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The 1.7 Detector

Xenon TPC

= 10 t total mass

= 7 tin active region

Veto systems:
-  Water tank

= (Gd-loaded scintillator

= [ Xe skin
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https://www.sciencedirect.com/science/article/pii/S0168900219314032
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+ 494 3” PMTs

<+ Inner surfaces in PTFE
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PMT Arrays

+ 494 Hamamatsu R11410 (3”) §

+ 253 in the top array
+ 241 in the bottom array
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The Xenon Skin

+ Veto detector for y-rays

+ 2 t of LXe surrounding the TPC
+ Optically isolated from the TPC

+ Instrumented with 1”7 (side) and
2” (bottom) PMTs

<+ All surfaces covered in PTFE to
maximize light collection

Active TPC
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The Outer Detector

Suppress neutron induced background

17 t Gd-loaded liquid scintillator in acrylic tanks
Surrounded by 120 8” PMTs
~8 MeV y-rays following Gd neutron capture

95% design eftficiency for tagging neutrons
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Backgrounds and Mitigation

<+ Detector materials

+ Thorough assay campaign (~2000 assays)
<+ 13 HPGe detectors, ICP-MS, neutron activation

+ All detector parts were screened!

<+ Rn emanation

+ Target: <2 uBq/kg

+ Four screening facilities - | Central part (1) Weld (2) Weld (3)

+ All major parts assayed for emanation

+ Dust and Rn daughters plate-out
+ TPC assembled in Rn-reduced cleanroom
+ Dust kept <500 ng/cm? on all wetted surfaces

+ Rn daughter plate-out on TPC walls <0.5 mBq/m?

+ Contaminants mixed in the Xe (8Kr, 39Ar)

+ Highly reduced by charcoal chromatography

+ Cosmogenics and environment

+ UG deployment, water tank, OD & Skin vetos Eur. Phys. . C, 80: 1044 (2020
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https://epjc.epj.org/articles/epjc/abs/2020/11/10052_2020_Article_8420/10052_2020_Article_8420.html

Kr Removal
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Fxpected Backgrounds

Phys. Rev. D 101, 052002 (2020)

+ 5.6 tonnes fiducial mass, 1000 days exposure
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052002

WIMP Projected Sensitivity

Phys. Rev. D 101, 052002 (2020)

+ 5.6 tonnes fiducial mass, 1000 days live-time
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052002

Physics Reach Beyond WIMPs
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https://arxiv.org/abs/2102.11740
https://arxiv.org/abs/2104.13374
https://arxiv.org/abs/1912.04248

TPC & Skin Integration
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Detector integration at
the SURF Surface
Assembly Laboratory

Started Dec. 2018 .
~13,500 working hours &

TPC inserted in the
inner cryostat
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Transport Underground
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Underground Deployment
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Underground Deployment
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Underground Deployment
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Commissioning

22: 1 = Top array average
285 \
+ TPC filled and levelled 2] a—— potions arrey aversge
260, e
+ Grids biased Z %)
5 245 Accelerated End of cool
+ Drift field: ~190 V/cm § o i o
E 230
+ Extraction field: ~7.5 kV /cm (gas) =
;(1)2 First 10 K of cool down Main part of cool down
+ First S1+52 events! 200
+ Data processing chain exercised TroHighdln $ 26
1.5 e S1 @ S2 e SE MPE SPE @ Other
+ Data acquisition & trigger settings = -
tuned 5
. N .
+ PMT operations & characterisation wo | wew e
time [u.
— ---- Mean = 1.98e+06 +/- 1e+03
= LED measurements 2.41 ---- Intended Operational Gain: 2.0e+06 +/- 10%
(e.g. afterpulsing and SPE studies) Top Array PMTs
c Bottom Array PMTs
+ PMT gains matched, gain drifts N
monitored S et d o w i b1y
3 2.0{—_up bbby T LR AR ¥ W
+ Dark count & DPE analyses < .’%H" 5 ‘M%L* Oy bl ﬁ?:"{?:m.‘ 0. %“L}*‘)“W
8 .
: , : S
+ Highly reliable event reconstruction Z
algorithms (>95% accuracy) . Preliminary
0 253 300 541
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Cahibrations '

