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PLAN

» Short quick tour of NEMO-3 detector
e Overview of 2vBf results
(1OOMO, 8ZSe ’ 116Cd’ 150Nd ’9GZr 48Ca)
Single electron spectrum (1Mo )
Decay to the excited 0* (1°®*Mo )
* Phase | = Phase Il (Low radon) and Ovp[3 results

e SUperNEMO



Philosophy of the NEMO-3 experiment

ummp Neutrinoless Double Beta Decays (0vBp)
Majorana v and effective mass <m,> ? or new physics (SUSY) ?

mmmp \easure several isotopes (0vBp, 2vpP)
19OMo(~7kg), 8Se(~1kg), *°Te, 16Cd, %Zr, “8Ca, ***Nd (no °Ge, 13¢Xe)
mmmp Tag and measure all the BG events

e, €%, 7, o, neutron
C Tracking chamber+Calorimeter+B-field+Shields

“zero background™ experiment
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The Location of the NEMO3

NEMO 3 is here!
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The NEMOS3 detector

Fréjus Underground Laboratory : 4800 m.w.e.

- [ - Source: 10 kg of BB isotopes
— A cylindrical, S = 20 m2, e ~ 60 mg/cm?

3] 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

" Magnetic field: 25 Gauss
Gamma shield: Pure Iron (e = 18cm)
Neutron shield:

30 cm water (ext. wall)

40 cm Wood (top and bottom)
(since march 2004: water + boron)

n——>| Able to identify e-, e*, y and «
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BB decay isotopes in NEMO-3 detector

Qup = 3034 keV

05 04

[ BR2v measurement]
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48Ca

130Te

t [ 16Cd 405g
Qpp = 2805 keV

94¢

Qpp = 3350 keV

19 150Nd 37.0 g
Qg = 3367 keV

7.0g

Qpp = 4272 keV

454 g

14 15 Qpp = 2529 keV

10Mo 6.914kg  8Se 0.932 kg | "Te

Qpp = 2995 keV
v Cu

—

491 ¢
621 g
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External bkg
measurement
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[ BPOv search ] (All the enriched isotopes produced in Russia)




Sources preparation




How detect signals and tag the background ?

Identification of e, vy, a

» Tracking (ldentification e/others)
Delayed (<700us) a track
»Calorimeter ¢(y)~50% (@0.5MeV)
Possible for tagging ey, eyy, eyyy, ..
»Time of flight o,~300ps(@1MeV)
External Background rejection
»Magnetic Field (lIdentification e-/e*)
3~5% e/e* confusion @ 1~7MeV

Study of Background Process

€®21“Bi Tagged by e(y)a (~164pus)
( 214Bj->214Po->210P)
O 25T ey, eyy, eyyy, with y (2.6MeV)
or Taggd by e(y) a (~300ns)
( 212Bj->212PQ->208Ph)

@ Neutron Crossing e (4~8MeV)

Signal

source foil

At~0ns
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Background events observed by NEMO-3...

Electron crossing > 4 MeV M’Neutron capture Electron + a deiay track (164 ps) ?“Bi — 2“Po — 21%Pb

Electron + Ny’s 208T| (Ey = 2.6 MeV) Electron — positron pair B rejection



BB events selection in NEMO-3

Typical Bp2v event observed from 1%°Mo

Transverse view — | Run Number: 2040 o
Event Number: 9732 Longitudinal

Date: 2003-03-20 g view

Vertex
emission

Deposited energy:
E,+E,= 2088 keV

Internal hypothesis:
(A1), —(Al)y,e, = 0.22 NS
Common vertex:

(Avertex), =5.7 mm

(Avertex), = 2.1 mm

N

Trigger: atleast 1 PMT > 150 keV
> 3 Geiger hits (2 neighbour layers + 1)
Trigger rate = 7 Hz
BB events: 1 event everv 2.5 minutes




Number of events/0.05 MeV
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7.37 kg.y

10Mo 2B2v preliminary results

(Data Feb. 2003 — Dec. 2004) —-> (Phase )

Angular Distribution

s NEMO-3
1OOMO

[

219 000 events

Data

— 2B2v

Monte Carlo

Background
subtracted

12000 |

219 000 events v
6914 g

389 days 10000 -

S/B =40 I

8000 |

¢ Data 6000 |

— 2B2v -

Monte Carlo I

#m Backgrounc 4000
subtracted

2000 |

15 2 25 3 0.3

E,+E, (keV)

6914 g
389 days
S/B =40

Cos(0)

T,,=7.11 %= 0.02 (stat) & 0.54 (syst) x 108y

Phys Rev Lett 95, 182302 (2005)

No Significant discrepancy -> 2vpp is really standard process!



