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Plan
Overview of most recent top-quark results by ATLAS and CMS

Since Corfu 2022

* 12 new results by CMS (6 papers submitted, 6 preliminary results) [Link]
e 20 new results by ATLAS (13 papers submitted, 7 preliminary results) [Link]
e cannot cover them all in 25 minutes
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

Plan
Overview of most recent top-quark results by ATLAS and CMS

Since Corfu 2022

* 12 new results by CMS (6 papers submitted, 6 preliminary results) [Link]
e 20 new results by ATLAS (13 papers submitted, 7 preliminary results) [Link]
e cannot cover them all in 25 minutes

Focus on

e papers submitted in the last 6 months
o preliminary results in the last 4 months

Covers many different aspects of the top programme at the LHC
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Top-quark production

The top quark: the heaviest known fundamental particle, mi ~ 172.5 GeV

Produced in palirs, singly, and with additional particles; sensitive to NP

top-quark pair 4 L9 L« g J
G ~ 834 pb @13 TeV _
(NNLO+NNLL) g f o [ - t

g ¢ b W
W W b
b A t
. q' 59 t
single-top g B
t-channel s-channel tW
o~ 214 pb @13 TeV c~11pb @13 TeV G~ 79 pb @13 TeV
(NNLO) (NNLO) (NLO+NNLL)

LHC as top factory: ~120M pairs in Run-2 (140 fb-1) in each experiment
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tt cross section in ey channel

Analysis at 13 TeV collision energy

* inclusive and (double-)differential lepton distributions

* fiducial region and full phase space

o profits from latest luminosity measurement

e Improved reconstruction

M. Cristinziani

Top-quark physics @ Corfu2023

Events

MC/Data

600
500
400

300

0.6

-
o
)

% ATLAS I

JHEP 07 (2023) 141

ATLAS
eu opposite sign

Vs=13TeV, 140 fb™

[
e Data

L tt

mm Single top

mm Mis-ID leptons
wn Z — 1T+ jets

m Others

wm Stat @ Syst error

| &

| | —

2 >3
Number of b-tagged jets


https://link.springer.com/article/10.1007/JHEP07(2023)141

tt cross section in ep channel ﬂ

JHEP 07 (2023) 141

Analysis at 13 TeV collision energy

_ . _ _ . . . Source of uncertainty Aot ot (%) Aoyi/o %]
* inclusive and (double-)differential lepton distributions Data statistics 015 015
. . . MC statistics 0.04 0.04
* fiducial region and full phase space Matrix clemernt 012 016
_ . _ hgamp variation 0.01 0.01
* profits from latest luminosity measurement Parton shower 0.08 0.22
tt + heavy flavour 0.34 0.34
: : Top pt reweighting 0.19 0.58
* Improved reconstruction
Initial-state radiation 0.11 0.37
Final-state radiation 0.29 0.35
Electron energy scale 0.10 0.10
I I : I.t Electron efficiency 0.37 0.37
n C USIVe resu Electron isolation (in situ) 0.51 0.51
Muon momentum scale 0.13 0.13
° _ = - s - o Muon reconstruction efficiency 0.35 0.35
Oy 529 £ 1(stat.) + 13 (syst.) — 8(luml.) — 2(beam) pb Muon isolation (in situ) 0.33 0.33
— . . Lepton trigger efficiency 0.05 0.05
 world-record 1.8% tt cross section uncertainty Vertex association cficiency 0.03 0.03
Jet energy scale & resolution 0.10 0.10
® ' ' ' b-tagging efficiency 0.07 0.07
ag rees Wlth N N LO pred ICtlon tt/Wt interference 0.37 0.37
Wt cross-section 0.52 0.52
Diboson background 0.34 0.34
ttV and ttH 0.03 0.03
Z + jets background 0.05 0.05
Misidentified leptons 0.32 0.32
Beam energy 0.23 0.23
Luminosity 0.93 0.93
Total uncertainty 1.6 1.8
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tt cross section in ep channel tf

JHEP 07 (2023) 141

Analysis at 13 TeV collision energy
* inclusive and (double-)differential lepton distributions

