Submitted to the 29th International Conference on High-Energy Physics ICHEP98, Vancouver, Canada, July 1998

D^�Meson Production in Deep Inelastic Scattering at HERA

H1 Collaboration

Abstract

Preliminary results on the inclusive D^{∗±} production in deep inelastic ep scattering are presented for momentum transfers squared 2 GeV^2 < Q^2 < 100 GeV^2 using the data collected by the H1 experiment at HERA in 1996. The differential D^{∗±} cross sections are found to agree well with the Next-to-Leading Order QCD predictions, both in shape and normalization. From this data the charm contribution F^c_2 � x, Q^2 � to the proton structure function has been extracted.

Abstract: 540 Parallel sessions: 4,7 Plenary sessions: 6,9

1 Introduction

First results on the charm contribution to the proton structure F^c_2 in deep inelastic ep scattering (DIS) at HERA have been published on basis of the data taken in 1994 [1, 2]. In this paper preliminary results on inclusive D^{∗+1} production in DIS and F^c_2 in an extended kinematic range are presented using the data taken in 1996 at HERA by the H1 experiment.

2 Event Selection

The data collected with the H1 detector [3] at HERA during the 1996 running period have been used. HERA has been operated with 27.5 GeV positrons colliding with 820 GeV protons at a center of mass energy of √ s = 300 GeV. The data amount to an integrated luminosity of L_{int} = 7.18 pb^{−1}.

The analysis is restricted to events in which the scattered electron is detected and identi^ed in the SpaCal [4], a lead-scintillating ^bre spaghetti type calorimeter situated in the backward region of the H1 detector. The events were triggered by an electromagnetic cluster in the Spacal in coincidence with a charged track signal from the central drift chambers of the detector. The positron is identi^ed to be the most energetic cluster of E > 6 GeV. Its cluster radius has to be less than 3.5 cm, consistent with an electro-magnetic energy deposition, and the position of the cluster has to match within 2.5 cm with a charged track segment in the backward drift chamber BDC [5], situated directlysee Katerinas answer in front of the SpaCal. The scattering angle of the electron is required to be Θ < 177^∘ where Θ is de^ned with respect to the incoming proton direction.

These requirements restrict the accessible range of the negative four momentum squared of the photon to 2 GeV^2 < Q^2 < 100 GeV^2 and the inelasticity to 0.05 < y < 0.7. Here Q^2 and y are calculated from the scattered positron energy and angle.

D^{∗±} mesons are reconstructed using the decay

D^{∗+} → D^0π^+_{slow} → (K^−π+)π^+_{slow}, (1)

which has a branching ratio of 2.62% [6]. The decay products are detected in the central tracker. To ensure good detection ef^ciency, the tracks have to lie in the angular range of 20^∘ < Θ < 160^∘. The combinatorial background is suppressed by requiring transverse momenta p_T of at least 300 MeV for K, π and 120 MeV for π_{slow}. Since no particle identi^cation has been applied in the current analysis tracks ful^lling the quality requirements described in ref. [1] were considered as K and π candidates in turn. The invariant mass m_{Kπ} of the Kπ combinations is required to be consistent with the D^0 mass within ±70 MeV/c^2. The combinatorial background is further suppressed by demanding p_{T D}� > 3 GeV or x_{D∗} > 0.2. Here x_{D∗} is de^ned as x_{D∗} = 2 · p^∗_D� /W where p^∗_D� denotes the momentum of the D^∗ in the hadronic center of mass frame.

The distribution of the mass difference Δm = m_{Kππ} − m_{Kπ} is shown in ^g. 1 for the Kππ combinations in the acceptance range |η| < 1.5 and p_t > 1.5 GeV. A distinct enhancement is visible around the nominal D^{∗+} − D^0 mass difference of 145.4 MeV. No enhancement is observed in the Δm distribution for the Kπ mass range 2.05 GeV< m_{Kπ} < 2.3 GeV. The number of D^∗ mesons N_D� is extracted from Likelihood ^ts to the Δm distributions with a function taken to be the superposition of a Gaussian for the signal and a term N_B(m − m_π)^α for the background. A total of 407 ± 28 D^{∗+} mesons is observed.

1The charge conjugate is always implied.

3 Inclusive Cross Sections

The data are subsequently used to extract differential cross sections for the process ep → D^{∗+}X in the visible range 2 GeV^2 < Q^2 < 100 GeV^2, 0.05 < y < 0.7, |η_D� | < 1.5 and p_{T D}� > 1.5 GeV.

The ef^ciency for the reconstruction, the selection cuts and the acceptance of the apparatus is evaluated from Monte Carlo simulations by using the leading order AROMA generator [7]. The generated events are fed into the H1 detector simulation program and are subjected to the same reconstruction and analysis chain asd the data. The observed differential distributions of the D^∗ mesons are acceptably reproduced.

