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I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeV 3Abstrat The inlusive prodution ross setions of the strange vetor mesons K�0, K�0,and � have been measured in interations of 920GeV protons with C, Ti, and W targets withthe HERA-B detetor at the HERA storage ring. Di�erential ross setions as a funtion ofrapidity and transverse momentum have been measured in the entral rapidity region and fortransverse momenta up to pT = 3:5GeV=. The atomi number dependene is parametrisedas �pA = �pN � A�, where �pN is the proton-nuleon ross setion. Within the phase spaeaessible, �(K�0) = 0:86 � 0:03, �( �K�0) = 0:87 � 0:03, and �(�) = 0:96 � 0:02. The totalproton-nuleon ross setions, determined by extrapolating the di�erential measurementsto full phase spae, are �pN!K�0 = (5:06 � 0:54)mb, �pN! �K�0 = (4:02 � 0:45) mb, and�pN!� = (1:17 � 0:11) mb. For all resonanes the Cronin e�et is observed; ompared tothe measurements of Cronin et al. for K� mesons, the measured values of � for � mesonsoinide with those of K+ mesons for all transverse momenta, while the enhanement forK�0/K�0 mesons is smaller.Key words. Proton nuleus ollision, hadroni interation, vetor meson prodution, Cronine�et, atomi number dependene1 IntrodutionThe searh for a deon�ned state of quarks and gluons in relativisti heavy ion ollisions is asubjet whih has reeived muh attention in reent years [1, 2℄. It is a hallenging task to �nda signal that enables the disrimination of the short-lived loally deon�ned state of quarks andgluons from a gas of on�ned hadrons. An enhanement of the strange quark fration has beenargued to appear in the quark gluon plasma [3℄; hene one expets an inrease of strange hadronprodution in these proesses.The rate of strange partile prodution depends on the temperature at whih the hadroni-sation step takes plae, and on the hemial potential. Hadroni interations an inuene themeasurable strange partile rate in a two-fold way [4, 5℄: they an indue transitions to otherstates, and, in the ase of hadrons with a short lifetime, resattering of the �nal state partilesan take plae, a�eting the reonstruted invariant mass signal [6,7℄. Sine the strength of these�nal state interations depends strongly on the lifetime, K�0 and � mesons { where the lifetimesdi�er by a fator of about 10 { have been proposed as a versatile tool to study these e�ets inrelativisti heavy ion reations.Consequently, several new measurements of strange vetor meson prodution have been pub-lished reently by RHIC experiments. Both for K�0 [8, 9℄ and � [10{16℄ mesons the inuene ofthe very dense nulear matter on the transverse momentum distributions and the line shape ofthe resonanes have been studied in detail. In ontrast to this, only limited information on �prodution in proton-nuleus interations exists up to now. The A-dependene of � produtionin proton-nuleus interations is studied in [17℄, while data in dAu ollisions are available fromthe STAR and PHENIX ollaborations [14, 18, 19℄. No data are available on K�0 prodution.Moreover, the study of the pT dependene of the inlusive prodution rate of K�0 and �mesons in proton-nuleus (pA) interations is of interest in its own right. Cronin et al. [20, 21℄observed a nulear enhanement of high-pT partiles in pA as ompared to pp interations forstable partiles. In this paper we report the observation of the \Cronin e�et" for the resonanesK�0, K�0, and �. The e�et has been asribed by many models to a broadening of the intrinsitransverse momentum of the primary partons in a hard sattering proess [22℄. The free param-eters are �xed by �tting the preditions to hard pp interations. The high pT meson spetra forproton-nuleus interations are reasonably well desribed by this ansatz, whih however fails toreprodue the measured high pT baryon spetra [23℄. On the other hand, the di�erenes betweenmeson- and baryon-prodution in proton-nuleus reations an be explained by a �nal-state re-ombination model [24℄. Reently B.Z. Kopeliovih et al. [25℄ have formulated a parameter freeCorrespondene to: Christopher.van.Eldik�mpi-hd.mpg.de
