
Measurements of the di erential production cross sections of a 
top-quark-antiquark pair in association with a Z boson at √s = 13 TeV with 

the ATLAS detector

Dominik Babál on behalf of the ATLAS Collaboration
TOP 2021, 15.09.2021

Eur. Phys. J. C 81 (2021) 737

https://link.springer.com/article/10.1140/epjc/s10052-021-09439-4


Introduction

➢        is rare process in the SM (≈1000 
times lower cross section than    )

➢ differential measurements probe top-Z 
coupling of the SM    sensitivity to BSM 
physics (ability to constrain Wilson coef. 
                      ...)

➢ important background for LHC searches
(                    , BSM searches, ... )

➢ first differential measurement by CMS 
using 77.5        (JHEP 03 (2020) 056)

○ Same technique: Iterative Bayesian Unfolding (IBU)
○ Two variables:                            angular distribution 

of the negatively charged lepton from the Z
○ Unfolding to parton level (see also Joscha’s talk)

➢ this is first differential       measurement 
using full Run-2 dataset (139         )

➢ this differential analysis is part of a larger        
paper (for inclusive cross section 
measurement see Laurynas’s talk) 2

https://link.springer.com/article/10.1007%2FJHEP03%282020%29056
https://indico.cern.ch/event/1018454/contributions/4339327/
https://indico.cern.ch/event/1018454/contributions/4440110/


Definition of the regions

3l signal region

➢ Exactly 3 leptons
➢ ≥ 1 OSSF (opposite-sign-same-flavour) lepton 

pair with                                   
and  

➢  
➢ ≥ 3 jets and at ≥ 2 b-tagged jets (85% eff.)

4l signal region

➢ Exactly 4 leptons
➢ ≥ 1 OSSF lepton pair with                                   

and  
➢  
➢ ≥ 2 jets and ≥ 1 b-tagged jet (85% eff.)
➢          cuts to reduce ZZ+jets background 

➢ Most sensitive signatures with 3l and 4l in final states:              ,           dilepton (4l channel) or
lepton+jets (3l channel)  

❖ Measured diff. cross sections 
corrected for detector effects to 
particle (after        decay, 
including hadronization) and 
parton (after        decay including 
QCD radiation, but before 
hadronization) level
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Unfolding and variables
➢ Iterative Bayesian Unfolding (IBU) technique - based on Bayes theorem, stable procedure (does not 

require matrix inversion) 3l variables:

             
generator modelling 
(QCD radiation, 
hadronisation)

BSM effects 
(probes 
vertex)

4l variables:

             
generator modelling 
(hard-scatter, parton 
shower)

BSM effects 
(spin 
correlations)

3l +4l variables:
generator modelling + 
BSM effects, 
increased sensitivity in 
combined channel

4
*  Partial     reconstruction (only leptonic top decays in 3l and    
plane in 4l), focus on most sensitive variables

https://arxiv.org/pdf/1010.0632.pdf


Results
➢ Absolute and normalised differential cross sections unfolded to particle and parton level

➢ All channels are dominated  
by statistical uncertainty 

➢ Leading systematics: 
b-tagging and MC 
modelling 

Comparison with various MC 
generators, nominal is 
MG5_aMC@NLO+Pythia 8 

Dedicated theory predictions 
for most variables at parton 
level (NLO,NLO+NNLL, nNLO) 5



Compatibility with predictions
➢     /ndf and p-value used to quantify overall agreement between unfolded data and various predictions
➢ Elements of covariance matrix determined with bootstrap technique
➢ Overall good agreement observed

Particle level                  Absolute                   Normalised    
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Parton level                  Absolute                   Normalised    

Better agreement with 
SHERPA (p = 0.33)

Better agreement with 
NLO+NNLL prediction 
(p = 0.17)



Summary

➢ Measurements of differential cross section of        production in 3 signal regions (3l, 4l, and 
combined 3l+4l)

➢ Distributions of 9 variables unfolded to particle and parton level using Iterative Bayesian 
Unfolding technique

➢ Absolute and normalised differential cross sections compared to various        generators and 
dedicated theory predictions

➢ Dominant source of uncertainty is 
limited data statistics (will benefit from Run 3)

➢ Overall good compatibility of unfolded 
data with predicted differential cross sections

Thank you for your attention!
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BACKUP



Signal region definitions
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➢ Note differences in b-tagging 
requirements (pseudo-continuous 
b-tagging (PCBT) used in inclusive 
regions to suppress WZ+jets 
background, while fixed 85% 
b-tagging WP is used in differential 
region to increase the data statistics)

➢ Additional           cuts for 
same flavour regions to 
suppress ZZ+jets 
background



Compatibility with predictions (complete tables)
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