Number of events/0.05 MeV

2B2v preliminary results for other nuclei

i I
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48Ca analysis 1st preliminary result 107y
7g of 48Ca enough radio pure after chemistry 24Bi, 2%8T| but 30m Bq of Sr!
to remove Moller scattering pure beta emitter (°°Y)
(1) Esy>2.MeV or (2) Eth > 0.7 MeV cos6 < 0 back to back
| 71z = [3.920.7(stat) £0.6(syst)]- 10° y |
300 Sot 20
[ B 18 — + Data
250 - JHr — 2v686 MC 16 © — 2vBp MC
200 _ Jr 14 —
' o E — MC SUM
; — MC SUM :
150 N 10 -
[ 8 __
100 ~
N o b
50 - 4t
2
o_--- ! ;H:_F‘:-:‘t‘—"' 0_....|....|..1|...|.......|... o L
0O 05 1 15 2 25 483 3.5' 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Esum (MeV) (TCa-foil) Eqy (MeV) (*Ca-foil Eg__>0.7 MeV, cos(6)<0.0)

Esmall > 0.2 MeV Esmall > 0.7 MeV c0s(6)<0.0



Single electron spectum 2vpp (1°°Mo)

—]

1o = 7.11 % 0.02 (stat) == 0.54 (syst) x 1018y
Phys. Rev. Lett. 95 (2005) 182302

SSD model confirmed

II \\
+
I:l ’ﬁ‘ \\‘ SSD, 1+ Ie_:vel
', C \ \ dominates in the decay
0+ "/ \ ‘\ (Abad et al., 1984,
\‘ « Ann. Fis. A 80, 9)
100\ Single electron spectrum different

4—}\
- \

HSD, higher levels
contribute to the decay

dANHE

Simkovic,
. Phys. G, 27

between SSD and HSD

HSD m
# ISD o

, 2233, 2001
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Decay to the excited 0* (1°°Mo 2vpp)

Decay to the excited 0* state (1130keV) of 1°°Ru
Ty, =573, 4 (stat) == 0.8 (syst) x 100y
Nuclear Physics A781 (2006) 209-226.
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d) Esum for e-e-y-v. MeV




BBOv Analysis: Background Measurement

Radon in the NEMO-3 gas of the wire chamber

Due to a tiny diffusion of the radon of the laboratory inside the detector

A(Radon) in the lab ~15 Bg/m?3

Two independant measurements of radon in NEMO-3 gas

» Radon detector at the input/output of the NEMO-3 gas
~ 20 counts/day for 20 mBg/ m3

» (le~ + 1 a) channel in the NEMO-3 data:
Delayed tracks (<700 ps) to tag delayed a from 24Po
214Bj — 214Po (164 ps) — 2%Pb
~ 200 counts/hour for 20 mBg/m?3

mm) Good agreement between the two measurements

A(Radon) in NEMO-3 = 20-30 mBg/m3

21482, 214pg (164 ps)*— 219Pb

lo— B
delayed

||- ~ 1 BBOv-like events/year/kg with 2.8 < E;+E, < 3.2 MeV

Radon is the dominant background at Phase 1

for BBOv search in NEMO-3 !!!




Free-Radon Air factory

Starts running Oct. 4" 2004
In Modane Underground Lab.

1 ton charcoal @ -50°C, 7 bars

Activity: A(*?Rn) <15 mBg/m3 !l
Flux: 125 m3/h a factor 1000

tresh air air filter dryer - _ T T air filer
15 Bq/m® 0.3 pm 001

L S
btgﬁfl':f ‘sircooler  cooled charcoal
O P es 50T (=50°C) )
o 21500kg
exit with
charcoal -=—
filter L)
130 m~th
NEMO 3 NEMO 3 0.15 Bg/m"
tent
150 mof aic)




NEMO Tent for Free-Radon air Installation

May 2004 : Tent surrounding the detector
Phase | - Phase Il

¥
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Preliminary results with 1Mo (7 kg) OvBp

