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DEAP-3600 Dark Matter Search 

Liquid Argon for DM (Single-phase) 
 
 
 
 
 
 
{ŎŀǘǘŜǊŜŘ ƴǳŎƭŜǳǎ όǎŜǾŜǊŀƭ млΩǎ ƻŦ keV) is detected 
via scintillation in LAr 
 
Good Pulse-shape discrimination between 
b/g and nuclear recoils with scintillation 
 
Argon is easy to purify 
 
Very large target masses possible, no  
absorption of UV scintillation photons 
in argon, no pileup until beyond tonne-scale 
 
Position reconstruction based on photon 
detection allows mitigation of backgrounds 
from surfaces              

Project Overview 
 
3600 kg liquid argon in ultraclean acrylic vessel, 
255 8-inch HQE PMTs 
 
1000 kg fiducial mass designed for  
< 0.2 background events/year  
 
10-46 cm2 sensitivity for ~100-GeV WIMP with 3-
year exposure 

c 40Ar 

40Ar 

c 
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3600 kg argon target 
 (1000 kg fiducial) 
in sealed ultraclean 
Acrylic Vessel 
 
±ŜǎǎŜƭ ƛǎ άǊŜǎǳǊŦŀŎŜŘέƛƴ-situ to remove  
deposited Rn daughters after 
construction 
TPB coating for wavelength shifting 
 
255 Hamamatsu 
 R5912 HQE PMTs 8-inch 
 (32% QE, 71% coverage) 
 
50 cm light guides + 
  PE shielding provide neutron 
moderation 
 
Steel Shell immersed in 8 m water shield 
at SNOLAB 
 
 

DEAP-3600 Detector 
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Background Budget 1000 kg-years 
Exposure 

NDM 2015 Jyvaskyla, June 2015 

Background Events in WIMP Energy 
Range 

Events  dominated by 
prompt light (singlet 
scintillation) in Fiducial 
Volume 

Mitigation 

Neutrons 30 <0.2 Detector designed as 
passive neutron 
shielding, SNOLAB 
location, water tank, 
materials selection 

{ǳǊŦŀŎŜ ŀƭǇƘŀΩǎ 150 <0.2 Material selection,  
resurfacing, controlled 
exposure to radon, neck 
and liquid argon flow 
guide design 

39Ar betas, other 
electromagnetic events 

1.6 x 109 <0.2 Argon scintillation 
properties (PSD) 



Critical Elements of the Design 

Å Acrylic cryostat with lightguides and filler blocks.   
ï Very low radioactivity (on order of ppt U and thorium) 
ï Good neutron moderator (requires 50 cm of acrylic to reduce neutrons from 

PMTs to background budget levels) 
ï Good visible light transmission- moves the light from the ultraclean fiducial 
ǾƻƭǳƳŜ ǘƻ ǘƘŜ ǊŜƭŀǘƛǾŜƭȅ άŘƛǊǘȅέ ta¢ΩǎκŜƭŜŎǘǊƻƴƛŎǎκƻǳǘŜǊ ŘŜǘŜŎǘƻǊ 

ï Added bonus:  thermal insulation is sufficient to allow use of room 
ǘŜƳǇŜǊŀǘǳǊŜ ta¢Ωǎ ǿƘƛŎƘ ŀǊŜ ōŜǘǘŜǊ ǳƴŘŜǊǎǘƻƻŘ ǘƘŀƴ ŎǊȅƻƎŜƴƛŎ PMTs.  We 
need to understand PMT behaviour- especially light sources within PMTs at 
the level of one pulse/255 PMTs/3 years.   

Å Completely radon-tight inner volume that can be remotely resurfaced in a 
radon-controlled atmosphere and then sealed to prevent further exposure 
to airborn radon.   

Å Liquid argon active region 
ïά9ŀǎƛƭȅέ ǇǳǊƛŦƛŜŘ όƭƛǉǳƛŘ ƴƻōƭŜύ 
ïWell defined and homogeneous background model  
ï Exceptional PSD because of singlet (6 ns)/triplet (1.5 s˃) lifetime difference 
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Acrylic Cryostat Design 

ÅaŜŀǎǳǊŜŘ ƳŜŎƘŀƴƛŎŀƭ ό¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎΣ ǘŜƴǎƛƭŜ 
strength) properties of bonded and unbonded 
samples between room temperature and 87 K. 

ÅDetailed finite element calculations of stresses due 
to thermal profile, gravity, pressure and supports.  
Decided to maintain a safety factor of 10.  

Å5 cm shell thickness chosen to control thermal 
stress  

ÅStub design: light guide attachment done in low 
stress region 

ÅFiller blocks:  tolerances and freedom to move 
prevent stress transmission 
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Figure 1: First principal stress for a neck and bottom supported acrylic vessel. The maximum is 11.9 

MPa. (inside acrylic vessel view)  



Fabrication and Assay of DEAP Acrylic 

Å Fabrication from pure MMA monomer at RPTAsia (Thailand), strict control of radon exposure for all 
steps 

Å DEAP Collaborators present during fabrication 

Å Control to < 10-20 g/g 210Pb from radon exposure 

Å Developed system to vaporize and assay large quantities of acrylic (10 kg samples), count residue 
with Ge well detector for 210Pb peak, and with alpha counter for 210Po;                 (Corina Nantais M.Sc. 
Thesis) 

Thermoformed Panel at RPT Colorado Monomer cast at RPT Asia  
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н ά ǘƘƛŎƪ ǎƘŜƭƭ ŎƻƴǘǊƻƭǎ ǘƘŜǊƳŀƭ ǎǘǊŜǎǎΦ  {ǘǳōǎ ƳƻǾŜ ōƻƴŘ ǘƻ ƭƻǿ ǎǘǊŜǎǎ ǊŜƎƛƻƴǎΦ    



AV Neck Bond (Reynolds Polymer, Tech. (RPT) at SNOLAB Jan 2013) 

NDM 2015 Jyvaskyla, June 2015 


