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Outline ATLAS

EXPERIMENT

e Motivation

e First run 3 results

e Cross-section measurement at 5.02 TeV

e Mass measurements

e Charge asymmetry measurements

e W polarisation in top decays

e New Observation of tyq

e Search for charged lepton flavour violation (cLFV)
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Motivation ATLAS

Why top-quark physics? EXPERIMENT

e LHC is a top-quark factory:

— Run 2 produced > 108 top quarks
e Due to short lifetime (~ 1072 s):

— Properties directly accessible

Top Quark Production Cross Section Measurements

e Increasing precision on measurements * |~ en 1
like: ol = ol e ]
— cross sections 'III - ]
— mass =
—~ width h 8" 8 =]
— couplings "1 s
=
e Rare processes accessible for observa- we —— ==
tion/search, e.g.:
— 4 tops
— Flavour changing neutral currents
(FCNQ)
- cLFV
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tt @ 13.6 TeV

ATLAS-CONF-2022-070

ATLAS

EXPERIME
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Run 3 started in 2022, tt and Z serve as standard candle
Dilepton events used to measure o,z and R = 03/07
b-tag counting method + profile likelihood fit

Ny, = L:O'EEEMQEIJ(]. — Ebe) + Nl,bkg

No = Logee,(e5)? Co + No kg

€p related to tagging efficiency and detector acceptance and tagging

correlation Cp

In /I channel my distribution around Z-mass
o+ measured in ey channel, R measured in // channel
Cross section ratio benefits from cancellations of uncertainties (e.g.

luminosity)
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tt @ 13.6 TeV

ATLAS-CONF-2022-070

ATLAS

EXPERIMENT

e Although only 1.2 fb~! of data used, analysis is dominated by systematics:
Luminosity, flavour tagging, Z scale variations

Result Predicti

04 = 830 % 12(stat.) == 27(syst.) & 86(lumi.) pb
omn>4% — 2075 + 2(stat.) + 98(syst.) £ 199(lumi.) pb

T = 924ti%(scale + PDF) pb

0;1?”40 = 2182742 (scale + PDF) pb

ATLAS Preliminary
VE=136TeV, 12101

Category Uncert. [%] BN data + stat. £ exp. + lumi 18— combined result
0 1= data + stat. + exp. J--B-.1_theory prediction
o o34 Ruyz I data + stat. uncertainty A=+ stat. only result
i (I parton shower/hadronisation 0.6 0.2 0.7
tt scale va ati ons 0.5 0.1 0.5 Data 2022
z Z scale variations 02 20 29 R 602022, 1210°
Bkg. Single top modelling 0.6 <001 06 |
Diboson modelling 01 <00l 05 M procioton (FOFALHC2)
Mis-Id leptons 0.6 < 0.01 0.6
Lept. Electron reconstruction T 1 L
Muon reconstruction 1.3 2.4 0.3 LHC Fill 8102 EEE "I
rigg Aug. 6 2022, 450 pb™"
Lepton trigger 02 13 11 o Saze dons
Jets/tagging  Jet reconstruction 02 <001 02 Aug. 7 2022,210 g
Flavour tagging L9 <001 19 LHCFill 8106
hug.7 2022, 125 b
PDFs 05 14 13 LHC Fill 8112 e
- hug. 2022, 470"
Luminosity 03 96 13 | hesmmmer
Systematic Uncertainty 08 107 11 econly region Ll
Statistical Uncertainty 15 01 15 692008 12101
- 4p only region b4
Total Uncertainty 11 10.7 4.7 Aug. 692022, 1216
0.34 0.36 0.38 0.40 0.42 0.44 0.46
. T . . . Riiz
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tt Cross-Section ©5.02 TeV

arXiv:2207.01354

Testing theory predictions at intermediate /s
Done in dilepton and single-lepton channels 4+ combination
Boosted decision tree (BDT) used in single-lepton channel
Overall uncertainty of 3.9% (similar to 13 TeV measurement)
Measurement helps to constrain parton density functions (PDFs)

Omeas. = 67.5 + 0.9(stat.) £ 2.3(syst.) £ 1.1(lumi.) & 0.2(beam) pb
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Mass measurements ATLAS
Template method (ATLAS-CONF-2022-058)

EXPERIMENT

Dilepton channel used; partial event reconstruction via neural network (NN)
Parametrising templates: sum of two Gaussians and a Cosine function
Unbinned likelihood fit used

e Dominated by jet-energy and modelling uncertainties
— Matrix element matching, jet energy scale (JES), recoil effects

Myop = 172.63 £ 0.2 (stat.) & 0.67 (syst.) & 0.37 (recoil) GeV

EATLAS Simulation
£ Preliminary, s=13 TeV/

0035

.
T dua, dlopton

T
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T fE=13TeV, 139 10"

Events /2 GeV
n
2
T
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Ratio

095>
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Mass measurements
Soft muons (arXiv:2209.00583)

ATLAS

EXPERIMENT

e |+jets channel with additional soft
muon; my, is used to extract my,

e Improved fit for b-quark fragmen-
tation to LEP and SLC data

e Interpolation with piece-wise linear

functions

e Dominated by b, ¢ hadron branch-
ing rations (BR) and QCD initial

state radiation (ISR)

Fraction of events

Ratio to m, = 172.5 GeV
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0.16

0.14F
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0.02

T T T
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T
o
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o
@
@
Q
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Ef

-m, = 170.5 GeV
—m, = 172.5 GeV
m, = 174.5 GeV

et b b bbb |

000 RrRR

my = 174.41 & 0.39 (stat.) & 0.66 (syst.) & 0.25 (recoil) GeV
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Charge Asymmetry (tt
arXiv:2208.12095 (t2) ATLAS

EXPERIMENT

e Asymmetry expected at NLO due to asymmetries in PDFs for g and g
° Atcf and A’C’ measured inclusively and differentially in m, pr and 3,
e A% in single-lepton channel in boosted and resolved topology

A — 0.0068 + 0.0015 A = 0.0054 + 0.0026

° Atg 4.70 away from null-hypothesis
e Statistically limited

—— NNLOQCD +NLOEW  ATLAS 0.08/ — NNLOQCD+NLOEW  ATLAS
ootsl cg=05 V5=13TeV, 139 fb ! Tl - e =05 Vs=13TeV, 139 fb "
. —— 8= 10 0.06f == Cf,=10
<+ combination combination
4+ single-lepton 0.04 4 single-lepton
,0.010f 4 dilepton £O + dilepton s
P ? : < 002 ep } i ]
‘ gt Y
= 0.00[ '
0.005
—0.02
—0.0:
0.000 <05 [05,0.75][0.75,1.0] [1.0,1.5] >1.5
Inclusive myg [TeV]
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Charge Asymmetry (ttV)

arXiv:2212.10552 & ATLAS-CONF-2022-062 ATLAS

EXPERIMENT

e Asymmetry due to interference between ISR and final state radiation (FSR)
Bosons from decay products of the top-quark dilute measurable effect

In ttW trilepton channel used and BDT for lepton to top assignment

In tty NN to enhance signal (tty with photon from production)

Compatible with SM prediction but also with null-hypothesis; stat. limited
q t

Result g
Ac = —0.006 + 0.024(stat.) & 0.018(syst.)  t7y
Al = —0.123 £ 0.136(stat.) + 0.051(syst.) ttW d
ALPE — —0.112 + 0.170(stat.) & 0.055(syst.)  tTW

2

q 2
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W-helicity in top-decays
arXiv:2209.14903 ATLAS

EXPERIMENT

e Dilepton channel used

Using W rest-frame requires top-reconstruction

Neutrino weighting used (90% efficiency for signal)

Unfolding done to particle level

Fractions extracted with x2 minimisation, f, and fg free floating
Modelling dominate uncertainties, especially matrix element matching

fy = 0.684 =+ 0.005(stat.) & 0.014(syst.) £, = 0.318 == 0.003(stat.) & 0.008(syst.)
fr = —0.002 & 0.002(stat.) = 0.014(syst.)

