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Top physics: motivations and goals

Top-quark has unique properties in the SM:

- heaviest known particle - mi,, fundamental SM parameter
- large coupling (4+ ~ 1) to the Higgs boson — special role in EW
symmetry breaking

- short lifetime 7+ ~10-25 < Thaqa ~10-24 — unique possibility to probe
bare quark properties

g t q t
LHC is a top factory: 120M top pairs produced in runz, %&Qwﬂ< >.0.0.Q.Q0<
more are coming in run3 g i g t

Pair production via strong interactions

Stringent test of the SM and possible hints for new physics (mainly gg), dominant production @ LHC

thanks to the large sample, the ever increasing experimental |

precision and the advances in theoretical calculations. ! ! / , v
W .

This talk will present a selected list of recent ATLAS results for top , t ; t

cross-sections, mass and properties. The complete list is available at:

https: //twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults Single production via EW
charge current interactions
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Inclusive tt cross-section

M

s New measurement @ 5.02 TeV combinin
di-lepton and l+jets channels

621V = 67.5+£2.7 pb (4% prec.)

- increased qq contribution and larger x (new

g

~

o 1_3 TeV

GIYNLO+NNLL — 832+20

constraint for gluon PDF)
- better precision than current SM prediction

—29

ost precise result @ 13 TeV exploiting dilepton ey final states:
829 £ 1 (star) = 13 (syst) £ 8 (lumi) = 2 (beam) pb

dominant systematics: luminosity (0.93%), top pT reweighing (0.58%),
tW bkg. x-sec (0.52%), in-situ electron isolation (0.51%), PDF (0.41%)

1.8% precision! much better than current NNLO+NNLL prediction:
(scale) =23 (mass) = 35 (PDF + a,) pb

arXiv:2303.15340 [hep-ex], submitted to JHEP —13 TeV - 139 fb-1
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— _ 4
First run 3 results: tt inclusive cross-section and tt/Z cross-section ratio

ep di-lepton channel for = O;; = 839 £ 4(star) £ 22(syst) £ 19(lumi) pb (3.4 % prec.)
ee/pp channels for Z, fiducial region 66< m,, <116 GeV ¢ ¢ . =751 + 0.3(star) = 15(syst) + 17(lumz) pb
— precision of individual results affected by correlated syst. uncertainties | Amas preiminany
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partially merged,
boosted W

Differential tt cross-section un-meged
all-had ch. boosted topology

fully merged

Fiducial region: -_— >
particle level — leading/subleading large-R jet: pT>500/350 GeV, Inl<2.0, both matched to a b-hadron
parton level — leading/subleading top-quark: pT>500/350 GeV
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Particle level: normalized distributions precision ~ 10%-20%, reasonable agreement with several NLO+PS predictions

some discrepancies in the tail of the pT of the second top-quark, as observed in previous ATLAS measurements

Parton level: general better agreement — possible sources of discrepancies: PS, hadronization, ISR/FSR
arXiv:2205.02817 [hep-ex], accepted by JHEP

13 TeV - 139 fb-1
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arXiv:2303.15340 [hep-ex], submitted to JHEP &

Differential tt cross-section 13 TeV - 139 fb-
Single and double differential cross-sections in the ep final states

Fiducial reqion at particle level

— less affected by QCD modeling uncertainties leptons: e(h) jets
Several leptonic kinematic variables considered and compared with various pT>‘ 2‘7(<252)5G6V P‘T T <252C5}6V
MC predictions @ NLO+PS p%, |1,], My, Prs | YH |, EC+ EX, pr+ph, ApH == = =

- Precision ~ 2% (1%) for absolute (normalized) measurements except in the highest energy bins
- No model can describe all distributions within uncertainties, sizable discrepancy especially for

the high-energy tail of the distributions  — important inputs for MC modeling improvements
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Top-quark MASS fundamental parameter of the SM with several implications

Top-quark not a free particle, mass determined through comparison with calculation
Uncertainty for combinations ~ 0.5 GeV (0.3%)

