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The LUX Detector

Thermosyphon

Dual-phase Xe TPC
C hield
Active volume: 250 kg opper shie

Dimensions: 59 cm height by 49 cm
diameter

122 PMTs split between top and Top PMT array

bottom arrays Anode grid

Surrounded by 7.6 m diameter Gate grid

water tank PTFE reflector
panels and
field cage
Cathode grid

Bottom PMT array
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Events in Dual-phase Xe TPCs

* Two scintillation signals for
each event.

— S1: de-excitation of short-lived S2
xenon dimers

— S2:electrons liberated at the
event site extracted into the —

gas phase. Particle
 Time difference between
S1 and S2 gives depth

* S2 hit pattern gives lateral
position information

indicates depth

L S1

— ionization electrons
NN UV scintillation photons (~175 nm)

Comprehensive analysis paper: arXiv:1712.05696
Electric field modeling: JINST 12 P11022 (2017) 4



Background and Signal Calibrations

Background Events

Electron Recoil (ER)
Higher charge-to-light ratio

Calibrate using high-statistics
tritium dataset (165,863 events)

Phys. Rev. D 93, 072009

ER Calibration
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Nuclear Recoils (NR)
Lower charge-to-light ratio
Energy lost to atomic motion (quenching)

Calibrate using D-D neutrons
— In-situ nuclear recoil (NR) calibration

arXiv:1608.05381

NR Calibration
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WIMP Search data

Second science run: 2014-2016 (332 live-days)
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Compares data to background distribution
and signal distributions for different mass

Profile Likelihood Ratio (PLR)

models

Function of S1, S2, radius, depth and

azimuthal angle

Fit for systematic parameters (derived from

DD data)
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i.e. Expected signal distribution for a 33 GeV WIMP
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Spin independent limit
from full LUX exposure
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WIMP-—neutron cross section [pb]

Spin Dependent Limit

from full LUX exposure

WIMP-neutron

10—7 Y St el wlrabrsier 1 B e SRR | TR |

WIMP Mass [GeV/c?]

Phys. Rev. Lett. 118, 251302

o 10737
: 10—38‘
; 10739
; 10—4()
J s
J e

1 il 10—43
10! 102 103 10* 105

WIMP-proton

100 g 10736
10_1 : 10—37
10347 1107
1074E 110740

PICO-60
10—5 | | ol il Ll 10—41
10! 102 103 10* 103
WIMP Mass [GeV/c?]
9

WIMP—proton cross section [cm



Pulse shape Discrimination Studies

0.35
 Xenon can get excited into two states
with different lifetimes: 2
— Singlet= 3 ns g
— Triplet=24 ns §
* Singlet to triplet ratio different for NR i
vs ER events @ odor DD neutron calibration
° . . . . . Olq 1 1 1 1 1 1 1
Discriminate on prompt fraction: 0 20 le(?lear4€{eco?l()En(f19gy oy
t1
pr— Jw S1(t)dt _ > Prompt Photons
t3 S1(t)dt > Total Photons 0-20r  Tritium calibration
2 2 e ot
5 C calibration
 0.15-
* Characteristic times optimized with 2
calibration data S odor
— Prompt Photon Window: -8 to 32 ns g 0,05 = *_IF_ e )
— Total Photon Window: -14 to 134 ns o I
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arXiv:1802.06162 ”



Pulse shape Discrimination Studies

e Use this discrimination in conjunction with standard charge-to-light ratio
to improve overall discrimination power

* Result: Decreases ER events in NR acceptance region by factor of 2
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Effective Field Theory

 More general Lagrangian for WIMP-nucleus interactions

— Nuclear responses which may depend on new parameters like angular momentum, spin
orbit coupling, etc

Lint = ZCiOi
=]+ iC3§N . (LTX ?7J_) + C4§X . gN
+icsSy - (7% TH) + ¢6(Sx - ) (Sn - @)
-+ C7§N gt + CS§X N + nggx . (gN X d)
+ iClogN . §+ iCllgx . Cf—l— Clggx . (gN X ?7J‘)
+ iClg(gx : EJ_)(S_:N : @ =+ ’i614(§x ) @(gN ' UJ_)
+ —c15(Sx - P ((Sw x T) - )
Formulation: Fitzpatrick et al. arXiv:1203.3542

Package for computing nuclear responses: arXiv:1308.6288
Original paper applying EFT to DM arXiv:1008.1591



Effective field theory analyses in LUX

* First science run (85 live days)
— Follows initial LUX analysis (Phys. Rev. Lett. 112, 091303)
— Nicole Larson, thesis

* Full science run (427 live days)
— Follows Phys. Rev. Lett. 118, 021303



Effective field theory analyses in LUX

* Generate new signal model in PLR for the nuclear response expected for
each operator at each test mass

— Consider operators and WIMP-proton and WIMP-neutron couplings individually
* Expanding energy window of analysis

— Still studying pulse and event classification efficiency at the higher energies

’ .
— See Kelsey’s talk later this afternoon S0 GV WIMP  500-GeV WINMP
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— Today will show O1 and 08 P maz  Lmaz maz - Hmaa
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Nicole Larson, Thesis



Observed limits for O1 and O8
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Summary

Two science runs: 2013 (85 live days) & 2014-2016 (332 live
days)

— Phys. Rev. Lett. 118, 021303 combines these data using updated
calibrations and analysis tools

Demonstrated PSD, which improve discrimination potential
Applying new analysis tools to EFT analysis
— Still working on some higher energy pulse classification studies
More new results:
— Annual/Diurnal rate modulation
* See Jingke Xu’s talk following this one
— Updated background analyses
* See Kelsey Oliver-Mallory’s talk later this afternoon



