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•  Located at Soudan Undeground Lab at 2090 m.w.e. depth; 
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Phonon side 

Charge side 

•  Located at Soudan Undeground Lab at 2090 m.w.e. depth; 
•  5 Towers of 6 detectors (Ge/Si) operated at ~40 mK; 
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Phonon side 

Charge side 

•  Located at Soudan Undeground Lab at 2090 m.w.e. depth; 
•  5 Towers of 6 detectors (Ge/Si) operated at ~40 mK; 
•  Active/passive shielding against muons and environmental 

                       radioactivity. 
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Phonon side: 
•  4 quadrants of phonon sensors 
•  provide phonon energy and position info 

Charge side: 
•  2 concentric electrodes (inner and outer) 
•  provide ionization energy and veto 
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Nuclear/ Electron recoil discrimination: 

χ, n 

QER 

~1/3 QER 

γ, β

Signature of Nuclear Recoil: reduced 
ionization relative to phonon signal. 6 



133Ba photons 

252Cf neutrons 

Ionization Yield: 

Electron Recoil band 

Signal region: 
2σ Nuclear Recoil band 

Primary electron recoil rejection >10,000:1 
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133Ba photons 

252Cf neutrons 

Ionization Yield: 

Electron Recoil band 

Signal region: 
2σ Nuclear Recoil band 

Primary electron recoil rejection >10,000:1 Low yield electron recoil 
surface events. 8 



•  Pulses from surface events can be  
   distinguished from bulk NR event   
   pulses; 
•  Timing is a powerful discriminator   
   against surface events. 
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•  Yield & Timing reject surface event 
•  Surface event rejection from timing ~200:1 
•  Cut set to allow ~0.5 events total leakage to WIMP candidates 

10 



Passive shielding: 
•  Pb: shielding from γ’s 
•  Polyethylene: moderate neutrons  
   from fission and from (α,n)   
   interactions from U/Th decays 
•  Copper: shielding from γ’s. 

Active shielding: 
•  Muon veto to reject events  
   from cosmic rays. 11 



•  Muon-veto anticoincident events  
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•  Muon-veto anticoincident events  
•  Single scatter events (all 30 detectors) 
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•  Muon-veto anticoincident events  
•  Single scatter events (all 30 detectors) 
•  Within fiducial volume 

Good Inner 
Fiducial Vol 
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•  Muon-veto anticoincident events  
•  Single scatter events (all 30 detectors) 
•  Within fiducial volume 
•  Satisfy data quality & noise rejection cuts 
•  Satisfy NR yield & phonon timing cuts 

Good Inner 
Fiducial Vol 
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No events observed! 

PRL 102, 011301 (2009) 16 



PRL 102, 011301 (2009)

Exposure: 
•  398 raw kg-day 
•  121 kg-day WIMP equiv. @ 60 GeV 

Surface Background: 
•  estimated number of background  
   events to pass surface cut in Ge: 

Neutron Background: 
•  Poly Cu (α,n) <0.03 
•  Pb (fission) <0.1 
•  Cosmogenic <0.1 (MC 0.03-0.05) 

Result: 
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Raw exposure: 
•  Run 118-119 = ~120 kg-d 
•  Run 123-124 = ~400 kg-d 
•  Run 125-128 = ~750 kg-d 

~2.5 times more total exposure! 

Run 125-128 results [CDMS 2009 analysis] are expected in August 2009. 
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Timing discrimination of surface 
events looks promising. 

Yield discrimination of 
Nuclear Recoil events 
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approximate 
signal region 
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Ignited by DAMA signal: 
•  Excess in detected rate in the low 
       energy spectrum; 
•  Modulation signal centered at  
       ~3 keV peak; 
•  Not from WIMPs that’d interact 
       via Nuclear Recoils; 
•  May be it’s an X-ray from DM  
       interaction… 

Signal from electromagnetic DM interaction 
should be detectable by CDMS. 

