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The LHCDb experiment offers a complementary phase spacerrégiATLAS and CMS to study
electroweak and QCD processes, thanks to the forward asuEptwith a pseudo-rapidity cov-
erage between 2 and 5, and the large bandwidth trigger atdengg threshold. For this reason
at LHCb electroweak and top measurements can provide umigugtraints to the Parton Dis-
tribution Functions. In these proceedings the latest nreasents orW, Z and top production
performed during the LHC Run | and Run |l data taking are presg
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1. Introduction

Precision measurement involvillg andZ bosons are important tests of perturbative QCD and
electroweak theory, within the Standard Model (SM). Morpthey can be used to probe Parton
Distribution Functions (PDFs).

LHCb is a forward spectrometer, initially designed oandc quarks Physics [1]. Within the
LHC experiments, LHCb alone provides precision coveragherforward region opp collisions
corresponding to the 2 n <5 pseudo-rapidity range. At LHCb two different region araikable
in thex— Q? phase space, whexds the momentum fraction of the parton a@dis the transferred
momentum: the region at low and highQ? is unexplored by other experiments. The LHCb
kinematical acceptance in comparison with other experimisrshown in fig. 1.
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Figure1: LHCb acceptance in x Q? phase space, in comparison with other experiments.

2. Measurement of forward W production at \/s=7 and 8 TeV

The measurement of the inclusiVé — uv production cross-section has been performed by
LHCb using data fronpp collisions at a centre-of-mass energy of 7 and 8 TeV, coomdipg to
1.0 fo~t and 2.0 fb'! of integrated luminosity [2].

The signature ofV — v consists of a high transverse momentupq)(muon: the fiducial
region is defined by a muon with@y greater than 20 GeXt and a pseudo-rapidity in the range
2.0< n < 4.5. Toreduce the background, additional requirements gokealp The muon isolation,
defined as the scalar sum of the of charged particles in a cone of radiRs= \/(An)2 + (A@)2 =
0.5 around the selected muon, has to be less than 2/GéW reduce the background from muons
from t decays or from heavy flavour semileptonic decays, the impaetmeter with respect to the
ppinteraction vertex is required to be less than.4®.

The signal yield is determined by simultaneously fitting phespectra of positively and nega-
tively charged muons in data [2]. The electroweak and heawpflfractions have been constrained
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25 to data-driven estimates and joined between the two fits.nTémsuredV" andW ™ cross sections

26 as function of the muon pseudo-rapidity at 8 TeV are preseintéig. 2. The results are compared

27 to predictions at NNLO in QCD with different PDF paramettinas. Generally there is a good
agreement within the uncertainties, which are dominatethéyuminosity uncertainty.
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Figure 2. Measured W and W~ differential cross sections as function of the muon pseagddity at 8
TeV, compared with different predictions, obtained usingedéht PDF parametrizations[2].

28

2 3. Measurement of forward Z production at \/s=7, 8and 13 TeV

30 The cross sections & — u*u~ in the forward region at 7, 8 and 13 TeV in the centre-of-

a1 mass energy are based on data samples of respectively 1,@f0 fb* and 294 pb? of integrated

32 luminosity [3] [2] [4].

33 The muons must have a pseudo-rapidity in the rangerg< 4.5 andpr > 20 GeV/c. The

4 selected samples have high purity, greater than 99 %. Thédokground contamination is eval-

35 Uated using simulation and data-driven techniques. Thesuned cross-sections are presented in
fig. 3, compared with theoretical predictions: these areoimdgagreement with data.
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Figure 3: Comparison of the measured Z cross section at 8, 7 antel3with a theoretical prediction.
36
a7 4. Measurement of theW + b/ c/light-jet cross-section at \/s=7 and 8 TeV

38 The cross-section measurement of Widoson in association with a jet has been performed
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7 TeV 8 TeV 7 TeV (exp.) 8 TeV (exp.)
‘;E"Vz?i x 10?7 066+0.13+013 078+008+016 0747017 077918
x10? 58040444075 562+028+073 502728 5.317087

ag(W¢)

o(WJ)
/(Wb 0514+0.20+£0.09 027+£0.13+0.09 027705 0.28"593
#/(W¢  —0.09+0.08+0.04 -0.01+0.05+004 —0.1570%2 —0.14"3%2

Table 1: Measured W4+ b and W+ ¢ cross sections normalized to the W +jet cross section andsvge
asymmetry, compared to the Standard Model expectation.méasurements are reported in the first two
columns, where the first uncertainty is statistical and theond is systematic. The Standard Model expec-
tations with the theoretical uncertainty are reported i fast two columns.

by LHCb using 1 fb't and 2 fbo of integrated luminosity op p collisions respectively at a centre-
of-mass energy of 7 TeV and 8 TeV [5]. TWébosons are reconstructed in the— p™ v~ decay,
where the muons havepg greater than 20 GeXt and a pseudo-rapidity in the rang®2 n < 4.5.
The jet must have ar greater than 10 GeXt and must be in the range2< n < 4.2.

