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LUX 30-second summary
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• Ultra-low background, 1/3 tonne liquid xenon time-projection 
chamber. 

• Operating at the Sanford Underground Research Facility, 
South Dakota, USA. 

• In 3 months of WIMP data-taking in 2013, it became the most 
sensitive WIMP dark matter detector in the world on most of the 
mass range parameter space. 

• After a period of more extensive calibrations, starting a new 
300-day WIMP-search run in 2014.

Large Underground Xenon (LUX)
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“Low Energy < 15 MeV neutrinos” 
Matt Toups
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WIMP Dark Matter
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Weakly Interacting Massive Particles (WIMP)

Detection mechanism consists of 
looking for nuclear recoils in a low-
background detector. 
!
A sensitive detector requires: 
• Large mass 
• Low radioactivity 
• Electron recoil suppression/
discrimination 
• Underground operation

A leading candidate for dark matter. 
!
Many extensions of the Standard Model predict a massive, weakly 
interacting long-lived particle. Weak scale is cosmologically significant for 
dark matter relic density.
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Liquid Xenon Signal
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Video by the Harvard-Smithsonian Center for Astrophysics and Annenberg Media



LUX Installed in Water Tank



LUX Water Tank - Outside View 





DBD 2014 Carlos H. Faham 11

ELiquid Xe

Gas Xe
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“BG-free experiment is the key 
to a successful program” 

Bob McKeown
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Detector Activity
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Background Source 10
γ-rays Internal Components 1.8±0.2
127 Cosmogenic 0.87 -> 0.28 0.5±0.02
214 222 0.11-0.22
85 Reduced from 130 ppb to 3.5±1 ppt 0.13±0.07

Total Predicted 2.6±0.2
Total Observed 3.1±0.2

Total Electron Recoil Event Rate <5 keVee
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 Sanford Underground Research Facility



LUX underground commissioning, 2012

Ray Davis Jr. 
Solar Neutrino 

Experiment



100+ collaborators 
18 institutions 

1 Yeti

LU
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LUX Calibrations
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First Results - WIMP search

21

0 10 20 30 40 50
1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6
lo

g 10
(S

2 b/S
1)

 x
,y

,z
 c

or
re

ct
ed

  

S1 x,y,z corrected (phe)  

3 6 9 12 15 18 21 24 27 30 keVnr

1.3

1.8

3.5

4.6
5.9

7.1

keVee

160 events in the 118 kg fiducial



DBD 2014 Carlos H. Faham 22

0 100 200 300 400 500 600
350

300

250

200

150

100

50

0

radius2 (cm2)

dr
ift

 ti
m

e 
(µ

s)

cathode grid

gate grid

w
al

l f
ac

e

w
al

l c
or

ne
r118 kg

160 events in the center in 85 days (~2 events day!) 
Profile-likelihood analysis shows events consistent with 

background-only hypothesis with p-value = 0.35
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Conservative Energy Response Cut
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• Conservative assumption for first LUX limit: LXe has no response 
below the lowest calibration data point available (3 keVnr). 
• Response now shown with LUX DD neutron calibration to extend 
well below 3 keVnr.

Artificial 3 keVnr !
Ionization Cut-off !

(same as with scintillation)

S1 response S2 response
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t

top hit pattern: 
x-y localization

t : z’ separation

 : energy calculation

Samuel Chan, Carlos Faham for the LUX Collaboration

Monochromatic
2.5 MeV neutrons
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Neutron conduit
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New In-Situ Calibration Results
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Single Scatter (S1, 1xS2s > 50 phe)

Flat Sys. Error 
on Blue Points 

(1 sigma)

Preliminary
LUX

S1 response

2013 conservative cutoff

+  LUX DD result (181 V/cm) 
    NEST model for LUX (181 V/cm) 
+  Manzur 2010 (0 V/cm) 
    Horn Zeplin III (scaled to 0 V/cm) 
|   Plante 2011 (0 V/cm)

Double Scatter (S1, 2xS2s > 50 phe)

Preliminary
LUX

Flat Sys. Error 
on Blue Points 

(1 sigma)

S2 response

2013 conservative cutoff

+  LUX DD result (181 V/cm) 
    NEST model for LUX (181 V/cm) 
+  Manzur 2010 (1 kV/cm) 
    Horn Zeplin III (3.6 kV/cm) 
|   Sorensen IDM 2010 (0.73 kV/cm)
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LUX Current Status
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• Re-analysis of 86-day data from 2013 
• Lower threshold 
• Using newly measured xenon signal yields at low energy 

(lower cutoff than conservative 3 keVnr) 
• This will result in better sensitivity to lower WIMP masses 
!

• Now finishing more extensive detector calibrations 
(DD neutron, high-stat tritium) 
!

• New run 300-day run starting very soon (2014)
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New 300 day run in 2014
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• x48 LUX fiducial 
• 27 tonne Gd-LAB veto
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LZ: Key Parameters
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Collaboration
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Rutherford Appleton Laboratory (UK) 
University of Sheffield (UK) 
University of Alabama (US) 
University at Albany SUNY (US) 
Lawrence Berkeley Lab, UC Berkeley (US) 
Brookhaven National Laboratory (US) 
Brown University (US) 
Case Western Reserve University (US) 
University of California, Davis (US) 
Lawrence Livermore National Lab (US) 
University of Maryland (US) 
University of Rochester (US) 
University of California, Santa Barbara (US) 
University of South Dakota (US) 
South Dakota School of Mines & Technology (US) 
South Dakota Science and Technology Authority (US) 
SLAC National Accelerator Laboratory (US) 
Texas A&M (US) 
Washington University (US) 
University of Wisconsin (US) 
Yale University (US)

LIP Coimbra (Portugal) 
STFC Daresbury Laboratory 
Edinburgh University (UK) 
University of Liverpool (UK) 
Imperial College London (UK) 
University College London (UK) 
MEPhI (Russia) 
University of Oxford (UK)



DBD 2014 Carlos H. Faham

External Backgrounds - Fiducial Volume
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Total NR background 
plus ER leakage from 
sources external to the 
liquid xenon in the TPC, 
6-30 keV

ER discrimination 
efficiency of 99.5%

Simulation

3.3 
tonnes

4.0 
tonnes

4.5 
tonnes

5.6 
tonnes

A A+B

A+C A+B+C

Single hit

LXe skin

Gd-LS veto

A
B
C
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LZ Status
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•  One of the 3 experiments approved for funding in the US 
DOE/NSF G2 down-select (with ADMX and SuperCDMS). 

•  Endorsed by DMUK consortium in the UK. 

•  Conceptual design nearly finished, upcoming CD1 review. 

•  Construction through 2017, operation from 2018.
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Plug
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lzdarkmatter.org
@lzdarkmatter

luxdarkmatter.org
@luxdarkmatter

LU



Mahalo 
Huli pau! 

Aia i hea ka lua?


