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Introduction

TLAS publications

® Measurement of the tt production cross-section in the lepton+jets channel at /s = 13 TeV with the
ATLAS experiment. Phys. Lett. B 810 (2020) 135797

® Measurement of the tt production cross-section and lepton differential distributions in ey dilepton
events from pp collisions at /s = 13 TeV with the ATLAS detector Eur. Phys. J. C 80 (2020) 528

® Measurement of the tt production cross-section in pp collisions at y/s = 5.02 TeV with the ATLAS
detector arxiv:2207.01354

e Differential tt cross-section measurements using boosted top quarks in the all-hadronic final state with
139fb~1 of ATLAS data arxiv:2205.02817

® Measurements of differential cross-sections in top-quark pair events with a high transverse momentum
top quark and limits on beyond the Standard Model contributions to top-quark pair production with the
ATLAS detector at /s = 13 TeV  JHEP 06 (2022) 063JHEP 06 (2022) 063

® Measurement of the tttt production cross section in pp collisions at 1/s = 13 TeV with the ATLAS
detector JHEP 11 (2021) 118

Measurements of the inclusive and differential production cross sections of a top-quark-antiquark pair in
association with a Z boson at /s = 13 TeV with the ATLAS detector Eur. Phys. J. C 81 (2021) 737

® Observation of the associated production of a top quark and a Z boson in pp collisions at /s = 13 TeV
with the ATLAS detector JHEep 07 (2020) 124

Measurements of inclusive and differential cross-sections of combined tty and tW~ production in the eu
channel at 13 TeV with the ATLAS detector JHEP 09 (2020) 049
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Introduction

CMS publications

® Combination of inclusive top-quark pair production cross-section measurements using ATLAS and CMS
data at /s =7 and 8 TeV  arxiv:2205.13830

® Measurement of the inclusive and differential tt~ cross sections in the dilepton channel and effective
field theory interpretation in proton-proton collisions at /s = 13 TeV  JHeP 05 (2022) 091

® Measurement of differential tt production cross sections in the full kinematic range using lepton+jets
events from proton-proton collisions at /s = 13 TeV  Phys. Rev. D 104 (2021) 092013

® Measurement of differential tt production cross sections using top quarks at large transverse momenta in
pp collisions at /s = 13 TeV  Phys. Rev. D 103 (2021) 052008

® Measurement of the cross section of top quark-antiquark pair production in association with a W boson
in proton-proton collisions at /s = 13 TeV  arxiv:2208.06485

® Measurement of the inclusive and differential tt cross sections in the dilepton channel and effective
field theory interpretation in proton-proton collisions at /s = 13 TeV  JHeP 05 (2022) 001

® Measurement of the inclusive and differential ttvy cross sections in the single-lepton channel and EFT
interpretation at /s = 13 TeV JHEP 12 (2021) 180

® Measurement of inclusive and differential cross sections for single top quark production in association
with a W boson at /s = 13 TeV  cwms-Pas-TOP-21-010

® Measurement of differential cross sections for the production of top quark pairs and of additional jets in
pp collisions at /s = 13 TeV  cms-PAS-TOP-20-006

® Search for central exclusive production of top quark pairs in proton-proton collisions at /s = 13 TeV
with tagged protons cms-pas-TOP-21-007
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tt Cross Section
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© tt production at the LHC is dominated by gg fusion
® Theoretical predictions at NNLO+NNLL soft gluon resummation

/s [TeV] | Central Value [pb] | Scale Unc.[pb] | PDF+as Unc.[pb]
5.02 69.5 2.3 2.9
7 179.6 6.2 6.1
8 256.0 8.9 8.0
13 833.9 30.0 21.0
Q\ 13.6 923.6 33.4 22.8

°
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Cross Section Inclusive

@ Inclusive measurements: ey is the golden channel
® ( + jets also very precise

@ High purity of tt events
©® Dominated by systematic uncertainties
O Really high precision compared with the theoretical calculations

0 Additional myep and as

Inclusive oz measurement by ATLAS (pue): Inclusive oz measurement by CMS (£ + jets):

826.4 & 3.6(stat.) & 11.5(syst.) & 15.7(Lumi.) % 1.9(beam) pb ‘ l 791 + 1(stat.) £ 21(syst.) + 14(Lumi.) pb ‘
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Cross Section

Differenti

Differential tt Cross Section
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Cross Section Differenti
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Differenti

Cross Section

Differential tt Cross Section: Boosted Regime
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L all hadronic channel

