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QCD phase space at high energy colliders
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Motivation: high masses

Di-jet mass spectrum in W + 2 jets [ATLAS Coll., Eur. Phys. J. C 75 (2015) 82]

Large spread in Monte Carlo predictions around and above M_JJ ~ 400 – 600 GeV
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High luminosity → high pile-up

In Run I: 20 pp collisions 
          on average 
  per bunch crossing  

Run II: pile-up up to       
the level of 50 collisions 
It increases for higher 
     luminosity runs 

Monte Carlo simulations 
   including pile-up for 
  comparison with data  

Precise vertex and track 
        reconstruction 
  in regions covered by 
    tracking detectors  

Pile-up treatment: 

           Can one find data driven methods       
to avoid dependence on Monte Carlo modeling    
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Example: Higgs by vector boson fusion

Potentially non-negligible probability for jets with high pT 
              from independent pile-up events 
                (besides soft pile-up particles)
Full pile-up simulation (at detector level) remains open 
 question. Rather ask: how to extract physics signals 
        with least dependence on pile-up simulation     

associated jets may be produced outside tracking detector acceptances  
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H. van Haevermaet et al. 
     arXiv:1508.07811
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H. van Haevermaet et al.
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Cacciari, Salam, Soyez  
Eur. Phys. J. C 75 (2015) 2 

● correct for transverse momenta of individual objects 
                  but not for any misidentification 

  Jet cleansing: D. Krohn et al., 
  Phys. Rev. D 90 (2014) 065020               
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● mistagged pile-up jets are not corrected for 
       → need to be properly treated 
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Treating effects beyond soft particles and 
the jet pT pedestal
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Treating effects beyond soft particles and 
the jet pT pedestal

Jet mixing techniques using 
 uncorrelated event samples

mixing 
matrix “true” data 

J 

Without appealing to any Monte Carlo 
 method, true signal extracted nearly 
       perfectly from mixed sample 

To identify contribution of high-pT jets
   from independent pile-up events, 
  construct signal + pile-up scenario 
          In a data-driven manner. 

            Valid for high pile-up: 
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Z-boson pT spectrum in Z + jet with 
jet mixing applied



13 F Hautmann: Workshop on Linear and Future Colliders, ECT*, September 2015 

              The case of very high pile-up:                 
N_PU = 100
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Improvement in jet resolution 
from applying event mixing method
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Comment: what if the mixing is done with the 
“wrong” ansatz for the signal?

mixed sample now far off pseudodata – but true signal still recovered from unfolding! 

Test jet mixing method 
 with different starting 
    signal distribution

Model independence: 
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To sum up
Effects of pile-up beyond the jet pT pedestal: 
           mistagging of high-pT jets from 
               independent pile-up events 
Treatment by data-driven methods, not                  
     dependent on Monte Carlo generators
Relevant especially for regions outside tracker 
    acceptances, where vertexing techniques 
    cannot be relied on to identify pile-up jets. 
      Example: Higgs by vector boson fusion
No need for low pile-up runs – no loss in                
                            luminosity
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H van Haevermaet et al., in progress
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