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A BRIEF ANALYSIS ON THE BEHAVIOUR
OF GLOBAL PARTON DISTRIBUTION FUNCTIONS AT SMALL AND LARGE x

Parton distribution functions (PDFs) inscribe details about the hadronic substructure in terms of partons,
quarks and gluons collectively, which are the fundamental degrees of freedom of Quantum Chromodynamics
(QCD), the theory of strong interactions. Study of PDFs has led to a better comprehension of the partonic
structure of hadrons and the proton structure function in deep inelastic scattering. Understanding parton
densities within the hadrons is vital to estimate the hard-scattering process results. Owing to theoretical and
experimental limitations, PDFs cannot be computed from the first principles. The global analysis of parton
distribution functions, therefore, requires an unrelenting endeavour.

The aim ofthe present work is to have a comparative study of the PDFs from the plots obtained using
APFEL, which is a PDFs evolution library. We discuss the graphical analyses as well as comparisons of the three
global PDFs sets, viz. CT10, MSTW2008 and NNPDF30, in a wide range of momentum fraction x and energy
scale Q. A comparative analysis of gluons extracted from these global fits has also been done.

Keywords: Parton distribution functions, Proton structure function, Deep inelastic scattering, Momentum
fraction x.
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KpaTKkuit aHanus nosegeHus
rnobanbHbiX PyHKLUUINA pacnpeaeneHna NapToOHOB NpU masiom u 6oabiom x

®yHKUMM pacnpeseneHus naptoHos (PDF) onucbiBatloT AeTann afpoHHOW NOACTPYKTYPbI C TOYKM 3peHUs
MapTOHOB, KBApKOB MW [/IIOOHOB BMeCTe, KOoTopble ABAAIOTCA yHAAMEHTasIbHbIMU CTeneHAMKU cBoboapbl
KBAHTOBOW XpomoguHamuku (KX[) v Teopun cuibHbIX B3anmogencTeuii. MsyueHve dyHKLMM pacnpeneneHus
NapTOHOB MNPMBENO K Ny4yLleMy NOHUMAHWIO MAPTOHHOM CTPYKTYPbl aAPOHOB U CTPYKTYPHOWM GYHKLUN NPOTOHOB
npw rnyboko Heynpyrom pacceaHnu. NoHMMaHMe NAOTHOCTU NAPTOHOB BHYTPU afpOHOB XU3HEHHO BaXHO A1
OLEHKM pe3ynbTaTOB MpOLLecca KeCTKoro pacceAHuMa. [JloKasaHO, 4TO M3-32 TEOPETUYECKUX W
3KCMNEePUMEHTAIbHbIX OFPaHUYEHU NapTOHHble GYHKUMW pacnpefeneHus Henb3Aa pPaccuuTaTb M3 MepBbixX
npuHUMNoB. Takmm obpasom, rnobanbHbIi aHaAM3 GyHKUMIA pacnpeneneHns NapToHOB TPebyeT OrpoMHbIX
YCUNUIA nccnepoBaTenen.

Llenbto HacTosLelt paboTbl ABNSETCA CPaBHUTENbHOE NUccaeaoBaHne GYHKLUMIA pacnpeneieHns NapToHoB
n3 rpadmKoB, Noay4YeHHbIX ¢ nomolLbio APFEL, KoTopasa npeactasaseT coboit 6ubanMoTeKy aBontoumm GyHKLMIA
pacnpegeneHvs napToHoB. Mbl B AaHHOM paboTte obcyxkaaem rpaduyeckuii aHanus, a TaKXe MNpPoBOAUM
cpaBHeHMe Tpéx rnobanbHbix Habopos PDF, a umeHHo CT10, MSTW2008 1 NNPDF30 B LIMpOKOM AManasoHe
OOV UMNY/IbCa X W LWKanbl 3Heprun Q. TaKkke Hamu 6bln NpoBefeH CPABHUTE/NbHbIA aHANM3 [HOOHOB,
N3BJIEYEHHbIX U3 3TUX IN06aNbHbIX NOATOHOK.

