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STUDY OF VIRTUAL PHOTON STRUCTURE INCHARM PRODUCTION AT HERA�M.S. LightwoodOn behalf of the ZEUS CollaborationDepartment of Physi
s and Astronomy, University College LondonGower Street, London, WC1E 6BT, UK(Re
eived July 12, 2002)The dependen
e of the virtual-photon stru
ture on its virtuality, Q2,has been studied in events 
ontaining dijets and a 
harm quark with theZEUS dete
tor at HERA using an integrated luminosity of 103.7 pb�1. Themeasurement was performed in the kinemati
 range Q2 < 5� 103 GeV2using events 
ontaining a D��(2010) meson. Events having two jets withlarge transverse energies were sele
ted using the kT 
lustering algorithm.The ratio of dijet 
ross se
tions at low xobs
 (�resolved photon�) relativeto high xobs
 (�dire
t photon�) was measured as a fun
tion of Q2, wherexobs
 is the fra
tional momentum of the photon parti
ipating in the dijetprodu
tion, and is 
ompared to the predi
tions of leading order pQCD. Theratio does not 
hange signi�
antly with Q2, in marked 
ontrast to previousdijet measurements whi
h did not require the presen
e of 
harm.PACS numbers: 13.60.Hb, 14.70.Bh1. Introdu
tionThe need for a partoni
 stru
ture to the quasi-real photon (Q2 < 1GeV2)is well established, both from studies of 

 pro
esses at LEP [1℄, and jetphotoprodu
tion at HERA. Su
h pro
esses 
an be separated into two 
om-ponents: dire
t photon pro
esses, with the photon a
ting as a point-likeprobe of the proton and the majority of the momentum of the photon tak-ing part in the hard subpro
ess, and resolved photon pro
esses, with thephoton a
ting as a sour
e of partons, whi
h 
arry a small fra
tion of thephoton's momentum and take part in the hard subpro
ess. This behaviour� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3111)
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an be des
ribed in terms of a photon parton density fun
tion (PDF). Thephoton PDF 
an then be evolved in Q2 perturbatively to extend to virtualphotons [2℄. It is expe
ted, however, that as Q2 be
omes non zero, theresolved 
omponent will be suppressed logarithmi
ally with Q2, with onlydire
t pro
esses remaining above the 
ut o�, Q2 � (EjetT )2, where EjetT is thejet transverse energy. Studies of in
lusive dijet produ
tion in DIS at HERAindeed support these predi
tions [3, 4℄.Studies of dijet photoprodu
tion, where the presen
e of 
harm is de-manded in the �nal state, also strongly suggest a suppression of the photonstru
ture dependent upon the mass of the parton in the photon [5℄. Thequestion of how this suppression evolves with Q2 and whether the suppres-sion due to the presen
e of 
harm and that due to non-zero photon virtualityshare a 
ommon physi
al me
hanism are addressed here.2. Event sele
tionEvents were sele
ted from the data 
olle
ted with the ZEUS dete
torat HERA during 1996�2000, 
orresponding to an integrated luminosity of103.7 pb�1. The ratio of dijet 
ross se
tions for low to high xobs
 have beenmeasured as a fun
tion of Q2 in the restri
ted kinemati
 region:� 0:2 < y < 0:65;� Ejet1;2T > 7:5; 6:5GeV, j�jetj < 2:4;� pT(D�) > 3:0GeV, j�(D�)j < 1:5;� Q2 < 1:0, 1:0 < Q2 < 4:5, 4:5 < Q2 < 10:5, 10:5 < Q2 < 49:0,49:0 < Q2 < 5000:0GeV2;Jets were re
onstru
ted using the longitudinally invariant KT 
lusteringalgorithm in the laboratory frame [6℄. D�(2010) mesons were re
onstru
tedand the number of D�s extra
ted using a three parameter unbinned �t to thedistribution of �M = m(K��s)�m(K�). Events where dire
t or resolvedpro
esses dominate were separated experimentally using the quantity xobs
[7℄; xobs
 = �dijetsEjetT e��jet2yEe :3. Comparison to LO QCD predi
tionsThe ratio of 
ross se
tions �(xobs
 < 0:75)=�(xobs
 > 0:75) as a fun
tionof Q2 has been measured and is 
ompared to various LO pQCD models in



