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1. Motivation and Introduction

The production oW andZ bosons is theoretically well understood and their crosticses are
known at next-to-next-to-leading order (NNLO) perturbattheory [1]. The production processes
give a direct access to parameters of the Standard Model éhlallow for a precision test of
its predictions. The clear experimental signatures (baxkgl is on a few percent level for most
of the measurements) make these objects also interestirsguities of the detector performance,
such as calibration and efficiency measurements.

Before the LHC era, most precision measurements of thepaeasity functions (PDFs) at
low Bjorken x were performed at the HERA experiments [2]. With the new mesments from
ATLAS and CMS, PDFs can be measured in a different kinematijinte (lowx and highQ?).
Therefore, a comparison of these LHC PDFs with previous oreasents provides a test of the
validity of the QCD evolution into a region of high? at low x. In addition, measurement of the
boson/boson + jet cross section as function of the transverse momenta hegstetedictions of
perturbative QCD.

ATLAS and CMS are general purpose experiments, which amddcat two different colli-
sion points of the LHC [3]. Both detectors have a similar gesithe ATLAS and CMS detectors
comprise an inner tracking detector immersed in a magnelt, fa calorimeter, and a muon spec-
trometer. Table 1 shows the acceptance of various ATLAS avi& Sub-detector systems, which
is also the basis for the fiducial phase-space definition irsetbst measurements (see Table 1).
A detailed description of both detectors can be found in ] f5]. Vector boson production was
studied using the datasets collected in the years 2010 t® @0fwo center-of-mass energies of
v/s=7TeV and,/s=8 TeV.

Precision measurements of W and Z boson production must itferped in the electron
and muon decay modeZ (- ee(upu), W — ev(uv)) due to the enormous background present
in the quark orrt decay channels. The combination of both measurementsda®yiot only
an important test of the compatibility of both measuremebits also significantly improves the
systematic uncertainties due to different detector modp#ffects.

This article is structured as follows: the results on theusige and differential single boson
production are described in Section 2, while a selection eédsnrements of the production in
association with jets is presented in Section 3.

Detector part ATLAS CMS

Inner detector In|<25 |n|<25
Central calorimeter | [n| <25 |n|<3.0
Calorimeter extension [n| <4.9 |n|<5.0
Muon system In|<24 |n|<24

Table 1: Basic parameters of detector geometry for ATLAS [4] and CE[®kperiments in pseudo-rapidity
n.

2. Inclusive and Differential M easurements

The differential production cross-sections in bins of osapidity §) and lepton invariant
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mass M) are very sensitive distributions for constraining PDHse RTLAS measurement of the
Drell-Yan process is based on an integrated luminosity.®ffd— of the 2011 dataset, reaching
an invariant mass up to 1.5 TeV [6]. The measured crossesectiave been compared to different
PDF sets, shown in Fig. 1 (left). CMS has published a doulfferdntial Z — 1l measurement
in bins of boson rapidity and invariant mass [7] using six snisis and a fine rapidity binning,
Fig. 1 (right). The data have the potential to constrain ED¥particular for anti-quarks at large
Bjorkenx, in the context of a PDF fit involving the world data sensitiwghe proton structure.
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Figure 1: Measurement of invariant mass distribution, performetd WELAS [6] (left) and CMS [7] (right)
experiments.

The measurement of the transverse momentpy) distribution of vector bosons, especially
in the regimept < 40 GeV, allows to test so-called resummation techniquesrdfipbative QCD
calculations. In addition, these measurements are criaria precision measurement of the W
boson mass at hadron colliders. Hence, new experimentaltsgaovide a valuable input for
tuning and understanding theoretical models.

The measurement of the vector bogmnspectrum is more complicated than the vector boson
rapidity distribution due to larger bin-to-bin migratiorifects, induced by the limited detector
resolution. The ATLAS analysis is based on the 2010 datg8$dsee Fig. 2 (left)). The CMS
analyses were performed using 36 plat /s= 7 TeV [10] and 18.4 pb! at/s= 8TeV [9] (see
Fig. 2 (right)). Only a small amount qf/'s = 8 TeV data was used for analysis in order to stay at
low PU run dedicated to precise boson physics. The diffexkaitoss section was measured up to
350 GeV and compared with predictions of several event gémer. In general, a good agreement
can be seen. Measurements with 2011 and 2012 data, whichirmeatty in process, will extend
the pr range up to 900 GeV and increase the precision.

