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O Test of SM (production,
decay, coupling....etc)

O Top quark does not
hadronize: momentum and
spin transferred to decay
products

O Search for processes with
similar signature (VLQ, Z'...)

O Natural mass (y:=1), top

quark mass is a fundamental
parameter of the SM, and
crucial for SM constraints
via loop diagrams

RED: new results (since Jan. 2023), discussed in this talk

Production Rate
»Pair Production cross section

»Single (EWK) production, 1Vibl
»FCNC, anomalous couplings

»Differential cross sections
>Production mechanism (gg,qq)
»Associated production

New Physics in production
»*Resonant production
»Heavy Quark production

4

Decay
>Branching ratios

>CP asymmetries
>Rare decays, FCNC|
>Non-SM decays

Propetrties

>Top mass

>Top charge

>Top width

»Spin correlation
>Top polarisation
*W helicity

>Charge asymmetry
>Yukawa coupling

EREERRA@SHIGHEIGETS OF TOR OUARIKRENSICSVVRSRARNNES
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O Test of SM (production, Production Rate
decay, coupling....etc) >Pair Production cross section
»Single (EWK) production, 1Vibl
O Top quark does not »FCNC, anomalous couplings

hadronize: momentum and |*>Differential cross sections

spin transferred to decay | "roduction mechanism (gg,qq)
»Associated production
products

New Physics in production
»*Resonant production
»Heavy Quark production

4

O Search for processes with
similar signature (VLQ, Z'...)

O Natural mass (y:=1), top

quark mass is a fundamental
parameter of the SM, and
crucial for SM constraints
via loop diagrams

RED: new results (since Jan. 2023), discussed in this talk
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Measurement of tt and Z-boson cross sections @
and their ratio using collisions at y/s=13.6 TeV

EXPERIMENT

1d
OSeparate measurements for Oz, Ofidz and Ryu/z ATLAS-CONF-2023-006. March 2023,

OFirst Top measurement with 13.6 TeV collision energy Follows a previous conf note, 1.2 fb-!

Signature: Electrons and Muons of opposite electric charges: ee, Uy, e 13.6 TeV, 11.3 fb

- Fiducial phase space for Z with leptons pt>27 GeV, |n|<2.5 and 66<m<I| 16 GeV (on-shell)
- | and 2 b-tagged jets for the tt production

Method: Binned profile-likelihood technique, finding the cross sections and the b-tagging &»

Pre-fit comparison of data and prediction for the
event yields in the three lepton channels

91010 E

g’mgé‘ '\IAiETi_ f??GPTrS{i/ﬁq??%b” [;lt?gg\;vhemPythiaS -éifglzr'll?gp tW—chan_; Measurement Results
L 108%_ E/rze-Fit //Bir?coesrct)z;nty W Mis-ID leptons
10} o — R— o7 = 859 + 4(stat.) + 22(syst.) + 19(lumi.)pb,
| o | |8, =751 +0.3(stat.) + 15(syst.) = 17(lumi.)pb,
10'F T | ' ep = 0.548 + 0.002(stat.) + 0.004(syst.) + 0.001 (lumi.).
10°
10?
10 R;7/z = 1.144 £ 0.006(stat.) + 0.022(syst.) + 0.003(Jumi.).
1
%;:EV////////////////////////////////////'W////////’/////// The nominal &, =0.545
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Measurement of tf and Z-boson Cross  anias-conr-2023.006 @
sections and their ratio at \s=13.6Tey ~ MTOIEEEEE AT

EXPERIMENT

O Comparison of the measured tt cross-sections at various centre-of-mass energies and
the theory predictions using the PDF4LHC2| PDF set

OFor the PDFALHC?2| PDF set, predictions for different assumptions about the top-

quark mass are also displayed. -
Ratio tt/Z production compared to PDF

Measured and predicted tf cross section vs collision energy predictions
E 103 [ | T T T | T T T | T T T | T T T I IIIIIIIIIIIIIIII - R
& - - s ATLAS Preliminary
f__f - ATLAS Prellmlnary : V5=136TeV, 11.3 fb-
S n ® eu + b-tagged jets | data + stat. + exp. + lumi. ——-=e—— combined result
5 [ »uiebrageeders - S
% | Y l+jets |
o ® combined
s i s=136TeV, 11.3f" | Data 2022 1
S Vs =13TeV,<139fb"
E Vs=8TeV,20.21b"
(@)
£ 1t Vs=7TeV,46f"  — FDEALHCE Fomoes Salnia -
— Vg =5.02 TeV, 0.26 fb T PDF4LHC21 = | |l
B === NNLO+NNLL (pp) . 21758 et 2 * !
i Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 i PDFALHCR1 o
m=172.5 GeV, PDF+ o, uncertainties from PDF4LHC21 my=173.5 GeV
| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | CT18 ————— &= ===
~— - . — 77— me=172.5 GeV
(;) 1.1 PDF4LHC21+scale PDF4LHC21 "'t QCD scales only — CT18A e P
#1 05 = | —E m=172.5 GeV
LL AN AN AN AN AN AR - MSHT20 ey G
) 1 m=172.5 GeV
9:' 0.95 LR SLLLUEEEUU T SRR L ER AL AR S A S NNPDF4.0 .
; | - my=172.5 GeV
e 09 E ATLASpdf21 R
g 1 L 1 | 1 L 1 1 1 1 1 1 L L L 1 1 1 L 1 mt=172.§GeV
4 6 8 10 12 14 ABMP16 -—-SRHE
my=172.5 GeV
(s [TeV] | | IR | |
0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
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Inclusive and differential cross-sections for dilepton &’)/?))

