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OUTLINE & INTRODUCTION/MOTIVATION A@As

EEEEEEEEEE

» Review of most recent highlights of the ATLAS top quark physics program:
» Selected from https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

ATL-PHYS-PUB-2023-014 / \
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e Test new physics models:
o Composite Higgs boson models, models
from a warped extra dimension.
\ o EFT interpretations. /

» Top rare production processes: tqy
« Complete top quark’s
electroweak couplings.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-014/

THE FULL RUN-2 & THE ATLAS EXPERIMENT. A@AS
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2000 GeV Eur. Phys. J. C 81 (2021) 689
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https://arxiv.org/abs/2212.09379
https://link.springer.com/article/10.1140/epjc/s10052-021-09402-3

Jet substructure in boosted tt: \/s=13 TeV L, = 140 fb-! ATLAS-CONF-2023-027 A@As

 MOTIVATION:

» Test MC models ( QCD NLO + LO PS + hadronization ) to predict the substructure of boosted top-quark jets.
» Beyond SM effects can modify the top-quark substructure:
» Heavy particles decaying to top-quark pairs, di-boson resonances, dark matter candidates etc.
« Normalized differential a,; measurements as a function of the substructure variables of the large radius jets.
» Measurements in fiducial phase-spaces and unfolding detector effects to stable-particle level.
e Two independent channels:
« L+jets: one single lepton ( e/u ), a top-quark jet with py> 350 GeV, additional jets from b-quark hadronization.
» Main backgrounds: single top ( MC driven) and misidentified leptons ( data driven )
« All-Hadronic: no isolated leptons and two top-quark jets with p>500 GeV, 350 GeV.
Main background: Multiiets (QCD) data driven.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-027/

Jet substructure in boosted tt: \/s=13 TeV L, = 140 fb-! ATLAS-CONF-2023-027 A@

EXPERIMENT

» Measurements of energy-flow and variables sensitive to the 3-body structure of the top quark jets:
« Angularities, Energy Correlation Functions, N-subjettiness.
« Nominal Powheg+Pythia8 MC: 7,,, ECF2 and D, well described. 75, 75 C; py dispersion, poorly described .
» Description of 3-body like substructure improves with: aMC@NLO+Pythia8, nominal FSR Up and PWG-+herwig.
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o CONCLUSIONS: Need for improvements in models used to predict the substructure of boosted top-quark jets.
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Inclusive and differential o,z : \/s=13 TeV L, = 140 fb-! arXiv:2303.15340

« Al differential cross section measurement in fiducial region: [n€| < 2.5 and |pT",|<27(25) GeV

« Total cross section measurement also measured inclusively.

» Opposite-sign charge electron-muon (eu) pairs. Ny i=1,2.
« Main backgrounds: single top and misidentified leptons.
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Same-sign eu pairs for misidentified lepton background estimation.
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« Cross sections together with combined selection and b-tagging efficiencies from a |og-likelihood fit solving two

equations:

. Geiu —> reconstruction efficiencies from simulation.
. C} - b-tagging correlation coefficients from simulation.
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https://arxiv.org/abs/2303.15340

Inclusive and differential o, : {/s=13 TeV L, = 140 fb! arXiv:2303.15340

« Differential cross-section measured as a function of several lepton kinematic variables:

° pf—., |T’£|’

eu
mé¥, pr

e Luminosity uncertainty dominant in all bins.
« Systematic uncertainties: modeling of signal and background processes and lepton reconstruction.

