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HEP )

cpps Introduction

Top-quark physics
—~ Heaviest known elementary particle
—  Large coupling to Higgs boson
—  Potential large couplings to BSM particles

—  ATLAS Run 2 data (140 fb-"): pp collisions at \/E =13 TeV, collected during 2015-2018

—  Abundant sample of top-quark events

— BSM searches + precision measurements in the top sector

In this talk
1. Search for charged-lepton-flavour violating 11 7gt interactions in top-quark production and decay [arXiv:2403.06742] m
2. Search for flavour-changing neutral-current couplings between the top quark and Higgs boson in

ging PHNg P4 g8 [arXiv:2404.02123] m

multi-lepton final states

3. Precise test of lepton flavour universality in W boson decays into muons and electrons [arXiv:2403.02133] m
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SM: charged lepton flavour is conserved in weak interactions

Observed neutrino oscillations permit LFV processes (highly suppressed)
Experimental evidence of cLFV: clear sign of BSM physics
CLFV is featured in several BSM models (leptoquarks, SUSY, 2HDM)

First direct probe on 4-fermion contact interaction for putqt processes

Model-independent EFT search with additional leptoquark interpretation

Bt — C'q)<1.86x107>
Bt > euq) < 6.6 x10°
AB(t — euq) <0.012—0.498 x 10 (cMs)
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Signal modelling:

top-quark decay: 17 — (uzq)(uv,b)
single top-quark production: gg — ptt — (u7)(uv,b)
Background sources:

non-prompt (NP) muons: ¢f heavy-flavour hadron decays
inside jets

prompt leptons: tf + X (t1Z,tt W, tt H) and diboson
(WZz,227)

fake 73,4 candidates
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T
ATLAS

5350 ATLAS Data Déignal (d‘ec.) ] % 35 Data D‘Signal (Qec_) ]
5300 Vs=13TeV, 140 o™ DSIgnaI (prod.) VV, VWV o % Vs=13TeV, 140 o™ DSlgnaI (prod.)  WFaket
CLFV prqt 1T4X W Other CLFV prqt WFake T+ NP w VV, VWV
250 g?s‘?Fh ’BrFl’chtamty mraee 25 Sic?;ii?egion =é)+t)r:er .3;);
Slgnal Reglon (S R): 200 20 7zUncertainty
150 E
24174 (same-sign muons) w
= 1 i 1 - 512% ) @},2@ .
jet (1 b-tagged) N S A } / i
. g 0'50 100 200 300 400 500 600 700 800 g 0'50 100 200 300 400 600 700 800
Control Regions (CRs): o (ca ooy
CRz: data-driven corrections to fake 7,4 g P T T T PPSwananar
@ 500 /s=13TeV, 1401  mFake t 1 @ Vs=13TeV, 140"  mFaket
_ r cCLFfV gt W Fake T+ NP | 120; ccthVénqt -\F/?/k\e/\y\; NP ”,
CR#tpu: NP muon background wol et IO e m ]
r X 100¢ 14X
M M Other
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7 Uncertainty 1
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SR + CR#fu with systematic uncertainties | L |
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. 95% CL upper limits on |c|/A2 [TeV~2]
. .o Gjk3) (ik3)  (ijk3)  (ijk3)  1(ijk3)  3(ijk3)
No significant excess above SM background o e G G Gy Ceqy
Previous (u) 12 12 12 12 18 2.4
Set first direct exclusion limit at 95% CL: B(t — utq) < 8.7 x 107 Expected W | 033 031 03 032 033 008
Observed w) | 043 041 04 042 044 010
Improvement upon previous limits by up to a factor of 41 Previous(©) | 14 14141421 26
Expected (¢) | 1.3 12 12 12 14 028
Observed (c) 1.6 1.6 1.6 1.6 1.8 0.36
*0r- = 0l 3
0jg =0}, -0},
© Fro T T T T T 5 Fror T L B
S 10 arLas 95% CL limits 7 = 25iATLAS 95% CL limits B
& [ s=13Tev, 140 15" Scalar . T 7L (s=13 Tev, 140 " Scalar ]
e 8 cLFVuut —Obs. - BExpxio ] [ cLFV urqt (A=1 TeV) Obs. = Exp.xio 7
= + Vector 4 o Vector —
i F —Obs. = Exprio | c —Obs. & Exp.sto ]
@ 6? —ObsTen-s-orExp.:h ] 1'53, \\—ObsTeniorExp.:h {
2 ] o.5E""'"' ., =
0:‘ 1 RO L)
0 0.1 02 03 04 05 0 01 02 03 04 05
B(t—utu)x 10° Ic*™
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Search for scalar leptoquark S, assuming fixed hierarchical couplings
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SM: FCNC interactions are forbidden at tree-level and highly suppressed at higher orders
Branching ratios large enough to be measured in BSM models

