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A search for top—antitop resonances in all hadronic mode
using proton—proton collisions at a center—of-mass energy of

13 TeV with the ATLAS detector
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Summary (Abstract) of doctoral thesis contents

Top quark is the heaviest elementary particle in the Standard Model (SM), and it
doesn’t form hadrons like other light quarks because its lifetime, roughly 5x10-25
seconds, 1s about a twentieth of the timescale for strong interactions. Therefore,
produced top quark immediately decays to a W boson and a bottom quark. However,
many new physics models beyond the SM (BSM) predict heavy resonant states of top
quark pair, such as spin-1 color singlet vector boson Z’ in the topcolor-assisted
technicolor model (Z’rc), spin-2 bulk Randall-Sundrum Kaluza-Klein graviton in the
Randall-Sundrum model (Gxkk), spin-1 Kaluza-Klein gluon in the Kaluza-Klein
theories (gkxk).

This thesis documents a search for heavy resonances decaying to top quark pair in
fully-hadronic final state from 36.1 fb! of proton-proton collision events recorded
with the ATLAS detector at the Large Hadron Collider (LHC) running at a
center-of-mass energy of 13 TeV.

Use of the fully-hadronic final state in decays of top quark pair has an advantage of
its highest branching ratio of ~45%. There is another advantage with the resolution
of the reconstructed top quark mass because this mode doesn’t involve missing
neutrinos from W boson decays. While having these advantages the fully-hadronic
final state is a challenging mode because of huge production cross section of QCD
multijet background events. However, the production cross section of the QCD
multijet background steeply drops at higher di-top mass, mt:, region while the ones
for possible BSM particles could gradually drop. Therefore, the fully-hadronic final
state is suitable for searching for new particles at very high mtt region. Top quark
from such high mass resonances is highly boosted and can be reconstructed as a
single large-radius jet.

In this analysis, searching for heavy resonance states beyond m¢=3 TeV is focused.
Top quarks are reconstructed as a large-radius jet having at least 400 GeV transverse
momentum. Top quarks are identified using the reconstructed jet mass, mjet, and the
jet substructure variable, tausz, which denotes a probability ratio of three prong-like
jets compared to two prong-like jets. A top quark jet should contain one bottom quark
jet, and two light quark jets from W boson decays, therefore, the t32 variable tends to
be three prong-like. Bottom quark inside the large-radius jet is identified by
requiring at least one track-jet with displaced vertices from the interaction point.

In order to maximize the signal acceptance several event categories based on mjet,
132, the number of tagged bottom quarks are defined, and then a statistical
combination is performed to extract the final significance of observed events from the
expected background events and set limits on production cross section times

branching ratio to top quark pair for possible BSM particles.
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Dominant backgrounds in this search are SM top quark pair events and QCD
multijet events. Background events of the SM top quark pair are estimated using
Monte Carlo (MC) simulation. Background events of the QCD multijet are estimated
from data with help of simulated events. The distribution of m for the QCD multijet
background is extracted from events where no bottom quarks are identified, and the
normalization is determined by a ratio of the number of events in mjet sideband
region between events with identifying no bottom quarks and with identifying one or
two bottom quarks. A tiny bias by the bottom quark identification is observed in the
m¢t distributions and is corrected with help of simulated events.

There are two categories of systematics, one is experimental uncertainties
associated with the detector response and reconstruction algorithm, and the other is
uncertainties on the background modeling. The experimental uncertainties are better
measured from large statistics of data, therefore, the wuncertainties on the
background modeling are pre-dominant in this analysis. Systematic uncertainties on
modeling of the SM top quark pair are estimated by comparing alternative simulated
events such as different event generator, different parton shower model, different
radiation model, and different PDF model. Systematic uncertainties on modeling of
the QCD multijet background are estimated from both data and simulated events.
Uncertainty on normalization of the QCD multijet background is estimated by
checking consistency between several definitions of control regions. Uncertainty on
the mi shape of the QCD multijet background is coming from stability of the miyt
shape after the event selection, and the understanding of performance of the bottom
quark identification which can bias the mt shape. Before looking at events in the
signal region, the background modeling and corresponding systematic uncertainties
are checked using the validation region where events are loosely tagged as top quark
pairs, and reasonable agreements between the predictions and data are observed.

The expected limits on the production cross section times branching ratio to top
quark pair in the signal region are calculated with respect to several benchmark BSM
models such as Z’rc, Gkk, and gxk, as mentioned earlier. Extracted expected limits in
this analysis are comparable with the ones from analyses using 1-lepton final state

that could exclude Z’tc below mzrc=3 TeV.
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