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CHARM FRAGMENTATIONAND DIJET ANGULAR DISTRIBUTIONS�Sanjay PadhiOn behalf of the ZEUS CollaborationDepartment of Physi
s, M
Gill University, MontrealQuebe
, Canada, H3A 2T8e-mail: spadhi�mail.desy.de(Re
eived July 5, 2002)Charm fragmentation and dijet angular distributions have been mea-sured inD� photoprodu
tion at HERA. Charm fragmentation and its prop-erty of universality is evaluated in terms of measurement of Pv, the ratioof ve
tor/(ve
tor + pseudos
alar) mesons. Angular distributions of di-jets, with at least one of the jets asso
iated with a D�� meson, have beenmeasured for samples enri
hed in dire
t or resolved photon events. The dif-ferential 
ross se
tion shows a steep rise for resolved events in the photondire
tion, providing strong eviden
e that the bulk of the resolved photon
ross se
tion is due to the 
harm 
ontent of the photon. The shallowerrise for dire
t events as well as for resolved photon events in the protondire
tion are 
onsistent with the quark ex
hange diagrams.PACS numbers: 13.60.Le, 14.65.Dw1. Introdu
tionHeavy quark photoprodu
tion and fragmentation at HERA o�ers a novelway of testing both perturbative and non-perturbative aspe
ts of quantum
hromodynami
s (QCD). In this paper parton dynami
s (in terms of angulardistributions) and fragmentation will be addressed based on re
ent ZEUSmeasurements.

� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3189)



3190 S. Padhi2. Charm fragmentationA non-perturbative aspe
t of QCD 
an be measured by 
onsidering thespin dependen
e in fragmentation, whi
h should in prin
iple be sensitive tonon-perturbative e�e
ts in the hadronisation pro
ess. ZEUS re
ently mea-sured the fragmentation ratio P v, ratio of ve
tor/(ve
tor + pseudos
alar).The value Pv 
an be 
al
ulated with respe
t to the ground-state 
harmmesons via the de
ay 
hannels D�+ ! D0�+s ! (K��+)�+s (+
:
:) andD0 ! K��+(+
:
:).In this paper, the analysis [1℄ is based on D�� and D0 events with analmost real photon (virtuality, Q2median � 3:10�4 GeV2) in a photon-proton
enter-of-mass energy, W, in the range 130 < W < 295 GeV. Using 4M =M(D�) �M(D0) as a D� tag, the sample is then further divided into D0mesons arising from and not from D� mesons. After this division there were1180 � 39 events with a D0 meson from a D� and 5223 � 185 in
lusive D0meson events and the resulting value for Pv in the full phase spa
e is:Pv = 0:546 � 0:045(stat:)+0:028�0:028(syst:) :This is in good agreement with the values of 0:57�0:05 and 0:595�0:045 [2℄measured in e+e� annihilation.3. Dijet in 
harm photoprodu
tionThe angular distribution of outgoing partons in a hard partoni
 pro-
ess is an e�
ient tool to study the parton dynami
s of the underlyingsub-pro
esses. In leading order (LO) QCD these underlying sub-pro
esses(Fig. 1) 
an be divided into either dire
t photon or resolved photon pro
esses.In dire
t photon pro
esses the photon parti
ipates in the hard s
atter pre-dominantly via the boson-gluon fusion pro
ess. This pro
ess has a quarkas the propagator in the hard intera
tion. In resolved photon pro
esses thephoton a
ts like a sour
e of in
oming partons (quarks and gluons) and onlya fra
tion of its momentum parti
ipates in the hard s
atter. In this 
aseboth quark and gluon propagators are possible.In order to probe the 
harm dynami
s in these sub-pro
esses and in par-ti
ular to study the 
harm 
ontent of the photon, the following measurementshave been made.
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essFig. 1. Various sub-pro
esses with 
harm, dominant in HERA region of phase spa
e.the 
harm dynami
s in these sub-pro
esses and in parti
ular to study the
harm 
ontent of the photon, the following measurements have been made.Fig. 1. Various sub-pro
esses with 
harm, dominant in HERA region of phase spa
e.3.1. Measurement of xobs
The variable xobs
 , related to the momentum fra
tion of the parton fromthe photon, is de�ned as the fra
tion of the photon's energy parti
ipating inthe produ
tion of the two highest transverse energy jets:xobs
 = Pjet1;2EjetT e��jet2yEe ; (1)where yEe is the initial photon energy. The normalised 
ross se
tion asa fun
tion of xobs
 is shown in Fig. 2(a) 
ompared with predi
tions fromPythia [3℄, Herwig [4℄ and Cas
ade [5℄. As previously mentioned, thephoton a
ts as a point like obje
t for dire
t photon events, thus this mo-mentum fra
tion (xobs
 ) is expe
ted to be populated around high xobs
 . Thesigni�
ant 
ross se
tion at low xobs
 is 
onsistent with the presen
e of resolvedphoton pro
esses.3.2. Dijet angular distribution in D� photoprodu
tionThe high and low xobs
 region were studied in more details in terms ofdijet angular distribution, whi
h are sensitive to the spin of the propaga-tor. Fig. 2(b) shows the relative di�erential 
ross se
tion as a funtion ofj 
os ��j, where �� is the angle between the jet-jet axis and the beam di-re
tion in the dijet rest frame. The distributions are enri
hed in dire
tphoton (xobs
 > 0:75) or resolved photon (xobs
 < 0:75) events. The mea-sured di�erential 
ross se
tion 1=�(all xobs
 ) d�=dj 
os ��j for both of these
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ross se
tions 1=�d�=dxobs
 (left), 1=�(all xobs
 )d�=dj 
os ��j(right) with pD�? > 3 GeV, j�D�j < 1:5, 130 < W < 280 GeV,j�jet1;2j < 2:4, Ejet1;2T >5 GeV, Mjj > 18 GeV and j�j < 0:7. The results are
ompared with various MC simulations (histograms).samples are signi�
antly di�erent, indi
ating that the dominant me
hanismfor dire
t photon like events pro
eed via q�ex
hange (spin�1=2 propaga-tor, � � (1 � 
os ��)�1), while resolved photon like events are dominatedby g�ex
hange (spin�1 propagator, � � (1 � j 
os ��j)�2, as in Rutherfords
attering).Most of the partoni
 pro
esses with at least one 
harm in the �nal state,whi
h 
ontribute in the lowest order, 
an be derived from Fig. 1 by in
lud-ing other diagrams that are related by 
rossing. Fig. 3(a) shows the matrixelement distribution for su
h pro
esses. As 
an be seen, the distributionsthat are symmetri
 in 
os �� are 
g ! 

