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We present the first measurement of Z bosons in the di-muon channel in Pb-Pb collisions at√
sNN = 2.76 TeV made by the CMS experiment at the LHC, establishing that no modification

is observed with respect to next-to-leading order pQCD calculations, scaled by the number of
binary collisions. Using a 7.2µb−1 data sample, we report on the 39 Z candidates counted in
the di-muon 60-120 GeV/c2 invariant mass window, and we detail the Z yield as a function
of rapidity (y), transverse momentum (pT ) and centrality. The results are compared to and
agree with theoretical predictions within statistical and systematic uncertainties.

1 Introduction

The W and Z bosons were first observed by the UA1 and UA2 experiments at CERN nearly
thirty years ago in proton-antiproton collisions at

√
s = 540 GeV 1. Since then, their properties

have been characterized in detail by a succession of collider experiments. Today their known
properties such as their mass and their width (as well as their inclusive and differential cross
sections) have been well–measured at different center-of-mass energies. The LHC offers the
opportunity to study W and Z boson production in nucleus-nucleus collisions, due to the large
center-of-mass energy and the expansive capabilities of the multipurpose LHC detectors, i.e.
CMS and ATLAS. We now embark on a program of probing the hot dense medium known as
the quark gluon plasma, (QGP) created in heavy ion collisions, via the di-leptons decay of the
weakly–interacting gauge bosons, Z and W . In this paper, we will focus on measurements of
the Z boson through its decay to dimuons – a channel of particular interest since the charged
leptons pass freely through the medium being probed, regardless of its nature (be it partonic
or hadronic) or its properties. Therefore, dileptons from Z bosons can serve as a reference
to the processes expected to be heavily modified in the QGP, such as quarkonia production,
or the production of an opposite-side jet in Z+jet processes 2. However, in AA collisions, Z
boson production can be affected by various initial-state effects. This modification is expected
to be about 3% for the isospin effect 3, and for energy loss and multiple scattering of the initial
partons 4. In addition, shadowing is expected to modify the Z boson yield by less than 20% 3.
Those estimations are predicted by theory and are compared to our measurement performed
with a 55 million minimum bias (MB) event sample registered from PbPb collisions at

√
s =

2.76 TeV, corresponding to an integrated luminosity of 7.2 mb−1.



2 CMS and data taking

CMS 5 is a general purpose apparatus with a silicon tracker detector, a lead tungstate crystal
electromagnetic calorimeter (ECAL) and a brass scintillator hadron calorimeter (HCAL) en-
closed in a 3.8 T solenoidal magnetic field. The magnet is surrounded by an instrumented iron
return yoke which uses gaseous detectors made of three technologies: Drift Tubes (DT), Cathode
Strip Chambers (CSC), and Resistive Plate Chambers (RPC). In addition, CMS has forward
calorimeters which cover the pseudo–rapidity range 2.9 < |η| < 5.2 and allows for triggering
on PbPb collisions. The expected cross section for hadronic inelastic collisions is 7.65 barns,
while ultraperipheral collisions (UPC) with large impact parameters lead to the breakup of one,
or both, Pb nuclei with a much larger probability. Collisions in which the Pb nuclei interact
hadronically and can produce anywhere from just a few up to about 1600 particles per unit
pseudorapidity, depending on the impact parameter. As a result, more than 97% of these colli-
sions produce double-sided (coincident) trigger signals in the BSC (Beam Scintillator Counters),
and in the hadronic forward (HF) calorimeters. About 55 million minimum bias events have
been recorded, and a dedicated muon trigger has been used in this analysis. At the hardware
level (L1), two muon candidates in the muon spectrometer are required; at the software-based
higher-level (HLT), two reconstructed tracks in the muon detectors are required with pT of at
least 3 GeV/c each. In order to study the dimuon trigger efficiency, events are also collected
with a single-muon trigger, requiring pT > 20 GeV/c.

3 Signal extraction

The muon reconstruction in PbPb collisions with CMS is similar to the one used in pp collisions
described in6. We can distinguish two types of reconstructed muons: Stand Alone muons (STA),
reconstructed using information only from muon stations, and Global muons, reconstructed by
matching heavy-ion reconstructed tracks to muon station tracks. The latter are measured with
high resolution, (1-2% for pT up to 100 GeV/c) even in the high–multiplicity environment of
heavy ion collisions. In this analysis, the muon is required to be found with both algorithms –
a good consistency between tracker and muon detector measurements is essential to reduce the
contamination from muons produced by decays–in–flight of hadrons, from punch–through pions
and accidental matches due to noise, or due to background tracks or segments. The muons used
to construct the Z bosons are restricted to the pseudo-rapidity range η ∈ [−2.4, 2.4] and with
the requirement pT > 10 GeV/c, this removes only about 1% of the generated Z bosons, and
renders insignificant any trigger turn–on effects. In addition to those kinematic cuts, the global
muon must have at least one valid hit in the muon chamber and greater than 10 hits in the
inner tracker. In order to select good quality muons with high efficiency and reduce fake-rates,
the following selection cuts have been chosen:

• χ2/ ndf <10 for the global fit (to remove fake tracks from real data)

• cut on the longitudinal impact parameter of the inner track with respect to the primary
vertex |dzprim vtx| < 1.5 mm

• χ2 / ndf < 4.0 for the inner tracker

The resulting spectrum for the invariant mass of the two muons is shown in figure 1 (right),
superimposed to the corresponding distribution measured in pp collisions at 7 TeV. In figure 1
(left) an event display of one of the first Z → µ+ µ− observed by the CMS experiment.