Experimental evidence of FCNC: clear sign of BSM physics

FCNC interactions of the top quark, the Higgs boson and a charm or up quark (1 Hg)

Final states with 2 leptons of the same charge (2£°SS) or with three leptons (37)

Dominant Higgs decay in 2/SSand 37: H — V V*

Model-independent EFT search

Combination with other ATLAS Run 2 searches for t Hg FCNC couplings in different final states
H-—- 177"
H — bb
H-vyy

u/e

AT.AS

EXPERIMENT
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2 SRs for 2SS and 2 SRs for 37 focus on t — Hq decay
or g — Ht production signal

3 CRs in 2SS and 4 CRs in 37 final state for various bkg.
processes (HF decay leptons, 17 V)

Recursive Jigsaw Reconstruction (2£°SS and 37)
Neutrino Independent Combinatorics Estimator (37)
Feed-forward Neural Networks

Reconstructed object variables as input

Profile-Likelihood fit (simultaneously in all CRs and SRs)

Events

Data / Bkg.

SR2¢Dec

Fraction of events / bin

ATLAS Simulation
—— tHuFCNC
Background

(s=13TeV

0 02 04 06 0.8 1
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No observation of FCNC couplings

Most stringent upper limits in multi-lepton final states

Bt - Hu) < 2.6 (1.8) x 104
Bt 5 He) < 3.4(2.3) x 10
ut,tu
it < 0.68(0.56)

ijjljc < 0.78(0.64)

Combination

Observed (expected) 95% CL upper limits

B Hy) )
tHu 2.8(3.0)x107* 0.71 (0.73)
tHe 3.3(3.8)x107* 0.76 (0.82)

Vs =13 TeV, 140 fb!

‘ Bt—Hc)=0 4
—— Observed
E=== Expected +10 |
---- Expected *20

! 1 ! ! ! ! 1 ! ! !
5 10

L 1|5 L L L L 20
95% CL limit on Bt - Hu) x 1074

H-bb

H-yy

H-TT

H->W*

Combination

! 1 ! !
0 5

ATLAS

Vs =13TeV, 140 fb!

B(t—Hu)=0 4
—— Observed
E=== Expected =10 |
---- Expected 20

L L 1|O L L L L 1|5 L L L L 20
95% CL limit on Bt — He) x 104
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Motivation

—  SMaxiom: equality of ¢, i, T couplings to W boson

—  Previous tests:
— Tested in 7, 7, K decays to 0.1-0.2%
~  Testedinreal Wdecaysinete™ - WW,pp - W,ti > WbWhto % level

—  Flavour anomalies: some tensions in B — D(*)T vs.B — D(*)/,t

This measurement

ATLAS Simulation
T

Vs=13 TeV
e
I

150 200 250
Muon pT [GeV]

. . . . e Je BW — puv)
_ Simultaneous measurement of 0,7 in ee, eu and p u final states gives sensitivity to Ré‘v =—
BW — ev)
— Strategy to reduce systematics:
~  Weight muonsvs. (pr, 1 ) to give similar kinematic acceptance for ee and pu ) Rﬁ//e
RE? =
wz

