DESY 94-192

Extraction of the gluon density of the proton at small x

ZEUS Collaboration

Abstract

The gluon momentum density xg(x, Q^2) of the proton was extracted at Q^2 = 20 GeV^2 for small values of x between 4 � 10�^4 and 10�^2 from the scaling violations of the proton structure function F_2 measured recently by ZEUS in deep inelastic neutral current ep scattering at HERA. The extraction was performed in two ways. Firstly, using a global NLO fit to the ZEUS data on F_2 at low x constrained by measurements from NMC at larger x; and secondly using published approximate methods for the solution of the GLAP QCD evolution equations. Consistent results are obtained. A substantial increase of the gluon density is found at small x in comparison with the NMC result obtained at larger values of x.

1 Introduction

About half of the proton’s momentum is carried by gluons. Despite this, the determination of the density g(x, Q^2) of gluons in the proton as a function of Bjorken-x and the momentum transfer squared, −Q^2, has turned out to be a difficult task. Some of the more recent determinations of g(x, Q^2) from a variety of processes can be found in [1]-[9]. The principal difficulty in measuring the gluon density in deep inelastic scattering is that the gluons do not contribute to the cross section in zeroth order QCD (Quark-Parton Model) where the structure functions scale, i.e. do not depend on Q^2. In the next order (leading order : LO) scaling violations occur through gluon bremsstrahlung from quarks and quark pair creation from gluons. At small x, x < 10�^2, the latter process dominates the scaling violations [10]. This property can be exploited to extract the gluon density directly from the slope dF_2/d ln Q^2 of the proton structure function F_2 using the approximations of Prytz in LO [11] and in next-to-leading order (NLO) [12]. A different method for the determination of g(x, Q^2) at small values of x has recently been proposed by Ellis, Kunszt and Levin (EKL) [13] based on the solution of the QCD evolution (GLAP) equations [14] in moment space up to next-to-next-to-leading order (NNL). The first applications of the Prytz method in LO were performed by ZEUS [15] and H1 [16] using F_2 data from the 1992 running at HERA.

The new measurements of F_2 obtained by the ZEUS experiment in deep inelastic neutral current ep scattering from the 1993 data [17] provide much improved statistical precision and reduced systematic uncertainties with respect to the 1992 data. The data were taken with the ZEUS detector at HERA with 26.7 GeV electrons colliding on 820 GeV protons. The structure function F_2 was determined for Q^2 values between 7 and 10^4 GeV^2 and x values between 3 × 10�^4 and 1.6 × 10�^1. The F_2 values given in [17] and used here were corrected for the small contribution from Z^0 exchange, and thus are values for photon exchange only. The F_2 measurements are in accord with the scaling violations predicted by QCD.

In the present paper these F_2 data have been used to extract the gluon density at Q^2 = 20 GeV^2 using the Prytz and EKL methods. A global QCD fit to F_2 to determine the gluon density has also been performed. The fit made use of the full NLO GLAP evolution equations in the MS renormalisation and factorisation scheme [18]. To constrain the fit at large x, data from NMC [19] were included.

The gluon momentum density is extracted in a region of x not previously covered. The universality of the gluon density extracted here from the scaling violations of F_2 and subsequently from other processes will provide an important test of perturbative QCD GLAP evolution.

2 Scaling violations of F_2 and the gluon density

The gluon density g(x, Q^2) is defined such that g(x, Q^2)dx gives the number of gluons in the proton with a momentum fraction between x and x + dx. The gluon momentum density is then given by xg(x, Q^2). The GLAP evolution equation predicts, in leading order, for the scaling violation of F_2, in the case of photon exchange dF_2(x, Q^2) d ln Q^2 = α_s(Q^2) 2π [∫_1 x dz z (x z ) P_{qq} ( x z ) F_2(z, Q^2) + 2 ∑ q e^2_q

∫_1 x dz z ( x z ) P_{qg} ( x z ) zg(z, Q^2) ] , (1)

where the sum runs over all active quark flavours and e_q is the charge of quark q, α_s(Q^2) is the strong coupling constant and P_{qq} , P_{qg} are the quark and gluon splitting functions. A similar evolution equation applies for the gluon density.

