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Evidence for the Higgs boson production in association with
top—quark pair with 4 s=13 TeV of proton—proton collisions
at LHC with the ATLAS detector

SR wEHEz A #
B BA B
Bz =R/
liE C e S

ik qbiE Fofl




(#BL3)
BtmToEES

2§ Z %

R |
Evidence for the Higgs boson production in association with top-quark pair with s =
13 TeV of proton-proton collisions at LHC with the ATLAS detector

In the Standard Model of the particle physics, the mass of fermions is generated
dynamically through the Yukawa interaction with Higgs field. However, the Yukawa
interaction for top-quark (called Top-Yukawa coupling) is not directly observed yet,
and could be a portél to the new physics. The direct Top-Yakawa coupling can ohly be
measured with the Large-Hadron-Collider (LHC) which 1s the proton-proton collider-
" with the highest energy in the world. We use the Higgs production process via Higgs
and top-quark pair (called #£H process) to measure the Top-Yukawa coupling. The
Higgs decaying into di-photon (A5 yy) is considered since the clear di-photon invariant
mass peé.k can be reconstructed, which indicates the existence of Higgs boson. It is also
‘easy to estimate the number of backgrounds comparing to the other decay channels.
Therefore\' we conduct the search for the #H (H- yy) process with 79.8 fb'l of
proton-proton collision data _ai: Vs =13 TeV with the ATLAS detector.

The final state of'the ¢£H (H- yy) ﬁrocess consists of twol‘photons and decay products
from top-quark pair (tf— bbW*W~ - bbgqgqq, quqlifv, bbggl~0 or bbIti*uvs). The
possible backgrounds can be classified into two types of events. One includes di-photon
productions together with multi-jets (yy) or with top-quark pair (¢tf +yy), which make
continuum di-photon invariant mass distribution. The other includes non-¢£H Higgs
productions, which make a peak around 125 GeV in the mass distribution. The
continuum backgrounds are dominated because of their large cross section. In order to
separate the signal frclim the coﬁtinuum backgrounds, the ATLAS detector is needed to

have a good di-photon invariant mass resolution.

The ATLAS is the general purpose detector built in one of the collision points of the
LHC. The ATLAS detector consists of four systems; the Inner detector, the solenoid
magnet, the electro-magnetic (EM) .and hadronic calorimeters, and the muon
spectrometer. Photons are detected by thé EM calorimeter which is finely segmented
and has good energy resolution of O'g/E = 10/\/_5'@ @ 0.17 %. The di-photon invariant
mass resolution is suppressed to be Om,, =17 -13 GeV estimated by the signal

Monte-Carlo simulation, depending on the photen kinematics.



In this analysis, the deep understanding of the photon selection efficiency is crucial.
We studied the phdton selection efficiency.in detail us‘ing two event samples. One is 72—
Illy sample ﬁhere photon comes from the final state radiation. High purity photons can
be obtained but the statistics of high momentum photoﬁ is not sufficient. The other is
Z-ee sample where electrons are used to measure photon efficiency with some
correction by making use of the similarities of the shower shape between electron and
photons. These two data-driven measurements give the consistent result. The

efficiency is measured to be >90%.

For the evenf selection, two photons and at least one b-jet are required to exist. The
~ selected events are still suffered from yy backgrounds. In order to separate signals
from yy backgrounds, kinematic variables (energy, momentum and positioh) for all
objects in the final state are used as inputs of the multivariate analysis (MVA) with
machine learning. To impréve the signal sensitivity, events are cateégorized into some

groups with different signal to background ratio based on the MVA output.

After the selection and categorization, the number of signal events is extracted using
~unbinned maximum likelihood fit with analytic functions for the H- yyﬂkpeak and
continuum background. The systematic uncertainty is dominated by the signal
simulation modeling, photon-related uncertainties (photon energy scale, energy
resolution and sele'ction efficiency) and jet-related uncertainties (et energy scale and

resolution).

From the fitting, we found the di-photon invariant mass peak at 125 GeV, which
represents the existence of the Higgs boson. The statistical significance is estimated to
be 4.2 standard deviations relative to the background-only hypothesis while the
expected significance is 3.6 standard deviations..This result provides the evidence of
the coupling between top;quark and Higgs boson. The cross section of the ¢iH

production process is measured to be
Oy = [694.9 F1282 (stat) *1517 (syst.) ] fb = 6949 2331 fb,

which is slightly larger than Standard Model prediction with the NLO calculation,
op = 5065 *3€ fh although the uncertainty in the measurement is not small enough
to judge whether the deviation is significant or not. The further study with better

precigion is important program in the high energy physics in future.



Results of the doctoral thesis screening
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with 5 =13 TeV of proton-proton collisions at LHC with the ATLAS detector
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