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Neutrino-less double peta decay In a nutsnell

® Process forbidden in the SM
® J[est Dirac/Majorana nature of neutrinos

® Half-life strongly suppressed

(T1)2) " = Gou(Qps, Z)| Mo | ™’

[From the web]

BB2v

BBOvx°  BBOL Few different mechanisms may induce 0Ov3(3

® Light Majorana neutrino exchange

® Right-handed current (V+A), SUSY, Majoron(s), etc.

Different topology in the final state
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http://wwwkm.phys.sci.osaka-u.ac.jp/en/research/r01.html
http://wwwkm.phys.sci.osaka-u.ac.jp/en/research/r01.html

Once upon a time: NEMO-3

® (33 decay experiment combining tracker and
calorimetric measurement

® Allows reconstruction of the final state topology
and particle identification

® | ocated in the Modane underground laboratory
(LSM) in the Frejus tunnel at ~4800 m.w.e.

AN N YN

NN
v

CEXCNCENENENE NG NG NE NG NG

® Measured 10 kg of different (3(3 isotopes
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® [aking data from February 2003 to January 2011
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NEMO-3: the detector

Central 33 source plane made of 7 different
isotopes: mainly Mo (7 kg) and 8Se (1 kg)

® Cu & NatTe plank foils: Cross-check
background measurements

Wire drift chamber made of 6180 Geiger cells:
o ~3mm (xy), 10 mm (2)

1940 polystyrene scintillators coupled with low
radioactivity PMTs: FWHM ~15 % @ 1 MeV

& s

* = };‘;‘ 1 et 3 % . . . o ,
i e ® 25 Gaus magnetic field: charge identification

® Gamma & Neutron shield, anti-Radon facility
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NEMO-3: unigue feature

Full reconstruction of 2e” kinematics: unique!

Potential discrimination of mechanism behind Ov[33
decay: angular distribution, single electron spectra

Reconstruction of different final state topologies:
excellent background rejection

Competitive with the fore-front techniques
employing much more isotopic mass
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NEMO-3: "“Mo Ov[3B3 result

[arXiv:1506.05825] Submitted to Phys. Rev. D.
[Phys. Rev. D. 89.111101 (2014)]

® Full exposure of 34.3 kgxy

® Use information in [2.0; 3.2] MeV
® Detection efficiency: 11.3 £ 0.8 %
® Total bkg.: 1.3x103cts/(keVxkgxy)

® No event excess in the 2e” channel

NEMO-3 '®Mo, 6.91 kg, 4.96 y

¢ Data 27051 Evts
100Mo
214 222

Bi from “““Rn
External Bkgs
219Bj internal
2081 internal
ovBp '°°Mo for
T, ,=1.1x10%y

Events / 0.1 MeV

Data/ MC

2 2.5 3 3.5 4

T%2> 1.1x102%y (90 % C.L.) =& (my) < 0.33 - 0.62 eV

Competitive with most recent results (GERDA, Cuoricino, KamLAND-Zen)
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NEMO-3: high energy background

No events in Cu & Te foils No events in '9Mo foils
after 13.5 kgxy > 3.1 MeV after 34.3 kgxy > 3.2 MeV
NEMO-3 Te+Cu foils, Phase | + Phase Il NEMO-3 Mo, 6.91 kg, 4.96 y
> > 20 ]
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Promising background free technique for high Qgg isotopes
48Ca (4.272 MeV), 1°°Nd (3.368 MeV) or %Zr (3.350 MeV)
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[Eur. Phys. J. C70: 927-943,2010]

SuperNEMO: toward the new generation

Extrapolate a well known technique:

® 100 kg of B3 emitter in 20 detection modules

® Approach Inverted Hierarchy region

NEMO-3 SuperNEMO
Efficiency 18% ~30%
Isotope 7 kg 1Mo Elsooﬁ d%%:éi)e
Exposure | Bkgy | -500kgy
Energyres. | 8% @3MeV | 4%@3Mev
205T) (source) | ~100Bakg | <2Bakg
2148 (source) | ~ 300 uBaykg | < 10 uBakg

