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Search for Ov3B-decay CEUENUL
Why and how?
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New Physics! 4—|
enrichment required except for 1*Te,

v has Majorana mass component not (yet) possible for all, costs differ
IF light neutrino exchange j
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v' Target mass and detector efficiency as high as possible
v’ “Zero-background” to have linear increase of sensitivity vs exposure
' Resolution remains essential

Access to v mass scale
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Search for Ov3B-decay
What about mass?

Effective Majorana neutrino mass contributes in the decay rate:
NMEs for different isotopes/models
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GERDA

GERDA/LEGEND phased approach
HPGe detectors enriched in 76Ge
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very good energy resolution
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GERDA Phase II

high detection efficiency
source = detector E /
51
: GERDA Phase I
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“background-free” regime of data taking 2 S
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v deep underground location 10
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v’ passive and active shields > F
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v bare Ge detectors in liquid argon 5 3 “ 1
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GERDA results
First background free Ovp[3 search

v GERDA successfully finished data taking in Dec 2019

LT

UNIV[RSII’AT
TUBINGE N f'?

v" Full data set analyzed in 2020

v' 103.7 kg yr of 7°Ge exposure collected in Phase II (127.2 kg yr with Phase I)

v' All design goals are surpassed!

GERDA Phase 11 goals achievements

background ~103cts/(keV kgyr)  5.271% x 10 *cts/(keV kg yr)
— &2 exposure > 100 kg yr 103.7 kg yr

sensitivity Ty, = 1026 yr T1), > 1.8 x 1026 yr

lock

glove box

°w/ﬂ of muon veto

water tank .
(G 10m, 590m )
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v" GERDA achieved world best half-life limit!

h/ﬁ\\ﬁ

floor of clean room —_
T1 Ty > 1.8 x 1026 yr (90% CL) > —— expected for no signal

= 15| O observed 2020

cryostat = :

(@ 4m, 64ri ) ) ) el . . g

v' Linear increase of sensitivity vs exposure is proven! =
. L .

s ekt ey v" Bright future for the next step: z

& LAr veto system -
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LEGE
LEGEND S

Large Enriched Germanium Experiment for Neutrinoless 33 Decay

LEGEND mission:

“The collaboration aims to develop a phased,
76Ge based double-beta decay experimental
program with discovery potential at a half-life
significantly close to 10 years, using existing
resources as appropriate to expedite physics
results.”

First stage (LEGEND-200): Subsequent stages (LEGEND-1000):
v Existing GERDA infrastructure large enough for 200 kg - = v" 1000 kg (staged)

of enriched detectors v Combine best ideas from MAJORANA, GERDA,
others

v’ 14 strings arranged on maximum diameter of 550 mm
v Baseline design: Ge detectors in LAr
*  LAr detector volume separated by thin Cu
from main cryostat volume
*  use depleted LAr in inner detector volumes
*  Investigating alternatives

v Number of readout channels will increase substantially
raise clean room roof

new lock

new cabling

new detector suspension

ANENRNRN

v’ Profit from experience with LEGEND-200
v' Detectors

v' BEGe’s from GERDA
v PPC’s from Majorana (successfully tested in LAr)
v new ICPC detectors (baseline 1.5 kg each)
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LEGEND:
the best from GERDA and MAJORANA

GERDA

MAJORANA
v LAr veto v' Radiopurity of nearby parts
Both (FETs, cables, Cu)
v" Low-Asshield, no Pb v . .
v' Clean fabrication techniques Low noise FE improves PSD
v" Low energy threshold
v
GERDA achieved the lowest Control of surface exposure
background index: v Development of large point-contact detectors MAJORANA achieved best
5x10* cts/(keV kg yr) v Best Bl and FWHM in Ovfp field energy resolution:
LEGEND-200 needs only ~ 3x better 2.5 keV FWHM at Q,

In fact, this LEGEND-200 goal is similar to the best of the GERDA detectors
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GERDA (LEGEND) & JINR CEUENUL

GERDA

Plastic muon veto

@ LNGS
3500 mw.e.

GERDA

Bare detectors

GERDA
LArGe test facility

Boapmas 9acTh MCCISAOBAHMA 10 pa3paboTKe APrOHOBOTO BETO M METOAMK MNOJaBieHita ¢oHa oT
PaAoaKTHEHOIO “Ar GBL1a BHIIOAHEHA NPH HETIOCPEACTEEHHOM YYacTHi coTpyarnkos OMSM ¢ nomompio
HI3KOPOHOBON TecToBoN ycTanoski LArGe

plastic scintillator]

clean room &

lock.
lock system

foe Cle-de deploy

copper cryostat
inner @ = % em
LAr volutsw 1
conted with WIS

PMTs
0x 8 ETL 9857
vates] with WLS

detector strings

Aas AeTaasHOrO 3yueHns GoHa oT 2Ar, KA HCKYCCTBEHHO NpousseeH 2Ar u J0BaBAeH B KUAKMA aprod
kpuoctata LArGe. BrLay paspaBOTaHy i IPOTeCTHPORAHE! pasAldHEe CIOCODH NoAaBieHus ¢oHa ot Ar.

