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tt production

** Top quark is the heaviest elementary
particle (175 GeV) and it decays before
hadronisation.

** Top quark pair (tt) is produced mainly via
gluon fusion.

** Single top production has a lower cross
section compared to tt.

& 7 . "
** 1t process is sensitive to gluon parton
distribution functions (PDFs).

** The final state consists of leptons and jets
including two b-jets.
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tt decay channels

%* The (t cross section is measured in Z+jets
and dilepton channels in p+Pb collisions
in ATLAS (ATLAS-CONF-2023-063).

. eu++eu1]§6

*%* The first measurement using the dilepton THTi%

. . e+u2%
channel in p+Pb collisions.

e+12%

—i
‘.
' H+T2%
** An evidence in Pb+Pb collisions using the

dilepton channel has been reported by £+ jets: {t— WbWb — v,bqq'b
CMS (PRL 125 (2020), 222001). dilepton :  tt — WbWb — (v,bli7;b

7 . . .

** A measurement in p+Pb collisions using
the £+jets channel has been reported by
CMS (PRL 119, 242001 (2017)).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/
https://doi.org/10.1103/PhysRevLett.119.242001
https://doi.org/10.1103/PhysRevLett.125.222001
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PRD 103, 014013
Experimental data in CT18 PDF analysis

¢ Global analysis - a multi-experiment-
multi-observable fit

¢ Fixed-target DIS and DY 10005
e deep inelastic scattering (DIS) and g
Drell-Yan (DY) processes, >

e important in setting the large-x quark
distributions.

* HERA DIS

+* Hadron colliders

e access to new processes: W=, Z, jets, ti. 1

Nt = 3681 |
Xtot/Nda,ta =117 '

e access to a large x, Q? range. o
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https://doi.org/10.1103/PhysRevD.103.014013
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Nuclear PDFs

Motivation
[o]e]

»* World data constraining nuclear Parton
Distribution Functions (nPDFs) shown on the
(x, @) plane.

** The kinematic coverage of experimental
data has expanded massively with
contributions from the LHC.

O
L. %4

Gaps still remain in the data determining
nPDFs, leaving large stretches of phase
space unconstrained.
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https://indico.cern.ch/event/1139644/contributions/5542628/attachments/2709479/4704645/QM23_Talk_Gilbert.pdf
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Nuclear PDFs

QM 2023 B. Gilbert

N% 106 ? SLACDIS E

¢ Recent ATLAS measurements will help to O | crosmos prooies -\

constrain a large phase-space region. & 10°E Lo moon st

; ATLAS pPb E

“‘ . 104 E LHCW&Z A

»* UPC dijets 5.02 TeV g €

o ATLAS-CONF-2022-021 103; ]

% dijets 8.16 TeV p+Pb 11| Epp— 1
o arXiv:2309.00033 i =

10 .

‘:‘ t? 8.16Tev p+Pb 1: 1 \HHH‘ 1 \HHH‘ 11| : \\’H\T\‘ 1 \HHH:

e ATLAS-CONF-2023-063 10° 10* 10° 102 10" 1

X
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https://cds.cern.ch/record/2806461
https://doi.org/10.48550/arXiv.2309.00033
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/
https://indico.cern.ch/event/1139644/contributions/5542628/attachments/2709479/4704645/QM23_Talk_Gilbert.pdf
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Nuclear PDFs

+* Electron-lon Collider (EIC) will help to
cover the gap on the (x, Q?) plane.

*® The project is years away, with estimated
early completion in 2032.

