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Electroweak boson detection in the ALICE muon spectrometer

W and Z studies in hadron-hadron collisions at LHC
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Abstract. The ALICE capabilities for W and Z detection at LHC are discussed. The contributions to
single muon transverse momentum distribution are evaluated. The expected performance of the muon
spectrometer for detecting W and Z bosons via their muonic decay is presented. Possible application for
the study of in-medium effects in ultrarelativistic heavy ion collisions is discussed.

1 Introduction

Electroweak bosons properties have been studied at LEP
(CERN), SLC (SLAC) and Tevatron (FNAL) colliders in
pp̄ and e+e− collisions [1]. At the LHC, large energy will be
available in the center-of-mass, enabling the possibility to
produce W and Z bosons in p-p collisions, and in nucleus-
nucleus (A-A) collisions (see production cross-sections in
table 1).
W and Z bosons are massive particles produced in initial
hard collisions. In the lowest order approximation, they
are produced by the quark (q) - antiquark (q̄) annihilation
process:

q + q̄′ → W± ; q + q̄ → Z .

These subprocesses are characterized by the scale Q2 =
M2 and the Bjorken-x values, which can be determined
by x1,2 ∼ M√

s
e±y [2,3], where M is the mass of the elec-

troweak boson,
√
s is the center-of-mass energy of the

nucleon-nucleon collision, and y is the rapidity.
Electroweak boson measurements at LHC will provide im-
portant information:

- These subprocesses are considered as Standard Model
benchmarks. Their production cross-sections are ’known’
with a precision dependent on the parton distribu-
tion functions (PDFs) uncertainties. Therefore, they
have been suggested as ’standard-candles’ for luminos-
ity measurements, and to improve the evaluation of the
detector performances [2,3].

- In proton-proton (p-p) collisions, they will be sensitive
to the quark PDFs at high Q2 (Q = MW/Z).

- In proton-nucleus (p-A) collisions, quark nuclear modi-
fication effects will become accessible at the same scale.
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- Since electroweak bosons are probes produced in hard
primary collisions and they do not interact strongly
with the surrounding medium created in the collision,
they will allow binary scaling cross-checks in A-A col-
lisions. They could then be used as a reference for ob-
serving medium induced effects on other probes, like
the suppression of high transverse momentum (pT )
muons from charm and beauty.

W/Z bosons can be detected via their leptonic decay. The
decay W+ → l+ νl (W− → l− ν̄l) has a branching ratio
of 10.7 %, and the decay Z → l+ l− has a branching ratio
of 3.37 % [1].
In this paper, W/Z production at LHC is discussed in
Sec. 2. Different contributions to single muon pT spectra
are studied in Sec. 3. The ALICE capabilities for W/Z
detection via their muonic decay in the muon spectrometer
are presented in Sec. 4 and 5 respectively. Muon charge
asymmetry and a possible application for the study of
medium induced effects in Heavy Ion Collisions (HIC) are
examined in Sec. 6.

2 Production of W and Z bosons at LHC

W/Z bosons have been simulated by means of the PYTHIA
6.2 Monte-Carlo event generator [4] with CTEQ4L PDFs
[5] in the AliRoot framework [6]. Yields in A-A and p-A
collisions have been obtained from the PYTHIA simula-
tions of nucleon-nucleon collisions, assuming binary scal-
ing and the EKS98 shadowing parameterization [7]. De-
fault PYTHIA parameters for studies of W/Z inclusive
generation have been used. That is, considering 2 → 1
processes and parton showers (initial and final state radi-
ation). In references [4,8] it is shown that in this way the
Tevatron W pT spectrum is reproduced.
The W/Z differential production cross-section (times the
muonic branching ratio) is presented in Fig. 1 as a function
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Fig. 1. W/Z nucleon-nucleon differential production cross-section (multiplied by the muonic branching ratio) as a function of
rapidity. On the left plot, the left half correspond to the distributions for p-p collisions at 14 TeV, and the right half to Pb-Pb
collisions at 5.5 TeV. On the right plot the distributions correspond to the p-Pb case at 8.8 TeV. Open squares represent W+,
open triangles W−, and open circles Z0.
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Fig. 2. Muon differential production cross-section per nucleon-
nucleon collision from W/Z decays as a function of rapidity for
p-p collisions at 14 TeV (left half) and Pb-Pb collisions at
5.5 TeV (right half). Open squares (open triangles) represent
W µ+ (µ−) decays, and open circles (open diamonds) µ+ (µ−)
from Z.