KnioueBble cnoBa: ¢yHKUMKM  pacnpefeneHVa  MApTOHOB, CTPYKTYpHaa  ¢yHKLUMA  MPOTOHa,
rnyboKoHeynpyroe paccesaHue, 4oaa UMNY/bCa X.
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Kiwi }X9He y/IKeH X YLUiH }ahaHAbIK NapTOHAAPAbIH, YNAeCTipy QYHKUUANAPDbIHDIH,
TopTibiHe KbiCKalla Tangay

MapToHHbIH, yaecTipy ¢yHKumanapbl (PDF) agpoHApIK ilWKi KypbllbIMHbIH, BenlwekTepiH napToHAap,
KBaPKTap *KoHe IMooHAap TYPFbICbIHAH CMNATTAlAbl, 01ap KBAHTTbIK, XpOMOANHAMUKAHbIH, (KX) KaHe RywrTi
©3apa apeKeTTecy TEOPMUACBIHbIH, HETi3ri epKiHAIK AapexKeci 60bin Tabblnaabl. MapTOHHbIH Tapany GyHKLMACHIH
3epTTey aApoHAAPAbIH, NAPTOHAbIK KYPbIIbIMbIH XaHe TepeH cepnimai emec Wwallblpaygasbl NPOTOHAAPAbIH,
KYPbINbIMABIK,  KbISMETIH KaKCblpaK, TyciHyre oKeneTiHi 6Genrini. AgpoHgap iwiHAaeri napToHAapabiH,
TbIFbI3AbIFbIH TYCiHY KATTbl LWallblpay NPOLECiHiH HaTUXenepiH 6aranay ywWiH eTe MaHbI3abl eKeHi TYCiHIKTi.
TeopuANbIK KaHe 3KCNEPUMEHTTIK WeKTeynepre 6alinaHbiCTbl NAPTOHAbIK yaecTipy dyHKUMANapbiH GipiHWi
NPUHUMNTEPAEH ecenTey MYMKiH emecTiri ganengerai. Ocblnaiwa, NapToHAbIK YAeCTipy OyHKLMANAPbIH
*KahaHAbIK Tangay 3epTreywinepaiH, y1KeH KyLw-KirepiH Tanan eteai.

Byn yCbiHbIAFAH KYMbICTbIH, MaKCaTbl MAPTOHABIK YAecTipy OYHKUMANAPbIHbIH,  3BOMOLMACHIHbIH,
KiTanxaHacbl 6osbin  TabblnaTblH APFEL KemerimeH anblHFaH rpaduKTepAeH NapTOHAbIK — YAecTipy
bYHKUMANAPbIH canbiCTbipManbl 3epTrey 6osbin Tabblnagbl. byn makanaga 6i3 rpadukanbik Tangayabl
TafIKblNalMbI3, COHbIMeEH KaTap CT10, MSTW 2008 »kaHe NNPDF30 cuaAKTbl YL *KahaHAbIK NAPTOHHbIH YAECTipy
bYHKLMANAP MUbIHbIH X MMNyAbC 6eniriHiH KeH guana3oHbl MeH Q 3HepreTMKasnblK LWKanacobl 6oMbiHLWa
canbicTbipambl3. CoHAal-aK, 6i3 ocbl *KahaHAObIK COMKECTIKTePAEH ajblHFAH TAOOHAAPAbIH, CasbiCTbIPMabI

TaNfayblH KacagblK.

TyitiH ce3gep: NapTOHHbIH, Tapany GyHKUMANAPbI, MPOTOHHbIH, KYPbIIbIMAbIK PYHKLUMACHI, TEPEH cepnimai

eMec LWallblpay, UMNYAbCTIK 6enLekK X.

Introduction

The explanation of proton in terms of its
elementary components, viz. quarks and gluons,
remains one of the major difficulties of elementary
particle physics. It is due to the fact that quarks and
gluons are subject to confinement at proton energy
scale (Aqcp), which is of the order of 200 MeV.

Parton distribution functions (PDFs) inscribe
details about the hadronic substructure in terms of
partons, quarks and gluons collectively, which are the
fundamental degrees of freedom of Quantum
Chromodynamics (QCD), the theory of strong
interactions. With the advent of the Large Hadron
Collider (LHC) to study the fundamental interactions,
precise understanding of the PDFs hasbecome crucial
owing to the fact that they are essential components
in the cross section calculations of collider
experiments [1]. Essentially, it is the partons that are
experiencing hard collisions when proton-proton
collision takes place. The rates of such collisions can
only be determined if the PDFs in the proton are
accurately understood. Studies of PDFs [2, 3] have
led to understand the partonic structure in a more
precise way. The dynamics of quark-gluon interaction
inside the proton brings about momenta distribution,
which are expressed in terms of PDFs, and thus
display the underlying structure of proton. They are
best ascertained by global fits to the available deep
inelastic scattering (DIS) data. The DIS data from
HERA (Hadron Electron Ring Accelerator) provided
a considerable increase in both accuracy and
kinematics. Besides, the HERA data also provides

sufficient information about the large gluon density at
very small x [4]. Determination of PDF uncertainties
have been done using the global fits of MSTW
(Martin-Stirling-Thorne-Watt) [5] and CTEQ/CT
(Coordinated Theoretical Experimental project on
QCD) [1] collaborations. NNPDF (Neural Network
PDF) collaboration [6] is another global fit [7] based
on DIS data [8].

