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Measurement of D� and D0 produ
tion indeep inelasti
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attering using a lifetime tagat HERA

ZEUS Collaboration
Abstra
tThe produ
tion of D� and D0 mesons has been measured with the ZEUS dete
-tor at HERA using an integrated luminosity of 133.6 pb�1. The measurements
over the kinemati
 range 5 < Q2 < 1000 GeV2, 0:02 < y < 0:7, 1:5 < pDT < 15GeV and j�Dj < 1:6. Combinatorial ba
kground to the D meson signals isredu
ed by using the ZEUS mi
rovertex dete
tor to re
onstru
t displa
ed se
-ondary verti
es. Produ
tion 
ross se
tions are 
ompared with the predi
tions ofnext-to-leading-order QCD whi
h is found to des
ribe the data well. Measure-ments are extrapolated to the full kinemati
 phase spa
e in order to obtain theopen-
harm 
ontribution, F 
�
2 , to the proton stru
ture fun
tion, F2.

http://arXiv.org/abs/0812.3775v1


The ZEUS CollaborationS. Chekanov, M. Derri
k, S. Magill, B. Musgrave, D. Ni
holass1, J. Repond, R. YoshidaArgonne National Laboratory, Argonne, Illinois 60439-4815, USA nM.C.K. MattinglyAndrews University, Berrien Springs, Mi
higan 49104-0380, USAP. Antonioli, G. Bari, L. Bellagamba, D. Bos
herini, A. Bruni, G. Bruni, F. Cindolo,M. Corradi, G. Ia
obu

i, A. Margotti, R. Nania, A. PoliniINFN Bologna, Bologna, Italy eS. Antonelli, M. Basile, M. Bindi, L. Cifarelli, A. Contin, S. De Pasquale2, G. Sartorelli,A. Zi
hi
hiUniversity and INFN Bologna, Bologna, Italy eD. Barts
h, I. Bro
k, H. Hartmann, E. Hilger, H.-P. Jakob, M. J�ungst, A.E. Nun
io-Quiroz,E. Paul, U. Samson, V. S
h�onberg, R. Shehzadi, M. WlasenkoPhysikalis
hes Institut der Universit�at Bonn, Bonn, Germany bN.H. Brook, G.P. Heath, J.D. MorrisH.H. Wills Physi
s Laboratory, University of Bristol, Bristol, United Kingdom mM. Kaur, P. Kaur3, I. Singh3Panjab University, Department of Physi
s, Chandigarh, IndiaM. Capua, S. Fazio, A. Mastroberardino, M. S
hioppa, G. Susinno, E. TassiCalabria University, Physi
s Department and INFN, Cosenza, Italy eJ.Y. KimChonnam National University, Kwangju, South KoreaZ.A. Ibrahim, F. Mohamad Idris, B. Kamaluddin, W.A.T. Wan AbdullahJabatan Fizik, Universiti Malaya, 50603 Kuala Lumpur, Malaysia rY. Ning, Z. Ren, F. S
iulliNevis Laboratories, Columbia University, Irvington on Hudson, New York 10027 oJ. Chwastowski, A. Eskreys, J. Figiel, A. Galas, K. Olkiewi
z, B. Pawlik, P. Stopa,L. ZawiejskiThe Henryk Niewodni
zanski Institute of Nu
lear Physi
s, Polish A
ademy of S
ien
es,Cra
ow, Poland iL. Adam
zyk, T. Bo ld, I. Grabowska-Bo ld, D. Kisielewska, J.  Lukasik4, M. Przyby
ie�n,L. Suszy
kiFa
ulty of Physi
s and Applied Computer S
ien
e, AGH-University of S
ien
e and Te
hnology,Cra
ow, Poland p
I



A. Kota�nski5, W. S lomi�nski6Department of Physi
s, Jagellonian University, Cra
ow, PolandO. Behnke, U. Behrens, C. Blohm, A. Bonato, K. Borras, D. Bot, R. Ciesielski, N. Cop-pola, S. Fang, J. Fourletova7, A. Geiser, P. G�ottli
her8, J. Grebenyuk, I. Gregor, T. Haas,W. Hain, A. H�uttmann, F. Janus
hek, B. Kahle, I.I. Katkov9, U. Klein10, U. K�otz,H. Kowalski, M. Lisovyi, E. Lobodzinska, B. L�ohr, R. Mankel11, I.-A. Melzer-Pellmann,S. Miglioranzi12, A. Montanari, T. Namsoo, D. Notz11, A. Parenti, L. Rinaldi13, P. Rolo�,I. Rubinsky, U. S
hneekloth, A. Spiridonov14, D. Szuba15, J. Szuba16, T. Theedt, J. Ukleja17,G. Wolf, K. Wrona, A.G. Yag�ues Molina, C. Youngman, W. Zeuner11Deuts
hes Elektronen-Syn
hrotron DESY, Hamburg, GermanyV. Drugakov, W. Lohmann, S. S
hlenstedtDeuts
hes Elektronen-Syn
hrotron DESY, Zeuthen, GermanyG. Barbagli, E. GalloINFN Floren
e, Floren
e, Italy eP. G. PelferUniversity and INFN Floren
e, Floren
e, Italy eA. Bamberger, D. Dobur, F. Karstens, N.N. Vlasov18Fakult�at f�ur Physik der Universit�at Freiburg i.Br., Freiburg i.Br., Germany bP.J. Bussey19, A.T. Doyle, W. Dunne, M. Forrest, M. Rosin, D.H. Saxon, I.O. Skilli
ornDepartment of Physi
s and Astronomy, University of Glasgow, Glasgow, United Kingdom mI. Gialas20, K. PapageorgiuDepartment of Engineering in Management and Finan
e, Univ. of Aegean, Gree
eU. Holm, R. Klanner, E. Lohrmann, H. Perrey, P. S
hleper, T. S
h�orner-Sadenius, J. Sz-tuk, H. Stadie, M. Tur
atoHamburg University, Institute of Exp. Physi
s, Hamburg, Germany bC. Foudas, C. Fry, K.R. Long, A.D. TapperImperial College London, High Energy Nu
lear Physi
s Group, London, United Kingdom mT. Matsumoto, K. Nagano, K. Tokushuku21, S. Yamada, Y. Yamazaki22Institute of Parti
le and Nu
lear Studies, KEK, Tsukuba, Japan fA.N. Barakbaev, E.G. Boos, N.S. Pokrovskiy, B.O. ZhautykovInstitute of Physi
s and Te
hnology of Ministry of Edu
ation and S
ien
e of Kazakhstan,Almaty, Kazakhstan
II



