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Top Associated Production in ATLAS and CMS
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The Frontiers of Top Quark Production at the LHC

Variety of processes with differing cross-sections, some of
which are notably small at the LHC.

Top Quark Production Cross Section Measurements Status: November 2023
Probing Top Quark Couplings for understanding Electroweak ) ATLAS Proliminary ooy
Symmetry Breaking (EWSB) and searching for new physics. & 10 Foo. | RUN1.23 v = 5.7.8.1313.6 TV R
BB Data 0.255 - 02570
EFT Operators Spectrum: Sensitive to a wide range of Effective ! - o :;ppfﬂw )
ata 4.5-4.6fb!
Field Theory (EFT) operators, including t-V vertices and four- 10° - =g B G o oo 8 T
fermion vertices. : A WA a0z 05
i -' LHC pp Vs =13 TeV
] o . . 10! - B Daia 32- 14012
Increasing Precision: Despite often small cross-sections, the : II MG b ¥ = 13.6 eV
accumulating data from LHC enables probing of smaller I B om0
processes with enhanced precision. 1 F o oo -
N \ i
: 2
BSM Contributions: Numerous possibilities for Beyond the - a I a
. . i 1L ——
Standard Model (BSM) contributions that could modify top quark " : ° - :
couplings. B
10—2 -

Discussed Today: ttZ, tWZ, tt W, tty, tW new since Moriond 2023 tt t tW  t tIW ttZ ttH tty ty tZj 4t

t-chan s-chan fid. (+jets fid. €
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tWZ production

> Probing tZ and tW couplings, could be
iImpacted by BSM physics

> Interference at NLO in QCD: some diagrams of
the 1t/ interfere with the tWZ at NLO QCD.

> Theoretical predictions vs measurements:
compare measurement with theoretical
predictions at full next-to-leading order (NLO)
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tWZ production

Control region to account for di-boson
production processes.

Employment of DNN classification to enhance

differentiation between the tWZ process and
backgrounds.
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tWZ production

Control region to account for di-boson
production processes.

Employment of DNN classification to enhance

differentiation between the tWZ process and
backgrounds.

Evidence for tWZ production with a measured
signal strength of 2.6 + 0.4 (stat) + 0.7 (syst)

Measured tWZ production cross-section in
tension with SM predictions
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tWZ production arXiv:2312.11668 (2023)

N
Control region to account for di-boson 15.. C.L
production processes. —+-95% g

- G LT T e A

Employment of DNN classification to enhance

differentiation between the tWZ process and
backgrounds.

Evidence for tWZ production with a measured
signal strength of 2.6 + 0.4 (stat) + 0.7 (syst)

R T S T MmO TN T e

Simultaneous measurement of t7Z and tWZ S0 N SN SN Do s S
_1: | | 1 | | | | 1 | l | | | I | | | i | | | | 1 | |
0.4 0.6 0.8 1 1.2 1.4 l.l 1.6
Measured tWZ production cross-section in ttZ

tension with SM predictions


http://arxiv.org/abs/2312.11668

w5

Djamel Boumediene (LPCA)

117, tWZ, tZq production

— Top associated production — Moriond EW 2024 7

> Constraining top-Z and top-W Couplings: t
could be impacted by BSM physics.

> ttZ In rare-Top analyses and BSM Searches: is

an irreducible background in several searches

> Theoretical predictions vs measurements:

compare measurement with theoretical
predictions at full next-to-leading order (NLO), ?

iIncluding EW corrections, and enhanced by

NNLL accuracy resummation.

(} '

ATLAS arXiv:2312.04450 (2023) > 1t/

EXPERIMENT

q q’
4%

b {

NEW!

| CMS-PAS-TOP-23-004 (2024) = 11Z,tWZ,tZ

/——"\ » cf. Federica Colombina's talk



https://arxiv.org/abs/2312.04450
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-004/index.html
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117, tWZ7,t7Zqg production CMS-PAS-TOP-23-004 (2024) |G

CMS Preliminary 138 fb' (13 TeV)

e tZg twz Btz X
" Nonprompt """ Multiboson B8 WZ Xy
—— Data V77777 Tot.Une.
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>~ Leptonic signature: 37 with a Z mass resonance

Events /0.17
w BN N
S 8
—o—

> Main backgrounds: WZ, tf with non-prompt leptons,
Z+)ets.

