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Experimentalist’s view on Ovf33
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(a. k. a. Matter Creation)

Lepton number violating parameter

i:w nén b due to
| Majoron, SUSY, H--, leptoquarks,
| or a combination of them
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NEMO-3/SuperNEMO Design

Unique Detection principle: reconstruct topological signature

- * Source separated from detector:

.“ (almost) any solid isotope can be
[Charged particle} { Particle individual } hosted.
[Decay vertex ] trajectory energy and TOF  Generally poorer energy resolution
/ than “homogeneous” detectors such
~as HPGe and bolometers. |

* Full topological event reconstruction
| including e%, y-ray and a-particle
identification.

T B ﬁ‘ > '. Q;é’} :.s4trongA background suppression by

%’\&.\ R O’o@ | particle identification, event
\,bk Q\O\ P &fb ’/ (/% = - 0 C
ob\\' & . & e D characterisation & timing
N S° . 33% 0\0‘0 @Qﬁ\“ * Ability to disentangle different
3& ‘21\&: c,,??o mechanisms for Ovpp, by looking at
& variables other than JE
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NEMO-3 — Neutrino Ettore Majorana Observatory
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Data taking: Feb’'03 - Jan'11
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Laboratoire Souterrain de Modane (LSM)

Modane, France

(Tunnel Frejus, depth of ~4,800 mwe )
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http://www-lsm.in2p3.fr/
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NEMO-3 - 20 sectors with ~10 kg of isotopes tt'iIICt |
' 25G B-field ‘ "

I
‘7"
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Passive shielding f {
+ anti-radon shielding E— |
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A\ Q‘ NN 4
R0

T

|

100Mo:
T ,,(0vBB)>1.1x10* yr at 90%CL

y ™
NEMO-3 "camembert" (source top view) <m > <033-0.62 eV
‘ v . .

(with only 7kg of isotope!)

Other OvBB mechanisms J
RHC SUSY  Majoron
(A (1E-6) () (1E-8) N111/f (1E-2) (gee) (1E-5)
Simultaneous measurement of 0.9-1.3 0.5-0.8 4.4-6.0 1.6-3.0
7 B isotopes
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NEMO-3 - 20 sectors with ~10 kg of isotopes

NEMO-3 "camembert" (source top view)

Simultaneous measurement of
7 B isotopes

7-Jul-2018

| Plastic |
| scintillator }§

I
‘7"
i

25G B-field

Passive shielding
+ anti-radon shielding

100Mo:
T ,,(0vBB)>1.1x10* yr at 90%CL

e —

(m,)<0.33-0.62 eV

(with only 7kg of isotope!)

Other Ov33 mechanisms

RHC SUSY
(\) (1E-6) > (1E-8) N111/f (1E-2) (gee) (1E-5)
0.9-1.3 0.5-0.8 4.4-6.0 1.6-3.0
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NEMO-3 2v[33 Results

|sotope | Mass (9) | QBR(keV) | T(2v) (1013 yrs) S/B Comment Reference
Se82 032 2996 94 +0.6 4 World’s best arXiv:1806.05553 u;//ﬁ@
Cd116 405 2809 2.74 £ 018 10 World’s best* Phys. Rev. D 95 (2017) 012007
Nd150 37 3367 0.93 + 0.06 2.7 World’s best Phys. Rev. D 94 (2016) 072003
Zr96 9.4 3350 2.350.21 1 World’s best Nucl.Phys.A 847(2010) 168
Ca48 7 4271 6.4+12 6.8 (h.e.) World’s best Phys. Rev. D 93 (2016) 112008
Mo100 | 6914 3034 0.68 + 0.05 80 World's best Neutrino 2018 pDAIER
Te130 454 2533 70 £ 14 0.5 First direct detection Phys. Rev. Lett. 107, 062504
> 10 * Together with Aurora
S 70000 | NEMO-3 >
§ 60000 2 o § et
2 50000 | S Totbl % 8000 |- iy
§ 40000 £ oo | Crucial experimental input for
: :Z:z: 5 aoool | 1) NME calculations
. 10000 | 5 20| 2) Ultimate background characterisation for Ov
0 D L . 3) Sensitive to exotic BSM physics (e.g. Lorentz
0 25 3 3.5 0 0.5 1 1.5 2 2.5
Eror(MeV) E,(MeV) violation, Grtime dependence, bosonic
£ neutrinos etc)
‘E’ Ability to disentangle
“ nuclear models
Single State Dominance
7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 6



