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In particle collider experiments, such as the ATLAS and CMS experiments at CERN, high-energy particles col-
lide and shatter into a plethora of charged particles traversing a silicon detector and leaving energy deposits,
or hits, on the detector modules. The reconstruction of charged-particle trajectories (tracks) from these hits,
an integral part in any physics program at the Large Hadron Collider (LHC), ranks among themost demanding
tasks in offline computing, and, due to an increased level of pileup, faces steep challenges in computational
resources and complexity in the upcoming High Luminosity phase (HL-LHC). Track pattern recognition algo-
rithms based on Graph Neural Networks (GNNs) have been demonstrated as a promising approach to these
problems [1,2,3,4]. In this contribution, we present the first machine learning pipeline developed for track
reconstruction in silicon detectors. Motivated by the ATLAS ITk, we propose to apply this AI algorithm at an
early stage in the processing chain, on every recorded event using raw data from the tracking detector. We
discuss machine learning techniques employed in various stages of our pipeline, including building graphs
from detector outputs, graph filtering, edge classification with GNNs, and graph segmentation to yield tracks.
We address the unique memory and time constraints associated with running a deep-learning algorithm at a
low-level data processing stage, and how we meet these requirements with our model design. The pipeline’s
physics and computational performance will be demonstrated, along with optimisations that reduce compu-
tational cost without affecting physics performance. We also describe the challenges to deployment in the
HL-LHC and our steps toward a seamless integration into existing analysis software at CERN, highlighting
our commitment to advancing AI-based track reconstruction for high-energy physics.

Reference:
[1] Biscarat, Catherine et al. “Towards a realistic track reconstruction algorithm based on graph neural net-
works for the HL-LHC”. In: EPJ Web Conf. 251 (2021), p. 03047. doi: 10.1051/epjconf/202125103047. URL:
https://doi.org/10.1051/epjconf/202125103047.
[2] Xiangyang Ju et al. “Performance of a geometric deep learning pipeline for HL-LHC particle tracking”. In:
The European Physical Journal C 81.10 (Oct. 2021). issn: 1434-6052. doi: 10.1140/epjc/s10052-021-09675-8.
URL: http://dx.doi.org/10.1140/epjc/s10052-021-09675-8.
[3] Sylvain Caillou et al. Physics Performance of the ATLAS GNN4ITk Track Reconstruction Chain. Tech.
rep. Geneva: CERN, 2023. URL: https://cds.cern.ch/record/2871986.
[4] Heberth Torres. “Physics Performance of the ATLAS GNN4ITk Track Reconstruction Chain”. In: (2023).
URL: https://cds.cern.ch/record/2876457.

Primary authors: Dr VALLIER, Alexis (Laboratoire des deux Infinis); Dr LAZAR, Alina (Youngstown Uni-
versity); Dr CHAN, Chen-Hsun (LBNL); Dr COLLARD, Christoph (Laboratoire des deux Infinis); Dr MURNANE,
Daniel (LBNL); Dr TORRES, Heberth (Laboratoire des deux Infinis); Dr STARK, Jan (Laboratoire des deux Infi-
nis); Mr BURLESON, Jared (University of Illinois at Urbana-Champagne); Dr NEUBAUER, Mark (University of
Illinois at Urbana Champagne); PHAM, Minh-Tuan (CERN); Dr CALAFIURA, Paolo (LBNL); Dr DITTMEIER,
Sebastian (CERN); Dr CAILLOU, Sylvain (Laboratoire des deux Infinis); Dr JU, Xiangyang (LBNL)

Presenter: Dr STARK, Jan (Laboratoire des deux Infinis)

Session Classification: 2.1 Pattern recognition & Image analysis


