arXiv:hep-ph/0303061 v1 7 Mar 2003

The value of QCD coupling constant and power corrections in the structure function F2 measurements

V.G. Krivokhijine^a, A.V. Kotikov^a

a Joint Institute for Nuclear Physics, 141980 Dubna, Russia

We reanalyze deep inelastic scattering data of BCDMS Collaboration by including proper cuts of ranges with large systematic errors. We perform also the fits of high statistic deep inelastic scattering data of BCDMS, SLAC, NM and BFP Collaborations taking the data separately and in combined way and find good agreement between these analyses. We extract the values of both the QCD coupling constant αs(M^2_Z ) up to NLO level and of the power corrections to the structure function F2.

1. Introduction

The deep inelastic scattering (DIS) leptons on hadrons is the basical process to study the values of the parton distribution functions which are universal (after choosing of factorization and renormalization schemes) and can be used in other processes. The accuracy of the present data for deep inelastic structure functions (SF) reached the level at which the Q^2-dependence of logarithmic QCD-motivated terms and power-like ones may be studied separately (for a review, see the recent paper [1]) and references therein).

In the present letter we sketch the results of our analysis [3] (see also [?]) at the next-to-leading order of perturbative QCD for the most known DIS SF F_2(x, Q^2)^1 taking into account experimental data [4]-[7] of SLAC, NM, BCDMS and BFP Collaborations. We stress the powerlike effects, so-called twist-4 (i.e. ∼ 1/Q^2) contributions. To our purposes we represent the SF F_2(x, Q^2) as the contribution of the leading twist part F^{pQCD}_2 (x, Q^2) described by perturbative QCD, when the target mass corrections are taken into account, and the nonperturbative part

F_2(x, Q^2) = F^{pQCD}_2 (x, Q^2) ( 1 + h̃_4(x) Q^2 ) , (1)

where h̃_4(x) is magnitude of twist-4 terms.

1Here Q^2 = −q^2 and x = Q^2/(2pq) are standard DIS variables, where q and p are photon and hadron momentums, respectively.

Contrary to standard fits (see [3] and references therein) when the direct numerical calculations based on Dokshitzer-Gribov-Lipatov- Altarelli-Parisi equation [8] are used to evaluate structure functions, we use the exact solution of DGLAP equation for the Mellin moments of SF F^{pQCD} 2 (x, Q^2) and the subsequent reproduction of F^{pQCD}_2 (x, Q^2) at every needed Q^2-value with help of the Jacobi Polynomial expansion method [9,10]^2 (see similar analyses at the NLO level [10,14] and at the next-next-to-leading order (NNLO) level and above [15]).

2. Results of fits

We have studied in [3] the Q^2-evolution of DIS structure function F_2 fitting all modern fixed target experimental data at x ≥ 10^{−2} and Q^2 ≥ 1 GeV^2. From the fits we have obtained the value of the normalization α_s(M^2_Z ) of QCD coupling constant.

First of all, we have reanalyzed the BCDMS data cutting the range with large systematic errors. As it is possible to see in [3] the value of α_s(M^2_Z ) rises strongly when the cuts of systematics were incorporated. In another side, the value of α_s(M^2_Z ) does not dependent on the concrete type of the cut within modern statistical errors.

2We note here that there is similar method [11], based on Bernstein polynomials. The method has been used in the analyses at the NLO level in [12] and at the NNLO level in [13].

Figure 1. The values of α_s(M^2_Z ) and χ^2 at different Q^2-values of data cuts in the fits based on nonsinglet evolution. The black (white) points show the analyses of data without (with) twist-4 contributions. Only statistical errors are shown.

To verify the range of applicability of perturbative QCD, we analyzed firstly the SLAC, BCDMS, NM and BFP data without a contribution of twist-4 terms, i.e. when F_2 = F^{pQCD}_2 . We did several fits using the cut Q^2 ≥ Q^2_{cut} and increased the value Q^2_{cut} step by step. We observed good agreement of the fits with the data when Q^2_{cut} ≥ 10 ÷ 15 GeV^2 (see the Figs. 1 and 2). Later we added the twist-4 corrections and fitted the data with the standard cut Q^2 ≥ 1 GeV^2. We have found very good agreement with the data. Moreover, the predictions for α_s(M^2_Z ) in both above procedures are very similar (see the Figs. 1 and 2).

