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Figure 5: Observed (black points) and predicted (blue histograms) yields in the inverted tracker
veto validation region in Run 2 (left) and in 2022 with relaxed DSA isolation requirements
(right). The grey bands represent the statistical uncertainty in the background prediction. The
lower panels show the ratio between observed and predicted yields in each bin.

7 Systematic uncertainties

7.1 Systematic uncertainties in the signal yields

Several sources of systematic uncertainty affect the expected signal yields estimated from the
simulated samples. Each uncertainty is evaluated separately for the four bins defined in Ta-
ble 3, except for the ones that only affect the overall signal normalization. Each systematic
uncertainty is then treated as fully correlated among the four bins in the fit. Unless specifically
stated, the systematic uncertainties are evaluated separately for the Run 2 and the 2022 signal
yields and are considered uncorrelated for the two data-taking periods.

While the MC generation of HNL signal events is performed at LO precision, we apply a scale
factor to the signal normalization based on the ratio of NNLO and LO cross sections calculated
for SM W boson production, similar to Ref. [36]. We then assign a systematic uncertainty to
the signal normalization of 3.9%, corresponding to the uncertainty in the NNLO cross section
calculation, treated as correlated between Run 2 and 2022. The statistical uncertainty in the
signal yields from the limited number of simulated events in the MC samples is added as a
systematic uncertainty, amounting to per-bin variations of 2.7–4% in Run 2 and 3–6% in 2022.

The integrated luminosity is measured with a precision of 1.2–2.5% for the Run 2 data-taking
years [83–85]. Due to the correlation between systematic effects across the different years, the
integrated luminosity for the combined Run 2 data set is determined with an uncertainty of
1.6%. This value is included as a systematic source of uncertainty in the signal normaliza-
tion for the Run 2 analysis. The precision of the 2022 integrated luminosity measurement is
1.4% [86] and is accounted for as a systematic uncertainty in the signal normalization for the
2022 analysis.

The efficiency of the reconstruction and identification criteria used to select the final-state par-
ticles may be inaccurately modelled in the MC simulation used to estimate the signal yields,
leading to discrepancies between the distributions obtained from MC samples and real data.
To address this, efficiencies are separately computed in data and simulation, and data-to-MC
scale factors are derived to correct the simulated samples for this effect. The uncertainties in
these scale factors introduce various sources of systematic uncertainty in the MC modelling of
the signal.