In the jets reconstruction, charged and neutral particteschustered using the arki- al-
gorithm with a distance paramet&= 0.5. Jets have to be isolated frod muons, requiring
AR(jet, u) > 0.5. The algorithm described in [6] is used for the identificatof secondary vertices
(SVs) consistent with the decay of a beauty or charm hadmsinguracks that belong to the jets.
By requiring SVs inside the jet, the background originatfrgm light partons is reduced. The
number ofb/c and light jets is extracted by fitting the distributions ofotwmultivariate discrimi-
nators, which exploit properties of the jet and the SVs tasse heavy from light andd from ¢
respectively. The measur&d+ b andW + c cross sections normalized to thétjet cross section
are presented in table 1, as well as ¥Mecharge asymmetry. These results are in agreement with
theoretical predictions within the uncertainties.

5. Observation of the quark top in the forward region

LHCb performed the observation of the top in the forward eagef pp collisions, studying
the W + b final state [10]. This is the first step for measuring th@symmetry in the forward
region, where it is expected to be enhanced and it is morétiserts some models of new physics
contributions with respect to the central region [11]. Fawit events can also be used to constrain
PDFs at large BjérkerandQ?. The datasets used for this measurement correspgmpldollisions
at 7 TeV and at 8 TeV of center-of-mass energy. This identified through an isolated muon with
transverse momentum greater than 25 GeV while the jet, iftehtas originated from & quark,
must have a transverse momentum greater than 50 GeV. In twdaeasure top production,
the number of collectew + b events and the muon charge asymmetry as functions gf thé
transverse momentum are fitted with SM templates, as shawéd 4. The experimental points
are consistent with the presence of the top (red bars), wigstimated significance, obtained using
the Wilk's theorem, greater thand:that makes this the first top observation in the forwardaegi
The measured top cross sections at 7 TeV and 8 TeV are cotepatib the theoretical predictions
within the experimental uncertainties (fig. 5).
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Figure 4: Number of collected W- b events and the muon charge asymmetry as functions gi thb
transverse momentum.
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Figure5: Comparison of the measured top cross sections at 7 areV8with theoretical predictions .

6. Determination of the effective electroweak mixing angle

The electroweak mixing angl8y is a fundamental parameter of the Standard Model elec-
troweak lagrangian: it quantifies the relative strengtiwisen the electromagnetic and the weak
forces. The determination of the effective electroweakingangle by LHCb has been performed
by measuring the forward-backward asymmetyg) in the decayZ/y* — u*tu~—. The asym-
metry is measured in the Collins-Soper frame [7]: an unfa@dbayesian technique is applied to
obtain the true asymmetry from the raw asymmetry [8]. Thesueal asymmetry, obtained in
bins of dimuon invariant mass, is presented in fig. 6 for theV @&nd 8 TeV data sample. 2
comparison is made between simulation samples generathdlifferent values of si?]é\?\,ﬁ, and
the measuredqg as a function of the dimuon mass. Tké minimum sets the favoured value of

sir? 881" to be
sirfgS " = 0.23142+ 0.00073 stat ) - 0.00052 syst) -+ 0.00056 th. ) (6.1)

The experimental uncertainty is dominated by momentunekiasiginated from remaining detec-
tor misalignment; the theoretical error is dominated by RfiE-s uncertainties. This is the most
precise determination of s%mﬁ,ff at the LHC: the forward-backward asymmetry is enhanced in
the forward region due to better knowledge of the directibthe colliding quark and anti-quark,
consequently giving LHCb greater sensitivity to?sﬁﬁ,ff than ATLAS and CMS.

7. Conclusions

The latest measurements performed by LHCDb inclufihgndZ bosons have been presented:
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Figure 6: Measured asymmetry and theoretical prediction in bins ofudin invariant mass, for theTeV
and the 8TeV dataset.

they are competitive and complementary with the corresipgnoheasurements of the other LHC
experiments. The measur#d andZ cross sections can provide constraints to PDFs in a unique
kinematical region. Thanks to its forward acceptance, Lip€tiormed the most precise measure-
ment at LHC of the effective electroweak mixing angle. Mat@othe first observation of the top
quark in the forward region was made.
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