Final state with highly boosted top
quarks: Test QCD tt production process
at the TeV scale

DNN to identify top-quark jets

Unfolding to particle/parton-level
Large radius jets (R = 1.0)

® smallFlR R=0.4

® variable-R R =0.02+R = 0.4
High pr for large-R jets
pr > 500 GeV/pt > 350 GeV
Results compatibles with the MC
prediction (20% lower) within the
uncertainties
Additional differential distributions for
sensitive variables

(o

t1,fid
particle

X B(tf — hadrons) = 331 =+ 3(stat.) + 39(syst.) fb

tt,fid
a-parton

= 1.94 + 0.02(stat.) + 0.25(syst.) pb,

J. Brochero (IFCA)
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Source Relative Uncertainty [%]

Top-tagging 78 |

JES @ JER 42 ‘

JMS @ IMR [N

Flavour tagging 29

Alternative hard-scattering model 0.9
‘Ahemmivs parton-shower model 43
[TSR/FSR + scale 49]

PDF 0.8

Luminosity 1.7

MC sample statistics 0.4

Total systematic uncertainty 11.8

Statistical uncertainty 1.0
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Differential tt
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tt Cross Section

® Measurement performed with 2017 data. Source Ao /o (%)
. JES 2.2
® PDF Constraint Drell—Yan 18
® Dilepton channel Electron efficiency 1.6
L1 prefiring 1.4
¢ Cut and count approach Trigger efficiency 1.3
® Result combined with previous £ + jets @ JI_ER - 12
Final-state radiation 1.1

5.02 TeV h 1

damp .0
® |mprovement from previous measurement: Total systematic uncertainty 4.3
from 13%(2015) — 7.9%(2017+-2015) Integrated luminosity 19
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Cross Section

o at 5.02 TeV Uncertainties
Measurement performed with 2017 data. Ao /o (%)
® PDF Constraint ] ig
I]IENY CMS tt at 5.02 GeV 1.6
1.4
® Cut an 1.3
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Cross Section
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L T —
® qq fraction increased from 11% to 25% g oo . -
. Numborof it
® Measurement performed with 2017 data
® Dilepton and £ + jets channels FI RS |
) ) . . R = Zijts
® /¢ and £ + jets combination by Convino o -eien ]
Syvomatounc

Dilepton

&
® ue: Similar approach 13 TeV B o
® up + ee: Using the my, as well R
. . . o 8 oL ATLAS o Data2017
® Unc. in the ¢¢ measurement improves by using SF ~ 1% g st QY
@[ bosifn Bboson ]
o4 (£0) = 65.7 & 4.5(stat.) £ 1.6(syst.) + 1.2(Lumi.) & 0.2(beam) pb 2 Smenmene

Data / Pred,

I —

60

T 200
M (GoV)
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Measurements at

ATLAS # Data 2017 [Jti
1s=502TeV,257pb"’ WESingle top WW+jets

I Other bkg. [l Mis-ID lepton
143j1b Uncertainty
Post-Fit

oy at 5.02 TeV ATLAS

Events / bin

® ot 12x smaller than at 13 TeV

l

® q fraction increased from 11% to 25%

® Measurement performed with 2017 data

® Dilepton and £ + jets channels 3
I
® (¢ and ¢ + jets combination by Convino g o
98 05 54 42 o 0z 04 06 0@
Lepton+jets 5 2000 arias # Data 2017 [t
£ 180 Vs=502TeV,257 pb”’ [MSingle top WW+ijets
E 160! [ Other bkg. [l Mis-ID lepton

124jtb Uncertainty

® /+ jets: Fit over BDTs ‘ 1401 postFit

120 +r“‘f‘"
® Multiple signal regions (6) by Nijet and Np._tag - M

® Smaller top modelling unc than 13 TeV &0

og(£€) = 68.2 £ 0.9(stat.) H2.9(syst.) f= 1.1(Lumi.) + 0.2(beam) pb

Data/ Pred.

