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first results from LUX: towards direct detection of dark matter
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LUX, Nucl. Instr. Meth. A 668 1 (2012)

= α2 ne

= α1 n𝛾

how would LUX see dark matter?
•it detects scintillation photons and ionized 
electrons created by particle interactions
•if dark matter interacted with a xenon atom, 
energy transferred to that atom would be visible to 
LUX
•α1 ~ O(0.10) and α2 ~ O(10) are the probabilities 
for detection of each quanta

•n𝛾 and ne are the fundamental measured quantities

what is LUX?
•a particle detector
•a monolithic, “wall-less,” radiopure, ~370 kg xenon TPC 
•viewed by 122 Photomultiplier Tubes 
•able to reconstruct (x,y,z) for each event
•self-shielding
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We know there is dark matter out there: we can “see” it!
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large-scale dark matter structure filaments in the 
Bolshoi simulation

Dietrich et al, Nature 487 202 (2012)

(above) weak-lensing mass reconstruction of a 
dark matter filament stretching between two 
clusters, separated by ~15 Mpc/h

but, what is it?

•Weakly Interacting Massive Particles are a prime candidate
•lots of effort to detect them (below, plot from Snowmass report)
•LUX presently the most sensitive search
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many models of WIMP dark matter, simplest case spectrum is ~exp
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mχ=100 GeV, σn = 3 × 10−45 cm2
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~ O(1) event in 30 kg xenon in 225 days

dark matter direct detection seems to require:
1.extremely low background
2.background rejection
3.lowest possible energy threshold
4.large target mass
5.patience
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lots of work went into building LUX...
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We’ve got extremely low background
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•4850 ft (1492 m) underground in the black hills of South Dakota (4300 
meters water equiv.) ... reduces muon flux to <1 muon per day
•surrounded by a 7.6 m diameter water shield ... reduces gamma and neutron 
backgrounds to <1 projected event in 300 days of searching
•limiting factor is detector construction materials ... this limit is <2 
background events per DAY in the central 118 kg target in the energy window 
of interest.. and decreasing 

1492���������	
��
������������������  meters���������	
��
������������������  below...
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AND, THE BACKGROUND RATE IS DECREASING! 
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118 kg
3.1+/-0.2 mdru
(0.5 mdru 
cosmogenic)

r<18 cm
z=7-47 cm

44 days later...

showing event rate 0-5 keV 
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a typical background event at 1.5 keV
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We’ve got background rejection!
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(a) Tritium ER Calibration
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(b) AmBe and Cf−252 NR Calibration

99.6% background rejection in low energy region of interest

NB: data reduction built on robust event identification and extremely minimal software cuts
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And, an ENERGY THRESHOLD of ~3 KEV

9

conservative energy calibration 
following dashed curve

Phys Rev D 83 063501 (2011)

=> (ENERGY OF RECOILING XENON ATOM)

NEST:

** for details about NEST see e.g. arxiv:1307.6601

Total signal (electrons + photons) in terms of photons only

in terms of electrons only
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signal detection efficiency is robust
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S2−only
S1−only
S1, S2 combined, before threshold cuts
S1, S2 combined, after threshold cuts

•(left)
•well understood
•limited by scintillation photon (S1) detection
•geometrical
•two-fold coincidence in xxx ns

•(right)
•same efficiency curve as a function of recoil energy
•fall-off at 20 keV due to search window defined in S1
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160 events in 85 days search with 118 kg target
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Simulated WIMP Signal for 1000 GeV mass

12

At 1000 GeV particle mass and cross section at the existing XENON100 90% CL Sensitivity 1.9x10-44 cm2 ...

We would expect ~7 WIMPs in LUX Search (trial experiment shown as filled circles)
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Probability Density Function (PDF) for WIMP Signal used in profile 

likelihood assumes Standard Milky Way Halo parameters as in

 Phys Rev D 74 043531 (2006) with

v0=220 km/s

vescape = 544 km/s

ρ0 = 0.3 GeV/c2

vearth = 245 km/s 
Helm form factor. 
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Simulated WIMP Signal for 8.6 gev mass
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At 8.6 GeV particle mass and cross section favored by CDMS II silicon (2012) ~2.0x10-41 cm2 ...

We would expect 1550 WIMPs in LUX Search (trial experiment NOT shown :)
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note how the distribution appears lower with respect 
to the calibration centroid. this is due to S1 threshold
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•First results from LUX -- consistent with 
background-only hypothesis (p=0.35)

•additional dark matter search analyses under 
consideration

•We intend to run LUX for a new run of 300 
days in 2014/15 
• Extending sensitivity by another factor 5
• Even though LUX sees no WIMP-like events 

in the current run, it is still quite possible to 
discover a signal when extending the reach 

• “LUX does not exclude LUX”
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Conclusion

16

•LUX has made an 85 live day WIMP search and released manuscript (arxiv:1310.8214) within 9 months of commissioning 
the detector underground at the Davis Lab at SURF

• Low backgrounds as expected, inner fiducial (118 kg) ER rate <2 events/day in region of interest
• New calibration techniques including 83mKr and Tritiated-CH4 injected directly into Xe target (not discussed in this talk)
• Very low energy threshold achieved: 3 keVnr with no ambiguous/leakage events
• ER rejection shown to be 99.6+/-0.1% in energy range of interest

•Extended sensitivity over existing experiments by x3 at 35 GeV WIMP mass and x2 at 1000 GeV WIMP mass

•Low Mass WIMP Favored Hypotheses ruled out
• LUX WIMP Sensitivity 20x better
• LUX does not observe 6-10 GeV WIMPs favored by earlier experiments

•Results due to lots of great work by a large number of scientists!
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LUX Collaboration: ~100 scientists from 17 institutions 
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extra slide: backgrounds well understood
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extra slide: Background Summary for 118 kg Fiducial

Background Component Source 10-3 x evts/keVee/kg/day

Gamma-rays Internal Components including 
PMTS (80%), Cryostat, Teflon

1.8±0.2stat±0.3sys 

127Xe (36.4 day half-life) Cosmogenic
0.87 -> 0.28 during run 

0.5±0.02stat±0.1sys

214Pb 222Rn 0.11-0.22(90% CL)

85Kr Reduced from 
130 ppb to 3.5±1 ppt

0.13±0.07sys

Predicted Total 2.6±0.2stat±0.4sys

Observed Total 3.1±0.2stat 
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