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Introduction

● Rare Standard Model process
● Direct probe of the neutral electroweak 

coupling of the top quark
● Important background for top processes (tZq, 

ttH, ttW) and BSM searches
● Sensitivity to new physics  

Production of a top and anti-top quark pair in association with a 
Z boson:

This talk: differential cross-section 
measurements with 140 fb-1 (Run 2) dataset

ATLAS-CONF-2023-065

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
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Analysis channels 

3ℓ

● Best compromise between 

purity and statistics

● WZ+jets and tZq background

● Fake lepton background

4ℓ
● High signal purity

● Different or same-flavour 

non-Z lepton pairs

● tWZ and ZZ+jets background

★ Apply basic object preselection
★ Separate signal and background with 

binary/multi-class neural networks
★ Measure differential cross-sections with a profile 

likelihood unfolding (PLU)

We measure ttZ in multilepton final states: Z→e+e–/μ+μ– and tt→1/2 leptons. 
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3ℓ channel

● Multi-class deep neural network (DNN) 
separates ttZ signal from WZ+jets and 
tZq backgrounds.

● Input: reconstructed kinematic 
observables and b-tagging information.

● 3-prong output produces a 2D 
distribution.

Cut on 2D output to 
give best S/B
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tZq score

SR-3ℓ-WZ

SR-3ℓ-tZqSR-3ℓ-ttZ



ATLAS UK: Top + XTOP2023|Differential ttZ x-secH. Watson 25.09.2023     5

4ℓ channel

● Use multi-variate (MVA) approach to suppress ZZ+jets 
background.

● Two ttZ-4ℓ categories based on non-Z lepton flavour:
○ ℓℓnon-Z = e±e∓, μ±μ∓→ same flavour (SF)
○ ℓℓnon-Z = e±μ∓→ different flavour (DF)

ttZ-4ℓ-SF score

SR-4ℓ-SFCR-4ℓ-ZZ

Binary classifier DNN separates ttZ-4ℓ-SF signal and 
ZZ+jets background.

Cut on DNN output and define 3 regions:
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Unfolding procedure

Profile likelihood unfolding (PLU) with likelihood constructed as:

● Differential cross-section: extract signal parameter 𝝁ttZ  in each bin.

● Easy combination between orthogonal channels and regions.

● Free-floating normalisation of backgrounds:

NWZ+b(3ℓ) , NZZ+b  (4ℓ),  N𝜇,HF , Ne,HF , Ne,other  

● Inclusion of systematic uncertainties in the fit via 𝜃.

● 5/3/9 observables in 3ℓ/4ℓ/3ℓ+4ℓ unfolded to particle and parton level.

● Tikhonov regularisation used for hadronic top observables.
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3ℓ unfolding - pT
Z

SR-3ℓ-ttZ
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Differential cross-section measurements 

Data, NWZ+b and NZZ+b are found to be 
consistent with the Standard Model.

Combination of the 3ℓ + 4ℓ signal and control regions:
Particle level Parton level
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Differential cross-section measurements 

Gain in precision comes from
● MVA technique to separate signal and 

background.
● Simultaneous fit to multiple regions 

via PLU.

Data, NWZ+b and NZZ+b are found to be 
consistent with the Standard Model.

≈ 30% improvement with respect to the 
previous ATLAS analysis (EPJC 81 (2021) 737)
➔ precision of ~20% at 500 GeV
➔ total uncertainty is stat-dominated.

Combination of the 3ℓ + 4ℓ signal and control regions: Particle level
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Transverse momentum of the Z boson

https://arxiv.org/abs/2103.12603
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Differential cross-section measurements 

Gain in precision comes from
● MVA technique to separate signal and 

background.
● Simultaneous fit to multiple regions 

via PLU.

Data, NWZ+b and NZZ+b are found to be 
consistent with the Standard Model.

≈ 30% improvement with respect to the 
previous ATLAS analysis (EPJC 81 (2021) 737)
➔ precision of ~20% at 500 GeV
➔ total uncertainty is stat-dominated.

Combination of the 3ℓ + 4ℓ signal and control regions: Particle level
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Invariant mass of ttZ system

https://arxiv.org/abs/2103.12603
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Summary

★ Analysis builds and improves upon the previous ATLAS result: MC modelling, 
MVA-based strategy, fake lepton estimation, systematics model.

★ Approximately 30% improvement on the differential cross-section precision 
using the same dataset.

★ Differential measurements are performed for 17 observables in the 3ℓ, 4ℓ or 
3ℓ+4ℓ channels with a precision of ~20% at 500 GeV.

★ Full likelihoods will be available via HEPData.

Differential measurements of the ttZ cross-section in multi-lepton final states 
(3ℓ & 4ℓ) using 140 fb-1 of Run 2 data have been performed with ATLAS.

ATLAS-CONF-2023-065

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/


Backup

TOP2023 H. Watson 
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DNN input - 3ℓ ATLAS-CONF-2023-065

Table 23

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
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DNN input - 4ℓ ATLAS-CONF-2023-065

Table 24

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
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Regularisation 𝝉 ATLAS-CONF-2023-065

Table 15

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/


ATLAS UK: Top + XTOP2023|Differential ttZ x-secH. Watson 25.09.2023     16

Parton and particle level ATLAS-CONF-2023-065

Table 5

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
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Systematic uncertainties ATLAS-CONF-2023-065

Table 14
(inclusive measurement)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
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Changes w.r.t previous analysis

ATLAS-CONF-2023-065

Previous analysis Legacy analysis

b-tagging mv2c10 DL1r

Unfolding method iterative Bayesian profile likelihood

Neural network ✗ ✓

Lepton isolation and pT Tight(er) Loose(r)

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

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-065/
https://arxiv.org/abs/2103.12603
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b-tagging Eur. Phys. J. C 83 (2023) 681 

https://link.springer.com/article/10.1140/epjc/s10052-023-11699-1

