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Top quark

QUARK MASSES

LHC = top-quark factory

Unique particle in SM: s
e Quark with the largest mass 100
e Large coupling to Higgs boson
()\,,,1) 50
e Extremely small lifetime glws op ¢ b
T~10%s S £ 5 E E
=> Decays before hadronization S £ 5 S
=> Possibility to study
“bare”-quark properties directly
from top decay products °
e Almost exclusively decays to W and b quark
Inpp @ 13TeV:
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~ 120 M top quarks produced at LHC during
Run2 in ATLAS experiment

=> Allows very precise measurements
=> Probe QCD production of massive particles

=> Potential to improve modelling for better
understanding and control of uncertainties! 2




Differential
cross-section of
dilepton tt production

e b-tag counting method used:
o and

fitted
simultaneously

o N1‘, Nzi = number of data events with either

1 or 2 b-tagged jets in each bin i I

L I I
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e Single/double-differential distributions of lepton
kinematic variables from decays of tt pairs:

20 : . . , , ,
pT , |77 |' ’nqll' pTL[L , |yL[l| , E(’ + Ell' pT(’+ pfll' |A¢€[£|

e Full Run2 dataset @ 13 TeV (140/fb), eu channel

e Absolute and normalized ¢, %" in fiducial phase
space (p,"'*? > 27 (25) GeV, | | < 2.5)

e Uncertainties:

O

(@)
(@)
(@)

lumi (dominant for absolute o)

tt modelling

reconstruction of leptons

bkg modelling: interference of tt and tW
amplitude (dominant for normalized o,,, in high
energy/mass bins)

Improved luminosity determination

-> lumi uncertainty on Xsection measurement only 0.93%!
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Differential No MC prediction consistent with all distributions
CYrossS- SECtion Of Better agreement with reweighted

Powheg+Pythia8 based on NNLO corrections to

dilepton tt production top-quark p.

Almost all generators predict harder spectra for
pT?' E° + E*, pTe+ pTu

3 O s T TS e Poorest agreement given by Powheg+Pythia 8
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leferentla.l e Variable pairs useful for testing and tuning of MC
cross-section of generators

e No MC prediction consistent with all distributions

dilepton t? prOdUCtiOIl e No MC model describes data trend in |[A¢«|:

o  MC under(over)-estimates data at low(high)

bins
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= - Uncertainties related to tt modelling:
leferentla.l e Calculated with alternative tt samples or by
Cross-section Of reweighting nominal sample
dilepton t? production e f{t+heavy flavor quarks underestimated in MC
=> uncertainty estimated by increasing the fraction of
Modelling of W background: events with at least 3 b-jets by 30%

e Interference between i and Wt evaluated by
comparing effects of DR and DS scheme

e Modelling uncertainties in Wr considered

correlated between 7 and Wt

e Powheg+Pythia 8.230 gives poor description of pT{’ =
due to top-quark p; mismodelling
=> difference wrt reweighted sample based on NNLO
top p; prediction

py" bins 1/o do/dpiH Data MC 1t Lep. Jets/ Bkg. Lumi + Total

[GeV] x1073 [1/GeV] | stat. [%] stat.[%] mod.[%] [%] b-tag.[%]  [%]  Epeam [%] | unc. [%]

0.0-20.0 3.08 0.20 0.47 0.29 0.12 0.47 0.01 0.99

20.0-30.0 6.55 0.61 0.16 027 0.7 0.42 0.01 1.13

30.0-45.0 8.29 0.42 0.10 047 __ 025  0.09 0.01 0.84

45.0-60.0 10.53 0.37 0.09 0.17  0.06 0.42 0.01 0.81 interference of {t
60.0-75.0 11.48 0.08 023 013 003 0.01 060 | and tW ambplitude
75.0-100.0 8.84 [8_%@ 0.07 0.05 0.04 0.19 0.00 0.43 v ampiit
100.0-125.0 4.60 0.43 0.09 Egt] 030 012 037 0.00 094 | ~>dominantin high
125.0-150.0 1.87 0.67 0.16 053 073 0.21 1.46 0.03 1.86 energy/mass bins
150.0-200.0 0.54 0.93 0.22 073 120 028 3,13 0.08 3.57 z
200.0-300.0 0.08 1.78 0.48 371 224 033 11.38 0.22 12.32
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InC]'US1ve Source of uncertainty Acfd /ol %]  Aoy/ow [%]
— Data statistics 0.15 0.15
cross-section of

