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Abstract

A measurement of the lepton charge asymmetry in inclusive pp→WX production at√
s = 7 TeV is presented based on data recorded by the CMS detector at the LHC and

corresponding to an integrated luminosity of 36 pb−1. This high precision measure-
ment of the lepton charge asymmetry, performed in both the W → eν and W → µν
channels, provides new insights into parton distribution functions.
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1 Introduction
In pp collisions, W bosons are produced primarily via the processes ud̄→W+ and dū→W−.
The first quark is a valence quark from one of the protons, and the second one is a sea anti-
quark from the other proton. Due to the presence of two valence u quarks in the proton, there
is an overall excess of W+ over W− bosons. The inclusive ratio of cross sections for W+ and
W− bosons production at the Large Hadron Collider (LHC) was measured to be 1.43± 0.05
by the Compact Muon Solenoid (CMS) experiment [1] and is in agreement with predictions of
the Standard Model (SM) based on various parton distribution functions (PDFs) [2, 3]. Mea-
surement of this production asymmetry between W+ and W− bosons as a function of boson
rapidity can provide new insights on the u/d ratio and the sea antiquark densities in the ranges
of the Björken parameter x [4] probed in pp collisions at

√
s = 7 TeV. However, due to the

presence of neutrinos in leptonic W decays the boson rapidity is not directly accessible. The
experimentally accessible quantity is the lepton charge asymmetry, defined to be

A(η) = dσ/dη(W+ → `+ν)− dσ/dη(W− → `−ν̄)

dσ/dη(W+ → `+ν) + dσ/dη(W− → `−ν̄)
,

where ` is the daughter charged lepton, η is the charged lepton pseudorapidity in the CMS lab
frame (η = − ln [tan ( θ

2 )] where θ is the polar angle), and dσ/dη is the differential cross section
for charged leptons from W boson decays. The lepton charge asymmetry can be used to test
SM predictions with high precision. Due to the V−A structure of the W boson couplings to
fermions, theoretical predictions of the charge asymmetry depend on the transverse momen-
tum (pT) threshold applied on the daughter leptons. For this reason, we measure A(η) for two
different charged lepton pT (p`T) thresholds, 25 GeV/c and 30 GeV/c.

The lepton charge asymmetry and the W charge asymmetry have been studied in pp̄ collisions
by both the CDF and D0 experiments at the Fermilab Tevatron Collider [5, 6]. Current predic-
tions for the lepton charge asymmetry at the LHC based on different PDF models do not agree
well with each other. A high precision measurement of this asymmetry at the LHC can con-
tribute to the improvement of the knowledge of PDFs. The measurement of the muon charge
asymmetry at the LHC with a dataset corresponding to an integrated luminosity of about 31
pb−1 was reported recently by the ATLAS experiment [7]. In this Letter, we present a mea-
surement of the lepton charge asymmetry in both W → eν and W → µν final states using a
dataset corresponding to an integrated luminosity of 36 pb−1 collected by the CMS detector in
March–November 2010.

2 The CMS Detector
A detailed description of the CMS experiment can be found elsewhere [8]. The central feature
of the CMS apparatus is a superconducting solenoid, of 6 m internal diameter, 13 m in length,
providing an axial 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 hadron calorimeter
(HCAL). Muons are measured in gas-ionization detectors embedded in the steel return yoke of
the solenoid. The most relevant sub-detectors for this measurement are the ECAL, the muon
system, and the tracking system. The electromagnetic calorimeter consists of nearly 76 000 lead
tungstate crystals which provide coverage in pseudorapidity |η| < 1.479 in the barrel region
and 1.479 < |η| < 3.0 in two endcap regions. A preshower detector consisting of two planes of
silicon sensors interleaved with a total of 3 X0 of lead is located in front of the ECAL endcaps.
The ECAL has an ultimate energy resolution of better than 0.5% for unconverted photons with
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transverse energies above 100 GeV. The electron energy resolution is 3% or better for the range
of electron energies relevant for this analysis. Muons are measured in the pseudorapidity range
|η| < 2.4, with detection planes made of three technologies: 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 of about 2% in the relevant muon pT range.

