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Double beta decay physics

(Ti)5) " = G™|M™|

Nuclear matrix element can be tested 2020 0v28

by measuring half-life of 2v[33.
2v[33 forms irreducible background to

Ovpp.
Observation of Ovf33 would prove
neutrinos are Majorana particles.

Half-life would give effective neutrino /) N |
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Overview of the NEMO 3 detector

N

’Ii'/i'c;d‘aﬁe Lab in France

sectors. .

10 kg of BB * isotopes.

Consists of four main parts: tracking chamber,
calorimeter, source foils and shielding.

150Nd in NEMOS: T =<
+ 150Nd has a high nuclear transition energy . e Bl v oo

. ) - G (0.93Kg)
(Qps=3.367 MeV). =

+ Lower natural radioactivity background and N
large phase space factor (strong candidate for | E ecs
SuperNEMO). y

¢ 37 g mass in NEMO 3 (compare to possible
100 kg in SuperNEMO).

"Te (0.61Kg)
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Selection criteria for 2e events

Two tras
associated with is
Energy deposit i
E > 0.2 MeV.

Two tracks must have a common vertex
in the 1°°Nd source foil.

Track length = 30cm.
The tracks must go through one of the

first two layers of tracking chamber.

TOF cut in order to reject events coming
from outside of foil.
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Background to double beta decay

R e

Activity from data N Data taking time

/
Selection Efficiency
\

(MC simulation)

+ Activity of the contaminants in **°Nd measured by looking at
two control channels:

- electron-photon (ey)
- single electron (1le).
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Single electron control channel

Energy of the electron
¢  Data (939 days)

K

I ‘s

234mp

a

Other internals
Radon

beta decay.

¢ Background MC fits
data well in single

Number of events /0.05 MeV
[ I TTTI II|

electron channel.
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Number of events/0.0

2vBP results for 1°°Nd

Energy sum of the electrons

— NEMO 3 "°Nd .
}PRELIMIN{ARY

R

Data {939 days)
— 2vEp MC

Background subtracted

SiB= 277

I I3.5I 4
Esum [MeV]

Half-life of 2v[33:
Ty, (2vBPB) = (9.20 %025, , (stat) &= 0.73 (syst)) x 1018y
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:_ NEMO 3 "™°Nd e Data (939 days)

PRELIMINARY —— 2vBpMC

Background subtracted

S/B= 277




OvPBp results for 1°°Nd

NEMO 3 10Nd
| PRELIMINARY

« Data (939 days)

M o8 MC (T, = 1.45 x 1022 y)

Number of events

|III|IIIlIII|III|I

T (OVBB) = 1.45 X 102y 90 9% CL

radioactive background MC

<mv> R L 4 . OvBp background MC

using NME from V.A. Redin et al., Nucl. Phys. A 766 (2006) 107

* Improved limit by almost a factor 10. Y.

Previous result: T, >1.7x10%ty 90% CL 28.6 =+ 2.7 events expected from

. background
A.A. Klimenko et al., Nucl. Instr. Meth. B 17 (1986) 445 BRVER(s observed
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Summary

The NEMO 3
The half-|

R e

Ty, (2vBB) = (9.20 #0235, (stal) = 0.73 (Syst)) x 10184y,

The limit on the half-life of the OvBp has been improved by almost a
factor 10:

T, (OVBB) > 1.45% 102y 90% CL (M)"'<387-5.1¢V.
1/2 %

World’s best limit of Ovpp half-life for 1°°Nd has been obtained.
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Background name

Efficiency

Activity,mBq

Number of events

Ac228

0.00046

1.7+0.1-0.6

63.55

Bi212

0.00029

1.7+0.1-0.6

40.21

TI208

0.0011

0.62+0.04-0.23

56.55

Eul52

9.44267e-05

4.13+2.24-0.62

31.42

Bi207

0.00015

0.98 +0.125 -0.05

120.12

Bi214

0.00098

0.187+0.043

14.87

Pb214

0.000418296

0.187=£0.043

2.36

K40

0.75103e-05

16.0£0.5

100.667

Pa234m

0.00075199

2.65+0.02

161.757

Total

591.5+24.1-34.3

Radon

26.3*1

Total Bi210

23.27*+1

Externat Background

9.6x1

Background from
lOOMO , QGZI', 90Y
(48Ca)

118.67+9

Total background

769.3+25.7-35.5
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Settling Limits on different
neutrinoless modes using LEP CL
method (DO statistical tools')

Signal 2V other backgrounds
Eff 5% 5% 5%
Act X X +3.3%, -4.7%
Stat X +2.5%,-2.29% X

1- Systematic and limit calculations,
Wade Fisher FERMILAB-TM-2386-E, Dec 2006. 6pp
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alf-life >

1.45 x1022y

1.27x1022 y
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Tosetan
energy regio
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At 90% i

Mode Energy nc Half-life >
(Vev) —
- o 3.5 13.99 | 1.55 x1o21

- 0.5-2.1 266.72 | 3.80x10%°y
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M1 [2.0-3.19 MeV] >8.06 X 100 year
M2 [1.5-3.19 MeV] >5.35 X 10%° year

M3 [1.5-3.19 MeV] >3.08 X10%° year
M7 [0.5-2.1 MeV] >8.70 X 10 year
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