arXiv:hep-ph/0211361 v2 13 Jun 2003

DGLAP evolution extends the triple pole pomeron fit

G. Soyez^∗ Inst. de Physique, Bât. B5, Université de Liège, Sart-Tilman, B4000 LIège, Belgium

We show that the triple pole pomeron model [1] provides an initial condition for a DGLAP evolution [6] that produces a fit to high Q^2 experimental DIS data. We obtain good χ^2 for initial scales down to 3 GeV^2 . Values of the initial scale smaller than 1.45 GeV^2 are ruled out at the 90% confidence level.

PACS numbers: 11.55.-m, 13.60.-r

I. INTRODUCTION

We have shown in a previous paper [1] that it is possible to fit the experimental data for F^p_2 with a double or triple pole pomeron model in the region

2ν ≥ 49 GeV^2,

cos(θ_t) = √_{Q2} 2xm_p ≥ 49 2m^2_p ,

Q^2 ≤ 150 GeV^2, x ≤ 0.3. (1)

We have also shown that one can extend the usual tchannel unitarity relations [2] to the case of multiple thresholds and multiple poles. This allowed us to predict F^γ_2 from F^p_2 and the pp total cross-section. In the latter case, we have shown that all processes have the same singularity structure.

However, in the usual parton distribution sets, each parton distribution presents its own singularities. As an example, in the MRST2001 parametrization [3], we have

xq(x, Q^2_0) = A(1 + B √ x + Cx)(1 − x)^{ηq} x^{εq} , with ε_{sea} = −0.26, ε^{(1)}_g = −0.33, ε^{(2)}_g = 0.09. In fact, these singularities do not correspond to any singularity present in hadronic cross sections and, conversely, cross section singularities are not present in parton distributions. There must therefore exist a mechanism through which the singularities in partonic distributions disappear and cross section singularities arise when Q^2 goes to zero. Such a mechanism is unknown and seems forbidden by Regge theory. In this framework, a singularity structure common both to parton distibutions and to hadronic cross sections is the most natural choice.

At that level, one may ask whether the Regge fit of [1] is compatible with pQCD and whether it is possible to have the same singularities in all parton distributions. Actually, although Regge theory [4, 5] and DGLAP [6] evolution both provide well-known descriptions of the structure functions [3, 7, 8, 9, 10, 11, 12, 13], the connection between the two approaches is unclear. In this paper, we will confront the triple-pole parametrisation,

∗Electronic address: g.soyez@ulg.ac.be

for each parton distribution, and evolve it with DGLAP. This is done by fixing the initial distribution at Q^2_0 in order to reproduce the F^p_2 value obtained from the global QCD fit [1]. We shall see that we are able to produce a fit to experimental data which is compatible both with Regge theory and with the DGLAP equation. This comparison of two aspects of the theory will allow us to split the F_2 structure function in smaller contributions and to predict the density of gluons, which is generally not accessible directly from Regge fits.

Varying the initial scale Q^2_0, we can predict where perturbative QCD breaks down. However, due to the application domain (1) of the global fit, the Regge constraint on the initial parton distributions is not valid at large x. In order to solve this problem, we use the GRV98 parton distributions [7] at large x (x > x_{GRV}). We shall argue that the results do not significantly depend on the choice of the large x parametrisation. Since we will use leading order (LO) DGLAP evolution, one can choose any of the usual PDF sets to extend our fits to large x.

We will show that, within a reasonable region of Q^2_0 and x_{GRV}, the triple-pole pomeron model provides an initial condition for LO DGLAP evolution which reproduces the experimental data. The scale Q^2_0 should be considered as the minimal scale where perturbative QCD can be applied.

Since a good precision on the gluon density is of primary importance for the LHC, it is also very interesting to look at the prediction of this model for the density of gluons. We will see that the densities we obtain are of the same order of magnitude as in the usual DGLAP fits.

One should mention that such an extension of the triple pole Regge fit by a DGLAP evolution has already been introduced in [15]. However, as we will see, our approach here is different: our parametrisation is much more constrained, we are able to extract a gluon distribution and all the distributions have the same singularity structure. There are also some less important differences in the treatment of the large-x domain.