My 0.33-0.62 eV

0.04 -0.1eV

Calorimeter Tracker Calorimeter

\ AN

T Bfield f

BB source
Demonstrator = 7 kg %°Se running ~2.5y
® [0 be installed @ LSM (replacing NEMO-3)
® Match SuperNEMO requirements
® Sensitivity: <my) ~ 0.20 - 0.40 eV
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SUperNEMQO: the detector

Calorimeter:

® 5" and 8" PMT directly coupled to a scintillator block
with optimised geometry: 7.8 % FWHM @ 1 MeV

® Electronics, optical modules, shield & mechanical
structure under production

Tracker:

® Geiger cells in a Rn-tight tracker chamber surrounded
by Optical Modules

® CO commissioned at sea level, ready to be shipped
to LSM (September). C1 under commissioning

Source folls:

® Thin foils made of 7 kg of 82Se powder mixed with
PVA glue + mylar support: under production

= Geiger cell in CO
M

® Other isotopes are under consideration: °°Nd, 4¢Ca
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SUPerNEMO: radio-purity

Radon:

® Control the Radon emanation of the materials

® Radon purification/absorption with dedicated setup
Detector radio-purity budget:

® Material validation with HPGe detectors

Source foils:

® Dedicated setup operating at LSC (Canfranc):
detect delayed (3-a from Bi-Po chain

® Sensitivity ~10 puBag/kg after 2-3 months of
measurement

® First two 3Se foils currently under measurement W oo ciecior @ LSC
AN
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Summary & conclusions

Tracking + Calo.
technique

Latest NEMO-3
results

SuperNEMO
demonstrator

Future:
Full SuperNEMO

Unique: allowing direct reconstruction of the 2e

Full signature of Ov(33 events and powerful background rejection

Background-free technique for high energy Qgg isotopes

Total 19Mo exposure of 34.3 kgxy shows no event excess
T2 >1.1x10%*y = (my) < 0.33-0.62eV @ (90 % C.L))

82Se, 48Ca, %Zr, 116Cd, °ONd: analysis of full statistics ongoing

Under construction: commissioning by 2016

Foresee to run for 2.5 years with 7 kg of 8°Se
TV >6x10%%y = (Mmy) < 0.20-0.40eV @ (90 % C.L.)

20 demonstrator-like modules

100 kg of 8Se running for 5 years

150N d and 48Ca are also being considered
TV2>1x10%y = (my) < 0.04 - 0.10eV @ (90 % C.L.)

Alberto Remoto
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sources

60 mg/cm? foils
10 kg of BB isotopes
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NEMO-3: energy calibration

Radioactive sources:
® <2U'Bj: 482 keV and 976 keV conversion electron
® OSr—0Y: 3-decay end point Qg = 2280 keV

® °UBj: 1682 keV conversion electron to test energy
scale: 99% PMTs Data/MC < 0.2%

Laser inter-calibration system:

® (Gain and time survey twice a day PMTs linearity < 1%
for E <4 MeV

® 32% of PMTs stable < 5% over the whole data taking

207Bi energy spectra
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Nev/0.1MeV

Nev/0.1MeV

NEMO-3: Laser survey

Before laser survey

EXP: 534511 ev; E>3.4MeV 9 ev
MC: E>3.4MeV 0.77+/-0.15 ev

L A | |
4 6

8 10
low radon data E(e),MeV

After laser survey

EXP: 421154 ev; E>3.4MeV 1 ev
MC: E>3.4MeV 0.50+/-0.11 ev

4 6

8 10
low radon data E(e),MeV

Laser inter-calibration system:

Gain and time survey twice a day PMTs
linearity < 1% for E < 4 MeV

82% of PMTs stable < 5% over the whole data
taking

Validate PMT stability with the 24Bi 3-decay
end point (3270 keV) background free channel