, |ye#|, E® + E*, p& + ph and |Ap®H|

» Statistical uncertainties important at increasing p, E, M = overtaken by interference tt/Wt

Ay = NELTA8L N 2 = (1.2708 + 0.0004)%
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MC/Data

Aoiz/ 0t [%]=1.8

0 n/2 0 /2 0 /2 0 B 0 n/2

o e = 829 + 1(stat) + 13(syst) + 8(lumi) + 2(beam)pb

NNLO+NNLL: 0¢zpreq = 832735 (scale)*33(m,,,) 32 (PDF + as)pb
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Inclusive o,z , a’;f,,,, Ri/7: s=13.6 TeV L, = 11.3 fb-! ATLAS-CONF-2023-006 A@As

EEEEEEEEEE

o MOTIVATION:
e Anincrease of a,; by about 12% is expected from 13 TeV and 13.6 TeV.
« Theratio R,z has a significant sensitivity to the gluon-to-quark PDF.

» Analysis strategy:

.« oy : Opposite-sign electron-muon pairs selected: N, events with 1(2) b-tagged jets.

a?d” same flavor pairs (ee/pup) with opposite electnc charge, p4>27 GeV, |n?| <2.5 and 66 < M,,<116 GeV

x10° 010" ;
> E ATI AG Praliminary o IS ATLASPrellmlnar ¢ Data .ZShera
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©
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% g:_o . ; W//W/// ////////y«/////////////%/A/;A//////
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Dilepton mass [GeV] & % 1p Cu 24 sy i s o
» Profile-likelihood technique with ee/uu/eu events:
, , i — _ _ bkg
 First fit: free parameters a4, a’;‘_‘fa and €, N1 = Loii€ep2€p (1 - Cpep) + Ny,
fid. N2 = Loyi€euCrel + Ny,

o Second fit: Ryz/z , 05_,, @nd €.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-006/

. fid. -
Inclusive o7 , o " Riz/7:ys=13.6 TeV L. .= 11.3 fb-1 ATLAS-CONF-2023-006 afiAs
tt ZPP tt/Z int
T 100 L L I |
] — ® — P
. —  ATLAS Preliminary . ATLAS _ Preliminary
g : ° el + b_tagged jets : f:a;:iga:i\:)‘(;:lfmfb 1 ——@——— combined result
N S " e goediets . ey
8 — . —
S B = combined Vs=136TeV,11.3fb" | Data 2022 i
2 Vs=13Tev,<139f0" | |
3 Vs=8TeV,202fb"
£ 1 Vs=7TeV, 46"  — ROEALE! e
- Vs=5.02TeV,026f" -
- == NNLO+NNLL (pp) > © ) PDF4 O  ——
B Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 | S, |
m=172.5 GeV, PDF+ o uncertainties from PDF4LHC21 s GeY
- : S S S8 5 Gov Foomo ko
C;> 1.1 PDF4LHC21+scale PDF4LHC21 {8 QCD scales only cTie A N
F1.05 N
LQL 1 :0:::0:0:0:0‘0. XX M§ﬁl%%ev [t
0.:;- 0 . 9 5 “{\\\\\\\\N\\\\\N\\\\ e = ”{’;‘ ?7 EZ)'; ‘(‘; g/ ey
go%e | AT ASPAR e
T4 6 8 10 12 14 et -
_ _ _ _ Vs [TeV -
ATL-PHYS-PUB-2023-014 [ ] 08 09 10 T 12 3 4 15
R§/7
, , theory __ +32.
O_tlglcluswe = 859 + 4(stat) + 22(syst) £ 19(lumi)pb f'gfth = 924746 (scale + PDF)pb
id. _ id.theory _
a’zrl_)”, = 751 4 0.3(stat) + 15(syst) + 17(lumi)pb Z-be 741 £ 15(scale + PDF)pb
€, = 0.548 + 0.002(stat) + 0.004(syst) + 0.001(lumi) . one ibo_ogg% o PDEY
Rz = 1.144 £ 0.006(stat) + 0.022(syst) + 0.003(lumi)ph ti/z = 1.245 + 0.076(scale + )p

PDF set: PDF4LHC21

e New Run 3 o,z measurement slightly lower than SM predictions, compatible within 1.3c  Ag,:/0,: [%]=3.4

fid.