> Multivariate analysis for classification: multiclass deep

neural network (DNN) creates 3 categories: ttZ + tWZ, t/q,

ba Ckg rounds 04 05 06 07 08 09 1
ttZ+tWZ output node (max. score)
CMS Preliminary 138 fb™' (13 TeV)
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itL, tWZ4, t£q pl'OdUCtiOﬂ CMS-PAS-TOP-23-004 (2024) |SlIB¢|

CMS Preliminary
2 25

Leptonic signature: 37 with a Z mass resonance

—
(0]

20

—_
(*))

Main backgrounds: WZ, tt with non-prompt leptons,
Z+)ets.

-
S

—_
\}

15
Multivariate analysis for classification: multiclass deep

neural network (DNN) creates 3 categories: ttZ + tWZ, t/q,
backgrounds

—

o
o)

+ Best fit 10
— 10 CL
—20 CL
¢ SM

o
o))

ttZ;tWZ cross section ratio to the SM
n

Inclusive measurement: performed in the 37, adding 47

O
N

channel. Independent and first simultaneous measurement

— o . 0
of tt/ and tWZ production cross-sections. 0 02 04 06 08 1 12 14 16 18 2

tZq cross section ratio to the SM

0

o(ttZ + tWZ) = 1.14 = 0.05 (stat) = 0.04 (syst) pb
- o(tZqg) = 0.81 = 0.07 (stat) £ 0.06 (syst) pb

t/q measurement in agreement with SM predictions

ttZ + tWZ measurement in tension with SM predictions
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117, tWZ7,t7Zqg production CMS-PAS-TOP-23-004 (2024) [EMS |

>~ Leptonic signature: 37 with a Z mass resonance

> Main backgrounds: WZ, tf with non-prompt leptons,

CMS Preliminary 138 b (13 TeV)
Z+jets S 30~ T " T T ] LN L R B
) S [ fizetwz — Stat. + syst.unc. -
P 25:_ — Stat. unc. _I
b B — O -
> Multivariate analysis for classification: multiclass deep R } Theory unc. .
. _ & 201~ ]
neural network (DNN) creates 3 categories: ttZ + tWZ, t/q, ij : I :
backgrounds © e : E
10 ¢ =
* Inclusive measurement: performed in the 37, adding 47 - ) .
: : S ]
channel. Independent and first simultaneous measurement - -
_ . . _ | | | | | |
of tt/Z and tWZ production cross-sections. 0
S 151 .
_ =~ 1 8 (3 [ $ =
> Differential measurement: performed for ttZ + tWZ and 8 05F -
o 20 40 60 80 100
t/.q productions at parton level. or(f w) [GeV.

ttZ + tWZ measurement: higher tension at low top lepton pr

» cf. Federica Colombina’s talk for more details
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1t/ production

arXiv:2312.04450 (2023)

ATLAS

U) lllllllll'llllllllllllllllllllllllllllllllll' lllll EXPERIMENT
R & 1600~ ATLAS - Data Wiz -
Orthogonal channels by lepton multiplicity: 27, 37, 4¢ G [ {s=13TeV,140fb" = i DD Zib -
1400 ttZ-2L B Zc Wz: -
~ - SR-2L-6j2b Btwz W
Main backgrounds: 1f, Z+jets, tZq, diboson (particularly Ie0tt™ Fost kit -Ej]‘;eer';?:t’;‘s mGher =
| | | F F
WZ+jets and ZZ+jets), with heavy-flavour components e i
in 37, 4¢.
Multivariate analysis for discrimination: deep neural
networks (DNNs)
8
o
-
4
0 JE
0.8-

O 01 02 03 04 05 06 07 08 09 1
NN output

oriz = 0.86 = 0.06 pb = 0.86 + 0.04(stat.) + 0.04(syst.) pb.

NLO+NNLL _ +0.08
Oz = 0.86__0.09 pb

Measurement in agreement with SM predictions (arXiv:1610.07922)



https://arxiv.org/abs/2312.04450
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1t/ production

Orthogonal channels by lepton multiplicity: 27, 37, 4¢

Main backgrounds: tf, Z+jets, tZq, diboson (particularly

— Top associated production — Moriond EW 2024 12

WZ+jets and ZZ+jets), with heavy-flavour components

in 37, 4¢.

