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Introduction: double beta decay
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second order weak decay s

of even-even nuclei 4
in A even multiplets L,
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136
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BB-2v: (A 2) > (A, Z+2) + 2€™ + 27, Ve
® allowed in Standard Model
= observed with T , > 10" years =

BB-Ov: (A 2) — (A Z+2) + 2€”

m not allowed in Standard Model (AL=2) ‘\°_>

= expected T, , > 10* years
® only one criticized evidence to date
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BB-0v and neutrino properties

b B 3 virtual neutrino is exchanged

. >d p > neutrino must have mass to allow

helicity non conservation > AH=2

> neutrino must be a Majorana particle to allow
lepton number non conservation = AL=2

m, # 0
BB-Ov & _

V=YV

A these conditions hold even if other mechanisms

are possible and may dominate

2
(m,)
light Majorana v mediated gg-Ov decay rate —— = — Fy
T1/2 m,
nuclear structure factor effective neutrino Majorana mass
_ O Ov 2 2
Fy=G1(Q,,, Z)IM°] <mv>=yz,<m»|y
|
phase space matrix element CP phases* neutrino mixing matrix

* CP conservation = n, = +1 A. Nucciotti, IDM04, Edinburgh, UK



Present knowledge about neutrino prope

rties

neutrino mixing matrix

heutrino mass eigenstate

® neutrino flavor oscillation |

> neutrinos mix and have mass =3 ‘w
» oscillation experiments measure

Am.2=|m?-m?| and sin229,= | U, |?)

neutrino /flavor weak eigenstate

e atmospheric neutrinos v,V (SK, K2K)

> Am?, _=Am?, =2.1x107 eV?; sin?3__=sin?3,.=1.0 (best fit)

e solarneutrinos v —v v (Homestake, GNO, SAGE, K/SK, SNO,

KamLAND)

> Am? _=Am?, =8.3x10" eV?; sin29_ =sin?% =0.4 Low LMA (best fit)

e from global analysis (CHOOZ and atmospheric)
> sin29 ,<0.5 (at 99.73%) "

= direct neutrino mass measurements (°H exp) '
»m, < 2.2 eV 95% CL

® cosmology (WMAP+2dFGRS+...)
> va < ~1.0 eV (but model dependent...)
® still missing:
» mass scale (i.e. mass of the lightest neutrino)
» hierarchy: my<m, < m; ormy< my~m,? =
» Dirac or Majorana particle?

.A.f”:ln N <

Amin
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Role of gB-0v in future neutrino physics

= next generation experiments aim at (m ) ~ 10 meV

disfavored by B-Ov degeneration: my ~ m, ~ my

0! | next generation BB-Ov exp

inverse hierarchy: my < my, ~ m,

normal hierarchy: m, < m, < my

1072 |

(m,) [eV]

(m,) = f(my, 9y, ny)

0 9,2 Uy, n, CP phases

Abojowsod Aq paisoAeysip

90% CL (1 dof)

1074 .
107% 1073 1072 107 I
lightest neutrino mass [eV]

HE spread due to CP phases
mE spread due to oscillation
parameters uncertainties

= discovery with (m ) > 10 meV

» the neutrino is a Majorana patrticle
> inverse hierarchy or degeneration
> absolute v mass scale fixed in case of degeneration

= upper limit with (m ) < 10 meV

» normal hierarchy (only with Majorana neutrinos)
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BB-0v and nuclear physics

2
1 m,

(m = 2
' Fy Tcl)xvz

Fy=G""(Q

ﬁB,Z)IMO\JIZ

= phase space G™(Q,,2) « Q,° can be precisely evaluated

® matrix element |M°’| contains details of nuclear physics source of uncertainties
» also (m,) is affected by large uncertainties

N nuclear models
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» accurate measurements of Tnzv can help reducing spread in

nuclear model predictions (QRPA) V.A. Rodin et al., nucl-th/0305005
» search for as many different isotopes as possible
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Experimental approaches for gg-Ov

Source # detector

B, ® source in foils
detector m electrons analyzed by TPCs, scintillators, drift chambers,...
4 background rejection by event topology
4 angular correlation gives signature of mass mechanism
4 any isotopes with solid form possible
detector g v small amount of material
v poor efficiency
¥ poor energy resolution

