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Unfolding 
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What is unfolding 
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ATLAS analysis example 
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Migrations and stat. fluctuations 
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Formal definitions 
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Testing unfolding results 
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The A is response matrix, x true vector and m is observed one at the detector level 

obtained from simulation 

As experiment is performed, yi are observed instead of mi  
and the difference is amplified with unfolding procedure. 
For low statistics counting experiment: 
  - Poisson distribution:  
For larger statistics:  
   - Gaussian distribution with fixed mi and covariance matrix Vyy 

The result of the unfolding is estimator of the truth distribution, 
and corresponding uncertainties and correlations    

The global correlation coefficient of bin j :  



• Data tests: 

–  verify normalisation:  

 

 
– calculate 

      which one expects to find distributed with  

     degress of freedom 

– calculate average global correlation coefficient 

      one expexts to find non-zero global correlation coefficient in presence  

      non-negligible migrations.        

Testing unfolding results 
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• Closure tests: 
– unfold MC generated sample with A matrix obtained with same 

MC, tests technical correctnest of the procedure 

– unfold MC  generated sample using A matrix obtained with 
different MC (different model) 

– Apply Poissonian statistical fluctuations to folded MC (detector 
level), unfold. Repeat several times, take average 

 

 

– Modify truth distribution, use same unfolding matrix A, repeat 
several times, confirm that results unbiased 

    

Testing unfolding results 
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Unfolding methods 
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Toy example from arXiv:1611.01927 
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A heavy particle is produced with pT and decay into two massless particles. 
Ebegy and angles of the decay products are smeared with resolution functions. 
The observed pT is calculted as vector sum of two reconstructed particles. 
Background is also generated and contribute mostly at high pT. 
For pT distribution at „truth” Level landau distribution is used, with different   
parameters for MC and data. The difference between both parametrisations is clearly 
visible. The MC sample is used to derive response matrix.  



„Bin-by-bin” 
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Bin-by-bin correction factors 
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Simple „Bin-by-bin”: why is it wrong? 
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Matrix methods 
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Matrix inversion 
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Cause of large fluctuations 
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Template fit 
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Template fit with area constraint 
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Tikhonov regularisation 
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Tikhonov regularisation (eg. TUnfold) 
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Iterative method 
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Iterative method with background 
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Evaluation of the covariance matrix 

24 



Iterative method: Oth iteration 
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Iterative method: 1st iteration 
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Iterative method: 10th iteration 

27 



Iterative method: 100th iteration 
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Iterative method: 1000th iteration 
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Over- and Under-Regularised Unfolding 
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Selection of other unfolding methods 
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RooUnfold package 
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RooUnfold features 
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RooUnfold testing 
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RooUnfold classes 
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RooUnfold example (Bayes) 
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RooUnfold example (Bayes) 
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RooUnfold algorithms:  Iterative Bayes 
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RooUnfold algorithms:  SVD 
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RooUnfold algorithms:  TUnfold 
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RooUnfold algorithms: Unregularised 
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RooUnfold algorithms: comparison 
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RooUnfold with Bayes algorithm (3 iterations) 
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RooUnfold with SVD algorithm ( k=30 ) 
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RooUnfold with TUnfold algorithm ( t=0.004 ) 
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Unregularised matrix inversion 
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Simple correction factors 
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Unfolding errors 
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Bin-to-bin correlations 
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Which Method To Choose? 
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Summary 
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Deconvolution 
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To Unfold or Not? 
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When Unfolding Make Sense 
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When Unfolding Make Sense 
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Response Matrix (I) 
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Response Matrix (II) 
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Response Matrix (III) 
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Response Matrix (IV) 
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Unfolding by Inverting Responce Matrix (I) 
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Unfolding by Inverting Responce Matrix (II) 
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Unfolding by Inverting Responce Matrix (III) 
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What’s Wrong with the Matrix Inversion Method? 
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Bin-by-Bin Method (I) 
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Bin-by-Bin Method (II) 
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Regularized Unfolding 
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Tikhonov Regularization 
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