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Mass scale of m, ~ VAmZ ~ 0.05 eV have been established by
the atmospheric neutrino oscillation experiments, Can experiments on
neutrinoless 5/ decay reach in foreseeable future the sensitivity to that
mass scale, and help to fix the absolute value of the neutrino mass?

To answer this question, I will review the present status of the
B8(0v) search and describe the many proposals and ideas how to in-
crease the sensitivity of the experiments.

Also, the relations between the neutrine rest masses 1, the effective
mass {(m,), and the rate of the §8(0v) decay will be discussed. The
" uncertainties inherent in these relations, stemming from both nuclear
(nuclear matrix elements) and particle physics (Majorana phases in the
mixing matrix) will be estimated.

Addendum: The very recently claimed ‘evidence’ for the observation
of the 035 decay will be briefly discussed.



Most sensitive neutrino mass measurements

can be obtained from double-beta decay

2v BB decay:
process In nuclear physics

a standard

Ov BB decay: a hypothetical
process
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Summary of experimental 285 halflives and matrix elements
(except for P%Xe where a limit is guoted). For each parent nu-
eleus the results of most recent experiments are weighted aver-
apes (averaging the asymmelric error bars first, and adding the
systematic errors in quadrature for each measurement). The
symbal T is used for inconsistent results; the ervor bars then re-
flects Lheir spread. The nuclear matrix elements were deduced
using the phase-space factors of Boehm & Vogel (1992).

Isotope 11!}'2 (¥) MZE (MeV—1)
(5Ca [ (4.25+1.6) x 10 [0.05
Be [(1.384£014) % 10% | 0.15
#¥%e  |(89+1.0)x10Y |0.10
87 [[(L43532) 5 1012 D.12
WMo | (8.24£06) % 108 | 0.22
1Ueg | (3:24+0:3)x 109 | 0.12
1Bl | (7.240.3) x 10¥ | 0.025
10Tl | (2.740.1) x 10¥ | 0.017
e |8 Tne 10 <0.03
LA |l 18 0.07
Hud | (2.04+0.6) 2109 | 0.05

Mdeduced from the geochemically determined half-life ratio
liﬁrfejl.flﬂﬂrI'E
Hleeochemical result includes all decay modes; other zeochemi-
cal determinabions are sometimes 1nconsistent
Mradiochemical result again for all decay modes



Mass Limit (maV)
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[n neutrinoless 37 decay (0vZ5) two neutrons bound in a nucleus
are similtaneously transformed into two protons, two electrons and
nothing else, like e.g.,

el v Gl L ge= ge o eldlicy S Raleb- 1 0=

Ow 35 decay violates the total lepton number conservation. Its existence
implies that the electron neutrino have a massive Majorana component.
The rate of the 0085 decay is determined by

1/T8, = G(Brui, )M,

where G Eie, 2) I8 a caleulable phase space factor,
M is a nuelear matriv element, caleulable with difficulties,

and X iz an unknown fundamental parameter (e.¢. effective neutrino
Majorana mass).

Various processes could contribute to A (light or very heavy Majorana
neutrines, right-handed current weal interactions, various supersyinmetric
particles, etc.). All of them imply “physics beyond the Standard
Model”. Since we believe now that massive (and light) neutrinos exist
(even though we cannot be sure that they are Majorana particles), we will
consider only this poessibility further,



In Ovf88 décay with the exchange of a light Majorana neutrino

A = < m'gf_f =T |U3|i|2m;-52.'5c,i

where d.; is the phase of the mixing matrix element [7,;. That phase
s peculiar to Majorana neutrinos and cannot be determined in oscillation
experiments. If C'F is conserved, this phase becomes just a sign

