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Summary of Proposal
A cornerstone of the Standard Model (SM) is the formulation of the electroweak interactions as
arising from a spontaneously broken gauge symmetry. Experiments over the past four decades have
confirmed this hypothesis with precision, most notably the LEP and SLC collider programs.
However, the nature of the symmetry-breaking mechanism is not yet determined. The ATLAS and
CMS collaborations reported in 2012 observations of a new particle produced at the CERN Large
Hadron Collider (LHC) possessing properties thus far consistent with those predicted for the SM
Higgs boson. The default electroweak symmetry-breaking mechanism, whereby a weak-isospin
doublet of fundamental scalar fields obtains a vacuum expectation value, therefore remains a valid
hypothesis. Even with the existence of a Higgs boson confirmed, the SM cannot be considered a
complete description of Nature. For example, the theory does not explain the fermion generations
and mass hierarchy, nor the origin of the matter-antimatter asymmetry in the universe. Neither does
it possess a viable dark matter particle, nor describe gravitational interactions. The SM is therefore
generally regarded as a low-energy approximation of a more fundamental theory with new degrees
of freedom and symmetries that would become manifest at higher energy. In fact, the SM violates a
concept of naturalness when extrapolated to energies above the electroweak scale, as fine tuning is
required to compensate the quadratic mass-squared divergence of a fundamental scalar field
Proposed models of physics beyond the SM typically address the naturalness problem by
postulating a new symmetry. For example, supersymmetry is a Bose-Fermi symmetry, and the new
states related to the SM bosons and fermions by this symmetry introduce new interactions that
cancel the quadratically divergent ones. Alternatively, the symmetry could be a spontaneously
broken global symmetry of the extended theory. Examples of models that implement this idea are
Little Higgs and Composite Higgs models. The new states realizing the enhanced symmetry are
generically strongly coupled resonances of some new confining dynamics. These include vector-
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like quarks, defined as color-triplet spin-1/2 fermions whose left- and right-handed chiral
components have the same transformation properties under the weak-isospin gauge group. Such
quarks could mix with like-charge SM quarks, and the mixing of the SM top quark with a charge
+2/3 vector-like quark could play a role in regulating the divergence of the Higgs mass-squared.
During the first operation phase of the LHC both the ATLAS and CMS Collaborations developed an
extensive search program for vector like quarks. In the absence of an evidence for such particles,
constraints on the parameter space of these quarks were obtained. Depending on the decay mode,
vector like quarks with masses up to 900 GeV were excluded. The second operation phase of the
LHC should allow us to either discover such new quarks or improve the current limits above the
TeV scale, which is an important point, since many of the non-SUSY models predicting new quarks
require these to have masses at the TeV scale in order to keep the magnitude of accidental
cancellation (fine-tuning) at an acceptable level.
During the proposed essay, a study of the sensitivity expected for the search for vector-like quarks
in the second operation phase of the LHC will be performed. The work will focus on multilepton
topologies and will be integrated in the Portuguese group participating in ATLAS experiment at
CERN. The evaluation of systematics uncertainties, testing new strategies to control them, and a
close collaboration with the phenomenological community in the interpretation of the experimental
results will be a crucial point to fully exploit the potential of the new LHC data.
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