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At the LHC, the production cross sections of W/Z bosons are tens to hundreds of nanobarns. The production
mechanism of these processes is well established in the Standard Model and these processes can be used as
“standard candles” to help commission the CMS detector for physics. Leptonic decays of W/Z bosons are
expected to have very high trigger efficiency and signal to background ratio. Therefore they are ideal channels
to study the properties of W/Z bosons in detail, such as cross sections and charge asymmetry. In this paper
early CMS results on inclusive W/Z production at 10 TeV center-of-mass energy are discussed.

1. Introduction

The W and Z bosons were first discovered at CERN
more than two decades ago [1, 2]. Since then their
properties have been extensively studied by different
experiments to test the Standard Model (SM) predic-
tions and to explore the physics beyond-the-SM. At
the Large Hadron Collider (LHC) [3], W and Z bosons
will be produced with large rates. A large set of W/Z
bosons will help us with detector commissioning ini-
tially and enable us to perform a large variety of W/Z
physics studies with early LHC data.

The production mechanism of W/Z bosons at the
LHC is well known. Higher order predictions of many
W/Z observables have been carried out. For example,
a recent next-to-leading order calculation [4] of total
W and Z cross sections predicted that the cross sec-
tions are tens to hundreds of nanobarns for Z and W
bosons, respectively. A calculation of differential cross
section as a function of boson rapidity at next-to-next-
leading order has also been carried out by C. Anasta-
siou et al. [5]. In these theoretical predictions, errors
due to the Parton Distribution Functions (PDF) dom-
inated total theoretical errors. The PDF error could
be partially canceled out if we study ratios of cross sec-
tions, such as the lepton charge asymmetry between
W+ and W− production, which is defined to be,

A(η) =

dσ
dη

(W+ → lν) − dσ
dη

(W− → lν)

dσ
dη

(W+ → lν) + dσ
dη

(W− → lν)
. (1)

This charge asymmetry probes the valence-sea quark
ratio in protons. Measurements of these observables
at the LHC will enable us to test higher order calcula-
tions and provide new insights into proton structure.

2. CMS Detector

The Compact Muon Solenoid (CMS) experiment is
a 4π general-purpose hadron-collider detector, which
is suitable for high-pT physics studies at the LHC.
The central feature of the Compact Muon Solenoid
apparatus is a superconducting solenoid, of 6 m inter-
nal diameter, providing a field of 3.8 T. Within the

field volume are the silicon pixel and strip tracker,
the crystal electromagnetic calorimeter (ECAL) and
the brass/scintillator hadronic calorimeter (HCAL).
Muons are measured in gaseous detectors embedded
in the iron return yoke. Besides the barrel and end-
cap detectors, CMS has extensive forward calorime-
try. The ECAL has an energy resolution of better
than 0.5% above 100 GeV. The HCAL, when com-
bined with the ECAL, measures jets with a reso-
lution ∆E/E ≈ 100 %/

√
E ⊕ 5 %. The calorime-

ter cells are grouped in projective towers, of gran-
ularity ∆η × ∆φ = 0.087 × 0.087 at central rapidi-
ties and 0.175 × 0.175 at forward rapidities. The
muons are measured in the pseudorapidity window
|η| < 2.4, with detection planes made of three tech-
nologies: Drift Tubes, Cathode Strip Chambers, and
Resistive Plate Chambers. Matching the muons to
the tracks measured in the silicon tracker results in a
transverse momentum resolution between 1 and 5%,
for pT values up to 1 TeV/c. The first level of the CMS
trigger system, composed of custom hardware proces-
sors, uses information from the calorimeters and muon
detectors to select (in less than 1 µs) the most inter-
esting events (only one bunch crossing in 1000). The
High Level Trigger processor farm further decreases
the event rate from 100 kHz to 100 Hz, before data
storage. A much more detailed description of CMS
can be found elsewhere [6].

3. Event Simulation

The Monte Carlo (MC) simulation used in the fol-
lowing studies was generated with the Pythia [7] event
generator, where the CTEQ5L [8] PDF model was
used. The center-of-mass energy was assumed to be 10
TeV. The generated events were then passed through
the full CMS detector simulation with GEANT4 [9].
Physics objects such as muons and electrons were re-
constructed with standard CMS offline reconstruction
sequence. The missing transverse energy (MET) was
reconstructed using energy deposits in CMS calorime-
ters.

FERMILAB-CONF-09-656-CMS



2 Proceedings of the DPF-2009 Conference, Detroit, MI, July 27-31, 2009

4. Inclusive W Boson Cross Section

At the LHC, leptonic decays of W/Z bosons were
used to study the properties of W/Z bosons. The
experimental signature of a W boson is a high-pT lep-
ton and large MET due to presence of a neutrino in
the final state. CMS conducted analyses to measure
the inclusive W boson cross section in both muon and
electron decays [10, 11].