CMS uses a right-handed coordinate system, with the origin at the nominal interaction point,
the x-axis pointing to the center of the LHC, the y-axis pointing up (perpendicular to the LHC
plane), and the z-axis along the anticlockwise-beam direction. The polar angle, θ, is measured
from the positive z-axis and the azimuthal angle, φ, is measured in the x-y plane.

3 Analysis Method and Simulation
The W → `ν candidates are characterized by a high-pT lepton accompanied by missing trans-
verse energy E/T, due to the escaping neutrino. Experimentally, E/T is determined as the negative
vector sum of the transverse momenta of all particles reconstructed using a particle flow algo-
rithm [9]. The W→ eν and W→ µν candidates used in this analysis were collected using a set
of inclusive single-electron and single-muon triggers which did not include E/T requirements.
Other physics processes, such as multijet and photon+jet production (QCD background), Drell–
Yan (Z/γ∗ → `+`−) production, W → τν production (EWK background), and top quark pair
(tt̄) production can produce high-pT electron/muon candidates and mimic W candidates. Fur-
thermore, cosmic ray muons can produce fake W → µν candidates. The muon measurement
relies on the muon detector, inner tracking and calorimeters to form a robust isolation variable
to separate signal from background. This method is not applicable to the electron measure-
ment because electron candidates are accompanied by significant electromagnetic radiation,
reducing the power of the isolation in extracting signal from background. Instead the electron
selection relies on the calorimeter system and uses the E/T to separate signal from background.
These two measurements are largely independent and cross-check each other.

Monte Carlo (MC) simulation samples have been used to develop analysis techniques and
estimate some of the background contributions. The next-to-leading order (NLO) MC simu-
lations based on the POWHEG event generator [10] interfaced with the CT10 PDF model [3]
are primarily used. The QCD multijet background is generated with the PYTHIA event gen-
erator [11] interfaced with the CTEQ6L PDF model [12]. The tt̄ background is generated using
both PYTHIA and MC@NLO [13] event generators. Other PYTHIA-based MC simulations
are used to cross-check MC predictions and help assigning experimental systematic uncertain-
ties. The PYTHIA-based MC samples are normalized using NLO cross sections except for the
QCD background samples. All generated events are passed through the CMS detector simula-
tion using GEANT4 [14] and then processed using a reconstruction sequence identical to that
used for collision data. Pile-up, which consists of the presence of secondary minimum bias
interactions in addition to the primary hard interaction in an event, is significant in the data,
where an average of 2–3 vertices are found. The analysis methods used in both electron and
muon channels are insensitive to the effect of pile-up.

The selection criteria for electron/muon reconstruction and identification are almost identical
to those used in the W and Z cross section measurements [1]. A brief summary is given here
for completeness.
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4 Electron Reconstruction and W → eν Signal Extraction
Electrons are identified as clusters of energy deposited in the ECAL fiducial volume matched
to tracks from the inner silicon tracker (silicon tracks). The silicon tracks are reconstructed using
a Gaussian-Sum-Filter (GSF) algorithm [15] that takes into account possible energy loss due
to bremsstrahlung in the tracker layers. Particles misidentified as electrons are suppressed by
requiring that the shower shape of the ECAL cluster be consistent with an electron candidate,
and that the η and φ coordinates of the track trajectory extrapolated to the ECAL match the
η and φ coordinates of the ECAL cluster. Furthermore, electrons from W decay are isolated
from other activity in the event. We therefore require that little transverse energy be observed
in the ECAL, HCAL, and silicon tracking system within a cone ∆R < 0.3 around the electron
direction, where ∆R =

