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Introduction

Flavour Changing Neutral Currents (FCNC)

- FCNC couplings can
2 FCNC processes are forbidden at tree level and highly suppressed at higher - bedescribed by an EFT.
order in the Standard Model (SM) Loo= Loy + % Z C.0,
» Branching ratios of top quark decay ~ 10-12 to 10-17 Anp %
2 Observation of enhanced rates would be a clear evidence for new physics ~ Anp...  scale of new physics
» Several extensions to the SM include additional sources of FCNCs Ok...  dimension-6 operator

We present result of searches for FCNC processes involving top quarks

2 tqg, tqy, tqZ and tqH

For more top quark

. . . lated It
Finally, we focus on results of rare SM processes involving top quarks PR TR

see Pavol’s talk

2 ttttand ty


https://indico.cern.ch/event/1089132/contributions/4855439/

FCNC tqg “Eur Phys. 1.C 82 (2022) 334

2 Probes single top quark production via FCNC u(c) et(uY)

2 Reconstruct top in t — e/ u vb final states, where t — zvb may also contribute

» =1 lepton, =1 b-jet, ETmiss > 30 GeV, mt(W) > 50 GeV VeV,

» Nr. of b-jet to define validation region, in signal region =1 b-jet

>_<l1|()|3l||IIII|IllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
p ~ ATLAS +-Data ’ 8 b
% 140 {s=13TeV, 139 b BWcg >tFCNC
o " SR Hta.iq -
W 120 Post-Fi T,tW,tb,tb - : : ;
S — : 2 The analysis targets separate contributions from tgu and tgc
100 — [ Z+jets, WV -
- B Multjet. - » Separate contributions from valence quark vs. sea quark
80 77> Uncertainty _
60 E » Two neural networks trained to target different signals from background
40 .
. - o Target tgc (sea quark) signal = D1 discriminant
.0 = : C e
B ore I o Target tgu (valence quark) signal = D2 discriminant
& 1 P iAo s P Y, 4./_ 4 é/:
s T 222 20 0o 22 2o 2 G e b 0 018 2%
S 0.985 2
0.97 ==
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—


https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7

FCNC tqg Eur. Phys. J. C 82 (2022) 334

2 Upper limits on the production

o(ugt) X B(t > Wh) x B(W - fv) < 3.0pb 2.4 pb expected
o(cgt) X B(t > Wb)x B(W - fv) < 4.7pb 2.5pb expected
B(W — €v) =0.325

2 The cross-section limits are interpreted in an EFT and converted to limits on EFT coefficients and BR

Cut
l /L\tzG < 0.057TeV™> and A2 <0.14TeV™> B A factor of 2
61 x 1074 d B 3 10~ improvement wrt
S ind Bl erg) <37x the ATLAS 8 TeV
results

2 Leading systematics: tug: related to W+jets process

tgc: modelling of the parton shower


https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7

Xiv:2205.02537
FCNC tqy subririttgd to Phys. Lett. B

2 Target both production and decay of FCNC tyq vertices

N

2 Background estimation

SN S

» e—Y: estimate a fake factor to correct simulation

» h—y: transfer factor from control region

u/c

2 Two neural network targeting tuy and tcy signal separately

2 Upper limits of BR

1065IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIlIIIIlIIIIIIIII:

g - ATLAS ® Data - tuy LH (10xlimit) E ATLAS Simulation
% [ (s5=13TeV, 139" [ Wy+ets [le—y fakes i
g 10°g SR Hzres Orores 4 Ys=13 TeV , , Coefficient limits , BRs [10‘5]
: Post-Fit -tty [ other prompt ¥ i _ Effective Coupllng COUPllng
77 Uncertainty ] [ other prompt v [l tty Expected  Observed Expected Observed
10* = h—y fakes [ e—y fakes
zyrvets Wy ets C‘E‘;“j’; T C{,g; 0.10410920  0.103 |+—uyLH 0887037 085
3 0.023 0.50
10 SR Coyl +Cup 0122409233 0123 | r—>uyRH 120130 122
* * 0.037 1.35
) c@,) ; c@) 0.2051‘8ggé 0227 |- cyLH 3.40;1).4913 4.16
COD L O | 0214100 0235 |1—cyRH 3707147 446
10
HRR: 2 Major systematic: statistical uncertainty
ER:
B 2 Factor of 3.3 — 5.4 improvement wrt ATLAS 13 TeV 81 fb-1 results

