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Z production in pPb collisions at LHCb
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The nuclear matter effects
❖ Ultra-relativistic heavy ion collisions can help us to:

❖ Explore phase diagram of nuclear matter 
❖ Large systems (AA): 

❖ Study QCD matter under extreme conditions (hot nuclear 
matter effects)

❖ E.g. formation of Quark Gluon Plasma (QGP) at high 
temperature and/or energy density. 

❖ Small systems (pp, pA, ..): 

❖ Nucleon structure, intrinsic charm, reflected in the nuclear 
modifications (cold nuclear matter effects)

❖ also QGP?

❖ Many other things: QED at extreme field strengths, 
diffractive processes... 
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❖ Space-time evolution of the collision
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Soft probes, hard probes, EW probes
❖ Soft probes:
❖ study the QGP medium itself: global characteristics such 

as multiplicities, correlations, azimuthal asymmetries, etc..
❖ Hard and electroweak probes:
❖ using hard scatterings (pQCD controlled) created before 

the QGP medium formation, which propagated through 
the medium, to “probe” (study) the nuclear matter effects 
of the medium.   

❖ Heavy flavor hadrons, quarkonium, jets, etc., interact with 
QGP medium, 

❖ photon and W/Z bosons, decay before QGP formation, 
leptonic final states w/o impact by the medium  
==> reference for hard probes.
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Z boson production in pPb
❖ Electroweak bosons are unmodified by the hot and 

dense medium created in heavy ion collisions, 
❖ Their leptonic decays pass through the medium 

without being affected by the strong interaction. 
❖ Therefore, electroweak boson productions well 

“conserved” the initial conditions of the collisions, 
can be:
❖ used to probe (cold) nuclear effects and constraint 

nPDFs for Bjorken-x from ~10-4 to 1 at Q2 ~ 104 GeV2

❖ and can be used as a calibration of the nuclear 
modification of other processes such as heavy quark 
production
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W/Z production
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LHCb provides unique datasets for Heavy Ion 
physics studies.

5Event display from the proton-lead collisions in 2016
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The LHCb detector is special
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Vertex Detector
reconstruct vertices
decay time resolution: 45 fs
Impact Parameter 
resolution: 20 μm

RICH detectors 
K/π/p separation 
ε(K→K) ~ 95 %, 
mis-ID ε(π→K) ~ 5 % 

Dipole Magnet 
bending power: 4 Tm 

Calorimeters 
energy measurement  
e/γ identification  
∆E/E = 1 % ⨁10 %/√E (GeV) 

Muon system 
μ identification 
ε(μ→μ) ~ 97 %, 
mis-ID ε(π→μ) ~ 1-3 % 

Tracking system 
momentum resolution 
∆p/p = 0.5%–1.0% 
(5 GeV/c – 100 GeV/c) 

20m

12
m

[ JINST 3 (2008) S08005 ]  
[ IJMPA 30 (2015) 1530022 ] 

❖ LHCb is the only dedicated 
detector (at LHC) fully 
instrumented in forward 
region

❖ Unique kinematic coverage

❖ A high precision device, 
down to very low-pT, 
excellent particle ID, 
precision vertex 
reconstruction and tracking.

2 < η < 5
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LHCb running modes and kinematic coverage
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Figure 1. Ion physics running modes and kinematic coverage of LHCb

based on information from the calorimeter and muon systems, followed by a software stage, which
applies a full event reconstruction.
Figure 1 (left) shows the heavy-ion operation modes of the LHCb experiment. With colliding beams,
p-Pb and Pb-Pb collisions can be studied at nucleon-nucleon centre-of-mass energies in the multi-TeV
regime. In addition, the LHCb SMOG system (System for Measuring Overlap with Gas) [6] allows
to inject small amounts of gas into the beam vacuum. Initially designed for luminosity determination
based on beam-profile measurements by means of beam-gas interactions [7], the SMOG system enables
in addition the study of fixed target interactions with p-A and Pb-A collision at nucleon-nucleon centre-
of-mass energies of O(102)GeV. The possibility of doing fixed target physics was first demonstrated
by recording p-Ne collisions in parallell to a test of the SMOG system during in the 2012 p-Pb pilot
run [8], showing that LHCb is able to span the physics from SPS and RHIC energies to the LHC in
a single experiment. The phase space where particle production measurements can be performed is
sketched in Fig. 1 (right). For symmetric configurations the detector has forward coverage between 2
and 5 units in rapidity for all centre-of-mass energies. In fixed target mode, with the forward direction
defined by the beam particle, the coverage is central to slightly backward, depending on the beam
energy and type of projectile. For p-Pb collisions, depending on the orientations of the beams, both
the forward and the backward hemisphere can be probed.