- - b ATLAS

tt production measured in ys=13TeV
O Top dilepton analysis both inclusive and 8-kinematic variables hep-ex arXiv:2303.15340
differential distributions, with wider range and finer granularity submitted to JHEP, Mar. 2023

. g A ) ’ Updates a previous result with 36 fb-!
04 double-differential distributions ¥ P

OUses a revised luminosity uncertainty of only £0.83% 13 TeV, 140 fb"

Signature: Oppositely charged e pairs. Full and fiducial phase space at particle level with pt? >
27 (25) GeV and |n?|<2.5; Exactly | or 2 b-tagged jets. The B.R. to signature is 3.26+0.06%

Method: Log-likelihood fit for cross-section and b-tagging efficiencies

Number of b-tagged jets in selected OS eu events

107 Selected data events with 1- and 2-b jets

2 - | 's Data -
S oo~ ATLAS o - ; o . L. :
2 600: el opposite sign : %/Itiiggllte)tlggtons E Ni — .CO';;Gle'uzfll)(l - Ell)Cll)) + Ni,bkg
500— Vs=13TeV, 140 fb" Z = T+ jets - i _ i i i\2 i i
- | gttgte(ras Systerror N2 B Lo—t t Ge'u(eb ) Cb + N2,bkg
400— N
= - Total inclusive cross-section
300— — -
- 1 |0 =829 =1 (stat) = 13 (syst) = 8 (lumi) = 2 (beam) pb‘
200— -
100/ 4 OMost precise measurement of Oy (+1.8%)
e IR ___ ., | ODominant uncertainties from: luminosity (0.9%),
R | | = modelling of top boost (0.6%), Wt background
o = E
= 08Pl | | — (0.5%), Electron ID (0.5%)
| 0 1 2 >3 6 /29

Number of b-tagged jets



Inclusive and differen

al cross-sections for

dilepton tt produc

Hon in vs=13TeV

Normalised differential cross-section as a function of Ee+E+

hep-ex arXiv:2303.15340
13 TeV, 140 fb-1

ATLAS

EXPERIMENT

Normalised double-differential cross-sections as a function of

;‘ T I L I UL I L | L L | L | LI LI |— |A ¢eu| in bins Of mep
[0} ATLAS e Data
©) -1
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— — @ - — o — 3
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o i i W= Stat error £ 0.0 g, e ' o ! o _
= ,n3LL B Stat @ Syst error ] S 0% te- | @s b i o i _
~ 1074 - = =] = e, [ | ol ' - ' =
h ! - 5 = ; i lei® | o I 3
v e gy . L — . | | | r.; | -
i | - e F “ia) : o | 3
i e gy _ - a4 | I I i f'_
i i 10 = ! I I I =
1 ! — | i : pu—
_il i T = : : | ! rO-l -
9 Ly SIS — | —
4 i - : | . B
10 ; = 107° &=¢ I | I : ! : ! Lf"'.. ! =
, I . . . . I . I . I . | \ | , I“’“"’ .ﬂllr;“w; -‘(E 1.2 — ] 1 I 1 l 1 | T 1 1 I 1 T 1 I T 1 T I 1 1 1 I 1 1 T I T ] T I 1 1 T | —
[19] C m <70GeV ' 70 <m" <100 GeV 1100 <m <130 GeV 130 <m " <200 GeV 1200 <m < 800 GeV~]
© T 1 UL T o 1 1 - N | : : X : 3 * JI " "*Ef.':;
5 S 1w o L L
Q E 09 1 | 1 : 1 ' : ' | ' | ' _—
®) 0 /2 0 /2 0 /2 0 /2 0 /2 .
E 0.9 1 I 11 1 1 I 1 1 1 I L1 1 1 I 1 1 | 111 1 | 11 1 | | I | | L1 1 1 |A¢eu|:m u
100 200 300 400 500 600 700 800 900

E®+ E" [GeV]

O The results are compared with the predictions from different Monte Carlo NLO
generators normalised to the NNLO (Top++) prediction

O No model can describe all measured distributions within their uncertainties.
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Measurement of total and differential cross-sections &%\())

of ttW production ATLAS
ATLAS-CONF-2023-019, March 2023
OVery rare process, O(| pb), accessible with Run 2 data, and Updates earlier measurements with

3.2 fb-'and 36.1 fb"!

important background to rare 4-top and ttH processes 13 TeV, 140 fo-

ORecent measurements suggested ttW production yields
slightly higher than SM (e.g. CMS: JHEP 08 (2018) 01 1)

O Rich phenomenology from charge-asymmetric production and QCD and EWK corrections

Representative diagram of
combined NLO QCD and
Tree-level EWK contribution EWK contributions (as)

q 1 [ t
g g Z [y \‘\i
t
)iﬂ< | ;ﬁ
q M
q W 9 W q

W+ g F

Real emission diagram NLO
LO contribution (ocSZ) QCD contribution (ocS3)

O We measure the inclusive and differential cross sections, and relative charge asymmetry
O Theoretical prediction of g(tt W) = 722+70_7(scale) + 7 (PDF) fb [JHEP 11 (2021) 029]

S/



Measurement of total and differential — Atas-conr0s-019
. — , 13 TeV, 140 fb-1
cross-sections of ttW production ATLAS