As PDFs are functions and immeasurable from
the first principles, they must be extricated using
discrete experimental data fits, followed from some
serious theoretical presumptions. A functional form
for PDFs is, therefore, usually assumed and
parameterized by a few number of parameters for
xat some reference scale, say Q2 Presently, three
sets of PDFs, viz. CTEQ/CT, MSTW and NNPDF
collaborations, support these characteristics and the
conventional assumption of PDF fitting groups is
usually given as [3, 9]

filx, @8) = x*i(1 — x)Pig,(x),

where g;(x) — isa constant for both x — 0 and
X —1. Regge theory and quark counting rules
respectively explain the behavior of PDFs as power
of x when x — 0 and as power of (1-x) asx —1 [3,
10].

The purpose of this paper is twofold. First, it
aims to provide a succinct and didactic review of
PDFs, relevant for understanding the hard processes
of QCD. Second, it analyses the plots obtained using
APFEL. Comparisons and combinations of PDFs
from such global fitting groups have been discussed.
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Methodology

As stated earlier, determination of PDFs cannot
be ascertained from the first principles and hence they
are computed by making suitable theoretical
predictions of hadronic cross sections. In such cases,
a confidence interval is often associated in the PDF
space that are developed using a proper goodness-of-
fit measure. APFEL (A PDF Evolution Library) is a
web-based application designed for the graphical
representation of PDFs and contains PDF grids from
LHAPDF5 and LHAPDF6. LHAPDF stands for the
Les Touches Accord PDF and it is a standard
interface designed to evaluateand work with PDF
sets. In our study, we have examined the three most
global PDF sets, viz. CT10, MSTW2008 and

NNPDF30 from the LHAPDF library and then
created the grids making use of LHAPDF6 [11]
format. Based on the PDF set, the uncertainty type, be
it the Monte Carlo approach or the Hessian approach
is automatically determined by the
library. Plots of gluon distribution

Gluon distribution function
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functions for these three global fits have been
obtained at different energy scales. A comparative
analysis of proton structure function has also been
done.

Results and Discussion

We compare the three global PDF sets in the
same plot as a function of x for a given flavour and
energy scale Q.

The plots of gluon distribution functions are
shown in Figure 1, where PDFs have been shown to
evolve from 1.5 GeV to 1000 GeV and they are
compared using the APFEL PDF sets. Gluons
dominate at small x but drop-off sharply with the rise
of x. At large Q, gluon radiates either quark-
antiquark pairs or additional gluons, resulting in low
parton momenta and thus shifting everything
towards small x. Consequently, gluon PDF as well
as sea quark PDF decline sharply.
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Figure 1. Comparison of gluon distribution function from CT10, MSTW2008 and NNPDF30
collaborations at Q values of 1.5, 5, 50, 150, 500 and 1000 GeV using a linear scale in x.
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Figure 2. Comparison of proton structure function from CT10, MSTW2008 and NNPDF30collaborations at
Q values of 1, 2, 50, 100, 500 and 1000 GeV using a linear scale in x

The plots of proton structure function are shown in Figure 2, where the function has been compared using
the APFEL PDF sets with the energy scale evolving from 1 GeV to 1000 GeV. In all the cases, the structure
function of proton undergoes a gradual fall towards large x. The fall is also sharper for large Q. This behaviour
of the structure function agrees well with theory.

Conclusion
In this paper, analyses of PDFs have been done graphically using APFEL PDF sets. The behaviour of these
PDFs have been studied for both small x as well as large x. Gluon distribution function vs x as well as proton

structure function vs x for a few representative values of energy scale Q have been plotted in figure 1 and Figure
2. The three most global data sets, viz. CT/CTEQ, MSTW and NNPDF have been compared in these figures. It

15



A brief analysis on the behaviour of global parton distribution functions at small and large x

can be observed that the PDFs descend at large x, which is quite expected [4]. At large x, the cross section declines
with the increase in energy scale because the PDFs fall as the partons capitulate their momenta by radiating
gluons that split into quark-antiquark pairs. These pairs also radiate again and consequently, the small x PDFs
rise. In Figure 2, it can be observed that the intermediate x range shows the drop of PDFs at first, then ascend and
again descends towards large x. The reason for such behaviour may be due to the dynamics of the NLO (next-to-
leading order) and also the NNLO (next-to-next-to-leading order) in this intermediate range.
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