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ALICE (A Large Ion Collider Experiment) is designed and optimized to study ultra-relativistic
heavy-ion collisions, in which a hot and dense strongly-interacting medium is created. W bosons
are produced in hard scattering processes occurring at the early stage of the collision and, since
they are not affected by the strong interaction, they can be used as a benchmark for medium-
induced effects. In proton-nucleus collisions the production of W bosons can be used to study
the modification of parton distribution functions in the nucleus and to test the validity of binary
collision scaling. The latter is studied by measuring the yield of W bosons in different intervals
of event activity. In ALICE, the production of W bosons is measured via the contribution of their
muonic decays to the inclusive pT-differential muon yield reconstructed with the muon spectro-
meter at forward (2.03< yµ

cms < 3.53) and backward rapidity (−4.46< yµ
cms <−2.96). The recent

results from p–Pb collisions at a centre-of-mass energy of
√

sNN = 5.02 TeV are presented and the
measured cross sections are compared to perturbative Quantum Chromodynamics calculations at
next-to-leading order.
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1. Introduction

The high energies available in hadronic collisions at the Large Hadron Collider allow for hard1

probes, for example heavy quarks, quarkonia, high-pT jets and intermediate vector bosons (W± and2

Z0), to be produced abundantly. The high mass of W bosons (W±) implies that they are formed3

during initial hard parton scattering processes with a formation time of about 0.003 fm/c. The4

lifetime, which is inversely proportional to their width, is about 0.09 fm/c. Precise theoretical5

predictions of the W-boson cross sections in proton-proton collisions make them good standard6

candles for luminosity measurements. In addition, they can be used to constrain parton distribution7

functions (PDFs) at high momentum transfer (Q) equal to the mass of the vector bosons. In high-8

energy heavy-ion collisions where nuclear matter undergoes a phase transition to a deconfined state9

called Quark-Gluon Plasma (QGP), W bosons will decay either before or during the formation of10

the QGP. Therefore, W bosons give access to the initial-state properties in nuclear collisions and11

their yields provide a benchmark for the binary collision scaling of hard processes. Vector bosons12

and their leptonic decay products do not interact strongly and thus they should not be affected by13

the QGP. The isospin dependence of the formation of W bosons and the weak coupling nature14

makes them good probes to study initial-state effects (for example, the nuclear modification of15

PDFs and isospin effects) in proton-lead and lead-lead collisions [1, 2].16

2. Experimental apparatus and data sample17

The ALICE experiment [3] is an ensemble of various detectors each with a specific purpose.18

In this analysis the V0 scintillator arrays, zero degree calorimeters (ZNC and ZNA) and the sili-19

con pixel detectors (SPD) are used to provide global information about the event. The V0 arrays,20

placed on either side of the interaction point, covering the pseudorapidity ranges 2.8 < ηlab < 5.121

(V0A) and −3.7 < ηlab < −1.7 (V0C) are used for triggering as well as for the characterization22

of events according to their activity. Other detectors used to characterize events according to their23

activity are the first layer of the SPD (CL1) placed in the central barrel covering the pseudorapidity24

interval |ηlab| < 0.9 and the zero degree calorimeters (ZNC and ZNA) located 112 meters away25

on either side of the interaction point along the beam pipe. The SPD is also used to determine26

the interaction vertex. The muon spectrometer [3] which has a forward pseudorapidity coverage27

of −4.0 < ηlab < −2.5 consists of an absorber, five tracking stations, a dipole magnet, a muon28

filter and two triggering stations. The absorber reduces the background from pions and kaons, such29

that mostly muons enter the tracking system where their transverse momentum (pT) is determined.30

Furthermore, the muon filter, placed between the tracking and trigger stations stops remaining31

background hadrons and soft muons to ensure high purity of the triggered muon-candidate sam-32

ple. Furthermore, the triggering stations provide an approximate pT measurement which can be33

employed for the trigger decision.34

The current analysis is based on a data sample collected in proton-lead collisions at
√

sNN =35

5.02 TeV (Eproton = 4 TeV and Elead = 1.58 ATeV) in which two beam configurations were used,36

protons going towards the spectrometer (p-Pb) and vice-versa (Pb-p). The asymmetry in energy37

translates into the centre-of-mass system being boosted by ∆y = 0.465 in the proton direction. The38

rapidity intervals covered by the muon spectrometer are 2.03 < yµ
cms < 3.53 (p-Pb) and −4.46 <39

2



P
o
S
(
B
o
r
m
i
o
2
0
1
5
)
0
4
2

Measurement of W-boson production in p-Pb collisions at the LHC with ALICE Kgotlaesele Senosi

yµ
cms <−2.96 (Pb-p), respectively, where the direction of the proton defines positive rapidities. The40

integrated luminosities were measured to be 4.9 nb−1 and 5.8 nb−1 for p-Pb and Pb-p collisions41

respectively. The data sample consists of events collected with minimum bias (MB) and single-42

muon triggers. The MB trigger is defined as the coincidence of signals in both V0 detectors and43

the beam counters, whereas the muon trigger is the coincidence between a MB trigger and a track44

in the triggering station with p > 4 GeV/c. At track level a geometrical acceptance cut (−4.0 <45

ηlab < −2.5) is applied, and the muon track is required to come from an interaction vertex well46

reconstructed with the SPD. Another geometrical cut taken into consideration is the angle of the47

tracks at the end of the absorber covering the range (170° < θabs < 178°) which rejects particles48

crossing non-uniform material sections at the absorber edges. In order to remove the background49

from interactions between beam particles and the residual gas, an additional cut is employed based50

on the product of the muon track momentum and its transverse distance to the interaction point.51

This cut removes tracks which do not point to the interaction vertex reconstructed with the SPD.52

