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> 2003 to 2011 in the Modane Underground Lab (4800 m.w.e.)
> Unique 23 experiment : tracking and calorimetry

direct 2e~ reconstruction = powerful background rejection

» Background mainly from natural radioactivity

> Measurement in individual analysis channels (1e~, le"nv, ...)

1256 keV

Kinematic variables :
individual energies,
time of flight,
curvature, ...
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» Background activities needed for signal measurement

> lelw : activity measurements for 5-v emitters

» Fit of the total energy E;,y = Ec + E,
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» 208T| : one of the

main backgrounds
for the neutrinoless
double-3 decay
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» Rejection optimised on MC Ema’:‘_
» Elliptic cut on individual energies T
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» Half-life measurement under approval

compatible with previously published value :

T%’/j2 =235+ 0.14 + 0.16 10" VI (Nuclear Physics A, 847, 168-179, 2010)
» S/B increased by a factor of 3-4
» Exposure increased by ~ 30 %
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» Rarer than decay to ground state (phase space) and lower
detection efficiency

» Two ~y-particles in cascade accompanying the two electrons :

» Strong kinematic signature
%o \ only accessible with NEMO
detection technique
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» 2 electrons and 1 or 2
~-particles channel

» S/B optimisation in

(¥ E., ¥E,) on Monte Carlo

simulations
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Distribution of E;o; = E; + Es + E]\py

Small excess of events over expected background
Careful study of systematic effects of backgrounds
First limit on the decay of “6Zr to excited states with
NEMO-3 under approval
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» NEMO-3 : Unique experiment capable of measuring the full
kinematics of the 23 events

» Individual channels available for background measurement

» Signal over background ratio optimisations for decay to the
ground state and the excited states

» 2v2[3 half-life measurement under approval, compatible with
the current published value

» Limit on 0v25 half-life under approval

> First limit on the decay to excited states with NEMO-3 to be
approved
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9.4 g of %Zr - Qgp = 3.35 MeV

ROI optimised on MC : 1 event observed

NEMO-3 unique : no event observed above 3 MeV

After approval, would be the best limit on Ov process of “6Zr
Current best limit : T(l)l/j2 > 9.2 10%! YF (Nuclear Physics A, 847, 168-179, 2010)
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238) Decay chain

232Th Decay chain
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Low-background detectors in deep underground laboratories
Passive 83 enriched source foil in the center
Magnetised tracking device to identify the two electrons

vV v vy

Segmented calorimeter to measure the (individual and total)
energies and the time of flight of the two e (with the tracker)
Shielded against neutrons and y from the laboratory
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» NEMO-3 results for the 20273 process half-life

» Each of them are the current world’s best

isotope | mass [g] | Qgp [keV] | T2, [10'7y]
48Ca 6.99 4272 44 +0.6
82Ge 0932 2996 9.6 + 1.0
9%7r 9.43 3350 2.35 + 0.21
100Mo 6914 3034 0.72 4+ 0.05
16Cq 405 2814 28403
130T 454 2528 70 & 14
150Nd 37 3371 0.9 + 0.07

» Analyses still in progress on most of the isotopes
(32Se, 8Ca, %0Zr, ...)
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» NEMO-3 ran from 2003 to 2011
» Two phases :
e Phase 1 : high radon background phase
e Phase 2 : low radon phase (reduction factor of 6)




» Several double- isotopes studied (~ 9kg)
» Background checked on copper and natural tellurium sources

NEMO-3 "camembert" (source top view)




» 6.9 kg of 1Mo

~700 000 2v25 events collected
Efficiency &5, = 4.3 %

Signal to background ratio S/B = 76

Preliminary half-life :
7 = 7.16 £ 0.01 (stat) & 0.54 (syst) 1018y
compatible with previously published [Phys. Rev. Lett. 95, 182302 (2005)]
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NEMO-3 - "®Mo - 7 kg, 4.96 y
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Phys. Rev. D 89, 111101, 2014

» in [2.8 — 3.2] MeV : 15 events obs., 18.0 £ 0.6 expect.
No event excess

1/“2(100|v|o) > 1.1 x 10%* yr (90 % C.L.)

imﬁﬁi < 0.33 — 0.87 eV



» Current last results on 82Se

NEMO-3 - *Se - 0.93 kg, 4.5 y
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in [2.6 — 3.2] MeV :
14 events obs., 11.1 + 1.3 expect.
5(%2Se) > 3.2 10 yr & (mgg) < 0.85 — 2.08 eV