of rapidity. The left figure corresponds to p-p collisions at
14 TeV (left half) and Pb-Pb collisions at 5.5 TeV (right
half), and the right figure to p-Pb collisions at 8.8 TeV.
The isospin asymmetries of the colliding systems induce
charge asymmetries on the W production cross-section.
These charge asymmetries are observed in Fig. 1 for dif-
ferent collision types.
The vector-axial nature of the µ-W coupling causes an an-
gular asymmetry in W decays. The predicted muon differ-
ential production cross-section from W decays is presented
in Fig. 2 as a function of rapidity.

3 Single muon pT spectra

The feasibility of W/Z detection via single muons is anal-
ysed in this section. The pT distribution of muons from
W/Z decays is peaked around one half the W/Z mass.

Table 1. Charm, beauty, W and Z production cross-sections
per nucleon-nucleon collision from NLO calculations. Shadow-
ing is included in Pb-Pb and p-Pb calculations.

collision (
√

sNN [TeV ]) p-p (14) p-Pb (8.8) Pb-Pb (5.5)

σcc̄
NN [mb] 11.2 [9] 7.16 [9] 4.32 [9]

σbb̄
NN [mb] 0.51 [9] 0.27 [9] 0.18 [9]

σW
NN × BRµν [nb] 20.9 [10] 11.3 [11] 6.56 [11]

σZ
NN × BRµ+µ− [nb] 1.9 [2] 1.1 [11] 0.63 [11]

Therefore, we shall concentrate on the high pT part of the
spectrum.
As single muon sources at LHC we consider:

- Decays of light flavour and strange hadrons: pions,
kaons, . . . These populate the low pT region [9], pT ≤
2 − 3 GeV/c, and they are neglected in this study.

- Open and hidden charm decays (e.g. D → l anything ,
J/ψ → µ+ µ−).

- Open and hidden beauty decays (e.g.B → l νl anything ,
Υ → µ+ µ−).

- W/Z decays: W+ → µ+ νµ , Z0 → µ+ µ− , W →
cX → µ anything.

Heavy quark production has been simulated by means of
PYTHIA. Distributions have been tuned in order to re-
produce NLO pQCD results, of order O(α3

s) [9]. W/Z pro-
duction has been simulated as explained in Sec. 2. Nuclear
modification of the PDFs have been taken into account in
p-A and A-A collisions according to EKS98 parameteriza-
tion [7].
The expected values of charm, beauty, W and Z produc-
tion cross-sections per nucleon-nucleon collision are sum-
marized in table 1. The expected single muon differential
production cross-section in 4 π is presented in Fig. 3 as
a function of transverse momentum for p-p collisions. We
note that in addition to W leptonic decays, muons can
also be produced via W charmed decays (W → cX →
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Fig. 3. Differential muon production cross-section as a function of transverse momentum for p-p collisions at 14 TeV in 4 π.

µ anything). However, the latter contribution (represented
by open circles in the figure) populates the low pT region,
and hence is of little use for W detection. Open charm and
beauty decays spread over a wide pT domain. For pT larger
than 4 GeV/c, the beauty contribution prevails over the
charm contribution. For pT larger than 30 GeV/c, muons
from W leptonic decays are the main contributors to the
spectrum. The Z bosons production cross-section (multi-
plied by the muonic branching ratio) is ten times lower
than the W one.
Similar calculations for Pb-Pb collisions show the same
behaviour. In conclusion, we expect the W boson signal
to be visible in the single muon pT distribution.

