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The top quark FCNCs

o The Flavor-changing neutral current (FCNC)
processis forbidden at tree level in the SM
and is highly suppressed in one-loop
correctionsby the Glashow-Iliopoulos-Maiani
mechanism.

o TheFCNCinteractionsof the tqXvertex(where
q representsup and charm quarks) are key
processesto searchfor NewPhysics.

o TheSMexpectedtop quarkFCNCtransition is
far from the sensitivity of the current
experiments.

o The FCNCdecay rates can be significantly
enhancedin someNewPhysicsmodels.

o The observation of a top quark FCNC
interaction would signalthe existenceof New
Physics.

Aguilar-SaavedraJ.A., Top flavor-changingneutral interactions:
Theoretical expectations and experimental detection. Acta
PhysicaPolonicaB,35 (2004) 2695.



Summary of ATLAS and CMS results

o Over the years, various experiments have searched for the FCNCprocessesthrough the
anomalousproductionor decayof top quark.

o No clearevidencefor the presenceof top quark FCNCinteractionsis observedand upper limits
areseton the anomalouscouplingsandtop quarkbranchingratio.

ATLAS Collaboration, Phys. Lett. B 800 (2020) 135082, 1908.08461 [hep-ex].
ATLAS Collaboration, ATLAS-CONF-2022-003 & ATLAS-CONF-2022-013.
ATLAS Collaboration, CMS-TOP-20-007, 2111.02219 [hep-ex].
ATLAS Collaboration, JHEP02 (2022) 169, 2112.09734 [hep-ex].



The SM & beyond the SM & Experimental results

o Several extensions of the SM predict much
higherbranchingratios up to 108 - 109 order of
magnitudelargerthan SMpredictions

o Any observationof these rare FCNCtransitions
would be a clear signalof new physicsbeyond
the SM.



The Effective LagrangianApproach

o The most general effective Lagrangiandescribing the FCNC interactions can be parametrized as



o Focusingon the ὸή‎interactions,deviation from the SM predictions due to FCNCtransitions
involvingthe top quarkcanbe parameterizedin terms of anomalouscouplingsand describedby
aneffectiveLagrangianof the form:

o The‗ and‗ are the dimensionlessreal parameterswhich determine the strength of FCNC
interactionswith photon.



o Thetop quarkdecaywidth at leadingorder in SMis:

o Thetop quarkanomalousdecaywidth at leadingorder is:

o Theanomalousbranchingratio of top quarkdecayisa functionof anomalouscouplingandcanbe
written at leadingorderas:



FCNC@FCC-ee: the signal scenario

o The anomalousFCNCinteractionὸή‎andὸήὤlead to production of a top quark in association
with a light quark(q=u,c) in electron- positroncollisions.

o Plannedphaseof FCC-ee@ ί= 240GeV.

o Weconcentrateon the leptonicdecaychannelof the W bosonin top quark.



The signal Monte Carlo samples and the main backgrounds

o In order to simulateandgeneratethe signalevents,the effectiveLagrangiandescribingthe FCNC
couplingsis implementedwith the FeynRulespackage,then the model hasbeen imported to a
UFOmoduleandinsertedin MadGraph5 package.

o Thesignalsamplesare generatedfor all top-quarkFCNCscenariosat the center-of-massenergies
of 240GeV.

o All final signal Monte Carlo samples are generated in the FCCSWframework with
DelphesPythia8_EDM4HEPandIDEADelphesCard.

o Basedon the expectedsignatureof the signalevents,the main backgroundscontributionsare
originatingfrom:

Process ▼(GeV) Cross Section (pb)

ZH 240 0.201868

WW 240 16.4385

ZZ 240 1.35899

Single top 240 0.000010753

eeZ[eebb] 240 0.4557

eeZ[eeqq(q=u, d, s)] 240 1.6369Official samples, spring 2021



FCNC analysis framework

o FCCAnalysesFramework(https://github.com/HEP-FCC/FCCAnalyses).

o Differentrecombinationschemesarestudiedin this work: Wefocuson the E-scheme.

o Different jet algorithmsavailableon FCCAnalysesframeworkarestudiedin this analysis: Wefocus
on the ee-kt-Durham.

o Thestudy is performed for the different light quark flavors (q= u and c) separately,and for the
electronandmuonchannelaswell.



The object selection

o Thetop-FCNCsignalsignature: 1 lepton+ 1 neutrino+ jets (ὲ ς) + 1 b-tag .

o The momentum of the lepton and jets: ὴ ρπ& ὴ ρπȢ

o The polar angle of the lepton and jets: ʃ ρσ& ʃ ρσ.

o The angular separation between the lepton and jets ЎὙὰȟὮὩὸίπȢσ.

o The angular separation between the lepton and jets ЎὙὰȟὮὩὸίπȢυ.

Signature objects:
o 1 lepton
o 1 neutrino
o =2jets
o 1 b-tag



Jet clustering algorithms study: Comparison of different algorithms

The reconstructed top quark mass distributions and the momentum of b-jets candidate for ◄╬♬signal.

Electron channel Electron channel

FCCee@240 GeV
fl υὥὦ

FCCee@240 GeV
fl υὥὦ



Jet recombination schemes: Comparison of different scheme

Reconstructed op-quark mass distribution for three different schemes and for the ὸὧ‎signal.

ee-kt (Durham)

FCCee@240 GeV
fl υὥὦ



Jet definition & Signature objects

o Jet Definition = ee-kt (Durham)  & E-scheme

o Exclusive processes & exactly two jets

Signature objects:

o 1 lepton (electron or muon)
o 1 neutrino
o 2 jets
o 1 b-tagged

¢ƘŜ ΨŜȄŎƭǳǎƛǾŜΩ 5ǳǊƘŀƳ ƪǘ ŀƭƎƻǊƛǘƘƳΥ Physics Performance meeting, June 2022, https://indico.cern.ch/event/1173562/



Event reconstruction

Reconstructed W and top boson mass distributions for signal and SM backgrounds for electron and muon channel.

Muon channel
ee-kt
E-scheme

Electron channel
ee-kt
E-scheme

Muon channel
ee-kt
E-scheme

Electron channel

ee-kt
E-scheme



Themomentumof light jet, the momentumtop quark, the momentumof b-jet candidate,the MissingEnergy,the
momentumof electron,andthe energyratio of b-jet to light jet for signalandthe SMbackgrounds.


