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The DEAP-3600 experiment

The Dark Matter 
Experiment using Argon 

Pulse-Shape Discrimination

~ 14,000,000 muons/m2 per day

~ 0.27 muons/m2 per 
day

Stainless-Steel Shell submerged 
into 300 tons ultra-pure water

2070 m of rock (6 km.w.e)

Astroparticle Physics 108, 1-23 
(2019) arXiv:1712.01982

https://arxiv.org/abs/1712.01982
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The DEAP-3600 experiment

48 veto PMTs looking 
at the Water Tank

255 PMTs looking 
inward with acrylic 
light-guides3.3 tonnes 

liquid
argon

TPB wavelength shifter 128 
nm → 420 nm (3µm thick)
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Liquid Argon Scintillation Pulse-Shape

o Pulse-Shape Model: European Physical Journal C, 80, 303 (2020) 
arXiv:2001.09855

o Included the LAr intermediate component and delayed TPB 
emission.

o The difference between triplet and singlet state time constant 
allows for a powerful pulse shape discrimination

https://arxiv.org/abs/2001.09855
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Liquid Argon Pulse-Shape Discrimination (PSD)

39Ar leakage probability at 110 PE (~ 17.5 keVee) is 10-10 at 50% 
nuclear recoil acceptance
-> European Physical Journal C, 81, 823 (2021) arXiv:2103.12202

https://arxiv.org/abs/2103.12202
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Backgrounds Considerations

First DEAP-3600 dark matter search, with 4.4 live days
Phys. Rev. Lett. 121, 071801 (2018) arXiv:1707.08042

Dark Matter RoI

• Nuclear recoil band and electron recoil band can be easily 
distinguished using this method

• Thorough study of background in nuclear recoils band, in particular 
degraded-energy α

Degraded-energy α & neutrons

39Ar
gammas

210Po

222Rn 218Po

214Po

Photoelectrons

https://arxiv.org/abs/1707.08042
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231-days WIMPs Search 

Physical Review D, 100, 022004 (2019) arXiv:1902.04048

•  Upper limit of 3.9x10-45 cm2 (90% C.L.) at 
100 GeV on spin-independent WIMP-
nucleon scattering cross section.

•  No signal was observed in ROI
o  Most sensitive limit with a Liquid 

Argon detector

•  813 days of WIMP-search data 
collected with 388 days being open 

https://arxiv.org/abs/1902.04048


Shadowed Alpha Background
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210Po α-decays in the neck can result in 
shadowing of scintillation light

-> small fraction of photons are 
detected by the PMTs.

Physical Review D, 100, 022004 (2019) arXiv:1902.04048

https://arxiv.org/abs/1902.04048


Hardware Upgrade on the Neck
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Nucl. Instr. and Meth. A 1034 (2022) 166683 arXiv:2109.06819 

• Pyrene, a slow wavelength shifter coated to the 
flowguides

-> Modify the pulse shape of neck events to drive
them away from our WIMP search parameter space

Fluorescence time and relative light yield (compared to TPB) measured at 
Queen’s University, as a function of​

• Temperature from 4 to 300 K​
• Concentration of pyrene (12 and 15%)​
• Purity of Reagents (98%, 99 %, 99.9%)

JINST 16, P12029 (2021) arXiv:2110.08103

https://arxiv.org/abs/2109.06819
https://arxiv.org/abs/2110.08103
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New flowguide 
pieces were 
machined in 
the University 
of Alberta low-
radon clean 
facility

At SNOLAB,  
deployment of the neck
under constant purge of radon-scrubbed boil-off 
nitrogen. The stainless steel neck and Argon 
connections were citric-acid washed, rinsed, and 
dried. Finalyzed Argon and Nitrogen connections

Carleton University's low-
radon glovebox was used to 
do a final clean and apply 
coatings. 

Flowguide fully assembled 
and re-inserted into its can 
with overpressure clean 
nitrogen.

Study Pyrene properties 
at Queen's University



Dust Alpha Background

11

α-decays from trace amount of dust particulate 
contamination within liquid argon.

• Attenuation of energy and scintillation light 
shadowed by dust particulates itself

 -> Fewer scintillation photons.

• Different dust sizes are simulated and the size
distribution is modelled by a power law.

• Fit performed in photoelectron spectrum at higher 
PE and extrapolated to lower energy region.



Hardware Upgrade: Dust Pipe
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Vacuum deployment system used to insert pipes 
through the existing neck/glove box

•  Dust removal pipe:

•  Vessel cooled and then filled with ~500 kg of 
LAr
• Extract argon in a liquid state and ability to 
filter liquid argon through existing purification 
system
• Optional external cooling to prevent 
condensation of LAr on the neck

Connection to LAr dust particulate filter    & 
cooldown of vessel in progress

Filter 
and 
P-trap

To argon storage tank



1.  Recirculate liquid through the dust-pipe during fill. Keep the dust pipe in 
the cannister. 

2. Fill detector to same argon level as previous fill. Allow the use of our 
existing model

3. Automated calibrations for PMTs single-photo-electron response, light 
yields, triplet lifetime (ie scintillation pulse shape.)

4. Apply automated scripts, using cut flows to highlight the search for dark 
matter as well as studies of neck and dust events.

5. Monthly external calibrations with AmBe neutron source and Na-
22 gammas source.

6. After 1 year of dark-matter search livetime, inject Kr-83m. 

7. Decommission DEAP-3600 and prepare the place for ARGOlite

Hardware Upgrade: Run Plan
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DEAP-3600 is the largest running dark matter detector filled with Liquid Argon

• World leading discrimination power with β/γ events

• Most stringent WIMP spin-independent exclusion limit in Argon above 20GeV/c2

• World-leading exclusion limits for multi-scattering, Planck scale candidates

Hardware Upgrade will be completed this summer with improved models

• Expect to reach design sensitivity: 10-46 cm2 at 100GeV/c2 with background-free operation

• Will inform background reduction in future DM searches
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Summary 

As well as many new analysis results!

UCLA Dark Matter 2025

See Spencer's talk on Wednesday!

Position Reconstruction:
• Improved tagging efficiency in neck

Alpha Quenching Model:
• Improved our main background 

understanding
...

First search for solar neutrino absorption in 40Ar :
𝝂e + 40Ar → 40K* + e-

Fundamental process for future multi-tonnes 
dark matter and neutrino detectors!



The DEAP-3600 Collaboration

At SNOLAB, August 2024
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Backup slides



Low energy neutrino interactions could be observed via the super-
allowed 0+ → 0+ Fermi transition from the ground state of 40Ar to 
an excited state of 40K.

 This excited 40K state would decay through characteristic gamma 
rays to the ground state.
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𝝂e + 40Ar → 40K* + e-

First Search for Solar Neutrino Absorption in 40Ar

Counting experiment:
• Neutrino signal > background
• Accurate background model



Improving our Model
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Alpha Quenching Model

Eur. Phys. J. C (2025) 81:823 arXiv:2406.18597 arXiv:2503.10383

Position Reconstruction

QF = (energy from scintillation light)
(total energy deposited)

•   Relative measurement of Quenching Factors 
between 5.489 MeV (222Rn) and 7.686 MeV 
(214Po)
• Extrapolation of the QF values into the low-

energy region down to 10 keV

Development of three position reconstruction 
algorithms :

o Likelihood based on photon time of flight (TF2)
o Likelihood based on PMT hit pattern (MBL)
o Neural Network (FFNN)

Significant improvement in
reconstruction reliability for neck events

https://arxiv.org/abs/2406.18597
https://arxiv.org/abs/2503.10383
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