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NEUTRINOLESS DOUBLE BETA DECAY (0vfp)

« NOT OBSERVED YET!
* Forbidden in the Standard Model
* Search in the isotopes that are capable of 2v[33 decay [Double beta decay]

* AL —->AZ+2+2e

« Estimated half-lives > 10%° yr

* Could help measure absolute neutrino mass down to meV

Double beta decay Neutrinoless

which emits anti-neutrinos double beta decay

* Lepton number violation AL =2

* Could help understand matter-antimatter asymmetry and neutrino
mass hierarchy



THE LEGEND EXPERIMENT

 Searches for OvBp in 7Ge using enriched HPGe detectors

* Located in Laboratori Nazionali del Gran Sasso, Italy

« LEGEND-200 (up to 200 kg of "°Ge, T, ,, ~ 10?7 yr)
« LEGEND-1000 (up to 1000 kg of 7°Ge, T,,,> 1028 yr)

* Quasi-background free

* Blinded analysis

* Ultra-pure construction materials

* Background reduction: LAr veto, Pulse Shape
Discrimination (PSD), muon veto

* From previous experience (GERDA, MAJORANA
DEMONSTRATOR) alpha particles coming from p+
contact of germanium detectors are a considerable
background source




PULSE SHAPE DISCRIMINATION
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« Utilised to reject alpha background, but with
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PSD FOR ALPHA BACKGROUND

: : : : Not possible to train with alpha source!
single-site gamma event (signal-like)
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ALPHA SOURCE

209Po deposited on gold foil (~ 0.1 Bq
activity)

210Pg separated from high activity lead
(?19Pb) and deposited on gold foil (~ 1
Bq activity)
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PTFE electrop Iatmg .ceII example of electroplated Po source
used for Po deposition 6



ALPHA SOURCE INSTALLATION
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Point contact semi planar HPGe detector
(BeGe-like)

A.Jany et al. EPJC 81 (2021) 38
doi.org/10.1140/epjc/s10052-020-08781-3




EXPERIMENTAL SETUP

Surface-level Lab in Jagiellonian University
BEGe-like Detector in Vacuum Cryostst
ACQ: Struck SIS3302 100Mhz FADC

Lead Shield

Muon Veto (plastic scintillator on top)




AVAILABLE DATA

* Calibration Runs with 228Th
* Physics Runs with a sources

* Background Runs without any source



PHYSICS RUNS
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TESTED CLASSIFIERS

 ANN Multi Layer Perceptron (MLP)
* Projective Likelihood (PLK)

* A/E Classifier



TRAINING CONFIGURATIONS

Configuration SSE MSE

TC1 28T DEP  298T1 SEP

TC2 208TI DEP  %!2Bi FEP

TC3 208TI DEP  203TI MCS
TC4 208311 CE 20371 SEP

TC5 208T1 CE 212B{ FEP

TC6 20811 CE 20871 MCS
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SPECTRA AFTER PSD FOR MLP AND A/E

High Statistics Low Statistics
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STATISTICAL ANALYSIS

Physics Run Background Run
Time [s] 4 042 561 7225 813
Counts before PSD 1.89%10°+ 1376 3.9x10*+ 197
Counts before PSD normalized 1.89x10°+ 1376  2.18x10*+ 110
Counts after PSD 1846 + 43 3370+ 58
Counts after PSD normalized 1846 + 43 1885 + 32
Background-subtracted quantities:
Counts before PSD 1.87x10%°+ 1381
Counts after PSD —39+54
Counts after PSD 90% C.L. < 69

Alpha Rejection Factor (90% C.L.) >2.71 x 10*




BEST RESULTS

Energy [keV] Isotope Survival Fraction [%]
TCI TC2 TC3 TC4 TCS TC6 A/E
727.3 2124 199+ 0.2 20.0+0.2 213+02  4004+05 302+03 463+05 405+04
763.0 2087 20.2 + 0.7 204 4+ 0.7 215407 37.1+0.8 288+07 483+09 402408
785.0 2124 195+ 04 198 +04 21.1+04 372405 284+04 47.1+06 388+05
860.6 2087 182+ 0.2 19.1 +0.2 199+02 369+03 31.0+03 460+04 37.1+03
1078 212p; 18+ 1 18+ 1 18 + 1 34+ 1 31+ 1 44 + 1 34 + 1
1093 208 14+3 1543 15+£3 39 + 4 26 £3 39 + 4 27 £3
1512 2124 17 +2 16 +2 18 +2 20 +3 30+ 2 41 +3 3242
1592 20871 (DEP) 83.3+0.8 84.0+0.8 79.8+0.8 84.0+08 84.1+038 87+1 73.6+0.7
1620.5 2124 173+ 0.8 172+ 0.6 185+06 28.1+09 30.6+09 45 + 1 33.0+0.8
2103 2087 (SEP) 10.1 +£0.3 11.8+023 13.2+0.3 1474+04 290+06 448+08 248405
2614.5 2087 162+ 0.2 174 +02 19.1+03 285+04 376+05 486+07 350+04
Cut value 0.818 0.797 0.859 0.522 0.459 0.674 6.31
a rejection factor >2.62x10% |>271x104 | >2.74 x10? 84 96 2.89 x 10% 54




OUTLOOKS

* Cosmic rays are the main source of background in
the analysis region

* Results limited by statistics

* New measure campaign underground in Ksigz
Underground Laboratory or in Laboratori Nazionali
del Gran Sasso

» Stronger alpha source in production

* Inverted Coaxial detector in production

* New PSD methods under developing

* Application of PSD procedures to LEGEND data o



CONCLUSIONS

* Rejection of alpha events by PSD has been studied

* High-activity alpha source placed on the p+ contact
of BEGe-like detector

* Best general result obtained with MLP TC2 : Alpha
rejection factor > 2.71 x 104

