
Vol. 31 (2000) ACTA PHYSICA POLONICA B No 2
STRANGENESS IN RELATIVISTIC ION COLLISIONS�Helena BiaªkowskaThe Andrzej Soªtan Institute for Nulear StudiesHo»a 69, 00-681 Warszawa, Poland(Reeived January 7, 2000)A review of available data on strangeness prodution in relativisti ionollision at AGS and SPS aelerators is given. A hierarhy of strangenessenhanement and its entrality dependene is disussed.PACS numbers: 25.75.�q, 12.38.Mh1. IntrodutionIn this imperfet world of ours there is no symmetry between di�erent�avors � and thus there is a distint hierarhy in their prodution ross se-tions. It is easy to produe up and down quarks. It is harder to make themstrange. And still harder for harm, beauty and truth (top). Yet eah new�avor tells us more about the interation from whih it originates. This ispartiularly important in the domain of heavy ion physis. When we ollidetwo large high energy objets, we may reate large, hot and dense �reball.Inside, many things an happen. In-medium e�ets may alter partile and/orresonanes mass and/or width. A phase transition, predited by QCD, mayour � reating Quark Gluon Plasma, where quarks and gluons, not on-�ned inside hadrons, abound. Chemial equilibration � equilibration ofdi�erent �avors may lead to di�erent ratios of hadrons with various �avors,when the hadronization will our. Thus � looking at strangeness in rela-tivisti ion ollisions, we look for anything that is di�erent from strangenessprodution in `normal' hadron�hadron ollisions.2. How to measure strangeness prodution?Obviously � by measuring and identifying hadrons ontaining at leastone strange quark. This however poses several experimental hallenges.� Invited talk presented at the XXVI Mazurian Lakes Shool of Physis, Krzy»e,Poland, September 1�11, 1999. (269)



270 H. BiaªkowskaMost of the information on strangeness omes from studying kaons. Tothe �rst approximation, 70% of strangeness produed in hadroni ollisionsis arried by kaons. Neutral kaons are deteted by their harged deay mode(`V zero'). (The same for � hyperons). At high energy and high �nal statemultipliity this mode beomes inreasingly hard to detet. On the otherhand with the development of detetor tehnique, harged kaon detetionand identi�ation beomes prevalent. �erenkov and time of �ight oun-ters and inreasingly - time projetion hambers, with multiple sampling ofionization energy loss are used for this purpose.Multiply strange hadrons require dediated detetor systems. The as-ade hyperons, � and
 , with their two step deays into harged and neutralproduts, are studied best with the help of silion telesopes.The � meson, onsisting almost exlusively of s�s pair is a very powerfulsoure of information on strangeness. It is studied experimentally either ina harged kaon deay mode (with the branhing ratio of 49%), or in a twomuon deay, with the branhing ratio of 2.5�10�4. This requires a veryhigh statistis, but o�ers relatively lean signal that an be obtained from amuon spetrometer.A word of aution is neessary. Di�erent experiments have di�erentaeptanes (overing limited area of the whole available phase spae), andemploy di�erent triggers, seleting various parts of the total inelasti nuleus-nuleus ross setion. This is related to the problem of entrality determi-nation in nulear ollisions. 3. Available dataData on strangeness prodution in relativisti ion ollisions omes fromtwo aelerators. The AGS at Brookhaven National Laboratory aeleratesions up to 11 GeV/, with beams of Si and Au. The SPS at CERN aeleratesions of O, S and Pb, from 60 to 158 and 200 GeV/. In what follows we willshow the results on� K=� ratio� � prodution� �, � and 
 prodution 4. K=� ratioFig. 1 [1℄ shows the exitation funtion � or energy dependene �of the K+=�+ ratio studied at AGS in Au�Au ollisions, ompared toproton�proton data. In Fig. 2 [2℄ the evolution of the K+=�+ for di�erent



Strangeness in Relativisti Ion Collisions 271beam�target ombinations at 11.6�14.6 GeV is shown, with data points fromp�nuleus up to entral nuleus�nuleus ollisions. Finally, in Fig. 3 [3℄ wesee bothK+=�+ andK�=�� ratios studied in Au�Au ollisions at 11.1 GeV,this time as a funtion of the number of partiipant nuleons. The numberof partiipants, haraterizing the entrality of nulear ollision, was de-termined from the measurement of energy deposit in the `zero degree', orforward alorimeter.

Fig. 1. The K+=�+ ratio studied at AGS in Au�Au ollisions, ompared to proton�proton data, as a funtion of energy.

