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Top-quark pair production

+* The top quark is the heaviest known
elementary particle.

%* Top quarks are more likely producted in
quark-antiquark pairs (f).

¥ With the lifetime of 0.15 fm (5-10-25 s),
top quarks decay before hadronisation.

*®* Produced W bosons can decay either

leptonicaly or hadronicaly.
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Top-quark pair decay

** Three tt decay channels are distinguished
based on W boson decay:

o all-hadronic,
o lepton+jets,
o dilepton. LA
11 1%
en 2%
et 2%
Ut 2%

+* tf production was observed in the
dilepton channel in Pb+Pb collisions
(PRL 134 (2025) 142301).

e+ jets
15%

** The lepton+jets channel of tf decays has
not been studied in Pb+Pb collisions yet.
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Heavy-ion collisions at the LHC

Spectators

Participants

Before collision After collision

X Heavy-ion collisions are characterised by high detector activity.
% tt cross section in Pb+Pb collisions scales with lead mass number squared (A3,).
+* Significant background arises from the underlying event.
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Quark-gluon plasma

7
%

Nucl.Phys.A 1047 (2024) 122874

Quark-gluon plasma (QGP) is

. . . e o 2. . » Final detected
created in heavy-ion collisions Relativistic Heavy-lon Collision particle disfributions
at LHC energies. freese out

|

Initial energy

density

QGP is short-lived with a lifetime of
~ 10 fm/c.

Top quarks interact with the
pre-equilibrium stage of the QGP.

re-

The time structure Of the QGP equilibr!um viscous hydrodynamics ‘
i i . dynamics or transport free streaming
can be studied via hadronically T > —
decaying W bosons T-0fm/c  T~1fm/c ©~10 fm/c ©~10"fm/c

(PRL 120, 232301 (2018)).
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.232301
https://doi.org/10.1016/j.nuclphysa.2024.122874
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First evidence of tt in Pb+Pb by CMS

PRL 125, 222001 (2020)

%* First evidence of {f production in Pb+Pb

collisions by CMS. CMS

PbPb, 1.7 nb™, (S, = 5.02 TeV)

2lostNy 1o H——3 CT14 NNLO x—Egﬁfj‘:\‘NLo

LO

** Measurement in the dilepton channel. s e HomLTer

D S i .

+* Observed _S|gn|f|cance for two methods: 05, 27,4 pb (15 = 5,02 TeV) .
3.8 (dilepton-only), (scaled by A?) NNLO*NNLL TOP++
4.0c (dilepton + b-jets). 2ostiets/N, o, NNLOSRNLL TOP++

-ta
JHEP 03 (2018) 115
Exp unc: stat, statrTsyst
—fe3—

Th unc: PDF, PDFscale

o .
** Measured cross sections:
oG = 2.54 tg:% pb  (dilepton-only), T N U N R B

8
og=2.03130 ub  (dilepton + b-jets). 0 [ub]
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First observation of tt in Pb+Pb by ATLAS

** First observation of tt production in PRL 134 (2025) 142301

Pb+Pb collisions by ATLAS.

T N \ \ T
. ATLAS

% Measurement in the ep channel. Pio+P |5 5.02 Tev
o MCFM TUIU2L 1.9 nb*
%* Observed significance: B Data total unc.

5.0 . HOFM RNNPOFS0 ..I. Data stat. unc.

MCFM nCTEQ15HQ &= PDF unc.

o

** Measured cross section:
_ +1.0 +0.8
o5 =3.6 Tyg (stat.) T (syst.) pb.

MCFM EPPS21

CMS 5.02TeV Pb+Pb PRL 125 (2020) 222001

ATLAS 5.02TeV pp (scaled) JHEP 06 (2023) 138

** Leading contribution by resspermess D) TEEeee
Iwona Grabowska-Botd, 4 2 0 2 4 6 8 10 bl
Matthias Schott, Patrycja Potepa &
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tt in 5.02 TeV pp collisions by ATLAS and CMS

arXiv:2410.21631

7 .

%* ppat /s =5.02 TeV is a reference system cms o summay. {5 - 502 Tev
to Pb+Pb collisions at the same energy. | . oL o ooy asa008 ' -

) ey e om0

/7 . . .

** Measurement combines lepton+jets and dilepton oms.eels ey 618426+36512pb
channels of tt decays. OMS,prjets HeH 63.6+2.1£27+12pb

CMS, l+jets R HeH 62.5+1.6 +25+12pb

7 . .

*%* \Very precise cross-section measurements: il SRR e 607250282 1.1pb
o5 =67.5+27pb (ATLAS), CMs,combined i HeH 6231524 +12pb
oq = 62.3 + 3.1 pb (CMS) ﬁl;ﬁf(vzgzegylysgv:gzmbl i 65.7+4.5+1.6+1.2pb

ﬁ.?;/:i'z gﬁsﬂ f— [E ] 68.2+0.9+29+1.1pb

o . Lo ATLAS, combined . - 67.5+09+23+11pb

** Total relative uncertainties: HEP 0002 130, 1, =257 0 POFALHC2L 371ys 6 9 022) 09050
4% (ATLAS), : NNPDF4.0 epic 82 (2022) 428

MSHT20 EpJc 81 (2021) 341
5% (CMS). L1 ‘ L1 ‘ L1 ‘ 1 F \CTlB\ PF\{DJ‘\E (1021)\014\013\ ‘ 1

20 40 60 80 100 120
0 (Pb)
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Motivation

7
L %4

7
%

0
L. X4
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Study the lepton+jets channel of tt
decays in Pb+Pb for the first time.

