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The High Luminosity LHC (HL-LHC) is set to begin in 2029 and will be Run 4 of the ATLAS
detector. As part of the phase 2 upgrade, the ATLAS Inner tracking system will be replaced
with an all-silicon Inner Tracker (ITk). The higher luminosity will cause an increase in pileup, 𝜇,
the number of interactions per crossing, resulting in more tracks, increasing the computational
complexity of track reconstruction. A Common Tracking Software (ACTS) is an experiment
independent software toolkit that will be extensively used by ATLAS in Run 4 to handle this
increased complexity.
A full ACTS-based tracking chain has now been implemented for the ITk, and the performance
of several algorithms within this chain has been studied. The results presented reflect the current
performance, although many algorithms are still undergoing optimization, with future improve-
ments anticipated.
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Figure 1: Inner Tracker layout from the latest detector modelling [1].

1. High Luminosity LHC

The High Luminosity LHC (HL-LHC) will be Run 4 of the ATLAS detector, which is set to begin
in 2029 with the installation, phase 2 upgrade, planned for 2026-2028. The target instantaneous
luminosity is 𝐿 = 5 × 1034𝑐𝑚−2𝑠−1, aiming to reach a total integrated luminosity of 3000 fb−1

by the end of running [2]. It is predicted that this increase in luminosity will cause the pileup to
increase from an average of 50, in Run 3, to a maximum of 200 [3].

As part of the phase 2 upgrade, the ATLAS inner tracking system will be fully replaced to
accommodate for these more challenging conditions [4]. The layout of the new all-silicon Inner
Tracker (ITk) is shown in figure 1.

The tracking reconstruction software must also be upgraded as the increase in pileup will cause
more tracks, increasing the computational complexity of the reconstruction. As well as focusing on
maximising physics performance and minimising resource usage this software upgrade also aims
to modernise the technology, including the support of new processing accelerators such as FPGAs.
Another key aim is to ensure that it is maintainable throughout operation.

2. Particle Tracking

Tracking algorithms connect hits within the detector, aiming to reconstruct the original particle track
that produced them. First adjacent hits are grouped together to form clusters, which are represented
three-dimensionally by space points. Seeding combines doublets or triplets of space points to form
seeds, which are then filtered using an iterative combinatorial Kalman filter. These seeds are then
extended to build track candidates, the parameters of which are estimated using a Combinatorial
Track Finder (CKF) [3].

Tracking chains follow these stages and are developed to be fast and efficient. As well as aiming
to reduce the number of fake tracks and improve the precision of estimated track parameters.

3. A Common Tracking Software

A Common Tracking Software (ACTS) is an experiment independent software toolkit that will
be extensively used by ATLAS in Run 4 to handle the increased track reconstruction complexity.
ACTS provides a community platform for new track reconstruction software to be researched and
developed, in an experiment independent way. The integration of ACTS for the HL-LHC allows
ATLAS to benefit from the thread safety, high performance, and maintainability of the ACTS track
reconstruction software [3].
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4. Current Performance Results

A full ACTS-based tracking chain has now been implemented for the ITk, and the performance
of several algorithms within this chain has been studied. The results presented reflect the current
performance, although many algorithms are still undergoing optimization, with future improvements
anticipated. Efficiencies are calculated by truth-matching tracks to true particles using a truth-
matching probability, defined as the ratio of the number of hits shared between a track and a particle
to the total number of hits on the track.

The performance of clustering is measured by comparing the current Athena (the ATLAS
software) implementation to ACTS clustering, which is a modified version of this implementation.
The measurements are made using same set of 𝑡𝑡 pileup 200 events at a center of mass energy of s =
14 GeV. Figure 2 shows the average execution time of the pixel clustering algorithms as a function
of the number of reconstructed pixel clusters. This clearly illustrates a constant timing improvement
with an average of 15% per event. Performance studies also show these clustering algorithms show
identical physics results, with 100% agreement in the number of clusters and cluster sizes.

Figure 3 shows the efficiency of the triplet seeding as a function of the pseudo-rapidity 𝜂 of
the associated truth particle. These measurements compare the current Athena seeding algorithm
and its reimplementation in ACTS, using the same sample used for clustering measurements. The
results show identical seeding efficiency however the ACTS implementation is 10% slower, though
ongoing optimization.

Tracking efficiency is shown in figure 4 as a function of the pseudo-rapidity 𝜂 of the associated
truth particle. The performance of the ACTS CKF is shown for 𝑡𝑡 events with pileup of 200 and single
muon events with pT of 1 GeV and 10 GeV without pileup. This algorithm is a reimplementation
and improvement of the current Athena CKF, with ongoing physics and resource optimizations.
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Figure 2: Average execution time, in arbitrary units, of the pixel clustering algorithms as a function of the
number of reconstructed pixel clusters[5].
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Figure 3: Efficiency of the triplet seeding as a function of the pseudo-rapidity 𝜂 of the associated truth
particle [5].
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Figure 4: Tracking efficiency as a function of the pseudo-rapidity 𝜂 of the associated truth particle [5].
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