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Dirac or Majorana?

e Neutrinos oscillation implies:
» Lepton Flavour Violation (LFV)
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e Dirac mass term: mpr VY VR

o SM symmetries & renormalizability allows a \Majorana mass term: m’, V5V R

» Majorana conjecture: y = P&
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o [Massless neutrino DOES NOT allow testing of the Majorana nature

e Majorana neutrino implies Lepton Number Violation (LNV): AL=2




48Cﬂ, 76Ge, SZSe, IOOMO, 116Cd’ 130Te’ 136X€, ISONd

Neutrinoless Double Beta

The most sensitive LNV process: Neutrinoless Double Beta Decay (0v[3[3)

Second order weak nuclear process: (A,Z) — (A,Z+2) + 2 e

Only if:

massive neutrinos — chirality flip
Majorana neutrino

d_% N ) . AL=2

v U lv‘ l\) l\J

o Many not SM diagrams can contribute

QNN . .
a WYVVV - If observed — Majorana neutrino
AN Schetcher, Valle Phys. Rev. D25 2951 1982
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Possible only in few nuclei:




OvBp < v mass

e The measurable quantity is the half life:

Phase space factor~Q5 Nuclear Matrix Element

\ / / Effective neutrino mass
(T%)_l = G(Q, 2)|Myuer|*[mis | mps = |Zm U

(light neutrino exchange mode)

solar~5x10 JeV?

atmospheric

~3x107%eV2 .
atmospheric
~3x10 3eV?

solar~3x10-5cv?
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OvDBD In Experiments

e Experiments measure the sum of the kinetic
energies of the two emitted electrons

e Signature: monochromatic line at the _
Q-value of the decay (2-3 MeV)

0
Total energy in electrons

Detector mass (kg

Isotopic abundance \

SOB5 — 1n 2N A - . € «— Efficiency

a
A
Atomic mass / / \ Energy Resolution (keV)

Background (counts/keV/kg/y)

o Remember: 1735 X (7‘OV)_1/2




The isotope choice

Parent Isotope  (Qgg (KeV)Y Ab(%))
*8Ca 4271 0.187
6Ge 2039 7.8
82
100>C 2995 ) Isotopic abundance:

Mo 3034 9.6 R . 4ap
160 5002 -k <10% (only exception 130Tge)
130e 2530 33.9
136X e 2479 8.9
150N(d 9367 5.6 )

e °Ge 0Te 116Cd 100Mo
/ X 8ZSe
10 |
: 2
Gain ~ 100 S /‘
: 3 10° _
if 8 136Xe
Qgp > .2615. k_eV 208 107~ Environmental
end of y radioactivity (2°T1) “underground” Background:
o' | 238U and 232Th trace
contaminations

r 1 1 rr 1111
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Experimental strategies

source # detector

detector

+++ Topology, Bkgd(2v[3 exce.)
M, AE, €

Calo-tracko detectors
(NEMO, MOON,DCBA)

source = detector

s M, AE, €
--- Topology, Bkgd(2vp[ exce.)

diodes (MAJORANA, GERDA)
bolometers (CUORE)

solid-state devices scintillators (COBRA)
solid scintillators(CANDLES)

liquid loaded scintillator(SNO++,Kamland)
Gaseous/Liquid TPC (EXO)
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Heidelberg-Moscow: Klapdor claim

(source = detector )

e 5 HP-Ge diodes: 10.9 kg (86% enriched )
e Exposure: 53.9 kg y (1990-2001)

A
TV42>1.9:1025y < {mgg) <0.35eV
Klapdor et al. Phys. Lett. B 586 (198) 2004 e Exposure: 71.7 kg y(1990-2003)
| o | T e
g /\\ ﬁf‘ y : Jﬂ TVip=1.2-1025y
3 A (i “_ -l 2 (N ©

Q%III 2010 2020 2030 2040 2030 2080 EIDIII{I 2010 2020 2030 2040 2030
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Cuoricino

e Particle energy converted into phonons — temperature variation AT =E£/C

e Need very low heat capacity: TeOo
crystals (dielectric, diamagnetic) @~8mK ——> (source = detector )

— Heat bath

L

«— —  Weak thermal coupling

Thermometer:
«— NTD Ge thermistor
R~ 100 MQ

“——___ Absorber Crystal
TeO2 C~10°J/K
Energy release

e Detector response in this configuration: ~ 0.2 mK / MeV~0.2 mV/MeV




Cuoricino Results

38

e Exposure (2003-2008):

w
N

anti-coincidence

w
o

M-t=18.14 kg'Te -y

N
[eN

N
N

RN
[o0)

e Background level:

