Final results of GERDA on the search for Ov[3

Natalia Di Marco — Gran Sasso Science Institute & INFN
on behalf of the GERDA Collaboration

La Thuile 2021

Les Rencontres de Physique de la Vallée d'Aoste




N. Di Marco

Searching for Ov[33

2vBp W_
(A, Z) 2> (A Z+ 2)+ 2e+ %,
Maria Goeppert-Mayer (1935) W_

T1/, ~ 10*' yr (observed)

Ovpp
(A,Z2) > (A,Z+ 2)+ 2e

Wendell H. Furry (1939)
T1/,>10%° yr
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Searching for Ov[3[3

OvPp process: R . s
» AL =2 - beyond Standard Model physics % : f‘;; 4 é
» determines the nature of neutrinos: S 1035_ é )
Majorana particle v = v;
> gives information on the v mass via mg; 107 Energ";“fffew'
(light neutrino exchange scenario) e
105—
OvpBB signature: L
» point-like energy deposition in - enviched detectors - 539 kgyr
detector bulk volume [T OB (T2 10107y
| T 2vBB (T ,=1.93 107 yr [EPJC 75 (2015) 9))
> sharp energy peak at Qg 0 o o
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Searching for OvBp of 7°Ge

Why high purity Ge detectors?

>
>

>
>
>

source = detector - high efficiency
radio-pure - no intrinsic background
[Astropart.Phys. 91 (2017) 15-21]

high density — e range of 1-2 mm
semiconductor - o(E)/E <0.1% at Qg

enrichment up to 88% in 7°Ge
[Eur. Phys. J. C 79, 978 (2019)]

o(E) / E = 2.5%
T /T2 =10°®
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The GERDA experiment

muon veto
T 1L "
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The GERDA experiment
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Th
e GERDA experiment
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The GERDA experiment

n*-contact

p*-contact

BEGe . .
semi-coaxial inv. coaxial
* enr %k
\ 7(*6) e""Coax (15.6 kg, “14.6 kt?) +30 e.“’BEGe (20 kg) + 5 e"pverted coax (9.6 kg)
| +Lar instrumentation + improved fiber geometrical

\ Phase | | coverage

|
Phase Il [Eur. Phys. J. C 78 (2018) 388, EPJC 75, 506 (2015)]

f
Phase Il post 2018 upgrade (*)
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The GERDA experiment
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Active background suppression

Discriminate point like
(single site) BB topology from:




Active background suppression
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Discriminate point like
(single site) BB topology from:

B

> multi-detector interactions
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Active background suppression

e ) Discriminate point like
(single site) BB topology from:

> multi-detector interactions

» multi-site/surface interactions
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Active background suppression

./ : / \ .1‘
e Discriminate point like
s (single site) BB topology from:

> multi-detector interactions
» multi-site/surface interactions

» interactions with coincident energy
deposition in surroundings
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Pulse Shape Discrimination

BEGe and IC detectors: & 1 R : e
' ~ N B - p*surface (o)~ 2
» Mono-parametric cut based on current pulse = | A o BILAS M 8
amplitude A and total energy E (A/E) " | ' o
[J. Instrum. 4, P10007 (2009)] < 50! |
normalized to single-site events §
cut value determined from calibration data SR
iF ssE ~ i wmse P -50 | BEGe & IC detectors - 61.8 kg-yr
:: /' —Charge Z: rd [~ ] After LAr veto
o _Curent |k I R [« ] After LAr veto and A/E cut
”é /’f \¥ ”-zi /};{_///\\ —100 ------ Background window
81 2‘00 81 lllClO 81 éOO 81 éOO 326001 - 0 812‘00 81)!00 816‘00 818‘00 82600{ fns] . : !
410 . stof = | | | | | I | |
o N R 1000 1500 2000 2500 3000 3500 4000 4500 5000
/ I\‘{ f/ Energy (keV)
) //;H \L ! Ba\ Ovpp acceptance: (89.0+4.1)% BEGe
D.ci 312‘00 B1LI100 B1é00 31500 3260(1["5] Dl(}7 812‘00 81)!00 816‘00 818‘00 azéo()l[ns] (9000i1-8)% IC

[PRL 125 252502 (2020)]
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Pulse Shape Discrimination

Coaxial detectors

» Artificial neural network (ANN) trained on 2%8T| DEP (signal) and 212Bi SEP (background) to discriminate SSE/MSE
» additional cut on signal rise time to reject events on the p+ electrode

[Science 365, 1445 (2019), Phys. J. C 73, 2583 (2013)]

Coaxial detectors - 41.8 kg-yr Coaxial detectors - 41.8 kg-yr

@ Vo = ‘fl_').. v 5

2 i, +25 kev g = . i fQ+25 ke g
oo PR < : : Bp =

2 = [ ] After LAr veto g E 700} - [ ] After LAr veto and ANN cut :

3 [+ ] After LAr veto and ANN cut = - [~ | After LAr veto, ANN and risetime cuts

—_ (1)) .