Alberto Remoto
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NEMO-3: backgrounds

INIM A 606: 449-465, 2009]

External background:

® Radio-impurities in surrounding material, y
from (n,y)

® U bremsstrahlung

Measured through e~ + y and e crossing channels

Internal background:
® °YST| and 2'*Bi contamination in foil source
® °'“Bj from Rn decay in tracker volume

Measured through e~ + Ny, e + a and single e
channels
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NEMO-3: external backgrounds

e-
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N

—MO-3: Internal backgrounds
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NEMO-3: #2“Rn background

222Rn in the gas of the tracking chamber
monitored through the 1e1a channel

Strongly suppressed upon flushing Rn-free air
Into a dedicated tent surrounding the detector

o O

A(Rn), mBg/m®
N B O
o O

o

N B OO ®
o O O © o

N A O O®
o O O O O

N B O O®
o O O ©o O

gmmm *m nwwwm MW\ m«w«- Mwwf

01 02 03 04 05 06 | 07 08 09 10 | 11 12

W’*W mWW«M e me \A P MLWMWWM‘\W mm[ WWMMMM

o1 02 03 04 05 06 07 08 09 10 11 12
month number

Phase 1: 37.7+0.1 mBg/m?
Phase 2: 6.46+0.02 mBg/m?

Alberto Remoto
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NEMO-3:

Sackground measurement

%Mo, metal, 1e Phase-2
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NEMO-3: "Mo 2v[3B3 results

Run : 3478
Event: 6930

® About 700 000 2vBR events R | Date: 09/11/2004

/

® Detection efficiency = 4.3 + 0.7 % | \\ T\

® Signal over Background ratio = 76 1 |

T4 =[7.16 £ 0.01 (stat) + 0.54 (syst) |x10'8y
Consistent with previously published [PRL 95 (2005) 182302]
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NEMO-3: other results

Other isotopes: only partial exposure has been published

> > 180 NEMO-3 >
§1500 825e +** NEMO-3 2300— % 150Nd NEMO-3 f 100 962r é??ﬁ%ﬁ;&:?égi7 é 160 |- 130Te NEMO-3
§ F ﬂL + 5*1%: 2250‘ ' e e % 1400 —— coitils 18.2117 % ::Z + o >
000l F kL ° % ool : Bl 2w E 1200 e | ke 0 o=
g L © Background MC S C 3 100 BRI W 0
? 5 100~ e
o ; £ 150 - o 80
3 | 2 r o £ e
g 500 100:_ 60:— g %
< N 40F z
H 50 - 20
%05 1 15 2 25 3 35 °o:“'or'5""'“'%'é“'z el 0: ST e el Lol % o5 1 15 2 25 3
Eror(MeV) ' ' "7 Eqor(MeV) ' ' " E,+E, (MeV) E,+E,(MeV)
. Mass | Exposure i Tiz(2v) i Tie(Ov) M) ,
Isotope ! ; ; ; ; ; Reference
i [g] ¢ [days] i [x10%y] i y]@90% C.L. i [eV]@90% C.L.
A (] B | . . |
82Se 932 389 9.6+1.0 >1.0x10% <1.7-49 Phys.Rev.Lett. 95 (2005) 182302
150Nd 37 925 : 0.90+0.07 { >1.8x10% <4.0-6.3  {Phys.Rev. C 80, 032501 (2009)
67y 9.4 1221 | 2.35+0.21  Nucl.Phys.A 847(2010) 168
0Te | 454 | 1275 | 70x14 | : Phys. Rev. Lett. 107, 062504 (2011)

Analysis of whole statistics ongoing (®°Se, 43Ca, %Zr, 11°Cd, °°Nd)...stay tuned!

