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•Each color shows a different layer 

•This is the view along the beam direction 
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The “CMS” detector for LHC 

3-D view of CMS 



LHC Had an Excellent Performance 
There are plenty of data to analyze 
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Higgs was the main goal of LHC from 
the beginning 
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• mass terms are not 
allowed in SM. 

• A non zero vev can break 
the EW symmetry 
spontaneously. 

• Higgs mechanism was 
introduced in 1960’s. 

 



H gg 

• Controllable bkg. 
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HZZ 4l 

• Low rate 

 Clean Signatures 

 



Combination 
• Close to 10 channels 

are combined 

• ~7 s discovery 
      125.7 +/-0.3(stat) +/-0.3 (syst) GeV 

 

• A little lower 
cross section! 
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IPM Contribution in CMS 

• There is a long way from collision to final plots 
– Online Shifts 
– Data Quality Monitoring 
– Calibration 
– Noise Suppression 

• Future Collisions 
– Upgrade Studies 

• All parts need manpower/coding 
• Every signature on the final papers needs 3 

months service for the experiment. 
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 Important MET  

Run II 
V. Shary CALOR04 
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• Most of the SUSY 
searches rely on MET. 

• Wrong MET can easily 
mimic SUSY. 

 

• By definition, wrongly 
measured jets can 
make MET. 

 
MEy 

MEx 

ΔJet1 

ΔJet2 

Jet1 

Jet2 
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Short List of the Topics 

• SM: W-helicity measurement , FCNC, Single Top 

• ADD ee 

• SUSY: stop, sbottom 

• Exclusive processes 

• HCAL Noise suppression 

• DQM framework development 

• Trigger development 

• Tracker upgrade 
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W-helicity in single-top 

• New interactions at higher energies may manifest 
themselves in the form of effective couplings of SM 
fermions.  

• Top quark is the heaviest fermion of the Standard Model, 
decays before hadronization  

   The quark information, like spin, is not lost, accessible in 
decay products  

• It decays almost all the time to a b-quark and a W-boson  
       Provides an interesting area to study the Wtb vertex in 

search for new interactions  
   Wtb can be also involved in the production of top quark, 

another place to investigate the anomalous couplings  
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t-channel 

 cosθℓ
* is defined in the top quark rest frame as a 

the angle between the W-boson 3-momenta and 
the down type fermion 3-momenta in the W-
boson rest frame.  
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Event Yield and Systematic 
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• Full top reconstruction. 
• Every event with m b and n can enter 
the analysis. 
• Different systematics can affect the 
measurement. 



Backgrounds are more than signal! 
A sophisticated statistical method is used to 

extract the helicity fractions. 
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Results, a small room for new physics! 
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Feynman diagrams for dilepton production in the presence of  large extra dimensions. 

hep-ph/9904234 

SM Drell-Yan 

2ss  BADYtotal

Interference term ED term 

Search for Extra Dimensions 

Graviton Exchange 



ADD Signal  
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The Signal invariant 

mass distribution 

tends to the Drell–

Yan shape as   
    LT Infinity . 

GRW Convention: 

There is one parameter: Effective Planck Scale 



Signal and Backgrounds 
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The ADD Signal consists of  2-Opposite Sign Electrons in the final state. 
 

Backgrounds can be divided into 3 categories: 
 

-The irreducible Standard Model Drell-Yan with 2 electrons in the final state. 

 It is estimated using Monte Carlo Simulated events. 
 

- Jet Backgrounds (QCD, W+Jets) :  jets can be miss-reconstructed as electrons 

It is not possible to estimate it from MC due to lack of  enough statistics. Accordingly,   

it is estimated from data using “fake rate” method. 
 

- The  so-called “Top-Like or Flavor Symmetric” backgrounds: Consists of  all events with two 

real electrons in the final state:  

     - Di-Leptonic TTBar and Single Top tW-channel 

     - Di-Boson (WW,WZ,ZZ) 

     - Ztau+tau 

This type of  background is estimated by using e-mu method. 
 

mm




)(

)(

2

1

A

A

N

N

recid

erecid

DATAe

ee 
























Invariant Mass Distribution 
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Yields, Systematics & Result 
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QCD Safe Distributions in search for SUSY 

• MT2: stransverse mass, an  

extension of  MT in case of 2 decay  

chain with “missing particles”: 

 

 

• For massless particles: 

 

 

• QCD does not enter the search  

region, 
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MT2, Event yield 
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•There is a good agreement between 
data and MC predictions. 
• W+jets and Invisible Z are the 
dominant backgrounds. 
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No significant excess is seen in data! 

Predictions vs Data 



Summary 

• The long awaited LHC becomes reality! 

• IPM is involved in different activities from 
instrumentation to analysis. 

• Higgs is there, but what about other exotics?  

• Wait for at least 2 years! 
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??? 
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