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Abstract Utilizing very recent deep inelastic scattering measurements, a QCD analysis of proton structure
function F p

2 (x, Q2) is presented. A wide range of the inclusive neutral-current deep-inelastic-scattering (NC
DIS) data used in order to extract an updated set of parton distribution functions (PDFs). The HERA ‘combined’
data set on σ±

r,NC (x, Q2) together with all available published data for heavy quarks Fc,b
2 (x, Q2), longitudinal

FL(x, Q2) and also very recent reduced DIS cross section σ±
r,NC (x, Q2) data from HERA experiments are

the input in the present next-to-leading order (NLO) QCD analysis which determines a new set of parton
distributions, called KKT11C. The extracted PDFs in the ‘fixed flavour number scheme’ (FFNS) are in very
good agreement with the available theoretical models.

1 Introduction

Deep inelastic scattering (DIS) of leptons off nucleons is the basical process for our understanding of the struc-
ture of the nucleon. Very recently H1 and ZEUS collaborations at HERA have combined their inclusive deep
inelastic cross sections measurements in neutral and charged current unpolarized e± p scattering into a single
result [1]. This combined data set contains complete information on the DIS cross section, σ±

r,NC (x, Q2). The

kinematic range of the neutral current data is 0.045 GeV2 ≤ Q2 ≤ 30, 000 GeV2 and 6 × 10−7 ≤ x ≤ 0.65,
for values of inelasticity y between 0.005 and 0.95. HERA data provide crucial information on the small-x
sea-quark and gluon parton distribution functions (PDFs). Analyses based on the NC DIS cross sections mea-
sured at HERA lead to precise sets of quark and gluon distributions in the proton together with the strong
coupling constant, αs(M2

Z).
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2 QCD Analysis

In the common MS factorization scheme the total structure function F p
2 as extracted from the DIS ep process

can be, up to NLO, written as

F2(x, Q2) = Flight
2 (x, Q2) + Fheavy

2 (x, Q2)
(1)

= F+
2,NS(x, Q2) + F2,S(x, Q2) + F (c,b)

2 (x, Q2, m2
c,b),

where Flight
i=2,L ,3 is only the contributions of light partons (u, d, s, and g) to the total structure functions and the

heavy quark contributions Fheavy
i=2,L ,3 = Fh

i (x, Q2, m2
h) are the charm Fc

i (x, Q2, m2
c) and bottom Fb

i (x, Q2, m2
b)

quark contributions. (Top quark contributions are negligible.) The basic formulae which are needed in our anal-
ysis, heavy quark thresholds and the structure of normalization of parton densities in singlet and non-singlet
channels can be found for example in Refs. [2–8] in more detail.

The analysis is performed by taking into account the NLO corrections for the heavy flavor contributions
in ‘fixed flavour number scheme’ (FFNS) [9,10] where the heavy quarks (h = c; b; t) are considered as
external particles which are not included among the partons in the colorless hadrons. We refer the reader to
Refs. [4,9,10] for a detailed discussion of the FFN scheme. We use the exact solution of the DGLAP equation
for the Mellin moments. The program QCD-PEGASUS [11] is used in order to perform all Q2-evolutions of
the parton distributions.

2.1 Parametrization

PDFs are parameterized at the input scale Q2
0 = 2 GeV2 by the following standard form

xuv(x, Q2
0) = Au xαu (1 − x)βu (1 + γu xδu + ηu x),

xdv(x, Q2
0) = Ad xαd (1 − x)βd (1 + γd xδd + ηd x),

x S(x, Q2
0) = AS xαS (1 − x)βS (1 + γS xδS + ηS x), (2)

xΔ(x, Q2
0) = AΔ xαΔ(1 − x)βS+βΔ(1 + γΔ xδΔ + ηΔ x),

xg(x, Q2
0) = Ag xαg (1 − x)βg (1 + γg xδg + ηg x),

for the valence quark distributions xuv and xdv , the anti-quark distributions x S = 2x(ū + d̄ + s̄) and xΔ =
x(d̄ − ū), and for gluon distribution xg.

For the anti-quark distribution xΔ, we assume the power of (1 − x) to be βΔ → βΔ + βS to avoid very
small xΔ distribution at high x and to constrain ū and d̄ to be positive. For the gluon distribution xg, we need
to have xδg=2 to give sufficient flexibility at low x and have a positive gluon distribution in this region. It is
standard to assume that s = s̄ and it is also common to use s(x, Q2

0) = s̄(x, Q2
0) = κ

2 (ū(x, Q2
0) + d̄(x, Q2

0))
where in practice κ is a constant fixed in the range κ = 0.4 − 0.5.

