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LUX is a two-phase liquid xenon WIMP detector

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

Drift time
indicates depth
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Reject gammas by charge (S2) to light
(S1) ratio. Expect >99.5% rejection.
— ionization electrons
NN UV scintillation photons (~175 nm) Image by CH Faham (Brown)



LUX Detector Internals

122 PMTs viewing 300 kg xenon; 100 kg fiducial
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Ultra-low background PMTs and titanium cryostat?!
Internal copper shielding

High flow plumbing and heat exchanger for rapid (>30
SLPM) circulation through external purifier

1) D.S. Akerib et al., arXiv:1112.1376




LUX Water Shield and Breakout

Water shielded with

Cherenkov detection for 7 ST AT

muon veto 4850 feet underground
i NemBii Ko, R ; . in the Sanford lab

Thermosyphon cooling
from above water tank

Xenon space extends
through flexible
umbilicals to electrical
breakouts

In the 100 kg fiducial
region over the energy
range of interest:

Only 2 gamma events
per week

Less than 0.08 neutron
events per year

3D Rendering by J. Thomson
Composition by C. Hemnandez Faham



Nov 2011 — Feb 2012 Surface Run

Surface run:

Deploy the detector in a
water shield at the surface.

Test everything that can be
tested!

Clean room

LUX detector

Main Entrance/ Office/

Loading Dock  Meeting Room
Laboratory

Water Tank (3 m diameter)
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Deployment

Collimated sources for external calibration

Calibrated internally and with &™Kr, tritium




Thermosyphon Cooling System

216.22 K

201.22 K

186.22 K

Nov 05, 11
Nov 06, 11
Nov 07, 11
Nov 08, 11



Circulation, Sampling and Storage

:

Circulation at 35 SLPM through purifier by diaphragm
pump

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

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



DAQ and Trigger Hit Pattem

Samples at 105 MHz with 14 bit depth

All channels are working; surface run
generated 3 TB of data.

121 of 122 PMTs are working; one
broken base in lower PMT array.

Note that PMT gains

n PMTS significantly reduced to
avoid saturation while data
taking on surface
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Light Collection
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Collimated 137Cs calibration:
8 phe / keVee in detector
center at zero drift field



Electron lifetime

Xenon chemical purity is monitored by sampling system.

Electron lifetime is monitored by muon and alpha signals.

Purification was studied in a number of modes, using purge paths and thermal
gradients to manipulate circulation.

We achieved an electron lifetime of 90 us 1/e time (drift length ~ 11 cm).

We believe the lifetime is limited by inefficient delivery of clean xenon to the
active region, caused by a break within the detector of the plumbing designed to
route the purified xenon to the active volume.



Summary and Outlook

Deployed into water tank shield

Stable cryogenic control for ~100 days of running

Purification at 35 SLPM

Heat exchanger efficiency > 98%; <5 W heat load at 300 kg/day
In-situ xenon purity analysis

Working PMTs, Trigger, DAQ

Excellent light collection (8 phe / keV in center)

Drift field to 300 V / cm (limited by provisional cathode feedthrough)
Recovered xenon to storage vessel by cryopumping

O < X XX

Did not achieve necessary purity (200 us) for full scale drift (internal
plumbing problem)

The detector will return to the cleanroom for March and April

* Plumbing repair
* PMT base replacement
e Cathode high voltage feedthrough upgrade



Meanwhile, 4850 feet underground in the Homestake mine...

Moving begins at the end of March
Detector moves at the end of April

Xenon purification (Kr removal) during
summer 2012

Underground science run begins this fall January 2012
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