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The ZEPLIN-III Collaboration

(post Boulby programme)
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WIMP SEARCH TECHNOLOGY ZOO

lonisation Detectors

Targets: Ge, Si, CS,, CdTe

CoGeNT, DRIFT, DM-TPC
GENIUS, HDMS, IGEX, NEWAGE

Light & lonisation
Detectors
Targets: Xe, Ar
ArDM, Darkside, LUX, LZ,
WARP, XENON, ZEPLIN

Heat & lonisation
Bolometers

Targets: Ge,Si
CDMS, EDELWEISS, EURECA
cryogenic (<50 mK)

lonisation

cold (LN,)
Scintillators So..
Py, ¢
Targets: Nal, Xe, Ar (})/
ANAIS, CLEAN, DAMA, % Bolometers

DEAP. KIMS, LIBRA, Targets: Ge, Si, Al,O5, TeO,
NAIAD, XMASS, ZEPLIN-I CRESST-I, CUORE, CUORICINO
Light & Heat Bolometers
Targets: CaWwO, BGO, Al,O, Bubbles & Droplets
CRESST, ROSEBUD CF4Br, CF,l, C5Fg, C4F10

cryogenic (<50 mK) COUPP, PICASSO, SIMPLE
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TWO-PHASE XENON DETECTORS

e S1:LXe is an excellent scintillator

— Density: 3 g/cm?3 S2
— Light yield: ~70 ph/keV (O field)
— Scintillation light: 175 nm (VUV) |
— Nuclear recoil threshold ~5-10 keV Drift time
Particle indicates depth
* S2: Even better ionisation detector 's1
— Sensitive to single ionisation electrons
— Nuclear recoil threshold ~1 keV
— ionization electrons
B UV scintillation photons (~175 nm) Image by CH Faham (Brown)

 And a great WIMP target too
— Scalar WIMP-nucleon scattering rate dR/dE~A?
— Odd-neutron isotopes (}%°Xe, 131Xe) enable spin-dependent sensitivity
— Excellent ionisation threshold: ‘light WIMP’ searches using S2 only
— No intrinsic backgrounds (8°Kr can be removed effectively)

H. Araujo, 30 MAR 2012 6



SELF-SHIELDING
with noble liquids

Sacrificial

volume
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VETO DETECTOR
around WIMP target

H. Araujo, 30 MAR 2012

Water Cherenkov, passive LXe,
bare or loaded scintillator,...
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ZEPLIN—LUX—LUX-ZEPLIN: STATUS

e MOU between ZEPLIN-IIl and LUX groups signed in 2008
e Final results from ZEPLIN-III published Jan. 2012
e UK-led ZEPLIN programme at Boulby completed (2001-2011)
— Pioneering xenon technology, competitive results from 3 experiments!
e LUX350 tested in water tank on the surface at Homestake

e Beneficial occupancy of Davis Cavern April 2012
 World leading sensitivity within 2012/13

e LZ design progressing (targeting ‘G2 downselect’ process in US)
e 7 tonne Xe mass envisaged, plus active veto (to fit Davis water tank)

H. Araujo, 30 MAR 2012
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ZEPLIN-IIl @BOULBY

e Two science runs (2008 and 2010/11) set world class
results in WIMP scattering (SI, SD, IDM)

e First ever year-long underground run of a noble liquid

e Huge experience gained with
today’s leading WIMP technology




LUX350 — TRIED & TESTED & READY TO GO

Note that PMT gains
significantly reduced to
avoid saturation while data

taking on surfac/

o—

Time (samples/1ons)x1o4 s
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LZ DESIGN

 Concept design: 7 tonne active xenon TPC in Davis water tank
— Huge n/y self-shielding factors achievable with very compact system

— Sensible scale-up of LUX350 (fact: successful programmes have been progressive ones!)
— 15x mass factor (only 2.5x linear); reasonable HV and e-lifetime requirements

Active shield: instrumented Xe skin + scintillator + water

e Background-free run feasible
— Assumed modest discrim. (99.75%)

LUX350

I

1)

Y

/. ll'fli\f
i '--i
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LZ TIMESCALES: US “G2 DOWNSELECT”

Second generation direct search experiments
e DOE proposal by July 2012

— 1 year funding for R&D, including pre-conceptual design and work to
reduce scientific, technical or cost risks

— No experiments to enter project phase during this year of funding

e NSF proposal by May 2012

— 1 vyear funding for R&D, engineering and design

e Summer 2013: project down-selection

— Coordinated between the two agencies

e Construction funds in 2014-16 for selected G2 projects (2 large)

— $29M from DOE (increase under discussion); probably similar from NSF

e Exploitation phase from 2017

— Scalar cross-section reach 10! pb (10#” cm?) in <1 year run

e STFC reviewing UK involvement (E6M is ~1/3 of G2 experiment)

H. Araujo, 30 MAR 2012 15



ZEPLIN—LUX—LUX-ZEPLIN: SCIENCE

WORLD STATUS: SD WIMP-NEUTRON
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Z1: Alner et al., Proc. 5t Int. W. IDM: 218 (2005)

Z2: Alner et al., Phys. Lett. B 653: 161 (2007).

