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Physics motivation
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Electroweak bosons are unmodified by the hot and dense medium created in nucleus–nucleus 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

Theoretical Aspects
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obtain the b ound neutron P D F s (e.g. f n ,Au = f p,Ad ) — an assum ption that w ould need to b e revised

once the Q E D effects are included in the parton evolution [20, 21, 22, 23]. A ll but h k n 0 7 assum e
no nuclear m odification for the deuteron, R d eu teroni (x ,Q 2) = 1. A lthough sm all, the nuclear effects

in deuteron are still non-zero, and have som e im p ortance w hen the deuteron data are included in
the free proton fits [24].

D ifferent groups use different functions to param etrize R Ai (x ,Q
2
0). For exam ple, w hile eps09

em ploys a piecew ize fit function (as a function of x ), d ssz uses a single fit function constructed
such that the analytic M ellin transform exists. In the w orks of nC T E Q ,f p,Ai (x ,Q 20) is param etrized
directly w ith the sam e fit function as used for their free proton baseline. H ow ever, as the free proton

baseline is taken as “frozen”, this is sim ply another w ay of param etrizing R Ai (x ,Q
2
0).

M ost of th e data th at are used as constraints in th e nP D F fits com e as nuclear ratios sim ilar to
that show n in F ig. 1. W hat m akes such ratios esp ecially app ealin g is that they prove rem arkably
inert to the higher order pQ C D corrections. A lso, the dep enden ce of the free proton baseline P D F s

gets reduced. T he exception here are the neutrino-nucleus D IS data, included in the d ssz fit,
that are only available as absolute cross-sections (or as corresp onding stru cture functions derived

from those). T he inclusion of these data also requires using a general-m ass variable-flavor-num b er
schem e (G M -V F N S) for treating the heavy quarks overtaking the zero-m ass schem e (Z M -V F N S)

em ployed in the older fits (eps09, h k n 07).

F igu re 2: C om p arison of u p valen ce an d sea qu ark nu clear m od ification factors for th e lead nu cleu s at Q 2 = 10 G eV 2 .
B lu e lin e w ith errorb an d is eps09, green d otted lin e w ith errorb ars d ssz, an d p u rp le d ash ed h k n 07.

A com parison of the R P bu V (x ,Q
2 = 10 G eV 2) (up valence) and R P bu (x ,Q

2 = 10 G eV 2) (up sea)

from the available param etrizations is presented in F ig. 2. T he areas w ith yellow background
are those region s of x w here the direct data constraints do not exist or they are very w eak. In
these regions the bias due to the assum ed form of the fit function and param eter fixing m ay b e

significant. W hereas the R Au V from eps09 and h k n 07 agree at large x , d ssz, strangely enough, is
clearly ab ove at x ≃ 0.5. T his is rather unexp ected as in this E M C region there are plenty of data

constraints from D IS exp erim ents. T he sam e b eh aviour is there already in the d ssz precursor,

n d s [25], and the probable source of this has b een identified as a m isinterpretation of the isospin
correction that the exp erim ents have applied to the data1. In eps09 and h k n 07 th e assum ption

1 M . S tratm an n an d P . Z u rita, p riv.com m .
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(a)

R Au V (x ,Q
2
0) = R

A
d V
(x ,Q 20) w as m ade as only one typ e of data sensitive to the large-x valence quarks

w as included in these fits. Indeed, at large x , one can approxim ate

dσℓ+ AD IS ∝
4

9
u AV +

1

9
dAV ∝ u pV R Au V + R

A
d V

dpV
u pV

Z + 4N

N + 4Z
≈ u pV R Au V +

1

2
R Ad V , (4)

w hich underscores the fact that these data can constrain only a certain linear com bination of R Au V
and R Ad V . D espite the lack of other typ e of data sensitive to the valence quarks, the assum ption

R Au V (x ,Q
2
0) = R

A
d V
(x ,Q 20) w as released in a recent nC T E Q w ork leading to m utually w ildly different

R Au V and R
A
d V
(see F ig.1 in R ef.[18]). O ther typ e of data sensitive to th e valence quarks w ould

obviously b e required to pin dow n them separately in a m ore realistic m an ner. D espite the fact
th at som e neutrino data (also sensitive to th e valence quarks) w as included in the d ssz fit, the
authors did not investigate the p ossible differen ce b etw een R Au V and R

A
d V
in the pap er.

In the case of R Au , w hich here generally represents the sea quark m odification, all param etriza-
tions are in a fair agreem ent in th e data-constrained region. T his is also true if the nC T E Q results

are considered (F ig.1 in R ef.[18]). A b ove the param etrization scale Q 2 > Q 20, the sea quark m odi-
fications are also significantly affected , esp ecially at large x (x 0.2), by the corresp on ding gluon

m odification R Ag via the D G L A P evolution.
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F igu re 3: C om p arison of th e glu on nu clear m od ification factors for th e lead nu cleu s at Q 2 = 10 G eV 2 (left), an d th e
nu clear m od ification for in clu sive p ion p rod u ction in d + A u collision s at m id rap id ity.

