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Total mass – 0.37 T 
WIMP Active mass – 0.25 T 
WIMP Fiducial mass – 0.145 T 

•  Introduction to LUX, the Large Underground Xenon detector and collaboration 

•  What is new since our last limit publication in 2013 ?  

•  Next steps for LUX 

•  LZ status and plans  
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§  Coherent Elastic 
Neutrino Nucleus 
Scattering (fast, light) 

§  Weakly Interacting 
Massive Particle 
Scattering (slow, heavy) 

�̄

�̄

Z0 WIMP 

WIMP 

WIMP + Xe→WIMP + Xe

λ ~ a few fm

ν + Xe→ν + Xe

Eν ~ 1− 50 MeVλ ~ a few fm

M = ~ 1 meV M = 100 GeV (e.g.)  



Lawrence Livermore National Laboratory LLNL-PRES-xxxxxx 
5 

DM particle 

DM particle fermion 

fermion 

Annihilation (What the universe may have done/be doing)   

‘Direct Detection’: 
scattering with 
ordinary matter 
(LUX and others) 

Production (LHC, early cosmos) 
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Look for anomalous nuclear recoils in a 
low-background detector. 
Rate  = N ρ σ <v>.  
 
      σ  ~ A2  à due to coherence 
100 GeV WIMP recoil energy 
ER≈½ mXec2 β2  ≈ 30 keV 
 
 
 General requirements: 

•  Deep underground laboratory 
•  Low energy threshold 
•  Low radioactivity  
•  Gamma ray rejection 
•  Neutron shielding  
•  Scalability 
•  Patience  
•  Obsessiveness 
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ü  A = 132 – enhanced WIMP interaction 

probability due to coherence (A2) 
 

ü Density = 3 g/cc – self-shielding/fiducialization 
for unwanted gammas 

ü High scintillation and ionization yield – natural, 
no dopants 

ü No long lived radioactive isotopes 
 

ü  ratio of scintillation and ionization is 
different for E&M v. nuclear recoils 
 

ü High purity attainable  à long e- drift lengths   

ü  ‘Easy’ cryogenics with liquid nitrogen or 
mechanical cooling 
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§  primary or S1 scintillation  
(prompt photons generated in liquid 
 start the TPC clock) 
 
and:  
 
secondary or S2 scintillation  
(delayed electrons, each converted  
to hundreds of photons in gas blanket)   

§  Good electron drift properties 

§  Large self-shielded target mass 

§  3-D signal localization to ~1 mm 

§  Powerful discrimination between  
nuclear and electromagnetic recoils   
 

8 

(charge) 

(light) 

S1/S2 ratio differs for nuclear/E&M recoils 
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The LUX detector

• 370 kg LXe (100 kg fiducial)
• 122 PMTs (QE~30% @ 175nm)
• Low Radioactivity Materials
• >1kW Cooling Power (Thermosyphons)
• 70,000 gallons of DI water, dissolved O2<0.5 ppb, 
Rn content < 100 mBq/m3

2” Hamamatsu R8778 PMTs
- arXiv:1205.2272

Water Tank

Detector Stand

59cm

49cm

Titanium Cans - arXiv:1112.1376

Top PMT Array

Bottom PMT Array

Field Cage and
Teflon Reflector
Panels

Thermosyphon

4

145 •  370 kg Lxe, 145 kg fiducial (latest) 
•  122 PMTS (QE ~30% @ 175nm 
•  Low radioactivity materials 
•   > 1 kW cooling power from thremosyphons 
•  70,000 gallons of DI water 
•  Rn content <100 mBq/m3 
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Rick Gaitskell (Brown) / Dan McKinsey (Yale)LUX Dark Matter Experiment / Sanford Lab

Typical Event in LUX

18
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Z position is determined by the time between S1 and S2 
(electron drift speed of 1.5 mm/microsecond) 
  
X-Y position is determined by fitting the S2 hit pattern 
relative to measured light response functions 
 
Reconstruction of XY from events near the anode grid 
resolves grid wires with 5 mm pitch.  

log10 
evts/keVee/kg/day 

LUX fiducial volume (from 
first analysis) 
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In the last few months:  

•  Spin Independent WIMP limits with 103 better sensitivity at low mass then our 
previous world record   (PRL.116.161301)   

•  Spin Dependent WIMP limits – also the most sensitive in the world – for neutrons, 
and competitive for protons  (PRL.116.161302) 

Coming up: 
•  Completed 300 day LUX acquisition– 3x more data – analysis in progress   
•  Completion of major external review of the LZ design  ‘CD-2’ 

Around the corner 

•  The bittersweet LUX decommissioning this fall !  
•  Preparations for LZ at the Sanford Laboratory  
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•  high statistics electron recoil calibration with 
tritium source (PRD.93.072009) 

•  new in situ neutron recoil calibrations lower our 
energy cutoff for accepting events:  
3 keV à 1 keV  

•  Improved understanding of recombination and 
electromagnetic energy scale 

 The work of our energetic and bright cadre of post-docs and students is  
on display at the APS April 2016 meeting  www.aps.org/meetings/april/ 
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170,000 events 
 