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(b)Figure 1. Invariant mass distributions for a) K+�� and b) K+K� mass ombinations on the arbon targetafter appliation of the uts desribed in the text. The distributions were �t by a Gaussian-smeared relativistiBreit-Wigner funtion and a bakground term (see text).desription of the proess. It explains the Cronin e�et as a result of a onvolution of the initialparton distribution a�eted by initial state interations, followed by the hard sattering proessand the fragmentation of the sattered partons. From this ansatz, it follows that the steeper thepT dependene of the ross setion, the larger the Cronin e�et should be, i.e. its strength shoulddepend on the avor omposition of the sattering partons via its struture- and fragmentationfuntions dependene. Moreover, a weak energy dependene of the Cronin e�et is expeted [25℄in agreement with the observation of [21℄ for high-pT K� mesons produed in proton-nuleusinterations in the energy range 200 GeV to 400 GeV.None of these models expliitly address the issue of the dependene of the Cronin e�eton the avor or mass of the produed hadron. The measurement presented here should moti-vate and aid further theoretial e�orts to understand the Cronin e�et and thereby lead to adeeper understanding of nulear e�ets in pA ollisions, partiularly in the area of strangenessprodution.2 Data aquisition and event reonstrutionThe data were olleted with the HERA-B detetor operated at the proton ring of the HERAstorage ring omplex. The pN enter-of-mass energy was ps = 41:6GeV. The K�0/K�0 dataover the rapidity interval �0:8 � y � 0:3 (in the entre-of-mass system) and a transversemomentum range of 0 � p2T � 12GeV2=2. The � results were obtained for �0:7 � y � 0:25and 0:3 � p2T � 12GeV2=2. Here the lak of data for p2T < 0:3GeV2=2 is due to the small



I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeV 5opening angle of the � deay in the lab system that makes the deay produts esape throughthe beam-pipe.The HERA-B detetor is a forward magneti spetrometer with a large aeptane forpartiles produed in the entral region. The most important omponents of the detetor forthis analysis are a wire target [26℄ inserted into the halo of the 920GeV proton beam, a vertexdetetor [27℄ followed by a magneti dipole �eld of 2.13 Tm, a traking system [28℄ using drifttube hambers, a Ring Imaging Cherenkov detetor (RICH) [29℄ whih enables the identi�ationof K� mesons above a threshold of 9.6GeV/, and an eletromagneti alorimeter [30℄. A moredetailed overview of the HERA-B detetor an be found elsewhere [31℄.The analysis is based on data reorded in the run period 2002/03. From a total of 200 � 106events olleted with three di�erent target materials a sub-sample of 132 � 106 events taken ina 2-weeks period in Deember 2002 was seleted to minimise systemati unertainties. About58 � 106 events were reorded with a arbon (C) wire target, 21 � 106 events with a titanium(Ti) target, and 53 � 106 events with a tungsten (W) target. As the data were reorded at amoderate interation rate of 1:5� 106 s�1, ompared to an average rate of �lled proton bunhesof 8:5 � 106 s�1 at the target, only about 18% of all bunh rossings with the target produean inelasti interation. To rejet empty bunh rossings an interation trigger aepted onlythose events, where either the number of hits in the RICH was > 20 (for a � = 1 partile 32photons are deteted on average), or a luster with an energy > 1GeV was deteted in the innerpart of the eletromagneti alorimeter. The eÆieny of the trigger was larger than 99% [32℄.In parallel to the interation trigger, events were seleted in a random manner, regardless ofwhether or not they ontained an inelasti interation. These random events were used to studypossible biases of the interation trigger [32℄.The events were reonstruted