[ — ° Matrix element 0.12 0.16
dilepton tt production
Parton shower 0.08 0.22
Itf + heavy flavour 0.34 0.34
. . Top pr reweighting 0.19 0.58
Fiducial Space ott and full phase—space ott Parton distribution functions 0.04 0.43
B-tag counting method Initial-state radiation 0.11 0.37
. X . . . Final-state radiation 0.29 0.35
Dom|nant Uncerta|nty IS |UmInOSIty unc., tW Electron energy scale 0.10 0.10
3 i i i i Electron efficiency 0.37 0.37
Xsection, electron |sola.t|on, top. pT reweighting) [Electron olation (i 57) = )
Excellent agreement with prediction NTTon THOMENt i Scale U.T3 UT3
. Muon reconstruction efficiency 0.35 0.35
) o\l

Total uncertainty < 2% (1.8%)! Muon isolation (in situ) 0.33 0.33
Lepton trigger efficiency 0.05 0.05
. Vertex association efficiency 0.03 0.03
&g = 829 + 1 (Stat) + 13 (SySt) +38 (luml) +2 (beam) pb Jet energy scale & resolution 0.10 0.10
b-tagging efficiency 0.07 0.07
tt /Wt interference 0.37 0.37
: . Wt cross-section 0.52 0.52
NNLO+NN LLz(?aICU l atl%n : 35 I Diboson background 032 0.32
Tripred = 832759 (scale)™55 (m,)*52 (PDF+ay) pb ttV and tEH 0.03 0.03
Z + jets background 0.05 0.05
. . . = . Misidentified leptons 0.32 0.32
Most precise inclusive tt cross-section Beam energy 0.23 0.23
measurement up to date! Luminosity 0.93 0-93

Total uncertainty 1.6 1.8 7
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Jet substructure in boosted tt pairs

e  Study the substructure of top-quark jets
arising from it's decay products
(light-/b-quarks, gluons)

e 1-and 2-dimensional ¢, of 8 jet
substructure variables defined using only
charged components of jets

Motivation:
e Poor modelling of jet substructure
e High sensitivity to some MC parameters
e Analytic description challenging
e Possibility to spot BSM effects

e Full Run2 dataset @ 13 TeV (140/fb)
e Boosted events: top-quark jet p, > 350 GeV,
decay products collimated into single large jet

Lepton+Jets
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All-Hadronic

Single-lepton channel:

e Hadronic top
reconstructed as
re-clustered (RC)
large-R jet (R=1.0)

All-hadronic channel:

e 2large-R jets
(R=1.0)

e (sub)Leading jet
p; > (350) 500 GeV

e DNN top-tag on the
non-probe large-R jet

e Distributions unfolded by IBU to particle level


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-027/
https://www.sciencedirect.com/science/article/pii/016890029500274X?via%3Dihub

Jet substructure in boosted tt pairs: single ¢, 4

S ————

EA TLAS Preliminary Fiducial phase-space
FVs=13TeV, 140 fo’' Relative cross-section
Fall-had, p;” > 500 GeV

8 jet substructure variables sensitive to e.g.:

e Modeling of 3-body (t,,, C,) or 2-body (D,, T,,) substructure of jets
e Distribution of the momentum of the constituents inside the jet (p,%*)