3. Proton-lead collisions

Analyses of p-Pb collisions performed to date by the LHCb collaboration cover quarkonium production
[9–11], Z-boson production [12], D0 production [13] and the study of long-range near-side correlations
in high multiplicity events [14].
Because of space limitations, the following focuses on charm production measurements in p-Pb
collisions, where J/ and  (2S) mesons are reconstructed via decays into two muon final states. Here
the excellent performance of the LHCb vertex detector allows to disentangle prompt from secondary
production via b meson decays by means of the so-called pseudo proper-time tz = Lzm/pz, where
Lz is the distance between primary vertex and secondary vertex along the beam direction z, pz is
the momentum component of the charmonium candidate along z and m the known mass of the
charmonium state. Figure 2 illustrates how prompt and delayed components are disentangled [9].
Signal and background are separated by means of the invariant mass. The sPlot technique [19] is
used to determine the lifetime distribution of the background, which is then fixed in the fit to the tz

distribution that determines the prompt and delayed components.
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Kinematic Acceptance
LHCb running modes and phase space coverage
q LHCb can operate in parralel collider mode or fixed target mode

Collider mode

Fixed target mode

p

p

Pb Pb Pb

Pb
Gas 

(He,Ne, Ar…) Gas (Ne, Ar)

sNN =110 GeV sNN = 69 GeV

sNN = 5.0 TeVsNN = 8.2 TeV
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q Kinematic acceptance pp and p-Gas
pPb and Pbp
PbPb and Pb-Gas

Collider mode: forward/backward coverage
Fixed target mode: Central and backward coverage

Energy between SPS and RHIC

Bridge the gap from SPS to LHC with a 
single experiment

Collider Mode

Fixed-target Mode
(SMOG)

Both the collider mode and fixed-target mode 
running at the same time:

Z
Ldt ⇠ 5nb�1 ⇥ (protons on target)

1022
(1)

⇥ pgas
2⇥ 10�7mbar

⇥ Exp e�ciency (2)

(3)

Table 1: default

2013 2016 2015 2017 2018p
sNN 5.02 TeV 8.16 TeV 5.02 TeV 5.02 TeV 5.02 TeV

pPb Pbp pPb Pbp PbPb XeXe PbPb
L 1.1 nb�1 0.5 nb�1 13.6 nb�1 20.8 nb�1 10 µb�1 0.4 µb�1 ⇠ 210 µb�1

1

❖ Colliding beam mode (pPb and PbPb):

LHCb-INT-2015-019 ; 
CERN-LHCb-INT-2015-019
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Setups for proton-ion collisions

❖ Rapidity coverage in center of mass frame considers a rapidity shift of about 0.47 w.r.t. the lab 
frame coverage 2.0 < y < 4.5

❖ Common range for the measurements: 2.5 < |y*| < 4.0 
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p

p

Pb

Pb
p-Pb

Pb-p

❖ Forward production:
❖ Center of mass rapidity coverage:  

1.5 < y* < 4.0
❖ Backward production:

❖ Center of mass rapidity coverage:  
- 5.0 < y* < -2.5
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pPb Z boson production 
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❖ Cross-sections measured in fiducial volume 
for both pPb and Pbp:  

❖ Forward-backward ratio measured in fiducial 
volume + common rapidity coverage:  

The signal Z! µ+µ� candidates are generated using Pythia 8 [46,47] with a specific87

LHCb configuration [48] assuming pp interactions, with beam momenta equal to the88

momenta per nucleon of the p and Pb beam. Decays of unstable particles are described89

by EvtGen [49], in which final-state radiation is generated using Photos [50]. The90

minimum-bias collisions are generated using the Epos event generator with the LHC91

model [51]. The interaction of the generated particles with the detector and its response,92

are implemented using the Geant4 toolkit [52], as described in Ref. [53].93

3 Analysis94

In this analysis, the production cross-sections of the Z! µ+µ� are measured separately95

for the forward and backward configurations in the fiducial region in the laboratory frame96

defined as: the transverse momenta (pT) of the muons must be greater than 20GeV; their97

pseudorapidities (⌘) are required to be between 2.0 to 4.5; and the invariant mass of98

the dimuon system is restricted to be between 60 and 120GeV. Notice that the muon99

detector acceptance at 2.0 < ⌘ < 4.5 is translated in the centre-of-mass frame to the100

muon rapidity of 1.5 < y⇤µ± < 4.0 for the pPb configuration and �5.0 < y⇤µ± < �2.5 for101

the Pb p configuration.102

The cross-section is measured as103

�Z!µ+µ� =
Ncand · ⇢
L · ✏tot.

