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An old subject

(1935) M. Goeppert-Mayer calculates BR2v rate.

(1937) Ettore Majorana historic paper.

(1937) Racah suggests to use BBOv to test Majorana theory.
(1939) Furry calculates approximate rates for BBO0v.
(1950’s-1980’s) Geochemical measurements of B2v.
(1987) Elliott, Hahn, Moe: B2V first direct observation (Irvine TPC).
(1990’s) Heidelberg-Moscow experiment.
(2003) Klapdor-Kleingrothaus’ claim.

(Today) New generation of experiments.



Motivations
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Oscillation experiments:
evidence of massive neutrinos
...but some remaining
questions.

K2K experiment.

® Absolute scale of neutrino masses.
® Neutrino mass hierarchy.

® Dirac or Majorana particle?



Neutrino mixing

Neutrino flavour eigenstates are linear
combinations of the massive ones.
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Neutrino mass hierarchies

m? m?
A . Ve A
LY il +0.27 —|—1 1 — 2
.V 5o 9
2.6 4 0.2 (06) AU
2 2
my=— — ) Sk 82
l solar~7x10%eV?2 X Jo.7 2= 1.3 ( 3. 5)
atmospheric " hts +4. (—|—9 8)
~2X10%eV? . 0 —3.8 \-8.8/>
atmospheric I3 11.5
m,2L ~2X1073eV?2 0.0 Zo%0 ( 0.0 )
solar~7x107 e V2
my* s e—— {771 0, 360]
?
v C. Gonzélez-Garcia and M. Maltoni, arXiv:0704.1800 [hep-ph]
0 0




Two modes of double beta decay
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BBOV mechanism

BLACK BOX

J. Schechter and J. W. F. Valle, Phys. Rev. D 25 (1982) 2951.
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Experimental objectives
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Background limits the
sensitivity

background-free
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Suppressing backgrounds




Intrinsic background (BB2Vv)

Y. G. Zdesenko et al., ]. Phys. G 30 (2004) 971-981
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Energy resolution is a must!



Klapdor-Kleingrothaus et al., [arXiv: hep-ph/0302248].

Other backgrounds
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Resolution may not be enough:
extra handles required!



Extra handles

@ Kinematics: electrons individual energy, time of flight, etc.
8@ dE/dx

® Tagging of the daughter nucleus

Ba* ion tagging: EXO experiment. Electrons track reconstruction: NEMO-3 experiment.

Transverse view —___ Run Number: 2040

_a/ Event Number: Longitudinal

9732 view
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Internal hypothesis:
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Common vertex: (Avertex), = 5.7 mm
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An ideal experiment

General design

- High efficiency.

- Very good energy resolution.

- Mass scalability.

- Compact size.

- Ultra-radiopure materials.

- Ability to study several isotopes.
- Measurement of event kinematic information.
- Extra signatures.

|Isotope

- Isotope with large Q value.
- Isotope with high i.a. or easy to enrich.

- Good FN.
- NME with small theoretical uncertainties.




Proposals for new experiments

Diodes & Bolometers Calo+Tracko Liquid Scintillator
GERDA SuperNEMO CANDLES, CAMEO, SNO+
Majorana
Cuore Xenon TPCs

COBRA EXO



Diodes & Bolometers

CUORICINO spectrum.
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Liquid scintillator

The Simulated Spectrum of Double Beta Decay Events
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Tracko-calo




LXe TPCs
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Pros & Cons

Technique

Resolution Efficiency Mass scalability Kinematics Extra handles Isotope

Semiconductors

Bolometers
Liq. scintillator
Tracko-calo
LXe TPC

GXe TPC
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Conclusions

® Double beta decay experiments will shed light on
several fundamental questions of neutrino physics.

Current generation of experiments will explore
degenerate region of neutrino masses.

® None of the techniques has demonstrated so far to
be able to explore the inverse hierarchy. New ideas
are needed!



Backup slides



Massive neutrinos




Particle/Antiparticle nature




Isotopes

Isotope Qﬁ 1.\3,. Tf'/ﬁ (v) o, FN._
(keV) (%) (1072 meV—1.y1

BCa 427144 0187  (4.2+41.2) x 10"

6Ge  2039.64+09 7.8 (1.3+£0.1) x 10% 0.4
824, 20954+ 6 9.2 (9.2 4 1.0) x 10" 1.3
100Mo 3034+ 6 9.6 (8.0 £0.6) x 10'® 1.4
16 2802 + 4 7.5 (3.2 +£0.3) x 10 1.1
B0Te  25288+4 338 (2.74£0.1) x 10% 1.4
136X e 2479 + 8 8.9 > 8.1 x 102 (90% CL) 0.8
ONd  3367.1£22 5.6 (7.0555%) x 10 138

Data for FN from V. A. Rodin et al., arXiv: 0706.4304 [nucl-th]