30

20

| T T

Fractional Uncertainty [%]

p; distrib. of large-R
jet constituents

: (e i
=> data favors a reduction of FSR arge-R jet 7o,

scale = increase of aSFSR value

\llllll\\lllllll\‘l]

u 16— ATLAS Preliminary ~— PWG+PY8 e Data - :
i ~ ¥s=13TeV, 140 1" Stat.une. —20F
- 14? all-had, pchp > 500 GeV — MC@NLO+PY8 Stat.+Syst. unc] F Satasvet U Deta Stat. Uno,
12} Fiducial phise-pecs m?zz ::2 Ep - 30— JESRUMSR/Top-Tagging - top-quark Mase.]
= * ovn ] . . [ —— MC Stat., Backgrounds —m IFSR ]
10 b= - [ ---- Parton Shower —e Hard Scattering ]|
. 1| e Good description by _gob. 7 Feren Hard Scaterg 3
8 - H - . b b b b B b b B b o
all-hadronic - Powheg+Pythia 8 (FSR Down) 0 010203040506070809 1

. ] e Measurement sensitive
P = e Herwig 7 preferred by data over to modelling of
| ] Pythia 8 parton-shower,
I R - hadronization process,

06 08 ;1 and FSR 9

Large-R jet p:'“
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Jet substructure in boosted tt pairs: single ¢, 4

T T T
E ATLAS Prellmlnary —PWG+PY8 ® Data

© \/’ 13 TeV 140 o - PWGHZ Stat. unc.

C FIdUCIaI phase space " PWG+PYBFSRUp
- PWG+PY8 FSR Down

(t3)

it

-do_/d

e Poor modelling of 3-body substructure of jets by
nominal or nominal+FSR up prediction

it
nN

II|II||||\|||II|||||||I

1/c,

e Variables sensitive to 2-body jet substructure well
modelled

|IllllIIIIIIIIIlIIIITlIIIl

e Powheg+Pythia 8 (FSR Down) = good description of all

8 observables, except T, in [+jets

55 e T,/T, =poorly modeIIedf only MC@NLO+Pythia8 gives

£ reasonable agreement with data
5 - 3 I T T T I T T T | T T T =
5|8 = = —
oS = T DU SRS = — PWG+PY8 e Data .
o = 3 | ---- PWG+H7 | Stat. unc. —
5 2F o — = —— MC@NLO+PY8 Stat.+Syst. unc—
e e —— e E | | 7
S| o A i S E ---- PWG+PY8 FSR Up
oC  0.8F - -

Reclustered jet 1,,
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Jet substructure in boosted tt pairs: double ¢ 4

ATLAS Preliminary — PWG+PYS8 Stat.+Syst. unc.

fs =13 TeV, 140 fb' ® T32 and D2 dlStIﬂgUISh je’[S with 3/2'b0dy

g top Stat. unc. Data . .
;J::Z;T o ::"SG;‘; ..... PWGH?  eeee- PWG+PYS FSR Up substructure from simpler jets (taggers)
RelativeF::ross-sepction ----- PWG+PY8 FSR Down —— MC@NLO+PY8 . . -
c —— : : => correlations with m, and p'; important
= 1.6 ' 1 58 5
Sty l+ets
'Ug roe J 1 1t l!-_:' | _. 1 . . t
- e Sy | = e Correlations of t,,/D, with m _and p*; poorly
] H b o modelled
P [ = O (low m_and higher p'. regions problematic)
oo ; . S 1. F 1 ATLAS Preliminary —— PWG+PY8 Stat.+Syst. unc.
04_350spT [Gevi<500 | | s00<p, [?ev1<550 f 550 <p, [(?eV]<650 ] feso<p; [claev1<750 | | 750<p," [Gev] <2000 ] fs=13 Tg;}/‘ 140 fo! "reriaie o
' ; y all-had, p_” > 500 GeV e
0 0.5 0 E’l-_5 dist(:' ib V\(I)rst : @ 0.5 10Reclusg~i -~ o e hassspEce PWG+H7 eeeee PWG+PY8 FSR Up
32 . p T i 2 | Relative cross-section’ === PWG+PY8 FSR Down —— MC@NLO+PY8
S| 2.2F ¢ E T 3
. L. . . olg of . qE-- .
e Predictions give more 3-body like substructure 18 Ty, distr.wrt all-hadronic
al 1.6f E E
than data 1.4F 3 ;
1.28 E
1