T he largest differences am ong eps09, h k n 07, and d ssz are in the nuclear effects for the gluon

P D F s, show n in F ig. 3. T he origins of the large differen ces are m ore or less know n: T he D IS and
D rell-Y an data are m ainly sensitive to the quarks, and thus leave R Ag quite unconstrained. T o

im prove on this, eps09 and d ssz m ake use of the nuclear m odification observed in the inclusive
pion production at R H IC [26, 27]. A n exam ple of these data are show n in F ig. 3. A lthough the

pion data included in eps09 and d ssz are not exactly the sam e, it m ay still look surprising how
different the resulting R Ag are. T he reason lies (as noted also e.g. in [28]) in the use of different

parton-to-pion fragm entation functions (F F s) D k→π+ X (z,Q 2) in the calculation of the inclusive

pion production cross sections

dσd + A u→π+ X =
i,j,k

f di ⊗ dσ̂ij→ k ⊗ f A uj ⊗ D k→π+ X . (5)
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(b)

F igure 2: N uclear m odification factor R Aa (x,Q
2) b etw een free proton s and lead nuclei for (a) up

valence quarks and (b) gluons for di↵ erent sets (E P S09, D SSZ , H K N 07) as a function of the

fractional parton m om entum x for Q 2 = 10 G eV 2. T he yellow areas show the regions w ith no or
very w eak direct data constraints. (from R ef. [22])

follow ing and con sidered com bined for the region arou nd the p ole m ass of the Z b oson88

M Z . T aking the factorization theorem into account, the leading-order cross-section for Z

q

q

Z 0

µ +

µ −

F igure 3: Feynm an diagram for Z production decaying into a m uon pair through the D rell-Y an
process w hich is the leading order contribution to Z production at hadron colliders.

89

b osons decaying into opp osite-charged m uons can b e expressed as90

σA 1 A 2 ! Z ! µ + µ − = N A 1 N A 2

Z

dx 1dx 2
X

q

f N 1q (x 1)f
N 2
q (x 2)σqq! Z ! µ + µ − (x 1x 2

p
sN N ), (4)

w here x 1,2 are the m om entum fractions of the annihilating quark q and anti-quark q inside91

the tw o colliding nuclei N 1,2 w ith N A 1 ,2 nucleons.
p
sN N is the centre-of-m ass energy p er92
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Fig. 26 The CMS dijet data [37] compared with the results obtained

with the EPPS16 (blue bands), nCTEQ15 [35] (red bands) and DSSZ

[34] (hatched bands) nuclear PDFs

6 Application: W charge asymmetry

The W charge-asymmetry measurement by CMS in pPb col-

lisions [46] revealed some deviations from the NLO calcu-

lations in the backward direction and it was suggested that

this difference could be due to flavor-dependent PDF nuclear

modifications. While it was shown in Ref. [103] that such a

difference does not appear in the ATLAS PbPb data [104]

at the same probed values of x , the situation still remains

unclear. To see how large variations the new EPPS16 can

accommodate, we compare in Fig. 28 the CMS data with the

EPPS16 and EPS09 predictions using the CT14NLO proton

PDFs. As discussed in the original EPS09 paper [33], the

total uncertainty should be computed by adding in quadra-

ture the uncertainties stemming separately from EPPS16 and

from the free-proton baseline PDFs,

(δO total)
2 = (δO EPPS16)

2 + (δO baseline)
2, (56)

whereδO EPPS16 is evaluated by Eq. (53) using the uncertainty

sets of EPPS16 with the central set of free-proton PDFs, and

δO baseline by the same equation but using the free-proton error

sets with the central set of EPPS16. The same has been done

in the case of EPS09 results. While the differences between

the central predictions of EPPS16 and EPS09 are tiny, it can

be seen that the uncertainty bands of EPPS16 are clearly

wider and, within the uncertainties, the data and EPPS16 are

in a fair agreement. As this observable is mostly sensitive to

the free-proton baseline (to first approximation the nuclear

effects in PDFs cancel) we do not use these asymmetry data

as a constraint in the actual fit in which we aim to expose the

nuclear effects in PDFs.
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Fig. 27 Comparison of the EPPS16 nuclear modifications (black cen-

