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Outline

• Data Analysis - Algorithms and tools 
• bringing together different disciplines 

•Methods for data analysis, reconstruction and 
simulation 

•Software and computer tools 
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Some Statistics

• 28 abstracts submitted to the conference 
• 18 oral presentations 
• 10 posters
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Track 2 Presentations
• Methods for simulations:  

• Fast simulation (calorimeter) in ATLAS 
• Delphi's 3 (Very fast simulation) 

• Reconstruction and trigger methods 
• Neural e.m. ATLAS Calorimeter trigger 
• New method for event reconstruction in Liquid Argon TPC (Dune) 
• Novel real-time alignment and calibration for LHCb  
• Parallel 4D track finder 
• New Vertexing algorithm 

• Analysis methods (many new and innovative methods, majority based on machine learning) 
• Approximate profile likelihood ratios using ML 
• Matrix element  
• Density Estimation trees 
• Re-weight distributions using Boosted Decision Trees 
• Deconvolution 
• New SVM and Generalisation 

• Software tools 
• New ML tools in ROOT 
• Fitting and statistical studies on GPU 
• ROOT Notebooks and ROOT as a Service
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» And also some very interesting posters
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Upgrading ATLAS Fast Calorimeter Simulation  
(Z. Hubacek)
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• New fast simulation for ATLAS calorimeter 
• current simulation not describing well hadronic objects 
• make a new parametrisation using NN
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Delphes 3 (M. Selvaggi)

• Latest developments in Delphes 3  
• Generic Parametric simulation, parametric the detector response 

• Full simulation (GEANT)    ~ 100 s/evt 
• Experiment fast simulation   ~ 1s/evt 
• Delphes                                ~ 10 ms/evt 

• New developments:  
• particle flow                                              Photon conversions
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Neural e-Gamma trigger in ATLAS  
(J.V. da Fonseca Pinto)

• Calorimeter Ringer algorithm based on a Neural Network
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Novel Real-time alignment and calibration and track 
reconstruction for the upgrade at LHCb (R. Quagliani)

• Perform detector alignment and calibration in realtime to 
have best performance in High Level Trigger (HLT) 
• run automatically tracking alignment for each fill  

• vectorised and paralleled algorithms 
• new turbo stream for direct analysis 
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• LHCb Upgrade 
• fully software  

trigger 
• Tracking at  

30 MHz 
• storing 2-5 Gb/s  
• 13 ms is CPU  

 timing budget  
• used 5.4 ms for reco
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Energy reconstruction study in a High Granularity 
Hadronic Calorimeter for ILC (S. Mannai)

• Energy reconstruction using an Artificial Neural Network 
(Regression) 

• Muon/electorn identification using ANN
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A novel method for event reconstruction in Liquid 
Argon Time Projection Chamber (M. Potekhin)

• Wire Cell reconstruction for neutrino experiments (DUNE) 
• New tomographic method 

• reconstruct a 3D model of the events 
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Parallel 4-Dimensional Cellular Track Finder for the CBM 
Experiment (I. Kisel)

• Reconstruction challenge in CBM at FAIR/GSI 
• Cellular Automaton Tack Finder 

• Intrinsically parallel algorithm  
• extremely simple 
• very fast 
• 4D (time-based)  

Track reconstruction  
• continous beam 
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Vertex finding by sparse model-based clustering 
 (R. Fruhwirth)

• Comparison of Sparse model-based clustering vs EM 
algorithm (iterative Max. Likelihood) for primary vertex 
finding 

• Model-based clustering  
• Bayesian method including prior densities for number of 

clusters, size and cluster spread. 
• Based on a normal model  
• Using Markov-Chain MC for sampling posterior
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EM Method
MB Method Good Results

but clustering is slow  
due to MCMC sampling 
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The matrix element method at LHC (S. Wertz)

• Reconstruct event probability density
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Approximating Likelihood Ratios using Machine Learning 
(J. Pavez)

• Decomposition of likelihood ratio in case of several components (e.g. signal and 
background components) 
• decompose LR into pairwise comparisons 
• training with any signal and backgrounds 

• e.g. SM signal + backgrounds vs BSM + backgrounds 
• Applications: Maximum Likelihood fit to signal + background 

contributions using the approximated likelihood 
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• New method to estimate likelihood ratio using ML
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• Python package available in github 
• e.g. like wrapping TMVA  (and other ML Python packages) in 

RooFit 
• Planning Integration with common tools  (e.g. RooFit/RooStats) 
• Need to understand better  

how errors affect the  
approximation 

• Example applications: 
• Higgs coupling parameters
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Approximating Likelihood Ratios using Machine Learning 
(J. Pavez)

• Signal plus background fits
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Density Estimation Trees (L. Anderlini)

• A fast non-parametric method for density estimation
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• Applications: 
• sampling (fast MC simulation) 
• Efficiency table 
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Reweighing Distributions with boosted decision trees 
(A. Rogozhnikov)

• Use ML algorithm to solve  
re-weighting problem 

• Split by maximizing 
symmetrical chi-square  

• Can work for the  
multi-dimensional case
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• Use also a ML method for multi-dimensional comparison 
of distributions (goodness of fit tests)  
• ROC curve for judging quality 
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Reweighing Distributions with boosted decision trees 
(A. Rogozhnikov)
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Deconvolving the detector from an observed signal in 
Fourier space (J. Boudreau) 

• New and innovative method for measuring angular 
distributions 
• can be written with orthogonal functions 

• Examples:  
• Single-top production & decay  
• Heavy Higgs decay to two vector bosons 
• Obtaining coefficients (amk,l) using  

Monte Carlo integration 
• Deconvolution for Detector effects  
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Deconvolving the detector from an observed signal in 
Fourier space (J. Boudreau) 
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Support Vector Machines and Generalisation for HEP 
(T. Stevenson)

• New Support Vector Machine method for HEP 
• include a larger set of Kernel functions  
• will be soon included in new 

TMVA release 
• k-fold Cross Validation Method 

• Also soon available for TMVA
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GPU for Statistical Data Analysis in HEP (A. Pompili)

• Performance study of GooFit (on GPU) vs RooFit (on CPU) 
• parallel GooFit (CPU & GPU) vs parallel RooFit (with ProofLite) on CPU
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New Developments of Machine Learning Tools in 
ROOT  (O. Zapata, L.M.)

• Integration in ROOT of algorithms based on R (using 
ROOT-R interface) and Python 

• Modernisation of TMVA (DataLoader, Variable Importance)
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Data Mining as a Service with ROOT  
(E. Tejedor)

• ROOT Jupiter Notebooks 
• Python and C++ kernels 
• Very useful tool for prototyping, tutorials and training

24



Lorenzo Moneta 
CERN EP-SFT ACAT 2016 Track2 Summary

• Provide centrally ROOT as a service 
• integrated in CERN computing infrastructure  

• Cernbox (EOS) to store the data and notebooks 
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Data Mining as a Service with ROOT  
(E. Tejedor)
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Conclusions

• Very interesting presentations 
• new methods and ideas presented  

• lots of them based on Machine Learning  
• very active and lively discussions 

• Really following ACAT spirits 
•more workshop than a conference 
•bridging knowledge between physics (analysis methods) 
and computer science 

• Big thanks to the organisers for hosting us in this beautiful 
place  

• Looking forward for next ACAT
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