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The Mystery of Dark Matter

» Hints from Observational Astronomy; €.g.: rotation
curves, gravitationallensing, orpital speeds of galaxies
In cluster environments, anisotropies of the CMB ...

« WMARP: A quarter of the energy density of the universe
IS made of Dark Matter

» Does not interact via the electromagnetic or strong
forces, may interact via the weak force
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How [ o Detect WIMPS

» Create DM particles in accelerators on Earth (LHC)

» Indirect detection: products of- DM interactions
(Pamela, Fermi)

x Detect DVl recoll interactions using sensitive detectors
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How [ o Detect WIMPS

Detect DM recoll interactions using sensitive detectors

Elastic scattering of DV particles off of target material

Detectors must have low:background levels *
Detectors must have high: statistics £
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How [ o Detect WIMPS

Elastic scattering of DM particles off of target material

Argon used as target materialin DEAP

Simple to purify from radioactive contaminants and
Ight atbsorers

High scintillation yield

: Scattered
_arge target masses possible nucleus is

Q i detected via
scintillation

\

Inexpensive
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DEAP-1 Detector
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DEAP-3600 Detector

3600 kg target (1000 kg
fiducial mass)

sealed, ultra-clean-acnylic
vessel

255 8-inch PMTs (V5%
coverage)
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Backgrounds

Expected background: ~0.1/tonne/year

« 5/7r events
» dominated by 2%Ar (1:Bag/kg)
» Powerful pulse-shape discrimination technique

» Depletion of argon to reduce °Ar population by at
least 25
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Pulse Shape Discrimination

» Single phase: PSD based on: scintillation light only

« \Why this works: excited diatomic molecules (excimers)
produced in-argon-form:-in two-ways:

2

excited atom combines with another lonized atom combines with another
atom atom, recombines with electron
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Pulse Shape Discrimination

« Single phase: PSD based on: scintillation light only

« Excimer has a singlet (short-lived):state and a triplet
(long-lived) state

» Gamma Events: free electron density. is low so
excimers have an-opportunity to interact with bound

electrons where [singlet state] + e — [triplet state] +
5

x Recoil events; free electron density is higher so there
IS less chance that more triplet states are formed
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Pulse Shape Discrimination
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Backgrounds

Expected background: ~0.1/tonne/year

» Neutron / Alpha events
» (0, n) from surrounding rock
» (X, n) from PMTs and hardware

= LL-Induced
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= 8.5 m diameter water
tank for external
neutrons

L il

= Light guides and filler blocks
provide shielding from
hardware neutrons

» Shielding from depth of experiment (6000 m water
equivalent)
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Backgrounds

Expected background: ~0.1/tonne/year

« Surface Events
» Radon long-lived daughter ='°Pb (22 yr half life)

» Acrylic surfaces exposed to radon during
construction
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Mitigation of Impurities

Mechanical resurfacer to
clean surfaces in situ

» Debris flushed away: with
ultrapure water

Careful limits on radon
exposure and material
selection

Careful choice of fiducial
volume, vertex reconstruction
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Comparison to other high- &
sensitivity searches

« 1000 kg 3-year
run allows for
1046 cm=2 (SI)
sensitivity, 60
keV, threshold,
natural argon
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Comparison to other high- %*
sensitivity searches

Proposed/
Future Development
- Being Designed

DEAP-3600

LUX
Under

lIEEECS = Construction
XMASS or

COUP-60 | Operating
SuperCDMS-10

ﬁ ]— Current Results
| CDMS

0.001 0.01 0.1 1 10
Spin-independent Sensitivity (per nucleon) [x10-44 cm?]

« DEAP 3600 well-positioned for leading sensitivity
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Current Status

(a) Resurfacer: Assembled,
commissioning started at
Queen’s

(b) Filler Blocks: design:is finalized

(c) Acrylic Vessel: Thermoforming
panels at RPT Colorado

(d) Light Guides: machining started
at TRIUME

DEAP-3600 Acrylic Vessel Panel in Grand Junction, Colorado

Operations to commence in 2013
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Current Status

(a) Cryocooler and LN2 dewar
system: ready for acceptance
testing at Stirling Cryogenics

(b) TPB deposition source:
successful operation of large-
scale TPB vacuum deposition
source

@ (c) Purification System:
demonstrated that welds and
pipes can be cleaned through
citric acid passivation

(d) 20” vessel: cool-down testing




Laurelle Veloce, WNPC 2012

DEAP Collaboration

University of Alberta
D. Grant, P. Gorel, A. Hallin, J. Soukup, C.
Ng, B. Beltran, K. Olsen, R. Chouinard, T.
McElroy, S. Crothers, S. Liu, P. Davis, and A.
Viangreiro

Carleton University
K. Graham, C. Quellet, and C. Brown

Queen’s University

M. Boulay, B. Cai, D. Bearse, K. Dering, M.
Chen, S. Florian, R. Gagnon, V. V. Golovko, P
Harvey, M. Kuzniak, J. J. Lidgard, A.
McDonald, C. Nantais, A. J. Noble, E.
O’Dwyer, P. Pasuthip, T. Pollman, W. Rau, T.
Sonley, P. Skensved, L. Veloce, M. Ward

SNOLAB/Laurentian

B. Cleveland, F. Duncan, R. Ford, C. J.
Jillings, M. Batygov

SNOLAB

|- Lawson, K.-McFarlane, P. Liimatainen, O. Li, E.
Vazquez Jauregui

TRIUMF

F. Retiere, A. Muir, P-A. Amaudruz, D. Bishop,
S. Chan, C. LLim, C. Ohlmann, K. Olchanski, V.
Strickland

Rutherford Appleton Laboratory
P. Majewski
Royal Holloway University of London
J. Monroe, J. Walding, A. Butcher
University of Sussex

S. Peeters




