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We consider the test statistics given by the logarithm of the likelihood ratio lnQ = lnL(s+b|H)
L(b|H) ,

where H is the hypothesis under test H1 (signal plus background) or the null hypothesis H0
(background-only). For a given dataset, we evaluate lnQ in the full region of events passing
the baseline selection, excluding only the events belonging to the fit region.

Assuming the validity of H0, the distribution of lnQ is derived from an ensemble of background-
only pseudo-experiments, following the same procedure as described in Sec. 8. Alternative
functional forms for the background model were investigated, however, for the family of func-
tions that describe the data, the effect of changing the background description was negligible
compared to the uncertainty on the central background model due to the covariance matrix.

We determine the distribution of lnQ under the assumption of H1 by sampling pseudo-experiment
datasets out of the likelihood function of Eq. 19. As for the background-only pseudo-experiments,
the background model for each generation is derived from the covariance matrix returned by
the ML fit.

Similarly, the signal PDF is varied at generation in each pseudo-experiment, in order to take into
account the systematic uncertainties associated to the normalization and the shape of the signal
distribution. We consider effects across the R2– MR plane that coherently affect the overall
normalization, as well as systematic effects that vary across the R2–MR plane and between
final state boxes which can affect the signal PDF shape. Bin-by-bin, the total systematic error
on the PS(MR, R2) function of Eq. 19 is the convolution of the individual effects each modelled
with a log-normal function. The systematic effects on the signal yield and the the signal shape
modelling are summarized in Table 2. We consider variations of the function modelling the
signal uncertainty (log-normal vs Gaussian) as well as the binning finding negligible deviations
in the result.

While the systematic uncertainties are included when sampling the pseudo-experiments, the
likelihood values are computed taking the nominal values for the shape and normalization
parameters for both the background and signal PDF’s.

Given the distribution of lnQ for background-only and signal-plus-background pseudo-experiments,
the value of lnQ observed in the data lnQdata determines the two tail regions, the integral
of which yields the values of CLs+b and 1 � CLb. From these values we compute CLs =
CLs+b/CLb. These CLs values are used to set a limit in the SMS plane, excluding models at
95% CL if CLs < 0.05, by extrapolating the CLs values from each of the model independent
cross-sections using the error function. The result is shown in Figure 3 for the T2tt and Fig-
ure 4 for the T1tttt.

Table 2: Summary of the systematic uncertainties on the signal yield and shape. The yield
systematics are overall normalization factors, independent of the specific model considered.
The shape systematics depend on the specific signal model, as well as on the considered region
of the R2 vs. MR plane (point-by-point).

yield systematics
L 2.2%
MC Trigger emulation 5%
Tau ID data/MC efficiency 2%

shape systematics
B-tag data/MC efficiency point-by-point O(2%)�O(5%)
Parton Distribution Functions point-by-point up to O(10%)�O(70%)
Jet Energy Scale point-by-point up to O(5%)�O(20%)


