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NEW RADIATIVELY GENERATED LO QUARK(u; d; s; 
; b)AND GLUON DENSITIES IN REAL PHOTON�P. JankowskiInstitute of Theoreti
al Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Re
eived July 1, 2002)New, radiatively generated, LO quark (u; d; s; 
; b) and gluon densitiesin real photon are presented. We [1℄ perform a global �t, based on LODGLAP evolution equations, to all available data for the stru
ture fun
-tion F 
2 (x;Q2). We adopt a new theoreti
al approa
h 
alled ACOT(�)to deal with heavy quark thresholds (CJKL model). For 
omparison weperform a standard �t using the Fixed Flavour Number S
heme (FFNS
jklmodel), updated with respe
t to previous �ts of this type. We show thesuperiority of the CJKL model over the FFNS
jkl one and other LO partonparametrizations for F 
2 (x;Q2). Both our models des
ribe equally well thegluon density extra
ted from HERA data.PACS numbers: 12.38.Aw, 14.70.Bh, 14.65.Dw, 14.65.FyIs there a need for a new parton parametrization of the real photon?Our [1℄ motivation for its 
onstru
tion is twofold. On the one hand, thereis a vast amount of new data on F 
2 (x;Q2) that has not been used: eg. twore
ent parametrizations: GRV [2℄ and GRS [3℄ used respe
tively about 70and 130 experimental points, while at present a total of 208 independentF 
2 (x;Q2) points exist. On the other hand, there are dis
repan
ies betweenthe theoreti
al 
al
ulations and experimental results for some pro
esses ofheavy quarks produ
tion initiated by real photons. Let us just mention herethe D� and Ds meson in
lusive photoprodu
tion or D� meson produ
tionwith asso
iated dijets [4℄ at HERA as examples. Disagreement is even moreprofound for the open beauty produ
tion in both HERA [5℄ and LEP [6℄.Our analysis espe
ially fo
uses on the heavy quark 
ontributions to theF 
2 (x;Q2). We apply a new theoreti
al Variable Flavour Number S
heme� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(2977)



2978 P. Jankowski(VFNS) approa
h proposed for heavy �avour produ
tion in ep 
ollision in [7℄,denoted as ACOT(�). For 
omparison we perform a standard FFNS �t aswell. Sin
e these approa
hes are based on very distin
t s
hemes and needdi�erent evolution programs we will refer to them as to two models, CJKL(ACOT(�) type) and FFNS
jkl models, respe
tively.Our approa
h is based on the GRV one [2℄, introdu
ed in year '92. Wesolve the DGLAP equations through Mellin moments gn(Q2) =R 10 xn�1g(x;Q2)dx and inverse Mellin transformation. Equations have thefollowing form then: df
;ni (Q2)d lnQ2 = �2�kni (x)+ �s(Q2)2� P nijf
;nj (Q2), where L =�s(Q2)=�s(Q20), Pij and ki are the LO splitting fun
tions (ki arises from theParton Model pro
ess 

� ! q�q), Q20 is the s
ale where the evolution starts.In the following we will skip the subs
ripts i; j denoting di�erent partons.Solution to the DGLAP equations is divided into so 
alled point-like(PL) and hadron-like (had) parts:f
;n(Q2) = f
;nhad(Q2) + f
;nPL (Q2); f
;nhad(Q2) = L�2Pn=�0f
;n(Q20);f
;nPL (Q2) = 4��s(Q2) 11� 2P n=�0 �2��0 h1� L1�2Pn=�0i kn: (1)In this analysis as in GRV'92 starting s
ale of the evolution has been
hosen to be small, Q20 = 0:25 GeV2. Point-like 
ontribution is 
al
ulablewithout any further assumptions while the hadroni
 part needs an input dis-tribution. The Ve
tor Meson Dominan
e (VMD) model 
an be utilized forthis purpose, f
had(x;Q20) = PV 4��f̂2V fV (x;Q20), with f̂2V 
al
ulated from the� (V ! e+e�) width. Usually ve
tor mesons V taken into a

ount are thelight �; � and ! mesons. Often they are represented only by the � meson,while other mesons are a

