0.5 1.0 15 2.0 2.5 3.0 3.5 4.0

Detector Mass (kg)

Energy scale evaluated via weekly ??8Th calibrations

between physis runs

Most detectors meet the LEGEND energy resolution

goal (0.12% at Qgg)

-ND-200: enerqgy resol

G20¢-£0 - 002-'AN39AN

Stable energy scale observed across calibrations

Data partitioned based on the stability of both energy
and PSD observables to ensure optimal cut

performance throughout the dataset

ution and stability

% ICPC: FWHMg,, =2.58+0.01keV === FWHM curves Va + bE
64 & PPC:FWHMg,, =2.50+0.01keV ¥ calibration data
BEGe: FWHMo,, =2.06 + 0.01 keV % physics data
< 57 $ COAX:FWHMg,, =4.50 + 0.04 keV
g { { '} .................. e L | 2R
S 4qeeeens 2 CoREE CRERl: N
E F
c
3T LEGEND qoal ko pessessenen L 2
......... éga. s
2 g mgttt % ................... I
g ™3
1 1 1 I I 1 1 I 1
500 750 1000 1250 1500 1750 2000 2250 2500
Energy (keV)
] 583.2 keV
108 - [—1 mean =-6.8e-05 keV
] RMS = 1.8e-02 keV
> 2103.5 keV
= 1 mean = 6.2e-04 keV
S 107 5 RMS = 4.9e-02 keV
= 1 L 2614.5 keV
£ |, 1 mean = -8.5e-05 keV
3 104 i RMS = 3.6e-03 keV
(@]
1 00 E T I|—| n |> T ].‘ H T T
-1.00 -0.75 -0.50 -0.25 0.00 025 050 0.75 1.00

Weekly Variation of Calibration Peaks (keV)

G20Z-€0 - 00Z-'AN3931

G202-€0 - 00¢-ON39N
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Counts / 10 keV

-GEND-200: background spectrum

S20Z-€0 - 00Z-AaN39237

10%* 4
E All detectors [61.0 kg-yr]
] —— After muon veto and multiplicity cut
10 5 —— 2vBB decay (T1, =2-10% yr)
102 5 Qg5
101_
wl WWM“&MMHM“W , ,
1000 2000 3000 4000 5000
Energy [keV]

Blinded analysis at Qgg + 20 keV

Spectrum after:

e data cleaning — 95-99% survival after removal of unphysical events
* muon veto — 2 events removed at Qgg

» multiplicity cut (Ge-anticoincidence) — 26% events removed at Qg

MARTA BABICZ
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-GEND-200: background

=
O
o
D

Counts / 15 keV

Residual

5 2 o
104 | all detectors [76.2 kg-yr] E, 10 2 Q : 2 Data
N 107 4 BB M S — Model
103; E. E 2 i i 8 —— ZVBB
© 1o° 5 Sl e 'ilf & a
. ) || 1 N
107 1900 2000 2100 2200 23003 —— Th
: ==
107 - 40K
I ;‘\x\ﬁj nn e = o — 42K
102 ! ML | il — Gther
. 'i'ﬁ—‘wh H—-——-——-——h-—n-—ﬁqﬂ—ﬁ
-5

Energy [keV]

No unexpected background components (238U and 232Th decay chains, y-lines from 40K and 42K)
Spectral shape reproduced well by Bayesian background model

Higher 228Th background compared to expectation (screening campaign currently ongoing to identify
sources)

Effective suppression of this excess by active LAr and PSD cuts

Flat background in the region of interest for the OvpBB-decay analysis

L 4

*
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Counts / 10 keV

L 4

-GEND-200: background spectrum after PSD

104

103

102

10° | 111

After muon veto and multiplicity cut

All detectors [61.0 kg-yr]

B After Pulse Shape Discrimination (PSD)

G20Z-€0 - 00Z-AN3937

1000 2000 3000

* Strong suppression of surface a and B (“?K) events
* ~60% suppression of Compton multi-site events at Qg
* 0v[3@ decay survival fraction of 85%

Detectors

N
1

oo
1

(=)}
1

he]
1

ICPC
— mean=85.2% —|—
— BEGe

mean=83.5%

PPC
— mean=85.2%

o

[]

0.80 0.82 0.84 0.86

0vpBp efficiency (all PSD cuts)

¥202-90 - 002-UN3937

MARTA BABICZ
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Counts / 10 keV

-GEND-200: background spectrum after cuts

104

108

102

10"

100

1000

BB decay LAr cut signal
acceptance ~93% (42K)
events

Strong anti-correlation of
LAr & PSD cuts

Very pure 2v[3[3
distribution

Counts / keV / 61.0 kg-yr

All detectors [61 kg-yr]
After muon veto and multiplicity cut

After Pulse Shape Discrimination (PSD)

B After PSD and argon anti-coincidence

Ll i II llrl_L”l

3000

4000 5000

G20Z-€0 - 00Z-aN3I31

‘l‘ “Energy [keV] .
e —“--- « Analysis window:
« E=(1930 - 2190 keV)
: e Excluded y-lines:
Qgg o 208T| at (2104 + 5) keV
: 1 o 21Bjat (2119 +5) keV
1960 2000 Ziggﬂgy[k§3f0 2120 2160

L 4
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-GEND-200: unblinded results