II. PERTURBATIVE QCD AND REGGE THEORY

A. Perturbative QCD

In pQCD, the high Q^2 behaviour of Deep Inelastic Scattering (DIS) is given by the DGLAP evolution equations [6]. These equations introduce the parton distribution functions q_i(x, Q^2), q̄_i(x, Q^2) and g(x, Q^2), which represent the probability of finding, in the proton, respectively a quark, an anti-quark or a gluon with virtuality less than Q^2 and with longitudinal momentum fraction x. When Q^2 → ∞, the Q^2 evolution of these densities (at fixed x) are given by the DGLAP equations

Q^2∂_Q2 q_i(x, Q^2) q̄_i(x, Q^2) g(x, Q^2) (2)

= α_s 2π ∫_1 x dξ ξ P_{qi qj} . P_{qig} . P_{qiqj} P_{qig} P_{gq} P_{gq} P_{gg} | | | | | |_{xξ} q_j(ξ, Q^2) q̄_j(ξ, Q^2) g(ξ, Q^2) ,

at leading order. Using these definitions, we have

F_2(x, Q^2) = x ∑ i e^2_{qi} [ q_i(x, Q^2) + q̄_i(x, Q^2) ] , (3)

where the sum runs over all quark flavours.

The usual way to use this equation is to choose a set of initial distributions q_i(x, Q^2_0,⃗a) to compute q_i(x, Q^2,⃗a) using (2) and to adjust the parameters ⃗a in order to reproduce the experimental data. This approach have already been successfully applied many times [3, 7, 8, 9, 10] and is often considered a very good test of pQCD. Nevertheless, these studies do not care about the singularity structure of the initial distributions, ending up with results that disagree with Regge theory, and presumably with QCD.

B. Regge theory

Beside the predictions of pQCD, we can study DIS through its analytical properties. In Regge theory [4, 5], we consider amplitudes A(j, t) in the complex angular momentum space by performing a Sommerfeld-Watson transform. In that formalism, we choose a singularity structure in the j-plane for the amplitudes. The residues of the singularities are functions of t and this technique can be applied to the domain cos(θ_t) ≫ 1. For example, we can fit the DIS data or the photon structure function at large ν (small x), and the total cross sections at large s. The models based on Regge theory [11, 12, 13, 14] use a pomeron term, reproducing the rise of the structure function (cross sections) at small x (at large s), and reggeon contributions coming from the exchange of meson trajectories (a and f). We shall consider here the following parametrisation for the pomeron term

a(Q^2) ln^2 [ ν/ν_0(Q^2) ] + c(Q^2), (4)

corresponding to a triple pole in j-plane [1] a (j − 1)^3 − 2a ln(ν_0) (j − 1)^2 + a ln^2(ν_0) + c j − 1 . This seems to be the preferred phenomenological choice at Q^2 = 0 [16]. Note that the upper expression, given in terms of ν and Q^2, can be rewritten in terms of Q^2 and x = Q^2/(2ν).

In a previous paper [1], we have also shown from unitarity constraints that we can extend the Gribov- Pomeranchuk argument about factorisation of residues to any number of thresholds and to any type of singularities. Hence, if we parametrise the pp and the γ^{(∗)}p cross sections, we can predict the γ^{(∗)}γ^{(∗)} cross-section using the t-channel unitarity (tCU) relation

A_{γγ} (j, Q^2_1, Q^2) =

A_{γp}(j, Q^2_1)A_{γp}(j, Q^2) A_{pp}(j) + finite terms

for the amplitudes in the j-plane. This relation proves the universality of the singularities, in other words, all singularities present in γp interactions also appear in γγ interactions. We have successfully applied the tCU rules to the case of double and triple pole pomeron models in the region (1). Therefore, since our fit keeps consistency with the fits in [1] for Q^2 ≤ Q^2_0, we also be used to reproduce the γ^{(∗)}γ^{(∗)} experimental results for Q^2_1 ≤ Q^2 ≤ Q^2_0.

III. INITIAL DISTRIBUTIONS

In our approach it is not possible to dissociate the soft singularity from the perturbative ones, as was done in [17]. However, it is possible to assume that the perturbative essential singularity (at j = 1) becomes a triple pole at small Q^2. This may come from further resummation of pQCD [18]. We thus have two regimes: for Q > Q^2_0, we have a perturbative DGLAP evolution with an essential singularity, while for Q^2 ≤ Q^2_0, the Regge fit applies, and F_2 behaves like a triple pole at small x.

Due to the fact that the domain (1) does not extend up to x = 1, we have used the GRV98 [7] parametrisation at large x, i.e. for x > x_{GRV}. It is worth mentioning that, in the DGLAP equation (2), the evolution for x > x_{GRV} does not depend on the distributions below x_{GRV}. This means that the evolution of the GRV98 distribution functions for x > x_{GRV} is not influenced by the parametrisation we will impose for x ≤ x_{GRV}.

