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Motivation

The LHCb is measuring the production of W and Z bosons in
the forward direction. The production of electroweak bosons in
the LHCb acceptance implies an asymmetry between the
fractional momenta, x1,2, of the two partons taking part in the
hard scatter.
This allows to test x to very low (smaller than O(10�4)) as
well as very high (larger than O(10�1)) values. These
measurements thus serve as important inputs to the
determination of parton density function sets.
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There are several nPDFs at next-to-leading order (NLO) available. The latest ones are EPS09 [67],
HKN07 [87], DSSZ [60] and nCTEQ [91, 92, 109]. These sets di�er by the baseline free proton PDF
(CTEQ6 set or MSTW08 and its predecessors). The data used in the PDF fits are from deep inelastic
scattering (DIS) of lepton or proton and nuclei, in particular deuteron. Also neutrino-nuclei DIS as
well as deuteron-gold scattering at the Relativistic Heavy Ion Collider serve in some sets as input data.
Table 9.1 summarizes the status of the di�erent nPDF sets.
The nuclear modification factor RA

a (x, Q2 ) shows – independently on the actual nPDF set – the same

Table 9.1: Summary of nuclear PDF properties and data included in the PDF fits (adapted from Refs [91]
and [101])

Property nCTEQ DSSZ HKN07 EPS09

Neutral current DIS � + A/� + d � � � �
Drell-Yan DIS p + A/p + d � � � �
RHIC �0 d + Au/p + p � �
�-A DIS �
Q2 cut in DIS 4 GeV2 1.69 GeV2 1 GeV2 4 GeV2

Basline free proton PDF CTEQ6M MSTW08 MRST98 CTEQ6.1
Heavy quark treatmenta GM-VFNS GM-VFNS ZM-VFNS ZM-VFNS
a ZM-VFNS: Zero Mass - Variable Flavour Number Scheme considers also c and b quarks as massless while the number
of light quark flavours increases with scale if µF > mb,c

GM-VFNS: General Mass - Variable Flavour Number Scheme considers the quarks as massive at low energy, but coincides
with the ZM-VFNS at high scale for µF � mb. So it can be considered as a merging of ZM-VFNS and a Fixed Flavour
Number Scheme (FFNS) where the later has the problem of treating only light quarks (u, d, s) and gluons as constituents
of the proton.

features as a function of x (cf. Fig. 9.1): At small-x values R is lower than 1 (Shadowing). This e�ect can
be interpreted as quantum-mechanical interference between scattering amplitudes with di�erent number
of nucleon interactions [76, 82,89].
R is negative also for x values between about 0.4 and 0.8 which corresponds to the EMC-e�ect. This e�ect
has been first observed in DIS of muons on iron and deuteron nuclei by the European Muon Collaboration
and is still yet not understood [25,119].
At x values close to one R is above one as a result of the Fermi motion, so the quantum mechanical
motion of nucleons inside their nucleus.
Between the regimes of Shadowing and EMC-e�ect there is interval in x (x � 0.1) where R is also positive.
This e�ect is called Anti-Shadowing. It is not associated to any particular dynamical e�ect, but rather
to the sum rule of the PDF [42]. Figure 9.1 also reveals to other features about nPDFs: First they are
very poorly constrained especially at small-x values due to the existing data. Therefore measurements
on QCD processes in the forward direction as they can be done at LHCb would serve as input for nPDFs
fits at small-x values, similar to the impact of the corresponding measurements with pp data in LHCb.
As LHCb is able to measure Z production up to a rapidity y of about 4.5 in the lab frame, there is a
sensitivity in x down to

Impact Parameter
The nPDFs describe the fractional momenta xA of the di�erent parton types inside the protons and

the neutrons of nuclei. Due to the nuclear e�ects the nPDFs can have significant deviations from the
corresponding bare parton distribution functions (PDF) of the proton, which can be seen in Fig. ??.
So far the available experimental data to determine nPDFs come from nuclear Deep Inelastic Scattering
(DIS). This sample contains in the perturbative region (energy scale of the scatter Q2 > 1 GeV2 ) only
data for xA > 0.01.
The most recent nPDF sets obtained from global fits at NLO to the available data are HKN07 [?],
EPS09 [67], nDS [?] and CT

�
spNsNN  = 5 TeV

Z production
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x-Q2 regions accessible to different experiments in pp (left) and pPb (right) collisions.

Forward refers to the direction of the proton, backward to the direction of the lead beam.

Inclusive Z Production

LHCb has measured the inclusive Z production cross section
in the di-muon, the di-electron and the di-tau (tµtµ, tµt

e

,
tµt

h

, t
e

t
h

) final state for a centre-of-mass energy of 7 TeV.
The fiducial region of the measurements is defined by the cuts
2.0 < h` < 4.5, pT(`) > 20 GeV/c and
60 < m`` < 120 GeV/c2, which also define the Z candidates
in the other measurements presented here.
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Summary of the measured inclusive Z cross sections in the di-muon, di-electron and di-tau

channel compared with a prediction at next-to-next-to-leading order

Z + Jet Production [JHEP01 (2014) 033]

Jet production associating a Z boson in the forward direction
is sensitive to parton radiation and allows to test different
showering models.
The jets are reconstructed by the anti-kT algorithm with a cone
size of R = 0.5.
The main systematic uncertainties come from the jet energy
scale and the jet reconstruction efficiency.
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Complementarity to other LHC Experiments

LHCb covers a phase space (2.0 < y < 4.5) complementary
to ATLAS and CMS (|y | < 2.5) leading to an enlarged rapidity
range from 0 < |y | < 4.5 tested by the LHC experiments.
The measured cross sections in the overlap regions are in
good agreement between the experiments.
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Differential cross section measurements by LHCb of (left) Z production compared with ATLAS
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Z and D Meson Production [JHEP04 (2014) 091]

LHCb has made the first observation of Z+D production with
the D mesons reconstructed in the D

0 ! K

�p+ and
D

+ ! K

�p+p+ decay channels (2.0 < h
D

< 4.5,
2 < pT(D) < 12 GeV/c). This measurement tests the charm
content of the proton and models describing Double Parton
Scattering.
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Z Production in Proton-Lead Collisions [arXiv:1406.2885]

Based on a data sample of 1.6 nb�1 of proton-lead collisions
LHCb measured for the first time the inclusive Z production
cross section in the di-muon channel at

p
s

NN

= 5 TeV.
Separate measurements in the direction of the proton beam
(forward) and lead beam (backward) have been done, which
are in agreement with predictions.
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