The Q^2 dependence of the parton densities can be calculated from the GLAP QCD evolution equations provided their x dependences are known at a fixed value of Q^2. The x dependences are not predicted by these equations and have to be extracted from data. At low x the scaling violations are dominated by the contribution from the gluon density. This fact can be exploited to determine the gluon density directly from the measured Q^2 dependence of F_2, using the approximate methods described below.

In the Prytz LO method the quark contribution, contained in the F_2 term in equation (1), are neglected and the LO result for P_{qg} is used. The gluon momentum density zg(z, Q^2) is expanded as a Taylor series around z = x/2 leading to the result for four flavours^1: xg(x, Q^2) ≈ dF_2(x/2, Q^2)/d ln Q^2 (40/27)α_s /4π

. (2)

Note that the gluon density at x is calculated using the slope of F_2 at x/2. This method has been extended by Prytz to include the NLO corrections. The contribution from quarks was again neglected. The result for four flavours in the MS scheme is: xg(x, Q^2) ≈ dF_2(x/2, Q^2)/d ln Q^2 (40/27 + 7.96α_s /4π)(α_s/4π) − (20/9)(α_s /4π)N(x/2, Q^2) 40/27 + 7.96α_s/4π

. (3)

The correction function N(x/2, Q^2) depends on the gluon density at large x, x^>∼ 10�^2, which is constrained by existing data. It has been estimated [12] using the MRSD0 (xg(x, Q^2_0) ∼ x^0 as x → 0, for Q^2_0 = 4 GeV^2) and MRSD0� (xg(x, Q^2_0) ∼ x�^{1/2} as x → 0) parameterisations [20] which span the ZEUS small x data on F_2 [17]. For Q^2 = 20 GeV^2 and in the x range relevant to this analysis the two parameterisations give almost the same results for N [12].

In the EKL method the gluon momentum density and F_2 are assumed to behave as x�^{ω0} , which leads to the following form for the scaling violation of F_2: dΣ/d ln Q^2 = P^{F F} (ω_0)Σ(x, Q^2) + P^{F G}(ω_0)g(x, Q^2) (4) with Σ(x, Q^2) = 1 < e^2_q >

F_2(x, Q^2) x , (5)

where < e^2_q > is the average of the squares of the quark charges (5/18 for four flavours). The non-singlet contributions are neglected. The evolution kernels P^{F F} and P^{F G}, calculated in the MS scheme, are expanded up to third order in α_s (NNL): P^{F F} (ω_0) ≈ α_sp^{F F}_0 + α^2_s p^{F F}_1 + α^3_s p^{F F}_2 (6)

1In this and subsequent formulae, α_s is to be taken as a function of Q^2.

P^{F G}(ω_0) ≈ α_sp^{F G}_0 + α^2_s p^{F G}_1 + α^3_s p^{F G}_2 . (7)

The NLO and LO results are obtained by keeping in equations (6) and (7) the terms up to O(α^2_s ) and O(α_s), respectively. The coefficients p^{F F}_i and p^{F G}_i depend on the parameter ω_0. They are tabulated in [13] for a range of ω_0 values. The actual value of ω_0 must be extracted from the data. The quark contribution is contained in the first term of equation (4) and hence, in contrast to the Prytz method, is included in the EKL method. The expression for the gluon momentum density, for four flavours, is: xg(x, Q^2) = 18/5 P^{F G}(ω_0) [ dF_2(x, Q^2) d ln Q^2

− P^{F F} (ω_0)F_2(x, Q^2) ] . (8)

In the EKL method, in contrast to the Prytz method, the gluon density at x is calculated using the structure function F_2 and its logarithmic slope at the same value of x.

