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85 cm radius acrylic sphere contains

3600 kg LAr

(55 cm, 1000 kg fiducial, sealed vacuum

vessel to control backgrounds)

266 8” PMTs 

(warm PMTs to increase light efficiency)

50 cm acrylic light guides and fillers for

neutron shielding (from PMTs)

Steel shell for safety to prevent 

cryogen/water mixing (AV failure)

Only LAr, acrylic, and

WLS (10 g) inside of neutron

shield

8 m diameter water shielding

sized for reduction of (a,n) from rock

DEAP-3600 Detector



CDMS-II 2008:          ~120 kg-days          (Ge)

XENON-10:    ~300 kg-days          (Xe)

DEAP-3600:                1,000,000 kg-days (Ar)

(background free sensitivity)

CDMS, Science 327 (2010) 1619

60 keVr threshold, without depletion of 39Ar 
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XENON100

DEAP-3600



β/γ backgrounds

• 39Ar is the most dominant β/γ backgrounds

• Expect ~109 events in 3 years within 

WIMP energy ROI (60, 120) keVr

• Pulse-shape discrimination from DEAP-1 

shows promise

• Working with Princeton to get depleted 

argon (>20 times depletion)
4



The DEAP-1 

Detector

Bei Cai, Queen's University

electron recoils

nuclear recoils



DEAP-1 PSD
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From runs at Queen’s

Paper submitted for publication: 

arXiv:0904.2930
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• Rock (1.11 ppm 238U and 5.56 ppm 232Th)

– 4400 n/m2/day at SNOLAB

– Water shielding

• PMT glass (0.1 ppm U and Th)

– 2x105 n/y

– Attenuated and absorbed by acrylic light guides

• Acrylic (9.6 ppt U and 16.8 ppt Th)

– ~74 n/y

– Clean material and limit from Rn exposure

• Target: < 0.2 neutron leakage in 3 years

Neutron backgrounds from (α, n) reactions



Neutron shielding efficiency

• Evaluated by Monte-Carlo simulations

• (α, n) spectrum as input to our GEANT4 

based simulation package

• Neutrons are generated in isotropic 

directions at interested detector volume

• We then look for neutron leakage in liquid 

argon
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All meet our background requirements



Radon exposure

• Radon diffusion and implantation

• Long-lived 210Pb atoms produce alpha and 

neutron backgrounds

• Need to make sure acrylic beads are 

stored in “radon-tight” bags

• 1/8-inch diameter beads, 1 month of 

exposure in room air 

 10-20 g/g 210Pb from radon diffusion

(0.03 mBq/kg) 9
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Acrylic

DEAP-3600 surface profile

Surface contamination: 

alpha backgrounds

Alphas may lose most of 

their energies in acrylic, 

scintillate in either TPB or 

LAr or both, and produce 

signals in WIMP ROI
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full α energy in TPB

full α energy in argon

WIMP ROI (120-240 pe)

WIMP ROI (120-240 pe)

210Po on TPB inner surface 

produces WIMP-like events

SRIM-based calculations from Tina Pollmann



Surface backgrounds

• Alphas from acrylic surface (U and Th) layer 

produces ~0.4 WIMP-like events in 3 years in 

fiducial volume

• No estimate for 210Pb yet (10-20 g/g upper limit)

• Possibilities to reduce backgrounds

– Remove radon-exposed dirty surface with resurfacer

– Acrylic purification and coating on inner surface

– Data analysis in DEAP-3600: PMT hit pattern with large 

signals when PMTs are directly in front of an alpha

– Alpha pulse-shape discrimination
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Alpha scintillation in TPB
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Alphas in TPB with slow 

decay constant at 275 ns, 

compared to 1.6 μs for 

neutrons in LAr

From Tina Pollmann

Paper submitted for publication

Light yield 882 photons/MeV



a Backgrounds in DEAP-1

232Th chain

238U chain

222Rn+220Rn

180 mBq 222Rn

20 mBq 220Rn



Background rates in DEAP-1 (120-240 pe)
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From Mark Boulay



Current surface background rates from DEAP-1 would allow 250 kg 

“background-free” in DEAP-3600 (4x10-46 cm2 sensitivity)

Extrapolating surface backgrounds from DEAP-1 to DEAP-3600
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backgrounds 

scaled with 

surface area 

(650 μBq/m2)

radon atoms 

in target 

(130 μBq)

From Mark Boulay



Summary

• β/γ backgrounds in DEAP-3600 can be 

distinguished with PSD

• DEAP-3600 has taken great caution in 

detector design on neutron shielding

• Various possibilities to reduce surface 

alphas and have demonstrated good 

handle on them in DEAP-1

• With current backgrounds in DEAP-1, 

DEAP-3600 has a 4x10-46 cm2 sensitivity
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DEAP-3600 Acrylic Vessel Resurfacer (Florian, Queen’s Eng.)

Mechanical resurfacer removes

surface contamination

in inert environment.

Debris is flushed and removed 

with ultrapure water.

Resurfacer components are low-

emanation materials 

(for Radon-load)

Finalizing drawing package for

resurfacer component construction

resurfacer sanding head

(R. Gagnon, Queen’s)
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Background rates in DEAP-1 versus time

clean v3 chamber

120-240 pe region