√
(∆φ)2 + (∆η)2 and where calorimeter energy deposits and the track

associated with the electron candidate are excluded. Due to the substantial amount of material
in front of the ECAL detector, a large fraction of electrons radiate photons. The resulting pho-
tons may convert close to the original electron trajectory, leading to a sizable charge misiden-
tification rate (w). The true charge asymmetry, Atrue, is diluted due to charge misidentification
resulting in an observed asymmetry,Aobs = Atrue(1− 2w). Three different methods are used to
determine the electron charge. First, the electron charge is determined by the signed curvature
of the associated GSF track. Second, the charge is determined from the associated trajectory
reconstructed in the silicon tracker using a Kalman Filter algorithm [16]. Third, the electron
charge is determined based on the azimuthal angle between the vector joining the nominal in-
teraction point and the ECAL cluster position and the vector joining the nominal interaction
point and innermost hit of the GSF track. It is required that all three charge determinations
from these methods agree. This procedure significantly reduces the charge misidentification
rate to 0.1% in the ECAL barrel and to 0.4% in the ECAL endcaps. The W→ eν candidates are
selected by further requiring electrons to have pT > 25 GeV/c, |η| < 2.4, and to be associated
with one of the electron trigger candidates used to select the electron dataset. The Drell–Yan
and tt̄ backgrounds are suppressed by rejecting events that contain a second isolated electron
or muon with pT > 15 GeV/c and |η| < 2.4. According to MC simulations, the data sample
of selected electrons consists of about 28% QCD background events, about 6.5% EWK back-
ground events, and about 0.2% tt̄ background events. The events passing the above selection
criteria are divided into six bins of electron pseudorapidity (|ηe|): [0.0, 0.4], [0.4, 0.8], [0.8, 1.2],
[1.2, 1.4], [1.6, 2.0], and [2.0, 2.4], for the measurement of the electron charge asymmetry. (The
fourth bin is reduced to a width of 0.2 in order to exclude the transition region between the
ECAL barrel and endcaps.)

A binned extended maximum likelihood fit is performed over the E/T distribution to estimate
the W→ eν signal yield for electrons (N−) and positrons (N+) in each pseudorapidity bin. The
signal E/T shape is derived from MC simulations with an event-by-event correction to account
for energy scale and resolution differences between data and MC based on the hadronic recoil
energy distributions in Z/γ∗ → e+e− events selected from data [17]. The shape of the QCD
background is determined, for each charge, from a signal-free control sample obtained by in-
verting a subset of the electron identification criteria. The E/T shapes for other backgrounds
such as the Drell–Yan process, tt̄, and W → τν are taken from MC simulations with a fixed
normalization relative to the W → eν yields. The normalization factors are from the predicted
values of the cross sections at NLO. The yield of the QCD background and the yield of the
W → eν signal are free parameters in the fit. The results of the fits to the data are shown for
the first pseudorapidity bin in Figs. 1 (a) and 1 (b). The charge asymmetry is obtained from
(N+ − N−)/(N+ + N−).
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5 Muon Reconstruction and W → µν Signal Extraction
Muon candidates are reconstructed using two different algorithms: one starts from inner sili-
con tracks and requires a minimum number of matching hits in the muon chambers, and the
other finds tracks in the muon system and matches them to silicon tracks. A global track fit in-
cluding both the silicon track hits and muon chamber hits is performed to improve the quality
of the reconstructed muon candidates. The muon candidate is not required in this analysis to be
isolated from other event activity, a difference in muon selection with respect to [1], in order to
avoid bias in the signal extraction fit described below. The muon charge is identified from the
signed curvature of the associated silicon track. A selection on the silicon track distance of clos-
est approach to the beam spot, |dxy| < 0.2 cm, is applied to reduce the cosmic ray background.
The remaining cosmic ray background yield is estimated by normalizing the |dxy| distribution
derived from cosmic ray muon data to the large |dxy| region (1.0 < |dxy| < 5.0 cm) in the data
sample. The estimated cosmic ray background contamination is about 10−5 of the expected
W → µν signal yield and is neglected. The W → µν candidates are selected by further requir-
ing the muon pT to be greater than 25 GeV/c, |η| < 2.1, and that the candidate matches one
of the muon trigger candidates. The Drell–Yan background is suppressed by rejecting events
which contain a second isolated muon with pT > 15 GeV/c, |η| < 2.4, and passing the above
muon quality selections. The events which passed the above selection criteria are divided into
six bins of muon pseudorapidity (|ηµ|): [0.0, 0.4], [0.4, 0.8], [0.8, 1.2], [1.2, 1.5], [1.5, 1.8], and
[1.8, 2.1].

