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Top Quark Production Cross Section Measurements Status: April 2024

Introduction

E ATLAS Preliminary I heory
'E‘ 10° F-orp- | RUN 1,23 V5 =57,8,13,13.6 TeV LHC pp V5 =5 TeV 3
E BBl Data 0.255-0.2571b ]

. . [ S o LHC pp V5=7 TeV
e Top quark has unique properties s I ORI
E g = LHC pp Vs =8 TeV E
o Large mass 5 e it
. . . B oaia 32- 14010t _
m Decays before hadronization ! L™ e wove ]
m Produced at large scales -> ! a - g _
" ” H A o o 1
small cou.pllng strength =k} I
o Yukawa coupling ~ 1 L}
. [ = |
m Important for EW physics ek ]
tt t tW  t ttW ttZ ttH .tf)f 24 tZj 4t

all-hadronic 46%

In this talk: Top, top-antitop and
top-antitop+X (X =y, Z, W, jets) cross-section

T+jets 15%

00/ utjets 15%
0/
Fhs S

X . etjets 15% .
dileptonic lepton+jets




Top cross-section




Differential x-section tt(+jets) in 2L channel, CMS

Full run 2, ee + mumu + emu

Dominant uncertainties:

Standard dilepton selection
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Full kinematic reconstruction

o Apart from mrelated observables

Very complete measurement

o Particle + parton, absolute + normalized
tt, tt+1jet
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o Top quark + top decay (lepton, b-jets)
o Single, double and triple differential
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t-channel single top, ATLAS - EFT + CKM
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Observation of tt production in P- Pb ATLAS
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Observation of tt production in p-Pb I, ATLAS
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tt production at Vs = 5.02 TeV, CMS
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https://arxiv.org/pdf/2312.04450

Evidence for tWZ’ CMS arXiv:2312.11668

e Interferes with ttZ at NLO
e Multilepton final state
o 3Lor4L
e Low pt and high-p, (boosted) regions
e Multiclass DNN for separation
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Evidence for tWZ, CMS

e Predicted x-section: 136 -8/+9 fb (NLO in QCD)

N 8
=

e Measured x-section: 354 + 54 (stat) £ 95 (syst) fb =T -

o Two sigma away from prediction
e Significance 3.4 sigma (1.3 expected)
o Boosted region adds 0.2 sigma (stat)

e Large anticorrelation to ttZ

o  Fixing ttZ -> significance still above 3 sigma
e Dominant uncertainties

o Non-ttZ background normalisation

o Signal modelling

138 fb' (13 TeV)

- CMS - 88%CL
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t(+E)Z + tWZ, (M consmmscn

«10° CMS Preliminary 138 fb' (13 TeV) «10° CMS Preliminary 138 fb™' (13 TeV)
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o tZq
e Multi-class NN for separation
e Inclusive measurement

o With 4L and Ob channels

o o
N w
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o
TTT

Q 1sf 0
%:- B YR gms;‘.. .. /
e Differential cross-section measurement 8 s £ ot R ””’/W%
. . —_— tZq node 0 0.2 0.4 0.6 0.8 1
o Simultaneous extraction of ttZ(+tW2) BKG. output node

CMS Preliminary

and tZq distributions

e tZqsignal strength as predicted
o ttZ+tWZ slightly higher than predicted
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tZq cross section ratio to the SM ﬁ



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-004/index.html

t(+t)Z + tWZ CMS - differential

CMS Preliminary 138 fb (13 TeV) o CMSPreliminary 138 o (13 TeV)
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ttW, ATLAS

e Important background for SM processes and BSM searches
e 2L SS and 3L final state

@)

e Inclusive and differential measurements

Significant fake lepton background

ATLAS

L L

/s =13 TeV, 140 fb™

B ATLAS- this result
7~ CMS (JHEP 07 (2023) 219)

Stat. + Syst. Stat. only
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e Theory getting closer to data
o Still slightly higher x-sec than predicted
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Summary and Conclusions
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Summary

e Top cross-sections are reaching unprecedented precision
o Including measurements at 5 TeV, 13.6 TeV and p-Pb collisions!
e New measurements in top+X sector
o Going differential
e Many measurements are dominated by modeling
o Even rare processes!
e Differential distributions in top+X need more data

— T
108 = ATLAS+CMS Preliminary
= LHCtopWG April 2024

[ E=—— NNLO+NNLL, PDF4LHC21 (pp)
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e Toptboson measurements talks later today 10
o ATLAS talk (Lucia Keszeghova)

o CMS talk (Jose Enrique Palencia Cortezon)
e Top cross-section measurements talks yesterday T

o ATLAS talk (Peter Hansen)

o CMS talk (Sebastian Wuchterl)
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https://indico.cern.ch/event/1253590/timetable/?view=standard#272-topboson-measurement-atlas
https://indico.cern.ch/event/1253590/timetable/?view=standard#271-topboson-measurement-cms
https://indico.cern.ch/event/1253590/timetable/?view=standard#280-atlas-top-quark-cross-sect
https://indico.cern.ch/event/1253590/timetable/?view=standard#279-cms-top-quark-cross-sectio
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CMS tt(+1jet) differential - uncertainties

CMS 13817 (13 TeV)
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tW Run 3, CMS - NP ranking

—e— Fit constraint (obs.) —— +1o impact (obs.) —— -1 impact (obs.) CMS
[ Fit constraint (exp.) ¥ +1o impact (exp.) [ -1o impact (exp.)

JES - absolute

JES - flavour QCD (b jets)
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Underlying event

ME/PS matching (t1)
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Top P, reweighting
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Trigger eff. (2022PostEE)
Luminosity

Preliminary

VV+tV normalisation

JES - relative sample (2022PreEE)
Initial-state radiation (tf)
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JES - BBEC1 (2022PostEE)
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CMS 5.02 TeV tt cross-section - NP ranking

—e— Fit constraint (obs.) —— +1o impact (obs.) —— -1 impact (obs.)
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Observation of tt in p-Pb, ATLAS

Pre-fit impact on p: An
[16=0+A0 [ 106=0-40 02 0.1 0 0.1 0.2

EEREARE RN R R R R RN R R RN

e NP ranking
e Conservative fake lepton estimate
e Dominant uncertainties

Post-fit impact on p.:
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ttZ (ATLAS) systematic impact

. Uncertainty Category Acyiz [0z (%]
e Background modelling
° Jet energy + reconstruction Background. normalisations 2.0
e Flavour tagging Jets and £ -
_ b-tagging 1.7
e t1Z modelling 1iZ pg and pr scales 1.6
Leptons 1.6
Z+jets modelling 1:5
tWZ modelling i [l
ttZ showering 1.0
ttZ Al4 tune 1.0
Luminosity 1.0
Diboson modelling 0.8
tZq modelling 0.7
PDF (signal & backgrounds) 0.6
MC statistical 0.5
Other backgrounds 0.5
Fake leptons 0.4
Pile-up 0.3

Data-driven 7 0.1 ﬁ



tty, ATLAS - uncertainties decomposition

Fractional uncertainty [%)]
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ttW ATLAS - NP ranking

Pre-fit impact on o (ttW): Ac(ttW) [fb]
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