Submitted to the International Europhysics Conference on High Energy Physics,
HEP97, Jerusalem, Israel, August 1997

Photoproduction of D^� Mesons in e-p Collisions at HERA

H1 Collaboration

Abstract

A measurement of the charm photoproduction cross section at W_{γp} ≈ 100 GeV is presented. It utilizes a new device for tagging scattered electrons at low y-values installed in the H1 detector at HERA in the winter 1994/1995. Charm production is identified through the reaction D^⋆ → Kππ. Applying the Weizsäcker Williams Approximation and extrapolating from the visible to the total kinematical range, the γp-cross section is measured to be σ_{γp→cc̄X} = (6.42 ± 1.15_{stat} ±^{1.08}_{0.91 syst} ±2.15_{theor}) μb at a γ-p centre-of-mass energy W_{γp} = 95 GeV for Q^2 < 0.01 GeV^2.

Adding to this new result the three previous measurements obtained in 1994 at higher W_{γp}, a fit is performed to calculate the W_{γp}-dependence of the γp-cross section for the particular choice of the form σ = σ_0 · W^{2λ}_{γp} . A slope parameter λ = 0.61 ±^{0.28}_{0.24} is determined, which can be compared to values seen in other processes.

Abstract 276
Parallel Sessions 2,3,4,5
Plenary Sessions 1,2,3,6

1 Introduction

The study of heavy quark production in lepton-proton scattering provides an important testing ground for the standard model [1]. At the electron-proton collider HERA with an e − p centreof-mass energy √ s = 300 GeV, heavy quarks are produced predominantly by the photon gluon fusion process γg → cc̄, where a photon emitted by the electron and a gluon from the proton generate a cc̄ pair. The major contribution is due to the exchange of an almost real photon (photoproduction), where the negative squared four-momentum transfer carried by the photon is Q^2 ≈ 0. In photoproduction the kinematics of the process can be described by s, Q^2 and the scaling variable y ≈ 1 − E_e/E_e0, where E_e and E_e0 denote the energies of the incoming and scattered electron, respectively. For Q^2 ≈ 0 the γ − p centre-of-mass energy is given by W^2_{γp} = W^2 = y · s.

In a previous publication measurements of the charm photoproduction cross sections at γ −p center of mass energies, W_{γp}, of 142, 200 and 230 GeV are described [2]. In this paper a new measurement at a lower energy W_{γp} ≈ 100 GeV is presented. In combination with the published measurements the W_{γp} dependence of the cross section is investigated.

To enlargen the W_{γp} acceptance, a new electron calorimeter at z = −44 m ( ET44 ) was installed in the winter shutdown 1994/1995. It is very similar in construction to the electron tagger at 33 m ( ET33 ), which is part of the H1 luminosity system [3], and provides a means to detect, or tag, electrons scattered under very small angles, less than 3.5 mrad with respect to the beam axis. This corresponds to an upper limit in Q^2 of 0.01 GeV^2. The kinematical coverage of the ET44 in y extends from 0.04 up to 0.24. The analysis presented here is based on the 1995 data sample, which corresponds to an integrated luminosity of L = (1.223 ± 0.012)pb^{−1}. A detailed description of the H1 detector, including the ET33 can be found elsewhere [4].

2 The γp-cross section

In order to measure charm production at W_{γp} ≈ 100 GeV , events with a detected positron in the electron tagger at 44 m are selected. This selection determines the kinematically accepted y range to 0.04 < y < 0.24. The integrated photon flux in this range, F l = 5.09 · 10^{−2}, was calculated [5] using the Weizsäcker Williams Approximation [6].

Events containing charm are selected through the reconstruction of the decay D^{⋆+} → D^0π^+_s with subsequently D^0 → K^−π^+, (+ charged conjugate states). The analysis very closely follows the previous one [2], apart from a lower cut on the transverse momentum p_t of the D^∗ candidate of p_t > 1.8 GeV/c to increase the number of signal events, compared to the previous value of 2.5 GeV/c. The selection also is restricted to the central detector region by requesting a D^∗ rapidity of −1.5 < η < 1.5. The total number of D^⋆ decays is obtained from a fit of the well known Δm = m_{Kππ} − m_{Kπ} distribution [7] of the D^⋆ candidate decays for an 80 MeV/c^2 mass window around the Kπ invariant mass (selecting D^0 decays), a p_t(π_{slow}) > 120 MeV/c and p_t(π, K) > 350 MeV/c. The background shape is estimated by means of wrong sign combinations, as described in [2]. Fig.1 shows the measured Δm-distribution for D^⋆ candidates ( points ). Also shown are the wrong sign combinations ( histogram ) and the fit ( solid line ).

