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Abstract We previously investigated the compatibility of
the Kimber–Martin–Ryskin (KMR) unintegrated parton dis-
tribution functions (UPDF) with the experimental data on
the proton (longitudinal) structure functions (PSF (PLSF)).
Recently Golec-Biernat and Stasto (GBS) demonstrated that
the differential version of KMR prescription and the imple-
mentations of angular (strong) ordering (AOC (SOC)) con-
straints, cause the negative-discontinuous UPDF with the
ordinary parton distribution functions (PDF) as the input,
which leads to a sizable effect on the calculation of PSF. In
the present work, we use the new MMHT2014-LO-PDF as
the input and focus on the UPDF behaviors as was raised
by GBS. The resulting PSF and PLSF are compared with
the MSTW2008-LO-PDF and MRST99-PDF and the 2014
data given by the ZEUS and H1 collaborations. The calcu-
lated PSF and PLSF based on the integral prescription of the
KMR-UPDFwith theAOC and the ordinaryPDF as the input
are reasonably consistent with the experimental data. There-
fore, they are approximately independent to the PDF (no
need to impose cutoff on the PDF). At very small x regions
because of the excess of gluons in the MMHT2014-LO-PDF
and MSTW2008-LO-PDF, an increase in PSF and PLSF is
achieved. Finally, according to the GBS report the differen-
tial version by using the cutoff independent PDF produces
results far from the experimental data.

1 Introduction

The parton distribution functions (PDF),a(x,Q2)= xq(x,Q2)

and xg(x, Q2), in which x and Q are the longitudinal
momentum fraction and the factorization or hard scale,

a e-mail: n_olanj@basu.ac.ir

respectively, are the main phenomenological objects in the
high energy collisions computations of particle physics.
These PDF usually can be extracted from the experimen-
tal data via the parametrization procedures which are con-
strained by the sum rules and a few theoretical assumptions.
These functions which usually called integrated parton dis-
tributions, satisfy the standard Dokshitzer-Gribov-Lipatov-
Altarelli-Parisi (DGLAP) evolution equations [1–4]. The
DGLAP evolution equations are derived by integrating over
the parton transverse momentum up to k2

t = Q2. Thus the
usual PDF are not the kt -dependent distributions.

On the other hand, there exist plenty of experimental
data on the various events, such as the exclusive and semi-
inclusive processes in the high energy collisions in the
LHC, which indicate the necessity for computation of the
kt -dependent parton distribution functions. These functions
are unintegrated over kt and are called the unintegrated
parton distribution functions (UPDF). The UPDF are the
two-scale dependent functions that can be generated via
the Ciafaloni-Catani-Fiorani-Marchesini (CCFM) formal-
ism [5–8]. Working in this framework is a hard and restric-
tive task. Also, there is not a complete quark version of the
CCFM formalism. Therefore, to overcome the complexity
of the CCFM equations and to calculate the UPDF, Kimber,
Martin and Ryskin (KMR) [9] proposed a procedure which is
based on the standard DGLAP equations in the LO approxi-
mation, along with a modification due to the strong ordering
condition (SOC) in transverse momentum of the real par-
ton emission, which comes from the coherence effect [10].
The prescription along with SOC was further modified in the
reference [11] due to the angular ordering condition (AOC),
which is the key dynamical property of theCCFM formalism
(it is semi-NLO formalism).
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In our previous works [12–14], to validateKMR approach,
we have utilized the unintegrated parton distribution func-
tions in the KMR kt -factorization procedure by using the
set of MRST99 [15] and MSTW2008-LO [16] PDF as the
inputs to calculate the proton structure function and the
proton longitudinal structure function. Also, we success-
fully used the UPDF of the KMR approach to calculate the
inclusive production of the W and Z gauge vector bosons
[17,18], the semi-NLO production of Higgs bosons [19] and
the production of forward-center and forward-forward di-jets
[20].