The trigger used in W → µν analysis is a single
muon trigger with a minimum pT threshold of 15 GeV.
The efficiency is above 90%. The CMS single muon
trigger system has coverage up to a pseudorapidity of
|η| < 2.1. The selection of W → µν candidates was
done by first requiring an isolated muon with pT >
25 GeV and muon pseudorapidity |η| <2.0. Here the
isolation is the pT sum of all tracks in a cone of ra-
dius 0.3 around the muon direction, normalized to the
muon pT . This normalized isolation is required to be
less than 0.09. The QCD dijet background was largely
suppressed by the isolation requirement. Other pro-
cesses, such as Drell-Yan, tt̄, W → τν, could also fake
a W → µν event. Background events were further
suppressed by requiring transverse mass 1 mT > 50
GeV, as shown in Fig. 1, where the expected W → µν
signal and background events for an integrated lumi-
nosity of 10 pb−1 is shown.

CMS also studied the inclusive W boson cross sec-
tion in electron decays. A single electron trigger was
used, which has an efficiency of about 97%. An elec-
tron candidate was required to have transverse en-
ergy (ET ) deposit in the CMS ECAL detector ET >
30 GeV and |η| <2.5. The shower shape of a elec-
tron candidate was also required to be consistent with
an electromagnetic interaction. Comparing to the
muon channel analysis, in addition to background pro-
cesses such as, QCD dijet production, Drell-Yan, tt̄,
W → τν, photon plus jet production also contributes.
The QCD dijet background was significantly reduced
by an isolation requirement. Here isolation was com-
puted using transverse components of energy deposits
in CMS calorimeters and tracks in a cone of radius
0.4 around the electron direction. Figure 1 shows the
reconstructed MET distribution for W → eν signal
and background events after all event selections were
applied.

The W → lν cross section is related to the back-
ground subtracted number of signal events, NW ,

σW × BR(W → lν) =
NW

AW × ǫW × L , (2)

1Here mT =
√

2 · pT · MET · (1 − cos(∆φµ,MET )), where
∆φµ,MET is the angular difference between muon and missing
transverse moment in the plane transverse to the beam direc-
tion.

where AW is acceptance for W signal events, ǫW is
the W reconstruction and selection efficiency, and L
is the integrated luminosity. While acceptance has to
be estimated with MC, the lepton reconstruction and
selection efficiency can be derived directly from data
with a tag-and-probe method [12]. The expected sta-
tistical error of the measured cross section is 1.5% for
an integrated luminosity of 10 pb−1. The systematic
error is expected to be dominated by the luminosity
error, which is expected to be about 10% at the CMS
start-up [13].

5. Inclusive Z Boson Cross Section

Similarly the inclusive Z boson production is an-
other “standard candle” to help us commision CMS
for physics. CMS studied experimental sensitivities to
the inclusive Z boson cross section in both di-muon
and di-electron decays [10, 11]. Comparing to the
W → lν analysis, due to presence of two isolated
high-pT leptons the background was expected to be
less than one percent after final event selection. The
major background contributions were from QCD di-
jet, W plus jets, tt̄, Z → ττ . Figure 2 shows the
reconstructed Z → ee invariant mass distribution for
an integrated luminosity of 10 pb−1. Both expected
signal and background contributions are shown. The
final Z → ee sample was selected from events with
70 GeV < mee <110 GeV. The cross sections were
obtained after correcting for efficiencies and accep-
tance following Eq. 2. The expected cross section for
Z → µµ decays as a function of statistics correspond-
ing to different luminosity scenarios is also shown in
Fig. 2. The results were normalized to the cross sec-
tion determined with a MC sample corresponding to
an integrated luminosity of 133 pb−1. The expected
statistical error at 10 pb−1 of integrated luminosity is
about 2%. Both analyses showed similar sensitivities.
The 10% luminosity uncertainty is again expected to
dominate the total error.

6. Constraints to Parton Distribution
Functions

The large W/Z cross sections at the LHC makes
high-precision differential measurements possible.
CMS performed a measurement of the muon differen-
tial cross section measurement as a function of muon
pseudorapidity in inclusive W → µν production [14].
This analysis utilized the same trigger path as the in-
clusive W → µν cross section analysis. The W → µν
candidates were selected with muon pT > 25 GeV
and MET>20 GeV. A calorimeter-based isolation was
used to suppress the QCD dijet contribution. Af-
ter correcting for efficiencies and acceptance, the ex-
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Figure 1: Left) The reconstructed W → µν transverse mass distribution. Right) The reconstructed W → eν MET
distribution. Both are normalized to 10 pb−1 of integrated luminosity. The arrow in the left figure indicates that a cut
on mT > 50 GeV was applied to select final data sample.
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Figure 2: Left) The reconstructed Z → ee invariant mass distribution for an integrated luminosity of 10 pb−1. Right)
The Z → µµ cross section as a function of MC statistics corresponding to different luminosity scenarios. The results were
normalized to the cross section determined with 133 pb−1 of integrated luminosity. Only statistical errors are shown.

pected muon pseudorapidity distributions at an inte-
grated luminosity of 10 pb−1 are shown in Fig. 3. The
PDF error on the experimental data points is the the-
oretical error in estimating acceptance. Among other
systematic errors, the 10% luminosity error domi-
nates. The results were compared to theoretical pre-
dictions from Pythia. We estimated the PDF er-
ror using the CTEQ6M [15] PDF model with PDF-
reweighting technique [16]. With 10 pb−1 of inte-
grated luminosity, the results are still dominated by
experimental systematic error.

