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Introduction

Standard Model of Elementary Particles
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Introduction

Standard Model of Elementary Particles
Interactions of constituents of the colliding protons, the so called ST EEae, interactions | force carriers
partons (quarks, gluons) (fermions) (bosons)
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Introduction

Standard Model of Elementary Particles

Interactions of constituents of the colliding protons, the so called ST EEae, interactions | force carriers
partons (quarks, gluons) (fermions) (bosons)
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Introduction

Parton distribution functions f(x,Q"2)

Interactions of constituents of the colliding

partons (quarks, gluons)

proton 1

Pp. ... momentum proton 1
P ... momentum proton 2

interaction vertex
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Figure 1: Left: Typical form of PDF modifications in a nucleus. Right: Kinematic reach of the data used in nPDF
global analyses. Figures from Ref. 1),

https://arxiv.org/pdf/1802.05927 .pdf
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Introduction

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.

Review of predictions of hard probes in p+Pb collisions at \/sﬁ.ﬂ.* =5.02 and 8.16 TeV and
comparison with data R. Vogt (LLNL, Livermore and UC, Davis) e-Print: 1908.11534[hep-ph]
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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,blv,b

L)
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Introduction

Challenge: low stats, ATLAS SW, isMC, btagging, JES, lepton SFs -- custom, matching

lepton + jets : {t — WbWb — (v,bqq’b
dilepton : {t - WbWb — (v,blw,b

Petr Baron (UPOL) Top quarks in pPb collisions FZU 2024



2. Event Selection

13/18

Petr Baron (UPOL) Top quarks in pPb collisions FZU 2024



Event Selection

Channel Selection Background composition:
e+jets 1 isolated electron with p, > 18 GeV )
0 isolated muons [] Single top
At least 4 jets with p, > 20 GeV W +jets
lepton+jets W+
P ] iet 1 isolated muon with p. > 18 GeV - b
y+je S T - W+C
0 isolated electrons .
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 ] 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 11isole:teddelectron w:h P; >1;8GG\eIV =0b control
isolated muon with p;. > e — > .
Opposite Sign, m, > 15 GeV b and 22b Slgnal
At least 2 jets with p; > 20 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2022-01/

Performance Studies :: Jets
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4. Pre-fit Plots
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Pre-fit Plots
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Fit Procedure
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Fit Procedure
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Fit Procedure :: Systematic Unc.
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6. Conclusion
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/

Conclusion

Thank you!

Ongoing discussion 4pm - Praha Troja ObCerstveni Slalom
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Back-up :: W and Top

1b region 2b inclusive region
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Back-up :: Lepton p_

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

1b reqion 2b inclusive region
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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
Fake lepton background p+jets 2bincl
HI to PF jet matching

W-+c-jets background

W-light-jets background
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Z+light-jets background
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Fake lepton background p+jets 2bincl

30




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

Petr Baron (UPOL)
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FZU 2024




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

pPPb (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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iff I
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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.

PRL 119, 242001 (2017)
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https://doi.org/10.1103/PhysRevLett.119.242001

Back-up :: p+Pb CMS

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

CcCMS e*/u* + >4j (=0b) e*/y + >4j (=1b) 35k CMS e/t + >4j (>2b)
{ Data { Data t Data
’ B tt correct B tt correct B 1t correct
] tt wrong tt wrong tt wrong
‘2 : ” B background B background B background
&
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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.

PRL 119, 242001 (2017)
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https://doi.org/10.1103/PhysRevLett.119.242001

Back-up :: Matching

PFlow Jets

HI matched to PFlow Jets

'
HI  Jets x
Vv

Hl jet is assigned as a b-tagged if matched PFlow jet is b-tagged
and is within dR = 0.3 distance to the HI jet.




Back-up :: Matching

b-tag info MET

v

PFlow Jets

HI matched to PFlow Jets

Moving from H_"-> H_J ¢

e To perform matching:

v
HI  lJets x x
v

o  Matching based on event no.
o Matching based on leading lepton eta (phi) for V+jets bkg