e Powheg+Pythia 8 gives poor description

O T

PS Other MC more promising, best Powheg+Pythia 8 0of 1225<m® [GeV] < 157.5 E 157.5 < [GeV] < 187.5 187.5<:n(°° [GeV] < 222,53
0 0.5 0 0.5 0.5 1
(FSR down) Large-R jet 15,
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W-boson polarization in tt production

e W-boson polarization states governed by Wb vertex and quark masses

(only left-handed f, and longitudinal f, right f, polarization ~ 0 in SM = V-A structure of SM)
e Probe new physics processes which modify the structure of Wrb vertex

Dilepton tt decay channel @13 TeV (139/fb)

&dc(ige* = %(1 —cos? 6%) fo + %(1 —cos6%)* fi + %(1 +cos6%)% fr
8 soparias U T b T TS o2 FATIAS' |« Unfolded data ]
o Helicity fractions extracted by o 7o£*="™" """ Sroutimeim 4 808 G10TeV. 1990 pyinion
fit to normalised differential %g : o7 E
cos 6* distribution unfolded o8 E
to parton level by |BU 05 E
0.4F c
§ 0.25— —E
1 08060402 0 0204 06 08 1 0_;1' sap b e bynunrt 12

parton level cos(6*) parton level cos(6%)


https://www.sciencedirect.com/science/article/pii/S0370269323001636?via%3Dihub
https://www.sciencedirect.com/science/article/pii/016890029500274X?via%3Dihub

W-boson polarization in tt production

e MC at parton level fails to model cos 6*
distribution correctly

e Distribution distorted by simulation of parton
shower at ~ 0.1% level

=> MC has to be reweighted to match
quadratic function of cos 6*

1 do 3 5 2 3 et o -
o Aty el )i+ gl “easiP )Tl # gl #eesd ) Ik
e Systematic uncertainty dominant

R
fo= 0.684 +0.005 (stat.)|+ 0.014 (syst.)
fo= 0.318 +£0.003 (stat.)|+ 0.008 (syst.)
fr =-0.002 + 0.002 (stat.)|= 0.014 (syst.)

Results consistent with SM prediction

ATLAS

Theory (NNLO QCD)
PRD 81 (2010) 111503 (R) Data (f_ff, /f;)
R
© =

ATLAS 2011, > 1 lepton, Ys=7 TeV, Lim=1 .04 fb! 2 =
JHEP 1206 (2012) 088

total stat

ATLAS 2012, single lepton, Ys=8 TeV, Lim=20.2 fb! o s} 7o
Eur. Phys. J. C (2017) 77, Eur. Phys. J. C (2019) 79
ATLAS 2022, di-lepton, {s = 13 TeV, Lim=139 fb™! . = *
fR fL fO
—te+—
Hetl
i
IllIlIIIlIIIIlllllllllllllllllllll|l|
0.4 0.5 0.6 0.7

W boson helicity fractions
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W-boson polarization in tt production

" a . a 0-2_\ ¥ | 1l l Fr | L I ‘ TTT 1EF | B 2K ]  JE | [ JE | | I O

Category 0f 9% % € | ATLASSimulation :

Detector modelling § 0'155_ Vs =13 TeV, 139 b _E

° I_argest systematics; Jet reconstruction  0.008  0.004 0.010 B 0.1F :|:—'

delli f ducti Flavour tagging ~ 0.003  0.001  0.001 £ oot Rl — 3

modelling o it pro uction, Electron reconstruction  0.003  0.002  0.002 ‘§ E ! E
dominated by choice of Muon reconstruction  0.003  0.003 < i3 T

) EP (softterm) <107 0.002 <107 o o e e O :

matrix-element generator Pileup 0.002 0.002 < 1073 3 E

Luminosity  0.001  0.001 < 1073 = =

L Other S|gn|ﬂcant Signal and background modelling _0,152_ é

uncertainties: jet energy | 17 production  0.011  0.005 0.010} | _02F — gt —_ Sig. modelling - - PDF  Bkg. modelling ]