— Lepton isolation efficiency measured in data Runlee
V4

ple

Normalise R";,/eusing Rg”/ee to reduce electron and muon efficiency systematics, measure R -,

_ RBW — uv) . RB(Z — ee)
C BW—ev) \ BEZ - pp
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w 10* & I Mis-ID lepton — w r Il Mis-ID lepton T = E I Mis-ID lepton |
E [ Systematic unc. 3 10 E [ Systematicunc. 5 g SOOi [ Systematic unc. 7:
10°E = F ] g :
. . . E E 107 E 2001~ . ]
— Fit numbers of dilepton events with 1 . ; : g ]
H : 10 E 100f~ 3
or 2 b-jets, vs m,, in ee/up events e
o ]
. . =1 ) = = q102F 3
~ my, exploited for Z+jets L < N . ]
g 1 P g iF . 1
. o © <) E ]
Qa 095 (= O 0.98F —

baCkground separation 40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200 1 2
. . Mo, [GeV] Mo, [GeV] Npag
— b-jet reconstruction and x> T TeTTTTTT] 3 P Ty 2 E ; ; .
. i . 8 [ Amas Data 1 & [ Amas Data 1§ E . . 3
tagging are determined in data 3 107 ey 0w’ = 3 p 10 T = 4 8 f 4 2% ]
< E uu b [ Z+ets E < E uw2b [ Z+ets E T 10 & ATLAS = Diboson' =
- Lo 2 ol e I o 1 ET0E e w =2 :
@ Il Mis-ID lept - r - 7 K= - Z-l = tt A
— Fit number of inclusive Z — ee and 3 0 = Sysematiowe. & B 10°E = Sponatoge, 3§ | 7 = e
lee S .F 1 & F E E emat E
Z — uu events to measure Rg” g 1ol =l B E g = Sysematoune. 3
= 3 10° E = 105 E =

10° E 5
10°*

E 1.05 ° o E @1.005,— E

g 1 L] g 1 . .
8 oss 8 So.99sE 3
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My [GeV] My [GeV] Z-channel
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0,7 measurement in agreement with previous results

ng/ee =0.9913 + 0.0002 + 0.0045

1.90 below unity, similar to trend seen in other 13 TeV Z
measurements

Rélv/; =0.9990 + 0.0022 + 0.0036
Using external value of Ré‘”/ee from e*e™ (LEP+SLD):

RF#e _ 10009 + 0.0028

Z—ext

Conversion: Ra//e = R{;V/; /Rgﬁ/eexet
R‘/;//e =0.9995 + 0.0022 (stat) + 0.0036 (syst) + 0.0014 (ext)
Total uncertainty: 0.0045

Most precise result to date (previous PDG average 1.002 + 0.006)

No sign of lepton flavour violation

AS

EXPERIMENT

AT

T ,

ATLAS

LEP2 -

e*e'—>WW, {s=183-207 GeV

ATLAS :

pp—W, Vs=7 TeV, 4.6 fb™ :

LHCb —

pp—W, Vs=8 TeV, 2 b :

CMS Ly

pp—tt, Vs=13 TeV, 36 fb™ :

PDG average '—-—’—'

ATLAS (this result) N QE .

pp—tt, Vs=13 TeV, 140 fb” '

| T IR TR T T I S S NN S S S S S S N
0.92 0.94 0.96 0.98 1 1.02

B(W—uv)/B(W—ev)
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ATLAS continues to take advantage of the LHC as top factory

of ATLAS top physics results
First direct search for cLFV uzgt coupling
2 interpretations: EFT and leptoquark
Most stringent upper limits in fgH FCNC couplings in multi-lepton final states

