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Introduction

e The top quark is the heaviest known fundamental particle. Could
it play a special role in electroweak symmetry breaking?

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

e This leads to many interesting, measurable properties that we
can test

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



Introduction

e The LHC is a top factory. We can go beyond inclusive tt
cross-section measurements and measure differential tt
cross-sections.

e In this talk, | will focus on measurements of tt production with
additional jets using data collected in 2015 / 2016 at /s = 13 TeV.

e A good description of tt with additional jets is vital for many
searches for new physics



Top quark decay
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The (inclusive) tt cross-section
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ATLAS has measured the tt cross-section at three center-of-mass
energies, /s = 7,8 and 13 TeV



tt cross-section: all
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The tt cross-section has been measured over nearly an order of
magnitude



tt with additional jets
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¢ In addition to measuring the number of jets, we can also look at
properties of the top quark in events with a certain number of jets.

e Analysis in the /+jets channel.

e Slope in top-quark pr with respect to prediction
(POWHEG+PYTHIAB)
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e Data are unfolded and compared to multiple predictions
e Slope most evident in = 4 jet events

e Asinthe ey channel, the POWHEG+PYTHIA8 prediction is generally
better than the POWHEG+PYTHIA6 prediction
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tt with additional b-jets
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ttbb is also an interesting process to study in it's own right. Four
quark final state with very different scales m; > m,,.

Recent NLO QCD calculations of the tthb process show some
unexpected features

Significant contributions from double collinear g — bb splittings
Uncertainties range from 20 to 40 % depending on the phase

space 12
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e ATLAS has now measured the tt cross-section with additional
b-jets with 36 fb~" of \/s = 13 TeV data in both the /+jets and eu
channels.

e Begin by selecting an inclusive sample of tt events
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e Events are categorized based on the flavors of additional jets in
the MC simulation

e Afitis then performed based on the b-tagging discriminant to
correct for flavour mismodelling in the MC prediction.
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e Events are categorized based on the flavors of additional jets in
the MC simulation

e Afitis then performed based on the b-tagging discriminant to
correct for flavour mismodelling in the MC prediction.

1%} 9L T T T 4 [22] T T
£ 0FatLAs Cpea g £ 0oL ATLAS . paa
Q 10°F s=13Tev, 361 0" i El 4 V5=13TeV, 36.1 o' =g,
w el channel . E ] 7 L lepton+jets channel i 3
107¢ 2 20@77% posti mw E 100 o h@e0% postit -
3 i Single top
3 M Singletop ] 10°k A E
10 B Ziysjets = Ztjets
105 Diboson | Diboson |
" [ NP & fake lep. 3 - g;ﬁ& fake lep.
10 Syst. 8

B Iy 3 g 12F 3
e g g 'F , o
I v ¥ 1 +
£ g 3 8 o9F ]
Q 0.6 , \ , 3 8 0.8F g
P 3 >4 2 3 7 =5
Nb'je's b-jets


https://link.springer.com/article/10.1007/JHEP04(2019)046

ttbb: Fiducial cross-section results » JHEP 04 (2019) 046

ATLAS u
. —.-
lspton+jats ( = 3b) V5 =13TeV, 36.1 fb~! -l_+-
u
lepton+jets ( = 4b) r
1
1
] Data-tiX(X=H,V) @ =
eu( =>3b) | = Stat. uncert. . r a
| | Total uncert. | |
Sherpa 2.2 ttbb (4FS) H
] Powheg+Pythia8 ttbb (4FS) m ]
eu(=4b) '..' PowHel+Pythia8 ttbb (5FS) M F ..
] PowHel+Pythia8 tibb (4FS) W ]
10’ 10° 10° 10t 05 10 15
Ofiq [fb] Pred./(Data - ttX)

Measured cross-sections generally slightly higher than predicted
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The shapes of distributions are generally well described
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e The LHC is a top factory.

e We can go beyond inclusive tt cross-section measurements and
measure differential tt cross-sections.

e Agood description of tt with additional jets is vital for many
searches for new physics

e ATLAS has studied tt production with additional jets, including
b-jets, using data collected in 2015 and 2016.

e Another two years of data on disk, more results to come!
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e tt production

e TOPQ-2015-17: eu + jets
e TOPQ-2017-01: tt(+jets)
e TOPQ-2017-12: tthb
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