Well known distribution 
 
Spans the WIMP search region 
 
Uniform throughout  
xenon volume –  
permits calibration at 
detector center 
 
Response persists 
even at 1 keV 
 
Improved measurement of 
ER charge/light yields compared  
to previous LUX analysis 
 
Completely removed in ~6 hours 
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•  2.45 MeV mono-energetic 
neutron beam  

•  Neutrons collimated by an air-
filled pipe 

•  Double scatters events permit 
reconstruction of incident 
neutron energy 

•  Paper in preparation  

D
ri

ft
 t

im
e 

(μ
s)D-D neutron 

generator

Water 
Tank

Neutron Conduit

y distance into LXe (cm)

Z distance 
(height) 
in detector 

Er = En
4mnmXe

(mn +mXe )
2
1− cosθ
2
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New signal cutoff 
@ 1.1 keV  
 

Old signal cutoff 
3.3 keV  
 
(below which we 
conservatively assumed 
zero yield)  

Yield measurements 
below 3 keV allow a 
us to remove the hard 
cut at 3.3 keV, 
improving our 
acceptance 

S2 

efficiencies 

S1 
S1 +S2 
S1+S2  
> thresholds 
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< 18 cm events 
> 18 cm events 

Uniform-in energy 
electromagnetic recoils 

10/50/90 percentile for 

Hypothetical 50 GeV/c2  
WIMP  

145 kg fiducial vol. (was 117) 
95 live days (was 85) 
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500-fold sensitivity increase at 5.6 GeV/c2 New sensitivity @ 3 GeV/c2 
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For light-mass (5-10 GeV) WIMPS, the “floor” for non-directional 
detectors like LZ comes from Boron-8 solar neutrinos 
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Few-electron backgrounds from all 
sources may limit our sensitivity to the 
lowest recoil energies/lightest mass 
WIMPS – and solar coherent neutrinos 
LUX helps provides insight into their 
origin  
 

Rising background at few e- seen  
in XENON-10 and in surface detectors 
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§  Xe	  scin(lla(on	  light	  can	  
ionize	  impuri(es	  in	  the	  bulk	  
liquid	  	  	  

§  Produced	  by	  both	  
scin(lla(on	  (S1)	  and	  
ioniza(on	  (S2)	  light	  

§  Time	  delay	  up	  to	  full	  driA	  
(me	  in	  the	  detector	  

Max 
Drift 
Time 
in LUX 

‘S1’ (light) event ‘S2’ (charge) event 

Electron emissions from bulk ionization 
following a large energy deposition 



Lawrence Livermore National Laboratory LLNL-PRES-xxxxxx 
24 

Time 
correlated  
prompt 
events 
(bulk)   

Position 
correlated 
delayed 
events 
(surface) 

S2 positions              single electron positions 

Top-down (X-Y) view of single electron distribution 

Different	  X-‐Y	  posi(on	  paFerns	  can	  be	  iden(fied	  for	  
different	  stages	  of	  electron	  emission:	  
	  

§  Prompt	  electron	  emissions	  from	  bulk	  photoioniza(on	  	  
§  Delayed	  electrons	  emissions	  from	  liquid	  surface	  
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These backgrounds are consistent with Malter-like ion-assisted emission 
from cathode – and other noise sources  

S2 positions              single electron positions 

The distribution of few-
electron events 200 ms after 
small, isolated energy 
depositions is not highly 
space or time  
correlated with a prior event.  
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§  Background electron emission limits the sensitivity of Xe  
(and Ar) TPCs at very low energy depositions 

§  Several sources have been identified with the LUX 
detector 

•  Photo-ionization electrons dominate shortly after light signals 
•  Delayed electron emissions at the S2 location dominate long after 

energy depositions – emissions from liquid surface 

Ion trapping on grids or walls may also contribute – these mechanisms are 
under active study 
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Year Milestone 

2012  Collaboration formed 

2014 LZ project selected in the 
UK and  as a Generation 2 
DM experiment in the US 

2015 DOE ‘CD-1’ approval (April)  

2016 DOE ‘CD-2’ approval (April) 

2017 
 

Prep for surface assembly at 
SURF 

2018  Begin underground 
installation 

2019 Commissioning starts 
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§  LUX has published a new PRL with a ~500x better limit on light mass (5.2 
GeV/c2) WIMP –and additional sensitivity down to ~3.3 GeV/c2 

§  LUX remains the world’s most sensitive direct dark matter search detector for 
spin-independent and neutron-channel spin dependent WIMPS 

§  DD neutron, tritium and other calibrations all contributed to improving our 
acceptance for low mass WIMPS 

§  LUX has nearly completed an acquisition of 300 days of live data, compared 
to 95 in the current data set 

§  LUX teaches us about noise sources and light/charge yields for the next 
generation of dark matter (and coherent scatter) detectors 

§  The ~50x larger fiducial mass LZ detector continues on its path towards 
deployment at the Homestake Mine in the coming years  