Combination of several final states: H —» VV* H — t¥7~, H — bb, H — Yy

ule
W

Overall no disagreement with SM

Most precise R{’° measurement to date

Thank you for your attention!
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r o m; my N 4 | o= Gik3) ? 4 | pik3) : 4 | cWk3) :
(t =0 qk> = 761447r3 X clq + ceq + clu
) 2
+4 | WD Lo | LR 4 gg | 3k
€u lequ lequ
Lt -1 q)
t
Preselection:
Number of leptons Ne=3, pr>10GeV, |n| <2.5
Leading muon / electron pt pr > 27 GeV
Trigger matching > 1 trigger-matched muon / electron
Sum of lepton charges >qi==1

&)

EXPERIMENT

: I
Cross-section 052 + PDF [fb]

(ijk3) LGR3) AUIR3)
vector lequ lequ
Production ££ut | 11872} +1 10172L 1 215070 +20
Production £f'ct | 79*2 1.6 6170+ 15 153724 +£29
Decay 6 gt | 6.9718 £0.1 3.46'9% +£0.03 1664 +2
SR CRt CRtiu
Lepton flavour 2ulThag 2ule (63 = )
Niets > 1 >2 > 1
Nb—tags 1 1 <2
Thad PT > 20 GeV | > 20 GeV -
Muon pr > 15GeV | > 15 GeV > 10 GeV
Higher pt muon Tight Tight Tight
Lower pt muon Tight Tight Loose
Muon charges SS oS -
mos - - >15 GeV
|m22—MZ| - <10 GeV >10 GeV
3phl + Zm? - - < 400 GeV

19
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PP
Process CRt (1p) CRt (3p)
Fake 1150 + 80 364 + 28
Fake 7 + NP 1.6 + 12 03 + 05
WZ 22 + 7 65 £ 20
7z 11 + 4 31 £ 10
1+X 12.0 + 09 341 = 028
1z 16 + 7 48 = 23
1w 065 = 034 025 = 0.15
ttH 084 + 012 026 = 0.04
VvV 012 = 0.06 0027 = 0014
1T+ NP p 1.0 + 08 016 + 024
Z+NPpu 0022 +  0.009 -
Other 17 + 9 61 = 31
Total | 1230 + 90 | 389 + 30
Data | 1324 | 373

Process | SR CRtiu
tt+ NP u 7.9 + 34 164 + 14
tw 3.5 + 1.8 1.2 + 06
ttH 3.1 + 04 126 =+ 0.14
1tz 2.9 + 05 088 = 033
+X 2.48 + 0.18 -
wZz 3.6 + 13 7.3 + 24
ZZ 0.59 + 022 1.8 + 0.6
vvv 0.01 + 0.05 047 =+ 024
Fake electron - 7 + 4
Fake T 33 + 04 -
Fake 7 + NP i 3.7 + 2.7 -
t+X + NP u 0.29 + 031 15 +
Z+NPyu 0.192 + 0.010 1.8 + 1.0
Other NP u 0.051 + 0.010 -
Other 0.23 + 0.11 1.1 + 06
Signal (¢7) 0.19 + 0.14 0.025 + 0.019
Signal (single-top) 6 + 4 0.022 =+ 0.023
Total | 38 + 5 | 201 + 14
Data | 37 | 202
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95% CL upper limits on 8(t — urq) (x 1077)

—(ijk3) (ijk3) (ijk3) (ijk3) 1(ijk3) 3(ijk3)
Clq Ceq Cy Ceu Clequ lequ
Expected (u) 2.3 2.0 1.9 2.2 1.2 3.0
Observed (u) 4.0 3.6 33 3.8 2.0 5.2
Expected (c) 33 32 32 33 20 41
Observed (c) 56 54 53 54 34 67

95% CL upper limits on B(t - urq)

