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Scientific Christening of the new Sanford Laboratory
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Old Homestake Mine (Hearst)

Now SURF (Sanford Underground Research Facility)

4850’ underground
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Carmen 

Carmona
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Curt Nehrkorn Helping 

Test Xenon Recovery 

Balloon
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LUX Collaboration in Isla Vista 2012 
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Energy in Our Universe
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`The WIMP Miracle’(weakly interacting massive particle)

’
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Weak Interaction Diagrams
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σnucleon≈10-38 to 10-50 cm2
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Experimental Method
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Disk
Bulge

Milky Way: 

mainly a dark cloud

Sun: moves in 

plane of disk

v/c =  0.7 10-3

Particles in `halo’: 3-d

 = mc2  n  1/3 GeV/cm3

(1/2 of total mass density)

Maxwellian/Gaussian (simple)

v/c =  0.7 10-3
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v/c =  0.7 10-3

Billiard Ball Scattering

0

Massive:  Mc
2100 GeV

`Weak Scale’

We use Xenon, 

A=131, mc2=122 GeV

others: Si, S, I, Ge, W

ER½ mXec
2 2

(1/4)122 GeV/(106)

 30 keV

 x-ray energy ! Easy!

v/c =  0.7 10-3
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Signal Shape
Direct Detection of WIMPs in DarkSide 

Jelena Maricic,  
Drexel University/University of Hawaii 

5 

WIMPs elastically scatter from the nucleus that recoils (E < 100 keV) 
 
For standard WIMPs (~100 GeV WIMPs interaction c-s ~10-  – 10-55 cm2 per nucleon) 
 
Results in ~10-100 events/ton/yr  
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Quantum Coherence

σnucleus≈ (μA)2σnucleon
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Ê Cryogenic Detectors

‡ Crystals

Ï Liquid Argon

Ú Liquid Xenon

Ü Threshold Detectors

…	and	this	progress	is	expected	to	con nue.	

D.	McKinsey								Direct	Detec on	

Our Moore’s Law  (thanks Mike Witherell)

Vector50 GeV

10/30/2013 KITP 14



LUXHNN

15

State of Play in the “race to the bottom”

Antonio J. Melgarejo (Columbia University) IDM, Chicago, July 23rd 2012
10/30/2013 KITP
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Silicon results 

24 The Left Wing
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Latest CMSLHC!!
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Vector

Scalar
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The Attractions of Xenon

 Large atomic weight, A, about 131

 No long lived radioactive isotopes (not Ar, Kr) (!)

 Scintillates all by itself with no additives (!)

 Response different for electron vs. nuclear recoils (!!)

 UV easier than Kr, Ar, Ne, He – glass, no wave shifter

 Boiling point (165K) above liquid nitrogen (77K)

 Liquid can be continuously Purified

 Heat, Clean, Condense… LUX Thermosyphon, Heat Ex.

 One big detector, self shields... aluminum floats

 2-phase time projection chamber (TPC)
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Discrimination
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S2

S1

2 Energy Scales

keVee

keVnr
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Xenon 100 Separation (flattened)
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LUX Dual Phase Xe Detector

XENON10

(primary

scintillation 

light, 

measures 

energy)

(secondary

scintillation 

light, 

measures 

ionization,

enables 

signal/backgr

ound 

separation)

49cm

47cm

61 PMTs

61 PMTs

z
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LUX being built 
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In the tank and detailed cross section

Top PMT 

array

Bottom PMT array

Inner 

cryostat

Outer 

cryostat (Ti)

Thermosyphon

PTFE 

reflector 

panels and 

field cage

Copper 

shield

Anode grid

Cathode grid

Water 

tank

Detector 

stand

•370 kg xenon

• 250 kg active region

• 118 kg fiducial mass

10/30/2013 24KITP
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The LUX Water Tank 

10/30/2013 KITP 25

25 foot diameter

20 foot height

Stainless/pickled

70,000 gallons of ultrapure water

(>18 MegaOhm-cm)

Recirculated/cleaned once/week

1 mile underground near

Mount Rushmore in SD

(Lead, Homestake Mine)
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LUX Is Installed (Fall 2012)

10/30/2013 KITP
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LUX Is Underwater (Fall 2012)
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No Swimming (Yet)

Ray Davis… same location where LUX is

(but all his equipment was removed)
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Dean & Susanne
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3010/30/2013 KITP
Rick Gaitskell (Brown) / Dan McKinsey (Yale)LUX Dark Matter Experiment / Sanford Lab

Typical Event in LUX

18
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3110/30/2013 KITP Rick Gaitskell (Brown) / Dan McKinsey (Yale)LUX Dark Matter Experiment / Sanford Lab

Kr-83m Calibration

• Over 1 million Kr-83m events, giving over 10 events/cc

20

Position-based S1 correctionsFiducial volume determination

Kr-83m – 1.8 h 1/2 life – injected into the detector (like Radon), decays
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Key Plot For Search

10/30/2013 KITP

Electron Recoil (ER) Background .. 1.28σ

(mainly Compton scatters)

Nuclear Recoil (NR)