4.5

+ Different deployment methods for

calibration sources

log10(S2c [phd])
S
o

Rn-220 ER Calibration
D-D NR Calibration

250

<+ Internal sources mixed in the xenon 35 +
<+ Vertical source tubes for commercial rod Preliminary
3.0
sources
50 100 150 200
Slc [phd]
+ DD neutron generator | ’ —
AmLi Calibration Spectrum
<+ Photo-neutron source — Simulation
| } }  Data
10 I | |
< (Calibrations are used to characterise ” ’ ’
+ Energy studies in all three detectors | | |
10°
<+ Position reconstruction Vll
+ Inter-detector timing
<+ ER & NR bands o Preliminary
0 10 20 30 40 50 60 70 80
Reconstructed Energy [keVnr]
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Outer Detector Calibrations

+ OD backgrounds slightly lower than expected
<+ Allows a lower threshold (< 200 keV)

6 - T
-g_ 102 — —~ 350 :
¥ 3 Background data ¥ e g -
N . . o - + ——e—— 0D Background Data, 08/11/21
< Cf252 spontaneous fission neutron source g sof- N <100z Reuiromen
= : . : ] N A e .7 phe
T 10 ' § - 4 N 200 keV / 35.5 phe
- 2.2 MeV H- 8.5 Mev 155Gd 5 250 | Prediction f?rzoo keV, 60 Hz
..  _— capturepeak = eapture 3
'E o capturepeak capture g w0 H
- endpoint - u
B : - N :
S - : 150~ e
PE - : *
E ' 100:—"*1’_ .................................. .................................
102 = u -’1.%*
~ Preliminary | | - Preliminary
1 | ! | | 1 | l | | 1 1 ! | 1 1 1 | 1 1 —[ | 1 1 1 | 1 1 1 :I | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I
0 500 1000 1500 2000 2500 0 0 10 20 30 40 50
OD Pulse Area (phe) OD Threshold (phe)

Alex Lindote (LIP) XeSAT 2022 21



Detector Response

+ Use mono-energetic ER peaks to determine
detector gains

+ g1 - detected photons (phd) per prompt
scintillation photon

+ g2 - detected photons per ionisation electron , —

o
AP
83mKr: 41.5 keV —p- 214Bj: 609 keV
1251: 67.3 keV 2287c: 911 keV
—p- 3mXe: 164 keV P~ 99Co: 1173 keV
600 1 ® B~ 127Xe: 208 keV 60Co: 1332 keV o
~p- 127Xe: 235 keV —B- “9K: 1460 keV
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e: e M e
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Background Analysis: Rn chain

2.

e "W~

<+ Rn-222 and Rn-220 emanate from detector materials and mix .| Rn-222 1,
with the xenon ;| 382d) |

1 |

+ Inline radon reduction system reduces radon concentration “‘ . 60 eV) "'

+ “Naked” betas from Pb-214 and Pb-212 are WIMP backgrounds
+ Pb-214 being the largest background in the WS region

+ Preliminary analysis using alpha decays shows Rn-222 rate
within expected range
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Alphas are densely ionizing
and energetic leading to
distinct S1 signals in the TPC
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Background Analysis: Activation

+ Xenon isotopes cosmogenically produced:

+ 127Xe, 129mXe, 13lmXe 133Xe visible in early data

+ Trial fits of background simulations to data
127X e is the only potential WIMP

B +Data [ JModel background
10° E
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Energy Resolution Studies

See talk by G. Pereira later today

+ Optimised S1 and S2 corrections

+ Determine detector gains (g1, g2) using mono-energetic ER peaks

+ Reconstruct energy, determine resolution as function of energy

R<700 mm & 100 us < Drift Time < 900 us & Reduced y?< 10
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Summary

+ LZ is a multi-physics experiment, primed for detecting WIMPs
+ Commissioning completed, currently taking science data
+ Extensive analyses underway

+ First science results expected this year

II'be an exciting year for LZ!
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Thank you!

Thanks to our sponsors and
35 participating institutions!
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Sensitivity Vs 214Ph Rate

+ Impact of the 214Pb rate on the sensitivity for a 40 GeV WIMP

+ Proxy for flat ER backgrounds
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Details on FKxpected Backgrounds

<« For 5.6 t fiducial,
1000 days

Phys. Rev. D 101, 052002 (2020)

Background Source

Detector Components

Surface Contamination
Laboratory and Cosmogenics

Xenon Contaminants
Radon is the

dominant

O O O O |=

backgrounglf’Kr (0.015 ppt g/g/) 24.5
natAr (0.45 pub g/g) 2.5
Physics
136Xe 2vp33 67 0
Solar neutrinos (pp+7Be+13N) 191 0*
Diffuse supernova neutrinos 0 0.05
Atmospheric neutrinos 0 0.46

Total 1131 1.03

with 99.5% ER discrim., 50% NR eff. 5.66 0.52
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052002

Xenon Circulation System
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Storage and Recovery
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