with the standard HERA-B analysis pakage [33℄, based oninformation from the vertex detetor and the traking system. Charged partiles were identi�edby mathing the traks with rings reonstruted in the RICH. Using the trak momentuminformation, the likelihood probability for harged kaons, protons, light partiles (e, �, ��), anda bakground hypothesis were alulated [29℄.The integrated luminosity was determined from the interation rate at the target monitoredby various devies and from the total inelasti ross setion [32℄.3 Data analysis3.1 K� meson identi�ation and K�0 (�) optimisationTo identifyK�0/K�0 and �, the deay hannelsK�0 ! K+�� , K�0 ! K��+ , and �! K+K�were investigated. For all events with at least two oppositely harged traks the invariant massminv of the pair was separately alulated for the K+��, K��+, and K+K� mass assumption.For the further analysis mass ombinations were aepted if0:63GeV=2 � minv � 1:6GeV=2for the K���, and 0:988GeV=2 � minv � 1:198GeV=2for the K+K� ombinations, respetively. In order to redue the ombinatori bakground,K� mesons were identi�ed by the RICH. For the K�0(K�0) andidates, the kaon identi�ationwas demanded for the positive (negative) trak, while for the � andidates kaon identi�ationwas applied for both traks. Only K� andidates with a momentum pK � 9:7GeV= wereonsidered, slightly above the kaon threshold of the RICH. While for the determination of the



6 I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeV� signal a soft likelihood probability ut of LK � 0:3 eÆiently suppressed the bakground, aharder ut of LK � 0:95 was required for the K�0 to redue the ombinatori bakground. Thenon-existene of mass reetions has been heked by experimental data and by the Monte-Carlo(MC) simulation desribed in hapter 3.3.For momenta pK < 40GeV= the eÆieny for identi�ation ofK� mesons is high, amountingto about 90% [29℄. For higher momenta the disrimination power drops and the misidenti�ationprobability inreases, sine for suh momenta the Cherenkov angles for � and K mesons beomeindistinguishable. The K meson identi�ation eÆieny as a funtion of K momentum has beendetermined by MC. It was heked with �! K+K� data [34℄ by identifying either one or bothkaons and reonstruting the � resonane. The di�erene in eÆieny between data and MC of5% per identi�ed kaon was orreted for, and a residual systemati error of 2% was estimated(see hapter 3.4). A large fration of the produed K�0 and � andidates were rejeted by themomentum ut pK � 9:7GeV=. The total eÆieny for K mesons from K�0 and � resonanedeays to survive the RICH identi�ation and the momentum ut was about 15%.The signi�ane of the signal was improved further by applying soft trak quality uts. Inase of the vertex detetor at least 6 hits per trak were demanded. In the traking systema ut of at least 15 hits per trak was used to enhane the signi�ane of the K�0 (�) signalwithout reduing the eÆieny. On average, a trak omprised 12 hits in the vertex detetor and40 hits in the traking system, respetively. The K�0 signal signi�ane was improved furtherby applying a ut of p� � 2GeV= to pion trak andidates [35℄. The uts were optimised forsigni�ane using signal MC and real data bakground events.3.2 Signal determinationTypial invariant mass distributions for the K+�� and K+K� ombinations are shown in Fig.1, after appliation of the uts mentioned above. To failitate the extration of the signal, theresonane was desribed by a relativisti P -wave Breit-Wigner [36℄:BW (m) = m �m0 � � (m)(m20 �m2)2 + (m0 � � (m))2 (1)� (m) = �0 � � qq0�2l+1 � m0m ; (2)with �0 = � (m0) the natural widthq(m)jK�0 = p(m2 � (mK +m�)2)(m2 � (mK �m�)2)2mq(m)j� = qm2 � 4m2K2q0 = q(m0)l = 1:q(m) is the momentum of the deay produts in the rest frame of the mother partile, and l isthe angular momentum transferred. To take into aount e�ets of the detetor resolution theBreit-Wigner distribution was numerially folded with a Gaussian of width �m in the �ts ofthe measured mass spetra. It has been heked that the mass resolutions in experimental dataand MC are onsistent within errors. The mass m0 of the resonane and the width �m werefree parameters of the �t, while the natural width �0 of the resonane was �xed to its PDG



