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Direct Detection Search for Dark Matter

Dark Matter wind Elastic scattering:

- R

Xe atom

1

Nuclear recoil:
* lonization (charge)

Milky Way — DM Halo:
ilky Way alo * Scintillation (light)

* Density near sun ~ 0.3 GeV/cm3
* Mean particle speed v~ 300 km/s
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TPC Overview

Xenon gas

Liquid Xe
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7 tonnes of Xenon, 5.6 tonnes
fiducial volume

Interaction leads to prompt
scintillation and free electrons

Electric field to extract

electrons into gas leading to
Electroluminescence light

3D reconstruction with S2 (XY)
and S1-S2 delay (Z) allows

fiducialisation




Bottom PMT array with field cage

HV grid weaving at SLAC Assembled TPC (July 2019) Bottom PMT array
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ER-NR discrimination

S1 x,y,z corrected (phe)

Phys. Rev. Lett. 112, 091303 (2014)
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.112.091303&v=685f90ea
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.052002&v=5ba60b08

Background reduction

Material Selection: Cleanliness during construction:
e Radio-assay campaign with gamma- Rn daughters and dust on surfaces
screening and ICPMS TPC assembly in Rn-reduced

* Radon emanation: cleanroom
* 4 Rn emanation screening sites Dust <500 ng/cm? on all LXe wetted

* Target Rn activity: 2 uBqg/kg surfaces
Rn-daughter plate-out on TPC walls

<0.5 mBg/m?
Xenon purification:

e Charcoal chromatography @ SLAC to
remove Xenon contaminants — #Kr Shielding:

and 3%Ar * Deep underground
Online gas purification at 500 slpm, * High purity water shield
turnover of total volume every 2.5 e Veto detectors

days
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1140%2Fepjc%2Fs10052-020-8420-x&v=66574e45
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LZ TDR https://arxiv.org/abs/1703.09144



https://arxiv.org/abs/1703.09144

Veto detectors

Skin:

2 tonnes of LXe surrounding the TPC
PMTs at top and bottom of the skin region
Lined with PTFE to maximize light
collection efficiency

Anti-coincidence detector for y-rays

Outer detector:
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17 tonnes Gd-loaded liquid scintillator in
acrylic vessels

120 8” PMTs mounted in the water tank
Anti-coincidence detector for y-rays and
neutrons

Observe ~8 MeV y-rays from thermal
neutron capture
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1000 day science run — expected backgrounds

Phys. Rev. D 101, 052002 (2020)
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1000 day run — after discrimination:
5.97 ER events and 0.51 NR events
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.052002&v=5ba60b08

WIMP search — sensitivity projection

SI WIMP-nucleon cross section [cm?]
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90% CL minimum of
1.4 x 1048 cm?
at 40 GeV/c?

13


https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.052002&v=5ba60b08

Enhancing sensitivity in the low WIMP mass
regime by lower in the detector threshold.

https://arxiv.org/pdf/2101.08753.pdf

Lower S1 coincidence requirements from
3 to 2 photons (making use of the DPE
effect) -> LZ combined

S2-only analysis -> LZ S2-only (for
nominal and enhanced electron lifetime)
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https://arxiv.org/pdf/2101.08753.pdf

Neutrino-less double-beta decay

Rate [counts/kg/day/keV]

136Xe Qg = 2458 keV T1/2(90% C.L.) > 1.06 x 102° years in 1000 live-days
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevC.102.014602&v=a0bfe551

Axion-like particles

LZ projected
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https://arxiv.org/abs/2102.11740

CHV delivery installation (underLE

' : e ICV sealed and under vacu‘qm
ICV transport UG B ICV insertion into OCV, March 2020 s
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Storage and Recovery
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https://www.sciencedirect.com/science/article/abs/pii/S0168900219314032?via%3Dihub
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Outlook

Good progress in assembly and integration of
detector and associated systems

Expecting first data later this year

Expected WIMP sensitivity of 1.4 x 1048 cm?
at 40 GeV/c?

Also sensitive to a range of non-WIMP physics
Stay tuned!

