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1. Introduction

The Large Hadron Collider (LHC) was running afs= 7 TeV and 8 TeV at 2016 2011
and 2012 correspondingly. The main LHC goal in study\bndZ bosons production is explore
physics at the TeV energy scale via proton-proton collisibrandZ production is well established,
so it provides tests of perturbative quantum chromodynamics. In additieandZ production is
a major source of background for various physics analyses, suthdisoson measurements and
Standard Model (SM) Higgs production, as well as for searchesdarphysics beyond the SM,
such as the production of high-mass dilepton resonances.

All measurements, presented here, are based on the data from CM®ddtke CMS exper-
iment is described in more detail elsewhere [1]. The central features3i8§ at superconducting
solenoid with a 6 m bore. Inside the magnet are the silicon pixel and stripetraitie crystal
electromagnetic calorimeter, and the brass scintillator hadron calorimetemdvare detected in
gas-ionization detectors embedded in the steel return yoke.

2. Inclusive W and Z boson cross section at /s= 8 TeV

In order to perform a precision measurement of the inclugwandZ boson cross sections
at,/s=8 TeV at CMS [2], a dedicated LHC configuration was deployed to accumaldataset
with low pileup and low transverse momentum trigger thresholds. During suetiad LHC runs
were selected proton-proton data with integrated luminosity o p& 1. Theoretical predictions
of the inclusiveW andZ cross sections are available at next-to-next-to-leading order (NNLO) in
perturbative QCD. The calculations are limited by uncertainties on partoribdistn functions
(PDFs), higher-order QCD, and EWK radiative corrections, whieheaailable at next-to-leading
order (NLO).

At Figure 1, the measured and predic#d/ersusZ andW versusN— cross sections are pre-
sented. The measurements are consistent between the electron and enegisshand in agree-
ment with next-to-next-to-leading order cross section calculations.
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Figure 1: Measured and predictedl versusZ (left) production andV* versusW— (right) cross sections.
The ellipses illustrate the 68% coverage for total unceties (open black) and excluding the luminosity un-
certainty (purple filled). The uncertainties of the thematpredictions correspond to the PDF uncertainties
only.
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3. Measurement of the charge asymmetry in inclusive W at \/s=7 TeV

In proton-proton collisions)V bosons are produced primarily via the procesxﬁs» W™ and
du— W~. The first quark is a valence quark from one of the protons, and th@nseone is a
sea anti-quark from the other proton. Due to the presence of two valeguerks in the proton,
there is an overall excess W overW— bosons. Measurement of this production asymmetry
betweenW™ andW ™ bosons as a function of boson rapidity can provide better constraintseon th
u/d ratio and the sea antiquark densities in the ranges of the Bjorken paramei@rever, due to
the presence of neutrinos in leptoffitdecays the boson rapidity is not directly accessible. That is
why the lepton charge asymmetry is defined to be

_ do/dn(W*) —do/dn(W")
()= 4o /dn W) T do/dn (W)’

wheren is the charged leptoru(or €) pseudorapidity from decay &Y boson.

At Figure 2, the comparison of the measured muon (left) [3] and electight){4] charge
asymmetry at CMS to different PDF models are presented. This high preaasurement of the
W lepton charge asymmetry at the LHC provides new inputs to the PDF global fits.

CMS preliminary 234 pb” at Ns=7TeV CMS 840pb" at Vs=7TeV
— 7 - k-
0.3} - 0251 ]
L .. ] > L pT(e) > 35 GeV 1
ey e @ r ]
5 o > 25 GeV = ;.- g, g I = Woev 25 1
£ T i Ny E 02 2 1
L T N %) L S8 ]
& BW o pv éjf'i < L @1‘%
< 02| g% - g I
g " * o S
L ‘@{J." < 0.15 S3H —
o e MGFM: c L -
£t =g 3. ()
O e HERAPDF1.0 pet MCEM:
=t I st ---- MSTW2008NLO 5] [ 1
9 L o enow 3 0.1 et B }(-I:ER(;\PDH 5 B
= 77 NNPDF2.1 (NLO) K R N ... MSTW2008NLO
01 — w L =— NNPDF2.2 (NLO)
o g i theory bands: 68% CL
1 N N N N 1 N N N N 1 L N N L L L L | L L L L |
) 1 2 0'050 1 2
Muon Pseudorapidity | Electron Pseudorapidity  n|

