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Double Beta Decay and Lepton Number Violation

Josef Jochum



Why are Neutrino-Masses so small ?

if neutrinos accquire their mass by coupling to the Higgs,

in the same way as the charged leptons, 

why should the coupling be so different ?



Neutrino - Masses
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Majorana - Neutrino
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to get 

m1 ~ meV

MR ~ 1015 eV
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MR ~ higher scale (GUT ?)
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mostly left-handed, active
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to get 

m1 ~ meV

MR ~ 1015 eV
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ɜhas no charge  Ý can be Majorana-particle

Ý can explain smallɜïmass (even with normal mD)

Neutrino is a normal Fermion, it just happend to have no charge

Ý heavy right handed partner

Ý decays in early Universe and can violate Leptonnumberé

Ý creates Matter - Antimatter imbalance

if in addition there is

CP-violation 

in Neutrino-sector

Majorana - Neutrino ɜM  = ɜM
c



ɜhas no charge  Ý can be Majorana-particle

Ý can explain smallɜïmass (even with normal mD)

Neutrino is a normal Fermion, it just happend to have no charge

Ý heavy right handed partner

Ý decays in early Universe and can violate Leptonnumberé
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0n2b- only if:

Maiorana-particle
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even-even

odd-odd

2b-decay   - 76Ge

Suche nach                Doppelter Beta-ZerfallDLÍ0 :  



Doppelter Beta-Zerfall: Sensitivität



Doppelter Beta-Zerfall: Sensitivität



Double Beta Decay and Lepton Number Violation

easiest but not easy way

to see ifɜare Majorana-type

search for 0ɜbb



0ɜbbother mechanisms

LR symmetry

heavy WR and NR exchange

(gR = gL )

complementarity

0ɜbbsearches, 

WRand Zó searches at LHC

in wider  MN ,  MWR regions

(gR = gL )

arXiv 1509.00423v1



0ɜbbother mechanisms

LR symmetry

heavy WR and NR exchange

0ɜbbdecay T½ from

LHC dijet limits for

different  NR masses

0ɜbb

present

0ɜbb

future

arXiv 1509.00423v1



large detector modules

very goodDE

lowest background

Ge detectors

liquid noble gas

loaded liquid 

scintillator

cryo bolometers

cryo bolometers

+ light

CdZnTe detectors

GERDA

EXO

KamLAND-Zen

CUORE

AMoRe, Lumineu

COBRA

LEGEND

Majorana-D

nEXO

SNO+

KamLAND2

competetive limits running in preparation R&D and future projects

larger variety of isotopes

new techniques

Search for Neutrino-less Double Beta Decay

Large Enriched Ge Experiment for Neutrinoless bb Decay

Cupid-0

76Ge

136Xe

others



EXO 200 / nEXO

liquid Xenon TPC enriched in 136Xe (80,6%),  charge and light

WIPP New Mexico USA

DE ~ 88keV FWHM

self shielding, multi site recognition

EXO 200: 170kgisotope total / 80 kgisotope active volume

nEXO: 5000kg proposed at SNOLAB 



EXO 200 / nEXO

123,7kg yrs exposure published

sensitivity 1,9·1025 yr

T1/2
0ɜ2b > 1,1·1025 yr

background in ROI = 220 / FWHM t136Xe yr

present Phase II aims to reach sensitivity of 5.7·1025 yr
1.7 / 

Nature 510, 229 (2014)



KamLAND-Zen

liquid scintillator loaded with Xenon enriched in 136Xe (91%), Kamioka, Japan

3m diam. ballon with Xe loaded LS inserted into KamLAND detector

DE ~ 250keV FWHM

Results: KamLAND Zen 400 

383kg Xe / 88kgisotope in FV

starting: KamLAND Zen 800: 750kg Xe

Goal: KamLAND2: 1000 kg 



89,5kg yrs (Phase I) + 504 kg yrs (Phase II)  exposure published

sensitivity 5,6·1025 yr

T1/2
0ɜ2b > 1,07·1026 yr

background in ROI  ~ 90 / FWHM tisotope yr

KamLAND-Zen


