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The top quark FCNCs

o The Flavorchanging neutral current (FCN({
processis forbidden at tree level in the SM
and is highly suppressed in oneloop
corrections by the GlashowlliopoulosMaiani
mechanism

o TheFCNGnteractionsof the tgX vertex(where
g representsup and charm quarks) are key
processeso searchfor NewPhysics
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0 The SMexpectedtop quark FCNQransition is
far from the sensitivity of the current
experiments

o0 The FCNCdecay rates can be significantly
enhancedn someNewPhysicsnodels

o0 The observation of a top quark FCNC
Interaction would signalthe existenceof New
Physics

SM Qs 2HDM FC 2HDM MSSM R SUSY
t—uZ | 8x107Y7  11x107? - — 2x107%  3x107°
t—uy | 3.7x 10716 75x107° — — 2x107%  1x107%
t—ug | 3.7x107% 15x10°7 — — 8 x 1077 2x10~*
t — uH 2 x 10—17 4.1 %1075 5.5x10°6 — 10—5 ~ 106
t — cZ 1x 1014 1.1 x 104 ~ 1077 ~ 1010 2x107% 3x10°°
t— o 46 x 1071 75x107Y ~ 106 ~ 1079 2x107% 1x10°6
t—ecg | 46x10712 15x1077  ~107* ~107%  8x 1077 2x 107!
t— cH 3x 1015 4.1x 1075 15x 1073 ~ 1077 105 ~ 1076

AguilarSaavedral 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

0 No clearevidencefor the presenceof top quark FCNGnteractionsis observedand upper limits
are setonthe anomalouscouplingsandtop quarkbranchingratio.

Y,Z, H

Boson Best Limit on the BR (95% CL)

¢ Y | ATLAS 81 fb-!, focus on Oesboson | ~0.3 x 104 (up) |~2 x 104 (charm)

b y4 ATLAS 36 fb-!, focus on BR ~2 x 104 (up) |~2 x 10-4 (charm)

Higgs CMS 137 fb-, H= vy ~2 x 104 (up) |~7 x 104 (charm)

gluon | CMS Run-1, top+jet production |~0.2 x [0-# (up) [~4 x 10-4 (charm)

ATLAS Collaboration, Phys. Lett. B 800 (2020) 135082, 1908.084&X[hep
ATLAS CollaboratioATLASCONR2022003 & ATLAEONR2022013.

ATLAS Collaboration, CMI®R20-007, 2111.02219 [hegeX].

ATLAS Collaboration, JHEPO2 (2022) 169, 2112.0973é)Xhep




The SM &eyond the SM & Xperimental results

0 Several extensions of the SM predict much
higher branchingratios up to 10° - 10° order of
magnitudelargerthan SMpredictions

0 Any observationof these rare FCNQransitions
would be a clear signalof new physicsbeyond
the SM
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The Effectivéagrangiampproach

o0 The most general effectideagrangiamescribing the FCNC interactions can be parametrized as
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o Focusingon the 0 [ interactions, deviation from the SM predictionsdue to FCNCransitions
iInvolvingthe top quark canbe parameterizedn terms of anomalouscouplingsand describedby
an effective Lagrangiamf the form:

€ _ .

Tmtqff” V(A5 P + A5 PR)tA,,

o The_ and_ are the dimensionlesgeal parameterswhich determine the strength of FCNC
Interactionswith photon.




o0 Thetop quarkdecaywidth at leadingorderin SMis:
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o Thetop quarkanomalousdecaywidth at leadingorderis:
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o Theanomalouddranchingratio of top quarkdecayis a function of anomalouscouplingandcanbe

written at leadingorder as 5



FCNC@Fc#e: the signal scenario

o The anomalousFCNGnteraction 0 11 &nd 0 1 k@ad to production of a top quark in association
with alight quark(g=u,c)in electron positroncollisions

o Plannedphaseof FCGe @ +/i =240GeV

0 We concentrateon the leptonicdecaychannelof the W bosonin top quark
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The signal Monte Carlo samples and the main backgrounds

o In order to simulateand generatethe signalevents,the effective Lagrangiamescribingthe FCNC
couplingsis implementedwith the FeynRulepackagethen the model hasbeenimported to a
UFOmoduleandinsertedin MadGraphb package

o0 Thesignalsamplesare generatedfor all top-quark FCNGcenariosat the center-of-massenergies
of 240GeV

o All final signal Monte Carlo samples are generated in the FCCSWframework with
DelphesPythia EDMIHEPandIDEADelphesCard

0 Basedon the expectedsignatureof the signalevents,the main backgroundscontributions are

originatingfrom:

ZH 240 0.201868
WWwW 240 16.4385

p—
y 240 1.35899 HEP-FCC/ FCC
Single top 240 0.000010753 FCCAnalyses S
eeZ[eebb| 240 0.4557

Official samples, spring021 eez[eeqq(g=u, d, s)] 240 1.6369



FCNC analysis framework

0 FCCAnalysdgamework(https://github.com/HEPFCC/FCCAnNaly3es
o Differentrecombinationschemesare studiedin this work: We focuson the E-scheme

o Differentjet algorithmsavailableon FCCAnalysdeameworkare studiedin this analysisWe focus
onthe ee-kt-Durham

o Thestudy is performed for the different light quark flavors (g= u and c) separately,and for the
electronand muonchannelaswell.

p—
FCC Fec

hh ee he Software for Future Circular Colliders (hh, ee, he)

——————
\—_—



The object selection

o0 Thetop-FCNGignalsignature 1 lepton + 1 neutrino+ jets (€ C) +1Db-tag.

Signature objects:

0 The momentum of the lepton and jety: pmt&n P8 o 1lepton
o0 The polar angle of the lepton and jefs: p & PO g iznjc::;rmo
o The angular separation between the lepton and ¥ h QQ) i 1. 0 1b-tag

o The angular separation between the lepton and ¥¥ch'QQ) i 1.



Events normalised to unit area
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Jet recombination schemes: Comparison of different scheme
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Jet definition & Signature objects

o Jet Definition =ee-kt (Durham)& Escheme

Signature objects:

o0 1 lepton (electron or muon)
o0 1 neutrino

o 2jets

o 1b-tagged

0 Exclusive processé&sexactly two jets

¢ KS WSEOf dza A @S Q PI5/slzhRekformahcéd mdeting 2uNSA202R, ¥itys://indico.cern.ch/event/1173562/



Events normalised to unit area
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Events normalised to unit area
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Missing Energy

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



