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Neutrino properties

- Oscillation parameter sin 20,

-Absolute neutrino mass

- Nature of neutrino (Dirac v #v or Majoranav=vV)
- Neutrino mass scale
-Right Handed Current

- Majoron



Oscillations parameters and neutrino mass

Mixing angles

Atmospheric (SK) Reactors (CHOOz)  Solar (SNO, SK)
Accelerators (K2K,Minos) Accelerators (JPARC)  Reactors (KamLAND)
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Mass hierachy

o SinB v in v,
* | Absolute neutrino mass

Betadecay : [m,| =2 |U,| m; <2.6eV (90 % CL)

. Double beta: <m_> = |Z U?, m;| <0.3-0.7 eV (95% CL)
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Cosmology: m,=m; +m,+m,; <0.5-1¢eV (95 % CL)
Am?_ = Am? , = (7.58 £ 0.21) 10° eV?

Am? =Am?, =(2.2+0.2)103%eV?




Reactor neutrinos
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Clean measurement of 0,
Negligeable matter effect
No CP effect

v+p>> et+n  E,=1.8MeV

Prompt signal from e*

Slowing down of the neutron

Delayed signal ~100 us from n capture
on H (2.2 MeV y) or Gd (7 MeV v)




Reactor neutrino results
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Reactor neutrinos

CHOOZ LIMIT sin 20,;<0.16 (90% CL)

Errors on the ratio Ny .rvea/Nexpecteg  Statistical error =2.8%,  Systematical error= 2.7 %

3 experiments to improve sin 20 ; sensitivity : Double Chooz (France),
Daya Bay (China)
RENO (South Korea)

Near detector to cancel some systematics:
Cross section, flux from reactor, cut efficiency

Higher statistic: More powerful reactors, longer time of running, larger mass of target

Gya=0.2-0.5%, ©,,=0.4—0.6% ——> sin 20,;<0.01-0.03

Backgrounds correlated with muons spallations (depth and muons tagging)
Uncorreleted background from natural radioactivity (low radioactive materials)
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Reactor neutrinos
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3 yr data sensitivities
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Reactor neutrinos

: Distance Depth Otat sin 20,,
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Beta decay

(AZ) > (AzZ+l)+e +v, m, = |U,[m;

Direct measurement by cinematics
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Fraction of decay in [Qz — m,, Qg] ~ (m,/Qy) MAINZ: m2,=-0.6 2.2 + 2.1 eV?
m,<2.3eV (95% C.L.)
lowest Q; value 3H (Qg= 18.6 keV)
Low background TROISK: M2, = -2.3 + 2.5+ 2.0 eV?
Energy resolution ~ m, m,<2.05eV (95%CL) ,
But systematics from end-point fluctuations not included




Tritium source  Transport section  Pre spectrometer Spectrometer Detector
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Improvement of AE: 0.93 eV (4.8 eV for Mainz)
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3 yr of data
(5 y real time)

discovery potential
m(v) = 0.35 eV (50)

sensitivity (90% CL)
m(v) < 0.2 eV




MARE experiment

MicroBolometers of ArReO4

187Re QB = 2.47 keV (1,,=4.410%yr)

Full energy measurement
No systematic from source
But time response of sensor = pile-up

MIBETA :
10 detectors

1.0 1.5 2.0 2.5
energy [keV]

(m)y2=-141+211_,,+ 90 . . eV?

Sys

(m,)<15eV (90% c.l.)

Electro-thermal link

Thermometer

Particle absorber

MARE-I: 300 detectors
FWHM ~20 eV
7 ~100 — 500 pus
(my<2-4 eV (5Syears)

MARE — Il : 5000 detectors (~2018)
FWHM ~20 eV
T~1-5ps
(m,)<0.2eV (10 years)

Studies for 1°3Ho Electron capture
Q; ~2.6 keV, T,,, = 4600 yr



Neutrinoless double beta decay BB(0v)
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- BP(0Ov) observables

2vpp 3?“*"“"‘ Ovpp peck (5% FWHM)
(normalized to 1) (normalized to 10-¢)
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Summed electron energy in units of the Kinematic endpoint (Q)
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BB(0v): isotope choice
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Effective neutrino mass and 0,