V. Aushev23, O. Ba
hynska, M. Borodin, I. Kadenko, A. Kozulia, V. Libov, D. Lon-tkovskyi, I. Makarenko, Iu. Sorokin, A. Verbytskyi, O. VolynetsInstitute for Nu
lear Resear
h, National A
ademy of S
ien
es, Kiev and Kiev NationalUniversity, Kiev, UkraineD. SonKyungpook National University, Center for High Energy Physi
s, Daegu, South Korea gJ. de Favereau, K. PiotrzkowskiInstitut de Physique Nu
l�eaire, Universit�e Catholique de Louvain, Louvain-la-Neuve, Belgium qF. Barreiro, C. Glasman, M. Jimenez, L. Labarga, J. del Peso, E. Ron, M. Soares,J. Terr�on, C. Uribe-Estrada, M. ZambranaDepartamento de F��si
a Te�ori
a, Universidad Aut�onoma de Madrid, Madrid, Spain lF. Corriveau, C. Liu, J. S
hwartz, R. Walsh, C. ZhouDepartment of Physi
s, M
Gill University, Montr�eal, Qu�ebe
, Canada H3A 2T8 aT. TsurugaiMeiji Gakuin University, Fa
ulty of General Edu
ation, Yokohama, Japan fA. Antonov, B.A. Dolgoshein, D. Gladkov, V. Sosnovtsev, A. Stifutkin, S. Su
hkovMos
ow Engineering Physi
s Institute, Mos
ow, Russia jR.K. Dementiev, P.F. Ermolov y, L.K. Gladilin, Yu.A. Golubkov, L.A. Khein, I.A. Korzhavina,V.A. Kuzmin, B.B. Lev
henko24, O.Yu. Lukina, A.S. Proskuryakov, L.M. Sh
heglova,D.S. ZotkinMos
ow State University, Institute of Nu
lear Physi
s, Mos
ow, Russia kI. Abt, A. Caldwell, D. Kollar, B. Reisert, W.B. S
hmidkeMax-Plan
k-Institut f�ur Physik, M�un
hen, GermanyG. Grigores
u, A. Keramidas, E. Ko�eman, P. Kooijman, A. Pellegrino, H. Tie
ke,M. V�azquez12, L. WiggersNIKHEF and University of Amsterdam, Amsterdam, Netherlands hN. Br�ummer, B. Bylsma, L.S. Durkin, A. Lee, T.Y. LingPhysi
s Department, Ohio State University, Columbus, Ohio 43210 nP.D. Allfrey, M.A. Bell, A.M. Cooper-Sarkar, R.C.E. Devenish, J. Ferrando, B. Foster,C. Gwenlan25, K. Horton26, K. Oliver, A. Robertson, R. Wal
zakDepartment of Physi
s, University of Oxford, Oxford United Kingdom mA. Bertolin, F. Dal Corso, S. Dusini, A. Longhin, L. Stan
oINFN Padova, Padova, Italy e
III



P. Bellan, R. Brugnera, R. Carlin, A. Garfagnini, S. LimentaniDipartimento di Fisi
a dell' Universit�a and INFN, Padova, Italy eB.Y. Oh, A. Raval, J.J. Whitmore27Department of Physi
s, Pennsylvania State University, University Park, Pennsylvania16802 oY. IgaPolyte
hni
 University, Sagamihara, Japan fG. D'Agostini, G. Marini, A. NigroDipartimento di Fisi
a, Universit�a 'La Sapienza' and INFN, Rome, Italy eJ.E. Cole28, J.C. HartRutherford Appleton Laboratory, Chilton, Did
ot, Oxon, United Kingdom mH. Abramowi
z29, R. Ingbir, S. Kananov, A. Levy, A. SternRaymond and Beverly Sa
kler Fa
ulty of Exa
t S
ien
es, S
hool of Physi
s, Tel AvivUniversity, Tel Aviv, Israel dM. Kuze, J. MaedaDepartment of Physi
s, Tokyo Institute of Te
hnology, Tokyo, Japan fR. Hori, S. Kagawa30, N. Okazaki, S. Shimizu, T. TawaraDepartment of Physi
s, University of Tokyo, Tokyo, Japan fR. Hamatsu, H. Kaji31, S. Kitamura32, O. Ota33, Y.D. RiTokyo Metropolitan University, Department of Physi
s, Tokyo, Japan fM. Costa, M.I. Ferrero, V. Mona
o, R. Sa

hi, V. Sola, A. SolanoUniversit�a di Torino and INFN, Torino, Italy eM. Arneodo, M. RuspaUniversit�a del Piemonte Orientale, Novara, and INFN, Torino, Italy eS. Fourletov7, J.F. Martin, T.P. StewartDepartment of Physi
s, University of Toronto, Toronto, Ontario, Canada M5S 1A7 aS.K. Boutle20, J.M. Butterworth, T.W. Jones, J.H. Loizides, M.R. Sutton34, M. Wing35Physi
s and Astronomy Department, University College London, London, United Kingdom mB. Brzozowska, J. Ciborowski36, G. Grzelak, P. Kulinski, P.  Lu_zniak37, J. Malka37, R.J. Nowak,J.M. Pawlak, W. Perlanski37, T. Tymienie
ka38, A.F. _Zarne
kiWarsaw University, Institute of Experimental Physi
s, Warsaw, PolandM. Adamus, P. Plu
inski39, A. UklejaInstitute for Nu
lear Studies, Warsaw, Poland
IV



Y. Eisenberg, D. Ho
hman, U. KarshonDepartment of Parti
le Physi
s, Weizmann Institute, Rehovot, Israel 
E. Brownson, D.D. Reeder, A.A. Savin, W.H. Smith, H. WolfeDepartment of Physi
s, University of Wis
onsin, Madison, Wis
onsin 53706, USA nS. Bhadra, C.D. Catterall, Y. Cui, G. Hartner, S. Menary, U. Noor, J. Standage, J. WhyteDepartment of Physi
s, York University, Ontario, Canada M3J 1P3 a

V



1 also aÆliated with University College London, United Kingdom2 now at University of Salerno, Italy3 also working at Max Plan
k Institute, Muni
h, Germany4 now at Institute of Aviation, Warsaw, Poland5 supported by the resear
h grant no. 1 P03B 04529 (2005-2008)6 This work was supported in part by the Marie Curie A
tions Transfer of Knowledgeproje
t COCOS (
ontra
t MTKD-CT-2004-517186)7 now at University of Bonn, Germany8 now at DESY group FEB, Hamburg, Germany9 also at Mos
ow State University, Russia10 now at University of Liverpool, UK11 on leave of absen
e at CERN, Geneva, Switzerland12 now at CERN, Geneva, Switzerland13 now at Bologna University, Bologna, Italy14 also at Institut of Theoreti
al and Experimental Physi
s, Mos
ow, Russia15 also at INP, Cra
ow, Poland16 also at FPACS, AGH-UST, Cra
ow, Poland17 partially supported by Warsaw University, Poland18 partly supported by Mos
ow State University, Russia19 Royal So
iety of Edinburgh, S
ottish Exe
utive Support Resear
h Fellow20 also aÆliated with DESY, Germany21 also at University of Tokyo, Japan22 now at Kobe University, Japan23 supported by DESY, Germany24 partly supported by Russian Foundation for Basi
 Resear
h grant no. 05-02-39028-NSFC-a25 STFC Advan
ed Fellow26 nee Kor
sak-Gorzo27 This material was based on work supported by the National S
ien
e Foundation, whileworking at the Foundation.28 now at University of Kansas, Lawren
e, USA29 also at Max Plan
k Institute, Muni
h, Germany, Alexander von Humboldt Resear
hAward30 now at KEK, Tsukuba, Japan31 now at Nagoya University, Japan32 member of Department of Radiologi
al S
ien
e, Tokyo Metropolitan University, Japan33 now at SunMelx Co. Ltd., Tokyo, Japan34 now at the University of SheÆeld, SheÆeld, UK35 also at Hamburg University, Inst. of Exp. Physi
s, Alexander von Humboldt Resear
hAward and partially supported by DESY, Hamburg, GermanyVI



36 also at  L�od�z University, Poland37 member of  L�od�z University, Poland38 also at University of Podlasie, Siedl
e, Poland39 now at Lund Universtiy, Lund, Swedeny de
eased