T
ATLAS [ —

T
% Fatias
]

T B
« Unfolded data
S 08 {5=13 Tev, 139 b 3

— Fitfunction ]

Data (11,9 07fF
——.——— 06F E
03| E
f 0.4 E
03f E

0.2F 4

06 7 Il
W boson helicity fractions -1 -0.5 0.5
parton level cos(@*)
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Observation of tvyq ATLAS

ATLAS-CONF-2022-013 EXPERIMENT

e tyqg process is very rare, allows to probe electroweak top coupling

e 2 signal regions (SRs) and 2 control regions (CRs); NN used to separate
signal and background

e Profile likelihood fit used to extract cross section with free floating
parameters for background

e Observed (expected) significance: 9.1¢ (6.70); Prediction: 406%%5 fb

e Dominated by modelling uncertainties as ttv, tt and MC statistics

Otyq X B(t — lvb) = 580 & 19(stat.) & 63(syst.) fb

q q

0102 03 04 05 06 07 08 05 1 0102 03 04 05 06 07 08 09 1
N, N

b
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cLFV interactions (7/tq) ATLAS
ATLAS—CONF—2023—001 (hot of the press!) EXPERIMENT
e 17 channel used for the first time!

e Sensitive to many different BSM scenarios b
(leptoquarks, SUSY, technicolor) . ‘ oA

e Model-independent search, EFT approach

e Looking in single top production and tt de- ! Vi
cay

e Largest background tt-+heavy flavour u de- ”+
cays, free floating, leading systematic e -

e Currently limited by statistics

95% CL upper limits on Wilson coefficients  ¢/A” [TeV™?]
G IR IR R k(s ) k)
§ ol aras ooy 0w Cossatee) Dsoeon
£ Gt Moer B R Previous (u) [22] 12 12 12 12 26 26 3.4 3.4
e [onery Wrsae ey Expected (u) 047 044 043 046 049 0.49 0.11 0.11
Observed (u) 0.49 047 046 048 051 0.51 0.11 0.11
Previous (c) [22] 14 14 14 14 29 29 3.7 3.7
Expected (c) 1.6 1.6 L5 1.6 1.8 1.8 0.35 0.35
Observed (c) 1.7 16 1.6 1.6 1.9 19 0.37 0.37

?%W////%%///W/////%/‘WM”’”"”’ [22] JHEPO4 (2019) 014
Inclusive limit @95% CL: BR(t — urq) < 11-1077
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Summary ATLAS

EXPERIMENT

e 2022 was a busy year for top physics in ATLAS with many Run 2 analyses
finishing and Run 3 having begun

e could only show a few results here, all of them can be found here:
https://twiki.cern.ch /twiki/bin/view /AtlasPublic/ TopPublicResults

e Further results from the ATLAS top working group were shown yesterday
by Rebeca Gonzalez Suarez

e Results shown here include a very first look at the Run 3 data by measuring
the tt cross-section

e Together with the cross-section at 5 TeV and previous measurements, they
show remarkable agreement of QCD predictions with data

e Rare tyq has been observed

e Presented recent charge asymmetry measurements, currently limited by the
statistical uncertainty of the data

e Large dataset allows to search for BSM induced processes like cLFV

e Need to reduce signal and background modelling uncertainties as they

dominate many measurements
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ATLAS

EXPERIMENT

Thank you for your
attention!
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Backup
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Top cross sections ATLAS

Introduction EXPERIMENT

e Cross section ¢ is main theory prediction
e Understand production and decay mechanisms

— Measuring different detector signatures, i.e. looking for reconstructed
objects with certain features

o Expected events given by Neyents = 25

— L: integrated luminosity; C: correction factor for reconstruction
efficiency and event migration

e Theory calculations give good and precise predictions

= T T T T T (!
iy o = C ATLAS Preliminary November 2022 ]
= + cambined iepton 1+jets?, (5=5.02 Tev, 257 o ATLAS Preliminary S L Single top-quark production d
= 103° e \5=7 TeV, 4.6 fb ,g L t-channel =
& Fo November 2022 3 g
B Fe 3 ] 2L
2 Fo \qe(s Vs=8 TeV, 202 fb* i a 10°E i
e s ep V=13 TeV, 361m“ B 9 E
2 [e e 513 TeV, 139 i 7 < E O+NNLL QCD atm = 1725 Gov |
<} [ v I+ets, Vs=13 TeV, 139 fb* 4 3] e MSTW2008 NNLO POF
o v alljets, Vs=13 TeV, 36.1 fb’, x r ILO QCD atm, = 1725 GeV.
LS 5 10 MSTWZ008 NLO POF
o M. 7 S E 3
% Preliminary = B s-channel 3
a =% £  t.channel 4.59 fb” pro s0 219 112008 3
S 2 i L 2 t-channel 20.2 fy* eps cr7 201 531 1 ]
g 10 = ° F T t-channel 3.2 fby sep o (2o1n 056 ]
- | = B W 2,05 fb” pus 716 o1z 142
= NNLO*NNLL (pp) ] g’ Dw zo 3 fb anee o1 (2016) 064
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 ] D 1= 2 W 321" v or oy 3
: - Mo, 1 2] E ¥ s-channel 95% CL limit 0.7 fo” aruasconezoine
NNPDF3.0,m, = 17255 GeV, a,(M,) = 0.118 £ 0.001 b £ T s-channel 20.3 b pio 756 zo10) 220 J
L = T s-channel 139 b axv2200 0e00 4
5 10 | | | | I | I |

6 7 8 9 0 11 12 13

Is [TeV]
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tt Cross-Section ©@5.02 TeV

