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A DARK UNIVERSE

 A-CDM cosmology is a remarkably successful model

* |Initial conditions photographed at the surface of last scatters (CMB radiation)
e Left to evolve for 13.7 Gyr under two dark ‘fluids’ — DE and DM
* To produce what we see today — normal matter (almost) doesn’t matter



OUR DARK MILKY WAY

e Spiral galaxies ‘spin’ too quickly for their observed ‘luminous’ mass
* Our Milky Way is no exception: we too are immersed in a DM halo
* Density near Sun ~0.3 GeV/cm3, mean particle speed v~ 300 km/s (0.001c)
* Direct search experiments probe our galactic DM via elastic scattering
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WEAKLY INTERACTING MASSIVE PARTICLES

Main observable:
O(keV) nuclear recoils from elastic WIMP-nucleus scattering (or any other particle!)



THE LUX-ZEPLIN (LZ) EXPERIMENT

LZ detector(s) LXe-TPC
 7-T LXe-TPC (494 PMTs)
e 2-T LXe Skin Detector (131 PMTs)
 17-T Gd-loaded Liquid Scintillator gloenu(;[lrjci)tn
Outer Detector (120 PMTs) L Xe
Skin Detector
100x more 50 KV
sensitive than LUX cathode HV \

Gd-LS
Outer Detector

LZ Technical Design Report: arXiv:1703.09144
LZ Sensitivity: arXiv:1802.06039
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SANFORD UNDERGROUND RESEARCH FACILITY
Lead, in the beautiful Black Hills of South Dakota

ead and the Open Cut

Sturgis Rally
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THE LZ XENON DETECTOR

LXe-TPC
(dual-phase)

Main observables: \

$1,S2,x,y, z

HV CONNECTION TO CATHODE
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GAS PHASE AND
ELECTROLUMINESCENCE REGION
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Skin PMT

3-inch Hamamatsu R11410-22 PMTs



VETO STRATEGY
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PHYSICS SENSITIVITY HIGHLIGHTS: WIMPS

* Aiming for leading Sl sensitivity above a few GeV, 1.6x10* cm? @ 40 GeV

* Also WIMP-n and WIMP-p SD sensitivity, plus more exotic EFT operators
arXiv:1802.06039



PHYSICS SENSITIVITY HIGHLIGHTS: CEVNS

* CEVNS first observed in 2017 by COHERENT (v +4 — v + A)
» Several astro-neutrino fluxes able to produce these very soft nuclear recoil spectra
 Single scatters, uniformly distributed, NR spectrum looks like (~6 GeV) WIMPs

* LZ can detect =40 B-8 solar neutrinos — and hence demonstrate supernova sensitivity

A galactic supernova at 10 kpc
can produce up to ~100 events in LZ

through this flavour-blind interaction
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PHYSICS SENSITIVITY HIGHLIGHTS: Ov[33 DECAY

* Searches for neutrinoless double beta decay in Xe-136 (Qg, = 2,458 keV)
 Demonstrate potential using a scalable technology

Gamma backgrounds from cavern and detector:
Bi-214 (2,447 keV) and TI-208 (2,614 keV)

PRELIMINARY

o~ 1% at QBB demonstrated in LXe



DETECTOR ASSEMBLY

e Detector integration started in December 2018
at Surface Assembly Laboratory (SURF)

* 13,500 working hours
* Class 1000 CR — but performing much better
 Reduced radon environment

* Bringing tens of thousands of ultra-clean,
low-background components together



PMT ARRAYS - 241+253 HAMAMATSU R11410-22



BOTTOM SKIN:
20+18 2” PMTS
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4 meshes using 75/100 um wire,
woven using automated loom,
epoxied to holding rings

Major QA programme for
mechanical & electrical resilience,
and for cleanliness

Probably the most challenging
components in the experiment
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Ti: 1702.02646
PTFE: 1612.07965, 1608.01717
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TPC MATING



TOP PMT ARRAY

EXTRACTION REGION

TOP SKIN

TPC FIELDCAGE
(ACTIVE XENON)

CATHODE GRID
REVERSE-FIELD REGION
BOTTOM PMT ARRAY
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QA PROGRAMME

e Rigorous Quality Plan: mechanical, electrical, radioactivity, cleanliness

 Radioassay programme
* Fixed contaminant screening with HPGe, ICP-MS, NAA (>1,000 assays)
 Radon emanation (>170 assays)
« Radon removal (inline)
 Krypton removal (prior to deployment)
« Comprehensive tracking system for backgrounds

 C(Cleanliness programme
 Witness coupons & tape lifts (>300 assays); UV inspection
* C(Cleaning and handling procedures
 Radon progeny plate-out
 Comprehensive tracking system for plate-out and dust
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SUMMARY & TIMELINE

* The LZ Xenon Detector has been assembled at SURF,
following ~7 years of design and construction

* Insertion into inner cryostat vessel and checkouts ongoing,
deployment underground expected within weeks

* Construction of other subsystems progressing well

* Start of physics data-taking in 2020,
probing new WIMP parameter space

 LZ will be sensitive to plenty of new physics
involving rare scattering and decay processes —
keep an eye out in 2020!
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University of Wisconsin LIDINE 2019 22



reserve slides



LZ BACKGROUNDS

* DETECTOR MATERIALS

» Radioassay programme

 SURFACE CONTAMINATION

* Cleanliness programme

* INTERNAL BACKGROUNDS

* Rn Assay programme
* Krypton & Radon removal

* PHYSICS BACKGROUNDS

 Solar pp neutrinos (ER)
* Atmospheric & B-8 neutrinos (NR)

TOTAL IN WIMP ROI IN 1,000 DAYS

1195 ER + 1.0 NR (before discrimination)

6 ER + 0.5 NR COUNTS

1802.06039




LZ BACKGROUNDS

+VETOS
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LZ SENSITIVITY: SIMULATED EXPOSURE

Full LZ exposure (1,000 live days)

ER background
/ dominated by
radon and solar

pp neutrinos

Coherent 40 GeV WIMP
nuclear \ signal model
scattering of

solar neutrinos
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