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We have Discovered Dark Matter!  
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ébut what is it made of? 
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The Dark Side is Among Us  

you are here  

Even the Milky Way rotation curve is flat:  

evidence for Dark Matter in this room!  
(proton                  )  
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But: Need an idea first!  
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Åmicrowaving axions  

 

Åthermal relic hunting basics  

  

Å solid state: CoGeNT, MALBEK, CDMS  

 

Åliquid noble element: XENON and LUX  

 

Å bubble chambers: COUPP, PICASSO, PICO  

 

ÅOutlook  

  

The Direct Search for Dark Matter  

Just an introduction & overview.  

See collaborationsõ talks at this  

conference for details and caveats.  
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The Direct Search for Dark Matter  

Just an introduction & overview.  

See collaborationsõ talks at this  

conference for details and caveats.  

Åmicrowaving axions  

 

Åthermal relic hunting basics  

  

Å solid state: CoGeNT, MALBEK, CDMS  

 

Åliquid noble element: XENON and LUX  

 

Å bubble chambers: COUPP, PICASSO, PICO  

 

ÅOutlook  
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ÅPeccei & Quinn : effective strong CP violating term     is 

small because itõs a field 
 

ÅWilczek  & Weinberg: that gives a particle, the Axion  
 
 

ÅInteraction strength  
 

 

Åif                                          : a Dark Matter candidate   
 

Åsince                                            to prevent overclosure   
 

ÅSikivie : detect via Primakov -effect  

  

Idea: Itõs the Axion  
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ADMX and ADMX -II  
Åmicrowave cavity, up to 8T, down to 100mK  

ÅADMX -II to cover most of  

  expected parameter space by ~2016  
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The Direct Search for Dark Matter  
Åmicrowaving axions  

 

Åthermal relic hunting basics  

  

Å solid state: CoGeNT, MALBEK, CDMS  

 

Åliquid noble element: XENON and LUX  

 

Å bubble chambers: COUPP, PICASSO, PICO  

 

ÅOutlook  
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Idea: Itõs a Thermal Relic Particle  

n relic  

nequilibrium  

Temperature / k bT/m cc
2 

Time ­ 

from cosmology:  

robust scattering 

prediction:  
  

rate  
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Direct Scattering Back of the Envelope  

ÅMaximum Recoil Energy  

ÅRate 

ÅCoherent Scattering  

ÅSpectrum  

(or                        )  
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Åe.g. Xe target  

Åisothermal halo  

Ålocal density  

 

Å  

Åcoherent scattering  

ÅHelm form factor  

Expected WIMP Spectrum  
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Recoil Energy [keV] 

mc = 1000 GeV  

mc = 100 GeV  

mc = 10 GeV  

challenging signal!  

Pitfall!  

Acceptances turn this 

into a bump after all  
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Annual Modulation  

Galactic plane  

June  

December  

60Á 

expect modulation of  

Å rate  

Å spectral shape  

at the percent level  
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electronic recoils  

Åare most common background  

Åscintillate and ionize more (for given energy)  

Ƃ discriminate from nuclear recoils  

 

e.g. measure both energy and some additional parameter  

(ionization yield, scintillation yield, ratio ionization/ 

scintillation, pulse decay times, acoustic signal)  

The Power of Discrimination  
e-/ g: electronic recoil  a/n/WIMPs : nuclear recoil  
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The Money -Plot  
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The Money -Plot - Simplified  
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ruled out  

coherent neutrino scattering  

detections?  

asymmetric  

dark matter  

generic  

WIMPs  

exclusions typically at 90% CL  

systematics hard to quantify  
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The Direct Search for Dark Matter  
Åmicrowaving axions  

 

Åthermal relic hunting basics  

  

Å solid state: CoGeNT, MALBEK, CDMS  

 

Åliquid noble element: XENON and LUX  

 

Å bubble chambers: COUPP, PICASSO, PICO  

 

ÅOutlook  
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CoGeNT 

conventional  

coaxial HPGe 

P-type point -

contact HPGe 

threshold 400eV  
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440g P-type point -contact Ge detector  

now >3 years of continuous data taking  
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CoGeNT Data  
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exponential rise at low energy  

~2s modulation after 3.4 years; high amplitude  

T=365d          T free  
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CoGeNT With Background  

cutting at  

constant acceptance  

lower limit shifts down  

by >10s ! 

Still different from zero?  
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Åp-type point contact Ge detectors (like CoGeNT) 

Åhere: preliminary results  

MALBEK (MAJORANA)  
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CDMS  

CDMS -II:  

  19 Ge and 11 Si òZIPó detectors 

located at Soudan  

with phonon (TES) and ionization signal  

data -taking finished  

now: SuperCDMS  
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140 kg days shown here  

also another data set  

with 56 kg days & 0 events  

22 

CDMS -II Silicon Results 2013  
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background  

3 events observed  

expected  

statistically significant ? 

origin of signal?  

signal  