*®* Recent ATLAS dijet results are closely

related to the early physics goals of the EIC.
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nPDF global fits
nPDF KSASG20 nCTEQ15HQ TuJu21 EPPS21 nNNPDF3.0
PRD 104, 034010 (2021) PRD 105 (2022) 114043 PRD 105 9 (2022), 094031 EPJ C 82, 413 (2022) arXiv:2201.12363 (2022)
Order in as NLO & NNLO NLO NLO & NNLO NLO NLO
Free parameters 9 19 16 24 256
Independent flavours 3 5 4 6 6
Free-proton PDFs CT18 ~CTEQ6M TUJU own fit CT18A ~NNPDF4.0
Data points 4353 940 2410 2077 2188
£A NC DIS v v v v v
vA CCDIS v v v v
pA DY v v v v
wA DY v
RHIC dAu =0,* v v
LHC pPb =0, =%, K£ v
LHC p+Pb dijets v v
LHC p+Pb D° v v
LHC p+Pb W, Z v v v v
LHC p+Pb ~ v
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https://doi.org/10.1103/PhysRevD.104.034010
https://doi.org/10.1103/PhysRevD.105.114043
https://doi.org/10.1103/PhysRevD.105.094031
https://doi.org/10.1140/epjc/s10052-022-10359-0
https://doi.org/10.48550/arXiv.2201.12363
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nPDF global fits
nPDE KSASG20 nCTEQ15HQ TUJU21 EPPS21 nNNPDF3.0
PRD 104, 034010 (2021) PRD 105 (2022) 114043 PRD 105 9 (2022), 094031 EPJ C 82, 413 (2022) arXiv:2201.12363 (2022)
Order in as NLO & NNLO NLO NLO & NNLO NLO NLO
Free parameters 9 19 16 24 256
Independent flavours 3 5 4 6 6
Free-proton PDFs CT18 ~CTEQ6M TUJU own fit CT18A ~NNPDF4.0
Data points 4353 940 2410 2077 2188
£A NC DIS v v v v v
vA CC DIS v v v v
pA DY v v v v
wA DY v
RHIC dAu =0+ v v
LHC pPb =0, =%, K+ v
LHC p+Pb dijets v v
LHC p+Pb D° v v
LHC p+Pb W, Z v v v v
LHC p+Pb ~ v
+®* Four nPDF sets include LHC data.
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https://doi.org/10.1103/PhysRevD.104.034010
https://doi.org/10.1103/PhysRevD.105.114043
https://doi.org/10.1103/PhysRevD.105.094031
https://doi.org/10.1140/epjc/s10052-022-10359-0
https://doi.org/10.48550/arXiv.2201.12363
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nPDF global fits
nPDE KSASG20 nCTEQ15HQ TUJU21 EPPS21 nNNPDF3.0
PRD 104, 034010 (2021) PRD 105 (2022) 114043 PRD 105 9 (2022), 094031 EPJ C 82, 413 (2022) arXiv:2201.12363 (2022)
Order in as NLO & NNLO NLO NLO & NNLO NLO NLO
Free parameters 9 19 16 24 256
Independent flavours 3 5 4 6 6
Free-proton PDFs CT18 ~CTEQ6M TUJU own fit CT18A ~NNPDF4.0
Data points 4353 940 2410 2077 2188
£A NC DIS v v v v v
vA CCDIS v v v v
pA DY v v v v
wA DY v
RHIC dAu =0,* v v
LHC pPb =0, =%, K£ v
LHC p+Pb dijets v v
LHC p+Pb D° v v
LHC p+Pb W, Z v v v v
LHC p+Pb ~ v
¢ KSASG20 and TUJU21 provide NNLO calculations.
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https://doi.org/10.1103/PhysRevD.104.034010
https://doi.org/10.1103/PhysRevD.105.114043
https://doi.org/10.1103/PhysRevD.105.094031
https://doi.org/10.1140/epjc/s10052-022-10359-0
https://doi.org/10.48550/arXiv.2201.12363
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Quark PDFs

QM 2022 P. Paakkinen

< 12 TP S 18 EPPS21 NLO, 90%CL errors

(0] 1 @_ (9] . T T TTTTTIT T T TTTTTIT T T TTTTTIT T \\_HHH _\ T TTTTE

2 os % 1.6 Fermi motion —

o~ d

2 ) > g 1.4 anti-shadowing

£ o2 ‘ﬁ' 1.2 u=d

H[§ ]?0-5I I“I]B—AI H“]:E)I-3I m;g—zl m;;:;_ln T ] f\loa 1 ..........................................................................................

O 12 CT18A NLO,)‘.(BO%CLeTQ's - 0-8 /

§ i e g 0.6 EMC effect

o 08r u a_ 04 8

2 32: ) © 02 shadowing .

r‘a‘.;_ o2l 0_5\ | \HHH_4\ \\HHH_3\ \\HHH_Z\ \\HHH_l\ Ll LIl
ol i v i 0 10 10 10 10 10 1
10°° 104 1073 « 102 10! 1 X

% EPPS21 nuclear modifications of bound protons in lead R at the initial scale Q2 = 10 GeV?.

