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INTERMITTENCY ANALYSIS IN MOMENTUM SPACEIN Au+Au REACTIONS AT 150�800 AMeV�M.M. Smolarkiewiz, M. Kirejzyk, B. SikoraK. Siwek-Wilzy«ska and I.J. SoliwodaInstitute of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warszawa, Poland(Reeived Deember 4, 2001)Results of a searh for intermitteny signal in Au+Au ollisions at150�800 AMeV beam energy are presented. The method of horizontalnormalised saled fatorial moments was applied. Data from the FOPIdetetor at GSI Darmstadt were analysed. No distint intermitteny signalwas found in rapidity and harge distributions. Intermitteny ourred inazimuthal angle distributions. The signal found in experimental data anbe only partly aounted for by the in�uene of the apparatus and annotbe urrently explained by the dynamial model IQMD.PACS numbers: 25.70.PqThe analysis of the event-by-event �utuations in nulear ollisions hasbeen the subjet of our earlier researh [1,2℄. Here we present results of thesearh for intermitteny signal in Au+Au ollisions at 150�800 AMeV beamenergy and ompare them to model preditions.Intermitteny is used in studying �utuations and orrelations in distri-butions. It is a feature whih may be observed in multipartile distributions.In the searh for intermitteny we used the method introdued in 1986 byBiaªas and Peshansky [3℄. They proposed to study normalised saled fato-rial moments. The so-alled horizontal normalised saled fatorial momentof rank i is de�ned asDF ÆXi E = � MPm=1 km(km � 1) : : : (km � i+ 1)�evhNiiev �N INC�iMPm=1 (kINCm )i ; (1)� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001. (457)



458 M.M. Smolarkiewiz et al.where ÆX is the bin width of the distribution of the variable X; M thenumber of bins, km number of partiles in the m-th bin in an event, N mul-tipliity in an event, kINCm number of partiles in the m-th bin of the inlusivespetrum, N INC total number of partiles in the inlusive spetrum and h ievdenotes averaging over the sample of events.The hF ÆXi i moments alulated for di�erent widths of ÆX have interest-ing properties: in the limit of in�nite multipliity for Poissonian �utuationsof bin oupanies in X distribution values of the hF ÆXi i are lose to 1, butfor Poissonian and in addition dynamial �utuations values of the hF ÆXi iare greater then 1.Intermitteny implies a harateristi power-law dependene of the nor-malised saled fatorial moments on the bin size:hFiÆXi / (ÆX)��i : (2)The exponent �i is alled the �intermitteny exponent�. When intermittenyours, the moments re�et the self-similarity at various resolutions.It is known that mixing of events orresponding to di�erent impat para-meters may produe a trivial intermittent behaviour [4℄, therefore, it is veryimportant to set stringent entrality seletion riteria. Two seletion rite-ria were used: high multipliity (PM5) and high transversal-to-longitudinalenergy ratio (ERAT5) [5℄. Parameter values of the seletion riteria for allanalysed energies were taken from Ref. [6℄. Events for whih simultaneouslyboth entrality riteria were ful�lled were used in the analysis.In the following results of our analysis of the Au+Au ollisions at 150,250, 400, 600 and 800 AMeV beam energy are presented. The data wereobtained with the FOPI detetor [7℄ at the SIS aelerator in GSI Darm-stadt. The horizontal normalised saled fatorial moments were alulatedfor harge, rapidity and azimuthal angle distributions in an event-by-eventanalysis. For the analysis in rapidity and azimuthal angle we hose onlyfragments with harge equal to 1. Distint intermitteny ourred only inazimuthal angle for all analysed energies.In order to determine the possible ontribution due to apparatus ef-fets and entrality mixing the use of model preditions is required. Twoevent generators were used: the statistial ode WIX [8℄ and the IsospinQuantum Moleular Dynamis ode (IQMD) [9, 10℄. The statistial modelprovides a good referene, beause it does not produe any dynamial �u-tuations. A sample of events orresponding to impat parameters b varyingfrom 0 to 3 fm was generated. The ollision proess was redued to onesoure emission with the number of partiipants (soure size) depending onthe impat parameter. The olletive expansion, and the inter-fragmentCoulomb repulsion were inluded. The IQMD event generator [9, 10℄ was
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Fig. 1. Values of hF Æ�4 i alulated for the azimuthal angle distribution, as a funtionof bin widths Æ�, for four samples of events: the experimental data (full irles),generated by WIX (triangles), generated by IQMD: ��xed IQMD� (squares) and�rotated IQMD� (open irles).used to simulate entral (b < 3 fm) ollisions. Calulations were performedfor the hard equation of state with momentum dependent and Coulombinterations. The oalesene proedure [11℄ was applied.In order to ompare experimental results with model alulations, theresponse funtion of the FOPI detetor has to be taken into aount. One anexpet that the main apparatus e�et in�uening intermitteny omes frommultiounting of partiles in neighbouring detetors. To assess the detetorin�uene on a intermitteny analysis a GEANT simulation pakage [12℄ wasused. The Coulomb and hadroni interations of registered partiles withthe apparatus were inluded.Events, generated by both WIX and IQMD, were used as input to theGEANT ode. The IQMD events were analysed in two ways: with thereation plane �xed in the detetor oordinates (from now on alled ��xedIQMD�), and when the reation plane was randomly rotated (alled �rotatedIQMD�). After the GEANT simulation the horizontal normalised saled fa-torial moments of rank 2 to 5 were alulated.In Fig. 1 values of hF Æ�4 i as a funtion of bin widths are presented forAu+Au at 400 AMeV. Full irles represent experimental data, trianglesevents generated by WIX, squares ��xed IQMD� events and open irles�rotated IQMD� events. As expeted, values of the hF Æ�4 i moments for thestatistial model are around 1 and do not reprodue the experimental data.In the experiment, the reation plane is not �xed in relation to the dete-tor, therefore, it is appropriate to ompare those results with the �rotatedIQMD�. As seen in Fig. 1, the �rotated IQMD� reprodues the experimen-tal data reasonably well for Æ� > 45Æ. This leads us to the onlusion,



