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BARYON NUMBER TRANSFER AND CENTRALNET BARYON DENSITY IN ELEMENTARYHADRONIC INTERACTIONS�H.G. Fisherfor the NA49 CollaborationCERN, CH-1211 Geneva 23, Switzerland(Reeived April 3, 2002)New NA49 data on baryon and anti-baryon prodution in nuleon +proton interations demonstrate the importane of isospin e�ets and asym-metri baryon pair prodution. Consequenes for the interpretation ofbaryon number transfer and entral net baryon density are disussed.PACS numbers: 13.90.+i, 13.85.Hd1. Experimental proedureThe NA49 experiment at the CERN SPS has olleted over the past �veyears a sample of 2.5 million events in p+ p interations at ps = 17:3 GeV.For baryons the aeptane overage is �0:1 � xF � +0:5 over the ompleterange of transverse momentum inluding partile identi�ation via energyloss measurement. The resulting invariant ross setions for protons andanti-protons are shown in Fig. 1. Data from bubble hamber experimentsin the range from ps = 14 to 27 GeV and ISR data are used (invokingFeynman saling) to extend this overage into the large xF region up to thedi�rative peak.The NA49 experiment ontains a forward hadroni alorimeter whih al-lows the measurement of produed neutrons in the range of 0:2 � xF � 1:0.In addition a low statistis data sample of 120 k events from n+ p ollisionshas been olleted in a pilot run with deuteron beam. The d-beam is pro-dued via fragmentation of Pb-ions in a C-target and subsequent seletion ofd-fragments. The inverse kinematis (d-beam on p-target) allows for preisetagging of the high-momentum proton spetators and the exlusion of theabout 17% double interations.� Presented at the Craow Epiphany Conferene on Quarks and Gluons in ExtremeConditions, Craow, Poland, January 3�6, 2002.(1473)
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Fig. 1. Invariant inlusive ross setion (before hyperon feeddown orretion) of (a)protons and (b) anti-protons as a funtion of xF in bins of transverse momentum.2. Isospin e�ets in neutron and proton produtionThe simultaneous measurement of protons and neutrons in p+ p and ofprotons in n + p interations allows the diret ontrol of isospin symmetryin the I = 1=2 baryon doublet as shown in Fig. 2.If the equality of yields for neutrons from protons and protons fromneutrons omes as no surprise in this �rst experimental veri�ation, it shouldbe noted that the shape and height of the orresponding xF-distributions arenot alulable and have to be determined experimentally.The distributions shown in Fig. 2 therefore onstitute a basis for the on-strution of isospin-weighted referene baryon distributions for omparisonwith interations of heavy ions whih ontain typially 60% neutrons. Forthis omparison it is mandatory to separate out the part of pair produedbaryons ontributing at low xF in order to obtain �net� baryon densities.This proedure meets with another range of isospin problems as explainedbelow.
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Fig. 2. pT integrated xF distributions of protons and neutrons from p + p as wellas protons from n+ p interations.3. Net baryon density and baryon number onservationThe sum rule of baryon number onservation in p+ p ollisions may bewritten down as follows in the forward hemisphere:1ZxF=0 � dndxF (p� �p) + dndxF (n� �n) + dndxF (Y � �Y ) + � � �� dxF = 1:0 :The di�erene p� �p is usually de�ned as the number of �net� protons, i.e.the number of leading, non-pair-produed protons. This notion is misleadingas pair produed protons may be reated together with anti-neutrons andanti-hyperons:X (pair-produed protons) = p�p+ p�n+ p �Y : : : :



1476 H.G. FisherA similar sum an be written down for anti-protons:X anti-protons = �pp+ �pn+ �pY : : : :The above de�nition of �net� protons is only valid if either the yield ofasymmetri pair prodution of the type p�n or �pn is zero or if these two terms(to quote only the �rst ontributions) are exatly equal. Both onditions arenot ful�lled. A �rst notion of this problem may be obtained from Fig. 3 whihshows the attempt to obtain �net� proton densities at three .m.s. energiesby the subtration of the �p-densities from the p-densities.
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Fig. 3. Net proton distributions as a funtion of xF for three .m.s. energies,subtrating di�erent frations of anti-proton densities from proton densities.Evidently there remains an instability at xF = 0 in the form of an in-terferene pattern between the shape of the anti-proton distributions andthe steeply falling �net� proton distributions whih is visible both in theNA49 data and the EHS data at ps = 27:4 GeV [1℄. At ISR energies [2, 3℄this instability develops into a sizeable peak at xF = 0 whih, if integratedtogether with the saling density distribution at larger xF, would indiatean inrease of the total number of net protons with interation energy and



Baryon Number Transfer and Central Net Baryon Density : : : 1477thereby a problem with baryon number onservation. In order to elimi-nate these problems the subtration of more than the measured anti-protonyields seems neessary with a typial inrease of around 1.5 in order to obtain�physial� net proton distributions.4. Anti-proton prodution from neutron projetilesThe �rst ever measurement of anti-proton prodution from neutron pro-jetiles shown in Fig. 4 quanti�es the indiations disussed above.Isospin I = 1Projetiles n pProdued partiles �pn p�p p�nn�nI3 �1 �1=2 0 1=2 +1
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Fig. 4. Anti-proton density distribution as a funtion of xF for p + p and n + pinterations.In fat there is a sizeable inrease of anti-proton prodution in n+ p ol-lisions if ompared to p+p interations. By making proper allowane for theequal target ontribution in both reations, this inrease amounts to a fatorof 1.5 to 1.6 at xF = 0. The underlying isospin symmetry may be under-stood by arranging the possible baryon/anti-baryon ombinations evoked in



