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Abstract
Measurements of isolated prompt photon and massive electroweak (W and Z) boson production in diﬀerent collision
systems are of great interest to understand the partonic structure of heavy nuclei, and serve as a constraint on the
initial state in larger collision systems. These channels are sensitive to a variety of eﬀects such as the modiﬁcation
of the parton densities in nuclei in certain kinematic regions, and the energy loss of partons as they undergo multiple
interactions in the nucleus before the hard parton-parton scattering. High-statistics samples of lead–lead and proton–
√
lead collision data at sNN =5.02 TeV and 8.16 TeV, respectively, taken by the ATLAS experiment at the LHC, as well
as proton–proton comparison data at analogous collision energies, allow for a detailed study of these phenomena in
data and comprehensive comparisons to the predictions of a variety of theoretical approaches. This paper presents the
latest ATLAS results in these topics, including updated results on inclusive prompt photon production in proton–lead
collisions over a broad kinematic range and high-precision W boson results in lead–lead collisions.
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1. Introduction
Electroweak bosons are a valuable tool to study the hot and dense medium created in heavy-ion collisions. Since they and their leptonic decay products are insensitive to the strong force and do not interact
with the QCD medium, the rate of their production in diﬀerent centrality classes allows a test of binary
collision scaling within heavy ion (HI) collisions. In addition, they are well suited to serve as probes of
nuclear modiﬁcation of the parton distribution function within the relativistic ion.
The ATLAS experiment [1] measured the EW boson production in pp, p+Pb and Pb+Pb collisions at
the LHC. The former oﬀers a high precision test of pQCD as well as a baseline for heavy-ion collisions.
Measurements in pp collisions oﬀer a high precision test of pQCD as well as a baseline for p+Pb, and Pb+Pb
collisions. Proton–lead collisions are an optimal system in which to study modiﬁcations of the initial nuclear
state relative to free nucleons. Electroweak bosons in Pb+Pb collisions, in which a quark gluon plasma is
thought to be produced, function as a ‘standard candle’ by which to gauge eﬀects of the plasma.

https://doi.org/10.1016/j.nuclphysa.2018.09.029
0375-9474/© 2018 Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

604

Z. Citron / Nuclear Physics A 982 (2019) 603–606

2. Z Bosons in Proton–Proton Collisions
√
The analysis of Z bosons in 25 pb−1 of pp collisions with s = 5.02 TeV is described in detail in
[2]. Z boson candidates were reconstructed in the di-muon decay channel. Events are selected using a
single muon trigger with transverse momentum above 14 GeV. Candidate events are required to have two
high-quality opposite charge muons each with pT >20 GeV and |η| <2.4. There are 7293 events selected
with di-muon invariant mass between 66 and 116 GeV. Background processes, chieﬂy Z → ττ and tt¯, total
approximately 0.3% of the events and their contribution is subtracted. The data are fully corrected for
trigger and reconstruction eﬃciency as well as detector acceptance. The cross section for the mass window
66< mZ <116 GeV and rapidity |yZ | <2.5 is measured to be 590 ± 9 (stat.) ± 12 (stat.) ± 32 (lumi.) pb. The
measurement serves as a robust baseline to the measurements made in heavy–ion collisions.
3. Photons in Proton–Lead Collisions
√
The analysis of isolated photons in 162 nb−1 of p+Pb collisions with sNN = 8.16 TeV is described in
detail in [3]. Photons are identiﬁed based on shower shapes in the calorimeter that are consistent with a
single photon. A selection of isolated photons reduces background from fragmentation and decay photons
and is achieved by excluding events in which there is energy above a certain threshold within a cone of η
and φ around the measured photon.
The transverse energy, ET , diﬀerential cross-section is constructed as:
dσ/dET =

1 1 Nsig Psig
C,
Lint ΔET  sel  trig

(1)

where Lint is the integrated luminosity, Nsig is the yield of photon candidates passing identiﬁcation and isolation requirements, Psig is the purity of signal photons in this selection,  sel is the combined reconstruction,
identiﬁcation and isolation eﬃciency for signal photons,  trig is the trigger eﬃciency, and C is a correction
for the bin migration in ET caused by detector ineﬃciencies and the ﬁnite resolution of the photon energy
measurement. The purity, Psig , is estimated using the “double sideband” method, in which “oﬀ-signal” regions deﬁned as permutations of passing and failing of the isolation and identiﬁcation selections are used to
estimate the background which passes into events selected as isolated signals.
To search for eﬀects of nuclear modiﬁcation, the ET diﬀerential nuclear modiﬁcation factor R pPb is
deﬁned as:
1 dσ pPb /dET
,
(2)
R pPb (ET ) =
APb dσ pp /dET
with the mass number of the lead ion, APb =208. In order
√ to obtain an appropriate pp spectrum for construction of the R pPb , a previous ATLAS measurement at s = 8 TeV [4] is extrapolated to match the center
of mass energy and rapidity boost with respect to the detector of the p+Pb system using Jetphox [5]. In
Figure 1 the measured R pPb is shown and compared to the same quantity calculated using Jetphox based on
the CT14 free proton PDF set [6] with and without the including nuclear modiﬁcation eﬀects parameterized
in the EPPS16 nuclear PDF set [7]. Although there is good reason to expect that electroweak bosons are
sensitive to nuclear modiﬁcation in p+Pb collisions at the LHC [8], these data are not yet able to distinguish
between the free proton and nuclear eﬀect modiﬁed PDF sets.
4. W and Z Bosons in Lead–Lead Collisions
√
The analysis of W bosons in Pb+Pb collisions with sNN = 5.02 TeV is described in detail in [9]. W
+
+
−
−
bosons are measured via the W → μ ν and W → μ ν̄ channels; the muon is measured directly and the
neutrino is reconstructed by missing transverse momentum in the event. This missing momentum, pmiss
T ,
is calculated as the negative vector sum of reconstructed charged particle tracks excepting the muon itself.
Candidate events are deﬁned as those with muon pT >25 GeV, 0.1< |η| <2.5 (0< |η| <0.1 is excluded
due to quickly changing detector performance in this region), pmiss
>25 GeV, and mT >40 GeV, where
T

