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LZ: Evolution of LUX and ZEPLIN

Building on experiences gained in both programs, the proposed new experiment
will utilize the LUX infrastructure at the Sanford Underground Research
Facility to mount a state-of-the-art detector. Highlighted features include:

« LUX water shield and an added liquid scintillator active veto.

« Instrumented "skin” region of peripheral xenon as another veto system.

* Unprecedented levels of Kr removal from Xe.

 Radon suppression during construction, assembly and operations.

« Photomultipliers with ultra-low natural radioactivity.

« Cryogenics and Xe purification systems made external to the main
detector in a unique design.

 Fully digital deadtime-less data acquisition and trigger system.
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LZ Detector

A two-phase Xe
TPC with ~7 tonnes
of Xe in active
volume, of which
~6 tonnes will be
the fiducial volume.

Three layers of
shield/veto: Xe
“skin", Liquid
Scintillator, Water
tank.

Engineering design is in an advanced state.
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HV Umbilical Concept
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Gamma/neutron veto system

9 acrylic tanks surrounding the
detector ( 4 side, 2 top, 3
bottom). 120 8" PMTs.

Filled with liquid scintillator: Gd
loaded (0.2%) LAB (linear alkyl

benzene).
Average thickness ~ 0.75m
Total LAB Mass: 25 tonnes.

Enables suppression of neutron-
induced nuclear recoil rate to
below neutrino expectation for
active xenon volume.




Innovative solutions to complex engineering
problemis

Heat exchanger conduit exits at
the bottom of the cryostat. Total
cooling power is ~1kW at 80K.

Cryostat support has 3 legs.
Scintillator tanks at the bottom

are in 3 pieces.

Cables for bottom PMT array also
exit via this conduit, making

the skin region clutter

free.
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Lower LS tanks
split into thirds to
fit around the
cryostat supports

Water/Liquid Scintillator tanks

The water tank
has a 7.62m
diameter, and
is 5.92m tall.
It supports
228 tonnes of
water, which is
continuously
purified.
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Section view
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Installation Sequence
Above Ground Assembly Underground Assembly

PMT ARRAY POPULATION
PMT ASSY & TEST UPPER & LOWER ARRAYS

LOWER TPC SUB-ASSY

FULLTPC ASSY
A —
TPC and inner
cryostat are
assembled on
the surface
and installed

Y
LID OVER INNER CRYOSTA LID INSTALLED asau nl-‘- HV UMBILICAL & H

OUTER CRYOSTAT BOTTOM INNER CRYOSTAT IDDLE & TOP OUTER CRYOST.




Sensitivity and Physics Reach



LZ has a robust simulation package

Full Geant4 based simulations, pioneered in LUXSim*, have been
carried forward to LZ.
[*D. Akerib, et al., NIM A675, 2012]

Microphysics of Xe light and charge yield is being simulated by

NEST*. Together with Dahl thesis, it has become something of an

industry standard by now and handles the subtleties remarkably well.
[*M. Szydagis, et al., JINST 6 P10002, 2011]

A complete geometrical description of the LZ detector has been
implemented. It is being continually updated as the design evolves.

A detailed simulation of the electronics chain and pulse finding
algorithms are being implemented, as per lessons learned from LUX.

We have high confidence in our understanding of the projected

performance of this detector.
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Background Simulations
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The rate from solar pp neutrinos is expected to be ~ 8x107° cnts/kg/keVee/day.

Gammas from rock <1/400 PMT rate and Muon-induced neutrons < 1/100 of PMT rate



Fiducial Mass

Electron Recoil Backgrounds in LZ
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A fiducial mass of ~6 tonnes (86%) can be achieved.
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Backgrounds & Discrimination

Nuclear recoils due to neutrons from detector structures such as
PMTs, Ti cryostat, etfc., are sub-dominant to leakage from
electron recoils.

Goal for Krypton: <0.02 ppt. This will represent ~10% of solar pp
rate. Best production level obtained by LUX is ~0.2 ppt, which
would be equal to pp rate. However, we are confident about
achieving purity close to the goal level.

Goal for Radon in LXe: <0.6 mBq.

Discrimination: 299.5% for 4-30 keVnr (99.8% at 1.4 kV/cm)
Goal for NR Acceptance: 50%

For a total exposure of 1000 days and 6000 kg fiducial mass:

pp heutrino leakage events ~1.46
coherent neutrino scatter NR events ~0.26 (for 50% acceptancg)



Photon Detection Efficiency and NR Threshold

Both NR threshold and discrimination power improve with light collection
efficiency. LUX has demonstrated 8.4 pe/keV (at 662keV w/ zero field), or

PDE ~13%, which is >2x better than XENON100.
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Discrimination

Discrimination power also improves with drift field, especially at low energies.
For nominal 700 V/cm, the goal of 99.5% (mean rejection) can be achieved even
at 10% light collection efficiency. This improves to 99.8% for 15% light
collection. Of course, it improves rapidly with electric field.
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The plot on the right shows how rejection power varies with S1. It is plotted
for the case of a mean rejection of 99.5% (700 V/cm and 10% light collection).
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Reach for WIMP Search
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DATA listed top to bottom on plot

COUPP. 2011, using 3.5kg CF=3I detector, SD-proton

CoGeNT, 2011, Annual Modulation ROL. SI

CDMS 11 }Suudan). 2011, reanalyzed data from OctO6-SepO8, Ge detector,
DAMAJLIBRA. 2008, no 1on channeling. 3sigma. SI A

CRESST 11,2011, 730kg~days, 1-sigma allowed region, Sl

XENONI10, 2008, measured Leff from Xe cube. using 58.6 live days. S1
Edelwesss 11, 2011, Final Results, 384kg—~days. S

ZEPLIN 111, 2011, second science run, 1344kg—days, SI

XENONIOO, 2012, 225 live days (7650 kg—days).SI

LUX 300 kg Projected Sensitivity: 30000 kg—d, 5-30 keV . 45% cff ,
LUX-ZEPLIN, proj 2012. 7 tonsie. 0 BG. 50% eff, 5t-1000d, 4-30 phe. SI

XENON100
/ LUX: 100 kg
/4'*-— fiducial Xe,
300 days run.
LZ: 6 tonnes
/E | fiducial Xe,
| 1000 days run.
10’ 0" 10"
WIMP Mass [GeV/c™] | 22



Summary

LZ holds the promise to be the definitive 2"¢ generation direct
WIMP search experiment.

An international team of physicists and engineers is in place and
working coherently.

Design concepts are being rapidly translated into full
engineering drawings and assembly sequences.

Progress on various R&D fronts will be reported by 11/26/13
(DOE/NSF deadline).

Benchmark physics processes are being continually studied and
refined.
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Thank You
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