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Outline:
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● Overview of the LZ (LUX + ZEPLIN) Detector

● Purity Monitoring (Electron-Lifetime Study)

● Nuclear Recoil (NR) Calibration of the LZ Detector with Neutron 
Sources

● Separation of Nuclear Recoil (NR) WIMP Dark Matter Signals 
from Electron Recoil (ER) Signals 
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The LUX-ZEPLIN (LZ) Experiment
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located ~1 mile underground at Sanford 
Lab (Davis Campus), Lead, SD, USA

Full LZ experiment CAD model in the the Davis Campus at the 4850 Level of the 
Sanford Underground Research Facility. Figure credit to Matt Hoff (LBNL).

LZ Detector inside the water tank
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LZ Detector Overview
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(Time Projection 
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Bottom 
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● Taking data now!
● Largest Dual 

Phase LXe TPC
● 7 tonnes of Xe in 

TPC
● 5.6 tonnes fiducial
● 494 TPC PMTs

Liquid Xe (LXe)

Gas Xe (GXe)

Calibration Source Deployment (CSD) tubes for 
external gamma & neutron calibration sources



Dual-Phase Xenon Detector (TPC)
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(Possibly a 
WIMP)

WIMPs: Weakly Interacting Massive Particle
Madan S. Timalsina/SDSMT(LZ)

electron recoil background band
(will be probed with β, 𝞬-ray calibrations)

nuclear recoil 
(NR) signal band
(dark matter signal or 
neutron background that 
will be probed with 
neutron calibrations)solar neutrino 

background

Example WIMP region

 (for mass 40 GeV/c^2)

(Drifted & 
amplified electrons)

(Direct light)

LZ simulated data set for 1000 live days
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(D.S. Akerib et al., Phys.Rev.D 101 (2020) 5, 052002 (DOI) arXiv: 1802.06039)

https://doi.org/10.1103/PhysRevD.101.052002
https://arxiv.org/abs/1802.06039
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Xe-131m

Alphas Population 
(from Rn-222 chain)

Xe-129m + Xe-127

Log10(s1 [phd])
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Time-Dependent Signal Electron-Lifetime

● Electron-Lifetime is the mean time of signal 
electrons that can survive as they drift through 
the LXe before attaching to any chemical 
impurity

● It is a very important technique to monitor the 
detector purity, to understand and correct for the 
detector response and essential for any LZ data 
analysis

● It is used for different calibration aspects, such 
as radial correction, spatial correction, position 
correction, S2 correction, salting and so on

Madan S. Timalsina/SDSMT(LZ)

2       4             6                    8          10                 12

~2 representative weeks during WIMP search

Requirement ~1 ms

Data: During LZ Commissioning 
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DD Neutron Calibration : LZ Dual-Phase Xenon Detector (TPC)
● Generates neutrons by deuterium-deuterium fusion

○ 2D + 2D → 3He + n
○ Monoenergetic 2.45 MeV neutrons
○ Resulting a maximum NR of ~ 75 keV in LXe
○ Neutron production rate is up to 109 /sec. 
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2.45 MeV monoenergetic 
neutrons sent down a conduit 
at intensities upto 4x107 /s.

Water Tank OD TPCOCV

Theoretical 
estimation of 
endpoint NR 
(~ 75 keV) in Xe

7DD Generator

More details on J. Bang’s APS 
(April 2022) Presentation
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https://assets.onlineeventapp.com/apsapr22/EventFiles/apsapr2022/PresentationFiles/Uploads/23882337/33060078/APS%202022%20Slides%20DD%20Calibration%20-%20Jeanne%20Bang.pdf
https://assets.onlineeventapp.com/apsapr22/EventFiles/apsapr2022/PresentationFiles/Uploads/23882337/33060078/APS%202022%20Slides%20DD%20Calibration%20-%20Jeanne%20Bang.pdf


AmLi Neutron Calibration : LZ Dual-Phase Xenon Detector (TPC)