ounted for by a single parameter �. We adoptthis approa
h and our hadroni
 input densities take form: f
had(x;Q20) =�4��f̂2� f�(x;Q20). In GRV'92 the � parton densities are approximated with thepioni
 ones. We dire
tly �t parameters for � meson to the F 
2 experimentaldata. We apply simplest model with only valen
e and gluon input distribu-tions: xv�(x;Q20) = Nvx�(1� x)�; xG� = Ngxv�(x;Q20). We use two 
on-straints. First 
omes from the restri
tion that in any meson only one pair ofvalen
e quark exists, so: R 10 v�(x;Q20)dx = 1. Se
ond represents the energy-momentum sum rule for the meson: R 10 x(2v�(x;Q20)+G�(x;Q20))dx = 1. Inthe �t we have 3 independent parameters �; � and �.In the Fixed Flavour Number S
heme FFNS
jkl model only gluon andlight quark densities exist (three `a
tive' �avours in the photon). The heavyquark (h) 
ontributions to the F 
2 (x;Q2) are des
ribed by lowest order
?(Q2)
 ! h�h (Bethe�Heitler) 
ross-se
tion. Those 
ontributions appear
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; b). . . 2979provided that the 
entre-mass energy of the 
?
 system, W , ful�lls a kine-mati
 threshold 
ondition W & 2mh.The CJKL model bases on the new ACOT� des
ription, [7℄, whi
h we forthe very �rst time apply to the photon stru
ture fun
tion analysis. This ap-proa
h 
ombines the FFNS and Zero-mass Variable Flavour Number S
hemein whi
h all quarks are treated as massless. For the light quark 
ontributionsto F 
2 we take: F 
2 (x;Q2)ju;d;s = xP2�3i=1 e2i q
i (x;Q2), while for heavy quarkswe in
lude following terms:F 
2 (x;Q2)j
;b = 2�2Xh=
;b hxe2hq
h(x;Q2) + F 
2;h(x;Q2)jdire
t + F 
2;h(x;Q2)jresolvi :The F 
2;hjdire
t is the Bethe�Heitler term while the F 
2;hjresolv 
ontribution
orresponds to the 
?G ! h�h pro
ess. By in
luding them we double 
ountsome 
ontributions with heavy quarks whi
h are already 
ontained by theDGLAP equations for q
h(x;Q2). Therefore from the above sum we mustsubtra
t the following terms:F 
2 (x;Q2)jsubtr: =x 2�2Xh=
;b ln Q2m2h 243e4h �2� (x2 + (1� x)2) + e2h �s2� 1Zx dyy PqG�xy�G
(y;Q2)35 :The �rst term is an exa
t solution of the equation dq
h(x;Q2)d lnQ2 = �2�e2hk(x), apart of the DGLAP equations. The se
ond term is an approximated solutionfor dq
h(x;Q2)d lnQ2 = �s(Q2)2� 1Zx dyy �PqG(xy )G
(y;Q2)� :Further we need to ensure that terms 
ontaining heavy quark h disappearwhen W ! 2mh. The problem emerges for the heavy quark densities q
h andsubtra
tion terms. These terms do not naturally disappear at the threshold.This problem 
an be 
ured if instead of x we use the � variable de�nedas � � x(1 + 4m2h=Q2) [7℄. This way we for
e vanishing at the thresholdof the heavy quark distributions and of the se
ond term of the subtra
tion
ontribution (the integral). Unfortunately unlike for proton in 
ase of thephoton stru
ture fun
tion we are left with the term 
orresponding to theBethe�Heitler F 
2;hjdire
t 
ontribution whi
h now takes form proportional to�2 + (1� �)2. Obviously this expression does not vanish for �! 1. In theregion of large Q2 the 
hange of variables is irrelevant.



