
An overview 
of the  

LUX-ZEPLIN 
Experiment

Kimberly J. Palladino 
for the LZ Collaboration 

July 25, 2017ROOT
and some other tools
for MDC1 analysis

Ben Krikler
Bjoern Penning
20th July 2017

*Just a prototype in this photo!



LZ: 38 Institutions & 250 scientists,    
engineers and technicians
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1) Center for Underground Physics (South 
Korea)

2) LIP Coimbra (Portugal)
3) MEPhI (Russia)
4) Imperial College London (UK)
5) Royal Holloway University of London (UK)
6) STFC Rutherford Appleton Lab (UK)
7) University College London (UK)
8) University of Bristol (UK)
9) University of Edinburgh (UK)
10) University of Liverpool (UK)
11) University of Oxford (UK)
12) University of Sheffield (UK)
13) Black Hill State University (US)
14) Brandeis University (US)

15) Brookhaven National Lab (US)
16) Brown University (US)
17) Fermi National Accelerator Lab (US)
18) Lawrence Berkeley National Lab (US)
19) Lawrence Livermore National Lab (US)
20) Northwestern University (US)
21) Pennsylvania State University (US)
22) SLAC National Accelerator Lab (US)
23) South Dakota School of Mines and 

Technology (US)
24) South Dakota Science and Technology 

Authority (US)
25) Texas A&M University (US)
26) University at Albany (US)
27) University of Alabama (US)

28) University of California, Berkeley (US)
29) University of California, Davis (US)
30) University of California, Santa Barbara (US)
31) University of Maryland (US)
32) University of Massachusetts (US)
33) University of Michigan (US)
34) University of Rochester (US)
35) University of South Dakota (US)
36) University of Wisconsin – Madison (US)
37) Washington University in St. Louis (US)
38) Yale University (US)



Liquid Xenon TPC operations

! Well suited to search for WIMP induced 
nuclear recoils"

! Discrimination against background 
electronic recoils"

! Self-shielding, large fiducial masses"
! Primary Scintillation (S1) with some 

recombination and de-excitation in the 
liquid"

! Ions drift in TPC electric field"
! Amplification region in gas creates 

proportional light (S2)"
! S2/S1 provides particle ID"
! Events are hundreds of microseconds 

(set by electron drift velocity)"
! Strong position reconstruction
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LZ @ SURF
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Davis Cavern 1480 m
 (4200 m water equivalent)"
Sanford Underground Research Facility"
Homestake Gold mine"
Lead, SD (near Deadwood) 

Sanford Underground Research Facility

Lead, SD (near Deadwood) 



LZ detector design
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TPC design

6 CD3 Review at LBNL Jan 10, 2017T. Shutt – 1.5  Xe Detector System

Xe Detector Overview
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OD design and impact
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The Outer Detector (OD)

• !""#$%&'( %) *%&(&+# ,)"% -#. ,'/&,&+# 
0&1*2&'( 3)(*,#

• 4#5,#%&2 ,#'"*5#,#$% )0 6#$#%5'%&$7 
8'2975)*$1"

• :#7,#$%#1 %'$9" ; &$"%'(('%&)$ 
2)$"%5'&$%" <"='0%. >'%#5 %'$9?

• @A 2, %=&29. BCDE F )0 G'1)(&$&*,‐
()'1#1 HIJK (&L*&1 "2&$%&(('%)5. 
MN *$1#575)*$1

• OPQ #00&2&#$2R 0)5 $#*%5)$"
• S'R' J'R (#7'2R. "2&$%&(('%)5 T %'$9" 

<'$1 6#)6(#?

OK H&$#'5 I(9R(J#$+#$# O

! External tagging allows greater fiducial volume for 
analysis"

! 60 cm thick, 17.2 T of Gadolinium# loaded liquid 
scintillator, 120 8” PMTs

! 97% e$ciency for neutrons 
! Daya Bay legacy, scintillator & tanks (and people) 
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Xenon gas system
• Ex-situ removal of Kr via charcoal 

chromatography (SLAC) 
• Constant removal of reactive impurities 

with a hot gas getter, flow at 500 slpm 
• Gas circulation allows for injection of 

radioactive calibration sources 
• Kr83m, Xe131m workhorses 
• CH3T quarterly; must be removed 

with getter
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Calibrations
• Extensive calibrations utilizing: 

• Injected gaseous sources (betas, 
gammas, alphas)  

• External neutron sources 
• Calibration source deployment 

tubes (gammas, neutrons) 
• Many calibrations 

• Main TPC: NR & ER bands 
• Main TPC: x, y, z  & purity 

monitorring 
• Skin and OD: energy and threshold
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Complementary neutron calibrations

LUX Tritium beta calibrations



Background control and estimates
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Full discussion in C. Ignarra’s next talk

Detector components fro
m assays

External backgrounds
Xenon contaminants

Physics: Neutrinos!



Performance drivers
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! 5.8 keVnr S1 threshold
! 310 V/cm driftfield, 99.5%ER/NR discrimination e$ciency 



LZ Projected Limit
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1 event

1000 tonne-years significance
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LZ 90%CL Median (Baseline)
LZ 90%CL Median (Goal)

)!CMSSM (1
)!CMSSM (2

Zeplin-III (2011)
PandaX (2016)
LUX WS2013+WS2014-16
XENON1T (2017)

Baseline sensitivity: 2.3x10Baseline sensitivity: 2.3x10-48 cm cm2 40 GeV/c 40 GeV/c2 WIMP from 5.6 T & 1000 livedays



LZ Simulated Signal Region
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40 GeV WIMP

5x the expected ER background and 500x the expected NR background in the nominal LZ exposure 



LZ Timeline
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Year Month Activity
2012 March LZ (LUXLZ (LUX-ZEPLIN) collaboration formed 
2014 July !9$&:(;#<=$>#*#<=#0$4)$?2$@)0$?A$
2015 April 65B$'6CDE,@$@FF:(G@*H$>4I4*@:$4)$?A$

'()<#F=J@*$6#>4K)$L#F(:=$@:"4GM$D7NO-NPODN$
2016 August 65B$'6CPE,Q$@FF:(G@*
2017 February 65B$'6C,<$@FF:(G@*$

%#<R)4<@*$6#>4K)$L#F(:=$@:"4GM$DSN,-NODTT$
2017 March !?"$:#I(G#0$U:(I$J)0#:K:(J)0
2017 June V#K4)$F:#F@:@W()>$U(:$>J:U@<#$@>>#IQ*+$
2018 XJ*+ V#K4)$J)0#:K:(J)0$4)>=@**@W()
2020 Begin commissioning
2021 Begin data taking for WIMP search
2024+ 5+ years of operations



Recent project activities
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Summary
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! LZ dark matter experiment proceeds on schedule
! Long lead-time item procurement underway: Xenon, PMTs, Cryostat 

vessel, facility prep, etc. "
! Simulations, analysis framework, and run control exercised
! Quality assurance and control testing for hardware underway

! LZ benefits from LUX calibration techniques and understanding of 
backgrounds "

! Materials screening program busy

! WIMP sensitivity 2.3&10-48 cm2 for a 40 GeV/c2 WIMP mass with 1000 
live days and 5.6 tonnes fiducial mass !



Backup Slides
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LZ Calibration Sources
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SURF
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LZ @ Davis Cavern
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LZ Backgrounds
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External Materials Uniform in LXe



SLAC System Test Platform
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System Test TPC
• Test Grid High 

Voltage with single 
photon and single 
electron sensitivity 

• Prototype many 
subsystems: 
circulation, slow 
controls, sensors
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