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D�� CORRELATIONS AND D MESON PRODUCTIONIN ep SCATTERING AT HERA�Jeannine WagnerDESY, Notkestrasse 85, 22607 Hamburg, Germany(Reeived July 18, 2002)D�� oinidenes are studied using data taken with the H1 detetorat HERA during the years 1997 to 2000, orresponding to an integratedluminosity of about 90 pb�1. With the aid of harge and angle orrela-tions between the D� and the muon, a separation of harm and beautyprodution ontributions is possible. Total harm and beauty produtionross setions are shown as well as di�erential ross setions of several D��quantities and ompared with the predition of Leading Order (LO) MonteCarlo alulations. In a separate analysis inlusive harm prodution isstudied using e+p data taken with the H1 detetor during the years 1999to 2000, orresponding to an integrated luminosity of about 48 pb�1. Forthe harmed mesonsD�, D0, Ds andD+ total prodution ross setions aredetermined and di�erential distributions are measured for the D+ and D0mesons, whereby lifetime information is used to improve the signal quali-ties. The results are ompared with preditions, based on LO Monte Carlosimulations. The measured prodution ross setions are used to determinefragmentation ratios, whih are then ompared with values measured e.g.at e+e� olliders.PACS numbers: 13.60.Le, 14.65.Dw, 14.65.Fy1. IntrodutionIn eletron proton ollisions heavy quarks are predominantly produedvia the Photon Gluon Fusion (PGF) mehanism, where a photon emitted bythe inoming eletron interats with a gluon in the proton forming a quark�anti-quark pair. The major ontribution is due to the exhange of almost realphotons orresponding to a photon virtuality Q2 � 0 (photoprodution). InDeep Inelasti Sattering (DIS) Q2 is large, usually de�ned experimentallyby Q2 > 2 GeV2. This artile reports on two reent measurements of heavyquark prodution performed by the H1 experiment at the HERA ep ollider.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3177)



3178 J. Wagner2. D�� orrelationsIn this analysis events with at least one D�, reonstruted via the deayhannel1 D�+ ! D0�+s ! K��+�+s , and at least one muon are seleted.Thus both heavy quarks of the BGF proess are deteted (double tagging).In the kinematial region de�ned by pt(D�) > 1:5 GeV=, j�(D�)j < 1:5,pt(�) > 1:0 GeV=, j�(�)j < 1:74 and 0:05 < y < 0:75 the beauty fration isstrongly enrihed mainly due to the pt ut on the muon. pt (�) denotes thetranverse momentum (pseudorapidity) of the D� meson and the muon andy indiates the elastiity.A separation of harm and beauty is possible exploiting the harge andangle orrelations of the D� and the muon. With the azimuthal angle dif-ferene ��� of the D� and the muon in the p entre of mass frame and theharges Q of the D� and the muon, the following four orrelation regionsan be de�ned:� Q(D�) = Q(�), ��� � 90Æ: no harm, few beauty� Q(D�) = Q(�), ��� � 90Æ: no harm, beauty� Q(D�) 6= Q(�), ��� � 90Æ: few harm, beauty� Q(D�) 6= Q(�), ��� � 90Æ: harm, beautyBeauty events ontribute in all four regions due to the fat, that beautyhadrons usually deay via harm hadrons and the muon an ome either froma harm or a beauty hadron. To separate harm and beauty a 2 dimensionallog-likelihood-�t is performed in the variables �M = mK��s � mK�, themass di�erene of the D� and the D0 andidate, and the orrelation regions.In order to remove bakground ontributions, a simultaneous �t of right(K��+�+s ) and wrong (K+�+��s ) harge ombinations is performed. InFig. 1 the result of the �t is presented in the form of the distribution of thefour orrelation regions. The distributions ontain hadrons misidenti�ed asmuons and muons from the deay of light hadrons. For harm the frationof suh muons is about 30% and for beauty 5%, whih is subtrated fromthe data after the �t.For the total D�� prodution ross setions in the quoted kinemati re-gion values of �vis(ep ! e0D��X) = 720 � 115 (stat:) � 245 (syst:)pb andof �bvis(ep ! e0D��X) = 380 � 120 (stat:) � 130 (syst:)pb are obtainedfor harm and beauty prodution, respetively. The values are larger thanthe Leading Order (LO) matrix element + Parton Shower (PS) predition(AROMA Monte Carlo [4℄) by a fator 1.8 for harm and a fator of 3.6 forbeauty. These measurements are ompatible with previous results [5, 6℄.Normalised di�erential D�� ross setions for p2t (D��), ŷ(D��), M(D��)1 Heneforth, harge onjugate states are always impliitly inluded.