Let’s look at Electron Recoil band. 
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•  Low energy electron recoil events 

search region 
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•  Low energy electron recoil events 
•  Single scatter events (all 30 detectors) 

search region 
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•  Low energy electron recoil events 
•  Single scatter events (all 30 detectors) 
•  Within fiducial volume 

Good Inner 
Fiducial Vol 

search region 
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•  Low energy electron recoil events 
•  Single scatter events (all 30 detectors) 
•  Within fiducial volume 
•  Satisfy data quality and noise rejection cuts 

Good Inner 
Fiducial Vol 

search region 
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•  Detection efficiency is 30% ~ 70% and  
       depends on detector; 
•  Exposure: 443.2 kg-days before cuts. 

Background rate is 
~1.5 counts/kg/day/keV 

Efficiency corrected coadded low-energy 
spectrum: 

No excess in the 
counting rate above 

background! 
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•  Detection efficiency is 30% ~ 70% and  
       depends on detector; 
•  Exposure: 443.2 kg-days before cuts. 

Background rate is 
~1.5 counts/kg/day/keV 

Efficiency corrected coadded low-energy 
spectrum: 

Most likely due to de-
excitation of 55Mn (6.54 
keV line), which was 
caused by EC decay of 
55Fe (from cosmogenic 
activation of Ge). 
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Total rate above 
background from 
DAMA 

Upper limit @ 90% CL 
on event rate excess 
above background 

arXiv:0907.1438
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•  For low mass axion (~keV) pair production is kinematically forbidden. Thus, it     
       is absorbed by a bound electron, which is then ejected from the atom, similar  
       to photoelectric effect; 
•   Interaction rate of axion-like dark pseudoscalar in the local halo: 

    where A atomic mass number. 
•  Observable from interactions: peak at energy ma in ER spectrum. 

Expected event rate for Ge by the 
axio-electric coupling (gaee=10-10) 
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•  Spectrum of the solar axion flux at     
   Earth for a given coupling 

•  Axion-photon coupling 

Coherent Primakoff conversion: 
•  Light axions will experience Bragg scattering in a crystal (momentum  
   transferred = reciprocal lattice vector); 
•  Bragg condition implies that axion energy 
   where u is the direction of the Sun 
•  Correlation of the expected rate with the position of the Sun is a signature of the    
   axion signal. 
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•  30 Ge and Si detectors form 5 towers 
with 6 detectors in each; 
•  Each detector in a tower is rotated by 
600 with respect to the former; 
•  Crystal’s alignment, relative to true 
north, is known to 0.860 ± 30. 
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•  CDMS has a world-leading limit on WIMP nucleon spin-  
   independent cross-section: 
   4.6x10-44 cm2 @ 90% CL for 60 GeV WIMP; 

•  World-best sensitivity for WIMPs above 44 GeV; 

•  World-leading experimental limit on the axio-electric  
   coupling: 
   1.4x10-12 @ 90% CL for 2.5 keV axion; 
•  Upper limit on the axion-photon coupling: 
   2.4x10-9 GeV-1 @ 95% CL; 

•  No excess in the counting rate above background in 2-8.5 keV   
   electron recoil spectrum;  

•  Analysis of 750 kg-day 5-tower data is ongoing and results   
   are expected by end of summer. 

[arXiv:0907.1438]

[arXiv:0902.4693]

[PRL 102, 011301 (2009)]
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•  133Ba (gammas) and 252Cf (neutrons) sources were used for calibration 
•  Neutron capture on 70Ge  71Ge; electron capture decay of 71Ge  10.36 keV 
electron recoil events 
•  Resolution as F(energy) obtained by extrapolation to the zero-energy noise blob 
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Event rate: 

where  
•  A(E,d) is a Gaussian smeared by detector’s resolution 

•  background 

Find the best λ0 to maximize the function  
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Event rate: 

where  
•  A(E,t,d) is a Gaussian smeared by detector’s resolution 

•  λ is the scale factor 
•  background 

Find the best λ to maximize the function  
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•  Expected solar axion signal, two detectors with 
different azimuth angle to true north are shown 

•  Strong daytime variation, different in differently 
oriented detectors, helps to discriminate against 
background.     
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Event rate: 

where  
•  A(E,t,d) is expected event rate for gaγγ=10-8 GeV-1 

•  λ is the scale factor 
•  background 

Find the best λ to maximize the function  
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What is Unbinned Generalized LogLikelihood Fitting Method? 
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