Stat. uncertainty

‘ Stat.+syst. uncertainties

Expected
Observed

4.6x 1077
8.2x 1077

5.0x 1077
8.7x1077
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Preselection
CR2¢ttV  CR3(tiW  CR3(tiZ
Niets > 1
Nb—tags >1 ]Vjets >4 >2 >2
pr(jet) > 20 GeV No-tags =2 =2 =2
p1(0) > 10GeV to flavour U - -
pr(to) > 28 GeV pr(€1) >18GeV >20GeV >20GeV
pr(6) - > 16GeV > 16GeV
2058 3t m (€%, 07) = my| - > 10GeV < 10GeV
Ny =2 =3
>q(t;) =+2¢ ==le
CR2¢(HFe CR2¢(HFu CR3¢(HFe CR3¢HFu
SR2(Dec  SR2(Prod SR3¢Dec SR3(Prod Niets <3 <3 21 =
Ni-tags > 1 > 1 =1 =1
Niets >4 <3 23 <2 £y flavour u u - -
Np-tags =1 =1 =1 =1 ¢1 flavour e - -
1 H
pT(fl) >12GeV >16GeV  >20GeV > 20GeV PT(fl) <16GeV < 16GeV >20GeV > 20GeV
pr(62) - - >16GeV > 16GeV ¢, flavour _ _ e u
|m(e,e) —mz| =10GeV > 10GeV - - pr(6) _ B <16GeV < 16GeV
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ATLAS Simulation
Vs =13TeV
SR2! Dec
Pre-Fit
HF-dec. e

HF-dec. p Q-misID

W3L +b/c Others

ttz

ATLAS Simulation
Vs =13 TeV
SR3! Dec W3{ + b/c Wz
Pre-Fit tzq

HF-dec.

Others

ATLAS Simulation
Vs =13 TeV
SR2{ Prod
Pre-Fit

Q-misID

Others
HF-dec. p

HF-dec. e
tZq
W3L + b/c 7z

ATLAS Simulation
Vs =13TeV
SR3¢ Prod
Pre-Fit

HF-dec. e
tZq

HF-dec. p

twz
Others

W3! +b/c

FCNC: Background composition

S

150

EXPERIM
0 3501 T T — T T L—— — T
s | ATLAS ¢ Data | tH W tw
”>JS°°§ Vs =13 TeV, 140 fo~! O tz W wsal+blc [] twz
250i Post-Fit [ tzq [] HF-dec.e B HF-dec.p
r B Q-misID [] Others % Unc.
s00k -~ Pre-Fit Bkg.

ZZ
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E%, 12F
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06 — — —
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= = = 2 g

pr(41) [GeV]  pr(£1) [GeV] pr(Ly) [GeV]

CR2[HFe CR2[HFu  CR2LttV

[12,14)

[10,12)
[14,16)

pr(f2) [GeV]
CR3! HFe

[10,12)
[14,16)

pr(£2) [GeV]
CR3{ HF

[120,180)

pr(b-jeto) [GeV]
CR3 ttw

[180,300)
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& 8 g g
pr(b-jeto) [GeV]
CR3! ttZ

[180,300)
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Regions Particle name Description

tsm The top quark decaying viat — Wb
SR2¢Dec/ W, The W boson from the SM top-quark decay
SR3¢Dec  treNe The top quark decaying viat — Hq

H The Higgs boson originating from th FCNC top-quark decay
SR2¢Dec Whaa The hadronically decaying W boson from the H — WW* decay
ooy (e st e s
SR3Prod ' P Y

The Higgs boson produced in the gg — Ht process

Fraction of events / 100 GeV

Fraction of events / 10 GeV

ATLAS S;mulation \G =13 TeV
SR2( Dec
0.0k — tHu FONC
' — Background
01F -
% 500 1000 _ 1500 2000

ML, tone) [GeV]

ATLAS S;mulation E' =13TeV |
SR3¢ Dec
0.2f — tHu FCNC
— Background
0.1 B
% 50 100 _ 150 200

Ml o by o) [GeV]

Fraction of events / 10 GeV

Fraction of events / 20 GeV

E ATLAS Simulation E =13 TeV
[ SR3!Dec
0.2 B
o — tHu FCNC
0.15 :— — Background -
0.1F .
0.05F .
% 50 100 150 200
m(W)) [GeV]
| ATLAS S'imulation \f?; =13TeV ]
I SR3{Dec 1
0.2 —
3 — tHu FCNC
— Background
0.1 E
% 700 200 300 400

m(t, b) [GeV]