The results for α_s(M^2_Z ) coincide for the both types of analyses: ones, based on nonsinglet evolution, and ones, based on combined singlet and nonsinglet evolution. They have the following

Figure 2. The values of α_s(M^2_Z ) and χ^2 at different Q^2-values of data cutes in the fits based on combine singlet and nonsinglet evolution. All other notes are as in Fig. 1.

form:

α_s(M^2_Z ) = 0.1177 ± 0.0024 (total), (2)

where the symbol “total” marks the total experimental error, which contains the sum of statistical error, systematic one and error of normalization in quadratures.

We would like to note that the result (2) is in good agreement with the analysis [16] of combined H1 and BCDMS data, which has been given by H1 Collaboration very recently. The result for α_s(M^2_Z ) is in good agreement also with the average value for coupling constant, presented in famous Altarelli and Bethke reviews [17].

Acknowledgments. A.V.K. would like to express his sincerely thanks to the Organizing Committee of ACAT 2002 for the kind invitation. He was supported in part by INTAS grant N366.

REFERENCES

1. M. Beneke, Phys.Report. 317 (1999) 1. 2. V.G. Krivokhijine and A.V. Kotikov, Dubna preprint E2-2001-190 (hep-ph/0108224).

3. V.G. Krivokhijine and A.V. Kotikov, Acta Phys.Polon. B33 (2002) 2947; Acta Phys.Slov. 52 (2002) 227; hep-ph/0206221 .

4. SLAC Collab., L.W. Whitlow et al., Phys.Lett. B282 (1992) 475.

5. NM Collab., M. Arneodo et al., Nucl. Phys.

B483 (1997) 3.

6. BCDMS Collab., A.C. Benevenuti et al., Phys.Lett. B223 (1989) 485; B237 (1990) 592; B195 (1987) 91.

7. BFP Collab.: P.D. Mayers et al., Phys.Rev.

D34 (1986) 1265.

8. V.N. Gribov, L.N. Lipatov, Sov.J.Nucl.Phys.

15 (1972) 438, 675; L.N. Lipatov, Sov.J.Nucl.Phys. 20 (1975) 94; G. Altarelli, G. Parisi, Nucl. Phys. B126 (1977) 298; Yu.L. Dokshitzer, JETP 46 (1977) 641.

9. G. Parisi, N. Sourlas, Nucl. Phys. B151 (1979) 421; I.S. Barker et al., Nucl. Phys. B186 (1981) 61 Z.Phys. C19 (1983) 147; C24 (1984) 255.

10. V.G. Krivokhizhin et al., Z.Phys. C36 (1987) 51; C48 (1990) 347.

11. F.J. Yndurain, Phys.Lett. B74 (1978) 68. 12. B. Escobles et al., Nucl.Phys. B242 (1984) 329; D.I. Kazakov, A.V. Kotikov, Yad. Fiz. 46 (1987) 1767 [Sov.J.Nucl.Phys. 46 (1987) 1057]; Nucl.Phys. B307 (1988) 721; B345 (1990) 299 13. J. Santiago, F.J. Yndurain, Nucl.Phys. B563 (1999) 45; B611 (2001) 447.

14. V.I. Vovk, Z.Phys. C47 (1990) 57;

A.V. Kotikov et al., Z.Phys. C58 (1993) 465; A.V. Kotikov and V.G. Krivokhijine, in Proc. of the 6th Int. Workshop on Deep Inelastic Scattering, DIS 98 (1998), Brussels (hep-ph/9805353).

15. G. Parente et al., Phys.Lett. B333 (1994) 190; A.L. Kataev et al., Phys.Lett. B388 (1996) 179; Phys. Lett. B417 (1998) 374; hep-ph/9709509; Nucl.Phys. B573 (2000) 405.

16. H1 Collab.: C. Adloff et al., Preprint DESY-

00-181 (hep-ex/0012053).

17. G. Altarelli, hep-ph/0204179; S. Bethke, J.Phys. C26 (2000) R27; hep-ex/0211012 .