arXiv:2207.01354

ATLAS

EXPERIMENT
Dilepton:
Bencoms | Miw,  Niwz | M ity Nt
2 OS leptons (18 GeV) R
1 30.1+38 6.0+0.7 95.6+10.0 [ 36.6+3.6 75£08
Wi single to 40£06 0.75£0.12 139+15 45205 0.90£0.12
® my > 15/40 GeV for e/,l,/// Channel z”:fem 147515 801260 | 63+17 27133 1113288
Bitonon 0815017 23208 | 26505 |os0sos 23208
miss . 0 ! leptons | 09£04 005003 | 17208 | 0232017 0.1620.15
° E > 30 GeV 12 b_ta ed ets (@85 ) Total prediction 50537 §92:39 | 1206297 | 694247 1224486
T ! gg J /0 Event counts Ntz Nz N Nz Nz,
. . . . Data 31 15 113 31 17
e fit my distribution RS B N B PN EY e F e
Wt single top 0.88+£0.15 021007 3006 1.00£027  0.17£0.05
. . . . Z+jets 12+1.0 85+26 13205 2810 11.5+£38
Diboson 0.06+0.01 0.16+0.03 0.20+0.04 | 0.06+0.01 0.30£0.06
e limited by stat. uncertainties s | orsn oo | sesot |orosots borabee
Toutpredicion. 310551 19526 [T25: 07306556 176535
1 - T T T T T
Lepton +J ets . ATLAS 5 =5.02 TeV, 257 pb™
. . —tot. e NNLO+NNLL (pp)
e 1 lepton (25 GeV); > 2 jets and > 1 b-jet sat. ol s s
. . . T Dilepton . i 657 £4.9 ( +45 +19 )
e 6 SRs according to jet and b-jet multiplicity ! =
e W/Z modelling as leading systematics singe epton —o—  w2xa1( 209 20)
C+2j21b (+3j1b  (+3j2b (+24j1b (+4j20 (+>52 Combined o527 ( 208 225)
1 194 +£27 310+33 199 +24 690+60 318+32  380+60 , . . . .
Single top 195422 98+ 12 38+5 67+9 2+4 15.9+2.7 60 65 70 75 80 85
W+ jets 1700 + 400 690+210 58+23 350+120 30+ 14 19+10 a; [pb]
Other bkg. 110 £40 55+23 72+3.0 29+12 35+1.5 3.7+1.7
Misidentified leptons 250+ 130 110+ 60 10+5 60 +30 6+3 85
Total 2500+£400 1260+210 312+34 1200+ 160 380+40 430+ 70
Data 2411 1214 293 1135 375 444
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tt Cross-Section ©5.02 TeV

arXiv:2207.01354

ATLAS

EXPERIMENT

Inclusive f cross-section a,; [pb]

Ratiownt CT14 Ratio wit POFALHC

Andreas Kirchhoff

100 T i

L ATLAS

© ey + b-tagged jets
4 |1+ b-tagged jets
v | +jets

= combined
Vs =13TeV,< 139 fb*

Vs=8TeV,20.2 fb™
Vs=7TeV, 461"
Vs =5.02 TeV, 0.26 fb™*

NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m=172.5 GeV, PDF+a, uncertainties from PDFALHC

A M”Imlll.llll'l.l.{{lll."”””’5’,’...'.'".
S8 T

13
\s [Te

14
V1
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2 s ATLAS ¢ Data 2017 [Jif
£ (s=502TeV, 257 pb" [ Single top W-+jets
5 120| I Other bkg. [l Mis-ID lepton
125]2b 7 Uncertainty
100} Post-Fit
80
60
40
20
s 9
2 125
[ "
o g
£ oA
8
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BDT output
% T T T T T E|
o ATLAS ® Data 2017 1
> - 1 ot 1
g Vs =5.02 TeV, 257 pb Wt
2 up, 1b . Z+jets
[ Post-Fit Diboson
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71 Systematic unc. 3
B
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E %—07 T T
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tt Cross-Section @5.02 TeV
arXiv:2207.01354 ! ATLAS

EXPERIMENT

Category 8047 [Y0]
Dilepton  Single lepton  Combination
17 generator’ 1.2 1.0 0.8
1 parton-shower/hadronisation*:¥ 0.3 0.9 0.7
1T hgamp and scale variations’ 1.0 1.1 0.8
17 parton distribution functions’ 0.2 0.2 0.2
Single-top background 1.1 0.8 0.6 Pre-fitimpact on p: a
0="0+A0 [16=08200 i
WIZ + jets background* 0.8 2.4 1.8 Posti \mpacﬁn N 05 002 001 O oo 002 003
Diboson background 0.3 0.1 <0.1 6=0+A0 mo=048 | ATLAS
Misidentified leptons* 0.7 0.3 03 —e— Nuis. Param. Pull | V5 =5.02 TeV, 257 pb™*
Electron identification/isolation 0.8 1.2 0.8 Luminosity —_
Electron energy scale/resolution 0.1 0.1 <0.1 Electron idenification —E==—
Muon identification/isolation 0.6 0.2 0.3 le‘;‘;:;;;‘:i :g::sl _-:_
Muon momentum scale/resolution 0.1 0.1 0.1 We21b norm. in l+4] regions L e
Lepton-trigger efficiency 0.2 0.9 0.7 Muon trigger :-E
Jet-energy scale/resolution 0.1 1.1 0.8 W21 norm. in I+4] regions
5 = 5.02 TeV JES correction 0.1 0.6 05 Warzde nom. in +3jregions J—E
Jet-vertex tagging <0.1 02 02 T generator incl. acceptance
Flavour tagging O' 1 1'1 0-8 W+21b norm. in 1+3] regions —ei=l
Emiss 0'1 0'4 0'3 SR 0 5
T . . - (66100
Simulation statistical uncertainty* 0.2 0.6 0.5
Data statistical uncertainty™® 6.8 1.3 1.3
Total systematic uncertainty 3.1 4.2 3.7
Integrated luminosity 1.8 1.6 1.6
Beam energy 0.3 0.3 0.3
Total uncertainty 7.5 45 39
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Mass measurements

Introduction

ATLAS

EXPERIMENT

e Mass not predicted by SM

Input for calculations

e Precise measurements needed for
Stability of SM vacuum

Extensions of SM

Internal consistency of SM
(e.g. global EW-fits)

Andreas Kirchhoff

ATLAS+CMS Preliminary
LHClopwG

My summary, Vs = 7-13 TeV

World comb. (Mar 2014) (2] 9
total stat

total uncertainty
LHC camb. (Sep 2013) twopws
World comb. (Mar 2014)

ATLAS I+jets

M, total st syst)
17329095 035+ 0.38)
173342076 (0362 0.67)
172332127 075+ 1.02)
173792 141 054+ 1.30)
1751618 (142 12)
1722421(07220)
172.09+085 041+ 0.74)
173722 115 055+ 1.01)
17208+ 091 039+ 082)
172,69+0.48 025+ 0.41)

ATLAS, Isjots
ATLAS comb. (Oct 2018)
ATLAS, leptonic invariant mass
ATLAS, dilepton (*)

CMS, I+jets 17349106 (0432 0.97)
CMS, dilepton 172501 152 (0432 1.46)
cws, alljets 17349 141 (069=1.23)
CMS, I+jets 172352051 0162 0.48)
CMs, dilepton 172622123 (0192 1.22)
cus.aliess 172321 064 (0252 059)
CMS, singl 172952122 (0772 0.95)
NS com. (Sep 2015) 172442 0.48 (0132 0.47)
CMS, I+jets 172252 063 (0082 062)
Cws, dilepton 172332 0.70 (0142 069)
cws, all jets 172342 0.73 0202 0.70)

CMS, single top
CMS, I+jets (*)

172.1340.77 (0324 0.70)
171774038

174412 081 (0.39+ 0,66+ 0.25)
172,63+0.79 (0202 0672 0.37)

November 2022

[
TTev 1
Lo67Tev 12

sTev (4]
aTev 14
aTev 115
7+8 TeV [14]
13Tev [16]
13Tev [17]
13Tev 18]
13Tev [19]
13TV

CMS, boosted () 172762 081 022+ 0.78) 13Tev [21]
* Preliminary

T AR e Ly [
165 170 175 180 185

Myp [GEV]
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Mass measurements
Template method (ATLAS-CONF-2022-058)

ATLAS

EXPERIMENT

Andreas Kirchhoff

e Preselection

tivated the trigger)

GeV;my < 80 GeV

e Final selection

- DNNHigh > 0.65
— PT,b > 160 GeV

— Harder b-jet chosen for pairing

Single-lepton trigger fired
Reconstructed primary vertx
2 OS leptons (one of them ac-

