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Experiment

3



Detector

● Direct dark matter search 
experiment

– Dark matter Experiment using Argon 
Pulse-shape discrimination (DEAP)

● (3269±24) kg liquid argon (LAr)

● Located at SNOLAB, Sudbury

● ~2km rock overburden         
(6000 m.w.e)

Water shielding

48 muon veto PMTs

255 inner PMTs

Neck

light guides

Acrylic
vessel

3.3 tonnes
liquid argon

(LAr)
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Detection
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Pulse-shape discrimination (PSD)

● Pulse shape model: PSD=
Prompt light

Prompt light+Latelight
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Nuclear band

Electronic band



Pulse-shape discrimination (PSD)

● Pulse shape model:

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

● Need to study the backgrounds thoroughly

PSD= Prompt light
Prompt light+Late light
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Nuclear recoil band

Electron recoil band



Results
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Results – 39Ar specific activity measurement

● 167 live-days of data

● Specific activity

● Results:

EPJ C, 83, 642 (2023), arxiv:2302.146399

https://arxiv.org/pdf/2302.14639


Results – 39Ar half-life measurement

● First continuous direct 
measurement of 39Ar decay

● 3.4 years of data

Submitted to EPJ C, (2025), arXiv:2501.1319610

https://arxiv.org/pdf/2501.13196


● Measure at full α-energy peaks

● Theoretical extrapolation to low energy 

Results – Relative measurement and extrapolation of    
                 the quenching factor of α-particles in LAr

EPJ C, 85, 87 (2025), arXiv:2406.1859711

More about this in the next talk by Michael Perry 

https://arxiv.org/pdf/2406.18597


Results – WIMP dark matter search

● 231 live-days of data

● Leading limit on SI WIMP-nucleon 
cross section on LAr target

● No candidate signal events found

● Working on PLR analysis with the 
full dataset

12 Phys. Rev. D 100, 022004 (2019), arXiv:1902.04048

https://arxiv.org/pdf/1902.04048


Results – Planck scale mass dark matter search

● First of its kind probe at Planck-scale 
mass (mχ ≃ 1019 GeV/c2) DM

● 813 live-days of data

● Look for very high energy events

● Multiple interaction in LAr

Phys. Rev. Lett. 128, 011801 (2022), arXiv:2108.09405v213

https://arxiv.org/pdf/2108.09405


Muon flux measurement
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Muon flux measurements!

● What do we need?

● Why do we need it?

Muons → cosmogenic neutrons → DM-like events → Bad!
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Muon Flux= No .of Muons
Acceptance⋅Livetime⋅Effective Area



● Watertank data (MV)
– #(muons) = 3395

Flux measurements!

16

MuonFlux=
No .of Muons

Acceptance∗Livetime∗Effective Area

γ

Cherenkov radiation in water

DEAP-3600



Flux measurements! 

● Livetime
– Trigger counting 

– Runtime ~ 20-22 hr

– Need to subtract deadtime 
between two events

– Livetime = runtime – deadtime

– 2.77 * 107 s
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Time (µs)

deadtime

t=0 t=16

trigger trigger

t>32

Trigger window

t=32

livetime

livetime

MuonFlux=
No .of Muons

Acceptance∗Livetime∗Effective Area



Flux measurements!

● Effective area
– Aeff = 2πrh sinӨ + πr2 cosӨ
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MuonFlux=
No .of Muons

Acceptance∗Livetime∗Effective Area

Toy MC

Aeff = 60.97 ± 0.41 m2 

Mei-Hime angular distribution of muons



Flux measurements!

● Acceptances (on-going)
– Matching simulation models to 

the data

– External muGenCNL generator 
to simulate muons in RAT 
software

– Tuning optical parameters of 
the detector in the simulation
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● Optical Parameters:
– QE: Quantum Efficiency of the 

photocathode in the PMTs

– TLR: Tank Liner Reflectivity of the 
watertank

– ABSL: Absorption Length of the 
photons

MuonFlux=
No .of Muons

Acceptance∗Livetime∗Effective Area

Acceptance=Number of events passing cuts
Total number of events



Flux measurements!

● Watertank data (MV)
– #(muons) = 3395

– Livetime = 2.77 * 107 s

– Effective area = 60.97 ± 0.41 m2

● Acceptances (on-going)
– Tank Liner Reflectivity
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MuonFlux=
No .of Muons

Acceptance∗Livetime∗Effective Area



  Future!
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Future work

● Detector upgrades done!

● Third fill starts soon

● Multiple analyses close to done:
– Muon flux measurement

– WIMP search analysis

– Neutrino absorption in LAr

● New results coming out soon! Stay tuned!
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Thank You



Backup



Specific activity measurement of 39Ar



Specific activity measurement of 39Ar



Half-life measurement of 39Ar



Half-life measurement of 39Ar



Quenching factor extrapolation



Quenching factor extrapolation



Planck scale mass DM search



Planck scale mass DM search
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