190Mo OV decay to the ""Ru excited states [Nuclear Physics A781 (2007) 209-226]
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http://dx.doi.org/10.1103/PhysRevLett.95.182302
http://dx.doi.org/10.1103/PhysRevLett.95.182302
http://dx.doi.org/10.1103/PhysRevC.80.032501
http://dx.doi.org/10.1103/PhysRevC.80.032501
http://dx.doi.org/10.1016/j.nuclphysa.2010.07.009
http://dx.doi.org/10.1016/j.nuclphysa.2010.07.009
http://dx.doi.org/10.1103/PhysRevLett.107.062504
http://dx.doi.org/10.1103/PhysRevLett.107.062504

N

—MO-3; "“Mo Ov3[3 result

[Phys. Rev. D. 89.111101 (2014)]

Detailed paper to be published in

the following weeks

Events / 0.1 MeV

Data/ MC

® No event excess after 34.3 kgxy exposure

® T%Wio>1.1x10%*y (90 % C.L.) = (my < 0.3-0.9 eV

NEMO-3 - Mo - 7 kg, 4.96 y

10* 20 —e— Data 27051 Evts
18 B 2vpp Mo
16 . B >'“Bi from ??Rn
14 I External Bkgs.
10° 12 B #“Bi Internal
10 0 %11 Internal
s
10° 68
4
2 -----------
10 0
28 29 3 31 32 33 34
1
3 I
2 N -@-
1[o—e—0-—0—0—0—0¢ '+' |
<+
oL T
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
2 2.5 3 3.5 4 4.5
E.or (MeV)

Expected background in [2.8 - 3.2] MeV

2V 8.45 + 0.05
cBifomradon | 52205
CBiinemal | 1001
oTintemal | 33208
Data 15

Total background: 1.3x103cts / (keVxkgxy)
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NEMO-3: Systematic uncertainties

Systematics
OvPBp detection efficinecy 7.0% Measure activity of known 2°/Bi source
2P eventsinwindow | 07%|  2uBp energy spectrum fit for E > 2 MeV
2B contamination | 10.0%|  2Bi measurement in 1e1a and 1ely channel
26T contamination | 10.0% Measure activity of known 2%U source

Alberto Remoto
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NEMO-3: """Mo OvB[3 mechanisms

Limits at 90% C.L. in units of 10%*y

Process

Stat. Only  Stat. + Syst.

Expected

Mass mechanism

Majoron (n=1)

1.0 [0.7; 1.4]

0.039 [0.027; 0.059]

Alberto Remoto
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[arXiv:1506.05825] Submitted to Phys. Rev. D.

\/\/haJ[ iS J[he Status’P [Phys. Rev. D. 89.111101 (2014

Limits at the 90% C.L. on half-lives and lepton number
violating parameters. Published experimental
constraints on <{my ) and recalculated values with
NMEs from Refs. [17, 19-22, 40] and recent phase
space calculations from Refs. [23, 24] are also given.

130
Te

T, ,(BBOV) (10%° y)

100
-1 Mo

10

[17] J. Hyvarinen and J. Suhonen, Phys. Rev. C 91, 024613 (2015).

[19] F. Simkovic, V. Rodin, A. Faessler, and P. Vogel, Phys. Rev. C 87,
045501 (2013).
[20] J. Barea, J. Kotila, and F. lachello, Phys. Rev. C 91, 034304 (2015).
[21] PK. Rath et al., Phys. Rev. C 88, 064322 (2013).
TG 100y o 130rpe [22] T.R. Rodriguez and G. Martinez-Pinedo, Phys. Rev. Lett. 105,

136 252503 (2010).
- [ ] - Xe 23] J. Kotila and F. lachello, Phys. Rev. C 85, 034316 (2012).

