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380,000 years 
after the big bang

Today

1970’s - 1980’s:
Cold dark matter 
is needed to seed 
the formation of 
galaxy clusters

13.9 billion years

Credit: Andrey Kravtsov, KICP, U. Chicago
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Temperature and density fluctuations are 1 part in 105.

The cosmic microwave background anisotropy imaged Planck (2014).
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CMB multipole expansion - measured by Planck (2014)

Prominent 3rd peak 
indicates presence of 
matter which did not 
rebound.
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Neutrinos? –
not heavy enough
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Interacting
Massive
Particle’

generalize



Early universe plasma

Age of universe ~ 1 nanosecond;
Temperature ~ 100 GeV
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The thermal hypothesis:
Was the dark matter an interacting component in the very early universe?



Correct 
dark 

matter 
abundance

Large 
annihilation 
cross section

Small 
annihilation 
cross section

Typical weak 
cross sections

J. Feng, Annu. Rev. Astron. Astrophys. 2010. 48:495–545

The thermal hypothesis:
Was the dark matter an interacting component in the very early universe?



The Milky Way’s dark matter halo

• Typical orbital vel. = 230 km/sec
~ 0.1% speed of light

• Density: ~ 300 mproton / liter
• WIMPs (~100 GeV): 3 per liter

• deBroglie wavelength:
• WIMPs: larger than a nucleus. 

Coherent scalar scattering on 
ordinary nuclear matter, s ~ A2

• Production:
• WIMPs: thermal
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‘Direct Detection’

nuclear 
recoil signal

electron recoil 
background



The parameter space of direct detection

& XENONNT



Nuclear recoil energy spectra  

From: arXiv:1107.1295

A2 dependence





15

Strong background rejection from kinematics

~ MeV g

must
cross 

full volume
without

interacting
again

~ keV
deposition

forward scattering
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Particle ID: recoil discrimination in LUX

Light

Charge/Light

Charge/Light

Charge/Light

Electron recoils (background)

Nuclear recoils (signal)

Difference

Electron recoil 
rejection factor: 

200 -500
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LUX assembly – 2010 - 2011

370 kg of liquid xenon



Sanford Underground Research Facility

Davis Cavern 1480 m 
(4200 mwe)

LUX Water Tank
South Dakota USA
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LUX installed underground, Sept. 2012
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LUX recoil bands

more charge 
recombination

less charge 
recombination

electron recoil band

nuclear recoil band 
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LUX WIMP search data (2013) 
160 events observed 
85.3 days × 118.3 kg = 10,090 kg�days

2013 initial results (Run 3): Phys.Rev.Lett. 112 (2014) 091303.
2015 re-analysis of Run 3: Phys.Rev.Lett. 116 (2016) 161301.  
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LUX WIMP search data (2014-2016) 



LUX WIMP search –
Full exposure (2013-2016)
Run 3 + Run 4 combined

arXiv:1608.07648, Phys.Rev.Lett. 118 (2017) no.2, 021303 





October 30, 2013



July 22, 2016



Is LUX a success?



Calibration: external gamma sources (137Cs)

Calibration source guide tubes

Self-shielding makes
external gamma sources

mostly ineffectual
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Tritium: an ideal electron-recoil band calibration source
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Injection and removal of tritium from LUX, August 2013
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August 8, 2013

Success

3/17/17

Fiducial count rate for S1 < 150 PE



Charge vs Light from tritium in LUX at 170 V/cm

178,000 fiducial tritium events3/17/17 31



Tritium combined-energy spectrum 

178,000 fiducial tritium events – December 2013 32



Light yield of liquid xenon

LUX – tritium (100 & 180 V/cm) 



Nuclear-recoil calibration w/mono-energetic neutrons
D + D → n + 3He En = 2.45 MeV



Nuclear-recoil calibration of LUX
Neutron scattering with a neutron generator



LUX -> LZ (2020) 
Scale up LUX fiducial mass by x40
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LUX

LZ:	
Total	Xe	- 10	Ton
Active	Xe	– 7	Ton
Fiducial	Xe	– 5.6	Ton

LUX



Year Month Activity
2012 March LZ collaboration forms in response to FOA for G2 

dark matter experiments
September CD-0 for G2 dark matter experiments
December LZ starts receiving R&D support from DoE & NSF

2013 November LZ R&D report submitted to agencies
2014 May P5 endorses G2 program
2014 July LZ Project selected by DOE and NSF
2015 March CD1 Review – conceptual design
2016 April CD2 Review – project baseline
2017 January CD3 Review – construction start
2020 Spring Ready for data taking

LZ Timeline





LZ collaboration meeting - Oxford, UK
August 2016
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Cathode
high voltage
connection

Outer
detector

PMTs

7 tonne active volume
liquid Xe TPC. 10 tonnes total

Liquid Xe
heat

exchanger
tower

Existing
water tank

Gadolinium-loaded
liquid scintillator veto

Instrumentation conduits

The LZ Experiment – coming in 2020



TPC
• Detailed design of top and bottom PMT arrays advanced

• Array assembly planning well underway
• TPC field cage design advanced
• Titanium for array supports and 

TPC field rings in hand
• PTFE procurement about to begin
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TOP BOTTOM



PMTs

• TPC:  241 (bottom) + 253 (top) x  3” Ø, R11410
• Skin top : 93 x 1” R8520
• Skin: 38 x 2” R8778 LUX PMTs
• Joint US/UK procurement
• 172 UK PMTs manufactured - order complete, on schedule
• US delivery schedule picks up now
• Testing keeping pace, QE good, radioactivity on target

4
2



TPC System Test @ SLAC
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Items Tested

TPC PTFE/field shaping rings

Prototype small grid fab & treatment

TPC sensors integration

PLC control & software

Fluid flow(weir, etc) design input

Thermosyphon design input

Cathode high voltage performance

Gate-anode performance

Gas circulation (up to 100 slpm)

Next up: full diameter (1.5m) 
grid testing integrated into 
system this year. 



Outer Detector

• US, UK (PMT calibration), South Korea 
(PMTs)

• Bid process for acrylic vessel fabrication 
completed and contract recently awarded 

• Ramping up capability for Gadolinium-loaded 
liquid scintillator production at BNL, 
prototype quantity made and delivered.

• South Korea has ordered their share of PMTs 
for this system. U.S. share will be ordered 
when funds available.

• Small-scale prototype (1/1000 scale) going 
into LUX water tank now to measure 
backgrounds
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Outer Detector Veto

3.8 T
(1/10 pp ν)

5.6 T
(1/10 pp ν)

1.9 bkg events, 
1,000 days
0.4 nuclear recoil

TPC alone w/LXe skin, OD veto
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Titanium Cryostat



ER & NR Backgrounds from titanium



Background summary



LZ full exposure – 1000 days, 5.6 Tons



LZ Sensitivity 
(5.6 Tonnes, 1000 live days)
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2.5×10-48	cm2



History of WIMP sensitivity @ 50 GeV

LUX & 
PandaX-II 
(2016) LZ

Ge, NaI no discrimination

Ge, w/discrim.

LXe, w/discrim.
ZEPLIN

XENON 1T

XENON100

LUX (2013)








