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1. Introduction

The existence and composition of the Milky Way’s dark matter halo is one of tist fizxgci-
nating questions in all of science. Cosmological and astrophysical edddearly indicates that
the majority of the matter content of our universe consists of a new formhaitas yet to be ob-
served in laboratories here on earth. One of the leading candidatessfaeth type of matter are
the weakly interacting massive particles (WIMPs) which arise naturally in reamgnsions of the
standard model of particle physics. Astrophysical WIMPs are expectigderact primarily with
the atomic nuclei in the target material of a terrestrial detector, and thetefsignature of dark
matter scattering is an excess of low energy nuclear recoil events whictotche explained by
conventional radioactivity.

The LUX collaboration was formed in 2007 with the goal of directly detectind/N®/Idark
matter with liquid xenon. The collaboration is composed of scientists with bropergése in
dark matter physics, neutrino physics, nuclear physics, and partickgshyncluding playing
leading roles in the CDMS, CDMS-II, ZEPLIN-II, and XENON10 dark ma#gperiments. LUX
is designed to achieve a WIMP scattering cross section sensitivitycdf7-4¢ cn? for a WIMP
mass of 100 GeV, about two orders of magnitude below current limits (seedflg.

Xenon is an attractive material for a dark matter search for severaingadts high mass
(A=131.3) and high atomic number (Z=54) provides a favorable WIMRBRsB®ction while also
giving good stopping power for environmental radioactivity. It doeshave any long-lived iso-
topes which might contribute internal radioactive backgrounds, while ttaatamination by the
beta emitter§°Kr and 3°Ar can be removed prior to operations via gas chromatogrfphy[1]nit ca
be continuously purified of other non-inert chemical and radioactimazoinants, even during de-
tector operations. It can be contained within a single large vessel, whiichipgs the surface area
to volume ratio of the target material and minimizes exposure to radioactivitytireradges of the
detector. Finally, by observing the quenching of the charge signaimelatthe scintillation signal
in nuclear recoil events, it allows backgrounds from beta and gammadtitersito be reduced by
a factor of 180 while retaining 50% of the WIMP scattering signal.

2. TheLUX detector

The LUX detector is a dual-phase TPC containing 350 kg of liquid xenon urpaight cylin-
drical vessel (59 cm tall and 49 cm in diameter). Interactions in the liquidrxéath are detected
via the production of ionization charge and scintillation. The scintillation is coliebtetwo ar-
rays of photomultiplier tubes, one immersed in the liquid xenon at the bottom ofetsel and
one which observes the liquid from just above the liquid-gas interfacézdton from the primary
interaction is observed by drifting the charge vertically via an electric fieldadigwid-gas inter-
face. There the charge is extracted through the liquid surface into thjghgae, where secondary
scintillation is generated as the charge is collected on an anode. The magmituldeation of the
secondary scintillation measures the energy and x-y coordinates of thation charge, while the
drift time gives the z coordinate from the charge drift velocity. This allovesghimary event to be
localized to within one centimeter in all three dimensions.
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The LUX sensitivity goal requires an observational exposure of 3k06gram-days. LUX
will achieve this exposure after applying a fiducial cut which will redudemal backgrounds by
four orders of magnitude through the powerful self-shielding effétigaid xenon. The fiducial
cut will leave 100 kg of useful xenon in the center of the detector, implyiag &m observation
time of 300 days will be required. Beta and gamma background sourcesgaiieed to contribute
no more than 180 events in 300 days, so that only one backgroundisaxutected after the re-
coil discrimination cut. All LUX detector materials undergo careful scregmininsure that their
radioactivity level meets this goal. Special care has been taken with regtrel photomultiplier
tubes, since these are expected to be the dominant source of gammabhadkgiLUX employs
a total of 122 Hamamatsu 2” PMTs (model R8778, QE = 30%), and has dat&eely with the
vendor to monitor and reduce the activity of these devices. The PMTsdedito LUX have a
measured activity level of 10 and 2 mBg/PMT f5fU and?32Th, respectively, improving upon
the LUX goals by factor of three. Considerable effort was also dedidatalentifying an accept-
able material for the LUX cryostat. Previous experiments have relied upteriaia which suffer
either from marginal radioactivity (stainless steel) or poor mechanicgepties (copper). The
LUX cryostat has been constructed out of clean titanium, with activity levieks 6.4 mBg/kg,
again improving on LUX’s background goals while meeting regulatory reguénts for a pressure
vessel. All other components of the LUX internal detector are requiredrtoibute less than 10%
to the expected background rate.

LUX has been designed to address and resolve numerous issues wthicbwitably be faced
by future experiments at the ton-scale and beyond. Among these featares

e Water shield. The LUX detector will be immersed in a 8 meter diameter, 6 meter tall,
300 ton water shield to reduce environmental radioactivity due to gammaseatroms to a
negligible level. The water shield is instrumented with PMTs to allow it to be employed a
cosmic ray veto via detection of Cerenkov radiation.

e Xenon purity. The LUX xenon handling system is designed to repurify the entire xenon
target material once per day, allowing electronegative impurities suchyaeand water
to be rapidly removed during detector commissioning. A key component ofytkiers is
a custom xenon heat exchanger, designed and tested by LUX, whig¥s altnon to be
evaporated and re-condensed with a power efficiency of 96%, arabig reducing the
amount of cooling power required by the experiment.

e Cryogenics. LUX employs a unique thermosyphon system to cool the titanium crypstat[3].
The thermosyphons deliver more than 1000 W of cooling power (far mare nkeeded) to
the LUX cryostat through the water shield.

e Betacalibration sources. LUX will deploy two internal calibration sources based®@HKr[f]
and tritium to determine the energy scale and nuclear recoil discriminatiom tzdtoe de-
tector. This resolves the self-shielding issue which will affect any eatgaamma calibration
source.
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Figure 1: Left: The LUX detector, under assembly at the Sanford Labsiad, South Dakota, in the summer
of 2010. Right: the WIMP cross-section sensitivity of LUX (d&lue dashed line), LZS (cyan dashed line),
and LZD (purple dashed line).

3. Statusof LUX

The LUX detector has been assembled with final detector components irsgl0l2@ clean
room facility on the surface at the Sanford Lab in Lead, South Dakota.d€tector will be com-
missioned in the winter of 2011 by deploying it into a test water shield which éas bonstructed
in the surface lab. The primary goal of the surface run is to demonstratexgmon purity. Mean-
while, 4850 feet below the surface laboratory, the cavern where RaisPerformed the historic
Homestake solar neutrino experiment is being outfitted with the infrastruequered to host the
LUX experiment for physics data taking. The detector is designed to betfalygportable from
the surface to the underground lab without breaking its vacuum sealhwilcallow detector
operations to resume quickly once the space is prepared. This will octhe fall of 2011.

4. Beyond LUX

The LUX and ZEPLIN-III collaborations have agreed to jointly executre liquid xenon
dark matter experiments. The new collaboration, known as LZ, is curreetigiobing proposals
to rapidly replace LUX with a 1.5 ton detector in the same underground locdtierLZS exper-
iment), and also to construct a 20 ton experiment for the 7400 foot lewbkgiroposed DUSEL
facility (the LZD experiment). LZS and LZD will improve upon the LUX sensitivity factors
of 50 and 700, respectively (see Figlite 1). The LZ groups will also jomlticipate in LUX
operations and data analysis, fully uniting the two collaborations in the neaefu
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