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Participation on 2024 ACTS Developers Workshop

e Presented our work to a great reception :)
o Impact of sensor degradation on the time reconstruction of CKF tracking

e Nice integration with all the tracking
collaborations

e (ot tons of feedback and next steps
suggestions

e Meet the important people responsible
for ACTS (and ATLAS upgrade tracking)

e (ot up to speed with the development
of ACTS



https://indico.cern.ch/event/1397634/contributions/6204265/

CKEF still important as ever

FILTERIS'GO

An early use of the

Kalman Filter was for the
US Space Programme. This is
Flight Dynamics Officer,

Jay Greene, 35 minutes before
the Apollo 11 moon landing on
20 July 1969.

The Kalman Filter was used to
calculate the LEM's trajectory.
During the descent,

“Filter is go” was regularly
reported to confirm that the
computer was keeping up with
the calculations.




2025 Main Objectives

Continue (and improve) the reconstruction with CKF
Investigate two (or three) novel reconstruction methods

Be prepared to present at a conference

Finish ATLAS Qualification project

Apply for CERN'’s doctoral program (to start 2026 onwards)



Continue (and improve) the reconstruction with CKF

e Have ACTS working on SAMPA with HTCondor (done)

e Use Geant4 for particle propagation
o Need to wait for the ACTS to have the geometry working with Geant4
o Simulate with Athena and analyse with ACTS

e Use traccc for GPU based ACTS algorithms

o Lxplus setup
o Run it on the institute cluster

e Improve primary vertex time reconstruction (t0)
o Adapt particle gun so we can shoot a portion of the particles on the central region and others
on the endcaps
o Adapt vertex seed to use time information (Gaussian Track Density Seeder)
e Investigate the tails of residual distribution
o Maybe caused by the approximation of the speed of low pT particles to c
o Get PFG particle IDs on the track-states root file (to reconstruct pT)
o Investigate CMS code for annealing vertex fitting, using different particle hypothesis



Investigate novel reconstruction methods

e \What would be the best setup for development
e Method to test:

o Transformers
o Cellular Automata
o CKF?



Conferences

Engineering Conferences:

e |CASSP (06-15 April)
o Paper deadline submission - Sept. 2024

e |EEE SSP Workshop (June)

o Paper deadline submission: February

e FEusipco (Aug/Sept)

e Asilomar (was Oct.2024)

o No info yet

Physics events:
e CERN Latin-American School of High-Energy Physics (30 April - 13 May)

o No paper submission, but registration deadline - Jan 10



https://2025.ieeeicassp.org/
https://2025.ieeessp.org/
https://2025.ieeessp.org/
https://eusipco2025.org/
https://www.asilomarsscconf.org/
https://indico.cern.ch/event/1467690/

Finish ATLAS Qualification Project

e Need to end before August 2025

e HGTD TDC simulation on Athena
o Integrate the TDC on the digitization chain (done)

e Improve track to HGTD hit association
o Setup with Geant4 simulation
o Test CKF performance
o Test other association methods (Gaussian Hit Density ?)



Revisiting the schedule

We're = 9 months ahead &
There are still plenty of ACTS to
uncover, but we need to start
shifting gears

e Need to start discussing the
implementation of new
reconstruction methods

Disciplinas do Programa da
Pés-Graduagao

Revisdo da Literatura

Familiarizagdo com os frameworks de
reconstrucao e analise

Implementacéo dos modelos GNN
em reconstrugdo 3D

Preparagdo para o exame de
qualificacdo

Implementacao e dos modelos GNN
em reconstrucéo 4D

Introdug@o da informag&o de ToT e
degradacao do sinal dos sensores no
modelo

Implementagéo dos métodos em
arquiteturas heterogéneas
CPU+GPU

Estudo do desempenho da
reconstrucao (incerteza sistematica,
eficiéncia, desempenho
computacional)

Estagio no CERN (atividades no

HGTD e estudos de reconstrugéo e
validagéo)

Preparagédo da Defesa




Research on new methods

The most prolific collaboration searching for new methods inside ATLAS is the

GNN4ITk

o Don’t know of any other
GNN4ITk acts as an extension of the Exa.trk collaboration (web page) to
apply their solution for ITk
Would recommend the following readings:

reports, publications &
presentations

Publications <:I most known paper of GNN

Performance of a Geometric Deep Learning Pipeline for HL-LHC Particle Tracking ( Associated Code ) Eur. Phys. J. C 81, 876 (2021) for tracking

Conference Contributions

Hierarchical Graph Neural Networks for Particle Track Reconstruction Presented at ACAT 2022 (Associated Code ).

ATLAS ITk Track Reconstruction with a GNN-based pipeline Presented at Connecting the Dots 2022 (Associated Code). PU B nOte Of G N N4|Tk
Accelerating the Inference Time of Machine Learning-based Track Finding Pipeline Presented at ACAT 2021 ( Associated Code ).

Graph Neural Network for Large Radius Tracking Presented at ACAT 2021

Graph Neural Network for Object Reconstruction in Liquid Argon Time Projection Chambers Presented at CHEP 2021

Distributed Training of GNNs on HPCs Presented at the 4th Inter-experiment Machine Learning Workshop ( Associated Code ).

"Track Seeding and Labelling with Embedded-space Graph Neural Networks". Presented at Connecting the Dots 2020 - ( Associated Code ).

"Graph Neural Networks for Particle Reconstruction in High Energy Physics Detectors”. Presented at NeurIPS 2019 Workshop "Machine Learning and the Physical Sciences" - (NeurIPS
Poster) ( Associated Code ).

Presentations .

Full-length tutorial on Tracking with Graph Neural Networks (Sep 2023, Heidelberg) Part 1 - Part 2 <:|

Graph Neural Networks for High Luminosity Track Reconstruction (CERN EP-IT Data science seminar). mOSt comprehenSIve Summary
Graph Neural Networks for Reconstruction in DUNE (presented at the Dec 4th CLARIPHY topical meeting).

Tracking with GNNs (in-depth code walk-through at the 4th Inter-experiment Machine Learning Workshop) (colab notebook) ( Associated Code ).

Graph Neural Networks for Particle Tracking (A non-specialist introduction to Exa.TrkX tracking models).
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https://exatrkx.github.io/

Exa.Trk plugin on ACTS

e ACTS has a plugin to use Exa.Trk GNN
reconstruction.

TO DOs
e To make the plugin work, I'll have to
install CUDA

e Study the implementation
e Compare the performance with CKF
e How to include time information?

from acts.examples.reconstruction import addExaTrkX,
ExaTrkXBackend

if backend == ExaTrkXBackend.Torch:
modelDir = Path.cwd() / "torchscript_models"
assert (modelDir / "embed.pt").exists()
assert (modelDir / "filter.pt").exists()
assert (modelDir / "gnn.pt").exists()

else:
modelDir = Path.cwd() / "onnx_models"
assert (modelDir / "embedding.onnx").exists()
assert (modelDir / "filtering.onnx").exists()
assert (modelDir / "gnn.onnx").exists()

runDigitization(
trackingGeometry,

field,

outputDir,
digiConfigFile=digiConfigFile,
particlesInput=inputParticlePath,
outputRoot=True,

outputCsv=True,

s=s,

)

addExaTrkX(
55
trackingGeometry,
geometrySelection,
modelDir,
outputDir,
backend=backend,

)

s.run()
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Backup



