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The heaviest known particle 
● A portal to new phenomena in many BSM theories
● So far no sign! 

Top, new physics and the precision era 3

Preisely measured at the LHC
● In multiple production mechanisms, also in 

association with other particles



Top, new physics and the precision era 

The current situation

An excellent testbed
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5Effective Field Theory in a nutshell

Expansion of the SM Lagrangian not a new concept

Powerful in describing BSM theories

 Depending on model and assumptions, each EFT operator can be a composition of 
BSM states and vice versa

Illustration
Illustration



6A global approach maximizing 
the discovery potential

Take measurements,
as many as possible

Simultaneously constrain 
as many WC as possible

+ Higgs + B-physics + … 

arXiv:2105.00006 [hep-ph]

top

 Assess correlations between measurements
 Consider all processes when measuring in a given final state

Possible with the access to the data

Important to consider

https://arxiv.org/pdf/2105.00006.pdf


7Towards a global EFT measurement

All possible operators & processes

 An experimental example in the multi-lepton final state

Global limits using event yields in categories

top + x

JHEP 03 (2021) 095

https://link.springer.com/article/10.1007%2FJHEP03%282021%29095


8EFT and Multivariate Techniques
Machine Learning (ML)

X

SM
SM+EFT

Y



9Probing top-Z interactions with ML
 Three processes including top quark and Z boson in 3ℓ and 4ℓ final state

ttZ

tZq

tWZ

138 fb -1



10Simulation of signal with EFT 

 Dim6top model used
● Operators affecting top-Z couplings (conserving CP, lepton & baryon numbers)
● Intereference with SM for ttZ and tZq

arXiv:1802.07237

 Full simulation including EFT weights
at generator level 

 Possible to model any observable in any EFT scenario
● Correlations between observables preserved



11Event selection and reconstruction

 Events selected with at least three isolated leptons
 A Z boson candidate with |m

ℓℓ
-91| < 15 GeV

 A top quark candidate with the remaing lepton, p
T,miss

, and a b-jet
● DNN-base b-tagging (ε~75 % / mistag ~1 %)

 Allowing for add. jets (also with broad |η|  for tZq)

 Divided to SR and CR’s based on lepton and (b-)jet multiplicities 



12ML for top-Z events against backgrounds 

 SR-3ℓ drives the analysis’ sensitivity
● Sub-divided based on DNN discriminant

 Multiclass classifier trained 
● 3 orthogonal subregions based on 

events maximum node value

Obtain categories very pure in targeted processes!



13ML for EFT against SM

 Binary classifier to separate SM from SM+EFT
for various non-zero WC’s

● Learn non-trivial patterns due to new physics 
out of high-dimensional data

● Construct optimized observables 

 Separate trainings for tZq & ttZ

 Separate trainings for individual operators & all 5 simultaneously



14ML for EFT against SM

 Binary classifier to separate SM from SM+EFT
for various non-zero WC’s

● Learn non-trivial patterns due to new physics 
out of high-dimensional data

● Construct optimized observables 

 Separate trainings for tZq & ttZ

 Separate trainings for individual operators & all 5 simultaneously

1D 
training

5D 
training

Also for tZq Also for ttZ and other 
individual WC’s



15Signal extraction

5D fit 1D fit

 Simultaneous fit of 6 regions per 
year, for every and all couplings 



16Results

 Significant sensitivity gains using optimal observables
● 20–70% reduction in widths of confidence intervals wrt counting experiment
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