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¡   1 GeV-10 GeV 
Ø Requires complicated 

models 

¡  100 GeV-1 TeV 
Ø Favoured by simple 

extensions of the 
Standard Model 
(cMSSM, NUHM,…) 

http://cedar.berkeley.edu/plotter 
Roszkowski  et al, JHEP 1408 (2014) 067 
J. Billard et al., Phys. Rev. D 89 (2014) 023524  



Pros: 
§  Easy to purify 
§  Transparent to 

scintillation light 
§  40 photons/keV 
§  Relatively high Z 

 

Cons: 
¡  Need Wavelength Shifter 

χ + 2Ar− > χ + Ar2
*

Ar2
*− > 2Ar + hυ (128nm)



Pros: 
§  Easy to purify 
§  Transparent to 

scintillation light 
§  40 photons/keV 
§  Relatively high Z 

 

Cons: 
¡  Need Wavelength Shifter 

¡  Natural Argon:              
1Bq/kg 39Ar (β-, 565keV) 

χ + 2Ar− > χ + Ar2
*

Ar2
*− > 2Ar + hυ (128nm)



 
State 

(time constant) 
Singlet 
(~7ns) 

Triplet 
(~1.6µs) 

Electron 23% 67% 
Nuclear recoil 75% 25% 

χ + 2Ar− > χ + Ar2
*

Ar2
*− > 2Ar + hυ (128nm)
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Prompt : -50ns à 150ns 
Late:      150ns à10µs 

Nuclear recoil 
(neutron/WIMP) 

Electron 
(γ/β) 

FPrompt =
Nprompt

Nprompt + NLate



FPrompt =
Nprompt

Nprompt + NLate
Nuclear recoil 

(neutron/WIMP) 

Electron 
(γ/β) 

arXiv:0904.2930 

NPE=	  Energy	  x	  Light	  Yield	  x	  ηCollection	  x	  ηDetection	  	  



FPrompt =
Nprompt

Nprompt + NLate
Nuclear recoil 

(neutron/WIMP) 

Electron 
(γ/β) 

arXiv:0904.2930 

ROI 
N

NPE=	  Energy	  x	  Light	  Yield	  x	  ηCollection	  x	  ηDetection	  	  



)2WIMP mass (GeV/c
10

2
10

3
10

)2
SI

 W
IM

P-
pr

ot
on

 c
ro

ss
 s

ec
tio

n 
(c

m

-5010

-4910

-4810

-4710

-4610

-4510

-4410

-4310

-4210
 contourσcMSSM 1-
 contourσcMSSM 2-

 contourσNUHM 1-
 contourσNUHM 2-

Neutrino backgrounds
LUX (2014)
DEAP-3600

http://cedar.berkeley.edu/plotter 
Roszkowski  et al, JHEP 1408 (2014) 067 
J. Billard et al., Phys. Rev. D 89 (2014) 023524  

3000 kg/year      
background-free data 

(in the ROI) 
Erecoil > 60 keVr 



External background 
è Suppression 

¡  Neutron < 2 pBq/kg 
§  Material selection 
§  Shielding  

¡  α (surface) < 0.2 mBq/m2 
§  Source removal 
§  Fiducialization 

Internal background 
èDiscrimination 

¡  β/γ (1 Bq/kg 39Ar) 
§  Rejection 1010 

Ø Optimization PSD 
Ø Maximum light 

collection/detection 
(8PE/keV) 



 
 
• 1000 kg Fiducial mass 

• Photomultipliers 
coverage: 75% 

 
Courtesy:	  K.	  Dering	  



• 3600 kg of Liquid Argon 
 
• 1000 kg Fiducial mass 

• Wavelength shifter 
(distilled TPB) 

• Vessel 

Courtesy:	  K.	  Dering	  



arXiv:1211.0909	  
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Background suppression 

¡  Cast from distilled monomer 
¡  Radon history 
 

Maximum light collection 
¡  75% coverage with light 

detector (photomultipliers) 



Background suppression 

¡  Neutron shielding (PMTs) 
¡  No additional support 
 

Maximum light collection 
¡  Improves light collection 
¡  Attenuation > 1m 



Background suppression 

¡  Assayed Polyethylene (white) & Styrofoam (blue) 
¡  Neutron shielding (PMTs) 
 

Diffuse reflectors 

Specular reflectors 



Maximum light detection 
¡  Hamamatsu R5912 HQE 

(32% QE) 

Background suppression 

¡  50 cm of plastic shield 
¡  2.6x105n à 0.14n (in ROI)  



Background suppression 

¡  ∅7.9m x 7.6m ultra-pure water tank 
¡  48 PMTs 



A day at SNOLAB: http://www.youtube.com/watch?v=sZPLcv-ASwc 
SNOLAB Virtual Tour: https://www.snolab.ca/facility/vr-tour 

