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Abstract. Measurement of electroweak boson production in different collision systems are of
great interest to understanding the partonic structure of heavy nuclei, and serve as a constraint
on the initial state in larger collision systems. Their production yields in Pb+Pb with respect
to pp collisions provide direct tests of both binary collision scaling and possible modification
of parton distribution functions (nPDF) due to nuclear effects. Further, the p+Pb collisions
provide a relatively clean environment to study nPDFs in detail. The ATLAS detector has
a broad acceptance with excellent performance even in the high occupancy environment of
central heavy-ion collisions. In this proceedings the latest ATLAS results on W and Z boson
production at the centre-of-mass energy of 5.02 TeV are presented, including updated precise
result production in pp collisions. Also photon yields are reported in 8.16 TeV in different
collision systems are presented.

1. Introduction

The Relativistic Heavy Ion Colider (RHIC) showed that strongly interacting matter produced in
collision of two heavy nuclei takes the form of quark gluon plasma (QGP) [1]. In such medium
produced colour particles are expected to lose energy which leads to a phenomenon known as
jet quenching. Suppression of charged hadron yields in heavy-ion (HI) collisions was already
reported by experiments at RHIC and the LHC [2H4]. A direct way to study the initial stage
of proton-proton (pp), proton-nucleus and nucleus-nucleus collisions is to measure production of
colourless electroweak (EW) bosons, namely high-energy photons, W= and Z. These bosons are
created at the very early stage of the collision in the hard parton-parton interaction. Products
of leptonic decays of W* and Z are expected to not interact substantially with the QGP,
making them useful probes of the QGP. This unique feature makes them sensitive to the initial
geometry of the HI collision and nuclear modifications to parton distribution functions (nPDF).
A measurement of direct photon production [5] by the PHENIX experiment at RHIC showed
that photon rates scale with the nuclear thickness function. Very similar conclusions came
from the first measurements of electroweak vector bosons in Pb+Pb collisions performed by
the ATLAS and CMS experiments [6H10]. In principle their production rates were found to
be independent of the presence of QGP. Furthermore, the weak boson production in p+Pb and
Pb+PDb collisions may differ from the pp system. There are two main sources of these differences.

1 Copyright 2018 CERN for the benefit of the ATLAS Collaboration. CC-BY-4.0 license.
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The first one is related to the presence of neutrons in the nucleus which have different quark
composition compared to protons. Secondly, EW bosons production can be affected by effects
arising from partons being bound in the nucleus where the PDF of the free nucleon might be
modified leading to parton depletion or enhancement [11].

This proceedings covers the most recent measurements on W+ and Z production in the pp
and Pb+Pb system at /syny = 5.02 TeV and prompt photon production in the p+Pb system
at \/snn = 8.16 TeV. They are based on data collected in 2015 and 2016 by the ATLAS
experiment [12] at the LHC.

2. W and Z production in pp collisions

Measurements of W* and Z boson production in pp collisions provide a benchmark for the
understanding of quantum chromodynamics (QCD) and EW processes. They also serve as an
important reference for weak-boson production in heavy-ion collisions. The ATLAS experiment
has measured W and Z boson production in pp collisions at centre-of-mass energy of /s = 5.02
TeV [13] using data corresponding to an integrated luminosity of 25.0 pb~!. This dataset is
characterised by a relatively low pile-up contribution with mean number of pp interactions per
bunch crossing equal to 1.5. Samples of Monte Carlo (MC) simulated events are used to evaluate
the selection efficiency for signal events and the contribution of several background processes. All
of the samples are processed with the Geant4-based simulation [141|15] of the ATLAS detector.
Dedicated efficiency and calibration studies with data are used to derive correction factors
to account for residual differences between experiment and simulation. Measurement includes
differential cross sections convoluted with leptonic branching ratios for the processes W+ — £*v,
W~ — ¢ vand Z — (T4~ (£ = e,u), respectively. Electron and muon decay channels are
analysed and combined together. The fiducial phase space is defined by detector acceptance and
lepton kinematics:

