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  Kaggle Challenge - Introduction
Task: Distinguish QCD- from Top 
Jets

Two data formats available:

● 14 high-level features 
(tabular)

● 32x32 raw energy deposits 
(image-like)

Pick one from predefined model 
architectures:

● BDT
● DNN
● CNN



ML - Hackathon Project 

                                    
● Next generation of Pixel Detectors will use AI integrated 

chips.

● Irradiation causes the irreversible change to the detector.

● The aim is to train a model such that it works on differently 
irradiated sensors. 

○ Baseline
○ 370 fb-1
○ 1100 fb-1

● Classification into 3 classes: low-pT (+), low-pT (-), high-pT 
charged particles. 14 input features from the image (mean 
of y-pos for all x-pos (13), position of the chip in the 
detector) + 1 extra feature added later (radiation level).

Effects of irradiation in SmartPixels



Training Model on different 
datasets

We explored 4 approaches:
● Baseline: Trained on baseline
● Specialized: Trained on itself (370, 1100)
● Mixture: Trained on mixed datasets
● Mixture with added 15th feature: Trained on mixed 

datasets with radiation level as additional feature !

We used Pytorch to implement these models.



Output Plots

Tested on:
● Baseline
● 370 fb-1
● 1100 fb-1



Learnings:
❖ Implemented ML techniques for QCD vs t-tbar jet classification. BDT based methods 

outperformed the benchmark, though CNN-based methods performed better.
❖ Developed collaborative Git workflows.
❖ Created modular .yml configurations to combine radiation-level datasets with balanced 

distribution of datasets.
❖ Built automated .sh pipelines for serial training and inference on both CPU and GPU systems.
❖ Added radiation level as an additional feature, requiring modifications to the existing data 

pipeline.
❖ Trained models with different combinations of training data with different radiation levels.
❖ Compared ROC curves across models trained on different radiation-level combinations to study 

robustness and radiation-dependent performance variations.
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