° ) o )
ATLAS+CMS Preliminary Mip SUMMary,is = 7-13 TeV  November 2022 Lower uncertainties ~ 1 GeV (0.6%
LHClopWG . ,
Norld comb. (Mar 20141 (2 e ATLAS+CMS Preliminary Miop from cross-section measurements
st:tr comb. (Mar ) 2] total stat ' LHCtO,DWG June 2022
total uncertainty _ My, + total (stat syst s Ref. total: si[ a' — m,,, T tot (stat £ syst + theo) Ref.
LHC comb. (Sep 2013) LHctopwG &+ 173.29+ 0.95 (0.35+ 0.88) 7 TeV [1] )
World comb. (Mar 2014) H*H 173.34+ 0.76 (0.36 + 0.67) 1.96-7 TeV [2] o(tt) inclusive, NNLO+NNLL
ATLAS, l+jets H——tH 172.33+£1.27 (0.75£ 1.02) 7TeV [3] . . +2.5
ATLAS, dilepton —F—=—— 173.79+ 1.41 (0.54+ 1.30) 7 TeV [3] ATLAS, 7+8 TeV . —=- . 172.9 ;_»167 [1]
ATLAS, all jets f——=——1 175.1+ 1.8 (1.4% 1.2) 7 TeV [4] CMS, 7+8 TeV I —| 173.8 3 2]
ATLAS, single top [ ——t— 172.2+ 2.1 (0.7+ 2.0) 8 TeV [5] +1.9 +1.2
ATLAS, dilepton - 172.99+ 0.85 (0.41+ 0.74) 8 TeV [6] CMS, 13 TeV : +— 169.9 21 (0.1£1.5 45) [3]
ATLAS, al! jets F——— 173.72+1.15 (0.55+ 1.01) 8 TeV [7] ATLAS, 13 TeV ——a | 173.1 f22_'10 (4]
ATLAS, |+jets et : 172.08+ 0.91 (0.39+ 0.82) 8 TeV [8] 18
ATLAS comb. (Oct 2018) HeH 172.69+ 0.48 (0.25+ 0.41) 7+8 TeV [8] LHC comb., 7+8 TeV LHCtopWG —— 173.4 5, [5]
ATLAS, leptonic invariant mass : = 174.41+ 0.81 (0.39+ 0.66+ 0.25) 13 TeV [9] T 40\ A .
ATLAS, dilepton (*) =4 172.63+0.79 (0.20+ 0.67+ 0.37) 13 TeV [10] o(tt+1]) differential, NLO 123 1.0
CMS, l+jets - 173.49+ 1.06 (0.43+ 0.97) 7 TeV [11] ATLAS, 7 TeV H—e—ok- 173.7 57 (1.5+1.4 45) (6]
CMS, dilepton ot 172.50+ 1.52 (0.43+ 1.46) 7 TeV [12] . i . . i +4.5 +25 +3.6
CMS, all jets ———t 173.49+ 1.41 (0.69+ 1.23) 7 TeV [13] CMS, 8 TeV (°) ' e ' 169.9 5’172 (1.1 3 '1'50)7 [7]
CMS, I+jets HeH 172.35+ 0.51 (0.16+ 0.48) 8 TeV [14] ATLAS, 8 TeV == 1711 40 (0.4 +£0.9 L43) [8]
CMS, dilepton —tot— 172.82+1.23 (0.19£1.22) 8 TeV [14] % +1.4
CMS, all jets e 172.32+ 0.64 (0.25+ 0.59) 8 TeV [14] CMS, 13 TeV (%) F=—i 1729 14 ®l
8%!'2 singlz tc()g 2015) HF;I*'-H 172.95%1.22 (0.77+ 0.95) 8 TeV [15] o(tt) n-differential, NLO
comb. (Sep 172.44+ 0.48 (0.13+ 0.47) 7+8 TeV [14]
CMS, |+jetS —=—] é 172.25+ 0.63 (0.08i 0.62) 13 TeV [16] ATLAS, n=1 y 8 TeV H_._H 1732 i 16 (09 _i_- 08 i 12) [10]
gmg d::efpton o= 172-2?18-72 (8;;& 8-6? 13 TeV [17] CMS, n=3, 13 TeV —e—] 170.5+0.8 [11]
: 72.34+0.73 (0.20+ 0.7
v ; a. Jel'[S |_|'°H . ( N ) 13 TeV [18] m,,, from top quark decay [1] EPJC 74 (2014) 3109 [6] JHEP 10 (2015) 121 [11] EPJC 80 (2020) 658
CMS, single top He : 172.13+0.77 (0.32+ 0.70) 13 TeV [19] opP [2] JHEP 08 (2016) 029 [7] CMS-PAS-TOP-13-006 [12] PRD 93 (2016) 072004
CMS, |+jetS (*) S| § 171.77+0.38 13 TeV [20] CMS’ 7+8 Tev Comb [1 O] [8] EPJC 79 (2019) 368 [8] JHEP 11 (2019) 150 (13] EPJC 79 (2019) 290
CMS, boosted (*) l_""l"" [1]ATL/JS7C§N'2§§09'81 (0[-55:—;7?{-233)290 [11 ?@SX(E@L ATLAS, 7+8 TeV comb. [11] EH E;Jiﬁfzoo(;?gg;g% {?g)]c éﬂpi_ggi_(ggf %)2:3_(?4? ) * preliminary
* Preliminary Eigfjgimgé?z?g ﬁ%}}f{;’é%‘%@f?ﬂ?” ﬁa EE% ?§§§i§§%’é A N A N N T M N T TN NN T A T N T T T N T T A T SO M N M O
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o b b gy by 1| mtop[GeV]
165 170 175 180 185 ST, o
GeV indirect-measurement: production cross-
mtOp [ € ]

