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HADRON�NUCLEUS INTERACTIONSFROM AGS TO SPS�Helena BiaªkowskaInstitute for Nulear StudiesHo»a 69, 00-681 Warsaw, Poland(Reeived April 3, 2002)Experimental data on hadron�nuleus interations in the energy rangefrom AGS to SPS are reviewed. Emphasis is put on a omparison withboth hadron�hadron and nuleus�nuleus ollisions data. Arguments foran extension of hadron�nuleus ollision programme into the RHIC domainare given.PACS numbers: 25.75.�q, 12.38.Mh1. IntrodutionNowadays a study of high energy nulear ollisions onentrates mainlyon olliding heavy nulei, preferably symmetri. For a referene, most oftenalso a symmetri ase of proton�proton ollisions is analysed. One may ask� why study hadron�nuleus ollisions, where many intrinsi di�ultiesresult from the inherent asymmetry of the system. A justi�ation may betwofold. First, a question `how does a multi-ollision proess look like' mightbe answered via a study of the target part of the hadron�nuleus ollision.Seondly, and I think this is the most important subjet, a question `whatis the fate of an inident hadron struk many times' an be answered fromthe analysis of the projetile part.In the following I will deal with the following subjets: First, a short-ened history of most important �ndings from the analysis of hadron�nuleusexperiments will be given. Then the data from high statistis and good par-tile identi�ation experiments, at AGS and SPS, will be presented. I willonentrate on the strangeness prodution, and baryon/antibaryon produ-tion.� Presented at the Craow Epiphany Conferene on Quarks and Gluons in ExtremeConditions, Craow, Poland, January 3�6, 2002.(1461)



1462 H. Biaªkowska2. HistoryIt is a general knowledge, gained from emulsion experiments [1℄, thatthe average multipliity of fast (� > 0:7) harged partiles (mostly pions, soalled `shower traks', ns) produed in the ollision of high energy hadronin nulear emulsion, grows proportionally to the number of so alled `grey'protons. `Grey' protons (named after medium ionising traks they leave inemulsion) are mostly the `knok-out' protons, resulting from the interationsof projetile inside a nulear target. The number of grey protons an be usedto evaluate the number of projetile ollisions inside the target. Fig. 1 showsa shemati drawing of suh proess [2℄.

Fig. 1. Sketh of a p�A reation, with nuleons ategorised by momentum (from [2℄).

Fig. 2. Ratio R of harged partile multipliity as a funtion of the number ofollisions in p�Ar and p�Xe ollisions at 200 GeV/.



Hadron�Nuleus Interations � from AGS to SPS 1463The translation of the number of grey protons, ng, into the numberof ollisions, � is usually performed assuming independent ollisions insidethe target nuleus, and a Glauber model. As an illustration, Fig. 2 showsthe (measured in the NA5 experiment, with protons on argon and xenontargets, [3℄) proportionality between the ratio R of the average multipliityof ns traks to a orresponding multipliity in proton�proton ollisions and �.It is worth stressing that the value of � is alulated for a given interval ofng, thus enlarging the sope of � available in `minimum bias', that is � allinelasti sample for a given target mass number, haraterised by an averagevalue of �. 3. AGS results on strangenessNowadays experiments on hadron�nuleus ollisions employ suh dete-tion tehniques as to assure wide phase spae overage, high statistis andgood partile identi�ation.The E910 experiment at the Brookhaven National Laboratory studiespartile prodution in proton�gold ollisions at 17.5 GeV/. Data on neutralstrange partiles (� and K0), harged kaons and asade hyperons (� 0) areavailable ( [4℄ and referenes quoted therein).An important fator in the analysis of suh data is the possibility oftriggering (o� line) on the number of slow protons (an analogue of emul-sion `grey' protons). This allows for a seletion of interations in di�erententrality lasses, haraterised by di�erent numbers of ollisions, �. Oftenanother quantity, a number of partiipants, or nuleons partiipating in theollision is used. For hadron�nuleus interations Npart = (1 + �). Oftena term `number of wounded nuleons' is also used, NW, where a woundednuleon is a nuleon that has interated at least one.At the AGS energy, the rapidity range in the nuleon�nuleon systemextends from �1:6 to 1.6. This does not allow for a distint separation ofthe target and projetile region, whih largely overlap.Fig. 3 shows the average multipliity of the � hyperons produed in theollisions of 17.5 GeV/ protons with a gold target, [6℄, as a funtion ofthe number of ollisions, �, evaluated from the number of grey protons, ng.For omparison, a straight line derived from the Wounded Nuleon ModelWNM [5℄ is shown. In this model, the number of produed partiles is givenby a simple saling from the elementary ollisions:Nprod = 12Npp prod(1 + �) :An inrease of the average � multipliity with the number of partiipantnuleons is observed, with some exess over the WNM predition. Thisinrease seems to saturate above � of about 6.
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Fig. 3. Average � multipliity from p�Au ollisions at 17.5 GeV/ as a funtion ofthe number of ollisions.A similar trend is observed in a preliminary data on harged kaons fromthe same reation. Fig. 4 displays an inrease of the average harged kaonmultipliity with the number of ollisions, even stronger than for the �,again saturating and dropping down for higher �.New data on � prodution in proton�gold ollisions is now available.Fig. 5 shows the rapidity distributions of � for various entrality samples,(upper panel) and the lower panel � the average � multipliity as a fun-tion of the number of ollisions. Here for � values up to 3 an inrease isde�nitely faster than a simple partiipant saling. Inidentally, this fast in-rease allows for a reasonable extrapolation, desribing the � prodution inAu�Au ollisions at AGS [4℄.