« 0, agrees within 1o and Ry, different level of compatibility depending on the PDF set.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-014/

Single top t-channel o,_ 4, : JS=5.02 TeV L;; = 257 pb! ATLAS-CONF-2023-033

ATLAS
ql
t-channel signature: ! .
« 1 isolated and high-pr lepton.
« 1 high-pr and forward || jet (ight jet). t-channel: LO 4FS (22 3) )
« 1 high-pt and central |n| jet (b-jet).
« Missing transverse momentum from the neutrino. 2
b
» MOTIVATION: ) i T
« Studies of unitarity of CKM matrix. 5 7°F eDaa2017 ATLAS  Preiminary ]
w - [l Single top t-channel {s =5.02 TeV, 257 pb "
 Test higher-order corrections in QCD theoretical predictions. 60 [ Wijets Single-top =
[l Mis-ID leptons £t + jets 7]
e Constrains on PDFs. 505 Ot Post-Fit -
. [ Other bkg. 7
» Analysis strategy: - MOther single top E
40 2 Uncertainty 5«7

« BDT to enhance signal to background separation.
e H ; most discriminant variable.

\lllll\\ll

N

« Profile maximume-likelihood fit on observed BDT distribution in two 20
samples: £t £~ 10
« Main backgrounds: W+jets, misidentified leptons. .
« Main systematics: signal modelling and mis-ID lepton background E_’ s L
S 065

0'8.2 0.3 0.4 0.5 0.6 0.7
BDT Response

Vs =5.02TeV: o(tq) = 19.538 1(Stat *29(syst) pb o(tq) = 7.1733(stat) *38(syst) pb
a(tq + Eq) = 26.6 *43(stat) H44(syst) pb S (tq + tq)/o(tq + £q)[%] = 22
R, = o(tq)/o(tq) = 2.74*§#4(stat) T23(syst)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/

Single top t-channel o;_ 44, : 13TV Li; = 140.1 fb-! ATLAS-CONF-2023-026

EEEEEEEEEE

« Similar measurement as 5.02 TeV, but NN instead of BDT.
« Very different background composition w.r.t 5.02 TeV: tt and W+HF are dominant.
« Main systematics: signal modelling, b-tagging and multijet background.

—_— . . . I . I . I . I . I . I . I . III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o - .
= - ATLAS Preliminary s ATLAS Preliminary Is=13 TeV, 140 fb™
p= Pred. calculated with MCFM v10.1 [ stat. @ syst. stat.
5 - t-channel single-top-quark production JHEP 02 (2021) 040 e Lo e Wlece
— [ ] .
8 Measurement result ——
»n :
'% 102 — ABMP 1.6 (5 flav.) -
o C N ATLAS epWZ16 i e
o L i
q>,> | top+antitop . ATLAS epWZtop18 i e
3 - . ATLAS epWZVjet20 i ——
© B Total 7 ATLASpdf21 ]
£ Stat. ;
- - CT18 : |
% 257 pb™ ATLAS-CONF-2023-033 MSHT2020 .-
10— # 140 fb™" ATLAS-CONF-2023-026 N NNPDF 3.0 __
~ -1 - '
- E 4.59 fb™' PRD90 (2014) 112006 . NNPDF 3.1 : f—
- ¥ 20.2 fo™' Py C77 (2017) 531 - NNPDF 4.0 -
I~ — NLO QCD NPPs205(2010) 10, CPC191(2015) 74 ] :
i Mg 1725 GoV, = = My - PDF4LHC21 [
- CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC) 4 :
Il | 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 E
5 6 7 8 9 10 11 12 13 14 III|IIII|IIII|III:I|IIII|IIII|IIII|IIII

