WHICH FUTURE FOR
NEUTRINOLESS DBD ?




AN ENDLESS
RESEARCH FIELD

e How much does a neutrino weigh ?

e What is the mass ordering (hierarchy)

e Is neutrino a Majorana or Dirac particle
® Do more (sterile) neutrinos exist ?

e Do neutrinos violate CP ?

e Can we observe the CNB (a picture of a universe 1 second old)
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MAJORANA VS. DIRAC
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NEUTRINOLESS
DOUBLE BETA DECAY

Only if:

Majorana Neutrinos
Massive Neutrinos

If observed:

Proof of the Majorana
nature of Neutrino
Indication of mass scale
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MASS HIERACHY

1-2 ordered by matter
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NEUTRINOLESS DBD
INVERTED OR DIRECT ?

i | Three region
nverse

1) Degenerate : few 100meV
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2) Inverse: few 10meV

3) Direct: few meV
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S meaning .

' The “Brute Force” | The “Peak-Squeezer” | The “Final-State
Approach Approach Judgement”
Approach

ey . et

1000 1500 2000 2500 30(
Enarav keV

focus on the numerator _ try to make the
with a huge amount focus on the denominator|  background zero by

of material by squeezing down AE tracking or

(often sacrificing (various technologies) tagging
resolution)

r better make the right cocktail of all of the above:
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Search for MaJorana Neutrinos near the Inverted Mass Hierarchy Region wnth KamLAND Zen

T1 12 > 1.07 x 10%°yr (90% CL.)
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- 504 kg*year From the limit on the 136Xe
- - decay half-life, we obtain a
ey — 90% C.L. upper limit of m < Visible Energy (MeV)

(270.7 days) (263.8 days) ( 61 16 5) v assuming 5

Observed events 22 11

Background  Estimaied Bestfit Esimated Best-fit  the axXial Coupling constant

136Xe 2v88 - 5.48 - 5.29
Residual radioactivity in Xe-LS
21481 (238U series) 0.234+0.04 0.25 0.028 +0.005 0.03
208T] (232Th series) - 0.001 : -

- 0.001
10m A g - 8.5 - 0.0
External (Radioactivity in IB)
214Bj (*8U series) - 2.56 245
20871 (232Th series) - 0.02 0.03
1omAg - 0.003 0.002
Spallation products
¢ 274+0.7 33 2.6 +0.7 2.8
“He 0.074+0.18 008 0.07+0.18 008
12 0.154+0.04 0.16 0.14+0.04 0.15
137Xe 0.5+0.2 05 0.5+ 0.2 0.4
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(b) Period-1
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| effect of energy resolution
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peak squeeze
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“Peak-Squeezer”
Approach
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MAJORANA GERDA |

cuoricinos (7C8) |
CUORE
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LNGS LEADS THE HUNT

o GERDA with a spectacular limit

e CUORE taking data

e CUPID paving the way for a new generation aiming at B=0
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THE BEST RESULT IN TOWN

(] prior cuts B after all cuts
I after LAr veto (Phase Il) —— limit (90% C.L.)

T'Ou

1/2 > 5.3-10% yr

Phase | i 23.6 kg-
ioﬂ’ ayr

B
#
:

counts / ( keVkgyr)
S o

We expect only a fraction of a background event in the

Phtlase Il - emichéd coaxial
experlment in the field. Our sensitivity Pwes ik
almost linearly with time instead of by square root hke for

counts / ( keVkgyr)

Phase |l - enriched BEGe

» 02> yr based on a more than 10-fold
exposure of 3700 mol-yr [9].

counts / ( keVkgyr )




CUORE PRINCIPLE

heat sink  (To) Basic Physics:AT= E/C

T

C(T) — ﬁﬂ

33 atom x-tal

To ~ 10 mK
C ~ 2 nJ/K ~ 1 MeV/0.1 mK
G ~ 4 pW/mK




Searching for neutrinoless double beta C’UORE Hut

decay of 130Te

Expected 5 Years sensitivity:

Ti2= 2.1 x 1026 y, mg=41-95 meV
background counting rate

102 c/keV/kg/y




10w much can you squeeze

nergy spectrum, Channel 6 hist6
Entries 47251
Mean 5407
RMS 1.452
eBe 93.91/ 56
3220 + 46.6
5407 £ 0.0
1.248 + 0.008

CUORE x-tals 556.9 + 87.6
just coming 1.503 + 0.082

from SICCAS
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counts / 0.25 keV
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EXPERIENCE FROM CUORE-O

Residual (0)
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BUT WILL STOP AT

Energy [keV) Jae 2,904
o Cuoricino background model confirmed:
- environmental y from material bulk contaminations
CUORE-0 Preliminary — Cuoricino -> mainly from cryostat (same as Cuoricino)
Exposure: 18.1 kg « yr 270pp B CUORE-O - surface (o) contaminations of close materials