Fig. 4. Average harged kaon multipliity as a funtion of the number of ollisionsfrom 17.5 GeV/ p�Au .



Hadron�Nuleus Interations � from AGS to SPS 1465

Fig. 5. The rapidity distribution (upper panel) and average multipliity (lowerpanel) of � hyperons from 17.5 GeV/v p�Au ollisions as a funtion of the numberof ollisions. 4. SPS results on strangenessData on strangeness prodution in hadron�nuleus ollisions from theSPS aelerator at CERN ome mainly from two experiments, NA49 [7℄ andWA97 [8℄. Both study partile prodution in the ollisions of 158 GeV/protons with lead target. At this energy the rapidity for nuleon�nuleonsystem extends from �2:9 to 2.9, and the target and projetile domain anbe separated.



1466 H. BiaªkowskaThe WA97 experiment overs approximately one unit of rapidity aroundthe midrapidity. NA49 aeptane extends over most of the forward hemi-sphere. 4.1. Charged kaon produtionCharged kaon prodution in the forward .m. hemisphere of a p�Pb ol-lision has been studied in the NA49 experiment. The kaon identi�ationomes from multiple ionisation sampling in time projetion hambers, sup-plemented by the time of �ight detetors. A seletion of di�erent entralitylasses has been performed on-line, triggering on the number of slow (`grey')protons. It is perhaps worth stressing that the distributions of the atualnumber of ollisions, �, for minimum-bias and entrality seleted samples inp�Pb ollisions look very di�erent, as illustrated in Fig. 6 from [9℄.

Fig. 6. The distribution of the number of ollisions for di�erent entrality seletionsof p�Pb and Pb�Pb reations at 158 GeV/.Fig. 7 ( [7℄) ompares the average multipliity of various partile speiesin nuleus�nuleus and proton�nuleus ollisions as a funtion of the numberof partiipants (for A�A) and the number of ollisions (for p�A). Notie thatthe yields are normalised to the average harged pion yields. A lear inreasein the number of kaons per pion in both types of reations is observed withinreasing entrality � albeit in a di�erent sale.
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Fig. 7. Average total yields of di�erent partile speies (normalised to the averagenumber of harged pions) as a funtion of the number of partiipants in Pb�Pb(left panel) and average total yields in the forward .m. hemisphere, normalised tothe average number of harged pions, as a funtion of the number of ollisions forp�Pb.A more detailed insight is obtained from the study of the longitudinaldistribution of this enhanement. Figs. 8 show the K=� ratios in p�Pbollisions, normalized to the same ratio in p�p ollisions, for positive andnegative kaons. Notie that the longitudinal distribution, in the Feynmanx variable, refers to the forward hemisphere only. Both Fritjof and Venusmodel preditions fail to desribe these data.
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Fig. 8. Preliminary results of NA49 on harged kaon multipliity as a funtion ofthe Feynman x variable for two entrality lasses of p�Pb reations at 158 GeV/.



1468 H. BiaªkowskaThese �gures illustrate the entrality dependene of the harged kaonenhanement in p�Pb ollisions, as a funtion of the xF. The � values havebeen evaluated for two samples with di�erent triggers on the number of greyprotons.For the xF values above 0.1, we observe a sizable enhanement (as om-pared to p�p)for both positive and negative kaons. This enhanement de-reases towards x = 0, where apparently the target ontribution starts todominate. Comparing harged kaon/pion ratios in p�p, p�A and AA olli-sions, one should be aware of the isospin e�ets. The K+ is paired with K0,not a K�. And in p�p ollisions the �+ is `favoured', �� `disfavoured', inn�n ollisions � just the opposite. Thus the proton and neutron ontent inthe nuleus does in�uene the above mentioned ratios. The best approahwould be to use (K+ +K�)=(�+ + ��).It is interesting to look at the energy dependene of the K=� ratios inhigh energy p�A ollisions, in omparison to A�A ollisions. This is shown inFig. 9, for midrapidity, where most of the data is available. For the K+=�+ratio the three data points above ps of 5 do not hange visibly with energy,similarly to the A�A data points [9℄.

