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VWhat is on the menu’?

Searching Ov@[3 decay
Looking for 33 events with a tracker & calorimeter

Recent results from NEMO-3

Toward the new generation with SuperNEMO
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Once upon atme...

1936 — E. Majorana proposes a real wave to describe massive & electrically neutral fermion
1957 — B. Pontecorvo set the basis for the neutrino flavour oscillation

Last 20 years: Huge effort to confirm neutrino oscillation and measure parameters
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S the neutrino a Majorana particle”

We know that neutrino is:
1) fermion

2) electrically neutral > It could be a Majorana particle

3) massive

Search for Ovpp decay is the only practical way
to test Dirac/Majorana nature of neutrinos

If Majorana particle exists, there are interesting implications for particle physics:

® |epton number violation must occur: v=v¢ =|AL|=2

® GUT, Leptogenesis model, See-Saw mechanism
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Double beta decay In a nutshnell

(A, Z) = (A, Z +2) + 2e” + 20,

® 2nd order process allowed in the SM
® Single 3 decay forbidden (energy & angular momentum)

® 11 isotopes have been experimentally observed
undergoing 2v[3[3 decay

[From the web]

(T12/V2)_1 — GQV(Qﬁﬁa Z)|M21/‘2
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http://wwwkm.phys.sci.osaka-u.ac.jp/en/research/r01.html
http://wwwkm.phys.sci.osaka-u.ac.jp/en/research/r01.html

Neutrino-less double peta decay In a nutsnell

(A, Z) = (A, Z + 2) 4+ 2e~

® Process forbidden in the SM

® Half-life strongly suppressed

[From the web]

(T1)2) " = Gou(Qss, Z)| Mo "1

BB2v

BBOVX°  BAROY

Few different mechanisms may induce Ov(33

® Light Majorana neutrino exchange

® Right-handed current (V+A), SUSY, Majoron(s), etc.

Il 1 l 1 | L l

00 02 04 06 08 10 Different topology in the final state!
(T1+T2)/ Q
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http://wwwkm.phys.sci.osaka-u.ac.jp/en/research/r01.html
http://wwwkm.phys.sci.osaka-u.ac.jp/en/research/r01.html

Sensitivity to the light Majorana neutrino

Limits from direct OVBP searches

E% é////////////%%}’%/////////// / Smy < 0.17 eV (Planck 2015)

L m
(T9) " = Gou(@as, 2)| Mo, [ 221

(&

(mpp) = Z UeQimi

107
Related to:
- : 1) neutrino oscillation
10—4 L1111 » - Co il L1111 |
10* 10 10 10! 1 2) mass hierarchy

My prest [eV]
3) mass scale
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OV[3 searches in practice

1.0r

Measure the 2 e energy spectrum

0.8

® 2Vv[30B signature — Broad spectrum

0.6

® (vB3p signal signature = Peak @ Qgp

0.4r
2v23 spectrum 0v2(3 signal
0.2r

If no signal — set a limit on half life

BB emitter mass Exposure time

<~ \ /

O NAHIQ € M xt E res. @ QBB
17/ > X — X
/ B x AE ¥
Excluded events / / \
at a given C.L. Atomic mass Bkg. index
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-ew Important aspects. ..

Low energy process (Qgg = 5 MeV):
® Natural radioactivity is an issue (238U , 232Th)

® (Cosmic Muons are an issue
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-ew Important aspects. ..

Distinguish Ov from 2v mode — irreducible backgrouna
® (Good detector energy resolution

Few available isotopes — multiply experimental efforts

Qps Nat. abund.
Isotope [keV] (enrich.) [%]
e 30 - : 8Ca — 8T 4270 0.187 (73)
2.0- Nk 204 76Ge — 76Se 2039 7.8 (86)
i % 10-
veP . ‘ 82Se — B2Kr 0995 8.7 (97)
1.5- 0
0.90 1.00 1.10 %Zr = %Mo 3350 2.8 (57)
' : K./Q
1.0 - 100Mo — 190Ry 3034 9.6 (99)
Detector resolution | . '1%Pd = TCd 2018 /-9
057 / 116Cd — 1163 2802 7.5(93)
/\ 130Tg — 130Xg 0507 34.5 (90)
0.0 T T T — I
00 02 04 06 08 1.0 136)g — 13683 2480 8.9 (80)
K./Q
150Nd — 1908m 3367 5.6 (91)
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-ew Important aspects. ..

