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LIQUID XENON TIME PROJECTION CHAMBER

Liquid Xenon is a good target for
WIMP Dark Matter searches...

= High density
= High ionization yield (W ~ 13.7eV)
— High scintillation yield ( > 50,000 photons/MeV )
= Transparent to its own scintillation light
= Self-shielded
= High intrinsic radio-purity
... but not only
= Axion Like Particles

= Exotic Dark Matter candidates (mirror dark matter, solar
axions, ...)

= Neutrino physics & astrophysics
- Oupp search using ’*Xe & 1°°Xe




LIQUID XENON TIME PROJECTION CHAMBER

Liquid Xenon TPC
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Gas Xenon il Anode grid = $1: Primary scintillation (light)
’ : e ™ Gate grid
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- = S2: Secondary scintillation (charge)
rift time

indicates depth

) = 3D position reconstruction
@ z = XY position: O(mm) from S2 light pattern
Outgoing
Particle — Z position: O(ym) from S1-S2 timing
—_—
LZ TPC

= 1.5 m in diameter and height

Field cage

ol

Incoming
Particle

= 10 tonnes of total mass, 7 tonnes active
and 5.6 tonnes fiducial volume

Cathode grid = Electric field: 300 V/cm
Sottom grid = 247 (top) + 247 (bottom) PMTs to monitor the TPC

Bottom PMT Array




' 962020%c°0 %0
9620%202:%0%6%0
Ha®a® 00060000 ®a® )
2000 @ LILIIIN
. : i .
(02020%0°0°0%20%20%6%¢ |
L P I ICILILRL LN
00,0,9.05050,0,0,6 1.
- »

) _

8,8,86.6 0,9,9,
% Op8g0s80,950,9 " ¢
. 4.0:,0,0.,86,0,0,90_
> @ 0,0,90

0“‘ g -
L

- - ¢

2 e
V- L

& ™ ‘




LZ DETECTOR SYSTEMS

Water tank

Outer
Detector

Outer Cryostat
Vessel

Inner Cryostat
Vessel

TPC

Cathode HV

Sanford Underground

/ /))§\‘/;\;b

Research Facility

/

LUX-ZEPLIN (LZ)
Experiment

Location

= Davis cavern of the SURF
underground laboratory

— Muon flux reduced by @ (107)
(@4.3 km.w.e)

More details
= NIMA 953 163047 (2020)

= LUX-ZEPLIN (LZ) TDR

= 4850 feet (1.48 km) underground § b



https://www.sciencedirect.com/science/article/pii/S0168900219314032?via=ihub
https://arxiv.org/abs/1703.09144

Acrylic scintillator tank insertion

LZ DETECTOR SYSTEMS

Lower inner cryostat vessel into
outer cryostat vessel




LZ VETO SYSTEMS

LZ has two veto systems
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= Two tonnes of LXe surrounding the TPC
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PMTs at top and bottom of the skin region |
— Lined with PTFE to maximize light collection efficiency [k

= Anti-coincidence detector for y-rays

=
s
e
H
==
¢°
=
o
e
o=
-
=3

Outer Detector

= 17 tonnes Gd-loaded liquid scintillator in acrylic
vessels

120 8” PMTs mounted in the water tank

detector L I -

= Anti-coincidence detector for y-rays and neutrons

— Observe ~ 8MeV y-rays from thermal neutron
capture




BACKGROUND BUDGET ESTIMATES

~ 1.5-65keV

Electronic Recoils

= Geant4-based simulation for background studies
(Astro.Phys. 125 102480 (2020))

= Used to predict LZ sensitivity (Phys. Rev. D 101, 052002)

= Low level of background: multi-year campaign of material assay and
acquisition of radiopure materials (EPJC 80, 1044 (2020)).
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https://www.sciencedirect.com/science/article/pii/S0927650520300529
https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevD.101.052002&v=5ba60b08
https://link.springer.com/article/10.1140/epjc/s10052-020-8420-x#citeas

BACKGROUND REDUCTION

Signal/Background discrimination

= ER and NR events can be distinguished

from their different S2/51 ratio
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Electron recoil (ER)
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Nuclear recoil (NR)

= Before discrimination 1131 ER events and 10.4 NR events

= After discrimination 5.97 ER events and 0.51 NR events
(with 99.5% ER discrimination, 50% NR efficiency)
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https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevD.101.052002&v=5ba60b08

BACKGROUND REDUCTION

Fiducialisation and Veto cut (NR background)

Before veto cuts After veto cuts

counts/tonne/year
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WIMP DARK MATTER PROJECTED SENSITIVITY

4 Best sensitivity for
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LZ sensitivity Paper (Phys. Rev. D 101, 052002)



https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevD.101.052002&v=5ba60b08
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= No enrichments (8.8 %)

= Fiducial volume: 1tonne
= T,,(90C.L.) > 1.06 X 10°° years in 1000 live days v
Projected sensitivity to the O3 decay of 3°Xe (Phys. Rev. C 102, 014602 (2020)) §



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.014602

SUMMARY

Good progress in assembly and integration of detector and associated systems

= Expecting first data later this year

= Dark Matter detection
— WIMP projected sensitivity: 1.4 X 107 cm? at 40 GeV/c?
= Low mass WIMPs sensitivity (arXiV:2101.08753)

= Sensitivity to new physics via low-energy electron recoils (arXiv:2102.11740)

= Neutrino physics
— Oupp decay of 1°°Xe (Phys. Rev. C 102, 014602 (2020))
— 2upp and Oupp decays of °*Xe (arXiv:2104.13374)

Stay tuned!



https://arxiv.org/abs/2101.08753
https://arxiv.org/abs/2102.11740
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.014602
https://arxiv.org/abs/2104.13374
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THE LZ (LUX-ZEPLIN) COLLABORATION tussiieisns

34 Institutions: 250 scientists, engineers, and technical staff

@ Black Hills State University

® Brandeis University

® Brookhaven National Laboratory

® Brown University

@ Center for Underground Physics

® Edinburgh University

® Fermi National Accelerator Lab.

® Imperial College London

® Lawrence Berkeley National Lab.

® Lawrence Livermore National Lab.
@®LIP Coimbra

® Northwestern University

® Pennsylvania State University

® Royal Holloway University of London
® SLAC National Accelerator Lab.

® South Dakota School of Mines & Tech
® South Dakota Science & Technology Authority
® STFC Rutherford Appleton Lab.

® Texas A&M University

@ University of Albany, SUNY

® University of Alabama

® University of Bristol

® University College London

® University of California Berkeley

@® University of California Davis

® University of California Santa Barbara
® University of Liverpool

® University of Maryland

@ University of Massachusetts, Amherst
® University of Michigan

® University of Oxford

® University of Rochester

® University of Sheffield

® University of Wisconsin, Madison

. q( T '\|“ @
gl
'L o

> A,
M) - '
-

FC ég@mﬁ@[ﬁ@]
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THANK YOU

Thanks to our sponsors and 34
participating institutions!
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