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Measurement of the inclusive
ttZ production cross-section



Introduction

● A rare SM process produced at the LHC.
● A direct probe of the top-quark coupling to the Z boson.
● An irreducible background in BSM searches and measurements of SM processes

with multi-lepton final states.
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The first inclusive measurement of the ttZ process using full Run 2 data with ℒ = 139 fb-1.
Eur. Phys. J. C 81 (2021) 737

A top-quark-antiquark pair is produced in association with a Z boson from the initial or final state radiation.
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Differential measurements 
presented by Dominik @ YSF.

https://link.springer.com/article/10.1140/epjc/s10052-021-09439-4
https://indico.cern.ch/event/1018454/contributions/4440121/attachments/2309400/3929583/top2021_Babal_v3.pdf


Event Selections
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Final states with three (3ℓ) or four (4ℓ) isolated leptons (e or μ) are considered in the analysis.

4ℓ
● = 4 leptons (e or 𝜇)

≥ 1 OSSF lepton pair with |mℓℓ - mZ
| < 10 GeV

∀ OSSF lepton pairs m
OSSF 

> 10 GeV,

● p
T
(ℓ

1
,ℓ

2
,ℓ

3
,ℓ

4
) > 27, 20, 10, 7 GeV,

● N
jets
≥ 2,

● N
b-jets

 = 1 or ≥ 2 @ 85% b-tag WP,

● Non-Z lepton flavours, SF & DF,

● E
T

miss cuts to reduce the ZZ+jets

background.

OSSF
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Event Selections
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Final states with three (3ℓ) or four (4ℓ) isolated leptons (e or μ) are considered in the analysis.

3ℓ
● = 3 leptons (e or 𝜇)

≥ 1 OSSF lepton pair with |mℓℓ - mZ
| < 10 GeV

∀ OSSF lepton pairs m
OSSF 

> 10 GeV,

● p
T
(ℓ

1
,ℓ

2
,ℓ

3
) > 27, 20, 20 GeV,

● N
jets
≥ 4 if N

b-jets
 ≥ 1 @ 60% b-tag WP

N
jets
≥ 3 if N

b-jets
 ≥ 2 @ 70% b-tag WP.

OSSF
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Results
The measured inclusive cross-section is in good agreement

with the SM theory predictions.
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Dominant sources of systematic uncertainty:
1. ttZ parton-shower modelling,
2. tWZ modelling,
3. Jet flavour-tagging. 

NLO + NNLL SM prediction:
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Profile-likelihood fits w.r.t. the NLO (QCD+EW) SM prediction:

Simultaneous fit to the 6 SRs & 2 CRs is used to extract 
the cross-section



Conclusions

● The full Run 2 pp collisions at √s = 13 TeV data set collected by the ATLAS detector.
● Only final states with three or four isolated leptons. 
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The measured inclusive cross-section is in good agreement
with the SM theory predictions.

● The dominant sources of systematic uncertainty:
○ ttZ parton-shower modelling,
○ tWZ background modelling,
○ Jet flavour-tagging.
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Conclusions

● The full Run 2 pp collisions at √s = 13 TeV data set collected by the ATLAS detector.
● Only final states with three or four isolated leptons. 
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The measured inclusive cross-section is in good agreement
with the SM theory predictions.

● The dominant sources of systematic uncertainty:
○ ttZ parton-shower modelling,
○ tWZ background modelling,
○ Jet flavour-tagging.

Thank you for the attention!
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