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The NEMO/SuperNEMO road map
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The NEMO/SuperNEMO collaborations
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Main purpose — search for Ovgf decay
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Tracker-Calorimeter Technique

Source separated from detector: (almost) any solid
isotope can be hosted.

Generally poorer energy resolution than
“*homogeneous” detectors such as HPGe and
bolometers.

Full topological event reconstruction including e*, y-
ray and o-particle identification.

L

Candidate °°Mo Double-Beta Decay
Event in NEMO-3

1256 keV

832 keV

Strong background suppression by
particle identification, event
characterisation & timing.

Ability to disentangle different
mechanisms for Ovf3B, by looking at
variables other than E.




The NEMO-3 Experiment

* 5” low activity PMT
coupled to PS
scintillator blocks.

* Energy resolution :

AE(FWHM) 14%

E E(MeV)

* Source strips.
* Metallic or composite
structure.

e Calibration tubes.
* Host 2°7Bj and other
sources.

= Ran from 2003 to 2011.
= Surrounded by shielding and
anti-radon enclosure.

* Cathode rings
surrounding each

vertical anode wire. = Located at 4800 m.w.e. at the
* 3D tracker hits from Laboratoire Souterrain de
transverse drift and Modane (LSM).
L longitudinal plasma = 100\g (7kg) ; 82Se (1kg)
"_;J;Li _L'-_-l_i propagation. = 116Cd, 15°Nd, “8Ca, °6Zr, 130Te

* 25 Gauss B-field

* Cu/Fe structure.




Particle Data Book

Half-life measurements of the two-neutrino double-3 decay
The measured half-life values for the transitions (Z,A) — (Z+2,A) + 2e™ + 27, to
the 01 ground state of the final nucleus are listed. We also list the transitions to an
excited state of the final nucleus (O?’, etc.). We report only the measuremetnts with
the smallest (or comparable) uncertainty for each transition.

t1/2(10%1 yr) ISOTOPE TRANSITION METHOD DOCUMENT ID

e o o We do not use the following data for averages, fits, limits, etc. « o @

> 0.87 134y ¢ EX0-200 1 ALBERT 17¢C
082 +0.02 +006 130Te CUORE-0 2 ALDUINO 17
0.00690 +0.00015 +0.00037 100Mo CUPID 3 ARMENGAUD 17
0.0274 +0.0004 +0.0018 116cg NEMO-3 4 ARNOLD 17
+0.007 +0.012 48 5
Gigs TouoE Thone Ca NEMO-3 ARNOLD 16
0.00934+0.00022 + 3-0000% 150Ng NEMO-3 6 ARNOLD 16A
1.926 +0.094 76Ge GERDA 7 AGOSTINI 15A
0.00693 +0.00004 1000 NEMO-3 8 ARNOLD 15
2165 +0.016 +0.059 136xe EX0-200 9 ALBERT 14
92 132 x13 T8k BAKSAN 10 GAVRILYAK 13
238 +0.02 +0.14  136xe KamLAND-Zen 11 GANDO 12A
07 +009 +011 1301e NEMO-3 12 ARNOLD 11
0.0235 +0.0014 +0.0016 96z NEMO-3 13 ARGYRIADES 10
069 039 007 100Mo 0t — 0f Ge coinc. 14 BELLI 10
057 F0d3 +008 100Mo ot —of NEMO-3 15 ARNOLD 07
0.096 +0.003 40010 ©S2se NEMO-3 16 ARNOLD 05A

o020 *o00% 1164 116 CdWO, scintt” DANEVICH 03
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Tracking Detector
Radiopure Geiger Cells

Calo. Optical Module
FWHM 7-8 % @ 1 MeV

SuperNEMO

[ 712 calorimeter channels ]

[ 2034 tracker cells ]

[ 7 kg BB source ]
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Demonstrator Module

Also :

= Change isotope Mo
—_—> SZSe

= Reduce radon in gas
by factor 30

= Improved efficiency,
calibration etc.

