
9

measurement. The efficiency ratios presented in Fig. 2 are corrected using the scale factors (SFs)
described in Section 5. These efficiency ratios are the luminosity-averaged efficiency ratios for
the three years.
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Figure 2: Total efficiency as a function of the q
2 normalized to the efficiency product of the J/ψ

mode.

5 Corrections and systematic uncertainties
The breakdown of the efficiency factors, which was described in Section 4.3, is not only useful
to understand the effect of different requirements and optimize the specific criteria used, but
also serves to track data/MC differences, to calculate appropriate corrections and estimate the
systematic uncertainties inherent in these estimations. The only factor that does not involve a
data/MC correction is ε(gen)(kinematic) whose uncertainty is given by the number of simulated
events.

Since the current analysis presents measurements of ratios, namely the branching fraction of
the Xb → Υsµµ rare decay mode in different q

2 regions divided by the corresponding branch-
ing fraction of the Xb → J/ψΥs resonant mode, the systematic uncertainties are much reduced.
Nevertheless, since the efficiencies often depend on the kinematics (pT, ε, ∆R) of the objects
concerned (muons, hadronic particle tracks, etc.), which are slightly different between the rare
and resonant modes, in what follows, SFs that correct the simulation to the data are applied.
The SFs correct for imperfections in the estimation of the efficiencies obtained from simulation
and are obtained through dedicated comparisons between simulation and dedicated data sam-
ples. The SFs are also used to estimate the uncertainty in the overall ratio of rare and resonant
decays arising from the uncertainty in each efficiency factor. The quantities that are assigned
corrections and for which systematic uncertainties are estimates are as follows:

• The pT (Xb) spectrum, using the FONLL scheme [48].
• Differences in the PU distributions in simulation and data.
• Efficiency of the muon identification.
• Efficiency of the trigger requirements.
• Efficiency of the K0

S and Λ reconstruction.