Recently Golec-Biernat and Stasto (GBS) [21] pointed
out that different versions of KMR prescriptions as well
as implementations of angular ordering (AOC) and strong
ordering (SOC) constraints, can cause negative and dis-
continuous UPDF with the collinear global parton distri-
bution functions (PDF) as the input that come from a
global fit to data using the conventional collinear approxi-
mation, which in turn especially can cause a sizable effect on
the calculation of proton structure functions. They showed
that despite seemingly mathematical equivalence between
the different versions of KMR prescriptions with the same
constraints, different results are obtained using the ordi-
nary PDF as the input (see the Figure 1 of the refer-
ence [21]). Also, they have shown that the integral form
KMR-UPDF by using the ordinary PDF and the cutoff
dependent PDF as inputs, gives approximately the same
results (see the Figure 4 of the reference [21] ), in con-
trast to the differential form. They conclude that, this un-
physical behavior happens in the differential form KMR pre-
scription (see the Eq. (10) of GBS, the references [11,22]
and the Sect. 2 of present report), otherwise one should
impose cut off on the input PDF . As it is stated in the
reference [23], the application of the integrated PDF in
the last evolution step should be generated through a new
global fit to the data using the kt -factorization procedures.
This was estimated to lower the proton structure functions
by 10 per cent [23] (if one ignores this kt -factorization
fitting).

In the present work, following our previous investiga-
tions, we intend to calculate the proton structure functions
and the proton longitudinal structure functions by using the
different versions of the KMR kt -factorization procedure
[11] and taking into account the PDF of Martin et al. i.e.,
MMHT2014-LO [24] as the input. The results of the inte-
gral version with AOC are compared with our previous stud-
ies based on the MRST99 and MSTW2008-LO input PDF
and the data given by the ZEUS [25] and H1 [26] collab-
orations. In general, it is shown that our calculations are
reasonably consistent with the experimental data and, by a
good approximation, they are independent of the input PDF.
It is also shown that the calculated proton structure func-
tion and the proton longitudinal structure function based on

the integral prescription of the KMR-UPDF with the AOC
constraint and the ordinary PDF as the input are reason-
ably consistent with the experimental data. Therefore, they
are approximately independent to the PDF i.e. no need to
impose cutoff on the PDF. However, at very small x regions
because of the excess of gluons in the input PDF of the
MMHT2014-LO and MSTW2008-LO, a better agreement is
achieved (see the panels Q2 = 12 GeV2). Finally, accord-
ing to the GBS report by considering the integral prescrip-
tion of the KMR-UPDF (see the figure 1 of the reference
[21] and compare the solid curves of the left and right pan-
els together) and the differential version of the KMR-UPDF,
and using the cutoff independent PDF, we show the integral
version with the SOC constraint and the differential version
produces results far from experimental data than the integral
version with AOC constraint especially as the hard scale is
increased.

So the paper is organized as follows: in the Sect. 2 we
give a brief review of the different versions of the KMR
approach [11] for the extraction of theUPDF form, regarding
the phenomenological PDF. The formulation of F2(x, Q2)

and FL(x, Q2) based on the kt -factorization approach are
given in the Sect. 3. Finally, the Sect. 4 is devoted to results,
discussions, and conclusions.

2 A brief review of the KMR approach

The KMR [11] approach was developed to calculate the
UPDF, fa(x, k2

t , Q
2), by using the given PDF, (a(x, Q2)

= xq(x, Q2) and xg(x, Q2)), and the corresponding split-
ting functions Paa′(x) at leading order (LO). This approach is
the modification to the standard DGLAP evolution equations
by imposing the angular ordering constraint (AOC), which is
the consequence of coherent gluon emissions (see below for
the case of strong ordering constraint). The KMR approach
has two different versions that have a seemingly mathemati-
cal equivalence.
1. Integral form:
In integral form of the KMR approach the separation of the
real and virtual contributions in the DGLAP evolution chain
at the LO level leads to the following forms for the quark and
the gluon UPDF:

fq(x, k
2
t , Q

2) = Tq(kt , Q)
αs(kt 2)