K/ .
*%* Similar results for up and down quarks u = d.
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https://indico.cern.ch/event/895086/contributions/4615173/attachments/2424454/4150484/QM2022_Paakkinen.pdf
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Gluon PDFs

QM 2022 P. Paakkinen

T =LA 90% CL errors
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** Nuclear modifications of bound protons in lead F{gb for gluons with different nPDFs.

¢ Large errors and discrepancies between different nPDFs at high Bjorken-x values.

Seminarium HEP Biataséwka 11
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Top-quark probes

+®* Top quarks provide novel probes of nuclear modifications to nPDFs at high Bjorken-x values
(PRD 93, 014026 (2016)).

** Nuclear modification factor (Rppy) prediction has been reported in arXiv:1908.11534 as a
function of tt pair pr (left) and y (right).

5 12¢ = 12f -
250 pPb-> fi+X, /s=8.16 TeV 2. sk pPb-> fi+X, /s=8.16 TeV
e NLO (MCFM), m=172.GeV, =i =m, ERE NLO (MCFM), m=172.GeV, =1 =m,
g 11 ! RoF o LI
o S £
105 —————— . 1.05 — ~
E ________ — E // ~—
1: 1E //
0.95 095 Nucleus (+proton) PDFs:
£ Nucleus (+proton) PDFs: F /7 — — EPPSI T14
0.9 — — EPPS16 (+CT14) 097 EPS:QT(:'I:O))
E E E— +
0.85 —— EPS09 (+CT10) 0.85—
S N T B N DT N R Bt
08y ~""50"100 150 200 250 300 350 400 08> =] 0 1 2
P, (tt quarks) [GeV] y (tt quarks)
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https://doi.org/10.1103/PhysRevD.93.014026
https://arxiv.org/abs/1908.11534
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ATLAS pp measurements

B PLB 848 (2024) 138376
*» ATLAS provides tf cross-section

. . = 3 [ L e e e T
measurements in a wide centre-of-mass S YE aras s
ner range. s [ ®en+b-tagged jets .
energy range § [ oo ]
- L | +jets i
DS M s L = combined Vs=136Tev,29f0" |
s easurements were done at 5 5 Vs =13TeV, 140 b
centre-of-mass energies: z \=8Tev, 20210

2 1 Vs=7Tev, 46" |
e 5.02 TeV E == NNLO+NNLL (pp) Ve=s.02Tev, 0261 E
- Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 -
[ 7 TeV / m=172.5 GeV, PDF+ o uncertainties from PDF4LHC21 |
e 8TeV 81 ! ' T T =
e 13 TeV % 3

[a)
e 13.6 TeV 2 2
3 3

4

7 . .

** Results are in agreement with theory [s [TeV]

predictions using the PDF4LHC21 PDF set.

Patrycja Potgpa Seminarium
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https://doi.org/10.1016/j.physletb.2023.138376
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CMS p+Pb measurement

. _ o PRL 119, 242001 (2017)
** First observation of top-quark production in

proton-nucleus collisions by the CMS. pp, 19.6 fb", (15=8 TeV) cT0 CMS
Inniown (816 TeV) NNLO+NNLL Top++
Data scaled by A =g o B TV) cT14
o |+jets EPJC 77 (2017) 15 —— NNLO+NNLL Top++
%* Total integrated luminosity of 174 nb!. ot JHEP 1608 (2016) 029 ol
DS i i i
+* Measurement done in (+jets channel USING @ | oy, 174 nb, (fopy=s.16 TeV) (1922509 o
fit to invariant mass distributions of t — jj'b NLO MCFM /- TrmLomnus

candidates. I+jets —e—i (RTSVERRR™®) - Kungoummu To*)
utjets —fe3—i
+** Combined cross section: e+jets . uno. st stat syt
o—ﬁ — 45 :l: 8 nb. Th. unc.: pdf pdf @scales
oo by by by by by
0 20 40 60 80 100
K/ . . .
%* Relative systematic uncertainty of 18%. o [nb]
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https://doi.org/10.1103/PhysRevLett.119.242001
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ATLAS and CMS pp 7 and 8 TeV measurement

7 . I .
** The most precise tt cross-section

measurement at 8 TeV scale. JHEP 07 (2023) 213
_ NNLO+NNLL s(m) 0.118,

% Two measurements of the ATLAS+CMS 1725 Gov

production in the ep channel ATLAS .