Signature: Two same-sign lepton (2£SS) or three lepton (37¢) final states

Method: Several Control (CR) and Signal Regions (SR); inclusive cross section measured in full phase
space and in fiducial region. Combined likelihood fit to data under the signal plus background hypothesis

Comparison between data and background prediction

Summary of observed and predicted yields in the four signal for the event yields in the 24 2£SS++ SR categories

region categories

0 SR LETSR [ €74 £ SR £ £7¢7 SR Gioof amaspreimnary  #Daa  [QOiw @4 -
W | Vs=13TeV, 140 fb i Otty*(LM) [ Diboson
261 £20 | 472+ 30 64 + 6 116 & 10 J40f W ML BvaiConv  MHF.  EHFe
66 =9 66 =9 29 +4 28 +4 [ 2/SS(++) [JQMisID I (it []Other
ttZ )" 95 £ 9 100 = 10 69 + 8 72+ 8 120p Post-Fit 77 Uncertainty
tty* (LM) 9+5 9+5 2.6+ 1.5 2.6+1.5 (ook | |
Diboson 16 +5 22+ 6 9.0 + 2.7 12+4 ; § §
Mat Conv | 11.1+3.3 | 1945 2.5+ 0.8 3.9+1.1 80¢ = t
HF 35 £ 11 30 £ 10 6.2 + 2.6 6.6 £ 2.6 sol
HFel 14+6 15+6 2.9+ 1.3 2.0+0.8 ;
QMisID 82+27 | 82427 | 0.69+0.15 | 0.66+0.13 4o
tttt 947 947 4.0+3.2 42+3.3 ool
Other 3245 412 +6 18.6 + 3.1 25.0 + 3.3 ﬁ
Total 557 £16 | 790 + 24 208 + 7 273 £ 9 S 10l ; , : : |
Data 546 803 225 269 j.\(; g)g E/*/#V-ﬁ*//%xsvv-ﬁ%ﬂ‘»/—/’ﬁ/?/-Atﬂr‘-ﬁﬁgvé'v‘«ﬁ$-'q/-*//+-/-/##v«-%‘*@’*ﬂ;/‘/“//‘-ﬁ*:
804 _QI_QI_QIQIQI_QI_QI_QIQIQIQI_QI_QI_QIQIQIQI_QI_QI_QIQIQIQ I_Q
/\Ief.‘évL/f\)l /\LL!(:)LVL/(\)l /\Ie!:)ﬂ'L/(\)l N!ng'f\)'



Measurement of total and differential
cross-sections of ttW production

Measurement Results

o (ttW) =890 +50 (stat.) =70 (syst.) =890 =+ 80 (tot.) b

ora(tTW) = 21.7 11

1 (stat.) *1-g (syst.) = 21.7 5

(tot ) fb

o (tfW*) = 585 T3 (stat.) 37 (syst.) = 585 138 (tot.) fb
o (ttW™) = 301 +2§ (stat.) 37 (syst.) = 301 *23 (tot.) fb

With leading systematics from ttW ME and PS modelling

In agreement (1.50) with NNLO prediction
[arxiv 2108:07826]:

o(ttW) =

rel _

722 70 s (scale) +7 (PDF) fb

o(ttW*) — o (ttW")

C oW +o(tWT)’

Unfolded distributions of the lepton charge-split
normalised cross section as a function of Hrjets

0.12

0.1

A% =0.32 +0.05 (stat.) + 0.03 (syst.) = 0.32 + 0.06 (tot.)|

1/cdo/dH; [1/20GeV]

In agreement with Sherpa prediction:

15F
s
05F

A = 0.322 + 0.003(scale) & 0.007(PDF)

0.5F

First differential distributions, 7 variables; in

good agreement

Data

Prediction

13 TeV, 140 fb-1

ATLAS-CONF-2023-019 @

Comparison of the measured {tW*/ttW- cross
section ratio to the theoretical predictions

L L L L EL L L LA B
ATLAS Preliminary —®— ATLAS- this result
Stat. + Syst. Stat. only
I ® {1
FxFx
Sherpa i - H
P R R TR NS UN U SRS Y | U BT B
1.2 1.4 1.6 1.8 2 2.2
o(TW*)/o (W)

L ATLAS Preliminary
[ 13 TeV, 140 fb™ — aMC@NLO-+Py8 (incl
T ttW* Particle Level

0.08}
0.06}
0.04}

0.02F

IIIIIIIIIIIIIIIIIIIII
TTTTTTTTT

llllllllllllllllllllll

15F

1.5F
E
15
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0.5F
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Observation of four-top-quark production In the @
multilepton final state ATLAS

EXPERIMENT
OProcess sensitive to top-Higgs Yukawa coupling and its CP properties

hep-ex arXiv:2303.15061

OSensitive to BSM, including gluino pair, scalar-gluon, heavy-scalar or accepted by EP|C, March 2023

pseudoscalar bosons in 2HDM or top compositeness Supersedes and improves a
. . : i It with d
OPredicted NLO QCD+EW @ Vs=13 TeV is 0=12 fb with +20% (scale)” * o " Wi same cataset
[JHEP 02 (2018) 03] 13 TeV, 140 fb-

Signature: Two leptons with same electric charge (2LSS) or =3 leptons (e or U, 3L) with high
light-jet and b-jet multiplicity and high overall event energy

Method: Multivariate discriminant (Graph Neural Network) to separate signal and background

