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LHC pp data

» Since 2010, the LHC has delivered an impressive amount of data to ATLAS and CMS

> We are days before the start of the last period of pp collisions of Run-2, and we have:

r Sfblat 7TeV, 20fb!1 at 8TeV 1

L 90fb! at 13TeV y

100fb! was the goal for Run-2, with 2018 still ahead, it will certainly be surpassed

CMS Integrated Luminosity, pp
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A certified top quark factory

- U t
g
A W+ 1 wt
t g <« 1
b t g wW— d b
g t g t ,
g
g t g EJ > _ H
— g
o [pb] ttbar t-channel tw s-channel ggH
Tevatron 7.0 2.08 0.22 1.046
LHC @ 7TeV 177.3 63.89 15.74 4.29 15.31
LHC @ 8TeV 252.8 84.69 22.2 5.24 19.47
LHC @ 13 TeV 831.7 216.99 71.2 10.32 4414

Top quarks are produced today at the LHC more than 100 times as often as they were produced at
the Tevatron

For every Higgs boson produced in collisions — 22 top quark pairs
During Run-1 of the LHC more than 6M top quark pairs were produced

» In the current dataset of Run-2 we already have > 60M of top quark pairs
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And this is good news because

. . . . t—=Wb ~100% of times
» The top quark 1S as 1nterest1ng as 1t gets

' N
» Heaviest elementary particle ever observed \\\ P
> almost as heavy as a gold atom el

» 79 protons, 118 neutrons, and 79 electrons

» Short lived:

» Decays before hadronizing

» Some of its properties pass directly

S, ud | ¢cs e P Todear
to the decay products | . fd e O full hadronic
5 v gaivni O semileptonic
v VoW
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Important implications

» Observed for the first time in 1995, the measurement of its properties is as relevant as

ever
> In particular the top quark mass
» Essential for probing the SM consistency

B Plays a role on the stability of the electroweak vacuum of the Universe
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* It is also a main ingredient of BSM searches, but those are out of the scope of this talk
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A health_y Run-1 legac_y

Single top production: t-channel
(inclusive, differential, properties); tW
observation; s-channel; rare single top;
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couplings, observation of ttV
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172.31+ 1.55 (0.75 = 1.35)
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Each limit assumes that

all other processes are zero Theory predictions
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The legac_y that is to come will be even better

z Well into Run-2

» We have a collection of results (this talk focuses on the latest among those)

» But keep in mind:

» most of the data collected at 13TeV is not yet explored (we are about to jump into it!)
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Inclusive tt cross sections

ATLAS4CMS Preliminary » The bread and butter of top quark
LHCtop WG o, summary, Vs = 13 TeV Nov 2017 .

NNLOSNNLL PRL 110 (2013) 262004 L physics at the LHC
"""" m,,, =172.5 GeV, o (M ) =0.118:0.001 o o 1

scale uncertainty _

scale ® PDF @ ag uncertainty o, = (stat) = (syst) = (lumi)

p early measurements at any new energy

ATLAS, dilepton en | H§| 818+ 8 + 27 + 19 pb .
PLB 761 (2016) 136, L =3.2 b P re glme

ATLAS, dilepton ee/up * e | I +57 + 70 + .. . .
ATLAS-CONF 2015049, L, =s5pb” | | 1" 74957 =79 = 74pb » deviations from the predictions would
ATLAS biets® m—— | 817+13+ 10388 pb be a clear ﬂag for new physics but so

; ) ; v i T P . .

| far they are all consistent with the SM

CMS, dilepton en H—e—H 746 + 58 + 53 + 36 pb
PRL 116 (2016) 052002, L _ =43 pb”, 50 ns
CMS, dilepton ey o 815+ 938+ 19 pb
EPJC 77 (2017)172, L =22 fb™ 25 ns :
CMS, I+jets . 141 888x2:26+20pb
arXiv:1701.06228, Lint =22fb
CMS, all-jets * —f&+— 834:25:118:23pb

CMS-PAS TOP-16-013, L =253
:  NNPDF3.0 JHEP 04 (2015) 040
MMHT14 EPJC 75 (2015) 5
" Preliminary CT14 PRD 93 (2016) 033006 With a Sma" fraCtion Of the data:
: ABM12 PRD 89 (2015) 054028 Ac/o = 4% and decreasing

[o,(m ) =0.113] o e
(Run-1 legacy precision =3.5%)

l|l|l|lll|lll|III|III|III|
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Inclusive tt cross sections: the oddballs