section (dependent from mi,p) compared with

QCD calculation (m." Zle)

direct-measurement: invariant mass or other sensitive variables

from decay products compared with MC calculation (m%f)
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Top mass from template method in tt — dilepton

ATLAS-CONF-2022-058 b x -~ Deep neural network (DNN) for £-b matching

13 TeV - 139 fb- )
"6 - used £-b pair with larger prto reduce signal
dilepton ch. 77777\ . . -
WeS modeling and jet-related uncertainties

v b - Template fit to #71.; distribution
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Q@ [ + ] — : _9 — ' ' —
2 - : § - Mg, = 174.0 GeV 2 - . 2
60000 — - o Uk 1 9 2500 § —
— o 3 - 1 w B i
50000 |— o |- 3 0.025— = - .
— _ © — Z = -
40000 = = £ 0.02 = 2000— —
- ] 2 0015 S - -
30000 — - TE - -
= - 0.01 -
20000 — K B L
— = 0.005 B B
10000 — - —
E E 0_ ................................... S T T T e -
O 12 ................................................................................................................................................................................ 1 05 § R e O B B B
11 ..... ............................................................................................................................................ C_) . — :
T e i d 5 RENR AR L PRI
a g:g A - SN 0.95 = { *4 ; ¢ ¢ *
1 2 4 . 7 8B 09 AT AT TTSA T T TTan  Ton  TTiAA T T i1A Tion  ian E P R R S S R R I R
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m " [GeV]

m — 172 21 + O 20 (Stat) + O 67 (Syst) + O 39 (recozl*) GeV fof +0.80 GeV

*Effect of leFerenf treatments of recoul in gluon emission (agalnsf b or t quark) in nyhla quofed separately
Dominant syst uncertainties: ME-PS matching, recoil, JES, color reconnection
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Top mass from soff muon tag
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Pre-fit impact on m;:
0=0+A0 | |6=10-A0

Post-fit impact on m;:
0 = 8+AD 0 = 0-AD

—e— Nuis. Param. Pull

BR b—»C—u

BR b—u

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

Z+jets norm. (bb/ cT)
SMT-fake norm.

BR b—c—u

E™SS soft track resolution (para.

)
JES (modelling 1)

b-tag (b 0)

tt ISF%—uR (SMT from b/ c)
JES (pile-up, p topology)
E™SS soft track scale
Muon identification eff. (syst.)
JER

b-prod. frac. (baryons)

tt ISR (SMT from W)

tt o 7R

tt PDF 2

Pile-up

= +0.81 GeV

arXiv:2209.00583 [hep-ex]

13 TeV - 36.1 fb-

less sensitivity to JES/JER and to tt production modeling
sensitive to b-fragmentaton, LEP and SLC data used to improve
data description — relevant for combination with other methods

Am, [GeV]
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ATLAS
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g g i arXiv:2209.14903 [hep-eX]
W polarization in top decay :2200.14903 [ne
test Wtb properties, determined by the V-A structure of the EW mferachon