Since we want to use our fit (4) to F_2, for x ≤ x_{GRV}, we want to have an initial distribution of the form (Q^2_0 is the scale at which we start the DGLAP evolution)

F_2(x, Q^2_0) = a log^2(1/x) + b log(1/x) + c + dx^η, (5) i.e. described by a triple pole pomeron and an f,a_2- reggeon trajectory (η = 0.31 as given in [1]). Once we have that initial distribution, we can evolve it with DGLAP and compare it with experimental data.

However, the DGLAP equation (2) does not allow us to compute F_2 directly. Performing linear combinations in (2), one can easily check that the minimal set of densities needed to obtain F_2 from the DGLAP equation is given by T = x [ (u^+ + c^+ + t^+) − (d^+ + s^+ + b^+) ] , (6)

Σ = x [ (u^+ + c^+ + t^+) + (d^+ + s^+ + b^+) ] , (7) G = xg, (8) where q^+ = q + q̄ for q = u, d, s, c, t, b. The evolution equations for these distributions turn out to be

Q^2∂_Q2 T (x, Q^2) = α_s 2π ∫_1 x xdξ ξ^2 P_{qq} ( x ξ ) T (ξ, Q^2), Q^2∂_Q2 ( Σ G ) = α_s 2π ∫_1 x xdξ ξ^2 ( P_{qq} 2n_f P_{qg} P_{gq} P_{gg} ) ( Σ G )

and F_2 is then given by

F_2 =

5Σ + 3T 18 . This clearly shows that, if we want to use (5) as the initial condition for a DGLAP evolution, we need to split it into T and Σ contributions, but we also need to introduce a gluon density. In this way, using (5) as the initial condition for the evolution allows us to predict the gluon distribution function.

Since, below Q^2_0, we do not use singularities of order larger than 3, we expect this behaviour to be valid for the T and Σ distributions. The natural way of separating the initial F_2 value given by (5) is thus to consider both T and Σ as a sum of a triple pole pomeron and a reggeon. The gluon distribution, being coupled to Σ, should not contain any singularities either. Thus, we can write

T (x, Q^2_0) = a_T log^2(1/x) + b_T log(1/x) + c_T + d_T x^η, Σ(x, Q^2_0) = a_Σ log^2(1/x) + b_Σ log(1/x) + c_Σ + d_Σx^η, G(x, Q^2_0) = a_G log^2(1/x) + b_G log(1/x) + c_G + d_Gx^η.

Most of the 12 parameters in these expressions are constrained. First of all, since the triple-pole pomeron, describing the high-energy interactions, has the vacuum quantum numbers, it will not be sensitive to the quark flavours. This means that, at high energy, one expects T → 0. Therefore, we set a_T = b_T = c_T = 0. Then, since we connect our parametrisation with GRV’s at x_{GRV}, we want the distribution functions to be continuous over the whole x range. Continuity of the T distribution fixes d_T and we finally have

T (x, Q^2_0) = T^{(GRV )}(x_{GRV}, Q^2_0) ( x x_{GRV} )_η .

Moreover, we want to fix F_2(Q^2_0) to be equal to F^{(R)}_2 obtained from our previous global fit (each quantity with a superscript^{(R)} refers to the corresponding quantity obtained from the Regge fit in [1]). Since T is entirely known, this constraint fixes all the Σ parameters through the relation

ϕ_Σ =

18ϕ^{(R)} − 3ϕ_T 5 , ϕ = a, b, c, d. (9) At this level, only the gluon distribution parameters are free. However, since the reggeon trajectory is expected to be mainly constituted of quarks, we may exclude its contribution from the gluon density. Thus, we take d_G = 0. Finally, we used continuity of the gluon density with the GRV distribution at x_{GRV} to fix c_G.

We are finally left with only 2 free parameters: a_G and b_G.

Before going to the fits, one must stress that the GRV parametrisation at large x does not modify the triple pole singularity structure of the initial distributions. Actually, one may write the Mellin transform

∫_1 0 dx x^{j−1}q(x) = ∫_{xGRV} 0 dx x^{j−1}q_{regge}(x) + ∫_1

x_{GRV} dx x^{j−1}q_{grv}(x). In this expression, the first term generates the triple pole pomeron and the reggeon. The singularities of the second term come from the behaviour near x = 1. Since parton distributions behave like x^{ε−1}(1 − x)^n, the GRV parton distributions give the following contribution n∑ k=0 (−)^k ( n k ) 1 − x^{j+ε+k−1} GRV j + ε + k − 1 . and the zeroes of the numerator cancel those from the denominator. Thus, using GRV at large x does not interfere with the singularity structure imposed from the low x parametrisation.

