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Electroweak bosons produced in lead—lead (Pb+Pb) collisions are an excellent tool to constrain
initial-state effects which affect the rates of hard-scattering processes in nucleus—nucleus interac-
tions. The production yields of massive electroweak bosons, observed via their leptonic decay
channels, offer a high-precision test of the binary collision scaling expected in Pb+Pb and a way
to quantify nuclear modifications of the parton distribution functions (PDFs). The large samples
of Pb+Pb data at 4/sny = 5.02 TeV collected by the ATLAS experiment in 2015, and the corre-
sponding high-statistics pp data at the same collision energy used as a baseline, allow for a detailed
experimental study of these phenomena and comparisons to predictions from a variety of theoret-
ical calculations. This report presents the latest ATLAS results on electroweak boson production,
including updated results on Z production and high-precision W boson results in Pb+Pb collisions.
Inclusive production of prompt photons in proton—lead (p+Pb) collisions at \/syn = 8.16 TeV is
also covered. Various predictions of nuclear modifications to PDFs are discussed.
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1. Introduction

Measurements of electroweak boson production in proton—proton (pp) collisions are powerful
tests of the Standard Model of particle physics, since they rely on precise calculations based on
QCD, including a good knowledge of parton distribution functions (PDFs), and the electroweak
theory. In the context of ultrarelativistic heavy-ion collisions, they provide typically a precise
reference for measurements of electroweak boson production in proton—nucleus or nucleus—nucleus
collisions. By comparing results from proton—nucleus collisions to those from pp collisions, one
can study cold nuclear matter effects including nuclear modifications of PDFs (nPDFs) or the energy
loss of partons in the initial state. Nucleus—nucleus collisions at LHC energies produce a strongly
interacting quark-gluon plasma (QGP), which leads to final-state effects such as jet quenching.
However, electroweak bosons or their leptonic decay products do not carry a colour charge, so
that they are not affected significantly by interactions with the QGP. Therefore, measurements of
electroweak boson production provide an excellent tool to verify models describing the geometry
and centrality of heavy-ion collisions.

In order to quantify modifications of electroweak boson production in proton—nucleus colli-
sions, the nuclear modification factor, R, is defined as:
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where A is the mass number of the nucleus, while 0,, 5 and o,, are cross-sections for electroweak
boson production in proton—nucleus and pp collisions, respectively, measured at the same centre-
of-mass energy.

For nucleus—nucleus collisions, the collision geometry has to be taken into account when
studying modifications of electroweak boson production. The corresponding nuclear modification

factor, Raa, is defined as:
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Here, Naa/Ney is the electroweak boson yield measured per minimum-bias nucleus—nucleus col-
lision, and o7, is the corresponding cross-section measured in pp collisions at the same centre-of-

mass energy. The average nuclear thickness function, (T4 ), encodes the geometry of the collision,
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This report presents measurements of electroweak boson production using data collected by

the ATLAS experiment [1] at the Large Hadron Collider (LHC). In particular, it is focused on a
measurement of prompt photon production in proton—lead (p+Pb) collisions at 4/sxn = 8.16 TeV [2]
and measurements of W and Z boson production in pp collisions at v/s = 5.02 TeV [3] and lead—
lead (Pb+Pb) collisions at /sy = 5.02 TeV [4, 5].

and typically the observable is referred to as the normalised production yield.

2. Measurement of prompt photon production in p+Pb collisions

The measurement of prompt photon production in p+Pb collisions at \/syy = 8.16 TeV is
based on events selected using single-photon triggers with thresholds on the photon transverse
energy (E%) ranging from 15 GeV to 35 GeV. At the analysis level, reconstructed photons passing
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a kinematic selection are required to fulfill identification criteria and to be isolated. A data-driven
double-sideband method is used to estimate contributions of background processes. The purities
of the selected photon sample estimated with this method vary from 45% at E% ~ 20 GeV to 99%
at E% ~ 200 GeV.

The nuclear modification factor, denoted here as R,py, is measured as a function of E% , with the
results presented in Figure 1. It should be noted that the definition of R,,p, requires a cross-section
for prompt photon production in pp collisions at v/s = 8.16 TeV. However, no direct measurement
at this centre-of-mass energy exists, and the corresponding cross-sections are obtained from an
extrapolation of cross-sections measured in pp collisions at 4/s = 8 TeV [6]. The measurements of
Ry,pp in three centre-of-mass pseudorapidity regions are compared to predictions based on a model
incorporating the energy loss of initial-state partons [7]. The model predictions shown in Figure 1
correspond to two sets of energy-loss parameters or, alternatively, no energy loss. The data are best
described by the latter prediction, which indicates that initial-state partons do not lose a substantial
amount of energy in soft interactions prior to the hard scattering.
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Figure 1: Nuclear modification factor R,py, for isolated, prompt photons as a function of photon transverse
energy EJ, shown for different centre-of-mass pseudorapidity, n*, regions in each panel [2]. The data are
compared with an initial-state energy-loss calculation. The yellow bands and vertical bars correspond to total
systematic and statistical uncertainties in the data, respectively. The green box (at the far right) represents
the combined 2.4% p+Pb and 1.9% pp luminosity uncertainties.

