DFVALENCIA

Highlights of top quark measurements with
the ATLAS experiment

Fabio Cardillo, on behalf of the ATLAS collaboration

20th Lomonosov Conference, 22.08.21

CORPUSCULAR




« |Introduction

+ Measurements of processes involving top quarks are of major importance to check predictions
of the SM and provide sensitivity to new physics beyond the SM (BSM).

» In the last years, the ATLAS experiment at the LHC performed precise measurements of the
top quark properties and measured also “rare” SM processes associated with top quarks.

+ Will present some of the most recent and relevant results released by the ATLAS collaboration

in 2021 = full list can be found here.

(I)  Measurements of the inclusive and differential production cross
sections of a #¢ pair in association with a Z boson at \s = 13 TeV with

the ATLAS detector

(IT) Measurement of the ##f production cross section in pp collisions at
Vs = 13 TeV with the ATLAS detector

(IITI) Measurements of differential cross-sections in #f events with a high pr

top quark and limits on BSM contributions to ¢ production with the
ATLAS detector

(IV) Measurement of the polarisation of single top quarks/antiquarks
produced in the #-channel collected with the ATLAS detector at
s =13 TeV and bounds on the tWb dipole operator

arXiv:2103.12603

arXiv:2106.11683

ATLAS-CONF-2021-31

ATLAS-CONF-2021-027
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://cds.cern.ch/record/2773738/
https://cds.cern.ch/record/2777237
https://arxiv.org/abs/2106.11683
https://arxiv.org/abs/2103.12603

(I)
Inclusive & differential
ttZ cross sections
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w ttZ: Introduction

Production of top quark pairs in association with a Z boson (ttZ):

4

4

W

W

Rare process in the SM = around 1000 times smaller than #¢ only.

Inclusive cross-section measurement was performed by ATLAS 1n 2019, but without using
the full Run II dataset:

» ouz=0.95 £ 0.08 (stat.) = 0.10 (syst.) pb Phys. Rev. D 99 (2019) 072009

Full Run II dataset (139 fb-!) provides sufficient statistics to measure this process also
differentially.

Provides access to top-Z coupling = interesting in the ’ t
context of effective field theory (EFT) interpretations.

Important background for SM searches/measurements. 9 4
Theory predictions exist at NLO+NNLL precision . t

=> see JHEP 08 (2019) 039, EPJC 80 (2020) 428.

q g t
Leptonic and hadronic decay modes of the Z boson and \'\mm<
t

tt system = different lepton multiplicities in final A
states.

q
» Analysis regions based on multi-lepton signatures /W’W Z

(37, 4]) = highest sensitivities.
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https://twiki.cern.ch/twiki/pub/LHCPhysics/TopPairXHistory/ttX_summary_sep20.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072009
https://link.springer.com/article/10.1007/JHEP08(2019)039
https://link.springer.com/article/10.1140/epjc/s10052-020-7987-6

w ttZ: Inckdsive measurement

+ Simultaneous maximume-likelihood fit in 3//4/ signal regions (SR) and control regions (CR) for
WZ/Z7Z+jets to obtain signal-strength parameter: u«z = opata/OsM.

» Fit performed separately in 3/, 4/ and combined 3/ + 4/ channels = consistent results.

» Inclusive ##Z cross section 1s computed for specific fiducial phase-space, assuming on-shell
decay of Z boson: 70 GeV <my; < 110 GeV.

» Compatible with previous ATLAS result and latest CMS measurement in same fiducial
phase-space = see JHEP 03 (2020) 056.

arXiv:2103.12603

1 06 T T T T T T T
ATLAS ¢ Data |tz WZ+jets

o
@105 _ B ZZ+jets tWZ iz
/s =13 TeV, 139 fo fi:WH Il Fake leptons [l Other Channel Haiz
10* 3l + 4] SR combination 7 Uncertainty
o[ Postit Trilepton 1.17 £ 0.07 (stat.) *5-17 (syst.)
Tetralepton 1.21 £ 0.15 (stat.) *5-10 (syst.)
Combination (3¢ + 4¢€) | 1.19 £ 0.06 (stat.) = 0.10 (syst.)

= 14 : : : : : §
D 13 o o z z : _
S oq [T A — e e g (pp — 17Z) = 0.99 + 0.05 (stat.) = 0.08 (syst.) pb
S 06 5 : : : : : i
3. 3. 9/- 9/- 9/- 4. 3. 9/
24 Tbg;. Pea 2p ) PCBT Sk, b SF?b OF; b D,ng Wy, Ch 2>, Cr

Observed/predicted event yields in 31/4l regions
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https://twiki.cern.ch/twiki/pub/LHCPhysics/TopPairXHistory/ttX_summary_sep20.pdf
https://link.springer.com/article/10.1007/JHEP03(2020)056
https://arxiv.org/abs/2103.12603

ttZ: Differential measurements ~

Variable
+ Differential cross-section measurements performed in nine observables probing I | %
the kinematics of the #Z system. < | Iy”]
» Absolute and normalised measurements (reduced systematics) = unfold to Zj,tz
particle/parton-level using Iterative Bayesian Unfolding (see here). “ | N 52 p)
+ Evaluating compatibility between data and theoretical predictions by computing IAY(Z. tep )|
x2/ndf and p-values for differential distributions. Niets
L o | 1ag(e )
» All p-values > 0.05 = largest tensions in pr of Z boson and Ap between ¥ | Ao 2)
Z boson and ¢ system. o
arXiv:2103.12603 L