DEAP-3600 
MiniCLEAN 
 
 
 
 
PICO 
DEAP-1 
DAMIC 
 
HALO 
 
PICASSO 
COUPP 
SuperCDMS (proj) 

SNO+ 

Machine Shop 
Chemistry lab 

Car wash 
Change rooms/Showers 

Lunch room 
Chiller/air filters 

Mine 
Airlock 
Clean room (Class 2000) 

Vale 
 Creighton Mine #9 Shaft 

2073 m Underground (6010 mwe) => 0.27 muon/m2/day 



Ø Mechanical sanding of the AV inside surface 
(<10-19g/g of 210Pb) 



Magnetic field 
compensation coils (x4) 

Magnetometers 

Water tank  
with liner 

Calibration tube 
(22Na, 3.7MBq) 

Calibrations tubes (x3) 
(AmBe, 5000n/s) 

Courtesy:	  M.Ward	  



¡  Détecteur est dans la phase de mise en 
service 

¡  Poudre fluorescente déposée dans le 
vaisseau. 

 
¡  Citerne en phase de finition. 

¡  Début de la prise de données dans 
quelque mois 

Calibration source 
Deployment system 

Acquisition system 

Wavelength shifter (TPB) evaporation 
Deployment system 
+ Glove box 

Ar purificication 
Getter + Charcoal trap (Rn) 



Ar Dewar 

N2 Dewar & 
 cryocoolers 

Ar purification 
Getter + Charcoal trap 

Cooling coil: 
Prepared for  
final acid bath 



¡  Single photo-electron counting & timing 
§  Conditioning of the PMTs signal 
§  Fast digitizers (CAEN V1720 @250MHz) 

¡  Dead time suppression (3.6kHz 39Ar) 
§  Trigger: rough selection on analog PMT signals 
§  Event Builder: fine selection on digital waveforms 

 



¡  Single photo-electron counting & timing 
§  Conditioning of the PMTs signal 
§  Fast digitizers (CAEN V1720 @250MHz) 

¡  Dead time suppression (3.6kHz 39Ar) 
§  Trigger: rough selection on analog PMT signals 
§  Event Builder: fine selection on digital waveforms 

 

COMMISSIONING: 
MAX TRIGGER RATE > 50 kHz 
MAX DATA RATE > 1500 kHz 

 



¡  Wavelength shifter evaporation (few days) 

¡  Insertion of the cooling coil next 

¡  Cooling: within the next couple of months 

DATA: END OF THE SUMMER 
LEADING SENSITIVITY: END OF THE YEAR 





Low light intensity: 
Single photo-electrons 

High light intensity 
Multiples photon-electrons 





 M. Kuźniak, PASCOS 2014 11

Xe and Ar for direct WIMP scattering

1000 GeV WIMP

Courtesy M. Boulay

● Potential for very large and very sensitive searches
● Complementary
● For high WIMP masses Ar is very competitive with Xe



¡  High FPrompt : 
  AmBe source 
¡  Low FPrompt : 
  22Na tagged source 

arXiv/1203.0604	  

Simple statistical model 

Model predicts 10-10 at 60keVr 
with 8 PE/keV 



Background Target 

Radon in argon < 1.4 nBq/kg 

Surface α’s (tolerance using conservative position resolution) < 0.2 mBq/m2 

Surface α’s (tolerance using best position resolution) < 100 mBq/m2 

Neutrons < 2 pBq/kg 

β/γ, dominated by 39Ar < 2 pBq/kg 

Total Backgrounds  < 0.6 events 

3 Ton-year in fiducial volume and Region of Interest (ROI) 



Courtesy: Koby Dering 

(In 3 years) 
 

# of neutrons 
(produced) 

Events in 
ROI 

Acrylic vessel <44 (Ge γ-assay) <0.096 

Light guides <127 (Ge γ-assay) <0.015 

Filler blocks <173 (Ge γ-assay) <0.034 

PMTs 2.6x105 0.140 

PMT mounts 7565 0. 010 

Rn emanation <44 <0.081 

Rn deposition  
(3 months UG) 

38 0.010 

Other sources 0.04 

Total <2.7x105 <0.35 

 
 
 
 
255 PMTs 
 
Light guides 
 
Filler blocks 
 
Acrylic vessel 
 
 
 



Calibration	  Tools	   Optical	  
Response	  

Energy	  
Reconstruction	  

Radius	  
Reconstruction	  

Detector	  
response	  and	  

stability	  vs	  time	  

Light injection (LED/
Laser), in-situ single 
PE tails ✔ ✔ ✔ 
Gamma sources 
(22Na 37MBq) ✔ ✔ ✔ 
Neutron sources 
(AmBe, 5000 n/s) ✔ ✔ ✔ 
In-situ radioactivity 
(39Ar, U, Th 
gammas) ✔ ✔ ✔ ✔ 