New Result (NDM/ICHEP-2018!), 82Se [j

http://arxiv.org/abs/1806.05553 submitted to Eur. Phys. J. C

EMO-3 - ®Se (Run 1) - 464 g, 5.25 y

4

NEMO-3 - ®Se (Run 1) - 464 g,5.25 y

3 sooF- —4— Data (2050) 2 s00l— —+— Data (2050) ;
= “°F I External BGs = I External BGs Data favour
> 180 [ Radon BGs S 180 [ Radon BGs SSD
§ 160f— = Izr:/tﬁegngl BG;s é 160 I Internal BGs
& F igna ] - .
w140 2 df—g1234/16 W 140 -ZZBBSIQnaI
s F X"/ ndf = 12. s OF x2/ ndf = 35.32 / 16 HSD
120~ S/B=6.2 Z 120 S/B = 6.1
1001 100F excluded at
802_ sof— 210
3 oo HSD B
405_ SSD 40:_
3 20F Supported by X-
g . Tl e F exchange results:
8 0;5 ------- BEiaan g RERER e *+++*++++ g b R = et D. Frekers et al.,
0_ 05 1 15 2 2.5 03 PhyS Rev, C94

E./ MeV 0 05 i E I 014614 (2016)

NEMO-3 - ®Se (Run 1) - 464 g, 5.25 y

Individual electron energy distributions are sensitive to SSD vs HSD.

—+— Data (4350)

I External BGs
[ Radon BGs

I Internal BGs
I 2vj3p Signal

T, = (9.39£0.17) x 10" yrs
x2/ ndf =9.61/20

S/B = 4.0

450—

400—

No. Events / 0.1 MeV

350—

T =[9.3940.17(stat) £ 0.58(syst) | x 10" yr with SSD

1/2

cf. if HSD: T2 =[10.63£0.19(stat) + 0.66(syst) |x 10" yr o

200—

300—

150—

OVBB: Ty >2.5%x10” yr(90% C.L.) (m,)<(1.2-3.0) eV (90% C.L.) Esum
More stringent limit available from CUPID-0: arXiv:1802.07791(2018) fs
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http://arxiv.org/abs/1806.05553

Quadruple (!) beta decay — 0v4f

AL = 4 BSM physics with Dirac neutrinos

J. Heeck, W. Rodejohann, Europhys. Lett. 103, 32001 (2013).

M.-C. Chen, M. Ratz, C. Staudt, P. K. S. Vaudrevange,Nucl. Phys. B 866,

157 (2013).
J. Heeck, Phys. Rev. D 88, 076004 (2013)

NEMO-3
2006-06-08 13:35:02.673

351 keV

532 keV

307 ke\’

305 keV

Only possible with full topological reconstruction of all electrons

90%CL limit | Symmetric Uniform Semi- Anti-
symmetric symmetric

1.7 X 102y

Observed .2 X 102y 2.6 X 102
Sensitivity 3.7 X 102y 3.0 X 1021y
7-Jul-2018

NEMO-3 '°°Nd: 36.6 g, 5.25 y [4 electron channel]

N = —4— Data
- Nexp=0.04 'ONd Ov4p 90% CL (x0.1):
_ (in signal window) .
— Symmetric
e Uniform
Semisymmetric
— Antisymmetric

[ ™ Nd 2v2p
[ ] Other backgrounds

O observed

/S IIIS/I7,
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| | | | |
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Electron energy sum (MeV)
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2.0 X 10%y

First experimental limit

on this process

Phys. Rev. Lett. 119
031801 (jul-2017)
Editor’s suggestion

1.1 X 102t
1.3 X 102y
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collaboration

collaboration

The goals of SuperNEMO :
1. Build on the experience of the extremely successful NEMO-3 experiment.