NN discriminant

» More signal region, more optimised analysis and higher luminosity


https://arxiv.org/abs/2205.02537

FCNC tqZ ATLAS-CONF-2021-049

2 Target both production and decay of FCNC tqZ vertices: ~ u/c z
» Z— ll, semi-leptonic top decay = tri- leptons ulc t "
P Analysis regions 8 Production mode W

» Orthogonality cut applied on reconstructed top mass

> >2jets, 1 b-jet (SR1) targeting decay mode or =1 jet, 1 b-jet (SR2) targeting production mode

2 Background estimation

R et BT/ g
> C {s=13TeV, 139 b miiz+ + ] £ 200 (s=13TeV, 139 fo”" WHZ+WZ = VV+LF = - - . . . .
g Fem B me e sre BV mZ » i, ttZ yields estimated in control regions
i - D;>-0.6 -Fake lep. -Other bkg. T L - D;>-q.7 or D} > -0.4 -Fake lep. [ Other bkg.
100F O N iz o e Eg: CRONC Wiz e » VV+heavy flavour estimated in sideband regions
| — FCNC tt(uz) x 50 i - —— FCNC tt(uZ) x 50 -
F E 1200 E »  QOthers from MC simulation
6ol , _: 100; ‘ .
- 801
40 - oof 2> Separate signal against all bkg
20 R 40
20
P e : Lo » BDTi: SR1 tZu and tZc decay mode
- % | /} //}7 E D 1255 j /+ E
& 07;%%/{%% NN W% § %WW%% » BDTyw: SR2 tZu in production mode
' A 3 0.75;— = .
096 =04 02 0 02 04 06 08 1 e  BDT> SR2 tZc in both modes

08 05650402 0 02 04 06 05 1
0;

D,


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/

FCNC J[qZ ATLAS-CONF-2021-049

Observable Vertex  Coupling Observed Expected
SR1+CRs LH: left hand
B(t — Zq) [107] tZu LH 9.7 8.6755 RH: right hand
B(t — Zg) [107] tZu RH 9.5 8.213
SR2+CRs
B(t — Zg) [107] tZu LH 7.8 6.1717  « Higher sensitivity from SR2
B(t > Zg) [10™°] tZu RH 9.0 6.6' 7
SRs+CRs
B(t — Zg) [107 tZu LH 6.2 497,
B(t — Zq) [10™ tZu RH 6.6 5121 B Upper limits on branching ratios, were improved with
Bt — Zg) [107> tZc LH 13 1143 .
Bt — Zg) [10°° Py RH 0 10 respect to the previous results
cU1¥*) an |C(1I§)*| Zu LH 0.15  0.1379% » by factors of 5 (3): LH expected BR limits for t — Zu (t — Zc)
Al 31 +0.03
C C tZu RH 0.16 0.14 o
C’(zz)l 5];)* e [H 0 0 20+§ §4321 » by factors of 3 (2): LH observed BR limits for t — Zu (t — Zc)
t33) (32 +0.04 . . .
Cuw | and |G, 1z RH 021 019003 » Inclusion of prod. mode, MVA technique, and higher lumi.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/

FCNC H— 1+ 1" ATLAS-CONF-2022-014

2 Explored both production and decay of FCNC tqH vertices
» Top quark: leptonic or hadronic decay

> H — TT: Thad Thad O Tiep Thad (depending on t-lepton decay )

