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LUX-ZEPLIN (LZ)
● Aims to observe interaction of DM 

particles with atomic nuclei
● 4850 ft below surface in Davis cavern 

of Sanford Underground Research 
facility (SURF) in south dakota

● Dual phase (LXe+GXe) TPC + 
instrumented LXe Skin + Outer 
detector (OD) 

● Observes scintillation light from 
interactions with LXe atoms

● DM interaction signal is nuclear recoil
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OD
● Veto for neutron backgrounds
● Organic scintillator doped with gadolinium (high neutron capture cross section of 

~50,000 barns for natural mix)
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● Gd neutron capture signal → 
8 MeV (in 4-5 gammas)

● Gammas from radioisotopes 
in cavern rock can induce 
false veto

● Characterisation necessary to 
determine 
deadtime/efficiency tradeoffs 
(<5% deadtime desired)
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40K, 238U and 232Th spectra
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Analytical Techniques in Uranium Exploration and Ore Processing", 
IAEA Vienna, 1992
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Gamma background measurements to date
● 2006: Measurement at SURF but not at 4850 ft level

● 2014: Measurement in east counting room of Davis cavern with HPGe 
detector 

● 2016: Sims based on 2014 measurements predict OD rate of ~90Hz → 
Close to 5% deadtime requirement

● 2017: LZ OD prototype measures lower rate than predicted by 2016 sim
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Davis Cavern
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Rhyolite intrusion
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The Band
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Cavern measurement expedition
● Aim to conduct several measurements in the empty LZ water tank and 

determine how much (if any) additional shielding would be required to protect 
OD

● Used NaI(Tl) detector

Centre of water tank, looking up
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Davis Lab: Multilevel Projection
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Efficiency & 
Resolution

● Efficiency calculated as ratio of 
expected rate to detected rate.
○ Correction Factor of 0.90±0.06

● FWHM modelled with :

M. Moszyski, “Inorganic scintillation detectors in 
gamma-ray spectrometry,” 2003
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Raw Spectra
40K

238U (214Bi)

232Th (208Tl)
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Simulating the Davis Cavern
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● Use LZ BACCARAT* 

framework (utilizing 

Geant4 package)

● Isotopes placed in 30cm 

shell of rock, replicating 

surface of cavern wall

● Energy deposit spectra 
smeared using NaI 
FWHM model

*See IDM talk “Simulations for the LUX-ZEPLIN 
Experiment” by V. Kudryavtsev
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Rock Spectra Fit
● Analytic fitting function for background peaks hard to find

○ Used simulation with Geant4 to obtain templates for fitting to efficiency corrected data
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Results
● Simulations used to determine 

rates from “old” activities
○ Data/Sim gives correction 

factor to absolute activities
● MC gamma survival rates for 

each position gives contribution 
of each wall to the spectra

● Use each walls contribution to 
measurements as weights to 
construct average activity for 
each wall

Very conservative estimate based on 
HPGe measurement
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Summary

● OD veto efficiency influenced by cavern background

● Historical measurements limited: comprehensive survey required

● Dedicated measurements made at various locations in cavern

● Lower average wall activity than conservatively predicted

● Can utilise results for gamma flux model for water tank surface

● Paper in preparation!
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LZ Collaboration (2018)