: do e
dilepton ch. — unfolded at parton-level
d cos 0%

Main systematic uncertainty: tt production

fO 0.684 + 0.005(stat) 0. Ol4(syst)
| /= 0318 £0.003(star) % 0.008(sys1) |
| fx= — 0002 0.002(stai) £ 0.014(sys1) |

modelling, jet reconstruction b W
EI 801 | T rr T rrrrrrrr 11111 |: -)éb I I | | | | I | | | I | | I | | I _I_
o . AT AS ¢ Data _ 1 o2 L ATLAS e Unfolded data - , | |
- - Vs =13 TeV, 139 fb1 [ ] Statistical Uncertainty _ O 5 8_ 1 = ATLAS | ——
> 70 [ Total Uncertainty - OYP Vs=13TeV, 139 fb — Fit function - total  stat
_8 8 - —— PowHeg + Pythia8 - —|© - - Theory (NNLO QCD)
O 60__ - — 0.7:— _: PRD 81 (2010) 111503 (R) Data (fn/fL/fO)
o - . ¢ . N _ ATLAS 2011, > 1 lepton, {s=7 TeV, L_=1.04 fb” ¢ " *
50— + v —] 0 6__ ] JHEP 1206 (2012) 088 "
- - u N ATLAS 2012, single lepton, {s=8 TeV, L_=20.2 b o - -
40: + - i 0 5: B Eur. Phys. J. C (2017) 77, Eur. Phys. J. C (2019) 79 nt
- - L : ATLAS 2022, di-lepton, s =13 TeV, L =139 fb™ . = *
30:_ ’ —: 0_4__ _
- . - - fr f, fy
20_ ] B ] e
- = 03__ — @1
:l b v by Iy | | ] : :
% 111.2 02:_ _: Het
Q '1.51 - i
kS 1'051 0 1__ _ T
o 095 L N
0.9 N |
0082 OT||||||||||||||||1|| IIIIlllIIlI|IIII|IIII|IIII|IIII|IIIIII
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
—1-08-0.6-04-02 0 02 04 06 0.8 1 ~1 0.5 0 0.5 K WSS bty Caions
parton level cos(6%) parton level cos(6*)

Excellent agreement with SM predictions, large improvement in the precision of the measurement
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Summary

Top-quark plays a central role in the SM, it is implicated in crucial still open fundamental

questions and offers unique opportunities for a better understanding of the microscopic
world.

LHC is a top factory, the ideal lab for precision studies of its properties.

An impressive amount of results produced, most of them exhibit a remarkable agreement with
the SM predictions:

- Top mass measurements routinely at sub-GeV level

- Differential and fiducial measurements are key input for better MC modeling

Some of the measurements out-perform predictions in precision pushing for further
improvements in theoretical calculations

First run 3 results very promising, many new results in the pipeline. <__

L. Bellagamba - PHENO 2023 - May 8-10, 2023
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Inclusive tt cross-section ATLAS+CMS @ 7 and 8 TeV

YV [ =15 (0T Wl sl i Xiv:2205.13830 [hep-ex] — 7/8 TeV — 5/20 fb-

ATLAS+CMS NNLO+NNLLoc(m) 0.118,
combination performed accounting for correlations between and " | s 1728 GeV
. . . o« o ATLAS = ® = ’ ®
within the individual measurements: e . N
o) =178.5%£4.7 pb(2.6%prec.) o 'V = 243.3*00 pb (2.5 % prec.) | ATAS:CMs = —8
- overall precision improvement in combination — 25 (28)% @ 7 (8) TeV | c14

- luminosity still dominant unc. but reduced ~ 35%, stat. reduced ~ 40% | MMHT14

— most precise measurements to date T . H llllllll R
150 160 170 180 190 . 240 260
Rg/, = 1.363 £0.032 c,(7 TeV) [pb] G,4(8 TeV) [pb:
correlated uncertainties cancel in the ratio, improvement ~ 45%
: : " ATLAS+CMS
All results in excellent agreement with SM predictions (NNLO+NNLL) TLAS
measurements used to determine m”°’ and a, for different PDF sets o : .
easureme ed to determine m, = an 0 eren e ATLASLCMS | .
most precise value using NNPDF3.1_a: HHclopWa
CT14
le _ 1.8 _ +0.0021
mPole = 1734718 GeV  a(M,) = 0.117010:90°! MMHT 14 |
NNPDF3.1_a |
a.(M.)) most precise results using top events (NNEOSNNLL ag(m,) = 0118, m/"™ = 1725 GeV

| | | I | | | | I | |
1.25 1.3 1 35 1.4 1.45
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Evidence for single top s-channel production

arXiv:2209.08990 [hep-ex]
13 TeV - 139 fb-1

challenging, low xsec, high bkg.