Comparison between data and the predictions after a

Tree-level Feynman diagrams for the SM tttf signal. The - At alld Uie
fit to data for the GNN distribution in the SR

mediator connecting two top quarks can be a gluon, a

. Te) L 0 I B B B B

neutral electroweak gauge boson (y or Z), or a Higgs boson = ATLAS ~ epan Wi
- — 10°E Vs =13 TeV, 140 fo" [JttwW itz 3
JZSZSZSZ)ZS()()‘ t *2 - SR Bt []QmisID 3

A (0] [ Post-Fit P Mat. Conv. [HFe
_ o 10°F Miowm.  WEHFp S
< t C [l Others [ttt .
g 102_ 72 Uncertainty  ----Pre-Fit _:
> t ]

A 10

A _ 107"

21f
1.4F
0.7F

]
+
1l

Sl O YRS ’T"’* i”"é #‘ ’*'/'“ ’”/‘*/ﬁ*‘ /*//i;é//./.‘:/;/:/,;ﬁ.//

|

I

|

|

|
Data / Pred

oF
0.1 02 03 04 05 06 07 08 09 1 EEE

0000000 < t GNN score




Obse rvation of fou r—top—q uark hep-ex arXiv:2303.1506| @)
production in the multilepton final state ~ 1emwHoRs  ATLAS

Binned likelihood fit to the discriminant score for: Ou:, normalisation of backgrounds and ttW

Measured tttf cross section:

Likelihood contours for the top-Higgs Yukawa coupling
strength and CP-even/odd mixing angle Or7r7 = 22.5+i';(stat) “;'i(syst) b=225 +§g b.
S 25 s e g 2
3= C (5= 1 —— 95% CL (Obs.) < : : ;
s F‘i‘ > Tey, 1O o] 18 consistent (|.70) with the new calculation
B parametrise K ) vjdet .
- —--esmCL(Exp) ] || & QCD+EW NLO prediction, incl. NLL
_ 1 —6 i
x SN - © threshold resummation [arxiv: 2212.03259 [hep-ph]:
+ Best Fit 1 —5
- 4 o +1.0
H 2
| : _:) Largest systematic uncertainties from
2 25 signal modelling (MC generator and PS and
| x; cos(a)|

Hadronisation) and ttW background

WS



Observation of single-top-quark production In @)

assoclation with a photon ATLAS

hep-ex arXiv:2302.01283
submitted to PRL, Feb.2023

OMeasurement in fiducial phase space at parton level with y radiated  First ATLAS observation of this
. . . rocess
from the top quark, and a fiducial cross section at particle level. ;

OProbes non-resonant contributions from BSM physics

Signature: | y, | e or , large MET, | b-jet, | forward jet identification, characteristic 13TeV, 1391

of t-channel. Two Signal Regions (SR) based on the presence or not of a forward jet.

Method: Trained Neutral Networks to separate signal from the background with 12

or |5 input variables, with top-mass the variable giving the largest S:B separation. Profile

likelihood fit simultaneous in the CRs and SRs. NN output in the SR with at least 1 forward jet, in data

and the expected contribution of the signal and
Representative Feynman diagram at LO in as for tqy background processes

" . . . [72] FLTTTTTTTTTTTT T T T T TTT T TT T T T T T TT T T T T T T TTT 1]
production with semileptonic top-quark decay. E O s oDun D'fqy | :
p i 2200;_ s=13TeV, 139" [Jt(—ivby)q [Ty E

q q 2000 > 1fj SR Bwy+jets IlZy +jets
1800:— Post-Fit Be-y [l Other prompt ¥
- Hh-y [[JFake leptons -
1600 - 72 Uncertainty =

Data / Pred.

0 01 02 03 04 05 06 07 08 09 1
- 13 /29



Observation of sing

production In associatio

Measured fiducial parton-level cross section:

hep-ex arXiv:2302.01283 @

Otgy X B (t — £vb) = 688 + 23 (

One photon with p; > 20 GeV and || < 2.37, isolated

[Phys. Lett. B 429 (1998) 369] with AR<0.2

consistent (2.1 0) with the QCD + EW NLO

prediction, arXiv: 2106.02059 [hep-ph]

36
515436 fb

Trgy X B (t — tvb) =

Measured fiducial particle-level cross section (see definition in

the paper):

a

Q'tqy X B (t — €vb) + O-t(at’vby)q =

consistent (2.0 0) with the QCD + EW NLO

prediction using the signal samples:

O-tq’y X B (t —> be) + O-t(_>fyb7)q

e_top_qbark 13 TeV, 139 fb-1
- RS ATLAS
N with a photon
Impact of systematic uncertainties by category
in the parton-level measurement
Uncertainty Ao /o
+75 tty modeling +5.5%
Stat°) =71 (S}’St.) fb‘ Background MC statistics +3.5%
tqy MC statistics +3.3%
tt modeling +2.4%
tqy modeling +2.0%
t (— {vby) g modeling +1.9%
Additional background uncertainties  +1.9%
t (— Cvby) g MC statistics +0.3%
h — vy photon fakes +2.0%
Lepton fakes +1.9%
e — vy photon fakes +0.6%
Luminosity +2.2%
Pileup +1.2%
303 + Jets and Efr“iss +3.6%
| 33 Photons +2.5%
9 (stat. _32(SYSt.) fb Leptons +0.9%
b-tagging +0.9%
Total systematic uncertainty +10.6%
— +27
=217 —15 fb 14 /29




Summary of Top Quark Production Measurements

Summary of several top-quark related production cross-section measurements, compared to _

the corresponding theoretical expectations. All theoretical expectations were calculated at
NLO or higher. ATL-PHYS-PUB-2022-051

