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The LHCb experiment offers a complementary phase space region to ATLAS and CMS to study

electroweak and QCD processes, thanks to the forward acceptance, with a pseudo-rapidity cov-

erage between 2 and 5, and the large bandwidth trigger at low energy threshold. For this reason

at LHCb electroweak and top measurements can provide uniqueconstraints to the Parton Dis-

tribution Functions. In these proceedings the latest measurements onW, Z and top production

performed during the LHC Run I and Run II data taking are presented.
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1. Introduction2

Precision measurement involvingW andZ bosons are important tests of perturbative QCD and3

electroweak theory, within the Standard Model (SM). Moreover, they can be used to probe Parton4

Distribution Functions (PDFs).5

LHCb is a forward spectrometer, initially designed forb andc quarks Physics [1]. Within the6

LHC experiments, LHCb alone provides precision coverage inthe forward region ofpp collisions7

corresponding to the 2≤ η ≤ 5 pseudo-rapidity range. At LHCb two different region are available8

in thex−Q2 phase space, wherex is the momentum fraction of the parton andQ2 is the transferred9

momentum: the region at lowx and highQ2 is unexplored by other experiments. The LHCb10

kinematical acceptance in comparison with other experiments is shown in fig. 1.

Figure 1: LHCb acceptance in x−Q2 phase space, in comparison with other experiments.
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2. Measurement of forward W production at
√

s = 7 and 8 TeV12

The measurement of the inclusiveW → µν production cross-section has been performed by13

LHCb using data frompp collisions at a centre-of-mass energy of 7 and 8 TeV, corresponding to14

1.0 fb−1 and 2.0 fb−1 of integrated luminosity [2].15

The signature ofW → µν consists of a high transverse momentum (pT ) muon: the fiducial16

region is defined by a muon with apT greater than 20 GeV/c and a pseudo-rapidity in the range17

2.0<η < 4.5. To reduce the background, additional requirements are applied. The muon isolation,18

defined as the scalar sum of thepT of charged particles in a cone of radiusR=
√

(∆η)2+(∆φ)2 =19

0.5 around the selected muon, has to be less than 2 GeV/c. To reduce the background from muons20

from τ decays or from heavy flavour semileptonic decays, the impactparameter with respect to the21

pp interaction vertex is required to be less than 40µm.22

The signal yield is determined by simultaneously fitting thepT spectra of positively and nega-23

tively charged muons in data [2]. The electroweak and heavy flavor fractions have been constrained24

1



P
o
S
(
D
I
S
2
0
1
6
)
0
5
0

W, Z and top production measurements at LHCb Lorenzo Sestini, on behalf of the LHCb collaboration.

to data-driven estimates and joined between the two fits. ThemeasuredW+ andW− cross sections25

as function of the muon pseudo-rapidity at 8 TeV are presented in fig. 2. The results are compared26

to predictions at NNLO in QCD with different PDF parametrizations. Generally there is a good27

agreement within the uncertainties, which are dominated bythe luminosity uncertainty.
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Figure 2: Measured W+ and W− differential cross sections as function of the muon pseudo-rapidity at 8
TeV, compared with different predictions, obtained using different PDF parametrizations[2].

28

3. Measurement of forward Z production at
√

s = 7, 8 and 13 TeV29

The cross sections ofZ → µ+µ− in the forward region at 7, 8 and 13 TeV in the centre-of-30

mass energy are based on data samples of respectively 1.0 fb−1, 2.0 fb−1 and 294 pb−1 of integrated31

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

The muons must have a pseudo-rapidity in the range 2< η < 4.5 andpT > 20 GeV/c. The33

selected samples have high purity, greater than 99 %. The lowbackground contamination is eval-34

uated using simulation and data-driven techniques. The measured cross-sections are presented in35

fig. 3, compared with theoretical predictions: these are in good agreement with data.

Figure 3: Comparison of the measured Z cross section at 8, 7 and 13TeV with a theoretical prediction.

36

4. Measurement of the W+b / c / light-jet cross-section at
√

s = 7 and 8 TeV37

The cross-section measurement of theW boson in association with a jet has been performed38
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7 TeV 8 TeV 7 TeV (exp.) 8 TeV (exp.)
σ(Wb)
σ(W j) ×102 0.66±0.13±0.13 0.78±0.08±0.16 0.74+0.17

−0.13 0.77+0.18
−0.13

σ(Wc)
σ(W j) ×102 5.80±0.44±0.75 5.62±0.28±0.73 5.02+0.80

−0.69 5.31+0.87
−0.52

A (Wb) 0.51±0.20±0.09 0.27±0.13±0.09 0.27+0.03
−0.03 0.28+0.03

−0.03

A (Wc) −0.09±0.08±0.04 −0.01±0.05±0.04 −0.15+0.02
−0.04 −0.14+0.02

−0.03

Table 1: Measured W+b and W+ c cross sections normalized to the W+jet cross section and W charge
asymmetry, compared to the Standard Model expectation. Themeasurements are reported in the first two
columns, where the first uncertainty is statistical and the second is systematic. The Standard Model expec-
tations with the theoretical uncertainty are reported in the last two columns.