14

Events

250001~ ATLAS
- {s=13TeV, 139 fb

| signal region, |+2]

20000[— Post-Fit

W 15000}

|
¢ data
s-channel
W t-channel i
W -
Wit -
W WHjets |
Z+jets, Diboson —
I Multijet ]
72 Uncertainty

Opreq. = 10.327030 pb
q b 5000
SR W+jets tt g
” ” ” P AR A ARG
2 jefs 2 jei's >3 je’rs - Box10¢ 0,012 0.034 0.062 02(9,8' X1).o
2 tight b |1 tight, 1 loose b| 2 tight b , | | | |
?, 600:— ® Data - background ATLAS —:
T Signal (s =13 TeV, 139 fb" -
- QCD bkg. data driven 001 Posttg.uarany Bl -
- Matrix Element Method and Bayesian discriminant to evaluate signal 400F
probability per event P(S|X) 300
PO OP R SP———— 200:— 17
%
il
- Observed (expected) significance over the bkg only hypothesis 3.3 (3.9) s.d. _mog/ E
- dominant syst. tt normalization, signal and tt modeling, JES, JER : | | | |

2.0x10%  0.012 0.034 0.062 0.13 1.0

L. Bellagamba - PHENO 2023 - May 8-10, 2023

P(S1X)



arXiv:2209.07874 [hep-ex] 15

Colour reconnection studies in "'? events 13 TeV - 139 fb-

- CR models not from QCD first principles, manage color field interactions during hadronization transition
- currently one of the major systematic uncertainties (~ 300/400 MeV) in top mass measurements

ep di-lepton ch., 2/3 jets (2 b-tagged) Fiducial region particle level
o . leptons: e-p Jets
n,. and 2. pr sensitive to CR, compared at particle level
trk :
to different models implemented in MC t Py > L1a] Gel, 0<% °/3 (e brets)
O ailrrerent moaels impiemented In enerarors
P 9 OS, mg>15 GeV pr> 25 GeV, |;,]| <25
o - ATLAS (s=13TeV, 130107 | = T ——————————————— g|§’ 0-04r ATLas (s=13 TeV, 139 fb' -
~ 60000} OS e 2or 3 jets 1 2 1sa0ob 05w 2orsien : : R mlo p BSdb 20rIJets — Dat _
12 - ¢ Data | 2 15000 "B EerE N, [20,40) ' n,[40,60) ' n,[60,80) ! n,>80 0.03f Normalised ¢ PI?’; -
S I tt £ n, <20 | I I : - - v PH704 -
> ' o MiBackground | @ _ ' ' ' i+ b | ¢ PH713 )
LI 40000j /) Detsys.+PU | 10000} : : — — 0.02} i PH721 -
‘ ; - S ; + Shapazzto
5000 1 0.01f A:‘ .. ;
o 1‘; ................................................. ISariama | . B -
= o2g Uk l I I . 1 9|s 1.5; : vo -
© oY e P —— T — e — prsm—— 7 9O G e g g -0 ... [ Samiomm
A 0_50—....5|0....6....5|0....6....5|O....(|)....510....(1)....5|O....1—00 D_D 051_¢ | | . II A.I A._
20, Py [GeV] 0 20 40 60 80 100

- Sherpa2210 does not contain CR — too few particles and chhpT distribution softer than in data

- CR models implemented in Pythia8 and Herwig7.2 — better description of the data

- results to be used as input to future tuning of MC generators for both CR and MPI
L. Bellagamba - PHENO 2023 - May 8-10, 2023



