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LZ: 38 Institutions & 250 scientists,
engineers and technicians

)
)
)
)
)

Center for Underground Physics (South
Korea)

15) Brookhaven National Lab (US)

16) Brown University (US)
LIP Coimbra (Portugal) 17) Fermi National Accelerator Lab (US)

MEPhI (Russia) 18) Lawrence Berkeley National Lab (US)
1

8)
Imperial College London (UK) 9) Lawrence Livermore National Lab (US)
Royal Holloway University of London (UK) 20) Northwestern University (US)
1)
)
)

STFC Rutherford Appleton Lab (UK) 21) Pennsylvania State University (US)
University College London (UK) 22) SLAC National Accelerator Lab (US)
University of Bristol (UK) 23) South Dakota School of Mines and
University of Edinburgh (UK) Technology (US)

University of Liverpool (UK) 24) South Dakota Science and Technology
University of Oxford (UK) Authority (US)

University of Sheffield (UK) 25) Texas A&M University (US)

Black Hill State University (US) 26) University at Albany (US)

Brandeis University (US) 27) University of Alabama (US)

28)
29)
K10))
31)
32)
33) University of Michigan (US)
34)
K1)
36)
37)
38)

University of California, Berkeley (US)
University of California, Davis (US)
University of California, Santa Barbara (US)
University of Maryland (US)

University of Massachusetts (US)

University of Rochester (US)

University of South Dakota (US)
University of Wisconsin — Madison (US)
Washington University in St. Louis (US)
Yale University (US)



Liquid Xenon TPC operations

— Drift time
e indicates depth
Outgoing
Particle ‘
Incoming S 1
Particle

« 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

- lons 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 detector design

7 tonne liquid xenon | Instrumentation conduits
time-projection T _, Existing

chamber e T e water tank

Liquid Xe vlheer= W i Gadolinium-loaded

heat — liquid scintillator

exchanger & 120 outer

detector

/

High voltage
feedthrough :
494 photomultiplier tubes (PMTs)

| 5 Additional 131 xenon “skin” PMTs  Neutron beampipes
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OD design and impact
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External tagging allows greater fiducial volume for
analysis

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

97% efficiency for neutrons

Daya Bay legacy, scintillator & tanks (and people)




Xenon gas system

e Ex-situ removal of Kr via charcoal

chromatography (SLAC)
Cireutdronpemp |1 e Constant removal of reactive impurities
with a hot gas getter, flow at 500 slpm
Charcoal - - e :
Column LSS ° Gas circulation allows for injection of

radioactive calibration sources
e Kr83m, Xel131m 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

Complementary neutron calibrations

Events / 10° Neutrons / keV
Efficiency

LUX Tritium beta calibrations

——Data
— =Tritium Beta

T Beta-mE

10 15
Combined Energy [keV_]




Background control and estimates

NR (cts)
SF re

Uearly Ulate Thearly Thliate Co80 K40 niyr (inc.
Ba/kg Bq/kg Ba/ke Sa/kg Baikg Ra/ka S.F.re
5.32 080 1.08 0.72 003
262 024 0.41 0.30 0.00 133

7163 320 3.12 2.99 2N 15.41 8
369 62 %87 3891 33.07 097 50.58
138.02 939 16.93 16.90 1625 41287

62.17 529 4, 485 24 44 AN
21295 108 .46 42.19 37 62 223@ Jez
0 12

Intrinsic Contamination Backgrounds | Mass (kg)

48.7

"7

9o

R11410 PMT Bases * 28
RB778 2" PMTs 6.1
RB520 Skin 1" PMTs 21
RE520 Skin PMT Bases * 02
PMT Cabling 625