Measure tt production cross
section and significance.

Study hadronically decaying
W bosons from ft decays.

Major challenges:

e Significant underlying event
e Jet quenching

o Limited data statistics Event display of a 2018 Pb+Pb collision containing
e Complex MC simulation a tt candidate in the eu channel.
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Run 3 Pb+Pb data

T T T T
25 ATLAS Online Luminosity |5 =54 Tev

[ LHC Delivered (Pb+Pb)
2 [ [ ATLAS Recorded

** New Pb+Pb data at \/syy = 5.36 TeV
collected in Run 3 by ATLAS.

Total Delivered: 1.91 nb*
1.5 [ Total Recorded: 1.75 nb™

1F

** The Pb+Pb luminosity:
1.8 nb™' (2023),
1.7 nb™' (2024).

Total Integrated Luminosity [nb]

05

0
20/09 27/09 04/10 11/10 18/10 25/10 0111

Day in 2023

25F I e e e e B B A

** HIONS derivation production (jira ATLHI-618):
2023: prodtask-dev.cern.ch/prodtask/inputlist_with_request/63590/
2024: prodtask-dev.cern.ch/prodtask/inputlist_with_request/63591/

[ LHc Delivered (Pb+Pb)
[ [ ATLAS Recorded

Total Delivered: 1.82 nb™
.5 - Total Recorded: 1.67 nb™*

% 425 pb™ of pp reference data at /s = 5.36 TeV
also collected in Run 3.

Total Integrated Luminosity [nb]
-
w

0.5

0
04/11 25/11
Day in 2024
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https://its.cern.ch/jira/browse/ATLHI-618
https://prodtask-dev.cern.ch/prodtask/inputlist_with_request/63590/
https://prodtask-dev.cern.ch/prodtask/inputlist_with_request/63591/
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Typical tt event selection

e+jets

e 1 electron,
e 0 muons,

e atleast 4 jets.

ee

2 electrons,
0 muons,
opposite sign leptons, o
mye ¢ (80 — 100) GeV,
at least 2 jets.

Patrycja Potgpa

L+jets

Dilepton

272
2 muons,
0 electrons,
opposite sign leptons,
my, ¢ (80 — 100) GeV,
at least 2 jets.
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p+jets
e 1 muon,

e 0 electrons,
e atleast 4 jets.

en
1 electron,
1 muon,
opposite sign leptons,
mye > 15 GeV,
at least 2 jets.
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ATLAS software

** The TopCPToolkit framework is
recommended for top-quark analyses.

** Tutorial and examples can be found in
documentation.

** The official framework is shared in
GitLab repository.

+® It can be expanded to heavy-ion analyses
starting with this GitLab repository.
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A& TopCPToolkit documentation latest - g) atasphys top/TopcPToolkit

Home Gettingstarted Tutorials  Settings  FAQ

Welcome to TopCPToolkit ! %

TopCPToolkit is an ntuple production framework for Run 2 and Run 3 analyses developed by
members of the Top WG for all of ATLAS. Itis built around common CP and analysis algorithms
in release 25, and meant as the successor to AnalysisTop. This websites serves to document the
usage and main features of the framework, as well as provide links 1o references and other
resources.

b Tip

This code is being continuously developed. Prior experience in designing analysis workflows and preparing ntuple
productions is desirable

Experienced users: see the FAQ for frequently asked questions!

DADD_PHYS.
DAOD_PHYSLITE
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https://topcptoolkit.docs.cern.ch/latest/
https://gitlab.cern.ch/atlasphys-top/reco/TopCPToolkit
https://gitlab.cern.ch/ppotepa/TopCPToolkit
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Project overview

Project 1
Track optimisation

Mathias & Mateusz

e Save track variables
to the output

e Apply heavy-ion
track selection

e Study tracking
performance
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Project 3
Jet optimisation

Project 2
Selection optimisation

Moritz & Kacper Paulina & Emilia

e Implement selection e Study jet quantities
for tt events in data

e Include the ¢+jet e Optimise jet selection
channel selection in data

e Compare R=0.4
and R=0.2jets

e Optimise kinematic
cuts in the selection
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Useful links

* Grid certificate instructions:
https://atlassoftwaredocs.web.cern.ch/analysis-software/ASWTutorial/basicSetup/grid_cert/

¢ TopCPToolkit documentation:
https://topcptoolkit.docs.cern.ch/latest/

X TopCPToolkit GitLab official:
https://gitlab.cern.ch/atlasphys-top/reco/TopCPToolkit

X TopCPToolkit GitLab heavy-ion:
https://gitlab.cern.ch/ppotepa/TopCPToolkit

% Jira with HIONS5 production:
https://its.cern.ch/jira/browse/ATLHI-618

+$* t7 observation in Pb+Pb:
PRL 134 (2025) 142301
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https://atlassoftwaredocs.web.cern.ch/analysis-software/ASWTutorial/basicSetup/grid_cert/
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