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Neutrinoless Double Beta Decay
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Neutrinoless double beta decay is one of the most sensitive probes for physics beyond the
Standard Model, providing unique information on the nature of neutrinos

Nucl. Part. Physics Procs. 273 - 275 (2016) 1876
Science 365 (2019) 1445
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16 institutions from Europe

GERDA started data taking in 2011 and stopped in 2019
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GERDA Setup
a) st anaJ -

Lock system

Clean room

590 m3 of ultra-pure water
Neutron moderator/absorber
Muon Cherenkov veto

64 m?3 LAr
cryostat
cooler/shielding

Eur. Phys. J. C 73 (2013) 2330
Eur. Phys. J. C 78 (2018) 388
Nature 544 (2017) 47

a) Overview



GERDA Setup

Plastic scintillator panels Low activity
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a) Overview
b) Liquid argon veto (LAr)



GERDA Setup
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GERDA Setup
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Germanium Detectors

3 types of HPGe detectors enriched up to 87% in °Ge:

Semi-Coaxial

41.8 K- yr

BEGe

+ 533 kg yr

From previous experiments
(HAM, IGEX)

Inverted-Coaxial

8.5 kg yr

Produced for GERDA

103.7 kg yr

Tested for next generation experiments
(LEGEND-200, LEGEND-1000)




Active Background Reduction

\
/ \ Pure wateN
4 /§.y. - \

\~§
S~

e Muon veto based on Cherenkov
light and plastic scintillator

e LArvetobased on Ar scintillation
light read by fibers and PMT

\ = e (e detector anti-coincidence
I
\ | e Pulse shape discrimination (PSD)
b : for multi-site and surface a events
k \ I l ﬁbersj \
3 }<




Pulse Shape Discri:

B decay signal: single energy deposition
(Qpp=2039 keV) in a 1 mm? volume

groove

Eur. Phys. J.C 73 (2013) 2583
Nuclear Instruments and Methods in Physics Research A 891 (2018) 106

mination (pso)

PSD: reject multi-site and surface
events based on detector signal shape

¥~ n+ electrode

QK’
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PSD for BEGe and IC detectors

GEADA 2008

Amplitude of Current/Energy (A/E)

(AVE-1)/ 0,
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* A/E ~ 1 for SSE;
BEGe & IC detectors - 61.8 kg-yr
° A/E < 1 for MSE and ﬁ, i i e [T After LAr veto
° A/E >1 for a ["+] After LAr veto and A/E cut
g [ MSE BN Background window
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MSE cut: low A/E cut set to accept 90% of T1 DEP* from
. €pESe = (88.7 £ 3.2)%

calibration
=(90.0+£1.7)%

IC
* €psp

Alpha cut: high A/E cut set to 40 of SSE A/E band

*DEP: Double Escape Peak



PSD for Semi-Coaxial detectors

Artificial Neural Network (ANN)
and risetime

MSE cut: ANN fed with SSE and MSE proxies from
calibration, cut set to accept 90% of T1 DEP events

Alpha cut: charge collection risetime (10% - 90%). Cut
optimized from 2vfBf and a samples: max[ €, zz(1-€,)]

ANN response

Coaxial detectors - 41.8 kg-yr

[ ] After LAr veto

[+ ] After LAr veto and ANN cut
Background window
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Physics spectra before cuts

Counts / ( keV-kgyr)

See L. Pertoldi

video
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Physics spectra after LAr veto

10° All detectors - 103.7 kg-yr
(] Prior to analysis cuts
[ After LAr veto

GERDA 20-06

102

Almost pure 2vfS [ spectrum after LAr veto
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Conclusions

10° All detectors - 103.7 kg-yr g

(] Prior to analysis cuts g

) [0 After LAr veto - &

10 B After LAr veto and PSD cuts Extremely powerful complementarity
2ypp-decay between LAr veto and PSD cuts
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Conclusions: Final Results

Background level = 5.2-104 cts / (keV kg yr)
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These results confirm the high quality of the Gerda design and the effectiveness of background suppression
techniques, consisting of the powerful Pulse Shape Discrimination and LAr veto
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