(WIMP signal)
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Calibration of LUX Response

10/30/2013 KITP
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Rate of Confusing ER as NR (`Discrimination’)
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Model of Detector Response
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Efficiency Checking

10/30/2013 KITP

re
la

ti
v
e

 d
if
fe

re
n

ti
a

l 
ra

te

10
0

10
1

10
2

re
la

ti
v
e

 d
e

te
c
ti
o

n
 e

ff
ic

ie
n

c
y

S1 x,y,z corrected (phe)
10

0
10

1
10

2
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
Neutron Sim (line)

Neutron Data (points)

Deduced Efficiency & Fit

Neutron Sim Efficiency

Tritium Efficiency



LUXHNN

37

Efficiency

10/30/2013 KITP
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Gamma Ray Environment – High Energy

10/30/2013 KITP
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Gamma Ray Environment

10/30/2013 KITP

LUX Dark Matter Experiment / Sanford Lab Rick Gaitskell (Brown) / Dan McKinsey (Yale)

•Average levels over period April-August WIMP Search Run

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 

32
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4010/30/2013 KITPLUX Dark Matter Experiment / Sanford Lab Rick Gaitskell (Brown) / Dan McKinsey (Yale)

Event & Cuts Summary: 86 live days

Cut Explanation Events Remaining

All Triggers S2 Trigger >99% for S2>200 phe 83,673,413

Detector Stability
Cut periods of excursion for Xe Gas 

Pressure, Xe Liquid Level, Grid Voltages
82,918,901

Single Scatter Events
Identification of S1 and S2. Single 

Scatter cut.
6,585,686

S1 energy
Accept 2-30 phe 

(low energy <5 keVee,<25 keVnr)
26,824

S2 energy Accept 200-3300 phe 20,989

S2 Electron Trains
Cut if >100 phe outside S1+S2 

identified. (0.8% drop in livetime.)
19,796

Drift Time Cut away from grids
Cutting away from cathode and gate 

regions, 60 < drift time < 324 us
8731

Fiducial Volume
Radius < 18 cm, 38 < drift time < 305 us, 

118 kg fiducial
160

14Monday, October 28, 13
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The Events in our Detector

10/30/2013 KITP
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The 160 Events on the Main WIMP Search Plot

10/30/2013 KITP
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Fit Projections – All Bkgd Rejected at 66% CL

10/30/2013 KITP
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WIMP Mass 7 GeV Limit (Higgs Technology)

10/30/2013 KITP

90% CL at # signal 

events line connecting 

red dots crosses 10% 

(Frequentist)

About 2.4 events
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High Mass Limits

10/30/2013 KITP

7.6×10-46 cm2
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Expand the Vertical
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Low Mass Limits

10/30/2013 KITP
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The Future

 LUX – 300 day, blinded run, 4X sensitivity in 1 

year

 Upgrade… LZ (LUX-ZEPLIN) to 7 tonnes

 Factor of 20 in mass

 Factor of 100 in sensitivity… 10-48 cm2

 Background from atmospheric, solar neutrinos starts to 

creep in.

 2017

10/30/2013 KITP 48
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LZ – fits in LUX Water Tank

10/30/2013 KITP
An important enhancement beyond LUX is the treatment of the “skin” layer of LXe located between the 

PTFE (polytetrafluoroethylene, or Teflon®) structure that surrounds the fully active region and the 

cryostat wall, as well as the region beneath the bottom PMT array. A skin of some (~few cm) thickness is 

difficult to avoid given the TPC geometry, the need for high-voltage stand-off, and the strong mismatch in 

thermal expansion between the PTFE panels and Ti vessels. The skin readout alone has a limited veto 

efficiency, but combined with the external liquid scintillator, it creates an efficient overall veto system. 

Scintillation light from the skin region is observed by a sparse PMT array dedicated to this region. Thin (6 

mm) PTFE panels are attached to the inner cryostat wall to enhance light collection in this region. 

For detector calibration, neutron and gamma-ray sources will be brought next to the wall of the inner 

cryostat via an array of three source tubes that penetrate the water and organic scintillator. In addition, 

metastable krypton and tritiated methane will be introduced directly into the LXe via the Xe gas-handling 

system to allow in situ calibration. An external neutron generator will also be employed, as has been the 

case for LUX. 

Another key determinant of the sensitivity of the experiment is the level of discrimination of electron 

recoil (ER) backgrounds from nuclear recoils (NRs) from WIMPs. This depends on the electric field 

established in the TPC. The nominal operating voltage (cathode-to-anode) is 100 kV but all components 

will be designed to a voltage of 200 kV to have sufficient operating margin.   

The LZ TPC detector will employ 482 Hamamatsu R11410-20 3-inch-diameter PMTs with a 

demonstrated low level of radioactive contamination and high quantum efficiency. Care will be taken in  

 

Figure 1.2.1. LZ detector concept. 

2 
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The Future of Direct Detection (SI)

10/30/2013 KITP
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THANKS!
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1000 GeV Signal a la Xenon-100
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8.6 GeV Signal a la CDMS Si

10/30/2013 KITP


