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Dark+MaJer+in+the+Coming+Decade+–+Complementary+Paths+to+Discovery+
arXiv:1305.1605+

Scans+of+MSSM=space: +direct+detec'on+(green)+
+ + + + +indirect+(blue)+
+ + + + +grey+(LHC+upgrade)+
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Conclusions+

° We likely need to get to very large (> 10 tonne) target masses whilst 
maintaining ever smaller levels of radioactive background (<0.1 events/tonne/year) to 
discover WIMP dark matter. 

° Intrinsic neutrino backgrounds limit how far existing technologies can go (eg. elastic 
scattering of pp-solar neutrinos limit LXe to ~10-47 cm2). Pulse-shape discrimination in 
LAr avoids this problem. 

° Target exchange from LAr to LNe in the same detector might prove vital in verifying 
a WIMP discovery. 

° LNe might be the only viable means to provide a precision measurement of the 
pp-solar neutrino flux and thus θ12. 

° A massive, single-phase detector capable of target exchange between LAr and LNe 
could achieve all of the above. 
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Pulse=Shape+Discrimina'on+in+LAr+

M.G. Boulay and A. Hime 
Astroparticle Physics 25, 179 (2006) 

Example+Pulses+from+DEAP=0+
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Experimental+Measurements+of+PSD+in+LAr+

Phys.+Rev.+C78,+035801+(2008)++ arXiv:0904.2903+(2009)+
TAUP+=+2011+

microCLEAN+ DEAP=1+

A.+Hime+



SNOLAB=Aug.21=2013+ 11+A.+Hime+

Measure+in+detail+using+
39Ar=Spike+in+MiniCLEAN+



Extrapola'ng+39Ar+Leakage+is+Challenging+
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With a likelihood of  particle type based on photon arrival times, we 
can do much better than simple “Fprompt”. 
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D. N. McKinsey and J. M. Doyle, J. Low Temp. Phys. 118, 153 (2000).!
D. N. McKinsey and K. J. Coakley, Astropart. Phys. 22, 355 (2005).!

M. Boulay, J. Lidgard, and A. Hime, nucl-ex/0410025.!
M. Boulay and A. Hime, Astropart. Phys. 25, 179 (2006).     !
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Charge+&+Scin'lla'on+Yield+in+LAr+
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S1+@+10+p.e./keV+&+Zero=Field+
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S1+@+10+p.e./keV+&+Zero=Field+
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Ar+depleted+of+39Ar+x1/120+



MiniCLEAN+–+Photon+Budget+
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MiniCLEAN'Modular'Design'
 4π+coverage+to+maximize+light=yield+at+threshold+…+

+=+3D+Posi'on+Reconstruc'on+
+=+Par'cle=ID+via+Pulse=shape+discrimina'on+

 +Radon=reduced+assembly+…+
 +“Cold”+design+allows+both+LAr+&+LNe+…+
+No+electric+fields+…+PMTs+only+ac've+component+…+
+Fast+signals+(τ3+=+1.6+μs)+avoid+pulse=pileup+in+LAr+…+
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Single9Phase''
Detector'
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Model'for'a'45'tonne'CLEAN'Detector'
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dwall+(mm)+

Fast+Neutrons+in+45=tonne+CLEAN+

Raw'Yield' 499,000'yr91' 1100'PMTs'

Reconstructed+ 386,997+yr=1+

Energy+ROI+ 10,424+yr=1+ 12.5+–+25+keVee+

Fiducial+Volume+ +++++421+yr=1+ dwall+++>+55+cm+
M+=+15,000+kg+LAr+

Fprompt+++Timing+ +++++5.9+yr=1+

Ac've+Veto+ +++0.53+yr=1+ Irreducible+BGND+
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39Ar+Spike+&+Target+Exchange+in+CLEAN+
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Thank+You+
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