, (2)

where Ncand is the number of selected Z candidates, ⇢ is the purity defined as the fraction104

of actual signal events in Ncand, L is the integrated luminosity, ✏tot. is the total e�ciency.105

In addition to the cross-section measurements, the relative forward-backward pro-106

duction rate, RFB, is measured as the ratio of fiducial cross-sections in the forward and107

backward configuration evaluated at the same absolute y⇤ value range 2.5 < |y⇤| < 4.0,108

R2.5<|y⇤|<4.0
FB =

�Z!µ+µ�,pPb

�Z!µ+µ�,Pb p

����
2.5<|y⇤|<4.0

. (3)

3.1 Event selection109

The online event selection is performed by a trigger, which consists of a hardware stage110

followed by a two-level software stage. The hardware trigger used in this analysis selects111

events containing at least one muon with pT greater than 500MeV. In the first stage of112

the software trigger, at least one muon with pT greater than 1.3GeV and momentum p113

greater than 6.0GeV is required. In between the two software stages, an alignment and114

calibration of the detector is performed in near real-time and their results are used in the115

trigger [54]. The same alignment and calibration information is propagated to the o✏ine116

reconstruction, ensuring consistent and high-quality particle identification information117

between the trigger and o✏ine software. The identical performance of the online and118

o✏ine reconstruction o↵ers the opportunity to perform physics analyses directly using119

candidates reconstructed in the trigger [55, 56], which the present analysis exploits.120

The second software trigger stage together with the o✏ine reconstruction level selection121

requires each event to have at least one primary vertex (PV) from at least four tracks122

measured in the vertex detector. For events with multiple PVs, the PV that has the123
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Z
Ldt ⇠ 5nb�1 ⇥ (protons on target)

1022
(1)

⇥ pgas
2⇥ 10�7mbar

⇥ Exp e�ciency (2)

(3)

Table 1: default

2013 2016 2015 2017 2018p
sNN 5.02 TeV 8.16 TeV 5.02 TeV 5.02 TeV 5.02 TeV

pPb Pbp pPb Pbp PbPb XeXe PbPb
L 1.1 nb�1 0.5 nb�1 13.6 nb�1 20.8 nb�1 10 µb�1 0.4 µb�1 ⇠ 210 µb�1

1

❖ Using pPb datasets at 5.02 TeV and 8.16 TeV  

❖ Fiducial volume:  
 

,  
60 < mμμ < 120 GeV
2.0 < ημ < 4.5 pμ

T > 20 GeV

❖ Purity  (signal fraction) is measured using same-sign 
muon pair and ABCD-method 

❖ Efficiencies are estimated using MC and tag-and-probe 
data-driven corrections

ρ

【JHEP09(2014)030】【LHCb-CONF-2019-003】
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❖ Integrated luminosity:  forward (1.099 ± 0.021 nb-1)   / backward(0.521 ± 0.011 nb-1)
❖ Yields:   forward (11 events) / backward (4 events)  

Z boson production in pPb at 5 TeV 
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【JHEP09(2014)030】
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Figure 1. Invariant dimuon mass distribution of selected Z candidates in (a) the backward and
(b) the forward sample are shown by the black data points with error bars. The red line shows the
distribution obtained from simulation using Pythia8 with the MSTW08 PDF set normalised to
the number of observed candidates.
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Figure 2. Rapidity distribution of selected Z candidates in (a) the backward and in (b) the
forward sample are shown by the black data points. The red line shows the distribution obtained
from simulation using Pythia8 with the MSTW08 PDF set normalised to the number of observed
candidates. The top x-axis shows the rapidity, yLab, in the laboratory frame, the bottom one the
rapidity, y, in the centre-of-mass frame.

plicity in proton-lead collisions. The reweighting is performed using the observed ratio of

the track multiplicity distributions of events containing J/ψ candidates in proton-lead and

proton-proton collisions.