In ^g. 2 the inclusive differential D^{∗+} cross sections are shown as a function of p_{T D}� , η_D� , W , x_D� , x_{Bj}, and Q^2. The errors account for the statistical error (inner error bars) and the total error (outer error bars) obtained by adding the statistical and the systematic errors in quadrature. A bin by bin correction due to QED radiation has been applied using the HECTOR program [8]. It ammounts to 7% for the full kinematic range. The data is compared with the expectation from the NLO QCD calculations using the HVQDIS program [9] using the GRV 94 HO parton density parameterization [10]. The inclusive visible D^{∗+} cross section is obtained in this calculation by convoluting the charm quark production cross section with the Peterson fragmentation function using ϵ = 0.078(histograms). The uncertainties in the calculation due to a variation of the charm quark mass between 1.3 GeV and 1.7 GeV is indicated by the shaded area. This calculation is found to be in good agreement with the measured cross section. Slight excesses over the theoretical prediction are observed in the data for η_{D∗} > 0 and x_D� < 0.2 which are highly correlated. Taking into account the uncertainties due to model parameters not covered by the shaded area of the histograms, e.g. fragmentation, factorization and renormalization scale, in all distributions the signi^cance of the current analysis the data is in agreement with the NLO calculations on the basis of the HVQDIS program with the precision achieved in the current analysis.

The systematic error includes all uncertainties due to analysis and detector effects as well as various sources of uncertainties due to the AROMA model used for the ef^ciency calculation. Being explicit, it covers the uncertainties in the determination of the signal events in each individual bin coming from the mass resolution, the shape of the combinatorial background as well as the contribution due to re~ections in the D^0 mass window. Furthermore the errors on the knowledge of the trigger ef^ciency, the luminosity determination, the track reconstruction ef^ciency, and the energy and angular resolution of the scattered positron are included. The contribution of photoproduction events in the selected sample is estimated using Monte Carlo simulations and found to be negligible.

The raw data distribution of x_D� shows a larger production rate of D^{∗+} mesons for x_D� < 0.2 compared to the expectation of the AROMA model. To account for this discrepancy the effect of removing the cut in x_D� on the differential cross sections by properly reweighting the ef^ciency has been investigated and a separate systematic error is attributed to this effect. This is the dominant source of systematic error in all distributions except for dσ/dx_D� .

The effect on the ef^ciency of the model parameters for D^∗ from charm production in the AROMA simulation, e.g. parton densities, charm quark mass and fragmentation [11], has been studied by different Monte Carlo simulations and has been included in the systematic error.

Finally, following the observation in photoproduction of a much higher cross section for beauty production than predicted by the LO Monte Carlo, for the systematic error estimate a beauty contribution of 5× the AROMA Monte Carlo expectation has been considered to our data sample [12]. The latter uncertainty has been added linearly to the systematic error.

4 Charm Contribution to the Proton Structure F^c_2

The charm contribution F^c_2 (x, Q^2) to the proton structure function is obtained by using the expression for the one photon exchange cross section for charm production

d^2σ^c dxdQ^2 = 2πα^2 Q^4x � 1 + (1 − y)^2 � F^c_2 (x, Q^2) . (2)

Since the NLO QCD calculation [13] predicts a contribution of F^c_L to the charm production cross section below 2% everywhere in the kinematic range of this analysis, the simpli^cation R = F_2/2xF_1 − 1 = 0 is used.

The visible inclusive D^{∗+} cross sections in bins of x and Q^2, σ^{exp}_{vis} (x, Q^2) are converted to a bin center corrected F^c_{2,exp}(⟨x⟩, ⟨Q^2⟩) by the relation:

F^{c exp}_2 (⟨x⟩, ⟨Q^2⟩) = σ^{exp}_{vis} (x, Q^2) σ^{theo}_{vis} (x, Q^2)

· F^{c theo}_2 (⟨x⟩, ⟨Q^2⟩) , (3)

where the theoretical predictions for the inclusive cross section σ^{theo}_{vis} and F^{c theo}_2 are obtained from the HVQDIS program and the program of ref. [14], respectively.

In ^g. 3 the charm contribution to the proton structure function F^c_2 from this inclusive D^{∗+} analysis is shown together with the results of the previous D^{∗+} and D^0 analyses from H1. Due to the enlarged acceptance for the detection of the scattered positron with the new backward calorimeter the accessible kinematic range could be extended down to Q^2 = 2.5 GeV^2. Good agreement is observed between the two data sets in the region of overlap. For the current analysis statistical (inner error bars) and total errors (outer error bars) are shown separately, where the latter hasve been obtained by adding statistical and systematic errors in quadrature. The outermost asymmetric error shows the effect of a possible beauty contribution of ^ve times the predicted LO cross section on reducing F^c_2 .