3. Analysis strategy53

The analysis is based on the extraction of the W-boson decay contribution to the total single54

muon transverse-momentum spectrum. The semi-muonic decays of W bosons form a Jacobean55

peak with a maximum around pT ∼MW/2. Muons from Z-boson decays (Z/γ∗) decays represent56

the dominant background source above pT ∼ 35 GeV/c whereas single muons from the decays57

of heavy-flavour hadrons dominate the lower pT region (10 < pT < 35 GeV/c) [4]. In order58

to extract the number of W bosons (NW←µ ) from the single-muon pT spectrum, a combined fit59

composed of suitable templates for the various contributions is used. The templates for muons60

from W- and Z-boson are based on the next-to-leading-order event generator POWHEG [5] and61

also PYTHIA6.4 [8]. The templates are varied in order to estimate the systematic uncertainty62

from the yield extraction, as well as from detector effects. The templates are generated for pp and63

pn collisions to take into account the isospin dependence of W- and Z-boson production. These64

templates are produced in the individual ηlab intervals. Then they are combined according to:65

f pPb
µ←W,Z0/γ∗

= a· Z
A
· f pp

µ←W,Z0/γ∗
+a· A−Z

A
· f pn

µ←W,Z0/γ∗
(3.1)

where A = 208, Z = 82 and a is the normalization factor. The description of background from66

heavy-flavour (HF) decays is based on perturbative Quantum ChromoDynamics (pQCD) calcu-67

lations at fixed-order-next-to-leading-log (FONLL) [6] and, alternatively, on a phenomenological68

function inspired by a function previously used by the ATLAS experiment [7] at the LHC:69

fµ←HF(pT) = c·
exp(−d·√pT)

p2.5
T

. (3.2)

The three templates are then combined into a fit function70

f (pT) = Nµ←HF · fµ←HF +Nµ←W · fµ←W +Nµ←Z0/γ∗ · fµ←Z0/γ∗ (3.3)

where fµ←HF(pT) is either the phenomenological function or the FONLL-based heavy-flavour71

decay-muon template, and fµ←W and fµ←Z0/γ∗ are W- and Z0/γ∗-boson decay templates. In72
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Figure 1: Examples of the combined fit for forward (left) and backward (right) rapidity in the case of
positive muons.

Equation 3.3, Nµ←HF and Nµ←W are free parameters whereas Nµ←Z0/γ∗ is constrained by the ratio73

Nµ←Z0/γ∗/Nµ←W which is computed from cross sections obtained with POWHEG. An example of74

this combined fit is shown in Figure 1. The number of W bosons extracted from this fit is affected75

by the uncertainties in the description of the heavy-flavour decay muon background as well as the76

knowledge of the ratio of Z to W bosons. The systematic uncertainty on this ratio is evaluated77

using PYTHIA6.4 [8] calculations. A source of systematic uncertainty related to detector effects78

is determined by using the templates with different alignment configurations. Uncertainties on the79

signal extraction, which include alignment effects and also the stability with the variation of the80

fit range, vary between 6% and 24%. The modification of nuclear PDFs, which is not included in81

the POWHEG templates, is taken into account by the EPS09 [9] parametrization included in the82

PYTHIA6.4 templates. The yield of muons from W-boson decays is computed as a weighted av-83

erage over all trial fits where the statistical uncertainties are propagated per fit, and the systematic84

uncertainties are computed as the variance of the yield of muons obtained from these fits.85

4. Results86

The W+- and W−-boson cross sections are computed by correcting their yields for acceptance87

and efficiency, and then normalizing to the related integrated luminosity. The measured cross88

sections of W bosons decaying to muons (µ±←W±) in the spectrometer acceptance are compared89

with pQCD predictions with CT10 PDFs [10] and with CT10 PDFs modified with the EPS0990

parametrization [9] of nuclear shadowing as shown in Figure 2. The binary scaling of W-boson91

yields is tested by dividing the measured yields of muons from W-boson decays (sum of separate92

Nµ+←W+ and Nµ−←W−) per event by the average number of binary nucleon-nucleon collisions93

〈Ncoll〉 [11] which characterizes the event activity. This measurement is done for minimum-bias94
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Figure 2: The measured cross section of muons from W-boson decays at forward and backward rapidity
compared with pQCD calculations with CT10 PDFs (top) and CT10 PDFs including EPS09 nuclear shad-
owing (bottom).

events (no event activity selection) and in classes of event activity. 〈Ncoll〉 is obtained from Glauber-95

Monte-Carlo fits to the V0A amplitude and the number of clusters in CL1, whereas for the ZN96

estimator the assumption made is that the number of particles at midrapidity is correlated with the97

number of nucleons participating in the collision [11]. Figure 3 shows the yield normalized to98

〈Ncoll〉 for both backward and forward rapidity. The uncertainties on the ratio Yieldµ→W/< Ncoll >99

includes the uncertainties on 〈Ncoll〉 which varies between 8% and 21% depending on the event-100

activity class.101
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Figure 3: W-boson yield normalized to 〈Ncoll〉 shown as a function of event-activity.

5. Conclusions102

The production cross sections of W bosons in p-Pb collisions at
√

sNN = 5.02 TeV have been103

measured in two rapidity intervals. The comparison of these cross sections with theoretical predic-104

tions based on a pQCD calculation with CT10 PDFs shows agreement within uncertainties. Taking105

into account the EPS09 prescription of nuclear shadowing of the PDFs further improves the agree-106

ment between the calculation and the data at forward rapidity where shadowing is expected to be107

important. The measured yield of muons from W-boson decays normalized to 〈Ncoll〉 as function108

of event-activity shows that the W-boson production scales with 〈Ncoll〉.109
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