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Introduction

The top quark is the heaviest known fundamental particle and with a
large coupling to the SM Higgs boson and is predicted to have large
couplings to hypothetical new particles

The top quark has a very short lifetime, and is the only quark that
decay before forming hadronic bound states

Measurable top properties like mass, width and couplings are crucial
inputs to the SM

Understanding top production is crucial for many searches for rare SM
processes and physics beyond the SM

The LHC is a Top factory, Run 2 has produced over 102 top quarks
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Results presented

Measurement of the tt production cross section at /s = 5.02 TeV using
di-leptonic events on 257 pb~*

ATLAS-CONF-2021-003

Measurement of the tt production cross section at /s = 13 TeV in the
lepton+jets channel on 139 fb~*

Phys. Lett. B 810 (2020) 135797,arXiv:2006.13076

Top quark mass measurement using soft muon tags in the tt — lepton+jets
channel with semileptonic decays at /s = 13 TeV on 36.1 b1

ATLAS-CONF-2019-046

Test of the lepton universality of 7 and p couplings using di-leptonic tt
events at /s = 13 TeV on 139fb~!

Accepted by Nature Physics, arXiv:2007.14040
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https://cds.cern.ch/record/2754223
https://www.sciencedirect.com/science/article/pii/S0370269320306006
https://arxiv.org/abs/2006.13076
https://cds.cern.ch/record/2693954
https://arxiv.org/abs/2007.14040

tt production cross section: Introduction

Top quarks at the LHC are primarily produced in quark-antiquark pairs and
form an important background in many searches for physics beyond the SM

Predictions for the inclusive tt
production cross section ;7 available
at NNLO including NNLL are in
excellent agreement with
measurements from ATLAS and CMS
at /s =7,8 and 13 TeV

For tt production, the lower /s value
of 5.02 TeV increases the fraction of
qq initiated events to about 25%
compared to 11% at /s=13 TeV

Inclusive tf cross section [pb]

10°H

10?

v

T T
o e, \5=7TeV, 46" ATLAS Preliminary
o l+jets’, Vs=7 TeV, 47 fb™ Nov 2020 7
= ey, V5=8TeV,202fb"
o lijets, V=8 TeV, 20.2 b
[+ enVs=13TeV,36.1 10"

I+jets, ¥s=13 TeV, 139 f!

S NNLOWNNLL (pp)
Caakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0,m, = 172.5 GeV, a,(M,) = 0.118 £ 0.001
L L

8 10 12 14
Vs [TeV]

ATL-PHYS-PUB-2020-029

Complementary to the larger samples at 7,8 and 13 TeV, potential for

additional constraints on PDFs
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tt cross section at 5.02 TeV: Measurement ATLAS-CONF-2021-003
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tt cross

ATLAS-CONF-20
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o = 66.0 £ 4.5(stat.) £ 1.6(syst.) & 1.2(lumi) £ 0.2(beam) pb (£7.5%)
Compatible with the NNLO-+NNLL QCD prediction of oz = 68.2&% pb

Compatible with all the PDF sets considered

Products of jet acceptance and b-tagging efficiencies are compatible with

each other and the prediction

Consistent scale factors for the Z+jets background compatible with unity
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tt cross section at 13 TeV: Measurement PLB 810(2020)135
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tt cross section at 13 TeV: Results PLB 810(2020)135797

ofig = 110.7 & 0.05(stat.) 753 (syst.) = 1.9(lumi) pb = 110.7 & 4.8 pb (+4.3%)
Oine = 830 + 0.4(stat.) + 36(syst.) + 14(lumi) pb = 830 + 38 pb (+4.6%)
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Top quark mass: Introduction ATLAS-CONF-20

