Access to the NLO Gluon Distribution of the Photon

J. Binnewies^a, M. Erdmann^b, B.A. Kniehl^c, G. Kramer^a

a II.Inst. f. Th. Physik, Universität Hamburg, Luruper Chaussee 149, D-22761 Hamburg, FRG b Physikalisches Institut, Universität Heidelberg, Philosophenweg 12, D-69120 Heidelberg, FRG c Max-Planck-Institut für Physik, Föhringer Ring 6, D-80805 München, FRG

Abstract: Inclusive differential rapidity cross sections of charged particles with large transverse momenta are sensitive to the parton content of the photon. We discuss the accuracy of a future measurement and the uncertainties of the different input distributions required for the next-to-leading order (NLO) QCD calculations.

1 Motivation and Method

The fluctuations of photons into quark–anti-quark pairs have been studied in deep inelastic electron–photon scattering (eγ DIS) at e^+e^− colliders [1]. The subsequent radiation of gluons from the quark or anti-quark has been analyzed in resolved photon–proton scattering at the ep collider HERA. Here the first measurement of the gluon distribution in the photon was carried through using two-jet events and a leading order (LO) QCD analysis [2]. However, sizable error bars resulted from the uncertainties in the corrections of the underlying event energy effects.

In this contribution we suggest a measurement of the inclusive differential rapidity cross sections dσ/dη of charged particles in γp scattering in the range −1.5 < η < 2.5. By comparison with a next-to-leading (NLO) QCD calculation, the gluon distribution of the photon can be extracted at NLO. The transverse momenta of these hadrons should be sufficiently large in order to a) minimize the influence of underlying event effects which cannot be calculated in NLO QCD, and b) have the scale in a regime where perturbative QCD calculations give reliable results.

On the other hand, p_t should not be much larger, since the sensitivity to the gluon component in the photon decreases with increasing p_t. Our choice of p_t > 4GeV satisfies both requirements.

The rapidity of the particles is to some extent correlated with the incoming fractional energy x_γ = E_{parton}/E_γ of the parton from the photon side. In LO QCD, x_γ can be reconstructed from the two final state partons using x_γ = p_t (e^{−η1} + e^{−η2} ) /(2E_γ ). Here we have predominantly one high–p_t particle per event with p_t ≈ 4 GeV, carrying a rapidity η and reflecting the direction of one of the final state partons. With η ∝ ln x_γ , the rapidity distribution is sensitive to the parton distribution functions (PDF’s) of the photon with a lower limit around x_γ = 0.01.

2 Measurement

The inclusive differential rapidity cross section for charged particles has been measured before [3]. Events were used where the scattered electron is tagged in the electron detector of the luminosity system. The statistical uncertainty from an integrated luminosity of 1 pb^{−1} was however too large at p_t > 4 GeV for a sufficiently precise measurement. A future measurement using 100 pb^{−1} will result in a statistical uncertainty of order 1%. The dominant systematic error is an overall uncertainty in the luminosity measurement which is currently of order 1−2%.

The rapidity interval of the previous measurements was |η| < 1.5. In future measurements it should be extended to the positive rapidity region as far as possible (forward trackers reach η = 2.5) to also cover the region of small x_γ .

In order to control the scaling violation, the differential cross section need to be measured in bins of p_t between 4 < p_t < 12 GeV. dσ/dη is expected to exhibit not only a decrease in the rate, but also a strong change in the shape of the distribution. The statistical error will be of order 5% in the highest anticipated bin 10 < p_t < 12 GeV, which is still tolerable.

3 Prediction in NLO QCD

The NLO QCD calculation of the charged particle cross sections requires five ingredients. These are the splitting function f_{γ/e}, the PDF’s for the photon and the proton (f_{i/γ} and f_{j/p}), the fragmentation functions (FF’s) D_{h/k} , and the hard scattering cross section dσ̂_{ij→k}/dη: dσ^h dη = 4X_{ijk=1} Z_{dydxγ dxpdz fγ/e(y, Q2) fi/γ (xγ , M 2i ) fj/p(xp, M 2i )} dσ̂_{ij→kdη (μ2, M 2i , M 2h ) Dh/k (z, M 2h ).} Here y denotes the scaled photon energy, x_p the fractional energy of the parton entering the hard scattering process from the proton side, z is the energy carried by the hadron relative to the energy of the scattered parton, Q^2 the virtuality of the photon, and μ, M_i, M_h the renormalization, factorization, and fragmentation scales. In the following the uncertainties in the different contributions are discussed. They are partly shown in Fig. 1:

f_{γ/e}: The Equivalent Photon Approximation for events where the scattered electron is measured at small scattering angles is precise to the percent level.

f_{i/γ} : (Fig.1a) The quark distributions in the photon f_{q/γ} have been measured in eγ DIS with an accuracy of ≈ 30% in the relevant kinematic region [1]. With the upcoming measurements at the LEP2 collider the precision in f_{q/γ} will improve to the level of a few percent [4]. The gluon distribution in the photon f_{g/γ} has so far the largest uncertainty and is expected to contribute up to 50% to the cross section.

f_{j/p}: (Fig.1b) The uncertainties in the PDF’s of the proton currently contribute < 10% to the uncertainty in the cross section calculation. This error will be reduced with new HERA data and analysis.

dσ̂/dη: (Fig.1c) The NLO QCD parton cross sections have been calculated for direct and resolved photoproduction processes [6]. The dependence of the calculation on the renormalization, factorization and fragmentation scales has been studied in multiples ξ of the hadron transverse momenta p_t. With the requirement p_t > 4 GeV the scale dependence of the calculation does not show a point of minimal sensitivity. We employ the method of fastest apparant convergence, which yields a scale of ξ = 1/ √ 2. Variations of this scale choice between 0.5 < ξ < 1 result in an overall shift of the cross section, but not in a sizeable change of its shape.