ATLAS: EPJ C 74 (2014) 3109, cMs —— —

CMS: JHEP 08 (201 6) 029. ATLAS+CMS ——1— ——

LHCtop WG

*%* Measured cross section CT14

7TeV: o;=1785+4.7 pb, mmria [

8TeV: o;=2433 7% pb. NNPDF3.1_a H H

[ R T |

Lo v b b v e b v o by v a

150 160 170 180 _190 240 260
** pp o scaled by lead mass number A 0g(7 TeV) [pb] 048 TeV) [pb]
and extrapolated to 8.16 TeV can be
compared to p+Pb 0.
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https://doi.org/10.1140/epjc/s10052-016-4501-2
https://doi.org/10.1007/JHEP07%282023%29213
https://doi.org/10.1007/JHEP07%282023%29213
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ATLAS detector

*®* A Toroidal LHC ApparatuS (ATLAS) is
the largest, multi-purpose particle
detector at the LHC.

K/ . .
** Three main systems are used in
reconstruction:

e inner detector,
e calorimeter system,
e muon spectrometer.

< The tt analysis uses reconstructed
electrons, muons, jets, b-jets and
missing energy.

Patrycja Potgpa
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Measurement
000000000000 000

44m

Pixel detector

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
‘Semiconductor fracker

Overview of the ATLAS detector.

Prospects
000

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters
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p+Pb data in ATLAS

** p+Pb data at ,/Sxy = 8.16 TeV
collected in 2016 by ATLAS.

¢ The luminosity of 165 nb™,
split into 57 nb™! (p+Pb)
and 108 nb™' (Pb+p).

+®* Final luminosity calibration with
a relative uncertainty of 2.4%.

Event display of a p+Pb collision containing a tt candidate.

Patrycja Potgpa Seminarium HEP Biataséwka 17
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MC simulation

% MC samples produced using Powheg+Pythia 8 4—@2
and Sherpa generators.
P P
% Two isospin configurations: £,
proton-proton (pp), proton-neutron (pn). — < ®
¢ Two beam configurations: P P
proton-lead (p+Pb), lead-proton (Pb+p). @
® > - p

¢ Events embedded into real p+Pb data forming
data overlay samples.

P
9. - > —
** Signal: tt,

n

Background: tW (single top), W, Z, diboson. p

Seminarium HEP Biataséwka 18

-

Patrycja Potgpa




Motivation PDFs
00 00000000

Event selection

e+jets

e 1 electron,
e 0 muons,

e atleast 4 jets.

ee

2 electrons,
0 muons,
opposite sign leptons, .

my, > 45 GeV and
my, ¢ (80 — 100) GeV,

e atleast 2 jets. °

Patrycja Potgpa

Reference measurements
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L+jets

Dilepton

272
2 muons,
0 electrons,
opposite sign leptons,

my, > 45 GeV and
my, ¢ (80 — 100) GeV,

at least 2 jets.

Seminarium HEP Biataséwka

Measurement Prospects
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p+jets
e 1 muon,
e 0 electrons,
e atleast 4 jets.

ep
1 electron,

1 muon,

opposite sign leptons,
mye > 15 GeV,

o atleast 2 jets.
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Jet reconstruction

¢ Jets are required to have
pr > 20 GeV and || < 2.5.

% Jets are reconstructed using the
anti-k; algorithm with jet radius of
R=04.

*®* Two jet definitions are used

e heavy-ion (HI) - dedicated for
Pb+Pb collisions including
underlying event correction,

o particle-flow (PF) - standard jet
definition with available b-quark

tagging.

