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From NEMO 3 to SuperNEMO: R&D smce 2006
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= SuperNEMO
100Mo, 7Kg Isotope, mass 82Se,100-200 kg
208T|: < 20 uBa/kg Background “9TI: < 2 uBa/kg
214Bjj: < 300 uBg/kg in BR-foil 214Bi: < 10 uBa/kg
890 Efficiency 309
E luti
8% @ 3 MeV R evend 4% @ 3 MeV
T,,>2x10%y Ty, >1-2x10%y

<m,><0.3-0.6 eV Sensitivity <m,> < 40 — 110 meV

NEMO-3 successful experience allows to extrapolate tracko-calo technique on
larger mass next generation detector to reach new sensitivity level.



The NEMO/SuperNEMO road map
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The NEMO/SuperNEMO collaborations
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The NEMO-3 detector

20 sectors

Data taking: February 2003 - January 2011
7 BB-isotopes have been measured:

Source: 10 kg of B3 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,0

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs

Magnetic field: 25 Gauss
Gamma shield: Pure Iron (18 cm)
Neutron shield: borated water (~30

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

Able to identify e~, e*, y and a—delayed

||~ Self-detection of all own background channels
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The Bp-decay pattern in the NEMO-3 detector




Number of events / 0.1 MeV

The NEMO-3: 2vBB-spectra oft®®*Mo

Single electron spectrum
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Probe of 2vBp-mechanism in 1Mo

HSD, higher levels

,'f \contribute to the decay
I,’I . 1 : \\\ SSD, 1+ level
;o0 10Te \ \ dominates in the decay
0 ,:i" \ \\ (Abad et al., 1984,
\* \‘Ann. Fis. A 80, 9)
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Quadruple neutrinoless 0v4p-decay

= Neutrinoless quadruple beta decay MY f\'
-
= Proposed by Heeck and Rodejohann [1] {81 ke /
—— [
=« Lepton number violating process \
= Neutrinos are Dirac particles and Ovfip is f,
forbidden }
= The best candidate is Nd = 1%0Gd + 4e f
die = 2.079 MeV
(Qus ) m
. 4 s : C= €-
= Exploit the unique ability of NEMO-3 to
reconstruct the kinematics of each e- iy O N A o E B Wi chanidl)
20.09% (a) B o’:n:a't?-wm CL (+0.1):
. - ’ l"_’ E w— Symmelric
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R. Arnold et al. Phys. Rev. Lett. 119, 041801 (2017) — PRL Editor’s selection!




Calorimeter R&D Th e SU pe rN E |V| O Tracker R&D:

Optical unit

Wiring robot

s Demonstrator

Source: 7kg of 3%Se
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first module, which should
achieve the claimed background
conditions.



The SuperNEMO Demonstrator

Modane (Fréjus) Underground Laboratory (LSM) : 4800 m.w.e.

Calorimeter Tracker Calorimeter

\ N\

e :

LA
=

BB scﬁrce

Top view

Source: 7 kg of 82Se, 36 strips
planar geometry, S ~ 15 m?, 40-80 mg/cm?
Tracking detector:

drift wire chamber operating

In Geiger mode (2034 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% H,O

Calorimeter:

520 plastic scintillators in 2 main walls
+ PMTs: 8" R5912-03 HAMAMATSU
200 PS in side walls (X-walls)

+ PMTs: 5” R6594 HAMAMATSU

Maagnetic field: 25 Gauss.

VETO:

60 plastic scintillators in top/bottom walls
+ PMTs: 5” R6594 HAMAMATSU

PASSIVE SHIELD:

To be built. Planned: 20 cm of iron + 30 cm of
borated polyethylene.
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The SuperNEMO calorimeter

* 520 main optical modules

* 8” high QE radiopure PMTs
* 0¢= 400 ps at | MeV
* Energy resolution 8%//E(MeV)

* Calibration system allows stability NG Al [ljr- U S een = =1
to < | % ‘, Energy resolution, FWHM at 1 MeV (%)

{4 I.' v ;! ' . ‘ ’

’.
Wl
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Nucl.Instrum.Meth. A824 (2016)

* Multi-wire drift chamber in Geiger mode
* Ultrapure materials:copper;steel,duracon
* Robotic production of 2034 drift cells

* Radiopure gas flow, anti-radon sealing

The SuperNEMO tracker

e <% dead channels :

Moving CO
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The SuperNEMO foil-sources

* 36 foils made of 8Se powder mixed with PVA glue + mylar
mechanical support (200 um thick)

« 7 kg of 82Se (Qps=2.996 MeV)