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Fig. 1. Distribution of the four harge and angle orrelation regions. The solidpoints are the result of a �t to the �M distribution in eah orrelation region. Theblak line shows the sum of harm and beauty D�� signal events as obtained fromthe 2 dimensional �t. The hathed histogram represents the beauty ontribution.and �� are shown in Fig. 2 in omparison with the LO+PS predition. Forharm the LO predition is multiplied by a fator 1.8 and for beauty by 3.6.pt(D��),M(D��) and ŷ(D��) denote the transverse momentum, the invari-ant mass and the rapidity of the D�� pair and �� is the azimuthal angledi�erene of the D�� pair in the lab frame. pt(D��), �� and ŷ(D��) an beused to study non perturbative e�ets. M(D��) and ŷ(D��) are needed todetermine the momentum fration xg of the gluon to the proton momentum.The LO+PS predition desribes the shape of the distributions quite well.
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Fig. 2. Normalised di�erential visible D�� ross setions.



3180 J. Wagner3. D meson produtionTo test the universality of fragmentation [2,3℄ in the harm setor the pro-dution of the four di�erent D mesons, D+, D0, D+s and D�+ is measuredin DIS. The D�+ meson is reonstruted via the deay hannel desribedabove, the D+ via D+ ! K��+�+, the D0 via D0 ! K��+ and the D+sviaD+s ! ��+ ! (K+K�)�+. All fourD mesons are identi�ed with a om-mon method, so that for ratios the systemati unertainties mostly anel.The kinematial region in this analysis is de�ned by pt(D) > 2:5 GeV=,j�(D)j < 1:5, 2 < Q2 < 100 GeV2 and 0:05 < y < 0:7. The entral sili-on vertex detetor (CST) is used to measure the lifetime of the D mesons.Thus the large ombinatorial bakground espeially of the D+ meson an bestrongly redued by exploiting the long lifetime (�D+ = 315 �m). The mostimportant variable for the lifetime tagging is the deay length signi�ane Slde�ned as the ratio of deay length and the error of the deay length. Fig. 3shows the signal improvement if a ut on the deay length signi�ane ofSl > 8 is applied. With this vertex information the bakground is suppressedby a fator O(300) and the signal to bakground ratio is improved by a fa-tor O(50). The relatively small CST tag e�ieny is heked arefully andit is ensured that the Monte Carlo simulation desribes the data well.Using the CST for the measurement of all four D mesons D mesonprodution ross setions in the spei�ed kinemati range are obtained asquoted in Table I. All ross setions are in good agreement with the LO+PS(AROMA) predition. This agreement allows a determination of fragmen-tation fators f(! D) using the Monte Carlo predition for the D mesonprodution ross setions as normalisation. The fragmentation fators ob-tained by this method are in good agreement with the world averages [7℄.
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D�� Correlations and D Meson Prodution in . . . 3181TABLE ITotal visible D meson ross setions �vis(ep! e0DX).D+ D0 D+s D�+�vis (nb) 2.16 6.53 1.67 2.90stat. error �0:19 �0:49 �0:41 �0:20syst. error +0:46�0:35 +1:06�1:30 +0:54�0:54 +0:58�0:44LO+PS: 2.45 5.54 1.15 2.61error �0:30 �0:69 �0:30 �0:31With these fragmentation fators it is possible to determine the fragmenta-tion ratios, the vetor to pseudosalar ratio PV or P 0V (additional assumptionon isospin invariane), the u to d ratio Ru=d and the strangeness suppressionfator s. Here the assumptions on the Monte Carlo predition anel. TableII shows fragmentation ratios as determined by this method. These valuesare in good agreement with the world average [7℄. TABLE IIFragmentation ratios ompared with the world average (WA).PV P 0V Ru=d sH1 Prel. 0.693 0.613 1.26 0.36stat. error �0:045 �0:061 �0:20 �0:10syst. error �0:004 �0:033 �0:13 �0:01theor. error �0:009 �0:008 �0:04 �0:08WA 0.601 1.00 0.26error �0:032 �0:09 �0:07The di�erential visible D meson ross setions in pt(D), �(D), Q2 and yare again in good agreement with the LO+PS predition, if the LO beautypredition is multiplied by a fator 4.3 aording to the H1 published val-ues [6℄. This is shown in Fig. 4 for the transverse momentum and thepseudorapidity of the D+.
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Fig. 4. Di�erential prodution ross setions for D+ as funtion of D+transversemomentum pt and pseudorapidity �.REFERENCES[1℄ S. Frixione et al., hep-ph/9304289, hep-ph/9306337, hep-ph/9412348,hep-ph/9702287.[2℄ S. Frixione et al., J. Phys. G27, 27 (2001).[3℄ P. Nason et al., LHC-workshop on Standard Model Physis, hep-ph/0003142.[4℄ G. Ingelman et al., hep-ph/9605285.[5℄ S. Aid et al., (H1 Collaboration), Nul. Phys. B472, 32 (1996).[6℄ C. Adlo� et al., (H1 Collaboration), Nul. Phys. B545, 4 (1999); Phys. Lett.B467, 156 (1999); Phys. Lett. B528, 199 (2002).[7℄ L. Gladilin, hep-ex/9912-064.