4 ALICE capabilities for W detection in the

muon spectrometer

The muon spectrometer covers a pseudo-rapidity range
−4.0 < η < −2.5 (171◦ < θ < 178◦) and has full az-
imuthal coverage [9,12]. It is composed of a front absorber,
a beam shield, the tracking chambers, a dipole magnet, a
muon filter and the trigger chambers. The front absorber
and the beam shield reduce the tracking chambers back-
ground due to photons and hadrons from the interaction
vertex. The tracking system is formed of 10 planes of Cath-
ode Pad Chambers (CPC) with high granularity. Four
planes are placed before, two inside and four after the
dipole magnet. Tracking inside the 0.7 T magnetic field
of the dipole allows the determination of the muon mo-
menta. The trigger detector is equiped with an iron muon
filter, to further diminish the background on the trigger
chambers, which are made of Resistive Plate Chambers
[13,14]. The trigger allows to select events with candidate
muon or dimuon tracks above a given pT . In our studies

the effect of the trigger has been taken into account by
applying a software pT cut at 1 GeV/c. In addition, a p
cut at 4 GeV/c has been introduced in order to mimic the
effect of the muon absorber.

4.1 Reconstruction efficiency in the muon
spectrometer

The reconstruction efficiency for single muon tracks has
been evaluated as follows. A flat muon pT distribution has
been used to evaluate the efficiency in p-p and in periph-
eral Pb-Pb collisions. Results indicate that the spectrom-
eter is able to reconstruct muons up to 1 TeV momenta,
and that the reconstruction efficiency is approximately flat
in pT and close to 97 % in the 5 < pT < 60 GeV/c
range. For the case of central Pb-Pb collisions, the effi-
ciency has been estimated by means of a flat muon pT

distribution merged with HIJING central events (in order
to account for detector occupancy in central collisions).
The corresponding efficiency is about 95 %.

4.2 Expected muon yields from W decays

Under standard data-taking conditions, during one year of
data-taking ALICE expects to accumulate an integrated
luminosity of L = 30 pb−1 in p-p collisions, 0.5 nb−1

in Pb-Pb collisions, and 0.1 pb−1 in p-Pb collisions [12,
15]. The muon spectrometer acceptance for muons from
W decays has been evaluated to be about 14 %, 10 %,
17 %, 7 % for p-p, Pb-Pb, p-Pb and Pb-p collisions at
14, 5.5, 8.8 and 8.8 TeV respectively. Table 2 presents the
estimated number of muons from W decays produced in
4 π and reconstructed in the muon spectrometer for these
conditions in minimum bias (MB) collisions.
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Fig. 4. Expected differential number of muons reconstructed in the ALICE muon spectrometer in minimum bias (MB) Pb-Pb
collisions in ALICE during one year of data-taking.

Table 2. Estimated number of muons from W decays in AL-
ICE during one year of data-taking. Statistics in 4 π (Nµ←W )
and evaluated number of reconstructed muons (NReco

µ←W ).

Collision Nµ←W NReco
µ←W

p-p at 14 TeV 6.3 · 105 8.6 · 104

p-Pb at 8.8 TeV 2.3 · 105 4.0 · 104

Pb-p at 8.8 TeV 2.3 · 105 1.7 · 104

Pb-Pb at 5.5 TeV 1.4 · 105 1.4 · 104

The expected muon yields in p-p and Pb-Pb collisions for
two pT ranges and different centrality classes are presented
in table 3. The extrapolations from nucleon-nucleon to Pb-
Pb/p-Pb total cross-sections and the evaluations for differ-
ent centrality classes are carried out by binary scaling [16,
17], taking into account the shadowing effects as discussed
above. The pT distribution of reconstructed muons from
different sources in minimum bias (MB) Pb-Pb collisions
is shown in Fig. 4 for standard data-taking conditions.

5 Perspectives for Z detection in the muon

spectrometer

Z bosons could be reconstructed by invariant mass anal-
ysis of dimuon pairs. Preliminary studies in the AliRoot
framework [6] show that the spectrometer acceptance is
about 4.5 % (1.7 %) in p-p collisions at 14 TeV (in Pb-
Pb collisions at 5.5 TeV) with respect to 4 π [18]. It has
been estimated that during one year of data-taking about
2500 (230) dimuons from Z decays will be produced in the

Table 3. Estimated number of reconstructed muons from W
decays in ALICE during one year of data-taking (NReco

µ←W ) as a
function of the pT range (in GeV/c) and centrality class (C.C.).

