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These proceedings present an update of the muon momentum calibration results in the ATLAS
detector using 29 fb~! of pp collision data at /s = 13.6 TeV collected during the LHC 2022 data-
taking period. A calibration procedure is developed and applied to simulated data to match the
performance observed in real data. The muon momentum scale and resolution are measured with
high precision using Z — pu and J/¢ — pu decays. Additionally, a novel feature is employed
that utilizes the Z — uu resonance to correct for potential charge-dependent momentum biases
arising from imperfect knowledge of the detector geometry. This method provides a precise
calibration of the muon momentum measurement, which is essential for a wide range of physics
analyses at ATLAS.
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1. Introduction

The ATLAS detector [1] at the Large Hadron Collider (LHC) requires high-precision muon
momentum measurements for a wide range of physics analyses. To meet these demanding require-
ments, the ATLAS experiment employs an innovative calibration method for muon momentum
measurements [2]. This calibration procedure consists of two main components: correction of
charge-dependent bias and calibration of momentum scale and resolution. Here we present an
updated study of this calibration approach, utilizing the 2022 dataset of proton-proton collisions at
\/s = 13.6 TeV, corresponding to an integrated luminosity of 29 fb~!.

2. Muon Momentum Calibration

Charge-Dependent Bias Correction Residual detector misalignments cause a charge-dependent
bias on the measured momentum. A novel approach is used to correct for these charge-dependent
momentum biases in data that arise from imperfect knowledge of detector geometry. The biased
momentum is parameterized as a function of muon charge ¢ and sagitta bias 6. The sagitta bias
05 1s acquired by minimizing the variance of the Z — pu invariant mass distributions across 7-¢
detector regions, allowing for correction of local detector effects. The biased muon momentum pr
is then corrected using the equation

__pr
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Figure 1 [3] presents the invariant mass distributions of Z — u*u~ events. Blue (red) lines
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represent events with u* (1) found within a specific detector region. Before correction (Figure 1a),
the sagitta bias splits the distributions based on the charge of the affected muon. After correction
(Figure 1b), the bias is removed, demonstrating the effectiveness of the charge-dependent correction.
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Figure 1: Charge-dependent biases on the Z — upu invariant mass measurement before (a) and after (b)
applying the dedicated corrections.

Momentum Scale and Resolution Calibration The momentum scale and resolution are studied
using J/¥ — up and Z — pu decays. After the charge-dependent bias correction is applied,
a template fit method is employed to extract correction parameters for simulated events, bringing
them into agreement with observed data. The corrected transverse momentum is described by:
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Figure 2: Comparison of the dimuon invariant mass distributions in data and simulation (with muon
momentum calibration applied) for J/y — uu (a) and Z — uu (b).
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where g,, are normally distributed random variables, while s, (7, ¢) and r,,(n, ¢) describe
the momentum scale and resolution corrections, respectively, applied in a specific (1, ¢) detector
region. The index n accounts for two types of momentum scale corrections: a constant shift (n = 0)
and a momentum-dependent correction (n = 1). The index m represents three components of
resolution smearing: a term inversely proportional to pt (m = 0), a constant term (m = 1), and
a term linearly dependent on pt (m = 2). "Det" stands for the detector component, and pl%/[C’Det
refers to the uncorrected transverse momentum in simulation for the specified detector component.
These correction parameters are determined by fitting the dimuon invariant mass distributions in
data and simulation. Figure 2 [3] demonstrates the effectiveness of the momentum scale calibration
across both the low-mass J /i resonance (Figure 2a) and the high-mass Z resonance (Figure 2b).
To conclude, the ATLAS muon momentum calibration procedure includes a novel charge-
dependent bias correction and a comprehensive momentum scale and resolution calibration, which
improves the accuracy of muon momentum measurements across the ATLAS detector. A full,
detailed description of this calibration method is provided in Ref. [2].
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