Patrycja Potgpa
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Mean jet response, [p"*® / p

reco | e
! p'f ()

T

Mean jet response, [p

Data/MC
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Jet reconstruction

Prospects
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ATLAS-CONF-2023-063
L+jets channel

Dilepton channel
1 b- Jet category

>2 b- jet category 1 b-jet category

>2 b- ]et category

ATLAS prelimi ATLAS Prelimin
1P (80 16 Tev, 165

ary Pve—m‘ =1 brjet, dilepton
PPD (5816 TeV, 1650b" Data @ lepton

ot ATLAS Prefm 22 b jet, diepton
1P {5816 TeV, 165 "

Events

Q Q 18] Q18

2 = 16| 213

3 5 L4t S 14

)4 T 128 3 12|
a 8 a

0.8 08

0. 06

0.4 04

% 02 0.2

300 50 100 150 200 250 300 20740 60 80 100 120 140 160 180 200 2040 60 80 100 120 140 160 180700
Jetsp, [GeV] Jets p, [GeV] Jets p, [GeV] p, [GeV]

** PF jets with b-hadrons are tagged using a recurrent neural network algorithm - DL1r
(EPJ C 79 (2019) 970).

** A good aggrement between data and prediction within combined statistical (yellow band) and
systematic (hatched band) uncertainties.
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EGAM 2022 01 EGAM 2022 01
§ e e
£ 09 ii T £ 09 *kt# s +*+ t:f
5 5 { H# ,,,
g og B g os++ - . -
9. £ gL+ it + Ty
%* Electrons must have pr > 18 GeV % ong 1 oy =
and |n| < 2.47, pass Medium ock _ et osf _ et ]
. i . . ATLAS Preliminary —a_ Medium ATLAS Preliminary —a_ Medium
|dent|flcat|0n and be |So|ated nﬁi‘pww{w:em‘wv,ms‘nn’ Av‘—'nghl‘ E o p+F"bv¥T:el‘6Te\/‘,165n‘h’ TT.‘gm "
g Vs o yphE
~ 1.0 T ~ 1.0 PN
. § e { £, ‘H*-H?T i **t%ﬁ-t*x
** Muons must have pr > 18 GeV B R T AERTRERTRR B T
H E, [GeV] n
and ‘n| < 25’ paSS M_edlum EGAM-2022-01 ATLAS-CONF-2023-063
requirements and be isolated. g T g . .
g 0.98F ——— = g —
S ogef  #*7 4 8
| g;i,+ E 095~ -+ t —
o } . i £ 092 E . o —o—
** Low-pileup egamma calibration and Lo E R
. & reliminary
dedicated electron and muon scale oss ‘ ] 08p+Pb (5= 810 TeV, 165 " . -
. ATLAS Preliminary | ledium muons —e— Data
factors are applied (EGAM-2022-01). %r ‘ ] e OBy
g 1 ! ! ! ! T ! %) W Stat only SysDS'aIJ
; 1. E 1.051=—
8 oot —
o 20 40 60 80 100 120 140 48— T T T80T
E, [GeV] p, [GeV]
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Prospects
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Lepton reconstruction

ATLAS-CONF-2023-063
L+jets channel Dilepton channel

1 b-jet category >2 b-jet category 1 b-jet category >2 b-jet category

T
10° [ ATLAS Pretiminary Pre-fit, =1 biet, +jets
Tepton

T

ATLAS Preliminar "Pre-fl, 22 boets, [jets

PiPD J5, I TeY, 165! o Data WFak lpion
mw

T
ATLAS Prelminary Pre-fit, =1 b-jet, dilepton
PHPb (5,816 TeV, 1650b” o Data @ lepton

T
ATLAS Preliminary. Pre-fit, 22 b-ets, dilepton
p+Pb {5,=8.16 TeV, 165 6" o Data [ Fake lepton

PHPb (5,78.16 TeV, 165 nb”

Hweign @z
mz+ign
w

" Qe " g
F i : z
3
= £12 2 s
H i s H
0.8
0.6
63
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
Lepton p, [GeV] P, [GeV]

Lepton p_ [GeV] Lepton p_[GeV]

*®* Fake lepton background is estimated from data using the matrix-method technique
(arXiv:2211.16178).

A good aggrement between data and prediction within combined statistical (yellow band) and
systematic (hatched band) uncertainties.
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Top quark and W boson

ATLAS-CONF-2023-063
Hadronically decaying top quark Hadronically decaying W boson
1 b-jet category >2 b-jet category 1 b-jet category >2 b-jet category

'ATUAS prefminary | Pve i, =1 fr et +jets 'ATLAS profiminary |
250E p4po {5,78.16 Te, 165 nb*

Prospects
000000008000 000 000

Pre fit 22 b ets, 14ets

et Fjets
PP VS BITV, 16510t < Dala HFale kpion

'ATLAS pretiminary Ple fit, 22 biets, I+ets
P+Pb (5,816 TeV, 165 15"+ mrae epon
Wap
\:,wmgm e - Wight
-z ight mzec
= Bioson o

mmzeight 300f
Diboson [ tW
i

Diboson
250f

2 Prediction stat [ syst 92224 Prediction stat [ syst 70224 Prediction stat O syst
Prediction stat. unc. Predicion stat, unc.

Prediction stat. unc.

222 Prediction stat [ syst

Prediction stat. unc.

Data/MC

cooo mreR

50 100 150 200 250 300 350 400 450 500 750 7100 150 200 250 300 350 400 450 500
Mass of hadronic top quark [GeV] Mass of hadronic top quark [GeV]

50 100 150 200 250 300 _ 350

150 200 250 300 350
Mass of hadronic W-boson [GeV] Mass of hadronic W-boson [GeV]

+* Invariant mass distributions of hadronically decaying top quark and W boson have been
studied in 1 and >2 b-jet categorys.

¢ A good agreement is observed between data and prediction within statistical and systematic
uncertainties.
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Signal regions

ATLAS-CONF-2023-063

i T LA T
Data | 1001 ATLAS Preliminary Data—|

+]

T T
ATLAS Preliminary 400f ATLAS Preliminary

3 J 3 3 J
3 - 3 8 -
s D+PD form = 8.16 TeV = s PHPb Yo = 8.16 TeV = il 3 D+Pb form = 8.16 TeV = [
o S . I . H :ﬁinb" = T 350 lﬁinb“ @ singetop] § ;ﬁinn‘ [ Smg\ezlug
3 sjets = a3 mujets = Web & b ]
ix signal regions are 3 i = SRR B I S W
. . 0. [ = = Wslght Bzt
defined using H;’ = S E
u g T = = z+¢3 60, B Fake lepton-|
. . . ] ] Z+light
distributions 8 B oo 4 thowany
. B Fake lepton W Fake lepton 10 ---- Pre-Fit Bkgd. ]
7 Uncertainty 7 Uncertainty
- Pre-Fit Bgd. - Pre-Fi Bkgd.
Hy” is the scalar sum of
T is the scalar sum o 3 3 3
. £ 125 4 & i £ 125 T E|
all |ept0n and ]et pr 3 1,,.7,”.,,,,,M%y+y,% 7 i s ¥ B
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006200306 400 500 600" 700 800 609 7000 O06206"360 406 500" 600" 700" 800 900 1000 006200306 400 500 600 700 800 609 7000
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& 30OF 1i2bindl ejets & 112bincl mujets ] W+b & 80— 2i2bincl Z+b—|
. . Post-Fit 001 POSEFIt = wee [ PostFit P
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Fitting procedure

ATLAS-CONF-2023-063

+® The signal strength is defined

o 10° T T T T T =
as s = gmeasured /Uﬂ_‘eory 5 ATLAS Preliminary o Data mt @ Single top
Hit it it @ Vs = 8.16 TeV, 165 nbt -;V’Lb -;V’fc I;VT_II%T
. Wz @Z+c W Z+ligl
10 Post-Fit [1Diboson W Fake lepton / Uncertainty _|
--.Pre-Fit Bkgd.

*%* u is determined using
a profile-likelihood method
with Hy/ data distributions.

** The most signal events are
found in the /+jets regions with
>2 b-jets.

+* The dilepton channel with
>2 b-jets forms the cleanest
signal region.

Data / Pred.
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Systematic uncertainties

Motivation
[o]e]

<> Systematic uncertainties arise from the lepton and jet
reconstruction, b-tagging, fake-lepton background,
the signal and background modeling, and luminosity.

** The main systematic uncertainties include jet energy
scale and signal modelling.

+®* The total systematic uncertainty amounts to 9%.

Source unc. up unc. down
Jet energy scale +0.048 -0.044
ft generator +0.048 -0.043
Fake-lepton background +0.030 -0.027
Background +0.030 -0.025
Luminosity +0.029 -0.025
Muon systs. +0.024 -0.021
W-tjets +0.023 -0.020
b-tagging +0.022 -0.021
Electron systs. +0.018 -0.017
MC statistical uncertainties +0.011 -0.010
Jet energy resolution +0.005 -0.004
ft PDF +0.001 -0.001
Total syst. [ +0.088 -0.081

Patrycja Pof Seminarium H
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Prospects
000

ATLAS-CONF-2023-063

Pre-fit impact on p:
0=08+00
Post-fit impact on p:
0= B+Al 0=0-A8
—e— Nuis. Param. Pull

Fake lepton background p+jets 1b
Fake lepton background e+jets 1b
tt acc. aMC@NLO

ttacc. PhH7

Luminosity

tt modeling FSR

JES

b-tagging SF

JES cro

0=006 -0.15-01-005 0 005 0.1 0.15

ATLAS Preliminary
Vsnn = 8.16 TeV, 165 nb”'

el —

Z+b

Wi+c background 1b
Muon identification SF

Z+c

Electron identification SF

JES flavor response

Fake lepton background p+jets 2bincl
W+b background 2bincl

Single top DS

Muon isolation SF

JES intercali
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Correlations

ATLAS-CONF-2023-063

ATLAS Preliminary
P T T —

%* Correlations beetween all Systematic Fako lopon background esjes 1 a5 f-0af 39§52 fa7 iz is7 §as {2 o
components have been studied. 05 i a0 508 s iosienize s ias

o . S e S

”‘ Components W|th 2 30% Correlatlons are Hl to PF jet matching 41 i-106: 59 92 62 i 01 | 59 i-134: -06  -48
presented in a form of the correlation e
matrix. T

Z+brjets background

Zicrjets background | 5.

+®* The largest correlation of ~ 70% is found

between fake-lepton background
estimation in e+jets and u+jets channels. Sarapo Lo |

iy shape

Z+light-jets background | -

tiacc. PhH7 | -

Ty pi| 241 45 f279 i 5o i an i-

** The largest anticorrelation of ~ —75% is
observed between fake-lepton background
estimation and matching two jet definitions
heavy-ion (HI) and particle-flow (PF).

>
&
8
&
B

Hito PF jet matching
Wec-jets background
fi acc. aMC@NLO

i shape aMC@NLO

Fake leptor
Fake lepton ba

Fake lept
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Cross-section measurement

O/
%

7
%

7
L. %4

00000000 (e]o]e}

The top-quark pair production cross section
is measured to be

o5 = 57.9 2.0 (stat.) T53 (syst.) nb.

The total uncertainty amounts to 9%, which
makes it the most precise tt measurement in
HI collisions.

The significance is well over 5 o in the (+jets
and dilepton channels separately.

First observation of top-quark pair production
in the dilepton channel in p+Pb collisions.

Patrycja Potgpa Semi

111b ejets

111b mujets
112bincl ejets
112bincl mujets
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Combined

Measurement
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Prospects

ATLAS-CONF-2023-063

T
ATLAS Preliminary
— tot.

stat.

—e —
e —

Fo+

L e e T,
p+Pb ys, = 8.16 TeV
165 nbYey (sl
_ +0.31 40.13
Mg = 115 555 -0.12

+0.29 +0.11
Mg = 0.68 -0.24 -0.11

+0.12 +0.06
Mg = 0.98 -0.11 -0.06

+0.11 +0.06
M = 1.00 550 -0.06
4033 40.19
Mg = 1.35 -0.35 -0.18
+0.19 +0.13

Hi = 1.19 ~0.17 -0.12

pe= 104250 oo
2 25 3 35
best fit p
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Comparison to other experimental results and theory

*®* The cross section is compared to the CMS
measurement in the p+Pb system.

ATLAS-CONF-2023-063
— ,

L B LK L B B
o p+Pb |s, =8.16 TeV
*®* The result is consistent with the cross ATLAS Preliminary 165 b
. . e Data total unc.
section in pp collisions, scaled by A = 208 S ‘ Data Stat. une.
and extrapolated to /s = 8.16 TeV. i
MCFM nNNPDF30 h 4
% The measured {t cross section is compared HERMnETEQISHG l I
to the MCFM NNLO calculation MCFM EPPS2L .
(PRD 94, 093009 (2016)) for four nPDF sets. oM a1tV prpy o] ot 110 o1 242001
e The largest deviation is observed for the ATLASICMS 8TeV pp (exiap) 91 arkiv:2205.13830
nNNPDF3.0 set with 2 6 significance. AN T R

o, [nb]
e A good agreement is found with NNLO
calculation based on other nPDF sets.
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Prospects of tt in Pb+Pb
Spectators

Participants

*®* Pb+Pb data collected by ATLAS:
e Run2: 1.4 nb" at \/Syy = 5.02 TeV in 2018,
e Run3: 1.7 nb" at \/sSyy = 5.36 TeV in 2023.

X Centrality varies from ultra-peripheral — peripheral — central,
top quarks are expected to be produced with higher probability in central collisions.
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CMS Pb+Pb measurement

** First evidence of f production in dilepton

final states in heavy-ion collisions in CMS. PRL 125 (2020), 222001
CMS
o, . . . N
** Total integrated luminosity of 1.7 nb-'. PDPb, 1.7 nb, ({5, =5.02 TeV)
2lostNy 1ag H——H CT14 NNLO x EPPS16 NLO
CT14 NLO
2'05 NNLO+NNLL TOP++
K/ . .. 3
** Measurement uses a fit to Boosted Decision
Tree discriminator distributions.
pp, 27.4 pb™, ({s = 5.02 TeV) CT14 NNLO
<, (scaled by A?) NNLO+NNLL TOP++
o ianifi -
%* Observed significance: DogtietsIn, _. NNLOPRNLL Top+-+

38¢c (dilepton-only), JHEP 03 (2018) 115
4.0 ¢ (dilepton + b-jets).

Exp unc: stat, stat/Jsyst
—Eo3—i

Th unc: PDF, PDFJscale

+* Measured cross sections for two methods:

og =254 98 ub  (dilepton-only),
og =2.03 757, ub  (dilepton + b-jets).

8
o [ub]
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ATLAS pp 5.02 TeV measurement

<> pp at /s = 5.02 TeV represents a reference JHEP 06 (2023) 138

system to Pb+Pb collisions at the same L B B i I
energy. i data stat. unc. ATLAS
) m=m data total unc.
ATLASpdf21
+* Total integrated luminosity of 257 pb™*. MSHT20
NNPDF4.0
NNPDF3.1 notop
¢ Measurement combines ¢+jets and dilepton 22'1"'56 ——
decay modes. oT18
CT14
BNV ise 17 -secti " CT10
»* \ery precise tt cross-section measurement: VISTW2008 /s = 5.02 TeV
o7 =67.5+0.9 (stat.) £2.3 (syst.) NNPDF2.3 257 pb”
+1.1 (lumi.) £0.2 (beam) pb. 1 PDF4LHCI | | 1
40 50 60 80 90
*® pp oy scaled by A2 can be compared 0, [pb]
to Pb+Pb 0.
Patrycja Potgpa Seminarium HEP Biataséwka 33


https://link.springer.com/article/10.1007/JHEP06(2023)138

Motivation PDFs Reference measurements Measurement Prospects
[o]e] 00000000 000 0000000000000 00 000

Summary

Bl The top-quark pair production cross section has been measured to be
o =57.942.0 (stat.) 752 (syst.) nb.

B The significance is well over 5 o in the dilepton channel, resulting in the first
observation of tt production in the dilepton channel in p+Pb collisions.

El The result is consistent with the CMS measurement, the scaled cross section
in pp collisions and NNLO calculation based on four nPDF sets.

B A combination with the CMS measurement could further improve (¢
cross-section precision in p+Pb collisions.

B A ¢t measurement in Pb+Pb collisions by ATLAS is also envisaged.
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