e for W production: p& > 25 GeV, p4 > 25 GeV, || < 2.5, mp > 40 GeV
e for Z production: p4 > 20 GeV, |ny| < 2.5, 66 < my < 116 GeV.
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Figure 1. Differential cross sections for W+ (left) and W~ (right) boson production

as a function of absolute decay lepton pseudorapidity compared with theoretical predictions.
Statistical and systematic uncertainties are shown as error bars and shaded rectangles,
respectively. The lower panels show the ratios of predictions to the measured differential cross
sections |13].
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Figure 2. Differential cross section for Z boson production as a function of absolute lepton-
pair rapidity compared with theoretical predictions. Statistical and systematic uncertainties are
shown as error bars and shaded rectangles, respectively. The lower panels show the ratios of
predictions to the measured differential cross sections [13].

The measured cross sections are compared with theoretical predictions obtained using a
modified version of DYNNLO 1.5 [16,/17] optimised for speed of computation. Differential cross
sections for W and Z boson production are shown in Figures|l|and [2|as a function of |n,| and the
lepton-pair rapidity |y, respectively. The cross sections for the combined measurements are
compared to theoretical predictions obtained with the CT14 [18], NNPDF3.1 [19], MMHT14 [20]
and HERAPDF2.0 [21] PDF sets. In some regions of phase space, a comparison of the differential
cross sections shows systematic deviations of the predictions obtained with recent PDF sets
from the measured values. These deviations are largest for W boson production and at central
rapidity for Z boson production.

3. W and Z production in Pb+Pb collisions

The W and Z boson production has been measured in Pb+Pb collisions at \/sxy = 5.02 TeV
using data corresponding to an integrated luminosity of 0.49 nb~! [22,123]. Samples of MC
simulated events are used with similar manner to the measurement described in the Section [2]
to evaluate the selection efficiency for signal events and the contribution of several background
processes. Also, dedicated efficiency studies are used to derive correction factors to account
for residual differences between experiment and simulation. Differential yields for processes
W+ — putv, W= — p vand Z — u"p~ are measured. The fiducial phase space is defined by
detector acceptance and muon kinematics:

e for W production: pf. > 25 GeV, p4 > 25 GeV, 0.1 < |n,] < 2.4, mp > 40 GeV
e for Z production: pf > 20 GeV, |n,| < 2.5, 66 < m,, < 116 GeV.

Figure |3| presents Z boson yields per minimum-bias (MB) event scaled by the average nuclear
thickness function (Txa) as a function of |y#| for three selected centrality intervals compared to
the measurement in the pp system. Good agreement with the model predictions and measured
pp data points is observed. Only slight excess is observed in the most peripheral class of events.
The nuclear modification factor is also shown in the lower panel. No significant deviations from
unity indicates small impact of nuclear effects.
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Figure 3. Upper panel presents Z-boson yields per MB event in three centrality intervals
divided by (Taa) (filled circles) and differential cross section measured in pp (open circles) as a
function of |y#|. Ratios of Pb+Pb results to pp result in three centrality intervals are shown in
the bottom panel. The pp luminosity uncertainty (5.4%) is indicated as a band around unity.
The statistical and systematic uncertainties are presented by bars and shaded boxes, respectively.
Results of the Powheg-based model using CT10 PDF are also shown as a histogram [23].

g [ 1 & | :
2|5 400 i 1B eyt o
HEE ¢ () | < L = I_
1 B | i [
B At g L —
H‘tlg — T — — tlg E_ _1
200l PP*Pb, {5yy=5.02 TeV, 049 nb* | 200l PP*PD, [5,4=5.02 Tev, 0.49 nb™* -
ATLAS Preliminary ATLAS Preliminary
Wy £ Data ) W == Data )
F — POWHEG (CT10 NLO) x Ky 0 R F — POWHEG (CT10 NLO) % Kyy.o R
— MCFM (EPPS16 NLO) — MCFM (EPPS16 NLO)
r — MCFM (nCTEQ15 NLO) N r — MCFM (nCTEQ15 NLO) N
TN T S NS TS S TS TSR T Y RO Y SO SO S ol e e e e e b L
0 -2 -1 0 1 2 0 -2 -1 0 1 2
nu nu

Figure 4. Differential production yields per MB event divided by (Taa) for W — ufv
(left) and W~ — p~v (right). Error bars represent statistical uncertainties. Systematic and
statistical uncertainties added in quadrature are shown as the filled boxes, while the systematic
uncertainties related to (Tas) are presented by the empty boxes. The width of the theory bands
reflects MC statistical uncertainties [22].