VII



a supported by the Natural S
ien
es and Engineering Resear
h Coun
il ofCanada (NSERC)b supported by the German Federal Ministry for Edu
ation and Resear
h(BMBF), under 
ontra
t numbers 05 HZ6PDA, 05 HZ6GUA, 05 HZ6VFAand 05 HZ4KHA
 supported in part by the MINERVA Gesells
haft f�ur Fors
hung GmbH, the Is-rael S
ien
e Foundation (grant no. 293/02-11.2) and the U.S.-Israel BinationalS
ien
e Foundationd supported by the Israel S
ien
e Foundatione supported by the Italian National Institute for Nu
lear Physi
s (INFN)f supported by the Japanese Ministry of Edu
ation, Culture, Sports, S
ien
eand Te
hnology (MEXT) and its grants for S
ienti�
 Resear
hg supported by the Korean Ministry of Edu
ation and Korea S
ien
e and Engi-neering Foundationh supported by the Netherlands Foundation for Resear
h on Matter (FOM)i supported by the Polish State Committee for S
ienti�
 Resear
h, proje
t no.DESY/256/2006 - 154/DES/2006/03j partially supported by the German Federal Ministry for Edu
ation and Re-sear
h (BMBF)k supported by RF Presidential grant N 1456.2008.2 for the leading s
ienti�
s
hools and by the Russian Ministry of Edu
ation and S
ien
e through itsgrant for S
ienti�
 Resear
h on High Energy Physi
sl supported by the Spanish Ministry of Edu
ation and S
ien
e through fundsprovided by CICYTm supported by the S
ien
e and Te
hnology Fa
ilities Coun
il, UKn supported by the US Department of Energyo supported by the US National S
ien
e Foundation. Any opinion, �ndingsand 
on
lusions or re
ommendations expressed in this material are those ofthe authors and do not ne
essarily re
e
t the views of the National S
ien
eFoundation.p supported by the Polish Ministry of S
ien
e and Higher Edu
ation as a s
ien-ti�
 proje
t (2006-2008)q supported by FNRS and its asso
iated funds (IISN and FRIA) and by anInter-University Attra
tion Poles Programme subsidised by the Belgian FederalS
ien
e Poli
y OÆ
er supported by an FRGS grant from the Malaysian government
VIII



1 Introdu
tionCharm quarks are 
opiously produ
ed in deep inelasti
 s
attering (DIS) at HERA. AtsuÆ
iently high photon virtuality, Q2, the produ
tion of 
harm quarks 
onstitutes up to30% of the ep 
ross se
tion [1, 2℄. Previous measurements of D�� 
ross se
tions [1{5℄indi
ate that the produ
tion of 
harm quarks in DIS in the range 1 < Q2 < 1000 GeV2 is
onsistent with the 
al
ulations of perturbative Quantum Chromodynami
s (pQCD) inwhi
h 
harm is predominantly produ
ed via boson-gluon fusion (BGF). This implies thatthe 
harm 
ross se
tion is dire
tly sensitive to the gluon density in the proton.A 
harm quark in the �nal state 
an be identi�ed by the presen
e of a 
orresponding
harmed hadron. In this paper a study of the produ
tion of two su
h 
harmed parti
les,the D� and D0= �D0 mesons, is presented. The mesons are re
onstru
ted using the de
aysD+ ! K��+�+ and D0 ! K��+, whi
h are 
hosen as both 
ontain 
harged parti
les1whi
h are well re
onstru
ted in the ZEUS dete
tor. The proper de
ay lengths are of theorder 300 �m and 100 �m for the D+ and D0, respe
tively and 
an be measured [6, 7℄with appropriate sili
on tra
kers su
h as those at H1 and ZEUS.Measurements of the D+ and D0 
ross se
tions are presented with improved pre
ision andin a kinemati
 region extending to lower transverse momentum, pDT , than the previousZEUS results [8℄; this is made possible through the use of the pre
ision tra
king providedby the ZEUS mi
rovertex dete
tor (MVD). Single-di�erential 
ross se
tions have beenmeasured as a fun
tion of Q2, the Bjorken s
aling variable, x, pDT , and the pseudorapidity,�D, of the D mesons. The 
ross se
tions are 
ompared to the predi
tions of a next-to-leading-order (NLO) QCD 
al
ulation using parameterisations of the parton densities inthe proton whi
h were determined from �ts to in
lusive DIS measurements from ZEUSand �xed-target experiments. The 
ross-se
tion measurements are used to extra
t theopen-
harm 
ontribution, F 
�
2 , to the proton stru
ture fun
tion, F2.2 Experimental set-upThe analysis was performed with data taken from 2004 to 2005 when HERA 
ollidedele
trons with energy Ee = 27:5 GeV with protons of energy Ep = 920 GeV. The resultsare based on an e�p sample 
orresponding to an integrated luminosity of 133.6 � 3.5 pb�1.A detailed des
ription of the ZEUS dete
tor 
an be found elsewhere [9℄. A brief outlineof the 
omponents that are most relevant for this analysis is given below.1 The 
harge-
onjugated modes are implied throughout this paper.1



In the kinemati
 range of the analysis, 
harged parti
les were tra
ked in the 
entral tra
k-ing dete
tor (CTD) [10℄ and the MVD [11℄. These 
omponents operated in a magneti
�eld of 1.43 T provided by a thin super
ondu
ting solenoid. The CTD 
onsisted of 72
ylindri
al drift 
hamber layers, organised in nine superlayers 
overing the polar-angle2region 15Æ < � < 164Æ.The MVD 
onsisted of a barrel (BMVD) and a forward (FMVD) se
tion with three
ylindri
al layers and four planar layers of single-sided sili
on strip sensors in the BMVDand FMVD respe
tively. The BMVD provided polar-angle 
overage for tra
ks with threemeasurements from 30Æ to 150Æ. The FMVD extended the polar-angle 
overage in theforward region to 7Æ. After alignment, the single-hit resolution of the BMVD was 25�mand the impa
t-parameter resolution of the CTD-BMVD system for high-momentumtra
ks was 100�m.The high-resolution uranium{s
intillator 
alorimeter (CAL) [12℄ 
onsisted of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) 
alorimeters. Ea
h part wassubdivided transversely into towers and longitudinally into one ele
tromagneti
 se
tion(EMC) and either one (in RCAL) or two (BCAL and FCAL) hadroni
 se
tions (HAC).The smallest subdivision of the 
alorimeter was 
alled a 
ell. The CAL energy resolutions,as measured under test-beam 
onditions, were �(E)=E = 0:18=pE for ele
trons and�(E)=E = 0:35=pE for hadrons, with E in GeV.The position of the s
attered ele
tron was determined by 
ombining information from theCAL and, where available, the small-angle rear tra
king dete
tor (SRTD) [13℄ and thehadron-ele
tron separator (HES) [14℄.The luminosity was measured using the Bethe-Heitler rea
tion ep ! e
p with the lu-minosity dete
tor whi
h 
onsisted of independent lead{s
intillator 
alorimeter [15℄ andmagneti
 spe
trometer [16℄ systems. The fra
tional systemati
 un
ertainty on the mea-sured luminosity was 2.6%.3 Event sele
tion and re
onstru
tionA three-level trigger system was used to sele
t events online [9,17,18℄. At the third level,events with a re
onstru
ted s
attered-ele
tron or D-meson 
andidate were kept for furtheranalysis.2 The ZEUS 
oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam dire
tion, referred to as the \forward dire
tion", and the X axis pointing left towardsthe 
entre of HERA. The 
oordinate origin is at the nominal intera
tion point.2