3 Extraction of the gluon density

3.1 Prytz and EKL methods

The F_2 values from ZEUS obtained with the double-angle method (DA) were used [17]. Since we chose to extract the gluon density at Q^2 = 20 GeV^2, we considered only those x bins which have data both below and above Q^2 = 20 GeV^2 and where the errors allow a significant determination of the slope (see figure 1).

The value of the structure function F_2 and its slope dF_2/d ln Q^2 were determined for each x bin using a linear fit of the form:

F_2(x, Q^2) = c_1(x) + c_2(x) ln(Q^2/20 GeV^2). (9)

The fit parameters are c_1 = F_2(x, Q^2 = 20 GeV^2) and c_2 = dF_2/d ln Q^2. To obtain the central values of c_1 and c_2 and their statistical errors, fits were performed which included the statistical errors of F_2 only. These fits give a good representation of the data as shown by the full lines in figure 1. The systematic errors of F_2 were evaluated in [17] by determining the bin-by-bin shifts in F_2 from the central value when changing the selection and analysis procedure (in total 14 changes). The systematic uncertainties of the fit parameters were estimated as follows. The sets of shifted F_2 values with their statistical error were used to obtain 14 sets of fit parameters c_1, c_2. The positive (negative) deviations from the central values of c_1 and c_2 were added in quadrature to give the positive (negative) systematic uncertainties of the fit parameters. The values of the fit parameters c_1 and c_2 and their errors are given in table 1. Note that one of the systematic checks addressed the uncertainty of the unfolding method. Performing the unfolding using MRSD0 distributions (flat gluon) instead of MRSD0� (singular gluon) changed the logarithmic slope, c_2, by less than 0.03, and was included in the systematic error. In [17] F_2 was also determined for a limited region of x and Q^2 using electron variables only. The slopes determined from these data are consistent with the values quoted in table 1.

For the extraction of the gluon density the value of α_s was taken from a NLO fit [21] to F_2 data from SLAC [22] and BCDMS [3] which yields α_s = 0.180 ± 0.008 at Q^2 = 50 GeV^2, corresponding to Λ^{(4)}_{MS} = 263 ± 42 MeV and α_s(M^2_Z ) = 0.113 ± 0.005. This value of α_s x F_2(x, Q^2 = 20 GeV^2) dF_2(x)/d ln Q^2 8.5 × 10�^4 1.25 ± 0.02 ± 0.06 0.45 ± 0.03^{+0.05}�_{0.10} 1.55 × 10�^3 0.96 ± 0.02 ± 0.04 0.30 ± 0.03^{+0.09}�_{0.03} 2.68 × 10�^3 0.83 ± 0.01 ± 0.05 0.25 ± 0.02^{+0.07}�_{0.09} 4.65 × 10�^3 0.66 ± 0.02 ± 0.06 0.23 ± 0.03^{+0.02}�_{0.05}

Table 1: Values and errors of F_2 and of the slope dF_2/d ln Q^2 at Q^2 = 20 GeV^2 obtained from fits to the ZEUS data according to equation (9), where the first error is statistical and the second systematic.

agrees with the one given by the PDG [23]. Evolution to Q^2 = 20 GeV^2 yields the value α_s = 0.203 ± 0.010. For EKL, a choice has to be made for the value of ω_0. A fit using the F_2 form assumed by EKL, i.e. F_2 = bx�^{ω0} , to the ZEUS data at fixed values of Q^2 between 12 and 35 GeV^2, gives values for ω_0 between 0.3 and 0.4. The global fit (see below) gives a value of ω_0 ∼ 0.4 at Q^2 = 20 GeV^2. We have used a value of ω_0 = 0.4 in the EKL analysis.