2π

×
∫ 1−�

x
dz

[
Pqq(z)

x

z
q

(
x

z
, kt

2
)

+Pqg(z)
x

z
g

(
x

z
, kt

2
) ]

, (1)

fg(x, k
2
t , Q

2) = Tg(kt , Q)
αs(kt 2)

2π
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×
∫ 1−�

x
dz

[ ∑
q

Pgq(z)
x

z
q

(
x

z
, kt

2
)

+Pgg(z)
x

z
g

(
x

z
, kt

2
) ]

, (2)

respectively, while survival probability factor Ta is evaluated
from:

Ta(kt , Q) = exp

[
−

∫ Q2

k2
t

αs(k′
t
2
)

2π

dk′
t
2

k′
t
2

×
∑
a′

∫ 1−�

0
dz′Pa′a(z

′)
]
. (3)

In this approach only at the last step of the evolution does the
dependence on the second scale, Q, get introduced into the
UPDF.
2. Differential form:
The differential form of the KMR approach generates UPDF
by using the derivation of the integrated PDF, as follows:

fa(x, k
2
t , Q

2) = ∂

∂lnλ2 [a(x, λ2)Ta(λ, Q)]
∣∣∣∣
λ=kt

, (4)

where Ta obtained from Eq. (3).
The required PDF are provided as the input, using the

libraries MRST99 [15], MSTW2008 [16] and MMHT2014
[24], where the calculation of the single-scaled functions are
carried out using the deep-inelastic scattering (DIS) data on
the F2(x, Q2) structure function of the proton. The cutoff,
� = 1 − zmax = kt

Q+kt
, is determined by imposing the AOC

on the last step of the evolutionary, to prevent the z = 1 sin-
gularities in the splitting functions, which arise from the soft
gluon emission. Also, Ta(kt , Q) is considered to be unity for
kt > Q. This constraint and its interpretation in terms of the
angular ordering condition gives the integral form of theKMR
approach a smooth behavior over the small-x region, which is
generally governed by the Balitsky–Fadin–Kuraev–Lipatov
(BFKL) evolution equation [27,28]. Notice that considering
Ta(kt , Q) = 1 for kt > Q, the differential form of the KMR
approach is converted to the following equation:

fa(x, k
2
t , Q

2) = ∂

∂lnλ2 [a(x, λ2)]
∣∣∣∣
λ=kt

. (5)

As we stated above to prevent the z = 1 singularities in the
splitting functions, which arise from the soft gluon emission,
two types of cutoffs, �, were introduced, such that in the
Eqs. (1), (2) and (3), x to be less than (1 − �):

1. The strong ordering constraint (SOC) on the transverse
momentum of the real parton emission in the DGLAP
evolution: � = kt

Q . In this case, the nonzero values of the
UDPF are given for kt ≤ Q(1 − x) and therefore, we
always have kt < Q and Ta < 1.

2. The angular ordering constraint (AOC) that we explained
above, which is the key dynamical property of theCCFM
formalism: � = kt

Q+kt
, so the nonzero values of the

UDPF are given for kt ≤ Q( 1
x − 1) and Ta is considered

to be unity for kt > Q (see GBS).

3 A glimpse of F2(x, Q2) and FL(x, Q2) in the
kt -factorization approach

Here we briefly describe the different steps for calculations
of the proton structure functions (F2(x, Q2)) and the pro-
ton longitudinal structure functions (FL(x, Q2)) in the kt -
factorization approach. The kt -factorization approach was
discussed in several works, for example the references [7,29–
31]. Since the gluons in the proton can only contribute
to structure functions through the intermediate quark, so
one should calculate the proton structure functions in the
kt -factorization approach by using the gluons and quarks
UPDF. The unintegrated gluons and quarks contributions
to F2(x, Q2) and FL(x, Q2) come from the subprocess
g → qq and q → qg, respectively (see the figure 6 of
the reference [32]). The relevant diagrams by considering a
physical gauge for the gluon, i.e., Aμq ′

μ = 0 (q ′ = q + xp),
are those shown in the Fig. 1 (the figure 7 of the reference
[13]).