Multivariate analysis for discrimination: deep neural

networks (DNNs)

Differential measurement: performed in the 37 and 47

channels at parton and particle level.

Prediction

- [fb x GeV]

Data

arXiv:2312.04450 (2023) %
ATLAS
EXPERIMENT
:' N LS ELELELES LS EELUELELE BUELSLELE [BLLEUELE| [BLELEL ':
0.09F ATLAS e Data =
= {s=13TeV, 140 fb”" ---MG5_aMC@NLO+Pythia 8-
0.08 - - -Sherpa 2.2.1 (incl.) =
0.07 - Sherpa 2.2.11 (multi-leg) _=
TE e Stat. uncertainty =
0.06— — B Total uncertainty —
0.05F Ft:‘_ =
- ® =1
0.04:— . L_.-' =
0.03F- | =
002  ® E
- | =
0.01 s....-..] —
= ® =
T.l...ll...ll..l.lL!—H-r-!-r-l-f—r-.-r-r-H--!-rﬂ—r"
1.3E ' ' =1 ) ' ) ~
=
1 VPM TAAT BT AT BB W BBl NS RE W BT A NER A
0.7t :

100 200 300 400 500 600 700 800
Particle-level H; [GeV]

>  Unfolded cross-sections as a function of
13 variables

Measurement in agreement with SM predictions
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1t/ production arXiv:2312.04450 (2023) S
ATLAS Quadratic (marg.) ® Global mode ATL AS
Vs =13TeV,140fb~' —— Linear (marg.) — 68% Cl EXPERIMENT
SMEFT A=1TeV —— Quadratic (indp.) - 95% CI
Orthogonal channels by lepton multiplicity: 27, 37, 4¢
S (0 | S —T O —— . . =
Main backgrounds: tf, Z+jets, tZq, diboson (particularly SCul|- -
WZ+jets and ZZ+jets), with heavy-flavour components
R[Cia) i N — =|
in 37, 4¢. T
3(Ciall- ) -
Multivariate analysis for discrimination: deep neural
networks (DNNS) 32[0‘8]_ ...................... . ................... -
Differential measurement: performed in the 37 and 47 el et l
channels at parton and particle level. N P .
Top quark spin correlation using angular information CBF e ————— -
EFT interpretation using SMEFT, top—-boson scenario ci——o = .
and four-quark scenario -100 75 50 -25 00 25 50 75 _ 100
C/A? [TeV-2]

EFT interpretation
» cf. Mark Owen'’s talk on EFT

No significant deviation observed
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1tW production
kf
t q t
g
t
t
y
W:I:

g

> Key to background understanding: Major
background for many LHC searches, especially
for processes that yield same-sign dilepton

q q

\L\(ih;
: t

palrs. M‘Dﬁ
g t

q
\rﬁ*ﬂ\<
Y
q W=

|44

* Signal modelling is sensitive to higher-order
corrections.

> Resolving data-model tensions: precise
measurements can address discrepancies
observed in previous measurements (ttH).

é ; ) arXiv:2401.05299

ATLAS

EXPERIMENT

Y 4 | . 2
( \ /! 5
WY ), 3
S s
> 4 =
7 é’i
< 1\ S
)/// v v
>
V.
P4



https://arxiv.org/abs/2401.05299
http://dx.doi.org/10.1007/JHEP07(2023)219

1tW production

* Signature: same-charge 2¢ and 37.

> Main irreducible backgrounds ttZ/y*, WZ and ttH

> Control regions for background normalisation: diboson,

ttZ, electron-from-photon conversions and leptons from
hadron decays.

" Subcategories for measurement: events in SRs are further

) § subdivided for inclusive or differential 7z W cross-section

ATLAS{ measurements, with 48 27 and 8 37 categories.

EXPERIMENT &

> Standard Model NNLO cross-section
745 = 50 (scale) = 13(2 loop app.) = 19(PDF, a,) tb
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EXPERIMENT

arXiv:2401.05299

| 1 l | IRl I | | I | UL I LI LI | I LI L l LI | 1 l TR [N ]

ATLAS B ATLAS- this result
/s = 13 TeV. 140 o™ 2 CMS (JHEP 07 (2023) 219)
Stat. + Syst. L Stat. only

® NLO+NNLL} PN ; 7
®- Sherpa | @ i ;
- FxFx | o—| ’
NNLO s
/
.