Charge asymmetry in tt production arkiv:2208.12095 Ihep-ox] S
13 TeV - 139 fb-1
_ c
Asymmetry due to higher order contribution in gg — 1t % —— NNLOQCD +NLOEW  ATLAS
. . . . - 8 = _ 1
At LHC the main gg production is symmetric @ 00150 g;:g Vs=13TeV, 139071
q has on average a larger x than q resulting in a more +  combination
) ) ) — single-lepton
forward distribution for t and more central for t 0.010 + dilepton
Att_N(A‘ ¥e>0)—N(Aly,|<0) Aly.J=lyl-Iyd _‘_'_-_'_‘_'_—_'_‘_'_‘_'_-_'_‘_'_‘_'Iy_'_—_'_—_'_‘_'_-,'_—_'_—_'_-_'_‘_'_—_'_-_'_—_'_—_'_-_'
6l tt]~ |/t t
N(Aly|>0)+N(Aly.|<0) 0.005
" . ‘ ' . 1t .
Ac measured inclusively and as a function of p;, mg;, [, ; in B
|+jets and dilepton channel resolved and boosted topology 5 0-000] —
~ NClusSive
1t : L
T A- = 0.0068 £ 0.0015 (star + sist), 4.70 significance
2 8005— ATLAS —-Data W Z+VV4X | | | |
% g \(§=13TeV,139 fo I:It\;[V+'ets Fiteertaint : ' ' ' [
8 700F postmarg (nel)  gine, U  NNLOOCD+NLOEW  ATLAS 0.08! NI;ILO QCD + NLO EW \;\7_'1-1123T U a0t
P00 ) ) E 0.04} -+ combination Vs=13TeV, 139 b~ | - Gy =05 S= ev,
S00F [T, LT E single-lepton 0.06f —— Cf, =10 A
400 s e s et E 4 dilepton * 4 combination
300 _ resolved 1b resolved 2b _ 0.027 ¢ | 0.04; single-lepton
200 - i 34 = 4 b & =0 -
100 : < t } < 0.02;  dieptor * _—_'_—_+:‘_'_—_'_—____'_____.___':
|___| e 0.007 +» 1 _ o __E‘ﬁ'_'.'_l—:'_'.:
s L R . ! enhanced asymmetry 000} 4 [
] B : 0.00l | Q
% R postmarg. E for large f —0.02;
) 1_..... .......................... ._ 03 , 0306 , 608 , Y _0.04l | | | | | _
B 00.3] [03,06] [06,08  [0.81] <05 [0.5,0.75][0.75,1.0] [1.0,1.5] > 1.5
5558 g9 &5 W Pz my; [TeV]
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tt diff. sec - dilepton ch.

X2 values for the comparison of the
normalised measured differential cross-
sections with different tt simulation samples.

Generator P | pt pR4ph ECH+EM m™ A |y
Nor 9 23 9 10 14 20 29 29
POWHEG+PYTHIA 8 196 132 12.0 130 33 102 193 47
POWHEG+PYTHIA 8 - top p rew. 51 114 7.8 42 20.4 53 65 45.2
POWHEG+PYTHIA 8 - hgapp, X 2 228 139 26 167 38 97 121 45.3
POWHEG+PYTHIA 8 - PDF4LHC 186 100 11.5 125 32 93 185 33.6
POWHEG+PYTHIA 8 - ISR up 149 111 17.3 120 34 79 66 50
POWHEGHPYTHIA 8 - ISR down 216 159 10.6 131 30 113 311 44.5
POWHEGHPYTHIA 8 - Rad up 164 115 27 139 38 78 49 47.6
POWHEG+PYTHIA 8 - Rad down 216 159 10.6 131 30 113 311 44.5
POWHEG+PYTHIA 8 - FSR up 216 132 12.5 143 35 106 194 46.8
POWHEG+PYTHIA 8 - FSR down 171 139 9.5 118 30 98 185 49
POWHEG+PYTHIA 8 - MEC off 42 136 41 37 16.5 83 181 42.7
AMC@NLO+PYTHIA 8 16.5 126 48 14.4 14.3 89 300 50
AMC@NLO+HERWIG 7.0.4 98 137 24 74 24.1 29.1 110 54
Powheg-+Herwig 7.0.4 113 104 28 82 28 135 271 45.8
Powheg-+Herwig 7.1.3 101 107 31 75 25.5 138 259 45.5
Generator [y sm™ AT m T | AP ptt AT EC 4+ EV
Nior 39 39 24 39
POWHEG+PYTHIA 8 131 364 264 263
POWHEG+PYTHIA 8 - top pr rew. 82 140 81 96
POWHEG+PYTHIA 8 - hqapmp, X 2 129 250 182 183
POWHEG+PYTHIA 8 - PDF4LHC 114 351 252 253
POWHEGH+PYTHIA 8 - ISR up 108 153 105 112
POWHEGH+PYTHIA 8 - ISR down 143 562 413 409
POWHEG-+PYTHIA 8 - Rad up 109 130 90 104
POWHEG+PYTHIA 8 - Rad down 143 562 413 409
POWHEGH+PYTHIA 8 - FSR up 137 374 271 268
POWHEGH+PYTHIA 8 - FSR down 122 349 247 255
POWHEG-+PYTHIA 8 - MEC off 107 276 219 237
AMCQNLO+PYTHIA 8 108 436 363 386
AMCQNLO+HERWIG 7.0.4 95 270 154 162
Powheg+Herwig 7.0.4 151 400 334 345
Powheg+Herwig 7.1.3 147 392 318 336