IV. FIT

We will fit the DIS data coming from H1[19, 20, 21], ZEUS[22, 23], BCDMS[24], E665[25], NMC[26] and SLAC[27]. We will only consider data for F^p_2 . We have not included data from F^d_2 , F^{νN} , Drell-Yan proccesses and Tevatron Jets for the following reasons

• for many experiments, most of the data points are at large x or at low Q^2. Thus, they do not constrain our fit much.

• some experiments allow the determination of the valence quark distributions. We do not need them here since we only want the T , Σ and gluon distributions.

Since we want to test the domain common to Regge theory and to the DGLAP evolution, we only keep the experimental points verifying

cos(θ_t) ≤^{49}_{2m2p} ,

Q^2_0 ≤ Q^2 ≤ 3000 GeV^2, x ≤ x_{GRV}.

(10)

We have tried several values of the initial scale Q^2_0 around 5 GeV^2. Given an initial scale, the Regge limit on cos(θ_t) translates into a natural value for x_{GRV}

x^{(0)}_{GRV} = m_p √ Q^2_0 49 . (11)

A graph of that limit is presented in Fig. 1. However,

FIG. 1: Natural value of xGRV as a function of the scale

as one can see from Fig. 2, if we take that limit on x, we cut most of the high Q^2 experimental points which are at large x. It is therefore interesting to extrapolate the initial distributions to larger x, and we have tried some higher values for x_{GRV}.

V. RESULTS

The results of the fits are given in table I as a function of Q^2_0 and x_{GRV}. We can see that this 2-parameters fit reproduces very well the experimental points in (10) for Q^2_0 ≥ 3 GeV^2 and x_{GRV} ≤ 0.1. The values of the fitted parameters, as well as the constrained parameters are given in table II.

We show the initial distributions and the F^p_2 plot for Q^2_0 = 5 GeV^2 and x_{GRV} = 0.1 in Fig. 3 and Figs. 5,6 respectively.

In Fig. 4, we have compared the gluon distribution obtained from our fit with that of the well known DGLAP

FIG. 2: Experimental points, Regge domain limit and fit domain limits for Q^2_0 = 5 GeV^2 and xGRV = x^{(0)}_{GRV} or 0.1. It clearly appears that without extrapolation, we miss the high- Q^2 points.

FIG. 3: Initial distributions for Q^2_0 = 5 GeV^2 and xGRV = 0.1. q_{2/3} = x(u^+ + c^+ + t^+) and q_{−1/3} = x(d^+ + s^+ + b^+ )

fits like GRV[7], CTEQ[8] and MRST[3]. One can see that our gluon distribution is of the same order of magnitude as that from other DGLAP fits.

It is also interesting to check whether our results depend on the choice of the large x parametrisation. Since the DGLAP evolution equation couples the small x distributions to the large x ones, at first sight, our results may depend on such a choice. However, looking at the studies of the PDF uncertainties, it can be seen that the large x behaviour of the T and Σ distributions hardly depends on the chosen fit down to x ≈ 0.1. Moreover, in the large x limit, the splitting matrix can be written ( P_{qq} P_{qg} P_{gq} P_{gg} ) ≈ 1 (1 − x)_+ ( 2C_F . . 2C_A ) .

FIG. 4: Fitted gluon distribution compared with some well known parton distributions

xGRV x^{(0)}_{GRV} 0.1 0.2 Q^2_0 χ^2 n χ^2/n χ^2 n χ^2/n χ^2 n χ^2 /n

10.0 484 515 0.939 561 581 0.966 774 639 1.212 5.0 557 577 0.966 676 686 0.985 862 744 1.159 3.0 633 591 1.071 741 735 1.008 - - -

TABLE I: χ^2 for various values of Q^2_0 and xGRV . (n is the number of experimental point satisfying (10))

Thus, in the large x region, the gluon distribution and the sea are not coupled. Since, in our method, both T and Σ are fixed, we study the influence of the gluon distribution on F_2. Due to the fact that these are not coupled at large x, we expect that our fit does not depend on the large x behaviour of the distributions.