Fig. 1 The diagrams contributing in the calculation of the structure
functions F2(x, Q2), which comes from the g → qq and q → qg
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3.1 The proton structure functions (F2(x, Q2))

The contributions for the diagrams shown in the Fig. 1 (the
figure 7 of the reference [13]) may be written in the kt -
factorization form, by using the unintegrated parton distri-
butions which are generated through the KMR approach, as
follows for the gluons:

Fg→qq
2 (x, Q2) =

∑
q

e2
q
Q2

4π2

∫
dk2

t

k4
t

∫ 1

0
dβ

×
∫

d2κtαs(μ
2) fg

(
x

z
, k2

t , μ
2
)

	

(
1 − x

z

)

×
{

[β2 + (1 − β2)]
(

κt

D1
− (κt − kt)

D2

)2

+ [m2
q + 4Q2β2(1 − β)2]

(
1

D1
− 1

D2

)2
}

, (6)

In the above equation, in which the graphical representations
of kt and κt were introduced in the Fig. 1 (the figure 7 of
the reference [13]), the variable β is defined as the light-
cone fraction of the photon momentum carried by the internal
quark [11]. Also, the denominator factors are:

D1 = κ2
t + β(1 − β)Q2 + m2

q ,

D2 = (κt − kt)2 + β(1 − β)Q2 + m2
q , (7)

and

1

z
= 1 + κ2

t + m2
q

(1 − β)Q2 + k2
t + κ2

t − 2κt.kt + m2
q

βQ2 , (8)

As in the references [11,33], the scale μ which controls the
unintegrated gluon and theQCD coupling constant αs is cho-
sen as follows:

μ2 = k2
t + κ2

t + m2
q . (9)

For the charm quark, m is taken to be mc = 1.27 GeV, and
u, d and s quarks masses are neglected.
And for the quarks,

F2
q→qg(x, Q2)

=
∑

q=u,d,s,c

e2
q

∫ Q2

k2
0

dκ2
t

κ2
t

αs(κ
2
t )

2π

∫ κ2
t

k2
0

dk2
t

k2
t

∫ 1−�

x
dz

×
[
fq

(
x

z
, k2

t , Q
2
)

+ fq

(
x

z
, k2

t , Q
2
)]

Pqq(z). (10)

It should be noted that the above relations are true only for
the region of the perturbative QCD. The unintegrated parton
distribution functions are not defined for kt < k0, i.e., the

non-perturbative region. So, according to the reference [34],
k0 is chosen to be about 1 GeV, which is around the charm
mass in the present calculation, as it should be. Therefore,
the contribution of the non-perturbative region for the gluons
is approximated [11], as follows:

∫ k2
0

0

dk2
t

k2
t

fg(x, k
2
t , μ

2)

[∑
q

e2
q
Q2

4π2

∫ 1

0
dβ

×
∫

d2κt
αs(μ

2)

k2
t

	

(
1 − x

z

)

×
{

[β2 + (1 − β2)]
(

κt

D1
− (κt − kt)

D2

)2

+[m2
q + 4Q2β2(1 − β)2]

(
1

D1
− 1

D2

)2
}]

� xg(x, k2
0)Tg(k0, μ)

[ ]
kt=a

, (11)

where a is a suitable value of kt between 0 and k0, which its
value is not important to the non-perturbative contribution.
And for the quarks,

F2
q(non−perturbative)(x, Q2)

=
∑
q

e2
q(xq(x, k2

0) + xq(x, k2
0))Tq(k0, Q). (12)

Finally, the structure function F2(x, Q2) is given by the sum
of the gluon contributions, the Eqs. (6) and (11), and the
quark contributions, the Eqs. (10) and (12).