Distinguish Ov from 2v mode — irreducible backgrouna
® (Good detector energy resolution

Few available isotopes — multiply experimental efforts

Qps Nat. abund.
Isotope keV] (enrich.) [%]
e 30 - : BCa — 7| 4270 0.187 (73)
2.0 o 204 76Ge — 76Se 2039 7.8 (86)
S ouBB Y % 10-
e P 12 ] ‘ OvBR 8236 — 82Ky 2995 8.7 (97)
. 0.90 1.00 1.10 9%Zr — PMo 3350 2.8 (57)
' : K./Q
G 1000 — 100Ry 3034 9.6 (99)
Detector resolution | . '°Pd — 11°Cd 2018 o
0.5+ 116Cd — 1169N 2802 7.5 (93)
/\ 130Tg — 130Xg 0507 34.5 (90)
0.0 T T T I I
00 02 04 06 08 1.0 136Xg — 19683 2480 8.9 (80)
K./Q
150Nd — 1908m 3367 5.6 (91)
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VWhich technology”?

En. resolution

<1% \|

>1% i

Detector = Source

Technique
Calorimeter Diodes Liquid scintillators
6Ge 136Xg, 150Nd, 48Ca, 199Mo
Bolometers Liquid/Gas TPC
130‘|‘e, 8236, 1OO|\/|O 136Xe

Electron Tracking

+ Source

Detector

Tracking + Calorimetry
82Gp. 150Nd, 48Ca, ...

Pixelized Scintillator
116Cd

Alberto Remoto
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Watch out for the NME. ..

Ov \—1 __ 2 2 Compiled by F. Simkovic (2014) ga =1.25(7
(T1)s)" = GOV(Qw,Z) n ) Sompiled by F. Sim ovic (2014) g - |<>E
= —u[SM
65— =—a QRPA 7
= ®IBM
® Contain nuclear structure effects sE EDF :
® Many approximation methods 2 4— E
® Different among isotopes 23— ;
® Measuring NME in 2vP33 does not help 2‘ E
= 3

Oé I I I I I I I I I I I I

48Ca TﬁGe Slse ‘Jﬁzr lmMD1mpdl16Cd124SH128T613{}T&136X615{}NCI

Main limitation in interpreting results &
comparing among different isotopes
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...but also the axial coupling constant

[Phys. Rev. C 87, 014315 (2013)]

_ . 1.2} O from experimental 7y, (ISM) O g4=12547"12 —
® gA IS know to be queﬂChed 1N B and BB - m/a from experimental 7y, IBM—-2 ¢¢/>°°) @ g,=12547018
1.0-
decay o
. . 0.8
® An effective constant is extracted from 5|
experimental measurement s 06
04"
® (Quenching factor ~0.8 — 0.5 - Ca Ge Se  ZrMo Cd Te Xe Nd
0.2r
® (0a quenched in OvP as much as in 2vpRE7 L
0910 60 80 100 120 140 160

Mass number

ga appear at the 4" power in T1/2 calculation
— it may impact {mgp) sensitivity up to x6-34

Alberto Remoto 14
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VWhat is the status”?

HdM (35.5 kg x y) & IGEX, "°Ge
o TWr>19x10®°y @ 90% C.L.
HdM claim: (my) = 0.32 +/- 0.03 eV

1993 - 2000

Cuoricino (19.75 kg x y): TeO2 bolometer
o 0Te: TV >28x10%y @ 90% C.L.
NEMOS (34.7 kg x y with Mo): track + calo.
o 'OMo: TV >1.1x10%y @ 90% C.L.

2000 - 2010

EXO200 (> 95 kg x y): Liquid Xe TPC
Kamland-ZEN (190 kg x y): Liquid Scintillator
GERDA Phase 1 (>20 kg x y): Ge diodes

Since 2011

Alberto Remoto 15
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-uture projects

CUORE, Gerda, Majorana, Lucifer, AMORE,
NEXT, COBRA, EXO, SNO+, KamLAND-Zen,
CANDLES, SuperNEMO, DCBA, ...

5 years time scale:
® M ~ 10 - 50 kg of B3 isotope
® Background level 1073 cts. /(keV kg y)
® EXxplore quasi-degenerate region
10 years time scale:
® M~ 100 kg - 1t of 33 isotope
® Background level 10 cts. /(keV kg y)

® Approach Inverse Hierarchy region

Extended R&D: Energy resolution, particle 1D,

radio-purity

Multi-phase approach: demonstrate
scalability and background levels

0y NAIHQ € M xt
1/2 > Ny XZX B x AFE

mugmest [eV]

Alberto Remoto
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NEMO-3

sources
60 mg/cm? foils
10 kg of BB isotopes

BB decay experiment combining tracker
and calorimetric measurement
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Located at the Modane underground
laboratory (~4800 m.w.e.)
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10 kg of different 3[3 isotopes taking data
from February 2003 to January 2011
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| aboratoire Souterain de Modane

o

L5SIM

LABORATOIRE SOUTERRAIN DE MODANE

€S9

COMMISSARIAT A LENERGIE ATOMIQUE

DIRECTION DES SCIENCES DE LA MATIERE

CENTRE NATIONAL
DE LA RECHERCHE
SCIENTIFIQUE
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I | | |
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NEMO-3 : The 33 source

NEMO-3 "camembert" (source top view)