% - ATLAS Preliminary gy .' o % - ATLAS Preliminary oy -' R
> {s=13TeV,139 fb e o . >  r{s=13TeV,139 fb . e -
Yo FCNC tuH H—1*7 ] ,.O ,C | Yo FCNC tcH H—t*1 ] ,-o _C |
1 03 - thh g it % Uncertainty — 1 03 = thh g it % Uncertainty -
p ", | B Analysis regions
102 w5 WbHU(0.1%)x2 _ 102 w5 WDbHc(0.1%)x2 _ ? Employ Seven Slgnal reglOnS ln a
: 5 combination of top and di-tau decay, and
I @ 1 additional jets
10 10 =
_____ - » BDT is trained in each of the SR to
1 1 separate signal from SM background
- 1.4; —; 5 1.4F ?
o 12 Yy o 1.2 Backeround estimation
- Z
e ot srome e |
heid ¢ S o » Fake t: estimate a transfer factor in CR
T 08 -06 -04 -02 0 02 04 06 08 1 T 08 -06 -04 -02 0 02 04 06 08 1

2  Others: Monte-Carlo simulation

BDT Discriminant BDT Discriminant


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014

FCNC H —> T + T - ATLAS-CONF-2022-014

Bt — cH) <9.9x 107 (S.Of%:ﬁ x 10™%), assuming &(t — uH) = 0

2 Upper limits of BR:

Bt — uH) < 7.2x 1074 (3.63:(7) x 10™%), assuming #(t — cH) =0

2 Limits translate to tqH Wilson coefficients: ~ Ceg¢ < 1.38(0.97) and Cyue < 1.18(0.83)

x10™°
f1'2 g 2F
S ~ ATLAS Preliminary .. Expected limit @) ; 8:— ATLAS Preliminary ... Expected limit
2 2D contours: 1 - Vs=18TeV. 139" — observed iimi of E=13TeV, 189107 — opservedim
S s===:1 Expected limit + 1o 1 45_ =====: Expected limit * 1o
0-8__ ------ Expected limit + 2¢ B e Expected limit + 2¢
i 95% CL limits 1 '2? 95% CL limits
0.6 1 A=1TeV
0.8
0.4 0.6F
0.2 0.4F
0.2F
0||| 11 ] | ||||X10_3 0:|||||||||||||||| [ | R B
0 0.2 0.4 0.6 0.8 1 1.2 0 02 04 06 0.8 1 1.2 14 1.6 C1.8
AB(t - cH) co

2 Major systematic: statistical uncertainty

2 Aslight excess of data is observed above background with a significance of 2.3 ¢

2 A factor of 5 improvement wrt ATLAS 13 TeV 36 fb! results


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014
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https://link.springer.com/article/10.1007/JHEP11(2021)118

tttt production JHEP 11 (2021) 118

2 Measurements done in the all of the leptonic final states

A
< )
> SSdilepton and multi-lepton channel (2LSS/ML) -> (Eux Phys. J. C 80 (2020) g _H <t
t

A

o

» single-lepton and OS dilepton channel (1L/2LOS) -> this talk g ‘ A
2 Never observed by ATLAS or CMS yet '0000000™ t 5000000 — £
2 Sensitive to the magnitude and CP properties of the Yc of top-quark to Higgs boson
5 °F amas  epam @t . 1 Ts 1 s . T
5 o - TOTOV. 1 WA g 2 Targeting events with high jet and b-jet multiplicities
1201 ool et o)~ » 4-top final state features 10 (8) jets in 1L (2LOS) and 4 b-jets at truth level

"F E 2 Pre-selected events are orthogonal to 2LSS /3L

80:

o0f » 1L channel: One lepton (>28 GeV) and at least 7 jets and at least 2 b-tagged jets
» 2LOS channel: Two leptons (>28,10 GeV) with OS charge and

at least 5 jets and at least 2 b-tagged jets

40

20

0: .
156 . ]

& 15
g TN e § 2 tt+jets background is estimated using corrected MC simulations
o) "~E ]
-1 08-06-04-02 0 02 04 06 08 f » Corrections factors are derived in data, improving the tt+jets modelling