The input PDFs listed in Eq. 2 are subject to the constraints
∫ 1

0 uv dx = 2,
∫ 1

0 dv dx = 1 and the sum rule

∫ 1

0
x[uv + dv + S + g] dx = 1. (3)

The parameters Au, Ad and Ag were calculated using above constrains. This left us with a total of 28 inde-
pendent fit parameters, including αs(Q2

0). We included in our final error analysis only those parameters that
are actually sensitive to the input data set chosen. Using the data listed in Table 1 and our functional form of
Eq. 2, only 13 such parameters, including αs(Q2

0), are included in our final error analysis.

2.2 Choice of Data Sets

The global fit reported in the present paper incorporates: the recent H1 and ZEUS combined measurement
for inclusive e± p scattering cross sections [1] together with the most recent data from H1 collaboration
[12]. The fixed target F p

2 data of NMC [13], BCDMS [14], E665 [15] and SLAC [16] and the data for Fd
2
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Table 1 Experimental data sets included in the KKT11C global analysis

Experiment Process [xmin, xmax ] [Q2
min, Q2

max ] # of data points ΔNn (%) Nn

NMC μp F2 [0.0045, 0.5] [2.5, 65] 126 [13] 2 1.0023
NMC μd F2 [0.0045, 0.5] [2.5, 65] 126 [13] 2 1.0023
NMC μn/μp [0.008, 0.675] [2.23, 99.03] 156 [18] 0.15 0.9999
BCDMS μp F2 [0.07, 0.75] [7.5, 230] 167 [14] 3 0.9928
BCDMS μd F2 [0.07, 0.75] [8.75, 230] 155 [17] 3 0.9928
E665 μp F2 [0.0037, 0.38726] [2.046, 64.269] 53 [15] 1.85 1.0012
E665 μd F2 [0.0037, 0.38726] [2.046, 64.269] 53 [15] 1.85 1.0012
SLAC ep F2 [0.007, 0.65] [2.01, 22.21] 53 [16] 2 1.0134
H1/ZEUS combined e+ p, NC [2.47 × 10−5, 0.65] [2, 30,000] 408 [1] 0.5 0.9998
H1/ZEUS combined e− p, NC [1.3 × 10−3, 0.65] [90, 30,000] 145 [1] 0.5 0.9998
H1 03–07 e± p, NC [2.9 × 10−5, 0.01] [2, 120] 134 [12] 4 1.0007
H1 ep Fc

2 [2.0 × 10−4, 0.05] [5, 2,000] 29 [19] 1.5 1.0000
H1 ep Fc

2 [0.005, 0.032] [200, 650] 4 [21] 1.5 1.0014
H1 ep Fc

2 [1.97 × 10−4, 0.05] [12, 60] 6 [22] 1.5 0.9995
H1 ep Fc

2 [1.3 × 10−4, 0.00316] [3.5, 60] 10 [23] 1.5 0.9964
H1 ep Fc

2 [8.0 × 10−4, 0.008] [12, 45] 9 [24] 1.5 0.9998
ZEUS ep Fc

2 [1.3 × 10−4, 0.00676] [4.2, 111.8] 5 [25] 1.8 0.9998
ZEUS ep Fc

2 [1.3 × 10−4, 0.02] [4, 130] 18 [26] 1.65 0.9999
ZEUS ep Fc

2 [3.0 × 10−4, 0.03] [2, 500] 31 [27] 2.2 0.9991
ZEUS ep Fc

2 [8.0 × 10−4, 0.03] [30, 1,000] 8 [20] 1.5 1.0002
H1 ep Fb

2 [2.0 × 10−4, 0.05] [5, 2,000] 12 [19] 1.5 1.0000
H1 ep Fb

2 [0.005, 0.032] [200, 650] 4 [21] 1.5 0.9997
H1 ep Fb

2 [1.97 × 10−4, 0.05] [12, 60] 6 [22] 1.5 0.9999
ZEUS ep Fb

2 [8.0 × 10−5, 0.03] [30, 1000] 8 [20] 1.5 0.9997
H1 ep Fc

2 /F p
2 [8.0 × 10−4, 0.008] [12, 45] 9 [24] 1.5 0.9996

H1/ZEUS FL [4.27 × 10−5, 0.0049] [2, 110] 65 [12,28–30] – 1
FNAL E866/NuSea DY, pd/pp [0.026, 0.315] 54 (fixed) 30 [31,32] 0.6 0.9999
CHORUS νN x F3 [0.02, 0.65] [2.052, 81.55] 50 [33] 2.1 1.0018
NuTeV νN x F3 [0.015, 0.75] [3.162, 125.89] 64 [34] 2.1 1.0018
All data sets 1,944
The fitted normalization Nn of the data sets included in the global fit, together with the total normalization uncertainty, ΔNn ,
for each data set n are also shown in the table. The details of corrections to data and the kinematic cuts applied are contained in
the text