“BiPo” Detector
Measure source foil
contamination to 2Tl

< 2 pBqglkg
214Bj < 10 pBgl/kg




PO SuperNEMO Prospects Aﬁﬁl

4 )
: Demonstrator Module (2.5 year run)
L -
:.j-.- 17.5 kaxyr initial exposure :
o
e
:::jfj- Tlo/"z > 5.9 x 10%* yT
B
4 (m,) < 0.20 — 0.55 eV
- J
e a

Full SuperNEMO
500 kgxyr :

Tf/”2 > 10%° yr

(my) < 40 — 110 meV




E conasaranen  Status of SuperNEMO Demonstrator

Source foils & calibration system installed.
Detector closed and fully cabled.
Calorimeter commissioned and is fully
operational.

Tracker is under commissioning.




Working schedule

Spring 2021 - completion of assembly and commissioning of the Demonstrator without passive
shielding.

The summer of 2021 - the calibration of the Demonstrator, the launch of data taking in a
configuration without external shielding.

The first half of 2022 - the creation of passive shielding of the Demonstrator.

The second half of 2022 - calibration and run of data collection in the full configuration of the
Demonstrator.

2022-2024 - data taking, data analysis, background assessment, control of backgrounds,
publication of results.

During the whole period - the continuation of the R&D program on the methods of enrichment
of other isotopes: **Nd, %Zr, ©Ca. Improvement of the purification procedure for 8Se. Further
development of PS production technique.
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JINR contribution

R&D and production of 720 plastic scintillator blocks for the Demonstrator calorimeter (in
cooperation with the University of Prague).

Manufacturing of 60 optical modules for the VETO system (scintillator + PMN 5 R6594
HAMAMATSU).

Acquisition of 100 PMT 8" R5912-03 HAMAMATSU for the calorimeter.
Purchase of 7 crates for the electronics of the calorimeter.
Purchase 1.5 kg of enriched #Se to create sources.

A unigue #Se purification technique has been developed and implemented. A clean room has
been built , and 3.5 kg of 82Se has been purified, used to create the sources of the Demonstrator.

Manufacturing of signal and HV cables for the tracker.

Development, creation and maintenance of equipment for low-background measurements:
germanium, radon, neutron detectors in LSM.

Iron passive shielding against gammas is now being developed and will be created.

Essential contribution in software development, simulations, data base creation and data analysis.
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Human resources

N Person Status Subjects FTE
Project calorimeter, data
0.1 Kachetov Leader analysis, databases 1.0
. - software, data analysis,
2 Yu.A.Shitov Participant databases 0.1
. -~ calorimeter, data
3 V.B.Brudanin Participant analysis 0.1
. -~ calorimeter, data
4 3. A.A. Smolnikov Participant analysis, simulation 0.3
5 4. AA. Klimenko Participant | software, data analysis 0.3
Deputy software, data analysis,
6 5. V.. Tretyak Leader simulation 1.0
. - radiochemistry, %Se-
7 7. D.V. Karaivanov Participant purification, sources 0.4
. - radiochemistry, %Se
8 8. A.V. Rahimov Participant ourification, sources 0.6
. - radiochemistry, %Se
9 9. D.V. Filosofov Participant ourification, sources 0.3
. - radiochemistry, %Se
10 [ 10. N.A. Mirzaev Participant ourification, sources 0.4
11 12. A.V. Salamatin Participant electronics, cables 0.4
N -~ calorimeter, VETO
12 | 13. V.V, Timkin Participant system and cables 1.0
PS production,
13 | 14. |.B. Nemchenok Participant | calorimeter and VETO 0.2
system
PS production,
14 | 15. |.I. Kamnev Participant | calorimeter and VETO 0.3
system
PS production,
15 | 16. O.l. Vagina Participant | calorimeter and VETO 0.3
system
In total 6.7
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Mpepnaraemsblii nnaH-rpauk n Heo6xoANMbIE pecypchbl A5 OCYLECTB/IEHUA

