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Motivation

FCNC limits overview

» Flavour Changing Neutral Currents (FCNC): change in the fermion
flavour through the emission of a neutral boson

» Many types of New Physics (NP) lead to FCNC, often at tree level
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» More than 10 orders of magnitude left for FCNC BR(t — u|cZ)
before Standard Model (SM) suppression



Signal Simulation

» MC production via left-handed utZ and ctZ tensor couplings (KULt,
Kth) at LO QCD using TopFCNC UFO model within MabGRrapPH 5

» EFT Lagrangian using dimension-6 operators in LO QCD
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Motivation

gtZ anomalous coupling

FCNC u|c+g — tZ:
» In decay: tt production
In production: single-top
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Clean 3¢ signature: eTe™ |uTu™ + e|u + b-jet + F

v

utZ and ctZ anomalous couplings considered
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Main backgrounds: tt, ttZ, Z+jets and diboson processes
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Analysis with decay mode

Summary

» {t production where a top quark decays to a W boson and a b-quark
and the other decays to a Z boson and an up or charm quark

» Final state with three charged leptons and at least two jets where
one of them is b-tagged

» One signal region and five control regions focusing on the ttZ, WZ,
ZZ processes
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https://arxiv.org/abs/1803.09923
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Analysis with production mode

Choice of discriminant variable

» tZ production particularly sensitive to utZ coupling
» Harder distribution of the transverse momentum of the Z boson
compared with the background processes

» For a low value of mr(¢,v), the Z+jets background can be isolated
» Two complementary regions separated by low and high mr(¢,v)
regions defined



Signal and Control Regions

Event selection

» Three signal regions
» Two control regions: tt and WZ diboson backgrounds

Selection SR CR
m¥-low  my-high 2-jet | tt2 WZ
No. leptons =3 =3 =3 | =3 3
No. jets =1 =1 =2 | >2 1
No. b-jets =1 =1 =11 =1 0
Z candidate > 1 > 1 > 1 <1 =1
my < 50GeV > 50GeV - - -

» Definition of the transverse mass of the W boson:

mY = \/ggtpf(1 — cos (At,o(Et, Pf)))



Signal Regions

Post-fit plots
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Results

95% expected upper limits on cross-sections, couplings and BRs
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1w’ —  Observed upper limit KL/A =00183 Tev-!
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Wk —  Observed upper imit KE/A = 00581 Tev !
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Coupling  arenciz [PD]  K/Awe [TeV™'] BR(t—9Z)
ATLAS CMS
utZ anomalous coupling
Expected 0.284 0.0171 225x10* 1.50x107*
Observed 0.318 0.0183 252x10% 240x107*
ciZ anomalous coupling
Expected 0.369 0.0547 234x10°% 3.70x107*
Observed 0.401 0.0581 254x10°% 450x107*

Limits on B(t — uZ) comparable to CMS results



Interference Studies

Production and Decay

v

FCNC at production and decay can have the same final state

v

Interferences effects between both modes should be considered
when combined limits are obtained

Feynman diagrams for the decay (left) and production (right)
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Interference Studies

Production and Decay

» Phenomological study being currently done using Monte Carlo
generation with MadGraph5 importing the TopFCNC UFO model

» Only gtZ anomalous coupling is considered at this stage
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Photoproduction via FCNC

Prospects

» Probing uty and cty couplings
» Final state composed by proton remnants, a top quark and a proton

» An interesting possibility is using the data collected by the ATLAS
Forward Proton (AFP) detector in the forward region

D




» Distinct analyses for decay and production implemented

Expected upper limits

Vs [TeV] Luminosity [fb~"] Mode BR(t — q2Z)
13 35.9 - CMS Decay and production  1.5-107* (q = u)
13 35.9 - CMS Decay and production  3.7-107 (g = ¢)
13 36.1 - ATLAS Decay 2.410* (g=u)
13 36.1 - ATLAS Decay 3.210*(g=¢)
13 36.1 - This analysis  Production 22107 (g=u)
13 36.1 - This analysis  Production 2.310°% (g=0¢)

» Study of the interferences between both channels is under way
» Photoproduction via FCNC processes is an interesting possibility for

a future analysis
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Motivation

FCNC suppression in the SM

» Flavour Changing Neutral Currents (FCNC): change in the fermi
flavour through the emission of a neutral boson

» Many types of New Physics (NP) lead to FCNC, often at tree level

» Predictions for the branching ratios of FCNC top decays by the SM
and some NP models

