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The first measurements of inclusive W and Z production cresians in muon and electron
decay channels gfs= 7 TeV are reported, obtained using 198 hiof pp collisions in the Com-
pact Muon Solenoid (CMS) detector at the Large Hadron Gall{iHC). The measured inclusive
cross sections am@(pp— W+ X — £v + X) = 9.22+ 0.24(stat) +£ 0.47(syst) + 1.01(lumi.) nb,
and o(pp — Z(y*) + X — £+~ +X) = 0.882297 (stat) "3 0a5(syst) + 0.097(lumi.) nb, lim-
ited to the di-lepton invariant mass rangé80,120 GeV/c?. The luminosity-independent
cross section ratios are(pp — W + X — v + X)/o(pp — Z(y*) + X — {10~ +X) =
10467993 (stat) "0 22(syst) ando(pp— W + X — £+v +X)/a(pp— W~ +X — £ V+X) =
1.51+3:38(stat) +0.04(syst ). The measured values agree with NNLO QCD cross sectionlaalcu
tions and current parton distribution functions. Measwets of the W lepton charge asymmetry
in three bins of pseudorapidity are also reported.
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1. Introduction

This note describes the first measurement by the CMS experiment of theivegimoduction
of W and Z bosons, observed via their decay to electrons and muonsprathection of W and
Z bosons is an important measurement at the LHC as the leptonic decaymalt@arseously a
benchmark for lepton identification and reconstruction, a precision tgstrtdirbative QCD and
the parton distribution functions of the proton (PDFs), and an importarkghbaond for many
searches for new physics planned at the LHC. Precise QCD calculdtiotise production of
W and Z bosons at the LHC are available to next-to-next-to leading orddt @ in the strong
couplingas, which provide predictions with a few percent uncertaify[]1][2] whembined with
recent NNLO PDFs.

The study uses 198 nb of proton collisions collected ays= 7 TeV in the 2010 LHC run
using the CMS detector. A detailed description of CMS and its performantdedound in
Ref. [3]. The systematic uncertainty on the luminosity is currently 1[1% [Alef large samples
of simulated events are used to evaluate signal and background effisien to validate the
analysis techniques. Further details, including the event generatiorinanidtson processes used
for this analysis, are available in Ref] [5].

2. Lepton Identification

The muon identification strategy followed in this note is based on both the muartatstand
the inner tracker. Events are recorded online using the Level-1 andidion triggers, with an HLT
threshold ofpr > 9 GeV/cin the regionn| < 2.1. Muon identification requirements ensure good
consistency between the measurements of the muon detector and the inker drat suppress
muons from decay-in-flight of hadrons as well as shower punchufiroThese backgrounds can
be further suppressed by summing the transverse energy or momentanolffects nearby the
muon (withinAR < 0.3). More stringent requirements are applied to muons in W events than in Z
events, where the presence of two leptons very effectively sugsésskground.

Electrons are identified as clusters of ECAL energy deposits matchedke fram the silicon
tracker. Events are recorded using the Level 1 and HLT electromagnrigger, with an HLT
threshold ofEr > 15 GeV. ECAL clusters are required to hawe > 20 GeV and to match tracks
using an algorithm which accounts for possible energy loss due to brefmssty in the tracker
layers. Particles misidentified as prompt electrons are suppresseduigimg@ narrow ECAL
cluster width inn and by imposing limits on the sums of calorimegrand trackpr in a cone of
AR < 0.3 around the electron candidate direction.

3. W Signal Extraction

For the W signal, the measurement of the missing transverse energy in titdseaecrucial
element of the analysis. For the results presented in this note, the missingetsgnenergy is re-
constructed using the particle-flow technique, which uses both calorimedsunggnents of energy
and input from the tracking detector. The technique attempts to perfortinlpadentification and
therefore corrects and improves the resolution depending on spectfdgpassumptions.
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Figure 1: Distribution of Mt for the selected W~ uv (left) and distribution oiE?1iSS for W — ev (right)
candidates in data. Superimposed are simulated estimfaties background and signal components from
the fitting procedure, normalized to 198 Tib

The W signal is extracted using fits of signal and background templates thfeeved data.
For the muon channel, the fits are performed using a binned likelihood teghaigthe transverse
mass variable. The QCD background shape is taken from events in diata faih the isolation
criteria. For the electron channel, the signal is extracted using an umblikeéhood fit on the
missing transverse energy. The parameters of the QCD backgroupel ateaconstrained by the
data. For both channels, the signal and electroweak backgroundsshep taken from Monte
Carlo. The results of the fits and the observed data are shown [} Fig Juppoess background
from Z events, events with a second identified electron or muon are rerfravedhe analysis.

