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0ν2β decays
• Two beta decays at 
the same time
• Only a few 
isotopes able to 
undergo 2β

• among which 
Ge76 

ΔL=2

• Has also important cosmological repercussions

Only feasible way at present to determine ν nature: 
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+ Ge: source + detector: high ε 
+ has best ΔE on the market 
- expensive to get to high A for Ge76
- many bkgs around Q(bb, Ge)
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Gerda experiment at 
Gran Sasso
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Ge76 experiments aggressive in keeping background low  
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Sensitivity on T1/2 = 1027yr Sensitivity on T1/2 = 1028yr
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Planned local activities 
on LEGEND LAr veto
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LEGEND-200 LAr veto
• An active veto is one of main 
resources to reach such low bkg 
•LAr veto improved in coverage and 
read-out wrt Gerda
•Veto efficiency is then introduced in 
simulations to estimate expected BI 
close to signal region
•important to response know well: 

• attenuation length at desired purity 
• light yield
• fast vs slow component 
• reflectivity of immersed materials 

• room in LEGEND-1000 for R&D to 
improve veto capability

LEGEND-200 
prelim. design
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LEGEND-200: Activities/1
• Study optical properties of pure samples of LAr for LEGEND-200 

• cryogenic conditions: Ar is liquid at T=87 K 

• expected λatt ~50-100 cm, but large discrepancies in available measurements 
such that more studies are necessary

✓coherent with local activities on liquid scintillators (e.g. JUNO) and should 
be able to profit from dedicated cryo equipment  

๏ + integrations to keep cold and monitor larger volumes: seeking advise of cryo 
experts at LNGS on set-up design

๏ + best set-up: there are various ways to make a λatt measurement; we need to 
consider systematic light collection effects and space/funds constraints

• People: Diego T and Giuseppe S + LNGS LEGEND people

• Tune Geant-4 LAr optical response (+smart speed optimization on specific 
bkg processes?) to model full LAr veto

• People:  Andrea A
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LEGEND-200: Activities/2
• Materials immersed in LAr (detectors, support 

structures) reflect scintillation photons 

• need to know reflectivity down to VUV 
(λLAr=128 nm) to model overall light 
collection in veto 

• many old measurements of reflectivity, but it 
heavily depends on surface 

•  e.g. polishing of Ge detectors + incident 
angle will change reflectivity 

• Scouting to do campaign of dedicated 
measurements with vacuum optical set-up; 
e.g. at synchrotron radiation from 128 to 
~500 nm with Ge, Si, Cu samples 

• People: Enrico B, Giuseppe S
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Activities/3
Electronics + anti-muon trigger

• 9 SiPM = 81 fiber signals in parallel are collected and amplified by 
Cremat CR-112 

• Overall 52 channels plugged to 8-channel NIM boards for FE (FADC for 
digitization) together with Ge detectors

a. Can “packaging” be improved (change card output to board and 
group more effectively)?

b. Study possibility to introduce “fast-trigger” directly on analog 
signals using topology to veto Ar40 + n → Ar41 + γ (n from 
cosmogenic muons close to Ge detectors)

• People: Diego + Giuseppe + TUMunich people for simulations
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LEGEND-1000
• This opens door to LEGEND-1000 

• In R&D phase, with chance to study solutions to attain VERY 
challenging background levels (really the issue!)

• Identifying some ideas that can be pursued: 

• Screen off incoming radioactivity in double way: “mechanically” with 
low-rad plastic shrouds + “electrically” against K42 ions that are 
created close to, and get drifted towards, Ge p-n junction  

• better light yield, ΔE and PSD by doping Ar with materials like Xe in 
the right concentrations

• shifts wavelength efficiently, suppresses slow and fast component differently 
+ has different peaks with changing intensity based on bkg particle mass

• small needed concentrations of Xe (10 to 1000 ppm) at 87K a challenge 
C G Wahl et al 2014 JINST 9 P06013

arXiv:1511.07723, 1906.00836
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Back up
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0ν2β decays
• Two beta decays at the same time
• Only a few isotopes able to undergo 2β

• those with peculiar energy level arrangements 
such that the emission is more convenient than the 
unstable isotope

ΔL=2

15Friday, 5 July 19



16Friday, 5 July 19



Why look for it...

• A weighted average of neutrino masses 
enters the decay rate (decay half life)
•NB: experiments measure T0nu1/2 
•Limits on mee from above, can also 
exclude IH 

•because one is still looking only at 
electron flavour, therefore a mix of 
mass eigenstates, with their MH 
arrangement in <mee>
• nuclear matrix element uncertainties 
are the biggest spoiler in the 
conversion 
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• high-purity germanium (HPGe) detectors enriched in 76Ge to (86–88)%: source + detector
• detectors mounted in low-mass holders (to minimize radioactive bkg)
• embedded in liquid argon (LAr):  cryogenic coolant and absorber against external radiation
• ultrapure water tank: buffer around cryostat as additional absorber + Cherenkov mu veto

Gerda/LEGEND
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https://indico.ph.qmul.ac.uk/indico/getFile.py/access?contribId=36&resId=1&materialId=slides&confId=170

Synoptic comparison (not most up to date)
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Gerda
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https://arxiv.org/pdf/1205.5608.pdf
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https://arxiv.org/pdf/1205.5608.pdf
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→~1/5 of Gerda!
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