I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeV 7Table 1. Number of inelasti events (Nia ), number of K�0, K�0, and � andidates (NVM ) after analysis uts,reonstruted mass (mre), and experimental mass resolution (�m) for eah target material. Errors are statistialonly. Nia NVM mre [MeV/2℄ �m [MeV/2℄pA! K�0XC 58 � 106 187574 � 1726 890:5 � 0:2 5:1� 0:2Ti 21 � 106 83231 � 1237 890:7 � 0:4 5:0� 0:3W 53 � 106 262356 � 2420 890:8 � 0:2 5:3� 0:3pA! �K�0XC 58 � 106 149721 � 1622 890:8 � 0:2 4:6� 0:1Ti 21 � 106 65823 � 1147 890:7 � 0:4 5:1� 0:4W 53 � 106 195373 � 2225 891:5 � 0:3 4:8� 0:2pA! �XC 58 � 106 15379 � 204 1019:2 � 0:1 2:6� 0:1Ti 21 � 106 7580 � 142 1019:2 � 0:1 2:7� 0:1W 53 � 106 26971 � 295 1019:3 � 0:1 2:6� 0:1Table 2. Summary of systemati errors for the integrated and total prodution ross setion measurements. Seetext for a more detailed explanation. Numbers are grouped target material wise. The last two errors are due tothe phase spae extrapolation and have been applied only to the total ross setions. Numbers are given in %.C Ti WK�0 K�0 � K�0 K�0 � K�0 K�0 �MC statistis 1.0 1.3 1.6 1.0 1.3 1.1 1.0 1.3 0.7Bg. parametrisation 2.2 1.9 - 1.7 2.3 - 2.5 2.3 -Cut variation 2.8 2.8 6.2 2.8 2.8 7.0 2.8 2.8 7.1BR 0.1 0.1 1.22 0.1 0.1 1.22 0.1 0.1 1.22Luminosity 4:8 5:0 3:8Luminosity saling 2:0 2:0 2:0Trak eÆieny 3.0 3.0 3.0p2T -extr. - - 6.6 - - 8.8 - - 8.2y-extr. 2.6 4.1 6.3 2.6 4.5 6.0 2.6 4.5 4.9value [37℄. The number of resonane deays was estimated by integrating the �tted signal inthe interval �3�0 around the resonane mass m0. A variation of the �t interval by �0 hangedthe yield up to 5%. The same was observed for the MC used for aeptane orretion, thusompensating the e�et seen in data.The bakground was parametrised by expressions whih have been applied suessfully inother experiments. For the K�0/K�0 the parametrisation of [38℄ was adopted:BGK�0(m) = p0 � � qm�p1 � e�p2q � p3q2 ; (3)where p0 : : : p3 are free parameters and q is the momentum transfer introdued above. For the� meson the bakground was desribed by a parametrisation proposed in [39℄:BG�(m) = p0 �mp1rel � e�p2m � p3m2 ; (4)where mrel = m � 2mK and p0 : : : p3 again are free parameters of the �t. As shown in Fig. 1,these ombinations of signal and bakground funtions desribe the data properly.It has been shown [34,35℄ that both the �tted masses and the detetor resolution �m derivedfrom the data were stable for the whole data taking period and independent of the target



8 I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeVmaterial. Also the resonane yields, normalized to the integrated luminosity, were stable duringthe whole data taking period. Table 1 summarises the K�0, K�0 and � statistis obtained afteruts, the reonstruted mass positions, and the experimental mass resolutions.The bin size for the p2T - and rapidity (y-) distributions were hosen to be broader than theresolution determined from MC simulation. From MC we �nd that in eah bin more than 80%of the reonstruted vetor mesons were generated in the same bin.3.3 Aeptane orretionAeptane orretion funtions were determined from MC events using FRITIOF 7.02 [40℄. Thedetetor simulation was based on GEANT 3.21 [41℄ and inludes the measured hit resolutions,mapping of ineÆient hannels, and eletroni noise. The simulated events were proessed by thesame reonstrution hain as the data. Sine the FRITIOF generator uses an approximation forthe generation of hard parton-parton sattering, the MC p2T distributions show a steeper slopethan observed in the data. To make sure that the reonstrution eÆienies and the inueneof the analysis uts are orretly desribed by the simulation, the MC events were reweightedin p2T aording to the data for both the K�0/K�0 and the � meson. It