THE FIRST YEAR OF LEGEND, -200 PHYSICS DATA IN THE QUEST FOR OVBB

L. Pertoldi <luigi.pertoldi@tum.de> Large Enriched
Germanium Experiment

Neutrino 2024, Milano - 18 June 2024 for Neutrinoless BB Decay A \ \A

On behalf of the LEGEND collaboration


mailto:luigi.pertoldi@tum.de

SEARCHING FOR OV WITH GERMANIUM: CONCEPT A
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SIGNAL AND BACKGROUND DISCRIMINATION TECHNIQUES A
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THE NEXT SCIENTIFIC MILESTONE IN THE SEARCH FOR OVBB WITH °GE N

“..an era in which a discovery could come at any time!”
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THE LEGEND. PROJECT N

“The collaboration aims to develop a phased, Ge-based
double-beta decay experimental program with discovery potential
at a half-life beyond 1028 yr, using existing resources as
appropriate to expedite physics results.”

LEGEND-200
+ 200 kg of ®""Ge (x5 yr), in GERDA cryostat

+ Taking physics data since March 2023 with 142 kg of €' Ge
© B~2-107* cts / (keV kg yr) +—> T?}’z >10% yr

LEGEND-1000 EERZO7He) 7y it
N
- 1ton of ®""Ge (x10 yr), pending funding approval
- B<107 cts / (keV kg yr) —> T?}'z >10%8 yr
- Fully cover Mg inverted ordering region

LEGEND-200


https://arxiv.org/abs/2107.11462

THE LEGEND, -200 EXPERIMENT AT LNGS A
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Hardware status — see talk at [TAUP23]

« Installed first 142 kg of HPGe detectors (Oct '22)
+ 130 kg operational (12 kg OFF due to hardware issues)

142 kg. L background characterization, physics
commissioning physics data taking maintenance, HPGe addition data taking
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https://indico.cern.ch/event/1199289/contributions/5447116/

NEw LEGEND, -200 RESULTS AT NEUTRINO 2024 N

Exposure accumulated over 1 year valid for:

+ [siver] Background and performance characterization: 76.2 kg yr
- plus 10.2 kg yr of special “background characterization” runs
. OvpBp data set: 48.3 kg yr
« includes only data with fully vetted Pulse Shape Discrimination (PSD) parameters

LEGEND -200 - 06-2024
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ENERGY SCALE AND RESOLUTION A
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DATA AFTER MUON VETO AND MULTIPLICITY CUT
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208, —— 2vBB decay (T1,=2-10%yr)
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Blinding applied at Qgg = 2039 keV (50 keV window)
95-99% survival of physical events after data cleaning at Qg
Multiplicity cut rejects 26% of events at Qg

2 events removed by Muon Veto at Qg LY Muon Veto of the LEGEND Experiment - G. Griinauer]
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MODELING DATA BEFORE ANALYSIS CUTS [SILVER] (B[] THE LEGEND-200 BACKGROUND MoDEL -+ T. Dixon, S. Calgaro] A
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- Simulations and material radioassay underpredict 2*Th in physics data

+ Hard to estimate systematic uncertainty on the assay results
- ICP-MS not predictive if secular equilibrium is broken

- This background is efficiently suppressed by analysis cuts
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MODELING DATA BEFORE ANALYSIS CUTS [SILVER] (B[] THE LEGEND-200 BACKGROUND MoDEL -+ T. Dixon, S. Calgaro] A
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+ Bayesian background model using data before analysis cuts [SILVER]
« Includes 10.2 kg yr from special “background characterization” runs
- Data well reproduced, model is flat at QBB

+ No “hotspot” or significant asymmetry observed in data
- Model can test hypotheses on the origin of **°Th
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PULSE SHAPE DISCRIMINATION (PSD) dooble 212 ol
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« Pulse shape classifier: A/E = max(current) / energy

« “Late Charge” (LQ) cut instead of high A/E cut for detectors
with large passivated surfaces

+ Stable PSD observables
- monitored with weekly **Th calibrations
+ Second-order variations tracked in time
+ data set partitioned according to performance stability
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» PSD methods for Coaxial detectors under development
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DATA AFTER PULSE SHAPE DISCRIMINATION

All detectors [48.3 kg-yr]
After muon veto and multiplicity cut
B After Pulse Shape Discrimination (PSD)
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- Strong suppression of surface a and B (*’K) events
+ ~60% suppression of Compton multi-site events at Qg
+ OvPBP survival fraction of ~85%
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ARGON INSTRUMENTATION 01 13:] LIQUID ARGON INSTRUMENTATION IN LEGEND-200 « N. Burlac, R. Deckert] N
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DATA AFTER PULSE SHAPE DISCRIMINATION AND ARGON ANTI-COINCIDENCE CUT N
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DATA IN THE REGION OF INTEREST!

