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Astroparticle Physics 108 (2019) 1-23

The detector

Phys. Rev. D 100, 022004

DEAP-3600 is the largest running liquid argon detector designed for the WIMP search

Most stringent exclusion limit 
in argon for WIMP masses 
above 20 GeV

Light yield stable within 0.3 PE/keVee 
after the second fill

https://www.sciencedirect.com/science/article/pii/S0927650518300914
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.022004


Pulse shape discrimination
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➡Modeled scintillation pulse shape due to 39Ar  decays 

➡At about 18 keVee  and a nuclear recoil acceptance of 50 % a 
leakage probability of about 10-10 is reached

β

Eur. Phys. J. C 81,823 (2021)
Eur. Phys. J. C 80, 303 (2020)
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Rs = 0.23τs = 8.2ns
Rt = 0.71τt = 1445ns

τrec = 175.5ns

https://link.springer.com/article/10.1140/epjc/s10052-021-09514-w
https://link.springer.com/article/10.1140/epjc/s10052-021-09514-w
https://epjc.epj.org/articles/epjc/abs/2020/04/10052_2020_Article_7789/10052_2020_Article_7789.html


➡Argon condensed on the flowguides may scintillate due to alphas from 210Po 
➡ Signal degraded by the detector geometry eventually enters WIMP ROI 
➡Change the flowguides with new ones, coated with a wavelength-shifter 
➡ Preference for the Pyrene, due to the much slower time decays 
➡ Installation of external cooling system, to prevent argon condensation on flowguides

Hardware upgrades: pyrene coating
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➡Alpha decays in particulate dust can 
enter WIMP ROI 

➡Background modeled according to the 
dust radius 

➡Reduction of dust background by 
extraction and filtration of LAr

Hardware upgrades: dust removal
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The results from 2019 analysis were reinterpreted in terms of a Non 
relativistic effective field theory (NREFT)

Constrains on NREFT interactions…
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Phys. Rev. D 102, 082001 (2020)                
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.082001


G1 stream            

… and  with non-standard halo
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GAIA and Sloan Digital Sky Survey recently observed inflating clumps and streams 
around our Galaxy

Phys. Rev. D 102, 082001 (2020)                

Gaia Sausage

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


Multi-scattering search
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➡Ultra-heavy dark matter is expected in GUTs but 
cannot be produced with WIMPs freeze out mechanism 

➡At such high masses, constrains are limited by the dark 
matter abundance rather than the cross-section, so a large 
detector is needed 

➡Experimentally allowed cross-sections are high enough to 
produce multiple scatters in the detector 

➡Dark matter (DM) candidates above σ𝛘-n ≅  10-25 cm2 and 
m𝛘≳ 1012 GeV can reach underground detectors  

Multi-scattering particle 
along a collinear track 



• Below 10 MeV:  Set analysis threshold on Npeaks, according to the 
energy range to reject pile-up events

Background rejection
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Total lifetime (813  8) days 

Total background level = 0.05 ± 0.03

±

• Above 10 MeV:  dominant background are muons, mainly 
rejected with the muon veto coincidence cut

Phys. Rev. D, 100, 072009 (2019)



Background rejection
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Total lifetime (813  8) days 

Total background level = 0.05 ± 0.03

±

• Below 10 MeV:  Set analysis threshold on Npeaks, according to the 
energy range to reject pile-up events

• Above 10 MeV:  dominant background are muons, mainly 
rejected with the muon veto coincidence cut

Phys. Rev. D, 100, 072009 (2019)



Exclusion limits on the multi-scatter frontier
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• Model 1: dark matter candidate opaque to the nucleus 

• Limits on strongly interacting, composite dark matter 
candidates.

dσTχ
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• Model 2: nuclear dark matter models, with ND nucleons,  
each with mass mD and radius rD,

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

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


Take home
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➡Most stringent exclusion limit for high mass WIMPs in liquid argon 

➡Pulse shape of the signal carefully modeled  

➡Best PSD discrimination in liquid argon 

➡Installation of  new external cooling and filtering system  

➡Installation of pyrene coated flow guides 

➡Re-analysis of the WIMP results with NREFT and non-standard galactic 
halo 

➡Unique sensitivity to heavy, multi-scattering dark matter 
candidates up to Planck Scale masses 

➡New WIMP search: coming soon!
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The detector
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Heavy dark matter
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Thermally produced in a secluded sector, where DM is a degenerate state 
of N particles, 

These DM particles can reach Planck scale masses.
χi + SM ↔ χi+1 + SM χN → SM + SM

Primordial black holes ( ) can produce 
heavy dark matter candidates ( ) by 
Hawking evaporation. 

M ⪅ 5 × 108g
mDM ⪆ 109GeV

Expected in GUTs but cannot be produced with 
WIMPs freeze out mechanism. 

J. High Energ. Phys. 2019, 1 (2019).

PRL 123, 191801 (2019)For more details: https://arxiv.org/abs/2203.06508

Inflational gravitational production, in quantum field theories in a curved 
spacetime, of dark matter up to Hubble inflation scale and beyond that, 
with higher spin dark matter.

arXiv:1808.08236

https://link.springer.com/article/10.1007/JHEP08(2019)001#citeas
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.123.191801
https://arxiv.org/abs/2203.06508
https://arxiv.org/abs/1808.08236
https://arxiv.org/abs/1808.08236


• Electron recoil background fully modeled up to 10 MeV  

• Measured 42Ar/42K activity = 40.4 ± 5.9µBq/kg 

Backgrounds
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• Surface alphas removed 
with fiducial cuts, r < 630 
mm  

• Neck alphas removed 
with: 

Fprompt upper cut 

Early pulses in Gas Argon 
PMTs  

Charge fraction in top 2 
PMT rings  

MVA selection cuts 
(ongoing)

•

Phys. Rev. D 100, 072009 (2019)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072009


• Bulk alphas: energy fully deposited in LAr, much above 
WIMP ROI 

• Surface alphas: most of the energy lost in TPB and/or acylic, 
giving a lower energy deposit in LAr. Might fall in WIMP 
ROI. 

• Fiducialization volume cut at r < 630 mm 

Background 
sources
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Phys. Rev. D 100, 022004

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


• 210 Po releases alphas in the acrylic of the flowguides 

• Alphas scintillate in the LAr film on the flowguides 

• Their light is shadowed by the flowguide geometry and might enter the 
WIMP ROI.

Background 
sources
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Rejection techniques: 
• Fprompt upper cut 
• Early pulses in Gas Argon PMTs 
• Charge fraction in top 2 PMT rings 
• Near future: multivariate analysis with high efficiency 

in vetoing neck alphas

Phys. Rev. D 100, 022004

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


Simulation of the 
signal
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The dark matter particle is generated at 80 km from Earth Surface.  
It is propagated via Monte Carlo method through the overburden. 
Then, if it enters the detector, its response to this signal is simulated 
in Geant4 .  

⟨
dEχ

dt ⟩ = − ∑
i

ni(r)σi,χ < ER >i v

80 km

Crust

Mantle

Core

DEAP

If  w’(t1) > 3 ADC/ns from baseline, a peak is triggered.  

The next peak is triggered only if  ”significant”, so if 

w(t3) > 5 ADC + w(t1) 

As the cross-section increases, the significance of the peaks along the waveform 
decreases, bringing to a decrease of Npeaks.