Figure 1: Dimuon invariant mass spectra. Full squares are opposite-sign dimuons, while the empty circle shows a
unique like-sign dimuon candidate. The histogram shows the corresponding distribution measured in pp collisions

at 7 TeV within 60-120 GeV/c2, scaled to the 39 PbPb candidates.

4 Correction factors

In order to estimate the Z corrected spectrum, one can typically divide the measured one by the
acceptance x efficiency, the latter being the product of trigger, identification and reconstruction
efficiency. The corrections are computed directly from PYTHIA 7-simulation by generating Z
distribution in pT and y embedded in real data. We estimated separately those various contri-
butions : the acceptance (78%), the trigger efficiency (94%) , the reconstruction efficiency (72%)
and the identification efficiency (98%). For those efficiencies, we compare different techniques
systematically. The final corrections are based on peak counting from Z signal embedded in
data. This overall method is in the same spirit of the one used for the p+p 8, in which there was
twice the statistics. The most significant systematic uncertainty is estimated to be 9.8% and is
driven by the tracking efficiency, followed by the uncertainty on dimuon trigger efficiency (4.5%)
and then by the un-subtracted background (4%). The uncertainty associated with the selection
criteria is considered to be equal to the 2.6% loss of events. The MB trigger efficiency as well
as the uncertainties coming from the acceptance correction are around 3%. Other contributions
for systematic uncertainties are estimated to sum to less than 1.5%. By summing in quadrature
those contributions, we obtain a total systematic uncertainties of 13%.

5 Results

We then calculate the yield of Z → µ+ µ− per minimum bias event,

dN

dy
=

N

α ε NMB ∆y
(1)

where N = 39 is the number of measured Z candidates counted in a mass window of 60 −
120 GeV/c2, NMB = 55 × 106 is the number of corresponding minimum bias events, α and ε
are the acceptance and the overall efficiency corrections mentioned above, and ∆y = 4.0 is the
rapidity bin width. We find a yield per event of dN/dy(|y| < 2.0) = (33.8 ± 5.5 ± 3.4) × 10−8,
where the first uncertainty is statistical and the second is systematic. Given the small number
of observed Z candidates, we choose to separate the data into three kinematic bins in y, pT ,
and centrality a. The full data sample is divided into the following centrality bins: 30-100%
(most peripheral), 10-30% (intermediate) and 0-10% (most central); these are ordered from the
lowest to highest fractional HF energy deposition. In figure (a) the differential dN/dy yield

aCentrality is defined as the fraction of energy deposited in the HF calorimeter.



divided by the expected nuclear overlap function TAB
b is shown as a function of the number of

participant nucleons (Npart). This is compared to curves from Paukkunen and Salgado, where
the unmodified CT10 and modified nuclear EPS09 9 parton densities are utilized. It is also
compared to curves from Neufeld and Vitev 10, 11 using the MSTW08 PDF set and modeling
energy loss, and to POWHEG 12 interfaced with the PYTHIA parton-shower generator. In
figure (b) and (c), the yields dN/dy and d2N/dydpT are represented, respectively, as functions
of pT and rapidity and are compared to the same predictions as figure (a) when available. In all
cases, the PbPb data agrees within uncertainties with a pp POWHEG simulation scaled by the
nuclear geometry – none of the subtler initial state effects can be discerned. There is apparently
no significant centrality dependence of the Z boson yield. These data confirm that Z boson
production is unmodified by the presence of the dense QGP produced in central collisions. The
nuclear modification factor (RAA = dN/TAB × dσpp, where dσpp is given by POWHEG) is also
computed and found to be consistent with 1 within statistical and systematic uncertainties 13.

Figure 2: The yields of Z → µ+µ− per event: (a) dN/dy divided by the expected nuclear overlap function TAB

and as a function of event centrality parametrized as the number of participating nucleons Npart (b) dN/dy
versus the Z boson y (c) d2N/dydpT versus the Z boson pT . Data points are located horizontally at average
values measured within a given bin. Vertical lines (bands) correspond to statistical (systematic) uncertainties.

Theoretical predictions are computed within the same bins as the data, and are described in the text.

6 Conclusion

The Z boson yield has been measured for the first time in the dimuon channel in heavy-ion
collisions. Within uncertainties, (19% in the integrated case, summing the systematic and
statistical uncertainties quadratically) no modification was observed with respect to theoretical
NLO pQCD proton-proton cross sections scaled by elementary nucleon-nucleon collisions. This
measurement establishes the feasibility of carrying out detailed Z-physics studies in heavy-ion
collisions with the CMS detector. With upcoming PbPb collisions at higher luminosity and
energy, the Z boson promises to be a powerful reference tool for initial state (nuclear PDFs)
and final state (Z+jet) processes in nucleus-nucleus collisions at the LHC.
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