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tZj in the SM: tools 
MCFM: 5F calculation including top and Z decays 
Campbell, Ellis and Röntsch: arXiv:1302.3856  

MG5_aMC: possibility for 5F and 4F scheme calculations 
import model loop_sm 
generate p p > t z b~ j $$ w+ w- [QCD] 
output tZjsm4F 

import model loop_sm-no_b_mass 
generate p p > t Z j $$ w+ w- [QCD] 
output tZjsm5F

Similarly for anti-top

Both codes give the fully differential NLO results in relatively 
short runtimes
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4F/5F comparison
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• 5F tZj results cross-checked 
between MCFM and 
MG5_aMC: agreement to 
the per mille level for the 
inclusive cross section at 
various scales 

• Α central scale choice of 
(mt+mZ)/4 inspired by the 
tHj study Demartin et al. 
arXiv:1504.00611 

• PDF4LHC15 pdfs used, 5F 
and 4F variants 
accordingly 
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4F/5F comparison
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• Central choice appears to 
minimise the 4F-5F difference at 
NLO 

• 5F NLO scale dependence and 
K-factor become flatter at μ>μ0 

• Independent variation of 
renormalisation and factorisation 
scales around  μ0 gives 
additional bands (dotted lines) 

• Varying mb up and down by 0.5 
GeV for 4F gives a ~4% 
uncertainty in the cross section

Best central prediction and uncertainty to be decided
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Including Z decays:

(tZj)/(te+e−j)
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Virtual photon contribution 
Diagrams with TGC and WW 
scattering enter 
All needed for gauge-invariance 

Can the additional contributions 
be ignored?

Quickly becomes important for |m-mZ|>20 GeV

full amplitude

Z decay in MadSpin
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t`+`�j
Both Monte-Carlos allow computing this at NLO, including all contributions

import model loop_sm-no_b_mass 
set complex_mass_scheme True 
generate p p > t j e+ e- $$w+ w- QED=4 QCD=0 [QCD] 
output tjelelnlo

Z width included in a gauge-invariant way

Propagator: Amplitude multiplied by: 
MCFM uses the Baur-Zeppenfeld scheme 

MG5_aMC

small differences in the tails No systematic difference at NLO
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Differential k-factors
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Differential k-factors: flat 
Significant reduction of the scale uncertainties
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Summary
Available so far: 
• Comparison between MG5_aMC and MCFM, shows 

agreement, both at the inclusive and differential level for 
the 5F scheme 

• Both tools include off-shell and interference effects, 
which should be used by the experimental groups to 
ensure a good description beyond the Z-mass peak 

• Comparison between 4F and 5F scheme and scale 
variations show theoretical uncertainties under control (at 
the 10% level)
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Further steps
• Combine 4F/5F to obtain a recommendation for the 

inclusive cross-section: central value and 
associated uncertainties: see for example the 
suggestion for tHj in arXiv:1504.00611 

• More detailed study of scale variations? Dynamical 
scales? Any input will be appreciated 

• Study of differences between 4F and 5F in the 
signal PS region? 

• EFT interpretations 
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tZj in the EFT
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arXiv:1804.07773

First EFT study, including 
NLO QCD corrections
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tZj measurements:
CMS; PLB 779 (2018) 358-384: 0.75 ± 0.27
ATLAS; CERN-EP-2017-188: 1.31 ± 0.47



thanks for your attention 