GERDA collaboration. Eur. Phys.J. C 78(2018) 383

GERDA CoIIaboration

GERDA Phase II \ Collaboration Management '
Upgrade 2018 spokesperson: Riccardo Brugnera
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GERDA (LEGEND) & JINR e,

K.H. I'yces | /

B oraeae HOOJICuPX /4111 Ob120 paspaboTraHa, IIpon3BeAeHa, yCTaHOBAeHA U 3allylljeHa cucTeMa
I11aCTVIKOBOI'O MIOOHHOIO BETO.

Hammy yyeHble BHeCAV O4eHb 3aMEeTHBIN BKAaJ KakK B pa3paOOTKy U TeCTHMPOBaHNe IIPYHIINIIOB
perucrpauy CUMHTUAASLIUI aproOHa, TaK ! B HeIIocpeAcTBeHHoe co3gaHue B 2015 roay nepsoi
CUCTEeMBI aKTMBHOIO apTOHOBOTO BETO, YCIICIIIHO IIPYMEHEeHHON B DKCIIepUMEHTe.

B 2018 roay cierimaancrer /1T OVIAAVI, coBMecTHO ¢ KoaaeraMu 113 MIOHXEHCKOTO YHUBEPCUTETA,
paspaboTtaan, u3rorosuau u ycranosuau 8 GERDA MoanpunmupoBaHHyIO CICTEMY apTOHOBOTO BETO C
yAy4llIeHHO 9(pPeKTUBHOCTLIO cOOpa cBeTa.

Corpyanukamu OVISIV Oplaa paspaboTaHa opurnHaabHas METOAVIKA 110 HOAABACHUIO
AomuHUpyomero ¢goHa ot #?Ar. Crienf1aApHO U3rOTOBAEHHBIE CBEpXHI3KO(POHOBBIE HEILAOHOBEIE
KO>KYXI CO CIIEKTPOCMEIAIOIIM ITIOKPBLITIEM, CMOHTUPOBaHHbIE BOKPYT TepMaHMEeBbIX AeTeKTOPOB,
II03BOAAIOT 3HAYUTEABHO CHIKATh BTOT (POH.

dOU3MKM HAIIero MHCTUTYTa y9aCTBOBAaAN B aHAAN3€ II0AYI€HHDBIX AaHHBIX.

Corpyanuku OVIAIV HerocpeACTBEHHO OTBedYaAl 3a Bce OoIlepanyi C OTKPBITBIMI OOOTaljeHHbIMU
repMaHNeBbIMI AeTeKTOpaMI, HadlHasl ¢ AeMOHCTpalii X padOTOCIIOCOOHOCTI B KPMOTE€HHOI
JKIAKOCTHU B CaMOM Hada/e IIpOoeKTa U 3aKaH4MBas MHCTaAAALnen (1 AeVHCTaAASLNeN) Beex
AeTeKTopoB B ycTaHOBKY GERDA B 00enx ¢azax skcriepuMeHTa.
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GERDA (LEGEND) & JINR CELENUL

People

K.N.Gusev - Project Leader (technical coordination of the GERDA experiment, project coordination at JINR, Ge detectors, active veto systems), 0.6 FTE
A.V.Lubashevskiy — Deputy Leader (analysis coordination, ultrapure materials, Ge detectors), 0.3 FTE.

N.S.Rumyantseva — Deputy Leader (Ge detectors, analysis), 0.4 FTE

V.B.Brudanin - Participant ("°Ge procurement, ultrapure materials), 0.1 FTE

M.V.Fomina - Participant (active veto systems), 0.2 FTE

S.A.Evseev — Participant (Ge detectors), 0.1 FTE

D.V Filosofov — Participant (ultrapure materials), 0.1 FTE

L.Grubchin - Participant (Ge detectors), 0.1 FTE

Yu.B.Gurov - Participant (Ge detectors), 0.2 FTE

Zh.H.Hushvaktov — Participant (ultrapure materials), 0.2 FTE

[.I.LKamnev - Participant (active veto systems), 0.2 FTE

A.A Klimenko — Participant (analysis), 0.7 FTE

F.Mamedov — Participant (ultrapure materials, analysis), 0.2 FTE %
I.B.Nemchenok — Participant (ultrapure materials, active veto systems), 0.2 FTE b

o
A.V.Rakhimov — Participant (ultrapure materials), 0.1 FTE (@.

