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Dirac Majorana
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76Ge



76Ge
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Qββ = 2039 keV



76Ge
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Qββ = 2039 keV
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3600 m water equivalent
Muon flux reduced of a factor 106
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Water tank

Liquid Ar cryostat

90 tons of liquid Ar

200 kg of enriched Ge

Stably taking data since 1 yr

𝑇1/2
0𝜈𝛽𝛽

 > 1027 yr @ 90% CL (5 yrs) 
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336 detectors of 3 kg avg. mass
1000 kg of Ge detectors

First data in 2030

𝑇1/2
0𝜈𝛽𝛽

 > 1.4 • 1028 yr @ 90% CL (10 yrs)

Underground Ar

Atmospheric Ar
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Single Site Event (SSE)
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Single Site Event (SSE)
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Liquid Ar coincidence



Single Site Event (SSE)
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Liquid Ar coincidence

Multiplicity



Single Site Event (SSE)
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Liquid Ar coincidence

Multiplicity

Multi Site Event (MSE)
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Acceptance band

Charge
Current
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• DEP are used as proxy for SSE
• FEP and SEP for MSE
• PSD tuned to 90% survival at 208Tl DEP



10 t ∙ yr
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0νββ half life

Phase space factor
Atomic physics Nuclear matrix element

Nuclear physics

Effective Majorana mass
Particle physics

Γ0ν = T1/2
0ν −1

= G0ν × M0ν
2 ×

mββ

me

2

https://doi.org/10.1103/PhysRevC.85.034316

https://doi.org/10.48550/arXiv.1610.06548



• The source is embedded in the detector, providing high efficiency

• Best energy resolution, FWHM better than 0.1% at Qββ = 2039 keV

• Highly radio-pure

• High density

• PSD capabilities

• Enrichment up to 88% in 76Ge



• Low Qββ, below the 208Tl line of 
2615 keV

• Rather expensive enrichment 
process

• Low value of the phase space 
factor respect to other isotopes. 
This implies the need to reach a 

longer T1/2
0ν  to probe a given mββ 

value

https://doi.org/10.1103/PhysRevC.85.034316



M= 2,5 kg

Bore hole → depletion of a 
larger volume → large mass 
detector

D=8 cm, H = 3 cm, M= 0,8 Kg
Mass limited down to 1 kg
Smaller p+ area
Lower noise
Better ΔE 
Better PSD

The well allows depleting the 
detector at the usual 
operational voltage of about 
4000 V with a mass above 3 kg

Good PSD capabilities 



LEGEND timeline

Mass [kg] 45 30 200 1’000

Exposure [kg ∙ yr] 100 26 1’000 10’000

BI [cts/(keV∙kg∙yr)] (5.2±1.6)∙10-4 (4.7±0.8)∙10-3 2∙10-4 2∙10-4

Resolution [KeV] 2.6±0.2 2.52±0.08 2.5 2.5

Lowest BI
Best energy 
resolution
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Overall improvement in 
energy resolution @Qββ

Energy scale very stable 
between calibrations



Neutron moderator



0νββ experiments comparison 
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