3.2 The proton structure functions (FL(x, Q2))

In the Eq. (14) [34–37], i.e. the formulation of FL (x, Q2), the
first term comes from the kt -factorization which explains the
contribution of the UPDF into the FL . This term is derived
with the use of a pure gluon contribution. However, it only
counts the gluon contributions coming from the perturbative
region, i.e., for kt > 1 GeV, and does not have anything
to do with the non-perturbative contributions. Therefore, the
third term is the gluon non-perturbative contribution which
can be derived from the kt -factorization term with the use
of a variable-change, i.e., y, that carries the kt -dependent as
follows:

y = x

(
1 + κ

′
t
2 + m2

q

β(1 − β)Q2

)
, (13)

while κ
′
t is defined as κ

′
t = κt − (1 − β)kt. Also, the sec-

ond term is a calculable quark contribution in the longitudi-
nal structure function of the proton, which comes from the
collinear factorization:
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Fig. 2 The integrated gluon and up quark distribution functions (see the text for detail)

FL(x, Q2) = Q4
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e2
q

∫
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0)
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dβ

×
∫
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× fg
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x

z
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t , μ
2
)

+αs(Q2)

π

4

3

∫ 1

x

dy

y

(
x

y

)2

F2(y, Q
2)

+αs(Q2)

π

∑
q

e2
q

×
∫ 1

x

dy

y

(
x

y

)2 (
1 − x

y

)
yg(y, k2

0), (14)

where the second term is (see [35]):

∑
q

e2
i
αs(Q2)

π

4

3

×
∫ 1

x

dy

y

(
x

y

)2

[qi (y, Q2) + qi (y, Q
2)], (15)

while the variables of the above equation are the same as
those expressed in relation to the proton structure function
(F2(x, Q2)).

4 Results, discussions and conclusions

As it was described in the Sect. 2, the KMR approach was
developed to calculate the UPDF, by using the given the
global fitted PDF as the input. To make the comparison
more clear, the typical inputs, the gluon and the up quark
PDF considering the PDF uncertainties at scale Q2 =
60 GeV2, by using the MRST99 [15] , MSTW2008-LO [16]
and MMHT2014-LO [24], are plotted in the Fig. 2. The

behavior of these integrated PDF were discussed in detail
in the related references [15,16,24]. The MMHT2014 PDF
supersede the MSTW2008 parton sets and these MSTW2008
PDF supersede the previously available MRST sets. Also,
as shown in the Fig. 2, these three sets are different at the
very low x region, that is the region where the transverse
momentum becomes important. Especially for the gluons, the
MRST parton sets are very different from the other collabo-
rations. Given the above mentioned issues, to study the effect
of increasing the contribution of the gluon and the process of
evolution in the MRST set, we were motivated to consider all
of these three sets of PDF in our calculations. They are dif-
ferent (especially for the gluons PDF) at very low x regions
(this is the region where the transverse momentum becomes
important) and they look similar at the large x regions.

Respectively, in the Figs. 3 and 4, the proton structure
functions (F2(x, Q2)) and the proton longitudinal struc-
ture functions (FL(x, Q2)) in the framework of the inte-
gral form of the KMR approach with the application of the
AOC constraint, by using central values of the MRST99,
the MSTW2008- LO and MMHT2014-LO PDF inputs, ver-
sus x , for Q2 = 12, 60, 120 and 250 GeV2 are plotted.
Then, the predictions of this approach for the proton struc-
ture functions (F2(x, Q2)) and the proton longitudinal struc-
ture functions (FL(x, Q2)) are compared to the recent mea-
surements of ZEUS [25] and H1 [26] experimental data.
The results emphasize that (as it was shown in the refer-
ences [13,38–42]), the KMR approach suppresses the dis-
crepancies between the inputs PDF, in which the presence
of cutoff AOC (� = kt