>2 jets (25 GeV, |n| < 2.5)

my > 15 GeV; my > 100

Data 454960

tt signal 445000 £ 28000
Single-top-quark signal 14320 + 890
Z+jets 10200 £ 4400
Diboson 420 = 210
tt+V, tWZ, tZq 1320 £ 200
tt+ H 440 = 45
NP /fake leptons 760 £ 760
Signal+background 472000 £ 29000
Expected background fraction 0.028 £ 0.010
Data/(Signal 4+ background) 0.963 £+ 0.059
Data 83785

tt signal 90800 =+ 5800
Single-top-quark signal 1144 + 74
Z+jets 122 + 49
Diboson 4.1+ 2.2
H+V, tWZ, tZq 270 + 41
tt+H 86.9+ 8.8
NP /fake leptons 100 £ 100
Signal+background 92500 + 5800
Expected background fraction 0.006 £ 0.001

Data/(Signal 4+ background)

0.905 £ 0.058
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Mass measurements
Template method (ATLAS-CONF-2022-058)

ATLAS

EXPERIMENT

Andreas Kirchhoff

Simulated distributions created
with different m;op-values

Function fitted to these distribu-
tions to interpolate between them

Fitting observed data to extract
mass-value that fits best

Dilepton channel used

Partial event reconstruction via
neural network

Identifying best /b-pair

Two pairings; correct one sig-
nal, false one background

NN applied to both pairings;
higher NN score is chosen
Refined event selection based
on NN output and pr of se-
lected /b-pair

&
e

Data/MC

35000

30000

Events / 8 GeV

‘“‘\*ijj;L;ii“‘\““U“

25000

20000

15000

10000

5000

Data/MC
oo L=
@0 S

T
o
=0

ala

@
a
@
g

Zijets

T T T T T
Diboson ATLAS Preliminary
t

(+X
NP/fake leptons
Unc.

=13 TeV, 139 fb
~dilepton--

T
Ee Daa

I
[ Single top
Zijets

T
Diboson

. X
B NP/fake leptons
23 Une.

T T T
ATLAS Preliminary

15=13 TeV, 139 fb
~dilepton--

wn_ I RTRRA NNRTAARARY RURTAINRTY ARTRARE:

50

100

150

200 250 300 350 400
p, of (Ib)-pair with largest p. [GeV]
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Mass measurements ATLAS
Template method (ATLAS-CONF-2022-058) EXPERTMENT

Recoil uncertainty:

[ Myop [GeV] |

Result | 172.63 |
Statistics 0.20 . )
Method 0.05 = 0.04 e Different recoil schemes
Matrix-element matching 0.35 £ 0.07
Parton shower and hadronisation 0.08 £ 0.05 +1 1

° -
Initial- and final-state QCD radiation 0.20 + 0.02 Norma”y add |t|0na| gl uon Jets re
Underlying event. 0.06 + 0.10 coil a gainst b- jet
Colour reconnection 0.29 4 0.07
Parton distribution function 0.02 4 0.00 H H
Shigle fop modelling o e Underestimates out-of-cone radia-
Background normalisation 0.01 £ 0.02 tIOI’l
Jet energy scale 0.38 £ 0.02
b-jet energy scale 0.14 + 0.02 R . .
Jet energy resolution 0.05 £ 0.02 ° NeW setu p top q Uark IS reCOIIer for
Jet vertex tagging 0.01 £ 0.01 H H
b-tagging 0.04 & 0.01 gl uon radlatlon
Leptons 0.12 £ 0.02 . .
Pile-up 0.06 4 0.01 e Setup theoretically more consistent
Recoil effect 0.37 & 0.09
Total systematic uncertainty (without recoil) | 0.67 £ 0.05 L] Seems to verestimate Out—Of—Cone
Total systematic uncertainty (with recoil) 0.77 £+ 0.06 d P
Total uncertainty (without recoil) 0.70 £ 0.05 radiation
Total uncertainty (with recoil) 0.79 £+ 0.06

e Difference as uncertainty
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Mass measurements
Soft muons (arXiv:2209.00583)

ATLAS

EXPERIMENT

Process Yield (OS) Yield (SS)
f (SMT from b- or c-hadron) 55700 + 3400 34800 + 2300
17 (SMT from W — uv) 2190 310 4936
1F (SMT fake) 1490 £ 210 1240 170
Single top r-channel 770 £ 70 490 +40
Single top s-channel 6316 49+4
Single top Wr channel 1840 + 140 1260 + 100
Wjets 1600 + 400 1080 + 240
Z+light jets 210+ 80 1546
Z+HF jets 550180 310=100
Diboson 17229 6314
Multijet 530+ 140 480 + 130
Total Expected 65000 + 4000 39700 + 2500
Data 66891 42087
Souree Unc.omm 1GeV]_Stat. preciion [GeV]
030
on
<001 4001
007 2003
004 2006
o <001
040 <001
019 006
007 004
006 007
023 1008
<001 1002
007 1001
Modelling of ackground processes
Soft muon ke 06 1003
Mol 007 002
001 2001
o1 2001
Detector response
N o s001
013 002
je p calibraton <001 2001
Jetnergy esoltion 008 007
baagging 010 001
Missing transverse momentum 015 3001
otal st and sy uncertaintes (excuding recoi) [ 2003

Recoil uncertainty

Toul uncerainty

Andreas Kirchhoff

Pre-fit impact on m,:
[16=8+46 | |6=18-00
Post-fit impact on m,:
o =0+ 0=08A8
—e— Nuis. Param. Pull

BRb-T-p
BRb-u

(smT from bc)
tr,

Z+ets norm. (bB/cg)
SMT-fake norm.
BRb-c-/

TSRy,

EMS* soft track resolution (para.)

JES (modelling 1)
b-tag (b 0)

{TISR-4_ (sMT from b/c)
JES (pile-up, p topology)
ET"® soft track scale
Muon identification eff. (syst.)
JER

b-prod. frac. (baryons)

T ISR (SMT from W)

tags®

{T PDF 2

Pile-up

Am, [GeV]
-03-0.2-01 0 01 02 03

A Aaad e
ATLAS
Vs=13TeV, 36.1 fb™

——

—
—

——
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e
_-_
—
— =]
— E—
—E—
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_-_
—E=e
—EeEm—
_-_
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Charge Asymmetry ATLAS

Introduction EXPERIMENT

e Asymmetry arises on higher order from qg and gg initial states
e LHC is a symmetric collider but PDFs different for quark and antiquark

e Valence quarks on average with higher momentum — top quark decays
more in forward directions; Anti top quark decays more central

LHC t

do/dy

N(Alyz| > 0) — N(Alys| <0)
N(A|)’tf| > 0) + N(A|th| < O)

tt
AC—

-3 -2 -1 0 1 2 ¥

° A’g is diluted due to dominant symmetric gg initial state
o Effect at O(1%); Ac ~ 0.006
e A enhanced in tty and ttW as qg/qg initial states enhanced due to ISR

e Effect already at LO
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Charge Asymmetry (tt) ATLAS

arXiv:2208.12095 EXPERIMENT
Single-lepton channel: Dilepton channel:
e 4 regions; resolved/boosted and = ® 4 regions; eq/ll and = 1 btag/> 2
1 btag/> 2 b-tags b-tags
o 1 lepton (28 GeV); 1 b-tagged © 2 leptons (25/28 GeV); > 2 small-
small-R jet (25 GeV) R jets (25 GeV)
e Boosted topology: > 1 large-R jet ~® At least one jet b-tagged
in addition e Resolved topology: > 3 small-R
e Resolved topology: > 3 small-R jets in addition
jets in addition e Z-veto, MET cut, reconstruction
e Reconstruction with BDT using via neutrino weighting
KLFitter, kinematic and b-tagging
variables
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Charge Asymmetry (tt
arXiv:2208.12095 (t2) ATLAS

