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● Define and Classify Probes: loose criteria, reconstructed with 
muon system (standalone muon probe).
○ Passing Probes: Verify standalone probes match tracker 

tracks in a cone (All Tracks or Tracker-only Seeded).

● Define Tags: Tight ID selection [3], reconstructed using both 
muon chambers and the tracker.

● Pairing: Opposite charge di-muon pairs, invariant mass near Z.
○ Exclude interchangeable pairs.

● Measured Efficiency (𝜖): Fraction of pairs with probes passing 
tighter selection. 
○ Background subtraction via simultaneous fit procedure.

● Fake Matching Rate [4] 𝜖F : Before probes classification, 
remove tracks near Z mass (40-200 GeV).

Measuring true tracking efficiency 𝜖T  involves matching tracks between the 
inner tracker and the muon system, presenting two main challenges that 
must be controlled:
● Underestimation Risk:

○ Inner tracker track not associated with standalone muon.
○ Mitigate with loose matching criteria.

● Overestimation Risk:
○ Standalone muon associated with spurious tracker track.
○ Worsens with looser matching criteria, need to compute matching 

fake rate.
1-𝜖F is typically around (0.9-0.95)% in the sample used in this study.
1-ϵM is estimated to be below 0.1% except for high pT standalone muon 
bins. We neglect it and consider it an additional systematic uncertainty.

𝜖   : measured efficiency
𝜖M : matching efficiency
𝜖T   : true tracking efficiency
𝜖F  : fake matching rate

Selection strategyThe Tag and Probe method [2] 
for Muon Tracking Efficiency
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Simultaneous fit to the signal and the background tag-probe invariant mass 
(for both passing and failing probes, data and Madgraph DY MC [5]). 
Tracker momentum is used for passing probes and tag muons to improve 
mass resolution.

20
23

po
stB

Pix

Fit procedureResults in Run 3 [8,9]
● Estimate of true tracking efficiency 𝜖T is computed as a function 

pseudorapidity (η) and azimuthal angle (ɸ) of probe standalone 
muons using All Tracks and Tracker-only seeded track candidates .

● Data (black dots), MC DY (light blue/violet rectangles) and Gen 
truth matching study (red diamonds). The latter study evaluates 
the average tracker track matching outcome by using DY MC 
hard-process generator-level muon particles instead of 
reconstructed (both tag and probe) muons. Different methods 
illustrate the range of systematic uncertainties.

● Displayed uncertainties include statistical and matching 
probability ϵM contributions, often smaller than marker size. 
Systematics related to fit functions can be significant.

● As expected, last two tracking iterations with muon system signals 
improve muon reconstruction efficiency, especially in the 
problematic barrel pixel tracker region since July 2023                    
(ɸ ∼ -1,  -1.5 < η <-0.2) [6].
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Define Passing and 
Failing probes.
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