TPC PTFE 1840

Grid Wires ‘ 0.18

Grd Holders 823

Fieid Shaping Rings 825
TPC Sensors 4.45

TPC Themomelers 0.57
Xe Recirculation Tubing ‘ 151

HV Conduils and Cables 137.7

Composite

581 7.05 1.24 0.75
0.02 0.02 0.03 2254
1.20 027 0.33 1 oo 0.40 0.00
288 083 0.94 % 1.42 282 20.71
114 0.72 “ 0.00 200 41.04
5.04 1.36 9.36 496
11 84 4.31 0.99 46260 1.79
Qo 23 0.33 1.05 0.30 0.64
Q 08 14 25 265
HX and PMT Conduits 1906 o 8 0. 48 0.58 124 1.47 523
Cryostat Vessel 2705.0 0.11 0.40 0.40 0.18 0.54 150 44
Cryostat Seals 337 27 .56 150 583 9.76 14080 127.08
Cryostat Insulabon 138 6 55 11.44 8.15 3.40 78.87 3533
Cryostatl Teflon Liner 0.02 0.03 0.03 0.00 0.12 318
42993 0.60 0.54 057 0.03 478 20065
176403 0.01 0.01 0.00 0.00 1428
204.7 470 395 0.00 534 7 587
: 12.38 12.35 962 9.29 258 83 0 0
Subtotal (Detector Component: | 801 | o101 |
222Rn (1583 ,Bakg)
220Rn (008 ,Bakg)
natKr (0.015 ppt g/g)
natAr (0.45 pob gig)

D.1 uBa/kg

2108 0.
Laboreary md Commagence xternal backgrounds K

Sublotal (Non-v counts | 767 | 055 |
Physics Backgrounds

AL AL L L LLLLDZZ AL L L LL L=

Sublotal (Physics backgrounds)
Total 1 27

Total (with 99.5% ER discrimination, 50% NR efficiency) 5 44 063
_ 6.08

Full discussion in C. Ignarra’s next talk



Performance drivers

Light collection (PDE) 0.075 | 0.12

Drift field (V/cm) 650

Electron lifetime (ps)
3

PMT phe detection mm .
N-fold trigger coincidence _
Rn (mBq in active region) .
{000 | 1000

» 5.8 keVnr S1 threshold
- 310 V/cm driftfield, 99.5%ER/NR discrimination efficiency

m
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LZ Projected Limit
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Baseline sensitivity: 2.3x10-4¢ cm? 40 GeV/c? WIMP from 5.6 T & 1000 livedays
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LZ Timeline

Year Month Activity

2012 March LZ (LUX-ZEPLIN) collaboration formed
2014 July LZ Project selected in US and UK
2015 April DOE CD-1/3a approval, similar in UK
2016 August DOE CD-2/3b approval

2017 February DOE CD-3c approval

2017 March LUX removed from underground
2017 June Begin preparations for surface assembly
2018 July Begin underground installation

2020 Begin commissioning

2021 Begin data taking for WIMP search
2024+ 5+ years of operations




Recent project activities
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Summary

- 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 technigues and understanding of
backgrounds
- Materials screening program busy

* WIMP sensitivity 2.3x10™48 cm? for a 40 GeV/c2 WIMP mass with 1000
live days and 5.6 tonnes fiducial mass







LZ Calibration Sources

Tritium
83m Kr

131mxe
22
°Rn

beta, Q = 18.6 keV
beta/gamma, 32.1keV and 9.4 keV
164 keV y

various a's

ER band
TPC (x,y, 2)
TPC (x,y, z), Xe skin

xenon skin

Internal
Internal
Internal

Internal

AmLi
252 ¢
22811,

22Na

(a,n)

spontaneous fission
122 keV y
2.615 MeV y, various others
back-to-back 511keV y's

NR band
NR efficiency
Xe skin threshold

OD energy scale
TPC and OD sync

CSD
CSD
CSD
CSD
CSD

152 keV neutron
88.5 keV neutron
47 keV neutron

low-energy NR response
low-energy NR response

low-energy NR response

External
External

External

2,450 keV neutron
272 keV neutron

NR light and charge yields
NR light and charge yields

External

External




Large Underground Xenon—LUX/LZ
{(First and second generation dark matter)

Open May 2012

Masorana DEMONSTRATOR
(Neutrinoless double-beta cecay)

Open May 2012

L
B

.

Multi-functional lab module
(Third generation dark matter)

FAARM
(Low background assay)

-
Temporary Clean Room
(Copper electroforming)

Open January 2011

LBNE Liquid Argon
surface laboratory

Oro Hondo
exhaust shaft

:—‘ . !-. 2'
T )
DIANA
(Nuclear astrophysics)

LBNE Liquid Argon
4850 Level laboratory

Low background
counting facility




LZ @ Davis Cavern
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SLAC System Test Platform




System Test TPC
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Test Grid High
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Prototype many
subsystems:
circulation, slow
controls, sensors
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