® Mainly Mo (7 kg) & 8°Se (1 kg) + smaller
quantities of others isotopes
® Blank folls to cross-check background

measurements (Cu & NaTe)

Alberto Remoto 20
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NEMO-3

sources
60 mg/cm? foils

Full reconstruction of 2e kinematics: unique!
10 kg of BB isotopes

® Individual e energy, arrival time, track
curvature, emission vertex and angle

' ‘ Z .‘ : = en = (=
: Q"'l o 5 oo ISP Ly

=

oD L POy
Be

&
L
s
S%%
Kk

tatatit
ot

B

(&1
&
)
5

Excellent background rejection

® |dentification e, e*, Y, Q, Internal/External

CXCNCNENENENINENENE R
EACNCNCNCNCNCNCNCANCA N

e e e T e e e e e i
DD DT T TITITIT i
e e e e ey ey wey ey ey we) we)we) W » 0 b
% (s :
- 'y b 5
A " ] 7
5 ! o 2
A & G f .
AR K i
. i 7 & Ty
P A
yV - ~
: = 7

ETEXEITOTITITOITIITITIITEITE),

(&2

Low energy resolution: [14 - 17] % / Sqrt(E)

Sensitivity equivalent to best calorimetric experiment
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NEMO-3: 33 event topology

Top view Lateral view
1286 e —ctor
1256 keV
£ g 832 keV
8 832 I\'e » 8
50cm R

50 cm X

Alberto Remoto
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NEMO-3: 33 event topology

2 tracks with negative charge

Top view Lateral view
1256 k&Y / Sector
! 1256 keV
£ g H 832 keV
B 835 key, B
_:_:,'_ 50cm R

50 cm X

Alberto Remoto
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NEMO-3: 33 event topology

Top view Lateral view
1286 e —ctor
1256 keV
y W
g 832 keV
50cm R

Common vertex

Alberto Remoto
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NEMO-3: 33 event topology

Top view Lateral view

1256 keV

2 PMT, each > 200 keV

Alberto Remoto
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NEMO-3: 33 event topology

Top view Lateral view

%

1256 &

1256 keV

K

832 keV /‘

<
N

£
o
o
!

50 cm

PMT-Track association
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NEMO-3: 33 event topology

Top view Lateral view

1256 ke %

1256 keV
Y z j/v\‘D
£ & 832 keV
© o
o 8 [Te]
© 52 key B e mm
-:—:"— 50cm R
50 cm X

Selection efficiency for Eoe > 2.0 MeV is 11.3 % (MC)
23
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NEMO-3: energy calibration

Radioactive sources:
® <2U'Bj: 482 keV and 976 keV conversion electron
® OSr—0Y: 3-decay end point Qg = 2280 keV

® °UBj: 1682 keV conversion electron to test energy
scale: 99% PMTs Data/MC < 0.2%

Laser inter-calibration system:

® (Gain and time survey twice a day PMTs linearity < 1%
for E <4 MeV

® 32% of PMTs stable < 5% over the whole data taking

207Bi energy spectra

Number of events / 0.02 MeV

10 ¢

NEMO-3

¢ Data
— MC

05 MeV

20000

15000

10000

Number of events / 0

3]
=
=
o

o

0 02040608 1 1214 16 1.8 2

E, (MeV)

90Sr—9Y energy spectra

25000 -
»

Data
— 90Y
—— 90Sr
—— MC Total

0.5 1 15 2 25 3

Ee (MeV)

Alberto Remoto
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NEMO-3: backgrounds

Radio-impurities in material, y from (n,y)
and p bremsstrahlung

® v from 28Tl at 2.6 MeV
® (n,y) up to 10 MeV

28Tl (from 2°%2Th) and “™Bi (from 23%U)
contamination in foil source and “'Bi from
Rn decay In tracker volume

® 28T Qg at 5 MeV
® °“Bi Qg at 3.27 MeV

T N
Source
foil

Pair

creation

P i ST
Source
foil

/\/\j

Beta decay
+1C

Source
foil

S T

'Y .
p 3
Y \ Y
»
LN LN
Compton Compton
+ Compton + Moller
e K\_/—\
Source Source B
foil foil o
B /
RN |
TS o
/V—\j /\_/-—\
Beta decay Beta decay
+ Moller + Compton
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NEMO-3: external backgrounds

Take advantage of PID capabilities of NEMO-3: e, e*, y, a and TOF measurement

E 18000 EXT Ra226
[ —  EXTR
i 16000 | — ETHA
O' L —_— EXT CoB0
u —— SCK40
= 12000 | Tetel
2 10000
i} 8000
(Y& )ext. channel

Number of
[«)]
o
o
o

D' h
0 05 1 15 2 25 3 35
eyext E;o; (MeV)

