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Dark Matter Underground Searches - Silver Jubilee

oFirst publication on an underground experimental search for cold dark matter (Ahlen et al.
1987. PLB 195, 603-608).

http://lwww.pnnl.gov/physics/darkmattersymp.stm
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An ultralow background spectrometer 1s used as a detector of cold dark matter candidates from the halo of our galaxy Using a
realistic model for the galactic halo, large regions of the mass—cross section space are excluded for important halo component
particles. In particular, a halo dominated by heavy standard Dirac neutrinos (taken as an example of particles with spin-indepen-
dent Z° exchange interactions) with masses between 20 GeV and 1 TeV is excluded. The local density of heavy standard Dirac
neutrinos 1s <0.4 GeV/em® for masses between 17.5 GeV and 2 5 TeV, at the 68% confidence level.
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1986 operating a 0.8 kg Ge ionization
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Limit Scalar Cross—section cm? [60 GeV WIMP]
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i Dark Matter Searches: Past, Present & Future
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LUX Anatomy

™

Thermosyphon

Titanium Vessels

PMT Holder Copper Plates

Dodecagonal field cage
+ PTFE reflector panels

Y-
« 370 kg (300 kg active) LXe A M | ' N
* 122 PMTs (2" round) V A\ /’). |
 Low-background Ti cryostat k3 $

* PTFE reflector cage ’ Hamamatsu R8778
« Thermosyphon used for cooling (>1 kW) Photomultiplier Tubes (PMTs)
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Xenon Self-shielding

Single Scatter Events /keVee/kg/day
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* Liquid xenon is a dense target at 3 g/cc.
« Self-shielding allows this technology to greatly benefit from scaling up.
* We expect ~1 ER in the fiducial volume/dm energy range every 4 days in LUX.
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The first 76 days of LUX
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LUX signal and background expectation for 7,600 kg-days
net exposure. WIMP events assume m = 100 GeV, 0 =
3x104%5 cm2. Assumes 100 kg fiducial. Given very low ER
rate, can significantly increase fiducial in early running.

Comparing nominally equivalent kg-days for 100 kg LUX fiducial versus 34 kg XENON fiducial
but LUX has much greater sensitivity/kg-day because of cleaner signal/fewer BG events
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XENON100 7,600 kg-days result for comparison.
Note higher ER rate - ~180 events primarily due to
Compton scattering of external gamma background.
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The LUX Program

LUX Underground

LUX Surface

LUX0.1 CWRU
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Example of alpha particle in middle of LUX detector

m PMTs

LUX
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Light Collection

Events [cts/bin)
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* Achieved 8 phe/keVee light collection for 662 keV gammas at the center of the
detector, zero field

 The light collection for 122 keV at 500 V/cm is 4 phe/keVee
* This is ~x3 as good as XENON100

* PTFE reflectivity in liquid xenon measured to be > 98% at 1-sigma level

LUX
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Xenon purification
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Beta-Alpha Physics from BiPo

3.8d

-164ps
Qﬁ-32|v|ev

3.1m 138 dy
27 m
Beta range (Emean = 642 keV) Alpha range
in LXe is ~1.5 mm In LXe is ~50 ym

This coincidence event is highly localized in x,y,z

LUX
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Sample p-a Bi-Po event in surface data
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Position reconstruction computed with Zeplin 11l Mercury algorithm
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Statistical position resolution
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LUX Davis Campus @ Sanford Lab




“Eager Graduate Students”
Davis Cavern, Oct 2011
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Davis Cavern, Sep 2012
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LUX Water Tank - Outside View




LUX Water Tank - Inside View




LUX+ZEPLIN = LZ
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Expected sensitivity

Cross—section [sz] (normalised to nucleon)
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LZ 1000 days x 5 tonne fid. Xe

- goal zero background
Theory from

Cheung et. al.
arxiv:1211.4873
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| UX detector moved to from surface lab to underground lab @ Sanford July 2012
*All detector/safety system commissioned and checkouts passed
+Water shield / Muon veto - filled and operational
*Experiment is working closely with Sanford Lab personnel who are focused on science mission

eDec 2012: Warm Xe gas to perform preliminary checks
*Internal calibration with 83Kr to check circulation path / data taking

*Now: Detector Cooldown and Condensation of 370 kg liquid Xe (low Kr<5 ppt)

+Authorization to proceed from Lab

eDuring 2013

*Full checkout of all systems cold / circulation to achieve purity (collection of S2 throughout volume)
+Calibrations to establish detector response at low energy
*Unblinded ~2 month run to demonstrate dark matter sensitivity

eUltimate Science Goal is to take 300 days of live data

+Expect to continue data-taking/calibration studies until the LZ experiment (7 tonnes) is ready to be
installed.

*(G2 down select - DOE/NSF is funding LZ development in 2013, will compete in field downselect end 2013

Dark Matter Searches Rick Gaitskell, Brown University, LUX / DOE