i I
" ATLAS ¢ Daa
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% 8- ATLAS ¢ Data N . 10000 ATLAS — @ MG aMe@NLO + Pyth
i _ ==+ MG5_.aMc@NLO + Pythia8 _ 3 _ = 5_aMct + Pythia8 7
g | Vs=13TeV, 139fb~! MG5_aMc@NLO + Herwig7 % | Vs=13TeV, 139fb™" , ) % 1.00 /s =13TeV, 139fb ™" —:— MG5_aMc@NLO + Herwig7 —|
= L 3l + 4l combination - Sherpa NLO inclusive , B s 4] SR combination - 41 SR combination @~ - Sherpa NLO inclusive 1
IS N 6 === Sherpa NLO multi-leg _| Ol= b r === Sherpa NLO multi-leg
O |5 | == NLO + NNLL JHEP 08 (2019) 039 | 3 ¢ Data
=3 [ == MG5.aMc@NLO + Pythia8 ] 0.75 —
i | —— MG5.aMc@NLO + Herwig7
T Pere==F=4 ¢ 1] e Sherpa NLO inclusive . S ——
4+ | ——- Sherpa NLO multi-leg ] S ] I R
i 5000 L0 uweP 08 (2019) 039 ] 0.50 P -
[ ]
2r + 0.25- + .
0 7 I I I 0.00 I | | | | ]
2.0 2.0
Stat. Stat. @ Syst. Stat. Stat. @ Syst.
S g 1.5pme Slg 15- i
-GC) (D“ 1.0 memswmmsmem e———m g g 1.0 FEELECECLEPEEEPIEEREL!
= : = .
05 | ! | 0_8 : : : | | .
0 100 200 300 400 .0 0.2 0.4 0.6 0.8 1.0 2 3 4 >5
Parton-level p# [GeV] Parton-level |A¢(tt, Z)| /7 Particle-level Nits
pr(Z): parton |A@(Z,tt) | : parton Njer: particle in 41
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https://www.sciencedirect.com/science/article/pii/016890029500274X?via=ihub
https://arxiv.org/abs/2103.12603

(1I)
Measurement of tttt
Cross section
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w tttt: Introduction

Production of four top quarks (tttt):
» Very small expected cross section: ou: = 12 £2.4 fb (NLO EW+QCD) JHEP 02 (2018) 031

» Process sensitive to magnitude and CP properties P NI . S5555CC )
of top-Higgs Yukawa coupling + | _
< t H t
» Also sensitive to BSM scenarios and EFT E . A <t
operators (e.g. modifying the four-fermion } ) 1 _
couplings). ¢ 70000000T =T
+ Similarly to ttZ, tttt events can give riSe tO0 VarlOUS  Top quark Production Cross Section Measurements ‘
final states covering different lepton 8 [ [anas preiminay B e 3
multiplicities. SV Bm2doenm o
e - o ]
+ Earlier published 2/ (SS), 3/ results: EPJC 80 v ol SRR,
(2020) 1085 = recently combined with the results N - o
in the 1/, 2/ (OS) channels. . 3
+ Multi-lepton channels have smaller background i a0 e .
contaminations but lower branching ratio. il = v ] _nli ]
» BR[2/(SS), 311 = 13%, BR[1/, 21 (OS)] =57%. Lk
tt t tw tha ttw  ttZ  ttH ﬁ:fz/;ts tZj 4t

ATLAS-PHYS-PUB-2020-12
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https://link.springer.com/article/10.1007/JHEP02(2018)031
https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://cds.cern.ch/record/2718946

« tttt: Analysis strategy

21(SS)/3l analysis:

» Select 2/ (SS) or 3/ events and train boosted decision tree (BDT)
to separate #ftt from background.

» Use CRs for 7t and reducible background sources from fake/non-
prompt leptons (e.g. heavy-flavour decays, y-conversions).

* Apply binned maximume-likelihood fit to BDT score to determine
U and 1nclusive cross section.

11/21(0OS) analysis: arXiv:2103.12603
. . . 5 " amas | epaa -m ]
» Use different regions with 1/ or 2/ ¥ o foiaTov. 139! WU Cliion
(OS) selections, further separated by 1z o101 Mnon-i 7 Uncertainty -
- Post-Fit *: normalised to tot. bkg.
Njets and N, b-jets- 100F- -
» Twelve regions in 1/, nine regions % ) S -
in 2/ (OS) channel.  “Eaarg=

» All SRs have Np.jets> 3, Nijets > 7.

# Use binned fit to different variables

tO extract ﬂ t t t t. % . ;g‘ 27T LT Ww—ﬁ/ﬂ;@/w_,“_
Q F

1208 06 -04-02 0 02 04 06 08 1
BDT Score

» BDT score in SRs & Ht in CRs.
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EPJC 80 (2020) 1085
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1 20.8 06 -04 -02

0 02 04 06 08 1
BDT Score

BDT scores in the 21(SS)/3l, 11 and 21(OS) channels
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https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://arxiv.org/abs/2103.12603

« tttt: Restdlts and combination of ehannels (f*

arXiv:2103.12603
+ Results of 1//21 (OS) and 2/ (SS)/3] analyses deliver § 10camas 4 Dat S
compatible usu values = combination for the final cross- b fuZﬂé%sT ool R
. ,| Post- it fit |
section measurement: 10°E Egzkﬂ’”"
=24+ 4(stat)) 73 (syst.) fb = 247 fb : :
+ Most relevant systematics in the two analysis are different 10°E e
= limited impact of systematics correlations. - :
. .. . . . 2 1.6 sligr;all( I=1I.O)I+|Bk!g.l T
» Higher precision in 2/ (SS)/3/ = dominates combined result. 2 14— igna (=22 + Bhg
ATLAS \s =13 TeV, 139 fb oF ) = = o5
""I'J'['t'l """" I I llllt{tf log, (S/B)
— 101.
o EPJC 80 (2020) 1085
' Tot. ( Stat., Syst.) Obs. Sig. s s o e §
=1 5 =13 TeV 139 fo E
» 1L/2LOS ——e—— 22 ﬂ:g (ig:; ’ j:g ) 190 § — Observed E
----- Expected 4 G__f
2.0 108 (04 W07 4a. — SM o, (ittt) =
2LSS/3L F o —i YV 06 | 04 04 . // scale uncertainty E
N " 36
Combined @] 20 o5 (04 +05) 470 :
U R S B S S S S BN 7 20
Best-fit u = / oM ) =
= Gtﬁ o OO—I - |5 H% 1 .‘145.-‘.‘.'.20 |215 |30| - |3|5| - |4|0| - Ié:I:I;
» Cross section = 2 times larger than SM expectation, but o) 15
within two standard deviations consistent with the latest 11/21(0S) vields (top) and 21(SS)/3l
CMS results = see EPJC 80 (2020) 75. limit (bottom)
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https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://arxiv.org/abs/2103.12603
https://link.springer.com/article/10.1140/epjc/s10052-019-7593-7

(I11)
Differential tt cross sections
with high top pr
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« tt-boosted: Analysis motivation g °

Boosted tt analysis:

+ Targeting high pr (“boosted”) semi-leptonic 7 events = selecting one lepton (electron/muon)
and an hadronically decaying top quark with pt > 355 GeV.