; PDF 0.002 0.001 <10~ F--Electron - Ef™ e Muon ---- Pileup 1

scale and resolutlon, Single top production < 1073 0.002 < 1073 _0'25§E|$;:?syst. e

electron and muon Other background  0.002  0.001 < 1073 R L L L L L L S L

reconstruction Total systematic uncertainty 0.014  0.008 0.014 parton level cos(6)

Data statistical uncertainty  0.005 0.003  0.002
Total uncertainty  0.015 0.008 0.014
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Soft muon tag top-quark mass

Different method of direct top-quark mass ® Proxy for m, constructed only from leptons =
measurement => invariant mass of lepton from invariant mass m, :
W (&) and soft muon (u) m,  used O  Less sensitive to jet related uncertainties
"1 . . .
) o  More direct impact from b—B fragmentation
modelling
2 0.18F 7 T T
S FA LAS Slmulatlon .
s 016 fs-13Tev ~-m, = 170.5 GeV
E 0.141 OS selection —m, =172.5 GeV
g o1 L m, = 174.5 GeV —
£t [ =
0_08;— el _;
0.06,.] =
0.047 STTSTHNIRY B Mgy B8 Moy =
0.02E- opposite sign Ieptons (OS) -
> 1065 AREREERERS ' R
S toa E
0 1025 T e E
N 1 S — =
= 0.98E, e - E
— noo9e TR ]
e Single-lepton tt channel, 36/fb @ 13 TeV s R ) (NS (N
2 m, [GeV] 15
o



https://link.springer.com/content/pdf/10.1007/JHEP06(2023)019.pdf

Soft muon tag top-quark mass

e Modelling of momentum transfer between b-quark and

b-hadron important
e LEP data exploited to constrain b-fragmentation for tt

events

® Al4tunein Pythia improved by fitting r, parameter
(corresp. to b-quark fragmentation) = new Al4-r, tune

Al4-r = 1.05 +0.02
from combined fit to
LEP+SLD data
(previously r, = 0.855)

v

T I
|
SLD (r,=1.092 + 0.030)

OPAL  (r,=1.023 + 0.019)

DELPHI (r,=1.094 + 0.090)

ALEPH (r,=1.070 + 0.035)
I

0.7

0.8 0.9

§m
3
z
Agreement
with LEP data
recovered!
S
8
fe]
2
&
1.2

1
Zl+’2’

(1 - 2)“ exp(—bm3/z)

3.5
3
25
2
1.5

—_

ITlTI!Illlllllllllllll]ll

I|IIII|I

e
e‘e” — bb, \s=m,

¢ ALEPH Data

| = ATLAS PyrHia8, A14-r,

........ ATLAS PyTHIA8, A14
---- ATLAS Herwig7.1.3

05—~ I
E W -:-" I 1 | 1 1 I 1
1.6
18 e
W17 i
8:2: % % Data uncertainty
01 02 03 04 05 06 0.7 08 09

xg =2pp-pz/my. "

w . DN Wn‘ﬁ#\"i"{fl I |||||| e b by

Lund-Bowler b-quark fragmentation function in Pythia8:

f(z) =

 />
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Soft muon tag top-quark mass

Pre-fit impact on m;:
[16=08+A06 [ |6=0-A8

Post-fit impact on m:
mo="0+A0 10=0-A

—e— Nuis. Param. Pull

Am, [GeV]
-03-02-01 0 0.1 02 03

A ANE A R A Eany
ATLAS
{s=13TeV, 36.1 fb™

BR b—T—u
BR b—u

tt ISR-h, ., (SMT from b/c)

t?r]

Z+jets norm. (bb/ ct)

SMT-fake norm.

