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LUX Collaboration

» Groups from Xenond0: Brown(Gaitskell),
Case(Shutt), CENLE(Bemsten)

» Groups from Zeplin I1: UCLA(CIRE, Wang),
REchester(WWolis), liexastAsVI(WWiaite)

» Groups from neutrino and gamma ray
experments: U Davis(Svekhoaa; IHipatnall);
EBNIE(Eesko), LENLE(Dazeley)



Direct detection of WIMPs

Large flux on earth:
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"t =
lonization in liquid: 90% lorisation = Xette
« About one electron-ion pair /15 eV of ;
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« A strong anti-correlation between
ionization and scintillation
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The Basic ldea

PMT Array
(not all tubes shown)
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lonization/scintillation response In
dual-phase detector

g g9 WIMP or| Nuclear recoil:

in the liquid due to
higher ionization

density

- fewer primary electrons

l ' Neutron | Electrons recombine

Also overall quenching
of scintillation relative

S1 52 :
Y Gamma or to electron recoil
Electron :
Gamma recoil:
Less recombination
= . . .
drift time in the liquid due to
lower ionization density
more primary electrons
| (S2/51),,,.. << (S2/81) __ _

electron
recoil



(October, 2006)

The LUX detector and shield
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Water Cerenkov Muon shield (low cost)
roughly 6 meters in diameter

tall dual phase detector
Aspectratio =1.5



e Dark Matter Goal

—LUX - Sensitivity curve at 2x104° cm? (100
GeV)

» Exposure: Gross Xe Mass 300 kg
Limit set with 120 days running
x 100 kg fiducial mass x 50% NR acceptanc

—If candidate dm signal is observed, run
time can be extended to improve stats

» ~1 background event during exposure
assuming most conservative assumptions of
ER 7x10“ /keVeel/kg/day and 99% ER
rejection

—ER bg assumed is dominated by
guaranteed Hamamatsu PMT background
(R8778 or R8520) - recent PMTs from
Hamamatsu achieving lower backgrounds

—Improvements in PMT bg (and rejection
power) will extend background free runnin
period, and DM sensitivity

—Comparison

» SuperCDMS Goal @ SNOLab: Gross Ge
Mass 25 kg
(x 50% fid mass+cut acceptance)
Limit set for 1000 days running x 7
SuperTowers
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An Active Neutron Shield

Assumed source of neutrons - (a,n) reactions on Si and O

Use Monte Carlo (GEANT) simulation to learn the ultimate fate of
neutrons

| Energy deposited in active Xe region
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Number captured

Fate of neutrons in the DM ROI

h2

Entries
Mean
RMS

376368
1.163
1.171

72% of ROI neutrons capture in the Gd-H,O shield

19% of ROI neutrons capture in the active Xe target

99% reduction!




LUXcore

A full-scale engineering model
of 100 kg LUX

Goal: reduce time to actual LUX
detector by starting engineering
process

standard materials, commerical
parts

central 10% will have LXe and
PMT coverage

will be available for engineering
tests in about three months

Design will allow being
submerged in water — we will
engineer this aspect also
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HV feedt

insulator

Field cage

Aluminum filler
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2004-2005 “S1” workshops and “S2” proposals.

July 2005 — Colorado and South Dakota sites
selected for funding to develop “S3” proposal (2
other sites also allowed to submit)

2006/07 site visits and “S3” proposals completed.
2007 Site decision in next few weeks

2008 Major Research Equipment and Facllity
Construction (MREFC)

2009 earliest possible start of experiments (with
an EIP). 2010 “official” early start date.




Conclusions

«300 kg Dual Phase liguid Xe TPC with 100 kg fiducial

— >99% ER background rejection for 50% NR acceptance, E>10 keVr
—3D-imaging TPC eliminates surface activity, defines fiducial

eBackgrounds:

—Internal: strong self-shielding of PMT activity
» v/B < 7x10* /keVeel/kg/day, from PMTs (Hamamatsu R8778 or R8520).

*Neutrons (a,n) & fission addressed with neutron tag plus work on low
activity PMT

—External: large water shield with muon veto.

*Very effective for cavern y+n, and HE n from muons
*Very low gamma backgrouns with readily achievable <10-11 g/g purity.

DM reach: 2x104 cm?in 4 months

—Possible ~5x10-4% cm? reach with recent PMT activity
reductions, longer running, active shield
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Recent Dramatic Improvement in DM Sensitivity!

Cross-section [sz] (normalised to nucleon)
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DATA listed top to bottom on plot .
— Edelweiss, 32 kg-days Ge 2000+2002+2003 limit I I l e e I n
m— WARP 2,31, 96,5 k-days 55 ke threshold

ZEPLIN II (Jan 2007) result
CDMS (Soudan) 2004 + 2005 Ge (7 ke threshold)
----- KENON10 2007 ENet 126 kg-d)
— KENOMN10 2007 (MNet 1236 kg-d, BG Subtract)
Fuiz de Austri/Trotta/Roszkovwski 2006, CM3SM Markow Chain Monte Carlos: S
%KX Ellis et. al Theory region post-LEF benchmark points
Baltz and Gondolo, 2004, Warkov Chain WMonte Carlos
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Recent and Various Astrophysical Data Indicate
The Universe is mostly Dark - 73% Dark Energy, 23%
Dark Matter

WHAP Cosmological Parameters
Model: ledm
Data: all
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Extend Measurements of Nuclear Recoll
Scintillation Light to Low Energies
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Detected scintillation from a nuclear recoil
Detected scintillation from an electromagnetic recoil

Quench Factor =



Reject Electromagnetic Interactions
With lonization/Scintillation Ratio
Cut

Cf-252 n/[gamma source Electromagnetic recoils

Log10(S2/51,

Neutron recoils: 2
WIMPs would appear
here

1.5

i 5l 1{H] 150 200

Energy [kevr]

Projected result for XENON10 reject 99% of electron recoils
accept 50% of WIMP events
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