BDT Score


https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://link.springer.com/article/10.1007/JHEP11(2021)118

tttt production JHEP 11 (2021) 118

U) T T T T
S 10°EATLAS ¢ Data = ATLAS (s =13 TeV, 139 fb”
L|>_| E S: 13Tev, 139 fb_1 -Signal (M=1.0) E 1 11 I | LU I | I | I I I L I L I L I | L I I_II_I
u ILIE)/SZ’[I:IgtS -signal (Mﬁt=2.2) _ m— {Of. ttit
10° e— , Background E stat. Tot. ( Stat., Syst. ) Obs. Sig.
- . 7, Bkg. Unc. .
| _ +1.6 +0.7 +1.5
oL B 1L2LOS | b=y 22 > (o7 .40) 190
: : +0.8 +0.4 +0.7
oL _ 21 SS/3L F o — 20 o6 (o4 :04) 430
| +0.8 +0.4 +0.7
] e T S T S T Y S Combined - &6 —i 2.0 -0.6 ( -0.4 ° -0.5 ) 4.7 ¢
g 1-25— .-~ signal (u=1.0) + Bkg. | =
— :__ I =2.2 Bk- — IllIIIlII|llll|IllllIIIl|llIllllIlIlIllIlIllIlIlI
5 120 79 =22 +Bkg. 0 1 2 3 4 5 6 7 8 9 10
S 1; , == ) 2 _fi — SM
B Best-fit 1 Gtm/ e
Iogm(S/B)

B Measured cross section for 1L/2LOS : G¢frf = 26f%g fo B Combined cross section with 2LSS /3L analysis : 24J_rg tb
» With an observed (expected) significance of 1.9 (1.0) o » With an observed (expected) significance of 4.7 (2.6) o

» Uncertainties dominated by 4-top and » To be compared with the 4.3 o observed

tt+HF modelling uncertainties significance from 2LSS /3L analysis


https://link.springer.com/article/10.1007/JHEP11(2021)118

SM tqy ATLAS-CONF-2022-013

e First observation of t-channel single top quark production in association with a photon

» tqy (prod) with observed (expected) significance: 9.1 (6.7) o
2 Sensitive to EW couplings of the top quark (esp. top-y vertex)

g 2400 |
ATLAS Preliminary @ Data [ ltqy

L%) 2200;— Vs=13TeV, 139 fb” t(—lvby)q [ tty _; -
2000;— > 1f] SR MWy +jets IZy +jets —; . |
1800 PostFi =i -7 EOverprompty - Cross section measurement

u =y ake leptons
1600 - 772 Uncertainty =
1400 = 2 Partonlevel: o4y x B(t —=1vb) =580 + 19 (stat.) £ 63 (syst.) fb
1200 - :
1000 E 2 Particle level: oy, x B(t =1vb)+0¢(-nby); =287 £ 8 (stat.) £ 31 (syst.) fb
800 _i
600 —
400 2 ATLAS measurements consistently higher than the prediction by ~ 40%
200

. B Major systematic uncertainties come from

£ 1.05F ~ ~

s » background modelling: tty ~ 6%; tt ~ 3%

S 0.95¢

>% 01 02 03 04 05 06 07 08 09 1 » MC statistics: tqy ~ 3%; all other processes ~ 3%

N Nout


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013

summary

2 Recent ATLAS measurements and searches in the associated
production of top quarks were presented

2 New results in the investigation of SM rare top processes:

» Strong evidence for the tttt production

» Observation of ty production

2 Highlights of searches for FCNC processes involving top:
» tqg, tqy, tqZ and tqH

» Significant improvement of the limits on the BR and

the effective coupling strengths wrt previous results

Pheno 2022

ATLAS+CMS Preliminary
LHCtopWG

. o, =12.073% (scale) fb

" JHEP 02 (2018) 031
NLO QCD+EW

ATLAS, 2L.SS/3L, 139 b’
EPJC 80 (2020) 1085

ATLAS, 1L/2LOS, 139 b’

Run 2,{s = 13 TeV, March 2022

¥

tot. stat.