% EXT Ra226

= 50000 ——— EXTRa228

g —— EXTKao

n' ——— EXT CoB0

= 40000 —— SCK40

u —— SSBi210

5 —— S5 Paz224m

2 30000 = loml
Crossing e channel s |

2 20000 |

£

= |

< 10000 ‘

e

Wires B foil %0 o5 1 15 2 25 3

e-crossing E. ; (MeV)
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NEMO-3: internal backgrounds

Take advantage of PID capabilities of NEMO-3: e, e*, y, a and TOF measurement

1e” (single B emitters), e’ Ny (?°¢Tl) , e-a (°'*Bi) channels channels

238U
222 N
Ry 8 2l4p
C2lags (164
(199 min) la

§l
o
= B ,20ph--7

210m /(22.3 y)
(1.3 min)

RUN 2032
EVENT 177611
SEQN 177598

5
10 F i A 606 (2009) 449-465 X’/ ndf 54.70 / 51
E P1 0.1917E+05 + 16.05
- P2 0.6688 + 0.1878E-01
i P3 1629 = 0.1633
i P4 0.3174E+05  + 0.2284E+05
10° P5 16.31 + 2.481
- Fraction of non o events: 0.59+ 1.33%
T2 = 162.9 Us
10 : b [T R T R
0 200 400 600 800 1000
a track delay (ps)
t hl
1 iy 44
3 U e, 3
2 N B #5490 ¢
0 10 20 30 40

Q
Z

e opposit side. o length (cm)

LR RS RS RALE ALY LARS ALY L)

o 10 20 30 40 %0 10 20 30 40
o OUT, e same side. o length (cm) o OUT, e opposit side. o length (cm)

iiione-

Data
SWIN
SW OouT
SF IN
SF OUT
Mylar

Internal

Alberto Remoto
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NEMO-3: Check internal “2Tl and #'“Bi background measurements

208T] activity checked with 232U sources = 10% systematics w.r.t. HPGe measurement

214Bj activity compared in two different channel = e-Ny, e-a: 10% systematics

100M0

10
1 o Data

Total MC Background checked in 2e'Ny (?°Tl) and 2e a (¢'“Bi)

?

/% 208

,/ TI
channels

|

® °0U8T[: 7 events, 8.8 expected

® ““BjPhase 1: 3 events, 6.5 + 0.4 expected

Number of events / 0.1 MeV

® °'“BiPhase 2: 3 events, 2.9 + 0.2 expected

Alberto Remoto 28
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NEMO-3: #2“Rn background

D O
o O

222Rn in the gas of the tracking chamber
monitored through the 1e1a channel

A(Rn), mBg/m®
N B
o O

o

Strongly suppressed upon flushing Rn-free air 40 A
into a dedicated tent surrounding the detector  °;

gwmmw nwmmkﬁ'wm "“"‘MMWMWW ‘ W ‘:M‘\.ﬂ.w@ﬂ{ ‘ ""““‘1""‘ »mMm LA™

01 02 03 04 05 06 07 08 09 10 11 12

W’*W mWW«M e me \A P MLWMWWM‘\W mm[ WWMMMM

o1 02 03 04 05 06 07 08 09 10 11 12
month number

Phase 1: 37.7+0.1 mBg/m?
Phase 2: 6.46+0.02 mBg/m?
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MO-3: hot spots identification

Vertex reconstruction capabillities: oz = 0.6 cmand or = 1.0 cm

Calibration pipe

0

116Cd foil production parts 1e channel vertexes in 11°Cd sector

19
Sector

Able to reduce backgrounds removing activity hot spots from the foils surface

Alberto Remoto 30
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NEMO-3: "Mo 2v[3B3 results

® About 700 000 2vB[3 events

® Detection efficiency = 4.3 = 0.7 %

® Signal over Background ratio = 76

T4 =[7.16 £ 0.01 (stat) = 0.54 (syst) |[x10'8y
Consistent with previously published [PRL 95 (2005) 182302]

[
-
L

70000
60000f
500002
400003

30000 |

Number of events / 0.1 MeV

20000 |

10000 |

,,,,,

100 NEMO-3

,,,,,,,
------

,,,,,,,,,,,

E: + E> [MeV

15 2 25 3 35

Number of entries / 0.05 MeV

X 10

10000

8000

6000

4000

2000

RUN
EVENT
SEQ N

3478
6930
6929

Run : 3478
Event: 6930
Date: 09/11/2004

1

|

I

I

,,,,,,,

IOOM 0O NEMO-3

Data
BB %Mo

Number of events

|

g

o o Ao
o o,
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[Phys. Rev. D. 89.111101 (2014)]