Q^2_0 3.0 5.0 10.0

aγp 0.00541 0.00644 0.00780 bγp 0.0712 0.0990 0.142 cγp 0.00541 0.0064 0.00780 dγp 0.890 1.06 1.27

xGRV x^{(0)}_{GRV} 0.1 x^{(0)}_{GRV} 0.1 x^{(0)}_{GRV} 0.1

dT -0.0722 0.167 -0.0478 0.166 0.0101 0.165 aG 0.147 0.00617 0.0908 0.0271 0.158 0.131 bG -0.852 0.718 0.193 0.822 0.178 0.419 cG 3.45 -0.495 0.595 -0.851 0.0299 -0.463

TABLE II: Values of the parameters for ≤ Q^2_0 ≤ 10 GeV^2 and xGRV ≤ 0.1. Only aG and bG are fitted, while the other parameters are constrained.

Furthermore, one can see that the χ^2 of the fit remains of order 1 for 0.04 <∼ x_{GRV} <∼ 0.15 and grows when we take x_{GRV} ∼ 0.01 or smaller. At that point , parton distributions depend on the chosen parametrisation and the one we used, namely GRV98, does not take into account the latest HERA points. If we want to go to smaller values of x_{GRV}, we need a more recent parametrisation and thus a NLO study. Note that the interval on x_{GRV} for which we have an acceptable χ^2 hardly depends on Q^2_0 for Q^2_0 in [3, 15] GeV^2, and that the χ^2 of the fit does not change very much in that domain.

Unfortunately, it is quite hard to determine a unique scale Q^2_0 or x_{GRV} from the fit. From Table I, it is clear that x_{GRV} can be taken to be 0.1 but can not be pushed up to 0.2. But, as we have argued, for such values of Q^2_0 and such high x_{GRV}, we are outside the domain (1) and we may not ensure that Regge theory will still be valid at x = 0.1 and Q^2 = Q^2_0. We can thus adopt two different points of view:

1. we stay in the domain (1). We have thus x_{GRV} = x^{(0)}_{GRV} and we can take Q^2_0 down to 3 GeV^2. The problem is that as Q^2_0 goes down, x_{GRV} goes down too. And, since high Q^2 experimental points have large x values, we do not test pQCD over a large range of Q^2 values. This effect can be clearly seen in Fig. 2 where we have plotted the experimental points, the Regge domain limit and the fit domain for Q^2_0 = 5 GeV^2 and x_{GRV} = x^{(0)}_{GRV} or 0.1. It is therefore difficult to predict a “best value” for Q^2_0.

2. we extrapolate the Regge fit outside the domain (1). The amount of points concerned by this interpolation can be seen in Fig. 2. In such a case, depending on our confidence in this extrapolation, we can consider that pQCD applies down to 3 GeV^2 or 5 GeV^2 and x_{GRV} ≈ 0.1. This value is compatible with the HERA predictions as well as with the Donnachie-Landshoff prediction [17]. Below 2 GeV^2, the χ^2 is larger than 1 whatever x_{GRV} is and values of the initial scale smaller than

1.45 GeV^2 are ruled out at the 90% confidence level.

VI. CONCLUSION

In this paper, we have shown that it is possible to use a very simple analytic form, namely a triple-pole pomeron and a reggeon, as an initial condition for the DGLAP evolution. Applying the constraint from a global QCD fit obtained in a previous paper [1] as well as some expected properties of the parton distribution functions, we have shown that we can fit the DIS data in the domain Q^2_0 ≥ 3 GeV^2, x ≤ 0.1 and cos(θ_t) ≥ 49/(2m^2_p). This fit has only 2 free parameters in the gluon distribution.

Our fit is at the interplay between Regge theory and pQCD. We have thus proven that Regge theory can be used to extend a pQCD evolution down to the nonperturbative domain. From the fit, we can also say that the scale down to which we can apply pQCD is of the order of 3-5 GeV^2.

Moreover, we have seen that our approach can be used to split F_2 in T and Σ-components with precise physical properties. In this way, it is of prime importance to point out that all the initial distributions have the same singularity structure, which is rarely the case for the usual parton sets. Since Σ is coupled to the gluon distribution, the latter can also be predicted. We have shown that the fitted gluon distribution is of the same order of magnitude as the gluon distributions obtained by the usual DGLAP fits to DIS data.

By requiring the same singularities in each distribution, we have seen that we are able to construct a full model both for DGLAP evolution and Regge theory in the case of a triple-pole pomeron model. It should be interesting, in the future, to test if we can apply the same method to the case of double pole pomeron or Donnachie- Landshoff two-pomeron model.