>1 08 06 04 02 0 02 04 06 08 1
BDT output

o 41
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TeV ATLAS

# Data 2017 [Jti
[ Single top M W+jets
Other bkg. [l Mis-ID lepton

Events / bin

Uncertainty
ATLAS tt at 5.02 GeV
[ T T T T T (\7} Q%= 10000 GeV? artas
ATLAS Vs =5.02 TeV, 257 pb' < £, ATLASpdi21 o
° —tot. e X T 5
ts[:;t NNLO+NNLL (pp) 1.051 O +5.02 TeV ’:::
o tot ( stat syst) z\a r .0‘0‘
: =
= Dilepton - Vo — 65.7 +49 ( 45 +19) 2
:
Single lepton 68.2 £3.1 ( +09 +3.0 )
°
Y Combined 67.5 £2.7 ( +09 +25 )
'Y 1 1 1 1 1 1
60 65 70 75 80 85
o, [pb]
E POl 107 102 107 "
° 0?11 -08 -06 -04 -02 0 02 04 O,SBD_?B 1
output
J. Brochero (IFCA) t at the LHC
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tt Cross Section

Combinati

ATLAS+CMS

Combination: 7 and 8 TeV

AT + CMS

® cp channel with the full Runl dataset

® Combination done by means of a x?
minimization with Convino

® Each measurement is performed with
different approaches:

® CMS: Profile likelihood fit to final state
observables (N;, Ny, p'*)

® ATLAS: Tag-counting (including the &)

® Key point: Consideration of all
correlations between the uncertaities

. |
® Includes extraction of m{®® and as

o (Ws=7TeV) =
g (Vs=8Tev) =

178.5 + 4.7 pb
243.3%9 b,

o (Vs =7TeV) = 182.9+3.1(stat.) + 4.2 (exp.+theo.) £ 3.6 (lumi.) pb and
o (Vs =8TeV) = 2429+ 1.7 (stat.) £ 5.5 (exp.+theo.) £ 5.1 (lumi.) pb,

o (Ws=7TeV) = 173.6+2.1 (slal.)f:_z (exp.+theo.) + 3.8 (lumi.) pb and
0 (V5 =8TeV) = 2449+ 1.4 (stat.)*S3 (exp.+theo.) + 6.4 (lumi.) pb,

J. Brochero (IFCA)

t% at the LHC

NNLO+NNLL o(m ) = 0.118,
ATLAS+CMS i - 1725 oV
——— ATLAS ——— e
——1 CMS ———— ———
ATLAS+CMS — —o
LHCtopWG
CT14
NNPDF3.1_a | |
1y Ll L L P L | n P 1
150 160 170 180 _190 240 260
(7 TeV) [pb] c4(8 TeV) [pb]
ATLAS+CMS
[ATLAS |
\LCMS
ATLAS+CMS —_——————
LHCtopWG
CT14 R8/7 =1.363 £ 0.015 (stat.) + 0.028 (syst.),
MMHT14 |
NNPDF3.1_a |
NNLO+NNLL ag(m,) = 0.118, m:""“ =172.5 GeV
AT S S S A T S ST S T S S B i
1.25 1.3 1.35 1.4 1.45
048 TeV) / o (7 TeV)
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tt Cross Section  Exclusive Production

® Exclusive central production via pp — pttp ’”é':'T':M

® 2017 data — £ = 29.4fb~!. Final state with ¢ Tt

® Alternative production mode of top by exchange of
colorless particles:

® photons or pomerons ki i )
® Both protons remain intact after interaction, energy P2 P

fraction transferred to tt pair £ n n

® Observation expected at HL-LHC o«
® BSM physics could enhance o

® Forward protons detected with CMS-TOTEM Precision
Proton Spectrometer (CT-PPS)

D2 7

CMS central detector Roman Pots
= LHC sector 56 T s s

s ORIl e,

[/ ul_“_l LI
T—r—0r — —r
203.827 m_212 55m bm
* 215.078 m
15.71m
219.55m

(not to scale)
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Cross Section Exclusive Production

Search for central exclusive tt

® Full kinematic reconstruction of the tt system

® BDT to discriminate signal (exclusive tt) from
background (inclusive tt + PU protons) /|

24803700

CMS-TOTEM proliminary ~ + data
Lajets channel -

Events

— 111 (rorm. 106=25 pb)

Ratio
iy
e
.
H

78 9
light jet multiplcity
24’ 13Tey)

10 CMS-TOTEM preliminary 4 data
dilepion channel ttoar
single-top

Zujets
—— 7yt (norm. to 6=25 pb)

