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Introduction

Top-quark production can be used to look for New Physics:

➢ Effective Field Theory 
frameworks (EFT)

➢ Searches for Flavour 
Changing Neutral  
currents

➢ CP-violation 

➢ …
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Introduction: EFT

• No clear sign of New Physics @LHC from direct searches 

• Allows to search for BSM effects in a model independent way, using precision 
measurements

• SM Effective Field Theory (SMEFT) parametrize the effect of physics up to an energy 
scale (Λ). 

• The Lagrangian can be expressed as an expansion in higher dimensional (d) operators  
(𝒪 ) consisting on SM fields 
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Introduction: EFT

• 59 non-redundant dim-6 operators
• Depending on CP/flavour assumptions
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Suppresed by 1/Λ, computation up to dim 6 CERN-LPCC-2018-01

https://inspirehep.net/literature/1656579


ttZ   

JHEP 03 (2020) 056

Baseline Selection (Inclusive Measurement):
• 3 or 4 leptons
• NJet > 0

NJet and NB-tag Classification
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2016 and 2017 data

EFT interpretation:
• SMEFT in the Warsaw basis is used
• 4 relevant coefficients used for the parametrization: 

𝐶𝑡𝑍, 𝐶𝑡𝑍
[𝐼]
, 𝐶𝜙𝑡, ഥ𝐶𝜙𝑄

• Expressed using Warsaw basis:
𝜃𝑊 ∶weak mixing angle
To assume Wtb vertex to be the SM one → = 0 EW dipole

momentum

Anomalous
neutral 
current
interactions

https://arxiv.org/abs/1907.11270


JHEP 03 (2020) 056

Events are further classified in bins of 𝒑𝑻(𝐙)
and bins of 𝒄𝒐𝒔(𝜽𝒁

∗ ) (cosine of the angle between 

the negative charged lepton and the Z candidate 

in the Z rest frame.)
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Classification to enhance sensitivity:

• gen-level samples for SM and SMEFT (LO) produced with grid in the parameter 
space

• Weight SMEFT/SM applied to detector-level SM sample
• Simultaneous fit using all NLep categories split in NJet, NB-tag, 𝒑𝑻 𝐙 , 𝒄𝒐𝒔(𝜽𝒁

∗ )

Procedure:

ttZ   

https://arxiv.org/abs/1907.11270
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JHEP 03 (2020) 056
Results:
• Most stringent direct constrains on top quark EW dipole moments and top-Z 

vector couplings 
• Good agreement with SM

ttZ   

https://arxiv.org/abs/1907.11270
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JHEP 11 (2019) 082 

Baseline Selection: 2ℓOS and single lepton 
final states

Strategy: 
BDT used to identify hadronic top decays. 
A second BDT is used to discriminate tttt
from tt. This takes as input the first BDT, 
event topology, event activity, NB-tag

EFT Interpretation:
• Sensitive to 4-fermion interactions
• SMEFT in the Warsaw basis is used
• Four operators relevant at LO production 

2016 data

tttt

- -

-

Very low cross section process σ NLO ~9 fb
(not yet observed)

https://arxiv.org/abs/1906.02805
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JHEP 11 (2019) 082 Procedure:
• Cross section is parametrized at LO in terms of WC 

• Simulation of EFT effects implemented using 
FeynRules and MadGraph_aMC@NLO

• In the limit setting kinematics of tttt assumed to be 
the SM one. 

