%OAK RIDGE

National Laboratory

Probing neutrino nature:

Physics results from the first year
of the LEGEND200 experi_mqent

e e b W

]
Harisree Krishnamoorthy

On behalf of the LEGEND collaboration
Coordinating Panel for Advanced Detectors Workshop

November 21,2024, University of Tennessee,
Knoxville

f”ﬁ% U.S. DEPARTMENT OF

B ORNL IS MANAGED BY UBATTELLELLC
;{‘Xﬁ!«/j EN ERGY FOR THE US DEPARTMENT OF ENERGY




Neutrinoless double beta decay (0’ ) is an excellent (and perhaps the
only) probe to the Majorana nature of neutrinos
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LEGEND

Large Enriched Germanium Experiment for
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Germanium
detectors have
many advantages
that make them

well suited for
OvpB decay
searches

%I(\I)AK RIDGE

{

Background
rejection using
event topology

Strengths

Low Intrinsic
background

Source =
detector, Energy
resolution ~ 0.1%

FWHM at Q. .

Sharp peak above
flat, well
understood
background
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LEGEND brings the innovation + expertise from Its very

successful, "°Ge-based, predecessors
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_________________ HPGe readout electronics
based on MJD Low Mass Front-End -
; and GERDA charge sensitive amplifier (CC4)
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Liquid Argon instrumentation:
inner & outer fiber barrels with
silicon photomultiplier (SiPM)
readout at top & bottom
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liquid Ar cryostat

Larger mass (inverted coaxial)
HPGe detectors with up to 4 kg

Source funnels for

. o 228Th calibration sources
@ < HPGe Detector array & LAr Instrumentation
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The LEGEND200 detectors include the detectors from the past
experiments and new ICPC detectors
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LEGEND is designed to maximize background rejection

Ge anti-coincidence between Event t-basédgy LiquidArgon anti-
The detectors di scr i minalt i on coincidence
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Embedding the Ge-detector array in a LAr active medium allows for the identification
of simultaneous interactions occurring outside of the detectors, such as scattered | "
rays (+ cools the detectors)
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Coupled to the SiPMs
With Wavelength
shifting fibers

64 m3 LAr in a stainless- steel
cryostat
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Waveforms indicative of multiple energy depositions and charge collection associated

with surface events ( 1 1 + "
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Waveforms indicative of multiple energy depositions and charge collection associated

with surfaceevents( 11 +" ct g"tgoqgqxgf"d{"v]jg" Rwnug" L
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Waveforms indicative of multiple energy depositions and charge collection associated
with surfaceevents( 11 +" ctg"tgoqxgf"d{"v]jg" Rwnug"
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LEGEND200 had stable energy observables over the first year
of data-taking
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After applying the data cleaning cuts, 95 -99% of the physical
events survive at Q, |

%

Multiplicity cut rejects 26% of events and muon veto removes two events at Q, |
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Strong suppression of background above 2 N1 Q" 1 1 " uki pcn"c
of close to 93%. Liquid argon had stable properties
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Background form the beta decay of 42K is strongly suppressed after LAr
anti-coincidence
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PSD cutsuppresses . "1 " gxgpvu"cpt¢tsiteEqor v
events (by 60% at Q )
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The combination of the analysis cuts (PSD + anti -coincidence) provides
strong suppression of backgrounds. O N 4 sufvival fraction of D60%
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A closer look at the Region of Interest before unblinding

Before analysis cuts Bl After cuts [48.3 kg-yr]
o
) =
- 10 < : . 'g
9 Qgp A
Te) : =
PN sy n n : n
210 bl | S Chvgt"cnn"vjg"cpc
8 B |
1 . 1
° ‘IHIIEIIIE I : A
L X - - 5 events survive
1600 1800 2000 2200 2400 2600 |n the
07 < Binded window (50 kev) Background estimation window
> :
o -
: . /
£ 102 :
- Qps
w B
£ ;
é N “ ‘ | ‘
1074 1 I : 1 1 1
1950 2000 2050 2100 2150
Energy [keV]
OAK RIDGE
%National Laboratory Harisree Krishnamoorthy | CPAD 2024, university of Tennessee, Knoxville



The data in the Region Of Interest after unblinding!

Before analysis cuts

Bl After cuts [48.3 kg-yr]

Unblinded on 13 June 2024
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Next steps for LEGEND 200

Currently in
Maintenance Installation Publication of Physics data-taking
additional First results is Will be resumed

Cuuc{"” - ~ 35kg of HPGe in soon

dcemi t qw detectors progress
ej ctcevg vkagp
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LEGEND1000 will be deployed in staged individual phases.
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2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

Full Data Taking

*Technically driven schedule

Design & Reviews

Construction, Detector Production & Installation
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