In order to reduce the impact of systematic uncertainties in assessing the magnitude of cold
nuclear matter effects, it is useful to study the ratio of R,p, factors measured at forward and
backward pseudorapidities. Figure 2 presents this ratio measured as a function of E% The
theoretical predictions shown in comparison to data are calculated with the JETPHOX [8] code
at next-to-leading order (NLO) in QCD. The PDFs used as input for the calculations come either
from the free-nucleon CT14 PDF set or one of two nPDF sets: EPPS16 [10] or nCTEQI15 [11].
The free-nucleon PDF prediction is in good agreement with the data, suggesting again a lack of
significant cold nuclear matter effects. However, it should be noted that the nPDF predictions are
also consistent with the data within uncertainties over most of the considered E% range.
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Figure 2: Ratio of the nuclear modification factor R,p, between forward and backward pseudorapidity for
isolated, prompt photons as a function of photon transverse energy E% [2]. The data are compared with the
expectations based on JETPHOX with the EPPS16 nuclear PDF set (left) or with the nCTEQ15 nuclear PDF
set (right). The yellow bands and vertical bars correspond to total systematic and statistical uncertainties in
the data, respectively. The red and purple bands correspond to the systematic uncertainties in the calculations.

3. Measurements of W and Z boson production in pp and Pb+Pb collisions

The measurements of W and Z boson production in pp and Pb+Pb collisions use the electron
and muon decay channels of the bosons (W — €v, Z — {{, where £ = e, ). Candidate events are
selected using single-lepton triggers with thresholds on the lepton transverse momentum ranging
from 8 GeV to 15 GeV. Reconstructed leptons are required to pass a kinematic selection, as
well as identification and isolation requirements. Candidate events for W boson production are
selected by requiring exactly one good lepton and a large missing transverse energy, E?“ss >
25 GeV, and transverse mass, mr > 40 GeV. For pp collisions, these quantities are calculated
using the hadronic recoil reconstructed from particle flow objects, while in Pb+Pb collisions only
charged-particle tracks are used. Candidate events for Z boson production are required to contain
an oppositely charged lepton pair with an invariant mass in the range 66 < mee < 116 GeV.
Background contributions from electroweak and top-quark processes are estimated using Monte
Carlo simulations of these processes, while the multi-jet background contribution is evaluated
with a data-driven method. In peripheral Pb+Pb collisions, the additional contamination from
electromagnetic processes, such as photonuclear interactions, is suppressed by a combination of
requirements on rapidity gaps and energy deposits in Zero Degree Calorimeters.

Figure 3 presents normalised production yields for W* and Z bosons measured differentially
in the charged lepton pseudorapidity and dilepton rapidity, respectively. The measured yields are
compared to several theoretical predictions calculated at NLO in QCD with the MCFM code [12].
Again, the CT14 free-nucleon PDF set (including the isospin effect [13]), as well as the EPPS16 and
nCTEQI15 nPDF sets, are used as input for the calculations. In all cases, the predictions are able to
reproduce the shape of the data distributions reasonably well, but fail to describe their normalisation
correctly. While the free-nucleon predictions underestimate the data yields only by a few percent,
the nPDF predictions deviate by 10-20%.

Nuclear modification factors for W and Z boson production are shown in Figure 4. The precise
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Figure 3: Nuclear modification factor Ras obtained from the fiducial W*, W~ (left) and Z boson (right,
bottom panel) production yields as a function of (Npa) [4, 5]. Error bars show statistical uncertainties,
whereas systematic uncertainties are shown as the boxes around the data points. In the left plot, the
systematic uncertainties due to (Txa) and luminosity of the pp dataset are not included in those boxes and
are shown as separate shaded boxes plotted to the right of the data points for better visibility.

cross-sections measured in pp collisions [3] are used to derive the Raa factors, which are measured
as a function of the average number of nucleons participating in the collision, {Npar), or in centrality
intervals (the two choices are equivalent). The data are compared to predictions based either on
the Glauber model (constant with (Npa)) [14] or on the HG-Pythia model (including a centrality
bias) [15]. Since the measured Raa factors do not depend significantly on centrality, the data are in
good agreement with the Glauber model and incompatible with the HG-Pythia model.
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Figure 4: Nuclear modification factor Ra obtained from the fiducial W*, W~ and Z boson production yields
as a function of (M) (left) [4] and centrality intervals (right) [5]. Error bars show statistical uncertainties,
whereas systematic uncertainties are shown as the boxes around the data points. In the left panel, the
systematic uncertainties due to (Taa ) and luminosity of the pp dataset are not included in those boxes and are
shown as separate shaded boxes plotted to the right of the data points for better visibility. In the right panel,
the data are compared with the HG-Pythia model scaled by the isospin factors obtained from the CT14 NLO
PDF calculation.
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4. Summary

The measurement of prompt photon production in p+Pb collisions at 4/sxy = 8.16 TeV with
the ATLAS detector at the LHC provides a study of the impact of cold nuclear matter effects
on electroweak boson production. The comparison of data with predictions incorporating these
effects indicates a limited impact on prompt photon production. While predictions using nPDFs
are mostly consistent with the data, the best agreement is found for predictions using free-nucleon
PDFs. Similarly, any significant energy loss of partons in the initial state is disfavoured by the data.

In Pb+Pb collisions at y/ssy = 5.02 TeV, W and Z boson production measurements with
a precise reference from pp collisions allow to study in detail models describing the collision
geometry and nPDFs. The normalised W and Z boson production yields measured as a function of
rapidity show a fairly good description of the data by a free-nucleon PDF prediction, while nPDF
predictions significantly underestimate the measured yields. Nuclear modification factors for W
and Z boson production are largely independent of the collision centrality, which is consistent with
Glauber model predictions, but incompatible with predictions from the HG-Pythia model including
a centrality bias.
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