by LHCb using 1 fb−1 and 2 fb−1 of integrated luminosity ofppcollisions respectively at a centre-39

of-mass energy of 7 TeV and 8 TeV [5]. TheW bosons are reconstructed in theW → µ+ν− decay,40

where the muons have apT greater than 20 GeV/cand a pseudo-rapidity in the range 2.0<η < 4.5.41

The jet must have apT greater than 10 GeV/c and must be in the range 2.2< η < 4.2.42

In the jets reconstruction, charged and neutral particles are clustered using the anti-kT al-43

gorithm with a distance parameterR= 0.5. Jets have to be isolated fromW muons, requiring44

∆R( jet,µ)> 0.5. The algorithm described in [6] is used for the identification of secondary vertices45

(SVs) consistent with the decay of a beauty or charm hadron, using tracks that belong to the jets.46

By requiring SVs inside the jet, the background originatingfrom light partons is reduced. The47

number ofb/c and light jets is extracted by fitting the distributions of two multivariate discrimi-48

nators, which exploit properties of the jet and the SVs to separate heavy from light andb from c49

respectively. The measuredW+b andW+c cross sections normalized to theW+jet cross section50

are presented in table 1, as well as theW charge asymmetry. These results are in agreement with51

theoretical predictions within the uncertainties.52

5. Observation of the quark top in the forward region53

LHCb performed the observation of the top in the forward region of pp collisions, studying54

the W + b final state [10]. This is the first step for measuring thett̄ asymmetry in the forward55

region, where it is expected to be enhanced and it is more sensitive to some models of new physics56

contributions with respect to the central region [11]. Forwardtt̄ events can also be used to constrain57

PDFs at large BjörkenxandQ2. The datasets used for this measurement correspond toppcollisions58

at 7 TeV and at 8 TeV of center-of-mass energy. TheW is identified through an isolated muon with59

transverse momentum greater than 25 GeV while the jet, identified as originated from ab quark,60

must have a transverse momentum greater than 50 GeV. In orderto measure top production,61

the number of collectedW+ b events and the muon charge asymmetry as functions of theµ + b62

transverse momentum are fitted with SM templates, as showed in fig 4. The experimental points63

are consistent with the presence of the top (red bars), with an estimated significance, obtained using64

the Wilk’s theorem, greater than 5-σ , that makes this the first top observation in the forward region.65

The measured top cross sections at 7 TeV and 8 TeV are compatible with the theoretical predictions66

within the experimental uncertainties (fig. 5).67
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Figure 4: Number of collected W+ b events and the muon charge asymmetry as functions of theµ + b
transverse momentum.

Figure 5: Comparison of the measured top cross sections at 7 and 8TeV with theoretical predictions .

6. Determination of the effective electroweak mixing angle68

The electroweak mixing angleθW is a fundamental parameter of the Standard Model elec-69

troweak lagrangian: it quantifies the relative strength between the electromagnetic and the weak70

forces. The determination of the effective electroweak mixing angle by LHCb has been performed71

by measuring the forward-backward asymmetry (AFB) in the decayZ/γ∗ → µ+µ−. The asym-72

metry is measured in the Collins-Soper frame [7]: an unfolding bayesian technique is applied to73

obtain the true asymmetry from the raw asymmetry [8]. The measured asymmetry, obtained in74

bins of dimuon invariant mass, is presented in fig. 6 for the 7 TeV and 8 TeV data sample. Aχ2
75

comparison is made between simulation samples generated with different values of sin2 θeff
W , and76

the measuredAFB as a function of the dimuon mass. Theχ2 minimum sets the favoured value of77

sin2θeff
W to be78

sin2θe f f
W = 0.23142±0.00073(stat.)±0.00052(syst.)±0.00056(th.) (6.1)

The experimental uncertainty is dominated by momentum biases originated from remaining detec-79

tor misalignment; the theoretical error is dominated by thePDFs uncertainties. This is the most80

precise determination of sin2 θeff
W at the LHC: the forward-backward asymmetry is enhanced in81

the forward region due to better knowledge of the direction of the colliding quark and anti-quark,82

consequently giving LHCb greater sensitivity to sin2θeff
W than ATLAS and CMS.83

7. Conclusions84

The latest measurements performed by LHCb includingW andZ bosons have been presented:85
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Figure 6: Measured asymmetry and theoretical prediction in bins of dimuon invariant mass, for the 7TeV
and the 8TeV dataset.

they are competitive and complementary with the corresponding measurements of the other LHC86

experiments. The measuredW andZ cross sections can provide constraints to PDFs in a unique87

kinematical region. Thanks to its forward acceptance, LHCbperformed the most precise measure-88

ment at LHC of the effective electroweak mixing angle. Moreover the first observation of the top89

quark in the forward region was made.90
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