Fig. 9. Energy dependene of midrapidity ratios of harged kaons to pions fromnuleus�nuleus ollisions, together with three points from hadron�nuleus olli-sions.



Hadron�Nuleus Interations � from AGS to SPS 14694.2. Hyperon produtionFig. 10 shows the hyperon and antihyperon prodution rate at midra-pidity for p�p, p�Be, p�Pb and Pb�Pb ollisions at 158 GeV/N , measuredfor di�erent entralities, from the WA97 and NA49 experiments [10℄. The

Fig. 10. The average midrapidity yields of hyperons and antihyperons, normalisedto the number of partiipant pairs, from p�p, p�Pb and Pb�Pb ollisions of di�erententralities at 158 GeV/.

Fig. 11. Ratios of hyperon multipliities in entrality seleted p�Pb and p�p re-ations at 158 GeV/. Upper panel � average � = 3:7, lower panel � average� = 5:7. Horizontal bars mark Wounded Nuleon Model preditions.



1470 H. Biaªkowskastraight lines show the Wounded Nuleon Model predition, learly exeededby the data. Sine a p�p referene point (measured in the same experi-ment) is now available, one an see that the enhanement arises already inproton�nuleus ollisions.It is interesting to study the ratio of rapidity density of the hyperonsin p�Pb ollisions to the orresponding number in p�p ollisions in a widerrapidity range, as illustrated in Fig. 11. In the bakward hemisphere thereis a strong enhanement with respet to the WNM preditions. At midra-pidity the enhanement is still present, stronger for the hyperons than theantihyperons. One again, an isospin argument should be realled, whihin�uenes � and anti � yields.5. Antibaryon to baryon ratiosIn view of the reent results on net baryon density at RHIC, it is inter-esting to look at both energy and system size dependene of the antibaryonto baryon ratio (at midrapidity) at the SPS energy, as shown in Fig. 12.Two e�ets an be seen. First, a systemati lowering of these ratios from

Fig. 12. Midrapidity antibaryon to baryon ratios for di�erent strangeness baryonsfrom p�p, p�Pb and entral Pb�Pb interations at 158 GeV/.proton�proton to proton�nuleus to entral nuleus�nuleus ollisions. Se-ond, an inrease of the ratios with the strangeness ontent of a baryon. Inthis ontext, it would be very important to measure the 
 prodution inproton�proton ollisions. One should, however, keep in mind that the an-



Hadron�Nuleus Interations � from AGS to SPS 1471tibaryon to baryon ratio should also depend on the isospin omposition ofthe states, and thus in order to ompare elementary to nulear ollisions itis again important to measure these ratios also in the neutron hannel.6. OutlookAs is usually the ase, the results answer some physis questions, butopen up still more new ones. In order to answer, one would like to see newmeasurements. In partiular:� Measure the K=� and �B=B ratios at intermediate energy and/or in-termediate mass target � in order to look for possible hange from`smooth evolution' to `rapid onset'.� Measure the above in a deuteron beam � in order to hek the isospine�ets.� Study proton�nuleus ollisions at RHIC� for strangeness and (anti)baryons,� for high transverse momentum e�ets � Cronin vs `jet quenhing'(this subjet was not overed in the talk, but it ertainly alls formore detailed look at proton�nuleus data).REFERENCES[1℄ W. Busza, R. Ledoux, Annu. Rev. Nul. Part. Si. 38, 119 (1988).[2℄ F. Sikler, private ommuniation[3℄ De Marzo et al., Phys. Rev. D29, 2476 (1984).[4℄ B. Cole, `Insights From a New Generation of Proton�Nuleus Experiments atAGS and SPS', Quark Matter 2001.[5℄ A. Bialas et al., Nul. Phys. B111, 461 (1976).[6℄ P. Chemakin et al., Phys. Rev. Lett. 85, 4868 (2000).[7℄ F. Sikler et al., Nul. Phys. A661, 45 (1999).[8℄ F. Antinori et al., Nul. Phys. A661, 130 (1999).[9℄ K. Kadija for NA49, `Strange Partile Prodution in p�p, p�Pb and Pb�PbInterations', Strangeness in Quark Matter Conferene, Frankfurt 2001, toappear in the Proeedings.[10℄ T. Susa for NA49, Nul. Phys. A698, 491 (2002).