L. Bellagamba - PHENO 2023 - May 8-10, 2023
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arXiv:2205.02817 [hep-ex], accepted by JHEP 18
13 TeV - 139 fb-

Differential tt cross-section
all-had ch. boosted topology
all-had channel — pros: large Br and no final states vs cons: large QCD bkg.

partially merged,
boosted W

un-merged

fully merged

PT

- — i i i = I I B L L B B BN RN BRI B

Larg.e top-quark pT. all de.caz' products c?lllmafed in a single large-R jet E Eamas A .
Dominant systematic uncertainties top-tagging, JES, JER = """E signal Region . singep -
€ 600 Boosted all-hadronic tt }\tﬂz‘m/é/'* =

— complementary to other channels o "E S0 Sat. une. -
LLI 500 :_ MC Stat. ® Det. Syst. Unc._:

Modeling affected by ISR, FSR, PDFs, ME-PS matching 400F- =
— precise QCD tests 300F- =
200 —

single, double and ftriple differential cross-section measurements for 1005 E
several variables of the tt system and of the individual top-quarks R e T U OUUT FUUUT PPN T T U ERRRTEUROTY
I ——

- Particle level: camparison with MC generafor at NLO interfaced with a 11"j_ffffffff ........................ T S o
SN (= == S i A o 5o U

PS and hadronization models § §3§::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::
- Parton level: direct comparison with fixed order NNLO calculation 130 140 150 160 170 180 190 200 '2'11'0' 220
m"' [GeV]
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Inclusive tt cross-section
all-had ch. boosted topology

19
parton-level fiducial cross-section with the calculations

from several MC generators and the fixed-order NNLO

rrrrtrrrtrtcryprerp ettty s & . . :
| | | | | prediction with various PDF sets and dynamical scales
ATLAS 8 Stat. Unc. . ] i
5 - 13 TeV. 139 fb” Stat. ® Det. Syst. Unc. obtained using the Matrix program.
Boosted all-hadronic f otat, © Det. © M-Od. Syst-Hne 1 N N 1 T 1 |
Fiducial particle level POWHEG+Pythia8 | | | | | |
..... Data ATLAS I Stat. Unc.
All predictions normalized to NNLO+NNLL B -1 Stat. @ Det. Syst. Unc.
(M. Czakon and A. Mitov, Comp. Phys. Com. 185 (2014) 2930) /s =13 TeV, 139 fb g
Boosted all-hadronic tt Stat. @ Det. ® Mod. SYSt Unc.
Nominal (Stat. ® Scale ® PDF Unc.) Fiducial parton level POWHEG+PythIa8
® POWHEG+Pyth|a8 p;,_1 > 500 GeV, pf;.z > 350 GeV 77 Data
Ngamp=1-5m; . NNPDF 3.0NLO, A14 * Predictions normalized to NNLO+NNLL
Nominal (Stat. Unc.) (M. Czakon and A. Mitov, Comp. Phys. Com. 185 (2014) 2930)
° POWHEG+Pythia8 (NNLO rew.) Nominal (Stat. ® Scale ® PDF Unc.)
Ngamp=1-5M, , NNPDF 3.0 NLO, A14 —l— POWHEG+Pythia8 *
hgamp=1-5M, , NNPDF 3.0 NLO, A14
| Nominal (Stat. Unc.)
Alternative IFSR (Stat. Unc.) ° POV\QHSEG'*’\'IEX[DQ%% NNLISII‘A?LJGW )
. POWHEG+PythIa8 (IeSS IFSR) AI?:naUve IFSR (Stat. Unc.)
hyamp=1.5M, , 1t_=2 1_=2, NNPDF 3.0 NLO, A14v3cDo - «
= POVHEGwymas(essoR)
. POWHEG+Pythia8 (more IFSR) 1 e O 2B 205 RNPDF 3ONLO, Afdvaolp
hyamp=3-0M; , 11_=0.5 11_=0.5, NNPDF 3.0 NLO, A14v3cUp Alternative ME/PS (Stat. Unc.)
' oo ) b NNSE 0 NLO, HIUE
Alternative ME/PS (Stat. Unc.)
R
v POWHEG+Herwig7 yre S Sesle Une)
. rm program (Stat. cale Unc.
arXiv:2205.02817 [hep-ex] 4 T,
Moo= Ho=H/2, :
. MG5_aMC@NLO+Pythia8 accepted by JHEP —A MATRIX NNLO
1 1= u_=Hy/2, MMHT 2014 NNLO
NNPDF 3.0 NLO, A14 13 Tev - 139 fb i, MATRIXHTI>12N(%TC1)8 -
M= R =Hp2,
||II|II|I |||||I||I|II|I|IIII a mez?lxmwzl,_SNPDstNLo
0.2 0.3 0.4 0.5 0.6 0.7 0.8 — MQE‘LXFH')L'}'&&PDF 5.4 NNLO
GIIfd X B (tt% hadronS) [pb] _‘ m&z?lxmf}'z',\'hﬁ)pom NNLO
particle-level fiducial cross-section Powheg+Pythia 8 event generator e L ——
[ ] [ ) [ ] [ ] 1 2 3 4 5 6 7
is used as the nominal prediction to correct for detector effects. Gf,d bl
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Differential tt cross-section

