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7.2 Systematic uncertainties in the background yields

Three sources of systematic uncertainty are included for the background yields. First, the un-
certainty in the TF, which is dominated by nC, is added as a single source of uncertainty in the
background normalization, and amounts to 26% in Run 2 and 49% in 2022. The second source
is the statistical uncertainty in nB, which is propagated to the signal region bins by using a
Gamma distribution, with shape parameter given by nB and scale parameter by TF.

Finally, we consider the discrepancy found in the low-pT validation region. In each bin of the
Run 2 low-pT validation region with the inverted DSA isolation requirement, we evaluate the
ratio between the observed and predicted value of nB and construct the central 68% CL inter-
val of the ratio distribution from a toy study where both the observed and predicted values
are assumed to follow Poisson distributions, assuming that the TF is known with high preci-
sion. This results in per-bin systematic uncertainties in the signal region background yields
between 58 and 440%, with the largest value obtained in bin 4 because of the low number of
events observed in the validation region for this bin. The values of this systematic uncertainty
derived from Run 2 data are also applied to the 2022 background yields, where similar physics
effects are expected but the limited number of events in the validation region prevents a precise
estimate of the corresponding uncertainty.

8 Results and interpretation

The observed yields in the four bins of the signal region, together with the corresponding back-
ground predictions, are shown in Fig. 6, separately for the Run 2 and 2022 data sets. No signif-
icant deviation with respect to the background-only hypothesis is found.
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Figure 6: Observed (black points) and predicted (blue histograms) yields in the signal region
in Run 2 (left) and in 2022 (right). The grey bands represent the total uncertainty in the back-
ground prediction. The green and orange histograms show the signal distributions for two
different hypotheses, corresponding to mN = 1 and 3 GeV, and respective |VNµ |

2 values equal
to the smallest excluded values at 95% CL by Ref. [36]. The lower panels show the ratio be-
tween observed yields and predicted background yields in each bin.

We derive exclusion limits at the 95% CL on HNL signal scenarios using the modified frequen-
tist CLs approach [87]. For a given signal hypothesis, a binned likelihood function L(r, q) is con-
structed as the product of Poisson probabilities to obtain the observed data given the expected
signal rates scaled by the parameter r, referred to as signal strength, and the background predic-
tion in the four bins defined in Table 3. The different sources of systematic uncertainty in the


