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The current Inner Detector of the ATLAS experiment is to be replaced with the all-silicon
Inner Tracker (ITk), built from pixel and strip modules, to cope with high pile-up and harsh
radiation environment expected during the operation of the High-Luminosity Large Hadron
Collider (HL-LHC). During prototyping and early production phases of the ITk project, the
performance of all types of ITk strip modules has been extensively evaluated using high-energy
electron or hadron beams available at the DESY II and CERN SPS test beam facilities. Com-
plementary to test beam measurements, full computer simulations of the experimental setup have
been carried out using the Allpix-Squared framework, which has recently been extended to enable
simulations of ITk strip endcap modules featuring a complex, radial strip geometry. This contri-
bution focuses on results obtained by reconstruction and analysis of test beam measurements with
an R2 ITk strip endcap module at the DESY II test beam facility. Comparisons of experimental
results with computer simulations for key performance metrics are presented. Additionally, the
effects of the particle beam impacting the tested module at non-perpendicular angles are explored
and discussed.
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1. Introduction

The upcoming High-Luminosity LHC accelerator will deliver 5—7.5 times higher instantaneous
luminosity when compared to the LHC nominal value, with up to 200 inelastic proton-proton
collisions per bunch crossing [1]. To ensure a sufficient tracking performance level of the ATLAS
experiment, a new tracker is being built. The ATLAS Inner Tracker (ITk) will feature several types
of strip modules with rectangular or trapezoidal sensor geometries.

During the pre-production phases of the ITk project, strip modules are tested using charged
particle beams to ensure their full functionality and sufficient performance level. Two performance
criteria must be satisfied for a range of charge thresholds on any given module and at any point of its
lifetime: detection efficiency above 99 % and noise occupancy below 0.1 %. These requirements
are equivalent to establishing a signal-to-noise ratio of at least 10 [1].

2. Experimental setup

The analysis was performed on threshold scans taken with an unirradiated ITk R2 endcap strip
module at the DESY II test beam facility [2] using a 5 GeV electron beam and an EUDET-type
telescope equipped with six pixel detectors. The device-under-test (DUT) was placed in a cooling
box which was mounted on a moving stage, allowing for positioning and rotation of the DUT with
respect to the electron beam. The DUT was operated at 500 V of reverse-bias voltage with a fully
depleted sensor.

Each threshold scan includes several tens of measurements with a progressively increasing
charge threshold above which a hit is registered in the DUT. Several threshold scans were taken
with the electron beam impacting the module perpendicularly. In further scans, the module was
rotated by 5° to 25° around the vertical axis parallel with the central strip direction, to explore the
effect of angled beam incidence.

The measurements were complemented with simulations performed in the Allpix-Squared
framework [3], where the entire experimental setup was accurately reproduced.

3. Data reconstruction

Reconstruction and analysis of the collected data was performed in the Corryvreckan frame-
work [4]. Simulation data were analyzed identically to test beam data.

Particle tracks were reconstructed based on hit clusters in the telescope detectors only. The
tracks were then used to align the telescope detectors by minimizing the track-fit y>. The subsequent
DUT alignment was performed by minimizing the unbiased residuals.

The detection efficiency for a given charge threshold was defined as the fraction of tracks with
an associated hit in the DUT to all tracks. The charge threshold, for which exactly half of the tracks
exhibit a hit in the DUT, corresponds to the median of the collected charge on the leading strip [5].

4. Results

Analysis of the taken data shows that the detection efficiency of the studied module starts
decreasing at lower charge thresholds for larger module rotation angles due to increased charge
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sharing among the strips, as is shown on the left panel of Figure 1. Efficiency curves obtained
from the test beam measurements and Allpix-Squared simulations match reasonably well for the
respective module rotation angles.

The module rotation resulted in a decrease of the median charge from (3.814 + 0.005) fC for
the perpendicular incidence to (2.343 +0.003) {C for the 25° module rotation, a decrease of 38.6 %.
The increased charge sharing for larger module rotations leads to larger mean cluster sizes, as shown
on the right panel of Figure 1.
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Figure 1: Detection efficiency (left) and mean cluster size (right) as a function of the charge threshold
for 5°, 15° and 25° beam incidence angles, obtained from test beam measurements (labeled as TB) and
Allpix-Squared simulations (labeled as sim). From [6].

References

[1] ATLAS Collaboration, Technical Design Report for the ATLAS Inner Tracker Strip Detector. CERN-LHCC-2017-
005, ATLAS-TDR-025 (2017).

[2] R. Diener et al., The DESY II test beam facility. Nucl. Instrum. Methods Phys. Res. A 922 (2019) 265.

[3] S. Spannagel et al., Allpix2: A modular simulation framework for silicon detectors. Nucl. Instrum. Methods Phys.
Res. A 901 (2018) 164.

[4] D. Dannheim et al., Corryvreckan: a modular 4D track reconstruction and analysis software for test beam data.
Journal of Instrumentation 16 (2021) PO3008.

[5] FE. Riihr et al., Testbeam studies of barrel and end-cap modules for the ATLAS ITk strip detector before and after
irradiation. Nucl. Instrum. Methods Phys. Res. A 979 (2020) 164430.

[6] R. Privara et al., Performance of the unirradiated ATLAS ITk R2 module in test beams and simulations. ATL-COM-
1TK-2024-062, ITK-2024-001 (2024).

Acknowledgement

The authors gratefully acknowledges the support from the project IGA_PrF_2024_004 of Palacky University. The
measurements leading to these results have been performed at the Test Beam Facility at DESY Hamburg (Germany), a
member of the Helmholtz Association (HGF).


https://cds.cern.ch/record/2257755
https://cds.cern.ch/record/2257755
https://doi.org/10.1016/j.nima.2018.11.133
https://doi.org/10.1016/j.nima.2018.06.020
https://doi.org/10.1016/j.nima.2018.06.020
https://doi.org/10.1088/1748-0221/16/03/P03008
https://doi.org/10.1016/j.nima.2020.164430
https://cds.cern.ch/record/2903120
https://cds.cern.ch/record/2903120
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/ITK-2024-001

	Introduction
	Experimental setup
	Data reconstruction
	Results