» fiducial region and full phase space § | amas epaa
. : - E 107 — i | - Iiowheg+Hetw?gr7..O..4 -
o profits from latest luminosity measurement I - PowhogsPythia8 -
e improved reconstruction w o [ L g&%;%t;e%'yfaﬁi;f :
"E h m."é m Stat err%r ' .
= 10-3?!_ L""""E Stat ® Syst error —
Inclusive result T :
il ‘oo coaggrreme, _
] i
* O = 329 £ 1(stat.) == 13(syst.) + 8(lumi.) + 2(beam) pb ; )
e world-record 1.8% tt cross section uncertainty -
» agrees with NNLO prediction :
O & i
= 0-9.|....|....|....|....|....|....|....|....
] ] 100 200 300 400 500 600 700e 8%0 990
Differential results E+ B [GeV.

e somewhat in tension with state-of-the-art simulation
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Jet substructure in boosted tt events

Top-quark jet substructure

* anti-ki R=1.0 jets in single lepton chan.
and fully hadronic tt events

e pr (top-jet) € (350,600) GeV

Differential cross section

* unfolded at particle level (IBU)

* using charged components of jet
— 50% better resolution

Fight variables, 1D & 2D

e N-subjettiness T3, T32, T21:
e norm. energy correlation f. ECF2, D2, Cs;
o angularities LHA, p&”

» predicted substructure is more 3-body-like
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-027

Jet substructure in boosted tt events

Top-quark jet substructure

* anti-ki R=1.0 jets in single lepton chan.
and fully hadronic tt events

e pr (top-jet) € (350,600) GeV

Differential cross section

* unfolded at particle level (IBU)

* using charged components of jet
— 50% better resolution

Fight variables, 1D & 2D

e N-subjettiness T3, T32, T21:
e norm. energy correlation f. ECF2, D2, Cs;
o angularities LHA, p&”

» predicted substructure is more 3-body-like

Fractional Uncertainty [9%]
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ATLAS-CONF-2023-027
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Jet substructure in boosted tt events :

ATLAS-CONF-2023-027

Top-quark jet substructure

» anti-ki R=1.0 jets in single lepton chan.  #  ,F ar14s Proliminay  —rwesrve  ® oaw
and fully hadronic tt events = S A o AU A

* pr (top-jet) € (350,600) GeV 8'3 25;_ i!i;ﬂi‘?;.%ha:i‘;ia‘iiv pwesYereRU E

Differential cross section =t e E

 unfolded at particle level (IBU) 1SE .. E

» using charged components of jet = - = =
— 50% Dbetter resolution = E

Fight variables, 1D & 2D : :

e N-subjettiness T3, T32, T21: f%g

 norm. energy correlation f. ECF2, D2, Cs; g°

o angularities LHA, p&” 5|

* predicted substructure is more 3-body-like §§

Large-R jet T,
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Jet substructure in boosted tt events :

ATLAS-CONF-2023-027

Top-quark jet substructure
e anti-ki R=1.0 jets in single lepton chan.

ATLAS Preliminary
and fully hadronic tt events (=13TeV, 14010" E‘;f;faf‘unc S:;*Syst- unc.
. lI-had, 500 GeV ' '
* pr (top-jet) € (350,600) GeV o P0GV PWGHH? — oees PWG+PY FSR Up
----- PWG+PY8 FSR Down ——— MC@NLO+PYS8

Relative cross-section

Differential cross section

S| 226~ ~ ~ -~~~ " JqF "~ -~ -~ T " "3JF - T T
g 2
* unfolded at particle level (IBU)  go 12
* using charged components of jet !
— 50% better resolution o
_ _ 0.6
Elght Varlables, 1D & 2D 83 1225<m® [GeV] <157.5 157.5<m® [GeV] <187.5 1875<mp[GeV] 222.5

o N'SUbjettineSS 13, 132, T21; ° >0 10 05 ' O.5Large-Rjet 1321

* norm. energy Correlation f. ECF2, D2, Cs;
o angularities LHA, p&”

» predicted substructure is more 3-body-like
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tt production at 13.6 TeV