* Target limits (challenging) on foil contamination:
208T| < 2 uBqg/kg 1 uBqg/kg = 1 decay
*“Bi = 10 uBa/kg in 1 kg per 11.5 days!
* BiPo detector in Canfranc laboratory to measure source
foil contamination: preliminary results indicate levels of

208T| [10-30] uBq/kg (90% C.L.)

l""'Training foil production technique 82Se foils radio-purity measurements
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The Bi-Po 3 detector

+  HPGe spectroscopy not sensitive enough to
reach few UBq/Kg: BiPo-3 dedicated setup at

U **Th
Canfranc underground lab TRy g Mpo TRay .. PO
:HBi ? (164 us) gl_wBi' {299 ns)
(19.9 min) o (PG ‘.—:
* 2 modules of 3.0x0.6 m? can measure up to |.4 éla r ,‘eia . g
. : Sy B, 20pp--? N oy
kg of 82Se foil with thickness of 40 mg/cm? 2oyy " 23y) R ol
(1.3 min) { (3.1 min)
- 214Bj and 298T| measured trough process from
natural radioactivity chain
* Thin radiopure plastic scintillators coupled to
lightguides and low radioactivity PTMs .
g E BiP03: 3.6 m?- &2Se: 40
g 18 mgleri—  2987| phkg: 0.16 uBg/m?scint
o F [ ] %®TIbkg: [0.04 - 0.50] uBg/m? scint
=z 16:_ SuperNEMO 2%8T] target: 2 pBa/kg
:i 14;— e
o 3 BiPo 208T| sensitivity
/ F 102—
MWgipe| /7 MBiko) /T Time  °f
~ 299 ns ','__.“v ~ 164us |/ af-
) S ——
T B

Measurement Time [month]

15



The fight agalnst radon

Diffusion! ‘ | ~
Emanation! —]

Vacuum Pump

Radon Detector
Carbon Trap  (gjectrostatic & Pin Diode)

Radon line to work with tracker Tracker module under Rd measurement

Very time and labour consuming: 10 days spent for one basic measurement, big
tanks, sealing, sealing, and sealing

SuperNEMO collaboration has a unique experience and a database on radon
measurements for various materials. 16



The current status of the Demonstrator
. /) / e Pl
n } J Jb.. ; "“

- .".\.
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il

SuperNEMO The demonstrator is almost completely assembled in the LSM (except
for a few source foils and a calibration system).The closure and start in full
configuration is planned for the spring of 2018.
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JINR contribution

 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 82Se to create sources.

A unigue 82Se 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.

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

* Participation in software development, simulations, and data analysis.
18



Clean room for 32Se purification (DLNP JINR)
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The SuperNEMO sensitivity

SuperNEMO Status

isotope
isotope mass

radon

internal
contamination

FWHM

92
ol (6] (®)]
T T T T T T 17

82Se (or other, e.g. 150Nd) 82Se

7 —+ 100 kg

»
D (3]
TTT T T T T TT7

Tkg
in

0.15mBg/m3 :
progress

.
[

Half-life limit [10%* years]

Standard
BDT

/

— Standard

R N W b~ O

BDT

208T| < 2 uBg/kg in
2148j < 10 uBg/kg progress

8% @ 1 MeV ok

Demonstrator Module

17.5 kg.yr :
> 24
10, > 6 X10%yr

m < 0.20 - 0.55eV

1 module N

Half-life limit [10%* years]

—10000

10 ——~1000

100
Contamination ][qu/kg]

In [2.8-3.2] MeV.

« Efficiency: 27.5%

 Total number of bkg events: 0.21

« Background index: 3 x 10-5 cts/(keV kg yr)
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Working schedul

€

 Spring 2018 - completion of assembly and launch of the Demonstrator
without neutron protection.

 The summer of 2018 - the calibration of the Demonstrator, the launch of data

taking in a configuration without neutron protection

* The first ha

f of 2019 - the creation of neutron shield of t

* The seconc

half of 2019 - calibration and run of data co

configuration of the Demonstrator.

ne Demonstrator.

lection in the full

« 2020-2021 - data taking, data analysis, background assessment, control of
backgrounds, publication of results if required.

