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LEGEND, Program

LEGEND collaboration aims to develop a phased, 7°Ge based
double-beta decay experimental program with discovery potential
at a half-life beyond 1028 years, using existing resources as
appropriate to expedite physics results
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First Stage LEGEND-200

up to 200 kg of 7°Ge

modification of existing GERDA infrastructure at
INFN Gran Sasso Laboratory (Italy)

background goal of 0.6 cts/(FWHM-t-yr)

Subsequent Stage LEGEND-1000

1000 kg of 7°Ge

location to be selected

background goal < 0.03 cts/(FWHM-t-yr)
timeline connected to review process

Valerio D’Andrea | First Results of LEGEND-200 | 23-27 Oct 2023

w



INFN Laboratori Nazionalidel =

Gran Sasso (LNGS)

. _/7f‘qf 4

D ~iah
\ )
R\ %
Y%
»

Corno Grande
(2912 m)

Valerio D’Andrea | First Results of LEGEND-200 | 23-27 Oct 2023



Water tank | |
Muon Veto |

HPGe readout electronics

LAr instrumentation

HPGe detector
array
holdersin
underground
copper and PEN
plates

Funnels for228Th
calibration sources

inner & outer barrels

il ' \ based on MJD and GERDA

Inverted Coaxial
Point Contact (ICPC)
detector large mass
up to 4 kg
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Installation & Commissioning

IM‘A} | :
' Tests of electronics and DAQ Installation and commissioning of
Post-GERDA Test Installation of mechanics and glove box all available HPGe detectors
2020 2021 2022 2023
Infrastructure Upgrade LAr instrumentation Commissioning Start physics
B &Y #Am : data taking
Ls‘i:' __“, Li{: B:éﬁ; : Q.S ;”
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Status and Plan

PPC (M)D) BEGe (GERDA) ICPC (LEGEND) COAX (GE
Status

e Successfulinstallation of 142 kg of HPGe detectors,
101 detectorsin 10 string

e 130 kgoperational PPC

e LArinstrumentation operational

e Focuson analysis of ICPC and BEGe detectors

e PSD development for other detectors ongoing
Next Steps

e Continue datataking, evaluate backgrounds

e Completearray and fix hardware failuresin 2024
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Energy Resolution and Stability
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Most of the detectors fulfilling LEGEND-200
goal in terms of energy resolution

Stable energy scale among calibrations

Precise determination of energy scale
confirmed by potassium lines in physics data
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Background Spectra and Decomposition

» Nounexpected background components E BEGe detectors after OC K —2uBB

o 238U and ?*2Th decay chains

O

e Similar GERDA spectral shape

O

> s Pr’elmmn@\.{y/
[} L
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e Improved peak to Compton ratio 0
o Reduces Compton continuum % 10
background ° J"“"‘ﬁ
o Higher detection efficiency due to 000
larger mass detectors Energy (keV)

Gamma lines from #°K and 42K

Counts / 15 keV

higher rate from 2%8T| expected from : | i

— Thorium —— %%K Data
—— Uranium

—— 40K —— Model

. . 103 _ ICPC detectors alfter QC
more construction material ]

A

Work in progress on background modeling before analysis cuts
Well described by expected contributions with current statistics

€202z bny - 0021

Valerio D’Andrea | First Results of LEGEND-200 | 23-27 Oct 2023



Pulse Shape Discrimination
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o Goodrejection of multi-site events 3 )
e More powerful due to higher multi-site probability in 3
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LAr Instrumentation
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First look at LEGEND-200 Background

First 10.1 kg yr of LEGEND-200 physics data including ICPC and BEGe detectors
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Background index after LAr and PSD:
4.1[1.5,11.4]) x 10 “cts/(keV kg yr)

Compatible with LEGEND-200 goal of

0.6 cts/(FWHM-t-yr) = 2x107* cts/(keV kg yr)

2150 2200 2250

In the 240 keV window with 10.1 kg yr of
exposure expected 0.48 cts

Probability to observe cts > 0 is ~ 38%
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Summary and Outlook CELTN LU

e Successfullyupgraded GERDA infrastructure toaccommodate LEGEND-200 array
o Installed first 142 kg of HPGe detectors in LEGEND-200 in October 2022
o Good performance of all detector systems

e Firstlookat LEGEND-200 physics data
o Nounexpected background components (background decomposition in progress)
o LArinstrumentation and PSD work as expected

o Background after cuts evaluated on first 10.1 kg yr of physics data compatible
with LEGEND-200 goal

e Datatakingis currently ongoing & new detectors will be added in 2024

Thanks for your attention!
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Bi-Po tagging with LAr instrumentation
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2vpB decay count uniformity
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- Comparing LEGEND-200 and GERDA spectrum
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LEGEND,-200 background

Counts / 2 keV
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LEGEND,-1000
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