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Introduction

As there are existing similarities between the structure of the quark and lepton sectors in the Standard Model, it raises the possibility that there is an
underlying symmetry between them. Therefore, many beyond the Standard Model theories that attempt to unify the forces predict Leptoquark (LQ)
particles that couple to both quarks and leptons. Besides, Several recent results from Belle, Babar and LHC show hints of deviations from lepton-flavour
universality, which could be caused by the existence of Leptoquarks. Some of the most compelling evidence comes from B-meson decays, which show
non-unitary ratios of the decays B — Dtv/B — Duv |2|. This analysis performed a search for singly-produced scalar leptoquarks decaying to b77 in
proton-proton collisions.

LFV & Signal Model Event Selection

The event selection is split into two channels based on the decay modes of the final state 7 -lepton
TlepThad aNd ThadThaed channels. The two channels follow a similar event selection strategy. The

Lepton-flavour universality violation (LFV)
can be caused by Leptoquark, the Feynman
diagrams below showed the hints that the exis-
tence of Leptoquark can explain the non-unitary
ratios of the decays B — D1v/B — Dpuv.

visible mass of the two taus, myis(¢, Theq) is required to be > 100 GeV. An additional selection on
the A¢(¢, EM**5) < 1.5 is applied in the 7j¢)Thaq channel. Lastly, the pr of leading pr b-jet must be
above 200 GeV. Finally, the discriminating variable is selected as the scalar pr sum of the two 7 and
the leading-pr b-jet, S, and a minimum cut on St > 300 GeV is applied.

Background Estimation
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The dominant background contributions in this analysis are from ¢¢ and single top-quark events, a
Top-CR 1s thus defined in the 7j¢,Theq channel to ensure that this background is accurately modeled.
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The scalar Leptoquark model chosen is S;, with A correction is derived from this region as a function of Sr.
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Systematic Uncertainty & Results

Systematic Uncertainties can be assigned to three main groups: the experimental uncertainties, the modelling uncertainties for the backgrounds and the
modelling uncertainties for the signal. They are in the range between 11% to 22% totally.

As good agreement is found with the background expectation, upper limits are set on the cross-section times branching fraction. This is done with the
frequentist CLg method. A production cross-section for a given signal scenario is excluded at the 95% confidence level (CL) when CLg < 0.05. The
single Leptoquark production and the combined single plus pair Leptoquark production (LQ+LQLQ) are considered in the result. The upper limit with
A = 1.0 and the exclusion limits in the A\ — mp,q plane are shown below.
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Conclusion

A search for scalar Leptoquarks in b77 final states is performed. Final states with semi-leptonic and Reterences
fully hadronic decays of two 7-leptons are considered. The benchmark model is S;, for a range of
A between 0.5 and 2.5. The predictions from the Standard Model are in good agreement with the
data. Upper limits on cross sections times branching ratios of singly-produced Leptoquarks decaying
to br are set at 95% CL. For scalar Leptoquark exclusion limits are also provided in the plane of
the Leptoquark mass and the LQ-¢-¢ Yukawa coupling at 95% CL. The observed (expected) lower
limit on the singly-produced scalar Leptoquark mass is 0.89 TeV (1.0 TeV) for A = 1.0, 1.01 TeV
(1.22 TeV) for A = 1.7 and 1.28 TeV (1.43 TeV) for A = 2.5. After considering the combined single S. Klaver, Lepton flavour universality in
and pair production of scalar Leptoquark the observed (expected) lower limit becomes 1.26 TeV charged-current B decays, (2019), arXiv:

(1.32 TeV) for A = 1.0, 1.30 TeV (1.40 TeV) for A = 1.7 and 1.41 TeV (1.52 TeV) for A = 2.5. 1907.01500
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