Top Quark Production Cross Section Measurements

ﬁ_ ATLAS Preliminary

b 10° Foo Run 1,2 4/s =5,7,8,13 TeV E
v
N o ]|
102 i . n LHC pp Vs =7 TeV 4
- v o | BB  Data 45-461b! ]
N LHC pp Vs =8 TeV

o L - A Data 20.2 —20.3fb™* |
I A LHC pp Vs =13 TeV

Bl  Daa 32-1391

1 gal E
e B . e
A
P A
A
10_1_ pom _
B §
LI
t twW t ttW ttZ ttH tty ty tZj 4t

t-chan s-chan fid. {+jets fid. ¢

* W K s




O Test of SM (production,
decay, coupling....etc)

O Top quark does not
hadronize: momentum and
spin transferred to decay
products

O Search for processes with
similar signature (VLQ, Z'...)

O Natural mass (y:=1), top

quark mass is a fundamental
parameter of the SM, and
crucial for SM constraints
via loop diagrams

EREERR

FARIE 28 BIRCOIRERTIES

Propetrties

>Top mass

>Top charge

>Top width

>Spin correlation

»Top polarisation | é
~

*W helicity
>Charge asymmetry
>Yukawa coupling

RED: new results (since Jan. 2023), discussed in this talk

N@SEIGHIGETS OF TOP QUARKPENSICSIVVITEIFATINES
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Search for leptonic charge asymmetry in ttW @
production In final states with 3 leptons IR

ORare SM process with large perturbative corrections and BSM hep-ex arXiv:230/1.04245

sensitivit)l. submitted to JHEP, Jan. 2023
. ; SR i - First measurement for ttW
ORelative dominance of gq ’ initial state in &tW enhances the rapidity
, 13 TeV, 139 fb-"
charge asymmetry wrt standard tt events. Measurements oriented to

the leptonic charge asymmetry: , N (At > 0) — N (At < 0)
A —_—

° N(Anf >0)+N (Anf <0)’

Signature: Exactly 3 charged light-leptons (e or L) in the final state. Requirements on the
number of jets and b-tagged jets, are imposed to define 4 Signal Regions

Method: Profile likelihood fit to the event yields in pseudorapidities of the charged leptons from
top and anti-top quark. BDT classifier for the lepton-top association, with ~71% efficiency

Measured leptonic charge asymmetry: Af (ttW) = —=0.123 +£ 0.136 (stat.) + 0.051 (syst.)‘
Consistent with the SM expectation of:

AL (17W)sw = —0.084 13903 (scale) = 0.006 (MC stat.)

Measured Ac at Particle Level:  [A% (¢W)PE = —0.112 + 0.170 (stat.) + 0.054 (syst.)

SM expectation from ttW Sherpa:
AL (1EW) gy = —0.063 *)007 (scale) + 0.004 (MC stat.)

Wi




summary of Other Charge Asymmetry Measurements

Summary of the charge asymmetry measurements on ATLAS Summary of the charge asymmetry measurements on ATLAS
and CMS at 7 TeV showing both the ttbar-based and lepton-  and CMS at 8 TeV showing both inclusive measureme
based asymmetry measurements and the measurement using boosted event2017), ‘

ATLAS+CMS \1s=8TeV
LHCtopWG

ATLAS+CMS Preliminary ~ LHCtOpWG  \s=7TeV

A =(stat.) =(syst.)

total stat ‘ ti asymmetry e
tt asymmetry A, +(stat) +(syst) é'gl;?(zsoé;igfts H—c—i 0.0090 + 0.0044 + 0.0025
ATLAS l+jets —— 0.006 £ 0.010 £ 0.005 CMS, I+jets (template)  H-eH 0.0033 + 0.0026 + 0.0033
JHEP 1402 (2014) 107 PRD 93 (2016) 034014
CMS l+jets H—o—-H 0.004 + 0.010 £ 0.011 ATLAS+CMS, I+jets H*H 0.0055 + 0.0023 + 0.0025
PLB 717 (2012) 129 LHCIopWG
ATLAS+CMS l+jets H—v—} 0.005 +0.007 + 0.006 CMS, (';;;gtfsgunfoldmg) H—e—rt 0.0010 + 0.0068 = 0.0037
Preliminary i
ATLAS dilepton H——=— 0.021£0.025+0.017 'ﬁ;l,'—;f‘gmg'('ggﬁ,‘g” Ac H——— 0.021+0.011+0.012
JHEP 05 (2015) 051 CMS, dilepton A’ e+ 0.011+ 0.011+ 0.007
CMS dilepton H——e—H -0.010 £ 0.017 + 0.008 PLB 760 (2016) 365
JHEP 1404 (2014) 191
ATLAS, l+jets boosted b : : {
(IAlyll < 2 anc!ems> (?%ST(eaV .0.042 +0.019 £ 0.026
lepton asymmetry PLB 756 (2016) 52
ATLAS dilepton H—a—H 0.024 £ 0.015 £ 0.009
JHEP 05 (2015) 061 -
CMS dilept 0.009 £ 0.010 £ 0.006 dilepton asymmetry
ilepton H—e—H . 0. + 0. i I . .
JHEP 1404 (2074) 191 ,F?‘R'I;)I_gﬁgmgllggggn A ——i 0.008 = 0.005 = 0.003
CMS, dilepton A] H—e—t 0.003 = 0.006 = 0.003
PLB 760 (2016) 365
I | |
-0.1 0 0.1 ey |y b P b P by
A -0.04 -0.02 0 0.02 0.04 0.06 0.08
c Ac

Combination of inclusive and differential tt CA measurements,ATLAS and CMS at Vs =7 and 8 TeV:

ActHC7 = 0.005 + 0.007 (stat) £0.006 (syst) at 7 TeV and  JHEP 04 (2018) 033, arXiv: 1709.05327 [hep-ex].
ActHC8 = 0.0055 *+ 0.0023 (stat) + 0.0025 (syst) at 8 TeV.