The kinemati
 variables Q2, x and the fra
tion of the ele
tron energy transferred to theproton in its rest frame, y, were re
onstru
ted using the double angle (DA) method [19℄whi
h relies on the angles of the s
attered ele
tron and the hadroni
 energy 
ow.The events were sele
ted o�ine with the following 
uts:� Ee0 > 10 GeV, where Ee0 is the energy of the s
attered ele
tron;� ye < 0:95, where ye is determined from the energy and angle of the s
attered ele
tron.This 
ondition removes events where fake ele
trons are found in the FCAL;� yJB > 0:02, where JB signi�es the Ja
quet-Blondel [20℄ method of kinemati
 re
on-stru
tion. This 
ondition reje
ts events where the hadroni
 system 
annot be measuredpre
isely;� 40 < Æ < 65 GeV, where Æ = PEi(1� 
os(�i)) and Ei is the energy of the ith energy-
ow obje
t (EFO) [21℄ re
onstru
ted from tra
ks dete
ted in the CTD and MVD andenergy 
lusters measured in the CAL. The sum i runs over all EFOs;� jZvtxj < 50 
m, where Zvtx is the primary vertex position determined from tra
ks;� the impa
t point (X; Y ), of the s
attered ele
tron on the surfa
e of the RCAL mustlie outside the region (�15 
m, �15 
m) 
entred on (0,0).Ele
tron 
andidates in the transition regions between FCAL and BCAL as well as betweenBCAL and RCAL were reje
ted be
ause of the poor energy re
onstru
tion in these areas.The angle of the s
attered ele
tron was determined using either its impa
t position on theCAL inner fa
e or a re
onstru
ted tra
k. When available, SRTD and HES were also used.The energy of the s
attered ele
tron was 
orre
ted for non-uniformity due to geometri
e�e
ts 
aused by 
ell and module boundaries.The sele
ted kinemati
 region was 5 < Q2 < 1000 GeV2 and 0:02 < y < 0:7. The pro-du
tion of D+ and D0 mesons was measured in the range of transverse momentum1:5 < pDT < 15 GeV and pseudorapidity j�Dj < 1:6.The de
ay-length signi�
an
e is a powerful variable for the reje
tion of 
ombinatorialba
kground and is de�ned as Sl = l=�l, where l is the de
ay length in the transverse planeand �l is the un
ertainty asso
iated with this distan
e. The de
ay length is the distan
ein the transverse plane between the point of 
reation and de
ay vertex of the meson andis given by l = �~SXY � ~BXY � � ~pDTpDT ; (1)where ~pDT is the transverse momentum ve
tor and ~SXY is the two dimensional positionve
tor of the re
onstru
ted de
ay vertex proje
ted onto the XY plane. The ve
tor ~BXY3



points to the �tted geometri
al 
entre of the beam-spot whi
h is taken as the origin of theD meson. The 
entre of the ellipti
al beam-spot was determined every 2000 well measuredevents [22℄ by �tting a Gaussian 
urve to the X; Y and Z distributions of the primaryvertex. The mean of these �tted 
urves was then taken to be the beam-spot position. Thewidths of the beam-spot were 80 �m and 20 �m in the X and Y dire
tions, respe
tively.The de
ay-length error, �l, was determined by folding the width of the beam-spot withthe 
ovarian
e matrix of the de
ay vertex after both were proje
ted onto the D mesonmomentum ve
tor.3.1 D-meson re
onstru
tionThe D+ (and D�) mesons were re
onstru
ted in the de
ay 
hannel D+ ! K��+�+(+
:
:).In ea
h event, all tra
k pairs with equal 
harges were 
ombined with a third tra
k withopposite 
harge to form a D+ 
andidate. The pion mass was assigned to the tra
ks withequal 
harges and the kaon mass was assigned to the remaining tra
k. These were thenasso
iated and re�tted to a 
ommon de
ay vertex [23℄ and the invariant mass, M(K��),was 
al
ulated. The tra
ks were required to have transverse momentum p�T > 0:25 GeVand pKT > 0:5 GeV for the pion and kaon tra
ks, respe
tively. To ensure that all tra
ksused were well re
onstru
ted they were required to have passed through 3 superlayersof the CTD and have at least 2 BMVD measurements in the XY plane and 2 in the Zdire
tion.Figure 1 shows the M(K��) distribution for D+ 
andidates. The 
ombinatorial ba
k-ground was redu
ed by the requirements that the �2 of the de
ay vertex be less than 9 for3 degrees of freedom and that the de
ay-length signi�
an
e, Sl, be greater than 3 (see Fig.4). In order to extra
t the number of re
onstru
ted D+ mesons the M(K��) distributionwas �tted with the sum of a modi�ed Gaussian fun
tion [24℄ and a linear ba
kgroundfun
tion. The modi�ed Gaussian fun
tion used wasGaussmod / exp ��0:5� x1+1=(1+0:5�x)� ; (2)where x = j[M(K��) �M0℄=�j. This fun
tional form des
ribed both the data and MCwell. The signal position, M0, and the width, �, as well as the numbers of D+ mesonsin ea
h signal were free parameters of the �t. The number of re
onstru
ted D+ mesonsyielded by the �t was N(D+) = 3995� 156.A sample of D+ 
andidates with p�T > 0:5 GeV, pKT > 0:7 GeV and pD+T > 3 GeV wasused to obtain the lifetime of the D+ meson. The higher pT 
uts were used to obtain asignal with no requirements made on the signi�
an
e of the de
ay length. The number ofre
onstru
ted D+ mesons yielded by the �t to the data was N(D+) = 4383� 353.4



The D0 (and �D0) mesons were re
onstru
ted in the de
ay 
hannel D0 ! K��+(+
:
:),with 
andidates found in a similar manner to the D+, ex
ept that only oppositely 
hargedpairs of tra
ks were 
ombined together to form the meson 
andidate. The tra
ks wererequired to have transverse momentum pKT > 0:7 GeV and p�T > 0:3 GeV for the kaon andpion tra
ks. The �2 and Sl 
uts were 8 and 1, respe
tively, with 1 degree of freedom inthe vertex �t (see Fig. 4). After sele
tion, the D0 
andidates were separated into taggedand antitagged samples with the antitagged sample used for 
ross-se
tion measurements.The tagged group 
onsisted of D0 
andidates whi
h are 
onsistent with a D�� ! D0��sde
ay when 
ombined with a third tra
k that 
ould be a \soft" pion, (�s). The softpion was required to have pT > 0:12 GeV and 
harge opposite to that of the kaon. Thetagged D0 sample was used for the 
orre
tion of the MC and re
e
tion subtra
tion in theantitagged sample. For the antitagged sample, 
ontaining D0 mesons not 
oming from aD��, in
orre
t assignment of the pion and kaon masses produ
ed a wider re
e
ted signal.The distribution of this re
e
tion was estimated using the tagged D0 
andidates and,after normalising it to the ratio of the number of D0 mesons in the two samples, it wassubtra
ted from the antitagged D0 
andidates. Figure 2 shows the M(K�) distributionsfor tagged and antitagged D0 
andidates. The distributions were �tted simultaneouslyassuming that both have the same peak position and width and, like the D+, were param-eterised as a modi�ed Gaussian fun
tion. The number of antitagged (tagged) D0 mesonsyielded by the �t was Nantitag(D0) = 6584� 345 (N tag(D0) = 1690� 70).A sample of D0 
andidates with p�;KT > 0:8 GeV and pD0T > 3 GeV was used to obtain thelifetime of the D0 meson. The higher pT 
uts were used to obtain a signal with no require-ments made on the signi�
an
e of the de
ay length. The number of antitagged (tagged)D0 mesons yielded by the �t was Nantitag(D0) = 5612� 283 (N tag(D0) = 1495� 56).3.2 D-meson lifetimesLifetimes for the D+ and D0 mesons were 
al
ulated using de
ay lengths in the transverseplane and re
onstru
ted D-meson signals in the kinemati
 region 5 < Q2 < 1000 GeV2,0:02 < y < 0:7, 3 < pDT < 15 GeV and j�Dj < 1:6. Unfolding is not ne
essary as thedete
tor a

