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Introduction

Top quark is extremely interesting

e Heaviest SM particle

e Our window to measuring properties of
bare quark

e Yukawa y=1, key for measuring stability
of Higgs

e Sensitive to many BSM models

Many rare processes of interest within
reach in Run 2+3!

Top Quark Production Cross Section Measurements Status: November 2022
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ATLAS-CONF-2023-019

Overview

Main background in 4 tops and many ttH decay .99
channels ? 02 ? 6)3 LO
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Very challenging process with QCD and EWK
contributions
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New nominal ttW prescription with Sherpa 2.2.10 g Z /v
e Recent cross-section calculations increase 7 g
New nominal expectation from 601 to 722 fbl2108.07826]
R o But 10-20% variation across theoretical
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o Subleadlng-EWK NLO corrections from extra Leading order QCD and EWK @ Y
sample LO in QCD diagrams
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https://arxiv.org/abs/2108.07826
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

Signal selection

Measurement in multilepton final states:
29¢SS and 3¢

e Atleast two jets

1 b-tag @ 60% or 2 b-tags @ 77%
e Total charge=t1 and Z mass cut in 3¢
e Categorise into regions by jet

multiplicity and lepton flavours
(differ for inclusive and differential)

ATLAS-CONF-2023-019

Signal region preselection 2(SS 3¢
Lepton definition T LTT
Lepton pt [GeV] (20, 20) (10, 20, 20)

Ivjets

Nb—jets

SF SF
Mysps OF Ny, [GeV]

gy, —mz| [GeV]

|meee — mz| [GeV]
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2P s gl

512
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Inclusive cross section measurement

Lepton charge split

Lepton flavour split

il
(pp, e, pe, ee)

(O

Jet multiplicity split (3,4, 25) (2, 23)
b-jet multiplicity split (1, >2)
Total inclusive SRs 48 8

Differential cross section measurement

Lepton charge split et et (ol it a7 e
Number of OS-SF pairs split - 0,1,2)
Total differential SRs 2 6
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Control regions

Main backgrounds from ttZ and
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Control regions

Very pure ttZ control region selecting Z mass
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Results - Inclusive cross section
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Results - Differential cross section

Observed excesses consistent with inclusive measurement

Normalised measurements show reasonable agreement with MC predictions
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Differential measurement

Observed excesses consistent with inclusive measurement

Normalised measurements show reasonable agreement with MC predictions
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2303.15061, accepted by EPJC

Overview

Multi-lepton 2¢SS and 3¢ channels on 140fb™

e Previous ATLAS result observed 4.3c over background only

Key changes

e Optimised lower p_ threshold to select jets/leptons
e Improved b-jet ID, lepton isolation

e Data driven ttW background modelling

e Updated treatment of 3 tops background

o Using NLO cross section, with 35% total uncertainty
o Covers renorm/factorisation scales, PDF choice,
LO EW contribution and difference between 4FS and 5FS

e Graph Neural Network for signal/background separation in signal region
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-05/
https://arxiv.org/abs/2303.15061

2303.15061, accepted by EPJC

Other Fitted

Eight control regions to handle Kepions St M| selection variable
; £ or ¢, is from virtual photon (y*) decay s
baC kg roun d S CRLow:my Sheomnels | =My <0 ( =1 €1 and £ are not from photon conversion connting
CR Mat. Conv. | SS,eeorey | 4<N;j<6 | >1 £, or £ is from photon conversion counting
100 < Ht < 300 GeV
e Use lepton flavour and charge EMis > 50 Gev ¢
CR HF €LLLL O [y Al | =1 T p3
. 9 9.c . total charge = +1 T
e Looser jet multiplicity selection 100 < Hy < 275 GV
miss
CRHFe eee or eept 24 =1 o ke p€3
. . i total charge = +1 T
Signal region: el < 1.3
when Nj, =2: Hp <500 GeV or Nj <6
. CR tiW*+jets | SS,ep or up >4 ) when Nj, > 3: Ht < 500 GeV N;j
e >6j=2b and H_ > 500 GeV total charge > 0
T (<15

. . . . when Np = 2: Hy < 500 GeV or Nj < 6
Fit GNN in S|gna| region CR 1iW +jets | SS,ep or pup >4 >2 when Nj, > 3: Hy < 500 GeV N;

total charge < 0
€1 and ¢, are not from photon conversion

e Nodes: All jets, leptons and MET CR 1b(+) 2LSS+3L 24 | =1 Hry > 500 GeV N;
total charge > 0
Features: 4vec + Charge/btag £, and £, are not from photon conversion

93 = V 1
e Edges: fully connected graph, R A = ; {;’;;lfﬁ‘;f i .