2. Use the power of the tracking-calorimeter approach to identify and suppress backgrounds
aiming at a zero-background experiment in the first (Demonstrator Module) phase.

3. Prove that a 100 kg scale experiment can reach 50 meV neutrino mass scale. Explore
feasibility of scaling up topological technique beyond 100kg and probe inverse mass
ordering.

4. In the event of a discovery by any of the next-generation experiments, use the tracking-
calorimeter approach to provide “smoking gun” evidence, measure multiple isotopes and
attempt to characterise the mechanism of Ov[33 decay.

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018
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From NEMO-3 to SuperNEMO .........

o=

collaboration

SuperNEMO

82Se (or 150Nd or 48Ca)

|sotope
7 ke Isotope mass M 100+ kg
| 208T| < 2 uBa/kg
208T|: ~ 100 uBa/kg Contaminations in the B foil 214Bj < 10 uBa/k
214Bj: < 300 pBg/kg _ R <I;) 15lJ |: /g3
I mBq/m3 Rn in the tracker [ mbgim
Calorimeter energy resolution (FWHM) ~4% @ 3 MeV

~8% @ 3MeV

T12(BBOV) > 1 x 1020y

T42(BB0V) > 1.1 x 1024y Sensitivity

<m,><0.04-0.1eV

<m,><0.3-0.6 eV

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 10
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From NEMO-3 to SuperNEMO .........
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SuperNEMO

82Se (or 150Nd or 48Ca)

|sotope
7 kg Isotope mass M 100+ kg
| 208T| < 2 uBa/kg
208T]. ~ 100 uBa/kg Contaminations in the 3 foll 214Bi < 10 UBa/k
214Bj: < 300 uBg/kg = TP HEAKY
i < 0. 3
Rn: 5 mBg/m3 Rn in the tracker Rn < 0.15 mBg/m
Calorimeter energy resolution (FWHM) ~4% 3 MeV
~8% @ 3MeV demonstrated ’ @

T12(BBOV) > 1 x 1020y

T42(BB0V) > 1.1 x 1024y Sensitivity

<m,><0.04-0.1eV

<m,><0.3-0.6 eV

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 10
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From NEMO-3 to SuperNEMO .........
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collaboration

SuperNEMO

82Se (or 150Nd or 48Ca)

|sotope
7 kg Isotope mass M 100+ kg
| 208T| < 2 uBg/kg
208T]: ~ 100 pBa/kg Contaminations in the Bp foil 214Bi < 10 uBa/k
214Bi: < 300 uBa/kg R
_ Rn in the tracker Rn = 0.15 mBg/m?
Rn: 5 mBg/m? partly demonstrated
Calorimeter energy resolution (FWHM) ~4% 3 MeV
~8% @ 3MeV demonstrated @

T12(BBOV) > 1 x 1020y

T42(BB0V) > 1.1 x 1024y Sensitivity

<m,><0.04-0.1eV

<m,><0.3-0.6 eV

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 10



SuperNEMO Demonstrator

e | ocation: LSM Calorimeter Walls ]
* BB Source (40-50mg/cm? foil) (Tracker Modules |

e Baseline: 82Se (high Qgg, long T1/2(2v)

* Possibility to add 1°9Nd, 48Ca almost | ! \
any isotope possible L

* Tracker

e drift chamber (95% He + 4%C2Hs0H +
1%Ar) ~2000 cells in Geiger mode

Calorimeter

e 550 PMTs + scintillators + endcap + veto

e 25G B-field

» Passive shielding: iron + water
 Anti-Rn system

[ Source Module ]

: ‘ A KO 2 R @ RV (o) (o),
el il i clebefel el lele

Full baseline SuperNEMO:
15-20 Demonstrator-like modules with

: _ . Straightforward extrapolation
S-7kg of isotope = 100kg o due to modular design!