eptan
e is uniform with respe
t to the displa
ement of the se
ondary vertexand the normalisation of the lifetime distribution is irrelevant. The number of D mesonsin a given bin of proper de
ay length, 
t, was extra
ted and the distributions �tted withthe fun
tion f(
t) = 12�exp ���
t� � �22�2�� 1Zumin e�u2 du; (3)5



where umin = (�
t=� + �=�), � is the lifetime and � is the spatial resolution. Thisfun
tion represents an exponential de
ay 
onvoluted with a Gaussian resolution. For thepurposes of the lifetime extra
tion, � was set to the value extra
ted from the tagged D0sample, 120 �m, whi
h depended only weakly on pT .The �tted 
t distributions for D+ and D0 mesons are shown in Fig. 3 and the extra
tedvalues for the lifetime are: 
�(D+) = 326� 21(stat:)�m
�(D0) = 132� 7(stat:)�mThe systemati
 un
ertainties are signi�
antly smaller than the statisti
al un
ertaintyas the measurement has only a small dependen
e on the details of the MC simula-tion. The values are 
onsistent with the world average values of 311.8� 2.1�m and122.9� 0.5�m [25℄ for the D+ and D0, respe
tively.4 Monte Carlo modelsThe a

eptan
es were 
al
ulated using the Rapgap 3.00 [26℄ Monte Carlo (MC) model,whi
h was interfa
ed with Hera
les 4.6.1 [27℄ in order to in
orporate �rst-order ele
-troweak 
orre
tions. The generated events were then passed through a full simulation ofthe dete
tor using Geant 3.21 [28℄ before being pro
essed and sele
ted with the samesoftware as used for the data.The MC was used to simulate events 
ontaining 
harm produ
ed by the BGF pro
ess. TheRapgap generator used leading-order matrix elements with leading-logarithmi
 parton-shower radiation. The CTEQ5L [29℄ PDF for the proton was used, and the 
harm quarkmass was set to 1.5 GeV. Charm fragmentation was implemented using the Lund stringmodel [30℄. D mesons originating from B de
ays were a

ounted for by in
lusion of aRapgap b-quark sample where the b-quark mass was set to 4.75 GeV.A weighting pro
edure utilising the tagged D0 sample was applied in order to 
orre
t forimperfe
tions in the MC des
ription of the de
ay-length un
ertainty [22℄.5 NLO QCD 
al
ulationsThe NLO QCD predi
tions for the 
�
 
ross se
tions were obtained using the HVQDISprogram [31℄ based on the �xed-
avour-number s
heme (FFNS). In this s
heme, onlylight partons (u; d; s; and g) are in
luded in the initial-state proton as partons whose6



x;Q2 distributions obey the DGLAP equations [32℄ and the 
�
 pair is produ
ed via theBGF me
hanism with NLO 
orre
tions [33℄. The presen
e of di�erent large s
ales, Q,pT and the mass of the 
 quark, m
, 
an spoil the 
onvergen
e of the perturbative seriesbe
ause the negle
ted terms of orders higher than �2s (where �s is the strong 
oupling
onstant) 
ontain log(Q2=m2
) fa
tors whi
h 
an be
ome large.The predi
tions for D-meson produ
tion at NLO were obtained using HVQDIS with thefollowing inputs. The ZEUS-S NLO QCD global �t [34℄ to stru
ture fun
tion data wasused as the parameterisation of the proton PDFs. This �t was repeated [35℄ in the FFNS,in whi
h the PDF has three a
tive quark 
avours in the proton. In this �t �(3)QCD wasset to 0.363 GeV and the mass of the 
harm quark was set to 1.5 GeV; the same masswas therefore used in the HVQDIS 
al
ulation. The renormalisation and fa
torisations
ale, � = �R = �F , was set to pQ2 + 4m2
 . The 
harm fragmentation to the parti
ularD meson was des
ribed by the Peterson fun
tion [36℄ with the Peterson parameter, �,set to 0.035 [37℄. The values used for the hadronisation fra
tions, f(
 ! D), were thosepreviously measured in DIS at ZEUS, 0.216+0:021�0:029 and 0.450+0:027�0:060 for the D+ and antitaggedD0, respe
tively [8℄.To estimate the 
ontribution of beauty produ
tion, the HVQDIS 
al
ulation and hadro-nisation from the MC were 
ombined, using d�(b ! D)NLO+MC = d�(b�b)NLO� Chad whereChad = d�(b! D)MC=d�(b�b)MC. The ZEUS NLO QCD �t was used as the proton PDF, sothat the mass used in this �t was also used in the HVQDIS program. The hadronisationfra
tion, f(b! D), was set to 0.231 and 0.596 for the D+ and D0, respe
tively [38℄.The HVQDIS predi
tions for D-meson produ
tion are a�e
ted by theoreti
al un
ertaintieslisted below. The average un
ertainty on the total 
ross se
tions is given in parentheses:� the ZEUS PDF un
ertainties propagated from the experimental un
ertainties of the�tted data (�5%). The 
hange in the 
ross se
tion was independent of the kinemati
region;� the mass of the 
harm quark (�8%). The 
harm quark mass was 
hanged 
onsistentlyin the PDF �t and in HVQDIS by �0:15 GeV;� the renormalisation and fa
torisation s
ale, � (+7%�0%). The s
ales 2pQ2 + 4m2
 andpQ2=4 + m2
 were used;� the � parameter of the Peterson fragmentation fun
tion (+5%�7%) was varied by +0:035�0:015 [39℄.7



6 Data 
orre
tion and systemati
 un
ertaintiesFor a given observable Y , the produ
tion 
ross se
tion was determined using:d�dY = N(D)A � L � B ��Y (4)where N(D) is the number of re
onstru
ted D mesons in a bin of size �Y , A is there
onstru
tion a

eptan
e as found from the MC sample whi
h in
ludes migrations, eÆ-
ien
ies and QED radiative e�e
ts for that bin, L is the integrated luminosity and B isthe bran
hing ratio for the de
ay 
hannel used in the re
onstru
tion.Small admixtures to the re
onstru
ted signals from other de
ay modes were taken intoa

ount in the MC sample used for the a

eptan
e-
orre
tion pro
edure. To 
orre
t fromthe number of re
onstru
ted D0 mesons to the produ
tion 
ross se
tions, small migrationswere taken into a

ount between the tagged and antitagged samples. It was 
he
ked thatthe Rapgap MC sample gives a reasonable des
ription of the data for sele
ted DIS andD meson variables. Figures 4, 5 and 6 show important variables for the se
ondary vertexre
onstru
tion, distributions for the DIS variables and the kinemati
s of the D meson,respe
tively. For all variables, the number of re
onstru
ted D mesons is extra
ted by�tting the number of D mesons in ea
h bin of the distribution. The MC provides a goodenough des
ription of the data for a

eptan
e 
al
ulations in all variables.Re
onstru
tion a

eptan
es vary depending on the parti
le and kinemati
 region of themeasurement. For example, the overall D+ and D0 a

