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Proton-proton collisions at the 
Large Hadron Collider (LHC) 
generate various particles, 
including quarks and gluons. 
These particles hadronize due 
to QCD confinement, forming 
jets that are detected by the 
LHCb. Identifying the type of 
jet is crucial for 
reconstruction and 
understanding of collision 
events. My goal is to utilize 
deep learning, specifically 
graph neural networks, to 
classify b-jets, based on 
characteristics of both the jet 
itself, and the kinematics of 
the daughter particles. This 
GNN will be applied for 
further classification of c-jets 
and fat jets.

3-jet event producing a b-jet [1]

Graph Neural Networks
Graph neural networks (GNN) are powerful deep learning algorithms which work 
with graph-structured data. GNNs are advantageous for performing binary 
classification of jet flavours due to their ability to capture complex relationships 
within data and handle inhomogeneous data.
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GNN Architecture

6 graphs included in the sample

Graphs: one graph represents a leading jet in the dijet sample
Nodes: one for each daughter in the jet
Edges: fully connected nodes
Features: 31 total, description of overall jet and individual daughter kinematics

Jet Features:
• Describes overall jet 

kinematics
• Shared by all daughters 

in the jet

Daughter Features:
• Unique kinematics for 

each daughter in the jet

Truth Matching:
• All data:
      MC Match = 1
• Signal data:
      MC Jet EfB > 0.6
• Background data:

         MC Jet EfB < 0.6
         MC Jet EfD < 0.6

Jet Selection:
• pT > 20 GeV
• 2.2 < η < 4.4

Muon Features:
• Currently not included
• N muons
• Prob NN mu
• Muon IP Chi2

Calculate ΔR for muons:
• Δ𝑅! = 𝜂! + 𝜙!
• Select ΔR < 0.5
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Loss
• Training: 0.8786 → 0.5462
• Testing: 0.1738 → 0.1366

Accuracy
• Training: 0.5086 → 0.7366
• Testing: 0.5073 → 0.7250

AUC
• AUC = 0.8214

Next Steps
• Tune hyperparameters
• Calculate ΔR
• Apply muon features
• Add SV tagging variables


