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Why are Neutrino-Masses so small ?
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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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Majorana - Neutrino 3y =3u°

mp normal Fermion-mass
Mg ~ higher scale (GUT ?)
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m=my/ Mz m,= Mg

mostly left-handed, active mostly right-handed, sterile

=> 3 we know

to get
m; ~ meV

Mg ~ 10eV




Majorana - Neutrino 3y =3u°

3 hasnocharge Y can be Majorana-particle
Y can explain small 37 mass (even with normal mp)

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

eavy right handed partner

Y h
Y decays in early Universe and can violate Leptonnumberé
if in addition there is

CP-violation Y creates Matter - Antimatter imbalance
in Neutrino-sector

to get
m; ~ meV

Mg ~ 10eV




Majorana - Neutrino 3y =3u°

3 hasnocharge Y can be Majorana-particle
Y can explain small 37 mass (even with normal mp)

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

Y heavy right handed partner
Y decays in early Universe and can violate Leptonnumberé

if in addition there is

CP-violation Y creates Matter - Antimatter imbalance
in Neutrino-sector
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Doppelter Beta-Zerfall
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Doppelter Beta-Zerfall: Sensitivitat
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M = mass of detector

t = measurement time

A = isotope mass per mole

N, = Avogadro constant

a = fraction of OvpBp isotope

¢ = detection efficiency

B = background index in units cnt/(keV kg y)
AE = energy resolution = energy window size




Doppelter Beta-Zerfall: Sensitivitat

selected Ovf3p isotopes from PRD 83 (2011) 113010

il _ &% m 2 <mee>2 Isotope G% [10-74y] Q[keV] nat. abund.[%]
i m? 48Ca 63 42737  0.187

76Ge 0.63 2039.1 7.8

TY', =measured experimentally | 82g¢ 57 5995 5 92 |
§ 100Mo 4.4 3035.0 9.6
G® = phase space factor ~Q° |37 it o
M® = nuclear matrix element 136Xe 4.3 2461.9 8.9
150Nd 19.2 3367.3 56

M. = electron mass

enrichment required except for 130Te,
not (yet) possible for all, costs differ

. N
Experiment observes N*'=In2—*%acMt/T,,  and N9=Mt-B-AE

Experimental sensitivity M = mass of detector

N t = measurement time
In2 A = isotope mass per mole
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¢ = detection efficiency

B = background index in units cnt/(keV kg y)
AE = energy resolution = energy window size
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easiest but not easy way

to see if 3 are Majorana-type
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03b bother mechanisms AL # O

LHC present
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complementarity
LR symmetry 03b tsearches,
Wx a n d sedrohes at LHC

heavy Wg and N exchange in wider My, Mregions
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Search for Neutrino-less Double Beta Decay AL p = O

Ge detectors GERDA
_ very good DE
Majorana-D lowest background 6Ge
LEGEND
liquid noble gas EXO
nEXO
N 136
loaded liquid KamLAND-Zen large detector modules Xe
scintillator
SNO+
KamLAND2
CdZnTe detectors COBRA
others
CUORE . :
cryo bolometers larger variety of isotopes
cryo bolometers ~ AMoRe, Lumineu new techniques
+ light
Cupid-0
_ running in preparation R&D and future projects




EXO 200 / nEXO AL 20

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: 170kg...,.. total /80 kg.,.. active volume

NEXO: 5000kg proposed at SNOLAB

Avalanche
photodiode (APD)
array observes
prompt scintillation

Crossed shielding and charge ~~Common cathode

collection grids give give x,y position




EXO 200 / NEXO AL 20
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Nature 510, 229 (2014)

123,7kg yrs exposure published

sensitivity 1,9-102° yr

background in ROl = 220 / FWHM t;35xc YT

present Phase Il aims to reach sensitivity of 5.7-102° yr




KamLAND-Zen AL 20

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 / 88KQ..p IN FV

_ Neutrinoless Physicist

starting: KamLAND Zen 800: 750kg Xe

Goal: KamLAND2: 1000 kg

wvlth Xe loaded




KamLAND-Zen AL 20

89,5kg yrs (Phase 1) + 504 kg yrs (Phase IlI) exposure published

sensitivity 5,6-102° yr

background in ROl ~ 90/ FWHM t.,,. yr
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