+» Some EFT operators and BSM scenarios expect deviations from SM for large pr or high m.

+ The tt system 1s fully reconstructed from the final state particles
(using also large-R jets for unresolved top decays).

+ Inclusive/differential cross sections already measured by ATLAS
in 2019, but without full Run II data and EFT interpretations
= see EPJC 79 (2019) 1028.

t—-lWIb—q0qgb

_II|IIII|IIII|II\I|IIII|I\II|IIII|II_
_ ATLAS Simulation Preliminary

+ Background processes (non-#¢) with at least one real lepton A
- Vs=13TeV, 139 fb”

estimated from MC (mostly tW). Multi-jet (0/) estimated via _
matrix method (see here). 40007

[6)]
o
o
o

Events / GeV

» Significant impact of jet energy scale uncertainty on results. 3000;

» Reduced by deriving custom jet energy scale factors (JSF) 2000-
to be applied on top of the standard ATLAS calibration, 7
based on matching between top mass (mass of top-tagged
jet) in data and MC. o SRR

4050 60 170" 180 180 200"
» Best data/MC agreement for JSF = 1.0035 £+ 0.00087. i< [GeV]
mjtop in MC for different JSF values

1000 PWG+PY8 JSF=1.00, Mean=169.15
PWG+PY8 JSF=1.01, Mean=169.89
PWG+PY8 JSF=0.99, Mean=168.41

LE€-LC0C-HANOO-SVILY
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https://cds.cern.ch/record/2777237
https://link.springer.com/article/10.1140/epjc/s10052-019-7525-6
https://inspirehep.net/literature/1319687

« tt-boosted: Differential measurement

+ Measure differential cross sections for several observables sensitive Observables
to kinematics of top quarks and parton shower/radiation effects. o _
pT a Nextra]ets
. . o . . . . o tOple
» Differential distributions unfolded to particle-level via Iterative pr Ag(extray, t0py,q)
Bayesian Unfolding (see ##Z analysis). e Ad(extras, 0pyaq)
Hy AP(D1eps tOPhaa)
1. :1: . HY A@(top,...., tOPy..g)
+ Check compatibility with data (based on y2/ndf) for several parton P AZ: (exf;p, esz}rlgd)
. . . . 1» 2
shower algorithms and FSR/ISR variations in the MC generators. [yPip| m(extra,, top, )
_ 1> LOPhad
|y”| pf:rxtral Vs Nextrajets
» Use sum of bins for inclusive fiducial cross section: m'! P g ploPhd
extral to
Pt A¢(extray, topy,q) VS pr ™
— extra ’ a T |
on=1.267 £0.005 (stat.) = 0.053 (syst.) pb pr Ad(extra,, topy..;) vs NETTaers
ATLAS-CONF-2021-31
§ 107" i_ ?ET:I:\;TeC:’?g;I:;:y '-.-' IE\E:\;?EHPYS (nnlo rw.) : mgi::a _i (;5 0-0042— GT:?:TeC:'?;;l:;:y --.-- E\j\tIZ+PY8 (nnlo rw.) : Eagi:jg _g ‘g;& 0-7;_ %Til?g-re\ljﬁl;;l?s:y --.-- E\Eli\tlaG+PY8 (nnlo rw.) : zxii::a _;
g& = Boosted — MCatNLO+PY8 --- PWG+PY8 hy, =8xm, E ,;& 0.0035— Boosted — MCatNLO+PY8 * 7 PWGHPYB hyypp=3m %Z 0.6 Boosted — MCatNLO+PY8 "o PWGHPYS =3 m_
% oo : Fiducial phase-space zag:z: ::SSF;;_ULTp - Eagizz fs%f;xng: g_“ 0.0035_ Fiducial phase-space Exzizz ::SS'T;_UJF) - :ag:z: ::SSF;;_D;OW‘;_E ‘\;: 0.55_ Fiducial phase-space Eagiiiz ::SSF;{JJP - :ng:ziz ::Sstfgxn_é
\b': ; Stat. unc. Stat.+Syst. unc. E _g“ 0.0025 ;_ Stat. unc. Stat.+Syst. unc. _; S :_ Stat. unc. Stat.+Syst. unc. _E
R = 0.002F— = - =
= 3 = = 0.3 —
~ — 0.0015— — = -
10 = = . §_ . _; 0.2F- —
107 ; ; 0.0005;— ey _; 0.1;_ _;
c 1_3: I : : :: c T i—l_" ------------------------------------------------- — - 1.4; .............................................................................................................................................. —
%‘s B E g E = g 12E
ge 'k b/ E g8 1F
n‘l_’ E n&_) 3 ;'L_’ 0.8
0.7 0.6
c 1.3E c| c 1.4E
g g g, 12f
g5 TE olS g5 1F
&" 0.7E £ : gjg_
p:?phad [GeV] Nextrajets
pr(hadronic-top) Invariant mass of tt system No. of extra (non t-tagged) jets
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https://cds.cern.ch/record/2777237

=« tt-boosted: Interpretations

» Inclusive fiducial cross section shows best agreement with data for MC predictions for POWHEG
and MADGRAPHS with NNLO(QCD)+NLO(EW) reweighing at parton level.

» Using differential distribution of hadronic top quark pr to derive limits on two Wilson coefficients
modifying the top-g and top-g couplings: C;,®, Ci

, o ATLAS-CONF-2021-3
* More stringent limits on Cy(® than latest global SMEFT | . | .
. ATLAS Prelimi Stat. unc.
result = see arXiv:2105.00006. e 1atov o oY Stat +Syst. unc.
Fiducial phase-space Data
q t Boosted
g O T e T T T T SchlorPDFva,sm uncertinty on the NNLO alociaton oY GO 188 (2014 2550
S [ amasemy = 95.7% rogin |

0.75~ A=1TeV, Observed limits 95.5% region — 8

- - m 68.4% region th( )
0_50:_ ] —_—— PWG+PY8
0.25;— - q t -—o— PWG+PY8 (NNLO rw.)
0.001- = :

- g i —— PWG+H7
-0.25 - t :

E Cte L PWG+H7

- : +H7 (NNLO rw.)
~0.50- - o :
_0.750- = —_— MCatNLO+PY8
O T s T e 05 10 g t —-—A— MCatNLO+PY8 (NNLO rw.)