 and gg ! 

; the other dia-grams show asymmetry either in the photon(negative) or proton(positive)hemisphere. In order to study this behaviour of the matrix elements, the
harm-initiated jet, D� jet, and the other jet were separated in � � � spa
e(4Ri � p(�jeti � �D�)2 + (�jeti � �D�)2 ; with D� jet having the smallest4Ri(i=1;2) < 1:0). Thus the sign of the unfolded 
os �� distribution is givenby the dire
tion of the D� meson (positive for proton dire
tion).Fig. 3(b) shows the di�erential 
ross-se
tion 1=�(all xobs
 ) d�=d 
os �� forboth dire
t and resolved enri
hed samples. The shaded areas for xobs
 < 0:75and xobs
 > 0:75 are, respe
tively, the 
ontamination of the genuine dire
t
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ontributions. The resolved enri
hed events in thephoton hemisphere exhibit a strong rise towards large negative 
os �� values,
onsistent with g�ex
hange diagrams as expe
ted from the matrix elementdistribution Fig. 3(a). The only g�ex
hange diagrams with this topology
ome from 
g ! 
g and 
q ! 
q (Fig. 1(a), (b)), where 
 originates from thephoton. On the other hand, in the proton hemisphere, a mild rise towardslarge positive 
os �� is observed, whi
h is 
onsistent with the q-ex
hangediagrams (Fig. 1(
)). These observations provide 
lear eviden
e that thebulk of the resolved photon 
ontribution is due to the 
harm 
ontent of thephoton, rather than to the more 
onventional resolved pro
ess gg ! 
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ross se
tion for 2! 2 subpro
esses, with at least a 
harmin the �nal state, as a fun
tion of 
os ��; (b) Relative di�erential 
ross se
tions1=�(all xobs
 ) d�=d 
os ��(right) in the same kinemati
 region as in Fig. 2. Theshaded area for xobs
 < 0:75(xobs
 > 0:75) plot is the 
ontamination of the LO-dire
t(LO-resolved) photon 
ontribution.The dire
t enri
hed events are 
onsistent with 
g ! 

 (Fig. 1(e)). Theslight asymmetry in the xobs
 > 0:75 distribution 
an be a

ounted for bythe 
ontamination from genuine resolved events, as given by Pythia.



3194 S. Padhi4. Con
lusionsThe measurement of Pv is 
onsistent with the universality of the 
harmfragmentation. Dijet angular distributions provide an important tool forunderstanding the heavy quark produ
tion and dynami
s of underlying sub-pro
esses. The 
os �� distribution for dijet events with a D� shows a 
learsignature of gluon propagator for events with xobs
 < 0:75, suggesting strongeviden
e that they mainly originate from the 
harm 
ontent of the photon.REFERENCES[1℄ ZEUS Collaboration, Study of In
lusive D0 Photoprodu
tion at HERA, paper501, EPS HEP01, Budapest, Hungary, July 12-18, 2001.[2℄ OPAL Collaboration, K. A
kersta� et al., Eur. Phys. J. C5, 1 (1998); ALEPHColl., R. Barate et al, Eur. Phys. J. C16, 597 (2000).[3℄ T. Sjöstrand, Comput. Phys. Commun. 82, 74 (1994).[4℄ G. Mar
hesini et al., Comput. Phys. Commun. 67, 465 (1992).[5℄ H. Jung, Unintegrated parton densities applied to heavy quark produ
tion inthe CCFM approa
h, preprint hep-ph/0109146.