No matter what the Majorana phases §, ; the effective mass is contrained
to be between the limits (Vissani)

max 2|UpilPm; — 2 |UilPmy € <mip > < % [UefPm

éu-l} < “’l}

Zuaiu Max

50, suppoese we linow from the cscillation experiments the mixing proba-
bilities |I7, ;|*, and we determine experimentally the value of < Mper >
We can then find the interval of values where the lightest neutrino mass
Tmin Tust be. Once we have gy, we can use the quatities Amy, ; from

the oscillation experiments and we know everything.
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FIG. 1. The allowed region of the LMA MSW parameter space. When only the rates in
the chlorine; SuperKamiokande, SAGE, and GALLEX experiments are considered, the vertical
centituons lines are part of the allowed contours at 90%, 95%, and 99% C.L. The dashed contour
corresponds to the allowed region at 99% C.L. when both the total rates and the Night-Thay
asymmetry are included. The best fit parameters, indicated by a dot in the figure, are for the
rates-only fit: sin®(28) = 0.72 and Am® = L.7% 10~ %V, The bost-fit parameters for the combiped
fit are sin*(28) = 0.76 and Am? = 2.7 x 10~%VE The approximately horizontal lines show the
contours for different Might-Day asymmetries (numerical values indicated); see Rel. [30] for an
iluminating discussion of the Night-Day asymmetry. The data are from Refs. [1,3.4,9).



effective mass <m > (eV)

Effective neutrino mass in Ov BB decay
normal hierarchy, LMA solution
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effective mass <m_> (V)

Effective neutrino mass in Ov B decay
inverse hierarchy, LMA solution
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Calculated 880r halflives in units of 10%® years corresponding to
{m,) = 100 meV for nuclear matrix elements evaluated in the indi-
cated references.

(1) Haxton & Stephenson, 1984, fruncated shell model

(2) Cauvier ef al., 1999, shell model

(3) Engel, Vogel & Zirnbauer, 1988, QRPA schematic int.

(4} Standt, Muto & Klapdor-Kleingrothaus, 1990, QRPA realistic int.
(5) Toivanen & Suhonen, 1995, renormalized QRPA realist int.

(6) Pantis et al., 1996, QRPA with » — n pairing

Nucleus |ref: (1) (2) (3) (4) (5) (6)
BGe 17 IFw 140 28332 35{134}
525 06 24 56 06 08 1.5(28
10001 - - 10 13 03 SQ{BGGBJ
130T 02 58 07 05 09 09(2.1)
1363 e S [ G R I B
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Best, reported limits-on TE{E

=f5::uL{.‘:ptt T, (y)

Reference

®Ca | >95x10™
e > 1.0 % 102
> 1.6 x 10%
823 > 2.7 % 1022
W00 | > 4.5 % 1022
HCd | > 7 x 10%

T al128) —

(geochemical)
Zi g 3 i e
e (| i 102
D6Ne | > 4.4 x10%
BONd | > 1.2 x 102

128130 | A2 — (352 £ 0.11) x 107

You et al. 91
Klapdor-Kleingrothaus et al. 01
Aaalseth et al. 99

Elliott et al. 92

Ejiri et al. 96

Danevich ef al. 00

Bernatovicz et al. 93

Bernatovicz et al. 93
Alessadrello et al 00
Luescher et af 98
De Silva ef al 97




What is needed to reach the interesting
region of 10 - 100 meV ?

@ Very large fiducial mass ( fons)
« Unprecedented isotopic enrichment program

@ New ways to reduce backgrounds

w Present experiments already dominated by background

- Ge: 0.3 events/kg yr FWHM -» 8.7 events
- Te: 7.7 events/kg yr FWHM -» 1.2 events
- Xe: 2.5 evenis/kg yr FWHM -» 20 evenis

{ﬂlu) X ]./ P};ﬁ X 1/\/m If no background

1/4 If background scales

(mlf} X 1/ f;zﬁﬂ X 1/ (N t] with Nt

(1) is essential
(1) without (2) is awaste!



Proposed ton—size experiments

Common features:

1) Need for large amount of the source
material. Typically enriched, hence costly.

2) Innovative background suppression. Hence
some R&D required.