Cic :
| | . |
Wilson coefficient Marginalised 95% intervals Individual 95% intervals 1 s 2
Expected ‘ Observed Expected ‘ Observed ‘ Global fit [99] Inclusive fiducial cross-section [pb]
Ci [-0.44, 0.44] | [-0.68, 0.21] | [-0.41, 0.42] | [-0.63,0.20] | [0.007, 0.111]
c® [-0.35,0.35] | [-0.30,0.36] | [-0.35,0.36] | [-0.34,0.27] | [-0.40,0.61]
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https://arxiv.org/abs/2105.00006
https://cds.cern.ch/record/2777237

(IV)
Single-top polarisation
measurement
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« Single-top polarisation: Analysis motivation

Top-polarisation measurement in single top:

» Perform first cut-based fiducial measurement of the single top-quark polarisation in with full
Run II dataset.

» Focus on single top quarks/antiquark production via exchange of virtual /7 boson 1n #-channel
=> producing a top quark/antiquark and a recoiling light-flavour quark g (“spectator quark™).

+ Top quarks/antiquarks are polarised due to vector-axial vector (V-A) form of the /b vertex
=> spin aligned to down-type quarks.

2l
A
A
SH
QL
4

» Selecting 1/ + jets events: top polarisation vector accessible from angular variables of the lepton
in the top quark rest frame cos @i, cos -, cos 8- = see Phys. Rev. D. 89 (2014) 114009.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114009

« Single-top polarisation: Differential measure nts

» Lepton angular variables in top rest frame {cosx’, cosy, cosf;'} allow to determine
polarisation vector P = {Px, Py, P;’} of top quark/antiquarks from a likelihood minimisation
(after selecting events in SR).

» Differential cross section measurement of angular variables.

» Unfolded to particle-level and compared to the predictions of different MC generators and
parton shower algorithms (e.g. POWHEG+PY8, POWHEG+H7, MADGRAPHS5+PYS).

2 _I TT | T TT I T TT | T TT | T TT | T TT | TTT I T 1T T T T I_ _2, C T | T 1T | LU | 1T | LI | LI | T 1T | 1T LI T I_ -[_\1 1 4_ll T | T 1T | 1T | T T I TTT | T TT I T TT | T TT | T TT | T T
ol " ATLAS Preliminary e Daa ] ol 1.0-ATLAS Preliminary e Daa — ol | ATLAS Preliminary e Data .
T|o = I Stat. Unc. - O|o =L I Stat. Unc. i T|o - I Stat. Unc. .

S 0.9 5-13Tev, 139 10" Stat.+Sys. Unc. E S [ s=13Tev, 139" Stat +Sys. Unc. ] S . f5=13Tev, 1391 Stat.+Sys. Unc. -
: C Powheg-Box+Pythia8 7 : L Powheg-Box+Pythia8 _ : 1 -2__ Powheg-Box+Pythia8 ]
—|o o8~ e Protos+Pythia8 ] —|o S | Protos+Pythia8 _| Amlle) L e Protos+Pythia8 |
r — —  MG5_aMC@NLO+Pythia8 L — — MG5_aMC@NLO+Pythia8 _| - — — MG5_aMC@NLO+Pythia8 -
N —ema Powheg-Box+Herwig7 . - —me Powheg-Box+Herwig7 m 1 —me Powheg-Box+Herwig7 —
0.7__ ] - _| : :
- . 0.8~ lf ol e ]
0.6 [ g _— i 1 | 1
0.5F i I 0T - 0.6 -
1T s ! E i ] i ErevrvenOeyresven T ]
— S e — _
0.4¢ - 0.4 . 0.4 -
0.3 - 0of b 0.2 ~
:|||| . B S T NN WA I A W WA I N ool b b Lo b g Loy -
g g F o E T
= = © = = =
S 12¢ i a 12 s t2g
= | e e ——————— = 1 = TS TETITIIIS 3
8 - T E 8 E E 8 RS E
S 0.8 E 3 S 0.8 E i 0.8 s 3
4 08060402 0 02 04 06 0.8 1 4 08060402 0 02 04 06 08 1 1 08060402 0 02 04 06 0.8 1
cos 6, cos 6, cos 0.

Particle-level distributions of cosOi’ (left), cosOy - (middle), cosO:;- (right)
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https://cds.cern.ch/record/2773738/

» Can set limits (u) on the {Pv, P.’} components of the top/
antitop polarisation vector.

» P,»=0.01 £0.18, P.>=0.91 £ 0.10 (top). 05
» Pry=-0.02+0.20, P.-=-0.79 £ 0.16 (ant1 top).
» In agreement with the NLO MC prediction from o5
POWHEG+PYTHIAS ().
_1_
# Can also constrain two Wilson coefficients which i
modify the W coupling: Ciw, Cii. A
» Best-fit values are (within 68% CL) in agreement with E 1
SM expectation (Cyw = Ciw = 0).
» So far, most stringent simultaneously derived limits on o
Cov and Ciw.
ATLAS-CONF-2021-027
Ciw Citw I
68% CL 95% CL | 68% CL 95% CL —0.5}

All terms -0.2,0.9] [-0.7,1.5] | [-0.5,-0.1] [-0.7, 0.2]
Order 1/A* | [-0.2, 0.9] [-0.7, 1.5] | [-0.5,-0.1] [-0.7, 0.2]
Order 1/A? | [-0.2, 1.0] [-0.7, 1.7] | [-0.5,-0.1] [-0.8, 0.2]

—

. ATLAS Preliminary
L Vs=13 TeV, 139 b

top quark

top antiquark

| +best Fit
— [ 68% CL stat. only
L 68% CL stat.+syst.