npoekta SuperNEMO

HavmeHoBaHWe y3N10B U CUCTEM YCTAHOBKU, pecypcos, | CTOMMOCTb MpeanoxeHua labopaTopuid no
MCTOYHWKOB (hMHAHCKPOBAHUA y3noB (Toic.$) | pacnpegeneHuto huHaHCUpoBaHKA
YCTaHOBKMW. M pecypcos
MoTpebHoCTK 1ron 2ropg 3 roa
B pecypcax
E 1. MaTepwvanbl 4na NaccyvBHON 3alUuThbI 200 200 0 0
g [JemoHcTpaTopa (pagvoakTMBHO YnCToe
. weneso)
&
ﬁ 2. SNeKTpoHMKa A5 MNacTMaccoBbIX 20 20 0 0
% CUMHTUNNATOPOB 1 P3IY
© 3. bopupoBaHHsIiA nonucTupon s
Py CO3aHNA HENTPOHHOW 3al1Thbl
% [JemMoHcTpaTopa 30 30 0 0
m
= 4. Matepwaibl n obopynoBaHme a1s
= nogfepxaHuns pabotocnocobHoCTK 60 20 20 20
\§ [JETEKTOPOB, HAX0AALLMXCA NOA Hallem
ynpasneHmem B [JlemoHcTparope
SuperNEMO ( 2 pafioHOBbIX AeTekTopa,
Asa HPGe cnektpomeTpa) 1 npoBefeHus
kanMbpoBOK, BKKOUASA co3daHue
kaMBPOBOYHbIX UCTOYHUKOB.
Paavoxvumuyeckoe 060py0BaHue.
NToro
310 270 20 20
2 3
=] Y OI1 OUAU 0 0 0 0
5 5
3 3
2 a OO03IT JIAI 600 300 150 150
= 2
3
=
]
(=W
F
%
Ec 3atpaTbl U3 6rmKeTa 310 270 20 20
=)

dopma Ne26
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CwmeTa 3arpart no npoekrty SuperNEMO

dopma Ne29

NoNe | HauMeHnoBaHue cTaTed 3aTpart ITomuas 1 Ton 2 TOo1 3ron
TITI CTOUMOCTH
IIpsimble 3arparsbl HA 1 IpoekT

L. KommbsroTepHast CBSI3b 6.0K US$ 2.0 2.0 2.0
2. OODII JIAIT 600 HOpMa . 300 150 150
3. OIT ONAN 0 HOpM™MAa U. 0 0 0
4. Marepuanst 290.0K US$ 250.0 20.0 20.0
5. OO0opynoBanue 20.0K US$ 20.0 0.0 0.0
6. B3HOC B KO/LTaG0oparuio 60.0K US$ 20.0 20.0 20.0
7. KoMaHupOBOYHBIE PACXOIbI 60.0K US$ 30.0 15.0 15.0

HTOro no npsiMmpiM pacxojaam 436.0 KUS$ 322.0 KUS$ 57.0 KUS$ 57.0 KUS$
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3aK/1roueHue

akcnepumeHTbl NEMO-3/SuperNEMO ocHoBaHb! Ha YHUKaU/1bHOM TPEKOBO-KaUTOpUMETPUYECKOM
MeToAe nccrenoBaHna B3-NpoLeccoB, KOTOPbI YCNELHO pa3BMBaeTCA Ha MPOTSHKEHUN
AEeCATUNETNIA. DTO NO3BOMAET PEKOHCTPYMPOBATL MNOSHYIO KapTUHY B-pacnaga n n3yyarb ero
MeXaHN3M.

OcHoBHoW 3aaa4ein emoHcTpatopa (nepsoro moayns) SuperNEMO aBnsieTca npoBepKa TEXHUKN
nogas/ieHns hoHa, a Takke pmsmdeckmx namepeHni. Mpu 7 kr 8Se yepes 2,5 roga nnaHnpyeTcs
[0CTWYb YyBCTBUTENIbHOCTU K 3CpdDeKTMBHON Macce HeUTprnHO Ha ypoBHe 0,20 - 0,55 3B.
[JeMOHCTpaTop HaxoAMUTCA Ha OKOHYaTe/lIbHOM 3Tane OCHacTku B LSM 1 cTapTyeT B cnegyoLlem
roay.

Co3gaHve [JlemoHCTpaTopa CTasio BO3MOXHbIM 61arogaps pellatowemy skiaay OVAN no paay
3aa4: KasIopuMETp, TPEKep, UCTOUHMKK, 3alupuTa n ap.

Ycnex [leMoHCTparopa OTKpbIBaeT BO3MOXHOCTb MacluTabuposatb Metoanky SuperNEMO Ha
100+ kr BB-uctoyHmka (20 moaynei).
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