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1. Primary Objectives:

• The main goal of the presentation was to demonstrate the machine learning
techniques used for reconstructing electromagnetic objects (electrons and
photons) in the ATLAS detector at the Large Hadron Collider (LHC).

2. Key Topics Covered:

• Scientific Concepts and Technologies:
– Overview of the LHC and ATLAS detector.
– Electromagnetic objects of interest: electrons (leaving tracks in the

tracker and energy deposits in the calorimeter) and photons (leaving
only energy deposits in the calorimeter).

– The process of identifying these objects and distinguishing them from
backgrounds using various methods.

• Significant Experiments and Studies:
– Multi-color simulations to predict physics processes and simulate

detector responses.
– Machine learning algorithms, including Deep Neural Networks (DNN),

Convolutional Neural Networks (CNN), and Graph Neural Networks
(GNN), to improve object identification.

– The use of the DITTO project to measure processes involving pairs
of electrons and other final states from 2015 to present data.

3. Important Findings or Conclusions:

• Outcomes and Results:
– Machine learning methods significantly improve the identification of

electrons and photons compared to traditional methods.
– DNN, CNN, and GNN methods provide better background rejection

and signal efficiency.
– The GNN method showed up to a 15% improvement in background

rejection over the CNN method.
– BDT and other sophisticated machine learning methods enhanced

photon identification efficiency and provided up to 10% better signal
photon efficiency.

4. Practical Implications:

• Applications and Further Research:
– Improved electron and photon identification enhances the precision

of measurements crucial for testing the Standard Model of particle
physics.
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– Potential applications in high-mass electron pair measurements and
double Higgs production analysis.

– Machine learning-based identification methods are crucial for future
high-precision physics analyses in the ATLAS experiment.

5. Challenges and Solutions:

• Challenges:
– Discrepancies between Monte Carlo simulations and actual data.
– The need for accurate corrections to simulations to match real data.
– Complexity in correcting for differences at the cell level in calorimeter

readings for CNN and GNN methods.
• Proposed Solutions:

– Linear transformation corrections for input variables.
– Cell-based energy weighting to correct simulations at the granular

level.
– Potential use of advanced techniques like Optimal Transport meth-

ods and Generative Adversarial Networks (GANs) for better data
simulation corrections.

6. Future Directions:

• Suggested Future Research:
– Further development and testing of GNN methods for electromagnetic

object identification.
– Exploration of machine learning algorithms that can handle correla-

tions and discrepancies between simulation and data.
– Continued efforts to improve simulation accuracy to better reflect

real-world data, ensuring the reliability of machine learning models
in actual physics experiments.

The presentation emphasized the significant strides made using machine learning
for particle identification in high-energy physics, highlighting the need for on-
going research and development to refine these techniques and address existing
challenges.
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