N 1200 data [tA’)‘lAO kg-yr]
11 events surviving after cuts 2 | o gEw
° background Indlces '; 2- jswes] Comb.T?}’2>1.9xlozsyr(90%CL)
o
BI — 13+8'0 X 10_4 t keV - ko - 3 2;35 2040 2045
silver — —5.4 C S/( € 8 yr) vy ;
 Silver dataset (13 kg yr):primarily coaxial £
) . . =
detectors with worse background rejection 3
0

1960 2000 2040 2080 2120
Energy [keV]

Comblned fit GERDA + MJD + LEGEND-200
» frequentist and Bayesian statistical analysis— no evidence of OvBf signal
 Lower limit Ty > 1.9 x 102 yr @ 90% CL — mgg < 70-200 meV
« Median sensitivity 2.8 x 1026 yr @ 90% CL
* world-leading sensitivity, one event at 1.30 from (gs weakens observed limit

2160

MARTA BABICZ
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-GEND-200: Summary

4+ GERDA infrastructure successfully upgraded for LEGEND-200
+ First 142 kg of HPGe detectors installed (Oct 2022)

4+ Good performance from detectors & LAr instrumentation

+ First LEGEND-200 results (61 kg-yr exposure):

+ LAr veto + PSD: strong background suppression in RO

+ Combined with GERDA + MJD:

— New half-life limit: 1.9 x 10%° yr

— World-leading sensitivity: 2.8 x 10%¢ yr
+ What's next:

+ 35 kg of new HPGe detectors being installed — data-taking
resumes soon!

+ LEGEND-200 can also serve as a test-bed for new designs for
LEGEND-1000

L 4




The future of the OvBf-decay search

The neutrino mass ordering can be probed by OvBS-decay searches if neutrinos are Majorana particles™

10° :
. Inverted Crdering (1) 7
I} Jer band i
Mormal Ordering (N} A B2 SL‘ 1 }..IU
N 3o band i
10% = I J .
. 1 1%Ge Ll T
- ] 136 %
s J
k]
E -
=] i {5 . .
,.g-‘ 10" = 1 L "Ge projection
BZe: L200 combined [3025)
B8e: CUPID-( (322)
10" = Wn g CUPID-Mo (2022)
= BT CUORE (2024)
4 136 % p: KamLAND-Zen {2024)
L] L] LR I 1 L] L] FrrTa I UL I L] L] LA . I | I I
10~ 10° 10! 10% 10° 75 100 125 150

T
TH]ightest ( meV }

*and if the decay mechanism is of light neutrino exchange

L 4

Atomic number

Completed:
76Ge: GERDA: Ty ,>1.8x10% yr (90% C.L.),
|mgp| < 79-180 meV

136Xe: Kamland-Zen: T,,>3.8x10%6 yr
(90% C.L.), |mﬁﬁ| < 28-122 meV (current

best limits:

)

New:

76Ge: GERDA+MJD+LEGEND-200:
T1,=1.9x102 yr (90% C L),

|mgp| < 70-200 meV

Planned:
76Ge: LEGEND-1000**: T;,>1028 yr
(99.7% C L)), |mgp| < 10-20 meV

“*For 10 yr exposure and Bl of ~ 1 x 107 cts / (keV kg yr)
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| B G — N D - :l_ O O O Design and Reviews : ‘ First science run Full data taking

Construction, Detector Production and Installation

* Designed for an unambiguous discovery and a quasi-
background-free OvBf search.

« Simulated LEGEND-1000 example spectrum for T,,, = 1028 yr,
Bl <10-5 cts/keV kg yr, after cuts from 10 yr of data.

6

%
4
~ 9
E
5 4 OvBpB
_; Ti2=1028 yr
,g/: 3-4 events
o
2vBp Flat, featureless background
2
No background peaks are
) expected close to Qg
1940 1960 1980 2000 2020 2040 2060 2080
<10-6 2vBp events ~0.1% FWHM .
— A Energy (keV
leak into in Qgg+20 energy resolution By )

« 336 detectors, each with 3 kg average mass, amounting to a total of 1000 kg of HPGe.
* Planned at LNGS, with staged commissioning in 2030.
« Data taking for 10 years, aiming for a discovery sensitivity of Ty, > 1028 yr (99.7%. C.L.)

P
) 4

*
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Improvements in LEGEND-1000

<@‘) LEGEND-1000 target Bl: ~10-° cts/ (keV kg yr):

 LEGEND-1000 background improved by ~20x over L-200
primarily by 42K background reduction (42K originates from
cosmogenic “?Ar decay)

* Large ICPC detectors immersed in underground LAr

* Neutrino moderator instrumented with WLS light guides

e Xe-doped atmospheric LAr

 PEN materials used for scintillating and radiopure detector

support materials
- %3 NEUTRON MODERATOR

ATMOSPHERIC LAr

Fy

PEN enclosure & holders Neutron moderator

*

L 4
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Summary

4+ We don't really understand why there's more matter than antimatter
4+ Majorana neutrinos could solve this mystery.
4+ To discover them, we must search for of OvBf-decay by building
large low-background detectors.
4+ %Ge is a clear leading choice for a ton-scale search: experiments
are optimised for an unambiguous discovery of of OvBf-decay.
4+ The LEGEND program builds on these successes for a low-risk
path to exploring half-lives beyond 102
4+ LEGEND-200 data taking is about to re-start.
4+ LEGEND-1000 pre-conceptual design available, with R&D and

conceptual design development under way.

L 4
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