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‣ We saw no evidence of new physics yet 

‣ Can new physics live at energies beyond the LHC reach ? 

‣ Think w i d e ! 

‣ Interpret the effects of new physics at higher energies with an extended SM 
effective field theory (SMEFT) applicable within the LHC reach
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Flavour-Changing Neutral Currents
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FCNC
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‣ Forbidden at tree level and 
heavily suppressed at higher 
orders in SM by GIM mechanism 

‣ Many new physics models allow 
FCNC processes 

‣ Searches in top decays and 
single top+X production 

‣ Interpretations via anomalous 
couplings and SMEFT framework

New physics

SM

W

t
b

b Z, 𝛾,  
g, Higgs

u, c

t

u, c

X t

u, c
X



 4

EFT in dilepton events with top quarks
arXiv:1903.11144 (Submitted to EPJC)36 fb-1, 13 TeV

EFT interpretation for tW and ttbar using  
CP-even dimension-six operators 

Probe Wtb, chromomagnetic dipole moment, 
triple gluon field, and FCNC operators 

DS/DR for ttbar and tW interference at NLO 

Study rate and shape (for FCNC) information

Kirill Skovpen - EPS-HEP 20192019/07/11
First EFT study in  

tW channel
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https://arxiv.org/abs/1903.11144
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Anomalous couplings in dilepton ttbar events
arXiv:1907.03729 (Submitted to PRD)36 fb-1, 13 TeV

Constrain anomalous four-particle effective 
couplings with top quarks 

Probe the top quark chromomagnetic (CM) 
and chromoelectric (CE) dipole moments 
(DM) 

The EFT study via the measurements of 
ttbar spin correlations and differential 
production cross sections 

Measure full spin density matrix and use all 
possible relevant observables  

Sensitivity to CMDM and CEDM 
significantly improved with respect to 
existing direct constraints
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-0.24 < CtG/Λ2 < 0.07 TeV-2 

-0.33 < CtG[I]/Λ2 < 0.20 TeV-2

CMDM

CEDM

exc
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emore results in the talk by Agostino De Iorio

https://arxiv.org/abs/1907.03729
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Search for 4 top quark production
arXiv:1906.02805 (Submitted to JHEP)36 fb-1, 13 TeV

Single lepton and dilepton OS 

Combined with previously published 
dilepton SS and trilepton analysis 

Dominant uncertainties from limited 
statistics, b tagging, jet reconstruction 
and modelling 

Combined sensitivity to 4 top 
production at 1.4 (1.1) σ   

Constrain four-fermion operators via 
event rate for Ctt1, CQQ1, CQt1, CQt8

marg
inalis

ed
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dilep
tons

more results in the talk by Sébastien Wertz

https://arxiv.org/abs/1906.02805
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JHEP 08 (2018) 01136 fb-1, 13 TeV

Study of ttV production

Study new physics effects  
in ttW, ttZ and ttH production 

Set constraints on top quark 
electroweak, triple gluon field  
and Higgs couplings  
ttZ and ttH: C3G, C2G, CuB  
ttZ: CHu 
ttH: CH 
all processes: CuG, CuW
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more results in the talk by Enrique Palencia

https://arxiv.org/abs/1711.02547
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV
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Set constraints on  
• EFT electroweak operators (CtZ, CtZ[I], Cφt, CφQ)  
• Vector and axial-vector current couplings (C1A,V) and electroweak dipole 
moments (C2A,V)

exc
lusiv

e

more results in the talk by Enrique Palencia

http://cds.cern.ch/record/2666205
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Future EFT projections
arXiv:1902.04070, CMS PAS FTR-18-031, CMS PAS FTR-18-036

Very good prospects for EFT interpretations in the top quark sector! 

ttZ tttt

different axis ranges!
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https://arxiv.org/abs/1902.04070
https://cds.cern.ch/record/2650211
https://cds.cern.ch/record/2652018
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Present and future of FCNC searches
EPJC 79 (2019) 474
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https://doi.org/10.1140/epjc/s10052-019-6904-3
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Future FCNC EFT projections
arXiv:1812.07638

Factor of ≈ 2 improvement in the constraints on several 
two-fermion FCNC operators 
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https://arxiv.org/abs/1812.07638
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Conclusion
Interpretation of the LHC experimental results in the EFT framework 
represents an important LHC legacy result for many years to come 

Presented several first EFT results for some very rare processes with 
top quarks 

Search for FCNC continues with setting strong limits 

Recent highlights from CMS: 

Comprehensive EFT interpretations from new ttZ differential 
cross section measurement and studies of the ttV production  

First NLO EFT in the study of the tW process 

Hunt for 4 top production in progress with  
probing four-fermion EFT operators  

Good prospects for future EFT and FCNC studies  
at HL-LHC 

Interpretations go easy with Belgian beer!
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Future FCNC EFT projections
arXiv:1812.07638