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 11



SuperNEMO Demonstrator Physics Studies

MVA techniques effective due to multiple observables
available in SuperNEMQO

Physics Studies with SuperNEMO-D

Preliminary

- OvBp different mechanisms (<my), RHC, - °F T T T
Majoron, SUSY,...). & F i | i
* BP excited states 4 o T T T T T TR
« Potential breakthroughs with 150Nd and < E 1 R R
48Ca enrichment 2 4: _ : . _i. -{_{. |
« 2vBPB: SSD/HSD at 50 expected. = f L TR i
Potential probe of ga using Esinge and g 3F i I l i +| -1
angles = F L NG
« Lorenz invariance violation :9_) oF .._Topobg,wms"1 : S I I 15 I M
« Variation of Gr :T_ - |—e0r I AR
« Ov4p (with 150Nd) [ = M R L0 0 Lidiil]
.- ... T 10 10° N
Radon contamination [uBg/m”]
Demonstrator
Events in window NEI\?Z% ?(Qll:-?/?)se i (zl\go':i;;er) Comments Demonstrator, 2.5yr (17.5 kg.yr)
' T12>6 x 1024 yr
External Bkgnd <0.16 <0.16 (conservative) (my) < 0.16-0.4 eV
Bi214 from Rn222 |2.5+0.2 0.07 radon reduction
Bi214 internal 0.80 £0.08 0.07 internal contamination Straightforward extrapolation:
TI208 internal 2.7+0.2 0.05 reduction
VBB S A NG Mo100 to Se82 SuperNEMO = 20xDemonstrator
8% to 4% resolution (500 kg.yr)
Total expected 13.1+0.3 0.39 T12 > 1026 yr
— & Al (my) < 0.04-0.1 eV

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 12
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SuperNEMO Low Background Program

| Pump || %2Rn Source Thin foil to be measured
(1-5Ipm)|| (107.5kBq) l
HV (+4 kV) == o & @
3 L J
e Lo o
sif *.., | s
.o o -
L J
High Rn I. .. Low Rn

BiPo
10uBg/kg  214Bi 2 uBql/kg
— 20
! g 8 am.a.sﬁnﬁzmm
§'° | — ”nm;[o.o‘-asolme
g —— —— - SuperNEMO **T] target: 2 uBa/kg
i§ : BiPo 29Tl sensitivity
f 10
8
6
4
scintillator | R —— - —-
S S s S e o

1
Msasursment Tims [month]

+ low background HPGe facilities at LSM, Bordeaux and Boulby,
ICPMS at UCL

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 13



Tracker Cell Production Assembly and Commissioning (completed)

&

Rn emanation from fully assembled tracker
150 uBg/m3

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018
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Calorimeter Production

1 MeV e~ spectrum [ nve: 21370
Mean 0978

ooooooooooooo

RWS 21105
% /Ind 204.7 /212
Corstant 2188 17
Mean 0.9974: D.0003
Sigma  0.03057 = DOV0Z4

5% @3 MoV |

250

200

150

100

0% "02 04 06 08 1 12 14 16 18 2 Cathode
Energy (MeV) Homogeneity
8%

HV Divider
7%

Scintillator/PMT
Coupling
26%

« 8" PMTs with large blocks (440 modules)

« 5" PMTs in outer rows/columns, endcaps
and veto

* Every block characterised
e Target performance achieved with full
production

Scintillator
Composition
16%

Nucl. Instr. Meth. A 868 (2017) 98-108.