24

24



P A@)

Process SR2¢{Dec  SR2{Prod CR2(HFe CR2(HFu CR2(11V Process SR3¢{Prod  SR3{Dec CR34ttW CR3(t1Z CR3(HFe CR3(HFu
HF-decaye  122+27 113+£25 66 +13 - 29+ 09 HF-decay e 38+ 9 14+ 3 1.3+ 03 028+ 0.09 53 =x11 -
HF-decayu 201 £36 192 +35 0.1 = 0.02 120 +22 56+ 1.2 HF-decay u 63+ 11 22+ 4 1.6+ 03 037+ 0.08 02+ 01 122 +19

Q-misID 204 +16 457 +£35 24 + 0.2 - 155+ 1.4 Q-misID - - - - - -

ttH 132 + 20 27+ 5 06 = 0.1 1.0 = 02 51 = 8 ttH 10+ 2 47+ 7 32 £ 5 6.7 = 1.1 30+ 05 52+ 09
ttw 512+ 61 285+42 48 = 09 75 £ 14 216 +24 1w 77+ 12 80+10 98 =+16 125 + 1.6 58+ 1.0 95+ 14
ttZ 210+ 21 66+ 9 1.5 = 02 24 + 04 70 + 6 ttZ 75+11 438+40 78 + 7 261 +20 147+ 18 28 + 3
VV 3t+blc 104+20 192 +32 47 + 1.0 66 + 14 60+ 1.2 VV 3¢+blc 296 +49 215+ 39 48+ 09 27 £ 5 15 + 3 30 £ 5
tWZ 23+ 7 12+ 4 0.11 + 0.04 0.17 = 0.06 3.6+ 1.1 tWZ 19+ 6 57 + 18 29+ 09 16 =+ 5 1.9+ 0.6 36+ 1.1
tZq 26+ 8 63 + 18 07 = 02 1.1 = 03 58+ 1.7 tZq 134 + 38 69 + 20 35 1.0 35 =10 6.1+ 1.8 12 + 3

Others 340 £ 64 322+46 36 + 8 59 =20 79 +14 Others 171+£32  119+£23 43 + 7 11.7 = 15 59 + 8 48 £ 9
Pre-fitBG 1845+91 1585+70 111 +11 210 =32 424 +22 Pre-fit BG 710 £48 941 +42 228 =17 312 +£19 148 +11 248 +16
Post-fit BG 1874 £38 1729 +36 117 +10 198 12 455 +17 Post-fit BG 882 +28 1061 +28 265 =+14 3711 17 159 =10 258 +14
ti(t —» Hu) 207+22 18110 34 = 03 54 = 0.7 6.8+ 0.6 tt(t — Hu) 26+ 2 39+ 3 1.2+ 0.2 0.7 = 0.1 46+ 05 80+ 08

ug — Ht 31+ 4 68+ 2 12 £ 0.1 21 £ 0.2 1.1+ 0.1 ug — Ht 14+ 1 T+ 1 04+ 0.1 02 + 0.1 12+ 0.1 2.1+ 02

ti(t — Hc) 196 +22 180+ 10 35 + 04 59 = 0.7 134+ 1.5 ti(t — Hc) 27+ 2 37+ 3 43+ 04 1.5 £ 0.1 44+ 05 78+ 0.7

cg — Ht 5+ 1 11+ 1 02 + 0.1 04 + 0.1 02+ 0.1 cg — Ht 2+ 1 1+ 1 0.1+ 0.1 0.1 = 0.1 02+ 0.1 04+ 0.1
Data 1847 1723 116 193 443 Data 896 1046 268 381 159 263

