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Track Reconstruction

2Syed Haider Ali                        Curvature Adaptive GNN based Track Reconstruction for the HL LHC 



Problems with Track Reconstruction 
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Problems with Track Reconstruction 

Standard Model Tracks are strictly 
Helical in nature

Local methods like The Kalman 
Filter cannot adapt to a 
fundamentally non-helical 
trajectory
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Problems with Track Reconstruction 

The Bottleneck: Hit-finding and 
track-fitting are coupled. 
Combinatorial background noise 
causes computing time to scale 
exponentially.

CPU-heavy classical algorithms are too slow and expensive 
for real-time tracking under extreme HL-LHC conditions.
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Enter graph-based approaches
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Hits are mapped to latent space 
and edges form between closed 
hits

The GNN is trained to score 
edges

A graph segmentation algorithm 
creates track candidates by 
choosing what edges to keep
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EGGNET: Evolving Graph-based Graph Attention Network                       ( arXiv: 2506.03415)  

HEPTv2: End-to-End Efficient Point Transformer (arXiv: 2606.20437)
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EggNET HEPTv2

The Low 𝑃𝑇  Limitation
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Could Low Pt Track reconstruction matter for HL-LHC?
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BSM Searches for SUEPs?
JHEP02(2023)034

Set of long-lived and 
unconventional signatures

1. Jet energy corrections
& particle flow
(Soft Pions 𝑃𝑇 < 1 𝐺𝑒𝑉)

Poor jet energy resolution

2. B-Physics
(Soft Pions in 𝐵 → 𝐷∗𝜋)



Learning on a Manifold

Complex 3D corkscrews confuse 
GNN hit-linking locally.

Non-helical tracks straighten 
into easily predictable drifts

Drastically reduces required network capacity; filters noise instantly.
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Performance and Results
𝑃𝑇  = 1 GeV

500 MeV
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Performance and Results
𝑃𝑇  = 1 GeV

Method Efficiency Fake
rate

No 
Manifold 0.9717 5.08%

Manifold 0.9675 0.37%

For all tracks of 𝑷𝑻 > 𝟓𝟎𝟎 𝑴𝒆𝑽

500 MeV

13x Reduction!
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Average Inference time on A100 GPU: 150 ms
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Bridging to Hardware: The truth 𝑃𝑇  problem

In a real detector, offline 𝒑𝑻is not available prior to reconstruction!

The Current Assumption: Manifold Helical-IN currently utilizes truth-
level 𝑝𝑇as an idealized proxy to validate the manifold geometry proof of 
concept.

HOW DO WE FIX THIS?
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Email: syedhaider.ali@mailbox.unideb.hu
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Thank you COST Action CA24146  for funding this opportunity!
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