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Production of tt
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Higher order corrections

Handle on perturbative QCD



Parton distribution
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Constrain the gluon PDF
90% gluon-gluon collisions
Extract ag, m;



Lots of soft radiation

Parton level Particle level
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Modelling of parton shower,
fragmentation and hadronisation



New physics and rare SM physics

In the
propagator: 7’ t

SO

In the ;
Z—>\ gcoupling: EFT
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In the final state:
ttX

Large background to searches:
SUSY, ttH, tttt
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What can o give us?

A LOT!

Important to:
the theoretical community
the experimental community
the simulation and tuning community
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Inclusive o

Inclusive tt cross section [pb]
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Inclusive o @ 13 TeV

JHEP 09 (2017) 051
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Inclusive tt cross section [pb]
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Most recent addition
Using 2.2 fb~! data (2015)
Single lepton decay channel

4pb”y ATLAS+CMS Preliminary May 2018
LHCtop WG

ATLAS+CMS Preliminary

LHCtop WG o, summary, Vs =13 TeV May 2018

NNLO+NNLL PRL 110 (2013) 252004
My = 172.5 GeV, as(MZ) =0.118+0.001
scale uncertainty

scale ® PDF ® o uncertainty

total stat
ot (stat) + (syst) + (lumi)

ATLAS, dilepton epn e 818+8 +27 + 19 pb
PLB 761 (2016) 136, L =3.2 [
ATLAS, dilepton ee/pp *
ATLAS-CONF-2015-049, L, =85 pb’'

—a 749+ 57 +79+ 74 pb

ATLAS, l+jets *

——ym+—+ 817+13+103+88pb
ATLAS-CONF-2015-049, L, =85pb™ P

CMS, dilepton ep 746 + 58 + 53 + 36 pb
PRL 116 (2016) 052002, L =43 pb™, 50 ns
CMS, dilepton ep [

815+ 9+38+19pb
EPJC 77 (2017) 172, L =221b", 25 ns

888J_r 2 7%+ 20 pb

—+e+—— 834+25+118+23pb

CMS, I+jets
JHEP 09 (2017) 051, L _ =22 fo!

CMS, all-jets *
CMS-PAS TOP-16-013, L, =253 0"
NNPDF3.0 JHEP 04 (2015) 040

MMHT14 EPJC 75 (2015) 5
* Preliminary

CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028
[e5(m,) =0.113]

200 400 600 800 1000 1200 1400

o, [pb]



Inclusive o @ 5 TeV

JHEP 03 (2018) 115

o at different /s probe proton compositions

At least one lepton in final state
Constrain gluon PDF
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Inclusive o @ 5 TeV

JHEP 03 (2018) 115
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Inclusive o @ 8.16 TeV p-Pb

Events
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First observation
of the top quark
in p-Pb collisions!

Lepton+jets channel

PRL. 119, 242001 (2017)

Extract o using simultaneous combined likelihood fit

mj; of W candidate
Verify with m;

Background only rejected at > 50
Consistent with pQCD predictions
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Inclusive o @ 8.16 TeV p-Pb

pPb (174 nb™, Syy = 8.16 TeV)
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First observation
of the top quark
in p-Pb collisions!

PRL. 119, 242001 (2017)

Lepton+jets channel

Extract o using simultaneous combined likelihood fit
m;; of W candidate
Verify with m;
Background only rejected at > 50

Consistent with pQCD predictions
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JHEP 06 (2018) 002
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PRD 97, 112003 (2018)
35.8 b (13 TeV)

Differential o

Absolute and normalised o;
Lepton+jets channel
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Parton level in full phase space

[GeV]
o
=
w

li IIIIHI

do
dp, (1)

1

Gn or

T IIIIIII

T Illllll

e/u+jets e Data
parton level Sys @ stat

Stat
' # POWHEG P8
ot ¢+ NNLO QCD+NLO EW
o - == POWHEG H++

v <. MG5 P8 [FxFXx]
gt
it
i

-'q‘

L1, RSN ST

Data

Theory

Illllll”l

100 200 300 400 500 600 700 800

p.(t) [GeV]

15



PRD 97, 112003 (2018)

Differential o
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PRD 97, 112003 (2018)

Differential o
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Differential o

Absolute and normalised o
Dilepton channel
Particle level in fiducial phase space
Parton level in full phase space
Comprehensive set of top quark kinematics
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Electroweak corrections help

Higher order QCD helps
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CMS-PAS-TOP-17-014

CMS Preliminary  35.9 fb' (13 TeV)
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CMS-PAS-TOP-17-014

CMS Preliminary  35.9 fb' (13 TeV)
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Summary
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Inclusive tt cross section [pb]
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35.9 tb~' (13 TeV)
Ml - CMS ]
% 0.5 e, p + jets combined ]
O I
o) al $  Unfolded data
o 04 —— POWHEG + PYTHIA ]
5 Il— [ B ——= MG5.aMC@NLO-NLO + PYTHIA
Ol 03l |~ —--- POWHEG + HERWIG++ ]

------- MG5_aMC@NLO-LO + PYTHIA

Wide range of inclusive cross
sections
@ 5, 8.16, 13 TeV
Constraining PDFs
Observation of top in p-Pb
collisions

Wide range of differential cross
sections
Precision measurements of
the SM
Tuning tt production models
Constraining EFTs