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 15
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All detector modules delivered underground (LSM)
Half of detector (calorimeter + tracker) fully integrated

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018



supernemo
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collaboration

First events from
half-detector
commissioning
Mar’17

active Geiger cells

VUV

\
i ’“wf’_“xf‘\ PR R
I | __:’D’ Igt-__f’ \ J&:/Q'(\\Jg

Within 1us
of calo

7-Jul-2018

Tracking chamber (CO—-CI)

R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018
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BB Source Module and Calibration Sources Deployment System

e Calibration sources: 207Bj +
60Co + others
* “Rn-free” deployment system

« 825e (6.3kg) source foil production
completed

« R&D on 1°0Nd and 4¢Ca

» Source foil installation this summer

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018
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» 825e (6.3kg) source foil production

completed ey [ g p————
» R&D on 150Nd and “8Ca L R
« Source foil installation this summer e

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 18



SuperNEMO Demonstrator Schedule

bbd DAL . . P
i - E E PR -~
000 [ o [ g [ )

el

i it lo it olib lo

e,

e Start running late 2018/early 2019

 Measure target levels of 214Bij in foil

-

and 222Rn within couple of months

"o 208T] ~ 1 year

I

s I | R TEE— (I RO B ST —r—r —

h o T

~» Target sensitivity (6 x 1024 yr) in 2.5 yr

{0

e Critical input to future tracko-calo and | | 1 ,

. other BB experiments — unique ability

- to constrain and characterise

backgrounds

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 19
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« 15-20 modules for ~100kg
* Distributed location in different
underground labs possible/

250004-N

beneficial /7 //// *‘ \
» Construction can proceed in \ Wnl i 551§
parallel with data taking =y ’“!!!!!l". "LHM HHH |||HHH|“' BT

« Can provide superior sensitivity
with high Qgg isotopes (159Nd,
48Ca, 967r)

« Cost range: €2.5M/module

* Expensive to extrapolate >100kg

Is it possible to reduce footprint and cost? —
| Several ideas :

- under study

In particular, is it possible to achieve
detector cost < isotope cost?

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 20
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Concluding Remarks

¢ Topological approach to 3 detection is unique

¢ Smoking gun signature and comprehensive background characterisation

*€c

Isotope flexibility

@,

¢ Sensitive to different OvBB mechanisms

€

Rich physics potential outside Ov33, both BSM (Lorentz violation, Ov43,
bosonic neutrino, etc) and nuclear models (e.g. Single State Dominance vs
Higher State Dominance) as demonstrated by NEMO-3

O

¢ Topological reconstruction approach can in principle eliminate all
backgrounds apart from 2v33. Will learn a lot more once
Demonstrator starts running next year.

O

¢ If radioactive backgrounds and cost (detector~isotope) are brought
under control — topological technique can be in principle scalable
to tonnes.

O

¢ Even better if enrichment of high Qgg isotopes becomes feasible

@,

¢ In case of discovery — best way for full characterisation of 0v[3[3

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 21
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BACKUP

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 23
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P SuperNEMO Design with scintillator bars Py

collaboration

One of ideas being
| discussed within

2’m | collaboration rather than
| agreed direction of travel.

/

AN

Hamamatsu high-QE 3" PMT (QE~40%) Thickness 2.5 cm

- Fewer much cheaper PMTs

- Compact design (at expense of modularity) footprint reduction
- Very high (close to ~100%) efficiency of y tagging
- No B-field. Tagging e+ with 511 keV y's = better efficiency from 2v

BARO + Hamamatsu PMTs

‘ Width 10cm tapered to 6.5 cm

Main goals:
« Significant cost and

 Eliminate all BKG apart

—
q

PMT 1

3 16
= C — PMT 2
é 15[ PMT 1+2
8 14f ~ Jr‘///]
< b
E. 13; /+ | -
o T L J
o R +~
I |
10 / lem) o
. SN S N N ~1 I Oy _ .
o | = — & O MeV)=23% " (c.f. 1.8% for baseline

&
oﬁ

-60 -40 -20 0 | 20 |

40 60

80 design)

beam position - distance to center (mm)

7-Jul-2018
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SuperNEMO Design with scintillator bars

* 14mx14mx2.5m sufficient to
accommodate 100kg of isotope”

» Detector cost estimate: ~€50k per

Y » km kg of isotope (c.f. >€250k/kg for

------------------------------------------------ baseline design),

e} * |.e. detector cost ~ isotope cost

®

L scalability

Background suppression with bars. Top View.