Results:
• Limits are set on 𝐶𝑘/Λ using the rate from the  

combination with EPJC 78 (2018) 140 
• Marginalized constraints are set at 95% CL 

• Improved constraints with respect to previous 
measurement Chin. Phys. C42 (2018) 023104

- -

tttt

https://arxiv.org/abs/1906.02805
https://arxiv.org/abs/1710.10614
https://iopscience.iop.org/article/10.1088/1674-1137/42/2/023104/pdf
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JHEP 03 (2021) 095 

Targeting ttH, tH, ttll, ttlν, ttlq

Baseline Selection:
• MVA to select prompt leptons
• 2 same sign, 3 and 4 leptons categories
• Jet and b-tag multiplicity, charge OSSF 

mass used to categorize
• 35 signal regions

Strategy: 
Signal samples modelled at LO including EFT 

Using detector-level observables

Yields are parametrized as function of WC →
event weights parametrized as function of WC

2017 data

t(t) + leptons

- - --

https://cds.cern.ch/record/2746867/files/scoap3-fulltext.pdf
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JHEP 03 (2021) 095 Operators:
• Dim-6 in the Warsaw basis
• Operators involved in interaction with at least one top
• 16 Operators used:

t(t) + leptons

https://cds.cern.ch/record/2746867/files/scoap3-fulltext.pdf


JHEP 03 (2021) 095 Results:
• Simultaneous fit to the 16 WC and nuisance parameters using all 35 SR
• Post fit plot: increase in tHq is due to the low sensitivity to this process added to 

the fact that it receives large enhancements from the EFT operators considered
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t(t) + leptons

https://cds.cern.ch/record/2746867/files/scoap3-fulltext.pdf


Results:
• Simultaneous fit to the 16 WC and nuisance 

parameters using all 35 SR
• One dim CL for all considered WC
• 2-d CL with other WC treated as unconstrained
• Results in agreement with SM

JHEP 03 (2021) 095 
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t(t) + leptons

https://cds.cern.ch/record/2746867/files/scoap3-fulltext.pdf
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Eur Phy J. C. 2019 886

Baseline Selection:
• Two leptons OS 
• At least 1 jet
• Categorization in flavour, jet 

and b-tag multiplicity

Operators Involved:

2016 data

tt + tW to dilepton

https://link.springer.com/article/10.1140/epjc/s10052-019-7387-y
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Eur Phy J. C. 2019 886Discriminant variable
Total Yield to constrain 𝐶𝐺
Dedicated Neural Networks to 
a) Separate tW vs. tt → used in tW sensitive categories
b) Spilt FCNC from SM bkg → used to constrain 𝐶𝑢𝐺 , 𝐶𝑐𝐺 in 2 jets,1 tag categories 

tt + tW to dilepton

-

https://link.springer.com/article/10.1140/epjc/s10052-019-7387-y
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Eur Phy J. C. 2019 886Results

NN outputs in each category or Yields (if no NN needed) used to perform a Likelihood fit 
Each parameter is fit at a time

tt + tW to dilepton

First time tt and tW used in this kind of search
-

https://link.springer.com/article/10.1140/epjc/s10052-019-7387-y
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Phys. Rev. D 100, 072002 

Baseline Selection:
• Two leptons OS
• At least 2 jets (at least 1 b-tag) 

2016 data

Top polarization and tt spin correlations

Strategy:
Kinematic reconstruction of tt system
• All combinations of lep. and jets
• Constrains: mW, MET from neutrinos, mtop

• Four momentum reconstructed
Allows to use reconstruct angular observables

Unfolding to parton level to measure diff. 
cross-section using 22 observables

BSM predictions modify top chromomagnetic and 
chromoelectric dipole moment (CEDM and CMDM)

Angular observables:

-

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072002
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Phys. Rev. D 100, 072002 This measurement of the spin correlations is sensitive to 11 dim-6 
operators.
Limits are set on this operators by using simultaneous fits to 
measured norm. diff. x-sections.

