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• ATLAS performed very well both in 

Run 1 and in Run 2 

– 20.3 fb-1 at 𝑠=8 TeV 

– 3.2 fb-1 at 𝑠=13 TeV  

• Top quarks are produced in large 

numbers 

– 5.3M recorded at 𝑠=8 TeV  

– 2.3M recorded at 𝑠=13 TeV  

• Such numbers allow for an incredibly 

rich research programme 

– Differential measurements 

– We can focus on leptonic decays to reduce 

uncertainties 
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Resolved l+jet analysis at 8 TeV (Accepted by EPJC, arXiv:1511.04716) 

Boosted l+jet analysis at 8 TeV (Phys. Rev. D93 (2016) 032009, arXiv:1510.03818) 

Resolved di-leton analysis at 7 and 8 TeV (arXiv:1511.04716) 

http://arxiv.org/abs/1511.04716
http://arxiv.org/abs/1511.04716
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.032009
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.032009
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.032009
http://arxiv.org/abs/1510.03818
http://arxiv.org/abs/1511.04716
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Motivations for differential measurements 

• Probe several variables and compare with predictions 
– New physics can be strongly constrained using top  

– Non resonant, model independent search 

– Improve PDFs prediction in extreme regions 

 

• Unfolded results at parton level 
– Comparison with NNLO predictions 

 

• Unfolded distributions at particle level 
– Closest to detector and not dependent on generator 

– Provides top modelling for next generation of MC generators 

– It is a legacy measurements independent of generators available today 
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Leptonic Top:  

• lepton  

• ET
Miss  

• Closest b-jet to lepton 
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• two light jets  
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Top selection is identical at reco and particle level 
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Leptonic Top:  

• lepton  

• ET
Miss  

• Closest b-jet to lepton 
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arXiv:1511.04716 

11 variables measured 
• Hadronic top pT, 𝑦  

• 𝑡𝑡  system mass, pT, 𝑦  

• Production angle (𝜒𝑡𝑡 ) 

• Longitudinal boost (𝑦𝑏𝑜𝑜𝑠𝑡
𝑡𝑡 ) 

• Out of plane momentum (𝑝𝑜𝑢𝑡
𝑡𝑡 ) 

• Azimuthal angle (Δ𝜙𝑡𝑡 ) 

• Scalar sum of pT of all objects (H𝑇
𝑡𝑡 )  

• Ratio of pT of W and top (R𝑊𝑡)  
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Both absolute and normalised distribution  

at particle and parton level distributions are available  

11 variables measured 
• Hadronic top pT, 𝑦  

• 𝑡𝑡  system mass, pT, 𝑦  

• Production angle (𝜒𝑡𝑡 ) 

• Longitudinal boost (𝑦𝑏𝑜𝑜𝑠𝑡
𝑡𝑡 ) 

• Out of plane momentum (𝑝𝑜𝑢𝑡
𝑡𝑡 ) 

• Azimuthal angle (Δ𝜙𝑡𝑡 ) 
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Rapidity distributions can be used to constrain PDF 
• Some prediction not compatible with data 

• Top and 𝑡𝑡  are sensitive to different PDFs  

arXiv:1511.04716 
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Comparison with NNLO prediction 
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Parton level unfolding used to compare best predictions 
• NNLO is more compatible with data than NLO prediction 

arXiv:1511.04716 
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Three distributions of the 𝑡𝑡  system are unfolded: 
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7 TeV distributions 
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light quarks 

ΔR(l, jet) < 1.5  

ΔR(l, l-jet) < 1.5  

ΔR(b-jet, l-jet) < 1.5  
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Boosted pT distribution 
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Results between parton and particle level are consistent 

Particle level provides smaller uncertainties  

Phys. Rev. D93 (2016) 032009 
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Boosted pT distribution 
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Results between parton and particle level are consistent 

Particle level provides smaller uncertainties  

Systematic errors smaller at particle level 
• Strong reduction in top modelling errors 

Phys. Rev. D93 (2016) 032009 



13 TeV results: inclusive measurement 

54 

Cross-section using eμ events using 2015 data (arXiv:1606.02699) 

L+jets cross –section using early 2015 data (ATLAS-CONF-2015-049) 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/


Royal 

Holloway 

Department 

of Physics 

Di-lepton: 