Q+kt
) has the key role. This prop-

erty leads the outputs UPDF which are more similar. As
a result, the UPDF generated via applying three different
inputs PDF have less discrepancies and in turn, each sets
of F2(x, Q2) or FL(x, Q2) values with above PDF are very
close to each other. Although, in all of the panels of the Figs. 3
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Fig. 3 The proton structure functions F2(x, Q2) based on the integral
form of the KMR approach with the AOC constraint as a function of x
for various Q2 values, by using the MRST99 [15], the MSTW2008- LO

[16] and the MMHT2014-LO [24] as the inputs, are compared with the
ZEUS [25] and H1 [26] experimental data

and 4, the discrepancies grow up with reduction of x but it
happens at very lower rate than the PDF themselves (see
the Fig. 2). It should be noted that the results of using the
MMHT2014-LO PDF and the MSTW2008- LO PDF inputs
at very low x regions are closer to the experimental data
than the inputs of the MRST99. This indicates that inclusion
of more gluons in the very small x region is important (see
panels Q2 = 12 GeV2 in the Figs. 3 and 4).

In the different panels of the Fig. 5, similar to [21,41,42],
(note that in reference [21] x fg(x, k2

t , Q
2)/k2

t is plotted),
we plot the UPDF (for the gluon and the up quark) with
the input MMHT2014-LO PDF as a function of k2

t (GeV2)
for the two types of constraint discussed in the Sect. 2, i.e.
AOC and SOC, using the differential and integral forms of
the KMR approach. The hard scale is Q2 = 100 GeV2 and
x = 0.1, 0.01 and 0.001. Despite seemingly mathematical
equivalence between the differential and integral forms of
KMR prescription with the same constraints, the differences
between them are manifested for the smaller x values at the

smaller transverse momentums (see that in gluon panels, the
UPDF of the two different versions with AOC constraint
separated from each other at k2

t � 2, 7 and 30 GeV2 for the
x = 0.001, 0.01 and 0.1, respectively). AsGBS reported, this
difference is due to the fact that we used the usual global fitted
PDF instead of the cutoff dependent PDF for generating the
UPDF. As we expect from the relation of x and � discussed
in the Sect. 2, the SOC integral UPDF become zero, when
the transverse momentums become equal to the hard scale
while those of AOC smoothly go to zero for large transverse
momentum.

But despite our expectation, the SOC differential UPDF
with the global fitted PDF as the input are nonzero for
kt > Q. Because in this region, as discussed in the Sect. 2,
Ta(kt , Q) is considered to be unity, and the differential form
of KMR prescription (Eq. 4) turns into the Eq. (5) which
is independent of the cutoff for the global fitted PDF as the
input. As a result, as shown in the various panels in the Fig. 5,
the differential UPDF with SOC and AOC for kt > Q are the
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Fig. 4 The proton longitudinal structure functions FL (x, Q2) based
on the integral form of the KMR approach with the AOC constraint as
a function of x for various Q2 values, by using the MRST99 [15], the

MSTW2008-LO [16] and the MMHT2014-LO [24] as the inputs, are
compared with the ZEUS [25] and H1 [26] experimental data

same and at the very large transverse momentums becomes
larger than the AOC integral UPDF (see panels x = 0.01,
0.001). Also, as GBS reported, the differential version of
KMR prescription with the different constraints with the the
usual global fittedPDF as the input leads to some un-physical
results for large transverse momenta values. They are nega-
tive at kt > Q for panels x = 0.1 and discontinuous at kt = Q,
that is a result of the discontinuity of the first derivative of
the Sudakov form factor at kt = Q.