First tt measurement in Run-3 at new energy, 1.21 fb-

* single and dilepton channels

e p1(£)>35 GeV; new jet calibration; data driven Z+jets & QCD multijet
ML fit with cut&count cross-check in ey channel

arXiv:2303.10680

_ CMS 1.21 " (13.6 TeV)
103 CMS 1.21fb-' (13.6 Tev) & 10° — Prefit
2.5 eI Channle| | S | : | - — ¢ Data -tt Slnglet W+jets
s : gi;;(])zt)sn ; Encertainty % 10 == mQCD mmZ+jets mmDiboson pzUncertainty
2.0 . ' 1 2 =
I Singlet ¢ Data W --i
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£15 =
o 102 =
>
W40
10
1
- 15_ T T T T T T T ] 14_
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tt production at 13.6 TeV

First tt measurement in Run-3 at new energy, 1.21 fb-

* single and dilepton channels

e p1(£)>35 GeV; new jet calibration; data driven Z+jets & QCD multijet
ML fit with cut&count cross-check in ey channel

arXiv:2303.10680

-1
. y S Ly EMF% Sthit 12110 (13.6 TeV) Source Uncertainty (%)

55 <10 r?M'SI . . 121 fb_. {367eV) 2 = ; Data mmft Single t Wiets Lepton ID efficiencies 1.6
bl a3 W Z+jets AU £ 10k =QCD B Z+jets mmDiboson gz Uncertainty Trigger efficiency 0.3
B8 Diboson 772 Uncertainty | @ = ES 0.7

2.0 I Singlet ¢ Data i - ] '
J 10° =- b tagging efficiency 1.1
£ 15 - Pileup reweighting 0.5
|j>j ME scale, tt 0.6
10 10 ME scale, backgrounds 0.1
0.5 ME/PS matching 0.1
1 PS scales 0.3
. 15— , , , , , a - 14 PDF and ag 0.3
g ] u\= ' E_ ee (1b) |ee(2b) [ uu (1b) | uwu (2b) | eu (Ob) u (1b) ) | e+jets (1b) | e+jets (2b) [ u+jets (1b) | u+jets (2b) Single tbackground 1.0
2.0 brgrrrrrgretss /W////////////// s 1.2 Z+jets back d 0.3

= VOprgrrrrrig o4/, /f/ R I { + +jets backgroun :
cD*B‘ ] 8 9 91.%{ /JT/'//////,AMWM' WW%WMW W +jets background 0.0
0.5 1 > 3 4 5 6 7 0.8 + * Diboson bzickground 0.5
Number of jets - QCD multijet background 0.3
0. v'm'm'g N'm'¢ F'N'm'g N'm'g w—'N';g w—lmloolg N'm';c P TotwiotoFoswod Statistical uncertainty 0.5
Number of jets Combined unc:?rtal.nty 2.6
Integrated luminosity 2.3

o; = 882 % 23 (stat. + syst.) £ 20 (lumi.) pb (921*3 pb expected)
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tt production at 13.6 TeV ;

arXiv:2308.09529

Measure tt and Z cross-section simultaneously, 29 fb-
» ey channel for tt

e ee and pp for Z cross-section

e ratio cancels lumi dependence
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tt production at 13.6 TeV ;

arXiv:2308.09529

Measure tt and Z cross-section simultaneously, 29 fb-

» ey channel for tt

3
e ee and py for Z cross-section o 200’;‘_”14”_ e o E
» ratio cancels lumi dependence > 180 Vs=18.6TeV, 291" S8 o Wehannel —
160 £~ ey Diboson =
Strategy 140 - opons
P = < Uncertaint =
* count b-tag multiplicity 100 - g =
e 80 B =
e also extract b-tag efficiency 60 F- , s =
40 g =
N1 = Loeq2€p (1 — Cpep) + N?kg, 20 = =
0 -
bk .
Ny = LO_the,quEb N g 3 1.2
a1 %//////// %////%////%///;y//////// ///%//
©
= 0.8
= 0 1

b-tagged 77% WP jet multlpllc:lty
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tt production at 13.6 TeV ;

arXiv:2308.09529

Measure tt and Z cross-section simultaneously, 29 fb-

» ey channel for tt

" 1011'§ [ | I =

 ee and py for Z cross-section 2 F ATLAS » Data —_— :
: . 210 §? \/__ =13.6 TeV, 29 fb" tt B SingleTop tW-channel ?5
 ratio cancels lumi dependence -  Diboson  WIMisid. leptons L
10°E re-ri 7 Uncertainty =