Phase I, High radon Phase 11, Low radon Phase | + II
| 394 days | 299 days 693 days
S0l E ®r S ¢
g [ @ Radon o [ Radon é 50 [ Radon
E == [ Tlext E [ [ Tlext S [ [ Tlext
£ 5 ) - :. Il:tt 22 - = gln Ii:tt 2 - Ei Ii:tt
s [ . 2 % I 2 §40 B . 2R
5 0 5] s I
5 NEMO3 3" NEMO 3 : NEMO 3
o)
s E %
zZ =z 10 Z
20
10
i 2BOV for T, =107y | y
5 V-A 2BOV for TL,_,=[O'}_\' 5 pov for T, 10 V-A 230V for Tf/_,zlﬁ'}_\'
0 ) —T— '+‘. 0 0
26 27 28 29 3 31 3. 26 27 28 29 3 31 32 26 27 28 29 3 3.1 3.2
E (MeV) E (MeV) E (MeV)

[2.8-3.2] MeV: e(BBOV) = 8 % [2.8-3.2] MeV: e(BBOV) = 8 %
Expected bkg = 8.1 events Expected bkg = 3.0 events
Nobserved = 7 €veNts Nobserved = 4 events

Phases | + Il (preliminary) T,,,(BBOV) >5.8x 102 (90 % CL) <m,><0.6 -2.4¢eV
expected in 2009  T,,(BPOv) >2x 10 (90% CL) <m,><0.3-13eV




NEMO-3 Expected sensitivity without radon

Background
External Background: negligible

Internal Background: 2%TI: 60 uBg/kg for 1%Mo
300 uBg/kg for &Se
214Bi : < 300 uBg/kg
~ 0.1 count kg=ty -1 with 2.8<E,+E,<3.2 MeV

Bp2v 100Mo: T,,=7.11108y
~0.3 count kg~ y 71 with 2.8<E,+E,<3.2 MeV

2

In 2009 after 5 years of data

6914 g of 1Mo T,,(BpOV) >210%*y (90% C.L.)
<m> < 0.3-13¢eV

932 g of 82Se T,,(BBOV) >8.102y (90% C.L.)
<m> < 0.6-1.7eV

Nuclear Matrice Elements Ref: Simkovic (1999), Stoica (2001), Suhonen (1998,2003), Rodin (2005), Caurier (1996)



Present status: 2v decay(NEMQO3)

Nuclei Enriched Source |T,,, ¥y (NEMO 3)

in NEMO 3 (partially preliminary)
48Ca (4.271 MeV) (0.187%) 7.09 3.9(+/-0.7+/-0.6)-10%°
6Ge (2.040 MeV) (7.8%)
82Se (2.995 MeV) (9.2%) 932 g 9.6(+/-0.3+/-1.0)-10%9
%Zr (3.350 MeV) (2.8%) 9.4¢g 2.0(+/-0.3+/-0.2)-10%°
100Mo (3.034 MeV) (9.6%) 6914 g 7.11(+/-0.02+/-0.54).10%8
116Cd (2.802 MeV) (7.5%) 405 g 2.8(+/-0.1+/-0.3)-10%°
130Te (2.528 MeV) (33.8%) 454 g Please wait ....

136Xe (2.479 MeV) (8.9%)
150Nd  (3.367 MeV) (5.6%) 379 9.7(+/-0.7+/-1.0)-1018

100Mo to the excited 0*(1.130 keV) T,,=5.7(+1.3-0.9 +/- 0.8) -102 y



rom NEMO3 to SuperNEMO

N Mxgx T
T,,(BBOV) > In2 x —av0_ x 9
A I\Iexclu
NEMO-3 SuperNEMO
100Mo Choice of isof 150Nd or #Se
Tllz(BBZV) =7.1018 y oice O1 1SO Ope T1/2(BBZV) = 1020 y
7 kg Isotope mass M 100 - 200 kg
e(BpOv) =8 % Efficiency € (BBOV) ~ 30 %
N = f(BKG
“Bi < 300 pBarkg Interng)icélcj)ntarﬁinatiohs #Bi < 10 pBalkg
“"Tl <20 nBa/kg 205T| and 24Bi in the BB oil 8T <2 uBarkg
(208T1, 214Bi) ~ 1 evt/ 7 kg Iy (28T, 214Bj) ~ 1 evt/ 100 kg /y
Bp2v ~2evis/7kgly BBv) BR2v ~1evt/ 100k
FWHM(calo)=8% @3MeV IF FWHM(calo)=4% @3MeV
Ty2(BROV) > 2. 10*y SENSITIVITY T,,(BpOV) > 10y
<m,><0.3-13eV <m,> < 50 meV