Extensive studies were performed to understand possible systematits @ffé¢he measure-
ment. For the muon channel, uncertainties in lepton reconstruction, trigggerty, and back-
ground subtraction are the primary contributions to an uncertainty of 6.8%thE€ electron chan-
nel, the dominant contribution to the 7.7% uncertainty is due to the lepton identificatiwh is
estimated using limited numbers of Z events.

For an integrated luminosity of 198 nh the fit process yields the following total cross sec-
tions for W production:

o(pp— W+ X — uv+X) = 9.14+0.33(stat) £+ 0.58(syst) £ 1.00(lumi.) nb,
o(pp— W+ X —ev+X) = 9.34+0.36(stat) + 0.70(syst) £ 1.03(lumi.) nb,
o(pp— W+ X — v+ X) = 9.22+ 0.24(stat) £ 0.47(syst) £ 1.01(lumi.) nb.

The NNLO prediction is 1814+ 0.52 nb, which agrees well with this result.

W and W~ bosons are produced at different rates in pp collisions, due to thalpree of u
quarks over d quarks. By performing separate fits for &id W-, the inclusive ratio is measured
to bea(pp— W*+X — £+v+X)/a(pp— W~ +X — £V +X) = 1.5170%(stat) + 0.04(syst)
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Figure 2: Raw lepton charge asymmetry in three binggf Electron and muon results are plotted together,
and compared to the theoretical prediction. These resaits hot been corrected for relative differences in
¢+ and/~ acceptance.

which is in agreement with expectations. By recasting this measurement agramatry, useful
constraints on parton distribution functions can be derived. The firssunements of the lepton
charge asymmetry as a function of pseudorapidityat= 7 TeV are shown in Fif] 2, which are in
agreement with the expectation from the Standard Model.

4. Z Signal Extraction

Z events are identified by requiring a pair of opposite-charge high teassxmomentum lep-
tons. The remaining background after selection is extremely small, as carebénsFig[B. A
cut-and-count technique is used to measure the following cross seabiodspfoduction, using
198 nb! of data:

a(pp— Z(y*)+ X — utu~ +X) = 0.881753%%stat) "5 935(syst) +0.097(lumi.) nb,
a(pp— Z(y*)+ X — e"e” +X) = 0.884" 3 H8stat) " 0/8(syst) +0.097(lumi.) nb,
a(pp— Z(y*) + X — 707 +X) = 0.882: 397 (stat) "3 3a5(syst) + 0.097(lumi.) nb.
The reported(y*) cross sections are limited to the di-lepton invariant mass rigty@20 GeV/c?,
and corrected for the kinematic acceptance. The NNLO prediction forodyation is 097 +
0.04 nb, in good agreement with these measurements.

Combining the results for the two electroweak bosons, the ratio of croserseéor W and
Z(y*) production is measured to be:

o(pp— W+X — pv+X)/0(pp— Z(y") +X — ppu~ +X) = 10.38 +34(stat) " 25(syst),

o(pp—W+X —ev+X)/a(pp— Z(y*)+X — e"e” +X) = 105713 (stat) 539(syst) ,

a(pp— W+X — v +X)/0(pp— Z(y*) +X — £~ +X) = 10.46+255(stat) "5 &(syst) .
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Figure 3: Distribution of M, for the selected Z» u*u~ (left) and Z— ete™ (right) candidates in data
(points). Superimposed are simulated estimates of thels@mponent, normalized to 198 b Back-
grounds are too small to be visible on this scale.

In the combination, the relative acceptance between W and Z is assumed ullybeofrelated
and other uncertainties are assumed to be uncorrelated. The NNLOtjmedar this ratio is
10.74+ 0.04, in agreement with these measurements.

5. Conclusion

First measurements of W ard{y*) cross sections have been made using approximately
198 nb! of data taken with the CMS detector at the LHC. In addition, the W charge asymme
try as a function of lepton pseudorapidity has been measured. Within latigisal uncertainties,
no disagreements with the predictions of the Standard Model have bestvedhs
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