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Ihe neutrino-less double beta decay

VBB decay: (A,Z) — (A, Z +2) 4+ 2e™ + 20, 3 N'\Nt e B:\Nt
e 2nd order process allowed in the SM @ : ' 2

OVBP decay: (A,Z) — (A, Z + 2) + 2e~

* process forbidden in the SM

Interesting implication for particle physics: neutrinoless B ©

* Lepton number violation must occur

e GUT, Leptogenesis model, See-Saw mechanism

BB2v

BBOvX°  B0L

(T7/2) " = Gou(Qps, Z) | Moy |*n°

* Light Majorana neutrino exchange

e Right-handed current (V+A), SUSY, | Majoron, etc.

o [J ® - | 1 l | L L l 1 1 1 l 1 1 | . . | 1
Different event topology in the final state 00 02 04 06 08 10

(T1+T2)/ Q )
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Sensitivity on neutrino

mass scale
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What's the status!?

1993 - 2000 & é & o 2
- : SEAAN S Q
e i Q9 Qﬂ be X
e HdAM (~11 ko) & IGEX (~2 kg), 76Ge QO O u’ Q-
(~ 11 kg) (~2 kg) RO MG SIN &

« TV ;> 19105 y@ 90% C.L

%
¢ HdM claim: {meey = 0.32 +/- 0.03 eV %’: /
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2000 - 2010:
* Cuoricino: TeO; bolometric detector
e ~|| kg "30Te: TV, >2.8 102y @ 90% C.L.10"
e NEMO3: Tracko-Calo, / different isotopes
o ~7 kg 'OMo: TV, > |1 10y @ 90% C.L.

1 1 l|llll|

1072

Since 201 |: new generation B g
|10 - 100 kg, R&D for future scaling - %
e EXO200 ('3*Xe): Liquid TPC 10 C il il sl S <
S 10 10° 107 10" 1
. (136Xe): Liquid Scintillator
- mllght (eV)
e GERDA Phase | (7Ge): Ge diodes
4
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Future projects

5 years time scale:
e M~ 10-50kg of BB isotope
e Background level 103 cts./(keV kg y) %
* [Explore quasi-degenerate region V%
|0 years time scale: "
e M~ 100 kg - It of B isotope
e Background level 10 cts./(keV kg y)

* Approach Inverse Hierarchy region

* Multi-phase approach: demonstrate scalability
to higher mass and background reduction

CUORE, Gerda, Majorana, Lucifer, AMORE,
NEXT, COBRA, EXO, SNO+, KamLAND-Zen,

Candels, SuperNEMO, MOON, DCBA, ...

1072
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NEMO3 and the tracko-calo technique

Running @ LSM 2003 - 201 |

Wire chamber

PMTs

Plastic scint.

BB source

Detector # BP source
® Multiple isotopes at the same times
® / isotopes in NEMO-3
Full reconstruction of 2e” kinematics = unique!

® |ndividual e- energy, arrival time, track curvature In

magnetic field, emission vertex and tracks angle
Excellent background rejection
® |dentification e, e™, ¥, &
Low energy resolution: [ 14 - 1 7] 9% / Sgrt(E)
Equivalent to best calorimetric experiment

Discrimination of physics mechanism beyond BROV!
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Backgrounds

I [ [ [ [ ' '
h i External background: Radio-impurities in material,
%Y | Y from (nY) and Y bremstrahlung
i - e
: | so;rce“ € .’SOI‘FC‘: e~ J sollrce. /
ii . foil | ¥ ' R foil
I A | _>< Y\ 'Y /»
1| ‘ - =—=1 e~
1 Sa Ran N ‘
:i ] et ] e RAR
i : pair creation Compton + Compton Compton + Moller
I
1
I Internal background: BR2v tail, 2'*Bi (from 238U))
i and 29Tl (from 232Th) contamination in foil source
|
|
sourc sourc source

i ol |7 il Qﬁy/
|
i CfmX Bo/<\ Y
1 A € |
I y‘/——>
I e IC B =1 e
: : beta + IC beta + Moller beta + Compton
I
|