Figure 2: Left: Comparison of the measured muon charge asymmetryffereiait PDF models. The the-
oretical predictions are obtained using MCFM MC tool and tingon pt > 25 GeV is imposed. Right:
Comparison of the measured electron asymmetry to the pieakcof different PDF models for electron

pt > 35 GeV. For both plots: The error bars include both statéé@mnd systematic uncertainties. The data
points are placed in the center of thg| bins. The PDF uncertainty bands are estimated using the PDF
reweighting technique and correspond to 68% confidencé leve

4. Dréll-Yan at \/s=7TeV

Drell-Yan lepton-pair production in hadron-hadron collisions is desdriimethe SM bys-
channely*/Z exchange. Theoretical calculations of the differential cross sediofdM and the
double-differential cross sectiaﬁo/deY, whereM is the dilepton invariant mass aivdis the
absolute value of the dilepton rapidity, are well established up to the NNL@p@dsons between
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theoretical calculations and experimental measurements, provide testguwbptve QCD and
constraints on the PDFs.

At CMS the Drell-Yan [5] differential cross section in dilepton mass andbtmdifferential
cross section in dimuon mass and rapidity are studied in the mass range ftorh5® GeV and 20
to 1500 GeV with absolute rapidity less thad Bsing 45 fb~! data. At Figure 3, the measurements
are presented. Good agreement with NNLO prediction and PDF functiahséved.
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Figure 3: Left: Drell-Yan invariant mass spectrum in the dielectrévacnel, normalized to the resonance
region, as measured and as predicted by NNLO calculatianthf full phase space. Right: Drell-Yan
rapidity-invariant mass spectrum in detector acceptandke dimuon channel (6@ M < 120 GeV), nor-
malized to the&Z resonance region, as measured and as predicted by NLO POWEIEBHPDF and NNLO
FEWZ+MSTW2008 PDF calculations.

In the SM processlq — y*/Z — | 71T, both the vector and axial-vector couplings of elec-
troweak bosons to fermions are present. This results in a forwardWwaak asymmetryAgg in
the Drell-Yan pairs. The asymmetry paramefgrg, is calculate by following formula:

_UF—O'B
OF+0B

ArB

At Figure 4, the unfolded forward-backward asymmetry measured & (8Ylis presented. It is
calculated for combined™ u~ ande™ e~ events at the Born level in foitf bins with the acceptance
cuts ofpr(l) > 20 GeV andn(l)| < 2.4. This measurement is very sensitive to the test of the SM.
The final results show consistence with the SM predictions within the estimatedtaimties.

The measurement of the weak mixing angle with different initial and final stathe fiermion-
antifermion procesilf_l —yY/Z— f,f, tests the universality of the fermion-gauge-boson inter-
actions and predictions of the SM.

At CMS [7] we present a multivariate analysis that uses full informatioruatiee Drell-Yan
process|q— y*/Z — u~ ut parametrized as a function of the dimuon rapiditydimuon invariant
mass,M, and dimuon decay anglé,;. To calculated weak mixing angle, we use an unbinned
extended maximume-likelihood fit that simultaneously describes the signal akdroand yields
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Figure 4. The unfolded and combinedit 1~ ande™e™) measurement of AFB at the Born level in four
abs(y) bins forpr > 20 GeV andn| < 2.4. The data points are shown with both statistical error bars
combined statistical and systematic error bars. The e bn the MC points are the PDF uncertainties.
The MC statistical errors are of the same order of magnitsdb@PDF uncertainties. The horizontal extent
of the error bars indicates the bin width (except for the béist which is truncated at 400 GeV). Beneath each
plot is shown the difference between data and MC, normalimethe combined statistical and systematic
uncertainty. The green and yellow bands indicate tafd 2 differences of data from theory predictions.

and the parameters of tive M, cos9* distributions and it equals to:
sir? By = 0.2287+0.002Q stat.) = 0.0025syst.) .

The measurement of the weak mixing angle is predominantly inidrenddd — V' /Z— pu ut
processes in proton-proton collisions, as expected within the SM. Thie mviéng angle is mea-
sured at,/s= 7 TeV with 1% precision like at all hadronic experiments: CDF and DO (Tewtr
H1 (HERA).

5. Conclusion

Study ofW andZ production at CMS experiment are presented. They are very impodant f
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test of the SM, contribution to PDFs and better understanding of backdrmu Higgs and new
physics searches.
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