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3.3 tonnes

The detector

Astroparticle Physics 108 (2019) 1-23

https://www.sciencedirect.com/science/article/abs/pii/S0927650518300914


PoS 333 (2019) 009 

Baumann, Lectures on Cosmology 4

WIMP Search

DEAP-3600 is the largest running experiment 
designed for the direct detection of Weakly 
Interacting Massive Particles

WIMP miracle: for dark 
matter candidates with 
masses of about 1 TeV, 
the coupling is equal to 
that of weak scale.

https://pos.sissa.it/333/009
https://arxiv.org/abs/1807.03098
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At about 18 keVee and a nuclear recoil 
acceptance of 50 % a leakage 
probability of about 10-10 is reached

Dark Matter Experiment Using Argon Pulse Shape Discrimination

Pulse Shape for 39Ar 𝜷s induced 
electron recoils

Nuclear 
Recoils

Electron 
Recoils

Eur. Phys. J. C 81,823 (2021) Eur. Phys. J. C 80, 303 (2020)

https://link.springer.com/article/10.1140/epjc/s10052-021-09514-w
https://www.bing.com/search?q=Eur.+Phys.+J.+C+80%2C+303+(2020)&cvid=d069e4fb0dd34512b2341f86bf2d4001&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQABhAMgYIAhAAGEAyBggDEAAYQDIGCAQQABhAMgYIBRAAGEAyBggGEAAYQDIGCAcQABhAMgYICBAAGEDSAQc2NzNqMGo0qAIAsAIA&FORM=ANAB01&PC=LCTS
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WIMP Search

Last published WIMP Search in 2019

PSD + Fiducial cuts allowed for low background in the ROI, mainly due 
to neck alphas and dust alphas

Phys. Rev. D 100, 022004

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.022004
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WIMP Search

Evaluated exclusion limits within the 
Non-Relativistic Effective Field Theory (NREFT)... 

Phys. Rev. D 102, 082001 (2020)        

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.082001
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WIMP Search

And non standard kinematic distribution of the dark matter halo

Phys. Rev. D 102, 082001 (2020)        

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.082001
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Detector upgrades vs neck alphas

External cooling system to prevent gas argon 
condensation on the flowguides and 
consequent alphas scintillation

Installed pyrene-coated flowguides to improve 
PSD against neck alphas 

JINST 16 P12029

https://inspirehep.net/literature/1945883
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Detector upgrades vs dust alphas

Additional Alpha decays background consistent with 
metallic dust particulates ranging from 1 um - 50 um in 
diameter.
Could have entered the inner vessel during the purging 
with LN2, after the resurfacing of the inner surface 

Reduction of dust 
background by 
extraction 
and filtration of LAr
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39Ar Specific activity

Most precise measurement of atmospheric 39Ar 
specific activity up to date

Updated measurement for the liquid argon 
target 

Contribution from pile up from double and 
triple 39Ar, other electron recoil + 39Ar, 
Cherenkov + 39Ar 

Analysis performed on Tlivetime = 167 days
Eur. Phys. J. C (2023) 83:642

https://link.springer.com/article/10.1140/epjc/s10052-023-11678-6


12

39Ar Specific activity

Fit performed with both Bayesian and 
Frequentist approaches

Digital Trigger module 
prescaling = 100

Fit bin width = 20 Selection cuts 
efficiencies

Eur. Phys. J. C (2023) 83:642

https://link.springer.com/article/10.1140/epjc/s10052-023-11678-6


Alpha Quenching relative measurement
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Three data points for the alpha Quenching Factor 
(QF) in the range (5.489 - 7.686) MeV

QF for 210Po from Doke et al = 0.710 ± 0.028 
(5.305MeV)

Two more data points from relative measurements 
to reduce the impact of non-linearity in the light 
detection efficiency 

arXiv:2406.18597v1

https://arxiv.org/abs/2406.18597v1


Alpha Quenching relative measurement
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Extrapolation of the QF values into the low-energy region 
down to 10 keV

The energy-dependent QF product of the best-fit electronic 
QF curve and the nuclear QF curve from TRIM

TRIM SRIM

arXiv:2406.18597v1

https://arxiv.org/abs/2406.18597v1
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Multi-scattering, super-heavy dark matter search

Extremely low number density in the halo, need for tonne-scale exposure 
and pretty high cross-section, hence multi-scattering in LAr!

Main backgrounds from 39Ar + (n, 𝛄) pile-ups

World-leading exclusion limits among direct detection experiments at 
Planck scale masses

Phys. Rev. Lett. 128, 011801 (2022)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.011801


Coming soon: First search for solar neutrino absorption in 40Ar

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

R. S. Raghavan (1986): the process can be 
observed via the super-allowed 0+ → 0 + Fermi 

transition from the ground state of   40Ar to an 

excited state of  40K.

M. Bhattacharya et al. : measured Gamow-Teller 

(GT) strengths for transitions from 40Ar to 40K*

Energy threshold decreased from 5.885 MeV 
(Fermi) to 3.9 MeV (GT)
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𝝂e + 40 Ar →40 K* + e- 

Main backgrounds: cosmogenics (above 10 MeV) and 
pile-ups (below 10 MeV)



Take home!

● DEAP-3600 is the largest running dark matter detector filled with liquid argon

● Set most stringent WIMP exclusion limits in argon above 20 GeV in 2019

● New WIMP search will be out this year

● Third fill after hardware upgrades starting this year

● Most precise measurement of 39Ar activity

● New relative alpha quenching measurements in LAr

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

● Neutrino absorption in 40Ar analysis coming soon
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