EXPERIMENT

| ATLAS Vs =13 TeV, 139 fb™|
AY vs. NNLO QCD + NLO EW
| Differential m .
- o4 —68% CL
—ANT+N ---95% CL
r —A? « Bestit value

SMEFT interpretation:

=

1
L=Lsw+ 43 Z GO+ O(N %)

e 15 operators O taken into account

e Limits derived for individual C Q

ATLAS =13 Tev, 139 ct -
ATvs. NNLO QCD + NLO EW
minterval . 8
— AN S5 cL C
—A < Bestiitvalue

e = o

10001500 Gev

. cs k

750- 1000 Gev

bl

500750 eV, = tu

L AT F TR T R I

& nteva -2 -1 0 1 2 3 4 5 6
CIN? [TeV?
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Charge Asymmetry (tt)

arXiv:2208.12095

ATLAS

EXPERIMENT

8 operators with LL or RR chiral struc-

ture:

Ops = (07T Q)G T q)).
054 = (@' Q)" 17 q0).
0%, = (T @y T ;)

08, = (YT 0)(dyy, T di)

6 operators with LR chiral structure:

OXQH = 0y, T*Q) @iy T u;)
0% = (0, T Q) (dy"T"dy)
0}, = T )Gy, T q:)

04y, = (0740)(@Y"40).

05, = Q7' Q) (@7 q2).

Oy = (Pyut) (@ i)

0}y = (Fyun)(diy"dy) .

00, = (07, 0) (@iy*u;)
004 = (07,0)(diy"d;)
0}, = ("D (Givuai) -

1 operator with tensor structure:

0,6 = (fc*" TA1)¢G, .

Andreas Kirchhoff

Individual bounds (in units of TeV =) from the inclusive A{ measurement.

Linear fit including terms o« A2 Quadratic fit adding (D6)? terms o« A~

68¢% CL 95% CL 68% CL 95% CL.
[-054.037]  [-0.89.1.03] [-0.56.037] [-0.97.0.99]
[-0.32,0.61]  [-0.78.1.10]  [-037.0.51] [-3.47.0.84]
[-0.88,1.63]  [-2.10.2.94]  [~1.97,0.90] [-2.41,133]
[-1.24.229]  [-2.97.4.13] [-0.79.0.67]
[-6.74.3.73]  [~12.1.8.99] [~0.70.0.75]
[-0.60.1.13]  [~1.44,2.05] [-3.38.1.28]
[-0.97.1.80]  [-2.30.3.26] [-5.05.1.99]
[-0.96.0.54]  [~1.73,1.29] [-3.23.093]
[-1.06,0.59]  [~1.90.1.41] [~4.17.1.06]
[-3.71,2.08]  [-6.61.5.02] [-4.41,2.35)
[-0.81.1.49]  [~1.93.2.69] [~1.02.0.75]
[-17.6.32.7)  [-41.8.59.4] [~1.32.1.30]
[-1.25, [~3.00.4.16] .68]
[ [-5.76.7.92] .68,0.78]

[-134.152]  [0.72,0.74] [-1.10, 1.12]

Linear fit including terms o« A2

Tndividual bounds (in units of TeV2) from the differential A, measurement versus ;.
Quadratic fit adding (D6)? terms o A~

68% CL. 95% CL 68% CL 95% CL.
[-0.53,-0.11] [-0.70,0.14] [-0.55,—0.11] [-0.75,0.14]
[ 003, 049] [-0.20,0.73] [ 0.04, 0.39] [-0.25,0.53]
.61, 0.45]  [-1.13,1.00] [-1.06,-0.61] [-1.23,0.31]

. 0.39]  [-0.28,0.62] [-0.45,-0.25] [-0.52,0.28]

098] [-0.69.1.56] [ 0.15, 035] [-0.34,043]
[-0.28.1.38] [ 0.14, 0.63] [-0.45.0.82]

[-0.45.2.13] [ 017, 092] [-1.62.1.21]

[-0.76,0.88]  [-0.25. 0.31] [-0.51,0.58]

[-1.03,0.29]  [~1.03,-0.02] [-1.78,0.27]

[-1.28,5.14]  [-033, 0.89] [-0.96.1.37)

[-0.21,0.61]  [-0.62,-0.39] [-0.70,0.31]

[~1.94,1.00] [ 0.29, 0.70] [~0.60.0.84]

[-0.35,0.63]  [-0.08, 0.14] [-0.20,0.22]

[-0.85.0.58]  [-0.18. 0.12] [-0.31,0.23]

[-1.13,1.90]  [0.19, 0.26] [-0.39,042]
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Charge Asymmetry (tty
arXiv:2212.10552 ( ) ATLAS

EXPERIMENT

e Asymmetry arises due to interference between photon ISR and photon final
state radiation (FSR)

e Photons from decay products of the top-quark dilute measurable effect

e tty events simulated in two samples (v from prod. and decay separately)

e NN to enhance signal (tty with photon from production);Ony > 0.6

Result
Ac = —0.006 & 0.024(stat.) &= 0.018(syst.) limited by statistics

e Compatible with SM prediction of —0.014 & 0.001(scale)...
e .. but also with null-hypothesis

E| F Tk T q t
| © so000f Vs=13Tev, 139 b7
n t
a0
E o PR q
] g
oo
E R g t
E q
k| e i t
3 q
H
g -~
osf ° 3 A
" e 4 7
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Charge Asymmetry (tt7) ATLAS

arXiv:2212.10552 EXPERIMENT
Selection:
e 1 lepton (27 GeV), isolated photon Total uncertainty 0.029
( 20 GeV) Statistical uncertainty 0.024
MC statistical uncertainties
° AR(/’ ’Y) >04 Background processes 0.008
e 7-veto for Mey ttry production 0.004
e >4 jets, > 1 b-jet Modelling uncertainties
e tt reconstruction with a kinematic #fy production modelling 0.003
likelihood fit (KLFitter) Background modelling 0.002
. . . Prompt background normalisation 0.002
e For final fit only events with NN P £
score above 0.6 Experimental uncertainties
_ OnN < 0.6 OnNN > 0.6 Jet 0.009
1ty prod (signal) 6660 + 350 | 6910+ 340  Fake-lepton background estimate 0.005
tty decay 14100 + 3100 1900 + 560 [Emiss 0.005
h-fake y 3400 + 1400 790 £ 360 T h " . ’
e-fake y 6420+ 860 1480 = 260 Fake-photon background estimates 0.003
Prompt y 6400 +2000 | 1300+ 400  Photon 0.001
Lepton fake 410+ 110 57+ 35  b-tagging 0.001
Total 37400 + 4500 | 12400 = 1100  Other experimental 0.004
Data 38527 13763
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Charge Asymmetry (ttW)

ATLAS-CONF-2022-062

ATLAS

EXPERIMENT

Andreas Kirchhoff

Trilepton channel used
for good background
suppression

Charge asymmetry
transfered to leptons

Al measured, needs no
top-reconstruction

Events

Data/ Pred

fs=13Tev, 139 fb" Wiz Non-prompt HF, (17| Non-prompt HF,,
F SR summary [l y-conversions [l (TH W

