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France-Japan Collaboration on DBD

France & Japan have several experiments or projects for double beta decay
searches with tracko-calo (e~ identification) or calorimeter detectors

Collaboration started in 2000 on tracko-calo techniques

Common subjects: 2 sources, low background, calorimeter...
Sources production and purification
Very low background measurements: BiPo detector
Radon detectors
Calorimeter R&D for energy resolution improvement
Electronics
Analysis (NEMO3)

NEMO/SuperNEMO collaboration

LAL
LPC Caen Saga U. NEMOS3 analysis
CENBG

IPHC Common R&D

LAL
CENBG Saga U.

Tracko-calo
detector design

LAL
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Double Beta Decay

Physics case of double beta decay:
e Lepton Number Violation
e Nature of the Neutrino: Dirac (v # V) or Majorana (v = V)
e Absolute neutrino mass and mass hierarchy

e CP-violation in the leptonic sector

Right-handed current interaction

Search for Supersymmetry and new particles

Majorana neutrinos are fundamental for:
e Neutrinoless Double Beta Decay
o See-Saw Mechanism to explain the smallness of neutrino masses

o Leptogenesis and Baryon asymmetry in the Universe

Status of DCBA at KEK
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Double Beta Decay: 2 processes
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Experimental Principle

Ideally one 0v2p experiment should:
¢ measure the energy of the 2 electrons with very good energy resolution
e identify individually the 2 electrons emitted (E1, E & cos )
¢ have a good spatial resolution or segmented sources

e identify the daughter isotope after the decay

Two experimental techniques:

Active sources Passive sources

— lower efficiency (~30%)

— less good energy
resolution (few %)
— tracking & particles

tracking

— high efficiency (~90%)
— very good energy

resolution (few keV)
- no tracking

e — small background ldent}ﬁcanon
rejection 10-100 cm — precise backgrounds
measurements
semiconductors,
bolometers, tracko—calo,

scintillators... TPC...
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Choice of double beta decay isotopes

2 isotope for an experiment:
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NEMO3: Neutrino Ettore Majorana Observatory
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NEMO3 Experiment

NEMO3 tracko-calo experiment with passive sources running since 2003

e Many 28 enriched isotopes in thin vertical foils (60 mg/cm?):
o for 0v28: 1Mo (6.9 kg) & 2Se (932 g)
o for 2v2f: 130Te (454 g), 11°Cd (405 g), °'Nd (37 g), °Zr (9 g) & *¥Ca (7 g)

o Tracking chamber: 6180 drift cells operated in geiger mode + B field

e Calorimeter: 1940 polystyrene scintillators & low radioactivity PMTs

o Shielding: Laboratoire Souterrain de Modane, pure iron & borated water
Unique features:

e measurement of all kinematics parameters (Eq, E;, ToF & cos 6)

e identification of e, e", 7 & a

e direct background measurements (e~, e~ 7y, e~ &, e~ ¥y, e ¥y, oce...)

tracki

ing
scintillators
chamber




Neutrinos and Double Beta Decay

Number of events / 0.1 MeV

NEMO3 Experiment

NEMO3 Results: 2v28 of Mo

SuperNEMO Project

Status of DCBA at KEK

100Mo (6.9 kg): phase 2 data (low radon), ~ 3.5yr & S/B =76
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NEMO3 Results: 2v2f other isotopes
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NEMO3 Results: 0v2p

100Mo (6.9 kg) & 82Ge (932 g): phase 2 data (low radon) & ~ 4.5 yr

"’”Mn, 7kg, 4.5 years

*Se, 1 kg, 4.5 years
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€9y (1%Mo) ~ 13 %

€0y (3%Se) ~ 14 %
7% (**Mo) > 1.010* yr @ 90 % C.L. T%(82Se) > 3210 yr @90 % C.L.
mgg < 0.47 —0.96 eV

mgp < 0.94 — 2.5 eV

Many more results available: excited states, 0v2f for all isotopes, different processes...

V+A: 7% > 54107 yr @ 90 % C.L. & Majoron: 7,%, > 2.110% yr @90 % C.L.
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SuperNEMO Project

‘ha*I=mw+H
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SuperNEMO Collaboration

~ 90 Physicists, 12 Countries & 27 Laboratories

Marocco [ Japan
USA Fes U U Saga
MHC

U Osaka
INL

U Texas

UK Finland Poland Russia
ucL U Jyvaskula U Warsaw JINR Dubna
U Manchester ITEP Mosow