~ 2 Powheg-Box+Pythia8

e Dest-fit value |
------ 68% CL

95% CL -
* SM prediction |

- ATLAS Preliminary
" Vs=13TeV, 139 fb”
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o Summary

» Presented four of the most recent ATLAS measurements on top quark related processes (most
results released in the last 2-3 months).

» Measurement of inclusive and differential ##Z cross sections in 3/ and 4/ final states
= arXiv:2103.12603.

» Measurement of the ###f production cross section in 1//2/ (OS) and 2/ (SS)/3/ channels
=> arXiv:2106.11683.

» Differentials and inclusive cross section measurements of # events with high pt top quarks
=> ATLAS-CONF-2021-31.

» Measurement of top quark/antiquark polarisation in single top events
=> ATLAS-CONF-2021-027.

» Further interesting results on top physics in ATLAS can be found on the “Top Public Results”
webpage of the ATLAS collaboration (see here).

Thanks a lot for your attention!
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https://arxiv.org/abs/2106.11683
https://cds.cern.ch/record/2777237
https://cds.cern.ch/record/2773738/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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= ttZ analysis: Background estimation

» Dominated by /7 + jets (3]) and ZZ + jets (4/) = using control

Wtz 1 WZ+jets

regions to constrain backgrounds (only light-jet components). 3l+41 SR comb. B W)
) ) ) ] W ZZ+jets m Other
» Normalisations for WZ/ZZ + light-jets free fit parameters. 61.2%
WZ/Z7 + b/c-jets fixed to MC prediction (but extra unc.).
0.6 %
. . 2.0 %
+ Data-driven matrix-method for fake/non-prompt lepton background. 299
» Fake-lepton prediction validated in 3/ region with Z-veto = up to 5.0 %
60% fake leptons. 6.4.9
» Smaller SM backgrounds (e.g. tt+W/H, tZq, tWZ) estimated purely
from MC (all < 7%). 1o
arXiv:2103.12603
§ 00F  ias $ Data WZijets ] é 450F  ATLAS $ Data [ Zz+jets E oo AT’-‘I‘S | | +IDa‘a I.Fa"e Le;"“’”s
® 800F  ys-13Tev, 139 b Wzziets Wiz ] " 400} (5=13TeV.13970" W other 7 Uncertaint 21000 fe-taTey. 139! Wesjets 2
% 700F 3|-W.Z-CR [l Fake leptons [l Other ] 350k 41-ZZ-CR ” Y ] % 1401 3I-1b3j-noZ Wiz W2
@ 600f Pre} 7 Uncertainty ; 300k Pre-fi ; 2 120f Pre-fi W other 7/ Uncertainty
500 % 1 050 ¢ 1 100
400f // / : 200 ; 80

3

i I I .
100F . /////// T, L2 S 1 20
é ;3///// // // W////// § 0.; %,,,QW,W,W,W////(/////%//////////// % § ;Z // ////Ag/// ,/////M s ////////%///
150 200 Leading I2€5F30np [Ge\fi?o 0 1 2 3 4 5 ZGNjets 300 400 500 600 700 800 900HT [Ge1\200
CR-31-WZ: 1st lepton pr CR-41-ZZ: Njet (pT > 25 GeV) VR-3l-Fakes: Hr
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=« TtZ analysis: Systematic uncertainties

. arXiv:2103.12603
Most relevant systematics:

Uncertainty Ao iz /077 [90]
+ All detector-related uncertainties (JES/JER, t1Z parton shower 3.1
b-tag, lepton SF etc.) considered. tW Z modelling X
D-tagging 2.9
* tt/ parton-shower (& underlying event): WZ/ZZ +jets modelling 2.8
» Comparison of nominal ##Z MC tZq modelling 2.6
(MADGRAPHS + PYTHIAS) vs. MADGRAPHS + Lopii s
HERWIGT. Luminosity 2.2
Jets + Eiss 2.1
» tWZ modelling: Fake leptons 2.1
ttZ ISR 1.6
» Comparison of different diagram removal 177 up and i scales 0.9
schemes: DR1 vs. DR2 (see here). Other backgrounds 0.7
Pile-up 0.7
v WZ/Z7 + jets modelling: 77 PDF 0.2
» uF, ur variations & normalisation uncertainties. Total systematic 8.4
, Data statistics 5.2
» Extra 50% (30%) for WZ/ZZ + b(c)-jet Total 10

components = obtained from Z + b events (2/).
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https://arxiv.org/abs/2103.12603

o T ““ \ 7, o
ttZ analysis: Compatibility of differential resul{a Vi D \, D

+ Can evaluate the compatibility between data and the theoretical predictions by computing y2/ndf
and p-values for differential distributions.

» Checked for different #Z generators, as well as hand-made theory calculations at NLO,
NLO-+NNLL and nNLO precisions = see JHEP 08 (2019) 039.

» All p-values > 0.05 = largest tensions in pr1(Z), pr(Iren-2), Ao(Z.1;) and Ao(tt,7).
» NLO+NNLL predictions for pr(Z) seem to show improved agreement.

arXiv:2103.12603
2 . % é o MG5_aMC@NLO 2.3.3 | MG5_aMC@NLO 2.3.3 SHERPA 2.2.1 SHERPA 2.2.1 Additional
E E g Té ED + PyTHIA 8 + HERWIG 7 NLO multi-leg NLO inclusive Theory
Variable Z x2/ndf p-value x2/ndf p-value x3/ndf  p-value | y%/ndf p-value | y2/ndf p-value

p% v v 9(a) 12.8/7 0.08 12.0/7 0.10 11.6/7 0.11 12.1/7 0.10 / /
“© p% v |V 9(b) 12.8/7 0.08 11.7/7 0.11 11.2/7 0.13 11.3/7 0.13 10.4/7 0.17

z p% v v | 10(a) | 11.0/6 0.09 10.8/6 0.09 10.6/6 0.10 10.7/6 0.10 / /
- p,lZ. v v | 10(b) | 11.0/6 0.09 10.8/6 0.10 10.7/6 0.10 10.6/6 0.10 10.5/6 0.11
[yZ] v |V 11(a) 2.8/8 0.95 2.9/8 0.94 4.0/8 0.85 2.7/8 0.95 2.9/8 0.94