ﬁ
I Radon background: 2'"Bi from Rn decay in tracker volume
|

Direct measurement of background in different channel combining calo + tracker infos
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Latest NEMO-3 results

® Full '%Mo exposure 7 kg, 5y

® TV > 1.1 10%y@90% C.L
® Background level ~ 0.02 cts./ (keV kg y) @ Qpp

® No background event > 3.2 MeV

NEMO-3 - "®Mo -7 kg, 5y

(ArXiv: 1 311.5695)

Events / 0.1 MeV

—&— Data 27051 Evts
B 2vpp Mo

B >“Bi from **Rn
I External Bkgs.
B #“Bi Internal
- %71 Internal

-------

31 32 33 34

1 l 1 1 1 1 l 1 1 1 1

4 4.5 5
E or(MeV)

Potential background free technique for high energy Qpgg isotopes (*8Ca, '°°Nd, ?°Zr)
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The next step: SuperNEMO

Extrapolate a well known technique:

® |00 kg of BB emitter in 20 detection module

® Approach IH region

Efficiency
|sotope
Exposure
Energy res.
208T]| (source)

214B| (source)

Rn (in tracker)

NEMO-3 SuperNEMO
18% ~30%
7 kg 1%9Mo ~100 kg 82Se (150Nd, 48Ca)
35kgy ~500 kg y
8% @ 3 MeV 4% @ 3 MeV
~100 puBag/kg < 2 uBg/kg
~ 300 uBg/kg < 10 uBg/kg
5 mBg/m3 0.15 mBg/m3
1024y 1026 y
0.31-0.79 eV 0.04-0.1eV

Calorimeter Tracker  Calorimeter

: \-S_ ';.;;:__: e,

N
N
[
I:’;;.'.--"
| [
4 b
: '.--
[
N
_[II

BP source

® A challenge under many aspects
® xtended R&D program in the past years
® Almost completed!

® Next step = Demonstrator module
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The demonstrator module

One SuperNEMO module = 7 kg #2Se running ~2.5 y

== I

* To be installed @ LSM (replacing NEMO-3)
Match SuperNEMO requirements %
e Background level ~ 10 cts./(keV kg y) E%

NN\

e Background free at high energy ('°°Nd)
Reach NEMO-3 ('®Mo) sensitivity in 4.5 months

* Sensitivity: {Mee> ~ 0.20 - 0.40 eV

o Test HAM claim with 82Se

-2
Schedule: o

e (Calorimeter and tracker under production .
ArXiv: 1 109.5515

* [nstallation & commissioning beginning 2015 vl v ) S
10 10° 107 10" 1

* First physics data in 201 5!
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Developing the foil source @ LAPP

CALARanow Tpp— -
125w = /::-..Q'p TRACAS LS fINIRLE FRANE

e 36 strips 3 m long, ~200 um thick (50 mg/cm?) i s )
I : 1 E1E] 'ocrooJ«nnJu'JcruJaJn:rmua:Jz!:JnI-,qu-JJ: :
e Strong material radio-purity constrain: ‘ i B
N = .
l
208T] | <2 uBaglkg : |
24Bi | < 10 uBalkg
1 ;
t.. Jws

Similar to NEMO-3:
e Enriched Se powder: > 99 % 82Se
e PVAglue:5 % - 10 % of Se mass

* Mechanical support...

e [hree solutions under consideration

LAPP recently join the collaboration and start R&D activity on the foil source (March 2013)
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Developing the foil source @ LAPP

R&D with PVA glue (July - September 2013)

® Defining and training thin foll production technique

Radio-purity measurement

® HGe (LSM): ~1.5 kg PVA powder
® BiPo (LSC): 20 thin foil = 30x30 cm 200 pm thick