The W → µν signal estimation is done by fitting the distribution of an isolation variable ξ =
Σ(ET) defined as the scalar sum of the transverse momenta of silicon tracks (excluding the
muon candidate) and energy deposits in both ECAL and HCAL in a cone ∆R < 0.3 around
the muon direction. The calorimeter energy deposit associated with the muon candidate is
rescaled to ensure a uniform transverse energy response as a function of polar angle. With
this correction the shape of the signal ξ distribution becomes independent of pseudorapidity,
peaking at a constant ET value of about 2.5 GeV. The correction was obtained from muons in
the Z/γ∗ → µ+µ− MC sample and checked with real muons from the Z/γ∗ → µ+µ− data
sample. The shape of the ξ distribution for muons from W → µν is parametrized as a Landau
distribution convolved with a Gaussian resolution function. The tail of the Landau distribution
is modified to be an exponential function. The W → µν signal, the Drell–Yan background, the
tt̄ background, and the W → τν background have been shown in MC simulations to have
ξ distributions that are identical and lepton-charge independent. The charge independence
has been confirmed in studies of Z/γ∗ → µ+µ− data. In the final fit the shape parameters
for the signal ξ distribution are fixed using Z/γ∗ → µ+µ− data, except for the exponential
tail parameters which are fixed using Z/γ∗ → µ+µ− MC simulations due to limited sample
of Z/γ∗ → µ+µ− in data. The QCD background is parametrized by an empirical function
ξα · eβ

√
ξ . The QCD parametrization and the value of background parameter α is determined

directly from data using a QCD background control sample obtained by selecting events with
large impact parameter significance and little E/T in the event. The background parameter β is
allowed to float. The QCD yield is determined separately for negative and positive charges.
The region used for signal estimation is chosen to be 0 < ξ < 25 GeV. From MC studies, the
expected QCD multijet, EWK, and tt̄ backgrounds are about 13.0%, 6.9%, and 0.3%, respectively
within the interval 0 < ξ < 10 GeV, in which most of W→ µν signal candidates are found.

An unbinned extended maximum likelihood fit to the ξ distribution is performed simultane-
ously on the W+ → µ+ν and W− → µ−ν̄ candidates to determine the total W→ µν signal yield
and the charge asymmetry in each pseudorapidity bin. Background events from Z/γ∗ → µ+µ−

are selected if one of the daughter muons is outside of the detector acceptance. This part of the
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Z/γ∗ → µ+µ− background is normalized to the observed Z/γ∗ → µ+µ− events in data ob-
tained by inverting the Drell–Yan veto selection. The acceptance ratio for one versus two muons
from Z/γ∗ → µ+µ− events is estimated with MC simulations. There are small contributions to
the Z/γ∗ → µ+µ− background with both muons staying within the detector coverage but one
of them failing reconstruction, muon identification, or isolation requirement. This background
contribution is estimated directly from data. The Z/γ∗ → τ+τ− background is normalized to
the estimated Z/γ∗ → µ+µ− background with ratios determined from MC simulations. The
W → τν background is normalized to the W → µν signal yield in the data using the ratio
between W → τν background and W → µν signal yield determined from MC simulations.
The tt̄ background is estimated directly from MC simulations with cross sections normalized
to the predicted value at NLO. The EWK and tt̄ backgrounds are estimated for the W+ → µ+ν
and W− → µ−ν̄ candidates separately. The results of the fits to the data are shown for the
first pseudorapidity bin in Figs. 1 (c) and 1 (d). Only the region ξ > 0.8 GeV is included in the
fit because the small region ξ < 0.8 GeV exhibits a complex shape for both signal and QCD
background due to the zero-suppressed readout of the CMS calorimeters. However, events in
this region are included to determine the W → µν signal yield and charge asymmetry, as the
number of QCD background events in this region is negligible, confirmed by a Monte Carlo
simulation study.

6 Systematic Uncertainties
The systematic uncertainties considered for both the electron and muon channels are mainly
due to the lepton charge misidentification rate, possible efficiency differences between the `+

and `−, lepton momentum (energy) scale and resolution, and signal estimation.