Apart from the sources of systematic error included in the differential σ(ep → D^{∗+}X) distributions, the changes of F^c_2 due to a variation of m_c between 1.3 and 1.7 GeV, due to the scale, the parton density parameterization in the HVQDIS program and in the theoretical calculation of F^{c theo}_2 have been considered. The effect of the hardness of the fragmentation on σ^{theo}_{vis} has also been investigated. The dominant uncertainties contributing to the systematic error of F^c_2 are due to the extrapolation in x_D� , the track ef^ciency and the charm fragmentation.

Fig. 3 also includes the prediction for F^c_2 from the determination of the gluon density from a NLO QCD ^t to the H1 inclusive F_2 data. The band indicates the uncertainty in this extraction introduced by varying the charm quark mass between 1.3 GeV/c^2 and 1.7 GeV/c^2. This expectation is found to be in good agreement with the direct measurement of F^c_2 . The same conclusion has been obtained from the direct determination of the gluon density based on the analysis of D^∗ production in DIS and photoproduction [15].

5 Conclusions

New results on differential inclusive D^{∗+} cross sections and on the charm contribution to the proton structure F^c_2 from the 1996 H1 data have been presented. The differential inclusive D^{∗+} cross sections are found to be in reasonable agreement with the NLO expectation, both in shape and absolute value. The kinematic range of the measurement of F^c_2 could be extended down to Q^2 = 2.5 GeV^2. Good agreement is observed with respect to our previous measurement as well as with the extraction of F^c_2 from the NLO QCD ^t to the H1 inclusive F_2 data.

References

[1] C. Adloff et al. (H1 Collaboration), Z. Phsy. C72(1996)593.

[2] J. Breitweg et al. (ZEUS Collaboration), Phys. Lett. B407(1997) 402.

[3] I. Abt et al. (H1 Collaboration), Nucl. Instr. Meth. A386(1997)348.

[4] R.D. Appuhn et al. (H1 SpaCal group), DESY preprint 96-171, submitted to Nucl.

Inst. Meth.

[5] H1 Collaboration, Technical proposal for the upgrade of the backward region of the H1 detector, DESY internal report PRC-93/02.

[6] R.M. Barnet et al. (Particle Data Group), Phys. Rev D54(1996)1.

[7] G. Ingelman, J. Rathsman and G.A. Schuler, Comp. Phys. Comm. 101(1997)135.

[8] A. Arbuzov et al., Comp. Phys. Comm. 94 (1996) 128.

[9] B.W. Harris and J. Smith, Nucl. Phys. B452(1995)109, Phys. Lett.

B353(1995)535.

[10] M. Glĺuck, E. Reya and A. Vogt, Z. Phys. C67(1995)433.

[11] C. Peterson et al., Phys. Rev. D27(1983)105.

[12] C. Adloff et al. (H1 Collaboration), contributed paper submitted to the 29th International Conference on High-Energy Physics ICHEP98, Vancouver, Canada, July 1998 abstract 575.

[13] K. Daum et al., in the Proceedings of the Workshop on ŞFuture Physics at HERAŤ, eds. G. Ingelman, A. De Roeck, R. Klanner, Hamburg 1995, p 89-101.

[14] E. Laenen et al., Nucl. Phys. B392 (1993) 162, 229; E. Laenen et al., Phys. Lett.

B291 (1992) 325; S. Riemersma, J. Smith, and W.L. van Neerven: Phys. Lett. B347 (1995) 143.

[15] C. Adloff et al. (H1 Collaboration), contributed paper submitted to the 29th International Conference on High-Energy Physics ICHEP98, Vancouver, Canada, July 1998 abstract 538

Figure 1: Distribution of the mass difference Δm = m(K^−π^+π^+_s ) − m(K^−π^+) for DIS events with D^∗ candidates. The data points are obtained from the K^−π^+ mass combinations ful^lling |m(K^−π^+) − m_D0 | < 70 MeV. The solid line represents the result of the ^t described in the text.

Figure 2: Differential inclusive cross section σ(ep → eD^{∗+}X) versus p_{T D}� , η_D� , x_D� , W , x_{Bj}, Q^2. The inner and outer error bars correspond to the statistical and the total error, respectively. The NLO QCD calculation using the HVQDIS program is also presented. The shaded band indicates the variation of the expected cross section due to a variation of m_c between 1.3 (upper bound) and 1.7 GeV/c^2(lower bound).

Figure 3: The charm contribution to the proton structure function F^c_2 as derived from the inclusive D^{∗+} meson analysis of the 96 data (full dots) in comparison with the results from the inclusive D^{∗+} and D^0 meson analysis of the 94 data sample (open boxes). The error bars refer to the statistical and the total errors; the outermost lower error bar indicates the uncertainty introduced due to the uncertainty of the beauty contribution and is obtained as described in the text. The shaded band represents the predictions from the H1 NLO ^t to the F_2 measurements.