Evidence for charge asymmetry in tt production (13 TeV):
A= 0.0068 + 0.0015  [hep-ex] arXiv:2208.12095 accepted by JHEP, Aug. 2022

Charge asymmetry in tty (13 TeV):
Ac = —0.003  0.029 = —0.003 = 0.024(stat)  0.017(syst)

[hep-ex] arXiv:2212.10552 accepted
by Phys. Lett. B, Dec. 2022 18 /29




FARIT 3 DIECAY

O Test of SM (production, Decay .
>Branching ratios

>CP asymmetries

O Top quark does not :Eg;?gacgg;;SCNC

decay, coupling....etc)

hadronize: momentum and
spin transferred to decay
products

O Search for processes with
similar signature (VLQ, Z'...)

O Natural mass (y:=1), top

quark mass is a fundamental
parameter of the SM, and
crucial for SM constraints
via loop diagrams

RED: new results (since Jan. 2023), discussed in this talk

EREERRA@SHIGHEIGETS OF TOR OUARIKRENSICSVVRSRARNNES |9



Search for flavour-changing neutral-current @
couplings between the top quark and the Z boson  AILAS

EXPERIMENT

. ) . hep-ex arXiv:2301.11605

OF.CNC tZq forblddgn at tree-level in SM, suppressed at cubmitted to Phys. Rev. D, Jan. 2003
hlgher Orders, |ead|ng to BR of tOP FCNC deca)’ O (IO'I4) Supersedes previous analysis with 36.1 fb-!
OSeveral SM extensions enhance BR up to [0-4—[0-7 13 TeV, 139 fb-1

OSearch for FCNC in both production (gg—tZ) and decay of
tops (t—Zq), with sensitivity to tZu and tZc
Signhature:Trileptonic final state, a b-tagged jet, possible additional jets and MET

Method: Multivariate technique (Gradient Boosted Decision Tree) to improve the separation
Signal vs Background and binned profile likelihood fit to data. Two different optimised Signal Regions

Examples of the lowest-order Feynman Overview of the requirements applied to select the events in the signal
diagrams for FCNC decay and production regions

Common selections

Exactly 3 leptons with pr(€;) > 27 GeV
> 1 OSSF pair, with [m,, —m,| < 15GeV

SR1 SR2
> 2 jets 1 jet 2 jets
1 b-jet 1 b-jet 1 b-jet
— my(Cy, v)> 40 GeV my(Cy, v)> 40 GeV
il t b m;iffof —my| < 20—’FCNC B |m3f::[?f —my| > 2O-’FCNC
€Co €Co
- | ;'b[WV -my| < ZO-ISM lm;'bfw" —my| < 2O-’SM

g |14 2050



SearCh for FCNC Coupllngs be-tween -the hep-ex arXiv:2301.11605

13 TeV, 139 fb-1
top quark and the Z boson ATLAS

Comparison between data and background prediction after the fit to

data (Post-Fit) for the FCNC tZu LH coupling extraction for the g)bserr\]/_ed a”tc_’ expe(;:’iid 9%% ?L limits I(_)” F?NC i:zfq
fitted distributions in the SRs ranching ratios and the effective coupling strengths for

different vertices and couplings (top eight rows).

LN L O L B L LANL  L L F  ILL LBL BL

§ 140:_ ATLAS ¢ Data - § 220 ATLAS ¢ Data = Observable Vertex Coupling Observed Expected
P [ {s=13TeV, 139 fb™ Wtiz+tWz = VV+LF ] £ 200F Vs=13TeV, 139 fo" mttz+twz = VV4LF
S 1oL SR1 VV+HF  ltZ ] ] - SR2 VV+HF  WtZ . SRs+CRs
i - D,>-0.6 B Fake lep. [ Other bkg. T w 180¢ Dy > -0.7 or D} > -0.4 WFake lep. Other bkg. 7 e - e
100E- Post-Fit 7/ Bkg. uncertainty b 160;— Post-Fit 7/ Bkg. uncertainty —; B(f — Zq) ‘1 tZu LH 6.2)(10_5 497 +2 X 10—5
[ -~ FONG (u)iZ x 50 ! 140E +-- FONC (WiZ x 50 E ] s + ~
sk — FCNC ff(uZ) x 50 ] - —FCNCtt(uZ)><50 ] B(t — Zq) ' tZu RH 6.6x10 51754 >< 107
: ; F { 1 B 2Zg) iZc LH  13x10™ | 11 ‘:§ x 107
%0 . T 1 B(t—Zg | 1Zc RH 0% %107
- - = : . o ’
40 : 80 3 ¢ and 1cP) zu LH 0.15 0.13 %%
20F . 08 + . o ¥i 1 I and|C)| Zu RH 0.16 0.14 1903
- ] 200 I L (23)s 153)s +0.04
_ 0 _ 0 . |CuW | d |CuB | tZc LH 022 020 _0:03
S 1250 j } } B 125 } i 1) and || 1Zc RH 0.21 0.19 7404
£ 1%/ ﬁ‘/////&///*////%é‘/%/*%/ %%/ 455555 // £ 15/// 5% )%%/// Gl i SR1+CRs
° o075F 2 0750 E
0—%6 04 02 0 02 04 06 08 _1 05568650402 0 02 04 0% 05 1 B(t — Zq) tZu LH 9.7x107° 86+36><10_5
D, D} B(t — Zq) tZu RH  9.5x107° 827 +3 4 x 107
SR2+CRs
B(t — Zq) tZu LH 7.8x107° 6.1 %31 %x107°
B(t — Zq) tZu RH 9.0x107° 6.6 +21 % x 107

