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Xenon

. Large Z (large cross-section), high density (3 g/cc for liquid)

* Transparent to own scintillation photons

* Low background (no long-lived radioactive isotopes)
* Odd isotope A = | 3| (needed for spin-dependent interactions)

* Boiling point = -100C (easy cryogenics using LN)

* High scintillation and ionization yield (low threshold)
* Scintillation/lonization yield dependent on type of interaction
(good discrimination between electron and nuclear recoils ~99.8%)

* Good spatial resolution (self-shielding)
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LUX Program

* Two-phase xenon time projection chamber

A
(TPC) S92
e |22 Photomultiplier Tubes
e 350kg LXe (300kg active, |00kg fiducial)
* 49cm diameter, 55cm height ‘
* Walled by PTFE (>6 phe/keVee) Drift firme

indicates depth

LS

e 250us max drift distance
e 2kV/cm drift field

e 8m diameter water tank
* 4850’ level of Sanford Lab (4300mwe)

— ionization electrons
N UV scintillation photons (=175 nm)
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LUX Program
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3D Rendering by J. Thomson
Composition by C. Hemandez Faham
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Animations: Harvard-Smithsonian Center for Astrophysics, Annenberg Media
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Animations: Harvard-Smithsonian Center for Astrophysics, Annenberg Media
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PMTs and Signals

Counts

PMTs

e Hamamatsu R8778
e 2 inch diameter

e Average QE of 33%
e Gain of 3.3e6

e Average DE of 30% (with 90% CE)

LED Calibration for PMT BA0215 at 1500 V

104 3
'|03 3 ﬂ
< = 140.8 mVns
2 © Gain = 3.5e4+07 + 4.1e+05
10 ] g" Res = 0.289
'|01 3
O -
10 s . , |—||-||—|j nn
-100 0 100 200 300 400 500

Area (mVns)

Jeremy Chapman - Brown University

LUX Dark Matter Experiment

| APS DPF Conference August 10, 2011

8



Data Acquisition and Readout

14-bit resolution
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* Custom-built analog electronics

* Specially shaped signals for the digitizer, digital trigger, and analog trigger

* |.5kHz acquisition rate w/o deadtime = dark matter calibrations w/ zero deadtime
® >99.99% zero suppression

* 95% single photoelectrons > 50 upward fluctuation in baseline noise

* |20 keVee dynamic range with dark matter search gains
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Pulse Only C

gitization

* Threshold Logic
e 24 samples pretrigger
e 31 samples posttrigger

* Rolling average of baseline recorded with each pulse (16, 32, 64, or 128 samples)

Single Photoelectron detected with POD mode
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LUX 0.1 2007-2009

Purification vs. Time, 20 slpm, Run009

* Full integration of all LUX Nitrogen
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LUX @ Sanford Surface Lab
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e Surface lab = Underground lab + windows
* Fully implement, test, calibrate all of LUX

* Develop new laboratory infrastructure
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RunO1

N\
* Test LUX deployment, cooldown ’ |
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Run02

phe lux10_20110806T0319 — event: 2
133 40 -
® Fu” LUX run Hit Pattern o 30F
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e full signal readout L 8
~ 10+
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. e R - -10 | | | | | | |
e Charge sensitive preamplifier - e 10 20 30 40 50 60 70

e |22 channel DAQ electronics

1500

* analysis chain
e 350kg LXe

* storage and recovery vessel
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e xenon circulation (50slpm)
* purification system

* Water tank

e Calibration system
* radioactive source delivery
tubes

* krypton-83m internal source
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Davis Cavern - 4850ft Level

* Laboratory construction underway
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Davis Cavern - 4850ft Level

* Laboratory construction underway
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LUX Backgrounds

* Background dominated by PMTs

10°
101

* Rn exposure limited by purging internals 102

° . :
* Kr removed using charcoal column separation 2 13

(]

. . 3
* Self-shielding S 10°

o
e Water tank X 10°

* NR/ER discrimination 10
7
 Multiple scatter cut 10
Screening Result
Unit
U238 | Th232 | Co60 | K40 | Sc46
mBq/PMT
Ti mBg/kg | <0.18 <025 4.40.3*
Cu mBq/kg 2.1£0.19%
PTFE | mBq/kg | <3 <I
HDPE | mBq/kg | <0.5 <0.35
Stainless
ctooprs | MBYKE 1941

**Type 304 stainless steel
used in electric field grids

*Cosmogenic equilibrium at | mile
above SL; decays below ground

Flux Attenuation in Water|:

(Geant4 MC) :

g ;

H-induced Neutrons

E (>10 MeV)

el Gammas :

0 1 2 3 4
Shield Thickness (m)

5-25 keVee single scatter logio(DRU..)
-5
10
15

-20

-25

30

Depth [cm]

-35

-40

-45

20

10
R [cm]

Jeremy Chapman - Brown University |

LUX Dark Matter Experiment |

APS DPF Conference August 10, 2011 | |7



LUX: The First 40 Days

LUX (Monte Carlo)«— equivalent kg-days
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LUX signal and background expectation for 4,000 kg-days net
exposure.WIMP events assume m = 100 GeV, 0 = Ix|10* cm?2.

Energy [keVar] arXiv:1104.2549
XENONI00 4,000 kg-days result for comparison.
Note higher ER rate - ~800 events in 100 days x 40 kg fiducial
~60% due to 85Kr with remaining 40% due to Compton scattering
of external gamma background

 Red Points: WIMP events after only 40 days (equivalent exposure to all of XENON100 run) assuming
a WIMP model for mass 100 GeV at current best 90% CL Exclusion Limit

 Blue Points: Total # of single scatter electron recoil events in LUX (before any other cuts) after 40
days of running. Expect only || events in 100 kg fiducial x 40 days for a net 4,000 kg-days exposure.

* LUX - Strong Emphasis on WIMP Discovery / Plan to run LUX for 300 days
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