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Deep inelastic scattering

• This process can be mediated by charged (W±) or neutral (γ∗, Z0) exchange.

• Deep inelastic scattering (DIS) is a powerful tool to study the parton densities in the
nucleon.
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Inclusive DIS kinematics

• The Bjorken scaling variable which can be interpreted within parton model as the proton 
momentum fraction entering to the hard subprocess, x.

• The virtuality of the exchanging photon, Q2.



The Quark Parton Model

• The basic idea of the QPM is that in the DIS process, ep→eX, the virtual proton interacts
with one of the quark constituents of the proton.

• As a result the ep interaction may be written as a sum (of probabilities) of scattering from
single free quarks.

fq(ξ) is the probability of finding the quark q in the proton

carrying a fraction ξ of its momentum

electron-quark cross section



Parton Distribution Functions (PDFs)

• A PDFs is defined as the probability density for finding a particle with a certain
longitudinal momentum fraction x at momentum transfer Q2.

• Provide fundamental information regarding nucleon and nuclear structure.

• Knowledge of the interaction initial state, and hence the PDFs, is critical to precision
measurements at hadron colliders.

• Measure total cross section ↔ need to know PDFs.

• Hadron-hadron collisions is complex because of two incoming partons.



Inclusive DIS structure functions

• The structure functions Fa as a physical observables describe the DIS processes.

• For the structure functions Fa, describing the deep inelastic processes ℓ+p → ℓ′+X, the
factorization formula has the following form:

Universal parton densities (of the proton). They cannot be

calculated in perturbative QCD, but their Q2 dependence

is calculable using the DGLAP evolution equations

Coefficient functions. They are calculable from

perturbative QCD as a power series in αs, but

are unique to the particular observable, Fa.



DGLAP evolution equations

• These equations allow to calculate PDFs at arbitrary scale Q2 from knowledge of PDFs at
the initial scale Q0

2

• In general the splitting functions can be expressed as a power series in αs



nuclear DIS 



Charged-lepton scattering of the nuclei and nuclear PDFs

• These data do not have the power to constrain all of the nuclear PDFs components.

• The LHC data opens a previously unexplored kinematic region.

N
o
m

in
al

 x
an

d
 Q

2
co

v
er

ag
e 

o
f 

n
u
cl

ea
r 

D
IS

.

EPPS16 is the first nuclear parton distributions with LHC data [Eur. Phys. J. C77 (2017), 163].



Nuclear effects



• The expected structure functions of nucleons (proton and neutron) inside nucleus are only
slightly different from those of free ones.

• Nucleons inside a nucleus have a remarkably different momentum configuration as
expected!

• The free proton framework is typically used to analyze nuclear data in search of process-
independent nuclear PDFs (nPDFs).

• Nuclear PDFs obey the same evolution equations and sum rules as free PDFs.



 Because of the lack of available data, parton densities are less precisely known for nuclei

than for nucleons.

 Most constraints from charged lepton scattering DIS (F2
A/F2

D).

 Not enough data to allow for an independent and precise extraction of each parton flavor.



nuclear PDFs



Standard definition of nuclear PDFs

Nuclear modifications Free proton baseline

 Nuclear Modification at large x poorly constrained by present data



Current global analyses of nuclear PDFs

EPPS16: Nuclear parton distributions with LHC data: Eur. Phys. J. C77 (2017), 163.
EPPS16 is the first nuclear parton distributions with LHC data.



KA15 nuclear PDFs



KA15 nuclear PDFs parameterization

JR09 parametrization

Phys. Rev. D 79, 074023 (2009).



• Combining the weight function with PDFs will yield us nuclear PDFs as in what follows:



Total list of experimental data in KA15
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𝜒2 minimization

• Global QCD extractions of nuclear PDFs are implemented around an effective 𝜒2

function that quantifies the goodness of the fit to the data for a given set of theoretical
parameters, which determine the nuclear PDFs at some input scale 𝑄0

2.

• The 𝜒2 function is minimized by the CERN program library MINUIT.

F. James and M. Roos, Comput. Phys. Commun. 10, 343 (1975).



nuclear PDFs uncertainties

• Standard Hessian method

• For a given observable 𝒪

• For nuclear PDFs 



KA15 NNLO nuclear PDFs and uncertainties



Nuclear modification factors of the PDFs and their uncertainties are shown for the Gold 

nucleus (197Au) at our input scale.



Nuclear parton distribution functions in Lead at Q2=10 GeV2 and 100 GeV2 at the NNLO approximation.



EMC effect for calcium nucleus at Q2 = 5 GeV2. The uncertainties are shown by the shaded bands.

S. Atashbar Tehrani, Phys. Rev. C 86, 064301 (2012).

M. Hirai, S. Kumano, and T.-H. Nagai, Phys. Rev. C 76, 065207 (2007).



Comparison of the KA15 NNLO and AT12 NLO theory predictions. The data from NMC has 

been shown for comparison.



The NNLO parametrization is used for the

theoretical calculations at the Q2 points of

the experimental data.



Theoretical predictions are compared with

the data of the Drell-Yan cross-section

ratios. Data points are from the FNAL-

E866 experiments at Fermilab.

M. A. Vasilev et al. (FNAL E866 and NuSea
Collaborations), Phys. Rev. Lett. 83, 2304 (1999).



Comparison with different global analyses of nuclear PDFs



DSSZ12: Phys. Rev. D 85, 074028 (2012).

EPS09: J. High Energy Phys. 04 (2009) 065.

HKN07: Phys. Rev. C 76, 065207 (2007).







Comparison of the KA15 fit (green) with the results obtained by HKN07 (blue). 

The error bands show the uncertainty of the nuclear PDFs.



Comparison of the KA15 fit (green) with the results obtained by EPS09 (blue). 

The error bands show the uncertainty of the nuclear PDFs.



Comparison of the KA15 fit (green) with the results obtained by DSSZ (blue).

The error bands show the uncertainty of the nuclear PDFs.



Summary and Conclusions

• I have given a very short introduction to nuclear PDFs and reviewed some available
global nuclear PDFs analyses.

• I have presented the KA15 NNLO nuclear PDFs and uncertainties.

• A consistent fit for wide variety of nuclear targets and wide kinematic range from
𝑄0
2 = 2 𝐺𝑒𝑉2 has been achieved.

• We look forward to more high-precision data from LHC proton-lead (𝑝 − 𝑝𝑏)
collisions to better determination of nuclear gluon PDF (especially at small-x )

• Future HERA-like measurements for many nuclear targets covering very small range
of Bjorken x (EIC & LHeC).
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