S.V.Rozov - Participant (Ge detectors), 0.1 FTE »Q
V.G.Sandukovsky — Participant (Ge detectors), 0.5 FTE \

K.V.Shakhov — Participant (ultrapure materials), 0.1 FTE &(b
E.A.Shevchik - Participant (active veto systems), 0.3 FTE (go
Yu.A.Shitov — Participant (analysis), 0.1 FTE

A.A.Smolnikov — Participant (active veto systems, ultrapure materials, analysis), 0.7 FTE

S.I.Vasilev — Participant (active veto systems, analysis), 1.0 FTE

V.P.Volnikh - Participant (technical support), 0.1 FTE

E.A.Yakushev - Participant (Ge detectors, analysis), 0.1 FTE

I.V.Zhitnikov — Participant (analysis), 0.1 FTE
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GERDA (LEGEND) & JINR =R,

Plans

2021-2022:

Modification of GERDA cryostat for LEGEND-200. Integration of the first strings and start data taking of
the LEGEND experiment. Working on the conceptual design of LEGEND-1000.

2022-2023:

Taking data in LEGEND-200. Finalizing the array by adding the rest of the enriched Ge detectors.
Publication of the first results of LEGEND-200. Preparation of the LEGEND-1000 (procurement of
enriched 7°Ge, production and testing of new Ge detectors, R&D of low background materials and
electronics).

2023-2024:

Taking data in LEGEND-200. Adding the new detectors strings in the center of the LEGEND-200 array.
Publication of improved results of LEGEND-200. Completion the design of LEGEND-1000. Continuation
of preparation of the LEGEND-1000 (procurement of enriched 7°Ge, production and testing of new Ge
detectors, R&D of low background materials and electronics).



GERDA (LEGEND) & JINR
Financing (forms No 26 and Ne 29)

Proposals of the
Laboratory on the

Costs (k$) distribution
Expenditures, resources, financing sources Resource of finances and
requirements | resources
15: 2nd 3rd
year | year | year
1. R&D of ultrapure materials 30 10 10 10
2. Procurement of Ge detectors 150 50 50 50
3. R&D of active veto systems 30 10 10 10
4. R&D on Ge detectors 140 60 20 60
" 5. R&D of “2Ar/*2K background
g mitigation 30 10 10 10
§
g
) Construction/repair of premises
Materials:
1. Enriched ®Ge 150 50 50 50
2. Scintillating and clean materials 45 15 15 15
3. Chemicals for Ge detectors 6 2 2 2
Resources of
5 — Laboratory design bureau; 300 100 100 100
3 & 2 — JINR Experimental Workshop; 600 200 200 200
= % ° — Laboratory experimental facilities
g9 g division;
@4 § | -accelerator;
2 — computer.
Operating costs.
24
0 % ‘E‘ Budget expenditures including 581 207 167 207
8 S g foreign-currency resources.
5| a¢
]
()]
£
2 | _ 4 Contributions by collaborators.
g | 2% Grants.
[ s 3 Contributions by sponsors. 30 10 10 10
o # Contracts.
5 Other financial resources, etc.

Expenditure items Full cost 1st 2nd 3
year | year | year
Direct expenses for the Project
1. Accelerator, reactor h
2. Computers h
3. Computer connection 6 k$ 2 2 2
4. Design bureau standard hour | 100 100 100
5. Experimental Workshop standard hour | 200 200 200
6. Materials 201 k$ 67 67 67
7. Equipment 380 k$ 140 100 140
8. Construction/repair of premises k$
9. Payments for agreement-based k$
research
10. Travel allowance, including: 150 k$
a) non-rouble zone countries 30 30 30
b) rouble zone countries
¢) protocol-based 20 20 20
Total direct expenses 737 259 219 259
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GERDA (LEGEND) & JINR e,

Publications

«Upgrade for Phase II of the GERDA Experiment», Eur. Phys. J. C 78 (2018) 388.

. «LArGe: active background suppression using argon scintillation for the Gerda Ovp[3-experiment», Eur. Phys. J. C 75 (2015) 506.
. «Mitigation of 2 Ar/#?K background for the GERDA Phase II experiment», Eur. Phys. J. C 78 (2018) 15.

. «The GERDA experiment for the search of Ovp3 decay in 7°Ge», Eur. Phys. J. C 73 (2013) 2330.

. «Results on Neutrinoless Double-f Decay of 7°Ge from Phase I of the GERDA Experiment», Phys. Rev. Lett 111 (2013) 122503.
. «Pulse shape discrimination for GERDA Phase I data», Eur. Phys. J. C 73 (2013) 2583.