JHEP 11 (2021) 118

ATLAS, comb., 139 fb™

G TtOt. (stat.tsyst) Obs. (Exp.) Sig.
2470 (5"°)fb 43 (24)c
1 267,877 )b 1.9(1.0)0

JHEP 11 (2021) 118 H—— 24°2(4"2) b 47(26)c
Sp“ﬂi’g%ﬁffz’gb; 37 1o 12.6 72> b 2.6 (2.7)c
?thg,111l_(/22()|;§))s(),825.8 v 0" fb 0.0 (0.4)o
| 1 | TR N N T W TR WO S W
0 20 40 60 80






Branching ratios of top FCNC decays

Pheno 2022

Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t—Zu T7x10717 - = <10-7 <106 _
t—Zc 1x10~1 <10°° <1071 <1077 <107% <10°°
t—gu 4x1071 - — <1077 <10°° —
t—gc 5x10712 <1074 < 107% <1077 <107% <10°10
t—yu 4x 10716 - — <1078 <107° —
t—yc 5x1071 <1077 <1077 <107% <1072 <1077
t—hu 2x10717  6x107° = <107° <107° -
t—hec 3x107%® 2x1073 <107° <10~® <107 <10

Searches for rare top quark production and decay processes with the ATLAS experiment



FCNC tqg - selection requirements

Observable Common requirements
nTight(e ) + NMedium (1) =1
NLoose (€) +.nLoose(/~‘) =1
ET™® > 30GeV
mt (W) > 50 GeV
n(Jj) > 1
n—|Ad(j1,€
pr (€) > 50 GeV - (1 2P )')
Analysis regions
SR W+jets VR tt VR tqg VR
n(ln(j)| < 2.5) =1 =1 =2 =1
n(b) =1 =1 =2 =1
€pb 30%  60% (veto 30%)  30% 30%
n(ln(j)| > 2.5) >0 > () > 0 =1
D12 = 0.3 < Djp) <0.6 — 0.2 < Dip) <04



FCNC tgg - posttit discriminants

3
wn —IIlll]'Ill]llll]lllllllIl'll]l'll]lll]]lll]'ll]]'_ )._<I1IQI rrrryrrrryrrrrirrrry rrriryrrTd rrTrry rrrryrrris 45000 1T 17T | 1T T 1T 1T 1T 171 1T 1717 W :IIIIIIIIIIIlllllIIIIIIIIIIllllllllllll'llllllllll:
<60000— — o) I [ [ [ I [ [ [ I ’ w0 = [ [ [ [ [ . 290000 =
S - ATEAS } 4-Data 1 3 ~ ATLAS +-Data - = - ATLAS #-Datn : 2 - ?‘Tf‘: g TeV, 139 fb ! ;Data tFCNC
g | /5=13TeV, 1391 Wlug - tFCNC 4 3 140~ {5=13TeV, 1391b Mcg > tFONC 240000 {5 = 13 TeV, 139 fb Mcg >tFCNC 280000 gy | o =
o ~ SR minus Ml tq.iq 7 = L SR - i = " SR - ] ] - SRplus Wtaiq .
250000 - | ata __ 1 & S Mta.tq - S Mg - @_ L Post-Fit I {T.tW,tB o -
w Post-Fit I tt,tW.tb b 1 @ 120F Post-Fit I 5.tW,tb T - 1135000 £ post-Fit B (5.tW.tb b E 70000 - "% W —
- I W-+ets . i I W+iets - - [ W+iets . - [ W+iets .
40000 [— []Z+jets, VV ] 100 - [ Z+jets, WV N 30000 = [ Z+jets, WV E 60000 -Z+je.t.s, A" -
: B Multijet - : Bl Multijet : 25000 - Il Muttijet E co000 Mhutier E
30000 777 Uncertainty ] 80 - Uncertainty ] = 7~ Uncertainty = - “Uncertainty .
] - 20000 = 40000 [ E
’ 60 — . - =
20000 - - 15000 - 30000 - =
- 0 - 10000 = 20000 =
10000 — i . .
5 20 7] 5000 - 10000 E
.0 0 - ol . s 0 -
b o © - 3 D