14m

an » Further optimisation possible/
.......... . * needed
* Fewer tracker cells, perhaps 3-4
hits enough?
» Shorter distance between foil
and calorimeter — more
compact, higher efficiency

Input from Demonstrator (background,  Readout
resolutions and their interplay) crucial! . ...

14m

" Can fit in new hall at Boulby lab

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 25



* Both calorimeter walls are assembled
and installed at LSM

» Light Injection calibration system to
monitor gain drift within 1%

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018 26



SuperNEMO Low Background Program

SuperNEMO Strategy: Background Reduction (U, Th, Rn assays) and Rejection (topology,
timing etc)
222Rn is one of the kev problems

Dedicated facilities developed Rn removal from gas with cold charcoal trap:
built and commissioned * He: 1079(!) suppression, complete removal
* N2: ~x20 suppression purification down to 20pB/m?3
(measured!)
SN 222Rn Concentration Line (RnCL) Sensitivity
°c 40-
g— - CL=90%
= 355_ A, = 0.23 mBq
2 30— A, =0.29 mBq
'% - f=10.0 Ipm
< 255— oo =35 %
% 20:_ eTrap=92%
"8' -
® 15—
Q -
E 10—
E - 2.4 222Rn atoms/m3 of
= 5:_ / N2/He/Ar/etc.
0: | 1 | | 1 1 l | I l | | 1 I | ! | 1 or
0 20 40 60 80 100 1 part in 102 I
Volume / m
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NEMO-3/SuperNEMO Design Implications

Background Suppression

But much more modest energy resolution:

7-Jul-2018

At ~0 ns

At ~0 ns

At > 3 ns

At ~0 ns

Powerful background rejection and
characterisation through topology,

timing, particle ID (e+, e-, o, )
One of the lowest background indices

NEMO-3

b =10-3 cnts kg-' keV-1 yr-1 — data!
SuperNEMO

b = (0.5-1)x10-4 cnts kg1 keV-1 yr
Calorimeter expts (GERDA., CUORE)
b =10-3 cnts kg1 keV-1 yr

(fantastic achievement by GERDA)

SuperNEMO(82Se), FWHM=4%
bxAE = 5%x10-5 x 120keV = 0.006

HPGe, FWHM=0.2%

bxAE = 0.001 x 4keV = 0.004

R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018
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NEMO-3/SuperNEMO Design Implications

Topology Reconstruction — open-minded search for
Lepton Number Violation

2
— GOV(QM ,Z)‘MOV 172 N can be due to <mv > ,V+A, Majoron, SUSY, H- or a combination of them

Ov
Tl/z

(my) (my) — ol V+A

7] 9 20 |

- - .

c Mass Mechanism s Mass Mechanlsm g Right Handed Current

g >

> - —

w R oo cistivution w B eoretcal astribution w [ I Theoretical distribution
D Reconstructed distribution D Reconstructed distribution 08 D Reconstructed distribution

0.2+

'_l|llll]IlllllllIlllIlllllllIlllllll B
lllllllll]llll[llllllll[lllllllllllllll

3 -1 08 -0. '%4 0.2 f° f-zbef-“ °-5| 0i8 1 01 08-0604202 0 02 04 06 0.8 1

Difference in energy of electrons (MeV) osine ot angle between elecirons Cosine of angle between electrons

11 1 | I IIIIIIIIIIIIIIII
00 0.5 1 1.5 2 25 3
Difference in energy of electrons (MeV)

“Probing new physics models of Ov3B with SuperNEMQO”, EPJ C (2010) 70, pp. 972-943.

