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Top quarks pair production

• Studying the top quark sector is a fundamental 
component of the overall ATLAS research 
program

– cross-section and properties measurements

• precision tests of the Standard Model

– a window to new physics if deviation found

• non-SM production: X → tt̄ 

• non-SM decay:  t → Xb  

• top plays an important role in several   
BSM theories

– decay topologies are a background to several 
BSM searches and other SM measurements

– important for tt̄H measurement

• The LHC is a top factory (large abundance):

– perform various differential cross-section measurements (dσ/dX)

• important to study QCD effects, PDF's, and Parton Showers 
implementation in various Monte Carlo's for further tuning.

Czakon, Fiedler, Mitov 
PRL 110 (2013) 252004
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Cross-section measurements
• Several analyses performed and measurements reported today:

– at 8 TeV (full 20.3 fb-1dataset from 2012)

• dσ/dX of top, tt̄ system, event-level kinematics

• dσ/dX of top pT in a highly boosted regime

– at 13 TeV: with 85 pb-1 & 3.2 fb-1 of 2015 data

• inclusive tt̄ production

• tt̄ + W  , and   tt̄ + Z production 

• tt̄ + jets , dσ/dX of additional jet multiplicity

• All analyses require basic ingredients:

–  electrons and muons 

–  jets

–  missing ET

–  b-tagged jets

• dilepton channel (multi-leptons for tt̄+V): 

– used for inclusive cross-sections

• lepton+jets channel: 

– used for both inclusive & differential cross-sections



R. Tafirout Top quark pair production measurements with ATLAS, Phenomenology  2016, Pittsburgh USA 4

 ee, μμ, e/μ + jets inclusive  (13 TeV)

• dilepton: same flavour opposite sign 
leptons ee or μμ; exactly 1 or 2 b-tagged 
jets; missing ET.

– simultaneous fit to obtain σtt̄ and        
b-tagging efficiencies

• lepton+jets: one lepton and at least 4 jets

– 1 b-tagged jet

– requirement on missing ET and/or MW
T

– σtt̄ = (N-B)/(Efficiency*L)

ATLAS-CONF-2015-049

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
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σtt̄ / σZ  ratio (13 TeV)

• Measurements of σtt̄ and σZ limited by large systematics

• In the σtt/̄σZ ratio large cancellations occur:

– integrated luminosity & lepton ID

• σtt̄ used is from dilepton (eμ) channel (78 pb-1)

• Ratio compared to NNLO QCD predictions with different PDF's:

– provides constraints on gluon to sea-quark ratio in PDFs. 

ATLAS-CONF-2015-049

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
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  eμ, inclusive (13 TeV)

• Opposite sign eμ pair

• Events with exactly 1 or 2 b-
tagged jets (N1 and N2)

• missing ET

• Simultaneous fit to obtain σtt̄ and   
b-tagging efficiency (exploit 
correlations)

ATLAS-CONF-2016-005

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-005/
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tt̅ + jets (13 TeV)

• Additional jet activity is sensitive to higher-
order QCD effects

– source of uncertainty in precision 
measurements such as σtt̄ or mt

– tt̅ +jets is a dominant background to 
BSM searches and Higgs studies 

• Aim is to test NLO Monte Carlo models

• Extra jet activity in the dilepton channel:

– 2 opposite sign ee, μμ, or eμ    

– 2 b-tagged jets

– missing ET

• Unfolding to                                      
particle jet                                      
multiplicity

• Various jet pT cut                                     
(>25,40,60, 80)

ATLAS-CONF-2015-065

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-065
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  tt̅ + W/Z (13 TeV)

• Important for top EW coupling, BSM 
searches and tt̅H measurement 
(irreducible background)

• Several decay topologies with different 
signal & background compositions

– selection: multi-leptons, jets,            
b-tagged jets, and missing ET 

• tt̅+Z: 8 signal and 2 control regions (fit)

• tt̅+W: 2 signal and 2 control regions (fit)

ATLAS-CONF-2016-003

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-003/


R. Tafirout Top quark pair production measurements with ATLAS, Phenomenology  2016, Pittsburgh USA 9

lepton+jets, dσ/dX (8 TeV)

• Important to understand and simulate top or tt̅ system kinematics 
properly (a background to many searches)

• Variables chosen to be sensitive to ISR/FSR effects, choice of PDF's 
and higher order corrections.

• Results are compared to several Monte Carlo's

• Most MC's predict a harder top pT a higher values

• Using recent sets of PDF's improves the modeling.

ArXiv 1511.04716

https://arxiv.org/abs/1511.04716
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lepton+jets, boosted tops (8TeV)

• New physics could distort top pT 
spectrum.

• Highly boosted regime with top 
pT>300 GeV, selected as  a large 
jet (anti-kt , R=1.0) using 
substructure techniques 
(hadronically decaying top).

• dσ/dpt
T measured in fiducial 

particle-level and full phase space 
parton-level (unfolding procedure 
from reconstructed objects)

• Normalized to NNLO+NNLL

• LO and NLO MC predictions 
generally harder than data at 
higher pT. 

Phys. Rev. D 93 (2016), 032009

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.032009
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Conclusion

• Various tt̅ inclusive production cross-sections have been measured 
by ATLAS:

– reaching high precision, effectively challenging the best 
theoretical calculations at NNLO+NNLL

– provides a robust test of the Standard Model.

• Differential cross-section measurements provides a framework to 
study Monte Carlo generators and machinery

– helps improve modeling with better tuning. 

– important for BSM physics searches

• Initial measurements of  tt̅+W/Z at 13 TeV in agreement with the 
Standard Model predictions.

• For more interesting top quarks results, see ATLAS twiki page:

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

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


R. Tafirout Top quark pair production measurements with ATLAS, Phenomenology  2016, Pittsburgh USA 12

EXTRA / BACKUP MATERIAL
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Uncertainties (I), 13 TeV
ee, μμ inclusive  e/μ + jets inclusive σtt̄/σZ ratio
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Uncertainties (II), 13 TeV

 tt̅ + jets

 tt ̅+ W/Z
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Observed & Expected (I)

l+jets, boosted tops (8 TeV)

tt+W/Z (13 TeV)

e-mu, inclusive (13 TeV)
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Observed & Expected (II)

e-e,mu-mu inclusive (13 TeV) l+jets, inclusive (13 TeV)
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t-tbar + W/Z (8 TeV)

• Processes established at  8 
TeV; significantly lower 
production cross-sections 
than at 13 TeV.

• Multi-leptons selections

– 2 leptons: SS, OS,

– 3 leptons

JHEP 11 (2015), 172
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