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Double Beta Decay
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FJPPL PROGRAM : Nu 2-WP3

R&D of detectors for future high statistics, high precision experiment
R&D for neutrinoless Double Beta Decay experiments

Japan DCBA & MTD
DCBA: Drift Chamber Beta-ray Analyzer

MTD: Magnetic Tracking Detector (temporary)
Leader Y. Yamada, Sub-leader N. Ishihara
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The NEMO3 detector

F. Piquemql

Fréjus Underground Laboratory : 4800 m.w.e.

April 6, 2009

Source: 10 kg of B3 isotopes
cylindrical, S =20 m?2, 60 mg/cm?

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 (18 cm)
Neutron shield: borated water

Background: natural radioactivity, + Wood
mainly 2“Bi et 298T1 (y 2.6 MeV)Radon, ) Able to identify e. et
neutrons (n,y), muons, BR(2V) >
Y and o
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BB events selection in NEMO-3

Typical B2v event observed from 1Mo
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NEMO 3: 1Mo BB0v results

Phase 1, Phase 11, Phase I + 11
7.6 kg.yr _ 5.7 kg.yr 13.3 kg.yr
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E (May/) E (MeV) E (MeV)
[2.8-3.2] MeV: ¢(BBOV) =8 % [2.8-3.2] MeV: ¢(BBOV) =8 % [2.8-3.2] MeV: ¢(BBOV) =8 %
Expected bkg = 8.1 events Expected bkg = 3.0 events Expected bkg = 11.1 events
Nobservea = 7 €vents Nobservea = 4 €vents Nobservea = 11 events

Phases 1+11  Ty,(BBOV) > 5.8 1023 yr (90 % C.L.) <m,><0.6—1.3 eV

Expected in 2010




From NEMO-3 to SuperNEMO... challenges

T,, (BBOV) >1n 2 x - X M x g x T,y F. Piquemgl
A Ngy April 6, 2009
NEMO-3 SuperNEMO
1Mo isotope 150Nd or 32Se

isotope mass M

A efficiency € ~30 %
*°T1: <20 pBq/kg internal contaminations *PTI <2 pBg/kg
214Bj: < 300 pBq/kg 208T] and 2'Bi in the P foil if ’Se: *1“Bi < 10 uBq/kg
8% @ 3MeV energy resolution (FWHM) 4% @ 3 MeV
T;,(BBOV) > 2 x 10*y T;,(BROV) > 2 x 1070y
<m><03-13¢eV <m,> < 50 meV
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SuperNEMO conceptual design

F. Piquemql
April 6, 2009

20 modules for 100 kg

Source (40 mg/cm?) 12m?
Tracking (~2-3000 Geiger cells).
Calorimeter (600 channels)

Total:~ 40 000 - 60 000 geiger cells
~12 000 PM

Top view
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DCBA-T2

Back-to-back event

(Candidate of 2vBB)
: - Time gap
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DCBA-T2

Energy spectra of conversion electrons
from 207Bi

energy
& F Entries 505
§ 70— Including Mean 0.7858
[ Background RMS  0.2563
- Electrons
S0 FWHM
ok ~0.15 MeV
: —r —
30—
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Background 2-electron event

~ o 2504

“0e = = ch 214Bi (Uranium decay series)
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DCBA-T3

(under construction)

Magnetic Flux
Return Yoke

Drift
Chambers

e

Source Plates

FWHM < 100 keV around 2 MeV
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$2600

F%]l Source Plate

/ Vacuum Vessel 50
7 Super Conductor - Magnetic Tracking Detector
. (based on DCBA-T3)
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Concluding remarks

1.

If neutrinos are Majorana particles, neutrinoless double beta
decay (0OvPp) takes place.

The half-life of Ov 33 gives us the absolute mass scale of
neutrino.

The R&D’s with NEMO3 and DCBA are aiming at the
constructions of future detectors SuperNEMO and MTD
(temporary name), respectively, which will have the
sensitivity of etfective neutrino mass <m ;> down to 30 meV.

Both detectors have tracking devices, which are very useful to
eliminate background events.

The information of tracking and background elimination will
be actively exchanged between two groups in FJPPL.
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