• 2 leptons with pT > 25 GeV 

• 1 or 2 b-jets with pT > 25 GeV 

 

 

 

 

 

 

 

 

 

Simultaneous fit of b-tagging 

efficiency and cross section 

Selections 

Lepton + jets: 

• 1 lepton with > 25 GeV 

• 4 jets with pT > 25 GeV 

• 2 b-jets 

arXiv:1606.02699 ATLAS-CONF-2015-049 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-09/
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Inclusive Cross-section  
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The cross-section measured in all channels is in good agreement 

with the best prediction 
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Effect of PDF on 𝜎𝑡𝑡 /𝜎𝑍 
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PDF sets can also be constrained using 𝜎𝑡𝑡 /𝜎𝑍 

Some models already show tension with data 

Will provide strong constrain more data will be included 

ATLAS-CONF-2015-049 
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• The LHC is a top factory and we are exploiting the large 

number of top quarks produced 

• We published the 7 and 8 TeV legacy differential 

measurements 
– Some tensions between data and MC  

– But NNLO prediction and new PDF sets are in much better agreement 

– Will be used to improve top modelling 

– Will constrain PDF in extreme regions 

• Starting to exploit the 13 TeV events 
– Inclusive cross section in good agreement with NNLO prediction 

• 2016 run already undergoing 

– Next year: double differential measurements! 
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Backup 
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Definition of variables in resolved diffXsec 
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• Production angle (𝜒𝑡𝑡 = 𝑒𝑥𝑝 𝑦𝑡,ℎ𝑎𝑑 − 𝑦𝑡,𝑙𝑒𝑝 ) 

• Longitudinal boost (𝑦𝑏𝑜𝑜𝑠𝑡
𝑡𝑡 ) 

• Out of plane momentum (𝑝 𝑜𝑢𝑡
𝑡𝑡 = 𝑝 𝑡,ℎ𝑎𝑑 ∙

𝑝 𝑡,𝑙𝑒𝑝×𝑧 

𝑝 𝑡,𝑙𝑒𝑝×𝑧 
) 

• Azimuthal angle (Δ𝜙𝑡𝑡 ) 

• Scalar sum of pT of all objects (H𝑎𝑙𝑙
𝑡𝑡 )  

• Ratio of pT of W and top (𝑅𝑊𝑡 =
𝑝𝑇

𝑊

𝑝𝑇
𝑡 )  
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Triggers 

• 7 TeV  

– muon > 18 GeV  

– electron > 20/22 GeV depending on the period  

• 8 TeV  

– muon: > 24 GeV with isolation OR > 36 GeV without isolation 

– electron: > 24 GeV with isolation OR > 60 GeV without isolation 

• 13 TeV  

– muon: > 24 GeV with isolation OR > 50 GeV without isolation 

– electron: > 24 GeV with isolation OR > 60 GeV no isolation and tight 

selection OR > 120 no isolation and loose selection 
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From experiment to theory 

62 

Theory 

 

Partons 

Full Phase space 

Experiment 

 

Reconstruction 

Fiducial Phase space 

Particle 

Fiducial Phase space 

RIVET 

Focus on measurement close to 

experimental acceptance  

Reduce dependency on theory 

Migration matrix is more diagonal 

Expected reduced systematic 

uncertainties from modelling  

Theorist can compare new models 

The results will be relevant for years 

Reco to parton unfolding (7 TeV) 

Reco to particle Parton to particle 
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Object Definition 
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γ 

l 

K 

π 
μ 

ν 

Charged leptons not decaying from a hadrons are 

“dressed” with the energy from all photons within 

a R=0.1 cone around the lepton  

Jets are clustered from stable MC particles using 

anti-kt with R=0.4 (R=1 for boosted objects)  

Neutrinos and muons from hadrons are included 
 

Reconstructed object use standard definitions (see talk by Chris Pollard)  

Particle objects 

ET
Miss  defined as sum of all other neutrinos 

B tagging defined by matching a jet with a b quark with R<0.35 
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Effect of PDF and hdamp 
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Changing PDF has small impact 

Small effect for cut-off of hard radiation in PowHeg (hdamp) 

A slope for PDF with respect to data 

Phys. Rev. D93 (2016) 032009 
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Modelling of kinematics 
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arXiv:1606.02699 

ATLAS-CONF-2015-049 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-09/

