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Introduction
• Precision measurements of ttbar

cross section.
• Test theoretical predictions and 

modelling,

• important for the top as a background 
for searches,

• Search for new physics as deviations 
from Model (SM) predictions.

2

• Outlook:
• “legacy” run I inclusive cross sections and search for new 

physics (SUSY),
• Differential cross section at 8 TeV,
• Inclusive and differential cross sections at 13 TeV.



Inclusive cross section
at 7 and 8 TeV (ATLAS)

• In situ determination of the jet selection 
efficiency.

• Background estimations :
• Z+jets from same flavour channels,
• Fake lepton from same charge events.

3

• Use e𝜇 channel : most precise.

• Event selection : 1 isolated e and 1 isolated 𝜇 with 
opposite charge.

• 1 and 2 selected jet bins (including b-tagging 
(medium WP)) used to measure the cross section.

arXiv:1406.5375



Search for SUSY stop pair 
production

• Search for stop pair production, 
with stop decaying into a top quark 
and a neutralino.

• Direct searches insensitive for 
m(stop)-mχ≈m(top) => kinematics 
very similar to ttbar events.

• Search for a  deviation from SM 
predictions in the precise 
measurement of the ttbar cross 
section (and spin correlation)
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Limits on stop pair 
production

• Determination of 
exclusion limits on stop 
pair production from 
precise ttbar cross 
section.

• For neutralino mass of 1 
GeV.

• Exclusion at 95% CL up 
to 177 GeV.
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Event selection and 
cut&count analysis (xc)

• Most precise channel :eμ.

• Event selection : e-μ trigger, 2 
isolated leptons 
(electron+muon), at least 1-2 
jets, with at least 1 b-tag 
(medium WP).
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• Data-driven backgrounds:
• Z+jets estimated from an in-peak control region in same-flavour events,
• Fake-lepton backgrounds (ttbar semi-leptonic, W+jets) using same sign 

events.

• Main systematics from JES, lept. sel., b-tagging, signal modelling (top 
pT, scale)

arXiv:1603.0230 



CMS bin likelihood fit
• Main analysis : combine 

a likelihood fit (constrain 
of the systematics using 
nuisance parameters) 
with the ATLAS 
approach.

• Fit of jet 𝑝# in various jet 
and btag jet mult. bins.

• Reduce systematics on 
b-tagging, JES and 
scale (vis. phase 
space).

• Dominant systematics : 
lept sel., trigger, JES, 
ttbar mod.  
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Limits on stop pair 
production

• Compare the measured cross-section (cut&count) with the SM 
predictions, and SM+stop predictions.
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• For neutralino mass of 1 GeV, exclusion up to 189 GeV,
• For neutralino mass of 12.5 GeV, exclusion in the range 185-189 GeV.

arXiv:1603.0230 



Inclusive cross section 
at 13 TeV (CMS)

• Inclusive cross section measurement in the 
e𝜇 channel.

• Very similar approach as for the cut&count at 
8 TeV. Main difference : no b-tagging 
applied.
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𝜎 = 746± 58(𝑠𝑡𝑎𝑡. ) ± 53(𝑠𝑦𝑠𝑡. ) ± 36 𝑙𝑢𝑚𝑖. 𝑝𝑏

arXiv:1510.05302 



Inclusive cross section 
at 13 TeV (ATLAS)

• Similar to the 8TeV analysis strategy.
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ATLAS-CONF-2016-005



ttbar LHC cross sections
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Differential cross section 
at 8 TeV (ATLAS)

• Differential cross section in the semi-
leptonic channel.

• DD for W+jets and multijet
backgrounds.

• (pseudo) top reconstructed using 
constrains on W mass. Unfolded at 
parton level.
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arXiv:1511.04716



Differential cross section 
at 13 TeV (ATLAS)

• Differential cross section at 13 TeV, as a 
function of jet multiplicity.

• Important test of the modelling of extra jets.

• Use dilepton events. Similar selection+2 b-
tagged jets (medium WP). No top reconstruction 
needed, unfolding at particle level.
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ATLAS-CONF-2015-065



Differential cross section 
at 13 TeV (CMS)

• Differential cross section as a function of 
various observables.

• Semi-leptonic channels : single 𝜇/e 
triggers, one isolated 𝜇/e, ≥4 jets and 
			≥	2 b-tagged jets.

• Top reconstruction and unfolding to 
particle and parton levels.
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CMS PAS TOP-16-008



Conclusion
• ttbar cross section measurements:

• benchmark analysis for top precision measurements, 
• can even be used for calibrating the detectors (see b-tagging talks),
• allows for deep comparisons with theoretical predictions ! (and fiducial)

• But also indirect measurements of :
• Alpha_S,
• Top quark pole mass, etc…

• And searches !
• stop pair production,
• chromo-Magnetic and Electric dipole moments, 
• anomalous couplings, etc...

• With more work on systematics, we should be able to do even more 
precise measurements (~4% for the moment).

• High luminosity will help ! (if LHC works well)
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Backups
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Differential cross section 
at 8 TeV
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Comparisons of systematics
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ATLAS CMS



Top mass from cross 
section
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