_ 1) BB source production 2) Energy resolution
Main R&D tasks: 3) Radioprurity 4) Tracking



~ SuperNEMO Collaboration

~ 60 physicists, 12 countries, 27 laboratories

Japan

Marocco [“=F
Fes U

USA U Saga
MHC KEK
INL U Osaka
(U Texas)
UK Finland Russia
UCL U Jyvaskula JINR Dubna
U Manchester ITEP Mosow

Imperial College Kurchatov Institute

Ukraine
INR Kiev
France
CEN Bordeaux L ISMA Kharkov
IReS Strasbourg e Slovakia
. LAL ORSAY ‘ (U. Bratislava)
U \S/a?eerCia LSéEP%ﬁc:/?\?ette ; - Czech Republic
U Saragossa Charles U Praha
U Barcelona IEAP Praha




Conceptual SuperNEMO design

Planar and modular design: ~ 100 kg of enriched isotopes (20 modules x 5 kQ)

1 module: =
<

Source (40 mg/cm?) 4 x 3 m?
Tracking : drift chamber ~3000 cells in Geiger mode

Calorimeter: scintillators + PM
~1 000 PM if scint. blocks
~ 100 PM if scint. bars

| : ..:‘

o
§

» I8
q
q
q
g
q
i
q
i
I8
o 4

A
v

S5m
Top view




SuperNEMO Status

-Large Scale R&D funded by France, UK and Spain,
(Similar proposal in Japan with MOON team .... See Nomachi’s talk)

- Possibility to produce 100 kg of **°Nd with laser enrichment method under study
- Test of tracker prototype and design of automatic winring robot

- Prototype of BiPo detector to measure contaminations in thin
source foils with 1uBg/kg sensitivity running in Canfranc
underground laboratory (Spain)

- 7% FWHM at 1 MeV reached for individual plastic and liquid scintillator samples.




ototype in UK




cintillators

® Plastic scintillators (collaboration with Karkhov and Dubna = PICS)
- Improvement on polystyrene production
- Development of Polyvinylxylene
- Geometry and wrapping (chemical treatment Karkhov)
Tests in CENBG of different production and size of scintillators
with an e- spectrometer

Scintillator blocks 6 x 6 x 2.cm® | | FWHM @ 1 MeV ~ 7%
PMT XP5312B (Photonis)

e Liquid scintillators
- Advantages: high light yield + very good uniformity and transparency
- Challenge: mechanical contraints particularly for the entrance window (electron detection) o

-~ Liguid Seintilio ght guide, XP2412, ™B
"  KXPb 976 keV

Lig. Scintillator 75 x 75 x 20 mm3 . FWHM - 7.25%
+ Light guide + PMT 3"
: 482 keV
\ ;,EFVI\H{[\/[:S.Z%
FWHM @ 1 MeV =7.3% S

e Photomultipliers
- Hamamatsu and Photonis
- Large size and Large Quantum Efficiency: QE ~ 45 % for 3" PMTs
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_Jg ECP (Electro-Chemical Plant, Svetlana) Enrichment

Zelenoorsk Slberla
T

Goal: To be able to produce 100 kg of 82Se

> Facilities exist in Russia
- 30 kg of 6Ge for GERDA

- 100 kg of 82Se possible in 3 years

- Distillation of 82Se (for purification) possible
Distillation of 11¢Cd tested with NEMO3

- 3.5 kg of 8Se funded by ILIAS®™) (2005-2007)

_ Purification
b Goal: 25T| < 2 uBq/kg
214Bj < 10 £Bq/kg

» Collaboration with INL
(chemical method)

Installation of NEMO3 foils (LSM)

- 600 g of natSe done
‘ -1 kg 82Se done Bd e
Chemlcal purlflcatlon at INL (US) All funded by ILIAS®™) Source foils DdeUCtiOﬂ
> Collaboration with Kurchatov and Nijni-Novgorod Goal: 250 m* of ®Se foils of 40 mg/cm?
Institutes (distillation) NEMO3: ITEP (Moscow) powder + glue (60mg/cm?
-2 kg of "aSe done =>Extrapolation 100 kg possible if very clean condition:
Or new technique in test in LAL

(Integrated Large Infrastructures for Astroparticle Science) : european network
Laboratoires souterrains - Ondes gravitationnelles - Matiére noire - Double béta



‘ ent of materials radiopuity

Ge detectors

today : NEMO HPGe 400 cm?
60 uBg/kg 28Tl and 200 uBg/kg 2“Bi (1 month, 1 kg)

Goal: Improve the sensitivity ...