Fig. 2. K+=�+ for di�erent beam�target ombinations at 11.6�14.6 GeV/. Datafrom nuleus�nuleus ollisions are from entral ollisions.
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Number of partiipantsFig. 3. K+=�+ and K�=�� ratios studied in Au�Au ollisions at 11.1 GeV, as afuntion of the number of partiipant nuleons.Altogether, at this energy range we observe that the kaon/pion ratioinreases smoothly and signi�antly with the energy inrease, with the tar-get/projetile mass, and the number of nuleon partiipants. The energyinrease is a signi�ant fator here, both for p�p and nulear ollisions, aswe are relatively lose to the threshold. Notie, however, that the K=�inrease is de�nitely stronger in nulear ollisions.Coming now to the SPS energy, 158�200 GeV, we have to realize howextremely demanding partile identi�ation beomes there. As an illustra-tion, Fig. 4 [4℄ shows the use of both the ionization sampling in large TimeProjetion Chamber and time of �ight measurement for the identi�ation ofharged kaons produed in p�p, p�Pb and Pb�Pb ollisions at 158 GeV. TheNA49 experiment [5℄ studied partile prodution in this very omprehensiveset of data, overing almost full forward .m. hemisphere, with the aimof determining the entrality dependene. Summary of observed entralitydependene is depited in Fig. 5 [6℄. There the kaon yields per pion yield(average of identi�ed harged pions) is shown as a funtion of the numberof partiipants for Pb�Pb ollisions, and as a funtion of the number ofollisions for p�Pb ollisions. Both variables are meant to haraterize theollision entrality. For Pb�Pb ollisions, the number of partiipants wasevaluated by measurement of net baryon number in the ollision. For p�Pb,the measured number of slow knok-out protons was translated via Glaubermodel into the number of ollisions. These data learly show a systematie�et of smooth inrease of the K=� ratio as a funtion of entrality. Notie
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Fig. 4. Partile identi�ation data for nulear ollisions at 158 GeV/, using ioni-sation sampling in time projetion hambers and time of �ight measurements.that the referene point from p�p ollisions, measured in the same exper-iment, is also inluded. Notie also, that for the �rst time we observe aninrease in the K=� ratio as a funtion of entrality for hadron�nuleus ol-lisions. This e�et is observed in the forward .m. hemisphere. A moredetailed insight may be obtained from Fig. 6 [4℄ where we look at the `ratioof ratios', that is � the K=� ratio in nulear ollisions, normalized by thesame ratio in p�p ollisions, as a funtion of saled longitudinal momentum,Feynman x. The e�et of strangeness enhanement, present both in p�Pband Pb�Pb, is more pronouned in the forward diretion in the enter ofmass. As a orollary, lower panel of this �gure ompares the � meson ra-pidity distribution in p�p and Pb�Pb ollisions, with the broadening of thePb�Pb data.
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Fig. 5. Kaon yields per pion yield (average of identi�ed harged pions) as a funtionof the number of partiipants for Pb�Pb ollisions, and as a funtion of the numberof ollisions for p�Pb ollisions.
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Fig. 6. K=� ratio in nulear ollisions, normalized by the same ratio in p�p olli-sions, as a funtion of saled longitudinal momentum, Feynman x (left panel). �meson rapidity distribution in p�p and Pb�Pb ollisions (right panel).Thus we have observed a systemati trend ofK=� inrease for nulear re-ations as a funtion of entrality, with the e�et already present in hadron�nuleus ollisions.



Strangeness in Relativisti Ion Collisions 2755. The � meson produtionWhat makes the � meson a partiularly interesting study objet? Thisalmost pure s�s state has a very narrow width (4MeV) and onvenient twobody deay hannels. Its `normal` prodution in hadroni ollisions is sup-presed by the so alled OZI rule. Thus any enhanement over `normal' pro-dution may signal partoni phenomena. Moreover, hot and dense mediumpresumably reated in nulear ollisions may hange the resonane widthand/or mass. At AGS, experiment E917 [7℄ studies � deaying into K+K�in the Au�Au ollisions at 11 GeV. The authors have observed an inreaseof � rapidity density with inreasing ollision entrality (parametrized bythe number of nuleon partiipants).

Fig. 7. Dimuon mass distributions for several transverse mass intervals, studied inPb�Pb ollisions at 158 GeV/.A very detailed analysis of � prodution in Pb�Pb ollisions at 158 GeVwas peformed by the NA50 experiment at CERN [8℄. A high statistisstudy of dimuon mass distributions allows for a simultaneous �t of the �, !and � signal for several entrality seletions (based on the transverse andzero degree energy measurements). Fig. 7 illustrates typial dimuon massdistributions for several transverse mass intervals. As a result of suh study,a separate analysis of the �+! and �multipliity dependene on the number



276 H. Biaªkowskaof nuleon partiipants was performed, as illustrated in Fig. 8. There is adistint inrease of all three vetor meson multipliities with the numberof partiipants. While � and ! inrease proportionally to the number ofpartiipants, or, in other words, there seems to be a onstant `� + ! perpartiipant' multipliity, the � yield inreases faster than linearly. Fig. 9summarizes these data, by showing the �=(�+ !) ratio as a funtion of thenumber of partiipants, with a lear inrease observed.