The cross section for the production of D^⋆ mesons is determined in the visible kinematic region, defined by p_t(D^⋆) > 1.8 GeV, |η(D^⋆)| < 1.5, Q^2 < 0.01 GeV^2 and 0.04 < y < 0.24, which corresponds to 60 GeV < W_{γp} < 147 GeV . It is given by σ_{vis}(ep → D^∗X) = N(D^∗ → Kππ)_{measured} Br(D^∗ → Kππ) · L · ϵ_{etag44} · ϵ_{rec} (1) where :

• N(D^∗ → Kππ)_{measured} = 56 ± 10 : number of D^∗ candidates from the fit. • Br(D^∗ → Kππ) = 0.0262 : branching ratio [8] • ϵ_{rec} = 0.5 : reconstruction efficiency for events with at least one D^∗ in the visible range • ϵ_{etag44} = 0.6 : efficiency of the electron tagger ET44 within the accepted region;

value 0.6 is averaged over given y-range.

Evaluating eq. 1 yields a charm production cross section of σ_{vis}(ep → D^⋆X) = (30.55 ± 5.46_{stat}±^{4.82}_{3.96 syst}) nb in the visible range, The systematic error is dominated by the uncertainty on the number of D^⋆ candidates ( ±9% ) and on the D^∗ → Kππ decay fraction.

The visible cross section is extrapolated to the full ( p_t, η ) range and converted to the γp charm cross section σ(γp → cc̄X) using the integrated photon flux as mentioned above, and assuming a constant γp cross section over the given y range.

The γp cross section thus is approximated by: σ_{γp}(γp → cc̄X) = σ_{vis} · EF · Br(D^⋆ → Kππ) 2 · B_{DF} (c → Kππ) · F l , (2)

where EF is the extrapolation factor from the visible (p_t, η) range to the full range, and B_{DF} (c → Kππ) = 0.0071 [9] the total decay fraction. Inserting the numbers yields σ(γp → cc̄X) = (6.42 ± 1.15_{stat} ±^{1.08}_{0.91 syst} ±2.15_{theor}) μb for 0.04 < y < 0.24, corresponding to a mean value ȳ = 0.1 or a W̄ = 95 GeV , and Q^2 < 0.01 GeV^2. Here the first (second) error denotes the statistical (systematic) error, respectively, and the third indicates the error resulting from theoretical uncertainties ( 30 % from m_c and 15 % due to the choice of proton structure functions ). Figure 1 shows the γp cross section for various W_{γp}-values as measured recently by the H1 and ZEUS collaborations using data at higher center of mass energies, and earlier results from several fixed target experiments at lower W_{γp}- values. The measurements agree well with theoretical predictions based on NLO perturbative QCD calculations [10], using the parametrisations MRS-G [11] or MRS-H [12] for the proton structure function and GRV-G-HO [13] for the photon structure function. The lower and upper curve represent calculations, where the renormalisation scale was varied between μ_R = m_c/2 and μ_R = 2m_c. The NLO calculations with one single set of parameters can describe well the the shape of the W_{γp}-dependence over the large range, although the absolute normalisation appears a bit low. Due to the large errors the measurements are not sensitive enough to unambiguosly distinguish different gluon densities. However the general trend of increasing cross section with W_{γp} is nicely confirmed.

3 The W_{flp} Dependence

The W_{γp} dependence of the γp-cross section at high W_{γp} may be parametrized ad hoc by the following Ansatz:

σ_{γp}(y) = σ_0 · W^{2λ}_{γp} = σ_0 · ( s s_0 )λ · y^λ. (3)

Using the H1 measurements at four different W_{γp} values, the slope parameter λ and the normalisation factor σ_0 are determined by a χ^2 minimisation procedure. To cover exactly the same kinematical regime the analysis of the 1995 data is repeated with identical cuts as applied in [2]. Table 1 gives a compilation of the various numbers. All the y − independent parts of the efficiency and the acceptance are absorbed into the variable

x_i = N^{D⋆}_{rec} ϵ · L · Br (4) All y dependencies on the other hand are moved into the function

F_i(σ_0, λ) = σ_0 · ( s s_0 )λ · ∫ yi_h y^i_l F l_{γ/e}(y) · ϵ^i(y) · y^λ · dy. Here the index i denotes the four different measurements, i= 1 (ET33), 2 (ET44), 3 (untagged sample at lower W (UT1)), 4 (untagged sample at higher W (UT2)) ( see table 1 ). Here untagged refers to the measurements where the positron was not detected explicitely in a tagger or the main detector. To extract an estimator for (λ, σ_0) the function to be minimized, χ^2(σ_0, λ), is given by χ^2(σ_0, λ) = (x − F(σ_0, λ))^T M (x − F(σ_0, λ)). (5)

Here, M denotes the inverse of the covariance matrix, which includes the correlations between the four different measurements. For the minimisation, only statistical errors are included because all systematic errors except the one on the acceptance are 100 % correlated. To estimate the contribution of the latter, the x_i are varied by ±1 standard deviation of the systematic error of the acceptance. The resulting difference in λ at the minimum of χ^2 is less than 6.5 %. This uncertainty has been added in quadrature to the error of λ. The result of the minimisation yields a value of λ = 0.61 ±^{0.28}_{0.24} at a normalisation value of σ_0 = ( 0.65 ±^{7.05}_{0.615}) nb. The value for λ is nearly independent on the value of the normalisation σ_0. The function σ(W_{γp}) as defined in equation 3 is shown in fig.2 with this value of λ as the dotted line.

