
Lecture 6:
Searches for 0ν2β 

decays

PhD cycle XXXIV
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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=0

Qββ = M(Z+2)-M(Z) -2me
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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
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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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What to look for...

Measure overall energy of 
“2e” considered as “one 
body” in a 2-body decay 
→ with no neutrinos it’s a 

line at E = Qββ 
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How to look for it...
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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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https://indico.ph.qmul.ac.uk/indico/getFile.py/access?contribId=36&resId=1&materialId=slides&confId=170
https://indico.ph.qmul.ac.uk/indico/getFile.py/access?contribId=36&resId=1&materialId=slides&confId=170


Isotope: Germanium 
Example: Gerda

https://zenodo.org/record/1287604#.XH2VfNF7kcg
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BI = counts/(keV·kg·yr)
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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 muon 
veto

Gerda
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Gerda
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Gerda
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Most recent result, run II-b

Phys. Rev. Lett. 120, 132503  + summer 2018 
updates
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Isotope: Te, Xe 
Examples: LS 

(SNO+, KLZ, EXO)
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Why LS? 
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• Xe+LS allows to have source and detector at 
once, minimizing other materials 
•enriched LS (decane, PC): 90. 77% 136Xe

•136Xe → 136Ba + 2e-

• Q = 2458 keV, higher than most γ rays from 
common radioactive nuclides

• scintillation only
• getting to several tons of Xe feasible keeping 
bkg low (“easy” to purify)

•  exploits existing detection infrastructure 
and radio-purity of KamLAND

•1200 m3, U: 3.5 10-18g/g, Th: 5.2 10-17g/g 
• reactor neutrino detector (KamLAND) 
acts as photon screen for KLZ 

https://arxiv.org/pdf/1605.02889.pdf
E.g.: http://iopscience.iop.org/article/10.1088/1742-6596/888/1/012031

1 km underground in Kamioka
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•  Phase-I: Oct 2011 to Jun 2012
•T1/20ν >1.9 1025 yr
• dominant 110Ag from Fukushima!

•Xe-LS purification campaign until 
Oct 2013
• Phase-II: Nov 2013 to Oct 2015

• exposure of 504 kg yr of 136Xe
• σ(E)/E = 7.3%/√E(MeV)

22



Remember: assumes one calculation on NME, but large variations (up to 
factor 3!) from different nuclear models (see Giunti-Kim p.504)

NOT most up to date
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•E resolution better for ionization (3.5%) than scintillation (7%)
• combined gets down to ~1.2% at Q value
• correlated measurements 

• rotation angle provides best resolution (from calibration with 228Th)
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•BI ~ (1.5 ± 0.2) 10-3

•Bkg rejection exploits 
event topology like Gerda

https://arxiv.org/abs/1707.08707

Exo200-II
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https://arxiv.org/abs/1707.08707
https://arxiv.org/abs/1707.08707


Future of Ge

27



Future of Xe
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Back-up
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Broad Energy Germanium

Gerda
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Gerda
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Gerda
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Nature 544, 47–52 (06/04/2017)
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“PSD” now enhanced (new BEGe) and “LAr” now possible (LAr bath)

Gerda

see e.g. Majorovits, Phys.Proc. 61 (2015) 254-259
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https://arxiv.org/pdf/1205.5608.pdf
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Gerda
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