Niets v v 12(a) 0.8/3 0.85 0.6/3 0.90 0.3/3 0.95 0.5/3 0.92 / /

< ,f:non'z v |V 13(a) 7.6/4 0.11 8.8/4 0.07 8.3/4 0.08 8.6/4 0.07 / /
" |AG(Z, tep)| v IV 13(b) 5.5/3 0.14 5.8/3 0.12 5.2/3 0.16 6.9/3 0.07 6.6/3 0.09
|AY(Z, tiep)| v |V 14(a) 0.9/3 0.82 0.7/3 0.88 0.2/3 0.98 0.5/3 0.92 0.3/3 0.96

Njets v v 12(b) 1.4/4 0.84 1.7/4 0.79 2.8/4 0.59 2.8/4 0.59 / /

o | 1A(7, 3] v |V 14(b) 2.1/4 0.72 2.3/4 0.69 2.7/4 0.62 2.6/4 0.63 / /
N |Ag(tt, Z)| v |V 15(a) 5.2/3 0.16 4.7/3 0.19 3.5/3 0.32 3.4/3 0.33 4.9/3 0.18
pfrf v |V 15(b) 3.5/4 0.47 3.6/4 0.47 3.5/4 0.48 3.5/4 0.47 4.6/4 0.33
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Events

—_

# Use CRs for #W and non-prompt electrons/muons originating

# Obtain normalisation factors (NFs) for these background

components together with us from simultaneous fit 1n all
SRs/CRs.

» Corrected MC 1s used for SM background prediction in SRs.

~ N \R
¢ Tttt analysis: Background estimation-in zI(SS)/é,_I_‘chaﬂnn‘SI\_.\"

ATLAS Ot otz Cttw

from heavy-flavour (HF) decays and electrons from y- (513 Tev ey Chiad i
. HF
conversions. =
CR Conv. CRHF u CRHFe

CR ttW

Parameter NF; 7w NFMat. cony.

NFLOW my*
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https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3

Tttt analysis: Fit regions in 11/21(0S)

+ Signal and control regions are categorised by Njets and Np.jets arXiv:2103.12603 L
in 1/ and 2/ (OS) channels. >5b | i
. . Do . ——————————————i—————————————i— ————— Signal regions ------
» All SRs have high jet multiplicities and > 3 b-jets (). 4b | ; |
» Regions with = 3 b-jets and lower jet multiplicities () 3bV | e
are used as CRs to fit ##+jets, separated by jet-flavour: [ I A A
. 3bH i I |
tﬁ_hghta tt—i_b) ire. mmom- Control regions ---------------———-
. . . . . : 3bL i i |
» Total #f 1s reweighed to data in regions with=2 b-jets (n) | S | S
as a function of different kinematic variables. 2b tt+jets kinematic reweighting regions
2 - | | | | l 2 - | | | | | . 7] 8] 9j 210j
& 4 ATLAS ¢ Data [ [ & . s[ ATLAS ¢ Data Wit
@ 10°E soq3Tev, 13907 [Jiielight  [textc 3 @ 10°E soq3Tev, 13907 [Jiieligt  [textc 3
 tt+jets uncorrected Ett+>1b [CJnon-tt 1 [ tt+jets corrected B tt+>1b [CJnon-tt 1 2L0S
1052— 1L,>8j,>3b 72 Uncertainty = 1052— 1L,>8j,>3b 72 Uncertainty = | | |
10¢ et 10k 24b i i Signal Iregions
10°8 10°F 3bV i Validation regiolns
e
10F e .00 % ————— Controllregions ————— 45 ——————————————
- g 3bL i i |
5 1F ! ! . 5 1 : I | l
2 225 . ¢ S oo5F N T HE T
; . E_ _._ _: ; . ;_ _f 2b —_ . . . . . .
. 0.172%%/%// 7///3/%///%//////%////////////@ g 0.1725_ Wﬁ%ﬁ tt+Jeits kinematic riewelghtlng reiglons
“ 8 9 10 11 12 >3 “ 8 9 10 11 12 >3 5j 6j 7j 28]
Number of jets Number of jets
Njer in one of the 3b CR: pre-fit (left) and post-fit (right) SRs/CRs in 11 and 21(0OS) channel
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Tttt analysis: Systematic uncertaipties

» The nuisance parameters ranked according to their post-fit impacts on the best-fit value of

o o fu v - o ‘-:‘-_-
,A‘_‘ : o § \_‘ N
: . » ‘:l v't-,_
L . <
[ . .J N

T
|

S,

e in the 1//21 (OS) channel (left) and the 2/ (SS)/3/ channel (right).

+ Besides the fttt cross section uncertainty, different uncertainty sources are dominant for the
two channels = no strong correlations.

Pre-fitimpact on p:

16 = 0+A0 6 = 6-A0
Post-fit impact on u:
W6 = B+AB 6=0-A8

—e— Nuis. Param. Pull

tttt cross section

tttt PS choice

ttbb 5FS vs. 4FS

tt+>1c normalisation

titt uoandp

b-tagging: light jets mis-tag rates EVO
ttbb generator choice shape

tt+>3b normalisation

tt+jets reweighting: non-tt subtraction
tt+> 1c generator choice shape
tt+>3b 5FS vs. 4FS

ttB normalisation

JES modelling EV1

JES pile-up p-topology

ttB 5FS vs. 4FS

tt+light generator choice migration
JES flavour composition tttt

ttH + jets cross section

JES flavour response

single-top-quark generator choice

Au
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IlI|III|III|III|III|III|III|III
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Fit in 11/21(0S)
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Pre-fitimpact on p:
16 =0+A0 0=08-A0 0

A
8 -06 -04 02 O 02 04 06 08

Post-fit impact on p: |
o =0+A0 0 =0-A0

—e— Nuis. Param. Pull

tttt cross section

ttW syst > 8jets

tttt renorm./fact. scale

tttt modelling (shower)
b-tagging MV2c10 light0
ttW + 1 truthb

ttt cross section

Luminosity

JES pileup rhoTopology
JES effectiveNP modelling1
JES flavor composition signal
b-tagging MV2c10 CO

ttbar + 1 truth b

ttW syst 7jets

ttbar + 2 truth b

JES pileup offsetNPV

ttW + 2 truth b

ttZ modelling (generator)
ttbar light fake cross section

Jet vertex tagger efficiency

rrryprrryrrr|yprrryrrryrrr|rrrj[rrrT
I I | | | I I [

ATLAS
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= Cross section summary plots

» Summary of ATLAS and CMS measurements of
i+X, X =W, Z, y (left) and ¢t (right) cross
sections at Vs = 13 TeV.

