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Xenon as a WIMP Target

nert

High density (3g/cm? for liquid)

High A% increases spin-independent cross-section

Some isotopes sensitive to spin-dependent interactions
Bright scintillator with fast (~ns) response

High electron mobility

Long ionization drift lengths (several meters) demonstrated
No long-lived radioactive isotopes

Low cost (~$1000/kg) and readily available in large quantities
Easy to scale




Direct WIMP Detection with Liquid Xenon

Goal: observe recoils
between a WIMP and a
target nucleus

Equation for WIMP
Interaction cross section

—Eg [(Epr)
dN m{f )_[FE(ER)_I)
dE, E,r

[ e ﬂz (for 5.1 interactions)

Recoil energy deposited in
three channels:

Scintillation (photons)
lonization (charge)

Heat (phonons)

Xe
Ionization - i

—

Recoil

N\

Excitation

175nm “LL

Triplet
27ns

2Xe

\

Xe,*

+
' +xe

—€

+e-
(recombination)

Xe" —gimmm xo** + Xe

. e

Xe,'

/\

P 175nm

Singlet
3ns

Uv llght



LUX is a two-phase xenon WIMP detector

Time

Z position from S1 —S2 timing
X-Y positions from S2 light pattern

S2

Drift time
Particle indicates depth
| 1.;: 'i";uj\ ',:l;' || | — B | he i \ " \“ ‘

LS

Reject gammas by charge (S2) to light
(S1) ratio. Expect >99.5% rejection.

— ionization electrons
NN UV scintillation photons (~175 nm)



The LUX Detector

Thermosyphon

Copper
shield

Top PMT
array

Anode
grid

PTFE
reflector
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Cathode grid

Detector
stand Outer

Innetyortastat

350 kg xenon:
- 300 kg active
region
- 100 kg fiducial

Bottom PMT
array
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Sanford Underground Research
Facility (SURF)

Ross Comnplex (= |

Engineering

Frachued processes

Muon Intensity, m 2y’
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~107 fold muon flux suppression
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LUX Surface Run

Stable cryogenic operation for > 100 days

— Ended on Feb 2012, detector being moved
underground

First successful use of technologies proposed for
tonne-scale detectors:

— Biggest double phase Xe detector in operation:
350 kg, 122 PMTs

— Low background Ti vessel, < 0.2 mBqg/kg
(arXiv:1112.1376)

— Thermosyphon cooling
— High flow Xe circulation (> 30 slpm)
— Full scale deployment in water tank

Main Entrance |

Clean Room Loading Dock

Personnel Entrance Laboratory Space

LUX Detector Water Tank (3m diameter)




Hamamatsu R87/78 PMTs

LED Calibration for PMT BA0215 at 1500 V
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« Extremely low radioactivity:
« <9.5mBq 28U/ PMT
« <2.7mBq 22Th/ PMT
¢ <66 mMBg“°K/PMT

« 33% quantum efficiency; 90%
collection efficiency

* Gain = 3.3e6

2” diameter provides high surface area
coverage

Efficient detection of 178 nm light
Operates in the LXe temperature range
(165 - 180 K)




Field Rings




Circulation, Sampling and Storage

-

Circulation at 35 SLPM through purifier by diaphragm pump
Xenon recoverable to Storage and Recovery Vessel (SRV)

In-situ xenon sample RGA analysis?! sensitivity:
0.7 ppb O, mol / mol, 0.5 ppt Kr mol / mol

1) A. Dobietal., NIM-A, Vol. 675, 40-46 (2012) [arXiv:1109.1046]



LUX calibration system: source tubes

133Ba, 137Cs, %°Na, 298TI (collimated):
S1 LY, ER energy bands, e lifetime
241l Am/Be: NR band 1




LUX Internal Sources

83mKr (half-life 1.86 hours)
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Tritium (half-life 12.3 yrs)
* Injected as CH,T
« Beta source, up to 18.6 keV
 Removed by purification system
« S2/S1 ER band
* Fills entire fiducial volume




LUX Surface run hi

ghlights
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Position reconstruction algorithms
demonstrated successfully!
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LUX Surface run highlights

Circulated stably at 37 slpm
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Temperature stability:
AT~0.06K
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M 1n-situ residuals monitoring:
O,, N,, He: <1 ppb, Kr < 200 ppb




System Upgrades/Fixes

Disconnect in the internal circulation line repaired and made more robust.

Cathode High Voltage feedthrough replaced with a new design.
Feedthrough design tested up to 100 kV for over a month with no sign of
breakdown.

Drift field was limited to 120 V/cm by electroluminescence on the wires.
Cathode grid replaced to mitigate the problem.

Upgrades to gas system (including implementation of pump safety
features).

The single failed PMT was replaced.

Sampling system upgraded for automated operation.



Current Status | -

* LUX was successfully
moved UG last week!!




Current Status

.- Davis Cavern now fully occupied by LUX.
-~ Most major subsystems now underground.
- Installation of subsystems underway.

-~ Should be running by the end of the year.
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Fewer than 1 NR event in the fiducial
volume in 300 days!

Targeting at 7- 1046 cm? (@ 100GeV)

LUX - strong emphasis on WIMP discovery




What’s next: LZ

LZ = joint collaboration of LUX and ZEPLIN

LZ (Sanford) ~7000 kg, with 5000 kg fiducial mass
LUX infrastructure designed to accommodate LZ
Liquid scintillator veto

Construction 2014-2016, operation 2016...

o, = 2x1048 cm? in 3 years

49 cm



Summary

LUX demonstrated operation of all subsystems
during surface run.

Demonstrated xenon purification.

Excellent light collection shown (8 phe/keVee)!
Minor fixes and upgrades completed.

LUX successfully moved underground!

UG installation underway.

Expect to be running by the end of the year.



