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This contribution provides an overview of the Data Quality Control System (QC) of the ALICE
Inner Tracking System (ITS2). The QC is software application that is used to validate detector
performance online and to guarantee efficient data taking. It is capable of synchronous data flow
monitoring at different levels and provides information about data integrity, data rate, hit rate,
cluster and track distributions, and even the reconstruction performance of the decay of strange
particles. The QC is run during online reconstruction, offline reconstruction passes as well as
during the reconstruction of Monte Carlo simulations.
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1. Introduction

The Inner Tracking System (ITS2) [1, 2] of the ALICE experiment at the CERN Large Hadron
Collider (LHC) is the largest silicon tracker based on Monolithic Active Pixel Sensor (MAPS)
technology in high-energy physics. The detector is formed of seven concentric layers of MAPS
sensors called ALPIDE [3] produced in a 180 nm CMOS process, covering a total sensitive area
of about 10 m2. The ITS2 has about 12.5 × 109 pixels with a pixel pitch of 27 µm × 29 µm. The
very low material budget, 0.36% 𝑋0/layer for the three innermost layers and 1.10% 𝑋0/layer for the
outer layers, in combination with the small radial distance of only 23 mm from the beam, ensures
an excellent impact parameter resolution at low transverse momentum. This makes the detector
well suited for experimentally challenging physics measurements such as the reconstruction of low
transverse momentum heavy-flavor particles in heavy-ion collisions.

2. Data Quality Control System

In Run 3, ALICE performs data-taking in a continuous readout mode. The recorded data
are synchronously reconstructed. The data quality of ITS2 is monitored during the synchronous
reconstruction using the ALICE QC framework [4]. The synchronous processing is realized by
13 ITS2 First Level Processors (FLPs) and 340 Event Processing Nodes (EPNs), where the latter
are shared amongst all ALICE detectors. Checks based on the raw data from individual segments
of the detector are run at the level of the FLP. These QC checks comprise the integrity of the
data received from the front-end electronics and monitor the detector occupancy. At the level
of the EPN, the information of all detectors for a time segment is available, allowing for checks
based on information obtained in the synchronous reconstruction as well as those that require
information from the full detector. The time in-between fills of the LHC is used for calibration
measurements, which range from a charge-threshold scan for the ITS2 threshold, threshold tuning,
and noisy pixel masking. The QC tasks monitor decoding errors, dead-chip maps, clustering and
tracking performance, threshold setting, and noisy pixels. The reconstructed data are then stored
to a disk for later asynchronous processing. The asynchronous processing serves to incorporate
improved calibration and is optimized for physics performance. During the synchronous phase,
time-dependent acceptance maps for ITS2 are extracted which are used as input for Monte Carlo
simulations.

The QC runs seven tasks on a subset of data to perform online monitoring of 1) data integrity
check and payload decoding of all events in front-end electronics, 2) detector occupancy, 3) cluster
size and cluster topology, 4) track multiplicity and angular distribution, 5) extraction of noisy pixels
for offline noise masks, 6) the thresholds obtained during calibration scans and dead pixels, and
7) availability of a chip or high-speed transmission line in the data stream. Finally, there is an
offline post-processing framework that plots the trends of data obtained during the asynchronous
processing.

There are the QC checks for providing a quality overview. Figure 1 shows a set of QC online
monitoring plots seen by a shifter during pp data taking. The shifter can see from the left picture
that the angular distribution of tracks is good. The right picture shows that all lanes are working.
The bottom picture confirms that ITS2 quality is good during the data taking interval. Only a
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Figure 1: Plots for a QC-shifter to monitor ITS2 performance during pp collisions at
√
𝑠 = 13.6 TeV with

an interaction rate of 500 kHz.

Figure 2: Distribution of average cluster size (left) and cluster occupancy (right) in the innermost layer of the
ITS2 during the first stable Pb–Pb collisions in 2023. The plots illustrate the problem with beam background.

small selection is exposed to the shifter, and more detailed information is used by a team of QC
experts that looks into the data on a regular basis. Figure 2 shows the distributions of cluster size
and occupancy for the innermost ITS2 layer for the Pb–Pb run affected by a problem with the
beam background. It can be seen in the affected stave L0_04 the occupancy is drastically reduced
while the cluster size is significantly increased with respect to neighboring staves. QC has been
instrumental to detect and understand this anomalous occupancy quickly and allowed the ITS2 to
give feedback to the accelerator.

3. Conclusion

In summary, the QC software provides reliable performance monitoring of the ITS2. The
post-processing and regular analysis of the QC information show that the detector threshold is very
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stable. Moreover, the fake-hit rate as well as the number of noisy pixels remains stable and largely
within the requirements.

S. Kushpil acknowledges support by the project LM2023040.
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