Within certain models such values of λ may be compared to W -dependencies seen in other processes. The total cross section of all hadron-hadron, gamma-hadron and gamma-gamma interactions is found to increase proportional ∼ s^{0.08} ∼ (W^2)^λ. In a previous publication [14] it was observed that the photoproduction cross section grows with W^{2λ} with λ being proportional to log(p^2_{t,max}). Here p_{t,max} is the largest transverse momentum measured in the detector. If in charm photoproduction instead of p^2_{t,max} the scale m^2_c + p^2_{t(c)} is considered, then a similar slope in both processes is observed.

Acknowledgements

We are grateful to the HERA machine group whose outstanding efforts have made and continue to make this experiment possible. We thank the engineers and technicians for their work in constructing and now maintaining the H1 detector, our funding agencies for financial support, the DESY technical staff for continual assistance, and the DESY directorate for the hospitality which they extend to the non-DESY members of the collaboration.

References

[1] A. Ali et al., Proc. of the HERA Workshop, DESY, Hamburg, Vol. 1 (1988) 395;

A. Ali and D. Wyler, Proc. of the Workshop “Physics at HERA”, DESY, Hamburg, Vol. 2 (1991) 667; G.Ingelman et al., Eds., Proc. of the Workshop “Future Physics at HERA”, DESY, Hamburg, 1995/1996, (and references therein).

[2] H1 Collaboration, S. Aid et al., Nucl. Phys B472 (1996) 32. [3] H1 Collaboration, T. Ahmed et al., Z.Phys. C66 (1995) 529. [4] H1 Collaboration, I. Abt et al., Nucl. Instr. and Meth. A386 (1997) 310. [5] S. Frixione et al. Phys. Lett. B319 (1993) 339. [6] C. F. Weizsäcker, Z. Phys. 88 (1934) 612;

E. J. Williams, Phys. Rev. 45 (1934) 729.

[7] G. J. Feldmann et al., Phys. Rev. Lett. 38 (1977) 1313. [8] Particle Data Graoup, Phys. Rev. D, D54 (1996) 1. [9] LEP Collaborations, Nucl. Inst. Meth. A378 (1996) 101. [10] S.Frixione et al., Phys. Lett. B348 (1995) 633; Nucl. Phys. B454 (1995) 3. [11] A. D. Martin, W. J. Stirling and R. G. Roberts, Phys. Lett. B354 (1995) 155. [12] A. D. Martin, W. J. Stirling and R. G. Roberts, Phys. Rev. D50 (1994) 6734. [13] M. Glück, E. Reya and A. Vogt, Phys. Rev. D45 (1992) 3986. [14] H1 Collaboration, S.Aid et al., Phys. Lett B392 (1997) 234

Figure 1: Δm distribution, for events with a positron detected in the electron tagger at 44 m (solid dots). The solid line represents a fit (see text) to a signal and a wrong sign combinatorial background (solid histogram).

Figure 2: The total γp cross section as a function of W_{γp}. Shown are results from H1 and ZEUS in the higher W region and results from fixed target experiments covering the low W range. The dotted line represents the parametrisation as described in the text with a slope as obtained from the fit to the H1 data. The solid and dash-dotted lines indicate predictions of pQCD calculations assuming different scales and proton structure functions.

Quantity ET 44 ET 33 UT 1 UT 2 Range in y 0.04 < y < 0.24 0.28 < y < 0.65 0.1 < y < 0.4 0.4 < y < 0.8 Range in Q^2 [GeV^2] < 0.006 < 0.01 < 4 < 4 N^{D?}_{rec} 21 � 8 119 � 16 46 � 9 51 � 12 ϵ, not y dependent 0.5 0.48 0.52 0.31 Luminosity [pb�^1] 1.223 2.77 1.29 1.29 mean Acceptance 0.11 0.6 0.21 0.56 Photon flux 0.0509 0.0141 0.0486 0.0155

Table 1: Compilation of data necessary to calculate the visible ep and γp cross sections. The efficiency given in the table includes the trigger efficiency in the case of ET 33. For ET 44 the trigger efficiency is included in the number given for the luminosity. The numbers for N^{D⋆}_{rec} have been obtained for the visible range: −1.5 < η < 1.0 and p_t(D^⋆) > 2.5 GeV , and are not corrected for the acceptances of the electron taggers. The value for acceptance is the average value.