B

900 1000
o(ttW) [fb]

O

PRRNT YN| SNT TSN TN T YU JNNNY JONNY DO T YO | [T SN T Y ] N Ty "
400 500 600 700 80

o (tfW) = 880 + 50 (stat.) + 70 (syst.) = 880 + 80 fb

Measured inclusive cross-section compatible with SM NNLO prediction at 1.5 o (Phys. Rev. Lett. 131 (2023) 231901)



https://arxiv.org/abs/2401.05299
https://doi.org/10.1103/physrevlett.131.231901
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1tW production
arXiv:2401.05299

EXPERIMENT

* Signature: same-charge 2¢ and 37.

10F I I
- ATLAS
| 13 TeV, 140 fb!

- ttW* Particle Level

> Main irreducible backgrounds ttZ/y*, WZ and ttH

> Control regions for background normalisation: diboson,

do / dN,, [fb]
(0 0)

ttZ, electron-from-photon conversions and leptons from
hadron decays.

" Subcategories for measurement: events in SRs are further

subdivided for inclusive or differential 1t W cross-section

measurements, with 48 2 and 8 3¢ categories.

Data

Prediction

> Standard Model NNLO cross-section
745 £ 50 (scale) = 13(2 loopapp.) £ 19(PDF, a,) tb Particle-Level N

Unfolded cross-sections as a function of:

ets

Event kinematic (N,

H;), distances (A¢,,,An,., AR,p)
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1tW production

* Signature: same-charge 2¢ and 37.

> Main irreducible backgrounds ttZ/y*, WZ and ttH

> Control regions for background normalisation: diboson,

ttZ, electron-from-photon conversions and leptons from
hadron decays.

* Measurement: multiclass neural network (2¢) and m,,, (3

) for best precision on cross-section

> Standard Model NNLO cross-section
745 = 50 (scale) = 13(2 loop app.) = 19(PDF, a,) tb

Events / 0.083

Data / Pred.

800

600

400

200

o o

o' M {o BN Sl =)
| |

JHEP 07 (2023) 219

138 fb' (13 TeV)
""" L LA L L LI LR LR LRI I
—CMS I Diboson —
- : 1 Conversions |
- PPS;[fI’[ B Charge misID |
- i
N B Nonprompt .
u . Total unc. i

0O 0102 03 04 05 06 0.7 0.8 09 1

NN discriminant

o(ttW) = 868 = 40 (stat) = 51 (syst) fb
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Overview of ATLAS and CMS ttV measurements

A AeCMS Preliminary Vs = 13 TeV, November 2023
: oy, =0.75+0.05(scale) + 0.01(PDF)pb = oy, =0.86 " i(scale) t0.02(PDF) pb = o, . x20=0.038"3% (tot) pbx20 = I oy x5=0.15+0.03(tot) pbx5 [Z " oy =0.77 £0.14(tot.) pb
= arXiv:2306.16311 = EPJC 80 (2020) 428 = JHEP 10 (2018) 158 = MadGraph5_aMC@NLO = MadGraph5_aMC@NLO
- NNLO(QCD)+NLO(EW) = NLO(QCD+EW)+NNLL - NLOQCD - NLOQCD = NLOQCD
Omeas. T (stat.) £ (syst.) o |
ttwW " ATLAS-CONF-2023-019"
0.87 +0.04 + 0.05 pb oy CMS, L_=138.0fb"
: JHEP 07 (2023) 219
0.86 = 0.04 + 0.04 pb ——t ATLAS, L= 140 fb”
77 5 ATLAS-CONF-2023-065'
0.95 +0.05 £ 0.06 pb P CMS, L= 77.5fb
] JHEP 03 (2020) 056
preliminary
0.2 0.4 0.6 0.8 1 1.2 1.4

Gy, [PD]
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tty production

W
Probing 7y Electroweak Coupling g v

o

\‘|!||lH g |
First evidence of 7y production by the CDF Collaboration. =~ ¥ P

Several inclusive/differential cross-sections at LHC.