Events /0.06 TeV

Ratio

Uncertainty
<EP!Hil|*iti§H§,§!{}
P S ik

8

Events / bin

Ratio

10° BanaTey
CMSTOTEMproiminary ¢+ cata ! !
Lejos chuml - o

A pontt singie-top 1

s
T —
S b tertscranns -
2 E ‘single-top.
- - iets
g 2o
R o ez
o

Unceraity
fraste ey
0%%4 %3 62 o1 0 01 02

BT output
' aTon
F CMSTOTEM prefimnary 4 data
600E. dopton chonnel s E
ot singlet0p
s00F- Ziets 3

— yy> i (nomm. 10 6=25 pb)

e =
—
‘F.....{;H”}&
0

08 06 04 02 0

02 __04
BDT output

t% at the LHC

s i
Fofpteneeerereestonecaiyg
%0z 004 006 008 01 02 N
posiive? (secior 45)
Channel | Expected [pb] | Observed [ pb]
23 2.02 1.70
£+ jets 1.54 0.78
CMS-TOTEM prefiminary 29.4 b (2017, 13 TeV)
T T T
s
«- Median Expected
[ 6% expected
comeined [ 95% expected
— Observed
1 2 3 4 5
95% CL on S, i [pb]
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Events

® Full Run Il measurement: Inclusive 4 Differential
cross section in the ey channel

® Selected events classified by N; and Np:
® 1j1b enriched signal region (20% tW) — |
/.,‘BDTS to further separation from tt

Uncertainty

. . . . " °
® Maximum likelihood fit over BDTs and p1/2 g
“;:' 0,00 (1,00 (1,1) @0 (2,1) (2,2)(=3,20)
=] (Numberof jets, number of b-tagged jets)
x10° 138 fb' (13 TeV) x10° 138 fb™ (13 TeV) x10° 138 fb (13 TeV)
@ R A hax A P T T T T t > L e AR RRS e
§ - cms ¢+ Data VAV § 25 cms ¢ Data VAV 8 CMS  e'w (22b) ¢ Data 1
w et tw [l Non-w/Z w o tw [l Non-w/z = W 4
~ (1j1b) | 1 * Uncertainty 201 (2j1b) | [ % Uncertainty -] E [ 1 1
13 4
Wov A= I | mov ]
. ViV ]
oot o e wee " i
W Non-w/z 4
%% Uncertainty E|
N . 0 N 1 =
] B 1.05 o K
8 8 3
a ,,..,,.‘.v'...‘,..‘,.,,‘,A;r.,,,;,.,.g,,, & I.v PRSP Qoo " ?j & j . $ " .j
P = nan s o £ 4
g 2 4 6 8 10 12 14 16 18 20 & 2 7 6 B 0 12§ %740 60 80 100 120 140 160 180
e BDT discriminant & BDT discriminant O Subleading jet p_ (GeV)

t% at the LHC
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tW Cross Section

cross section in the ey channel

Full Run Il measurement: Inclusive 4+ Differen

Selected events classified by N; and Nj:
1j1b enriched signal region (20% tW)
BDTs to further separation from tt

Maximum likelihood fit over BDTs and p1/2

orw = 79.2 £ 0.9(stat.) L7 (syst.) £ 1.2(Lumi.) pb
o?M(NNLO) = 71.7 & 1.8(scale) = 3.4(PDF) pb

T S Uncertainty 2
—e— Fit constraint (obs.) —— +1c impact (obs.) —— -1 impact (obs.)

Fit constraint (exp.)

JES - absolute corr.
Non-W/Z normalisation

W _and p_scales
Final-state radiation (tf, tW)
VV4iV normalisation

Events

Data / Pred.

+1o impact (exp.)

-1o impact (exp.)

TNGmber of jets, number of b-1agged jets)

X10° 138 o (13 TeV) «10° 138 b (13 TeV) «10° 138 10 (13 TeV)
e A Mlasnaasaans A P T T T T T > R e o A A MRAs
cmMs ¢+ Data VAV § 25 cms ¢ Data VIV 3 CMS &'y (22b) ¢ Data ]
14 o w [l Non-W/z w e tw [l Non-w/z = tw 4
12f (1jib) Wi : Uncertainty 201 (9j1b) | [ % Uncertainty @ [ 14 ]
£ 3
10 Wov o WOY el 5 Moy 1
i . . ViV ]
e M Non-W/z E
% Uncertainty E|
o g L

2 g bt

= = i * A
24 6 8 10 12 14 16 18 20 £ & 0874560 80 100 120 140 160 160
BDT discriminant O BDT discriminant & Subleading jet p_ (GeV)
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Cross Section

Differential tW

® Full Run Il measurement: Inclusive + Differential
cross section in the ey channel

138 1" (13 TeV]
+ Data
W

Events

2 R

H e (1jtb)

w mit

mDY
Wativ

Uncertainty Uncertainty

® Only 1j1b region + additional cuts
® Unfolding to the particle level for 6 physical

observables

® Some tensions in the pt/, pr! and my;

® Uncertainties between 10 and 50%

=

s

08
©0) (1.0

Data / Pred.