Strategy 107;?
. . 6
» count b-tag multiplicity 12
 also extract b-tag efficiency o
bkg 10°
N1 = Loy€e2ep (1 - Cpep) + N7, 102
N, = LO'thelquEl%+N;kg, 1(1
D418l | | |
QGL_J ) 8:; ?//%////73‘///%///7%////////%//%//////;//s/-/‘///s/.‘//7’9/-/4///5/-/‘//7’5/-/‘/.7’5/-/‘/ /,/e/-/é
B0.65 S - S - i - w 5
s “1b “2p e
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tt production at 13.6 TeV ;

arXiv:2308.09529

Measure tt and Z cross-section simultaneously, 29 fb-

» ey channel for tt

: 010" g | | . .

e ee and pp for Z cross-section S b ATLAS _ eData mz z
, , > = V\s=13.6 TeV, 29 1b tt B SingleTop tW-channel =

* ratio cancels lumi dependence HioPg iz Diboson  EMisid. leptons -
10f ; Post-Fit /- Uncertainty =

Strategy
e count b-tag multiplicity
e also extract b-tag efficiency

bk
Ny = Loi€e2€p (1 — Cpep) + N, 5
> bk

N> = Loyi€ Cpe, + N, v,
31.02! _:
o1 2‘5'///////7’/////////7‘////7‘//9’/7‘////7‘/ K oo f S QA /oo o i i A o i ,.
~0.98} :
©0.96! - . |
A “1b 2 e U
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tt production at 13.6 TeV

arXiv:2308.09529

Measure tt and Z cross-section simultaneously, 29 fb-

O
e“ Chan nel for tt Category Uncertainty [%]
. _ fid. _
e ee and pp for Z cross-section i Ty Riiyz
: : tt tt parton shower/hadronisation 0.9 < 0.2 0.9
e ratio cancels lumi dependence {F scale variations 04 <02 04
tt normalisation - <0.2 -
S.t .t Top quark pt reweighting 0.6 < 0.2 0.6
ra egy Z Z scale variations < 0.2 0.4 0.3
T Bkg. Single top modelling 0.6 < 0.2 0.6
e count b-tag multiplicity Diboson modelling <02 <02 02
.. ttV modelling <02 <02 <0.2
¢ aISO eXtraCt b'tag eﬁICIeﬂCy Fake and non-prompt leptons 0.6 < 0.2 0.6
Lept. Electron reconstruction 1.2 1.0 0.4
bkg Muon reconstruction 1.4 1.4 0.3
Nl — LO_ttEe,UZEb (1 _ Cb Eb) + N1 ’ Lepton trigger 0.4 0.4 0.4
Jets/tagging Jet reconstruction 0.4 - 0.4
) bk gemeg :
N2 — LO'the'u Cb Eb + ]\72 5 . Flavour tagging 0.4 - 0.3
PDFs 0.5 < 0.2 0.5
Pileup 0.7 0.8 < 0.2
Luminosity 2.3 2.2 0.3
Systematic uncertainty 3.2 2.8 1.8
Statistical uncertainty 0.3 0.02 0.3
Total uncertainty 3.2 2.8 1.9
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tt production at 13.6 TeV ;

arXiv:2308.09529

Measure tt and Z cross-section simultaneously, 29 fb-

° e“ Chan nel for tt Category Uncertainty [%]
. _ fid. _
e ee and pp for Z cross-section i Ty Riiyz
: : tt tt parton shower/hadronisation 0.9 < 0.2 0.9
e ratio cancels lumi dependence {F scale variations 04 <02 04
tt normalisation - < 0.2 -
Top quark pt reweighting 0.6 < 0.2 0.6
St rategy Z Z scale variations < 0.2 0.4 0.3
T Bkg. Single top modelling 0.6 < 0.2 0.6
e count b-tag multiplicity Diboson modelling <02 <02 02
.. ttV modelling <02 <02 <0.2
¢ aISO eXtraCt b'tag eﬁICIeﬂCy Fake and non-prompt leptons 0.6 < 0.2 0.6
Lept. Electron reconstruction 1.2 1.0 04
_ ) bkg Muon reconstruction 1.4 1.4 0.3
Nl — LO_Z‘Z‘EB,UZEI? (1 o Cb Eb) + N1 ’ Lepton trigger 0.4 0.4 0.4
- 7 bkg Jets/tagging Jet reconstru.ction 0.4 - 0.4
N2 = LO'the'u Cb Eb + ]\72 . Flavour tagging 0.4 - 0.3
PDFs 0.5 < 0.2 0.5
Pileup 0.7 0.8 < 0.2
Luminosity 2.3 2.2 0.3
Systematic uncertainty 3.2 2.8 1.8
ReS u ItS Statistical uncertainty 0.3 0.02 0.3
. Total uncertainty 3.2 2.8 1.9
* 0,; =850 = 3 (stat.) £ 18 (syst.) = 20 (lumi.) pb