£ 1.025 2 1.015 o 10155 , , = g 1025 N
S 1E /MW/ W > 40 S 2= < : v ‘W ’ e YD é & Y v /7% 077777 ////%// % "~ 1E 2 ,//Jﬁ
o s z o, - P 1 G b o At 4 2. 722 ) R o b 4 L 1E A © 1_ 7, ) 4// > ///// Z ////E % 4

3 0.975 5 0.985 = 50985 | I Q3 0.975

Attt ettt e e e e e PP PP PRSP B EPEPEPE RPN RSP PP PP P :11111: 0.9511.11.lll

%% 01702 03 04 05 06 07 08 09 1 0970701 02 03 04 05 06 07 08 09 1 097 075 08 08 09 095 1 ¢ 01 02 03 04 05 06 07 08 09 1
D, D D D,

-

1



FCNC tqy - Wilson coeficient and BR limits

* * ATLAS Preliminary ====== Expected * 1o ATLAS Preliminary ====== Expected * 1o
Clw +Cla | Vs=13 TeV, 139 fp! +===- Expected + 26 t—uy LH Vs=13 TeV, 139 fo! === Expected * 26
— Observed B — Observed
|CS</:/) + Cﬁ?' I t—uy RH I
|c® ., 2| t—scy LH
|CS/?/) + Cfi:)l . t—cy RH
ol T B R B L N B %4 0B
0.1 0.2 0.3 0.4 0.5 0 . . 0.06  0.08 0.1
Wilson coefficient 95% CL limits BR 95% CL limits
, , Coeflicient limits , BRs [10"5]
Effective coupling Coupling
Expected  Observed Expected Observed
(13)= (13)= +0.020 +0.37
Cog” + Gy 0104555 0103 |~ uyLH 088%35 083
+0.023 +0.50
CL(% + Cb(t 5 0.122+002% 0123 |t —>wuyRH 120709 1.2
* * +0.037 +1.35
CL(% " C@) 0.205*0037 0227 |r—-cyLH 34073 416
+0.039 +1.47
CBY 4BV 02147099 0235 |- cyRH 370147 446




FCNC tgZ - predicted and observed yields in SR

SR1 SR2

(D; > —0.6) (Dy > —0.7 or D5 > —0.4)
ttZ + tWZ 137 4+ 12 36 £6
VV + LF 18+ 7 24 + 8
VV + HF 114 4+ 19 162 4 26
t/ 46 4+ 7 108 4+ 18
tt + tW fakes 14 4+ 4 27 + 8
Other fakes 7T+8 Hh+6
ttW 4.2+2.1 3.1 +1.6
ttH 4.8 +0.7 0.8 +0.17
Other bkg. 2.0x£1.0 2.012.9
FCNC (u)tZ 09+1.7 4 + 8
FCNC tf(uZ) >+ 9 0.8+1.5
Total background 348 £ 15 369 £ 21
Data 345 380



FCNC tgZ - posttit discriminants

@ Yk ;2 T TN geof -

S 140~ ATLAS Preliminary ¢ Data — 2 220:_ ATLAS Preliminary ¢ Data E o 140k ATLAS Preliminary ¢ Data B o 160: ATLAS Preliminary ¢ Data .

@ [ (s=13TeV, 139 fb" gtizetWz | VV4+LF ] £ 200F Vs=13TeV, 139 fb" mtiz+twz = VV+LF P L {s=13TeV, 139 fb" gtiz+tWz = VV4+LF - P 140k s =13TeV, 139 fo"' WHZ+tWZ | VV4+LF -

S 1o0l- SR1 TVV+HF  @tZ 7 0 180F- SR2 TVV+HF @Itz E S ~ SRi TVV+HF Itz ] S - SR2 TVV+HF  @ItZ -

o - D,>-0.6 B Fake lep. [ Other bkg. T = - D,>-0.7 or DZ > -0.4 JFake lep. [ Other bkg. 7 o 120 D,>-0.6 [ Fake lep. [ Other bkg. i 100F- D, > -0.7 or DZ >-0.4 W Fake lep. W Other bkg. -

100l Post-Fit 72 BKg. uncertainty h 160 Post-Fit 7/ Bkg. uncertainty — - Post-Fit 72 BKg. uncertainty ] - Post-Fit 72 BKg. uncertainty .