* Survival Fraction of DEP > 80 %
* Survival Fractions of MSE peaks < 20 %

* Possible to reject gamma and alpha background
with a single PSD cut!
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Abstract High-purity germanium detectors are widely used
in rare-event searches due to their excellent energy reso-
lution and extremely high intrinsic (radio)purity. In exper-
iments searching for neutrinoless double beta decay in "*Ge
such as LEGEND, pulse shape discrimination is required to
suppress multi-site ¥ events. In this work, we investigate
whether pulse shape discrimination classifiers trained ex-
clusively on ¥ ray data can be used to identify and reject

1 Introduction

High-purity germanium (HPGe) detectors have been suc-
cessfully applied in y-spectrometry due to their excellent
energy resolution and high detection efficiency. In addition,
they are also deployed in searches for rare events, such as
dark matter particles interactions or neutrinoless double beta
(OVBB) decay. The latter can theoretically occur in several
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RESULTS HS PLK

Survival Fraction [%]

Energy [keV] — Isotope TC1 TC2 TC3 TC4 TC5 TC6 AJE
727.3 212B; 22.7+0.2 36.7 + 0.4 406 +04 255+03 470+05 605+07 405+04
763.0 20817 24.7 + 0.6 38.1+0.8 41.14+08 27.0+0.7 483+08 609+1.0 402+0.8
785.0 212B; 249+ 0.4 377+ 0.6 40.1+06 262+04 4874+06 60.7+08  388+0.5
860.6 208 242 4+0.2 39.1+0.3 40.0+04 273+02 514404 606+05 37.1+03
1078 212B;j 257 + 1.1 399+ 14 397+13 302413 539+16 597+16 33.6+14
1093 20817 24.6 + 3.1 350+ 3.5 342+36 294 +34 467 +4.1 540+44 273433
1512 212; 269 + 2.7 404 + 2.8 395+2.7 334+3.1 547429 573+ 3.2 31.9+ 24
1592 28T (DEP) 81.6+0.8 80.1+0.8 78.2+0.8 795+08 885+0.9 88.3+0.9 73.6+0.7
1620.5 212B;j 26.9 + 0.8 4134+ 0.9 400+10 346+08 566+1.1 592+1.1 33.0+08
2103 20871 (SEP) 18.2 + 0.4 37.3 +0.6 3474+06 3024+05 547+09 5584+09 248+0.5
2614.5 2087 254+ 0.3 43.2 4+ 0.6 412405 406+05 596+07 614408 350+04

Cut value 0.821 0.931 0.875 0.778 0.370 0.690 6.31
a rejection factor >1.88x10* >151x10* >1.65x10* 2.4 x10? 67 > 1.32 x 104 54




RESULTS LS MLP

Survival Fraction [%]

Energy [keV] Isotope TCI TC2 TC3 TC4 TC5 TC6 AJE
727.3 212B;j 21,6 £04 217+04 21.6+04 53.6+09 408+07 267+04 332406
763.0 208y 204+16 213+14 214414 497+24 396+19 282+15 31.6+1.7
785.0 212B;j 201 +1.1 21.0+1.0 206+10 496+15 412+14 282+1.1 288+1.1
860.6 208y 199+04 203+04 1994+04 500+1.0 41.3+08 27.14+05 260+0.5
1078 212 184+27 185+25 17.6+24 434+36 394+31 241+25 216425
1093 2081 <5 10.8 £ 6.6 88+53 559+73 332459 140+50 7.0+55
1512 212 160+45 17.1+45 167+45 393+64 424+70 260+55 250146
1592 28T (DEP) 923+13 928+13 921+13 940+13 862+13 942+13 852+12
1620.5 212 157+12 154+12 152412 334419 400+20 228+14 220+1.5
2103 20871 (SEP) 9.1 +0.7 9.9+ 0.7 93 +0.7 174+1.0 367+13 163+08 155+0.7

2614.5 208y 136 +03 140+03 13.14+03 343+08 583+14 232405 243+0.5
Cut value 0.664 0.572 0.582 0.602 0.346 0.541 2.45
o rejection factor >75x10> >1.0x10° >1.1x10° 11 3 > 7.5 x 10? 30




RESULTS LS PLK

Survival Fraction [ %]

Energy [keV] Isotope TCI TC2 TC3 TC4 TC5 TC6 A/E
727.3 212 187+03 1044+02 10.6+02 1544+03 9.1+02 1824+03 332406
763.0 2087 17 +2 12+ 1 12+ 1 16 + 1 10.2 +0.9 20 + 1 31.6 + 1.7
785.0 212Bj 17+ 1 1134+ 0.6 11.74+07 151409 112406 20.1+09 288+ 1.1
860.6 2087 17.1+£03  14.14+0.3 13.0+03 17.14+04 1414+03 21.1+04 260+0.5
1078 212 20 + 3 20+ 2 19+2 2243 22+2 25+3 21.6 +2.5
1093 2087 5+5 444 <5 8+5 10 + 3 14+5 70+5.5
1512 212 2345 28 +5 26+ 5 30+5 3345 33+ 6 25.0 + 4.6
1592 20871 (DEP) 90.9+1.3 919+13 905+13 863+12 867+12 919+13 852+12
1620.5 212Bj 233+14 275+15 233+14 287+1.7 3542 3342 220+ 1.5
2103 28T (SEP)  159+07 203+09 165+08 21.2+09 20 + 1 257+1.0 155407
2614.5 2087 244405 299+06 249+05 326+07 418+09 37.0+08 243405

Cut value 0.853 0.638 0.885 0.681 0.595 0.735 2.45
o rejection factor >55%x102 >71x10* > 6.4x10? 8.1 >25%x10> > 6.4 x10? 30
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