PANLS



Search for a new scalar resonance in FCNC @
top-quark decays t—=gX (g=u,c), with X—bb ATLAS

hep-ex arXiv:2301.03902

OSome BSM models predict the existence of new particles (neutral accepted by JHEP, Jan. 2023
scalar, a pseudoscalar, or an axion-like particle ALP), which are Extends'searchesayiismt
strongly coupled with third generation quarks 13 TeV, 139 fb

Oln Froggatt-Nielsen SM extension mechanism [Nucl. Phys. B. 147 (1979) 277],
for example, X—bb is the leading decay

Signhature: Leptonic W decay from the SM top decay. Isolated e or and =4 jets (3 b-tagged)
Method: Neural Network discriminant between Signal and Background. 3 Signal Regions.

NN output distributions in the 4 3b signal region for top-

Leading-order Feynman diagram for the production quark decays to uX under the 80 GeV X mass hypothesis.
of a scalar particle X in association with a top quark 0w 05— 17—
- £ | ATLAS Simulaton [—Jt—uX 80 GeV |
g b £ [4j3p m— 1
021 ackground
_ V~ i ]
% t i ]
v 0.15\- .
W 5, : 5
0.1 -
b - i
t X < i ]
_______ 0.05[ -
yy b 3 :
O%O| I 02| I |0|4| ! |O|6| I |0|8| I 10
qg q = u/c . . . . . .

uX 80 GeV NN output 22 /29



Search for a new scalar resonance in FCNC  arxiv2301.0390 @
: P 13 TeV, 139 fb-1
top-quark decays t—gX (g=u,c), with X—bb ATLAS

Binned maximum-likelihood fit to data for t—gX and the backgrounds
Data and prediction for the NN output in the 4j 3b region Expected and observed 95% CL upper limits

for the t — uX process after the S+B fit to data for the g 10 T T T
80 GeV X scalar mass hypothesis. 1 fAmas L ol epeeimt
*. : M 2l s=13TeV,1391b [ Expected + 16 B
: normalised to total background  107°E [ Expected + 26 E
_.(B _IIII|IIII|IIIIIIIII|IIII|IIIIIIIIIlIIIIlIIIIlIIII g
5 'L arLas ¢ Data ] ]
L L {s=13TeV, 139 b’ B uX 80 GeV -
L touX - UX 80 GeV* - CLys B(t—uH):
SO0 4i3b L 3 10.077%(0.088%)
| Post-Fit [ ]tt+=1c | b
B [] tt+light i 100 T8 T4 160 | © S(eXPC)
6000— [] non-tt — my [GeV]
N Uncertainty 7 =107 g
......... i 'c,F - ATLAS —+— 95% CL observed i ]
4000 %10_2;_@=13Tev,139fb-1 % ;
__________ 2 CLss B(t—cH):
2000 0.12%(0.076%)
_______________ obs(expc)
5 0-:-!-!"!-!',!!!!,!!!!,!!!!,!!!!,!!!!,!!!!i!!!!:!!!!,!!!!: 107520'"4|0"'6|0"'8|0"'160"'150"'13,0"'160
£ 1 = Mx [GeV]
5 e M B oty g M +— Limits improve by a factor of ~3 earlier analysis
) il — o . 1o
= 8: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, é with 36 fb-! regarding t—qgH (H—bb) yHEP 05

0 01 02 03 04 05 06 07 08 09 1 2019) 123 1and similar to t=qH (H=T*T) [hep-ex

uX 80 GeV NN output arXiv:2208.11415 (2022)] 23 /29



Search for charged-lepton-flavour violating ptgt @
interactions In top-quark production and decay ATLAS

EXPERIMENT

OcLFV would provide strong evidence for BSM physics

O Extensions of the SM with leptoquarks, including SUSY and AT A O
Complements earlier constraints on

technicolor models provide cLFV with sizeable rates Wilson coefficients fromuFCIIER e
OSearching for production of a single top quark via §qx — H£*€* 13 TeV, 139 fb-

with k = {1,2} and ¢¢" = {u7,7u} and top decay in ttvia 1 — ¢=¢£'% g,

Signature:2 U (SS), | T-hadronic,and | or more jets one of which b-tagged (SR, SR2)

Method: Binned profile-likelihood fit to event yields. CRttll is included in the fit, to determine the
normalisation of the non-prompt muon background

Example Feynman diagrams of the process under study,
where the hashed circle represents the cLFV vertex

Requirements for each analysis region. The symbol £
denotes the lowest p- lepton.