To minimize experimental systematic errors, CMS
also studied the muon charge asymmetry defined in
Eq. 1 because many experimental errors cancel out.
The PDF error on this quantity is only at few per-

cent level [17]. The analysis strategy was identical to
the muon differential cross section analysis described
above. We computed the observed charge asymme-
try, Aobs.(η), with background subtracted number of
W → µν signal events, NW→µν(η),

Aobs.(η) =
NW+

→µ+ν(η) − NW−

→µ−ν(η)

NW+
→µ+ν(η) + NW−

→µ−ν(η)
, (3)

assuming that reconstruction and selection efficiency
ratios between µ+ and µ− are one. Because of the
weak decay of W bosons, the acceptance ratio between
µ+ and µ− differs from unity. In this analysis, we did
not correct for the acceptance difference in Aobs.(η)
but absorbed it into the theoretical predictions. The
charge asymmetry as a function of muon pseudorapid-
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Figure 3: The expected W → µν differential cross sections for an integrated luminosity of 10 pb−1. Left) µ+, and Right)
µ−.

ity for an integrated luminosity of 100 pb−1 is shown
in Fig. 4 [14]. The result is compared to theoretical
predictions from Pythia, where the PDF error was es-
timated with CTEQ6M PDF model. The systematic
error is dominated by the statistical error on the ef-
ficiency ratio between µ+ and µ− determined using
100 pb−1 of Drell-Yan MC. Even with a conservative
treatment of systematic errors, the total errors of this
measurement are comparable to the PDF errors and
potentially could provide new constraints on different
PDF models.

Figure 4: The expected muon charge asymmetry for 100
pb−1 of simulated luminosity. The systematic error is
dominated by the statistical error on the efficiency ratio
between µ+ and µ− determined using 100 pb−1 of Drell-
Yan MC.

The Z boson differential cross section as a function
of Z rapidity can also be used to test higher order
perturbation calculations and put constraints on PDF
models. CMS performed a study of this observable
using Z → ee events [18]. To remove the luminosity
uncertainty in this measurement, the following observ-
able was studied,

1

σ
· ×dσ(Z → ee)

dyi

=

∑

i (ǫ × A)i
∑

i Ni

· Ni

∆i(ǫ × A)i

, (4)

where for each bin i of rapidity (yi), Ni is the number
of background subtracted Z → ee candidates, ∆i is
the bin width, and (ǫ × A)i is the product of the effi-
ciency and acceptance for detecting and reconstruct-
ing a Z boson with rapidity yi.

With conventional electron reconstruction at the
CMS, where both CMS ECAL and tracking system
are utilized, the coverage for electrons is up to pseu-
dorapidity of about 2.5. The reconstructed Z → ee
candidates can be used to directly probe partons with
kinematics 2 outside the range of previous experi-
ments [4]. The kinematics reach was further extended
by using electrons reconstructed using the CMS For-
ward Hadronic (HF) calorimeter [19], which has a cov-
erage up to pseudorapidity of 4.6. The shower shape
of HF reconstructed electron candidates was utilized
to remove Z → ee background events effectively.

The final results for the rapidity measurement for an
integrated luminosity of 100 pb−1 is shown in Fig. 5.
The background in the HF region is well under con-
trol. The expected measurements are compared to

2Here the initial state parton momentum fraction x1,2 =
MZ√

s
· e±y , where s is the center of mass energy at the LHC.
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predictions with CTEQ6.1 PDF model [20]. With an
integrated luminosity of 100 pb−1, we are expecting
to provide new constraints on different PDF models.

Figure 5: The expected Z boson rapidity shape for an
integrated luminosity of 100 pb−1.

7. Summary

CMS performed MC studies to explore W/Z bo-
son production with initial LHC data. With 10 pb−1

of integrated luminosity, the inclusive W/Z cross sec-
tions could be established with 1-2% statistical pre-
cision. However, it is expected that the luminosity
uncertainty will dominate the total error in these mea-
surements.

The sensitivities to constrain different PDF models
at CMS were also explored using measurements of the
muon charge asymmetry in inclusive W → µν process
and the Z rapidity shape in inclusive Z → ee process.
With about 100 pb−1 of integrated luminosity, both
measurements could provide constraints on different
PDF models.
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