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We investigate the effects of parameters in the Bestest Little Higgs Model (BLHM) on rare flavor-
changing decays of the top quark. In this study, we incorporate new flavor mixing terms between the
light quarks of the Standard Model (SM) and the fermions and bosons of the BLHM. We compute
the one-loop contributions from the heavy quark (B) and the heavy bosons (W%, ¢=n*H*).
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Figure 1: Feynman diagrams for the flavor-changing top quark rare decays in the BLHM considered in this
paper: t — gV and t — gh? vertices, withV = Z,y,g,and g = u, c.

1. Introduction

The BLHM [1, 2] is a type I Two Higgs Doublets Model (2HDM) that offers an exciting
solution to the hierarchy problem without fine-tuning and is formulated to solve some issues present
in the great majority of Little Higgs models. The BLHM generates a successful quartic Higgs
coupling where the real singlet field o is no longer a dangerous singlet, meaning that it no longer
develops a divergent tadpole from radiative corrections [1, 3]. It avoids the tight constraints
from precision measurements through the implementation of a custodial SU(2) symmetry [4] that
protects the model from developing large deviations to electroweak precision measurements and
dissociates the masses of the new quarks and heavy gauge bosons. The latter is achieved by
incorporating two separate symmetry-breaking scales, f and F with F' > f. This leads to top quark
partners with masses proportional only to the f scale, while the new heavy gauge bosons develop
large masses proportional to the combination of f and F, which reduces their contribution to the
precision electroweak observables. We calculate their respective branching ratios to quantify the
contributions of heavy quarks and heavy bosons in flavor-violating processes within a model that
represents an improvement over the previous LHM.

2. Flavor mixing in the BLHM

If we were to introduce couplings between the heavy partners of the top quark and the light SM
quarks, it would necessitate modifications to the fundamental multiplets of SO(6)4, g. This could
drastically change the current couplings due to new contributions that emerge from combinations of
the SM and BLHM fields. However, with the B quark, this issue is circumvented since its original
multiplet is straightforward and provides the required interactions for the Feynman diagrams shown
in Figure 1.
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Figure 2: Total contributions to (a)Br(t — cZ, ¢y, cg,ch®) and (b)Br(t — uZ,uy,ug,uh’) as a function
of the scale of energy f, with mp = (1.14) f and F = 5 TeV.

3. Results and Conclusion

We investigate the impact of one-loop contributions from heavy gauge bosons W’*, the heavy
quark B, and the new scalars (¢*,n*, H*) predicted by the BLHM on the top quark rare decay
processes t — gV and 1 — gh®. Our results, illustrate them in Figs. 2(a) and 2(b) for branching
ratios Br(t — cZ,cy,cg,ch®) and Br(t — uZ,uy,ug,uh’) respective, assuming symmetry-
breaking scales f = [1,3] TeV and F = 5 TeV within the BLHM.

We summarize our results: This study explores the potential to constrain the branching ratios
Br(t — cZ,cy, cg,ch®) and Br(t — uZ, uy, ug, uh®) within the BLHM framework. Considering
the solid theoretical basis and convincing phenomenological characteristics that the model presents,
it is desirable that the BLHM could be a good motivation for possible future experimental initiatives.
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