A(208T])  A(214Bi)

[uBa/kg] [uBa/kg]

<350

210 Ia < 32 no yet

_ 40 (20) |200 (100)

PVA radio-purity is good enough!
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Developing the foil source @ LAPP

R&D with Se powder (October 2013)

Defining working procedure with Se, approach main problematics
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Developing the foil source @ LAPP

R&D for mechanical support (November 2013 - January 2014)
® Fine mesh fabric (Tulle) as central backbone
® New idea proposed by LAPP: Se + PVA

® [exible and resistant foll

® Small support mass ~ | % of Se mass
Tulle

® High level of radio-purity Is expected

® Preparing samples for radio-purity measurement

Fd ~

Derlin support

s

= s
Tulle tensioning bars '7» .

N A
Se + Tulle foll — 8
(30 cm x 12 cm) way 8
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Alternative solution under consideration

Mylar backing film
® Solution adopted in NEMO-3 Se + PVA
® Resistant and flexible foll

® Higher support mass ~ 10 % of Se mass Mylar film

® [ssue with radio-purity [A(*%TI) ~7 UBg/kg]

Nylon mesh
® Used for screen printing and liquid filtering Se + PVA
® Similar to Tulle but more dense
® Higher support mass ~ 50 % of Se mass Nylon mesh

® Preparing for radio-purity measurement

Final decision will depend from radio-purity, feasibility and performances
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BBOV Sensitivity study

Calo hits Vertex on foll
® Study BROV sensitivity w.rt. foil design SuperNEMO
® (heck the foll design doesn't alter physics — :I‘i,sepr::y

performance and results

o Ol
® (Generating signal and background Or ®O|

® Simple event selection: 2 calo hit associated
to 2 negative tracks + Vertex on foll

reco'ed e tracks
Exposure: 7 kg x 2.5y
BBOV (Ti2 ~ 4.5 10*y) = 2. SuperNEMO MC
= 10 _ 19 w 3[ o, Per
- BBZV (T|/2 — 9 IO y) A 10 S— _._-.- ............................ s (pre||m|nary)
w 102 [ o 2l DT R S
S 208T| (A = 2 uBqlkg) 2 107 .,
% 10 s : . o O
SuperNEMO MC 10¢ . 5
. (preliminary) 9-0-0-0-0-0-0-0-0-0-0-0-0-00¢, -
1 1 Hides. > S N o S S R
-
1 o %-'.".'.'.'..'.-.--0-.--...._'_.__._.:*_::’ ..... ’- .........................
1072 T o[ t’é"”o
| 1 0 E_ ...................................................... ........... ...-.-
C | | | | | | | | | | | |
2000 2200 2400 2600 2800 3000 3200 2000 2500 3000
24,2 Ecaiip. [keV] 21,2 Ecain. [keV]
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BBOV Sensitivity study

In hypothesis there is no signal, which TV log 2N 4 o« (O M xT
the best limit on BROV half-life? _» 1/2 W Npxe

® Consider OV and 2V only for the moment

® Study performed as function of Ecu

Tin
[10%y]
Ideal 4.83 (1)
l — LA Tulle 4.68 (0.969)
000 2500 3000
21 2 Ecaiib, [keV] Mylar 4.57 (0.946)

There is a slight preference for the “tulle™ design...
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o
What next!

Foll R&D @ LAPP:

® Measure radio-purity of tulle = Is it good enough?
® Finalise production protocols = start testing on final dimensions (3 m)
® Jest radio-purity on final foil design in BiPo (natural & enriched Se)

Foil design optimisation studies:

® Account for internal backgrounds and material radio-purity level

® Setup a complete sensitivity study — Master 2 project from March

® Provide the best foll design choice w.rt. detector performance
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Prospectives

® \Wide interest on OVRP searches = answer a fundamental question

® SuperNEMO aims to IH region with a Tracko-Calo detector = Unique!

