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NEUTRINOLESS DOUBLE BETA DECAY

Experimental
signature:

2 electrons
Epi+ Epy =Qp




Neutrinoless double beta decay is being actively searched, because it is
closely related to many fundamental concepts of nuclear and particle
physics:

|

- the lepton number nonconservation (AL = 2);

- the existence of neutrino mass and its origin
(Dirac or Majorana?);

- the presence of right-handed currents in
electroweak interactions;

- the existence of Majoron (spontaneous breaking of
a global B-L symmetry);

- the structure of Higg's sector;

- the supersymmetry;

- the heavy sterile neutrino;

- the existence of leptoquarks.
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What one can extract from 23-
decay experiments? =

0 L violation

[1 Nature of neutrino mass (Dirac or
Majorana?).

[0 Absolute mass scale (value or limit on
m,).

[0 Type of hierarchy (normal, inverted,
quasi-degenerated).

[1 CP violation in the lepton sector.




Two neutrino double beta decay

Second order of weak interaction

Direct measurement of NME values! —

- The only possibility to check the quality of
NME calculations!!!

- 9,, (QRPA parameter = NME(Qv))!
U

This is why it is very important to measure
this type of decay for many nuclei, for
different processes (23, 28+, KB*, 2K,
excited states) and with high accuracy.




The NEM O3 detector

FrgusUnderground Laboratory : 4800 m.w.e.

e —

Source: 10 kg of B isotopes
cylindrical, S= 20 m?, 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: Purelron (18 cm)
Neutron shield: borated water (~30

cm) + Wood (Top/Bottom/Gapes
between water tanks)
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Sector Interior view

cathoderings

PMT wire chamber

calibration tube

scintillators Calibration source

207Bi
2e- (IC) lines
~(0.5 ,~1 MeV

20Sr

B isotope foils 60Co




BB decay isotopesin NEM O-3 detector
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10Mo 6.914kg 8Se 0.932kg
Qpp = 3034 keV Qpp = 2995 keV
— ——— _
[ BROv search ]

[ Bp2v measurement}

A

[ H°Cd 4059
Qup= 2805 keV

®Zr  94g
Qup = 3350 keV

150Nd 37.09
Qup= 3367 keV

BCa 7.0¢9
Qup= 4272 keV

130Te 4549 )
Qs = 2529 keV

| "Te  491g

1

External bkg
measur ement

|

Cu 621g

(All enriched isotopes produced in Russia)



BB events selection in NEM O-3

Typical BB2v event observed from 1Mo

Transverse view

— | Run Number: 2040
Event Number: 9732
Date: 2003-03-20

Deposited energy:
E,+E,= 2088 keV
Internal hypothesis:

(A1) 1,0 (A 1o = 0.22 NS

Common vertex:
(Avertex), = 2.1 mm

L ongitudinal
view

(Avertex), = 5.7 mm

Trigger: atleast 1 PMT > 150 keV

Trigger rate=7 Hz
BB events: 1 event every 2.5 minutes

> 3 Geiger hits (2 neighbour layers + 1)
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Phys. Rev. Lett. 95 (2005) 182302




Background subtracted I
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32v results with other nuclei

9.6 + 0.3 (stat) + 1.0 (syst) x 10y

=28+ 0.1 (stat) + 0.3 (syst) x 100y

9.7+ 0.7 (stat) £ 1.0 (syst) x 108y

=2.0+0.3(stat) £ 0.2 (syst) x 109y

= 3.9+ 0.7 (stat) + 0.6 (syst) x 1010y
= 7.6+ 1.5 (stat) + 0.8 (syst) x 100y (new!)
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The BB2v half-life of 13T e has been a long-
standing mystery:

[0 Geochemical experiments:
(26 + 2.8) x 1020 years (Kirsten 83)
(27 £ 1) x 1020 years (Bernatowicz 93)

(7.9 £ 1) x 1020 years (Takaoka 96)
~8 x 1020 years (Manuel 91)

0 Difference between ‘old’ and ‘young’ ores due to
time dependence of constants..? [A.S.B. JETP Lett. 68 (1998) 1]

O Using geochemical ratio of 82Se/130Te and present half-life value for 82Se

from direct experiments:
(9 £ 1) x 1020 years (recommended value, A.S.B. 2001)

