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Detection Technique
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Fiducialization
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Spin-independent WIMP-nucleon Limit

WIM P-nucleon cross section [zb]
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LUX - 33.5 tonne-day
o WS2013 (95 live days) +
WS2014-16 (332 live days)
o lowest 90% CL exclusion =
0.11 zb at 40 GeV/c
o PRL,118,021303, 2017

Moved on to physics
searches in different energy
ranges, and analyses that
would benefit near-future
LUX-ZEPLIN (LZ)



Very Low Energy Recoils in Xe Detectors

High Recoil Energy : Very Low Recoil Energy
E =W (n + n.) + heat : E=W(\Y+n6)+hat
T :
average energy to release a not detected . not detected not detected
quantum of scintillation or :
ionization

e Electron Detection Efficiency 50-100%
e Photon Detection Efficiency ~10%

e Yield turns in favor of electrons



Electrode Backgrounds

For S2-only events, we
can calculate
X,y-coordinates but NOT
z-coordinate

210pp 210Bj 210pg syrface
backgrounds on
electrodes

Emission of electrons by
electrodes



03
Events with S1s
(3.5-50.5 detected electrons)

Cut Events Based on
Electron Diffusion o
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Cut Events in Non-uniform E-field
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Boosted Decision Tree (BDT)

Pulse Amplitude (mV)
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Parameters that quantify the S2 shape

e Time to 10%, 25%, 50%, 75%, 95%, 90% of the full
pulse area

e Maximum pulse height

® Time of the maximum pulse height

e Time at which the rising and falling edges of the
pulse reach 0 phd/sample
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Boosted Decision Tree (BDT)

Training/testing dataset

Background data: Low-energy background
events with S1 and drift time corresponding
to gate or cathode

Signal data: Tritium beta decay calibration
source

Events/electron
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Receiver Operator Characteristic
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Acceptance/Rejection

Acceptance or Rejection

— == Analysis Threshold = 3.5 Electrons

o Tritium (Bulk) Acceptance
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Spectrum

7 events/tonne/day/e™ at
threshold

Events/kg/day/electron
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Charge Yield [e ™ /keV,

Charge

Yield

12 90
11 —— LUX-NESTVv2.0.1 8 (176 V/cm)
10 — 80 - ++  LUX 3H 2016 (180 V/cm)
9 - o¥ ~+  LUX 127Xe 2017 (180 V/cm)
g - 2 70- XENON100 3H 2018 (154 V/cm)
7 < PiXeY 37Ar 2017 (198 V/cm)
/ © 60 -
6 k)
250
5 - >~
1)
940 -
4 2
—— LUX-NESTv2.0.1 (180 V/cm) O30 -
4« Lenardo et al. 2019 (220 V/cm)
+4+ LUX D-D 2016 (180 V/cm)
3 LA | T T LI | 20 T T T T L S PR S |
100 10! 101 10°

Recoil Energy [keV,,]

Recoil Energy [keVeel

® NR cutoff =0.3 keV

® ER cutoff=0.186 keV

14



Result

Yellin’s p-max test
statistic

WS2013 - 5 tonnelJday
exposure

S| DM-nucleon cross section [cm?]

*This work
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Training+Testing Data
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WS2013 Waveforms
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WS2013 Waveforms
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BDT with only Half Width
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Conclusion

Developed a technique for mitigating grid electrode backgrounds based on S2
pulse shape

Demonstrated technique can improve Poisson limits by a factor of 2-7

Using a LUX, 5 tonnelJday exposure set competitive limits on low-mass dark
matter

Suggest refining technique for near future experiments like LZ
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Data Selection Criteria

Description| Signal (Tritium) Events
of Cut/Veto Acceptance 3.5 <n.<4.5
Starting Events 100% 100%
Large Event Veto 93% 28%
$2 Quality 85% 3.5%
Electrode Hotspot Veto 79% 0.3%

Efficiency
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Large Event Veto

Impurity capture of
drifting e”and
subsequent release

Relative e intensity (ms™)

Description
of Cut/Veto : : [
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Skew-gaussian Fits to S2 Pulses
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BDT with only Half Width
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