Collision C.C.
NReco

µ←W NReco
µ←W

pT ∈ (0, 80) pT ∈ (30, 50)

p-p at 14 TeV MB 8.6 · 104 5.0 · 104

MB 1.4 · 104 6.7 · 103

Pb-Pb
0-5 % 3.4 · 103 1.6 · 103

0-10 % 6.0 · 103 2.9 · 103

at 5.5 TeV 40-70 % 1.0 · 103 4.9 · 102

50-70 % 4.2 · 102 2.0 · 102

spectrometer acceptance for p-p (Pb-Pb) MB collisions.
These studies indicate that Z measurements in p-p col-
lisions in the muon spectrometer are feasible, but in the
Pb-Pb case statistics from several runs should be accumu-
lated. Invariant mass resolution has been evaluated to be
approximately 2 % in p-p collisions.

6 Physics applications

The characteristics of electroweak processes can be ex-
ploited to obtain a measurement of W production, and
can be used as a reference for observing medium induced
effects on other probes.

6.1 Muon charge asymmetry

One of the peculiarities of W production is the induced
asymmetry on positive and negative muon yields (muon
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Fig. 5. µ+ /µ− ratio in the muon spectrometer acceptance for
p-p collisions at 14 TeV.
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Fig. 6. µ+ /µ− ratio in the muon spectrometer acceptance for
Pb-Pb collisions at 5.5 TeV.

charge asymmetry). Figures 5 and 6 present the µ+ /µ−

production cross-section ratio as a function of pT for p-
p and Pb-Pb collisions respectively. Charm, beauty, W
and Z contributions have been taken into account. As ex-
pected, the µ+ /µ− ratios differ from unity for pT larger
than 30 GeV/c (where the contribution from W leptonic
decays is dominant), and their shape depends on the col-
lision type.

6.2 Sensitivity to heavy quark high pT suppression

In relativistic HIC, a dense and hot state of matter is
expected to be formed [19]. Heavy quark and quarkonia
production are sensitive probes of the formation of this
state of matter in HIC [20]. In particular, a suppression of
quarkonia production in HIC due to color screening and
an energy loss of heavy quarks caused by gluon radiation
are expected [20,21,22]. Since electroweak bosons do not
interact strongly, they could be used as a reference. For
instance, single muon pT distribution is mainly populated
by heavy quark production for 10 < pT < 25 GeV/c
and by electroweak bosons for pT > 30 GeV/c. We de-
fine a parameter, S, as the ratio of single muon yields in

two pT ranges, e.g. the ratio between (15, 20) GeV/c and
(30, 40) GeV/c:

S =
Nµ

15−20

Nµ
30−40

(1)

S will then carry information on nuclear effects (both ini-
tial and final). It will then be important to evaluate the
contribution of initial state effects such as shadowing by
studying pA collisions.
We have estimated that S ≈ 4.7 in absence of the final
state effects for MB Pb-Pb collisions. If energy loss sce-
narios are verified, a reduction factor in the order of 2− 4
could be expected in Pb-Pb central collisions [9] with re-
spect to theoretical calculations.

7 Summary

The production of electroweak bosons can be measured
with the ALICE muon spectrometer. They should provide
a useful tool for luminosity measurements and to improve
the evaluation of the detector performances. In the muon
spectrometer, the single muon charge asymmetry can be
used to obtain a measurement of W production. W de-
tection in the spectrometer in p-A collisions will provide
unique information on the quark nuclear modification ef-
fects. Unique because ALICE will be the only experiment
at LHC covering the high rapidity region in p-A/A-A colli-
sions. In A-A collisions, electroweak bosons detection will
permit to check the binary scaling and could be used as a
reference for heavy quark high pT suppression.
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