4 Purity and efficiency determination

The purity estimation considers two background sources. The first comprises candidates

where at least one of the muons is a misidentified hadron. This background source is

expected to have the same absolute abundance in oppositely charged as identically charged

dimuon combinations and the relative fraction is estimated from the number of candidates

observed in a sample of same-sign candidates and amounts to about 0.16%.
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Z boson production in pPb at 5 TeV 
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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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【JHEP09(2014)030】
❖ Fiducial cross-section results:

❖ Forward:

❖ Backward:

❖ Compatible with theoretical predictions using 
FEWZ(NNLO pQCD+NLO pEW) with: 
❖ MSTW08(PDF) for both p and Pb
❖ MSTW08(PDF) for p and EPS09(nPDF) for Pb 
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Source Forward Backward

Sample purity 0.5% 0.5%

GEC efficiency 0.0% 1.9%

Candidate efficiency 8.4% 8.7%

Multiplicity reweighting 1.5% 2.0%

Luminosity 1.9% 2.1%

Total 8.8% 9.4%

Table 1. Systematic uncertainties in the cross-section calculation for σZ→µ+µ− . The uncertainties
on ρ and εcand are assumed to be fully correlated between the forward and the backward sample.

distributions between events containing J/ψ and those containing Z candidates

using data from pp collisions at
√
s = 8TeV are taken into account.

3. The uncertainty on the candidate efficiency includes the uncertainties on the

reconstruction, selection, trigger and muon-identification efficiencies. It is based on

the statistical uncertainty of the measured efficiencies as well as on the uncertainty

of the muon pseudorapidity spectrum from simulation used to obtain the average

efficiency values.

4. The uncertainty on the track multiplicity reweighting is assigned as the relative

difference in the ratio ρ/εcand with and without applying the reweighting in the

determination of the purity as well as the reconstruction, selection, trigger and

muon-identification efficiencies.

5. The uncertainty on the luminosity is based on the statistical and systematic

uncertainties of the calibration method mentioned in section 3.

All systematic uncertainties are listed in table 1 and are added in quadrature to give the

total systematic uncertainty as they are considered uncorrelated.

6 Results

The Z production cross-sections in proton-lead collisions measured in the fiducial region

of 60 < mµ+µ− < 120GeV/c2, pT(µ±) > 20GeV/c and 2.0 < η(µ±) < 4.5 are

σZ→µ+µ−(fwd) = 13.5+5.4
−4.0(stat.)± 1.2(syst.) nb

in the forward direction, and

σZ→µ+µ−(bwd) = 10.7+8.4
−5.1(stat.)± 1.0(syst.) nb

in the backward direction. The first uncertainty is statistical, defined as the 68% confidence

interval with symmetric coverage assuming that the number of candidates follows a Poisson

distribution, and the second uncertainty is systematic.

– 6 –

J
H
E
P
0
9
(
2
0
1
4
)
0
3
0

Source Forward Backward

Sample purity 0.5% 0.5%

GEC efficiency 0.0% 1.9%

Candidate efficiency 8.4% 8.7%

Multiplicity reweighting 1.5% 2.0%

Luminosity 1.9% 2.1%

Total 8.8% 9.4%

Table 1. Systematic uncertainties in the cross-section calculation for σZ→µ+µ− . The uncertainties
on ρ and εcand are assumed to be fully correlated between the forward and the backward sample.

distributions between events containing J/ψ and those containing Z candidates

using data from pp collisions at
√
s = 8TeV are taken into account.

3. The uncertainty on the candidate efficiency includes the uncertainties on the

reconstruction, selection, trigger and muon-identification efficiencies. It is based on

the statistical uncertainty of the measured efficiencies as well as on the uncertainty

of the muon pseudorapidity spectrum from simulation used to obtain the average

efficiency values.

4. The uncertainty on the track multiplicity reweighting is assigned as the relative

difference in the ratio ρ/εcand with and without applying the reweighting in the

determination of the purity as well as the reconstruction, selection, trigger and

muon-identification efficiencies.

5. The uncertainty on the luminosity is based on the statistical and systematic

uncertainties of the calibration method mentioned in section 3.

All systematic uncertainties are listed in table 1 and are added in quadrature to give the

total systematic uncertainty as they are considered uncorrelated.