Evident reduction with respect to Cuoricino
- factor of 6 for surface contaminations

- factor ~2.5 in the ROI

Cuoricino  0.153+0.006 0.110+0.007
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MM 4000

Energy [keV) CUORE-O 0.063+0.006 0.020+0.001 78

CUORE-0 Calibration Spectrum (Phase II)

10E CUORE-0 Preliminary

tower structure Phase 1T

1000 counts’keV

irreducible if you do not tell
alphas from gammas in
spite of formidable energy

resolution

FWHM: 4.8 keV’

bolometer bolometer

2560 2570 2580 2590 2600 2610 2620 2630 2640 2650

June 2, 2014 Energy [keV]




AN OPTION FOR A
BRIGHT FUTURE

hIT[Mbh|

116 100
Cd MO Light

82
Se NTDhnt

Energy
Release

—

The simultaneous
read-out of HEAT
and allows
o pecoils particle
e . identification

Heat Siqnalr

2600

Energy [keV]

.

Light Signal

A background-free experiment is possible:
a-background: identification and rejection
B-background: B3 isotope with large Q-value




CUPID-o0 (LUCIFER)

1500

0.89 kg x y of exposure of ZnSe
0.47 kg x y exposure of #2Se
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YET ANOTHER OPTION

Neganov-Luke light detectors

35Fe-source
Ge Light

Detector TeO2 does not scintillate

Use Cherenkov effect

Detected Light [eV]

=
=
I
3
2

‘IIIIIHI\].IIIITI T I\IIIIII I IIIITH

t

Energy lkcw’o

Entnes 287
B, 10 £

2
a, 24+ 1
Entries 75

5
3

Counts/14 ¢V
Counts/12 eV

by, 160
Wy 33

8 IIHITIHIHIIIIIHIIIHIIIHI\”\ i

e w

Slllllllll.llllnl‘lww

300 400 y. 200 300 00
Detected Energy [eV] Detected Energy [eV]




U

TG o S TR PRI B 4 A SRS
26+ 0 R U 1 N

- ——e -

BAS W A

1ng

tracki

SuperNEMO
(various/**Se)

EXO/nEXO
(138Xe)

|
|
w
H
|

The “Final-State

S
a5
oy
ol

em
R
S
=
QL
s
Qv
D

= o

QL
L

Judgement”
Approach




Tracking detector:

drift wire chamber operating

: in Geiger mode (6180 cells)
| Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% H,O

| Calorimeter:
1940 plastic scintillators

coupled to low radioactivity PMTs

Transverse view
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100N foil

2v33

Scintillator
+ PMT

Number of events/0.05 MeV

mmm Sum Energy Spectrum

NEMO-3 219 000 g;’:;“s
1 g
| l()()MO = 389 days

S/B = 40

® Data
= 2p2v
Monte Carlo

Background
subtracted
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zero background means you have only to be pati‘ent.to_ §

isotopic o
abundance live time

efficiency
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the efficiency , make the calculation for 7°Ge




“how patient should you be

‘to collect 3 say 3 events) §
for a half- life of 10°° y approximately 6 years f :

being realistic with efficiency and duty cycle say 10

fears




INg mMmore worrisoni

| 2
M= g4 Mo, = g2 [ MO - g—: M 4+ M)

1/t =

1.269
1

—0.18
Gnucleon * A

> ga-(1-8) §5.(1-6)*

mstance if we have a decrease by 6 = 10

20 % of the axial coupling, lifetime would
increase by a factor of 1/(1 — 8)* = 1.5 (2.5




oncl

> worth to demonstrate the feasibility of zero

background

ivbeyond that you only gain by mass mCrease knowm"-"
however that the next Challenge would be the dlrect
ordermg of neutrino masses which requires a Jum
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CUORE SENSITIVITY

BI [cts/(keV -kg-yr)]

+0.23 C10-2
Exposure [kg-yr] Exposure [kg-yr] (1'02 +0.03(stat) ~o 10 syst)) 10
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" BL: (1.02 + o.oatg;“;g) .10°2 cts/(keV -kg-yr) " BL: (1.02 + 0.03*:?,;??,) .10°2 cts/(keV -kg-yr)
" FWHM: 5 keV - FWHM: 10 keV
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CUORE-0 + CUORICINO -0 + CUORICINO
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Constant Value

Live time [yr] Live time Detector Mass 741.67 kg

Avogadro number 6.022 - 1023 mol—?
Molar mass 159.6 g/mol
Live Time 0.1-5 yr
Efficiency 81.3%
130Te abundance 0.34167
OvBp Q-value 2527.518 keV
89Co peak position (2505.692 + 1.9) keV
Energy resolution 5, 10 keV




