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  Astrophysical evidence for the existence of Dark Matter (DM) 
galaxy rotational curves, gravitational lensing, collided galaxy clusters 

  Limited knowledge about Dark Matter (DM) 
   DM candidate gravitates and non baryonic 
  It is about five times abundant in the universe                                                                                                                 
  It is the only evidence for physics beyond the Standard Model 
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Direct Detection      Indirect Detection     Collider Searches	  

Direct Search 
Scattering of Dark Matter 
particles off atomic nuclei 
within a detector 

Indirect Search 
Look for the products of 
WIMP annihilations 

Collider Search 
Dark matter pair production  
escape undetected resulting  
in a transverse energy 
imbalance 
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    Signature: 

– Use initial state radiation from incoming quarks to “tag” DM 
event 

–  Results is a “monophoton” or “monojet” signature with 
missing transverse energy (MET) balancing the photon or jet 

4	  monophoton + MET monojet + MET 



        
        Monophoton 

  Require single, isolated photon with transverse energy 
greater than 145 GeV 

  Missing transverse energy balancing the photon 
  There should be no other significant activity in the event 
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Monojet 
  Require one or two jets ordered in pT where leading jet 

has pT > 110 GeV and second jet may have pT > 30 GeV 
  Δφ(jet1, jet2) < 2.5 
  Require MET > 350 GeV (for Dark Matter Search) 
  Reject events with an isolated lepton or tracks  
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 Highest pT monophoton event, 
  PT

γ = 384 GeV, MET = 407 GeV 
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A monojet event, 
pT(jet) = 547 GeV, MET  = 598 GeV  



 Monophoton 
  pp → Z γ → νν γ            [irreducible background (from MC)] 

  pp →  γ + jet             [MET due to mismeasurement of jet (from MC)] 

  pp →  γ γ                   [one γ mismeasured to create MET (fromMC)] 

  pp → W γ → lν γ              [charged lepton escapes detection (from MC)] 

  pp → W → e ν            [electron misidentified as γ (from data) 

  pp → jets → “γ” + MET  [one jet fakes γ and MET due to                                                       
        mismeasurement of other jet (from data)]   

 Monojet 
  pp → Z +jets → νν +jets      [ Largest background (from data)] 
  pp → W +jets  → lν +jets     [ lepton is “lost” (from data)] 
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 Search for excess of events over the predicted backgrounds 

Background processes describe the data 
well and no excess over the predicted SM  
Backgrounds  
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No excess of  
events over  
expected SM  
backgrounds 10	  



  Assume DM is a Dirac fermion and characterize pair 
production by contact interaction 

  The effective operator can be a vector or an axial vector 

  Cross section depends on contact interaction scale Λ and DM 
mass (Mχ) 

Bai, Fox, Harnik JHEP 1012:048 (2010) 

spin-independent spin-dependent 
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Limits represent the most stringent 
constraints over almost entire 1 -100 GeV 
mass range 

The best constraints for low mass dark matter, 
below 3.5 GeV, a region as yet unexplored by  
Direct detection experiments 



 Results are presented from a search for new physics in 
monophoton channel using 5.0 fb-1 data 

 Prediction for SM background consistent with observed data 
with no excess found 

 Limit is set on Dark Matter nucleon scattering cross-section 
as the function of  dark matter mass 

 For spin – independent models, the best limits for low DM 
mass which has not yet explored by the direct detection 
experiment 

 For spin – dependent models, limits are improved over range 
1-100 GeV mass range 
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  Signal generation  
  Madgraph4 + Pythia6 generation with mediator mass of 10 TeV

(monophoton) and 40 TeV(monojet) 
  Extraction of DM nucleon cross section 

  Upper limits on monophoton/monojet cross sections converted to lower 
limits on Λ then translated to DM nucleon cross section 
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90% CL limits on DM model parameters for Monophoton  
(expected limits in parenthesis ) 
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