460 M.M. Smolarkiewiz et al.that trivial non-isotropi emission patterns, rotated (together) with the re-ation plane, reate apparent but uninteresting from our point of view non-statistial �utuations in the region of large Æ�.In the small Æ� region (Æ� < 45Æ) the harateristi power-law de-pendene, suggesting intermitteny, oures. This behaviour of hF ÆX4 i forÆ� < 45Æ annot be urrently explained by the models of statistial (WIX)or semi-lassial (IQMD) type and only partly an it be attributed to thein�uene of the apparatus.In Fig. 2 values of hF ÆXi i of rank i = 2, . . . 5, for entral Au+Au ollisionsat 150, 250, 400, 600, 800 AMeV beam energy are presented. This �gureontains 19 pitures. Columns represent results for di�erent energies (energyis inreasing from left to right), rows di�erent ranks of the moments (rankis inreasing from top to bottom). Only experimental data (full irles) and�rotated IQMD� (open irles) are inluded to make piture readable. Theharateristi features of the distribution and its omparison with modelalulations, seen in Fig. 1 are present at all energies and for all ranks ofmoments. In addition a ontinuous derease of the intermitteny exponent
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1Fig. 2. Values of hF Æ�i i of rank i = 2, . . . 5 (top to bottom), alulated for the azimu-thal angle distribution, as a funtion of bin widths Æ�, for Au+Au ollisions at �vebeam energies: 150, 250, 400, 600 and 800AMeV. Full irles represent experimentalresults, open irles IQMD model alulations with randomised reation plane.



Intermitteny Analysis in Momentum Spae in . . . 461with the inrease of bombarding energy an be observed. This e�et as wellas the regular di�erenes between experiment and the preditions of theIQMD model (of its mostly used type) are a subjet of the ongoing studies.REFERENCES[1℄ K. Wi±niewski et al., Ata Phys. Pol. B27, 505 (1996).[2℄ M.M. Smolarkiewiz et al., Ata Phys. Pol. B31, 385 (2000).[3℄ A. Biaªas, R. Peshansky Nul. Phys. B273, 703 (1986); A. Biaªas,R. Peshansky Nul. Phys. B308, 857 (1988).[4℄ P. Bo»ek, M. Pªoszajzak, R. Botet, Phys. Rep. 252, 103 (1995).[5℄ A. Gobbi et al., Nul. Instrum. Methods Phys. Res. A324, 156 (1993).[6℄ U. Sodan, PHD Thesis, Heidelberg Univ., 1994.[7℄ N. Herrmann, Nul. Phys. A553, 739 (1993).[8℄ G. Fai, J. Randrup, Phys. Comm. 42, 3 85 (1986).[9℄ J. Aihelin et al., Phys. Rev. Lett. 58, 1926 (1987).[10℄ C. Hartnak et al., Nul. Phys. A495, 303 (1989).[11℄ M. Kirejzyk, NPD Annual Rep. 2000, p. 49.[12℄ GEANT CERN Program Library Long Writeup W5013.