NEMO-3: "Mo OvRR result e o wooke

® No event excess after 34.3 kgxy exposure

® T%Wio>1.1x10%*y (90 % C.L.) = (my < 0.3-0.9 eV

NEMO-3 - Mo - 7 kg, 4.96 y Expected background in [2.8 - 3.2] MeV
>
= 1o 20 —e— Data 27051 Evts
S 18 B 2vpp Mo 2vBP 8.45 + 0.05
> 16 @ >*si from**Rn |
"q::: . 14 ) El(ternal Bkgs.
G 10 12 B Gl internal 214Bj from radon 52+0.5
10 &= Tnterrad
) 8 208T| internal 3.3+0.3
10 6 ...
10 N ,ILllldsrtAEH
o MR ¢ 214Bj internal 1.0 £ 0.1
10 08 29 3 34 32 33 34|
External <0.2
T e
Total 18.0 £ 0.3
¢ [ +
2 2 + Data 15
5 1re—e—e-0-—o-0—0-9 !
[a] -+
0 _I | | | | | | | | |-T-I | | | | | | | | | | | | | | | | | |
2 2.5 3 3.5 4 4.5 5
Eror (Me) Total background: 1.3x1073¢ts / (keVxkgxy)
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[Phys. Rev. D. 89.111101 (2014)]

NEMO-3: "Mo OvRR result e o wooke

Systematics
® T%, limit set with a modified frequentist analysis -
IN.I.M. A 434 (1999) 435] 2vPB3 events in window 0.7%
® Using full information in Eot = [2.0; 3.2] MeV OvPBP detection efficinecy | 7.0%
® Detection efficiency: 11.3 = 0.8 % 214Bj contamination 10.0%
® Account for statistical and systematic uncertainties 208T| contamination 10.0%

and their correlation

Limits at 90% C.L. in units of 10%*y

: i 2@(2@25 ol B Process Stat. Only Stat. + Syst. Expected
| \ Mass mechanism 1.1 1.1 1.0[0.7: 1.4
RH Current & (qn. — kn) | 07 | 06 | 0500408
17/ 7 SN\ RHCurrent @ (m —kn) | 10 | 10 |  09[0613]

e B s Maoron (=) | 0050 | 0044 | 0.039[0.027;0.059]
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NEMO-3: other results

Other isotopes: only partial exposure has been published

21500 I %’300— : 150Nd NEMO-3 % ::z;: 96 7r %?5%;5&2235337 ;f 160 NEMO-3
S o L CeenTen S 10 — e | STV e
) g [ | - 2vBB MC 2 C 2 ‘ ::fﬁ:
£ 1000 3 200 i § 120 § > e
E gZOOE Background MC o 100:— ‘2 100 EEEEE Bi210
g §150:— 8o ; 80
'g 500 z1ool 602_ -E jz
z Ly 401 =
50— C 20
F 20
0 C C e . o At
0 2 2.ZTO§Me:\SI.)5 %~ 'tl). 1 15 2 25 3 ETgsze \;4) 005 1 15 2 25 E13+ Ef(:n ] V:; o o E1+é.:(’Me\7)
Mass Exposure T1/2 (2V) T1/2 (OV) {my) .
Isotope ! i i ; i i Reference
-l i [days] i [x10"y] | y]@90%CL. i [eV]@90%CL. :
82Se 932 389 9.6+1.0 >1.0x10% <1.7-49 Phys.Rev.Lett. 95 (2005) 182302
1ONd | 37 95  10.90+0.07 i >1.8x102 <4.0-6.3  iPhys. Rev C 80, 032501 (2009)
%Zr | 94 | 1221 |23510.21 : Nucl.Phys.A 847(2010) 168
130Te 454 1275 | 70x14 | Phys. Rev. Lett. 107, 062504 (2011)
Analysis of whole statistics ongoing (®°Se, 43Ca, %Zr, 11°Cd, °°Nd)...stay tuned!
19OMo 0OvBB decay to the '°Ru excited states [Nuclear Physics A781 (2007) 209-226]
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http://dx.doi.org/10.1103/PhysRevLett.95.182302
http://dx.doi.org/10.1103/PhysRevLett.95.182302
http://dx.doi.org/10.1103/PhysRevC.80.032501
http://dx.doi.org/10.1103/PhysRevC.80.032501
http://dx.doi.org/10.1016/j.nuclphysa.2010.07.009
http://dx.doi.org/10.1016/j.nuclphysa.2010.07.009
http://dx.doi.org/10.1103/PhysRevLett.107.062504
http://dx.doi.org/10.1103/PhysRevLett.107.062504

