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1. Introduction

Measurements of differential cross-sections for W and Z boson ptiouat the Large Hadron
Collider (LHC) provide important tests of the proton’s Parton Distributiond&ions (PDFs) and
partonic cross-section calculations at next-to-leading-order (NL@) rext-to-next-to-leading-
order (NNLO) from QCD. While the latter are known at precision levelsof percent, the knowl-
edge of the PDFs is the biggest source of uncertainty to the electrowsak booss-sections at
LHC. Their uncertainty for W and Z production is about 2% in the centgibrebut increases to-
wards the forward region[1]. Since the LHCb detector[2] is the onlydetet the LHC to be fully
instrumented at high pseudorapiditieg petween 2 and 5 where the uncertainties are the largest,
it constitutes a very interesting place to perform such measurementsd]ridea W or Z boson to
be produced with enough forward boost to decay inside the LHCb detadtimh Bjorken-x quark
from one proton needs to collide against a low Bjorken-x quark from thergroton, therefore
probing the proton’s PDF at both low and high x. Fig. 1 shows which regidithe (x, &) space
the LHCDb experiment is sensitive to in comparison with other past and preggeriments. Q is
the momentum scale of the process. It is worth to stress that LHCDb is thenfirstridy experiment
that enables to explore low x regions (£0< x < 107%) at @ > 10 Ge\2.
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Figure 1: The regions of the (x, & space probed at LHCb compared with ATLAS, CMS (GPDs in the
figure) and several past experiments.

The following cross-section measurements at LHCb include the analysis Bafghd W boson
production inpp collisions at,/s=7 TeV intheZ - u*u~,Z —ete ,Z— 171~ and W— uv
decays.

2. Event selection and background subtraction

All Z measurements make use of a data sample corresponding to an integraiieoisity of
1 fb~1 collected with the LHCb detector, whereas the W measurement is based bni37 p
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2.1Z— utu events

In the dimuon channel, Z events are triggered with the online requiremensiafjee muon
with a transverse momenturpy() larger than 10 GeV/c. Muons are identified using a muon system
composed of alternating layers of iron and multiwire proportional chambers.

The offline selection then requires two oppositely-charged muon cansljdettén withn be-
tween 2 and 4.5 angr above 20 GeV/c. In order to select events compatible with Z boson pro-
duction, only dimuon pairs whose invariant mass is between 60 and 120 Ga¥é/kept. The final
event selection retains 5262Z6— uu candidate events. Their invariant mass distribution is shown
in Fig. 2.

The background events due to heavy flavour hadrons that decay stEmitally or due to
mis-identification of hadrons (mesons decaying to muons or punching thrbegcalorimeters
up to the outer muon chambers) are measured using data-driven metramkgir@&inds due to a
partial reconstruction of top quark pairs, dibosorZer 1T events, are estimated using a PYTHIA
6.4[3] simulation.

A total of 153+14 background events are found to contaminate the selected sample, which
corresponds to a purityof 0.9971-0.0003[4].
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Figure 2: Distribution of the invariant mass of the dimuon pairs in $e¢ected — u* u— events.

2.2 Z —efe events

In the dielectron channel, Z events are triggered with the online requireshargingle elec-
tron with pr larger than 10 or 15 GeV/c depending on the data taking period. Electrens a
identified by combining information from the tracker system and from the sh@uofile in the
electromagnetic and hadronic calorimeters.

The offline analysis then requires two oppositely-charged electrornidzted, both withn
between 2 and 4.5 anpy above 20 GeV/c. In order to select events compatible with Z boson
production, only dielectron pairs whose measured invariant mass is ddd@®eV/c are kept.

A data sample of same-sigffe" pairs provides a data-based estimate of background which
is found to account for 4.5% of the selected sample[5].

1The purity is defined as the ratio of the numbers of signal to candidatéseven
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23Z— 171" events

In the 7T channel, Z events are triggered with the online requirement of a single mition w
pr larger than 10 GeV/c or a single electron wjth larger than 15 GeV/c.