BR b—c—pu

ETS soft track resolution (para.)
JES (modelling 1)

b-tag (b 0)

tt ISR-uH (smT from b/c)

JES (pile-up, p topology)

ET' soft track scale

Muon identification eff. (syst.)
JER

b-prod. frac. (baryons)

tt ISR (SMT from W)

f? aSFSH

tt PDF 2

Pile-up

-
-

=
———
.
— =
H H
——.
=
——
— -
— =
——
_—.l_
—i—

IIII|HIIiIlll|IIIIlJIIIlIIlliIIIIllIII

-2 -15 -1 -05 0 05 1 15 2

(6-6,)/A0

Binned-template profile likelihood fit is
performed to extract m,

o  Region of Mg, between 15 and 80 GeV used in
fit (most sensitive to m )

= 174.41 + 0.39 (stat.) + 0.66 (syst.)[+ 0.25 (recoil) GeV]

Events divided into same-sign/opposite sign

regions (qsoftmu*qw_lepton> 0and <0)
o  Better isolation of same top events with direct
b->uX decays, which have better sensitivity to top
mass wrt different top and/or b->cX->uX’ decays

Dominant uncertainty comes from modelling of
direct/sequential b-hadron decays and b-quark
fragmentation 17
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Soft muon tag top-quark mass

arbitrary units

Ratio to A14-ry

0.045- ATLAS Simulation

0.035F ___ PP8 A14-r,
0.03F
0.025F PP8 A14- r RTW+rw
0.02
0.015

0.0

0.005

-

1.05

0.95
0.9
0.85

—
o
o

o

o

s
I\I\l\l

. 15:_effect of dlfferent recoﬂ

F —— PP8 A14-r, RTW
F — PP8 A14- r RTT

PP8 A14-ry RTT+rw

=

TITTT

»
o
=3
)
3
®
)
o
S
3

Whb-hadron

—

m(W,b-hadron) [GeV]

110 120 130 140 150 160 170 180 190 200

my = 174.41 + 0.39 (stat.) & 0.66 (syst.)[:l: 0.25 (recoil) GeV]

For the first time used uncertainty on gluon emission in t—Wb

Change in parton shower gluon-recoil scheme:
e Nominal: gluons recoil against b-quark
e Alternative: recoil against W-boson (RTW) or top-quark (RTT)
e Changes energy distribution within jet, jet p, due to
out-of-cone radiation, hardens b-hadron momentum, lowers
gluon-energy emission
=> b-fragmentation function altered as a side effect

Nominal in better agreement with NLO+NLL resummations —
fragmentation variable x; reweighted to match that of the
nominal sample (RTW+rw/RTT+rw)

e Crude adjustment, requires dedicated tune

Recoil uncertainty = comparison of nominal scheme and recoil

against top-quark + reweighting of x, 18


https://link.springer.com/content/pdf/10.1007/JHEP06(2023)019.pdf

ATLAS-CONF-2022-058

e Dilepton tt decay channel @13 TeV (139/fb)

TOP IT1AaSS template e Proxy for m, constructed from Flecay
method ln dllepton products of top: lepton ¢ and b-jet =>m,,

e Optimized selection:

tf Channe]_ O  DNN used for £-b-jet pairing: events with DNN

score > 0.65 selected ..
better precision!

o p,®>160GeV
e m, extracted using template fit o &b with highest p,* selected — helps reduce
functions, my, in (50, 140) GeV used = m{)bHigh signal modelling and jet-related uncertainties

e
] e Data Diboson ATLAS Preliminary J
2 . FATIAS Shtaion AT T < 80000 B X s=13TeV, 1391 " 3
& o :_éTIFAS Slmvglat;on_r v : 171.0 GevV @ Fll Single top [l NP/fake leptons N =
% i Freiminanpic=in e [ Img,=1725Gev 3 §7°°00 EU0 Zejets g Une. |~~dllepton—— =
g * 60000 I =
3 = I ]
3 50000 =
" E 1 -
£ 40000 |- I =
S o I =
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20000 I

10000 [
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

ATLAS-CONF-2022-058

TOP maSS template e Additional source of uncertainty = choice of
method in dilepton
tt channel

gluon-recoil scheme —

man ™" = 172.21 + 0.20 (stat) + 0.67 (syst) [+ 0.39 (recoil)| GeV

> N R R N AN RN AR R R

. , 0 5 ATLAS Preliminary ?  data, diepton
Unbinned maximum-likelihood fit to data v 3000~ {5=13TeV, 139 fb" o1t 080 Gay
Fitted m, = mass parameter in ATLAS 2 B B
signal generator setup 2 2500 * 4