From the fitted parameters and the value of α_s (and of ω_0 for EKL) the gluon density can be evaluated. Uncertainties in the extracted gluon distribution arise not only from experimental sources but also from theoretical ones. In particular the error on the value of α_s results in a variation of ±6% in xg(x) for both methods in LO and NLO. For the EKL method we find that the largest uncertainty in the normalisation of the extracted gluon distribution arises from the choice of ω_0. Varying ω_0 from 0.5 to 0.3 results in a 40% decrease in xg(x). This sensitivity becomes even stronger in NNL. Neglecting the quark contribution to dF_2/d ln Q^2 leads to an overestimate of the extracted gluon distribution. It amounts to about 5% for the kinematic region under study for the Prytz NLO method [12]. Further, from model calculations using the parton density functions MRSD0 and MRSD0�, it was shown that the Prytz NLO method reproduces the input gluon density to within 10% [12]. Thus, to this level, the method is insensitive to the power behaviour of the gluon density at low x. The results from the two methods are discussed in section 3.3.

3.2 Global fit

A GLAP QCD fit using all ZEUS 1993 F_2 data was performed [24]. In order to constrain the fit at larger values of x, NMC data on F_2 from proton and deuteron measurements with Q^2 > 4 GeV^2 were included [19]. The parton momentum distributions were parameterised as functions of x at a fixed value of Q^2 = Q^2_0, using the functional forms from [20]:

xg(x, Q^2_0) = A_gx^{δg} (1 − x)^{ηg} xq_{SI} (x, Q^2_0) = A_{SI} x^{δSI} (1 − x)^{ηSI} (1 + ε_{SI} √ x + γ_{SI} x) (10) xq_{NS} (x, Q^2_0) = A_{NS} x^{δNS} (1 − x)^{ηNS} . Here xg denotes the gluon momentum density, xq_{SI} the singlet quark distribution (the sum of quarks and anti-quarks, i.e. the sum of the valence and sea quark distributions) and xq_{NS} the (u-d) non-singlet distribution (the difference of up and down quarks and anti-quarks). The non-singlet distribution is constrained by the difference between proton and deuteron F_2 measurements. In the fit, a value of Q^2_0 = 7 GeV^2 was chosen; this is the lowest Q^2 covered by the ZEUS F_2 data. The threshold values for charm and bottom quark production were set at Q^2_{th,c} = 4 GeV^2 and Q^2_{th,b} = 25 GeV^2; above these thresholds the charm and bottom quarks were assumed to contribute fully. At Q^2 = 4 GeV^2 the strange quark distribution was assumed to be given by xq_s = 0.2 xq_{sea} [25] and the sea quark distribution was obtained by subtracting the valence distribution from the singlet distribution. Apart from α_s, the only external input to the fit is therefore the valence quark distribution at Q^2 = 4 GeV^2 which was taken from the parton distribution set MRSD0� and which has the same functional form as the singlet distribution given above.

The parton densities were evolved in Q^2 using the GLAP equations in LO [14] and NLO [18] in the MS scheme. Values for F_2 were calculated, to the corresponding order [26], from the evolved parton distributions at the x and Q^2 of each data point. Optimal values for the parameters in equation (10) were obtained from a χ^2 minimisation procedure. The normalisation A_g of the gluon was constrained by the requirement that the total momentum fraction carried by quarks and gluons added up to unity. There were thus 10 parameters left free in the fits. The value of α_s quoted in the previous section was used in the fits. The Q^2 evolution of α_s in LO and NLO was performed using the renormalisation group equation with the quark mass thresholds treated as given in [27]. In the computation of the

NLO Parameter Lower Central Upper A_{NS} 13.03 5.70 3.39 δ_{NS} 1.74 1.32 1.05 η_{NS} 4.63 3.62 2.95 A_{SI} 0.49 0.47 0.47 δ_{SI} −0.24 −0.26 −0.28 η_{SI} 3.36 3.29 3.28 ϵ_{SI} 2.55 2.45 2.26 γ_{SI} 5.91 6.38 6.84 A_g 1.11 1.01 1.08 δ_g −0.25 −0.35 −0.39 η_g 6.44 5.22 4.81

Table 2: Parameters obtained at Q^2 = 7 GeV^2 from the global fits discussed in the text.