The electron charge misidentification rate is measured in data using the Z/γ∗ → e+e− data
sample to be within 0.1–0.4%, increasing with electron pseudorapidity. The measured electron
charge asymmetry is corrected for the charge misidentification rate. The statistical error on the
electron charge misidentification rate is taken as the systematic uncertainty. The muon charge
misidentification rate is studied using W → µν MC simulations and is estimated to be at the
level of 10−5. The muon charge misidentification rate is further studied with a cosmic ray muon
data sample in which one cosmic ray muon passes through the center of the CMS detector and
is reconstructed as two muon candidates with opposite charge [18]. A total of 16 422 cosmic
ray muon events with at least two muon candidates are selected, and no event is found to have
a same sign muon pair. This constrains the muon charge misidentification rate to be less than
10−4. Charge misidentification therefore has a negligible effect on the measured muon charge
asymmetry.

The efficiency difference between `+ and `− can result in a bias on the measured charge asym-
metry. The total lepton efficiency (including lepton reconstruction, identification, and trigger
efficiencies) in each pseudorapidity bin is measured using the Z/γ∗ → `+`− data for `+ and
`−, respectively. The efficiency ratio is calculated and found to be consistent with unity within
the statistical uncertainty. No correction is made to the observed charge asymmetry. However,
the statistical errors on the efficiency ratios are treated as systematic uncertainties. The inclu-
sive electron efficiency ratio is found to be 1.007 ± 0.014, and the error on this ratio is used
to determine the systematic uncertainty for the electron channel. Within the statistical uncer-
tainty the muon efficiency ratio is also constant across the pseudorapidity coverage. However,
due to a small known charge/pseudorapidity-dependent muon momentum scale bias, the sta-
tistical uncertainty on the bin-by-bin efficiency ratio is used. This is the dominant systematic
uncertainty for both the electron and muon channels.
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In order to compare our results directly to theoretical predictions, the measured charge asym-
metry in the electron (muon) channel is corrected for lepton energy (momentum) bias and res-
olution effects. The lepton scale and resolution are determined directly from the Z/γ∗ → `+`−

data and are used to smear MC lepton p`T at the generator level. The correction to the measured
charge asymmetry is estimated in each pseudorapidity bin by comparing the charge asymme-
try as determined in the MC with the resulting asymmetry after smearing. The uncertainties on
the energy (momentum) scale and resolutions are taken as sources for systematic uncertainties.
The electron energy scale bias is studied using Z/γ∗ → e+e− data and determined to be within
1%. The charge-dependent muon momentum scale bias is also studied using Z/γ∗ → µ+µ−

data sample and determined to be within 1%. This energy (momentum) scale bias dominates
the systematic uncertainty due to lepton energy (momentum) scale and resolution. The impact
of the QED final-state radiation (FSR) on the lepton charge asymmetry is also studied using
POWHEG MC samples and a reduction of the asymmetry at the level of 0.1–0.2% is found. The
charge asymmetry is corrected for the FSR effect and the full correction is taken as additional
systematic uncertainty which is summed in quadrature with the lepton energy (momentum)
scale systematic uncertainty.

For the electron channel, the dominant systematic uncertainty on the signal and background
estimation is from the modeling of the E/T shape for the signal. Others, such as the uncertainties
on the background cross sections and QCD background shape modeling, also contribute. The
systematic uncertainty due to the QCD background shape is studied by using different QCD
background control regions to derive the QCD background E/T shape. For the muon chan-
nel, the systematic sources for signal and background estimation are due to signal and back-
ground parametrization, uncertainty in estimating Drell–Yan and tt̄ background yields, and
the W → τν background to W → µν signal ratio. The largest contribution is from the estima-
tion of Drell–Yan background which is dominated by the limited number of Drell–Yan dimuon
events and variations of the acceptance ratio for one versus two muons from Z/γ∗ → µ+µ−