£.0) @ n 22330

ged jets)

Data / Pred.

: 1

H >3
Number of loose jets

- x10° 138 fb' (13 TeV) ~x102 138 b (13 Tev) 103 138 b (13 Tev)
3 fems 7 b 7] 3 paa ] sfems’ T Wpam T
° - E ? - o 250
<] Total unc. 3 O 45 Total unc. o E = Total unc. ]
= 30 w Stat unc. E = == Stat unc, = r = Stat unc, 1
= - W PH DR + P8 ] = 4 W PHDR + P8 = 20F + tWPHDR + P8 3
o o tWPHDS + P8 = tW PH DS + P8 < <OF o tWPH DS + P8 ]
5 A 5 35 tW PH DR + H7 k] I ~ tWPHDR + H7 1
s W aMC DR + P8 S 7 tWaMCDR+P8 1
8 & 3 tW aMC DR2 + P8 B 5oV o tWaMC DR2 + P8 |
= ~ tW aMC DS + E| B r SO o tWaMC DS + P8 1
£ g 25 tW aMC DS dyn. + P8 g I -m tW aMC DS dyn. + P8 7
s g2 S ; g
3 #is | g ]
< = 5[ owE— 1
= 05 E [ N
0 L L 1 L L | 0 L L 1 Il d 07 L L
s ERR s15
8 2 e 8 e s°E — o]
2 = ey 1O oy QS S e s
g 1 3 5
13 2 0.5 576050500 PE0 300 3L 205
I 40 60 80 100 120 140 & 0% 50 700 750 200 250 300 350 400 450 & 40 60 80 100 120 140
Leading lepton Py (GeV) ( 15, j) (GeV) Jet Py (GeV)
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Differential tW

® Full Run Il measurement: Inclusive + Differential

cross section in the ey channel

® Only 1j1b region + additional cuts
® Unfolding to the particle level for 6 physical

observables

® Some tensions in the pt/, pr! and my;

® Uncertainties between 10 and 50%

Events

Data / Pred.

138 1" (13 TeV]

Uncertainty

4 (1]1b) + Daa
-t
mDY

Wty

Uncertainty

i ]

08
©0) (1.0

g0 @ @aeI0
ged jets)

Data / Pred.

H >3
Number of loose jets

wo

10° 138 fb' (13 TeV) 138 b (13 Tev) 102 138 b (13 Tev)
= pawns T T T 3 = TS S 0 cwrs . T T

° - = X o
o 10 ;o(‘al unc. 7 £ [CINNS g?ttal unc. ]

z wm Stat unc. 4 al z e Stat unc.

= - W PH DR + P8 ] = gL WEHDR+ P8 1
=~ g o tWPHDS + P8 - S =~ °C H DS + P8 ]
= ~ tWPHDR + H7 4 2 2 A WP DR + H7 ]
3 ey WaMEDRs L Bs 1 B o WaME bR Bs ]
) al + > 6l o al + .
E 6 o tWaMG DS + P8 = " tWaMG DS + P8 p
§ s tW aMC DS dyn. + P8 ] & s tW aMC DS dyn +P8
3 " ] = K3 1
% 4 b £ - ]
1) k=] B
= -~ ] s ot ]
2- . S :g 2 sogm |
—— g 5 o
L L Il Il L L = |

©

T

[=}

3

3

a

Pred. / Data

m(e*, %, j) (GeV)

(IFCA)

Pred. / Data

085700 150 200 250 300 350 400 0.1 02 03 04 05 06 07 08 09

o
o

Ap(e*, )i

9 Septemb

00 150 200 250 300 350 400450 500
my(e, i, Py *,j) (GeV)
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s-channel production

Inclusive s-channel at 13 TeV

® Most difficult single top process at LHC

® After event selection (144 > 2j): 130k events
with only 3% s-channel!!!