Nominal = 2nd gluon emission (and
subsequent), recoils against b-quark
o Narrower m, spectrum, more
collinear radiation
Alternative = recoil against top-quark
o  More out-of-cone radiation, but
likely overestimates these effects

( )

IIIlIIIIIIIIIlIIIT

IIIIIIIII|IIIIIIIII|II1

IlII

Data/Fit

50 60 70 80 90 100 110 120 130 140
mie [Gev] 20



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

Top mass template
method in dilepton
tt channel

e Signal-modelling uncertainties significant
o Evaluated by comparing pairs of
theory models
o Largest: modelling of
in tt

e Precision limited also by uncertainties in
e Description

sizable impact on m,
-> quote a conservative estimate

ATLAS-CONF-2022-058

Myop [GEV]
Result 172.21

Statistics
Method 0.05 + 0.04

Matrix-element matching 0.40 + 0.06 |

Parton shower and hadronisation 0.05 4+ 0.05
Initial- and final-state QCD radiation 0.17 + 0.02
Underlying event 0.02 £ 0.10
Colour reconnection 0.27 £ 0.07
Parton distribution function 0.03 £ 0.00

Single top modelling 0.01 =+ 0.01
Background normalisation 0.03 £ 0.02

| Jetenergvscale  10.37£0.02
b-jet energy scale 0.12 + 0.02
Jet energy resolution 0.13 £ 0.02
Jet vertex tagging 0.01 £ 0.01
b-tagging 0.04 £ 0.01
Leptons 0.11 £ 0.02
Pile-u 0.06 + 0.01

0.39 £ 0.09 ||
Total systematic uncertainty (without recoil) | 0.67 £ 0.05
Total systematic uncertainty (with recoil) 0.77 £ 0.06

Total uncertainty (without recoil) 0.70 £ 0.05
Total uncertainty (with recoil) 0.80 £ 0.06



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

Summary

e Presented some top-related precision measurements: Xsection, jet substructure, W
polarization and top mass measurements
e More results: ATLAS Top Results page

e Modelling uncertainties have sizable impact on some measurements
=> despite impressive precision achieved!
=>the most precise measurement of inclusive tt cross section!

e Nominal pair of generators (Powheg+Pythia8) has drawbacks -> improvement needed!

(@)

(@)
(@)
(@)
(@)

recoil of gluons in color resonance decay (t->Wb)

parton shower (shown some preference of Herwig7 over Pythia8)
interference of tt and tW

a,"°R values in modelling of final state radiation

top-quark p. mismodelling -> distortions in p.* spectrum

e More studies needed for better understanding
e Development of specific dedicated tunes (recoil, color reconnection) also needed

22


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

Back-up



Jet substructure in boosted tt pairs

Single-lepton channel:

Electron or Muon

m " >20 GeV, E,™*° > 15 GeV and m "'+ E_ M >
60 GeV to suppress fake leptons
Hadronically-decaying top reconstructed as
re-clustered (RC) large-R jet (R=1.0)

No required b-matching on the measured jets

Lepton+Jets

Vi

All-hadronic channel:

No leptons

Hadronically-decaying top reconstructed as
large-R jet => 2 large-R jets (R=1.0)
(sub)Leading jet p, > (350) 500 GeV
Required b-matching on the measured jets to
suppress multijet bkg.