’ SR1 ‘ SR2 ‘ CRT ‘ CRitp
Lepton flavour 201 T dovis 2ule (U5 = p)
Njets > 2 1 > 2 > 2
Nb—tags 1 1 1 < 2
Muon pp cut > 15 GeV | > 15 GeV | > 15 GeV > 10 GeV
Lowest py muon selection Twght Tight Tight Loose
Muon charges SS SS OS -
mGy — My - - <10 GeV | >10 GeV

A

CRT only used to estimate the fake T background,
not in the fit

240




Search for cLFV pTqgt interactions In tOp-  Aras-conr-2023.00 @
quark production and decay IEEERE ATLAS

Observed event yields in SRs and CRtty compared to
post -fit expectations from Monte Carlo S|mulat|ons

E; 10*E ATLAS Preliminary | ¢ Data []Signal ( dec) []Signal (prod.)
w E Vs=13TeV, 139 fo BFake © VV/VVV Wt+X ]
[ cLFV T+X [ Oth T+NP, ] 0 . 0 o_g
[ PostFit momersne: Bratee  Unoriny | Expected and observed 95% CL upper limits on Wilson coefficients
10°f corresponding to 2Q2L EFT operators which could introduce cLFV top
5 5 decay in the ut channel, and existing limits from analysis [22]: arXiv:

1809.09624 [hep-ph]

10%

95% CL upper limits on Wilson coefficients ¢/A? [TeV ™ ?]
1ok cl—q(iij) c((zqizjk3) cligks) - (ih3) Clle(;ik‘s) ;é;isk) ?e(;ikS) ?e(;igk)
Previous (u) [22] 12 12 12 12 26 26 3.4 3.4
g ! Expected (u) 0.47 0.44 0.43 0.46 0.49 0.49 0.11 0.11
% 1251 //// M////////%/ ///////ﬁ///y///////// Observed (u) 0.49 0.47 0.46 0.48 0.51 0.51 0.11 0.11
8 079 Previous (c) [22] | 14 14 14 14 29 29 3.7 3.7
SR CRifu Expected (c) 1.6 1.6 1.5 1.6 1.8 1.8 0.35 0.35
Observed (c) 1.7 1.6 1.6 1.6 1.9 1.9 0.37 0.37

Expected and observed 95% CL upper limits on the inclusive
branching ratio corresponding to the decay of a top quark to a
muon and a 7 lepton through a cLFV process.

95% CL upper limits on BR(t — p7q)
Stat. only All systematics
Expected 8 x 10" 10x 107
Observed 9x 107" 11x 1077

2350



Summary of Other FCNC Measurements

Summary of the current 95% confidence level observed limits on the branching
ratios of the top quark decays via flavour changing neutral currents (FCNC) to a

quark and a neutral bosont — Xq (X =g, Z, y or H; g=u or c) ATL-PHYS-PUB-2022-049

t—Hc
t—Hu
t—>ycC
t—>yu
t—gc
t—gu
t—Zc

t—>Zu

ATLAS+CMS Preliminary 95%CL upper limits €<—@ ATLAS <—@ CMS
LHCtopWG

(| November 2022 )

Rt

~ =

Each limit séuhves that

all other processes are zero

[1] arXiv:2208.11415 [2] PRL 129 (2022) 032001
[3] arXiv:2205.02537 (LH) [4] JHEP 04 (2016) 035

[5] EPJC 82 (2022) 334 (LH) [6] JHEP 02 (2017) 028

[7] ATLAS-CONF-2021-049 (LH) [8] CMS-PAS-TOP-17-017
[9] JHEP 07 (2017) 003

Theory predictions —SM 2HDM(FV) & 2HDM(FC)

from arXiv:1311.2028

[JMSSM [JRPV EJRS

N RS L STO® L

10

16 10

-13

Branching ratio

107 1° 107/ 107 10~

: new, shown today
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Production Rate
»Pair Production cross section
»Single (EWK) production, [Vtbl
»FCNC, anomalous couplings
»Differential cross sections
»Production mechanism (gg,qq)
»Associated production

New Physics in production
»Resonant production
»Heavy Quark production

>ll.

Decay
*Branching ratios

»CP asymmetries
»Rare decays, FCNC
*Non-SM decays

Properties
»Top mass

*Top charge

»Top width

»Spin correlation
»Top polarisation
*W helicity

»*Charge asymmetry
»Yukawa coupling

Find out more at:

£

SUMIMIARTT

R
O | presented 9 new measurements from the last 5

£

EXPERIMENT

months

O 8 full Run 2 datasets and | Run 3

O Chance to study rare top processes

O Several other measurements in 2022, including:

Measurement of tt production cross section using collisions
at Vs=5.02 TeV, hep-ex arXiv:2207.01354 (2022)

Evidence for charge asymmetry in tt production, hep-ex
arXiv:2208.12095 (2022)

Measurement of the polarisation of W bosons produced in
top-quark decays using dilepton events, hep-ex
arXiv:2209.14903 (2022)

Measurement of the top-quark mass using a leptonic
invariant mass, hep-ex arXiv:2209.00583 (2022)
Measurement of the top-quark mass in tt dilepton events,
ATLAS-CONF-2022-058 (2022)

Search for FCNC interactions of the top quark and the
Higgs boson in events with a pair of T-leptons, hep-ex
arXiv:2208.11415 (2022)

Measurement of the charge asymmetry in top-quark pair
production with a photon, hep-ex arXiv:2212.10552 (2022)

5 TeV, 257 pb-"
13 TeV, 139 fb-"
13 TeV, 139 fb-"
13 TeV, 36.1 fb-!
13 TeV, 139 fb-!
13 TeV, 139 fb-"

13 TeV, 139 fb-1

Las https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

EXPERIMENT
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