21
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« PSA analysis (Mod. Phys. Lett. A21):
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= Tuebingen/Bari group (PRD73):
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NEMO3/SuperNEMO (82Se, 150Nd, 48Ca)
NEXT (136Xe)

F- EXO (136Xe)
. Majorana (76Ge)
EXO gaz (136Xe)

Cuoricino/CUORE (130Te) : CANDLES (48Ca)

GERDA (76Ge) KamLAND (136Xe)
COBRA (116Cd) MOON (100Mo)

Tracko-calo
Source # detector




Cuoricino

Bolometers of TeO, (33.8% of **Te) (Qg;= 2.528 MeV)

“— Heat sink 41 kg of "'Te > 11.6 kg of 13°Te
L
PE— Thermometer AE/E 8 keV at 2 527 keV
-//DOUbIe beta decay Bckg: 0.169 cts/keV/kg/yr
+— Crystal absorber ;¢
3B ey
§ 40» w— 0%, CL
. 35»
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Energy [keV]

anti-coincidence sum spectrum
19.75 kg (B%Te) X vy
See talk A. Nucciotti T,, = 2.8X10* years at 90% C.L.

(m)<03=+07eV*




Tracko-calo detector

Drift chamber (6000 cells) Q.&,\ e Vertex
Plastic scintillator + PMT (2000) Ex e -
10 kg of isotopes \
Multi-isotopes e
AE/E (FWHM) : 8 % @ 3 MeV E
2
Bckg: 0.025 cts/keV/kg/yr BB event
See talk Ch. Marquet 100Mo, 7 kg, 1275 days, 620 000 events
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Tiz(2v) = [7.17 £ 0.01(stat) £ 0.54(sys)] x 10'8 yr

to be compared with earlier published in PRL 95 (182302) 2005:
Twe(2v) = [7.11 £ 0.02(stat) + 0.54(sys)] = 108 yr = ~1 yr, Phase I, /B = 40



See talk Ch. Marquet

Tracko-calo detector
Drift chamber (6000 cells) "

Multi-isotopes
AE/E (FWHM) : 8 % @ 3 MeV

Bckg: 0.025 cts/keV/kg/yr

. e
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Plastic scintillator + PMT (2000) 1 2
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BB event
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Eror (MeV) Eror (MeV)
[2.8-3.2] MeV: DATA = 18; MC = 16.4t1.4  [2.6-3.2] MeV: DATA = 14; MC = 10.911.3
Ti2(0V) » 1.0%x10%* yr at 90%CL Ti12(0V) > 3.2 102 yr at 90%CL
<My> £ (0,4? - 0_96) eV <my> < (0094 - 2-5) aV

V+A:Tin(0v) > 5.4%10% yr at 90%CL A< 1.4x]10¢

Majoron: T n(0v) > 2.1 %102 yr at 20%CL g < 0.5%10* World’s best result!




See talk Ch. Marquet

Tracko-calo detector

Drift chamber (6000 cells) N e
Plastic scintillator + PMT (2000) Ex st
10 kg of isotopes
Multi-isotopes
AE/E (FWHM) : 8 % @ 3 MeV

Bckg: 0.025 cts/keV/kg/yr BB event

"™Mo, 7 kg, 45 years

—
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Eqor (MeV)

[2.8-3.2] MeV: DATA = 18; MC = 16.411.4
Ti2(0V) » 1.0%x10%* yr at 90%CL
<mv> < (0.47 - 0.96) eV

V+A: Ti2(0v) > 5.4%10%5 yr at 90%CL
Majoron: T »(0v) > 2.1 %1022 yr at 90%CL

#5a, 1 kg, 4.5 years

=

2 L NEMO 3
— 2| - ® Data

d 10 "I-’: 2\'|3.|3'wlln
— Radon
..E SR it BKG
@ ovii " Se
3 10 tor T, _{ov)=10"%
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Eror (MeV)

[2.6-3.2] MeV: DATA = 14; MC = 10.91.3
T1/2(0V) > 3.2X1023 yr at 90%CL
<m,> < (0.94 - 2.5) eV

A< 1.4x|0°
Zee < 0.5%10* World's best result!

