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Outline 

This is a summary about areas where we apply ML in 
collider physics.   

This seminar is not about what is GNN/GAN 

The emphasis will be on latest architectures and SOTA 
performances ( biased with CMS/ATLAS results )  

Will also have some discussion on open data which is 
crucial for HEP-ML R&D 
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The LHC data flow-chain
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Trigger Object rec Event rec Analysis

Inference

ME + PS generation 
Detector Simulation

ML can play a role at every instance of this flow chain. 
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Monte-Carlo modelling using ML
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ML based ME + PS

Loop integration using  
flow based methods

Differential x-section 
 generation
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Markovian approach for Parton Shower 
(JUNIPR)
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Generative models in MC
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PDF fitting (NNPDF being  
the best example)

Fragmentation function

EFT parameter fitting using Madminer



PS + Hadronization with ML
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Phys.Lett.B 829 (2022) 137055

MLHAD : 2203.04983

HADML : Phys.Rev.D 106 (2022) 9, 096020
Overall shape normalization from Hadronization can  
be generated by generative models.



The LHC data flow-chain
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Trigger Object rec Event rec Analysis

Inference

ME + PS generation 
Detector Simulation

ML can play a role at every instance of this flow chain. 
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Detector simulation using ML
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CaloGAN 1705.02355 

Generator Discriminator 



Detector simulation using ML
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EPiC-GAN : SciPost Phys. 15, 130 (2023)

MPGAN : 
arXiv : 2106.11535



The major gain
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A sure shot motivations to use  
PC generative models  
for HEP used cases

arXiv : 2109.02551



The latest architectures
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I-CALO-FLOW : 2305.11934

Diffusion model based CaloSimulation : 
2308.03847



The LHC data flow-chain
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Trigger Object rec Event rec Analysis

Inference

ME + PS generation 
Detector Simulation

ML can play a role at every instance of this flow chain. 
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Improving trigger using ML

Original slide

J. Duarte et al 2018 JINST 13 P07027
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https://indico.cern.ch/event/797510/contributions/3313676/attachments/1795772/2927344/irishep_dsr_hls4ml_13feb2019.pdf
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Example of muon trigger
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Link

https://iopscience.iop.org/article/10.1088/1748-0221/18/06/P06012/pdf


The LHC data flow-chain
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Trigger Object rec Event rec Analysis

Inference

ME + PS generation 
Detector Simulation

ML can play a role at every instance of this flow chain. 
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Tracking & ML 

An exponentially large edge finding problem
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Tracking & ML 
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Tracking & ML 

Sanmay Ganguly (IIT-Kanpur) ICHEPAP-2023

ATL-ITK-PROC-2022-006
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Full ML driven PFlow : MLPF

  MLPF 
Eur. Phys. J. C (2021) 81: 381 
J. Pata et. al. 

PF lepton, hadron, photon = FPF (track hits + calo cells)
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Combining track + calo for PFlow
  MLPF 
J. Phys.: Conf. Ser. 2438, 
012100 (2023) 
J. Pata et. al. 
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Attempt for higher order correlation
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TSPN-SA    

HG-PF    
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Eur. Phys. J. C (2023) 83:596  

S.G. et al



The network flow comparisons
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Comparison of the three networks
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Object tagging
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Particle Net : 1902.08570



Object tagging
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Top tagging landscape :  
1902.09914

Particle Transformer :  
2202.03772
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Set2Graph proposal for flavor-tagging 

Sanmay Ganguly (IIT-Kanpur) ICHEPAP-2023

https://link.springer.com/article/10.1140/epjc/s10052-021-09342-y
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Set2Graph model within ATLAS FTAG-2023-001

For a c-tagging working point 
~ 30%, a significant gain in  
Rejection rate is obtained.  

Sizable improvement  
over the current DL1r  
algorithm. 

Sanmay Ganguly (IIT-Kanpur) ICHEPAP-2023

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
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Direct physics application of the taggers
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Phys. Rev. Lett. 131 (2023) 061801 Eur. Phys. J. C (2022) 82:717

Future direction of tagger improvement:  

1. Explainable taggers on heterogeneous pc 
2. A systematic uncertainty extraction. 
3. How much universal taggers can be 

made across topologies? 

ATLAS bound : |κc | < 8 . 5
CMS bound : 1 . 1 < |κc | < 5 . 5

DL1r based taggers
Future iteration will use GN2

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/
https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3


The LHC data flow-chain
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Trigger Object rec Event rec Analysis

Inference

ME + PS generation 
Detector Simulation

ML can play a role at every instance of this flow chain. 
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Event construction using NN 
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Eur. Phys. J. C 83 (2023) 496
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NN’s are handy for searching NP

Mach. Learn.: Sci. Technol. 1 (2020) 035012
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Anomaly detection using NN
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Phys. Rev. D 108 (2023) 052009
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Future Directions
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Major thrust in immediate future : Interpretability 

Interpretability is a key issue and efforts are ongoing to map the NN 
explainability to first principle physics intuition
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Interpretability : an example attempt  

Neur IPS 2021. F. Mokhtar, R. Kansal et al 

Explainability for MLPF
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Differential programming in HEP
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Open data for ML R&D at colliders  
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Track-ML challenge :  
https://sites.google.com/site/trackmlparticle/home

Calo-ML challenge :  
https://sites.google.com/site/trackmlparticle/home

https://github.com/rkansal47/JetNet
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The COCOA
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https://cocoa-hep.readthedocs.io/en/latest/

COnfigurable CalOrimeter  simulation for AI 

A complete hermetic geometry with full GEANT simulation.  

PYTHIA-8 based ME/PS & Hadronization 

FASTJET integration is inbuilt.  

Comes with an ATLAS style pPFlow. 

Mach. Learn.: Sci. Technol. 4 035042
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Take away
ML is here to stay with HEP.  

We can’t blindly do a plug & play of the available NN. 

Interpretability and uncertainty estimations are two key aspects where  
we the HEP-ML people need to emphasize.  

Need to keep a close connection with the comp-sc/math community with the latest developments and 
contribute if possible. 

 Symmetry equivariance and geometric DL methods might play a key role in this field. 

  Many important application of ML are happening in hep-lat and hep-th community as well  
( See talk by P. Konar ) 

https://iml-wg.github.io/HEPML-LivingReview/

https://iris-hep.org/
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