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Neutrinoless double beta decay (01 { ) Is an excellent
(and perhaps the only) probe to Majorana nature of neutrinos

Implications if O'T T is observed (assuming light’ exchange)
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Wellestablished

detector
technology
: Background
Germanium - :
rejection using

detectors have event topology
NMERVELRVERIERES
that make them
well suited for
OvBp decay

_ o searches S &
Sharp peak abov ource = detector,

flat, well- Energy resolution
understooc ~ 0.1% FWHM at

backgrounc Q .
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Lock system for Ge
array deployment
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e LEGEND;- 200 experiment

N ‘-k >‘ ‘

Th

] Water Cherenkov
Muon veto (590 n¥)

[

HPGe readout electronics based on
| MJD Low Mass Frosmnd N
N mew | And GERDA charge sensitive amplifier (CC4)

Detector mount: underground copper,
Optically active PEN plates & radiopure PE

Scintillating,
self-vetoing

Liquid Argon instrumentation: |

Inner & outer fiber barrels with|

silicon photomultiplier (SiPM)
readout at the top & bottom

o\
Larger mass (inverted coaxialg=

l_,. : HPGe detectors up to 4 kg

v Ji;{ Source funnels for calibration
‘,‘:‘ Wl 1 : sources lllustration by Michael Willers

3/4/2026 ¥ OAK RIDGE

Natious] Tnboratucy HARISREE KRISHNAMOORTHY | LLWI 2026, MARCH 2026, LAKE LOUISEI:E_GEM& 6

L] L
Segaen®®




Removed after the first deployment. The LEG ENBOO dEtECtOrS |nC|Ude the

Replaced by new ICPC detectors | c .
. 43821 detectors from the past experiments
and new ICPC detectors

_
5 PPC

Liquid Argon

(LAI’) N

bb i signal-like

Background event
topologies are

removed by various

analysis cuts

Removed by LAr
SA anti-coincidence

Multi-site event.

Removed by pulse
shape discrimination
cut

Detector composition by mass in the first LEGEROD deployment
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The point contact detector geometry plays a crucial role in
Pulse Shape Discrimination (PSD)

Largely uniform electric field.
Strongly increases in the close vicinity of the poi
contact

n+ electrode (HV application) - —- — — -

Multi-site
events: can be
treated as
superposition of
single

Similar Surface events:
waveforms faster pulses
in large part close to p+

of the and slower nea

Passivated ditch

volume n+

\ // ] interactions
P+ electrode (signal readout) \4\ 4— L ——
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surface events with T T TEEE

A/E = (current)Amplitude/Energy

3/4/2026

A/E classifier.

%OAK RIDGE

~National Laboratory

i Surface a or p+ contact event
Surface event on n+ contact (*2K/*2Ar)
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Rejection of multisite and surface events with A/E classifier
A/E = (current)Amplitude/Energy

Calibration data Background data

Removed by high A/E

:Qpg

228Th cal data

1 before PSD
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background P+ contact
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Localized signature in multi-site classifier Internal energy depositions evident in

multi-site classifier
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LEGEND-200 - 02-2025
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Summary of the Cumulative
data from March 2023:
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ICPC [ pPPC BEGe [ CcoAX

LEGENE200 had stable
energy observables over the
first year of datataking

ICPC: FWHMo,, =2.58%0.01keV ===+ FWHM curves Va + bE
PPC: FWHMy,, = 2.50 + 0.01 keV I calibration data

BEGe: FWHMo,, = 2.06 + 0.01 keV. physics data

COAX: FWHMp,, = 4.50 + 0.04 keV

-00Z-'ON393

GZ0Z-€0 - 00Z-'AN323N

GZ0Z-€0

FWHM (keV)

The stability is monitored with
228Th weekly calibration data

DEP: 1593 keV

1620 keV
SEP: 2104 keV

1079 keV

750 1250 1500 1750 2000 2250 2500 750 1000 1250 1500 1750 2000 2250 2500 ~Ol% FWHM atLQ
Energy (keV) Energy (keV)

HPGe detector spectra HPGe detector resolution
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103 4 2087 2uBBdecay (T =2-102Lyr) |8 LEGENE200O HPGe detector
2 spectrum corresponding to 6
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)
N

kg.yr of exposure.
Data-cleaning, muon veto and

MMMMM”HWWMWW - multiplicity cuts applied.
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ounts / 10 keV

Before analysis cuts Il After cuts [61.0 kg-yr]

/ Prior to unblinding \

002-0ON3937

After the analysis cuts, 9
events survive in the
Background estimation
window (1930 to 219€eV)
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\4

All HPGe detectors [61 kg yr] After quality, p-veto,

o Muelyots (g Only 2additional events after unblinding
2vBp decay of 5Ge . .
Background indices:

40K

Counts / 3 keV

S ZOZ-C0 - 00Z- O3

Blyoia[48 kg.yr]:ug 8 p 1t cts/(keV.kg.yr)

After qualhty, p-veto, ! World leadingamong® . =PH=JAE=FLKJ] ! GEI

multiplicity euts
After PSD cut

B After LAr and PSD cuts :E . Blsilver [13 kgyr]p 0) g p Tt CtS/(kergyr)

1000 Primarily coaxial detectors with seemingly worse background

Energy [keV] rejection
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I | 200 data [61.0 kg-yr]
E== L200 best-fit background & unc.
1200 T2% > 0.5 x 1026 yr (90% CL)

T,0LLO DGO=J DAEALK OxPO
(combined fit from GERDA MaJORANAND LEGEND)
(252.7 kg.yr)

Comb. T9, >1.9 x 102® yr (90% CL)

Half life: T, (0L L>4.9 x 1&yr
Median sensitivity: 2.8 x $0yr (world-leading)
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: (backgroundonly p-value = 0.1, does not reach 3ignificance for discovery)

I I
I I

Yy v .
Known gamma lines excluded from the fit

After maintenance and background characterization, detectors have been recommissioned.

LEGENE20O is presently taking data from the second physics deployment with new additional ICPC detectors.
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Largemass (3 kg) high purity
p-type ICPC detectors
Enriched to more than 90% in

5Ge

- —

Reentrant
Tube

e ()

Water '
Shield . Neutron Radlopgre
~ =i - Moderator electronics
| i and cables

Underground
LAr

Undergroundsourced
Argon UGLAY to mitigate
the 42Ar background
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LEGENELOOQO is optimized for a quasiackgroundfree (s L search fully
covers the inverted neutrino masses

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

Design & Reviews Full Data Taking

Low backgrounds, excellent resolution, and
event topology discrimination allow for an
unambiguous discovery ofl® L decay at T, =
10°8years

Construction, Detector Production & Installation *Technically driven schedule
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