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DEAP3600
❖ Single phase liquid argon (LAr) 

dark matter detector

❖ Located at SNOLAB, 2070m 
underground in Vale’s Creighton 
mine, Sudbury Ontario, Canada
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SNOLAB

~70 µ/day in SNO+

● Greater Sudbury, Ontario, Canada

● Expansion of underground area and
 new surface facilities for SNO+ and
 further experiments (ν, Dark Matter, SN)

● ~2 km deep underground in the
 „Vale Canada Ltd.“ Creighton Mine

 ⇒ ~6000 mwe overburden!
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DEAP3600
❖ 3600 kg liquid argon target

❖ 1000 kg fiducial

❖ Acrylic vessel

❖ Ultra high purity acrylic

❖ Resurfaced in-situ

❖ Vacuum deposited Tetraphenyl butadiene 
(TPB) wavelength shifter

❖ 255 PMTs

❖ Mounted on 20 inch light guides

❖ Shielding

❖ Acrylic light guides and  high density 
polyethylene filler material

❖ Water shield tank
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such as supersymmetry (SUSY). The two leading SUSY
models, the cMSSM and NUHM, fit all of the cur-
rently available data including indirect searches, Planck
results, recent SUSY searches and the Higgs discov-
ery at the LHC as well as dark matter exclusions from
direct detection experiments, with the leading upper
limit from LUX [5]. To accommodate the global data,
these models predict relatively heavy WIMPs, with
central values between a few hundred GeV and about
1 TeV [6, 7, 8, 9].

The best-fit WIMP parameters in the cMSSM
and NUHM models are within sensitivity of the
upcoming class of experiments (DEAP-3600 and
XENON1T [10]), while possibly evading detection at
the LHC, even for the future 14 TeV run because of
the very high allowed superparticle masses. A num-
ber of more general models, e.g. p9MSSM [11], lead
to similar conclusions, although the best-fit parameters
can vary.

2. The DEAP-3600 detector

DEAP-3600, located at SNOLAB, will perform a
dark matter particle search on liquid argon with sen-
sitivity to the spin-independent WIMP-nucleon cross-
section of 10�46 cm2, a factor of approximately 20 in-
crease over current experiments, as shown in Fig. 1.
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Figure 1: Dark matter sensitivity of liquid argon expressed as a
limit on spin-independent WIMP-nucleon scattering cross-section.
Shown are the current experimental limits from the CDMS-II [12],
XENON100 [13], and LUX [5] detectors, and the expected sensitivity
for 3 tonne-years of natural liquid argon with a 15 keVee threshold,
and with a 12 keVee threshold for low-radioactivity argon (LRA) that
has been depleted in 39Ar by a factor of 100.

Figure 2: The DEAP-3600 detector. The acrylic vessel has an inner
radius of 85 cm and holds 3600 kg of liquid argon, which is viewed
by 255 8-inch diameter high quantum e�ciency Hamamatsu R5912-
HQE PMTs through 50-cm long lightguides.

The detector (Fig. 2) is comprised of a large spheri-
cal volume of natural liquid argon contained in a trans-
parent acrylic vessel (AV) and viewed by 255 pho-
tomultiplier tubes (PMT) that detect scintillation light
generated in the argon target mass. The inner AV
surface must be coated with a thin layer of wave-
length shifter, 1,1,4,4-tetraphenyl-1,3-butadiene (TPB),
to convert 128 nm argon scintillation light into visible
blue light, which is then e�ciently transmitted through
acrylic lightguides to the PMTs. A custom, large-
area vacuum-deposition source [14], developed by the
DEAP collaboration, is used to deposit TPB uniformly
over the approximately 10 m2 acrylic surface before the
detector is filled with cryogen. The lightguides and
polyethylene filler blocks provide neutron shielding and
thermal insulation between the cryogenic acrylic ves-
sel and the much warmer PMTs. The inner detector is
housed in a large stainless-steel spherical shell, which
itself is immersed in an 8 meter diameter ultrapure wa-
ter tank and instrumented with PMTs, serving as a radi-



Liquid Argon Scintillation

❖ Ionization of ultra high purity argon allows the production of excited 
dimers

❖ Formation of singlet and triplet states which have well separated lifetimes 
(7ns versus 1.5μs)

❖ Ratio of singlet and triplet states are exploited to produce excellent pulse 
shape discrimination (PSD)

❖ Radiative decay produces 128 nm light

❖ Projected light yield of 8 pe/keVee
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Pulse Shape Discrimination
❖ Electronic and nuclear recoils produce different ratios of singlet and triplet states.