® [he Demonstrator module is the first step = Match SuperNEMO requirements
® Sensitivity of ~ 0.20 - 0.40 eV In 2 years

® [racker & Calorimeter under production

® Installation & commissioning in early 2015

® Data analysis shortly after = Results in 2017
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Searching for OVBP process

! Measure the 2 e energy spectrum

0.8 e 2vBP signature = Broad spectrum

e OVBP signal signature = Peak @ Qpgp

0.6

0.4r

P SRR waisenallIf no signal = set a limit on half life

0.2

(B +E )/Qﬁﬁ ,
Exposure time

BP emitter mass
N v

Detection efficiency

NA1I12 € M Xt

T _
/27 T X A"\ Bx AE

T

Excluded events AtOMIc Mass Bkg. index E res.@ Qpg

at a given C.L.

2
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Choosing the BB isotopes

Isotope

I=

) 48

£ Ca
(-
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x Ge
)
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48 82Ga
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Qs
[keV]

Nat. abund.
(enrich.) [%]

GOv
[|0"4 y-I](*)

T2, 2

[10"y]

Experiment

NEMO3

HM

NEMO?3

NEMO?3

NEMO?3

NEMO?3

NEMO3

KamlandZEN

NEMO3
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Nuclear Matrix Element

Contain nuclear structure effects = only approximative theoretical calculation

Required T%/; sensibility for (mee) ~ 0.05 eV (IH)

| I | | I I I | INSMI
' Tue ——-—
Jy ----
I IBM
I GCM —-—
=3 PHFB - - -
1 il T : I ! * Many approximation methods
> L T _ . o
N = | e _| | = B,- 1= * Variation up to factor ~10
o LlL [T & | el ' | =
= |-'-l | = | ', i ";‘I B - | o , .
o HIERE ; :.:._ £ .LI k1S e Different among isotopes
. ! il I : = .
T o I o T S Lk 1o * Uptofactor 10 on required
L[ | = — mass! ('""°Nd, 'Mo w.rt. 76Ge)
4 L1 s
1 oo
=
o
0-01 | | | | | | | | | | |

48C8 7GGe SZSe QGZr 100MO 110Pd 116Cd 124Sn 1301-e 136Xe 150Nd

Isotope

Main limitation in interpreting result & comparing among different isotopes

23
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Comparison of Current Techniques

Large

Isotope Mass

Small

(

Experiment
SNO+ » Mass of isotope for 15t Phase
> 100 kg 3°Nd [<m >~ 100 meV ]
Background (Rol) ~ 10’s « Background (Region-of-Interest) for
an exposure of 20 kg.yr
.
EXO Selected Experiments Only
80 kg *¢Xe
Background (Rol) ~ several
GERDA
30 kg "®Ge
Background (Rol) ~ 4-5
SuperNEMO
7 kg 825e
Background (Rol) < 1
>
High Background Low

24
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Radio-purity measurement with BiPo

® HGe sensitivity is not enough for SuperNEMO
® ~ | mBg/kg in | month measurement
Py,
® Dedicated detector measuring the Bi-Po chain S
adc]ay
® Up and running since July 2012 in Canfranc
® ~ |0 uBa/kg in 2 months measurement (29T
. B Q . B Qo
212B1 y 212PO | 208Pb 214B1 y 2141:)0 | 210Pb
60.5 mn 300 ns 19.9 mn 164 us
gzoz BiPo3: 3.6 m? - 82Se: 40 mg/cm? §100: — oo, >
5 18 “* Tl bkg: 0.16 uBg/m” scint 3 90— st mz;‘sisbigﬂnzjglﬁgq/m2 scint
4 160 [0 ™M bkg: [0.04 - 0.50] pBa/m® scint E’ - [ 2Bi bkg; [d.56-2.44]qu/m2 scint
@k — — - SuperNEMO **Ti target: 2 uBg/kg source 80— — — —— SuperNEMO 2“Bi target: 10 uBg/kg sourcel
2 1 2087 = 70E 214B;;
.g 12:_ % 605—
n $ E
& °F @ 50
8;_ ) 402—
6:_ 302—
4 20—
21 10% N
00_ I I 2| I I I 4|_ I I I 6| I I é I I I 1|0 I I I 1|2 I 00: | | | 2| | | 4|’ | | | 6' | | 1 8| | | 1|0 | | | 1|2 | |