= Development of 800 cm® HPGe (Canberra-Eurysis)
+ Shields improvement
+ New ultra-pur cryostat

= New planar Ge detector (c=0.5 ke\VV@40keV)

Radon detectors

Today : 1 mBg/m? Volume: 70l
Goal: 0,1 mBg/m3

= Development V=700 | (Japan)
+ Improvement of diodes radiopurety

Other way of detection....(liquid scintillators) ?




BiPo DETECTOR

To measure the purity in 2%8T| and 2“Bi of the BB source foils before the installation in SuperNEMO
Goal: To measure 5 kg of foils (12 m?, 40 mg/cm?) in 1 month with a sensitivity of:
28Tl <2 uBg/kg and 2“Bi < 10 uBg/kg

Bi-Po Process Qp (*1°Bi) = 2.2 MeV
238, 214py
164
Y p (164 ps) — Scintillator + PMT
214Bj l o
(1\09.9 mn) 210pp Tracking

: l 257 (wire chamber)
Source foil
(40 mg/cm?)

radon, neutron,y

T1/2 -~ 300 ns Edeposited =~ 1 MeV

2 modules 2x3 m2 — 12 m?
Background < 1 event / month




[ ————

other possible SuperNEMO design

| FMT
MWPC
: o
B — 7
)
1\1 f/

/
/>
MWPC "“"Mo source film

MOON module with 20kg of source

See Nomachi's (MOON) talk



Depth, Feet of Standard Rock
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| I | 1 ]
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Possible Locations of the SuperNEMO
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CABCRATOIRE SOUTERRAIN DE MODANE

Modane(rr
ejus)

(France)

Gran Sasso ?, Boulby ?

Phase II

MODANE UNDERGROUND LABORATORY 60'000 m' EXTENSION

LABORATOIRE SOUTERRAINE DE MODANE AGRANDISSEMENT 60000 m’

L I.OMBARDI -

Present NEMO 3




SuperNEMO schedule summary

2007 2008 2009 2010 2011 2012 2013

I |
NEMO3 Running
| | | T
R&D SuperNEMO DR
|
BiPo1l
Canfranc
BiPo
construction
inst?:ilfgrion BiPo running @ Canfranc
Super'NEMb 1st
module construction
Preparation
of the site
Cost estimate (preliminary) Bonstruction of
Isotope: 20 modules
(10 M€) if 82Se j .
20 M€ if 150Nd (AvLIS) 6 SuperNEMO modules running @ Canfranc
Detector: 1 :
20 M€ Final SuperNEMO modules installation
Grand Total: 40 - 50 M€ RUNNING of

Full detector



"~ We need 150Nd for' The BBOv experiment

v Ov M »? SuperNEMO
1/9 SNO++
. DCBA
T1/(0v) with m,=50meV etc
Isotope QBB (Mev) G, (y)  Shell Model QRPA Shell Model: Caurier et al.
QRPA: Feasller Rodin Simkovic
48Ca 4.271 2.44 9.2 1026 2.9 1027 Vogel 2005
76Ge 2.040 0.24 7 1077 2.4 1027
82Ge 2.995 1.08 9.6 1026 7.4 1026
150
%67y 3.350 2.24 1.5 1028 QBB Nd
100Mo 3.034 1.75 14102 | Beyond the y of
2.614 MeV (298 T]|
116C 2.802 1.89 1027 ( )
214R;
130Tg 2.528 1.70 3.6 1026 1027 Beyond B QB
136X e 2479 1.81 5.2 1026 ,5107 | (3.2 MeV)
150Nd 3.367 8.00 1.2 1026

-Possibility to produce 100 kg of ™°Nd with Taser enrichment method under study

Continue ....

Comments on Enrichment of 1°°Nd.