L -~ FCNC (u)tZ x 50 i 140F. ~~~ FCNC (U)iZ x 50 - 100~ -~ FCNC (c)tZ x 50 ] 1oof.  FONC (o)t x 50 E

[ —— FCNC tt(uZ) x 50 ] . — FCNC tt(uZ) x 50 - - FCNC tt(cZ) x 50 ] - FCNC tt(cZ) x 50 -

80 ] 1201 7 = 801~ . 80 .

eo: E 100 = i + - : 14 5

§ 801 E > E oOF E

40 . 60 = 40 - 105 ) .

. 40 = - i ]

20 ; of N L e - 20 ] 20— —

_@ OE """"""""""""""""""" ] g’ OE """"""""""""""""""" ] _@ - R R R ] _52’ OE """"""""""""""""""""" ]

M 125 } //}7 S5 @ q125F + } 4 @ q125F 4 @ q125F }}/ :
& e ///y %//// /%;////// vz o 1?%////////(/////(%////////%2_ S ///% %////% 7z N / f A

] - ] () ] QO - -

- 075 § 3 2 o7sE = o.75:+ = 0.75F =

0—%_"—'0'4';0'2"'(')'"0'2"'0'4"'0'6"'0'8"'_1 05908 -06-04-02 0 02 04 06 08 1 096 ~04 02 0 02 04 06 08 1 051"—'0'8'—'0'6"0'4'—'0"2"(')"0'2"0'4'0'6'0'8"_1

D1 D; D1 DZ

Pheno 2022 Searches for rare t



FCNC H — 1+ t- : overview of regions

Pheno 2022

Regions b-jet | light flavour jets | lepton | hadronic taus charge
t¢ Thad Thad 1 >0 1 2 ThadThad OD
toThad-1] 1 1 1 1 Lo Thag OO
thhad-Qj 1 2 1 1 tEThad SS
SR th Tiep Thad=2) 1 2 1 1 Tlep Thad OD
tthepThad'3j 1 > 35 1 1 Tlep Thad 05
th Thad Thad=2) 1 2 0 2 Thad Thad OO
thThad Thad =) 1 >3 0 2 Thad Thad OO
VR tﬁThadThad'SS 1 > 0 1 2 Thad Thad SO
tgtglb’i'had 1 2 0 2 1 tgtg OS
tot 20T, 4 2 >0 2 1 tit, OS
CRtt tetthThad-QjSS 2 2 1 1 tEThad SS
Loty 20m,4-2]OS 2 2 1 1 toThag OS
techbThad-Z}jSS 2 Z 3 1 1 teThad SS
Lot 207,4-3]OS 2 >3 1 1 toThag OS




FCNC H — Tt + t- : absolute uncertainties

. AB [107°]
Source of uncertainty bt s o]
Lepton ID 0.6 1.0
s 0.7 0.8
Fake lepton modeling 0.9 1.1
JES and JER 2.4 3.2
Flavour tagging 2.7 3.7
tt modeling 2.9 4.3
Other MC modeling 2.1 2.9
Fake 7 modeling 3.2 4.6
Signal modeling including Br(H — 77) 5.3 7.0
7 1D 3.3 4.4
Luminosity and Pileup 0.9 1.3
MC statistics 5.1 7.0
Total systematic uncertainty 11.2 15.5
Data statistical uncertainty 14.1 19.6
Total uncertainties 18 25




FCNC H — t + t- : tuH - BDT output distributions
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FCNC H — t + t- : tcH - BDT output distributions
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