6 Results

The Z production cross-sections in proton-lead collisions measured in the fiducial region

of 60 < mµ+µ− < 120GeV/c2, pT(µ±) > 20GeV/c and 2.0 < η(µ±) < 4.5 are

σZ→µ+µ−(fwd) = 13.5+5.4
−4.0(stat.)± 1.2(syst.) nb

in the forward direction, and

σZ→µ+µ−(bwd) = 10.7+8.4
−5.1(stat.)± 1.0(syst.) nb

in the backward direction. The first uncertainty is statistical, defined as the 68% confidence

interval with symmetric coverage assuming that the number of candidates follows a Poisson

distribution, and the second uncertainty is systematic.

– 6 –
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❖ Integrated luminosity:  forward (12.2 ± 0.3 nb-1)   / backward(18.6 ± 0.5 nb-1)
❖ Yields:  forward (268 events) / backward (167 events)  

Z boson production in pPb at 8 TeV 
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Figure 1: Control plots of the dimoun system after the o✏ine selection, which includes the

dimuon invariant mass (mµ+µ�) distributions for pPb (a) and Pb p (b) configurations, the pT
of the Z candidates (pT(Z)) for pPb (c) and Pb p (d) configurations, and the rapidity of the

dimuon system in the centre-of-mass frame (y⇤Z) for pPb (e) and Pb p (f) configurations. The

red line shows the distributions from simulation generated using Pythia 8 with CTEQ6L1 PDF

set, normalised to the number of observed candidates.
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Figure 1: Control plots of the dimoun system after the o✏ine selection, which includes the

dimuon invariant mass (mµ+µ�) distributions for pPb (a) and Pb p (b) configurations, the pT
of the Z candidates (pT(Z)) for pPb (c) and Pb p (d) configurations, and the rapidity of the

dimuon system in the centre-of-mass frame (y⇤Z) for pPb (e) and Pb p (f) configurations. The

red line shows the distributions from simulation generated using Pythia 8 with CTEQ6L1 PDF

set, normalised to the number of observed candidates.

5

❖ Integrated luminosity:   
forward (12.2 ± 0.3 nb-1)     
backward(18.6 ± 0.5 nb-1)

❖ Yields:   
forward (268 events)  
backward (167 events)  

❖ MC normalized to data yields

pPb  Z boson production at 8 TeV 
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pPb  Z boson production at 8 TeV 
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1.53 < y*(Z) < 4.03 -4.97 < y*(Z) < -2.47 

❖ Fiducial cross-section results:  
 

  
 

❖ Much higher precision
❖ Compatible with theoretical predictions 

using FEWZ(NNLO pQCD+NLO pEW) 
with NNPDF3.1(PDF) for p and
❖ NNPDF3.1(PDF) 
❖ EPPS16 (nPDF)
❖ nCTEQ15 (nPDF)

σZ→μ+μ−, pPb (forward)
= 28.5 ± 1.7(stat.) ± 1.2(syst.) ± 0.7(lumi.) nb

σZ→μ+μ−, Pbp (backward)
= 13.4 ± 1.0(stat.) ± 1.4(syst.) ± 0.3(lumi.) nb

forward                    backward

【LHCb-CONF-2019-003】
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Compare with results at 5 TeV
❖ Results are compatible with  

previous 5 TeV results from 
various experiments

❖ The 20 times higher statistics 
bring higher precision in the 
measurements
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* only exp. uncert. shown on data/theory 
ratio, theo. PDF uncert. shown separately on 
the line at one.
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Forward-backward ratio
❖Forward-backward ratio is derived based on cross-sections measured in the common rapidity range:  

❖Measured forward-backward ratio  

❖Compatible with theoretical predictions:  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Figure 2: Measured fiducial cross-sections of Z production and theoretical calculations using

various PDF sets with or without nuclear modification.