® 4 different regions: SR(s-ch) + CR(W+Jets) + 2
CR(tt)

® Discriminant based on matrix element
calculations (MEM):

® s-channel from tt and W+ Jets
® o, extracted by a binned profile ML of MEM

e - CE wt

218000 T ey T
H ATLAS  Preiminary  # data Preliminary & data
Gyg000- (5 = 13TeV, 139 16" s-channel 4 @ L E-mTeviask’ s-channel
signal region, 1+2] Mtchanne Wejels VR, 12 Mitchannel E
14000 «channel i E mw
Mottt it mi mi E
12000} WWjets e E » B Wajets
Zvjes, Divoson 25000F 7 Zvjos, Divoson ]
10000 WMutjet E E EMutiet
s000) 7 Uncertainty 200005 7 Uncerainy 3

15000
10000}

5 O 5
& 112 & o
I 3
E E i
= oss] & ossf /47//.

0763540 60 80 100 120 140 160 180 200 0763640 60 0 120 140 180 180 200

(W) (Gev] m(W) (Gev]
J. Brochero (IFCA) t% at the LHC

Events

Data/ Pred.

-, Process _ Event yield
q rocess b Pre-fit Post-fit
s-channel 4200710 3700+ 1100
tchannel | 13000£2000 150002300
W 3680+970 42501100
1 76000+ 12000 70600+ 4200
Wejets 21500£2900 322005000
Zijets, VV | 2400+ 1400 2900+ 1600
Multijet 2150+ 650 1700 + 540
Total | 12300017000 130310620
Data | 130310
CFw
e T ot et
40F (5= 13 TeV, 139 10" s-channel T D sof -13Tev, 13910 s-channel E
VR, 143 Wtchannel VR, 14 Wt-channel
1200~ sechannel - E 120[ =channel mw
Mulijet it i Muliet it mi
100 WWejets 4 100] W Waets
.je,Dboson . 2.0, Dboson
8o~ EMuet sof WMutjet E
D incaainy p D ircarainy
« wf E
« o E
x 2 E
o b
20 40 60 80 100 120 140 160 180 200 o 20 40 60 80 100 120 140 160 180 200

W) (GeV)

09 September, 2022
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s-channel Productio

T T T
ATLAS  Prelminary & data

s =13TeV, 139 fo” s-channel
signal region, 1+2] Mtchannel

T T T
ATLAS  Preliminary data

15=13TeV, 139 fb" s-channel
signal region, 142] Wit-channel

20000 W 20000} v
e - PoseFt s Osch = 8.2+ 0.6(stat.)t32‘%(syst.) pb
Zijets, Diboson Z+jets, Diboson .
Wt Wit oM =10.32+£0.40 pb

7 Uncertainty 7 Uncertainty

2 T T T T ]
§ 600~ @ Data - background ATLAS Preliminary
5 w Signal Vs - IIE TeV, 1|39 b
3 % e %Y 3 i L 142) ]
& %/M%%% £ *y)‘/(‘»’/}/{ 500 7 Post-fit bkg. uncertainty signalregion. 1+2] -1
K] i oo 7 3 WG W N RA . ]
Bossy A & ¥ PostFit ]
250° 0012 003 0062  0.13 1.0 2540° 0012 0034 0062 013 10 400
P(SIX) P(SIX)
300
. “{\‘9 200 =
| Ac/o [%] 100p E
tf normalisation +24/-17 of =
Jet energy resolution +18/-12 ]
Jet energy scale +18/-13 ~100[ -
Other s-channel modelling sources +18/-8 1
Top-quark sses ISR/FSR +13/-11 L ‘ ‘ L
op-quark processes ISR/FS 3/ 25%10% 0012 0034 0062 013 1.0

MC statistics +13/-11 P(SIX)

Other 7 shape modelling sources +12/-10

Flavour tagging +12/-10
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+X Production Top+-y

~v Production

> BT e e
® Test of the tv electroweak coupling 8 W e ;E:‘:u 3
. . . 2 E ! ]
® Inclusive + differential measurements I =g’t’g;ﬂhnwy ]
. [ Pre-Fi fak ]
® pe + v+ >2jets + > 1 b-tag o Wosik 1
. . L P t v bkg. 7
® Inclusive measurement from binned PL o guﬁ':ﬁal’;wg ]
over|ST > f f
n . 6 -
® Results in agreement with the SM F ]
predictions i 7
= ‘ - : - - B
3 TLAS ®  Unfolded data &
= =13TeV, 139 10" —— tiy+tWy (MG5_aMC+Pythia8) s
=y [ Normalised cross-section  _ _ _. fiy.iwy (MG5_aMCsHerwig?) 80.
ol :’_ ey 4 Theory NLO 0.75 .
U.g B st 200 300 400 500 600 700 800 900 1000 1100 1200
o statosyst S, [GeV]

Theory/MC  Pred./Data
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+X Production Top+-y

Fid _ +2.6
. - = . .8(stat. t.) pb
® Test of the tvy electroweak coupling Utst'\’z/Ft.ZV’v 39.6 :i(?si(s a );Zdi(sys )p
CFid . .
® Inclusive + differential measurements Tty /e Wy 38.5025715(scale);15(PDF) pb
® pe+ v+ >2jets + > 1 b-tag Berae
10 [JPrompt y bkg.

