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Introduction .

* Double beta and neutrinoless double beta decay
« NEMO-3 results

* SuperNEMO demonstrator module



Double 3 decay

Analogue to 3 decay, for

cases where the Z+1 Is

forbidden (heavier nucleus)

but Z+2 Is allowed.
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Neutrinoless double 3

decay

* |If neutrinos are Majorana
fermions Ov2f3 is allowed

e ¢clectrons~few MeV
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Why is 0v2f3 interesting?
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Current Bound

* Lepton number
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violation
3
* New physics _10°
£
* Neutrino mass and
mass ordering 07 .
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NEMO-3



NEMO design principles

» Source independent JOR &
from detector ofz>°/'.
 Compromise between s
calorimeter resolution/ Tﬁ. TR
tracking -

* Jopological
information, timing
and particle tagging

* Background suppression
and BSM decays
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e Active from 2003 to 2011

* Hosted in Frejus tunnel
(1700m, 4800 w.e.m.
10-6x cosmics)

* /x 2B and several
calibration sources
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Bl )Mo (6.9 kg)
Bl *2Se (0.93 kg)
M . (0.62 kg)
Bl e (0.61 kg)
B *Te (0.45 kg)
H6Cd (0.40 kg)
Bl 5ONd (36.5 g)
Bl 57y (9.43 g)
Bl =Ca (6.99 g)




NEMO-3 &y >
structure




NEMO-3 &y >
structure

1.Source strips




NEMO-3 S/ >
structure

1.Source strips

2.3D tracking multi- S8
wire Geiger cells S




NEMO-3 S/ >
structure

1.Source strips

2.3D tracking multi- S8
wire Geiger cells S

3.PS scintillator

with low activity
PMTs




NEMO-3 S/ >
structure

1.Source strips

2.3D tracking multi- S8
wire Geiger cells S

3.PS scintillator
with low activity
PMTs

4.Cu/Fe frame



Bismuth and Radon

* [racker essential in rejecting
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NEMO-3 -"*°Nd - 36.6 g, 5.25 y

—4— Data (3095)
- 150Nd 2VBB

_ [ 2Tl internal
- Il Other backgrounds
I [CJovBg<m,)
o ¢ N, < 3.29
10— obs
* Large Qpg = 3.4 MeV and : 1-CL, = 0.7
phase space (36.6 g of L
isotope)
. . . 10"—%4 02 0 02 04 06
« BDT using 10 Kinematic BG like < > signal like  BDT score
variables
g 003/~ PRELIMINARY i i O e
* Quadruple beta decay search £ ¢ : | J_I_ |- Nd 223
20,0251 4e" golden | | B Radon
3 F channel Externals
- | | | WM Internals
0.02[— I | Ny =0
7779 > 2.0 x 1022 yr (90% C.L.) - | | Nexp = 0.11
J— — 0.015(— | |
Tir, = [9.34 £0.22 (stat.) £ gs(syst.)] x 10" yr = | |
: ——— 0.01:— I
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4BCa

* highest Qpg = 4.3 MeV

* /g of isotope
(~300 2v2(3 events)

6.4 10 (stat.) T4 g (syst.)] x 107 yr

e ———
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Tl/yz —

. Phys. Rev. D 93, 112008
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N10-3- ®Ca-7g,5.25y
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SuperNEMO



SuperNEMO

NEMO-3 SuperNEMO
100Mo isotope 82Se (or 1°ONd)
7 kg iIsotope mass 7 (demonstrator) = 100 kg
5 mBg/m3 radon 0.15 mBg/m?
208T|: 100 uBq/kg iInternal 208T| < 2 uBa/kg
214Bi: 300 uBa/kg  contamination 214Bi < 10 uBa/kg
14% @ 1 MeV Calorimeter 8% @ 1 MeV

* Next gen demonstrator

* Modular design

* Better hermeticity
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The SuperNEMO tracker

« Restricted materials: copper, steel,
duracon. HPGe and Rn tested

e Robotic construction of 2034 cells
(~45Km of wires)

« Controlled construction, assembly and
testing conditions.
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Radon measurements

1. Purge for several T*
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Radon measurements

1. Purge for several T*

2. Flow through cooled carbon trap
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Radon measurements

1. Purge for several T*

2. Flow through cooled carbon trap

3. Release into electrostatic detector




Radon measurements

Purge for several T

Flow through cooled carbon trap
Release Into electrostatic detector

. Rn: 41.3 + 4.7mBqg (= 150uBg/m3
with flushing)




SuperNEMO calorimeter

* 520X 8" + 192X 5" g

high g.e. PM
8% FWHM, .

= 400 ps @ 1 I\/IeV , s
(1 % stability) e i
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SuperNEMO source foil

* Purification methods tested: distillation,
chromatography, chemical precipitation

o All foils checked with “BiPo” to measure
contamination at few pBg/kg level

arXiv:1/02.0/1/6
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Current detector status

e Calorimeter and tracker
delivered

* Source frame arriving next
month

* Demonstrator running by end
of year
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Conclusions

NEMO-3

* World leading Ov anad
2VPBB measurements

* Unique new physics
searches

SuperNEMO
demonstrator (T12% ~6.5 102%y)

Scales to 500 kg-yr (T12% ~10%%y)

Tracker-calorimeter technigue powerful BB physics probe

20



Thank you

Questions?
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Majorana and Dirac

models

Two models to give neutrinos their masses

Dirac . Majorana
VL VR aﬂd \_/L _ _
vy | exists, evenif V. | vare their own
_ | we (currently) i antiparticle!
V. | havenowayto G -
V. detect them
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Why is 0Ov2f3 interesting

* Window into new G R T
physics ] e,
x/3 A . [
* Supersymmetry et _ §w> e
* Right handed weak currents g e
| m

* Majorons %:jj |

oo
* Doubly-charged Higgs L ——

bosons

* Heavy neutral leptons

u W ez
x/a V2g?uy, r'<
* Light Majorana neutrino /3 . W .

exchange e ;( - -
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