SelectedZ — 11~ candidate events have two oppositely-charged tracks, consistent with an
electron, muon, or 1-prong hadrandecay. The two tracks are required to have a large impact
parameter (IP) with respect to the primary vertex of the event in orderdmedse the prompt
background. At least one of the two tracks has to correspond to atifieléelectron or muon with
pr larger than 20 GeV/c ang between 2 and 4.5. The second track must havéarger than 5
GeV/c. Itsn must be between 2 and 4.5 in case of an electron or muon and between@23%an
in case of a hadrort. pairs with two electronic decays are not considered.

The main backgrounds involve generic QCD and W/Z+jets events that havaléng ther
signatures. These are estimated using sametsSigh data.

The purities of the selected samples are found to lie between 65 and 70%charanels[6].

2.4 W— uv events

As much as 16% dfV — uv events produced ipp collisions at 7 TeV at the LHCDb interac-
tion point have the muon emitted inside the LHCb acceptance. Although nosteection of the
missing energy is feasible with LHCb, a selection of an abundant and gaiheiW— Lv events
by the LHCb experiment is still possible.

W events are triggered with the online requirement of a single muon with a @esgsmomen-
tum larger than 10 GeV/c.

The offline selection oW — uv events proceeds with the identification of a muon defined as
in theZ — pu analysis. It is required to haver between 20 and 70 GeV/c amdbetween 2.0
and 4.5. Several other cuts are applied to increase the purity. The muequised to be isolated
and with a small IP with respect to the primary vertex of the event to decteadeavy-flavour
background. A reduced fractiorc(4%) of the muon energy is allowed to be deposited in the
calorimeters to decrease the background from pions and kaons. Fivelisg@resenting a second
muon withpr > 2 GeV/c are discarded to decrease Zhe> uu background. The event selection
eventually retains 14660 Wand 11618 W candidate events[7].

The two most important backgrounds ate— Ly events and generic QCD events where a
kaon or pion decays leptonically before reaching the muon chamb€ysi(*> uv”). The purity
of the selected sample is obtained from a template fit to the npgodistribution as shown in
Fig. 3. The only parameters allowed to vary in the fit are the normalizations &¥tkignal and
K/m— uv background, whereas thpg shapes of all contributions are fixed[7]. A purity close to
80% is found.

3. Efficiencies

The efficiencies of the track reconstruction, electron identification, muogetrigg and iden-
tification, are estimated using tag-and-probe methods-in ||~ data samples. This technique
profits from the very high purity aZ — |1~ event samples to isolate a pure and minimally biased
sample of true leptons that can be used to compute the lepton-related eifisiendata itself. All
efficiencies are determined as a function of the leptBt][5][6][7].
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Figure 3: Distribution of the muorpr for the selectetV — u*v candidate events (left) and the selected
W~ — u~v candidate events (right)[7]. The W signal and differentdgsiound contributions as well as the
result of the fit are shown in the plots.

4. Results

The knowledge of the efficiencies, luminosity[8] and purity enables the totes-sections
to be computed from the observed numbers of events. The cross-sisctilso determined as a
function of nj for the W sample and as a function of the Z rapidity (y) aric® of the Z boson for
Z — uu andZ — ee as well as Zpy for theZ — uu channel. The cross-sections are corrected to
Born level in quantum electrodynamics to be consistent with compared Q&licpons which do
not include the effects of final state radiation. They are further ctadewith PYTHIA to take into
account the bin-to-bin migrations.

All measured cross-sections are calculated relative to the following fidmeibkinematical
volume chosen identical across all electroweak analyses: 20 GeV/c and Z n < 4.5 for thee,

u or 7, and in case of measurements of the Z boson, a dilepton mass betweenl@DaBe\V/é.