eptan
es 
al
ulated with Rapgapafter applying the sele
tion 
riteria for the kinemati
 region are � 7% and � 17%, re-spe
tively. The lower average a

eptan
e in relation to previous ZEUS measurements isa

ounted for by redu
ed eÆ
ien
y for re
onstru
ted D mesons due to the extension ofthe kinemati
 range to lower pDT and the use of lifetime tagging. This is o�set by a gainof a fa
tor of 20 and 3 in the signal to ba
kground ratios of the D+ and D0 samples.The systemati
 un
ertainties of the measured 
ross se
tions were determined by 
hangingthe analysis pro
edure and repeating all 
al
ulations. The following possible sour
es ofsystemati
 un
ertainties were 
onsidered [22,40℄ with the average e�e
t on the measuredD+ and D0 total 
ross se
tions shown in parentheses:� fÆ1g the 
ut on yJB was 
hanged by +0:04�0:02 (+0:3%�3% );� fÆ2g the 
ut on the s
attered ele
tron energy, Ee0, was 
hanged by �1 GeV (+2%�1%);� fÆ3g the b-quark 
ross se
tion was varied by a fa
tor of two in the referen
e MC sample(+1:3%�1:7%);� fÆ4g the un
ertainty of the tra
king performan
e was obtained by varying all momentaby �0:3% whi
h 
orresponds to the un
ertainty in the magneti
 �eld; and by 
hanging8



the tra
k momentum and angular resolutions by +20%�10% of their values. The asymmetri
resolution variations were used sin
e the MC signals typi
ally had somewhat narrowerwidths than those observed in the data (�1%);� fÆ5g the un
ertainty of the MVD hit eÆ
ien
y was obtained [22℄ by evaluating therelative di�eren
e in single-tra
k eÆ
ien
y between data and MC when 2 XY and 2Z measurements were required in the BMVD (�1:1%);� fÆ6g the 
ut on Sl was varied by �1:0 in the D+ analysis and �0:4 in the D0 analy-sis [41℄ (+6%�7%);� fÆ7g the 
ut on the �2 of the se
ondary vertex was 
hanged by �2 in the D+ analysisand �1.5 in the D0 analysis (+2%�1%);� fÆ8g the MC pDT distribution was reweighted in order to a

ount for the di�eren
e (seeFig. 6) between data and MC (< 1%);� fÆ9g the MC �D distribution was reweighted in order to a

ount for the di�eren
e (seeFig. 6) between data and MC (< 1%).An additional sour
e of systemati
 un
ertainty in the D0 analysis was investigated:� fÆ10g the ba
kground fun
tion was parameterised by an exponential fun
tion (�4%).Several other sour
es of systemati
 un
ertainty were 
onsidered and found to have ane�e
t of < 1% on the total 
ross se
tions. These sour
es were related to the DIS sele
tion
riteria and the method for extra
ting the number of tagged D0 mesons.The systemati
 un
ertainty is dominated by Æ6, whi
h is related to the des
ription ofthe MVD resolution. This un
ertainty was evaluated from the di�eren
es between thedata and MC des
ription of �l (see Fig. 4). This di�eren
e was then propagated to a 
utvariation of the Sl 
ut and the analysis pro
edure repeated.Contributions from the di�erent systemati
 un
ertainties were 
al
ulated and added inquadrature separately for positive and negative variations. Un
ertainties due to thoseon the luminosity measurement and bran
hing ratios were only in
luded in the measuredD+ and D0 total 
ross se
tions. For di�erential 
ross se
tions these un
ertainties are notin
luded in the tables and �gures.7 Cross se
tionsCharm meson 
ross se
tions for the pro
ess ep ! eDX were 
al
ulated using the re
on-stru
ted D+ and D0 signals (see Se
tion 3) in the kinemati
 region 5 < Q2 < 1000 GeV2,0:02 < y < 0:7, 1:5 < pDT < 15 GeV and j�Dj < 1:6.The following 
ross se
tions were measured:9



� The produ
tion 
ross se
tion for D+ and D� mesons:�(D+) = 4:67� 0:26 (stat:) +0:38�0:56 (syst:) � 0:17(br:)� 0:12(lumi:) nb� The produ
tion 
ross se
tion for D0 and �D0 mesons not originating from D�� de
ays:�antitag(D0) = 7:49� 0:46 (stat:) +0:98�0:58 (syst:)� 0:14(br:)� 0:20(lumi:) nbThe 
orresponding predi
tions from HVQDIS are:�(D+) = 4:42 +0:86�0:62 (syst:) +0:42�0:60 (had:) nb�antitag(D0) = 9:25 +1:79�1:29 (syst:) +0:52�0:96 (had:) nbwhere \had." and \br." represent the un
ertainty on the HVQDIS predi
tion due to theun
ertainties of the hadronisation fra
tion f(
 ! D) and de
ay-
hain bran
hing ratios,respe
tively. The predi
tions used the default parameter settings as dis
ussed in Se
tion5. The quadrati
 sum of the other un
ertainties of these predi
tions is shown with the\syst." label. A small 
ontribution (� 2%) to the total 
ross se
tions arises from Dmesons produ
ed in b�b events. All predi
tions in
lude a b�b 
ontribution 
al
ulated in ea
hbin with HVQDIS. The HVQDIS predi
tions are in agreement with the data.The di�erential D+ and D0 
ross se
tions as fun
tions of Q2; x; pDT and �D are shown inFigs. 7 and 8 and given in Tables 1 and 2. The 
ross se
tions in Q2 and x both fall byabout three orders of magnitude in the measured region. The 
ross se
tion in pDT fallsby about two orders of magnitude and there is no signi�
ant dependen
e on �D. TheHVQDIS predi
tions des
ribe the shape of all measured di�erential 
ross se
tions well.The slight di�eren
e in normalisation in Fig. 8 re
e
ts the di�eren
e of the 
orrespondingtotal 
ross se
tion.8 Extra
tion of F 
�
2The open-
harm 
ontribution, F 
�
2 , to the proton stru
ture fun
tion, F2, 
an be de�nedin terms of the in
lusive double-di�erential 
�
 
ross se
tion in x and Q2 byd2�
�
(x;Q2)dxdQ2 = 2��2xQ4 ��1 + (1� y)2�F 
�
2 (x;Q2)� y2F 
�
L (x;Q2)	 : (5)In this paper, the 
�
 
ross se
tion is obtained by measuring the D+ and D0 produ
tion
ross se
tions and employing the hadronisation fra
tion f(
 ! D) to derive the total10




harm 
ross se
tion. A limited kinemati
 region is a

essible for the measurement of Dmesons, therefore a pres
ription for extrapolating to the full kinemati
 phase spa
e isneeded. The measured value of F 
�
2 in a bin i is 
al
ulated withF 
�
2;meas(xi; Q2i ) = �i;meas(ep! DX)�i;theo(ep! DX) F 
�
2;theo(xi; Q2i ); (6)where �i;meas is the 
ross se
tion in the bin i in the measured region of pDT and �D and�i;theo is the 
orresponding 
ross se
tion evaluated with HVQDIS. The value of F 
�
2;theowas 
al
ulated in FFNS from the NLO 
oeÆ
ient fun
tions [34℄ using the same valuesof parameters as in the 
al
ulation of �i;theo. The 
ross se
tions �i;meas(ep ! DX) weremeasured in bins of Q2 and y (Table 3) and F 
�
2 is quoted at representative Q2 and xvalues near the 
entre-of-gravity for ea
h bin (Table 4).Beauty 
ontributions were subtra
ted from the data using the predi
tions obtained fromHVQDIS. The 
ontribution to the total 
ross se
tion from F 
�
L 
al
ulated using the ZEUSNLO �t was, on average, 1.3% and at most 4:7% [5℄ and was taken into a

