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LZ… 

• … is the successor to LUX
• …will be hosted by the Sanford Underground Research Facility

• …will have ~9 T total, 7 T active, 5.6 T fiducial mass of liquid xenon
• …which is about 50 times that of LUX (fiducial)

• …will have a skin region, outer detector and water tank for 

background suppression
• …Low energy NR sensitivity limited by astrophysical backgrounds

• …will reach a SI WIMP sensitivity of 1.6x10-48 cm2 at 40 GeV/c2

• …will have sensitivity to a range of other New Physics processes

• …is being constructed NOW; will be running by 2020
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Sanford Underground Research Facility 
Lead, South Dakota, USA 

Davis Campus Water Tank 
3 



4Technical Design Report, arXiv:1703.09144. 
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•  “…will have a skin region, outer detector and water tank for background 

suppression”
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LZ-global status 

• Requirements – defined
• Design – complete

• Baseline sensitivity studies – complete
• Construction – well underway

• Assay campaign – mostly completed

• Advanced sensitivity studies – well underway
• Mock data challenges: 2017, 2018, 2019

• First dark – 2019
• Science Data - 2020
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LZ-UK status • UK hardware contributions 
nearly complete

Skin PMT Validation
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UK deliverables  

•  Mostly reported on at the last DMUK… 
•  Brais López Paredes

https://indico.fnal.gov/event/13260/contribution/17/material/slides/0.pdf 

•  Cryostat – delivered to SURF 

•  Cleanliness – ICPMS, HPGe: Complete*  

•  3” PMTs – manufactured, assayed, tested, delivered 

•  PMT bases – manufactured, assayed, tested, delivered 

•  Internal sensors – almost complete 

•  Calibration source delivery system – complete 

•  OD optical calibration system – almost complete 

•  Simulations 

•  Skin PMT testing – New responsibility – ongoing 
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Outer cryostat vessel in the SAL at SURF 
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Skin PMT tests 

•  Validate [gain, resolution, dark rate, afterpulsing] 
of 93 1” PMTs before installation to LZ. 

•  Need to test at 170 K; maintain cleanliness
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ASSAY CAMPAIGN

MONTE CARLO 
SIMULATION

Known source 
event rates
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Background Single Scatter ER events 

•  Energy spectra of electron recoil background from various sources. 
•  222Rn dominates at low energies. 
•  Environmental background and components are not major sources of 

background events. 
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Vetoes activeFV+SS

Background Single Scatter NR events 

•  Single scatter NR before (left) and after (right) skin and OD 
coincidence rejection 

•  Rate at low energy (<4 keV) dominated by 8B CNNS 
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Background Single Scatter NR events 

•  Single scatter nuclear recoil events in the LXe active 
volume before (left) and after (right) rejecting events in 
coincidence with veto system (LXe skin and the Outer 
Detector (OD).  
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Event yields from known sources 

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields from known sources 

Radon dominates 
ER backgrounds 

νe scattering of 
pp solar ν’s; 

(atomic electron 
recoils)  

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields from known sources 

Neutrons, 
including alpha-n 

on PTFE 

Coherent 
scattering of 
atmospheric 
ν’s on Xe 

nuclei 

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields from known sources 

Simple WIMP 
search box “Cut 
& Count” type 

numbers 

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields are not the whole story! 

•  CNNS of 8B 
dominates at 
lowest energy 
(36 events for 
5600 ton.days!) 

•  PLR approach 
to identify 
signal/set limits 
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What this means for WIMPs… arXiv:1802.06039 
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WIMP SI Sensitivity 
https://arxiv.org/pdf/1802.06039.pdf
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More Science 

SD interactions, axions, axion-like particles (ALPs), sub-GeV 
dark matter, leptophillic axial vector DM, astrophysical 
neutrinos, 0𝜈𝛽𝛽’s, ...

SD WIMP-neutron (left) and WIMP-proton (right) scattering for a 1000 live day run 
with a 5.6 tonne fiducial mass. 

https://arxiv.org/pdf/1802.06039.pdf
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More Science 

SD interactions, axions, axion-like particles (ALPs), sub-
GeV dark matter, leptophillic axial vector DM, astrophysical 
neutrinos, 0𝜈𝛽𝛽’s, ...

Solar QCD axions (left) and galactic axion-like particle (right) sensitivities for a 
1000 live day run with a 5.6 tonne fiducial mass.                        

https://arxiv.org/abs/1703.09144



Alex Murphy – DMUK – IPPP – 13 June 2018 

To summarise… 
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Great Progress
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Great Progress
Still lots to do
Roll on 2020!

To summarise… 
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The LUX-ZEPLIN Collaboration 
²  Black Hills State University
²  Brandeis University
²  Brookhaven National Laboratory 
²  Brown University
²  Center for Underground Physics, Korea
²  Fermi National Accelerator Laboratory
²  Imperial College London
²  LIP Coimbra, Portugal 
²  Lawrence Berkley National Laboratory
²  Lawrence Livermore National Laboratory
²  MEPhl-Moscow, Russia
²  Northwestern University
²  Pennsylvania State University
²  Royal Holloway, University of London
²  SLAC National Accelerator Laboratory 
²  South Dakota School of Mines and Technology
²  South Dakota Science and Technology Authority
²  STFC Rutherford Appleton Laboratory
²  Texas A&M University
²  University at Albany, SUNY
²  University College London
²  University of Alabama
²  University of Bristol
²  University of California, Berkeley
²  University of California, Davis

²  University of California, Santa Barbara
²  University of Edinburgh
²  University of Liverpool
²  University of Maryland
²  University of Michigan
²  University of Massachusetts
²  University of Oxford
²  University of Rochester
²  University of Sheffield
²  University of South Dakota
²  University of Wisconsin – Madison
²  Washington University in St. Louis
²  Yale University
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