Process SM Qs 2HDM FC2HDM MSSM R SUSY
to>gu 37-107' 1.5.107 — — 8-105 2.10*
t— Zu 8-107'7 1.1-10™* — — 2-10°% 3.10°°
to>yu 37-107% 75.107° — — 2-10° 1.10°¢
t— Hu 2.107'7  4.1.10° 55-107° — ~ 10° =~ 10°®
t>gc 46-1072 15.107 =~ 10* =~ 10°® 8-10°5 1074
t— Zc 1107 1.1.10* =~ 107 =~ 10°  2.10% 3.10°°
toyc 4.6-10 75.10° ~ 10 =~ 10°° 2-10% 1.10°°

t— Hc 3-107  41.10° 15.10°% =~ 1073 ~ 10° =~ 10°®




Common Selection

Event selection

» Common cuts for the objects:
> pi(t) > 27 GeV
pi(l2) > 25 GeV
pi(f3) > 15 GeV
pi(j) > 30 GeV
1 b-jet (77% WP, || < 2.5)
no other jet (77% WP, |n| < 4.5)
Im(¢et) - m(Z)| < 10 GeV

» Definition of the transverse mass of the W boson:
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m = \/25tp{(1 — cos (4¢(E. pl)))



Signal and Control Regions

Event selection

» Three signal regions
» Two control regions: tt and WZ diboson backgrounds

Selection SR VR CR
m¥-low  m¥-high 2-jet | Ztjets1 Ztjets2 i1 | 2 wz
No. leptons =3 =3 =3 =2 =2 =2|=3 =3
No. jets =1 =1 =2 =1 =2 =2 >22 =1
No. b-jets =1 =1 =1 1 =2 =2|2>21 =0
Z candidate > 1 > 1 > 1 > 1 > 1 <1 | <1 =1
my < 50GeV > 50GeV - - - - - -




Signal Regions

Event yields

SR1 my'-low SR2 mY'-high

Pre-fit Post-fit Ratio Pre-fit Post-fit Ratio

lZKL“' 115+ 12 115+ 12 1.00+0.10 tZKt" 205+ 15 205+13 1.00+0.07
lZKLC' 127+ 13 127+ 13 1.00+0.10 tZKL“ 252+ 21 249+19 0.99+0.07

tzZj 15+ 05 1.5+ 05 1.00+0.32 1Zj 33+ 1.1 34+1.0 1.04+0.31
ttV,ttH 1.3+ 04 13+ 04 1.04+0.32 Vv, ttH 32+ 1.1 34+1.0 1.04+0.30
tt, W 8 + 8 185+ 32 1.74+041 tt, tW 183 +13 25 +5 1.85+0.41
Z+jets 35 +38 52 +14 146+040 Z+jets 09+ 1.0 1.0+07 1.20x0.75

w 238 + 7 26 + 5 1.12+0.20 w 39 +13 46 +7 1.19+0.19
Total 69 +40 94 =15 1.36+0.22  Total 60 +19 78 =8 1.32+0.13
Data 78 Data 83
SR3 2-jets
Pre-fit Post-fit Ratio

lZKL“' 288+ 20 284+ 1.8 0.99+0.06

tZKLC' 343+ 2.1 343+ 20 1.00+0.06

tZj 30 + 9 31 9 1.04+0.30

V. ftH 18 + 6 19 =5  1.04+0.29

t W 15 +15 27 = 6 1.80+0.39

Z+jets 19 +20 30 =11 1.59+0.57

w 48 +35 59 +17 1.23+0.36

Total 130 +45 166 =15 1.28+0.12
Data 170




Signal Extraction Fit

Strategy

Use a binned likelihood function with a signal strength, u = orone/1 pb
(not multiplied by B(tZ — 3¢vb)), and nuisance parameters (NPs) for
systematic uncertainties. The p;(Z) distributions in the 3 signal and 2
control regions with 5 bins each used as discriminant variable

» Find i such that p-value on B-only Asimov dataset is 0.05
» expected upper limit

» Fit B-only model to B-only Asimov dataset
» expected estimates of NPs

» Fit S+B model to S+B Asimov dataset
» expected approximate impact of uncertainties

» Fit B-only model to parts of observed data
» Estimates of NPs for post-fit plots, modelling checks



Signal Extraction Fit

Nuisance Parameters

B, Asimov B, observed
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