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About the project

Objective: 
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Module
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Result

Flow: 

Reconstruct Secondary Vertrices (SVs) from Tracks within Jets 

from high-luminosity LHC using Machine Learning approach
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A Secondary Vertex, or the point where a long-lived particle decays 

after a p-p collision (Primary Vertex (PV)), is a key signature used to 

identify known particles and to search for new physics.

Background: 



Input

● Tracks:

Model I/O

● Jets:

&

Total: 13 Features

of ,

Visualization of Input Matrix Shpae:

Jets

Tracks

Features 

Jets features

Tracks 
features



Model I/O
Output

- 1 = Track is asociated to a secondary vertex
- 0 = Not associated

Finding SV important properties
Secondary Vertex Finding (Masking) Secondary Vertex Fitting (Regression)

- Displacement of SV and PV in the transverse plane
- Angular displacement of Jet and SV
- Flavour of Jets & SV hadrons

Map of Track vs SV in from of binary matrix
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Why MaskFormer Model ?

Secondary Vertex Reconstruction with MaskFormer, 2024 [arXiv:2312.12272v3]

1. Framing the Task as Instance Segmentation: 

The challenge of assigning tracks to their specific vertices is fundamentally an Instance Segmentation 

problem in machine learning.

2. A More Direct Way to Relate Tracks:

Instead of building a complex graph like a GNN, MaskFormer uses its Attention mechanism to directly 

compare all tracks to a set of learned "vertex queries," efficiently capturing their relationships.



Contribution

.root .h5

Conversion
Module

MaskFormer Physics
Result

Flow: 

Design & Develop from scratch

- Setup & Train with the new dataset

- Develop the Evaluation pipeline

- Apply performance improvement techniques

(Pre-training, Tuning, and Post-training)

- Data Integrity

- Memory Efficiency

- Time Efficiency 

Modify & Extend the reference code
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Data Format



Contribution: Dataset Conversion module

Jets

Tracks / Sec_vtx

Features 

Events

Jets / Tracks / Sec_vtx *

Branches 

Root - Jagged Array H5 - Uniformed Array

- Event-wise 2d array
- Non-uniformed elements
- Independent
- Separated by branches

- Jet-wise ndarray
- Uniform elements with pad
- Dependent
- Separated by Data Type 

Properties: Properties:



Contribution: Dataset Conversion module
Gather Important Constants

e.g. max track per jet and SV per jet, pad length

Iteratively Read Root as a Batch
Batch Size tell max memory allowed for Root

Assign Track & SV to Jet
Event-wise jagged array to Jet-wise numpy array

Transform Features & Create Label
All action performed by Numpy operations

Apply Physic selection
Filter out some unnecessary data

Write the H5 file
Pushing numpy array into H5 format

Batch to Structured  Numpy Array
Event-wise jagged array to numpy array

Iterate over every Jet
Jet become for Track & SV data

Check Jet Validity
Non-pad flavour & Non-zero tracks

Create indices for Track & SV
Using mapping braches

Aissgn Track & SV data to new Matrix
Using advanced indexing from indices



Contribution: Dataset Conversion module
Algorithm Validation - Data Integrity Testing 

Filters:

50 Tracks 
with Highest pt

Non-Backgrond Jet 
(-99 Flavour)

Jet with less than 21 
secondary vertices*

Jet with at least 
1 track inside

* The dataset currently 
under construction.  

We expect to have SV at 
most 5. The number 21 is for 

testing reasons only
(keep ~95% of dataset)



Contribution: Evaluation pipeline
Result Comparision - Regression Task

Angular Displacement of Jet 
& 

Secondary Vertex

Displacement of SV 
&

PV in the transverse plane

ReferencedReproduced



Contribution: Evaluation pipeline
Result Comparision - Classification Task

ReferencedReproduced



Contribution: Evaluation pipeline
Result Comparision - Masking Task

ReferencedReproduced

No Track: Secondary vertex which have no tracks associated to it (all 0 is ideal)

Track: Secondary vertex which have tracks associated to it (all 1 is ideal)



Contribution: Evaluation pipeline
Result Comparision - Masking Task

Referenced

Reproduced

The Efficiency (Recall) of track assignment



Current Status and Future Work

Loss vs Epoch

Progression To do next

● Train MaskFormer model with the new dataset

● Evaluate & Design the new training strategies

● Evaluate & Perform Hyperparameter optimization

● Finished the data conversion module & 
Evaluation pipeline

● Successfully train model with Test Dataset

Loss plot along training is convergent!!



Q&A



Backup

Simulation Dataset Creation Tools:

Pythia8 for Event Generation

Fatras with ODD Geometry for Detector Simulation

FastJet for clusteration of Jets

ACTs as a Toolskit (Track reconstruction, Truth Labeling)

https://github.com/acts-project/acts

https://github.com/scikit-hep/fastjet

https://gitlab.cern.ch/acts/acts-fatras

https://github.com/alisw/pythia8

https://github.com/acts-project/acts
https://github.com/scikit-hep/fastjet
https://gitlab.cern.ch/acts/acts-fatras
https://github.com/alisw/pythia8


Backup

Loss Function:


