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Introduction

e Top quarks provide novel probes of nuclear modifications to parton distribution functions (nPDF) in a poorly
constrained kinematic region (PRD 93, 014026 (2016)).
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Nuclear modification factor as a function of p_. (left) and rapidity (right) for tt production in the
lepton+jets channel at Vs, = 8.16 TeV.
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Introduction

e Top quarks provide novel probes of nuclear modifications to parton distribution functions (nPDF) in a poorly
constrained kinematic region (PRD 93, 014026 (2016)).

e ttbar production in Heavy lon collisions measured by CMS in two Phys.Rev.Lett.’s
o  p+Pb Vs =8.16TeV :: (PRL119, 242001 (2017)) (lepton+jets)
L=174 nb?, 0,=45+£8 nb, significance over 5 0
o Pb+Pb \/sNN =5.02 TeV:: (PRL 125, 222001 (2020)) (dilepton)
L=1.7 nb*, 0. = 2.54 (+0.84 -0.74) ub, significance 4 ©
® In ATLAS observation of ttin pPb data individually in lepton+jets and dilepton channels - this talk

p+Pb data from 2016 with Integrated luminosity L = 164.6 nb™!
Nucleon-nucleon center-of-mass energy \/sNN= 8.16 TeV

The first measurement using the dilepton channel in p+Pb collisions.
All the plots can be found in the Conf Note ATLAS-CONF-2023-063

o O O O

lepton + jets : tt — WbWb — (v,bqq’'b
dilepton : {t — WbWb — (v,blu,b
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Event Selection

Channel Selection Background composition:
e+iets 1 isolated electron with p, > 18 GeV )
j 0 isolated muons [] Single top
At least 4 jets with p, > 20 GeV W +jets
lepton+jets W+b
P ] y+jets 1 isolated muon with p; > 18 GeV - W+
0 isolated electrons ] ' C
At least 4 jets with p, > 20 GeV ] W+light
, : Z +jets
] ee 2 isolated electrons with p; > 18 GeV M Z+b
i 0 isolated muons ] Z+c
First Opposite Sign, m, > 45 GeV )
measurement Veto m, in 80 - 100 GeV, At least 2 jets with p, > 20 GeV L] Z+light
i 2 isolated muons with p; > 18 GeV I:I Diboson
0 isolated electrons - Fake lepton
dllepton Opposite Sign, m, > 45 GeV P
Veto m, in 80 — 100 GeV, At least 2 jets with p, > 20 GeV RegionS'
eu 11i§ole:t(?[ddelectron V\;:h P; >1;8GG\eIV =0b control
isolated muon with p, > e — > ianal
Opposite Sign, m, > 15 GeV b and 22b s gha
At least 2 jets with p; > 20 GeV

7/18

Petr Baron (UPOL) Top quarks in pPb collisions TOP2023



3. Performance Studies
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Performance Studies :: Leptons s — e
osﬁﬁ"ff : £l N SRS ZoW'y
S oot N 1 :
2 3 0.95F— i E
® Electrons must have p_>18GeV £ ' oo | | oo
. g —e e | .
and |n| <2.47, pass Medium = O-W ] - ATLAS Peimincry ;
. o . . o Loose ] 0.9;—p+Pb (5= 8.16 TeV, 165 nb! 5
identification and be isolated. 08 prias proliminary - LoosohndBLayer - Medium muons B
[ p+Pb m 8.16 TeV, 165 nb' —y— Tight ] =) | | | L L L 1 L E
LE,2-5;.‘::::1:::{:::::::::::1:::1:“(_2)1.05_ e Stat only "' Sys  Stat_|
® Muons must have p_> 18 GeV 5 ) E
and |n| < 2.5, pass Medium S oosf - THRE ! ] °
X . 0.9 2|0. i \4\0\ | ‘6‘0‘ i ‘8I0I h -1 (I)Ov i ‘1 2‘0‘ i ‘14‘10‘ 20 40 60 80 100 120 140 160 180 200
requirements and be isolated. E (e P, (GeV]
_ L § R e o ks, ETE e o el 3
® Low-pileup egamma calibration “ Shiov mrs 3o —N
. 3 — iwoson —fra _: W I t-chan. g
and dedicated electron and muon N oo mi 3 mi o ;
. 7272 Prediction stat ® syst 102 77 E::g:g::g: ::aa\: G: nscyst —
scale factors are applied 1o redsensaLie 3
(EGAM-2022-01). 0 s 3

e Fake lepton background is Q18 Q19
estimated from data using the g3 514
matrix-method technique. %é i §§1

20 40 60 80 100 120 140 160 180 200 0.2

Lepton p. [GeV] 20 40 60 80 100 120 140 160 180 200
T Lepton p_[GeV]
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Performance Studies :: Jets

L L B e

i c T LI e e e
- ATLAS Prellmmary —e— Data £ 08 ATLAS Prellmlnary —e— Data 7
11F p+Pb |5y =8.16 TeV, 165 nb”" —o— MC ‘P"Wheg*”y‘"'aa) 2 p+Pb |5, = 8.16 TeV, 165 nb' —o— MC (Powheg+Pvmua8)
. FZo Syst. uncert. 2 07tz Syst. uncert.
. . - HijetsR=04m<25 .1 . Hljets R=0.4, [ <2.5 1
® Jets are reconstructed using the anti-k_ Y ]
-

algorithm with jet radius of R = 0.4. 09 g

0.5

Z+jets

0.8

Y
1
-

Mean jet response, (p**° / p"")

® Jets are required to have p_> 20 GeV o Ztjets | | 03 g
and|n|<2_5. N B A B R IV B I B (U e T T T D DR D B

g nans T T T T T T Q 14fTTIIIIII T ‘ T T T
= 11 < 12 e
. . g nr+_¢;—*—~——ﬁ——— " 18 A bt +
L J Jet kinematics are corrected e 0.9] e g'g ]
event-by-event for the contribution from 2073060 80" {00 120 140 160 “';353]00 204060 80 100 120" 140 ‘6°p,:.‘;gei;’°
. P [Ge -
the underlylng event' ‘2 55 ATILAS Prelinlninary ‘ IPre»fit, 2é b-jets, I+Ijets g ATLIAS Prel‘iminary‘ ' IPre.ﬁt,‘zz b.jelts, dilepl)ton
% 10 % p+Pb \/5,=8.16 TeV, 165 nb™" i\?flﬁ =Cﬁ<ce lepton :>j p+Pb \[5,=8.16 TeV, 165nb™" o ga:)a -;ake lepton
. . . . 104% =;V++clight =§:}i)ght =Zilight -Difoson
® Jets are calibrated using simulation and : _ Diboson iy MW
. . o Pr'ediction stat @ syst 722, Prediction stat ® syst
|n-s|tu measurements Of the absolute Prediction stat. unc. Prediction stat. unc.
energy scale (JETM-2023-001).
e Jets with b-hadrons are tagged using Q18 Q18
R . 216 s 16
multivariate technique g1z, gt
(EPJ.C 79 (2019) 970). o o
B VR T B T R S O S —25—go—80ito 1201406083500
Jets P [GeV] Jets P [GeV]
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4. Pre-fit Plots
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Pre-fit Plots

1b reglon 2b inclusive region
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5. Fitting Procedure
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Fit Procedure

2 10°F T T T T T 3
= : . = ,
° ix sig ions: o ATLAS Preliminary e Data it [@Single top
Six si naﬁlﬁreglons 2 Vo < .16 TeV, 165 nb” mW-+b mW-+c @ W-+ight
lepton " Post-Fit WmZ+b @Z+c W Z+light 1
— 4| POSt-FI [Diboson [ Fake lepton ./~ Uncertainty |
o | 4j1b1l ejets, 1075 --Pre-Fit Bkgd. 5
o | 4j2binclll ejets, ;
o | 4j1bll mujets, 10°
o L 4i2binclll mujets,
o | 2jlb2l di
S ilepton .
o | 2j2bincl2l. p 10
® Two b-jet categories: 10
o exactly 1 b-jet (1b),
o atleast 2 b-jets (2bincl). 1
g
. S 1.25¢ i
® H_"isthe scalar sum of = 1uﬂ./.,.NW/WW/.@WM/Wyy.w/,/-M/w-/..//-/-ﬁ/y///y/////f////ic////,z
all lepton and jet p._. S 0.75f :

e The signal strength 05 T P o S
be; b b b b b
_ ~ Measured theory et My, el & ety Ney
K= Oy /Oy _ 0 s et Mjogs
determined by the fit to
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Fit Procedure
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Fit Procedure :: Systematic Unc.

Pre-fit impact on p.:

T 10=0+A0
. o . Post-fit impact on u:
Systematic uncertainties arise Mo ="0+A8 116=0-A8

from the lepton and jet ~e— Nuis. Param. Pull

reconstruction, b-tagging,
fake-lepton background, the
signal and background modeling,

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

) ] tt acc. PhH7

and luminosity. Luminosity
tt modeling FSR

Leading systematic uncertainties s
b-tagging SF

in the ranking plot are fake
lepton background in 1b e+jets
and u+jets regions

JES cross-calibration
Z+b background

W-+c background 1b
Muon identification SF

Z+c background

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

Electron identification SF

JES flavor response

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

Single top DS

Muon isolation SF

JES intercalibration

A

6=0-A6 -0.15-0.1-0.05 0 005 0.1 0.5

ATLAS Preliminary
Isnn =8.16 TeV, 165 nb™

<2l @ |
—:—.— Source unc. up unc. down

—— Jet energy scale +0.048 -0.044
_.__ tf generator +0.048 -0.043
- Fake-lepton background +0.030 -0.027
l Background +0.030 -0.025

i = Luminosity +0.029 -0.025
Muon systs. +0.024  -0.021

§ i ; Wjets +0.023 -0.020

i —li- § b-tagging +0.022  -0.021
+ Electron systs. +0.018  -0.017
'[l MC statistical uncertainties | +0.011 -0.010
_l"_" Jet energy resolution +0.005 -0.004

. ——Ffe——— | /iPDF +0.001  -0.001

. H— | Towlsyst. [+0.088 _ -0.081

| I’ i The total systematic
SRR uncertainty amounts to 9%.
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-2 -15 -1-05 0 05 1 15 2
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6. Conclusion
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LN AL B L LS N N N L LN N LR L
Conclusion ATLAS Preliminary p+Pb Sy, = 8.16 TeV
— t?tt- 165 nb ™oy (stat)
. siat =115 *03 +0.13
111b ejets - —i wi =115 0%  loiz
. - i i i +U. +U.
The top-quark pair produ.ctlon cross section A1b mujets|  -re4— 1 =0.68 02 o
(ATLAS-CONF-2023-063) is measured to be \2bin et 0981012 4008
incl ejets re4 Mg = ~-¥9 —o.n -0.06
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tf . . =1.00 "% +0.06
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1 . « . ) = 119 +0. +0.
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Combined | e et = 1-?4 tgﬁggl tgﬁggl
e The significance is well over 5 0 in the lepton+jets and 05 1 15 2 25 3 35
best fit [3%5;

dilepton channels separately.

— T
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165 nb’

[ Data total unc.

Data stat. unc.

ATLAS Preliminary
® The cross section is compared to the CMS

measurement in the p+Pb system.

MCFM TUJU21

MCFM nNNPDF30

® The result is consistent with the scaled cross section MeRMneTEQ1EHa
in pp collisions, extrapolated to Vs = 8.16 TeV. Mg EPPEzt
CMS 8.16TeV p+Pb O PRL 119 (2017) 242001
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Back-up :: W and Top

Hadronically decaying W boson
- Use 2 highest non-btag jets

in p;

Hadronically decaying top quark
- 4-vector of hadronically
decaying W boson +
b-jet which is further in DR

from the lepton

Petr Baron
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Back-up :: Lepton p_

1b region 2b inclusive region
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Back-up ::
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Back-up :: Correlation Matrix

Fake lepton background e+jets 1b
Fake lepton background e+jets 2bincl
Fake lepton background p+jets 1b
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Back-up :: Differences to CMS Meas.

Analysis conditions

ATLAS

CMS

channel lepton+ijets, dilepton lepton + jets
min lepton p; [GeV] 18 30

Lepton |5 <2.4(2.47) <21

Min jet p; [GeV] 20 25

Int lumi [nb™"] 164.6 174
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Back-up :: Differences to CMS Meas.

Uncertainties [%] ATLAS CMS
Int lumi 24 5
stat. 3 8
B-tagging + JES 5 13
Extra JES - 4
background 4 7
Lepton trigger and reco 3 4
total 9 18
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Back-up :: p+Pb CMS

PPb (174 nb™, (S = 8.16 TeV)

pPb (174 nb™, {5, = 8.16 TeV) pPb (174 nb™, s, = 8.16 TeV)
e*/y + 4j (=0b) el + 24j (=1b) e*/y* + 24j (>2b)
{ Data t Data t Data
B t correct [ ti correct B tt correct
tt wrong tt wrong tt wrong
B background 2 B background 2 B background
o o
> >
w w
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Invariant mass distributions of the W candidate, m

FIG. 1.

.o

jj» in the O (left), 1 (center), and 2 (right) b-tagged jet categories after all
selections. The red and orange areas correspond to the signal simulation (correct and wrong assignments, respectively), while the blue
one corresponds to the estimated nontop background contributions. The error bars indicate the statistical uncertainties.
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Back-up :: p+Pb CMS

pPb (174 nb™, 5y, = 8.16 TeV) pPb (174 nb™, 5., = 8.16 TeV) pPb (174 nb”, [S = 8.16 TeV)

CcCMS e*/u* + >4j (=0b) e*/y + >4j (=1b) 35k CMS e/t + >4j (>2b)
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FIG.2. Invariant mass distributions of the t — j;j'b candidates, m, in the 0 (left), 1 (center), and 2 (right) b-tagged jet categories after

all selections. All signal and background parameters are kept fixed to the outcome of the m ; fit. Symbols and patterns are the same as
in. Fig. 1.
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