1.5 155 16 165 1.7 1.75 1.8 1.85

Vs [TeV] R
Vs =13TeV: o(tq) = 137+ 8pb o(tq) = 84*¢ pb u d
o(tqg +tq) = 221+ 13 pb, 60(tq + tq)/o(tq + tq)[%] = 5%
R: = a(tq)/o(tq) = 1.63670938 oL
EFT: Limits to the strengh of a 4-quark operator: -0.25 < ¢ <0.12 b t

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

Observation of tqy: s=13TeV L, = 139 fb’

EEEEEEEEEE

« MOTIVATION: Complete top quark’s electroweak couplings
probed so far with observed processes:
» Top pair production tt(H, W, Z,y) and single top t(W, Z).
» (Constraining non-resonant contributions from physics
beyond the SM parameterized with SMEFT.
« Most recent analysis: JHEP 02 (2022) 032 and
JHEP 02 (2020) 131.

. 0.4, Measured in fiducial phase space at parton level
o Excluding t(— ¢vby)q.
» Signature: t-channel production With a photon.
« High pr (e/w) + high pr ¥ + EL ;s + one tight b-jet
» Two SR: with zero and one forward jet.
» Modelled with MadGraph5_AMC@NLO
» Main backgrounds:
» Prompt photons: tty and Wy :
» MC estimate normalized to data in CRs
» CR(tty : additional loose b-jet)
« CR(Wy : additional loose b-jet, no tight b-jets)
» Fake photons: (e/hadron =)
» MC estimate adjusted with data-driven
methods.

Events /5 GeV

Data / Pred.

- ATLAS

- >1iiSR
5000 Pre-Fit

T Vs=13TeV, 139" [ Jt(—ivby)q [ltTy

T T T
@ Data Mty ]

Bwy +jets IZy +jets ]
Be- [l Other prompt y —
Eh-y [[]Fake leptons
7/ Uncertainty

60

140
p. [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-44/
https://link.springer.com/article/10.1007/JHEP02(2022)032
https://link.springer.com/article/10.1007/JHEP02(2020)131

Observation of tqy:s=13 TeV L, = 139 fb"" arXiv:2302.01283

o ANALYSIS STRATEGY: Profile-likelihood fit simultaneously in 2 SR and 2 CR:
« NN outputs in Ofj(=1f) SRs and tty CR.
» Inclusive event yields in Wy CR.
» Main uncertainties: +5.5% tty modeling, £3.5% MC statistics for backgrounds, +1.9%(t(— €vby)q) +2.4%( tt)

EXPERIMENT

Q VVVV‘VVVV‘VVVV‘VVVV‘VVVV‘VVVV‘VVVV‘VVVV‘VVVV‘VVVV
> L ‘ L ‘ L ‘ L ‘ T T T T ‘ L (2] c | -
> € [ ATLAS Data t
Gopooo- ATLAS ® Data My g ATLAS ® Data My > - L0 Bar .
o ; - > ; - w F Vs=13TeV, 139 fb" [Jt(—Ivby)q Ity ]
S Vs=13TeV, 139 b  [t(—Ivby)q Ity o (s=13TeV, 13917 [Jt(—/vby)q Mty 50001 - B, +iots Wz + jot —
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« Observed(expected) significance of tqy signal: 9.3¢ (6.80):
» First experimental evidence by CMS: 4.4¢ observed (3a expected )
» Both experiments measured 30%-40% higher cross sections.

Fiducial (¥, pr>20 GeV )parton level o;4, XB(t — £vb) = 688 + 23(stat. )*72(syst.)fb

In agreement with SM NLO prediction: oy, XB(t = £vb) = 515*35fb
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Search for FCNC tZq: \/s=13TeV £, =139 fb-! arXiv:2301.11605 A@

o FCNC tZq highly suppressed in the SM by the GIM mechanism, order 10-14
» Beyond SM extensions: up to order 104
« Quark-singlet model (Phys. Rev. D 67 (2003) 035003 )
o 2HDM (Phys. Rev. D 55 (1997) 3156)
» Main backgrounds: di-boson, ttZ and tZ production.
» Final states with 3 leptons (e/u) or 1 OSSF pair with |m,, — m,|<15 GeV.
« SR1 (atleast 2 jets, at least 1 b-jet)
» Top pair production with t>Zq: sentitive to both FCNC tZu and tZc
« SR2 (1 b-jet, up to one additional jet )
« FCNC in s-cannel single top production: gq — tZ more sentitive to tZu
« Kinematics of top quark candidates reconstructed by minimizing y? functions with mass constraints.