—MO-3: high energy background

No events in Mo foils
after 34.3 kgxy > 3.2 MeV

NEMO-3 - "Mo - 7 kg, 4.96 y

No events in Cu & Te foils
after 13.5 kgxy > 3.1 MeV

Te+Cu foil, Phase 1 + Phase 2

> >
= 20 —e— Data 27051 Evts () ® Data
5 18 B 265 Mo = B 2"Bifrom 2?Rn
P 160 B i from **’Rn ; M External Bkgs
"q:'; 14 I External Bkgs. = L] 214p: internal
m 12 -::Bi Internal @ 10 I **Tlinternal
10 - Tl Internal 5
sEES i Validation of the
6 | ...
X background
o I - —¢— 1 model
%.8 2.9 3 31 32 33 34
-1
10 1 1
o 7 4 3
E 2— + = 2 | ‘-o-
2 oot | = 1
Q -+ o]
0_||||||||||-T-||||||||||||||||||| 8 ""I-+.'"+'TI""I""I""I"
2 2.5 3 3.5 4 4.5 5 2 2.5 3 3.5 4 4.5 5
Eror (MeV) E;or(MeV)
Promising background free technique for high Qgg isotopes
BB
48Ca (4.272 MeV), ™ONd (3.368 MeV) or %Zr (3.350 MeV)
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[Eur. Phys. J. C70: 927-943,2010]

SuperNEMO: toward the new generation

- Calorimet |
Extrapolate a well known technique: aonmeter Tracker  Calorimeter

® 100 kg of B3 emitter in 20 detection module

g : \b
® Approach Inverted Hierarchy region 5] -
NEMO-3 SuperNEMO (= Uiz
L =
Efficiency 18% ~30% = 1
....................................................................................................................................... :_1 _ ', &
lsotope ] fkg Mo | ;100kgSe (TN Toa) 4 0t
Exposure 35 kg y ~500 kg vy
Energy res. 8% @ 3 MeV 4% @ 3 MeV
208T| (source) ~100 pBag/kg < 2 uBa/kg
214Bj (source) | ~ 300 uBa/kg < 10 uBa/kg A challenge in many aspects:
Rn (in tracker) | 5 mBg/m?3 0.15 mBg/m?3 ® R&D program in the past years
--------------------------------------------------------------------------------------------------------------------------------------- almost completed!
T2 1024y 1020y
--------------------------------------------------------------------------------------------------------------------------------------- ® Next step: Demonstrator module
(M) 0.3-0.9eV 0.04 -0.1eV
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[Eur. Phys. J. C70: 927-943,2010]

SUuperNEMO: the demonstrator module

Calorimeter Tracker  Calorimeter

One SuperNEMO module = 7 kg 8Se running ~2.5 y
® [0 be installed @ LSM (replacing NEMO-3)
® Match SuperNEMO requirements

Reach NEMO-3 (°Mo) sensitivity in 4.5 months

® Sensitivity: <my) ~ 0.20 - 0.40 eV

g - .
; et a .-'._' b ". |i_:"'”

BB source

Schedule:

® Calorimeter & tracker under production
® Installation starting in 2015

® Commissioning & First data by 2016
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SuperN

—-MQO: the calorimeter

® 5" and 8” high quantum efficiency PMT directly
coupled to a scintillator block with optimised

geometry

® Energy resolution: 7.2 % FWHM @ 1 MeV

® Electronics, optical modules, shield,
mechanical structure under production

1 MeV e~ spectrum

2sol:_-
200
150

100

50.

00 02 04 06 08 1 12 14 16 18 2

Entries 34370
Mean 0.9718
RMS 0.1105
+2/ ndf 204.7 /212
Constant 2188 1.7

Mean 0.9979= 0.0003
Sigma  0.03057 = 0.00024

Energy (MeV)

FWHM - Energy (%)

-

04 06 08 1 12 14 1.6 e 2 ' ' -
Energy (MeV) - | Calorimeter main wall |

g,
.,
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SUPerNEMO: the tracker

® 2034 Geiger cells in a Rn-tight chamber surrounded by optical modules for veto
® Drift cells under production whit automatic wiring robot
® Tracker assembled in 1/4 @ MSSL (UK) then moved to LSM for integration

® Commissioning of CO ongoing at sea level, C1 under construction

PLEL L)L I
i 3 R
r", : + b A i
! vy AL .7_ " ;‘l..l’ > 7
ey -
i) o glb=
- - i3 | 2
§ i f n «e"!-_-_‘,
) i ¥ -
' 4 =
)J—»

Geiger cell in CO |
B B N
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SUperNEMO: the source foll

® About 37 folls installed on the source frame in the detector center

® 5°Se powder mixed with PVA glue + mylar or nylon mechanical support

® Limits on foil contamination in 2%%T| (2 uBag/kg) and #'Bi (10 puBg/kg) are challenging
® Purification technique under investigation: chemical chromatography, distillation, etc.