. R, =1.145+ 0.003 (stat.) = 0.021 (syst.) = 0.002 (lumi.)
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pp — tt cross-section summary

M. Cristinziani

Inclusive tt cross section [pb]

.
-
6y

ek
-
N

10

| | | | | | | | | | | | |
Tevatron combined 1.96 TeV (L < 8.8 fb'1)
ATLAS combined dilepton, I+jets* 5.02 TeV (L = 257 pb™)
CMS combined ey, I+jets 5.02 TeV (L = 27.4-302 pb™)
LHC combined eu 7 TeV (L=5fb") LHCtopWG
LHC combined en 8 TeV (L=20fb™") LHCtopWG
ATLAS en 13 TeV (L = 140 fb™)

CMS eu 13 TeV (L =35.9 fb)

ATLAS I+jets 13 TeV (L = 139 fb™)
CMS Il+jets 13 TeV (L =137 b
ATLAS eu* 13.6 TeV (L=11fb™)

CMS dilepton, I+jets 13.6 TeV (L = 1.2 fb™)

e 6 > [» B « « + o J

* Preliminary

——— NNLO+NNLL, PDF4LHC21 (pp)
NNLO+NNLL, NNPDF3.0 (pp)

2 4 6 38

Top-quark physics @ Corfu2023

ATLAS+CMS Preliminary

LHCIop WG

June 2023 |

1000F
900¢

800¢

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
My = 172.5 GeV, ocS(MZ) =0.118 = 0.001
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Single top production

. t
top-quark pair ) [ o [ o g
0~ 834 pb @13 TeV .
(NNLO+NNLL) g f 9 [ 5 t
q q g ¢ b W
", w+ b
t
. 7 59 t
single-top b
t-channel s-channel tw
c~214pb @13 TeV oc~11pb @13 TeV Cc~79pb @13 TeV

(NNLO) (NNLO) (NLO+NNLL)
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t-channel 13 TeV cross section s o

ATLAS-CONF-2023-026

M. Cristinziani Top-quark physics @ Corfu2023 10


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026

t-channel 13 TeV cross section s o

ATLAS-CONF-2023-026

Typical signal region: 1e/y, 1 b-jet, 1 forward jet

NN to separate signal from background

— 240f—T T T T T T e )

S .l ATLAS  Preliminary ¢ data W

2 [ {s=13TeV, 140 fb™ Ww+iw, b T ]
3 200:' SR plus [ W+bb B W+c(e) ]
W 1gof Post-Fit [ ]VV, Z+jets  mj e+

[ ]mj fe+ B mj u+

//7 Uncertainty

~ 220
o

160}
140}
120}
100
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t-channel 13 TeV cross section s o

ATLAS-CONF-2023-026

Typical signal region: 1e/y, 1 b-jet, 1 forward jet

NN to separate signal from background

e
. . S _.nl ATLAS  Preliminary ¢ data W
Preliminary result, full Run-2 dataset gl B-isTevidon’  Eokaws Ea
3 f SRpIu§ -W+bb. -Wl-l-c(E) ]
« 0,=137+8pb, o;=28472pb, * ooy P Triter . WM
[ /77 Uncertainty
- _ _ +0.036

0 o1 02 03 04 05 06 07 08 09 1
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t-channel 13 TeV cross section s o

ATLAS-CONF-2023-026

Typical signal region: 1e/y, 1 b-jet, 1 forward jet

NN to separate signal from background

III|IIII|IIII| IIIIIIII |IIII|IIII|IIII
ATLAS Preliminary \@_13Tev 140 fb1

Preliminary result, full Run-2 dataset R e
O p— 137 + 8 pb Gt - 84"‘5 pb Measurement result

