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FRACTAL STRUCTURE OF THE PROTONAT LOW BJORKEN x�Tomá² La²tovi£kaDESY Zeuthen, Platanenallee 6, D15738 Zeuthen, GermanyandCharles University, Faulty of Mathematis and PhysisV Hole²ovi£káh 2, 18000 Prague 8, Czeh Republi(Reeived September 16, 2002)A desription of the struture funtion F2(x;Q2) at low Bjorken x re-�eting a fratal self-similar proton struture is proposed. The spei� pa-rameterisation obtained provides an exellent desription of all low x dataextending in four momentum transfer squared from the non-perturbativeregion, Q2 & 0:05 GeV2, into the deep inelasti domain of Q2 . 100 GeV2.PACS numbers: 13.60.Hb, 14.20.Dh1. IntrodutionFratality is an inherent property of many natural objets and proesses.Suh objets do not lose their harateristi struture even if investigatedalong a wide range of sales. While natural objets, like plants or louds,are exhibiting fratal properties up to some limiting sale, mathematis ango further and model objets whih are perfet fratals. Example of suh anobjet is the Sierpinski gasket (see Fig. 1) [1, 2℄.In general, fratal properties may be observed in a wide variety of topis,e.g. self-organized systems, ellular automats, loal systems on lattie, signalanalyses, haos and many others. The most essential way how to desribethem is to know the internal dynamis or iteration rules of the system.However, in many ases these are not known and global properties of thesystem are used instead. In the presented work the fratal dimension onept[2℄ is used to obtain a novel parameterisation of the proton struture funtionF2(x;Q2)whih re�ets fratal behaviour. This parameterisation is then�tted to the reent HERA preision data.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(2867)
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Fig. 1. Sierpinski gasket in iterations No. 1, 3 and 6 (from left). Iteration No. 1 or-responds to the seed image whih is arbitrary while the iteration always onvergesto the same objet.2. F2(x;Q2)parameterisation and �t to the HERA dataReferring to [3℄ for details, the proton struture funtion F2(x;Q2)maybe parametrised with the following expression re�eting self-similarityF2(x;Q2) = eD0 Q20 x�D2+11 +D3 �D1 log x� x�D1 log�1+Q2Q20��1 + Q2Q20�D3+1 � 1! ; (1)where D0 is a normalisation parameter, D2 and D3 are the fratal dimensionswith respet to 1=x and 1 + Q2=Q20, respetively, while D1 is their dimen-sional orrelation. Q20 is a referene sale of the four momentum transfersquared Q2.The �ve parameters are determined using reent data from the HERAexperiments H1 [4℄ and ZEUS [5℄ in the range 1:5 � Q2 � 120 GeV2 (H1)and 0:045 � Q2 � 0:65 GeV2 (ZEUS). Additionally a ut x < 0:01 has beenapplied to exlude the valene quark region. The �t result is shown in Fig. 2as F2=Q2 in bins of W 2 and ompared to ALLM97 parameterisation [6℄.The �2=ndf is about 0.82 and it was alulated with total errors, addingthe statistial and systematial errors in quadrature. As an be seen, the�t desribes the new, preliminary H1 data in the intermediate Q2 range [7℄equally well. These data were not used in the �t.
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Fig. 2. Virtual photon�proton ross-setion �?p / F2(W 2; Q2)=Q2 as a funtionof Q2 in W 2 bins, where W is the mass of the ?p system. H1 (points) and ZEUS(triangles) measurements are shown along with the �t to four parameters (full line),the �t with the mass term inluded (dotted line), H1 QCD �t (dashed line) and withALLM97 parameterisation (dot-dashed line). The fratal �t to all �ve parametersis indistinguishable from the four parameter �t in the region of measured data.2.1. Photoprodution limitThe ratio F2(W 2; Q2)=Q2 is proportional to the virtual photon�protonross-setion �?p(W 2; Q2). In the limit Q2 ! 0 and �xed W 2 it an beshown [3℄ that the parametrisation (1) behaves like Q2 only for D2 = 1.Indeed, in the �t with D2 as a free parameter a value very lose to 1 is



2870 T. La²tovi£kaobtained. Fixing D2 = 1 redues the number of parameters to four but theorresponding �t gives an equally good value of �2=ndf := 0:82 as the �t toall �ve parameters.In the photoprodution limit one needs to introdue a mass term in thealulation of Bjorken x, whih is negligible at high W 2:x! x+ m2W 2 ; (2)wherem is an e�etive mass of a proton onstituent whih is �tted as anotherparameter in the �t to the data. In suh a ase, the ratio F2(W 2; Q2)=Q2always onverges when Q2 ! 0 and the photon�proton ross-setion �?phas a power law behaviour in W 2 variable. The result of the �t with themass term (involving also the photoprodution data) is shown in Fig. 2 asdashed line. The behaviour of the �t at low W 2 is similar to the ALLM97parametrisation while at high W 2 it approahes the fratal �t without themass term. 3. SummaryThe proton struture at low Bjorken x exhibits fratal properties. Aparameterisation of the proton struture funtion F2(x;Q2), re�eting self-similarity, desribes very well the low x HERA data, both in the non-perturbative and the deep-inelasti domain inluding a reent preision mea-surement of the inlusive deep inelasti ross setion in the transition regionnear Q2 � 1 GeV2 by the H1 ollaboration [7℄. The introdued formal-ism uniquely de�nes the x and Q2 dependene of parton densities. Thusit is appliable also to other measures of proton struture, like the longi-tudinal struture funtion FL, the di�rative struture funtion FD2 or thespin struture funtion g1. In the ontext of related approahes involvingself-organized ritiality in partile prodution [8℄ and in low x gluon dy-namis [9℄, the fratal mathematis and sale relativity [10℄ may beome apowerful tool in exploration and desription of various high energy physisphenomena. REFERENCES[1℄ W. Sierpinski, Compt. Rendus Aad. Si. Paris 160, 302 (1915);M.F. Barnsley, Fratals Everywhere, 2nd Edition, Aademi Press Profes-sional, 1993.[2℄ B.B. Mandelbrot, The Fratal Geometry of Nature. W.H. Freeman, New York1977.



Fratal Struture of the Proton at Low Bjorken x 2871[3℄ T. La²tovi£ka, Eur. Phys. J. C24, 529 (2002).[4℄ H1: C. Adlo� et al., Eur. Phys. J. C21, 33 (2001).[5℄ ZEUS: J. Breitweg et al., Phys. Lett. B487, 53 (2000).[6℄ H. Abramowiz, A. Levy, hep-ph/9712415.[7℄ T. La²tovi£ka, Ata Phys. Pol. B33, 2835 (2002).[8℄ A. Paramonov, A. Rostovtsev, hep-ph/0208233.[9℄ M. Ta-hung, R. Rittel, K. Tabelow, hep-ph/9905538.[10℄ M.N. Celerier, L. Nottale, hep-th/0112213.