χ^2, only statistical errors were taken into account resulting in a χ^2 of 97 for the 56 ZEUS data points and 289 for the 184 NMC data points. The values of the parameters obtained from the NLO fit are given in table 2 as the central values. Applying the constraint δ_g = δ_{SI} does not change the χ^2 of the fit appreciably. In contrast, imposing the constraint δ_g = 0 (i.e. assuming a constant xg as x → 0 at Q^2_0 = 7 GeV^2) increases the χ^2 contribution of the ZEUS data to 130, whilst the χ^2 contribution of the NMC points increases only to 299.

Figure 2 shows the F_2 data from ZEUS and NMC as a function of x for the Q^2 values of ZEUS [17] together with the result of the NLO fit. For comparison with the linear fits used in section 3.1, figure 1 shows the result of the global NLO fit (dashed-dotted lines) together with the ZEUS F_2 data for fixed x as a function of Q^2. The NLO fit provides a good description of the ZEUS and NMC data, including the data from NMC measured at Q^2 values different from the ones shown in figure 2.

3.3 Results

In LO the Prytz method offers a simple estimate of the LO gluon momentum density (see equation (2)). Figure 3 compares the result from this method with the one from the LO global GLAP fit. Good agreement between the two methods is observed. Also shown in figure 3 are the results obtained from the EKL method in LO, which are consistent with those of the other two methods.

Figure 4 shows the gluon momentum densities obtained in NLO. Good agreement between the results of the three methods is observed. The shaded band in figure 4 indicates the uncertainty of the gluon density from the global GLAP fit as estimated by adding the statistical and systematic errors in quadrature. The systematic errors were estimated as follows. The ZEUS data were offset by each systematic change (see [17]) in turn and the fit re-done. Likewise the NMC data were offset by their systematic errors, properly taking into account the correlations as described in [19]. Normalisation errors of 3.5% on the ZEUS data and of 1.6 (2.6)% on the 90 (280) GeV NMC data sets were included. The resulting deviations above (below) the central value were added in quadrature to yield the upper (lower) systematic error. It is found that the systematic uncertainties in the NMC data give the dominant contribution. In order to indicate the equivalent uncertainty in the fitted parameters, the parameters describing the upper and lower extremes of the error band shown in figure 4 are given in table 2. Using the ZEUS F_2 data obtained with the electron method gave consistent results. The errors shown in figure 4 do not include the uncertainty due to α_s; using the error quoted previously results in a variation of about 6% in the gluon distribution at Q^2 = 20 GeV^2 and x^<∼ 10�^2.

Additional sources of uncertainty in the global fit were investigated. Repeating the fit without imposing the momentum sum rule had a negligible effect on the gluon distribution. The uncertainty due to the assumed strange quark content of the proton, estimated by repeating the analysis with q_s = 0.1q_{sea} and q_s = 0.3q_{sea} (instead of q_s = 0.2q_{sea}), was found to be negligible. This also shows that the global fit is insensitive to changes in the input valence quark distribution. Starting the evolution from Q^2_0 = 4 and 20 GeV^2 instead of 7 GeV^2 did not significantly change the extracted gluon distribution. The influence of higher twist contributions, as given in [8], to the Q^2 evolution of F_2 was found to be negligible. The determination of the gluon density at low Q^2 is known to be sensitive to the exact treatment of the charm threshold. Small changes of the order of 5% were observed at low x when different treatments of the charm threshold behaviour [28] were used. Changing the bottom production threshold to Q^2 = 100 GeV^2 had a small effect. Possible shadowing corrections to the NMC deuterium data [29] were investigated and found to have no effect on the extracted gluon distribution. Using F_2 values determined with the large rapidity gap events [30, 31] excluded from the data sample also had a small effect (^<∼ 10%) on the gluon distribution.