3) Plan to proceed through intermediate steps,
perhaps ~100 kg. This by itself can lead to
100 — 500 meV sensitivity.

4} The ultimate goal is to reach 20-50 meV

sensitivity,
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Proposed or suggested future Op37 experiments. The
T{'}‘.’g lirnits are those estimated by the collaborators but
scaled for 5 years of data taking. These anticipated limits
should be used with caution since background assump-
tions are made for experiments that do not yet exist.

Sensitivity to

Experiment Source Detector Style T ()
COBRA 1T 10 kg CdTe semiconductors 1w 10%
DCBA NG 20 kg *""Nd layers between tracking chambers 2 x 10%°
NEMO 3 1000zo 10 kg of #3(0r) isctope (7 kg Mo} with tracking 4 = 10
CAMEO W60 1t CdWO, erystals in lig. seint. = 10%
CANDLES *Ca several tons of CaFs crystals in lig. scint. 1 3 1030
CUORE ¥Te 750 kg TeOs bolometers 2 % 1020
EXC HiXe 11 Xe TPC (gas ar liquid) B s 104
GEM 3¢ 1t “Ce diodes in liq. nitrogen 7w LT
GENITUS MZe 1t 86% e diodes in lig. nitrogen 15 107
GS0 0Gd 2 t GdaBi0::Ce crystal scint. in lig. scint. AL 1
Majorana Ge 0.5t 86% segmented M Ge diodes 3 o IO

MOON 1Mo 34 t "o sheets between plastic scint. 4 % 10°%°
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Conclusions

e There is a good possibility that the neutrinoless 85 decay
corresponding to < m;, rp >~ 10 meV really exists.

e To prove that it indeed does exist, i.e. to ohserve it. is of
extreme physics inferest.

e This can be achieved only with much larger and thus more
challenging and costly experiments than those presently
running.

e Thereis a wealth of proposals how to do it, which have to be
carefully scrutinized and, if found feasible, the community
should wholeheartedly support them (or at least the best of
them). Many of these proposals involve old practitioners;
however some are ‘open’ i.e. involve people with new ideas.
This is going to be an international effort, very likely open
to enthusiastic outsiders.
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EVIDENCE FOR NEUTRINOLESS DOUBLE BETA DECAY

H.V, KLAPDOR-KLEINGROTHAUS", A, DIETZ. H, L. HARNEY and I V, KRIVOSHEIN At

Mar-Planck- Institut fir Hemphysik, Postfach 103930, D-ggozs Heidelbery, Germaoney
"klopder@guster.mpi-hd. mpy. de

Necoived 5 Decembor 2001

The data of the Heidelberg—Mascow double betn decay experimant for the measuring
period Augnzt 1900-May 2000 (54,9813 kg ¥ or T23.44 molyears), published receitly,
are analyzed using the petential of the Bayesian method for low counting rates, First
evidence for neutrinoleas double beta decay is observed giving first evidence For lepton
number violation, The evidence for this decay mode is 97% {2.27) with the Bayesian
methed, and 59.3% cl. {3.17) with the method recommaneed by the Particle Data
Group. The half-life of the process is found with the Bayesian method to be TI‘:'I}} =
(0.8-18.3) x 10°° ¥ (95% c.L} with a best value of 1.5 % 1025 . The dediced walug
of the effective noutrine mass iz, with the nuclear matrix elerments from Ref 1 trm)-=
{0.11-0.56) ¢V (U8% ¢.L), with a best value of D.39 oV. Uncertainties in the inclear
matrixz eloments may widen the range given for the cffective newtring mass Ly sl rreost
# factor 2. Our abservation which at the same time means cvidence that the neibrino is
a Majorana pacticle, will be of funcdamental importance for neutrlne physics.

Feywards: Neutrine mass and mixing; wesks-interaction and fepton (including neutrina}
aspocks) beta decay; double beta decay: electron and mian capture,

FACE Nas.: 14.69.Pq, 23.40.Bw, 23.40.-5
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counts/(kg y keV)
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