[0 Direct measurement:
[6.1 £ 1.4 (stat)*22 5, (syst)] x 1020 years (Arnaboldi 2003)
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130Te (preliminary)
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Other interesting results using infor mation obtained
with 2v-decay of 1Mo

[0 SSD mechanism is confirmed for 2v decay
of 199Mo [Phys.At.Nucl. 69(2006) 2090]

O “Bosonic” properties of neutrinol) is
checked.:

- pure “bosonic” neutrinos are excluded;
- conservative upper limit sin?y <0.6 is
obtained

[A.S. Barabash, A.D. Dolgov, R. Dvornicky, F. Simkovic and A.Yu. Smirnov, Nucl.Phys. B 782 (2007) 90. ]

1) A. Dolgov and A. Smirnov, PL B621 (2005) 1




Single electron spectrum 2vBp (*°°Mo)

Ty, =711+ 0.02 (stat) £ 0.54 (syst) x 108y
Phys. Rev. Lett. 95 (2005) 182302

SSD model confirmed
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The normalized distribution of the total energy of two electrons
10Mo(0%, ) = Ru(0*,,) [A.S Barabash, A.D. Dolgov, R. Dvornicky, F.
Simkovic and A.Yu. Smirnov, Nucl.Phys. B 782 (2007) 90. |
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E— sin2X=O.OO (fermionic v)
/’ — — - sin}=0.60
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S/ N\ e sin x=0.80
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— = sinzle.OO (bosonic v)

P(T) [M eV

O
N

Large admixture of bosonic v is excluded: sin?y < 0.6



BBOv search (AL = 2)

100Mo, Phase | + 11, 693 days 82Se ,Phase| + 11, 693 days
10 I Radon
50 [ Radon T Tiext
[ Tlext Bl Tlint
B Tiint Bi int
Bi int 8 . 2B
. 2p2y

Number of events / 0.02 MeV
Number of events / 0.05 MeV

2B0V for T, ,=5*10"%y

V-A 2BOV for T, =107y 2

10 12

0

24 25 26 27 28 29 3 3.1 32
2.6 2.7 2.8 2.9 3 3.& (Me\;’a).z E (MeV)
T,,PP%v>58x 1022 (90 % CL) T,BP%v>21x10%(90% CL)
<m,><0.8-13eV <m,><14-2.2¢eV
expected in 2009: T PRV > 2 x 1024 (90 % CL) T, BB >8x10% (90 % CL)
<m,><04-0.7¢eV <m,><0.7-1.1eV

»Collaboration decided to perform blind analysis with mock data
»Plan to open the box and update the results ~ summer 2008
» and once again at the end of the experiment ~ early 2010.



dN/dE

Majoronsand V+A currents

(A, Z) = (A, Z+2)+ 2 +x° (")

best limits
g@%x V+A * n=1 ** n=2 ** n=3 ** n=7 **
250 1 2820 28y 28x ZROY
i % n=5 28x n=1
Mo | >3.2-1023 | >2.7-1022 >1.7-1022 | >1.0-1022 | >7-101°
200 | A<1.8-10° | g ..<(0.4-
1.8)-10
150 | Se |>1.21023 | >1.5:1022 >6:1021 >3.1-102! | >5:102°
A<2.8:10°6 | g..<(0.7-
ool 1.9)-104
; n. spectral index, limits on half-life in years
50 | §
' * PI+Pll data
A . ~ Pl data, R.Arnold et al. Nucl. Phys. A765 (2006) 483
0 500 1000 1500 2000 2500 3000
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SuperNEMO Collaboration

~ 60 physicists, 12 countries, 27 laboratories

Marocco [
FesU

UK Finland Russia
UCL U Jyvaskyla JINR Dubna
U Manchester ~ | TEP M oscow

Imperial College

Kurchatov I nstitute

Ukraine
INR Kiev
France
CEN Bordeaux ... |SMA Kharkov

| ReS Strasbourg Slovakia
Spai LAL ORSAY (U. Bratislava)
U Va%rr‘]da L S(L;E%ﬁﬁe\?eﬂe Czech Republic
U Saragossa - CharlesU Praha
U Barcelona

| EAP Praha




Super NEMO preliminary design

Planar geometry

Source (40 mg/cm?) 12m? ¢ acking volume (~3000 channels) @nd calorimeter (~1000

PMT)
Modular (~5 kg of enriched isotope/module)