ount, in �i;theo,in the extra
tion of F 
�
2 . The size of the 
ontribution from FL was similar to that in otherPDFs.The fa
tor to extrapolate from the measurement range to the full phase spa
e was esti-mated using HVQDIS and was found to vary from � 1:5 at high Q2 to � 3:2 at low Q2.A 
omplete list of the extrapolation fa
tors is given in Table 4.The following un
ertainties asso
iated with the method of extrapolation were evaluatedwith the average e�e
t given in parentheses:� 
hanging the 
harm mass by �0:15 GeV 
onsistently in the HVQDIS 
al
ulation andin the 
al
ulation of F 
�
2;theo (�2%). The largest e�e
t was seen at low x and low Q2(+7�5%);� using the upper and lower predi
tions given by the un
ertainty in the ZEUS NLO PDF�t, propagated from the experimental un
ertainties of the �tted data, to perform theextra
tion of F 
�
2 (< 1%);� 
hanging the 
ontribution of beauty events subtra
ted from the data by a fa
tor 2(+1�2%). The largest e�e
t was seen at low x and high Q2 (+3�7%);� a Lund string model in Rapgap was used as in previous analyses [1,5,8℄ rather thanthe Peterson fun
tion in HVQDIS (�7%). The largest e�e
t was seen at high x andlow Q2 (�14%).The F 
�
2 values measured from D+ and D0 data are 
ombined using a pro
edure thata

ounts for the systemati
 and point-to-point 
orrelations between the analyses [42℄.The 
ombined values of F 
�
2 obtained from D+ and D0 produ
tion are given in Table 511



and shown in Fig. 9. Also shown is the ZEUS NLO QCD �t whi
h des
ribes the datawell for all Q2 and x. The un
ertainty of the theoreti
al predi
tion shown is that fromun
ertainty of the 
harm mass. Due to the improved statisti
al pre
ision resulting fromlifetime tags with the MVD, more measurements of F 
�
2 were extra
ted than in the previouspubli
ation [8℄. Also, extrapolation fa
tors were signi�
antly redu
ed, from e.g. a valueof about 5{6 to about 2 at Q2 = 20:4 GeV2, due to the extension of the kinemati
 rangeto lower pDT . At high Q2 these results are 
ompetitive with D�� based measurements [5℄.9 Con
lusionsThe produ
tion of the 
harm mesons D+ and D0 has been measured with the ZEUSdete
tor in the kinemati
 range 5 < Q2 < 1000 GeV2, 0:02 < y < 0:7, 1:5 < pDT < 15 GeVand j�Dj < 1:6. Combinatorial ba
kground to the D meson signals was redu
ed by usingthe ZEUS mi
rovertex dete
tor to re
onstru
t displa
ed se
ondary verti
es.The measured D meson 
ross se
tions were 
ompared to the predi
tions of NLO QCDwith the proton PDFs extra
ted from in
lusive DIS data. A good des
ription was found.The visible 
ross se
tions in bins of y and Q2 were used to extra
t the open-
harm 
ontri-bution, F 
�
2 , to the proton stru
ture fun
tion, F2. The extra
tion used fa
tors 
al
ulatedwithin the framework of NLO QCD.The use of the mi
rovertex dete
tor has in
reased the pre
ision and allowed an extensionin the kinemati
 range to lower values of pDT 
ompared to previous results. Along withprevious measurements of F 
�
2 , the results presented here provide a dire
t 
onstraint onthe gluon density of the proton.10 A
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Q2 bin d�=dQ2 �stat �syst(GeV2) (nb/GeV2)5, 10 0.35 �0.04 +0.04 �0.0510, 20 0.13 �0.01 +0.01 �0.0120, 40 0.048 �0.005 +0.012 �0.00540, 80 0.013 �0.002 +0.001 �0.00280, 200 0.0020 �0.0004 +0.0002 �0.0006200, 1000 0.00010 �0.00004 +0.00004 �0.00005x bin d�=dx �stat �syst(nb)0.00008, 0.0004 3773.0 �566.0 +577.0 �773.00.00040, 0.0016 1643.0 �136.0 +183.0 �128.00.0016, 0.005 327.0 �33.0 +39.0 �42.00.005, 0.01 55.0 �11.0 +9.0 �19.00.01, 0.1 1.5 �0.5 +0.2 �0.5pD�T bin d�=dpD�T �stat �syst(GeV) (nb/GeV)1.5, 2.4 2.63 �0.50 +0.59 �0.872.4, 3.1 1.37 �0.17 +0.10 �0.203.1, 4.0 0.73 �0.07 +0.06 �0.044.0, 6.0 0.32 �0.03 +0.03 �0.026.0, 15.0 0.032 �0.003 +0.003 �0.003�D� bin d�=d�D� �stat �syst(nb)�1.6, �0.8 1.05 �0.16 +0.32 �0.11�0.8, �0.4 1.35 �0.17 +0.18 �0.17�0.4, 0.0 1.76 �0.22 +0.24 �0.220.0, 0.4 1.37 �0.17 +0.22 �0.180.4, 0.8 1.70 �0.23 +0.21 �0.400.8, 1.6 1.62 �0.27 +0.29 �0.40Table 1: Measured D� 
ross se
tions as a fun
tion of Q2, x, pD�T and �D� for5 < Q2 < 1000 GeV2, 0:02 < y < 0:7, 1:5 < pD�T < 15 GeV and j�D�j < 1:6. Thestatisti
al and systemati
 un
ertainties are shown separately. The 
ross se
tionshave further un
ertainties of 3:5% from the D+ ! K��+�+(+
:
:) bran
hing ratio,and 2:6% from the un
ertainty in the luminosity measurement.16



Q2 bin d�=dQ2 �stat �syst(GeV2) (nb/GeV2)5, 10 0.52 �0.07 +0.08 �0.0410, 20 0.23 �0.02 +0.02 �0.0220, 40 0.067 �0.008 +0.007 �0.00840, 80 0.021 �0.003 +0.003 �0.00380, 1000 0.0010 �0.0003 +0.0003 �0.0002x bin d�=dx �stat �syst(nb)0.00008, 0.0004 4697.0 �824.0 +769.0 �743.00.00040, 0.0016 2896.0 �254.0 +235.0 �225.00.0016, 0.005 527.0 �54.0 +41.0 �55.00.005, 0.1 10.0 �2.0 +4.0 �2.0pD0= �D0T bin d�=dpD0= �D0T �stat �syst(GeV) (nb/GeV)1.5, 2.4 2.90 �0.45 +0.26 �0.262.4, 3.1 2.49 �0.31 +0.29 �0.323.1, 4.0 1.35 �0.15 +0.14 �0.174.0, 6.0 0.53 �0.05 +0.03 �0.026.0, 15.0 0.058 �0.007 +0.012 �0.009�D0= �D0 bin d�=d�D0= �D0 �stat �syst(nb)�1.6, �0.8 1.42 �0.29 +0.25 �0.23�0.8, �0.4 2.87 �0.39 +0.41 �0.37�0.4, 0.0 2.36 �0.30 +0.30 �0.430.0, 0.4 2.68 �0.36 +0.42 �0.160.4, 0.8 3.18 �0.42 +0.34 �0.360.8, 1.6 1.81 �0.33 +0.35 �0.27Table 2: Measured 
ross se
tions for D0= �D0 not 
oming from a D�� as a fun
tionof Q2, x, pD0= �D0T and �D0= �D0 for 5 < Q2 < 1000 GeV2, 0:02 < y < 0:7, 1:5 <pD0= �D0T < 15 GeV and j�D0= �D0 j < 1:6. The statisti
al and systemati
 un
ertaintiesare shown separately. The 
ross se
tions have further un
ertainties of 1:9% fromthe D0 ! K��+(+
:
:) bran
hing ratio, and 2:6% from the un
ertainty in theluminosity measurement. 17