® L APP is in charge for the production of 1/2 of the source for the Demonstrator

82Se foils radio-purity measurements
TR

| Training foil production technique

e R,
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SuperNEMO: radio-purity measurements

Detector radio-purity budget:

® Materials validation with HPGe detectors (sensitivity ~ mBQ)

Source foils:

® HPGe not sensitive enough for SuperNEMO requirement: dedicated setup @ LSC
(Canfranc) BiPo

® Detecting delayed —a coincidence from Bi—Po chain

® First two 82Se foils currently under measurement

12
Time [month]

|
I

BiPo 208T] 5

source light—guide

nsitivity

Meast (D

8

295T) bkg: 0.16 uBg/m? scint

[ ] ®%Tibkg: [0.04 - 0.50] uBg/m? scint
— — - SuperNEMO 2°®T] target: 2 uBq/kg source

BiP03: 3.6 m? - 82Se: 40 mg/cm?

scintillator
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SuperNEMO: Radon measurements

® The Rn gas in the tracker volume was the dominant background in NEMO-3

® Reduce Rn contamination to 0.15 mBg/m3
® Control the Radon emanation of the materials
® Radon purification/absorption with dedicated setup

® Preliminary radon emanation of CO = 0.236 + 0.035 mBg/m?® — limit is close!

,‘,

= Rn permeability study e Rn gas purification setup
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Esher - Ascending and descending (1960)

SUmmary
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Summary & conclusions

Tracking + Calo.
technique

Latest NEMO-3
results

SuperNEMO
demonstrator

Future:
Full SuperNEMO

Unique: allowing direct reconstruction of the 2e-
Full signature of OV events and powerful background rejection

Background-free technique for high energy Qgg isotopes

Total 199Mo exposure of 34.3 kgxy shows no event excess
TV >1.1x10%%y = (M < 0.3-0.9eV @ (90 % C.L))

Other isotopes: re-analysis of full statistics ongoing

Under construction: commissioning by 2016
Foresee to run for 2.5 years with 7 kg of 82Se
TV >6.5x10%%y = (my) < 0.20 - 0.40 eV @ (90 % C.L.)

20 demonstrator-like modules: 100 kg of 8°Se for 5 years
TV >1x10%y = (Mmy) <0.04-0.10eV @ (90 % C.L))

48Ca,1°9Nd or %6Zr are also possible candidates
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Esher - Ascending and descending (1960)
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VWhich isotope”?

Isotope [SeB\S] l(\éitr'icahb_)u [rlz] g O'%‘O:/'ﬂ(*) [Ig:g 2y | Experiment
5| *ca NEMO3
;& 6Ge GERDA
é 82Se 9.0+0.7 NEMOS
g 67r o 2.0+0.3 NEMOS
;é 10Mo 3034 9.6 (99) 4 0.71+0.04 NEMO3
% 1160 2802 7.5 (93) 5 3.00.2 NEMO3
j:% 130T NEMOS3
% 136Xe KamlandZEN
ig 150Ng NEMOS3
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VWhat is the status”?

Light Majorana

Right handed

SUSY: neutralino or  Majoron emission

neutrino exchange current gluino exchange

7 /\. N\ 7 /\ | | /_/\ﬂ

Isotope Exposure éHaIf Iifg (1025y)§ my (e\/) W (106): iy (108) N111/f (10.2)i {(ge> (109)

(kg-y) published pubhshed publlshed published : published published

100 Mo 11 (NEMO-3) 34.7 0.1 083 - O.87é 0.9-1.3 05-08 : 44-6.0 2-5

@ToREICUORICNO) | 1875 08  [081-071 16-24  09-58 1788
X MEl(KamLANDZer)| 895 o lot4-0se
BXeH(KamLANDZen) |100.4+895 26  014-028
eXeBEXO200 | 998 1 lote-o4s
©GeMBGERDA | 26 21 0204 34-87
®wGeBHa | 855 e 04 11 o0s 81
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NEMO-3: 2v33 of "Mo SSD/HSD

If the intermediate nucleus is a J"'=1+ state, the NME
could be dominated by GT transitions through this state.

} HSD, higher levels

If the SSD hypothesis is confirmed ; \ contribute to the decay
. . : / \‘\ SSD. 1+ level
I + ?
® 2\3p half-life could be determined from single- ! 1001 .\ dominates in the decay
B and electron capture (EC) measurements. Lo e (Abad etal., 1984,
0+ \ v Ann. Fis. A 80, 9)
® simplification in the theoretical description of 100Mo T ot 100Ry

the intermediate nucleus

S 2500 S
= NEMO 3 = 2000
n ata
S 2000 3 1o §
é 1500 | -§ 1500
%
S 1000 | 5 1000 [ /
3 o o C . .
£ sool £ ool / Electron energy distribution in 2v3p
3 E |
| = %7 // decay of Mo is in favour of SSD
' ' ' 0 05 1 15 2 25 3
E_(MeV)
e E_(MeV)
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A. Remoto, D. Duchesneau, J.M.

:OH Source deSigﬂ Dubois, A. Jeremie, 1. Le Noblet

The BB emitter is shaped in thin foil (150-200 um) mixing
82Se powder with PVA glue — very fragile!

