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Dark Matter wind

χ χ

Nuclear recoil:
• Ionization (charge)
• Scintillation (light)

Milky Way – DM Halo:
• Density near sun ~ 0.3 GeV/cm3

• Mean particle speed v ~ 300 km/s 

Elastic scattering:

Xe atom

Theresa Fruth (UCL), IOP 2021

See Direct Dark Matter Searches
by J. Dobson (Thursday, 1.30 pm)

Direct Detection Search for  Dark Matter
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Drift time 
indicates depth

S1 – scintillation signal

S2 – electroluminescence signal

S1

S2

timeTPC Overview



• 7 tonnes of Xenon, 5.6 tonnes 
fiducial volume

• Interaction leads to prompt 
scintillation and free electrons

• Electric field to extract 
electrons into gas leading to 
Electroluminescence light

• 3D reconstruction with S2 (XY) 
and S1-S2 delay (Z) allows 
fiducialisation
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PMT array

PMT array

Field cage
Liquid Xe

Xenon gas

Cathode grid

Anode grid
Gate grid

Graphic © SLAC, picture overlay N. Angelides

Bottom grid

Theresa Fruth (UCL), IOP 2021

TPC Overview



6

TPC Overview

Theresa Fruth (UCL), IOP 2021

Assembled TPC (July 2019)

Top PMT array

Bottom PMT arrayHV grid weaving at SLAC

Bottom PMT array with field cage



7

Fiducialization

Electron 
Recoils Nuclear 

Recoils

ER-NR discrimination

Phys. Rev. Lett. 112, 091303 (2014)

LUX
LZ projected

Theresa Fruth (UCL), IOP 2021

Background discrimination

Phys. Rev. D 101, 052002 (2020)

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.112.091303&v=685f90ea
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.052002&v=5ba60b08
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Material Selection:
• Radio-assay campaign with gamma-

screening and ICPMS
• Radon emanation:

• 4 Rn emanation screening sites
• Target Rn activity: 2 μBq/kg 

Cleanliness during construction:
• Rn daughters and dust on surfaces 
• TPC assembly in Rn-reduced 

cleanroom 
• Dust <500 ng/cm2 on all LXe wetted 

surfaces 
• Rn-daughter plate-out on TPC walls 

<0.5 mBq/m2

Xenon purification:
• Charcoal chromatography @ SLAC to 

remove Xenon contaminants – 85Kr 
and 39Ar

• Online gas purification at 500 slpm, 
turnover of total volume every 2.5 
days

Shielding:
• Deep underground 
• High purity water shield
• Veto detectors

The European Physical Journal C, Volume 80, Article number: 1044 (2020)

Theresa Fruth (UCL), IOP 2021

See Assembling the LZ detector 
by N. Angelides (Tuesday, 3.45 pm)

Background reduction

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1140%2Fepjc%2Fs10052-020-8420-x&v=66574e45
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Water tank

TPC

Inner Cryostat 
Vessel

Outer Detector

Cable conduits

Cathode HV

Outer Cryostat 
Vessel

Xenon lines

LZ TDR https://arxiv.org/abs/1703.09144 Theresa Fruth (UCL), IOP 2021

Integrated detector overview

https://arxiv.org/abs/1703.09144
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Skin:
• 2 tonnes of LXe surrounding the TPC 
• PMTs at top and bottom of the skin region 
• Lined with PTFE to maximize light 

collection efficiency 
• Anti-coincidence detector for γ-rays 

Outer detector:
• 17 tonnes Gd-loaded liquid scintillator in 

acrylic vessels 
• 120 8” PMTs mounted in the water tank 
• Anti-coincidence detector for γ-rays and 

neutrons 
• Observe ~8 MeV γ-rays from thermal 

neutron capture 

Theresa Fruth (UCL), IOP 2021

Veto detectors
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Veto detectors

Theresa Fruth (UCL), IOP 2021

PTFE tiled cryostat with bottom 
skin PMTs

TPC insertion into the Inner 
Cryostat, August 2019

Top side skin PMTs

OD tanks and OCV 
in the water tank
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1000 day run – after discrimination:
5.97 ER events and 0.51 NR events

Theresa Fruth (UCL), IOP 2021

without veto

with veto

1000 day science run – expected backgrounds

Phys. Rev. D 101, 052002 (2020)

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.052002&v=5ba60b08
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WIMP search – sensitivity projection Phys. Rev. D 101, 052002 (2020)

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.052002&v=5ba60b08
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Enhancing sensitivity in the low WIMP mass 
regime by lower in the detector threshold.

• Lower S1 coincidence requirements from 
3 to 2 photons (making use of the DPE 
effect) -> LZ combined

• S2-only analysis -> LZ S2-only (for 
nominal and enhanced electron lifetime)

Theresa Fruth (UCL), IOP 2021

Sub-GeV Dark Matter

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

https://arxiv.org/pdf/2101.08753.pdf
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T1/2 (90% C.L.) > 1.06 x 1026 years in 1000 live-days

Phys. Rev. C 102, 014602 (2020)

136Xe Qββ = 2458 keV

1 tonne fiducial mass: 

Theresa Fruth (UCL), IOP 2021

Neutrino-less double-beta decay

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevC.102.014602&v=a0bfe551
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• ER band searches for axions and ALPs 
assuming axio-electric interaction

• ALPs – monoenergetic feature in ER 
band

• Plot shows expected sensitivity for 
1000 live-days and 5.6 tonne fiducial 
mass.

Theresa Fruth (UCL), IOP 2021

LZ projected

See E. Leason’s talk about ER band 
searches with LZ (Tuesday, 3:00 PM)

Axion-like particles https://arxiv.org/abs/2102.11740

https://arxiv.org/abs/2102.11740
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LZ status

Theresa Fruth (UCL), IOP 2021

ICV transport UG,
October 2019

ICV insertion into OCV,
December 2019

ICV sealed and under vacuum, 
March 2020

CHV delivery installation (under 
N2 purge), March 2020
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LZ status

Theresa Fruth (UCL), IOP 2021
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https://www.sciencedirect.com/science/article/abs/pii/S0168900219314032?via%3Dihub
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Outlook
• Good progress in assembly and integration of 

detector and associated systems
• Expecting first data later this year
• Expected WIMP sensitivity of 1.4 x 10-48 cm2

at 40 GeV/c2

• Also sensitive to a range of non-WIMP physics
• Stay tuned!

Theresa Fruth (UCL), IOP 2021
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Thank you!

Theresa Fruth (UCL), IOP 2021

Other LZ contributions this IoP conference:
Elizabeth Leason, New Physics Searches with Low Energy Electron Recoils in the LUX ZEPLIN Experiment (Tuesday, 3:00 PM, Astroparticle 2)
Nicolas Angelides, Assembling the LZ Detector (Tuesday, 3:45 PM Astroparticle 2)
Sam Eriksen, LUX-ZEPLIN optical photon simulations using GPUs (Thursday, 11:45 AM, Astroparticle 3)
Tom Rushton, Analysis of Neutron Activation Background in the LUX-ZEPLIN Experiment (Poster)
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Expected backgrounds – 1000 day science run
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Phys. Rev. D 101, 052002

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052002