DNN top-tag on the non-probe large-R jet

All-Hadronic

24



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-027/

Jet substructure in boosted tt pairs

8 jet substructure variables:

e Observables sensitive to modeling of three-prong (t,,, C,) or two-prong (D,, T,,) objects
o N-subjettiness variables T, and ratios 1,, = 1,/T,and 1,, = T,/T,
o  C,and D, defined as ratios of energy-correlation functions
o (15, C,)/(D, 1,,) close to 0/1 for three/two-pronged substructure of jet

e Normalized energy-correlation function ECF2
e Modeling of Les Houches angularity LHA = describes broadness of a jet
Scaled p, dispersion pTd'* = sensitive to distribution of momentum of the constituents inside

the jet

25


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-027/

arXiv.2303.15340

= - Uncertainties related to tt modelling:
leferentla.l e Calculated with alternative tt samples or by
Cross-section Of reweighting nominal sample
dilepton t? pr()ducti()n e fit+heavy flavor quarks underestimated in MC

=> uncertainty estimated by increasing the fraction of

Modelling of Wz background: events with at least 3 b-jets by 30%

e Interference between i and Wt evaluated by
comparing effects of DR and DS scheme

e Powheg+Pythia 8.230 gives poor description of pT{’ =
due to top-quark p; mismodelling
=> difference wrt reweighted sample based on NNLO

absolute cross section .
top p, prediction

p;/’l bins do-/dpf;f‘ Data MC tt Lep. Jets/ Bkg. Lumi + Total
[GeV] [fb/GeV] | stat. [%] stat. [%] mod. [%] [%] b-tag. [T]  [%]  Epeam [%] | unc. [%]
0.0-20.0 32.51 0.66 0.21 0.87 0.79 0.19 0.67 0.92 1.79

20.0-30.0 69.08 0.64 0.17 0.87 0.78 0.22 0.68 0.92 1.78

30.0-45.0 87.41 0.46 0.11 0.90 0.78 0.18 0.66 0.92 1.72

45.0-60.0 111.0 0.41 0.09 0.71 0.79 0.15 0.64 0.92 1.61 . —

60.0-75.0 121.0 0.38 0.09 0.66 0.79 0.14 0.63 0.92 1.57 interference _°f it

75.0-100.0 93.20 0.33 0.07 0.70 0.78 0.12 0.66 0.92 1.59 and tW amplitude
100.0-125.0 48.51 0.45 0.10 0.97 0.89 0.15 0.99 0.93 1.96 -> dominant in high
125.0-150.0 19.74 0.70 0.17 0.38 1.20 0.21 1.98 0.95 2.64 energy/mass bins
150.0-200.0 5.73 0.95 0.23 0.55 1.62 0.28 3.65 1.00 4.28 e
200.0-300.0 0.86 1.78 0.49 3.39 2.64 0.35 11.88 1.14 12.82



https://arxiv.org/pdf/2303.15340.pdf

Differential
cross-section of
dilepton tt production

Systematic uncertainty name ACp[Cp [%]  AGep/Gep [%]

-0.10 £ 0.22

0.25 +0.11

Matrix element

hsiiip -0.06+008  —0.05+0.04

Parton shower and hadronisation 0.16 = 0.08 I -0.26 = 0.04 I
0.03 = 0.08

Top p reweighting 0.22 + 0.04

| -033:008]

ISR (high) —0.01 £ 0.08
ISR (low) 0.04 = 0.08

FSR (high) 0.05 = 0.09
FSR (low) —-0.09 = 0.15

1f + heavy flavour 0.01 £0.04

0.06 = 0.04
-0.13 £ 0.04

-0.07 = 0.04
0.10 = 0.07

PDF 0.02 £ 0.08 0.04 £ 0.04

All uncertainties shown are due to the limited MC sample size

arXiv.2303.15340

Uncertainties related to tt modelling:

Calculated with alternative tt samples or by
reweighting nominal sample

Contribution of tt+heavy flavor quarks
underestimated in MC

=> uncertainty estimated by increasing the
fraction of events with at least 3 b-jets by 30%

Powheg+Pythia 8.230 does not give good
description of pT{’ = due to top-quark p;
mismodelling

=> uncertainty derived as difference wrt sample
with top p. reweighted to NNLO

Modelling of Wr background:

Interference between # and Wt evaluated by
comparing effects of DR and DS scheme on

result

Modelling uncertainties in Wr considered
correlated between 7 and Wt 27
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