was heked that afterreweighting both the rapidity and azimuthal MC distributions math those of the data.The total eÆieny for eah p2T - and y-bin was determined with the help of the reweightedMC events by omparing the number of reonstruted and produed K�0/� mesons in eah bin.The number of reonstruted mesons was obtained similar to data by a �t to the reonstrutedinvariant mass spetra. Typial eÆienies vary between 5% and 30% [34, 35℄. Studies of sys-temati unertainties due to signal extration and bakground estimation show that they arenegligible ompared to the statistial error in the orresponding interval. Note that for eahrapidity bin the eÆienies are determined by integrating over the measured p2T -range and vieversa.3.4 Systemati errorsPossible soures of systemati unertainties have been studied in detail: Sine espeially theK�0/K�0 invariant mass distributions are a�eted by a large ombinatorial bakground peakinglose to the resonane signal, an alternative bakground parametrisation to (3) was used, whihwas proven to be suessful in studies of K�0 prodution in e+e�-ollisions [42℄:BG(m) = p0 �1�� 1m+ p1�p2� � (1 + p3m) ; (5)where p0 : : : p3 are free parameters. The signal yields obtained in most p2T - and y-intervals agreefor the two analyses within their statistial unertainty. The absolute di�erene of the yields, de-rived using the two bakground parametrisations, is onsidered as a systemati error. It amountsto about 2% for the integrated ross setions. For the � meson a orresponding study [34℄ pro-vided muh smaller deviations, and their ontribution to the systemati error an be safelynegleted.The variation of the analysis uts, inluding the unertainties in the kaon identi�ationeÆieny (2.0% per identi�ed partile), resulted in a systemati unertainty of 2.8% for theK�0/K�0 and 6.2-7.1% for the � analysis (depending on the target material). The systematierror of the luminosity onsists of an overall saling error of 2% and a target material dependentpart of 3.8-5.0%, and the systemati error of the branhing ratios [37℄ amounts to 0.1% and1.22% for K�0 ! K+��/K�0 ! K��+ and � ! K+K�, respetively. A systemati error on
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(b)Figure 2. Measured inlusive di�erential ross setions d�=dy as a funtion of rapidity for a) K�0 and b) K�0meson prodution in the range 0 � p2T � 12GeV2=2. Horizontal bars indiate the widths of the individual bins,while vertial errors bars represent the unertainties due to statistis. Note that for most bins the error is smallerthan the size of the symbols. The dashed lines show the (saled) results of the FRITIOF MC.the trak eÆieny of 1.5% per trak was estimated using K0s ! �+�� deays [43℄. A summaryof all systemati errors is given in Table 2.4 Experimental results4.1 Di�erential ross setionsDue to limited statistis, we did not alulate the double-di�erential ross setion, but ratherdetermined the one-dimensional rates dN=dp2T and dN=dy, whih were integrated over the mea-sured y and p2T range, respetively. Given the orresponding one-dimensional eÆienies�a(p2T ) and �a(y), the di�erential ross setions an be written as:d�dx = 1BR � L dNdx 1�a(x) ; (6)where x = �y; p2T	. BR and L denote the branhing ratio of the deay and the integrated lumi-nosity of the data set, respetively. The aeptane boundaries of the measurement in rapidityand transverse momentum squared are given in Table 4.The measured ross setions for the K�0 and the K�0 mesons as a funtion of rapidity areshown in Fig. 2. The ross setions are rather at as expeted in the entral rapidity region [44℄.The K�0 ross setions are suppressed in omparison to the K�0 ross setions by about 20%,in agreement with the results of the FRITIOF MC. The rapidity distributions for � mesons