25



HEP
CPPS

Object selection

Electrons pr >27.3GeV, |n| < 1.37 or 1.52 < || < 2.47
Muons pr >27.3GeV, |n| < 2.5

b-tagged jets pr > 30.0GeV, |n| < 2.5, b-tagging DL1r 70%
Event selection tf — bbvv Z—
Dilepton flavour (£*£7) ee, e, uu ee, i

Dilepton invariant mass mee > 30GeV 66GeV < mep < 116 GeV
b-tagged jet multiplicity lor2 -

Data /MC

Weighted events

Data / MC
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ATLAS

EXPERIMENT
Event counts Z — ee Z = uu
Data 47898836 49016812
Z— 47621000 £ 33000 48767000 + 29000
Diboson 111000 + 22000 104000 + 21000
Z—>1T 16850 + 140 13780+ 110
tf 119000 + 14000 117000 + 14000
Wt 12380 + 890 12390 + 880
Mis-ID leptons 19000 + 18000 3000 + 13000
Total prediction | 47898800+ 6900 49016800 + 6200

P

PP
Event counts Nlei)ﬁ‘—z Nf,eon—Z Nle’" Nﬁgﬁ_z N{l,gn—z
Data 222304 442108 405437 223085 448105
tr 154800+ 1700 24830850 | 3610004200 | 152500+ 1800 24070 + 860
Wt 17500 + 1600 2770 +240 41500 + 3800 17800 + 1700 2730 =250
Z+jets 46880 +400 410700 + 2000 859 +21 51010780 418000 2000
Diboson 770 + 160 3940 + 840 790 + 280 770 + 160 3880 + 830
Mis-ID leptons 1300 + 500 360 +260 1740 £ 610 390 + 150 172 +87
Total prediction | 221280 +550 442600+ 1100 | 405900 + 1800 | 222390+ 670 448900 + 1100
Event counts Nze,eoﬁ‘fz N;im_z N;“ Né"gﬁ_z N;gn_z
Data 85936 37704 198502 86169 38512
tr 79750 +£920 13340 + 480 191000+ 1800 | 79770 + 830 13180 + 450
Wt 2860 + 760 400+ 110 6700 = 1600 2940 + 740 423 +90
Z+jets 2675+ 68 23610+ 590 78«2 3095 + 87 24110 + 600
Diboson 67 +23 550+110 29+8 71 +30 570+ 110
Mis-ID leptons 400 +290 96 + 59 720 + 520 350+ 160 104 + 56
Total prediction | 85760 + 360 38000 = 190 198510 =440 86230 + 300 38380210




Uncertainty [%] O Ozt R";',/é R ee
Data statistics 0.13  0.01 0.22 0.02
tf modelling 1.68 0.03 | 0.10 0.00
Top-quark pt modelling 142  0.00 | 0.06 0.00
Parton distribution functions 0.67 0.68 0.15 0.03
Single-top modelling 0.65 0.00 | 0.05 0.00
Single-top/tf interference 0.54  0.00 0.09 0.00
Z(+jets) modelling 0.06 0.73 0.13 0.20
Diboson modelling 0.05 0.04 | 0.01 0.00
Electron energy scale/resolution 0.05 0.06 0.10 0.11
Electron identification 0.10  0.07 0.04 0.13
Electron charge misidentification | 0.06  0.06 | 0.01 0.13
Electron isolation 0.09 0.02 0.08 0.04
Muon momentum scale/resolution | 0.04  0.02 0.06 0.04
Muon identification 0.18 0.12 0.11 0.23
Muon isolation 0.09 0.01 0.07 0.01
Lepton trigger 0.09 0.12 | 0.01 0.23
Jet energy scale/resolution 0.08 0.00 0.03 0.00
b-tagging efficiency/mistag 0.14  0.00 0.00 0.00
Misidentified leptons 0.17 0.02 | 0.15 0.05
Simulation statistics 0.04 0.00 0.06 0.00
Integrated luminosity 093 0.83 0.00 0.00
Beam energy 023 0.09 | 0.00 0.00
Total uncertainty 266 132 | 042 0.45
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