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Introduction and Motivation 

  The missing transverse energy (ET
miss) is the measurement of 

imbalanced energy in the detector. 
  It is calculated by summing individual calorimeter towers having energy En , 

polar angle     and azimuthal angle      . 

  The ET
miss  is a key measurement in LHC discoveries such as: 

  Production of Higgs boson decaying taus 
  Supersymmetry (SUSY) events 
  Extra dimensions 

  As University of Iowa HEP group we are working on SUSY analysis within 
LPC JetMet Topology Group (also CMS All Hadronic SUSY Group), 
especially for reduction of background with large ET

miss in QCD events. 
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Supersymmetry 
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  is a new symmetry that unifies particles and forces. 

  Every particle in SM has a partner (sparticle). 
  They are not observed: SUSY must be broken 

  There are many models, with their free parameters, provide breaking 
mechanism in SUSY.  

  Experimentally most studied SUSY model is R-parity conserving SUSY in 
a common mass scale (~mSUGRA)  
  Sparticles are pair produced and lightest sparticle (LSP)  is stable 

  Long cascade decays of sparticles give rich  

    particle content in the final state (multijets + leptons) 

  LSP weakly interacts with matter ( ET
miss )  
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Why QCD Events Make Life Difficult: 

   QCD (quantum chromodynamics) multi-jet events will be a 
crucial background especially in large ET

miss region.    

  QCD processes have large cross sections  
  QCD events contributes to ET

miss via 

  Semi-leptonic decay of b/c quarks (small fraction) 
  Jet mismeasurements (large fraction) 

 If the underlying mechanisms of mismeasurements are known, 
we can form a data driven method by using well  measured 
QCD events to estimate the large ET

miss events [1, 2, 3].  
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Response Function  

Method 5 
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Estimating Large ET
miss Tail  

Low ET
miss Event 
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Introduce artificial imbalance by 
smearing pT of the jets. 
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Smearing is done 
by using a response 
function. 
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Response Function 

  Response function represents the effect of jet mismeasurements on ET
miss. 

  It is combination of a Gaussian (RG) and a non-Gaussian (RNG) response. 
  RG is formed by using photon-jet events. 
  RNG is formed by using QCD multi-jet events. 
  Gaussian and non-Gaussian response functions are combined by using a 

relative normalization constant which is found by using dijet events 

Jet 

Photon 
ET

miss 
Type of events to create RG 

Jet1 

Jet2 
Jet3 

ET
miss 

Type of events to create RNG 

Combined by using dijet events 

ET
miss 
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Software and Data Set 
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  CMSSW_2_2_X 
  SUSY PAT for 2_2_X family. 
 A custom analysis code based on EDAnalyzer 

  Data Set [4] 

 We used Ntuples created by SusyParLayer1 effort[5].  
 QCD (Summer08) 

  Phythia (6 Pt hats 80-1400 GeV) 
  ~15M events 

  Photon-Jet (Summer08) 
  MadGraph (HT 0 - ∞) 
  ~4M events 

  This analysis is done for ∫Ldt = 100 pb-1. 
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Gaussian Response Function (RG) 
  Response is obtained from the distribution of γ-jet pT balance by using 

  R is measured in different γ pT bins and Gaussian fit is applied to each R 
distributions. 

  By using σR values from the Gaussian fits we plot σR vs  γ pT and apply a 
fit to this curve. 
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Gaussian Response 

p0 , p1, 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Gaussian Response 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Non-Gaussian Response Function (RNG) 
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  The non-Gaussian response of calorimeter to the jets is measured by using  

Here the assumption is that the ET
miss  is caused by mismeasured jets. 

  In non-Gaussian response function 
     calculation multi-jet events are used in  
     which there is only 1 jet associated with  
     ET

miss (parallel).   
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Dijet Response (1) 
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  Jet response function in dijet events include both 
Gaussian and non-Gaussian components. 

  Relative normalization of the Gaussian response to 
the and non-Gaussian response is measured by 
using dijet events. 

  Response is calculated for the events with only two 
jets where jets are back to back : 
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Dijet Response (2)  
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  A Gaussian fit is applied between 0.65 and 1.1 (This choice will contribute 
to systematical error) 

  The number of events under that Gaussian fit are counted as the number of 
Gaussian events (NA) . 

  The number of events under dijet response tail (left side) are counted as the 
number of non-Gaussian events (NB) . 

  NA and NB are used to normalize the Gaussian and non-Gaussian response 
functions. 
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Response Function 
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Response Func8on 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Results 14 
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Application of Response Function 
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  We form a multi-jet sample with low ET
miss 

  ET
miss < 60 GeV and ET

miss significance < 0.5 
  At least 3 jets with pT

jets > 50 GeV , |eta| < 3 , and fem <0.9 

  1st jet pT > 180 GeV , |eta| < 2.5 

  pT  of each jets in the low ET
miss sample is smeared by 

the response function as  

  ET
miss is recalculated for low ET

miss events. 
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∑ An addi8onal contribu8on from photon‐jet sample “p2”  
is taken into account in the first term (see Missing ETC ) 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Smeared ET
miss 
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  ET
miss distribution is shown for the QCD events (data and 

estimate) where: 
  At least 3 jets events with |eta|<3 and fem < 0.9 

  1st jet with pT >180 GeV and  |eta|<2.5 

  2nd jet with pT >100 GeV 

  3rd jet with pT >80 GeV  
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Conclusion and Future Plans 
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  Smearing function is obtained for the events with ET
miss >  65 GeV. 

  It is applied to low ET
miss  events where ET

miss  < 60 GeV and ET
miss  

Significance < 0.5 GeV0.5 

  pT of each jet is smeared by a random number called from S.F 
  ET

miss  is recalculated by using these smeared jets. 
  Preliminary results show that there is an underestimation for ET

miss  tail.  

 Future Plans: 
  Start calculating systematical and statistical errors. 
  In CMS there are other efforts for data driven techniques for QCD 

background estimation. We are in the process of writing a combined 
analysis note. 

  In SUSY analysis group there are new ntuples. We will rerun our 
analysis with these.  
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Derivation of RG
[2]  
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In γ - jet events ,  the particle level or true photon and recoil transverse energies, ETγand ETrecoil satisfy 
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Derivation of RNG 
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Derivation of RDijet 
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Equation (8) from slide number 20 ,  Rrecoil =1+
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 
E 

Tγ
 
E 

Tγ

2  (8) can be generalized for dijet events however

for dijet events there is an ambiguity. We do not know which jet is well measured (behave like photon) and which 
jet is mismeasured. One approach is to calculate Eq (8) as 
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jet 2   for each jet in the event. 
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