Q2 bin y bin �(D�) �stat �syst(GeV2) (nb)0.02, 0.12 0.52 �0.13 +0.17 �0.145, 9 0.12, 0.30 0.59 �0.11 +0.08 �0.170.30, 0.70 0.56 �0.17 +0.17 �0.140.02, 0.12 0.94 �0.10 +0.07 �0.139, 44 0.12, 0.30 0.96 �0.09 +0.06 �0.060.30, 0.70 0.73 �0.12 +0.08 �0.200.02, 0.12 0.20 �0.05 +0.01 �0.0344, 1000 0.12, 0.30 0.35 �0.06 +0.05 �0.080.30, 0.70 0.24 �0.05 +0.03 �0.06
Q2 bin y bin �(D0= �D0) �stat �syst(GeV2) (nb)0.02, 0.12 0.80 �0.24 +0.23 �0.165, 9 0.12, 0.30 0.92 �0.20 +0.13 �0.120.30, 0.70 0.48 �0.17 +0.11 �0.140.02, 0.12 1.62 �0.18 +0.10 �0.139, 44 0.12, 0.30 1.42 �0.15 +0.05 �0.060.30, 0.70 1.22 �0.24 +0.24 �0.180.02, 0.12 0.19 �0.09 +0.06 �0.0444, 1000 0.12, 0.30 0.54 �0.09 +0.06 �0.040.30, 0.70 0.54 �0.15 +0.15 �0.18

D�

D0= �D0

Table 3: Measured 
ross se
tions for D� and D0= �D0 not 
oming from a D��in ea
h of the Q2 and y bins for 5 < Q2 < 1000 GeV2, 0:02 < y < 0:7, 1:5 <pDT < 15 GeV and j�Dj < 1:6. The statisti
al and systemati
 un
ertainties areshown separately. The D� and D0= �D0 
ross se
tions have further un
ertainties of3:5% and 1:9% from the D+ ! K��+�+(+
:
:) and D0 ! K��+(+
:
:) bran
hingratios. The additional un
ertainty from the luminosity measurements is 2:6%.
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Q2 x F 
�
2 �stat �syst �extrap fa
tor(GeV2) 0.00022 0.295 �0.092 +0.091 �0.074 +0.026 �0.022 3.27.0 0.00046 0.176 �0.031 +0.023 �0.050 +0.010 �0.008 2.30.00202 0.091 �0.023 +0.030 �0.025 +0.013 �0.014 3.10.00065 0.319 �0.054 +0.037 �0.086 +0.022 �0.020 2.520.4 0.00134 0.241 �0.024 +0.016 �0.014 +0.013 �0.013 1.80.00588 0.131 �0.015 +0.010 �0.018 +0.009 �0.009 2.40.00356 0.260 �0.058 +0.029 �0.066 +0.020 �0.025 1.7112.0 0.00738 0.280 �0.049 +0.038 �0.064 +0.032 �0.033 1.50.03230 0.089 �0.024 +0.004 �0.015 +0.002 �0.002 2.4
Q2 x F 
�
2 �stat �syst �extrap fa
tor(GeV2) 0.00022 0.116 �0.042 +0.028 �0.035 +0.010 �0.009 3.27.0 0.00046 0.131 �0.029 +0.019 �0.017 +0.007 �0.006 2.30.00202 0.068 �0.020 +0.019 �0.014 +0.010 �0.010 3.10.00065 0.252 �0.051 +0.049 �0.037 +0.017 �0.016 2.520.4 0.00134 0.169 �0.019 +0.006 �0.007 +0.009 �0.009 1.80.00588 0.109 �0.012 +0.006 �0.009 +0.007 �0.008 2.40.00356 0.280 �0.086 +0.077 �0.096 +0.022 �0.027 1.7112.0 0.00738 0.203 �0.037 +0.024 �0.016 +0.023 �0.024 1.50.03230 0.040 �0.019 +0.012 �0.008 +0.001 �0.001 2.4

D�

D0= �D0

Table 4: The extra
ted values of F 
�
2 from the produ
tion 
ross se
tions of D� andD0= �D0 not 
oming from D�� at ea
h Q2 and x value. The statisti
al, systemati
and extrapolation un
ertainties are shown separately. The values of the extrapola-tion fa
tor used to 
orre
t to the full pDT and �D phase spa
e are also shown. Thevalues extra
ted from D� and D0= �D0 have further un
ertainties as detailed in the
aption to Table 3.
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Q2 x F 
�
2 �stat �syst �extrap(GeV2) 0.00022 0.260 �0.062 �0:091 +0.007 �0.0677.0 0.00046 0.157 �0.022 �0:031 +0.016 �0.0350.00202 0.088 �0.017 �0:028 +0.009 �0.0160.00065 0.291 �0.038 �0:064 +0.020 �0.09420.4 0.00134 0.213 �0.016 �0:014 +0.018 �0.0400.00588 0.126 �0.010 �0:014 +0.010 �0.0420.00356 0.257 �0.046 �0:057 +0.020 �0.084112.0 0.00738 0.238 �0.030 �0:039 +0.015 �0.0410.03230 0.086 �0.020 �0:018 +0.001 �0.026Table 5: The 
ombined F 
�
2 values from the produ
tion 
ross se
tions of D�and D0= �D0 not 
oming from D�� at ea
h Q2 and x value. The statisti
al,systemati
 and extrapolation un
ertainties are shown separately. The measure-ments have a further un
ertainty of 3:3% from the D+ ! K��+�+(+
:
:) andD0 ! K��+(+
:
:) bran
hing ratios. The additional un
ertainty from the lumi-nosity measurement is 2:6%.
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Figure 4: Re
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ted de
ay-vertex variables Sl and �2 for (a, b) D� and (
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Figure 8: Di�erential 
ross se
tions for D0= �D0 mesons not from D�� de
ayas a fun
tion of (a) Q2, (b) x, (
) pD0= �D0T and (d) �D0= �D0 
ompared to the NLOQCD predi
tions of HVQDIS. Statisti
al un
ertainties are shown by the inner errorbars. Statisti
al and systemati
 un
ertainties added in quadrature are shown by theouter error bars with the shaded region representing the un
ertainty of the HVQDISpredi
tion. The ratios, R, of the 
ross se
tions to the 
entral HVQDIS predi
tionare also shown in the lower se
tion of ea
h plot.28
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Figure 9: Combined values of F 
�
2 extra
ted from D� and D0= �D0 not from D��(
ir
les) as a fun
tion of x in three bins of Q2. The data are shown with statis-ti
al un
ertainties (inner bars) and statisti
al and systemati
 un
ertainties addedin quadrature (outer bars) and, where possible, are 
ompared to previous ZEUSmeasurements with these mesons. The measurements have a further un
ertainty of3:3% from the D+ ! K��+�+(+
:
:) and D0 ! K��+(+
:
:) bran
hing ratios.The additional un
ertainty from the luminosity mesaurements is 2:6%. The shadedband shows the predi
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 between 1.35 and 1.65 GeV.
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