ABMP 1.6 (5 flav.)

e 06,;=221+13pb, R =oc,/0;=1.636" 030 ATAS eptlzt®

—(0.034 ATLAS epWZtop18
ATLAS epWZVjet20

e cancellation of systematics ATLASpdI21
* sensitive to PDFs T8

MSHT2020
NNPDF 3.0
NNPDF 3.1
NNPDF 4.0
PDF4LHC21

15 155 1.6 165 1.7 175 1.8 185
Rt
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t-channel 13 TeV cross section s o

ATLAS-CONF-2023-026

Typical signal region: 1e/y, 1 b-jet, 1 forward jet

NN to separate signal from background

ARNRRRRN RRREY LEREY LR RERRERERENRERE
Preliminary result, full Run-2 dataset s oo o o

. 0= 137£8pb, o, =84 pb, e

e 0,;=221+13pb, R,=o/0o;= 1636003 LS ez

e cancellation of systematics szt

» sensitive to PDFs st

Witq vertex in production and decay e

— o and [ sensitive to |Viq|

» assuming |V, | > | Viy| = fov - | Vip| = 1.016 £0.031 5 755 16 165 1.7 175 1.8 185
o additionally |V,,| € [0,1] - |V,,| > 0.95at 95% C.L. R
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t-channel 13 TeV cross section gl o

ATLAS-CONF-2023-026

Typical signal region: 1e/y, 1 b-jet, 1 forward jet

NN to separate signal from background 0.36 [T T T T T = 5

_ _ - ATLAS Prelimin%ry ..... 68%CL J _|,:
Preliminary result, full Run-2 dataset 03~ s=13TeV, 1401b —%eoL -
« 0,=137+8pb, o;=28472pb, 025} -
¢ 0,;=221+13pb, R, =o0/0;=1.636100° — 0z B -
 cancellation of systematics D015 E
» sensitive to PDFs o E
Wtq vertex in production and decay 005 =
— o and [ sensitive to |V oE s L LS

0.92 0.94 0.96 0.98 1 1.02 1.04 1.06

o assum|ng ‘ th‘ =>> ‘ th(S) ‘ _>fLV ‘ ‘ th‘ = 1016 + 0031 f'—Vlvtbl
 additionally |V, | € [0,1] = |V,,| > 0.95 at 95% C.L.
e 2D contours, relaxing constraints, three scenarios Vil = 0
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t-channel 13 TeV cross section gl o

ATLAS-CONF-2023-026

Typical signal region: 1e/y, 1 b-jet, 1 forward jet

NN to separate signal from background

e o1 ATLAS Preiminary | - ewect ..
Preliminary result, full Run-2 dataset P fe=13Tev 14010 )
e 0,=137+8pb, o;=284%pb, 3 E
e 0,.;=221x13pb, R =o0,/0;= 1.636J_r8:8§2 < 0.4; _ S
» cancellation of systematics = E s
* sensitive to PDFs E E
Wtq vertex in production and decay b E
— o and [ sensitive to [V o Lo AR | |
« assuming | V,,| > | V| = fiv - | Vy| = 1.016 £ 0.031 iV,

e additionally |V,| € [0,1] = |V, | > 0.95 at 95% C.L.

e 2D contours, relaxing constraints, three scenarios Vgl = 0
td] =
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t-channel 13 TeV cross section gl o

ATLAS-CONF-2023-026

Typical signal region: 1e/y, 1 b-jet, 1 forward jet

NN to separate signal from background A

_ _ - ATLAS Prelimin%ry ..... 68% CL e
Preliminary result, full Run-2 dataset o8- Vs=13TeV, 140 fb —9%wel o
« 0,=137+8pb, o;=28472pb, 05F

e 0,:=221%t13pb, R =o0,/0;=1.636T)0°
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e cancellation of systematics
* sensitive to PDFs
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t-channel 5 TeV cross section g op

ATLAS-CONF-2023-033

Preliminary result, 5 TeV pp collisions 257 pb-1

e similar analysis strategy as for 13 TeV collisions = 19.5%3%(stat.)*5(syst.) pb
e significance: 6.10 (6.40 expected) o7 = 7.173(stat.)*T3(syst.) pb

