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Models of neutrino masses




Neutrino mass schemes

,normal® mass hierarchy m,<m,<m,

tritium experiment




urrent neutrino mass limits
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KATRIN-The ultimate beta-decay experiment

molecular tritium source  pumping pre-filter energy analysis R-electron counting

MAC-E-(TOF) spectrometer detector

gaseous T, source pre spectrometer




KATRIN sensitivity & discovery potential

expectation:
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Alternative approaches |

'Re — ¥70s + ¢~ + 7,
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Alternative approaches I

PIn>"Sn+e + 7,

Observed line at 497.4 keV within
test measurements for LENS

------------------- ’ If real a Q-value for beta decay. of
+ 4 keV

Origin of line 3
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Double beta decay
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Spectral shapes

OvBp: Peak at Q-value of nuclear transition

Measured quantity: Half-life
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3 Flavour oscillations (PMNS)

Analogous to CKM matrix
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Physical quantities

Experimental observable: Half-life

Double beta decay: Effective Majorana neutrino mass




Phase space

OvBp
vBp

Isotope Q-value \at abund, (PSOV)T  (PS2v) -t
(KeV) " (0p) (yrs) (yrs)
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Cd 116 2809 75 5.28E24 1.25E17

Sn 124 2288 5.64 9.48E24 5.93E17

Te 130 2529 34.5 5.89E24 2.08E17
Xe 136 2479 8.9 5.52E24 2.07E17
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Heidelberg -Moscow

> Five Ge Diodes (rmmass 10.9 kg)
Isotopical enriched ( 86%) in 7%Ge
lead shield and nitrogen purging
Peak at 2039 keV

Subgrou_p of collaboration

T,,=0.6-84x10%®yr
m=_0.17 - 0.63 eV




If peak Is real...

1.) Go out and check (GERDA, MAJORANA)

Is peak something specific to Ge?

—- Uncertainties in the nuclear matrix elements?
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Running experiments

CUORICINO: cryogenic bolometers
40.7 kg TeO,

T,, > 7.5x10% yr (90% CL)
E. Fiorini, Neutrino 2004
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COBRA P

Only UK lead, UK dominated experiment
already 5 world best limits

Sensitivity to right-handed weak currents
* (AZ) > (AZ-2) + 2e* (+2v,) B+pB+

st (AZ)—> (AZ-2) + e* (+2v.) B+/EC



Cobra - The people

C. GoRling, H. Kiel, D. Munstermann, S. Oehl, T. Villett
University of Dortmund

T. Leigertwood, D. McKechan, C. Reeve, J. Wilson, K. Zuber
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Next step-the 'ZX!W
Installation of settip af_

Very preliminary
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OvBp Experimental Situation
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2 main experimental approac-
* Active Source ’ ([_4
> Passive Source e ’
—
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Best 0v2p results involve active source experiments

rnold et al. 1 x 10
Danevich et al. 2000 >1x 1023

Bernatowicz et al. 1993 130/128Tg* (3.52 £0.11) x 104
Bernatowicz et al. 1993 128Tg* > 7.7 x 1024
Arnaboldi et al. 2005 130T > 1.8 x 10%4




Back of the envelope

Typ=In2eaeNp>Met/Ng (t>>T) (Background free)

—ﬁo meV implies half-life measurements of 1022 yrs

1 event/yr you needm®026:2’ source atoms
N ———




O.Cremonesi, v 2002

Experiment

CUORE
EXO
GEM

GENIUS

MAJORANA

DCBA
CAMEO

CANDLES
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MOON

Xe
XMASS

Future projects

Author Isotope Detector description

g\ég?boldl el 130Te 760 kg of TeO, bolometers

Danevich et al 2000 136Xe 1t enriched Xe TPC

Zdesenko et al 6Ge 1t enriched Ge diodes in liquid nitrogen +
2001 water shield

Klapdor-

Kleingrothaus et al 6Ge 1t enriched Ge diodes in liquid nitrogen
2001

Aalseth et al 2002 6Ge 0.5t enriched Ge segmented diodes

Ishihara et al 2000 150Nd 20 kg enriched Nd layers with tracking

Bellini et al 2001 116Cd 1t CcdwO, crystals in liquid scintillator

Kishimoto et al 48C g seyer.al tons of CaF, crystal in liquid
scintillator

Danevich 2001 160G 2t Gd,SiOg:Ce cristal scintillator in liquid
scintillator

Ejiri et al 2000 100Mo 34_t n_atural Mo sheets between plastic
scintillator

gggflamga etal 136 e  1.56t of enriched Xe in liquid scintillator

Moriyama et al 136 o

2001 Xe 10t of liquid Xe

7 x 1026
8 x 1026
7 x 1027

1x 10%8

4 x 10?7

2 x 1025
> 1026

1 x 10%
2 x 10%6
1 x 10%
5x 10%
3 x 10%

0.027
0.052
0.018

0.015

0.025

0.035
0.069

0.065
0.036
0.066
0.086



Future - Ge approaches

MAJORANA

500 kg of enriched b i
Ge detectors GERDA
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""'"L"‘:""U"F“!II_ LAr with lead shield

20 kg enriched Ge-detectors
at hand (former HD-MO and




5y EXO
=

w feature:

Tracking and scintillation
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$L=2 processes

Im general 9 mass terme

Le-conversion on nuclei

K. Zuber, Phys. Lett. B 479,33 (2000) — IMIts on <mg; o> (In GeV)

® e poVu (e )y (z7)X 3.5 1010 1.7 (8.2) 102 8.4 103
M. Flanz, W. Rodejohann, K. Zuber,
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Event candidates

H1 charged current event NOMAD Trimuon event

efp—=utX




Contents

e Summary and
conclusions




.'lE-'

™

l.
l-'

- m

_y,tot

94eV

.
_—

®_ Hu - Fob. 1944 0.01

k(h Mpc 1)

el 8




Neutrinos mass density

tritium experfmehts

structure formation
(CMB+LSS+Ly-o)
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Density fluctuations versus scale
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(free after Coleridge, 1798)
Structure, structure everywhere
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Expansion in spherical harmonics
. Legendre polynomials




Large scale structure - Description

Inflation predicts: n=1
e — | (Harrison - Zeldovich spectrum)

The VIRGO Collaboration 1996




Neutrinos and the CMB
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Neutrinos in cosmology

Unpolarized CMB
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CMB and Large scale structure

CMB necessary to fix other cosmological parameters

Neutrinos smear out small density fluctuations, change In
power spectrum
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Combined SDSS and WMAP data
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Neutrino mass from cosmology
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Conclusion

Beta decay: Independent of neutrino character
— 2
rne = 2 |Uek| mk
Double beta decay: Requires Majorana neutrinos

' meezlzuek2 mkl

94eV

Currently all of them give limits around 1 eV,

future very exciting, because large improvements can be
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