® Inclusive measurement from binned PL 7 Uncertainty

over St f
® Results in agreement with the SM ]
predictions 7
% .C T T T T T 7 g . A
3 ATLAS  Uriolded data E & 7 / /
< F {s=13TeV, 139" —— (fy+1Wy (MG5_aMC+Pythia8) ] 2 /
= [ Normalised cross-section - - _. {iy.twy (MG5_aMC+Herwig?) - So. 7 Z
S 101 4 oo - 07s
) .g n B st 3 200 300 400 500 600 700 800 900 1000 1100 1200
H Stat @ Syst ] S, [GeV]
o ., T
10 E
N 3 Category Uncertainty
10° - =
E tty/tW+ modelling 3.8%
10* L N L . . Background modelling 2.1%
P T T T T T Photons 1.9%
8 12 A
s 1 Luminosity 1.8%
£ 0.8l L f n n n
20 Jets 1.6%
©1.05—— . . . .
=) .l‘l """""""""""""""""""" | Pile-up 1.3%
I |
5 . \ | | | ;
2095555150 200 250 300 Leptons 11%
P.(1) [GeV] Flavour-tagging 1.1%

J. Brochero (IFCA) t% at the LHC

09 September, 2022 21/28



tt+X Production Top+-y

tty Production

® Dilepton channel + 1 v 4 gelb-tag
® Background splited into:
® Prompt v from Z~v

® Nonprompt extracted from data

\I Events / bin

CMS simulation

138 b ' (13 TeV)

[ Direct
¢ From sideband
777 Syst. uncertainty

/ Inclusive o5, from a PLF to the pt” g
0 15
e Differential o5, for 12 observables E 2
© 20 30 40 50 60 70 80 90 100
7] p;(y) [GeV] 13810 ' (13 TeV)
c
o 5 3000 + Data W Othorsy
Z 2 tiy Nonprompt y
I3 { E -2y Syst. uncertainty
v v I i
b b
[ %
v A 000 e
°
g
a
s
g 1j,1b 2j,1b  =3j,1b 2j2b  =3j2b
CMS 138 fb ' (13 TeV) o
- 138 fb " (13 TeV) g T T T . g —_ -cm135fb (13TeV)
5 Oth > 1 2 10001 bata erty —
3 8 Nonprompt ¥ 2 Syt uncertainy ] 2 & EENonprompty ]
S 722 Syst. uncertainty | 4 B § - Y yst. uncertainty |
¢ i 1 & ]
w 4 4
b o 3 - ]
ety F E ete ] 500 whp 1
3 E 4 ) v.q B 'Y 4 3
[ ¥ ¥ ¥ S T ¥
E] 2 30628 a0 & 0 B
g 200 250 g = 50 100 150 200 250 _ 300
e P () [Ge e PV (GeV] S P, [GeV]
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+X Production Top+-y