The gluon momentum densities obtained from the approximate methods, shown in figure 4, agree well with the result from the global fit. In the case of EKL this is true only if ω_0 has the value of 0.4, as determined from the global fit at Q^2 = 20 GeV^2. From the global fit the scaling violations in the x region of the ZEUS data are, as expected, dominated by the contribution from the gluon. The agreement between the results from the Prytz method and the global fit justify the approximations made in the Prytz method. Furthermore, it lends support to the simple functional form for xg used in the global fit, since the Prytz method does not rely on a specific functional form for xg.

Also shown in figure 4 as a hatched region is the result for xg obtained by NMC for x^>∼ 10�^2. A substantial rise in xg is seen as x decreases from the region of the NMC result to the low x region of the ZEUS data. For completeness we show in figure 4 the parameterisations MRSD0 and MRSD0�. The gluon density from MRSD0� is consistent with the central value of the global fit whereas MRSD0 is below the lower limit of the error band. The parameterisations GRV(HO) [32], CTEQ2M [33] and MRSA [34] (not shown) agree closely with the central value of the fit.

4 Conclusion

The gluon momentum density, xg(x, Q^2), was extracted at Q^2 = 20 GeV^2 down to x values of ∼ 4 × 10�^4 using a NLO GLAP global fit to the ZEUS F_2 data. The global fit was constrained at larger x using F_2 data from NMC for Q^2 > 4 GeV^2. A good description of the data was obtained. Two approximate methods were also used to extract the gluon distribution in NLO from the scaling violations in the F_2 data of ZEUS alone. Both methods agree with the global GLAP fit. The scaling violations are dominated by the contribution from the gluon. A substantial increase in the gluon momentum density is observed as x decreases from the region x^>∼ 10�^2 studied by the NMC experiment to the x region, 4 × 10�^4 < x < 10�^2, covered by this analysis.

5 Acknowledgements

The experiment was made possible by the inventiveness and the diligent efforts of the HERA machine group who continued to run HERA most efficiently during 1993. The design, construction, and installation of the ZEUS detector has been made possible by the ingenuity and dedicated effort of many people who are not listed as authors. Their contributions are acknowledged with great appreciation. The strong support and encouragement of the DESY Directorate has been invaluable. Discussions with R.K. Ellis, Z. Kunszt and E. Levin on the EKL method are gratefully acknowledged.

References

[1] CDHS Collab., H. Abramowicz et al., Z. Phys. C12 (1982) 289.

[2] CHARM Collab., F. Bergsma et al., Phys. Lett. B123 (1983) 269.

[3] BCDMS Collab., A.C. Benvenuti et al., Phys. Lett. B223 (1989) 485 and 490;

Phys. Lett. B237 (1990) 592 and 599.

[4] E. Anassontzis et al., Sov. J. Nucl. Phys. 51 (1990) 836. [5] NMC Collab., D. Allasia et al., Phys. Lett. B258 (1991) 493. [6] EMC Collab., J. Ashman et al., Z. Phys. C56 (1992) 21. [7] UA2 Collab., J. Alitti et al., Phys. Lett. B299 (1993) 174. [8] NMC Collab., M. Arneodo et al., Phys. Lett. B309 (1993) 222. [9] UA6 Collab., G. Ballocchi et al., Phys. Lett. B317 (1993) 250. [10] A.M. Cooper-Sarkar et al., Z. Phys. C39 (1988) 281. [11] K. Prytz, Phys. Lett. B311 (1993) 286. [12] K. Prytz, Phys. Lett. B332 (1994) 393.

[13] R.K. Ellis, Z. Kunszt and E.M. Levin, Nucl. Phys. B420 (1994) 517. [14] V.N. Gribov and L.N. Lipatov, Sov. J. Nucl. Phys. 15 (1972) 438, 675;

L.N. Lipatov, Sov. J. Nucl. Phys. 20 (1975) 94; G. Altarelli and G. Parisi, Nucl. Phys. B126 (1977) 298.