2
e /v«/-/‘//(-/-/‘l/7/-/‘/‘//7/-/-’///J-/‘////y‘/}//y/-//1///&‘////-/‘/»’/9@‘/-'//s/-f/I/
8

ATLAS Preliminary ¢ Data iwco)  Eldw Ew)

Postfit wzizz + jets [Jll Other *// Uncertainty

//{///////(///E /// A )W/j///),//////;(/
YA '

277 /////j//

SR, SR, SR, SR, SR, SR, SR, SR,
2, 2, , 2, 2, 2, 2, 2,
ouy, Touy, Highy, Hgny,  Dlown,  Olowp, gy, gy,
P Vews e e ey

s “ay “ay s, e

Correct lepton assignment to t/t done with BDT (71% matching efficiency)

Unfolding to particle level done, lepton assignment with my,

Dominated by statistics; compatible with SM but also with null hypothesis

Al = —0.123 £ 0.136(stat.) + 0.051(syst.)
AZPE — —0.112 4 0.170(stat.) + 0.055(syst.)
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Charge Asymmetry (

ATLAS-CONF-2022-062

ttW)

ATLAS

EXPERIMENT

N iz cr, Ry
Pre-selection A art a A ar . ar
et = efr) -9 v | wiss oo o oms| 0wk s oiws omo| eoos e ores om| s oar
P (172 st 230GeV, 220GeV, 2 15GeV iz 1 + LGk 027 17 £ 04 | 23+ 04 255+ 035 | 43 =05
Sum of lepton charges £1 Noprompt s w0 e | ossom 0ws 0| awms 0z
mGSSF >30Gev Nowprompt HF, | 0135 001 0206 002|000 03si 00|56 123 w6 £ | 08 504
semions | 0405 018 0k 0i| 28 £22 6 4 | L9:20 d2ad |4 f6 m os7
\ ——— o B I e e I e e
. . . W Wmzzege | w2s2 wesnn | 2esor as s GTis | ans0r 250
N 29 o 2.9 o Other wsiaz w02 | M o£4 W ss s so | rias areos
Ny o | 2y 2, S sl 5 ez £1 o £ am sn |80 sm w1l s | @ =6 W =6
Dt 15 i a5 s st o n w
By 250GV >50GeV. -
Naz-cana o B Sl EEE—
Tight leptons T s -
/v ambiguity-cuts all pass W (QeD) 2 o+ o4 miiad | o+ B+
- aw Ew) Lois 03 Lok 0@ s om| 1201 13 s0
CR-ttZ CR-HF, CR-HF, CR-y-conv uz 15 20 0 b2 16423 | 2323 W3 k26
g/mased e e th tre, tet, et Nowprompt 1, |64 £ L0 15405 17404 | owk0m  omE0xm
N >4 >2 >2 >2 Nowprompt HE, | 125 £ 15 Bs06 3600 | Lwsox  19s 0w
ol S \ - . comersos | 40+ 28 2a 1 4316 | 4621 8A k29
= h | =1 an 51k os Siios seios | S5ELl Ge kLo
Ex < 50GeV < 50GeV < 50GeV tzg 50 & 09 1385 027 L6+ 024| 28 & 05
Nz-cand -0 -0 o Wzzzeis | 126 £ 30 67ia0 65 s | 25 k07
Tight leptons TTT T T Oter 60 21 a6 s1s  aoss| 20512 s
¢/7 ambiguity-cuts all pass all pass all pass 21 mil S oral W so w6 | 4 @ £4 [ is o
w a 0 " “ s
| aaluiw)
Experimental uncertainties
Jet energy resolution 0.013
Pile-up 0.007
b-tagging 0.005
Leptons 0.004
0.004
Jet energy scale 0.003
Luminosity 0.001
MC modelling uncertainties
W modelling 0.013
172 modelling 0.010
Non-prompt modelling 0.006
1EH modelling 0.005
Other uncertainties
An* dependency 0.046
MC statistical uncertainty |  0.019
Data statistical uncertainty | 0136
Total uncertainty | o1

Andreas Kirchhoff
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Charge Asymmetry (ttW) ATLAS

ATLAS-CONF-2022-062 EXPERIMENT

Fiducial volume:
e Three leptons with pr > 25 GeV and |n| < 2.5
e mossF > 25 GeV; mosse > mz + 10 GeV; mossp < mz — 10 GeV,
e > 2 jets with pr > 20 GeV and || < 2.5; one of them b-tagged

ATLAS Preliminary Vs =13 TeV, 139 fo*
T T T T T T T T

| aAliw)™

| —e— 159%040 | Ng, (an) Experimental uncertainties
! Leptons 0.014
e 185015 | N @ Jet energy resolution 0.011
! oo 20 gz (B) Pile-up 0.008
! Jet energy scale 0.004
- 1.05+0.14 N, (Am) ER 0.002
i Luminosity 0.001
| P Jet vertex tagger 0.001
- 104010 | NJ (@A)
1 MC modelling uncertainties
| . tEW modelling 0.022
- 0.98£0.09 | Ny (An) t£Z modelling 0.017
| Non-prompt modelling 0.015
,: 098008 | N (an) Others modelling 0.015
| W Z/ZZ + jets modelling 0.014
| t#H modelling 0.006
. 0.83 +0.09 N (An")
i Other uncertainties
i Unfolding bias 0.011
TeT 127040 | N (A0) An* dependency 0.039
MC statistical uncertainty | 0.027
—— 074034 | Nfn (BN)
' Response matrix | 0.009
_+ 0124014 | AL Data statistical uncertainty | 0.170
1 Total uncertainty | 0.179

L L L L L L L
0 05 1 15 2 25 3 35
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W-helicity in top-decays ATLAS

Introduction EXPERIMENT

e W-boson has 3 spin states — 3 helicity states

e V — A structure of tW-vertex defines the ratio between helicity states
e Helicity is not Lorentz-invariant — W-boson rest frame used

e 0* used; angle between p of charged lepton and reversed b-jet p

e Following distribution predicted:

1 do

3 3 3
=27 = Z(1—cos?0")fy + =(1 — cos? 0)f, + =(1 2 0%)f,
T 4( cos€)0+8( cosG)L—l—s( + cos® 0%)fr

e Prediction: fy = 0.687 & 0.005; f; = 0.311 £ 0.005; fr = 0.0017 £ 0.0001
Negative Zero Positive
helicity helicity helicity

(suppressed)

s AP 1 — I
L % te, 1. 1.

1Tt
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W-helicity in top-decays

arXiv:2209.14903

ATLAS

EXPERIMENT

Covariance

Correlation

Jo L

Ir L fo s

Jr

fo  2125x107* -3.665x 107 —1.758 x 107* 1 -0.308 -0.841
fi —3.665x 107 6.651 x 10> -2.986 x 107 | —0.308 1 -0.255
fr -1758x10% -2.986x107°  2.057x10~* | -0.841 -0.255 1
Category s of TR
Detector modelling
Jet reconstruction  0.008  0.004  0.010
Flavour tagging  0.003  0.001  0.001
Electron reconstruc{%on 0.003  0.002 0,0021 2 |eptons (25/27 Gev)
Muon reconstruction  0.003  0.003 < 107
EMiss (soft term) < 1073 0.002 < 1073 H H _
' Pile-up 0.002 0.002 <107 >2 Jets, 1 tlght b tag
Lo 3
Luminosity 00010001 <10 Z-veto for same-flavour leptons
Signal and background modelling
tf production  0.011  0.005  0.010 M ET>60 GeV
PDF 0002 0001 <1073
Single top production < 107 0.002 < 1073 my > 15 GeV
Other background ~ 0.002  0.001 < 1073
Total systematic uncertainty ~ 0.014  0.008 0.014
Data statistical uncertainty ~ 0.005  0.003  0.002
Total uncertainty ~ 0.015  0.008 0.014
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tt cross-section

Inclusive and diff.