A measurement of angular correlations in Drell-Yan leptaitgvia theg* observable was
performed with the ATLAS detector using 4.6 fhof 2011 data [11] (see Fig. 3)p* is defined
as tarfgacop/2) SiN(6y ), Wheregueop = 11— A, A being the azimuthal opening angle between the
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Figure2: Z boson transverse momentum, measured with 2010 ATLAS dpfief§§ and 2012 CMS data [9]
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Figure 3: Comparison ofp* measurement with 2011 ATLAS data and different theorefioadlictions [11].

two leptons. The anglé; is defined by co®;) = tanh(n~ —n™")/2], wheren~ andn™ are the
pseudo-rapidities of the negatively and positively chdrggtons, respectively. Variabtg probes
the same physics as tégy* boson transverse momentum, but has a better experimesdéltion.
The cross-section was measured single differentiallyris bf ¢* and double differentially in bins
of ¢* andZ boson rapidity. The disagreement between the data andcpoedi is quite significant
compared to the precision of the measurement. This diféerean be used as an excellent tool for
further improvements of MC generators.
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3. Vector Boson + jets
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Figure 4. Measurement of jet transverse momentLdﬁtI and jet multiplicity (Niet), performed with the
ATLAS detector [14].
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Figure5: Z + jet measurements in rapidity bins, performed with the Glégctor [13].

The understanding of the vector-boson production in aasoaiwith jets (V+jets) at the LHC
not only provides an important test of perturbative QCD, ibutlso important as a main source
of backgrounds to many searches for physics beyond the &tiMbdel. Several measurements
have already been published by ATLAS and CMS [12-17], and aféw results will be described
here in more detail. _

The measurement of jet transverse momentpﬁ)(and jet multiplicity(Niet) [14] was per-
formed with the full 2011 dataset by the ATLAS experimente($8g. 4). The data have been
unfolded to the particle level and compared with predidifnom the SHERPA generator (v1.4.1
with the MEnloPS approach), from MC@NLO interfaced with HER5, from the ALPGEN gen-
erator, interfaced with HERWIG, and with fixed-order catidns from BlackHat+SHERPA. The
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Figure 6: The measurement of differentdl+ b-jets cross-sections as a functionp@ﬁi in the 1-jet (left)
and 2-jet (right) fiducial regions, performed with the ATLAIStector using 2011 data-set [16].

predictions of the matrix element plus parton shower geéoesand the fixed-order calculations
are mostly consistent with the measured values over a langgniatic range. MC@NLO fails to
describe both distributions.

The measurement of Z+jets events in bins of boson rapittity, (vhich is necessary for the
characterization of the Higgs boson properties was peddrmith the full 2011 dataset by the
CMS experiment [13]. The basic quantiti¥s, Yj« are in general agreement with predictions
from Madgraph, SHERPA, and MCFM. The derived quantitigs = |Yz + Yja|/2 andYgir =
Yz —Yje|/2 show some disagreement with two hybrid MCs. SHERPA is Sagmitly better than
Madgraph at describing the shape of g, andY;+.

The measurement &Y boson production associated wiilets provides not only a further test
of perturbative QCD, but also a possibility for the probirfgassociated Monte Carlo techniques
such as the identification of b-quarks. The correspondingstmements are based on the 2011 data
and were performed by the ATLAS [16] and CMS [17] experiments

ATLAS measurement quf‘t spectrum, obtained by combining the muon and electron &lann
results, presented in Fig. 6. The measurements were pextowith a singldo-tagged jet require-
ment in theV+1-jet andW+-2-jet samples and were compared to the MCFM predictiongctad
for hadronization and double-parton interaction effects @ the Alpgen predictions interfaced to
Herwig and Jimmy and scaled by the NNLO inclusi?¢enormalization factor. In the 1-jet fiducial
region, the measured cross-section is larger than the NEe@igiions, but compatible within the
theoretical and experimental uncertainties. The same uneagnt in the 2-jet fiducial region is
found to be in agreement with the theoretical predictions.

4. Conclusion

The results of the inclusive and differential cross-secticeasurements of W and Z boson at
the LHC have achieved high precision and are already now afteninated by theoretical uncer-
tainties. The comparison of data and NNLO QCD calculatiomwsha very good agreement for
many observables and hence demonstrates the good undergtan QCD in a new energy do-
main. The interpretation of the these measurements will teanew constraints on proton PDFs,
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which will in turn be the basis for high precision electrokeaeasurements at the LHC, such as
the determination of the W boson mass.
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