R p Pb
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Fig. 1. Nuclear modiﬁcation factor R pPb for isolated, prompt photons as a function of ET , shown for diﬀerent pseudo-rapidity selections
in each panel. The data are compared to the expectations based on Jetphox using the CT14 PDF with and without the EPPS16 nuclear
PDF set. The yellow bands and vertical bars correspond to total systematic and statistical uncertainties on the data, respectively. [3]
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mT = 2pT pmiss
T (1 − cosΔφ) with Δφ the diﬀerence in angle between the muon and missing momentum
vector. Following these selections there are 25245 positive muons and 23123 negative muon candidate
events. Backgrounds contamination of the candidate events is predominantly from QCD multi-jet events,
Z → μ+ μ− , and W → τν processes. These range from 6% to 12% for the multi-jet background and
approximately 3% for the Z boson background, estimated using data-driven and simulation based methods
and subtracted. The remaining signal is corrected for eﬃciency and acceptance of the detector into the
ﬁducial volume of the event selection criteria listed above (with pmiss
→ pνT ). The corrected signal is scaled
T
by the nuclear thickness function TAA and the number of sampled minimum bias Pb+Pb collisions in each
centrality bin and shown as a function of centrality in the left panel of Figure 2. Alongside the data are
shown the expected yields based on a Powheg [10] calculation using the CT10 [11] free PDF set.
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Fig. 2. Left: W + (circles) and W − (squares) boson yield per event divided by TAA as a function of N part , along with model predictions.
[9] Right: Z boson yield per event divided by TAA (circles) as a function of N part  and the cross section measured in pp (diamond)
plotted at N part  =2, as well as the RAA as a function of N part .[12]

√
The analysis of Z bosons in Pb+Pb collisions with sNN = 5.02 TeV is described in detail in [12]. Similar
to the analysis of pp collisions described above in section 2, Z boson candidates were reconstructed in the
di-muon decay channel. Events were selected based on a single muon trigger as for W bosons. Candidate
events are required to have two high-quality opposite charge muons each with pT >20 GeV and |η| <2.5
(|η| <2.4 for the triggering muon). There are 5326 events selected with di-muon invariant mass between
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66 and 116 GeV. Estimated background, amounting to less than 1%, is subtracted and the remaining signal
is corrected for detector eﬃciency and acceptance as above. The measured Z boson yield is scaled by TAA
and the number of sampled minimum bias Pb+Pb collisions in each centrality bin and then divided by the
cross-section measured in pp collisions, to form the centrality dependent nuclear modiﬁcation factor:
RAA (N part ) =

NPbPb (N part )
.
σ pp × TAA (N part )Nevt (N part )

(3)

The right panel of Figure 2 shows the centrality dependence of the Z boson yield and RAA (N part ).
The electroweak boson yields in Pb+Pb collisions are consistent with TAA scaling within the uncertainty
of the measurements. The precision study of electroweak boson production as a function of centrality may
enable interesting new approaches to existing questions in the ﬁeld. For example, a recent calculation of a
centrality bias in peripheral collisions [13] identiﬁes electroweak bosons as a way to experimentally verify
the calculated bias, and so a precision measurement in the most peripheral bins could conﬁrm or limit
the applicability of the model. Further, both W and Z boson measurements presented here individually
have uncertainty comparable to the model based TAA calculations. This suggests the possibility to combine
them and measure the production of other observables relative to electroweak bosons via the double ratio
RXAA /REW
AA . To the extent that binary scaling is broken in electroweak boson production due to initial state
eﬀects this double ratio would incorporate that in its normalization and these eﬀects are expected to depend
on x and Q2 which are diﬀerent for diﬀerent bosons and probes. Nevertheless, given the size of the relevant
eﬀects on the integrated yields this quantity may serve as wholly data-driven complement to Glauber model
RAA calculations.
5. Summary

√
The ATLAS experiment has measured Z bosons in pp collisions with s = 5.02 TeV, W and Z bosons
√
√
in Pb+Pb collisions with sNN = 5.02 TeV, and photons in p+Pb collisions with sNN = 8.16 TeV. These are
a valuable input for understanding the initial nuclear state of heavy ions, and a reference for HI collisions.
Copyright 2018 CERN for the beneﬁt of the ATLAS Collaboration. CC-BY-4.0 license.
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