ﬁ_i'lc':lﬁﬁ«)a-léCMS Preliminary Vs = 13 TeV, May 2021 *Preliminary
: oy, =059 0(scale)+ 0.01(PDF) pb i o, =0.86" 00 (scale) = 0.02(PDF) pb  : Oy X 20 = 0.038" 3 %4(tot.)pbx 20 = Gy, = 0.77+0.14(tot.) pb
= Eur. Phys. J. C 80 (2020) 428 = Eur. Phys. J. C 80 (2020) 428 :  JHEP 10 (2018) 158 = Madgraph5 + aMC@NLO
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ﬁW : Phys. Rev. D 99 (2019) 072009
0.77 312 +018 pb : CMS, L =35.91b"
JHEP 08 (2018) 011
0.99:+ 0.05+ 0.08 pb D ey ATLASL =1391b
ﬁz é arXiv:2103.12603 )
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JHEP 03 (2020) 056
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H JHEP 09 (2020) 049
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« tt-boosted analysis: JSF correction

+ Custom correction factors to the jet energy scale (JSF) are applied to reduce the default ATLAS
JES uncertainties.

» Left: the distribution of m; tor-tageed for three example values of the JSF.

» Middle: the mean of the same distribution as a function of JSF and a linear fit to the simulated
samples = best agreement with data for JSF = 1.0035 &+ 0.00087.

» Right: the m; distribution observed in data compared to the expected signal and background
processes for JSF = 1.

ATLAS-CONF-2021 3 1

— > = 3
> [ | T TT | T T | T T 1T | L | T T 1T | T T | T 1] > _I T | T T T | T T 1T | T 1T | T T | T T | T T 1T | T O 2200__ ATLAS Prellmlnar __
[0) B i . . . C y . Data -
G 5000 ATLAS Simulation Preliminary 7 & [ ATLAS Simulation Preliminary i O 000 Vs=13TeV, 139 fb" (3 E
2 [ s=13TeV, 139 b ) 3 [ 15=13TeV, 1391’ b € g0, Boosted (JSF=1) i Total background 4
§ - - € r ' ' - 2 = Normalised to data - Statesystune 3
W 40000 B - thnear Fit: i - ]

i i [ o ] = =
: ] 1701 = 93.61 + 75.55 JSF . 3 E
3000/ : I i = =
: : 169 . - E
2000 . I ] = E
i 1 168/~ § = E
1000__ PWG+PY8 JSF=1.00, Mean=169.15 _ i ] E | E
= PWG+PY8 JSF=1.01, Mean=169.89 = = i -8' 19k '
i PWG+PY8 JSF=0.99, Mean=168.41 ] 167__ ] 0:_ . ;r&//y/,«/wm/yfvﬂ/vﬁfmw/f/f/%/ %/////
_I 1 | I | I I I | | I I I | | | I 1 l_ _I 1 | | I | | I | | 111 | I | | I | | 1 I_ _'(E "TE L
0740 150 160 170 180 190 200 097 098 099 1 101 1.02 1.03 S 120 140 160 180 20gp 220
m'°Pras [GeV] Jet Scale Factor (JSF) Reconstructed-level m " [GeV]

22.08.2021 . S £ Cardillo ‘N -  ATLAS top-physics highlights


https://cds.cern.ch/record/2777237

« tt-boosted analysis: Systematic uncertainties e@si EFT@W&@C’\C‘:

T

T I T T T I T T T I T T T I T T T | T T T I T T T I T T T
ATLAS Prellmlnary Fiducial phase-space
Vs =13 TeV, 139 fb Boosted Absolute cross-section

» Breakdown of systematic uncertainties for the inclusive
measurement (left) and the differential result, binned in
the top quark pr (top right).

N
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Fractional Uncertainty [%]

» Dominant uncertainties: H-tagging, hadronisation

modelhng and lumanSIty —10 s
ATLAS-CONF-2021-31 oo e e,
— JSF Stat Unc. Flavor Tagging —
Source Uncertainty [%] Uncertainty [%] (no JSF) C o fiedine - e Ot ]
Statistical (data) 04 04 400 600 800 1000 1200 1400 1600p“]"i??Ge2V0]OO
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i 8
Hard scnttor iy 08 » Impact of the operators Cy(®, Cig on the
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' ® ’ 33_ ------- (CtG=O,C::)=-0.25) —— Unfolded(C oo 025) B
Jets . +0.7 +4.2 S UE (€-025C%=0)  —— Unfolded(C_ 0250 0) -
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Leptons +0.8 +0.8 S TCE -]
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o - - R -
Pileup +0.4 +0.0 g i _ .
Luminosity +1.8 +1.8 > et 1 ]
Backgrounds +0.7 +0.6 ! =
"unmaan., . N
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 tt-boosted analysis: Compatibility:of differential resilts
y patibility l reslt

+ Can evaluate the compatibility between data and the theoretical predictions by computing y2/ndf
and p-values for differential distributions.

» Checked for different MC generators setups (variation of parton-shower algorithm and ISR/FSR).

» Predictions from POWHEG and MADGRAPHS exist also with extra NNLO(QCD)+NLO(EW)
reweighing at parton-level = better agreement with data in most cases.