Before analysis cuts

EEE After cuts [48.3 kg-yr]
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DATA IN THE REGION OF INTEREST — AFTER UNBLINDING LAST WEEK! A

+ p-value of background-only = 26%
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NEXT STEPS N

« Currently in “background characterization” phase, informed by the background model

+ measurements with special setup configurations to test background hypotheses
- starting radioassay campaign to measure and improve the radiopurity

- Scheduled maintenance work is also underway

« preparing to install additional ~35 kg of HPGe detectors
« repair of HPGe and SiPM channels — gain in background rejection power!

- Restart physics data taking later in 2024

LEGEND-200 is a versatile, “quick turnaround” experimental instrument. Enabling prompt
investigation of issues and a swift return to data taking. A powerful test bench for LEGEND-1000

In parallel:

- Analysis of special “background hunting” and performance characterization measurements

- Quantitative modeling of argon and PSD background suppression
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THE LEGEND, 1000 BASELINE DESIGN AT LNGS @B Le6END-1000 OverviEw - E. van Nieuwenhuizen) A




THE LEGEND, 1000 KEY EXPERIMENTAL PARAMETERS @B Le6END-1000 OverviEw - E. van Nieuwenhuizen) A

- Optimized for OvBP discovery sensitivity beyond 1078 yr
+ Background goal: 107° cts / (keV kg yr) — quasi-background-free for 10 ton yr exposure
+ Has a low-risk path to meeting its goal based on MAJORANA, GERDA and LEGEND-200
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THE LEGEND, -1000 FUNDING AND TIMELINE

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

Design & Reviews m Full Data Taking

Construction, Detector Production & Installation “Technically driven schedule

+ Funding sought from U.S. (DOE and NSF) and from Europe
- Funding already in hand from several European institutions

+ LEGEND-1000 preparations underway at LNGS following Borexino decommissioning
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SUMMARY

LEGEND, -200 has collected data over the last year and completed its first OvBp unblinding

- We have observed a background after cuts comparable to GERDA, but elevated compared to
expectations

+ We have developed a background model to understand how to mitigate it

- We are taking advantage of the scheduled maintenance & detector deployment work to
radioassay components of the array

+ We plan to restart data taking later in 2024

- We are preparing for LEGEND, 1000 and pursuing funding in the US and Europe. Meanwhile
preparations are underway at LNGS

N @Qﬁlﬁlﬂ@ﬁ INFN

The first year of LEGEND-200 physics data in the quest for OvBp « L. Pertoldi « Neutrino 2024, Milano « 18 June 2024

22/24



50+ YEARS OF BP DECAY WITH "°GE
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LEGEND, @ NEUTRINO 2024

101313 Performance of the Active Background Suppression of LEGEND-200 and Background Index » G. Marshall]
Je1313:] Muon Veto of the LEGEND Experiment ¢ G. Gr[jnauer]

01313 Liquid Argon Instrumentation for Background Suppression in the LEGEND-200 Experiment « N. Burlac, R. Deckert]

01343 First Results from the Background Model of the LEGEND-200 Experiment ¢ T. Dixon, S. Calgaro]

01313 Improving Background Suppression in LEGEND with the Novel Scintillating Material — PEN ¢ B. Hackett]

Alternative Searches for Physics Beyond the Standard Model in LEGEND-200 - R. Bouabid]

101313 | EGEND-1000 Overview « E. van Nieuwenhuizen]
o133 Atmospheric Argon Instr ion for LEGEND-1000 * R. Cesarano, M. Morella]

Machine learning based design optimization for the search of neutrinoless double-beta decay with LEGEND - A-K. Sch []tz]

01313 Surface events pulse shape simulation for the LEGEND experiment « A. Leder]

101313 Exploring position reconstruction of HPGe detector events in LEGEND with a deep neural network « C. Seibt]

0113 Faithful Pulse Shape Analysis by using Feature Importance Supervision « K. Klingus]
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