Figure 3.1.2: Upper Left: An example of a background beta or gamma event,
where the prompt light window is shaded in green. Lower Left: An example of a
nuclear recoil event. More light is emitted in the prompt window, while less light is
emitted in the rest of the pulse when compared to the electronic recoil event. Upper
Right: Triple-coincidence gamma ray events in DEAP-1 using a 22Na source from the
2007 surface run [19]. The region between 120 and 240 photoelectrons (PE), where
Fprompt 0.7, does not contain any events. Lower Right: Separation between
neutron and gamma ray events from an Am-Be calibration source in DEAP-1, from
the same run as the upper right plot [19]. The upper (dotted yellow) band is due
to neutron-induced nuclear recoils, while the lower (dotted black, horizontal) band is
from gamma-induced electronic recoils.
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Backgrounds
❖ Neutron recoils : (α,n) fission and μ-

induced

❖ Controlled by strict material screening  
and assay

❖ Shielding (Acrylic + HDPE + Water)

❖ Surfaces : Rn daughters and contamination

❖ Resurfacing acrylic vessel to reach bulk 
background levels

❖ Passivation of all argon wetted surfaces

❖ Fiducialisation  

❖ β/γ events : 
39

Ar

❖ 1 Bq/kg

❖ Predicted PSD reduction > 10
-10

Background Raw No. Events 
in Energy ROI

Fiducial No. 
Events in 

Energy ROI

Neutrons 30 <0.2

Surface α 150 <0.2

39Ar β (natural) 1.6x109 <0.2

39Ar β (depleted)* 8.0x107 <0.01

Budget for 3 year run <0.6 events

* Factor of 20 reduction  
- Possible factor of 100

Energy ROI : 60 - 120 KeVr



AV alpha background reduction

❖ Acrylic 210Pb purity < 1.1x10-19 g/g - 0.1 events/3 years



DEAP3600 Resurfacer
❖ Designed for 0.1-1mm acrylic removal inner 

AV

❖ Radon scrubbed N2 purge gas and UPW 
controls Rn levels during operation.

❖ Surface contamination reduced to bulk purity 
levels

❖ Deployed September 2014

❖ Completed 200 hr operation.



DEAP3600 Resurfacer

13ft



DEAP3600 Resurfacer



Construction Milestones
❖ Acrylic Vessel completed 

November 2013

❖ Installation of inner detector 
instrumentation through to June 
2014

❖ AV installed in final location July 
2014

❖ AV Complete November 2014

❖ Steel Shell and Veto PMTs  
completed April 2015
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Cryogenics and Process Systems

❖ Purification Systems

❖ Delivered and installed 

❖ Liquid Nitrogen Systems

❖ Storage capable of maintaining AV for 4 days

❖ Commissioned and been operating since 
June 2014

❖ Liquid Argon Storage

❖ Began transfers between surface and 
SNOLAB March 2015

❖ Detector Cooling

❖ Delivered and commissioned June 2014



Calibration Commissioning
❖ Successful high voltage ramping of all 255 PMTs

❖ Exercised DAQ processing chain

❖ Signal injection

❖ Light injection system
❖ Acrylic and Aluminium Reflectors and Fibre Optics Systems (AARFS) 

operated

❖ Laserball before cold data

❖ Neutron and Gamma calibration 
❖ Deployment hardware complete



Neutron and Gamma Calibration
❖ Equator calibration via Cal A, B and E

❖ Provides equal distance calibration set at different φ

❖ Looped tube Cal F
❖ Provides equal distance calibration set at different θ

❖ Calibration of neck region

❖ Calibration tubes and race track served by 
stepper motor positioning system

❖ Calibration via tagged  
AmBe and 22Na sources



Neutron and Gamma Calibration



AARFS
❖ Aluminium coated stubs bonded to 20 

light guides around the detector

❖ Deliver light via fibres directed at the PMT

❖ Light is reflected into the detector

❖ 435nm LED and 445nm laser



AARFS
ev

en
ts

/b
in

-10                        0                        10                        20                        30                       40

Charge [pC]

0

100

200

300

400

500

600

700

800

❖ PMT response

❖ SPE Calibration

❖ Good dark noise and low 
light injection agreement

❖ PMT Timing

❖ Detector optics

❖ Mature light transport 
modelsAARFS Low intensity  

Dark Noise SPE



AARFS
❖ PMT response

❖ SPE Calibration

❖ Good dark noise and low 
light injection agreement

❖ PMT Timing

❖ Detector optics

❖ Mature light transport 
models
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Current and Future

❖ TPB vacuum deposition -  May

❖ Laser ball optical calibration - May

❖ Vacuum + TPB data  - June

❖ Installation of detector cooling coils - July

❖ Ultra high purity Argon gas fill and gas data - August 
onwards



Physics Reach

❖ 10-46 cm2 sensitivity at 100 GeV for 3 years physics run

❖ First dark matter physics results 2016