100 kg: 20 modules
~ 60 000 channelsfor drift chamber
~20000 PMT (2000 if scintillator bars)
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-3 to SuperNEMO

NEMO-3 SuperNEM O

100M o Choice of isotope 82Se or 150Nd

N
¥

7 kg | sotope mass M 100-200 k
Energy resolution FWHM
2% @3MeV HTE 4% @ 3MeV
(calorimeter)
8 % Efficiency E(BBOvV) ~30%
208T| < 20 uBo/kg | nternal radiopurity 208T| < 2 uBg/kg
214Bj < 300 uBo/kg 2%T| and ““Bi (1f 82Se: 219Bi < 10 uBg/kg)
in the fBfoils
T1,(BROV) > 2. 10*y SENSITIVITY T 1,(BBOV) >(1-2)-10%°y
<m,><03-13¢eV <m,> ~ 40-140 meV

1) BB source production 3) Radiopurity
2) Energy resolution 4) Tracking

Main R& D tasks:



POSSI blelocation for SuperNEMO

Depth, Feet of Standard Rock
2000 4000 6000 8000 004

2000 4000 6000
Depth, meters water equivalent

Canfranc

;!.IL (Spain)




Schedule / cost
2007 2008 2009 2010 2011 2012 2013

NEMOS' Running
]

RAD SuperiNE

SuperNEMO 1°7
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CONCLUSION

0 NEMO-3:

- strong limits on Ov-decay (**®°M o and ®°Se, 5.8:10° and 2.1-:103 y
respectively) have been obtained

- strong limits on Ov-decay with M ajoron emission (*“°\M o and 8°Se)
have been obtained

- 2v-decay for “8Ca, 82Se, %Zr, 1Mo, H5Cd, *°Te and 1*°Nd have been
Investigated
- Istaking data and all results will be improved in the future

O SuperNEMO:
-ison R& D stage

- beginning of running in ~ 2010 (a few modules) and ~2012-2013 (full
detector)
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Radon purification facility
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Running since Oct. 4th, 2004 in FrejusUnderground Lab.
1 ton charcoal @ -50°C, 7 bars
Flux: 150 m3/h
Activity of 22?Rn :
Before Facility = 15 Bg/m3
After Facility < 15 mBg/m3



Radon purification facility, effect inside NEMO3
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Best present limits on <m >

Nuclei | T;,,, Y <m,>, eV <m,>, eV Experiment
QRPA [MEDEX07] [SM]

76Ge >1.9.1025 < 0.22-0.41 < 0.69 HM
~1.2-1025(?) | = 0.28-0.52(?) ~ 0.87(2?) | Part of HM'04
~2.2.1025(?) | = 0.21-0.38(?) ~ 0.64(?) |Part of HM'06
>1.6-10% <0.24-0.44 <0.75 IGEX

130Te | >3.0-10%4 < 0.34-0.57 <1.08 CUORICINO

100Mo | >5.8:1023 < 0.81-1.28 - NEMO

136Xe | >4.5-1023 < 1.41-2.67 < 3.02 DAMA

82Ge >2.1.1023 < 1.40-2.17 < 4.47 NEMO

116Cd | >1.7-1023 < 1.45-2.76 < 3.76 SOLOTVINO

SM: E. Caurier, F. Nowacki, A. Poves, Int.]J.Mod.Phys. E16 (2007) 552




Calorimeter R& D

Goal: FWHM = 7%/NE = 4% at 3 MeV (Currently 14-16%/NE in NEMO3)
A combination of energy losses in the foil and calorimeter resolution

[ High QE PMT fit |

Studies
— Organic (plastic and liquid) 2000
— Shape, size, coating o0
— PMTs (Photonics, Hamamatsu, ETL)
— Light guides, optical contact 1000

— Chemistry

High QE Hamamatsu

tube

hsub
Entries 0
Mean 1069
RMS 179.8
%2/ ndf 1828 /219
EnergyK 1160+ 0.2
SigmaK 34.04 £0.13
slope 0.003816 + 0.000176
expconst -9.991+ 0.200
N2 2.728e+04 + 5364
p7 1.241+0.004

\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
600 800 1000 1200 1400 1600 1800 2000 2200 2400

AE/E = 6.570
at 1 MeV

BC404
scintillator
wraped in
teflon

U

3.8% at 3 MeV

if 1/NE