events. This acceptance ratio depends on both PDF models and the Z boson pT spectrum. The
PYTHIA and POWHEG MC samples are used to estimate the ratios, and differences between
these two MC simulations (at the level of 5–10%) are treated as systematic uncertainties. The tt̄
background yield is varied by 18.6% to reflect the theoretical uncertainty on the tt̄ cross section.
The ratio of the W→ τν background to the W→ µν signal and ratio of the Z/γ∗ → τ+τ− back-
ground to the Z/γ∗ → µ+µ− background are estimated using both POWHEG and PYTHIA
MC simulations. The differences between these two MC simulations are taken as sources of
systematic uncertainties. The robustness of the signal parametrization is studied using pseudo-
experiments, whose pseudo-data are obtained by sampling fully simulated MC events accord-
ing to Poisson distributions with means set to the measured signal and background yields in
data. A small bias on the measured charge asymmetry at the level of 0.1–0.2% is found and
taken as additional systematic uncertainty on the signal estimation.

7 Results and Conclusions
Table 1 summarizes systematic uncertainties for both the electron and muon channels. The
measured charge asymmetry results are summarized in Table 2 with both statistical and sys-
tematic uncertainties shown. The measurements have been repeated with a lepton p`T > 30 GeV/c.
This requirement selects a subset of events with lepton pseudorapidity closer to the W boson
rapidity and enables us to test PDF predictions in a more constrained region of phase space.
The electron and muon measurements are in agreement with each other. The experimental re-
sults are compared to theoretical predictions obtained using RESBOS [19–21] and MCFM [22]
generators interfaced with CT10W PDF model [3]. The RESBOS generator performs a resum-
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Table 1: Summary of the systematic uncertainties. All values are in percent.

p`T > 25 GeV/c
Electron Channel Muon Channel

|η| bin [0.0, [0.4, [0.8, [1.2, [1.6, [2.0, [0.0, [0.4, [0.8, [1.2, [1.5, [1.8,
0.4] 0.8] 1.2] 1.4] 2.0] 2.4] 0.4] 0.8] 1.2] 1.5] 1.8] 2.1]

Charge Misident. 0.02 0.03 0.03 0.08 0.09 0.10 0 0 0 0 0 0
Eff. Ratio 0.70 0.70 0.70 0.70 0.70 0.70 0.59 0.39 0.92 0.72 0.81 1.17
e/µ Scale 0.11 0.09 0.19 0.47 0.40 0.45 0.50 0.48 0.50 0.48 0.50 0.42
Sig. & Bkg. Estim. 0.16 0.19 0.26 0.33 0.25 0.25 0.23 0.29 0.34 0.40 0.53 0.58
Total 0.73 0.73 0.77 0.90 0.85 0.87 0.80 0.68 1.10 0.95 1.08 1.37

p`T > 30 GeV/c
Electron Channel Muon Channel

|η| bin [0.0, [0.4, [0.8, [1.2, [1.6, [2.0, [0.0, [0.4, [0.8, [1.2, [1.5, [1.8,
0.4] 0.8] 1.2] 1.4] 2.0] 2.4] 0.4] 0.8] 1.2] 1.5] 1.8] 2.1]

Charge Misident. 0.02 0.02 0.03 0.07 0.08 0.10 0 0 0 0 0 0
Eff. Ratio 0.70 0.70 0.70 0.70 0.70 0.70 0.59 0.39 0.93 0.72 0.82 1.18
e/µ Scale 0.07 0.17 0.26 0.46 0.53 0.55 0.80 0.78 0.83 0.81 0.73 0.77
Sig. & Bkg. Estim. 0.16 0.19 0.26 0.33 0.25 0.25 0.20 0.20 0.27 0.35 0.51 0.56
Total 0.72 0.75 0.79 0.91 0.92 0.93 1.01 0.90 1.27 1.14 1.21 1.52

mation at the next-to-next-to-leading logarithmic order and gives a more realistic description
of the W boson pT spectrum than a fixed-order calculation.

Figure 2 shows a comparison of these asymmetries to predictions from the MSTW2008NLO
PDF model [2] and the CT10W PDF model [3]. The central values of both predictions are
obtained using the MCFM MC [22] and the PDF error bands are estimated using the PDF
reweighting technique [23]. Our data suggest a flatter pseudorapidity dependence of the asym-
metry than the PDF models studied.

