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Neutrinoless double 3 decay
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Legend Experiment

LEGEND-200: a 200 kg mass experiment, installed in the GERDA
LAr cryostat at LNGS, Gran Sasso

Approved experiment at LNGS, with data taking in progress

First results hopefully this summer

LEGEND-1000: a 1T "°Ge will require a new underground
Infrastructure and additional R&D to further reduce backgrounds
Start running later this decade likely at Gran Sasso

Cost in US funding terms ~$1 B
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Legend Experiment Sensitivity

Huge improvement over current
experiments

Almost all of inverted ordering probed
And some of normal ordering
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BSM Physics Opportunities beyond OvSf

Energy Scale in Ge: keV 10 keV MeV Qpp 10 MeV

Bosonic DM Majoron Emission
Thermal WIMPs Baryon Decay
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LEGEND-200 at LNGS

roof of clean room
plastic muon veto

Legend Experiment

« LEGEND-200: a 200 kg mass experiment,
Installed in the GERDA LAr cryostat at LNGS,
Gran Sasso

« Approved experiment at LNGS, with data taking in
progress

« First results hopefully this summer

floor of clean room

cryostat
 LEGEND-1000: a 1T "°Ge will require a new (@ 4m, 64m?)
underground infrastructure and additional R&D to SN

2 LAr veto system

. PMT of muon veto

water tank
(@ 10m, 590m?)

further reduce backgrounds
« Start running later this decade
« Costin US funding terms ~$1 B
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Legend at Gran Sasso
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Background

Liquid argon Germanium

detector

Ry m—

* Due to excellent energy resolution supressing non-[3
backgrounds is crucial

* Ge has excellent separation potential

* Ar, LAr and water vetoes crucial
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Legend Detectors

92% Enriched in 76Ge

Energy resolution 0.05%

p-type detectors: Insensitive to alphas on n*
outer contact

Each detector 2.6 kg — 4% less background
400 detectors in total arrayed in strings

well ——

n+ contact

detector bulk

groove
signal \
p+contact =

Axial position [mm]
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Liverpool Involvement

Germanium detector

L Legend Detector
characterisation ~
Each detector needs Pb secondary
individual calibration collimators
Detector calibration/data Scintillators
guality enhancement

e

Detector procurement and » i
characterisation for LEGEND- “t¢! Plate ltingsy
1000

Data Analysis for LEGEND-
200 + 1000 5mm tungsten

Y 100mm
collimator

[]
1370
source

Andy Boston is currently
LEGEND UK PI

Lead
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Summary

Calendar Year

| 2023 | 2024 | 2025 | 2026 |

2027 | 2028 | 2029 | 2030 2031 2032 2033

2034 | 2035 | 2036

[ Jeo1 [ Jeo-9 Jco-3

Design and Planning

Enriched Ge Procurement

[ Jco-a

Enriched Detector Production

Cryostat
Installation

Ancilliary Installation Detector Installation and Commissioning

First Data and Pre-Operations

Operations

« LEGEND 1000 is the leading future experiment in neutrinoless double beta decay
« Has sensitivity to virtually all of inverted hierarchy phase-space
« Liverpool are involved with detector procurement and characterisation and data analysis
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Backup
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UK

STFC is in the process of developing a prioritised road-map and LEGEND
has been informally asked to submit a statement of interest

several stage process

would support all UK activities (Ge, cryogenics, analysis, ...)
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International Involvement

| 1
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NSF Mid-scale RI-2 Process & Timeline ,

NSF

e NSF Review
Solicitation

Individual Reviews ()
April 2023

Sept. 13, 2023 -

NSF Review

Individual Reviews (B)

Panel Review

NSF “Reverse
Site Visit” (at NSF)

Panelists

NSF “Site Visit”

Panelists (6)

April 18-19, 2024 July 9-10, 2024

invited to submit Feb. 26, 2024: Apr. 30, 2024:
full proposal. invited to move forward invited to move forward with
with Site Visit. Reverse Site Visit. NSE Cost Review

NSF Board Review

If RSV recommends going forward

. Submit
Submk Lol Full Proposal
May 15, 2023 Dec.18, 2023
Submit
Preliminary Proposal
June 20, 2023

Funding
Submit SV Submit RSV If approved
Docs Docs April 2025
April 10, 2024 June 3, 2024
PMO Review RSV “Practice” Session

March 11-14, 2024
Late June, 2024

“Red Team™ Review
April 2-3, 2024
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LEGEND-1000 NSF Scope — Compelling Science
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NSF Mid-scale enables first science outcome ek a0 e
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NSF Scope : = -~ LEGEND-1000 (NSF deployment)
- is matched to the expertise of U.S. collaborators By
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Enriched Ge — Det. Fab — Characterization = Det. Mounts = Lock = Installation = Commissioning

L.GD.NO1 L.GD.NO2 L.GD.NO3 L.GD.NO5 L.UA.NO2 L.AC.NO3 L.AC.NO3, L.UA.NO2
L.DS.NO1, L.DS.NO2 L.UA.NO1 L.UA.NO3 L.UA.NO2 L.DS.NO1, L.DS.NO2
L.SA.NO1 L.DS.NO3, L.SA.NO1
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