Measurement Time [month]

Measurement Time [month]
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SuperNEMO demonstrator: status

Most R&D completed
Radio purity measurements of materials ongoing
* HPGe, Radon emanation chamber, BiPo
Calorimeter: main wall under construction
* Scintillator block under production
e 8" Hamamatsu PMT by February 2014
* FElectronic (FE digitiser & trigger board) under production
Tracker: Under construction.

* Commissioning begin 2014 (surface), end 2014 (underground)

1 MeV e~ spectrum | Entries 34370
Mean 088
RMS 0.1105
SOI:- 1 ndt 204.7/212
: Constant 218817
Wean 0.9979: 0.0003
m’_ Sigma  0.03057 = 0.00024
i AFE 7.2
g AE _ T2 by
x E VE
100f-
%0204 0608 1 12 14 1.6 18 2
Energy (MeV) 26
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LSM Extension: DOMUS

Safety galery

From F. Piquemal (TAUP2013)

FRANCE
ITALY

. Project accepted by Ministery of Research and
programmed by CNRS

e  Cost estimated by project supervisor of safety galery : R

e /M€ including 20% hazards

e  Funding secured from CNRS, Rhéne-Alpes region, Savoie
department, FEDER

e  TJechnical studies completed
. Negociations with the civil work company in October

. Digging Spring 2014 or end 2015 depending of the
company schedule

* 6 months for excavation, |0 months for outfittings

. Extension in operation 2016 -2017/
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Developing the foil source (2)

Setting up a test area in ISO 5-6 clean room (May - June 201 3)
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KamLAND-Zen & EXO results

B T T T 1
A KK 68% C.L.
— =
S S |
2| ]
- o -
=) =) ]
> _
> -
i _
N -
= o]
SE |2 ]
Excluded region &| |z E
< < S
aa ~ @)
1024 24 I 1 1 1 |25 I I I 1 1 1 26
10 10 10
136
T,, ~Xe (yr)

EXO-200
Tinov > 1.6x10%y
(mpp? < 0.14—-038eV (90% C.L)

KamLAND-Zen
Tinov > 1.9x10% y

Combined
Tinov > 341025 yr

{mpp) <0.12—-025eV (90% C.L)

Phys.Rev.Lett. | 10:062502 (2013)
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Gerda phase | results

counts/keV

2045

2025 2030 2035 2040 2050
*-------- - -- - background interpolation- - - ®,
8— > > > >
—_ o] (0] [ON] (0]
2 6l 2 3| 3 (3
X)) o 1 Al
Q) - Y ! A
a2 4 E .
C | H H <
3 by
o 2 |
0 |
1900 1950 2000 2050 2100 2150 2200
energy [keV]
10%°

GERDA Phase |

claim (20()4/

T, ("°Ge) [yr]

EXO-200

- KamLAND-Zen

| Xe combined

|
1020

—=0v /136+\/_\ r .a

® Backgroundindex: 0.01 cts/(keV kg yr)
® [xposure: 21.6 kg yr

® NoOvpB-signalobserved at Qgg=203%eV
® Background-only hypothesis HO strongly favoured

® Claim strongly disfavoured

Limit on half-life:
® GERDA: Tinov>2.1x10%yr (90%C.L.)
® GERDA+IGEX+HdM: Tinov>3.0x10%yr (90%C.L)

(mppy < 0.2-04eV

Phys.Rev.Lett. | 1 1:122503 (2013)
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