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Abstract

In the past decades, the remarkable agreement of experiment with theory tes-
tifies the correctness of the Standard Model (SM) in describing the electroweak
physics. However, the theoretical defects of the SM itself suggest the existence
of new physics. In general, new physics may significantly affect electroweak ob-
servables. Studying such effects to probe new physics is the main goal of this

thesis.

In this thesis, we investigate new physics influence on top quark properties
in the framework of different models, with special attention on top quark flavor

changing neutral current (FCNC) interactions. Our work includes:

e The top-charm associated productions via e™e™, e~y and 7 collisions at lin-
ear colliders, which are extremely suppressed in the Standard Model (SM),
could be significantly enhanced in some extensions of the SM. We calculate
the full contribution of the topcolor-assisted technicolor (T'C2) to these pro-
ductions and then compare the results with the existing predictions of the
SM, the general two-Higgs-doublet model and the Minimal Supersymmetric
Model. We find that the TC2 model predicts much larger production rates
than other models and the largest-rate channel is vy — t¢, which exceeds
10 fb for a large part of the parameter space. From the analysis of the ob-
servability of such productions at the future linear colliders, we find that
the predictions of the TC2 model can reach the observable level for a large
part of the parameter space while the predictions of other models are hardly
accessible.

e TC2 theory predicts tree-level flavor-changing neutral-current (FCNC) top
quark Yukawa couplings with top-pions. Such FCNC interactions will induce
like-sign top quark pair productions at CERN Large Hadron Collider (LHC).
While these rare productions pp — tt + X and pp — ttc + X are far below



6 o E B B TR B 5 BT I i S

the observable level in the Standard Model and other popular new physics
models such as the Minimal Supersymmetric Model, we find that in a sound
part of parameter space the TC2 model can enhance the production cross
sections to several tens of fb and thus may be observable at the LHC due
to rather low backgrounds. Searching for these productions at the LHC will
serve as an excellent probe for the TC2 model.

e We also study the all the FCNC single top production pp — ¢, tV(V = g,7),
th, tj and the top rare decay t — ch, cg, ¢y, ¢Z in the context of the
supersymmetry models. With discussion of the background, our results show
that in most of parameter space, pp — th and t — ch can reach the detectable
level at LHC; while cg — ¢ process depends strongly on the parameters; The
processes pp — tj and t — cg just lie in the threshold of the LHC discovery
potential in the optimum parameter spaces. But it is difficult to detect the
cg — tV and t — ¢V even with favorable values of the parameters.

With the experimental advancement in top quark tagging and the upcoming of
LHC which can serve as a top factory, our discussion is important in seeking for

new physics via top quark.

Keywords: top quark; new physics; flavor changing neutral coupling;

TC2; SUSY
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