An embedded mechanical support is necessary to
provide mechanical strength over the foil length

Different designs of the mechanical support are under i el

consideration:
Se + PVA bulk

e

Tulle

® NEMO-3 like design (ITEP): 82Se+PVA within mylar
backing film

® New design (LAPP): 82Se+PVA with light nylon
fabric support

® New design (LAPP): standalone 82Se+PVA foil with
clean mylar film welded to offer a protective layer .
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—Oll source production

A. Remoto, D. Duchesneau, J.M.
Dubois, A. Jeremie, T. Le Noblet

® Foil production protocol is defined. All the tools are
ready! Improving the technigque with practice...

® All materials to be used in foll production have been
defined.

® Radio-purity measurements have been performed
(collaboration with LSM, LAL and LSC - Canfranc)

Where we are now

/
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Sensitivity studies T. Le Noblet. A. Remoto

Calo hits Vertex on foll

® Study BBOv sensitivity w.r.t. foil design

® Check the foil design doesn’t alter
physics performance and results

® (Generating signal, background and
detector response

— R S USROS SR — reco'ed e tracks
> : : : SuperNEMO Prellmlnary
ILI<_J. ______________________________________________ Exposure: 7kgx 2.5y
o , BBOV (T1/2 ~ 4.5 1024 y) |:
E BBzV(T1/2=91O1QY) OI/ NA|n2 6 >< M >< T
'° E Tl /2 > X
208T| (A = 2 uBg/kg) | W S ( b)
_____________________________ ® ¢ : Signal selection efficiency
_______________ ® S(b): Average upper limit on the number
f of signal events (Feldman & Cousins)
2000 2200 2400 2600 2800 3000 3200
24,2 Ecaiin. [keV]
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Sensitivity studies T. Le Noblet. A. Remoto

Calo hits Vertex on foll

® Study BBOv sensitivity w.r.t. foil design

® Check the foil design doesn’t alter
physics performance and results

® (Generating signal, background and
detector response

— R S USROS SR — reco'ed e tracks
> : : : SuperNEMO I:Drellmlnary
ILI<_J. ____________________________________________ Exposure: 7kgx 2.5y
o . BBOV (T1/2 ~ 4.5 1024 y) |:
E BBzV(T1/2=91O1QY) OI/ NA|n2 6 >< M >< T
T I Tl /2 > X
208T| (A = 2 uBg/kg) | W S ( b)
_________________ ® ¢ : Signal selection efficiency
_____ ® S(b): Average upper limit on the number
of signal events (Feldman & Cousins)
2000 2200 2400 2600 2800 3000 3200 o |
%15 Ecain. [keV] @ Optimise R.O.| w.r.t. s/b ratio
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Sensitivity studies

T. Le Noblet, A. Remoto

® Study BBOv sensitivity w.r.t. foil design

® Check the foil design doesn’t alter
physics performance and results

® (Generating signal, background and
detector response

3200

[keV]

E
uP

3000

2800

2600

SuperNEMO Preliminary

L l L L L l L L L l L

2600 2800 3000

E [keV]
LOW

Calo hits Vertex on foll

8p0v Halflife @ 90 % C.L. [y]

reco'ed e tracks

Naln2 ex Mx T
Ov A
Tip > YA S(b)

e . Signal selection efficiency

S(b) : Average upper limit on the number
of signal events (Feldman & Cousins)

Optimise R.O.l w.r.t. s/b ratio
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Sensitivity studies

T. Le Noblet, A. Remoto

® Study BBOv sensitivity w.r.t. foil design

® Check the foil design doesn’t alter
physics performance and results

® (Generating signal, background and
detector response

3200

[keV]

E
uP

3000

2800

2600

SuperNEMO Preliminary

L l L L L l L L L l L

2600 2800 3000

E [keV]
LOW

Calo hits Vertex on foll

8p0v Halflife @ 90 % C.L. [y]

reco'ed e tracks

Naln2 ex Mx T
Ov A
Tip > YA S(b)

e . Signal selection efficiency

S(b) : Average upper limit on the number
of signal events (Feldman & Cousins)

Optimise R.O.l w.r.t. s/b ratio
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Sensitivity studies

T. Le Noblet, A. Remoto

BROv Halflife @ 90 % C.L. [y]

............................................

......................................................................................................

...........................................................................................

.................................................................................

......................................................................................

SuperNEMO Preliminary i

..........

® Compare different design of the foll

® Recent radio-purity measurements are
taken into account

® Currently limited by the PVA glue (x5
times the limit in 214Bi)

________ P IDEAL |
.......... ottt TULLE s i
- -------- ------ ----- _ MYLAR baCklng fllm ‘ PVA purlflcatlon procedure under R&D
5 S eeeee Raw M,YLAR.
::::::::::::::::::::::::::::::::::::::::::::Iﬁﬁﬁﬁiﬁﬁﬁlﬁﬁﬁé::%::::::::::::::::::;:::::::::::é::::::::;::::::E::::i:::i:::i::i::i::::
10° 10°
Exposure [kg x V]
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