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170 cm diameter 
sphere filled with 
3322 kg of LAr
(2.2 tonnes fiducial)

Currently running with  3256 kg

170 cm



Filled through neck.
LN2 cooling coil 
condenses Ar.
Acrylic flow guides 
control LAr flow



Neck veto: 
Optical fiber + 4 PMTs 
(3 cm Hamamatsu R7600-300)



50 cm long light 
guides & acrylic 
shell shield LAr 
from neutrons, 
keep PMTs warm



Inner surface sanded to 
reduce surface 
backgrounds

TPB layer converts 128 nm 
LAr scintillation photons to 
visible

TPB



Foam filler blocks 
provide additional 
shielding, thermal 
insulation



255 PMTs 
view LAr 
(8” Hamamatsu R5912 HQE LRI)



Stainless steel 
sphere holds inner 
detector, 
maintains N2 
atmosphere



Calibration tubes 
allow sources to 
be lowered 
outside steel shell



Water Cherenkov 
muon veto: 
~100 tonnes of 
water viewed by 
48 PMTs
(8” Hamamatsu R1408)

8 m diameter
8 m

 height



An event occurs
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Argon dimers form
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Singlet and triplet 
dimers form.

Singlet fraction
● ER: ~0.25
● NR: ~0.70
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Dimers split → 128 nm photons
t1/2 = 6 ns

t1/2 = 1.3 ᶞs
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Singlet light shifted by TPB, detected
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Triplet light shifted by TPB, detected
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Pulse Shape Discrimination: Powerful 
separation between ER and NR

W. H. Lippincott, et al.  Phys. Rev. C 78, 035801.
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https://www.sciencedirect.com/science/article/pii/S0927650516301232
https://www.sciencedirect.com/science/article/pii/S0927650516301232


Pulse Shape Discrimination: Powerful 
separation between ER and NR

Needed to overcome high rate 
of 39Ar β- decays!

(~1 Bq/kg in atmospheric Ar)
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Details in DEAP-3600 detector paper: arXiv:1712.01982

Construction of parts, as early as 2009
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Running
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2nd Fill

2nd Fill 
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2016

Aug 17 
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Sept 3 
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Oct 24 
2016

Main focus of this talk
● First paper data 

taken now
● 4.4 live days with 

stable operating 
conditions

Construction
Begins @ SNOLAB

Stable
Running

First results from the DEAP-3600 
dark matter search with argon at 

SNOLAB

arXiv:1707.08042
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● LAr reached neck
● Seal at acrylic-steel 

interface got too 
cold and failed

● Introduced 100 ppm 
level contamination 
of Rn-scrubbed N2
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Running
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● Vented N2-contaminated Ar
● Refilled detector
● Left ~35cm clearance between LAr and flow 

guides
● Stable operating for over 1 year and going
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Determine light yield from 39Ar β- spectrum

● 1st fill dataset: energy 
calibration with 39Ar 
spectrum

● Confirmation with 
comparisons between 22Na 
and 39Ar data in the 2nd fill



Agreement between AmBe data and MC

Nuclear recoil band generated 
from singlet/triplet ratios and 
quenching factors consistent 
with SCENE data.

Optical MC propagates 
detector optics into Fprompt 
distribution, including 
afterpulsing.



Agreement between PSD model and data 
at threshold

Reduce ER 
backgrounds with 
Fprompt cut in each 
PE bin to achieve 
leakage rate of 0.2 
events during 
exposure

Gaussian ∗ Gamma



Powerful ER rejection with good NR 
acceptance

Best demonstration of 
PSD in LAr to date!

● Better than DEAP-1 
prediction

Leakage prob <10-7 (90% 
NR acceptance)

● 90% N.R.A. 
projection: 10-8

● 50% N.R.A. 
projection: 10-10

Possible improvements 
with more optimization 
and afterpulse removal 
algorithms



Surface radon contamination levels
Degraded ᶓ particles and recoiling lead nuclei may make NRs on inner surface of detector

< 2.2 mBq 

0.22±0.04 mBq/m2

80 ᶞm



Radon contamination in bulk LAr

Measured activities
● 222Rn: (1.8±0.2)×10-1 ᶞBq/kg
● 214Po: (2.0±0.2)×10-1 ᶞBq/kg
● 220Rn: (2.6±1.5)×10-3 ᶞBq/kg

Lowest Rn contamination of any 
noble liquid dark matter 
experiment!

May stick to surfaces and become surface backgrounds



Radon contamination in neck
ᶓ decays in a LAr film on the flow guides may lose light due to solid angle and appear in ROI

Still working on understanding 
these backgrounds and how to 
discriminate them in larger 
dataset



ER backgrounds consistent with screening
U and Th within factor of 2 of expectations → Radiogenic neutron rate consistent w/ design goal

PRELIMINARY

Not a fit!
Energy resolution and pileup rates tuned to match data

Searches for neutron 
capture γ’s are 
consistent with 
expected radiogenic 
neutron production 
rate

Target is < 0.2 events in 
fiducial volume after all 
cuts



First paper dataset (4.4 d), partial cuts

ROI

39Ar

γ and β band

214Po
218Po222Rn

210Po
Surface backgrounds

Stable cryocooler
Stable PMTs
Stable DAQ
No pile-up
Below fill level cut
Event symmetry
Max charge fraction per PMT
Event time



In the region of interest, after all cuts
See our first physics paper: 
arXiv:1707.08042

Live time: 4.4 days
Fiducial mass: 2223 kg
Events in ROI: 0

ROI definition:
- Total of 0.2 PSD 

leakage events
- < 95% (99%) NR 

acceptance per bin 
from below (above) 



Excluded WIMP-nucleon cross-sections 

See our first physics paper: 
arXiv:1707.08042

Live time: 4.4 days
Fiducial mass: 2223 kg
Events in ROI: 0

At mχ = 100 GeV/c2 :

σSI < 1.2 ·10-44 cm2 at 90% C.L. 



Cumulative live time with second fill

Keep your eyes out 
for paper #2!

247 live days

and increasing!

Blinding scheme in 
place for data after 

Jan 2, 2018

Before fiducial & 
analysis cuts

After data quality 
selection
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Blinding data as of 2018
Contents of each box 
are hidden from 
analysis

Strips will be removed 
one at a time to confirm 
background model

All calibration and 
special run data and 
20% of physics data left 
open 



Cut acceptance



First paper dataset after all cuts

Stable cryocooler
Stable PMTs
Stable DAQ
No pile-up
Below fill level cut
Event symmetry
Reconstructed radius
Event time
Neck veto
Max scintillation PE fraction per PMT
Max charge fraction in top two rings

ROI

39Ar

γ and β band



22Na low energy feature



22Na low energy feature



22Na low energy feature



22Na low energy calibration