EFT interpretations allow for constraining of Wilson d
parameters. Sensitive to potential anomalous dipole -

moments of the top quark. -
, "

Asymmetry in top quark production: differences in A

rapidity distributions between top quarks and antiquarks. ;
Enhanced in tfy production due to the larger fraction of 9 u

w+

quark—antiquark-initiated events.
d

S\ arxiv:2403.09452 (2024) NEW!
ATLAS Phys. Lett. B 843 (2023)

EXPERIMENT

JHEP 12 (2021) 180
JHEP 05 (2022) 091



https://arxiv.org/abs/2403.09452
https://www.sciencedirect.com/science/article/pii/S037026932300182X?via=ihub
http://dx.doi.org/10.1007/JHEP12(2021)180
http://dx.doi.org/10.1007/JHEP05(2022)091
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try production JHEP 05 (2022) 091
Probing 7y Electroweak Coupling CMS 138 b~ (13 TeV)
. . _ . ] | .' II\/I;a;urlerlnelntl | ; Slta’lc. l;nclz | II—I Sltatl.+;y;t. lunlc.l
First evidence of 11y production by the CDF Collaboration. — MG5+PYTHIAS Theory unc.
Several inclusive/differential cross-sections at LHC. | B N
Combined| 173.5 + 2.5 (stat) + 6.3 (syst) ——
EFT interpretations allow for constraining of Wilson B -
parameters. Sensitive to potential anomalous dipole STHT|  173.9 = 3.1 (stat) = 6.3 (syst) R
moments of the top quark. B B
e*e” | 177.6 = 6.3 (stat) + 9.7 (syst) ———
Asymmetry in top quark production: differences in — —
rapidity distributions between top quarks and antiquarks. WU | 1726 = 5.6 (stat) + 7.8 (syst) —e—m——
Enhanced in tfy production due to the larger fraction of — 60 80 100 120 140 160 180
. « e, tf
quark—antiquark-initiated events. 0c) oo [D]
oaq(pp — tty) = 175.2 &+ 2.5 (stat) £ 6.3 (syst) fb

oan(pp — ty) = 155 + 27 b.

Measurement of fiducial cross-section in agreement with SM predictions


http://dx.doi.org/10.1007/JHEP05(2022)091
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tty production

> Signature: 17 and 27.

2C

Control regions to account for misidentified photons.
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arxiv:2403.09452 (2024) NEW!

1800

1600F

Events / 0.1

1400

Employment of NN classification: multiclass in 1£ and binary in 1200

1000

800

600

400

Data / Pred.

—ATLAS

- {s=13 TeV, 140 fpo' @ Data M tty production

- mtty decay mmh-fake y
Single lepton [Je-fake y []Other y

C SRty production  gm| ep. fakes Uncertainty
- Post-Fit ----Pre-Fit

0 01 02 03 04 05 06 0.7 08 09 1

NN output (tty production)

Measurement of incl. cross-section in agreement with SM predictions

21

)

ATLAS

EXPERIMENT


https://arxiv.org/abs/2403.09452
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tty production

> Signature: 17 and 27. %
Control regions to account for misidentified photons. E
Employment of NN classification: multiclass in 1£ and binary in
20
Inclusive cross-section measured for:
> tty production (with ty coupling)
" total tfy production (regardless from y origin) 3

§

Otiy production

— Top associated production

— Moriond EW 2024

arxiv:2403.09452 (2024) NEW!

1800

1600

1400

1200

1000

800

600

400

_|||I|II|IIII|||||||||II||II|I|||||||I|I|IIII|IIII_
- ATLAS _
C (s =13 TeV, 140 fo'' ® Data Il tty production
[ o [tty decay [ h-fake y _
- Slngle lepton _ [e-fake y []Other vy .
- SR tty production gl ep. fakes/ Uncertainty -
- Post-Fit ----Pre-Fit -

W/#fé‘/ﬁ?‘///ﬁ"//ﬁﬁ/‘V-/////—////y"-’///-///%

0 01 02 03 04 05 06 0.7 08 09 1

NN output (tty production)

_ 16
= 322116

22

)

ATLAS

EXPERIMENT

fb = 322 + 5 (stat) + 15(syst) fb.