Z  felo.o 0 E e Background window 2600 - i Background window

2 = *

Ovf3p3 acceptance Coaxial
(68.8%+4.1)%

[PRL 125 252502 (2020)]
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Liguid Argon VETO

[GERDA, European PhysJ C 78 (2018), 388]

E’ 5000 All detectors - 103.7 kg-yr 8
Q [ ] Prior liquid argon veto g
2 [ Atter liquid argon veto i
e 16 PMTs § 4000 2vBp decay (T, =1.93 x 107 yr)
* ~ 1.5 km light guiding fibers + SiPM readout E’ZOOO o K
* Atleast 1 p.e. within 6 us of Ge detector trigger 30001" ‘é Te “'i i
L O 1000~ v L
L 40Ar 4203
20001 0™==460 7480 1500 1520 1540
E (keV)
OvBP acceptance BEGe (98.2+0.1)% e
Dead Time 1.8%
1000
[PRL 125 252502 (2020)]
.
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Active background suppression

S 10°E Al detectors - 103.7 kgyr —~ =7
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Active background suppression - LAr

5 10°F Al detectors - 103.7 kgiyr - 7
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¥ [ | Prior to analysis cuts § 8 & ;
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Active background suppression — LAr&PSD

S, 10°E Al detectors - 103.7 kgyr ~ F 7 %

Ej [ Prior to analysis cuts E; - S = %

R I After LAr veto > 10'F . F @ g

- 1 B After LAr veto and PSD cuts = F G

0 - @ i :

E E\'BBdEcﬂy % 10—2E

8 10 o 3 i
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Statistical analysis

ROI:
[1930,2190] keV, excl. +5 keV around 298T| (SEP), 214Bi (FEP)

E All detectors - 103.7 kg-yr
=]
X I After LAr veto and PSD cuts 8
S 100 (2 o error bar) - : S
g_ —— Background level Qy £ 25 keV é
w #Bij & ***Th gamma lines &
aﬂ —
B0  —  — M . . e e — —
—_ 58.9 kg.yr - Science (2019)
4(] - -
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Statistical analysis

ROI:
[1930,2190] keV, excl. 5 keV around 208T| (SEP), 214Bi (FEP) [ Prior to analysis cuts [l After analysis cuts
BI: 5.2t};g X 10~% cts/(keV-kg-yr) -
£ >‘.
Phase Il (103.7 kg yr): = 1 I :f Lt | ]1| N ” H
S | ) il !
T%,,,>1.5:10% yr @ 90% C.L. (Frequentist) i U II I I I ) III l '
2200 2400 2600
= 10! Background best fit and 68% C.L. interval
E I 90% C.L. T /> lower limit (1.8 < 10%¢ yr)
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Statistical analysis

ROI:
[1930,2190] keV, excl. +5 keV around 298T| (SEP), 214Bi (FEP)

BI: 5.2%1% x 107 cts/(keV-kg-yr)

Phase Il (103.7 kg yr):
T%,,,>1.5:10% yr @ 90% C.L. (Frequentist)
Phase | + Phase Il (127.2 kg yr):
T%,,,>1.8-:10%° yr @ 90% C.L. (Frequentist)
The limit coincides with the sensitivity,
defined as the median expectation

under the no signal hypothesis

T°V1/2 >1.4-10%° yr @ 90% C.L. (Bayesian)

' Prior to analysis cuts [l After analysis cuts
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Conclusions

Phasell Goal Achievements
v Alldesign goals surpassed! Exposure > 100 kg yr 103.7 kg yr
BI 1073 cts/(keV-kg-yr) 5.271% x 107* cts/(keV-kg-yr)
v Gerpa ra.n in back.groun.d-free regirr'1e for L OV, > 10% yr T, ,, > 1.8:10% yr @ 90% C.L.
the entire duration of its data taking
f* —— expected for no signal
. . . 3 - 2020
v’ GERDA provides the most stringent constraints on S 15| © observed
the half-life of OV} decay E
§ 1.0
EXPERIMENT Isotope Exposure ™) <mbb> —i]
[kg yr] [10%% yr] [MeV] < 05| 3
*Phase | + Phase Il | GERDA "°Ge 127.2* 18 79-180
MAJORANA 76Ge 26 2.7 200-433 20 40 60 80 100 120
Exposure (kg yr)
KamLAND-zen 136Xe 594 10.7 61-165
EXO 136Xe 234.1 3.5 93-286
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Subsequent stages:
*1000 kg, staged via individual payloads
*Background goal <0.03 cts/(FWHM t yr)
*Discovery sensitivity at a half-life of 1028 years
*Location to be selected
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BACKUP