Observable | PWG+PY8 | PWG+PY8(NNLO weiGHT) | MC@NLO+PY$ | MC@NLO+PY8(NNLO WEIGHT) | PWG+H7 | PWG+H7(NNLO wEIGHT)
‘ X2/NDF p-value H )(Z/NDF p-value H X2/NDF p-value H XZINDF p-value H XZINDF p-value H )(Z/NDF p-value
PP 26/8 <0.01 5/8 0.79 18/8 0.03 4/8 0.85 7/8 0.56 3/8 0.94
ptToplep 78/8 <0.01 28/8 <0.01 || 144/8 <0.01 10/8 0.27 43/8 <0.01 18/8 0.02
P 162/7 <0.01 4617 <0.01 || 171/7 <0.01 22/7 <0.01 || 122/7 <0.01 39/7 <0.01

_T,
HITES 36/7 <0.01 717 0.42 1777 0.02 23/7 <0.01 21/7 <0.01 12/7 0.10

T _
HY 86/10 <0.01 37/10 <0.01 || 110/10 <0.01 16/10 0.10 47/10 <0.01 28/10 <0.01
| y!OPhad | 47/17 <0.01 27/17 0.06 37/17 <0.01 23/17 0.15 30/17 0.03 26/17 0.07
R 40/14 <0.01 17/14 0.26 29/14 0.01 12/14 0.58 28/14 0.01 19/14 0.16
| 30/10 <0.01 8/10 0.58 23/10 0.01 6/10 0.81 14/10 0.19 7/10 0.74
m'" 52/10 <0.01 24/10 <0.01 81/10 <0.01 7/10 0.74 29/10 <0.01 22/10 0.02
pr 115/15 <0.01 38/15 <0.01 || 413/15 <0.01 || 194/15 <0.01 || 143/15 <0.01 69/15 <0.01
py 46/9 <0.01 19/9 002 | 259 <0.01 ||  74/9 <0.01 || 42/9 <0.01 || 29/9 <0.01
NexIraets 32/5 <0.01 12/5 0.03 76/5 <0.01 78/5 <0.01 57/5 <0.01 62/5 <0.01
Ag(extray, topy,q) 17/9 0.05 8/9 0.53 || 150/9 <0.01 80/9 <0.01 42/9 <0.01 30/9 <0.01
Ag(extray, top,q) 8/9 0.56 5/9 0.84 8/9 0.57 25/9 <0.01 85/9 <0.01 76/9 <0.01
A (byep> tOPpyg) 95/13 <0.01 34/13 <0.01 || 145/13 <0.01 16/13 0.23 52/13 <0.01 25/13 0.02
A@(t0D}epr 1OPpyg) 111/5 <0.01 36/5 <0.01 || 134/5 <0.01 82/5 <0.01 90/5 <0.01 36/5 <0.01
Ad(extra,, extra,) 24/11 0.01 16/11 0.13 31/11 <0.01 69/11 <0.01 || 237/11 <0.01 || 215/11 <0.01

1 2
m(extra,, topy,q) 50/12 <0.01 20/12 0.06 || 221/12 <0.01 48/12 <0.01 41/12 <0.01 19/12 0.08
patt v NeXIraiets 355/21 <0.01 || 205/21 <0.01 || 633/21 <0.01 || 316/21 <0.01 || 263/21 <0.01 || 159/21 <0.01
PO yg pioPhad 115/17 <0.01 53/17 <0.01 || 383/17 <0.01 || 152/17 <0.01 || 121/17 <0.01 74117 <0.01
T T )

Ag(extray, tpy,q) VS py 69/21 <0.01 43/21 <0.01 || 42721 <0.01 || 223/21 <0.01 78/21 <0.01 60/21 <0.01
Ag(extray, topy,q) vs N7 | 109/19 <0.01 64/19 <0.01 || 545/19 <0.01 || 250/19 <0.01 85/19 <0.01 60/19 <0.01
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» Left: extracted values for the different components of the top quark/antiquark polarisation vectors
P ={Py, Py, P.}, together with background normalisations from the CRs.

» Right: statistical and systematic uncertainties (grouped by categories) in the measurement of the
polarisation-components for top quarks/antiquarks.

ATLAS-CONF-2021-027

Parameter Extracted value (stat.) Uncertainty source AP, AP, AP, A P;_, AP, AP
t-channel norm.  +1.045+0.022 (4 0.006) Modelling

, Modelling (¢-channel +£0.037 £0.051 +0.010 40.015 =£0.061 =0.061
foﬂets HOTH- +1.148£0.027 (4 0.005) Modelling Etﬂ | +0.016 £0.021 40.004 =£0.016 +£0.003 =40.016
ft norm. +1.005£0.016  (£0.004)  ypoqetting (other) +0.013  +0.031 +0.003 +0.006 +0.026 -+0.043
P, +0.01 +0.18 (£0.02) Experimental
Pé_/ —0.02 +0.20 ( + 003) Jet energy scale +0.045 #£0.048 #£0.005 #£0.007 4£0.033 £0.025
P;, 0.020 +0.027  (+0.011) Jet energy resol.utlon +0.166 +0.185 40.021 40.040 40.070 40.130
pt 0.007 £0.051 (% 0.017) Jet flavour t'aggmg o +0.004 £+0.002 <0.001 4£0.001 4£0.007 40.009

Y Other experimental uncertainties 40.015 +0.029 +£0.002 =£0.007 =£0.014 +0.026
P +0.91£0.10  (+£0.02) Multijet estimation +0.008 +0.021 <0.001 +0.001 +0.008 +0.013
P —0.79+0.16  (£0.03) Luminosity +0.001  +0.001 <0.001 <0.001 <0.001 <0.001

Simulation statistics 1£0.020 +£0.024 +0.008 40.015 =£0.017 =£0.031

Total systematic uncertainty +0.174 +0.199 +0.025 4+0.048 +0.096 40.153
Total statistical uncertainty  +0.017 +0.025 +0.011 4+0.017 40.022 +0.034
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» Compatibility between the SM prediction and data
for the unfolded differential distributions of cosfx’,
cosfy and cos O (y?/ndf and p-values).

Angular variable

x?/NDF  p-value

cos 0y, 1.53/7 0.98
cos Oy, 4.25/7 0.75
cos 0y 2.98/3 0.39

+» Impact of Cyw and Cisw on the unfolded spectra of cos O and cos 8, = the particle-level prediction
from the SM (m) can be compared to the result from the best-fit values of Cy» and Ciw ().

Model/Data
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Particle-level distributions of cosOix’ (left) ad cosOy - (right)

22.08.

2021

£ Cardillo N -

ATLAS top-physics highlights


https://cds.cern.ch/record/2773738/