2980 P. JankowskiFits of the parameters of both models to the all existing F 
2 experimentalpoints were performed with use of the MINUIT pro
edure [8℄. Referen
esto the experimental data used and plots of the �ts 
an be found in [1℄.First table gives �tted parameters for our two models. In two �rst
olumns total �2 and �2 per degree of freedom 
al
ulated for 208 F 
2 (x;Q2)points are shown. Further the obtained values of three independent parame-ters of �ts are given. Finally in two last 
olumns the Nv and Ngl parameters
omputed using the 
onstraints des
ribed above are presented. TABLE IModel �2 (208 pts) �2=DOF � � � Nv NglFFNS
jkl 471 2.30 1.726 0.465 0.127 0.504 1.384CJKL 431 2.10 1.125 0.843 2.359 2.435 2.982In se
ond table the quality of our �ts is 
ompared with the results of theGRS LO [3℄ and SaS1D [9℄ parametrizations. The 
omparison is performedfor the set of data ex
luding the points with Q2 < 0:26 GeV2 (required bythe GRS parametrization). The CJKL model gives best �t in terms of �2but one has to keep in mind that GRS LO and SaS1D parametrizations were�tted to other sets of data. TABLE IIModel �2 (205 pts) �2=DOF Model �2 (205 pts) �2=DOFSaS1D 657 3.25 FFNS
jkl 442 2.19GRS LO 499 2.43 CJKL 406 2.01First �gure shows the improved threshold behavior of the 
harm quarkdensity obtained in our CJKL model at Q2 = 10 GeV2 in 
omparison topredi
tions of other parametrizations. Se
ond �gure presents predi
tion forthe F 
2 (x;Q2) averaged over 0:1 < x < 0:6 region 
ompared with the re
entOPAL data [10℄ and with the GRS LO and SaS1D results. We observethat apart from the CJKL results other parametrizations predi
t similarlogarythmi
 shape of the F 
2 (Q2) dependen
e. The CJKL model des
ribesthese data slightly better than other parametrizations.As an independent test of our results we 
ompare the gluon distributionsof CJKL and FFNS
jkl models with the ones measured by the H1 
ollabora-tion in the ep dijet produ
tion [11℄. Third �gure shows the obtained gluondensity at Q2 = 74 GeV2 
ompared to results of our two models and of otherparametrizations. Both CJKL and FFNS
jkl models agree with the GRV LOresult whi
h gave so far best agreement with the H1 data.
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In 
on
lusion, new parametrization of the real photon stru
ture basedon the LO DGLAP equations has been presented. New experimental datahas been used to perform a global �t. New VFNS s
heme, ACOT(�), hasbeen applied to the photon 
ase for the very �rst time. Improved thresholdbehavior of the heavy quarks 
ontributions is obtained. More details and
omparisons 
an be found in [1℄. Also a a simple analyti
 parametrizationof our model is given there. A fortran program 
an be obtained at the webpage http://www.fuw.edu.pl/�pjank/param. Work on the NLO partondensities is already in progress.I would like to thank M. Kraw
zyk for reading the manus
ript and 
riti
alremarks.



2982 P. JankowskiREFERENCES[1℄ F. Cornet, P. Jankowski, M. Kraw
zyk, A. Lor
a, IFT 2002/22.[2℄ M. Glü
k, E. Reya, A. Vogt, Phys. Rev. D46, 1973 (1992).[3℄ M. Glü
k, E. Reya, I. S
hienbein, Phys. Rev. D60, 054019 (1999), ErratumPhys. Rev. D62, 019902 (2000).[4℄ ZEUS Collaboration, J. Breitweg et al., Eur. Phys. J. C6, 67 (1999), Phys.Lett. B481, 213 (2000); S. Frixione, P. Nason, J. High Energy Phys. 0203,053 (2002).[5℄ H1 and ZEUS Collaboration, U. Karshon, hep-ex/0111051.[6℄ OPAL Collaboration, OPAL Physi
s Note PN 455 (2000); L3 Collaboration,M. A

iari et al., Phys. Lett. B503, 10 (2001).[7℄ S. Kretzer, C. S
hmidt, W. Tung, J. Phys. G28, 983 (2002).[8℄ F. James, M. Roos, Comput. Phys. Commun. 10, 343 (1975).[9℄ G.A. S
huler, T. Sjöstrand, Z. Phys. C68, 607 (1995).[10℄ OPAL Collaboration, G. Abbiendi et al., Phys. Lett. B533, 207 (2002).[11℄ H1 Collaboration, C. Adlo� et al., Phys. Lett. B483, 36 (2000 ).


