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Long-Baseline Neutrino Experiment
Surface liquid argon

European facilities
Mountain overburden

4850 feet deep
(~1 mile)

Ray Davis

Depth [km wee.]



Calibration Source Deployment Tubes (3 Total)

60,000 gallons of

17T Gd-loaded ultrapure water

liquid scintillator

120 Outer

Detector PMTs \ 494 LXe PMTs
7T Active
LXe Target
VARS C:
Skin Veto '
’ N Neutron Calibration
I ‘( Conduit (2 total)
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PMTs



The LUX-ZEPLIN Detector

Dual Phase Time Projection Chamber

- Primary scintillation light (S1)

- Secondary scintillation induced from free charge (S2)
- 3D reconstruction allows for fiducialization

- ER/NR discrimination from S1:S2 ratio
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LZ Vetoes

e Skin Veto

o  4-8cm of LXe between the TPC and inner

cryostat

o 131 2" PMTs for tagging ys that enter or

leave the TPC
o 78 +/- 5% vy tagging efficiency
m Measured with '?"Xe decays
= ,*\ ‘ = -
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Outer Detector (OD)

O

6 acrylic tanks filled with 17 tonnes of
Gd-loaded liquid scintillator
120 8” PMTs for tagging muons in the water
and neutron interactions in scintillator
NR tagging-efficiency of 88.5%

m  Measured with AmLi calibration
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LZ’s First Science Run (SR1)

e Engineering run to show
LZ’s stability and
potential

e Stable conditions

o  Drift field: 193 V/icm

o  Extraction Field: 7.3 kV/cm
in gas

o  >97% of PMTs operational

o  Liquid temperature:
174 1K

o  Gas Pressure (1.791 bar)

o  Stable liquid level

e Continuous Xe
purification
o 3.3 t/day through getter

o  5-8ms electron lifetime
throughout run
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First Dark Matter Search Results from the LUX-ZEPLIN (LZ) Experiment

Phys. Rev. Lett. 131, 041002
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041002

TPC Calibrations

e (Calibrated with external
and internal sources
e Tritiated Methane

o  Spatially homogeneous
source of § ER, 0-18.6

e External D-D fusion

o  Monoenergetic 2.45 MeV
neutrons

o Up to 10° neutrons per
second

e Tuned with NEST

simulation package

o  Provides detector response
model

o g,=0.114 +/-0.002
phd/photon
G, =47.1 +/- 1.1 phd/electron
Extraction Efficiency = 80.5
+/- 3.7%
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¥ LZ Background Determination M

e Forrare event searches, we need to understand our backgrounds!
e | Xe has good self shielding - we can “fiducialize”

Simulated Detector ER Backgrounds

Fiducial Volume
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SR1 Data Selection Cuts M

e Cuts developed with calibration and 140 .
sideband data 120f ]
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SR1 Background Model M

e From data we measure activiates of background sources to create of model of
backgrounds

e Note the 0 expected neutrons - most dangerous WIMP background!
o Constrained by applying our OD efficiency on tagged fiducial single scatter events
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SR1 Dataset M

60.3 +/- 1.2 live days 5.5 +/- 0.2 tonnes fiducial volume 335 events observed
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e Consistent with a
background-only

hypothesis
o Two-sided PLR
analysis

e Most stringent
cross-section limit at
30 Gev/c?:
9.2x10%8cm?

e World leading
exclusion limit of Sl
WIMPs!
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WIMP Search Results (Spin-Dependent)

e Stringent spin dependent limits for both neutron and proton
e Gray bands represent uncertainty on the Xe form factor
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Low-Energy ER Search

e Searches for new physics using ERs from 1-15 keV

ALPs,Axions,Migdal-channel WIMPS, neutrino
physics, hidden photons

e “Asearch for new physics in low-energy electron
recoils from the first LZ exposure” 2307.15753
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https://arxiv.org/pdf/2307.15753.pdf

High-Energy NR Search M

e Can also set limits on EFT WIMP models '° T plimpnary

e Measure sensitivity to a set of 15 non-relativistic el
operators

e (Can use same operators to model interaction
lagrangians for WIMPS and SM particles

dj (dimensionless)
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Looking Ahead

e L|Z has set world leading WIMP

. . . . . 10_42 T T T T T T T 11T T T T T T T =
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e More science can be done with 4 10¢ 1o expected PandaXAT 2021 2
th e |n|t| al exposure % ~ +20 expected (corrected) N
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e LZis currently taking data with 8 10 —
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o 8B physics E 10 '§_ ?i
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o So much more! i =
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