[13,15,17] and the structure function ratio Fd
2 /F p

2 [18] all subject to the standard cuts Q2 ≥ 2 GeV2 and
W 2 = Q2( 1

x − 1) + m p ≥ 12.5 GeV2. Furthermore we use the HERA measurements on the heavy flavour
contribution to structure functions Fc

2 , Fb
2 and Fc

2 /F p
2 of [19–27] and the direct HERA measurements of lon-

gitudinal protons structure function, FL [12,28–30]. The longitudinal structure function FL(x, Q2) constrains
the gluon positivity at small-x . The Drell–Yan dimuon pair production data of the E866/NuSea (fixed target)
experiment [31,32] also have been used. Finally, we include the ν(ν̄)N x F3 data from CHORUS [33] and
NuTeV [34]. A summary of the data sets used in this analysis are given in Table 1 and are ordered according
to the type of process. The kinematical coverage of all the data sets included in KKT11C global analysis is
summarized in this table. We provide in each case the number of data points and the ranges of the kinematical
variables after kinematical cuts.

Above mentioned data sets contain 1944 data points from different experiments which lead to precise
extractions of the PDFs. For the global fits a χ2 minimization method is done using the program MINUIT
[35]. More details on the experimental data selection, the corrections applied to the data and the statistical
procedures used in the analysis see Ref. [4].

3 Quantitative Results

In the present article, we presented a comprehensive and updated NLO fit of DIS and related hard scattering
data. The resulting parameters of the KKT11C fit including αs(M2

Z ) together with the χ2/dof value for PDFs
fit are summarized in Table 2.
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Table 2 Minimum values of χ2 together with the input PDFs as parametrized in Eq. 2 referring to an input scale of Q2
0 = 2 GeV2

determined from the KKT11C global analysis

xuv xdv x S xΔ xg

A 0.3868 0.6176 0.3562 ± 0.0015 8.7885 ± 2.2010 5.1597
α 0.4471 ± 0.0038 0.4278 ± 0.0081 −0.1740 ± 0.0020 1.3082 ± 0.1024 0.1015 ± 0.0115
β 3.5991 ± 0.0142 5.1495 ± 0.0625 7.7331 ± 0.0947 10.4027 ± 0.9236 8.0517 ± 0.3388
δ 0.1223 0.9819 0.0049 0.5620 2
γ 3.2695 −3.7539 0.4336 −7.9984 1.3235
η 21.2785 14.1453 12.4222 19.9294 −0.9380
χ2/dof 2004.379/1931 = 1.038
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Fig. 1 The KKT11C parton distributions at input scale Q2
0 = 2 GeV2 as a function of x in the NLO approximation. The GJR08

[3] and CT10 [36] added for comparison
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Fig. 2 A detailed comparison of our NLO (MS) result for σ+
r,NC (x, Q2) with a selection of HERA combined NC e+ p reduced

cross section data [1]. The error bars indicate the total experimental uncertainty
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Fig. 3 Our results for the proton structure function, F2(x, Q2) and FL (x, Q2), at NLO in comparison with recent H1 data [12].
The full error bars include the statistical and systematic uncertainties added in quadrature

The resulting PDFs from present QCD analysis are shown in Fig. 1 where they are compared to GJR08 [3]
and CT10 [36]. A detailed comparison of our NLO (MS) result for σ+

r,NC (x, Q2) with a selection of HERA
combined data [1] is shown in Fig. 2.

Representative comparisons of our results with the most recent HERA-H1 data [12] on the structure func-
tion of the proton, F2(x, Q2) and FL(x, Q2), are presented in Fig. 3. The curves represent the results of the
KKT11C fit in the FFN scheme for the structure functions F2 and FL .

It should be more accurate to determine αs from PDF fits of deep-inelastic QCD analysis. We include
αs(Q2

0) as a free parameter in our fits thus the running coupling constant is determined in our analysis together
with the parton distributions of the nucleon. The strong coupling constant obtained from our standard NLO
analysis is αs(M2

Z ) = 0.1165 ± 0.0013.
A FORTRAN package (grid) containing our standard NLO (MS) PDFs can be obtained from http://

particles.ipm.ir/links/QCD.htm [37].
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