Fheresa Fruth (UCL) JER2021



Other LZ contributions this loP conference:

Elizabeth Leason, New Physics Searches with Low Energy Electron Recoils in the LUX ZEPLIN Experiment (Tuesday, 3:00 PM, Astroparticle 2)
Nicolas Angelides, Assembling the LZ Detector (Tuesday, 3:45 PM Astroparticle 2)

Sam Eriksen, LUX-ZEPLIN optical photon simulations using GPUs (Thursday, 11:45 AM, Astroparticle 3)
Tom Rushton, Analysis of Neutron Activation Background in the LUX-ZEPLIN Experiment (Poster)
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Phys. Rev. D 101, O

Expected backgrounds — 1000 day science run

107! ¢
TABLE III. Estimated backgrounds from all significant sources in the LZ 1000 day WIMP search exposure. Counts are for F Det. + Sur. + Env.
a region of interest relevant to a 40 GeV/c2 WIMP: approximately 1.5-6.5 keV for ERs and 6-30 keV for NRs; and after 10-2L
application of the single scatter, skin and OD veto, and 5.6 tonne fiducial volume cuts. Mass-weighted average activities are E
shown for composite materials and the 80 and 23kTh chains are gglit into contributions from early- and late-chain, with the — F
latter defined as those coming from isotopes below and including ***Ra and 224R,n, respectively. % 1 0,3 ;
Background Source Mass ’“U, By, “’Th, 2Th, ®°Co K n/yr | ER | NR i F
(kg) mBq/kg (cts) | (cts) Bl
Detector Components & 1077 ¢
PMT systems 308 312 520 232 229 146 186 | 248 | 2.82 | 0.027 é -
TPC systems 373 328 1.01 084 076 258 7.80 | 79.9 | 4.33 | 0.022 g 1075 &
Cryostat 2778 | 2.88 0.63 048 0.51 031 2.62 323 1.27 | 0.018 3 -
Outer detector (OD) 22950 | 6.13 474 3.78 3.71 033 13.8 | 8061 | 0.62 | 0.001 —
All else 358 | 361 125 055 0.65 131 264 | 39.1 | 0.11 | 0.003 2 10°%F
subtotal| 9 0.07 24 E
Surface Contamination 1077 L
Dust (intrinsic activity, 500 ng/cm?) 02 | 0.05
Plate-out (PTFE panels, 50 nBg/cm®) - 0.05 s, L T L L
#'°Bi mobility (0.1 uBaq/kg LXe) g | = 7% 500 1000 1500 2000 2500
Ion misreconstruction (50 nBq/cm?) - 0.16 . .
219p}, (in bulk PTFE, 10 mBq/kg PTFE) R 0.12 Electronic recoil energy [keV]
subtotal| 40 0.39
222p. (1.8 681 - l 103
.09 nBq/kg) 111 -
"Kr (0.015 ppt g/g) 24.5 - 10-4
"**Ar (0.45 ppb g/g) 2.5 - = F
subtotal| 819 0 é’ 10-5[F
Laboratory and Cosmogenics 2 i
Laboratory rock walls 4.6 0.00 B 06 1[ *B
Muon induced neutrons - 0.06 éb F
Cosmogenic activation 0.2 - 4 -7L Total
—ubtotall & .06 g 10 ?Ll hep Det. + Sur. + Env.
Ay S 10-8 [
¥5Xe 2088 67 4 © ity
Solar neutrinos: pp+ Be+'°N, *B+hep 191 | 0 £ L ™/ Ry
Diffuse supernova neutrinos (DSN) - 0.05 F B e
Atmospheric neutrinos (Atm) - 0.46 10-10L ta.o T e
subtotal| 258 | 0.51 "--___.OJ» Tl 4,
Total 1131 | 1.03 1011 L \ e ! R
Total (with 99.5% ER discrimination, 50% NR efficiency) 5.66 | 0.52 0 20 40 60 80 100
Sum of ER and NR in LZ for 1000 days, 5.6 tonne FV, with all analysis cuts 6.18 Nuclear recoil energy [keV] 21

* Relow the 6 keV NR. threshold nsed here.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052002