ATLAS
13 TeV, 3.2 fb™

data = total uncertainty
data = stat. = exp. uncertainty
data = stat. uncertainty

Ratios!

arXiv:1612.03636
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§ 00E
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tt/Z cross section ratios
power to constrain PDFs
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f I+jets 7 TeV (L=2.3 o)
¢ eu8TeV(L=19.7f")
A l+jets 8 TeV (L=19.6fo)
4+ en13TeV (L=221f0"

CMS

A l+jets 13 TeV (L=221")

i ep/up
¢ l+jets

; i NNLO-NNLL 80 ® cu/uu/l+jets
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Paves the way for future measurements in Heavy lons
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Ditferential tt cross sections

Interface theory, simulation, and the experiments
Allow for comparisons with state-of-the-art predictions

» MC generators; high order predictions; different
matching schemes, scales and tunes

Ultimate stress-test of the SM

» Extraction of parameters (m, Oi)
» Constrains on BSM models, EFT

Results in every final state, at all levels, covering boosted
and resolved regimes

In general: good agreement with NNLO predictions and
NLO generators

B Discriminating between models and tuning

parameters possible
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https://arxiv.org/abs/1801.02052

Ditferential distributions: top quark PT

» The top quark pr is softer in data than in simulation
» Effect observed during Run-1, still present in Run-2
» Appears clearly in ATLAS and CMS data

» Itis improved (not fully fixed!) by higher order (NNLO)

calculations

» The gﬁfect is also smaller in simulation

at higher orders (NLO)

10° CMS, 19.7fb'at \s =8 TeV
X
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Multi difterential distributions

Not only to study this effect

We in fact are in a new

differential era

Bin events not in one variable
but in two (or more)

variables:

» Better constrains to the
MC by disentangling
effects

2z Better constrains to PDFs

arXiv:1803.08856
|+jets
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https://arxiv.org/abs/1803.08856

Studies with charged particles (in or outside ]ets)

2z Recent measurements

investigating

> jet constituents/
structure
variables

» multiplicity and
kinematic
variables of
charged-particle
tracks from the

underlying event

» tuning of the simulation A
Zo
» sensitive to colour effects, "
s
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Betore you go: differential top quark mass!

» Not many properties results yet, we need
to understand the data very well first

» a first measurement of top width
(compatible with the SM)

» Direct measurement of the top quark
mass with 13TeV data

> classic method (most precise value in

Run-1)

» The result includes differential

measurements

b Updated treatment of model

uncertainties
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-007/

Single top quark production

- ATLAS ¢ Data .
» The study of single top quarks is also well advanced T o

» t-channel cross section at 13TeV ~ tt cross section at 8TeV
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Rare single top at our fingertips
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tZqg FCNC in the same signature: CMS PAS-TOP-17-017, ATLAS-CONF-2017-070
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Events

Other rare production processes are becoming mainstream

> tt+V (W/Z), low cross section SM processes, Oy ~ 103 Ouz

» sensitive to anomalous couplings & BSM eftfects, ttH background

» Both ttW and ttZ above 50 each, systematic and statistic uncertainty on the same ballpark
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» EFT interpretation

arXiv:1711.02547

owz = 0.99+0.09-0.08(stat)+0.12-0.10(syst) pb > 50
ouww = 0.77+0.12-0.11(stat)+0.13-0.12(syst) pb 5.30
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Exciting times ahead

> 4t production is a VERY rare production —> 5 orders of magnitude less often than tt in the SM
» Future measurement useful test of analytical higher order calculations
» Before that — many BSM models predict an increase of the 4t cross section

» Particles decaying to top quarks or modified couplings, massive coloured bosons, composite
Higgs/top, extra dimensions, SUSY [...]

arXiv:1710.10614
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The dawn of a new era

» After a first observation of top quark production in the forward region in 2015
» LHCD has started to seriously measure top quark Cross sections

> Very valuable complementary measurements to ATLAS and CMS
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syst and stat uncertainty on the same order
rXiv:1610.08142
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Summar_y

z The study of the top quark sector remains an exciting topic at the LHC

» Precision measurements could be the key to unveil the answers to fundamental
questions that the SM cannot answer yet

» The top quark offers a catalogue of those
» After arich legacy from Run-1, we are about to attack a much larger body of data
» The Run-2 will be even more prosperous for top quark physics

> Stay tuned to the results from ATLAS, CMS, and now LHCb!

» You can follow them all at the LHC top Working group!

https:/twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html

http://Ihcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary QEE.html
https://Aiwiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG
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