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Z production in pPb collisions at LHCb
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This article presents results of the Z boson production in the proton-lead collisions at √BNN =

5.02 TeV and √BNN = 8.16 TeV collected in 2013 and 2016, respectively, by the LHCb detector
at the LHC in forward and backward rapidity. The great precision of the 2016 data are found
compatible with nPDFs theoretical predictions within large theoretical uncertainties, and can be
useful to constraint new predictions.
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The properties of W/Z bosons have been extensively studied at electron-positron and hadron
colliders. The production cross-sections of W/Z bosons at hadron colliders can be well described
by perturbative Quantum Chromodynamics (pQCD) at next-to-next-to-leading order (NNLO), and
the radiative corrections and the input electroweak parameters are also precisely known. The
measurements of their production cross-sections in proton-proton (pp) collisions can be used to
constrain the initial conditions such as the Parton Distribution Functions (PDFs) of the proton [1, 2].

In the same respect, the production of the W/Z bosons can also precisely probe of the nuclear
PDFs, especially the that of heavy quarks and gluon, which are currently less precisely con-
strained [3]. In proton-ion and ion-ion collisions, the PDFs of nucleons confined in nuclei are found
to be different with respect to those of free nucleons, which are called nuclear PDFs (nPDFs) [4–8].
The differences between nPDFs and PDFs are often referred as nuclear modifications, which are
understood as a reflection of the various initial state nuclear matter effects on the free nucleons.
These effects include the nuclear shadowing [9] appearing as a suppression for Bjorken-G (G in the
following, the fraction of a nucleon momentum carried by a parton) below 0.05 , the anti-shadowing
effect [10, 11] raising the PDFs for G around 0.1 , the EMC effect [12] suppressing the PDFs around
0.3 < G < 0.7 , and the fermi motion effect modifies the region for G around 1. The nPDFs are
crucial for the studies of the Quark Gluon Plasma (QGP) in the ion-ion collisions, in order to
disentangle cold and hot nuclear matter effects.

Moreover, since the W/Z bosons and their leptonic decay products do not participate strong
interactions, they inherit perfectively the initial conditions without being modified by the hadronic
medium in the intermediate and final states. Therefore, they can be used to better differentiate
between properties of the initial- and final-state effects, and the proton-ion collisions provide an
ideal environment to study the initial-state nuclear matter effects, hence to constrain the nPDFs.

In this article, we present results of the Z boson production in the proton-lead collisions [13,
14] at the LHC using data collected during 2013 and 2016 by the LHCb detector. The LHCb
detector [15, 16] is a fully instrumented single-arm spectrometer in the forward region covering a
pseudorapidity acceptance of 2 < [ < 5, providing a high tracking momentum resolution down to
very low transverse momentum (?T) and precise vertex reconstruction capability. The proton-lead
datasets with their recorded integrated luminosities are given in Table 1.

2013 2016
√
BNN 5.02 TeV 8.16 TeV

pPb Pbp pPb Pbp
L 1.1 nb−1 0.5 nb−1 13.6 nb−1 20.8 nb−1

Table 1: Summary of the LHCb pPb datasets and the recorded integrated luminosities.

The Z boson production cross-sections in the dimuon decay channel aremeasured in the fiducial
volume in both the forward (pPb) and backward (Pbp) collision configurations [13, 14] based on
the following equation: fZ→`+`− = [Ncand · d] /[L · n], where fZ→`+`− is the production cross-
section to be measured, Ncand is the number of Z → `+`− candidates passing signal selection,
d is the signal purity of the selected Z candidates, L is the integrated luminosity, and n is the
total efficiency including trigger, reconstruction and selection efficiencies. The fiducial volume is
defined as 60 < <`+`− < 120GeV, 2.0 < [`± < 4.5, and ?`

±

T > 20GeV. The purity is measured
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using data-driven methods, and the efficiencies are estimated using Monte-Carlo (MC) samples
together with tag-and-probe data driven corrections.

The invariant mass distributions of selected signal candidates are shown in Fig. 1 for datasets
taken in 2016 at √BNN = 8.16TeV.
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Figure 1: (color online) The dimuon invariant mass distributions after the offline selection for pPb (a) and
Pbp (b) configurations, using datasets taken in 2016 at √BNN = 8.16TeV. The red line shows the distributions
from simulation generated using PYTHIA 8 [17] with CTEQ6L1 [18] PDF set, normalised to the number of
observed candidates.
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Figure 3. Experimental results and the theoretical predictions for the Z → µ+µ− production cross-

section. The inner error bars of the experimental results show the systematic uncertainties. The

uncertainties on the theoretical predictions are negligible compared to those on the experimental

results.

where β is the correction factor for the difference in the detector acceptance of the muons

between the forward and backward directions. It is evaluated using NNLO Fewz calcula-

tions to be β = 2.419+0.127
−0.000(theo.)± 0.008(num.)+0.009

−0.010(PDF), where the first uncertainty is

from the variation of the renormalisation and factorisation scale, the second the numerical

and the last the uncertainty from the PDF uncertainties. The scale variation always leads

to an enhancement of β.

