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The Experiment

o directly detect WIMPs but has
itivity to other new physics
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The Collaboration

e 34 institutions from USA, UK,
Portugal, Korea

e ~250 scientists, engine
technical staff

«’Sa nford

Underground Research Facility
South Dakota Science and Technology Authority

f @ , @lzdarkmatter  https://lz.Ibl.gov/
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Sanford Underground
Research Facility
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& Experiment
 Sanford Unde DELGIE
o Situated in the [ ound)

o 4300 metres of wa on flux by ~106
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Outer veto detector: Gd-doped
liquid scintillator

NIM A, 163047 (2019)

Outer
veto

detector
PMTs

Water
Tank

d xenon “Skin” veto detector
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https://www.sciencedirect.com/science/article/pii/S0168900219314032

TPC in Detalil

o 7/t of active xenon, viewed by 494 PMTs top & bottom
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Field cage

aintain field stability

Cathode grid

al voltage of -50 kV

on region for S2 defined by gate and anode

« Field cage for drift field, PTFE clad for light collection
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Veto Detectors in Detail

% [ e ™2t LXe ”Skin” detector surrounding the TPC

ined with PTFE & observed by 131 PMTs

incidence detector for y rays

d LAB outer detector

rin acrylic vessels in water tank

by 120 8” PMTs situated in water

rve ~8.5 MeV of y rays per thermal
neutron capture

LI:Xford LZ Overview & S 16th Patras Worksh /
hYSiCS verview tatus, t atras orksnop



« Material selection based ¢
HPGe detectors, ICP

e Four Rn emanatior

« TPCassembly in
limiting dust (<

e Charcoal chro
xenon contami

o Online purificatic

e Geant4-based simt
background & sensi

EPIC, Vol 80: 1044 (2020); j.astropa
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https://link.springer.com/article/10.1140/epjc/s10052-020-8420-x
https://www.sciencedirect.com/science/article/abs/pii/S0927650520300529

Veto Impact on Backgrounds

02 202 30% 40° 5072
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Combined veto system -> ~2x
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WIMP Sensitivity

Background counts 1000 live days

LZ sensitivity (1000 live days) — LUX (2017) non-vetoed single scatters
Projected limit (90% CL one-sided) __ ¥ ENONIT (2017) of energy 1.5-6.5 keV,, (6-30 keV )

.| zloexpected —— PandaX-II (2017) in 5.6 t fiducial volume
+20 expected
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Best sensitivity for 40 GeV/c?
WIMP mass at 1.4 x 10-48 cm?2 _— Source ER [cts] NR [cts]
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pMSSM11
(MasterCode, 2017)

+99.5% ER
discrimination, 5.66 0.52
50% NR efficiency
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Radon comprises almost half our
expected backgrounds in this region
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WIMP mass [GeV/c] PRD 101, 052002 (2020)
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.052002&v=5ba60b08

« Lower the energy threshold — — Znominal

| Z combined

LXe yield uncertainty (+10)

= Reduce S1 coincidence requirement
from 3 to 2 (exploiting PMT double
photoelectric effect)

| Z S2-only
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= Conduct an S2-only search

Neutrino fog

- Greater challenge for back
discrimination -> use pulse width

« Sub-GeV masses accessible when
considering Migdal electron emission

Combined events
Nominal events

4 5 6 7 8 910
Dark matter mass [GeV/c?]

ArXiv: 2101.08753
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https://arxiv.org/pdf/2101.08753.pdf

Physics Via Low Energy Electron Recoils
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Axio-electron coupling, g,
(4

107 107 107 107!

Solar Axion Mass, m, [keV/c?] ALP Mass, m L [keV/c?]

World-leading sensitivities expected to a variety of different new physics accessible via
ERs e.g. solar axions, axion-like dark matter, neutrino magnetic moment

ArXiv: 2102.11740
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https://arxiv.org/pdf/2102.11740.pdf

Neutrinoless Double Beta Decay

2458 keV

Detector

Qg

EX0O-200 (2019
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— Projected Sensitivity (90% C.L.)
*lo

2000 2100 2200 2300 2400 2500 2600 2700 400 600 800
Energy [keV] Livetime [days]

« Nominal 1% energy resolution at 136Xe Qg, value (2458 keV)

« T,,(90% C.L.) > 1 x 1026 years in 1000 live days in 1 t fiducial volume

PRC 102, 014602 (2020)
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevC.102.014602&v=a0bfe551

Timeline

Sims, Cleanliness; 136Xe
OvBp papers Q1-2 2020 COVID-19 -

Experiment in Safe
Configuration

CDR Q4 2015 WIMP Sensitivity Paper Q1 2018

hroughout
2021

mmissionin

t sciencer

2021

| i g
Titanium Paper; TDR Q1 2017 TPC Assembly Finished & Moved Low E ER, DPE & S2-only; 134Xe
Underground Q3-4 2019 OvBp papers Q1-2 2021

(Pxford : . > 14
hysics LZ Overview & Status, 16th Patras Workshop



TPC Assembly

Detector integration sta 2 Assembly Laboratory (SURF)

« Assembled in radon reduced e during ~13,500 working hours
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e Inner cryostat vesse

d into outer vessel late 2019

« High voltage installed, IC\ ahead of COVID early 2020

xford 16
hysics LZ Overview & Status, 16th Patras Workshop



Outer Detector Assembly

o Acrylic tanks undergrounc )leted with PMT & Tyvek this year

« Optical calibration system™ and systems fully tested

*ArXiv: 2102.06281
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https://arxiv.org/abs/2102.06281

Tests, Cooldown & Commissioning

L. 2 o Underground circulation 3.;3@51;“; ?m - e
commissioning completed sl | S Mty
last year in test cryostat §A S AT =,
I [ S «,° ",‘ 1 e X
- Rate of 500 SLPM - —y L

turnover full 10 t of
xenon every 2.4 days

e TPC cooled down to ~185 K e Topatay average

Bottom array average

(cold gas close to
operational temperature)

Bottom spider (truss below bottom array)
TPC Inlet

Accelerated End of cool
cool down down

Temperature [K]

o First S2s seen from cold gas
operations

First 10 K of cool down Main part of cool down
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tion of WIMPs

o LZis a multi-physics
e Long-term camp rld-leading sensitivities

Experimentis i ata expected this year
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Backgrounds Table
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Source ER [cts] NR [cts]

Detector Components

Xenon Contaminants
(Rn, Kr, Ar)
Surface Contamination & Dust

Laboratory & Cosmogenics

Physics (2vBB decay, neutrinos)
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ER & NR Backgrounds

Det. + Sur. + Env. Total
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Electronic recoil energy [keV] Nuclear recoil energy [keV]

xford 59
hysics LZ Overview & Status, 16th Patras Workshop