tty Produ

oM (NLO) = 155 + 27 pb/‘
® Dilepton channel + 1 v 4 gelb-tag CMS 138 fb " (13 TeV)
T T T T T T
L4 Backgrou nd Spl ited into: = Measurement m— Stat. unc. — Stat.+syst. unc.
° Prompt ~ from Z"y —— MG5+PYTHIA8 Theory unc.
® Nonprompt extracted from data ;
P! P Combined| 4752 - 2.5 (stat) = 6.3 (syst) ——
® Inclusive oy, from a PLF to the pr” - —
. . +F —
e Differential o5, for 12 observables ETHT| 1756 = 34 (stat) = 6.4 sys)
€€7| 4704 = 63 (stat) = 9.8 (sys) ————
w [ _
g T v [Ty 174.3 = 5.6 (stat) = 7.9 (syst) —y
B 1 1 Il Il Il Il
Y 60 80 100 120 140 160 180
g : tty
g t w! ¢ W 0fiducial [fb]
. CMS 138 fb~" (13 TeV) CMS 138 fb ' (13 TeV)
s por : : ; ; 5 P
@ 004 iagﬁ’v‘#nms E = £ ia?se‘wevinma B!
< ooasf? O raiesas 3 & 316 138157 (13 TeV)
;E: s Z 003 e MGS+HERWIG7 | .g 0sFFTT—A— MGS+HERWIG7 B Other+y ;
> mN 2 oo 4 = I Nonprompt y. i
2 s = 06 772 Syst. uncertainty |
b4 o 0O | J
m = 00 E 04~ 4 1
0 E wrns ]
0.005, E o2 B ]
‘ - * - e £ i
B 5 osf e " E 5 o8t 3 4
E &) 50 700 150 200 250 @ \:/!] & 02 04 06 08 T 12 14 ¥
e
g pr(y) nltv) b——56—%5—3%0
8 P, [GeV]
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+X Production Top+-y

® Relevant to constraining non-resonant
contributions of BSM, parametrized by

EFT _ ofid — 580 + 19(stat.) + 63(syst.) fb
® Two SR defined by: e/u + v + b-tag +

0/> 1 forward jets ) s

© CR defined for tTy and W+ Jets opMFid 5 Br(t — £vb) = 40613 (scale + PDF) fb

® NN implemented to separate signal from
background in the 2 SR

6Z 2
T T T T T T T
ATLAS Preliminary  # Data War

fs=13Tev, 130" [y —ivby)g [ty
>1SR Wwy+jets [zy+jets 3

—F 4 CE
T T T T T T T T T T T T T T T T
ATLAS Preiiminary ~ # Data Dar ATLAS Preliminary @ Data Mar

=13Tev, 130" Di(-sivbyq Wiy ] F=1atev, s n® [y vopg Wir

Events

Events

0f SR Bwy+jets WZy+jets Ty CR Wwy+jers Wzy+jets
000} Post-Fit W W Other prompt 7 Post-Fit We-r W Other prompt ¥ Post-Fit We-v W other prompt »
@h—7r  [DFakelepions [ [DFake leptons [@h—y  [DFake leptons

% Uncenainty

7 Uncertainty %% Uncertainty

e

01 02 03 04 05 06 07 08 09
NN,

Data / Pred.
Data / Pred.
Dala/Pred.

1 01 02 03 04 05 06 07 08 09 1 1
s NN NNy
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ttW Production

+X Production

ttW~: No gluon-gluon initial
states

Sizeble difference in ttW™ and

du — ttw-
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+X Production

® Sizeble difference in ttW™ and

Production
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tt+X Production 'V Production

ttV: Summary
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+X Production tt+HF Jets

ttHF Production

- g som'aTen
CMS Preliminary June 2021 ] =
H
—— Measurement - POWHEG+PYTHIA8 & To inden
—— *  aMCONLO+PYTHIAS(FXFX) G BOT> 05,00 <08
e & =  POWHEG+HERWIG++
s Dot aMCONLO+PYTHIAS
—a Fully hiadronic .
. PLB(803)2020 135285 A .
2DCSV bin
—_——
Dilepton
415fb1
aniv:2012.09225
—-—
Dilepton
359!
JHEP07(2020)125
—o
—.
L
+'Jels .
JHEP07(2020)125
—B
1 2 3 4 5 6 7 8 9
b [Pb]
(IFCA) t% at the LHC 2022 26 /2




+X Production tt+HF Jets

ttHF Production
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tt+X Production tt+HF Jets

ttHF Production
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Summary

ATLAS and CMS Collaborations has a strong program in the top-quark sector.

inclusive

differential 1D/2D/3D
exclusive

Different energies

pPb collisions

many more...

Both collaborations are stil " sveral analysis using the Run II.
We are living our “Golden Years: Run-Il is a window to a new precision era.
® Top-quark studies are offering a different approach to searches of NP.
Run [l is here!!!l Exiting 13.6 TeV results are coming!
® 15th International Workshop on Top-Quark Physics (TOP2022) is taking place right now... New results must be
expected!!!
New challenges in the reduction of the systematic uncertainties

Many results from both collaborations did not fit in this presentation (tttt, ttZ...) but they are available
on:

e CMS Top-Quark Physics Results
e ATLAS Top-Quark Physics Results

J. Brochero (IFCA) t% at the LHC 05-09 September, 2022 27/28



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