(ATLAS-CONF-2022-061)

ATLAS

EXPERIMENT

e ey channel for low background
e Two regions defined wrt. b-tag multiplicity

Né = £U{’f Géu(ei)f Cll) + Né',bkg

Ni = LozG],2€p(1 —

e, Cp) + N{,bkg

e Two unknowns (¢}, and o!;) determined with log-likelihood fit
e Fit validation done with bootstrapplng
e Higher granularity for differential measurements (unfolding to particle level)
e Double differential and inclusive measurements were done too

Inclusive result and prediction: o meas. = 838 £20 pb  0preg. = 832 £ 46 pb
e No model can describe all distributions within their uncertainties

= F T T 3
= ATLAS Preliminary Data
£ 1 fE=13Tev, 13010 ~ aMCONLO+Her7.13 =
s YE = pounegerienigr04 3
2 F - Powheg+Pyihia8 3
£ wiheg+Herwig7. 13
B L O+Pythiad |
= .. Powheg+Pythiad (rew)
T i = Stat error 3
R Stat U Systerror 3
E e, El
£ e, 3
L e, |
.,
10 oy E
E |
E o 3
wE IE|
E I I I I
o T T T T
g 12f
4]
S
= osp | I I |
05 T 15 2

Iyl

Andreas Kirchhoff

dofdly™|dm™ [forunit [y] GeV]

MC/Data

I man
ATLAS Preliminary
5=13TeV, 139 o

., Fouheg:Pythas (ew)

= Siat ero
Siat DSy eor
[, [ [, T,
P SR
| L f o | o
I 1 L g |
L by * ’ o |
- lo! 1} H
! ! o i
I ' d
I T T I T T I ST T
R RN R R R R R R RN R R AR R
1100 <m™ <130 GeV | 130 sm™ <200 Gev! m"™

[~ m¥<70Gev 1 70=m<100Gev

|

|

T

|
I BT B
20 1 zo 1 2
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tt cross-section

Inclusive and diff.

(ATLAS-CONF-2022-061)

ATLAS

EXPERIMENT

Selection:
Source of uncertainty Aot Joi (%) Aoyi/oy (%)
e 1 e and 1/1, (25 GeV, |77| < 25) Data statistics 0.15 0.15
MC statistics 0.04 0.04
e OS event used for measurement ~ Mairix Element 0.12 0.17
hgamp Variation 0.01 0.01
Parton shower 0.08 0.22
® SS events Used fOr Iepton tt + Heavy Flavour 0.34 0.34
misidentification estimation top pr reweighting 0.19 0.58
Parton distribution functions 0.04 0.43
H . Initial state radiation 0.11 0.37
® Z 2 Jets (25 Gev' |77‘ < 25) Final state radiation 0.29 0.35
. . . Electron energy scale 0.10 0.10
e 1 b-jet or 2 b-jets (2 regions de- piectron efficiency 0.37 0.37
H Electron isolation (in situ) 0.51 0.51
fl ned) Muon momentum 0.13 0.13
U d . bl . Muon reconstruc 0.35 0.35
Sed variables: Muon isolation (in situ) 0.33 0.33
/ e eu e I Lepton trigger efficiency 0.05 0.05
pT’ |n/ |7 ? p |y ‘ E + E ? pT + Vertex association efficiency 0.03 0.03
p/"‘ Aqsel‘ Jet energy scale/resolution 0.10 0.10
IR - — b-tagging efficiency 0.07 0.07
‘ . 08 . ‘ . . tt/Wt interference 0.37 0.37
M Ny N N, '
7 T TES Ty Wt cross-section 0.52 0.52
Single t 15\;”5 76 s N Diboson background 0.18 0.18
Zrtjets 1551 + 66 - - ttV +tt H 0.03 0.03
Diboson 1395.1 + 9.4 VU324 1050030 7 4jots hackground 0.05 0.05
cn.mgl mis-id lepton | 1.88 %+ 0.14  0.609 + 0.061 | 851 £ 11 361.1 + 7.0 [P . .
fis-identified lepton | 4890 % 100 1993 + 6 2531 + 57 899 + 34 Misidentified leptons 0.32 0.32
O(hu 11832 £41 800, : 4034 £ 1.7 2364 =13 Beam energy 0.23 0.23
Total MC 467090 £ 190 244250 + 120 | 4008 + 58 1507 = 36 Luminosity 1.90 1.90
Data 468450 248560 3995 1501 Total uncertainty 2.3 2.4
Data/MC 1.003+0.002  1.017+0.002 | 0.99740.021  0.996 % 0.035 -
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Observation of tvyq
ATLAS-CONF-2022-013

ATLAS

EXPERIMENT

Selection:

e 1 lepton (27 GeV),1 photon (20
GeV), 1 b-tagged jet (25 GeV),
MET >30 GeV

o 7Z-veto on me,
e 0 or > 1 forward jets (2 SRs)
e norm factors in fit for tty and W+

> Ifj SR 0f SR 17y CR Wy CR

1qy 2340250 2430310 880+120 1250+ 140
(= tvby)q 480+ 160 660+ 210 170 + 60 320+ 120
17y (production) 3100£400 4700700 4200600 2670350
iy (radiative decay) 3700600 9100+ 1300 5600+600 4200 % 900
Wy+jets 2500 + 400 9400 + 1300 1060 + 190 31800 + 3000
Zy+jets 990 + 310 2800 + 800 440 + 150 7900 + 2400
e — yfakephotons  5200£500 10400800 4900 £400 5500 % 500
h—yfakephotons 1200400 2700800  1400£500 2600 = 800
Other prompt y 1380£350 2600900 1400400 4100500
Fake leptons 350+ 170 900 = 500 100+ 50 3300 + 1600
Total 21250+ 150 45720£240 20180150 63590 + 320
Data 21227 45723 20194 63592

Andreas Kirchhoff

Uncertainty Ao o
tfy modelling +5.6%
Background MC statistics +3.5%
tf modelling +3.4%
tqy MC statistics +3.4%
t (— Cvby) g modelling +1.9%
Additional background uncertainties  +1.9%
tqy modelling +1.8%
t (— Cvby) g MC statistics +0.3%
Lepton fakes +2.2%
h — vy photon fakes +2.2%
e — 7 photon fakes +0.6%
Luminosity +2.2%
Pileup +1.2%
Jets and Eiss +4.0%
Photons +2.5%
Leptons +0.9%
b-tagging +0.8%
Total systematic uncertainty +10.9%
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FCNC in tH interactions ATLAS

arXiv:2208.11415 EXPERIMENT
- -
e FCNC in SM strongly suppressed [ S S,
e BSM models predict effects at LHC ' /’T
< . e ; H

e H — 77 with either 2 hadronic 7
or 1 leptonic and 1 hadronic 7

e 4 preselections defined wrt. to the
decay of the top and the 7

e 7 SRs, 6 CRs and 2 validation re-
gions (VRs) defined

e BDT used for signal to background L
separation; BDT output used for fit

Slight excess of 2.30 above SM 5"
B(t — uH) < 6.9-10~* (95% CL) <
B(t — cH) < 9.4-10~* (95% CL) S