RN
N

N
o

[eN

(0.18 £ 0.01)counts/keV /kg/y

2480 2520

Energy

» ~50% from degraded a from inert material (Cu) facing crystals

»  ~40% from 208T| multi-Compton (cryostat contamination)

[ 0 >2.94-10%y@I0%CL & mgg < 0.21+0.72eV J

10



>

>

(source # detector )

NEMO 3

Tracking detector: ~6000 Geiger mode drift chambers (95%He+4%alcohol+1%Ar)

Calorimeter:~2000 plastic scintillators + PMTs Source Mass
100Mo 6.9 kg
AEFwHM/E ~ 8% @ 3MeV o0, ~ 300 ps @ 1MeV 825 0.9 kg

10Te  0.45 kg (~OVPP
116Cd 0.4 kg

3-5% charge confusion

TB 25 G)

150Nd 379

9%Zr 9.4g } 2vR3R

48Ca 7.0g
source in foils 40-60 mg/cm2 |

=
>

-
-

tracking volume (drit wire chamber)

A m

calorimeter (scintillators) —




NEMO 3 results

100Mo: T2¥4,2 =(7.11£0.02+0.54)-1018 y 100Mo: TOV4/2>1.1-1024y

Is

y
o

® Data
2vpp'""Mo
ZEZHn
internal BKG
ovBp'""Mo

219000 events A VEMO-3 219 000 events
6914 g

[ 6914 g
389 days 10040 1000V o 389 days

S/B =40 I S/B =40
8000 | ® Data
I — 2P2v
® Data 6000 Monte Carlo
— 2B2v r A Background
Monte Carlo i subtracted
g Background 4000 |

subtracted

N events / 0.1 MeV
= =
%] [#+]

Number of events/0.05 MeV
o

. 5 ok & : ' : 2 22 24 26 28 3 32 34 3.6
E, +E, (keV) Eior (MeV)

|Iso’rope Exposure (kg-y) T,,(OvBB),y | (m), eV [NME ref.] Isotope (2vpp), y (NEMO 3)

om0 | 266 >1.1-1024 <0.45-093 [1-3] 100Mo (7.11 = 0.02(stat)=0.54(syst))-1018 (SSD favoured) [1]
25c |36 >3.6 1023 <09-16[1-3]; < 2.3 [7]

100Mo(0*,) (5.7+13 4 o(stat) )£0.8(syst))-1020 [2]

507e |14 >9.8 - 1022 <16-31[2,3] 825¢ (9.6=+ 0.3(stat)£1.0(syst))-10% [1]
%7 0.031 >9.2- 102 <7.2-195[2,3] 116Cd - - 19
Ca 0017 13102 <296 7] C ; (2.8=% 0.1(stat)+0.3(syst))-10% [3]

130Te (6.9% 0.9(stat)=1.0(syst))-10%° [6]

Bkgd: natural radioactivity, 150Nd 8| (911025 4 5(stat)£0.63(syst))10'8 [4]
mainly 214Bi et 208Tl, Rn, %Zp .0 | (2.35% 0.14(stat)=0.16(syst))-10® [5]
neutrons (n,y), muons 8 | (4.405  (stat)£0.4(syst))-101 [6]




Future strategies

I A Y21 [/BAE\Y*
~ \In2N qaeG | M el Mt

e Enrichment: difficult and expensive

e To start to explore(cover) inverted hierarchy:

» M~0.1(1) Ton

» B~10-2(10-3) counts/keV/kgly

99% CL (1d

104 & A ...
10 10° 10 10'!
lightest neutrino mass in eV

e Background sources:
» natural radioactivity: U, Th(t~10'°9y) in detector and surroundings
contamination ~10-3 g/g (close or below detectability of HPGE, NAA, ICPMS)
» neutrons: from radioactivity and muon-induced

» cosmic rays: (in)direct interaction and activation




~1027 nuclides

1Y towers
| 52 detectors
each

(source = detector )

compact structure= active shielding

741 kg Te02: 204 Kg =0Te

A single-tower test (CUORICINO)

Closed packed array of 988 Te0- crystals

LLJ
0C
O
D
O

Single dilution refrigerator ~10mK




CUORE status

The First CUORE Tower (CUORE-0) will be assembled and operated in 2010

» test new procedures on gluing, holder, wires, zero contact approach

>

expected background: 0.06 counts/keV/kg/y (limited by cryostat contamination)