NLO MG5: 299*%) (scale)*’ (PDF) fb

Measurement of incl. cross-section in agreement with SM predictions


https://arxiv.org/abs/2403.09452
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tty production

arxiv:2403.09452 (2024) NEW! )

ATLAS

EXPERIMENT

> Signature: 17 and 27.

> -~ ATLAS e Data -
" Control regions to account for misidentified photons. O 10°E Vs =13 TeV, 140 fb” —MG5_aMC+P8 —=
o Single lepton + Dilepton ----MG5_aMC+H7 =

Stat. uncertainty

* Employment of NN classification: multiclass in 1£ and binary in I Total uncertainty =

2C

dc
de
- o
pﬂ'VH IIIIIIII|
L L

> Inclusive cross-section measured for:

> tty production (with ty coupling) 107 =
e -
* total tfy production (regardless from y origin) g 101'4:' s S e
=l © 1.2 =
S8 4E E
" Differential cross-sections measured for several variables 2 oo

50 100 150 200 250 300 350 400 450 500
p.(¥) [GeV]

Unfolded cross-sections as a function of:
Photon, lepton, jet kinematics and separation

Observables in good agreement with Monte Carlo predictions


https://arxiv.org/abs/2403.09452
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tty production

arxiv:2403.09452 (2024) NEW! )

ATLAS

EXPERIMENT

> Signature: 17 and 27.

. o 3 % 125 ATLAS 68% Cl (comb.)

" Control regions to account for misidentified photons. E [ Vs=13TeV,140fb™ B 95% Cl (comb.)
. 100 SMEFT A=1TeV ¢  Global mode

'ST\,‘ ' +  Standard Model
> Employment of NN classification: multiclass in 12 and binary in QS " 68% Gl (t2)
g 79 m 95% Cl (f£2)
20 mm 68% Cl ({fy)
5.0 B 95% Cl (ity)

> |nclusive cross-section measured for: o5

> tty production (with ty coupling) 0.0

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

> total tfy production (regardless from y origin)

I I I I I
-10 -5 0 5 10

R[Cyy] /N2 [TeV2]

> Differential cross-sections measured for several variables

" Limits set on EFT parameters related to EVW dipole moment of

the top quark. Combination with 7Z measurement. tty and 117 combined fit of a pair of EF
operators

» cf. Mark Owen’s talk on EFT


https://arxiv.org/abs/2403.09452
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tW production NEW! CMis-PASTOP-23-008 (2024) |G|

First on Run 3 dataset (34.7 fb™!) at\/g = 13.6 TeV

Signature: 2 opposite charge leptons.

|
Main irreducible background ¢t
Diagram removal 2 to avoid double counting with ¢z.
Inclusive cross-section measured using jet multiplicity-based .

random forest discriminant and sub-leading jet kinematics.
Differential cross-sections measured for six variables

Standard Model aN3LO cross-section
42.0
87.971¢ (scale) £ 2.4(PDF, ) pb o(IW) = 84.1 2.1 (stat)“_L

Measurement in agreement with SM predictions

» cf. Alejandro Soto Rodriguez’s talk for more details

9.8
10.2

|

o

a removed diagram

(syst) £ 3.3 (lum) pb


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-008/index.html

™)
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Conclusion

ﬁ%‘;&%"@cms Preliminary ¥s = 13 TeV, November 2023
: oy, =0.75+0.05(scale) + 0.01(PDF)pb = oy, =0.86"J¢(scale) +0.02(PDF)pb = o, . x20=0.038"g¢0(tot) ppx20 | I oy x5=0.15+0.03(tot) pbx5 "2 6, =0.77 £0.14(tot.) pb
= arXiv:2306.16311 = EPJC 80 (2020) 428 - JHEP 10 (2018) 158 = MadGraph5 aMC@NLO = MadGraph5_aMC@NLO
- NNLO(QCD)+NLO(EW) E NLO(QCD+EW)+NNLL - NLOQCD E NLO QCD E NLO QCD
Cmess T (Stat.) * (syst.) tOta'l il | :
- 1
0.89 +0.05 £ 0.07 pb S S —— ATLAS, L= 140 fb
ttW : ATLAS-CONF-2023-019"
0.87 +0.04 + 0.05 pb P ettty CMS, L, =138.0fo"
: JHEP 07 (2023) 219
0.86 = 0.04 + 0.04 pb PR — ATLAS, L, =140 fb"
ttZ : ATLAS-CONF-2023-065
0.95 £ 0.05 + 0.06 pb - CMS, L_=77.51b
] JHEP 03 (2020) 056
- - -1 .
tty+tWy en 0.0396 +0.0008 5505, Pb x 20 R — ATLAS, L, =139 10", Vis 1
. JHEP 09 (2020) 049 L
t{’Y dilepton 0.175 +0.003 + 0.006 pb x 5 : —to—t—y CMS, Lint= 138 fb, Vis 2
- JHEP 05 (2022) 091 L
Ty Ijets 0.798 + 0.007 + 0.048 pb b—imfot—i CMS, L= 137107, Vis 3
: JHEP 12 (2021) 180 “preliminary
0.2 0.4 0.6 0.8 1 1.2 1.4

