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From detector design to physics insights: how
instrumentation shapes particle physics

measurements
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In recent decades, instrumentation for high-energy particle and nuclear physics has advanced dramatically,
enabling the detection of rare signals with unprecedented precision and leading to numerous discoveries and
high-accuracymeasurements. Tomeet the stringent requirements of modern physics experiments, particle de-
tectors must achieve exceptional spatial, momentum, and time resolution—continuously pushing the frontiers
of current technology.

This presentation offers a concise overview of the process of converting raw data from a particle detector
into meaningful physical information about particles produced in hadronic collisions. It focuses on track
and decay-vertex reconstruction, and examines how varying detector specifications influence physics perfor-
mance. These principles are illustrated through a real-world example: the upgraded Inner Tracking System
(ITS3) of the ALICE experiment at the CERN Large Hadron Collider. ITS3 employs an innovative technol-
ogy that, for the first time, enables the use of ultra-thin, wafer-scale, bent silicon sensors—minimizing the
detector’s material budget to an unprecedented level.
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