In the future, it should also be interesting to see if it is possible to adapt this point of view, in order to derive the triple pole pomeron form factors at high Q^2.

Acknowledgments

I would like to thanks J.-R. Cudell for useful suggestions. This work is supported by the National Fund for Scientific Research (FNRS), Belgium.

[1] J.-R. Cudell, E. Martynov and G. Soyez, hep-ph/0207196.

[2] V.N. Gribov and I. Ya. Pomeranchuk, Phys. Rev. Lett.

8, 4343 (1962).

[3] A. D. Martin, R. G. Roberts, W. J. Stirling and R. S. Thorne, Eur. Phys. J. C23 (2002) 73-87 [4] T. Regge, Nuovo Cim. 14 (1959) 951. [5] T. Regge, Nuovo Cim. 18 (1960) 947.

[6] V.N. Gribov and L.N. Lipatov, Sov. J. Nucl. Phys.

15 (1972) 438. G. Altarelli and G. Parisi, Nucl. Phys. B126 (1977) 298. Yu.L. Dokshitzer, Sov. Phys. JETP 46 (1977) 641.

[7] M. Gluck, E. Reya and A. Vogt, Eur.

Phys. J. C5 (1998) 461-470, or see http://cpt19.dur.ac.uk/hepdata/grv.html.

[8] J. Pumplin, D.R. Stump, J. Huston, H.L. Lai, P. Nadolsky, W.K. Tung, JHEP. 0207 (2002) 012.

[9] A.M. Cooper-Sarkar, J. Phys. G28, (2002) 2669-2678. [10] S.I. Alekhin, Phys.Rev. D63 (2001) 094022. [11] J.R. Cudell, G. Soyez, Phys.Lett. B516 (2001) 77-84. [12] P.Desgrolard, E.Martynov, Eur.Phys.J. C22 (2001) 479- 492.

[13] A. Donnachie, P.V. Landshoff, Phys.Lett. B518 (2001) 63-71.

[14] The reader who wants a modern overview of Regge theory and diffraction can read the books S. Donnachie, G. Dosch, P. Landshoff and O. Nachtmann, Pomeron Physics and QCD (Cambridge University Press, Cambridge, 2002), and V. Barone and E. Predazzi, High- Energy Particle Diffraction (Springer, Berlin Heidelberg, 2002).

[15] L. Csernai et al., Eur. Phys. J. C24 (2002) 205. [16] J.-R. Cudell, V. V. Ezhela, P. Gauron, K. Kang, Yu. V. Kuyanov, S. B. Lugovsky, B. Nicolescu, and N. P. Tkachenko, Phys. Rev. D65 (2002) 074024 ; see also 2002 Review of Particle Physics, K. Hagiwara et al., Phys. Rev. D66 (2002) 010001-9.

[17] A. Donnachie and P. V. Landshoff, Phys.Lett. B533 (2002) 277-284 [18] E. Iancu, A. Leonidov and L. McLerran, Lectures given at the NATO Advanced Study Institute “QCD perspectives on hot and dense matter”, August 6–18, 2001, in Cargèse, Corsica, France.

[19] H1 Collaboration: C. Adloff et al., Eur. Phys. J. C13 (2000) 609.

[20] H1 Collaboration: C. Adloff et al., Eur. Phys. J. C19 (2001) 269.

[21] H1 Collaboration: C. Adloff et al., Eur. Phys. J. C21 (2001) 33.

[22] ZEUS Collaboration: J. Breitweg et al., Eur. Phys. J.

C12 (2000) 35.

[23] ZEUS Collaboration: S. Chekanov et al., Eur. Phys. J.

C21 (2001) 443.

[24] BCDMS Collaboration: A. C. Benvenuti et al., Phys.

Lett. B 223 (1989) 485.

[25] E665 Collaboration: Adams et al., Phys. Rev. D54 (96) 3006.

[26] NMC Collaboration: M. Arneodo et al., Nucl. Phys.

B483 (1997) 3; Nucl. Phys. B487 (1997) 3.

[27] SLAC Experiments: Whitlow, PL B282 (92) 475 and SLAC-357 (1990).

FIG. 5: F^p_2 fit for Q^2_0 = 5 GeV^2 and xGRV ≤ 0.1 (low Q^2 values).

FIG. 6: F^p_2 fit for Q^2_0 = 5 GeV^2 and xGRV ≤ 0.1 (high Q^2 values).