Figure 4| shows the differential production yields per MB event divided by (T'aa) as a function
of 7, separately for W+ and W~ bosons extracted from the 0 — 80% centrality range. The data
are compared to Powheg predictions scaled by the k‘NNLOE' factor using CT10 free-nucleon PDF.
The MC expectations are consistent with the data. Two predictions based on MCFM, using
the most recent nuclear modifications to PDF, EPPS16 [24] and nCTEQ15 [25], are also shown.

2 The scaling factor, knnro, scales W boson production cross sections to NNLO accuracy using DYNNLO
calculations with the CT14nnlo PDF set.
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They both underestimate the data, however a 2-3% difference between the NNLO-scaled Powheg
and MCFM predictions is expected due to the different order of the QCD calculations, i.e. the
contribution of the NNLO radiative effects.
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Figure 5. Nuclear modification factor R,pp for isolated, prompt photons as a function of E7.,
shown for different n* selections in each panel. The data are identical in each row, but show
comparisons to the expectations based on Jetphox with the EPPS16 nuclear PDF set (top) or
with the nCTEQ15 nuclear PDF set (bottom). In all plots, the yellow boxes and vertical bars
correspond to total systematic and statistical uncertainties on the data, respectively. The orange
and purple bands correspond to the systematic uncertainties on the calculations [26].

4. Prompt photon production in p+Pb collisions
Data used in prompt photon production measurement [26] were collected with the ATLAS
detector during the p+Pb collision running period of 2016 and corresponds to an integrated
luminosity of 162 nb~!. Photon production cross-sections are reported for photons with El >
25 GeV in three pseudorapidity intervals in the nucleon-nucleon frame: —2.83 < n* < —2.02,
—1.83 < n* <091 and 1.1 < n* < 1.91. The measurement phase space includes also isolation
criterion: EX° < 4.8 +4.2 x 1073EJ [GeV].

The R,pyp is defined as the ratio of the cross-section in p+Pb collisions to the lead nuclear
mass number (A) multiplied by the cross-section in pp collisions at the same 4/s:

dUerPba'erX /dE%
A - doPr=7+X [dET S

Rpr =



4th International Conference on Particle Physics and Astrophysics (ICPPA-2018) IOP Publishing
Journal of Physics: Conference Series 1390 (2019) 012023  doi:10.1088/1742-6596/1390/1/012023

Figure [5 shows the nuclear modification factor R,py as functions of E% and n*. The R,py,
is consistent with unity at forward pseudorapidities and at low to moderate E7. at mid-rapidity
what is indicating that isospin or other nuclear effects are small. Deviations from unity of
Rypy, are visible at high E. and backward pseudorapidity. This feature primarily reflects the
difference in the up and down quark composition of the nucleus relative to the proton. This effect
is present in the Jetphox theory curve in blue which includes the proton-neutron asymmetry
and the free proton PDF set CT14. Within the present uncertainties, the central values of the
data are consistent with both the free proton PDFs and with the small effects expected from a
nuclear modification of the parton densities.

5. Conclusions

Measurements of EW boson production have been reported based on pp, p+Pb and Pb+Pb data
collected at /sNn = 5.02 TeV and /sy = 8.16 TeV by the ATLAS experiment at the LHC. A
comparison of the differential cross sections of W and Z boson production in pp data shows 1—20
deviations from the predictions obtained with many of the recent PDF sets. Reported W and Z
boson yields in Pb+PDb collisions are in good agreement with the model predictions. Results of
W boson measurement seems to favour predictions calculated with CT10 free-nucleon PDF set.
Measured nuclear modification factor Ry,py, for prompt photon production is mostly consistent
with unity. Deviations from unity of Ryp}, are visible at high E7 and backward pseudorapidity
which are result of the isospin effect.
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