» AErwHu~ 5 keV @ QBB ~2527 keV

e CUORE data taking foreseen in 2013

Cuoricino 10 resu It

» Dbkgd: 102 counts/keV/kgly

CUORE-0 - 0.06 c/keV/kgly

-—h

o
N
~

Combined Cuoricino + CUORE-0
CUORE - 0.01 c/keV/kgly

[yl 1o Sensitivity

TV42=2.0-10%6y

Ov

(mpp) = 44-87 meV

Live time
[yl 15



G E R D A (source = detector )

e HM-KK bkgd: detector surroundings & Ge cosmogenic activation

e Phase 1:

cleanroom

» 18 kg bare (HM+IGEX) 76Ge diodes in LAr i

» Background ~10- counts/keV/kgly LN/LAr

» Scrutinize KK-HM claim in 1 year

» Detector commissioning in fall 2010

e Phase 2:
» 40 Kg enriched segmented diodes K
» Background ~10 counts/keV/kgly » ‘

» Sensitivity: T0V4o~2-1026 y Al

{mgp) <90-200 meV
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SuperNEMO

(source # detector )

First prototype module in 2011

NEMO-3

SuperNEMO

100V o

T,,(BB2v)=7.1018y

7 kg

Choice of isotope

Isotope mass M

82Se (and/or 13°Nd)
Tm([S[iZV) =100y

100 - 200 kg

e(PPOV) =8 %

Efficiency €

e(BROV) ~ 30 %

214Bj < 300 uBg/kg
208T] < 20 uBg/kg

(P98TIL, 21Bi) ~ 1 evt/ Tkg ly

FWHM(calo)=8% @3MeV

N,y = f(BKG)

Internal contaminations
205T] and 2" Bi in the Bp foil

214Bj < 10 uBg/kg
208T] < 2 uBg/kg

(298T1, 214Bi) ~ 1 evt/ 100 kg /y

FWHM(calo)=4% @3MeV

TI/Z(BBOV) >2.10M%y
<m > < 0.3-0.7 eV

SENSITIVITY

1) AP source production

3) Radiopurity

T1/2(|3l50\’) > 210y
<m > < 50 meV

2) Energy resolution
4) Tracking




EXO' 200 (source = detector )

200 kg Liquid (80% 136Xe) Xe TPC + scintillation: 136Xe — 136Ba++ + 2e- (+ 2Ve)

Data taking foreseen in Sep 2010

Charge collection -75kV

Eff. | Run | o JE @ | Radioactive | T,,0%" Mep
(%) | Time | 2.5MeV | Background (yr, 90%CL)| (meV)
(yr) (%) (events)

70 2 1.6 40 6.4x10%% | 133-186

136Ba* level structure

e Full EXO ~Ton scale gas or liquid TPC

1368a+ 6P|/27\r

/ \\ 650 nm

e Single Ba* tagging in real time 4930m !
f\/\/ \\\

» lon extraction from TPC and trapping o P

/
r650/2TE = 5.28 MHz

» lon identification with Laser Induced Fluorescence 651 Ly93/27 = 15.2 MHz




Loaded Liquid Scintillators

e Poorresolution but hugh mass and low background compensate (source = detector

data taking foreseen in 2011

SNO++ Kamland
150Nd (i.a.=5.6%) 136Xe (i.2.=8.9%)
0.1% natural load Nd ~56 kg ">9Nd 200-400 kg enriched 136Xe
AErwHu~ 6.4% @ 3367 keV AErwHu~ 5% @ 2479 keV
sensitivity(3y): {(mgg) ~100 meV sensitivity(5y): (mgg) <150 meV

| Simulated SNO+ Energy Spectrum |

~100 10
2 90 — ol [ "36xe 2. 400 x 5 kg years [

: &E! Solarv 's l

S— 21-'lBi

— 2
— 2v Double Beta

= Ov Double Beta
— 2v + Backgrounds

Events [10k
[#=]
(=]

events/20 kel

1 1 | 1 1 I
3.8
Energy (MeV)

[ 5]

y

visible energy (MeV)
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Conclusions

o Neutrinoless Double Beta Decay is unique tool to study neutrino
properties:

» neutrino nature: Majorana or Dirac
» Lepton number violation: AL=2

» measurement of the absolute v mass (with some caveats...)

e Second Generation experiment ready to data taking with improved
sensitivity

» HH-KK 76Ge claim will be tested in 2011

» If the effective neutrino mass is mgg~100 meV, Majorana neutrino will
be discoverd in the next 5 years.