Mounting AmLi neutron 
source inside a 

calibration system

● Neutrons produced via Li(𝞪,n) reactions, 𝞪’s from 241Am (𝞪 + 7Li → 11B → 10B + n )
● Maximum neutron energy is 1.5 MeV resulting a maximum NR of ~ 40 keV in LXe
● Total neutron emission rate of LZ AmLi sources are ~35 neutrons per second
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3 AmLi neutron sources 
at 3 different position

Theoretical estimation of endpoint NR (~ 40 keV) in Xe

Some of these high energy events 
are multiple scatter events 
classified as single scatter events
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(only one source position used for this plot)

Planning to take more data   
to have better statistics! Pr
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5 keVnr 15 keVnr 25 keVnr 35 keVnr 45 keVnr 55 keVnr
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M. Williams APS 
(April 2022) Presentation
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Only FV cut applied

AmLi: Single Scatter events 

https://assets.onlineeventapp.com/apsapr22/EventFiles/apsapr2022/PresentationFiles/Uploads/23882337/33060076/Event%20Reconstruction%20in%20LZ%20for%20Dark%20Matter%20Direct%20Detection.pdf
https://assets.onlineeventapp.com/apsapr22/EventFiles/apsapr2022/PresentationFiles/Uploads/23882337/33060076/Event%20Reconstruction%20in%20LZ%20for%20Dark%20Matter%20Direct%20Detection.pdf


220Rn ER Calibration
D-D NR Calibration

LZ Nuclear Recoil (NR) and Electron Recoil (ER) Initial Calibration 

● Similar to NR we also have ER calibration to understand the 
radioactive background

● During early commissioning, test calibration data were acquired 
220Rn injection (𝛽 from 212Pb) for electronic recoils (ER)

● We can see the separation of ER and NR bands

● Binning data sets into S1c “slices”, Gaussian fits to the log10(S2c) 
distributions provide band means & widths

● During commissioning, detector configuration was not yet finalized 
○ Therefore, results in this presentation are preliminary 
○ We present the development of a robust tuning 
technique, which is efficient and easy to re-perform on 
later data acquisitions
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G. Rischbieter’s 
APS presentation
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LZ Sensitivity in Comparison to Other Experiments
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Soon we will look in the NR band 
from our WIMP search to infer either 
a) an exclusion curve if we don’t see 
anything above background OR 
b) (if we are lucky) a possible first 
sign of WIMPs!

 LZ projected sensitivity to SI WIMP-nucleon elastic 
scattering for 1000 live days and a 5.6 tonne fiducial mass

D.S. Akerib et al., Phys.Rev.D 101 (2020) 5, 052002 (DOI) arXiv: 1802.06039
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https://doi.org/10.1103/PhysRevD.101.052002
https://arxiv.org/abs/1802.06039
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Summary:

● This is an exciting time for dark matter and noble element experiments, 
as the generation-2 of large xenon TPCs have begun collecting data

● LZ detector’s liquid xenon is already very pure and collects WIMP 
search data, expected first science result within 2022 

● LZ has clear discrimination between NR WIMP events and ER 
radioactive background events, so LZ detector is ready to observe 
potential dark matter signal via NR if WIMPs exist and their 
spin-independent WIMP-nucleon scattering cross section is 
significantly above LZ’s sensitivity for exclusion (@ 90% C.L.) of 
1.4 x 10-48 cm2 @ 40 GeV/c2
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(D.S. Akerib et al., Phys.Rev.D 101 (2020) 5, 052002 (DOI) arXiv: 1802.06039)

https://doi.org/10.1103/PhysRevD.101.052002
https://arxiv.org/abs/1802.06039


LZ (LUX-ZEPLIN) Collaboration
35 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 Los Angeles
● 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

     US            UK         Portugal     Korea

Thanks to our 
sponsors and 
participating 
institutions!

U.S. Department of Energy 
Office of Science

https://lz.lbl.gov/

@lzdarkmatter