-1 208 06 04 02 0 02 04 06 08 1

Ccd) < 1.35 and Cuqb <1.16 BDT Discriminant
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FCNC in tH interactions
arXiv:2208.11415

ATLAS

EXPERIMENT

Andreas Kirchhoff

Leptonic channels

Hadronic channel

Requirement ‘
ThTiep Thad 1¢Thad Thad 1¢Thad h Thad Thad
Trigger single-lepton trigger di-7 trigger
Leptons =1 isolated e or =0 isolated e or p
Thad =1 Thaa =2 Thad =1 Thad =2 Thad
Electric charge (Q) | Q¢ X Qry = =1 Qg X Qe = =1 Qe X Oy = 1| iy X @y = —1
Jets >3 jets >1 jets >2 jets >3 jets
b-tagging =1 b-jets =1 b-jets
Regions b-jets | Light-flavour jets | Leptons | Hadronic T decays Charge
1¢Thad Thad 1 >0 1 2 Thad Thad OS
t[‘rhﬂdflj 1 1 1 1 1¢Thad SS
tnhad—Zj 1 2 1 1 1¢Thad SS
SR tthepThud’zj 1 2 1 1 Tlep Thad oS
tthepThad’3j 1 >3 1 1 Tiep Thad [ON)
1h Thad Thad-2j 1 2 0 2 Thad Thad OS
1 Thad Thad-3] 1 >3 0 2 ThadThad OS
VR ¢ Thad Thad-SS 1 >0 1 2 ThadThad SS
) ThadThad-3j SS 1 >3 0 2 ThadThad SS
tete1bThaa 1 >0 2 1 tete OS
tete2bThaa 2 >0 2 1 tete OS
CRut 101 2bThaa-2jSS 2 2 1 1 1¢Thad SS
1ot 2bThag-2jOS 2 2 1 1 t¢Thad OS
teth2bThag-3jSS 2 >3 1 1 1¢Thad SS
1ot 2bThag-3jOS 2 >3 1 1 1¢Thad OS

Highlights on top quark physics with the ATLAS experiment at the LHC

41/15



FCNC in tH interactions

ATLAS

arXiv:2208.11415 EXPERIMENT
_qox10°
ST amas
3 r ., T Expected limit
:; 1 s=13TeV, 1391 —— Observed limit
] 0,8} B Expected limit + 1o Souree ot umcori AB[10]
...... imit
K Expected limit + 20 U u y t— uH t— cH
0.6~ 95% CL limits
Lepton ID 0.6 0.8
0.4 ERpis 0.7 0.7
Fake lepton modeling 1.2 1.7
0.2 JES and JER 2.5 33
10 Flavour tagging 2.7 3.7
% 0.2 0.4 0.6 0.8 1 1.2 17 modeling 26 3.9
Bt~ cH) Other MC modeling 2.1 3.0
Fake 7 modeling 33 4.7
s 2r . Lo .
o oF ATLAS . Expected limit Signal modeling including Br(H — 77) 1.8 1.5
SE = 1 71D 33 44
E Vs=13TeV, 139 fb —— Observed limit - .
16 B cxpectod tmit £ 1 Luminosity and Pileup 1.7 2.4
E xpected limit +
14F ” _ MC statistics 5.1 7.1
E Expected limit + 20
12 = 95% CL limits Total systematic uncertainty 10.1 14.1
A=1Tev Data statistical uncertainty 14.9 19.4
= Total uncertainties 18 24
GE 1 1 1 1 1 1
0 02 04 06 08 1 12 14 16 .18
o
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cLFV interactions (7/tq)

ATLAS-CONF-2022-071

ATLAS

EXPERIMENT

Preselection:

Number of leptons Ny =3, pr>10GeV, |n| <25 Orl)(er:’lt)or Lorentz StrUCture
Leading muon / electron pr pr i 27 GeV ) T
Trigger matching > 1 trigger-matched muon / electron Olq ( ny l )(qk’yﬂql) Vecto
Sum of lepton charges ¢ ==*1 3(ijkl
Jkl) = I
SR1 | SR2 | CRr CRttn 0 ( o l; )(qwua @) Vector
Lepton flavour 21 Thdonis 2ple (L3 = p) iikl
A\M 22 i 22 22 quj ) (eA"e; N @y, ) Vector
—tags <2
Muon, pr cut >15GeV | >15GeV | >15GeV | > 10 GeV (ijkl)
Lowest pp muon selection | Tight Tight Tight Loose O I ( ) (u EVu l) Vector
Muon charges SS SS 0s -
o7 — M, - - <10 GeV | >10 GeV igkl =
Iy = Ml c J oLkl (e"e;) (Uny,u) Vector
95% CL upper limits on BR(t — prq) (x 1077)
G R ) ) g gk t ijkl)
e U Scalar
Expected (1) 12 10 15 25 25 58 58 Ole u (Z ]) ( k. l)
Observed (u) | 5.1 46 44 50 28 28 6.1 6.4 1 ~3(ijkl) v,
Expected (c) | 54 51 51 52 35 35 61 61 Olequ ( 0 ) (ko’Wul) Tensor
Observed (¢) | 60 56 56 57 38 38 68 68
I vy e ————— 2 Do eom Doemier Domaom
@ Fratvinn s vvw o iex o F-13Tev, 1300 WFaket Wl
Woter [T ary (X Wother [T
Pre-fit Wonerru Mrses  fusconsiny PostFit Moterpy WFakee 7 Uncerainy

Data f Pred.

st i

SR1

Andreas Kirchhoff

CRify
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tt @ 13.6 TeV

ATLAS-CONF-2022-070 &[%mﬁé
Pre-fit(iampgctA gn R_/Z: pred
= B+ K -
F6= a6 AR, R
N _fit 0 . -0.03-0.02-0.01 0 0.01 0.02 0.03
Selectlon: Post-flélg'lgazteon RMA ‘ ‘ ‘ ‘ ‘ ‘ ‘
=000 ATLAS  Preliminary
—e— Nuis. Param. Pull (s=13.6 TeV, 1.2 fb*
e 2 OS leptons (27 GeV) I S S——
° 66 GeV < my < 116 GeV in SF "oy —
regions Muon tigger SF (syst) .
. T modelling PS — =
e no b-tag requirements, although PDFALHC3Y ——
. Single top norm. _._
only events with 1 or 2 b-tags used Mot o o 10 =
in fit tTFSR —
Single top DSVSDR (e /) —.—
Systematics: PDFaLHC02 e
PDFALHC16 —E—
e 10% uncertainty on luminosity PDRALHC3S ———
PDFALHC04 —
e systematics include: PDF/scale PDFALHC1S ——

. . PDFA4LHC37 —.—
variations, background normalisa- Clectron identification SF -~
tions, conservative uncertainties on Eﬁiﬁlt:iii ——

ID and flavour tagging efficiencies POFaLHC22 +
NN RS FNTT FEET] FR NN FNUNE SRRNA AT
-2 -15 -1 -05 0 05 1 15 2
(6-6,)/08

Andreas Kirchhoff Highlights on top quark physics with the ATLAS experiment at the LHC 44 /15