[15] J.F. Martin, Proceedings of the XVI International Symposium on Lepton and Photon Interactions, Cornell University, Ithaca NY, (1993) 119; G. Wolf, DESY 94-022 (1994);

M. Roco, PhD Thesis, University of Iowa, DESY Internal Report F35D-94-04, (1994). [16] H1 Collab., I. Abt et al., Phys. Lett. B321 (1994) 161.

[17] ZEUS Collab., M. Derrick et al., DESY 94-143 (1994), submitted to Z. Phys. C. [18] W. Furmanski and R. Petronzio, Phys. Lett. B97 (1980) 437;

G. Curci, W. Furmanski and R. Petronzio, Nucl. Phys. B175 (1980) 27. [19] NMC Collab., P. Amaudruz et al., Phys. Lett. B295 (1992) 159 and preprint CERN- PPE/92-124.

[20] A.D. Martin, W.J. Stirling and R.G. Roberts, Phys. Lett. B306 (1993) 145;

Phys. Lett. B309 (1993) 492 (erratum).

[21] M. Virchaux and A. Milsztajn, Phys. Lett. B274 (1992) 221. [22] L.W. Whitlow et al., Phys. Lett. B282 (1992) 475.

[23] Particle Data Group, L. Montanet et al., Phys. Rev. D50 (1994) 1173. [24] The fit was performed using two independent programs, the first being an upgrade of that used by BCDMS [21] and NMC [8] and the second one newly developed by ZEUS.

[25] CCFR Collab., C. Foudas et al., Phys. Rev. Lett. 64 (1990) 1207;

S.A. Rabinowitz et al., Phys. Rev. Lett. 70 (1993) 134. [26] W. Furmanski and R. Petronzio, Z. Phys. C11 (1982) 293.

[27] W.J. Marciano, Nucl. Phys. (Proc. Suppl.) B11 (1989) 5, sect. 2.1. [28] M. Glück, E. Hoffmann and E. Reya, Z. Phys. C13 (1982) 119;

M. Glück, E. Reya and H. Stratmann, Nucl. Phys. B422 (1994) 37. [29] V. Barone et al., Z. Phys. C58 (1993) 541.

[30] ZEUS Collab., M. Derrick et al., Phys. Lett. B315 (1993) 481. [31] ZEUS Collab., M. Derrick et al., Phys. Lett. B332 (1994) 228. [32] M. Glück, E. Reya and A. Vogt, Phys. Lett. B306 (1993) 391. [33] CTEQ Collab., J. Botts et al., Phys. Lett. B304 (1993) 159.

[34] A. D. Martin, W. J. Stirling and R. G. Roberts, University of Durham preprint DTP/94/34 (and RAL 94-055) June 1994.

Figure 1: The F_2 structure function measurements of ZEUS together with the linear fits using equation (9), (solid lines), and the result from the global NLO fit, (dashed-dotted lines). The error bars show the statistical (inner error) and systematic error added together in quadrature. The arrow indicates the Q^2 value at which the slope and F_2 are determined in order to extract the gluon distribution using the approximate methods.

Figure 2: A comparison of the ZEUS and NMC F_2 data with the result from the global NLO GLAP fit as a function of x for the Q^2 values (GeV^2 ) of [17]. The error bars show the statistical (inner error)and systematic error added together in quadrature.

Figure 3: The gluon momentum density as a function of x at Q^2 = 20 GeV^2 determined from the ZEUS data using the methods of Prytz and EKL in LO. The error bars show the experimental statistical (inner error) and systematic error added together in quadrature. Also shown, as a solid curve, is the LO GLAP global fit.

Figure 4: The gluon momentum density as a function of x at Q^2 = 20 GeV^2 determined from the ZEUS data using the methods of Prytz and EKL in NLO. The error bars show the experimental statistical (inner error) and systematic error added together in quadrature. The solid line shows the result of the NLO GLAP global fit with the associated error indicated by the shaded region. The gluon parameterisations of MRSD0� and MRSD0 are shown as dash-dotted lines. The hatched region shows the gluon distribution determined by the NMC experiment.