The measured differential cross-sections for Zne> uu production at 7 TeV as a function
of the Z rapidity are found to be in agreement with NNLO theoretical predistiging several
sets[10][11][12] for the PDFs of the proton (Fig. 4). After extrapiola to the ATLAS fiducial
volume with FEWZ[13] at NLO, the Z cross-section measured at LHCD is @sopared and
found in agreement with ATLAS results[14] in the overlapping regionsapfdity in Fig. 4[15].
This figure also shows the good agreement obtained between the Z nmastgat LHCb in the
dielectron and dimuon channels.

The measured differential cross-sections forZhe uu production at 7 TeV as a function of
the pt of the Z boson are found to be in better agreement with predictions includimgrpshower-
ing (Powheg[16]+PYTHIA) or QCD resummation (ResBos[17]) than witediorder calculations
at NNLO (FEWZ), as can be seen in the plot of the differential crostieseof Fig. 5.

The integrated cross-sections o uu , Z — eeandZ — 11 are shown together in Fig. 5.
They are all consistent with each other and in agreement with the NNLGcpoedfrom FEWZ
using the MSTWO08[10] PDF set.

2¢* is a variable close to the ratipr /M of a reconstructed pair of particles and that presents the advantagmgf b
less dependent on the momentum resolution.[9][5]
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Figure 4: Differential Z — ppu cross-sections as a function of the rapidity of the Z bosoeft:Lin the
LHCDb fiducial volume region[4]. Predictions at NNLO using/sral sets[10][11][12] for the PDF are su-
perimposed. Right: Comparison of the ATLAS cross-secti@asurement[14] with the LHCb cross-section
measurements in the dielectron and dimuon channels eltagdo the ATLAS fiducial volume[15].
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Figure 5: Left: Differential Z — ppu cross-sections as a function of tpe of the Z boson compared with
perturbative predictions at NNLOJ[13], predictions fronetpCD resummation program ResBos[17] and
PowHeg[16]+PYTHIA[3]. Right: Summary of the LHCb measumnts ofa(Z — Il) for | = e, u, T at+/s
=7 TeV[4]. The prediction from MSTWO08[10] with its uncertajrs superimposed.

Some results for the measurements of the differential W cross-sectionpdiod tdharge asym-
metry (defined asoc(W* — 17v) —a(W~ = 17v))/(c(W" —17v)+a(W~ — 17v)) obtained
with 37 pb~! of data are shown in Fig. 6. In order to provide a comparison with ATLA& an
CMS measurements, the LHCb results are corrected to match the fiducialsedt$nuthe other
experiments and a very good agreement is observed in the overlappagohpseudorapidities.
All measured totalWw >~ andZ cross-sections and ratios have been found in agreement with NLO
and NNLO predictions using different PDF sets[7].

5. Conclusion

The inclusive and differential cross-sections have been presemtéidef forward production
of Z and W bosons irpp collisions at a centre of mass energy.g§ = 7 TeV. The measured Z,
W™ and W total cross-sections, as well as ratios and lepton charge asymmetry comaktible
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Figure 6: Left: Differential W™~ — u™~v cross-sections as a function of the muprextrapolated and
compared with ATLAS[14]. Right: Lepton charge asymmetassa function of the lepton measured at
LHCb and CMS[18] at 7 TeV. The LHCb results are corrected tacmahe fiducial cuts of ATLAS and

CMS, respectively[15].

with NLO and NNLO predictions using different PDF sets. The electrovemson cross-sections
have also been measured as a function of the Z rapidity or muon pseidityrapd no significant
disagreement has been found with respect to fixed-order predictsimg different parametrisa-
tions for the PDF. In the case of the differential Z cross-section asaifumof the Z transverse
momentum, predictions using resummation or parton shower programs repribduL HCb data

better than perturbative calculations at NNLO.

The precisions of all measurements relative to the electroweak bosauctimdat LHCb are
expected to improve significantly with further data as their present systenretértainties are

mostly statistical in nature.
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