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This talk will focus on (precision) measurements in the domain 
of top physics at the LHC

Total and differential cross-sections on single top, top-pair, top and bosons
Top mass and properties

Selected(*) experimental results
Twist towards the open questions to TH/phenomenology

The ubiquitous TH uncertainties
Special focus on LHC combined results

In-talk discussion welcome

(*) Disclaimer: this is not a complete review of results on top physics. The choice made is personal and, by 
definition, biased.  This talk will mostly cover LHC results. Tevatron results are flashed when relevant. For the state 
of the art of experimental results please go here:

Åhttps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
Åhttps://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
Åhttp://www -cdf.fnal.gov/physics/new/top/top.html
Åhttp://www -d0.fnal.gov/Run2Physics/top/
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Motivation and experimental setup

e ɛ Ű bscdu tɜe ɜŰɜɛ WZH
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A particle with unique characteristics

Å Interesting per se: a fundamental fermion weighting like a tungsten atom !

Å ! ÐÁÒÔÉÃÌÅ ÔÈÁÔ ÉÓ ȰÓÔÒÏÎÇÌÙȱ ÃÏÕÐÌÅÄ ÔÏ ÔÈÅ (ÉÇÇÓ ÓÅÃÔÏÒ

ü Can use to constrain the SM, or any new model of new physics

ü Direct measure of the top Yukawa coupling is possible

Å Top physics gives direct access to fundamental parameters of the SM

ü Direct access to parameters of the SM (mt, Vtb)

ü Other stringent tests of SM (QCD in ds/dXȟ ÃÏÕÐÌÉÎÇÓȟ #04 ÉÎÖÁÒÉÁÎÃÅȟȣɊ

Å It is the only quark that does not hadronise

ü No bound tq states, its spin properties are directly passed to its decay products 

Å Privileged gateway to signals of new physics

ü Many new models do concern the top sector exclusively, other may involve top 
partners like in SUSY, UED, little Higgs, 4th generation models

ü Top-like signatures are a very important background for several other searches
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Why is it experimentally challenging (+interesting)

Å It involves all parts of a multi-purpose detector

ü Excellent understanding of tracking, calorimetry, muon system. 

ü Excellent hermeticity

ü Excellent understanding of b-tagging and energy calibrations

Å Jets (in particular b-jets) are ubiquitous

ü Excellent control of the JEC for light and heavy flavours

ü Jet pairing gives rise to important combinatorial backgrounds to fight with

Å Requirement to Monte Carlo predictions (ME+models) is now impressive 

ü Simulating radiation in top pair still one of the most important systematic effects

üȰ3ÏÆÔ-erȱ 1#$ ÅÆÆÅÃÔÓ ÂÅÃÏÍÉÎÇ ÉÎÃÒÅÁÓÉÎÇÌÙ ÉÍÐÏÒÔÁÎÔ ÉÎ ÐÒÅÃÉÓÉÏÎ ÍÅÁÓÕÒÅÍÅÎÔÓ 
(CR and fragmentation)

Å Top quarks are an exceptional tool for in situ calibration (more than we 
expected at the beginning) 

ü Control b-tagging and light JES with the W mass

ü Use top pair events to understand radiation and CR in top pair events !
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Typical Monte Carlo setup

Å Reference Monte Carlo setup in ATLAS and CMS include multi-leg or NLO 
predictions for signal regions and main background processes. 

Å For top pair production

ü ATLAS: Powheg+PYTHIA6 or MC@NLO+HERWIG6 (also Alpgen+HERWIG6)

ü CMS: MadGraph+PYTHIA6 (also Powheg+PYTHIA6)

Å For single top production

ü ATLAS: AcerMC (4FS+5FS LO) or Powheg+PYTHIA6 
(4FS NLO)

ü CMS: Powheg+PYTHIA6 (5FS NLO)

ü Plan for Run II: Powhegand aMC@NLO(4FS NLO)

ü DR and DS schemes for tW. In the future use the full 
WbWb calculation

Å Typical input parameter settings

ü PDF4LHC prescription where relevant: envelope of CT10, 
MSTW2008, NNPDF2.3 including aSvariations (±0.0012). 
Also CTEQ6L1 is used

ü Parton showers: PYTHIA6 vs HERWIG6 or vs HERWIG++

ü Tunings: Perugia11C, Z2*



(single) top production at the LHC
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Å Top is produced in pairs (QCD) or singly (EWK)

Å Single topEWK production happens via three main contributions

s(7 TeV)~64 pb s(7 TeV)~15.6 pbs(7 TeV)~4.6 pb

,t ,t

,t

,t

Vtb~1

Å Backgrounds coming from W/Z+jets, top pair production , QCD



s(NNLO+NNLL) °scales °PDFs [pb]

Czakon, Fiedler, Mitov
(arXiv:1303.6254)
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Top (pair) production at the LHC
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,t

