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LHC and CMS 

Electron, muon, missing energy and jet identification 

Z’ and Randall-Sundrum search (1.1 fb-1) 

W’ search (1.1 fb-1) 

Excited electron search (36 pb-1) 

OUTLINE 
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LHC (re)started in October 2009  
(900 GeV, then 2.38 TeV) 

Switched to 7 TeV on March 2010 

Delivered 47.03 pb-1 in 2010 

Peak luminosity in 2011  
3.3 nb-1 s-1 

LHC 
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- Fine-grained crystal ECAL,  ΔE/E < 0.5% for E > 100 GeV 

- Inner tracker in 3.8 T magnetic field + magnetic system outside solenoid, 
  ΔpT/pT < 10% at pT ~1 TeV 

-  Muon identification  
  easier than electron,  
  background smaller, 
  but worst resolution  
  for high mass  
  resonances 

CMS 
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Both analyses use official CMS high energy electron and muon identification 

Selection optimized for high efficiency at high energy 
Lowest ET unprescaled (di)photon and muon trigger 
Offline ET  cut above trigger turn-on 
 - electron: ET  > 25 GeV (2010), > 35 - 40 GeV (2011) 
 - muon ET  > 20 GeV (2010), > 35 GeV (2011) 

Energy scale correction applied for end-cap electrons (π0 and Z) 

Identification and trigger efficiencies measured with the tag and probe method 

Scale factor to account for data – Monte Carlo (MC) efficiency difference applied   

LEPTON ID 
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A jet can fake an electron or a muon 

Measure this contamination by the “fake rate “ method: 

- Measure the probability for a jet reconstructed as a lepton or photon, 
 (with loosened cuts) to pass the rest of the selection 

-  Apply to get the mass spectrum from jets and compare to MC 

- Estimate systematic uncertainty from different methods and jet thresholds 

  JET  
BACKGROUND 
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New gauge boson Z’ or Randall-Rundrum  graviton GKK 
-  new narrow high mass neutral resonance 

Results normalized to the Z peak 
-  luminosity and other systematic effects cancel or are reduced 

Dielectrons 
-  no charge requirement 
-  endcap-endcap pairs rejected (higher background) 

Dimuons 
-  looser cuts (less background from jets) 
-  cosmic muons used to understand high pT muons 
-  reject background from cosmic muons 

NEUTRAL 
BOSONS 
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Dominant: irreducible Drell-Yan (DY) production 
-  estimate by MC and low mass control region  

Next biggest (10% of DY above 120 GeV) t tbar and other sources 
of prompt leptons 
-  estimate by MC and checked by e µ method (next slide) 

Dileptons from misidentified jets 
- “fake rate” method (slide 6) 
- negligible for dimuons (1% of DY rate above 120 GeV) 
-  more important for dielectrons: about 5% of DY above 120 GeV 

Cosmic rays muons 
- using sidebands, estimate less than 0.1 event above 120 GeV  

    DILEPTON 
BACKGROUND 
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From t tbar, one expects two e µ events  
for each e e or µ µ,  
scaled by different efficiencies 

Scale factors are extracted from MC  
in mass bins  

Currently a cross-check, although this 
BSM channel is interesting by itself 

e µ METHOD 
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MC distributions normalized to NLO  
cross sections, then overall to the data 
at Z peak between 60-120 GeV 

DIELECTRON 
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MC distributions normalized to NLO  
cross sections, then overall to the data 
at Z peak between 60-120 GeV 

DIMUON 
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Highest mass events 

dielectron     dimuon   

DISPLAYS 
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Simple signal and background pdf,  
with shape parameters from MC 

Use likelihood ratio to calculate 
significance SL as a function of mass M 

Correct for “Look Elsewhere Effect” 

RESONANCES 

 channel        most            local Z (σ)  LEE corrected  
     significant         Z (σ)   
       bump   
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Limits (95% CL) on ratio 
of cross sections Z’/Z 
using a Bayesian method 

RooStats 

LIMITS 
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Can discriminate Randall-Sundrum graviton from Z’ 

Selection: ET > 70 GeV and |η| < 1.44 

DIPHOTON 
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Measure transverse mass MT 

Selection on electron ET , 
missing transverse energy 
and Δφ 

The main background  
is due to the W tail  

W’ e ν  
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W’  µ ν 
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Search the production of an excited lepton (e*, µ*) in association with a SM 
lepton via a novel contact interaction (scale determined by parameter Λ) 

The excited lepton decays via the electroweak interaction in a final state 
made of two high ET leptons (e e or µ µ) and one high ET photon 

Two parameters in the theory: Λ and excited lepton mass M* 

Event selection: 
- Two muons/electrons. One photon with ET > 20 GeV in |η| < 1.4 
-  M(2 leptons) > 60 GeV to eliminate low mass Drell-Yan 
-  Lower mass cut (value depends on M* hypothesis) on the minimum 
lepton - γ mass 

EXCITED  
LEPTONS 
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Background   
Z γ  l + l + γ  estimated from simulation 
Also Z  τ τ , t tbar, W W, W Z, Z Z, Wl ν, γ γ, taken into account 

Fake γ dominated by Z + jet : use photon fake rate 
Fake lepton dominated by W γ + jet : use lepton fake rate  

BACKGROUND 
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No signal candidate observed in data 

Perform a counting experiment and set 95% CL limits using the standard 
Bayesian method   

LIMITS 
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CONCLUSION 

Limits for Z’, Randall-Sundrum graviton (1.1 fb-1 , e e + µ µ)  
SSM  1940 GeV   GKK c = 0.1  1780 GeV 

Limit for Randall-Sundrum graviton (1.1 fb-1 , γ γ ) 
GKK c = 0.1  1730 GeV 

Limit for W’ (1.1 fb-1 ,  e e + µ µ)  
SM like couplings    2.27 GeV  

Limits for excited leptons (36 pb-1) with Λ = 2 TeV 
e*   760 GeV            µ*     785 GeV 

CMS recorded integrated luminosity  4.2 fb-1,  expected end 2011  5 fb-1  
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BACKUP 
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ECAL 
PERFORMANCE 
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INDIVIDUAL 
CHANNELS 
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   DILEPTON 
SYSTEMATICS 
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PHOTON ID 
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EXCITED 
LEPTON 

SYSTEMATICS 

The decay width for other decay modes, taken into account: 
BR(l*  l + γ) = 25% for low M* / Λ 
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EXCITED 
ELECTRON 


