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Introduction

Motivation:
I First measurement of tt̄Z cross section using full Run 2 data with L = 139 fb−1 [1]
I tt̄Z production directly probes the t − Z coupling – internal consistency of the Standard

Model (SM) + possible hints of a new physics beyond SM (BSM)
I Di�erential cross sections can o�er sensitivity to di�erences among the various Monte

Carlo (MC) predictions
I tt̄Z is an irreducible background in several searches for BSM phenomena and important

SM processes

Production mechanism:
I tt̄ pair production associated by Z boson from either initial or final state radiation
I Very rare SM process; most precise theoretical prediction at NLO+NNLL in QCD and

EW [2]

f theo.t—tZ = 0.86+0.07−0.08(scale) ± 0.03(pdf+US) pb (1)

I Representative LO feynman diagrams:

Definition of the signal regions

I Measurements focused on two most sensitive multi-lepton channels:
• 3ℓ [Z → ℓ−ℓ+, tt̄ → ℓaℓjjjj]
• 4ℓ [Z → ℓ−ℓ+, tt̄ → ℓ−āℓℓ+aℓjj]

3ℓ signal regions:
Variable 3ℓ-Z-1b4j-PCBT 3ℓ-Z-2b3j-PCBT 3ℓ-Z-2b3j

inclusive inclusive di�erential
Nℓ (ℓ = e, `) = 3

≥1 opposite-sign-same-flavour (OSSF) lepton pair with |mZ
ℓℓ −mZ | < 10 GeV

for all OSSF combinations: mOSSF > 10 GeV
pT(ℓ1, ℓ2, ℓ3) > 27, 20, 20 GeV

Njets ≥ 4 ≥ 3 ≥ 3
Nb−jets = 1@60% ≥ 2@70% ≥ 2@85%

veto add. b-jets@70%

4ℓ signal regions:

Variable 4ℓ-SF-1b 4ℓ-SF-2b 4ℓ-DF-1b 4ℓ-DF-2b
Nℓ (ℓ = e, `) = 4

≥1 OSSF lepton pair with |mZ
ℓℓ −mZ | < 10 GeV

for all OSSF combinations: mOSSF > 10 GeV
pT (ℓ1, ℓ2, ℓ3, ℓ4) > 27, 20, 10, 7 GeV

ℓℓ non−Z e+e− or `+`− e+e− or `+`− e± `∓ e± `∓

Njets ≥ 2 ≥ 2 ≥ 2 ≥ 2
Nb−jets@85% = 1 ≥ 2 = 1 ≥ 2

+ Emiss
T cuts for SF regions to reduce ZZ+jets background

Inclusive cross section measurement

I Combined single-bin profile likelihood fit [3] in inclusive signal regions
I Fit configurations:

`tt̄Z , NWZ+l floating

`tt̄Z , NZZ+l floating

`tt̄Z , NWZ+l, NZZ+l floating

Channel `tt̄Z
3ℓ 1.17 ± 0.07 (stat.) +0.12−0.11 (syst.)
4ℓ 1.21 ± 0.15 (stat.) +0.11−0.10 (syst.)
3ℓ + 4ℓ 1.19 ± 0.06 (stat.) ± 0.10 (syst.)

I The cross section is measured to be

f (pp→ t—tZ) = 0.99 ± 0.05 (stat.) ± 0.08 (syst.) pb

I The result agrees with theory prediction (1)

Uncertainty Δftt̄Z/ftt̄Z [%]
tt̄Z parton shower 3.1
tWZ modelling 2.9
b-tagging 2.9
WZ/ZZ+jets modelling 2.8
tZq modelling 2.6
Lepton 2.3
Luminosity 2.2
Jets + Emiss

T 2.1
Fake leptons 2.1
tt̄Z ISR 1.6
tt̄Z `f, `r scales 0.9
Other backgrounds 0.7
Pile-up 0.7
tt̄Z PDF 0.2
Total systematics 8.4
Data statistics 5.2
Total 10
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⇑ Post-fit event yields in signal and control regions; combined measurement
dominated by 3ℓ-channel events (only slight di�erence between data and SM
prediction)

⇐ List of the relative uncertainties of the measured inclusive tt̄Z cross section.

Di�erential cross section measurement

I Iterative Bayesian Unfolding (IBU) technique [4]
I Measuring absolute and normalised di�erential

cross sections
I Fiducial volumes are defined at parton (a�er tt̄Z

decay including QCD radiation, but before
hadronization) and particle (a�er tt̄Z decay,
including hadronisation) level

Absolute parton level di�erential tt̄Z cross section measured
as a function of pZT ⇓
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3l + 4l combination

⇑ Decomposition of the total uncertainty (le�) and migration matrix (right) for parton
level di�erential cross section measured as a function of pZT

Compatibility (j2 and p values) between the unfolded measurements and nominal⇒
MC prediction

Unfolded variables:

Channel Variables
3ℓ + 4ℓ pZT , |yZ |

3ℓ Njets
∗, pℓ,non−ZT ,

|Δq (Z, tlep) |, |Δy(Z, tlep) |

4ℓ Njets
∗, ptt̄T ,

|Δq (ℓ+t , ℓ−t̄ ) |, |Δq (tt̄, Z) |

∗unfolded only to particle level

I Kinematic variables related to tt̄Z provide
sensitivity to either BSM e�ects (separation
variables) or generator modelling (Z and t/t̄
related variables)
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