[Large top mass plays a role in much of the dynamics of elementary particles via

loop diagrams

Top mass affects very significantly the radiative corrections to the Higgs boson
and W boson, establishing a relationship that can be used for precision tests of

consistency of the SM

Precise measurement of the top quark mass is required to predict the evolution

of the Higgs quartic coupling at high scales

Direct reconstruction from its decay products
and indirect measurements from top quark pro-
duction cross sections or kinematic distributions

Partial, leptonic-only, invariant mass
reconstruction with less sensitivity to jet energy
calibration /resolution and top production
modeling compared to standard direct
reconstruction methods
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Top quark mass: Measurement ~ ATLAS-CONF-2019-046
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Top quark mass: Results

ATLAS-CONF-2019-046

m; = 174.48 £ 0.40(stat) & 0.67(syst) GeV
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Lepton universality: Introduction arXiv:2007.14040

Lepton-flavor universality states that the couplings of the electroweak gauge
bosons (W,Z) to charged leptons, g; (I = e, 1, 7) are independent of the
mass of the leptons

This assumption is tested by measuring the ratio of the fraction of on-shell
W boson decays, branching ratios (B), to 7-leptons and muons,
R(t/n) = B(W — tv.)/B(W — uv,)

Given the large B(t — Wg), close to 100%, tt production gives a very large
sample of W boson pairs

The displacement of the 7 decay vertex and the muon transverse momentum
(p1) spectra are used to distinguish between muons from the
W — v, — pv,vrvy and W — v, processes

R(7/u) has been measured by four experiments at LEP, yielding a combined
value of 1.070 4 0.026, which deviates from the SM expectation by 2.7¢

The equivalent ratio for the two light generations, R(;/¢e), has been found
to be consistent with the SM prediction at the 1% level at LEP, LHCb and
ATLAS
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Lepton universality: Measurement arXiv:2007.14040
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Lepton universality: Results arXiv:2007.14040
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Many analyses with increasingly high precision and increasingly
sophisticated interpretations at the LHC Top factory

The inclusive top quark pair production cross section o;f at
/s =5.02TeV has been measured with a relative uncertainty of
7.5% to be consistent with theoretical QCD calculations at NNLO

The inclusive top quark pair production cross section o;f at
\/s = 13TeV has been measured with a relative uncertainty of 4.6%
to be consistent with theoretical QCD calculations at NNLO

SMT top quark mass measurement is the most precise single
measurement to date of the top quark mass from direct reconstruction

The measured ratio of the rate of decay of W bosons to 7-leptons
and muons agrees with the hypothesis of universal lepton couplings
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Further recent Top publications

Title V5 (TeV) L(fb~ 1) arXiv Journal
Measurement of t:eecttif;t production cross 13 139 B ATLAS-CONF-2021-013
Measurement of ttZ cross sections in Run 2 13 139 arXiv:2103.12603 Submitted to EPJC
Evidence for tttf production 13 139 arXiv:2007.14858 EPJC 80(2020)1085
Measurements of combined tty + tWy cross 13 139 arXiv:2007.06946 JHEP09(2020)049
sections in the e-p channel
Measurement of the V\_/t single top cross section 8 20 arXiv:2007.01554 Submitted to EPCJ
Measurement of the i production cross-section 13 139 arXivi2006.13076  PLB 810(2020)135797
in the lepton+jets channel
Measurement of the tt production cross section
and lepton differential distributions in dilepton 13 36 arXiv:1910.08819 EPJC 80(2020)528
events
Top-quark pair dlfferentlal_cross—sectlons in the 13 36 arXiv:2006.00274 JHEP 01(2021)033
resolved hadronic channel
ATLAS+CMS tf W helicity combination 8 20 arXiv:2005.03799 JHEP 08(2020)51
Observation of tZq single top 13 139 arXiv:2002.07546 JHEP 07(2020)124

The search for rare top production and decay processes with the
ATLAS experiment at the LHC by Anil Sonay

Full list of ATLAS top public results: https://twiki.cern.ch/
twiki/bin/view/AtlasPublic/TopPublicResults
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