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• Located ~2 km underground at SNOLAB.

• A spherical liquid argon dark matter direct 
detection experiment.

• Please see Theo Hugues’ talk on March 25 
(yesterday) for more information.
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DEAP-3600



39Ar Specific Activity

4



• The most precise measurement of 
the specific activity of 39Ar in 
atmospheric argon. 

• 167 live-days of data.

• 0.964 ± 0.001stat ± 0.024syst
Bq

kgatmAr

• The systematic uncertainty is 
dominated by the cut efficiency on 
39Ar and an upper limit on the 
amount of 85Kr in the detector.
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arxiv:2302.14639
39Ar Specific Activity

𝑆𝐴𝑟39 =
Number of 39Ar decays 

Run livetime × Mass of LAr

https://arxiv.org/abs/2302.14639


39Ar Half-Life
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• The ROI is set to avoid pre-scaling 
on the left, PMT saturation on the 
right, and nuclear recoils on the top.

• A light-yield correction is applied on 
a run-by-run basis, to account for 
variations in the fraction of 39Ar in 
the ROI. 
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39Ar Half-Life
arxiv:2501.13196
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https://arxiv.org/abs/2501.13196


• 3.4 years of continuous, direct 
measurement of 39Ar decays.

• Our measurement of 302 ±
8stat ± 6syst is in tension with 

Nuclear Data Sheets (268 ± 8).

• 2.5𝜎 tension!
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arxiv:2501.13196
39Ar Half-Life

On average, each run is ~22 hours long. Runs shorter 

than 4.85 hours are cut to reduce statistical uncertainty.

https://arxiv.org/abs/2501.13196


Alpha Quenching
How do our alpha backgrounds deposit energy in LAr?
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Energy-Dependent Alpha 
Quenching Model
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arxiv:2406.18597

• The quenching of α-decays in LAr is 
essential in understanding the 
energy deposition of the largest 
backgrounds in our WIMP ROI.

• The relative quenching factors of α-
particles from 218Po and 214Po from 
the 222Rn chain are measured.

• A direct measurement of the 
quenching factor of 210Po α-particles 
[1] is used as a reference point.

• 210Po α-decays are not considered 
because they originate on the 
detector’s inner surface, affecting 
their energy deposition.

[1] T. Doke et al., Nucl. Instr. and Methods in Physics Research Section A 269(1), 291 (1988).

214Po

218Po

222Rn

210Po

https://arxiv.org/abs/2406.18597


𝑄𝐹 =
𝑃𝐸𝛼

𝑌 × 𝐸𝛼,dep
=

Energy detected as scintillation light

Energy deposited

Energy-Dependent Alpha 
Quenching Model
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arxiv:2406.18597

• Quenching factor bands are extrapolated 
down to 10 keV using a two-term model:

• Nuclear QF: 
Extrapolation to low 
energy using TRIM 
simulations.

• Electronic QF: Using 
Birks’ formalism [2].

[2] J.B. Birks, Proceedings of the Physical Society. Section A 64(10), 874 (1951). 

https://arxiv.org/abs/2406.18597


Position Reconstruction
How well do we know where our events originate?
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• A neural network algorithm has been trained to reconstruct the position of 
events within the DEAP detector, particularly events that originate within 
the neck of the detector.

• Events from the neck are difficult to reconstruct using the existing hit 
pattern and time-of-flight based reconstruction algorithms.

• Huge improvements are seen for neck events without compromising the 
position reconstruction of liquid argon events.
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arxiv:2503.10383

Position Reconstruction

Simulated events in 

the DEAP 

detector’s neck

https://arxiv.org/abs/2503.10383


• A data-driven method to determine the resolution of our position reconstruction 
algorithms has been developed.

• Every photoelectron in an event is randomly (50%) and independently assigned 
to two pseudo-events. The difference in reconstructed position of these two 
pseudo-events is used to quantify resolution.
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arxiv:2503.10383

Position Reconstruction - Resolution

Original 39Ar event reconstructed 

near the center of the detector

Original 39Ar event reconstructed 

near the edge of the detector

https://arxiv.org/abs/2503.10383


Planck-Scale Mass Dark Matter 
Search
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• First direct-detection constraints on Planck-scale mass dark matter.

• No candidate DM events were observed.

• Constraints calculated for two different superheavy dark matter models.
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arxiv:2108.09405Planck-Scale Mass Dark 
Matter Search

• Model I: DM 
opaque to LAr 
nucleus

• Model II: Dark 
nucleons

https://arxiv.org/abs/2108.09405


WIMP Search
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• Zero events were detected within our ROI.

• The total background estimate in our ROI was 
0.62 events in the 231 live-day dataset.
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arxiv:1902.04048231 Live-day WIMP Dark 
Matter Search

• An upper limit of 3.9×10-45 cm2 at the 
90% C.L. was placed on the WIMP-
nucleon cross-section at a WIMP mass 
of 100 GeV.

https://arxiv.org/abs/1902.04048


• A new WIMP exclusion curve is nearing completion using a profile likelihood 
ratio.

• Compared to our 231 live-day search, this WIMP search will have: 

• More data (~813 live-days).

• Updated background models.

• Increased WIMP acceptance from loosened cuts.
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Upcoming: WIMP Dark Matter Search Using a 
Profile Likelihood Ratio

Test Statistic: 𝜆 =
ℒ 𝜇,෡෡𝜃

ℒ ෝ𝜇,෡𝜃
 

Fixed WIMP cross-section, maximum likelihood 

estimators for all nuisance parameters.

Floating WIMP cross-section, maximum 

likelihood estimators for all nuisance parameters.
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Upcoming: WIMP Dark Matter Search Using a 
Profile Likelihood Ratio

• Models have been produced for all major backgrounds within our ROI.

• Dust alphas: 210Po α-decays coming from dust within the liquid argon.

• Shadowed alphas: 210Po α-decays produced in the neck of the 
detector.

• Surface alphas: 210Po α-decays originating on the inner surface of the 
detector.

• Radiogenic Neutrons: Neutrons primarily coming from the glass of the 
photomultiplier tubes.

• 39Ar: Beta decays of 39Ar, constituting the largest source of 
background within the detector but removed from the ROI through 
pulse-shape discrimination.

• Additionally, a background estimate on Cherenkov radiation from the 
acrylic of the DEAP detector and the PMT glass.



• Plenty of new results coming from the DEAP detector:

• 39Ar Specific Activity: 0.964 ± 0.001stat ± 0.024syst
Bq

kgatmAr

• 39Ar Half-life: 302 ± 8stat ± 6syst

• 2.5𝜎 tension with NDS!

• Alpha quenching in LAr measured around ~7 MeV and extrapolated to 
low-energy (into the WIMP ROI).

• Our new FFNN position reconstruction algorithm can reconstruct neck 
events!

• Data-driven resolutions for our three position reconstruction algorithms.

• Planck-scale dark matter search probes new space.

• A new, and greatly improved, WIMP search is nearing completion!

• An 8B neutrino search is also nearly ready!
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Conclusions
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Thank You!



Backup – Planck Scale DM 
Acceptance



Backup – 
DEAP-3600 

Detector



Backup – Pulse-Shape Discrimination

231-day paper WIMP ROI

ER band

NR band
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