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Sanford Underground Research Facility 
Lead, South Dakota, USA 

Davis Campus Water Tank 
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The LUX detector in its water tank
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Detailed (!) Calibrations
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WIMP-nucleon spin independent analysis

Data ‘salted’ to provide blinding 
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Impressive progress in the ‘benchmark’ SI limit!
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Spin dependent analysis 
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Axions/ALPs 
•  Peccei-Quinn solution to the strong-CP 

problem
•  Two models considered

•  QCD axions produced and emitted from 
the Sun

•  Galactic keV scale axion-like particles (a 
DM candidate)

•  An electron recoil band search
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Axions/ALPs 

ALP mass (keV/c2)

QCD axions emitted from the Sun Galactic DM ALPs 

Electron-recoil signatures

More to come soon…!

Phys. Rev. Lett. 118, 261301 
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Annual modulations 

2-6 keVee

6-10 keVee

arXiv:1807.07113
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Diurnal modulations arXiv:1807.07113
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On-going LUX analyses: 

• Effective field theories analysis
• Migdal and Bremsstrahlung ER-boosted searches
• Neutrinoless double beta decay of 134,136Xe
• Two-neutrino double electron capture of 124Xe
• Lightly ionising particles
• …
+ lots lots more…
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After LUX 
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After LUX 

…LUX - ZEPLIN 



2
0

Technical Design Report, arXiv:1703.09144. 

7.0 T active LXe 
5.6T fiducial 

17 tonnes 
Gd-LS 
Outer 

Detector 

Lower PMT cable conduit 

LXe supply & return 

50 kV cathode 
high voltage 

Neutron 
conduit 

LUX-ZEPLIN (LZ)  detector 

Instrumented 
Xe skin detector 
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LZ… 

• … is the successor to LUX and ZEPLIN-III
• …will be hosted by the Sanford Underground Research Facility

• …will have ~9 T total, 7 T active, 5.6 T fiducial mass of liquid xenon
• …which is about 50 times that of LUX (fiducial)

• …will have a skin region, outer detector and water tank for 

background suppression
• …Low energy NR sensitivity limited by astrophysical backgrounds

• …will reach a SI WIMP sensitivity of 1.6x10-48 cm2 at 40 GeV/c2

• …will have sensitivity to a range of other New Physics processes

• …is being constructed NOW; will be running by 2020
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Background Single Scatter ER events 

•  Energy spectra of electron recoil background from various sources. 
•  222Rn dominates at low energies. 
•  Environmental background and components are not major sources of 

background events. 
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Vetoes activeFV+SS

Background Single Scatter NR events 

•  Single scatter NR before (left) and after (right) skin and OD 
coincidence rejection 

•  Rate at low energy (<4 keV) dominated by 8B CNNS 
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Background Single Scatter NR events 

•  Single scatter nuclear recoil events in the LXe active 
volume before (left) and after (right) rejecting events in 
coincidence with veto system (LXe skin and the Outer 
Detector (OD).  
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Backgrounds Signal 
Model

Science 
Reach 

(Sensitivity)

PLR
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What this means for WIMPs… arXiv:1802.06039 
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WIMP SI Sensitivity 
https://arxiv.org/pdf/1802.06039.pdf

§  Spin-independent cross section 
exclusion sensitivity 

§  Spin-independent cross section 
discovery potential 

5600 ton.days
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WIMP SD Sensitivity 
https://arxiv.org/pdf/1802.06039.pdf

§  SD WIMP-neutron (left) and WIMP-proton (right) scattering for a 1000 live 
day run with a 5.6 tonne fiducial mass.  
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Axions and ALPs 
https://arxiv.org/abs/1703.09144

§  Solar QCD axions (left) and galactic axion-like particle (right) sensitivities for 
5600 live ton-days  
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Great Progress
To summarise… 
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Great Progress
Still lots to do
Roll on 2020!

To summarise… 
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Huge progress over the past 2 decades. ~5 orders of magnitude in 
sensitivity, detector physics, low background physics

Main focus remains WIMPs, but opportunities exist for other New 
Physics

Roll on 2020!
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Event yields from known sources 

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields from known sources 

Radon dominates 
ER backgrounds 

νe scattering of 
pp solar ν’s; 

(atomic electron 
recoils)  

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields from known sources 

Neutrons, 
including alpha-n 

on PTFE 

Coherent 
scattering of 
atmospheric 
ν’s on Xe 

nuclei 

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields from known sources 

Simple WIMP 
search box “Cut 
& Count” type 

numbers 

• 5.6 tonnes
• 1000 days

• 1.5 to 6.5 keV
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Event yields are not the whole story! 

•  CNNS of 8B 
dominates at 
lowest energy 
(36 events for 
5600 ton.days!) 

•  PLR approach 
to identify 
signal/set limits 
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Migdal and Bremsstrahlung effects 

•  Migdal: Recoiling nucleus ‘leaves 
the electron cloud behind’, with 
consequent ionisation and 
scintillation

•  Bremsstrahlung: Real photon 
emission from accelerating 
nuclear charge

Both become sources of ER, and in 
fact dominate over NR for low WIMP 

mass due to kinematics

arXiv:1711.09906
Dolan, Kahlhoefer & McCabe
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