Topology can be used to disentangle underlying physics mechanism
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Full topology reconstruction = unprecedented understanding of backgrounds

Pure sample of 214Bi —214Po

10° F

2
I e - : X /ndf 5470 | 51
e it - P1 0.1917E+05 16.05
< ° : P2 06688 +  0.1878E-01
Q - P3 0.1633
e, : i P4 0.3174E+05 0.2284E+05
214Bj on the
P5 16.31 + 2.481
surface of the | 10t
\/ﬂe/ffl/e/ - Fraction of non « events: 0.59t\ﬂ3“\
sour 01 \ i
= T1/2:162.9

10° |
| | | | | 1 1
D 0 200 400 600 800 1000

Delay time of the o track

Measuring 222Rn in NEMO-3. 5mBqg/m3 in Phase-lI
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Full topology reconstruction = unprecedented understanding of backgrounds

E.g.: External background NEMO-3 - Se - 932 g, 5.25 y

—¢— Data (233040)

|:| Other MC

[ ] #°Bi External BGs
|:| 2%mpa External BGs
[ *°co External BGs
[ “K External BGs
- 219Bj External BGs
- 208T| External BGs

10

u éi |
||
|
T T T T T T

+++H

----------- W‘WW“' + -
0 51:_ M"% ++}+++
o 0 0.5 1 15 2 2.5 Eé el
D% 1 2
“Handbook” on backgrounds for B3 experiments:

Background measurement in NEMQOS:
NIM A 606 (2009) pp. 449-465.

Data/MC

————— ————————
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EPL 103, 32001 (2013)

MANCHESTER

Only three candidates,
two used in NEMO-3

Q-value

Isotope | Q-value

136Xe 0.044

0.629

150Nd 2.079

Pawel Guzowski - IoP 2017 12 April 2017



EPL 103, 32001 (2013)

* 4 electrons in the decay

 No neutrinos — no
invisible energy

* Q(4P) < Q(2p)

Irreducible SM .
background ov2p

2v2[3

»>

Decay rate

ov4ﬁ

— Peak lies in middle of 2v |

background spectrum

 You will need to count

electrons and reject two-
electron events

— Only NEMO technique
can do this

soom R )
NEMO-3 event display

MANCHESIER Pawel Guzowski - IoP 2017 12 April 2017



Electronics, Slow Control and DAQ

+ Electronic architecture

Trigger and data path " —
(demonstrator): T
= 52 Calorimeter FEB Lo g o v | |
(712 Channels). g S : S NERT
- 57 Tracker FEB (6102 3 i 3 £ 21
channels). 12 & % § S -
= 6 Control and Readout [ | @ SN_FEB
Board.
= 1 Trigger board. SN_CROB
Ethernet link
SN_Calo_FEB Data 2>
Calorimeter rack Tracker rack
LUEESUEER R
€—L1 trigger .
DDA ECICY —————————
T R 12 SerDes link ———
e .!,l.!!,.'.-..-[p.-, w|n|ninin 18 bit@40Mhz E . = 2= j%%ﬁgi i
l”“ IL“ [ ” 720Mbps (92LV18) ST 11 !! ﬂ]! iﬂi
EEEEEEmEEn | 2uaEEEEN SN_TRIGGER :
ALNEE UL R
i i SN_Tracker FEB
LEURURIHELLLLL L

SN_CROB

SN_Trigger

7-Jul-2018 R. Saakyan, NEMO-3 and SuperNEMO, ICHEP2018



eeeeeeeee

ooooooooooooo

Radon activity measurement

Requirement: Rn activity inside tracker < 150 uBg/m3

RnCL sensitivity (90%CL)
C-tracker < 50 uBqg/m?3
Large gas volume < 5 uBg/m3

Radon Concentration Line (RnCL)
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Q
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(&
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2000
218Po

|[|I||||l|l||||l|l|||

Electronic Noise

1000
N

| 1 1 L 1 1 1 Il 1 | 1 1 1 1 l L L o L o 1
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ADC Channel

T T

T

e Measurements of Rn
emanation from materials
\, " * Rn permeability
Carbon T Radon Detector ts th h
UL LLBULC] 2 (Electrostatic & Pin Diode) measurements throug
membranes/seals

Vacuum Pump
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Gas Flow Rate Study

7-Jul-2018
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» The tracker works at high flow rates : a possible solution for suppressing radon.
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