‣ Most stringent constraints on both two- and four-fermion operators expected at the 
HL-LHC  

‣ Significant improvement for two-fermion operators at HL-LHC with reaching LEP-II 
sensitivity for four-fermion operators (mainly from other indirect constraints)

HL-LHC

LEP II
tcX

tuX

marginalisedmarginalised
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https://arxiv.org/abs/1812.07638
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Study of ttV production
JHEP 08 (2018) 01136 fb-1, 13 TeV

14% precision

22% precision

Sensitive to electroweak  
couplings of the top quark 

Important background to ttH 

Prompt: WW, WZ  
             Z+jets, ttbar  
             (only in dilepton OS) 

Non-prompt: Z+jets, ttbar  
                     (except dilepton OS) 

ttW measured in dilepton SS 

ttZ extracted from trilepton  
and 4-lepton

ttW

ttZ

Good agreement with 

NLO predictions
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https://arxiv.org/abs/1711.02547
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV

Cross sections 
measured wrt pT(Z) 
and cos(𝜃*) -  
angle between Z and 
negatively charged 
lepton from Z decay 
in Z rest frame 

Trilepton and  
4-lepton 

Dominant 
systematics reduced 
by 2x due to 
improved lepton ID  
(≈15% higher prompt 
lepton efficiency) 10% precision

Better precision than 

in NLO calculations
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http://cds.cern.ch/record/2666205
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Anomalous couplings in dilepton ttbar events
36 fb-1, 13 TeV
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arXiv:1907.03729 (Submitted to PRD)

https://arxiv.org/abs/1907.03729
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Anomalous couplings in dilepton ttbar events
36 fb-1, 13 TeV

Kirill Skovpen - EPS-HEP 20192019/07/11

arXiv:1907.03729 (Submitted to PRD)

https://arxiv.org/abs/1907.03729
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Anomalous couplings in dilepton ttbar events
36 fb-1, 13 TeV
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arXiv:1907.03729 (Submitted to PRD)

https://arxiv.org/abs/1907.03729
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Anomalous couplings in dilepton ttbar events
36 fb-1, 13 TeV
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arXiv:1907.03729 (Submitted to PRD)

https://arxiv.org/abs/1907.03729
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Search for top-Higgs FCNC
JHEP 06 (2018) 102

Probe tH (H→bb) FCNC in lepton+jets events 

Use of BDT and event categorisation to deal 
with the dominant ttbar+jets background

B(t→uH) < 0.47 (0.34) % 
B(t→cH) < 0.47 (0.44) %

tH FCNC

ttbar FCNC
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http://arxiv.org/abs/1712.02399
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Search for top-Z FCNC
CMS PAS TOP-17-017

B(t→uZ) < 0.024 (0.015) % 
B(t→cZ) < 0.045 (0.037) %

tZ FCNC

ttbar FCNC

Probe tZ (Z→ll) FCNC in trilepton events 

BDT as the final selection with non-prompt 
lepton background controlled via additionally 
defined kinematic regions (WZ and ttbar) 
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http://cds.cern.ch/record/2292045
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Study of ttV production
JHEP 08 (2018) 01136 fb-1, 13 TeV

Pre-fit data/MC comparisons in SS dilepton
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https://arxiv.org/abs/1711.02547


 24

Study of ttV production
JHEP 08 (2018) 01136 fb-1, 13 TeV

Background validation

Non-prompt  
2L SS, D < 0

WZ  
3L with 2L OSSF, Nj < 2,  

b tag veto

ZZ  
4L with 2L OSSF
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https://arxiv.org/abs/1711.02547


 25

Study of ttV production
JHEP 08 (2018) 01136 fb-1, 13 TeV

Post-fit data/MC comparisons

3L 2L SS 4L
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https://arxiv.org/abs/1711.02547
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Study of ttV production
JHEP 08 (2018) 01136 fb-1, 13 TeV

Cross section extraction
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https://arxiv.org/abs/1711.02547
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV

Systematics
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http://cds.cern.ch/record/2666205
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV
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http://cds.cern.ch/record/2666205
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV

Data/MC comparison
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http://cds.cern.ch/record/2666205
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV

Data/MC comparison
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http://cds.cern.ch/record/2666205
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV

Normalized differential cross sections

Kirill Skovpen - EPS-HEP 20192019/07/11

http://cds.cern.ch/record/2666205
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Differential ttZ cross section
CMS PAS TOP-18-00978 fb-1, 13 TeV

EFT constraints
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http://cds.cern.ch/record/2666205
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Search for 4 tops
CMS PAS TOP-17-01936 fb-1, 13 TeV

Data/MC comparison in single lepton (post-fit)
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https://arxiv.org/abs/1710.10614
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Search for 4 tops
CMS PAS TOP-17-01936 fb-1, 13 TeV

Data/MC comparison in single lepton (post-fit)
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https://arxiv.org/abs/1710.10614