,t

Å BR~10% Å BR~44% Å BR~46%

Å Top pair QCD production 
happens mainly via gluon fusion

Å Final states depend on the decay of the W bosons

Å Backgrounds coming from W/Z+jets, single top (tW ), QCD



Collected data
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Å Impressive performance of the LHC in 2011(@7TeV)/2012(@8 TeV)

ü About ~6/ fb collected in total at 7 TeV

ü About ~23/fb collected at 8 TeV

Å Statistics important for top physics

ü LHC is the first top factory ever !

o O(1M) tt @7TeV, O(10M) @8TeV

üWhile precision measurements soon 
limited  by systematic errors, many 
possibilities for other studies open up

o Rare processes

o Searchesfor new physics

o Constrain of systematic errors and 
backgrounds by using data

Example: how the single top signal improves
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Experiments



Summary or reconstruction methods and 
performance and techniques for background 

determination
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Å ) ÃÁÎ ɉÍÁÙÂÅɊ ÁÎÓ×ÅÒ ÑÕÅÓÔÉÏÎÓȟ ÉÎ ÃÁÓÅȣ 
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Top pair production
Single top production
Top quarks and bosons



Total cross section measurements
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Å Monitoring the total production cross section is the first fundamental step for 
understanding top physics at the LHC

ü Test the presence of new production mechanisms 

ü In the frame of the SM, test QCD predictions and help

constraining the PDFs (especially gluons) 
o Important for Higgs production, for instance

ü Indirect determination of m t or aS.

ü Constrain a very important background for many 

searches at the LHC

Å Almost all decay modes are investigated at the LHC

Å The measurements are performed at different level of  
complexity:

ü Counting experiment in acceptance

ü Fit to data in several portions of phase space with in situ 
constraining of various backgrounds 

ü Multivariate analyses



Top pair cross section
Å Di-lepton final states (e, ɛ) background free

ü Likelihood fits to the number of reconstructed (b -
tagged) jets. DY background data-driven
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arXiv:1406.5375

CMS-PAS-TOP-11-003

CMS-PAS-TOP-11-004

Å УЕÊÅÔÓfinal states represent a good 
compromise between statistics and purity

ü Multidimensional ML fit to data 
ü Use data themselves to 

constrain the backgrounds 
by including regions 
where they dominate 

Å Hadronic channels (all-jets, 
Ű+jets) are very difficult

ü Entirely dominated by 
QCD, need to estimate it 
directly from data

ü Use NN to separate signals 
from backgrounds



Cross sections in fiducial regions
Å Important to also provide measured cross section in the experimentally 

accessible phase space regions only

ü The extrapolated cross sections are 1/elarger. May be a factor of 50-100 depending 
on the analysis, and is just coming from MC predictions

ü Fiducial cross sections are much less sensitive to important systematic errors, 
typically QCD scales and PDFs

ü If the phase space can be simply defined, easier comparison to theory 

Å Example: ATLAS extracts simultaneously tt , WW, Z/g­ttfrom a template fit 
over the embb final state
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arXiv:1407.0573



Cross section combination
Å Combination performed(*) 

accounting for correlations

ü Severalcategoriesintroduced
(experiments, energies, channels)
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TOPLHCWG
7 TeV

(*) With Best Linear Unbiased Estimator

[Lyons, Gibaud, Clifford; Nucl. Instr. Meth. A270 (1988), 16.]

8 TeV



Cross sections results
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Å Top pair production is measured and predicted to unprecedented precisions

ü Experimentsmore and more going towards

presenting cross sectionsin fiducial regions
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Å Exploit the dependence ofstt on mt and aS

ü Parametrizemeasured and predicted cross section as a function of the top mass

o .ÅÅÄ ÔÈÅ  ÆÕÌÌ ÄÅÐÅÎÄÅÎÃÅ ÏÆ ÁÎÁÌÙÓÅÓȭ ÁÃÃÅÐÔÁÎÃÅÓ ÏÎ mt.

o Extract mt by using a joint likelihood approach

ü Method to directly access thepole mass

o Not competitive with direct measurements

Phys. Lett. B728 (2014) 496

Extraction of mt and aS

arXiv:1406.5375



Single top cross sections ɀt channel
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Å Typically use multivariate techniques (NN, BDT)

ü Optimize S/B separation using full event properties, 
constrain systematic effects by simultaneously 
analyzing S and B dominated regions

ü Results typically obtained by fitting simultaneously 
different regions of the phase space (eg2J-1tag, 3J-
ΫÔÁÇȟ ÄÉÖÉÄÅÄ ÉÎÔÏ У+ÁÎÄ У-)

Å Via independent counting on different charge 
samples one can determine 

Å ATLAS determines the first fiducial cross section:

ü Marginal effect due to acceptance, better 
comparison to theory

ü Much reduced impact of 

the TH uncertainties

arXiv:1406:7844