Data taking

[ ] GERDA Phase Il runs —— Exposure Physics data [} Calibration data B Special calibration data
G 0.10F----- GERDA 2008 i 100 E
2 010 ] ) o)
= [ ] - =
20.08} e RN e R 80 o
< T[] 2
s 0.06F MM (H LI | [ ] L | 60 o
o I n
CRCRUIR R O O O a0 = I | O A B R 40
o I |
@i 0.02 I I R N | IR ———. 20
] | ! L ] ! ] |
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2016-01 2016-07 2016-12 2017-07 2017-12 2018-07 2018-12 2019-07
\_'_’ Date (year-month)
2018 upgrade
Phase Il duty cycle: 87.7% + 5 e""nverted coax (9.6 kg)
Exposure: 103.7 kg yr + improved fiber geometrical

coverage
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Energy resolution

—~ 3=
E — All"detectors g
= 2f o ¢ e ¢ g
& | :
‘ | 5 > L
Coaxial detectors wfo ANG2 S 2 -4 ° "
4.0 @ BEGe detectors i _'#,.--""'é © 05! v ’ e
IC detectors I © B -} ) L !
B o : E = —
~ 3.5 = F
< P
= 3.0f E_—
I _3—.'..|..|..|..|..|..|..|r
= ; 2016-01 2016-07 2016-12 2017-07 2017-12 2018-07 2018-12 2019-07
2.57 i Date (year-month)
2.0 i "
I ©
500 1000 1500 2000 2500 £V
Energy (keV)
+
v
S
» Weekly calibrations with 228Th sources L8
» Optimized ZAC filter (Eur. Phys. J. C 75 (2015) 255)
> Stability monitored online with Test Pulses, injected every 20 s | Coaxial | BEGe | Inverted Coaxial
» Energy resolution stable within <0.1 keV FWHM@Q,, [keV] | 494+ 1.4 | 2.6 +0.2 | 29+ 14

> Resolution at Q,, ~0.1%
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Background model

[GERDA, J High Energy Phys, 2020 (2020), no. 3, 139]

E F M1l-—enrBEGe - 32.1 kgyr g
= 10° 2 2D2§1ta —— Model —— :‘fsi 4 =087 _ j;"Bi + 24pp é
2o | = =R .
g 10
1 I
U .
= & 2 e e A e S i e R AR e ]
Full GERDA setup is reproduced in GEANT4 = = ——— e —— e 00 B V]
energy [ke
. . ) . . 401 /42 g Ml*egﬁfaoa’iadoﬁifr —— 212gj 4+ 29T 2Mpj 4 2Mpp §
Bayesian fit of multiple datasets (BEGe, coaxial, multiplicity=2, 4°K/4?K = —— R gl e — K 5
tracking) with Monte Carlo PDFs, screening measurements as priors 8
10 M
g e, e PR R T R R P
Background@QBB: g Frata st EGa s
energy [ke'
a from 21%Po/(??2Ra) 3100 | e p——
2 o f Data —— Model —— 2'2Bj + 20°T] 21g; 4 24pp B
B from 42K % L d 40 4z 80 4

10 E

y from 208T|/214Bj N

1
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10 [ : I
w
= o B - T Py = -
=1 O P, e SN S R SIS e T e R T Bt et SRR s e S0l ematla ——— -
@ | = et = s = — - - s e Cmes . me — =
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MAIJORANA

GERDA - Radiopurity of nearby parts
(FETs, cables, Cu mounts, etc.)
- LAr veto - Low noise electronics improves PSD
- Low-A shield, no Pb - Low energy threshold (helps reject

cosmogenic background)

» 70 inverted coax detectors (1.5-2 kg),
about 140 kg

* 28 BEGe’s (0.7 kg) about 20 kg

* 5|CPC’s (2.0 kg) about 10 kg

e 33 PPC’s (0.8 kg) about 28 kg

* Semi-Coax detectors (either use as is, or recycle)
about 15 kg

Total ~200 kg
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MAJORANA (75 kg yr)

LEGEND-200 Purchase Isotope

Develop/Install New Lock,
Experimental Apparatus
Integration/
Commissioning
LEGEND-200 Data Runs, Goal: 1 t yr (~5-7 years)
cale Down-Select Pro
END-1000 Design/Build, ~6yrs, 2021-2027-
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