 During the whole period - the continuation of the R&D program on the
methods of enrichment of other isotopes: °°Nd, %°Zr, 48Ca. Improvement of
the cleaning procedure for 32Se. Further development of PS production

technique.
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Schedule proposal and resources (form N226)

Cost of Alloscation of resourcas and
parts (K MOrey
List of parts and devices, Resources: Uss).
Financial sourcas re-sgn;ur:. 1% ypar | 27 year 37 year
naads
1. Materials for a calorimetar 24 a2 2 &
(styrensa, aluminum, P-larphenyl,
FOPOP)
2. Spaciroscopic elactronics for st 10 10 o o
"E stands of PS&PMTs
3. Borated polystyrane for neutron
= shialding of the Demonstralor 40 =0 o o
= y ¥
g 4. Materuahs.ﬂaquu!::-mnt four a5 15 15 15
= Damonstrator maintenanca undar
" JINR responsibility (2 Radon
= datactiors, HPGe spactromeater,) and
= carying oul calibrations, including
= creation of calibration sources.
Radiochemical equipmeanl
Total 119 63 33 23
- - JIMR workshop Ln O o O
= =
% 'E DILNP workshop 1800 00 SO0 S00
o =
% c E Budget spending 119 63 33 23
= = =
==
=
L o .
E = E Grants:;
e 3 5 Other sources 30 10 70 10
I E 2| (thesa funds are not currently
guarantead)
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Estimated expenditures (form Ne29)

# Designation for outlays Total cost 1 year 2 year 3 year
Direct expenses for the project

1. Networking 6.0K US$ 2.0 2.0 2.0
2. DLNP workshop 1500 norm-h 500 500 500
3. JINR workshop 0 0 0 0

4. Materials 64.0K US$ 38.0 18.0 8.0
5. Equipment 55.0K US% 25.0 15.0 15.0
6. Collaboration fee 60.0K US$ 20.0 20.0 20.0
T. Travel expenses 60.0K USS 30.0 15.0 15.0

Total 245.0K USS 115.0K USS 70.0K US$ 60.0K USS
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The SuperNEMO publications in 2016-2018

R. Arnold, O. Kochetov et.al., “Measurement of the double beta-decay half-life and search for the neutrinoless
double beta-decay of Ca-48 with NEMO-3 detector”, Phys. Rev. D93 (2016) 112008-1 — 112008-9.

R. Arnold, O. Kochetov et.al., “Measurement of the double beta-decay half-life and search for the neutrinoless
double beta-decay of Cd-116 with the NEMO-3 detector”,

arXiv: 1610.03226v2[hep-ex], Phys. Rev. D95 (2017) 012007-1 —-012007-12.

R. Arnold, O. Kochetov et.al., “Measurement of the double beta-decay half-life of Nd-150 and a search for
neutrinoless double beta-decay processes with the full exposure from the NEMO-3 detector”, Phys. Rev. D94
(2016) 072003.

S. Blot from NEMO-3&SuperNEMO Collaborations, “Investigating bb decay with NEMO-3 and SuperNEMO
experiments”, Journal of Physics: Conference Series 718 (2016).

H. Gomes from NEMO-3&SuperNEMO Collaborations, “Latest results of NEMO-3 experiment and present status
of SuperNEMO”, Nuclear and Particle Physics Proceedings (2016) 1765-1770.

P.Povinec SuperNEMO Collaboration, “SuperNEMO — a new generation of underground experiments for double
beta-decay investigations”, The 14t Vienna Conference on Instrumentation 15-16 Feb., 2016.

A.S. Barabash, O. Kochetov et. al.,”Calorimeter development for the SuperNEMO double beta-decay experiment”,
NIM A868 (2017) 98-108.

R. Arnold, O. Kochetov et al. from NEMO-3 Collaboration, “Search for neutrinoless quadrupole-b decay of the Nd-
150 with the NEMO-3 detector” Phys. Rev. Lett. 119 (2017) 041801.

A.S. Barabash, O. Kochetov et al.,”The BiPo-3 detector for the measurement of ultra low natural radioactivities of
thin materials” JINST 12 (2017) P06002.

P. Loazia, O.Kochetov et al., “The BiPo-3 detector”, Applied Radiation and Isotopes 123 (2017) 54-59.
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Human

resources

M Person Status Subjects
Project .

1 0.l Kochetov Leader calonmeter 0.9
2 | Yu.AShitov Deputy | software, data analysis | 0.5
Leader

V.B.Brudanin Participant calonimeter
4 |V.G.Egorov Participant calonmetey, data
analysis
. - calonmeter, data
= 3. A.A. Smolnikov Participant analysis 0.3
B 4. AA. Klimenko Participant software, data analysis | 0.35
7 5. V.I. Tretyak Participant software, data analysis 0.9
: . radiochemistry, Se-82
8 7. D.V. Karaivanov Participant purification, sources 0.35
9 |8 A.V.Rahimov Participant | radiochemistry, Se-82 | og
purification, sources
: - radiochemistry, Se-82
10 9. D.V. Filosofov Participant purification, sources 0.3
. - radiochemistry, Se-82
11 10. N.A. Mirzaev Participant purification, sources 0.4
- . electromagnetic mass
12 11. Yu.V. Yushkevich Participant separation, calibration 0.25
13 12. AV. Salamatin Participant electronics,.cables 0.3
N - calorimeter, VETO
14 13. V.V. Timkin Participant system and cables 0.9
PS production,
15 14. I.B. Nemchenok Participant calonmeter and VETO 0.2
system
PS production,
16 15. L.I. Kamnev Participant calornmeter and VETO 0.3
system
PS production,
17 16. O.1. Vagina Participant calorimeter and VETO 0.3
system
In total 5.2
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Conclusion

* The NEMO/SuperNEMO experiments are based on a unique track-calorimetric method
for the investigation of 33-processes, which has been successfully developed for
decades. It allows to reconstruct the complete pattern of f-decay and to test its
mechanism.

