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Proton structure functions and PDFs

Quantum chromodynamics (QCD) describes the properties and the internal structure of hadrons.

Hadrons are made up of partons (quarks and gluon) and at high energy scales (>200 MeV), these
partons are probed almost free and the hadron’s momentum are sharing among them. This
information can be encoded in term of non-perturbative Parton Distribution Functions (PDFs).

PDFs are critical component in High Energy Physics (HEP) phenomenology ,for example:
 used in the computation of physical observables, such as cross sections.
 are key component on the precision measurement of Standard Model parameters such as strong coupling constant.

There are two main ways to determining the PDFs:
1) using lattice QCD.
2) using large experimental data sets in global QCD analyses
 particular functional form for the x dependence of the PDFs (at a scale Q0) like MSHT20 PDFs and CT14.
 Neural Networks (NNs) like NNPDF.
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Proton structure functions and PDFs
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https://scitechdaily.com/visualizing-the-proton-physicists-innovative-
animation-depicts-the-subatomic-world-in-a-new-way/

Proton structure functions and PDFs



Fractals
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Fractal is a curve or geometrical figure, each part of which has the same statistical character as the whole and they have 
some features such as:        • Self-similar • Fractal Dimension

Fractals in Nature: 
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Fractals in Animal Bodies: Fractal Lightning and Electricity:

Fractals
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Fractals

Fractal Dimension:
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Fractals

Fractal Dimension:
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Sierpinski Gasket:

Menger Sponge:

The fractal dimension describes how complicated or how large a self-similar object is.
A plane is “larger” than a line. The Sierpinski gasket is not a line but also far from being
a plane.

Fractals
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Fractals
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• In small x (x < 0.01), more gluon–gluon interactions can be observed which increase the gluon and the
sea quark densities. Therefore we can consider the proton as a soup of sea quarks and gluon and we can
say in analogy to fractals, they follow self-similarity.

https://scitechdaily.com/visualizing-the-proton-physicists-innovative-
animation-depicts-the-subatomic-world-in-a-new-way/
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1) Parametrizations of PDFs in initial value of 𝑸𝟎
𝟐
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1) Parametrizations of PDFs in initial value of 𝑸𝟎
𝟐
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Quark Parton Model

1) Parametrizations of PDFs in initial value of 𝑸𝟎
𝟐
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1) Parametrizations of PDFs in initial value of 𝑸𝟎
𝟐
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Initial 
PDFs

1) Parametrizations of PDFs in initial value of 𝑸𝟎
𝟐
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2) Experimental observable



19

2) Experimental observable
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2) Experimental observable
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2) Experimental observable
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Minimization processes and Discussion of the QCD fit results

H1 and ZEUS
Collaborations 
experimental data
(Eur.Phys.J.C 75 (2015) 12, 580)

Parametrized form of 
PDFs

https://inspirehep.net/literature?q=collaboration:H1
https://inspirehep.net/literature?q=collaboration:ZEUS
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Minimization processes and Discussion of the QCD fit results
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Minimization processes and Discussion of the QCD fit results
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Minimization processes and Discussion of the QCD fit results
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Minimization processes and Discussion of the QCD fit results
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Minimization processes and Discussion of the QCD fit results
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 Fractal PDFs can describe low x physics well.

Result
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