But, the curves obtained from the integral form for both
constraints behave in a smooth way without any un-physical
results. Therefore, as we pointed out above, and that the inte-
gral form KMR-UPDF by using the ordinary PDF and the
cutoff dependent PDF as inputs, gives approximately the
same results (as the GBS report), if we intend to use the usual
global fitted PDF as the input for generating the UPDF, we
can use only the integral version of KMR prescription.

The proton structure function (F2(x, Q2)) and the pro-
ton longitudinal structure functions (FL(x, Q2)) by using the

integral and differential versions of the KMR kt -factorization
procedure for the AOC and SOC cutoffs are plotted in the
Figs. 6 and 7 at hard scale 12, 60, 120 and 250 GeV2, respec-
tively. The F2(x, Q2) of the LO collinear procedure and the
experimental data of H1 and ZEUS are also given for com-
parison. As the energy scale increase the difference between
the integral forms with the AOC and SOC cutoffs become
more and those are separated from each other specially at
small x values and the SOC results are below those of AOC.
As far as present data are concerned, the AOC results are
much more closer to the data with respect to the SOC cases.
Regarding that the differential UPDF with SOC and AOC
for kt > Q are the same and at the very large transverse
momentums becomes larger than the AOC integral UPDF,
the calculated proton structure functions and the proton lon-
gitudinal structure functions based on the UPDF of the dif-
ferential KMR approach with SOC and AOC are the same
by a good approximation and larger than those based on the
UPDF of the integral KMR approach with AOC at very small
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Fig. 5 The gluon and up quark UPDF as a function of k2
t (GeV2) for the different versions of the KMR approach with the AOC and SOC constraints

and x = 0.1, 0.01 and 0.001

x regions. Interestingly, despite some un-physical results for
the differential form by using the usual global fitted PDF as
the input, approximately, the proton structure functions and
the proton longitudinal structure functions based on the dif-

ferentialUPDF are consistent with the experimental data. By
comparing the curves of the Fig. 6, it turns out that integral
form of KMR prescription with AOC is more consistent with
the experimental data and the pure LO collinear procedure
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Fig. 6 The proton structure functions F2(x, Q2) based on the different
versions of the KMR approach as a function of x for various Q2 values,
by using the MMHT2014-LO [24] PDF as the inputs and the AOC and

SOC constraints in comparison with the F2(x, Q2) of the LO collinear
procedure with the input MMHT2014-LO PDF and the ZEUS [25] and
H1 [26] experimental data

than the others. Therefore, our structure function calculations
in the framework of the integral form of the KMR approach
for the AOC constraint confirm the conclusion which was
made by GBS that it is possible to use the usual global fitted
PDF instead of the cutoff dependent PDF for generating the
UPDF of the KMR approach by a good approximation.

In conclusion, it was shown that calculated proton struc-
ture functions and the proton longitudinal structure func-
tions based on the UPDF of the integral version of the KMR
approach for the AOC constraint are reasonably consistent
with the experimental data and, by a good approximation,
they are independent to the input PDF. Therefore, they can
be widely used in the calculations related to the particle
physics phenomenology [43]. On the other hand, even the
kt -factorization and the KMR approach can explain the shad-
owing effect in nuclei better than other nuclear physics indi-
cations [44,45]. On the other hand, different constraints cut-
offs were investigated using the the integral and the differen-
tial formulations of the KMR prescription. The results con-

firm the statement made by the GBS that: (1) According to
the compatibility of the proton structure functions generated
using AOC integral UPDF with the ordinary PDF (the usual
global fitted PDF) as the input, with the experimental data,
it can be concluded that it is possible to use the usual global
fitted PDF instead of the cutoff dependent PDF for generat-
ing the UPDF, especially because to fit the PDF through the
UPDF is the cumbersome task. (2) As we pointed out above,
due to some un-physical results for the differential form by
using the ordinary PDF as the input, as far as one used the
integral form of the KMR approach and the AOC by using the
ordinary PDF as the input, there would not be any problem
for the calculations of structure functions and hadron-hadron
cross section in the framework of the kt -factorization.
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