The results show that for the pPb configuration the measured value agrees well with the228

various theoretical predictions within the current uncertainties. For the Pb p configuration,229

the measured value is higher than the theoretical predictions. A similar situation has been230

observed for the previous 5TeV results [36]. Fig. 3 2 shows the comparison of the LHCb231

result at 8TeV (this note) superimposed with previous results at 5TeV from ATLAS [40],232

CMS [37], ALICE [41] and LHCb [36]. Because the fiducial volumes for the di↵erent233

experiments are di↵erent, the ratios of the experimental results and theoretical predictions234

are shown instead of the direct cross-section results. For the ratios, the uncertainty235

includes both experimental and theoretical uncertainties, such as PDF uncertainties. The236

theoretical predictions are calculated at NNLO pQCD using CT10 PDFs and EPS09237

nPDFs for the 5TeV results and NNPDF3.1 PDFs and EPPS16 nPDFs for the 8TeV238

LHCb results. The described measurement is compatible with previous ones.239

The ratio of the Z boson production cross-sections for forward and backward con-240

figurations, RFB, is particularly sensitive to nuclear e↵ects. As defined in Eq. 3, RFB is241

measured in the common rapidity region (2.5 < |y⇤| < 4.0) in the centre-of-mass frame of242

the produced Z boson. Table 2 shows the signal yields and e�ciencies in the common243

rapidity range. The cross-sections for the RFB measurement are equal to244

�2.5<|y⇤|<4.0
Z!µ+µ�, pPb = 17.1± 1.4(stat.)± 0.7(syst.)± 0.4(lumi.) nb,

�2.5<|y⇤|<4.0
Z!µ+µ�, Pb p = 13.3± 1.0(stat.)± 1.4(syst.)± 0.3(lumi.) nb,

2
Figure adapted from Ref. [41]
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Figure 3: Comparison of LHCb 8TeV results with previous 5TeV results from ATLAS, CMS,

ALICE, and LHCb.

for the pPb and Pb p configurations, respectively. The ratio RFB is245

R2.5<|y⇤|<4.0
FB = 1.28± 0.14(stat.)± 0.14(syst.)± 0.05(lumi.).

Table 2: Summary of the inputs to the fiducial cross-sections calculated in the common rapidity

range 2.5 < |y⇤| < 4.0 for the forward-backward ratio RFB.

Quantity pPb Pb p

N2.5<|y⇤|<4.0
cand. 160.00± 12.65 166.00± 12.88

Purity ⇢ (99.14± 0.40)% (99.19± 0.40)%
Luminosity L [ nb�1] 12.2± 0.3 18.6± 0.5
✏trk. (80.84± 3.46)% (70.49± 7.15)%
✏µ�ID (96.62± 0.22)% (97.01± 0.19)%
✏trig. (97.79± 0.24)% (97.34± 0.67)%

Since RFB is not independent of the detector acceptance (because of the di↵erent muon246

acceptance in the forward and the backward geometry), the measured RFB should be247

evaluated by comparison with that determined from theory. Using FEWZ NNLO pQCD248

and NLO pEW calculations with three di↵erent PDF configurations, the following RFB249

9

are obtained250

R2.5<|y⇤|<4.0
FB,NNPDF3.1 = 1.59± 0.10(theo.)± 0.01(num.)± 0.05(PDF),

R2.5<|y⇤|<4.0
FB,NNPDF3.1+EPPS16 = 1.45± 0.10(theo.)± 0.01(num.)± 0.27(PDF),

R2.5<|y⇤|<4.0
FB,NNPDF3.1+nCTEQ15 = 1.44± 0.10(theo.)± 0.01(num.)± 0.20(PDF).

Within the uncertainties, all three predictions are compatible with each other and with251

the measured value.252

5 Conclusions253

The cross-sections of the Z boson production are measured by LHCb separately for pPb254

and Pb p collisions at 8.16TeV. The forward to backward cross-section ratio is derived255

within a common rapidity range of Z. The result is compatible with theoretical predictions.256

The measurement is also compatible with the previous results from various experiments257

at 5TeV. The precision of the measurements is significantly improved compared to258

the previous LHCb results using pPb and Pb p collisions at a centre-of-mass energy of259

5 TeV [36] collected in 2013. The measurement provides useful input for the constraint of260

the nuclear PDFs at high rapidity |y ⇤ | > 3.261
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Conclusion
❖ The LHCb detector is the only dedicated forward detector. 
❖ Capabilities can also be applied to relativistic heavy ion collisions. 

❖ Recent results from LHCb on Z boson production have been discussed
❖ Currently the most precise results at forward rapidity region

❖ Rich EW probe program is on going at LHCb:
❖ W, Z, and low mass DY at  pPb and PbPb collisions

17

2013 pPb
1.6 nb-1

2016 pPb
35 nb-1

2015 PbPb
10 μb-1

2018 PbPb
210 μb-1

Z published conf note->paper to be studied to be studied

W to be studied to be studied to be studied

D-Y to be studied to be studied to be studied
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