23: Lebedenko et al., Phys. Rev. Lett. 103: 151302 (2009)
Z3: Akimov et al., Phys. Lett. B. 709: 14 (2012)
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ZEPLIN—LUX—LUX-ZEPLIN: SCIENCE

WORLD STATUS: SPIN-INDEPENDENT

R. Gaitskell — Brown University
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SUSY, THE LHC & XENON(100)

Buchmuller et al, arXiv:1110.3568 (Frequentlst/ MasterCode)
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SUSY, THE LHC & XENON(100)

Bertone et al, JCAPO1 (2012) 004

Bertone et a. (2011) Bertone et al. (2017) Berione et al. (2077)
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Figure 2. Favoured region in the ¢cMSSM once current constraints and future null searches at the
LHC are taken into account, for flat priors (top) and log priors (bottom). We assume null searches
at the LHC with the following combinations of /s and integrated luminosities (from left to right):
current LHC, 14 TeV and 1fh~ !, and 14 TeV and 100fb~!. The encircled black cross represents the
best-fit point. The inner and outer solid, black contours delimit the 68% C.L. and 95% C.L. posterior
regions respectively. We also show the current 90% C.L. exclusion limit from XENON-100 (magenta
dotted), and the expected reach for for Phase 1 (solid red curve, expected to be reached by ~2012),
Phase 2 (dashed green curve) and Phase 3 (dash-dotted cyan curve, expected to to be reached around
2020) future direct detection experiments.

H. Araujo, 30 MAR 2012

The ‘nightmare scenario’:
no physics BSM at the LHC

[...] phase 3 direct detection
experiments will be able to
probe entirely the favoured
region of the cMSSM
parameter space in the
nightmare scenario of particle
physics, therefore providing

a unique opportunity to test
SUSY even in case of null
searches at the LHC.

[a Higgs detection] in the
appropriate mass range
would provide additional
motivation to continue the
study of Supersymmetry with
astroparticle experiments.
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LHC &
DIRECT SEARCHES

Monojec & Monophoton final state
using 4.7 fb! of CMS data

S. Worm, CMS Moriond EWK “Hot Topic” 2012

q X q X
Monophoton + MET Monojet + MET
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WIMPS AND ASTROPHYSICS

 What does (our) galactic dark matter look like?

— Local density? Clumpiness? Velocity distribution? Co-rotation? Stealth galaxies?

— Results from indirect searches and from multiple DS targets are essential

MIGUEL PATO et al.
TABLE L

PHYSICAL REVIEW D 83, 083505 (2011)

Characteristics of future direct dark matter experiments using xenon, germanium, and argon as target nuclei are shown. In

all cases the level of background in the fiducial mass region is negligible for the corresponding effective exposure. See Sec. III for

further details.

Target € [ton X yr] Meut Anr Eqpp [ton X yr] Eyr [keV] o(E) [keV] Background events/e
Xe 5.0 0.8 0.5 2.00 10 Equation (7) <1
Ge 3.0 0.8 0.9 2.16 10 Equation (6) <1
Ar 10.0 0.8 0.8 6.40 30 Equation (8) <1

Fixed astrophysics:
individual targets

i T T T
=544 km/s, v =230 km/s, k=1

esc

p,=0-4 GeViem’, v

o, [pb]
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L |
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Fixed astrophysics:
combined datasets
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FORWARD LOOK TO 2018
(G2 expts with UK participation)

LUX-ZEPLIN Xe 10 tonne-yr
EURECA Ge 1 tonne-yr
DEAP3600 Ar 5 tonne-yr

Uncertain astrophysics:
combined datasets
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SUMMARY

* Route to detection & study: a progressive programme

— UK-led ZEPLIN pioneered liquid xenon for WIMP searches
Delivered wealth of peer-reviewed science & technology

— LUX350 expected to lead in sensitivity in one year’s time
Built detector tested on the surface, going underground in April

— LZ could discover at 101° pb or exclude at 10! pb in 1 year run

 Experimental approach: a lower risk programme
— Background free strategy (self-shielding, modest discrimination)
— Two-phase Xe technology: high TRL (ZEPLIN, XENON, LUX)
— Teams with huge track record in DM searches
— Much infrastructure inherited from LUX350

e Exciting physics for heavy and light WIMPs!

— Returns for particle physics, cosmology, astrophysics, theory
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