Constrain CMDM

The operator responsible for anomalous 

CMDM  is:

30% improvement
w.r.t. previous
measurement

(JHEP02 (2019) 
149)

Constrain CMDM Constraints on Anomalous couplings 

The operator responsible for anomalous 

CMDM  is:
Limits on each coupling setting the 

others to 0:

Top polarization and tt spin correlations

CEDM:

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072002
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CMS-PAS-TOP-18-007Top interaction with chromo electric dipole moment (CEDM)  
is a potential source of CP violation 

2016 data

CP violating top coupling

Baseline Selection:
• Two leptons OS
• At least 2 Jets
• At least 1 b-tag 

Strategy:
Kinematic reconstruction of tt system
• All combinations of lep. and Jets
• Constrains: mW, MET from 

neutrions, mtop

• Four momentum reconstructed

Observables: Levi-civita of leptons, reconstructed (anti-)top (𝒪𝟏) and (anti-)b jets 
(𝒪𝟑)

CP-odd CEDM

Cromo magnetic
dipole momentum

-

https://inspirehep.net/files/dc2a240abe9d99b0c5209c60dcf5823e
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CMS-PAS-TOP-18-007
𝒪𝒊 are odd under CP transformations:

The asymmetry (A) and the cross-section are  
simultaneously extracted from the fit

This allows to measure the CEDM, in agreement 
with SM

CP violating top coupling

https://inspirehep.net/files/dc2a240abe9d99b0c5209c60dcf5823e


Summary

21

• LHC is now capable of measuring rare SM processes with top 
quarks.

• EFT measurements are key in the search for new physics @LHC.

• Precision measurements are needed for these BSM searches.

• Most of the analyses are not using the full Run 2 data yet.

• Many new analysis coming, so stay tuned!

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-
results/TOP/index.html

Thank You!
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Back up
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JHEP 03 (2020) 056

ttZ - EFT Interpretation

• Regions defined using 𝒑𝑻(𝐙) and 𝒄𝒐𝒔(𝜽𝒁
∗ )

https://arxiv.org/abs/1907.11270
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JHEP 11 (2019) 082 
Baseline Selection:

2ℓOS and single lepton final states

Strategy: 
BDT used to identify hadronic top decays. 
A second BDT is used to discriminate tttt
from tt. This takes as input the first BDT, 
event topology, event activity, NB-tag

Combination with EPJC 78 (2018) 140 
(2016 multilepton): 

2016 data

ee 𝝁𝝁 e𝝁 e 𝝁

mℓℓ >20 GeV + Z veto > 20 GeV -

Njet ≥4 ≥8 ≥7

NB-tag ≥2 ≥ 2

σ = 13−9
+11 fb

Observed (expected) significance = 1.4 (1.1)

tttt

- -

-

https://arxiv.org/abs/1906.02805
https://arxiv.org/abs/1710.10614
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JHEP 03 (2021) 095 
Baseline Selection:

• 2 same sign, 3 and 4 leptons categories
• Jet and b-tag multiplicity used to 

categorize
• 35 signal regions

Strategy: 

2017 data

t(t) + leptons

-

https://cds.cern.ch/record/2746867/files/scoap3-fulltext.pdf
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Eur Phy J. C. 2019 886Discriminant variable
Total Yield to constrain 𝐶𝐺
Dedicated Neural Networks to 
a) Separate tW vs. tt → used in tW sensitive categories
b) Spilt FCNC from SM bkg → used to constrain 𝐶𝑢𝐺 , 𝐶𝑐𝐺 in 2 jets,1 tag categories 

tt + tW to dilepton

-

https://link.springer.com/article/10.1140/epjc/s10052-019-7387-y
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Eur Phy J. C. 2019 886Discriminant variable
Total Yield to constrain 𝐶𝐺
Dedicated Neural Networks to 
a) Separate tW vs. tt → used in tW sensitive categories
b) Spilt FCNC from SM bkg → used to constrain 𝐶𝑢𝐺 , 𝐶𝑐𝐺 in 2 jets,1 tag categories 

tt + tW to dilepton

-

https://link.springer.com/article/10.1140/epjc/s10052-019-7387-y
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Phys. Rev. D 100, 072002 

Top polarization and tt spin correlations

Constrain on Anomalous couplings 

Limits on each coupling setting the 

others to 0:

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072002