10 I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeVprodued on C, Ti, and W targets are shown in Fig. 4. Again the ross setion in the entralregion is at.Transverse momentum spetra are shown in Fig. 3 for the K�0 and K�0. The spetra deviatefrom a simple exponential shape at large transverse momenta, whih an be traed bak to hardparton-parton sattering [45℄. Common exponential parametrisations liked�dp2T = C2 e�ap2T ; (7)or d�dp2T = C3 e�bmT ; mT =qm20 + p2T (8)only �t the data for p2T . 1GeV2=2.On the ontrary, as is shown in Fig. 3, a power-law parametrisation,d�dp2T = C1�1 + p2Tp20 ��� ; (9)desribes the spetra over the full p2T range of the measurements. The p2T -spetrum of K�0mesons, whih have no valene quarks in ommon with nuleons, is steeper than the K�0 mesonspetrum. Similar observations have been made in hard pp ollions forK� mesons in omparisontoK+ mesons [45,46℄. In the latter ase this observation has been traed bak to the fat thatK�mesons are, for the kinemati ondition of the experiment, dominantly gluon fragments [45,47℄.QCD alulations [48℄ show that for a �xed value of xT = 2 pT =ps the relative ontribution ofgluon fragments to K� (K�0) prodution dereases while the sea quark share is enhaned whenthe CMS energy is inreased.The same parametrisation (9) suessfully �ts the transverse momentum distributions forthe �, shown in Fig. 5. The suppression of � mesons as ompared to K�0mesons by a fator of3 to 4 is ompatible with the known strangeness suppression in fragmentation proesses [42℄.No simple qualitative explanation exists for the observation that the K�0pT spetrum is steeperthan that of � meson.The �t parameters for all partiles are olleted in Table 3. Note that the �2 of the tungsten�ts is onsiderably worse than those of the other target materials. This is likely aused by anenhanement of bakground due to the large multipliity of the pW interations. The �2 improveshowever onsiderably when leaving out the bin of largest p2T in the �ts. The di�erential rosssetions d�=dy and d�=dp2T for K�0, K�0, and � prodution are summarised in Tables 6 and 7.4.2 Integrated inlusive and total ross setionsThe integrated ross setions in the aeptane region of the HERA-B detetor are alulatedby �tting the shape of the MC distributions to the di�erential ross setions d�=dy. The resultsof the �ts are shown as dashed lines in Figs. 2 and 4. The integrated ross setions �vis in thephase spae aessible to the HERA-B experiment are listed in Table 4. Note that integratingthe p2T di�erential distributions yields onsistent ross setions.The good agreement of the K�0 and K�0 transverse momentum spetra with the power-lawparametrisation (9) for small pT suggests that this is true also for the � di�erential ross setions,where only data with p2T � 0:3GeV2=2 are available. Hene we have used this parametrisationto extrapolate the � di�erential ross setion to 0 � p2T � 0:3GeV2=2 when alulating the totalross setion. The extrapolation fators are summarised in Table 4. The systemati unertainty
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(b)Figure 3. Measured inlusive di�erential ross setions d�=dp2T as a funtion of p2T for a) K�0 and b) K�0prodution. The vertial error bars reet statistial errors only. Fits to the parametrisation (9) are superimposed.
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Figure 5. Measured inlusive di�erential ross setions d�=dp2T as a funtion of p2T for � meson prodution. Thevertial error bars represent the unertainties due to statistis. Fits to the parametrisation (9) are superimposed.Table 3. Results of the power-law �ts (9) for the di�erential ross setions d�=dp2T . Fits were performed withinthe full p2T -range of the measurements and in the rapidity interval aessible by the experiment (�0:8 � y � 0:3for K�0/K�0, �0:7 � y � 0:25 for �). The last olumn gives the mean pT of the ross setions, alulated fromthe �t parameters. C1 [mb=GeV2℄ � p20 [GeV2=2℄ �2=n.d.f. hpT i [GeV=℄pA! K�0XC 28:5� 1:1 4:17 � 0:12 1:36 � 0:08 9.1/8 0:66 � 0:07Ti 87:1� 5:2 3:89 � 0:14 1:30 � 0:11 8.3/8 0:69 � 0:09W 268:5 � 10:9 3:75 � 0:10 1:32 � 0:08 24.5/8 0:72 � 0:07pA! �K�0XC 24:4� 1:0 4:67 � 0:16 1:52 � 0:11 14.2/8 0:64 � 0:07Ti 71:9� 