Measurements compatible with SM predictions 7+ = 26.67;(stat )+4 o(syst.pb

1.44 +1.04
Additional probe for PDFs, at lower energies R, = 2.74Z ) g5(stat) 2y po(syst.)
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Single top pp cross-sections summary —
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- i—i -I - ¢ LHC comb. JHerPos(2019)088
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ttW inclusive and differential opex

ATLAS-CONF-2023-019

Rare process & important background for 4t, ttH

q t 4 t 4
g g Z [y —
| f ﬂi;wi
t
Q/ Mwﬂ&
¢ W= I W= q’ W= g 7

Analysis strategy

e 2SS and 3¢ regions, jets and b-tags
e ttZ and WZ from control regions
e misidentified leptons from sidebands
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ttW inclusive and differential opex

ATLAS-CONF-2023-019

o = 890 = 80 fb

e agrees with ref. prediction

722J_’;g (scale) = 7 (PDF) fb

(JHEP 11 (2021) 029)
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ttW inclusive and differential opex

ATLAS-CONF-2023-019

o = 890 = 80 fb

o 107 | | | | | | | | |
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ttW inclusive and differential

o = 890 = 80 Tb

e agrees with ref. prediction
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ttW inclusive and differential opex

ATLAS-CONF-2023-019

o = 890 = 80 Tb
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Four top-quark production

Very rare process sensitive to Higgs boson properties and BSM

 enhanced in BSM scenarios: gluino pairs, heavy bosons in 2HDM, 4-fermion interactions
e sensitive to top Yukawa coupling strengths, charge and CP properties

O 0OC t 0]010 t
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£
a

DOC t oYoXe f
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Four top-quark production opex

EPJC 83 (2023) 496

Observation combining several channels

e 2SS and 3¢ channels

» 8 control regions — ttW+ and ttW- are determined independently

* non-prompt leptons determined from pr (3" lepton)

 employ Graph Neural Network, check distributions for GNN score > 0.6

» measure: o,;,; = 22.57%% pb, 6.10 significance
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Four top-quark production opex

EPJC 83 (2023) 496

Observation combining several channels

o 2¢SS and 3¢ channels

» 8 control regions — ttW+ and ttW- are determined independently

* non-prompt leptons determined from pr (3" lepton)

 employ Graph Neural Network, check distributions for GNN score > 0.6

» measure: o,;,; = 22.57%% pb, 6.10 significance
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Four top-quark production opex

EPJC 83 (2023) 496

Observation combining several channels

e 2SS and 3¢ channels

» 8 control regions — ttW+ and ttW- are determined independently

* non-prompt leptons determined from pr (3" lepton)

 employ Graph Neural Network, check distributions for GNN score > 0.6

» measure: o,;,; = 22.57%% pb, 6.10 significance
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Four top-quark production

Observation combining several channels
e 2¢SS, 3¢ and 4¢ channels

* Improvements in lepton id, b-tagging, MVA analysis: 2 BDTs with 34 variables
e expected significance 4.90 (ATLAS 4.30)

» measure: ¢;,; = 17.775 pb, 5.60 significance
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Four top-quark production

Observation combining several channels

e 20SS, 3¢ and 4£ channels

arXiv:2305.13439

* Improvements in lepton id, b-tagging, MVA analysis: 2 BDTs with 34 variables
e expected significance 4.90 (ATLAS 4.30)
» measure: ¢;,; = 17.775 pb, 5.60 significance
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Four top-quark production

arXiv:2305.13439

Observation combining several channels

e 2¢SS, 3¢ and 4¢ channels
* Improvements in lepton id, b-tagging, MVA analysis: 2 BDTs with 34 variables

e expected significance 4.90 (ATLAS 4.30)
» measure: ¢;,; = 17.775 pb, 5.60 significance
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Four top-quark production

" " " arXiv:2305.13439
Observation combining several channels
e 20SS, 3¢ and 42 channels
* Improvements in lepton id, b-tagging, MVA analysis: 2 BDTs with 34 variables
e expected significance 4.90 (ATLAS 4.30)
» measure: ¢;,; = 17.775 pb, 5.60 significance
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tWZ production