The numbers of candidates in the common y range are 2 in the forward and 4 in the

backward samples. The measured value for RFB is

RFB(2.5 < |y| < 4.0) = 0.094+0.104
−0.062(stat.)+0.004

−0.007(syst.),

where the first uncertainty is statistical, defined as the 68% confidence interval with sym-

metric coverage. The 99.7 % (i.e. 3σ) confidence interval with symmetric coverage is

[0.002, 1.626] whereas the asymmetry of the interval around the central value is due to

non-Gaussian statistical uncertainties. The second uncertainty is systematic and includes

also the uncertainty on the acceptance correction factor β. The systematic uncertainties

between the forward and the backward directions on the purity and the reconstruction, se-

lection, trigger and muon-identification efficiency are assumed to be fully correlated. The

probability to observe a value of RFB no larger than that measured, assuming no nuclear

modifications (i.e. the true value is RFB = 1), is 1.2 %. This corresponds to a deviation

with a 2.2σ significance. The probability is estimated with a toy Monte Carlo assuming

Poissonian distributions for the number of candidates.
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Figure 2: (color online) Measured fiducial cross-sections of Z production and theoretical calculations
using various PDF sets with or without nuclear modification. Figure (a) is for dataset taken in 2013 at√
BNN = 5.02TeV and figure (b) is for dataset taken in 2016 at √BNN = 8.16TeV.

The resulting fiducial cross-sections for centre-of-mass energies at √BNN = 5.02 TeV and
8.16 TeV [13, 14] are shown in Fig. 2 (a) and (b), respectively. The results are compared with
theoretical calculations using FEWZ [19, 20] with MSTW08 [21] free nucleon PDF together with
EPS09 (NLO) [22] nPDF for dataset at 5.02 TeV, and with NNPDF 3.1 [23] free nucleon PDF
together EPPS16 (NLO) [4] and nCTEQ15 (NLO) [3, 24] nPDFs for dataset at 8.16 TeV. The
measured cross-section central value is higher than the nPDFs predicted values but in agreement
with the theoretical prediction statistically. The results are also compared with previous 5.02 TeV
results from LHCb [13], ATLAS [25], CMS [26], and ALICE [27], as shown in Fig. 3. The new
LHCb 8.16 TeV results are compatible with previous 5.02 TeV results, but with about 20 times
higher statistics. The great precision of these measurements at forward and backward rapidities are
able to provide strong constraint, specially at backward rapidity.

The ratio of the Z boson production cross-sections for forward and backward configurations
('FB), is particularly sensitive to cold nuclear effects. 'FB is measured in the common rapid-
ity region (2.5 < |H∗ | < 4.0) in the centre-of-mass frame of the produced Z boson using 2016
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Figure 3: (color online) Comparison of LHCb 8.16 TeV results with previous 5.02 TeV results from ATLAS,
CMS, ALICE, and LHCb. The uncertainties on the data over theory ratios include only the experimental
statistical and systematic uncertainties; the PDF uncertainties are shown separately on the line at one by the
grey band. The central values of the LHCb and ALICE results at 5.02 TeV are shifted to left and right by 0.1
units in rapidity, respectively, for better visibility.

dataset [14] as '2.5< |H∗ |<4.0
FB = 1.28 ± 0.14(stat) ± 0.14(syst) ± 0.05(lumi), which is compati-

ble with theoretical calculations using FEWZ with the following nPDFs: '2.5< |H∗ |<4.0
FB,NNPDF3.1+EPPS16 =

1.45 ± 0.10(theo.) ± 0.01(num.) ± 0.27(nPDF), and '2.5< |H∗ |<4.0
FB,NNPDF3.1+nCTEQ15 = 1.44 ± 0.10(theo.) ±

0.01(num.) ± 0.20(nPDF), where, the uncertainty “num.” is from the numerical precision.
In summary, LHCb provides an excellent opportunity to probe the cold nuclear matter effects

in the very forward region using Z boson production. Results of pPb collisions at 5.02 TeV and
8.16 TeV results are presented, which are compatible with theoretical predictions involving nPDFs,
where the 8.16 TeV results give the highest precision in the forward region at LHC, thus can be
useful in constraining the current nPDFs.
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