Fig. 8. �+! and � multipliity dependene on the number of nuleon partiipantsin Pb�Pb ollisions at 158 GeV/.



Strangeness in Relativisti Ion Collisions 277Pb�Pb for 1:5 < Mt < 3:2 GeV/2

Fig. 9. �=(�+ !) ratio as a funtion of the number of partiipants.To summarize the information gathered by the study of kaon and �prodution, we observe:The total yield of kaons per partiipant nuleon inrease with entralityThe kaon per pion and �=(�+ !) inrease with entralityThe kaon per pion inrease already in the proton�nuleus ollisions, inthe forward hemisphere.6. Hyperon produtionData on singly and multiply strange hyperons at AGS are sare, and aomprehensive analysis omes from the CERN SPS. The WA97 experimentstudies hyperon prodution near midrapidity for Pb�Pb ollision at variousentralities [9℄. Centrality, expressed in number of partiipants, is evaluatedby a measurement of harged partile multipliity. In addition, negativehadrons and K0 mesons are also measured. In the same experiment, proton-lead and proton-beryllium ollisions are studied.Fig. 10 [9℄ shows the WA97 Pb�Pb results on partile prodution yields,and yields per partiipant, normalized by orresponding values for p�Pbollisions, as a funtion of the number of partiipants. The yields are ex-trapolated to over one unit of rapidity around midrapidity.A distint pattern of strangeness enhanement, revealed by these data, isshown in Fig. 11 [10℄. A hierarhy of strangeness enhanement is observed,with the enhanement fator larger for partiles with higher strangeness
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Fig. 10. WA97 Pb�Pb results on partile prodution yields in entral rapidity unit,and yields per partiipant, normalized by orresponding values for p�Pb ollisions,as a funtion of the number of partiipants.



Strangeness in Relativisti Ion Collisions 279ontent. The enhanement appears to saturate for ollisions with the numberof partiipants above 100. This observation does not stand in line withthe data shown by NA49 for kaon inrease � there the saturation is notobserved. Two fators may ontribute to this di�erene. First, the WA97data omes from one unit of rapidity, whereas NA49 shows partile yieldsextrapolated to the 4�. Seond, there is a di�erene in the evaluation ofpartiipant number, with WA97 relying on the proportionality of the totalharged partile multipliity to the Npart, while NA49 evaluates the numberof partiipants from the measured total net baryon yields.

Fig. 11. Strange partile enhanement vs strangeness ontent (data from Fig. 10).7. ConlusionsI have onsistently stayed away from theoretial onsiderations, andtherefore will only stress the bare experimental fats. The analysis of avail-able data leads to the following results:� Strangeness prodution is enhaned in relativisti ion ollisions (om-pared to nuleon-nuleon and simple superpositions),� This enhanement appears already in hadron-nuleus ollisions, for theforward hemisphere,� A marked hierarhy in strangeness enhanement is observed.



280 H. BiaªkowskaTwo urgent experimental questions immediately follow:� Is there a saturation of the strangeness enhanement with entrality?� Is there a disontinuity in energy dependene of the observed e�ets?These very fall the SPS aelerator runs with lead beam at 40 GeV, andthe RHIC aelerator at Brookhaven starts its 100 GeV on 100 GeV Au�Auoperation. Thus we an hope for some answers soon.REFERENCES[1℄ J.C. Dunlop for the E866 and E917, Quark Matter `99 Conferene.[2℄ L. Ahle et al., Phys. Rev. C58, 3523 (1998).[3℄ F. Wang, Ph.D. Thesis, Columbia University,1996.[4℄ C. Hoehne for the NA49, Quark Matter `99 Conferene.[5℄ S. Afanasiev et al., Nul. Instrum. Methods A430,210 (1999).[6℄ F. Sikler for the NA49, Quark Matter `99 Conferene.[7℄ R. Seto for the E917, Quark Matter `99 Conferene.[8℄ N. Willis for the NA50, Quark Matter `99 Conferene.[9℄ E. Andersen et al., Phys. Lett. B433, 209 (1998).[10℄ F. Antinori for the WA97, Quark Matter `99 Conferene.