Rare process — test of SM
 multilepton channel

CMS-PAS-TOP-22-008

Analysis performed in 2 regions

with different jet requirements

e top quark almost at rest
e top quark with large pr

ttZ background

* large and interfering at NLO
* main systematics
e diagram removal vs. subtraction
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tWZ production

Rare process — test of SM
 multilepton channel

Analysis performed in 2 regions
with different jet requirements

x10° 138 fb™' (13 TeV)
e top quark almost at rest © 025 cys  mEE wIno B e o
't k . th | o ~Preliminary ZZ B Nonprompt I WZ+b
o —~ T WZ4 VV(V DR ()¢
Op quark wi drge pt 2 02 — + e Lﬁr)lc
O
>
LL

ttZ background
* large and interfering at NLO

3l, 2], = 1b

o
—h
ol

0.1
* main systematics
_ _ 0.05
e diagram removal vs. subtraction
0
2 1
c\-'c% O: 81 %_7‘/7+///////*///////#///////Z///%%/—*/—/—/—/—/—/—/*—/—/—/ﬁ7/7+7/7/7////4///////i///////#///
A 0.6E

0 01 02 03 04 05 06 07 08 09 1
tWZ output score

M. Cristinziani Top-quark physics @ Corfu2023 18


http://cds.cern.ch/record/2859612

tWZ production

Rare process — test of SM
 multilepton channel

CMS-PAS-TOP-22-008

Analysis performed in 2 regions

with different jet requirements

e top quark almost at rest
e top quark with large pr

ttZ background

 large and interfering at NLO
 main systematics 0.1
e diagram removal vs. subtraction 0.05
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tWZ production

Rare process — test of SM
 multilepton channel

CMS-PAS-TOP-22-008

Analysis performed in 2 regions
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tWZ production

Rare process — test of SM
 multilepton channel

Analysis performed in 2 regions
with different jet requirements

138 fb™' (13 TeV)

* top quark almost at rest “ECMS

B twzNLO [tz
B Nonprompt I WZ+b

18Preliminary

e top quark with large pr

ttZ background

* large and interfering at NLO
* main systematics
e diagram removal vs. subtraction

] WZ+j
B Xy

Events / bin width

VV(V)
¢ Data

Evidence for tW/Z production
 3.50 measured (1.4o expected),

Data/MC
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Top+X summary: tt+X

ATLAS+CMS Preliminary _

LHCIOPWG Ys = 13 TeV, June 2023
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Top+X summary: t+X

top+X

ATLAS+CMS Preliminary _

HCTOpWG Vs =13 TeV, June 2023
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Top+X summary: 4 top-quark observation

ATLAS+CMS Preliminary (s = 13 TeV, June 2023
LHCtopWG
| O =120 22 (scale) fb I o.. = 13.4"}; (scale+PDF) fb t:ot :sta’:
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tt+leptons EFT interpretation "

arXiv:2307.15761

Associated production of top quarks and leptons
* Event categories according to leptons and b-tags  lteston  #witin  biet £ charge Jet

multiplicity Z window multiplicity sum multiplicity

EFT framework to search for new physics
C? d 2Css / N < - )
Lepr = Loy + ) A4 O; ~
d,i

N —_—\

47 > 2b >
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tt+leptons EFT interpretation o

arXiv:2307.15761

Associated production of top quarks and leptons
* Event categories according to leptons and b-tags

EFT framework to search for new physics

CMS postfit 138 b (13 TeV)
2500 7
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No significant deviation with respect to SM prediction found
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tt+leptons EFT interpretation |
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Lorentz invariance in tt ep events O

CMS-PAS-TOP-22-007

CMS preliminary result, 2016+2017 data

- | | CMS | Pnlelirlnillvary IIIIIIIIIIIII 774 fb'1l(1l3 ITeV)I |
o differential tt cross section vs. sidereal time gfzg
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» profile likelihood fit — no unfolding needed CMSpoimnay 741" (13TeY
- —— SM predictions ]
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0.94- —
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Summary
Rich top-physics programme pursued at LHC

tt cross section

e uncertainty reduced to 1.8%; several energies; first Run-3 measurements
o detailed differential studies

Single top production

o extract Vip; now also at 5 TeV

Top+X processes

o tttt observed by ATLAS and CMS
o ttW:; tWZ

Searches with top quarks

e | orentz invariance violation
 EFT interpretation
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