Features: angular separation SR [ 2LSS+3L | >6 [ =22 ] Hy > 500 GeV [ GNN score
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2303.15061, accepted by EPJC

Data driven ttW normalisation

Staircase scaling 4jet norm.
Shapes taken from MC
Normalisation in bins of jet multiplicity 7% background a0 @ NFawedjen  NFiow-djen
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Normalisation factors compatible with ttW measurement
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| 2303.15061, accepted by ERIC
Observation of 4 tops at ATLAS 303.15061, accepted by ERJC
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Interpretations - 3 tops

Set limits on ttt production cross section

IEERY RRERN ERERFERRRS
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https://arxiv.org/abs/2303.15061

2303.15061, accepted by EPJC

Interpretations - BSM

Probe Heavy Flavour fermion EFT operators For CP-Even: |k, | < 1.8 (1.6)
e Sensitive to BSM models enhancing interactions

between third generation quarks e N e B B s B ()
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F = Non-unitary regime

Higgs oblique parameter
extract from ttH background

g 95% CL

Sensitivity to top Yukawa and
CP mixing angle «
From 4 top and ttH background

Mg =1 —H

Upper limit is at largest value
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perturbative theory 19
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Summary



Conclusion

Improved measurement of ttW inclusive cross section and differential
measurements in wide range of observables

e Inclusive measurement compatible with SM
o However, similar excess observed as by CMS collaboration

e Charge ratio in good agreement with SM
e Normalised differential distributions in agreement with MC predictions

Four top quark production observed at 6.16 (expected 4.30) with ATLAS
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Norm factors ttW

VV:0.87+-0.33

ttZ: 1.16+-0.15

Internal conversion e: 1.07+-0.24
Material conversion e: 1.15+-0.31
Non-prompt e: 0.83+-0.31
Non-prompt py: 1.02+-0.21
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ttW Charge ratio

T | T T T I T T T | T T T | T T T | T T T I T T
+ —

ATLAS Preliminary —®— ATLAS- this result AE"‘ - o (W) - O'(IfW_)
/s = 13 TeV. 140 fo! —=— CMS (2208.06485) o (ttW") + o (tiW")

Stat. + Syst. Stat. only

A% =0.32 +0.05 (stat.) +0.03 (syst.) = 0.32 + 0.06 (tot.).
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Differential observables ttW

Variable Definition
Niets Number of selected jets with pt > 25 GeV and || < 2.5
Hrjers  Scalar sum of the transverse momenta of selected jets with pt > 25 GeV and || < 2.5
Hr jep Scalar sum of the transverse momenta of selected leptons
ARy, 1cad  Angular distance between the leading lepton and the leading b-tagged jet
|A¢n,ss| Absolute azimuthal separation between the two leptons of the same-sign pair
|Anu, ss|  Absolute pseudo-rapidity separation between the two leptons of the same-sign pair
Mjj 1caa Invariant mass of the two leading jets with pt > 25 GeV and || < 2.5
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4 tops - ttW reweighting

Four dedicated CRs to extract a, a, scaling params and N(ttW) in ==4jet regions

aj

— s
T+’ -4

i ) Jj'=j-1
+NFttW‘(4_;et) xI1 [a() + m

il
NF:iw (j) = NFiiw+(4gjer) XH}J; [ao jr=a

CRs are separate for + and - charge

Staircase scaling with a,and a, at higher jet multiplicities with Poisson scaling at lower
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Four independent operators in
four top production

0(+) = 0(1)(3333) 0(3)(3333)

Modify 4 top cross section as P g
Ott —0,(3?33) )
(r)(l) = O(1)(3333) ,
Ottt = tttt A2 Z Ci 0- Z CiCj 0- g) s
i<j OQt =Oqu )
Linear term Quadratic term: includes interference

between EFT operators

Measure coupling constants for each of the four heavy-flavour fermion operators

Measure each coupling separately from 4 top yields, fix others to SM prediction of 0
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JHEP 04 (2019) 046

Fit tt+b, tt+c, and tt+light in I+jets and dilepton channels

e Fit flavour tagging score of additional jets
o 5 efficiency bins per jet
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Measure fiducial cross section of tt+bb Sl = 10° =5 me
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! W Non-t
Normalised differential cross sections 1000 b
e Event properties (Nbjet, HT) so0;
e Kinematics of additional b (bb) o . 1 —
§ 13 HARE M Rost:ht ® 1.2F - Predit = Postit
= A ’ Q W ;
£ oa 3
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https://arxiv.org/abs/1811.12113

Measured cross section generally exceed
NLO tt+bb prediction but within uncertainties

Good agreement with differential observables
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