4:4 4:39 � 0:21 1:51 � 0:14 13.0/8 0:67 � 0:11W 230:5 � 10:2 4:51 � 0:16 1:68 � 0:12 36.9/8 0:69 � 0:08pA! �XC 7:6� 0:8 4:04 � 0:15 1:26 � 0:13 12.6/12 0:66 � 0:09Ti 31:9� 5:0 3:81 � 0:21 1:15 � 0:17 10.5/12 0:66 � 0:14W 73:9� 6:1 4:20 � 0:14 1:65 � 0:14 28.4/12 0:72 � 0:09of the extrapolations is estimated by using parametrisation (7) as an alternative and takingthe di�erene between the two approahes. Leaving out the bin of largest p2T in the power-law�t inreases the extrapolated � ross setion by about 6%, whih is fully ompatible with thissystemati unertainty.Taking into aount the limited rapidity overage of the detetor, the integrated ross setionsare then extrapolated to full phase spae using target-spei� orretion fators ��vis . Thesefators are derived from the MC simulators FRITIOF [40℄ and HIJING [49℄, and the averageof both was taken for extrapolation. The systemati error was estimated by taking half the



I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeV 13Table 4. Extrapolated total ross setions �pA, and integrated inlusive di�erential prodution ross setions �viswithin the aessible phase spae of the measurement. The errors denote the statistial error and the ombinedsystemati error, respetively. The rapidity and p2T overage of the measurements are given in olumns 3 and4. For the � meson, Rextrp2T denotes the fator used for extrapolation of the integrated ross setions to p2T = 0.��vis is the fration of the total ross setion within the rapidity overage of the measurement, based on theFRITIOF [40℄ and HIJING [49℄ Monte-Carlo generators. Note that for these numbers the p2T -extrapolation forthe � ross setions was applied beforehand.�pA [mb℄ �vis [mb℄ rapidity interval p2T range [GeV2=2℄ Rextrp2T ��vis [%℄pA! K�0XC 43:9� 0:6� 3:3 12:1� 0:2� 0:9 -0.8 { +0.3 0.0 { 12.0 1 27:4� 0:7Ti 141:2 � 2:6� 10:6 38:5� 0:7� 2:7 1 27:3� 0:7W 465:9 � 6:4� 32:7 127:5 � 1:7 � 8:3 1 27:4� 0:7pA! �K�0XC 36:0� 0:6� 2:9 10:0� 0:2� 0:7 -0.8 { +0.3 0.0 { 12.0 1 27:7� 1:1Ti 111:5 � 2:5 � 9:7 31:1� 0:7� 2:3 1 27:9� 1:3W 388:8 � 6:9� 30:8 107:6 � 1:9 � 7:0 1 27:7� 1:3pA! �XC 11:0� 0:2� 1:4 1:60 � 0:03 � 0:14 -0.7 { +0.25 0.3 { 12.0 1:94 � 0:13 28:3� 1:8Ti 44:7� 1:0� 6:0 6:4� 0:1� 0:6 1:97 � 0:17 28:3� 1:7W 135:1 � 1:6� 17:0 21:9� 0:3� 2:0 1:72 � 0:14 27:9� 1:4Table 5. Atomi mass number dependene of the integrated and total prodution ross setions, and extrapolatedprodution ross setions in proton-nuleon reations. The errors of � reet the statistial errors and all target-material dependent systemati errors. For �pN , full errors due to statistis and systematis are given. Errors wereadded in quadrature. pN ! K�0X pN ! �K�0X pN ! �X�vis 0:86 � 0:03 0:87 � 0:03 0:96 � 0:02�pA 0:87 � 0:03 0:87 � 0:03 0:91 � 0:02�pN [mb℄ 5:06 � 0:54 4:02 � 0:45 1:17 � 0:11di�erene between the FRITIOF and the HIJING results. As quanti�ed in Table 4 about 28%of the total ross setion is aessible to the experiment. Correting the limited phase spaeoverage leads to the total inlusive ross setions�pA = Rextrp2T � �vis��vis (10)for K�0, K�0, and � prodution in pC-, pTi-, and pW-interations (olleted in Table 4). Thesystemati error of the ross setion extrapolation in total amounts to about 2.6% for the K�0,4.5% for the K�0, and 10.0% for the � total prodution ross setions (Table 2).4.3 Atomi mass number dependene of the integrated and total ross setionsFig. 7 shows the atomi mass number dependene of the integrated ross setions �vis for theprodution of K�0, K�0, and � mesons in pA-interations. The atomi number dependene iswell-desribed by a power-law �vis = �vis;0 � A�vis ; (11)where �vis;0 is the visible proton-nuleon ross setion. The results for the exponent �vis areolleted in Table 5. Comparing the values with those for inelasti pA ross setions, �inel =
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for the � vetor meson agree with the values determined by Cronin et al. [21℄ for K+ mesons.For the K�0/K�0 mesons, �(p2T ) is systematially smaller.