D_{h/k} : (Fig.1d) The quark FF’s D_{h/q} have been determined from e^+e^− data with an accuracy of a few percent [7]. The gluon FF D_{h/g} currently has a relatively large uncertainty. The gluon FF is expected to increase by about 45%, when O(α^2_S ) corrections to the cross section are included in the analysis [8]. With new LEP data on the longitudinal polarized cross sections, the uncertainty in D_{h/g} will be reduced to below 10%.

Therefore, in 1997 the expected uncertainty in the theoretical calculation – apart from the gluon contribution of the photon f_{g/γ} – is expected to be at the level of 10%. Comparisons of precise cross section measurements with the NLO calculations will then allow the extraction of f_{g/γ} for a fixed choice of the scale.

4 Summary

A measurement of the inclusive rapidity cross section for charged particles with p_t > 4 GeV will have an accuracy of order few percent using an integrated luminosity of 100 pb^{−1}. The uncertainty of a corresponding NLO QCD calculation due to the input PDF’s (except for the gluon in the photon) and the FF’s is expected to be at the level of 10% in 1997. The comparison between the measurement and the calculation at a fixed scale will then allow the extraction of the NLO gluon distribution in the photon with a precision of order 10%.

References

[1] Ch. Berger and W. Wagner, Phys. Rep. 146 (1987) 1; H. Kolanoski and P. Zerwas, DESY- 87-175 (1987), ‘High Energy Electron-Positron Physics’, Ed. A. Ali and P. Söding, Singapore: World Scientific (1988); T. Sjöstrand, J.K. Storrow, A. Vogt, LU-TP-96-5 (1996), to appear in ‘Durham Workshop on HERA Physics’, Durham, (1995)

[2] H1 Collab., T. Ahmed et al., Nucl. Phys. B445 (1995) 195

[3] H1 Collab., I. Abt et al., Phys. Lett. B328 (1994) 176; W. Hoprich, diploma thesis, Heidelberg (1995)

[4] P. Aurenche, G.A. Schuler et al., in ’Physics at LEP2’, eds. G. Altarelli, T. Sjöstrand and F. Zwirner, CERN (yellow report) 96-01, p.291

[5] M. Glück, E. Reya and A. Vogt, Phys. Rev. D46 (1992) 1973

[6] B.A. Kniehl and G. Kramer, Z. Phys. C62 (1994) 53

[7] J. Binnewies, B.A. Kniehl and G. Kramer, Phys. Rev. D52 (1995) 4947 [8] P.J. Rijken and W.L. van Neerven, hep-ph 9604436 (1996); J. Binnewies, in preparation [9] L.E. Gordon and J.K. Storrow, Z. Phys. C56 (1992) 307 [10] P. Aurenche, J.P. Guillet and M. Fontannaz, Phys. Lett. B338 (1994) 98 [11] M. Glück, E. Reya and A. Vogt, Z. Phys. C53 (1992) 127 [12] H.L. Lai, J. Botts, J. Huston, J.G. Morfin, J.F. Owens, J.W. Qiu, W.K. Tung, and H.

Weerts, Phys. Rev. D51 (1995) 4763 [13] A.D. Martin, W.J. Stirling, and R.G. Roberts, Phys. Lett. B354 (1995) 155

a) b)

c) d)

Figure 1: The inclusive differential rapidity cross section for charged particles with 4 < p_t < 12 GeV,

�1.5 < η < 2.5 is shown for events with photon energy 0.3 < y < 0.7 and virtualities Q^2 < 0.01 GeV^2.

The symbols represent a possible measurement with statistical errors corresponding to an integrated luminosity of 100 pb^{−1}.

a) f_{i/p}: the full (dotted) [dashed] curve gives the NLO QCD calculations using the proton PDF of GRV [11] (CTEQ3M [12]) [MRS(A^′) [13]].

b) The scale dependence of a LO (dashed) and NLO (full) QCD calculation is shown as function of ξ = μ/p_t. c) f_{i/γ} : the full (dashed) [dot-dashed] curve gives the NLO QCD calculations using the photon PDF’s of GRV [5] (GS [9]) [ACFGP [10]]. The double-dot-dashed curve is the direct γ component, the dotted curve shows the contribution resulting from the direct γ and the quark distribution of the photon (using GRV).

d) D_{h/k}: contribution of the quark FF D_{h/q} (dotted) and total (quark+gluon) FF (full) are shown [7]. The dashed curve corresponds to a 45% rise in D_{h/g}, as expected for an updated analysis.