« R&D project SuperNEMO have been running since 2006, and the Demonstrator (the
first module) of the SuperNEMO detector was developed as a result. Its main task is to
validate the technique of background suppression, as well as physical measurements.
At 7 kg 82Se in 2.5 years, it is planned to achieve sensitivity to the effective neutrino
mass at level of 0.20 - 0.55 eV.

* The demonstrator is almost completely assembled in the LSM, its start is planned for
the spring of 2018.

 The creation of the Demonstrator became possible with the decisive contribution of
JINR to a number of working tasks: a calorimeter, a tracker, sources, etc.

« At this stage of the project (the phase of data taking) the required costs are small with
guaranteed benefits - participation in coming publications.

* The success of the Demonstrator opens the opportunity for the full SuperNEMO
detector: measurement of 100 kg of the source in 20 modules with a sensitivity of 40-
110 meV to the effective Majorana neutrino mass.
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Backup slides



NEMO-3 shielding and anti-radon tent




NEMOS3 sector

PMTs

scintillators

Cathodic rings
Wire chamber

-

= 4

8 Calibration tube



Camembert of Bf-sources in NEMO-3 detector
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NEMO-3: final results for 232v u 2p0v modes

Table 1: 232v-results obtained in the NEMO-3

Isotope Mass [g] B QBB [keV] Sig/Bkg T(1/2) [years]

Mo-100 6914 3034 76 7.16 + 0.01(stat) + 0.54(syst) x 1018
Se-82 932 2995 4 10.07 # 0.14(stat) £ 0.54(syst) x 1019
Te-130 454 2529 0.25 7.020.9 £1.1(syst) 1020

Cd-116 405 2805 10.3 2.74 £ 0.04(stat) £ 0.18(syst) x 10%°
Nd-150 37.0 3368 2.8 9.27 + 0.22(stat) £ 0.60(syst) x 10%
Zr-96 9.43 3350 1.0 2.35 £ 0.14(stat) + 0.16(syst) x 1019
Ca-48 6.99 4274 6.99 6.4 £ 0.7 (stat) £ 1.2 (syst) x 107

Table 2: 2B0v-limits obtained in the NEMO-3

Isotope T(1/2) [years] <mpp> eV
Mo-100 1.1 x 10% 0.3-0.6
Se-82 2.5 % 10% 1.2-3.0
Te-130 1.3 x 1023 14-35
Cd-116 1.0 x 103 14-25
Nd-150 2.0 x 10%° 1.6 —5.3
Zr-96 9.2 x 104 7.2-20
Ca-48 2.0 x 10% 6.0 — 26
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Calorimetry vs. tracko-calo

Calorimetric Tracko-calo
Experimental advantages 5

* - Real BB-observation.

e Larger mass «Any BB-source can be measured
e Better resolution « Potentially zero-background exp.
« high (~ 100%0) efficiency « Test of different BB0v mechanisms in the

case of observation

Experimental drawbacks

o

We don’t see electrons, just energy
released - no absolute proof, that we see

BBOv-peak and not something else (y-line)!

o

«difficult to accept large mass
smaller efficiency
*worth resolution




NEMO-3 background
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The SuperNEMO backgrounds

« Internal backgrounds

2vpp tail and radio-impurities inside the source foil
®T] (from #2Th), 24Bi (from 2=U)

e Np—— T N —

Scurce B Source . Sowon

- - ——————

T~ - ———

Bela decay
+IC

Beta decay
+ Complon

« External backgrounds
Radio-impurities of the detector

]
1
i —— TNt — e :
30:;:0 Source v Sowce . H
i L3
L foil / foul ” !
e |
/ /4_‘ i
"-....l weofrwmet? enasnfesamect 4 ¢
“ \
Y/ Y
e i -
:..-—\_—'—-. N L™ e
Par Compton Compton
creahon + Compton + Maller

Backgrounds are measured through

different background channels
Deposits on the wire near the pp foil using event topologies
Deposits on the surface of the pp foil

= Radon inside the tracking detector



82Se enrichment

ECP (Electro-Chemical Plant, Svetlana)
Zelenogorsk (Siberia)