Imperial College Kurchatov Institute

Ukraine

INR Kiev
France
CEN Bordeaux i : ISMA Kharkov
IReS Strasbourg : Slovakia
Spain LAL ORSAY (U. Bratislava)
U Valencia LPC Caen
U Sarasaae l| LSCE Gif/Yvette Czech Republic
aragossa Charles U Praha
U Barcelona
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From NEMO3 to SuperNEMO

Next generation of the NEMO3 experiment: SuperNEMO with sensitivity
7%, > 10% yr @ 90 % C.L. for |mgg| < 50 — 140 meV

1/2
NEMO3 SuperNEMO
Mass 7kg 100 kg
Isotope 100Mo 82Ge or 150Nd
Foil density 60 mg/cm? 40 mg/cm?
Energy resolution (FWHM)
@1 MeV 15 % 7 %
@3 MeV 8 % 4%
Sources contaminations
A(2%8T1) <20 uBq/kg <2 uBq/kg
A(?14Bi) <300 uBq/kg <10 uBq/kg
Radon (*’Rn) ~50mBq/m® ~ 0.1 mBq/m?
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SuperNEMO Modules

20 SuperNEMO modules based on NEMO3 principle in 2016
(about 4.0 5.5 m? modules)
e ~ 5kg of 2 sources
e ~ 2000 drift cells in geiger mode + B field
e ~ 700 PVT scintillators with low radioactivity 8” PMTs
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Demonstrator with 7 kg of 82Ge (1 kg 4BCa & maybe also 150Nd) in 2013
sensitivity in 1 yr: 7%, > 510** yr @ 90 % C.L. for |mpg| < 0.2 — 0.6 eV
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SuperNEMO: 4 years of R&D

e Calorimeter: FWHM 7 % @ 1 MeV with PVT hexagonal scintillators
directly coupled to Photonis or Hamamatsu 8” HQE and low
background PMTs, light injection to monitor PMT gain @ 1 %

o Tracker: efficiency, energy loss, wiring robot, radon emanation & gas
radiopurity, radon protection films...

e Sources: enrichment of 82Se, 1°'Nd & #8Ca, purification, foil production
and control of radiopurity

1.0 MeV spectrum Entres 0

Full Q,Q-cell tracker prototype
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Source Radiopurity: BiPo Detector

The SuperNEMO Collaboration and DBD tracko-calo experiments need a
detector with sensitivity of 2 yBq/kg in 2Tl and 10 ;Bq/kg in >1*Bi

20 28y
\ﬂ . 212 \§ - 214
22 7 300y e j_\\ﬁ,,j(lsnms)
L ( L)
(60.5 min) ia (199 min) la
|36 % @l 0.02%
v M _2M0py,. 7
208 - bl -
<3 1Tl- Dy (wable) 20y 57 @23y)
( 3.1 min (1.3 min)

2 BiPo prototypes have been build (2007-2008) in collaboration with Japan
still running in LSM: actual sensitivity is ~4 yBq/kg in 2Tl in 1 month

BiPo3 detector is under construction (LSC Canfranc in 2011)
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LSM Extension

A safety galery is under construction along the existing road tunnel
This is an opportunity to build a new underground laboratory

T I

} Pontedu réjus
Tunnel routier de Fréjus predggilod

FRANCE ITALIE

4
00, Europe ‘

Planned facilifies in yellow [P —

Final decision by France should be known in November 2010
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Status of DCBA at KEK

Status of Drift Chamber Beta-ray Analyzer (DCBA) at KEK

DCBA-T2
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Detection Principle in DCBA

Y
Z)\X Gas: He (90%) + CO, (10%)

electrons: helical track

p (MeV/c) = 0.3 r (cm) B (kG)
B~2kG & 2cm <7, <5am
= 0.8 MeV < T, < 2.5MeV
alphas: automatically rejected
Ty =1MeV & py =~ 87 MeV
— no track curvature by the
magnetic field

gammas: automatically rejected
— no track
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DCBA-T2 Prototype

Solenoid
Magnet ™

/k N B
7 X Source plate T_. X

(5Nd)
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Energy Resolution of DCBA-T2 Prototype

Chamber conditions:
e Gas: He (90%) + CO;, (10%)
e Magnetic field B = 0.8 kG
e Wire pitchd = 6 mm

Conversion electrons from 27Bi point source at the center of the chamber

30|

E, = 0.48 (1.6 %), 0.55 (0.4 %), 0.96 (6.1 %) & 1.05 (2.0 %) MeV

F Entries 505 z Entries 8393
E . Mean 0.7858 3400 Mean 0.9146
g Including oo s "Mm; RMS _ 0.2058
E Backgrounds 350
sof- 300 Monte Carlo
ol FWHM 2501 FWHM
3 ~0.15 MeV. 207 — P e— = 150 keV
150~ -
of g @ 980 keV
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E h 50—
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02 04 08 08 “ 12 14 1 nener‘g\?[MeV‘ 02 04 06 08 1 12 14 1'%ner1g'ys[MeV]z
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FWHM = 150 keV @ 1 MeV
— expected AE/E = 6.3 % (FWHM) @ Qpz(**'Nd) = 3.37 MeV
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DCBA-T2 2 Event Candidate

