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1. Introduction

LHCb is one of the four primary detectors of the Large Hadron Collider (LHC) project at CERN
(Geneva, Switzerland). LHCb is a single-arm forward spectrometer with a unique coverage in terms
of pseudo-rapidity, η , with a fully instrumented detector: 2 < η < 5. While originally designed to
study the production and decay of b and c hadrons, LHCb has extended its physics programme to
also include other areas such as EW and top physics. Notable features of LHCb include precise
integrated luminosity determination and an excellent secondary vertex reconstruction, lifetime and
momentum resolution [1].

During Run 1 of LHC, LHCb recorded proton-proton collision data at centre of mass energies
of
√

s = 7 TeV (2010 and 2011) and 8 TeV (2012). To optimise the performances for b−physics,
LHCb runs with lower instantaneous luminosity than ATLAS and CMS, with the advantage of
having stable conditions during a fill (thanks to the luminosity levelling) and low pile-up. LHCb
recorded 1 fb−1 in 2011 and 2 fb−1 in 2012.

2. Forward-backward asymmetry in Z→µ+µ−

The electroweak mixing angle θW is a fundamental parameter of the Standard Model (SM)
electroweak lagrangian, providing a relationship between the masses of the W and Z bosons. In the
SM, the coupling of the Z boson to fermions depends only on this angle. LHCb has determined the
closely related effective angle [2], θ eff

W , by measuring the forward-backward asymmetry (AFB) in the
decay Z/γ∗→ µ+µ−. This asymmetry is measured in the Collins-Soper frame [3] and an unfolding
bayesian technique is applied to remove detector effects [4]. This includes correcting mainly for
the efficiency of trigger, track reconstruction and potential detector mis-alignments. The measured
asymmetry, obtained in bins of dimuon invariant mass, can be found in Fig. 1 for the 7 TeV and 8
TeV data samples.

In order to measure θ eff
W , a χ2 comparison is made between AFB predictions as a function of the

di-muon mass for different values of sin2(θ eff
W ). The χ2 minimum sets the favoured value of

sin2(θ eff
W ) = 0.23142±0.00073 (stat.)±0.00052 (syst.)±0.00056 (th.)

where the experimental uncertainty is dominated by momentum biases originating from residual
detector misalignment and the theoretical error is dominated by the parton distribution function
(PDF) uncertainties. Fig. 2 shows the χ2 obtained for different sin2(θ eff

W ) hypotheses and compares
the LHCb measurement to those from other experiments. The LHCb result is the most precise
determination of sin2(θ eff

W ) at the LHC. The reason for this is the fact that the forward-backward
asymmetry is enhanced in the forward region due to a better knowledge of the direction of the
colliding quark and anti-quark, consequently giving LHCb greater sensitivity to sin2(θ eff

W ) than
ATLAS and CMS.

3. Inclusive top production cross section

The measurement of the top production cross section in the forward direction can be used to
constrain the gluon PDF at large momentum fraction [5]. The first top measurement at LHCb [6]
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Figure 1: AFB as a function of the di-muon mass, as measured by LHCb [2]. The left plot shows
the measurement using the LHCb data taken at

√
s = 7 TeV, while the right one uses data taken at√

s = 8 TeV. The SM prediction is also shown.
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Figure 2: sin2(θ eff
W ) measurements. Left, χ2 showing the compatibility of LHCb data and different

sin2(θ eff
W ) hypotheses [2]. Right, comparison of sin2(θ eff

W ) as measured by different experiments.
The LHCb result is the most precise at the LHC.

has been performed in the W +b final state, selecting events containing a high pT isolated muon
and a b jet. Jets are reconstructed using a particle flow algorithm [7] and clustered using the anti-kT

algorithm [8] with ∆R = 0.5, with the b tagging of the jets achieved using the method described
in [9].

The transverse component of the sum of the reconstructed b and muon momenta, pT(µ +b)
can be used to discriminate between top and direct W +b production, which is the main background
for this search. Additional discrimination can be achieved using the charge asymmetry of the muons.
Fig. 3 shows the number of candidates measured as a function of pT(µ + b) and the expected
SM contribution from W + b and top production. Top production is observed with a statistical
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significance of 5.4σ and the measured cross sections at
√

s = 7 TeV and 8 TeV

σ(top)[7 TeV] = 239±53 (stat.)±33 (syst.)±24 (th.) fb

σ(top)[8 TeV] = 289±43 (stat.)±40 (syst.)±29 (th.) fb

are compatible with the theoretical predictions within the experimental uncertainties. It should be
mentioned that the W +b and W + c production cross sections were also measured by LHCb using
the same dataset [10].
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Figure 3: Number of candidates measured in LHCb
√

s = 8 TeV data as a function of pT(µ +b)
in [6]. The expected SM contribution from W +b and top production is also shown. Top production
is observed with a statistical significance of 5.4σ .

4. W+bb, W+cc and tt production cross sections

LHCb has measured the W++bb, W++cc, W−+bb, W−+cc and tt production cross sections
using a sample of pp collisions taken at

√
s = 8 TeV including a high-pT lepton (electron or muon)

and two heavy flavour (b or c) tagged jets [11]. The study of W+cc is the first of its kind.
In this analysis, jets are reconstructed as described in Sect. 3 and those coming from heavy

quarks tagged using the method from [9]. The main backgrounds in this search are Z+bb and Z+cc,
single top and multi-jet QCD production. In order to extract the different signal components, a
simultaneous 4-D fit is performed to the µ+, µ−, e+ and e− samples. The four variables used in the
fit are the dijet mass, a MVA-response to discriminate tt from W+bb and W+cc events (referred
to as UGB, trained to be as uncorrelated as possible to the di-jet mass with the method described
in [12]) and BDT(b|c), a variable that separates b and c jets, also described in [9], used for both jets.
Furthemore, in the fit only the signal components are floating, while the background is fixed to the
SM theory expectations, with the exception of the QCD multi-jet background, which is extrapolated
from a control sample in data. As an example, Fig. 4 shows the projections of this fit in the µ+

sample.
This analysis allows to observe the production of W++bb, W++cc, W−+bb, W−+cc and tt

with statistical significances of 7.1σ , 4.7σ , 5.6σ , 2.5σ and 4.9σ respectively. The cross sections
measured in the LHCb fiducial region and the Next-to-Leading-Order (NLO) theory predictions can
be found in Fig. 5.
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This same dataset allows to perform the search for the SM Higgs boson decaying to a pair of
bb or cc quarks and produced in association with a W or Z boson in LHCb. Details can be found
in [13].
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Figure 4: Example of the fit used to extract the production cross sections in [11]. Projections of the
simultaneous 4D-fit results are shown for the µ+ sample corresponding to: a) the dijet mass; b) the
UGB response; the BDT(b|c) of the c) leading and d) sub-leading jets.

5. Conclusions

Even though initially designed to measure flavour physics, LHCb now acts as a general purpose
detector in the forward direction. Examples of this have been shown in terms of results in topics
such as the measurement of sin2(θ eff

W ), W+bb, W+cc and different top production cross sections.
The Run 2 of the LHC will extend the possibilities of LHCb beyond flavour physics. As a significant
example of this, a factor of 20 increase in the top yield at the end of Run 2 is expected.
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