. «The background in the Ov[3(3 experiment GERDA», Eur. Phys. J. C 74 (2014) 2764.

. «Results on (3 decay with emission of two neutrinos or Majorons in 7Ge from GERDA Phase I», Eur. Phys. J. C 75 (2015) 416.
. «2vB decay of 7°Ge into excited states with GERDA Phase I», J. Phys. G: Nucl. Part. Phys. 42 (2015) 115201.

10. «The performance of the Muon Veto of the GERDA experiment», EPJC 76 (2016) 298.

11. «Flux modulations seen by the muon veto of the GERDA experiment», Astroparticle Physics 84 (2016) 29.

12. «Limit on the radiative neutrinoless double electron capture of 3Ar from GERDA Phase I», Eur. Phys. J. C 76 (2016) 652.

13. «Limits on uranium and thorium bulk content in GERDA Phase I detectors», Astroparticle Physics 91 (2017) 15.

14. «Background-free search for neutrinoless double-{3 decay of 7°Ge with GERDA», Nature 544 (2017) 47.

15. «The Large Enriched Germanium Experiment for Neutrinoless Double Beta Decay (LEGEND)», AIP Conference Proceedings 1894
(2017) 02002

16. «Improved Limit on Neutrinoless Double-3 Decay of 7Ge from GERDA Phase II», Phys. Rev. Lett. 120 (2018) 132503.
17. «Characterization of 30 76Ge enriched Broad Energy Ge detectors for GERDA Phase II», Eur. Phys. J. C. 79 11 (2019) 978.
18. «Probing Majorana neutrinos with double-3 decay», Science 365 (2019) 1445.

19. «Modeling of GERDA Phase Il data», Journal of High Energy Physics 03 (2020) 139.

20. «First Search for Bosonic Superweakly Interacting Massive Particles with Masses up to 1 MeV/c2 with GERDA», Phys. Rev. Lett. 125
(2020) 011801.

21. «Final Results of GERDA on the Search for Neutrinoless Double-f3 Decay», submitted to Physical Review Letters, arXiv: 2009.06079.
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GERDA (LEGEND) & JINR e,
and talks

22. «Status of the GERDA experiment: on the way to Phase II», K.Gusev at TAUP 2015, Torino, Italy

23. «Status of preparations for the Phase II of the GERDA experiment aimed for the Ovpp decay search», A.Lubashevskiy at PATRAS 2015,
Zaragoza, Spain.

24. «First results from Phase II of the GERDA experiment», K.Gusev at INPC 2016, Adelaide, Australia.

25. «Neutrinoless double beta decay: First results of GERDA Phase II and the status of other experiments», A.Lubashevskiy at PASCOS 2016, Quy
Nhon, Vietnam.

26. «Double Beta Decay Experiments», K.Gusev at ICSSNP 2016, Dubna, Russia.

27. «Double beta decay experiments and neutrino mass investigation: Past, Present and Future», A.Smolnikov at QUARKS 2016, Pushkin, Russia.
28. «From Baksan to worldwide experiments searching for neutrinoless double beta decay», A.Smolnikov at ICSSNP 2017, Nalchik, Russia.

29. «Neutrinoless double beta decay search with the "background free" GERDA experiment», A.Lubashevskiy at ICSSNP 2017, Nalchik, Russia.
30. «GERDA: first background free search for neutrinoless double beta decay», K.Gusev at ICNFP 2017, Crete, Greece.

31. <LEGEND: new opportunity to discover the neutrinoless double beta decay», K.Gusev at ICNFP 2017, Crete, Greece.

32. «Neutrinoless double beta decay: Experimental challenges», K.Gusev at NOW 2018, Brindisi, Italy.

33. «Fifty Years of Searching for Neutrinoless Double Beta Decay with Ge Detectors», A.Smolnikov at History of Neutrinos, Paris, France.

34. «New results of the search for neutrinoless double beta decay from GERDA Phase II», N.Rumyantseva at Nucleus 2018, Voronezh, Russia.
35. «GERDA searches for Ovpp and other B decay modes of 7°Ge», A.Smolnikov at MEDEX 19, Prague, Czech Republic.

36. «Status of the search for neutrinoless double-beta decay with GERDA», A.Lubashevskiy at WIN 2019, Bari, Italy.

37. «Upgrade of the GERDA Phase II experiment», E.Shevchik at Nucleus 2019, Dubna, Russia.

38. «Latest results from the first background free search for neutrinoless double beta decay — GERDA Phase II», K.Gusev at INPC 2019, Glasgow,
UK.

39. «Status of the GERDA Phase II experiment», N.Rumyantseva at ICNFP 2019, Crete, Greece.
40. «Results of the GERDA Phase II experiment», K.Gusev at ICHEP 2020, Prague (virtual conference).
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