Gy, [PD]
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Conclusion

> A variety of processes where top quark is produced in association are explored
at the LHC with new results since Moriond 2023

> New results with increasing precision despite often small cross-sections:
> Thanks to optimised selections, improved analysis techniques
* Several analyses designed for differential cross-section measurements

> Strengthening constraints on anomalous couplings interpreted in the context
of EFT

27



Additional Material

Particules
pLasmas
Univers

application$ ‘

Laboratoire de Physique de Clermont



Production Cross Section, o [pb]
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2C

2b

t-ch

tw

s-ch

tty

CMS Prelimina

5.02 TeV CMS measurement (L <302 pb™)
B 7 TeVCMS measurement (L <5.01fb")
@ 8 TeV CMS measurement (L < 19.6 fb™)
@ 13 TeV CMS measurement (L <138 fb™)
@ 13.6 TeV CMS measurement (L <1 fb")

Theory prediction
2 . Zz CMS 95%CL limits at 7, 8 and 13 TeV

tZq T ttZ T ty | ftw T tWZ T tit T ttH

tH



Observation of rgy production
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£ 2400 T T T T T T T T
3 - ATLAS ® Data ]t ]
m 22005 5 _ 13 Tev, 139 b t(—lvby)q .t(?];// =
2000F > 1fj SR MWWy +jets Z7 +jets —
18002— Post-Fit We- 7y Jl Other prompt y
- Bh-y Fake leptons -
1600 - 772 Uncertainty S
1400 —;
1200 —;
1000 —;
800 E
. . 600 —
> Probing ty Electroweak Coupling 400
. . 200
" Signature includes 1 lepton. g :
£ 1.05E
" Cross-section at particle and parton levels é 0951:
a “YE
0, G
> . 7 O 01 02 03 04 05 06 0.7 08 09 1
Main background 7ty N
o = 688 % 23(stat)* > (syst) fb
Phys. Rev. Lett. 131, (2023) 2
c(SM) = 515J_“42fb
PRL 121 (2018) 221802 O!oservatlon ?f .tqy productuontl VYlth a cross-secthn ?ompatlble
with SM predictions at NLO within 2 standard deviations.



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.181901
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1tW production

arXiv:2401.05299

* Signature: same-charge 2¢ and 37.

I ' ] 1 1 l | ' J l | | I I I 1 1 I I ' ' I 1 |

> Main irreducible backgrounds ttZ/y*, WZ and ttH ATLAS B ATLAS- this result
| | . /s = 13 TeV. 140 fb™ 2 CMS (JHEP 07 (2023) 219)
> Control regions for background normalisation: Stat. + Syst. [ Stat. only

diboson, ttZ, electron-from-photon conversions and

7 i
leptons from hadron decays. - Sherpa /

: . ] 0= FxFx
£~ Subcategories for measurement: events in SRs are NNLO

further subdivided for inclusive or differential 1t W cross- L .1.4. . : _|

ATLAS |

s b section measurements, with 48 27" and 8 3¢ categories. (W) (fTW)
» Measurement: multiclass neural network (27) and Measurement of o(ttW*)/c(ttW™) in agreement
m,,, (3¢) for best precision on cross-section with SM predictions

> Standard Model NNLO cross-section
745 = 50 (scale) = 13(2 loop app.) = 19(PDF, a,) tb


https://arxiv.org/abs/2401.05299