- [24] S. Stoica and M. Mirea, Phys. Rev. C 88, 037303 (2013);

[40] J. Menendez, A. Poves, E. Caurier, and F. Nowacki, Nucl. Phys. A

818, 139 (2009).
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What Is the status”

[arXiv:1506.05825] Submitted to Phys. Rev. D.
[Phys. Rev. D. 89.111101 (2014)]

Light Majorana

Right handed

SUSY: neutralino or

Majoron emission

neutrino exchange current gluino exchange
7 /\. N\ 7 /\ /_/\ﬂ
Isotope Exposure EHaIf ife (1025y)§ my? (e\/) n (106): iy (108) N111/f 102 i {(ge> (109)
(kg-y) published pubhshed publlshed publlshed: published published
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-MO-3: 2v3B of 'Y"Mo SS

D/HS

If the intermediate nucleus is a J"'=1+ state, the NME
could be dominated by GT transitions through this state.

If the SSD hypothesis is confirmed
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® 2Vv[3[3 half-life could be determined from single-
B and electron capture (EC) measurements.
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NEMO-3: excited states

WMo decays to excited states: constrain model for NME calculation

3034 keV

BB

With NEMOGS after 7kg - yr of exposure (Phasel):

T1/22V(O — 0%,) = 5.7+13 4 (stat) + 0.8 (syst) x 1020y
MO0 = 0) >8.9x10%°y @ 90% C.L.
1/22V(O+ - 2+) >1.1x10%"y @ 90% C.L.

T,,20* = 2+) >1.6x102y @ 90% C.L.
[Nuclear Physics A781 (2007) 209-220]
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SUPerNEMO: the calorimeter

® /20 5" and 8” high quantum efficiency PMT directly coupled to a scintillator block
with optimised geometry

® Energy resolution tests: 7.8 % FWHM @ 1 MeV

® Electronics, optical modules, shield & mechanical structure under production

000204 06 08 1 12 14 1.6 18 2
Energy (MeV)

1 MeV e~ spectrum [ Entries 34370
Mean 0.9718
E RMS 0.1105
250 22/ ndf 204.7 /212
K Constant 2188 1.7
Mean 0.9979+ 0.0003
200;- Sigma  0.03057 = 0.00024
150}
100
m- \
-~ Calorimeter main wall
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SUPerNEMO: the tracker

® 2034 Geiger cells in a Rn-tight tracker chamber surrounded by Optical Modules
® Drift cells under production. Tracker assembly in 4 pieces (CO to C3)

® CO commissioned, ready to be shipped to LSM (September)

® C1 under commissioning. Ready to start construction of C2

® Preliminary radon emanation of CO: 0.236 + 0.035 mBg/m® — close to the requirement!

& ‘».-.
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SUperNEMO: the source foll

® 30 foils installed on the source frame in the detector center
® 5°Se powder mixed with PVA glue + mylar or nylon mechanical support
® Limits on foil contamination in 28Tl (2 uBg/kg) and 2'“Bi (10 uBag/kg) are challenging

® Purification technique under investigation: chemical chromatography, distillation, etc.
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SuperNEMO: Radon measurements

® The Rn gas in the tracker volume was the dominant background in NEMO-3

® Reduce Rn contamination to 0.15 mBg/m3
® Control the Radon emanation of the materials
® Radon purification/absorption with dedicated setup

® Preliminary radon emanation of CO = 0.236 + 0.035 mBg/m?® — limits is close!
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SuperNEMO: radio-purity measurements

Detector radio-purity budget:

® Materials validation with HPGe detectors (sensitivity ~ mBQ)

Source foils:

® HPGe not sensitive enough for SuperNEMO requirement

® Dedicated setup operating since February 2013 @ LSC (Canfranc): BiPo

® Detecting delayed 3—a coincidence from Bi—Po chain

® First two 82Se foils currently under measurement

source light—guide

scintillator

BiP03: 3.6 m? - 82Se: 40 mg/cm?

295T) bkg: 0.16 uBg/m? scint

[ ] ®%Tibkg: [0.04 - 0.50] uBg/m? scint

— — - SuperNEMO 2°8T] target: 2 uBg/kg source
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