In summary, we have measured the lepton charge asymmetry in both the W→ eν and W→ µν

channels using a data sample corresponding to an integrated luminosity of 36 pb−1 collected
with the CMS detector at the LHC. In each pseudorapidity bin the precision of the most inclu-
sive measurements is less than 1.6% for both channels. This high precision measurement of the
W lepton charge asymmetry at the LHC provides new inputs to the PDF global fits.
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Table 2: Summary of charge asymmetry (A) results. The first uncertainty is statistical and
the second is systematic. The theoretical predictions are obtained using RESBOS (AR) and
MCFM (AM) interfaced with CT10W PDF model. The PDF uncertainties (∆(+/−)) are es-
timated using the PDF reweighting technique. The charge asymmetries and PDF errors are
given in percent. For each pseudorapidity bin the theoretical prediction is calculated using the
averaged differential cross sections for positively and negatively charged leptons respectively.
The statistical uncertainty on the theoretical prediction is about 0.1%.

p`T > 25 GeV/c p`T > 30 GeV/c

|ηe| A(e) (±stat± sys) AR AM ∆(+/−) A(e) (±stat± sys) AR AM ∆(+/−)
[0.0, 0.4] 15.5 ± 0.6 ± 0.7 15.7 15.3 +0.8/−1.0 13.4 ± 0.7 ± 0.7 13.4 13.1 +0.7/−0.9
[0.4, 0.8] 16.7 ± 0.6 ± 0.7 16.9 16.7 +0.9/−1.0 15.1 ± 0.7 ± 0.8 14.6 14.5 +0.8/−0.8
[0.8, 1.2] 17.5 ± 0.7 ± 0.8 19.3 19.2 +0.8/−1.1 15.2 ± 0.7 ± 0.8 16.9 16.8 +0.8/−1.0
[1.2, 1.4] 19.4 ± 1.0 ± 0.9 21.6 21.7 +0.8/−1.1 16.9 ± 1.1 ± 0.9 19.1 18.9 +0.8/−1.0
[1.6, 2.0] 23.6 ± 0.8 ± 0.9 25.6 25.4 +0.8/−1.1 21.3 ± 0.9 ± 0.9 23.4 23.7 +0.8/−1.1
[2.0, 2.4] 27.1 ± 0.8 ± 0.9 27.1 26.9 +0.8/−1.1 25.0 ± 0.9 ± 0.9 25.7 25.4 +0.8/−1.1

|ηµ| A(µ)(±stat± sys) AR AM ∆(+/−) A(µ)(±stat± sys) AR AM ∆(+/−)
[0.0, 0.4] 14.7 ± 0.6 ± 0.8 15.7 15.3 +0.8/−1.0 13.1 ± 0.7 ± 1.0 13.4 13.1 +0.7/−0.9
[0.4, 0.8] 15.9 ± 0.6 ± 0.7 16.9 16.7 +0.9/−1.0 13.9 ± 0.7 ± 0.9 14.6 14.5 +0.8/−0.8
[0.8, 1.2] 18.4 ± 0.6 ± 1.1 19.3 19.2 +0.8/−1.1 15.8 ± 0.7 ± 1.3 16.9 16.8 +0.8/−1.0
[1.2, 1.5] 20.7 ± 0.7 ± 1.0 22.0 22.0 +0.8/−1.1 18.5 ± 0.8 ± 1.1 19.6 19.4 +0.8/−1.0
[1.5, 1.8] 23.1 ± 0.8 ± 1.1 24.6 24.5 +0.8/−1.1 20.2 ± 0.8 ± 1.2 22.2 21.9 +0.8/−1.1
[1.8, 2.1] 25.3 ± 0.8 ± 1.4 26.5 26.3 +0.8/−1.0 23.1 ± 0.9 ± 1.5 24.5 24.1 +0.8/−1.1