Source plate (Natural Mo)

1] bt ’ B
Anode 10.7 MeV
Wire »
Number
(Y-axis) | vertex
» |
0.4 MeV ' Y B=08kG
P Lx (Z-dir.)
ST WO SR
:2 Pick-up
F %  Wire
L % Number
L » (Z-axis)
7]

-lo6 590 50 1660
Time channel Time channel
number (X-axis) number (X-axis)
(left-chamber)  (right-chamber)

Status of DCBA at KEK
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DCBA-T2 BiPo Event

26 L
-2000 -1568 1508 2000 2508 (] 560 1606 1500 2060 2500 3000 3500

214Po o decay
from same decay
point (vertex)

214Bi B decay to >“Po 186 s later
+ Compton e
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DCBA-T3 Under Construction

PS & ||
57 c 2

Drift cambers

SC-magnét 7

B 80% cm

Status of DCBA at KEK

[ 1|
3'wi 976 keV Geant4 MG 007605
F e~52%
"’j keV
S 2.4kG Nd,O,
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02 04 06 08 1 12 14 1 ,5-“';,:“"

\ ] |
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ws gx060%

sof- 30 keV

“  24kG || NdO;
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Expected energy resolutions
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Magnetic Tracking Detector (MTD)

Project after DCBA: Magnetic Tracking Detector (MTD temporary name)
Chamber cell : the same as DCBA-T3, Source plate: 80 m*/module
Thickness: 40 mg/cm?, Source weight: 32 kg/module, B: 3kG (Max)

Iron Yoke Refrigerator Source Plate [ I
/ ’—Df Vacuunr \;essel .. ) z SoF
7 uper Conductor I / 8 e Geant4
e~ B=2.4 kG
sof He+CO,(10%)
- 80 keV
s :u;— FWHM
g Gas Container o B ?:éf(;ifg}/cmz @ 1.7 MeV
gt
ISI:|] L —& 0 1 2 3
m Energy (MeV)
3500
*
Expected Energy Resolution FWHM(E,,,) = V2 x80keV = 3.4%
Oy (3370keV)




Summary

France-Japan double beta decay collaboration started in 2000 on tracko-calo
techniques with e~ identification:

NEMO3 data analysis & running
2B sources (enrichment of isotopes, purification & foil production)

Control of sources radiopurity (running & analysis of BiPol & BiPo2 +
construction of BiPo3)

Calorimeter R&D (energy resolution: scintillators & PMTs)
Radon detectors (goal sensitivity < 1 mBq/m?)

Low radioactive techniques
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NME & Effective Neutrino Mass

Status of DCBA at KEK

Actual calculation of Nuclear Matrix Elements and limit on effective neutrino

M(ﬂv)

mass m!;l;

= BM—2 (Barea et lachello, 2009)
® ORPA (Simkovic et al., 2008)
A SM (Caurier et al., 2008)
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Natural Radioactivity Background
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Overview of DBD Experiments
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Status of DCBA at KEK

Name Nucleus Mass* Method Location Time line
CUORICINO Te-130 11 kg bolometric LNGS 2003-2008
NEMO-3 Mo-100/Se-82 6.9/0.9 kg tracko-calo until 2010
CUORE Te-130 200 kg bolometric LNGS 2012
EX0-200 Xe-136 160 kg liquid TPC WIPP 2009 (comiss.)
GERDAI/I Ge-76 35 kg ionization LNGS 2009 (comiss.)
Nd-150 56 kg scintillation SNOlab | 2011
CANDLES Ca-48 0.35kg scintillation Kamioka | 2009
Majorana Ge-76 26 kg ionization SuUSsL 2012
NEXT Xe-136 80 kg gas TPC Canfranc | 2013
SuperNEMO Se-82 or Nd-150 100 kg tracke-calo 2012 (first mod.)

CARVEL scintillation Solotvina

COBRA Cd-116, Te-130 thd ionization LNGS

DCBA Nd-150 thd drift chamber Kamioka

EXO gas Xe-136 thd gas TPC SNOlab

MOON Mo-100 thd tracking Oto

TGV Cd-106 ionization LSM operational

= =

Q



	
	Neutrinos and Double Beta Decay
	NEMO3 Experiment
	SuperNEMO Project
	Status of DCBA at KEK
	