> i a
[) LI L L [ e
& 140 ATLAS @ Data — 3 T \ \ T T T ERmm
0 F Vs=13TeV, 139 fb" WZHWZ = VV+LF G 1201~ ATLAS ., ®PData ]
> 120 SR, Pre-Fit VWiHE  mZ R 0 [ Vs=13TeV, 139 fb™' @tiz+twz VV+LF
& [ --- FCNC (utZz x 5 M Fake lep. [ Other bkg. % 100; SR2, Pre-Fit VV+HE - EItZ —
> & FCNC (u)tZ x 5 Fake | Other bk
i [ — FCNCti(uz) x5 7 Bkg. uncertainty = r = (WEZ x W Fake lep. [ Other bkg. -
100[— - -] iT] F — FCNCti(uZ) x5 7/ Bkg. uncertaint
FCNC (c)tZ x5 C FCNC(()tZ) . 7~ Bkg y 7
E FCNC ti(cZ) x 5 ] 80— (CNZ x -
80 (c2) ] C FCNC ti(cZ) x 5 1
r 7 v, 22 ] L
=~

40 40—

60F E 60; % B
‘ - I /}% ]
]

20F 20}

0 ----------------------------------------------- = S ESEEr

“Highlights on top quark physics with the Susana Cabrera-Urban 14

ATLAS experiment at the LHC “ (SUSY 2023)" IFIC ( CSIC/UV)


https://arxiv.org/abs/2301.11605
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.67.035003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.55.3156

Search for FCNC tZq : \Js=13 TeV L, = 139 fb""

arXiv:2301.11605

e Simultaneous binned profile likelihood fit to the data in SRs and CRs.

e Binned distributions of two GBDT discriminants.

e Main systematics:

« SM tZ background normalization and diboson modelling uncertainties.

Observable Vertex  Coupling Observed Expected ®© L L L L B B B
o 14 —_ATLAS @ Data ]
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_5 +2 1 _5 S - SR1 VV+HF ltZ ]
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« Current limits entering in the sensitivity region to FCNC models from a warped extra dimension: order 10-°
« K. Agashe et al. Phys. Rev. D 75 (2007) 015002
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arXiv:2301.11605 | Observed Expected
t>7c 13(L)/12(R) x 105 | 11*3(L)/10%% (R) x105
t>Zu 6.2(L)/6.6(R) x 10° | 4.9%%21()/5.1721 (R) x10°5
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CONCLUSIONS. £
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« The large top quark samples in the LHC Run 2 datasets have allowed new measurements of a4
and the observation of new rare top production processes.

« Most precise inclusive o, measurement to date with Ao ,z/0:5 [%]=1.8 in agreement with the
NNLO-+NNLL prediction.
« No MC model can described all measured differential distributions.

« Normalized differential o, measurements as a function of jet substructure variables indicate
the need for improvements in models used to predict the substructure of boosted top-quark

lets.

* New early Run 3 g measurement in agreement with the prediction at 13.6 TeV, current
precision limited by luminosity uncertainty and lepton efficiency uncertainties.

Aoi/ o [%]=3.4

« Observation of tqy with observed(expected) significance : 9.30 (6.80).

* Recent searches have explored FCNC top-quark interactions tZq.

»  Multivariate methods and targeting not only FCNC decays but also FCNC production
modes have allowed improving previous LHC limits.

« Data in good agreement with the SM expectation: no evidence of an FCNC signal.
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