1478 H.G. Fisherthe preeding hapter into the isospin triplet/singlet ombinations presentedin Fig. 4. The measured yield asymmetry between p and n projetiles or-responds to the preferene of the positively harged p�n ombination over �pnwith a proton projetile and of the negatively harged �pn ombination overp�n with a neutron projetile. In fat there is a omplete orrespondeneof these isospin states with high mass I = 1 mesons with the additionalfeature that the measurement of �p sans both the I3 = 0 (symmetri p�p)and I3 = �1 (asymmetri �pn) omponents. The observed sizeable inreasefator, therefore, orresponds to a very strong asymmetri omponent.5. Consequenes for entral net baryon densityThe evolution of the invariant pT-integrated proton and anti-proton rosssetions at xF = 0 with ps is presented in Fig. 5(a) for p+ p ollisions. Asharp derease of entral proton density up to ps ' 20 GeV is followed by aminimum at around 25 GeV and an inrease at higher energies whih traesthe development of the anti-proton ross setion. If subtrating the anti-proton from the proton yield the invariant �net� proton density reahes aonstant level above ps ' 30 GeV (see Fig. 5(b)) whih illustrates again theproblem with baryon number onservation mentioned above, as a onstantinvariant ross setion at xF = 0 implies a entral proton density whihinreases linearly with ps.
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Fig. 5. (a) pT-integrated invariant p and �p yields at xF = 0 as a funtion of ps;(b) p� �p and p� 1:6 � �p as a funtion of ps.



Baryon Number Transfer and Central Net Baryon Density : : : 1479If, however, a larger amount of anti-protons is subtrated (in Fig. 5(b)1.6 times the measured yield) the �net� proton ross setion approahes zeroin the upper ISR energy range thus preluding a divergene of total protonnumber. 6. Consequenes for hyperon yieldsThe observed pattern of isospin dependenies for baryons may be ex-tended to strange and double-strange hyperons noting the following isospinmultiplets (making no di�erene in notation between �0 and � 0 whih areanyway indistinguishable in most experiments):Isospin I = 1 StrangenessProjetiles n pProdued partiles � ��� ��� � ��+ �1;+1���� �+��I3 �1 �1=2 0 1=2 +1Isospin I = 1 StrangenessProjetiles n pProdued partiles �� 0�� � 0 �� 0 � 0 ��+ �2;+2�� ��+I3 �1 �1=2 0 1=2 +1As a onsequene of the possible ombination of I3 = 0 states (�0;� 0)with I3 = �1 states (��) it is apparent that there should be no dependeneof �0 and ��0 yields on projetile harge. In other words the ��0 measuresthe total number of pair produed Lambda's and the quantity �0� ��0 givesthe yield of �net� Lambda hyperons. This is visible in Fig. 6 where the s-dependene of invariant �0 and ��0 yields are given at xF = 0. Within thesizeable error bars several basi features are noteworthy:(a) The rapid derease of net hyperon number up to ps ' 20 GeV fol-lowed by a minimum at ' 25 GeV and an inrease whih traes theevolution of the ��0 yield from a threshold at ' 7 GeV (see Fig. 5(a)for omparison).



1480 H.G. Fisher(b) The steep derease of net hyperon number below ps ' 8 GeV orre-sponding to the threshold ut-o� in assoiate (�; K) prodution.() The muh smaller di�erene between �0 and ��0 yields at ps aroundand above 25 GeV if ompared to p and �p (Fig. 5). This leads to arapid derease of the �net� �0 yield with ps at ISR energies.
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Fig. 6. pT integrated invariant ross setions at xF = 0 for (a) Lambda and (b) Anti-Lambda as a funtion of ps. The line in Fig. 6(b) gives the saled s-dependeneof anti-protons.Conerning the asade baryons and anti-baryons, their isospin triplet isin omplete harge-antisymmetry to the triplet of protons and anti-protons.Therefore, the number of pair produed �� is smaller than the number of��+ in p+ p interations in opposition to the ase of pair produed protonsand anti-protons. Consequently in passing to neutron-indued interationsone should predit an inrease of �� and a derease of ��+ yields withimportant onsequenes for the interpretation of the enhaned produtionof these partiles in A+ A ollisions. Proeeding to 
 -hyperon produtionNA49 has obtained a �rst lear signal of 
� in p + p interations whereasthere is � with the present event statistis � no �
+ visible. Neverthelessthis allows to establish an upper limit of the �
+=
� ratio of 0.5 with 95%on�dene level.The ombined situation of anti-baryon/baryon ratios as a funtion ofstrangeness ontent is given in Fig. 7.
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Fig. 7. Anti-baryon/baryon and pair-produed-baryon/baryon ratios at xF = 0 inp+ p interations as a funtion of strangeness ontent.The apparent inrease of this ratio with strangeness ontent an, basedon the above disussion, be traed to isospin e�ets whih have to andan be orreted for. This leads to the rede�nition of the ratio as pair-produed-baryons/baryons. If applying the measured isospin orretion toanti-protons and the predited (and opposite) orretion to ��+ one obtainswithin error bars a �at dependene of this rede�ned ratio on strangeness asindiated in Fig. 7. 7. ConlusionNew data from the CERN SPS onerning baryon and baryon pair pro-dution in p+ p and n+ p ollisions have been disussed. Their exploitationo�ers improved insight into the detailed mehanisms of isospin symmetry,baryon number transfer and the evolution of net baryon density. Suh stud-ies form the indispensable basis for the understanding of the more omplexnuleon + nuleus and nuleus + nuleus interations. As suh the ex-perimental srutiny of elementary hadroni ollisions should be vigorouslypursued.
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