TUBITAK and TAEK (Turkey); STFC (United Kingdom); DOE and NSF (USA).
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Figure 1: Signal fit to data E/T distributions for electrons, a) W+ → e+ν, b) W− → e−ν̄, and
fit to ξ distributions for muons, c) W+ → µ+ν, and d) W− → µ−ν̄. Only the results for the
first pseudorapidity bin (|η| < 0.4) are shown. In Figs. c) and d), only events on the right of
the dashed vertical line are included in the fit. The QCD (multijet and photon+jet production)
shape is determined directly from data.
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M. Krämer, D. Krücker, E. Kuznetsova, W. Lange, W. Lohmann10, R. Mankel, M. Marienfeld,
I.-A. Melzer-Pellmann, A.B. Meyer, J. Mnich, A. Mussgiller, J. Olzem, D. Pitzl, A. Raspereza,
A. Raval, M. Rosin, R. Schmidt10, T. Schoerner-Sadenius, N. Sen, A. Spiridonov, M. Stein,
J. Tomaszewska, R. Walsh, C. Wissing

University of Hamburg, Hamburg, Germany
C. Autermann, V. Blobel, S. Bobrovskyi, J. Draeger, H. Enderle, U. Gebbert, K. Kaschube,



16 A The CMS Collaboration

G. Kaussen, R. Klanner, J. Lange, B. Mura, S. Naumann-Emme, F. Nowak, N. Pietsch, C. Sander,
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Laboratório de Instrumentação e Fı́sica Experimental de Partı́culas, Lisboa, Portugal
N. Almeida, P. Bargassa, A. David, P. Faccioli, P.G. Ferreira Parracho, M. Gallinaro, P. Musella,
A. Nayak, J. Seixas, J. Varela

Joint Institute for Nuclear Research, Dubna, Russia
S. Afanasiev, I. Belotelov, P. Bunin, I. Golutvin, A. Kamenev, V. Karjavin, G. Kozlov, A. Lanev,
P. Moisenz, V. Palichik, V. Perelygin, S. Shmatov, V. Smirnov, A. Volodko, A. Zarubin

Petersburg Nuclear Physics Institute, Gatchina (St Petersburg), Russia
V. Golovtsov, Y. Ivanov, V. Kim, P. Levchenko, V. Murzin, V. Oreshkin, I. Smirnov, V. Sulimov,
L. Uvarov, S. Vavilov, A. Vorobyev, A. Vorobyev

Institute for Nuclear Research, Moscow, Russia
Yu. Andreev, A. Dermenev, S. Gninenko, N. Golubev, M. Kirsanov, N. Krasnikov, V. Matveev,
A. Pashenkov, A. Toropin, S. Troitsky

Institute for Theoretical and Experimental Physics, Moscow, Russia
V. Epshteyn, V. Gavrilov, V. Kaftanov†, M. Kossov1, A. Krokhotin, N. Lychkovskaya, V. Popov,
G. Safronov, S. Semenov, V. Stolin, E. Vlasov, A. Zhokin

Moscow State University, Moscow, Russia
E. Boos, M. Dubinin23, L. Dudko, A. Ershov, A. Gribushin, O. Kodolova, I. Lokhtin, A. Markina,
S. Obraztsov, M. Perfilov, S. Petrushanko, L. Sarycheva, V. Savrin, A. Snigirev

P.N. Lebedev Physical Institute, Moscow, Russia
V. Andreev, M. Azarkin, I. Dremin, M. Kirakosyan, A. Leonidov, S.V. Rusakov, A. Vinogradov

State Research Center of Russian Federation, Institute for High Energy Physics, Protvino,
Russia
I. Azhgirey, S. Bitioukov, V. Grishin1, V. Kachanov, D. Konstantinov, A. Korablev, V. Krychkine,
V. Petrov, R. Ryutin, S. Slabospitsky, A. Sobol, L. Tourtchanovitch, S. Troshin, N. Tyurin,
A. Uzunian, A. Volkov

University of Belgrade, Faculty of Physics and Vinca Institute of Nuclear Sciences, Belgrade,
Serbia
P. Adzic24, M. Djordjevic, D. Krpic24, J. Milosevic
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13: Also at Eötvös Loránd University, Budapest, Hungary
14: Also at Tata Institute of Fundamental Research - HECR, Mumbai, India
15: Also at University of Visva-Bharati, Santiniketan, India
16: Also at Sharif University of Technology, Tehran, Iran
17: Also at Shiraz University, Shiraz, Iran
18: Also at Isfahan University of Technology, Isfahan, Iran
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