Study of Virtual Photon Stru
ture in Charm Produ
tion at HERA 3113�gures 1 and 2. Within un
ertainties, the measured ratio is 
onsistent withbeing �at with Q2.Figure 1 shows two predi
tions from the Herwig [8℄ Monte Carlo gener-ator, using the SaS1D photon PDF [2℄, both with and without a suppressionof photon stru
ture with in
reasing virtuality, Q2. Whilst the data slightlyfavour the model with suppression enabled, the un
ertainty on the measure-ment does not allow dis
rimination between the models. The 
omparison ofthe two Herwig predi
tions 
on�rms that the expe
ted suppression has aphysi
al origin, and is not a 
onsequen
e of some kinemati
 bias.
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Fig. 1. Ratio of low to high xobs
 for dijet events 
ontaining a D�, 
ompared to theLO predi
tions of SaS1D virtual photon stru
ture fun
tion.
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Fig. 2. Comparison of the measured data, to the LO predi
tions of AROMA im-plementing the DGLAP evolution s
heme and CASCADE implementing CCFMevolution.



3114 M.S. LightwoodFigure 2 shows a 
omparison to two models where no photon stru
turehas been expli
itly assumed, with the low-xobs
 
ontribution 
oming fromthe parton-shower evolution. The AROMA [9℄ model, implementing theDGLAP [10℄ evolution s
heme, is observed to lie 
onsistently below the dataa
ross the whole range. The CASCADE [11℄ model, implementing a versionof the CCFM [12℄ evolution s
heme, is seen to des
ribe the data well.4. Comparison to in
lusive 
aseThat the measured ratio does not 
hange signi�
antly with Q2 is inmarked 
ontrast to studies where no 
harm tag is required. In order tomeaningfully 
ompare this result to that of the in
lusive 
ase, it is importantto understand both the pre
ise origin of the data's shape, and any biasintrodu
ed due to the restri
ted D� kinemati
s. MC studies have shown thatD�'s from resolved events are indeed more heavily suppressed by the pT(D�)and j�(D�)j 
uts than the dire
t [13℄, leading to some arti�
ial suppressionof the ratio. The e�e
t of extrapolating to the entire D� kinemati
 regionhas been estimated using Herwig MC and is shown in �gure 3.
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Fig. 3. Comparison of the measured data, with a D� tag, to the predi
tion ofSaS1D virtual photon stru
ture fun
tion for the in
lusive ratio, with no D� tag.The shaded band represents an estimate of the maximum suppression due to D�kinemati
s.It is not possible to 
ompare dire
tly to previous measurements of virtual-photon stru
ture sin
e this analysis is 
arried out in a di�erent kinemati
 re-gion. However, in �gure 3, the result is 
ompared to a predi
tion of Herwigwith SaS1D [8℄ virtual-photon PDF for all �avours in the same kinemati
region. It is 
lear that the resolved photon 
omponent falls o� mu
h lessrapidly in the presen
e of 
harm than it does when 
harm is not required.
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ture in Charm Produ
tion at HERA 3115This apparent 
ontrast strongly suggests that the two suppressions, that dueto the presen
e of 
harm and that due to in
reasing photon virtuality, arenot independent. 5. SummaryThe ratio of 
ross se
tions for low to high xobs
 regions as a fun
tionof Q2 has been measured for dijet events 
ontaining a D� meson, and isfound to be approximately �at. The result has been 
ompared to severalLO QCD models, and in order to des
ribe the data it appears ne
essary toeither introdu
e a virtual photon PDF to DGLAP evolution or to implementCCFM evolution where no expli
it photon PDF is assumed.After 
orre
tions for the D� kinemati
s, the ratio was found to fall o�mu
h less rapidly in the presen
e of 
harm than in the in
lusive 
ase, imply-ing that the suppressions of the resolved photon 
omponent due to 
harmand that due to in
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