Also T,/ (2v) and T,;, (Ov) for *®Ca, *°Nd, 11°Cd, °°Zr, 13°Te, 32Se and excited states, majoron, etc....




100 kg experiments

See talks A. Nucciotti, Ch. Marquet

CUORE 130Te bolometers

Gran Sasso laboratory B ¥a- o Gran Sasso laboratory

2010: 18 kg of 75Ge 1 B CUORE-0 39 kg of "'Te

(HM and IGEX crystals) | SRS 13 kg of 13°Te
3 ’ . Data taking 2011

1st results 2011
CUORE 200 kg

2012: 40 kg of 76Ge Data taking 2013

MAJORANA Ge segmented Diode
Modane laboratory

DUSEL laboratory B B Module-0

\ﬂQ 2011: 20 kg of "Ge _ 0 7 kg of 82Se (15°Nd)

Data taking 2013

2013 ? : 30 kg of 75Ge
20 Module 100 kg

Data taking 2015




100 kg experiments

Agressive approach

SNO++ Nd salt + liquid scintillator

e
WIPPL laboratory PR SNOLAB laboratory

2010: 200 kg of 13°Xe [l SIEWEEEE.  2010: 740 kg of "*Nd
Results 2013 Y v (44 kg of 15Nd)

Ba tagging R&D i ¢ Dissolved in scintillator

KamLAND-Zen Xe + liq. scintillator NEXT Xe high pressure TPC
Pl N x Kamioka laboratory am Canfranc laboratory
L] . 2011: 1 kg of 136Xe

2011: 400 kg of 136Xe
Dissolved in

2013 :100 kg
lig. scintillator




Sensitivities 2013 - 2018

GERDA

CUORE-0

CUORE

SN module0

SuperNEMO
SNO+

KamLAND

Liquid Xe
136Xe

Diode Ge
76Ge

Bolometers
130Te

Tracko-calo
SZSe’ 150Nd

Lig. Scint.
150Nd
Lig. Scinti
136Xe

WIPP
(USA)

Gan sasso
(1taly)

Gan sasso
(Italy)

Modane
(France)

SNOLAB
(Canada)

Kamioka
(Japan)
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0.002
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0.001
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0.001

0.0001

0.0001

6.4 10%

3.10%
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8.10%

2.110%
6.5 10%¢

6. 10%4
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<109 -135

< 250- 380

<80-120
<100 - 200

<41 -82
<23-47

<200 -600

<53-145

<100

<60 (2yr)



Measure of sin 20, with reactor neutrinos 2015 sin 20,5 <0.01 -0.03

Direct m, measurement 2017 m,<0.2eV

Double beta decay 2013 — 2018 100 kg experiments <m_,> <40 -100 meV

Need to know the results for 1 ton experiment choice (isotope, technique)
If discovery, tracking detector needed to determine the process

[=m=| [eV]

le-03 0.0001 0.001
m

MIN






BB(0v) signal ? HM claim

2001 2002 (3.10)
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T,,,>1.910% <M g><0.35-1.05 (90%) T,,=(0.8-18.3) 10®yr  <mg>=0.11 - 0.56 eV
2004: new calibration (40)
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- . PSA analysis (Mod. Phys. Lett A21} % energy ey 0 W
T.=(0.69-4.18)10"ans(90 CL ) (223 + 0.44 - 0.31)x10% y (60)
(m_)=0.28 -0.58 eV « Tuebingen/Bari group (PRD79):

m_. eV =028 [0.17-0.45] 90%CL



Schedule for data taking
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Detectors

M)U“! ;

410 m (120 m.w.e.)
400 v/day

1050 m (300 m.w.e)
40 v/day

Target: 8.6 t

LA (260 m.w.e.) x2
740 v/day

DB (300 m.w.e.) x2
840 v/day

Far (910 m.w.e.) x4
90 v/day

Target: 20 t/detector

290 m (120 m.w.e.)
1280 v/day

1380 m (450 m.w.e)
114 v/day

Target: 16t