tral curve with light-blue uncertainty bands) to those from the EPS09

analysis (purple curves with hatching) and DSSZ [34] (gray bands) at

Q2 = 10 GeV2. The upper panels correspond to the average valence

and sea-quark modifications of Eqs. (54) and (55), the bottom panel is

for gluons

7 Summary and outlook

We have introduced a significantly updated global analysis

of NLO nuclear PDFs – EPPS16 – with less biased, flavor-

dependent fit functions and a larger variety of data constraints

than in other concurrent analyses. In particular, new LHC

data from the 2013 pPb run are for the first time directly

included. Another important addition here is the neutrino–

nucleus DIS data. Also the older pion–nucleus DY data are

now for the first time part of the analysis. From the new data,

the most significant role is played by the neutrino DIS data

and the LHC dijet measurements whose addition leads to a

consistent picture of qualitatively similar nuclear modifica-

tions for all partonic species. Remarkably, the addition of

123



LHCb Detector
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① Vertex Detector : reconstruct vertices ② Dipole Magnet : bending power: 4 Tm

③ RICH Detector : K/Π/p separation ④ Tracking System: momentum resolution

⑤ Calorimeters : energy measurement ⑥ Muon System : muon identification

⑤

⑥

①

②

③

④

LHCb is the only detector fully 

instrumented in forward region.

Kinematic coverage:

2 < 𝜂 < 5

A high precision device, down to 

very low-pT, excellent particle ID, 

precision vertex reconstruction and 

tracking.



𝑆𝑁𝑁
2013

(5.02 TeV)
2016

(8.16 TeV)

ℒ
𝑝Pb Pb𝑝 𝑝Pb Pb𝑝

1.1 nb-1 0.5 nb-1 13.6 nb-1 20.8 nb-1

Data samples 
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Collider Mode:

5.02 TeV

𝑝 Pb

8.16 TeV

𝑝 Pb



Setups for proton-ion collisions
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Forward production:
Center of mass rapidity coverage: 1.5<𝑦∗<4.0

Backward production:
Center of mass rapidity coverage: -5.0<𝑦∗<-2.5

Rapidity coverage in center of mass frame considers a rapidity shift of 

about 0.47 with respect to the lab frame coverage 2.0<𝑦<4.5.

Common range for the measurements: 2.5< 𝑦∗ <4.0



Analysis Strategy 
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Integrated luminosity: 

forward (1.099 ± 0.021 nb−1) / backward(0.521 ± 0.011 nb−1)

Yields:

backward (4 events) / forward (11 events)

Z production in pPb collisions at 5 TeV
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JHEP 09 (2014) 030



Cross-section in acceptance:

60 < 𝑚𝜇+𝜇− < 120 GeV

pT(𝜇
±) > 20 GeV

2.0 < 𝜂 𝜇± < 4.5

Results:

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

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

Z production in pPb collisions at 5 TeV
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-4.97 < y*(Z) < -2.47 1.53 < y*(Z) < 4.03

JHEP 09 (2014) 030



Compare with other experiments
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JHEP 09 (2014) 030

PLB 759 (2016) 36-57

PRC 92, 044915 (2015)

JHEP 02 (2017) 077

LHCb CMS ATLAS ALICE

Forward: 

All show good agreement

Backward:

LHCb, CMS and ATLAS: theory prediction below data measurement

ALICE: theory prediction good agreement with data measurement, but data error bar is huge.
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JHEP 09 (2014) 030

PLB 759 (2016) 36-57

PRC 92, 044915 (2015)

JHEP 02 (2017) 077

LHCb CMS ATLAS ALICE

Forward: 

all show good agreement

Backward:

LHCb, CMS and ATLAS: theory prediction below data measurement

ALICE: theory prediction good agreement with data measurement, but data error bar is huge.



𝑍 production in pPb collisions at 8TeV (expected to be ready for QM 2019)

Integrated luminosity: 

forward (12.18 ± 0.32 nb−1) / backward(18.58 ± 0.46 nb−1)

Z production in pPb collisions at 8 TeV
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Data points are generated randomly according to the number of data and the histogram of MC. Asimov data (fake 

data) is shown here.
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Z production in pPb collisions at 8 TeV
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Projection based on 2013 5 TeV results

Central values:

FEWZ NNPDF31 + EPPS16

Projected uncertainties:

Forward : 4.7/sqrt(12.18/1.099)=1.41 nb

Backward: 6.75/sqrt(18.58/0.521)=1.13 nb

With the 2016 8 TeV dataset higher precision, it 

would be interesting to see if measured value is 

still higher than the theory prediction!



➢ LHCb provides a unique opportunity to probe the cold nuclear matter effects using 
𝑍 boson production

➢ 𝑝Pb: 𝑍 boson production at 5 TeV is published

➢ 𝑝Pb: 𝑍 boson production at 8 TeV is expected to be public for QM 2019.

Conclusion
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Back Up
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