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The Collaboration Large Enriched Germanium 
Experiment 

for N=MLJAFGD=KK ʟʟDecay

LEGEND mission:
The collaboration aims to 
develop a phased, 76Ge-

based double-beta decay 
experimental program with 
discovery potential at a half-
life beyond 1028 years, using 

existing resources as 
appropriate to expedite 

physics results

11 countries, ~60 institutions, ~300 members..



Neutrinoless double beta decay (0’‍‍) is an excellent 
(and perhaps the only) probe to Majorana nature of neutrinos 
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Implications if 0’‍‍is observed (assuming light ’exchange)

Neutrinos are 
Majorana 
fermions

B-L is  not 
conserved
Ӧʀ*ữҐӧӅ EʟʟỶ Ҏ

Absolute neutrino 
mass scale can be 

constrained

2’ʟʟ

0’ʟʟ
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- 1000- 200 Exposure goal

Background goal

Half-life sensitivity

Absolute neutrino mass range

200 kg (x 5 yr)enrichedGe

2 x 10-4 cts/(keV kg yr)

T1/2 (0’)> 1027 yr

m ~ 30 - 70 meV

1000 kg  (x 10 yr) enrichedGe

< 10-5 cts/(keV kg yr)

T1/2 (0’)> 1028 yr

m ~ 10 - 20 meV

3600 m.w.e
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Well-established
detector

technology

Low intrinsic 
background

Background 
rejection using 
event topology

Source = detector, 
Energy resolution 
~ 0.1% FWHM at 

Q

Sharp peak above 
flat, well-

understood 
background

76Ge

76Se  + 2e-

Q-value = 2039 keV
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The                      - 200 experiment
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Water Cherenkov
Muon veto (590 m3)

Stainless steel LAr 
cryostat (64 m3)
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Lock system for Ge 
array deployment

HPGe readout electronics based on
MJD Low Mass Front-end

And GERDA charge sensitive amplifier (CC4)

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

Scintillating,
self-vetoing

Liquid Argon instrumentation:
Inner & outer fiber barrels with
silicon photomultiplier (SiPM)
readout at the top & bottom

Larger mass (inverted coaxial)
HPGe detectors up to 4 kg

Source funnels for calibration 
sources Illustration by Michael Willers
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19.0 kg 22.1 kg 86.7 kg14.7 kg

ICPC
PPC

BEGe

Coax

Total Ge detector mass: ~142 kg 

Point contact detectors

The LEGEND-200 detectors include the 
detectors from the past experiments 

and new ICPC detectors

ɓɓïsignal-like

Liquid Argon 

(LAr)

Removed by LAr 

anti-coincidence

Multi-site event. 

Removed by pulse 

shape discrimination 

cut

Removed after the first deployment.
Replaced by new ICPC detectors

Detector composition by mass in the first LEGEND-200 deployment

Background event 
topologies are 

removed by various 
analysis cuts
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Largely uniform electric field. 
Strongly increases in the close vicinity of the point 

contact

Similar 
waveforms 
in large part 

of the 
volume

Surface events:  
faster pulses 
close to p+ 

and slower near 
n+

Multi-site 
events: can be 

treated as 
superposition of 

single 
interactions

The point contact detector geometry plays a crucial role in 
Pulse Shape Discrimination (PSD)
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n+ electrode (HV application)

P+ electrode (signal readout)

Passivated ditch
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Rejection of multi-site and 
surface events with 

A/E classifier.
A/E = (current)Amplitude/Energy

Current is smoothed derivative of 
the waveform

WP and charge drift Generated signal
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----- Charge signal
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Acceptance window
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Rejection of multi-site and surface events with A/E classifier 
A/E = (current)Amplitude/Energy 

208Tl
Double 
escape 
peak

212Bi
Full

Energy
Peak

background P+ contact 

Multi -site n+ contact 

Single-site events (accepted)

Removed by high A/E

Removed by low A/E

Calibration data Background data

3/4/2026 HARISREE KRISHNAMOORTHY | LLWI 2026, MARCH 2026, LAKE LOUISE



11

Summary of the Cumulative 
data from March 2023: 
61 kg.yr of exposure

LEGEND-200 had stable 
energy observables over the 

first year of data-taking

The stability is monitored with 
228Th weekly calibration data

~0.1% FWHM at Qʟʟ

HPGe detector spectra HPGe detector resolution
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50 keV blinded window

ὗ

50 keV blinded window

50 keV blinded window

2’ʟʟ J=?AGF

background region

background region

background strongly suppressed

2’ʟʟ J=?AGF

~ pure 2’ʟʟ

LEGEND-200 HPGe detector 
spectrum corresponding to 61 

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

multiplicity cuts applied.

After the application of 
LAr Veto (blue filled) to 
the above spectrum. 
Background above 

2’ʟʟ KLJGF?DQ
suppressed. ~93% 
signal acceptance

The spectrum after applying data cleaning 
PSD, and LAr anti-coincidence  (red filled).
Strong suppression of backgrounds. 0’ʟʟ

survival fraction of Ḑ60%

40K
42K

214Bi
208Tl

40K
42K

214Bi
208Tl

40K
42K

214Bi
208Tl

210Po

210Po

210Po
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After the analysis cuts, 9 
events survive in the 

Background estimation 
window (1930 to 2190keV)

Prior to unblinding
Blinded window (50 keV)

Unblinded!

Only 2 additional events after unblinding

World leading among 0’ʟʟ =PH=JAE=FLKӅ !GEH9J9:D= LG %#0"

Background indices:

BIgold [48 kg.yr]: υȢτ Ȣ
Ȣ ρπ cts/(keV.kg.yr)

BIsilver [13 kg.yr]:ρσȢ
Ȣ ρπ cts/(keV.kg.yr)

Primarily coaxial detectors with seemingly worse background 
rejection
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T1/2 (0’ʟʟӧ DGO=J DAEALK ӦҗҎổ >J=IM=FLAKL !ӄ*ӄӧ
(combined fit from GERDA, MAJORANAand LEGEND)

(252.7 kg.yr)

Half life: T1/2 (0’ʟʟӧ>1.9 x 1026 yr   
Median sensitivity: 2.8 x 1026 yr (world-leading) 

One event at 1.4ů from Qɓɓweakens combined limit

mʟʟ< 75 -200 meV

Known gamma lines excluded  from the fit

(background-only p-value = 0.1, does not reach 3„significance for discovery)

After maintenance and background characterization, detectors have been recommissioned.

LEGEND-200 is presently taking data from the second physics deployment with new additional ICPC detectors.
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Towards Ton-scale:                    - 1000                  

Underground 
LAr

Ge 
Strings

WLS Fiber 
Curtain

Water 
Shield Neutron 

Moderator

Reentrant 
Tube

Atmospheric LAr

Radiopure
electronics 
and cables 

336 detectors distributed among 42 strings 

Large-mass (3 kg) high purity 
p-type ICPC detectors

Enriched to more than 90% in 
76Ge

Underground-sourced 
Argon (UGLAr) to mitigate 

the 42Ar background
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LEGEND-1000 is optimized for a quasi-background-free 0ʪʟʟsearch fully 
covers the inverted neutrino masses 

Low backgrounds, excellent resolution, and 
event topology discrimination allow for an 

unambiguous discovery of 0ʪʟʟdecay at T1/2 = 
1028 years
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