all-had ch. boosted topology

ATLAS, (s=13 TeV
Fiducial parton level

Normalized cross-section

"® PWG+Py8
— A PWG+H7.1.3
PWG+Py8 (less IFSR)

|
> @

0.6

0.2

m MG5 _aMC@NLO+Py8

PWG+Py8 (more IFSR)
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N oo/ >
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L I L I | I I R N

—— PWG+Py8 -

~ MATRIX NLO, p=H_/2

~— MATRIX NNLO, p=H /2
Stat. @ Sys. Unc.
Stat. Unc.

:,'IIIII|III|III|

|III|III|III|II

1 1.5 2

2.5 3

N L

3.5

2 5__ATLAS

_ {s=13 TeV, 139 fb™

- Boosted all-hadronic tt
~ Fiducial parton level

I
1
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| | | | I | |
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Differential tt cross-section EFT interpretation

all-had ch. boosted topology o(C;) = 0OsM+ OSMEFT + CEFL_EFT
1 1 1 ~
= +— Y aCi+— ) BiC*+ — Z BiiCiC;
Vs Lov + 0(6) n 10(8) . OSM 3 Z A A A 4 ijCeiCgs
SMEFT = LSM Z Z e A* & | A* & A T
n of considered in SM-EFT interf. EFT-EFT terms
this analysis a and B used to parameterize the cross-section

dependence on each Wilson Coefficient
dimétop model used to implement SMEFT at leading
order using the Warsaw basis for the operators.

ATLAS ~ G oo = -0.46 -+-C3’8_O.25
s=13TeV, 139fb" 15 055 G _0_2
SM NNLO ' Stat+Sys

—
oo

~ Cqq

—
o

l

Ratio of various SMEFT predictions to the data.
Wilson Coefficients ~ 95%CL limits obtained in
this analysis.

PREDICTION / DATA
;‘

The SM NNLO calculation has been obtained by 10 -
MATRIX including scale uncertainty. -
arXiv:2205.02817 [hep-ex], accepted by JHEP 0.8~ e

13 TeV - 139 1b- 06 08 1 12 14 16 18 2

pi' [TeV]
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W polarization in top decay

22

- Properties of the top-quark decay vertex Wtb determined by the V-A structure of the EW interactions
- W helicity fractions (longitudinal, left- and right-handed polarization) extracted from the angular
distribution of the decay products of the W boson and the top quark — test of SM prediction

1 do 3 > s 3 2 3 2
— = —(1 =cos”0%) - fo +—(1 —cos0%)" - f; + —(1 + cos 6%)" - f
o dcosd 4 8 3 e
S™F ATLAS o -
o - Vs =13 TeV, 139 fo” 7 -
0*: angle between the momentum direction of ' 20000[—All events, ttdilepton gy -
QD I Other SM Backgrounds |
the charged lepton from W decay and the = =5 Total Uncertainty
15000
LL

reversed momentum direction of the b-quark
from top decay, computed in the W rest frame b 10000

!  NNLO calculation f, o

PRD 81 (2010) 111503

NNLO calculations compared with
ATLAS results in tt di-lepton events

o

..........

: fo=0.687 £ 0.005

A

| f,=0.311£0.005

0 . N

arXiv:2209.14903 [hep-ex]

o

Data/Pred.

13 TeV - 139 fb-

LR

| fr =0.0017 £ 0.0001 }

BT PR CETS RO TR TN VI DT
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