(4%

1.0

Source c detector (calorimetry) i BB-0v | |
- — 0.8F |

m detector measures sum energy E= E81+ E‘32 3 BB-2v
> BB-Ov signature: a peak at Q,, o 08F ]

2 |

m scintillators, bolometers, semiconductor diodes, § 0.4F .
gas chambers ozl |
4 large masses “l |
4 high efficiency 0.05 566" 7060 1500 2000 2500

A mam{ iSOtOpeS pOISSib|e electron sum energy [keV]
® depending on technique detector

¢ high energy resolution (bolometers, semiconductors)
e moderate topology recognition (Xe TPC, semiconductors) g ‘\
1

5,
Other approaches (geochemical, milking)

m do not separate BB-0Ov and BB-2v
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Experimental sensitivity for gs-0v

N 0v
m oc vy 1/t

Experimental gg-Ov rate
= with N, decays observed

Experimental sensitivity to 7>

= with no decay observed
» N, < (bkg-AE- M-t )" atlo

> for bkg=0= N, < 3at 20

, el.a.
Z (T(;,Q) A theas

‘number of active nuclei N =i.a. A(,M /AJ

In 2@0‘0@! eas

T

T11r2

measurmg time [ y]

[detector mass kg]

[detector efficiency

lf2
isotopic abundance
atomic number

energy resolution [ keV]

specmc background c/keV/kg/y]
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Background in gs-0v experiments

= depends on technique

> internal to source (and detector for calorimeters) A =A /100
® primordials (28U, 232Th, %K, ...), artificial 10 . , P
® cosmogenic activation -

> external _ 08T ]
e primordials and artificial in close materials 3 osf BB-2v BB-0v -
® neutrons a 1
® cosmic rays 3 04r i

» specific to techniques 02t .
e quenched «s for scintillators ’

. . 0% 1 |
¢ primordials on surface for bolometers 1-0 0.2 0.4
. . 107 T T . T T
m BB-2v tail is an unavoidable background ; | 0.=0.1%

» importance of energy resolution ml — 107

= solutions also depend on technique
» heavy shielding and underground

counts [a.u

» material selection and purification R

» short exposure to cosmic rays - : . L .
. . . 0.9 1 1.1 0.9 1 1.1

» PSD, tracking, segmentation, signatures ... electron sum energy K./Q,

» choose isotope with Q, as high as possible

» profit of Borex, SNO and SK experience and/or clean environment (= immersion)

® background estimate and reduction is becoming hard (few counts per year)
> intermediate size experiments are often required
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Present experimental situation

® best result per isotope to date

e exposure: exp=M X t 0v ia. | MU
. e Z(TIQ)OCE'
positive result A YAE-bkg
running experiments
a o = Qs i.a. enrich exp - .'_g Ty, (m,) %Y | Lomev
g experiment & § [keV] [%] [%] [kgxy] § 2 |[102y] [eV] [1028 y]
0 - " £ min  max | max
“8Ca Elegant VI 2004 14271 0.19 - 42 |s CaF, | 0.14 7.20 44.70| 8.8
76Ge Heidelberg/Moscow 2001|2039 7.8 87 717 |i Ge | 1200 0.44 17.7
8Se NEMO-3 200412995 9.2 97 055 |t Se 1.9 1.30 3.60 5.6
10Mo NEMO-3 200413034 9.6 9599 41 |t Mo 3.5 0.70 1.20 3.9
16Cd Solotvina 2003|3034 7.5 83 0.5 |s CGdWO,| 1.7 1.70 4.7
B0Te Cuoricino 2004 | 2533 345 - 3.8 |b TeO, 7.5 0.30 1.68 5.8
136X @ DAMA 2002 (2476 8.9 69 6.4 |s Xe 12.0 1.10 290 | 12.1
ONd Irvine TPC 1997 {3367 56 91 0.01 [t Nd,0;]0.012 3.00 0.1
160Gd Solotvina 2001 (1791 21.8 - 1.0 |s Gd,SiOs| 0.013 26.00 0.9
2 T 2
—
s scintillation half-life expected
i ionization spread due to for (m ) = 10 meV
ttracking EEEIEES 10 17, and the less favorable F,
b bolometric N
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