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I. Abt et al.: K�0 and � Meson Prodution in Proton-Nuleus Interations at ps = 41:6GeV 19Table 7. Compilation of the di�erential prodution ross setions d�=dp2T in the aessible phase spae of themeasurement. The errors reet the statistial and full systemati errors, respetively. The right olumn lists theresults of the A� �ts shown in Figs. 9. The errors given are the ombined statistial and target-material dependentsystemati errors, added in quadrature.�(p2T ) [GeV2=2℄ d�=dp2T [mb=(GeV=)2℄C Ti W �K�0 0.0 { 0.2 22:2� 0:5� 1:5 69:4� 4:3� 4:9 224:3 � 5:8� 14:0 0:85 � 0:030.2 { 0.4 12:2� 0:4� 0:8 38:9� 1:6� 2:7 119:4 � 4:2� 7:4 0:84 � 0:030.4 { 0.6 7:4� 0:2� 0:5 25:5� 1:3� 1:8 76:0 � 2:7� 4:9 0:85 � 0:030.6 { 0.8 4:7� 0:2� 0:3 14:5� 0:8� 1:1 50:5 � 2:0� 3:3 0:87 � 0:030.8 { 1.0 3:5� 0:1� 0:3 10:6� 0:7� 0:8 37:9 � 1:3� 2:5 0:88 � 0:031.0 { 1.5 1:92 � 0:04 � 0:13 6:4� 0:2� 0:4 21:8 � 0:5� 1:3 0:89 � 0:021.5 { 2.0 0:91 � 0:03 � 0:07 3:1� 0:2� 0:2 11:9 � 0:3� 0:8 0:95 � 0:032.0 { 3.0 0:37 � 0:01 � 0:03 1:45 � 0:06 � 0:11 5:0 � 0:1 � 0:3 0:95 � 0:033.0 { 4.0 0:157 � 0:006 � 0:013 0:56 � 0:04 � 0:05 2:20 � 0:08 � 0:16 0:97 � 0:044.0 { 7.0 0:035 � 0:001 � 0:003 0:142 � 0:008 � 0:011 0:64 � 0:02 � 0:04 1:08 � 0:037.0 { 12.0 0:0044 � 0:0003 � 0:0004 0:021 � 0:002 � 0:002 0:084 � 0:004 � 0:007 1:08 � 0:05K�0 0.0 { 0.2 19:3� 0:5� 1:4 59:2� 3:4� 4:3 201:8 � 5:5� 13:0 0:86 � 0:030.2 { 0.4 10:1� 0:3� 0:7 31:0� 1:5� 2:2 101:3 � 3:7� 6:5 0:85 � 0:030.4 { 0.6 6:2� 0:2� 0:4 19:1� 1:1� 1:4 65:0 � 2:9� 4:3 0:86 � 0:030.6 { 0.8 4:0� 0:2� 0:3 13:9� 0:9� 1:1 46:2 � 2:3� 3:2 0:90 � 0:040.8 { 1.0 2:8� 0:1� 0:2 10:1� 0:7� 0:8 34:5 � 1:7� 2:5 0:93 � 0:041.0 { 1.5 1:55 � 0:04 � 0:12 5:1� 0:3� 0:4 19:0 � 0:7� 1:3 0:92 � 0:031.5 { 2.0 0:68 � 0:02 � 0:05 2:6� 0:1� 0:2 8:7 � 0:3 � 0:6 0:93 � 0:032.0 { 3.0 0:264 � 0:010 � 0:022 0:88 � 0:05 � 0:07 3:9 � 0:1 � 0:3 1:00 � 0:043.0 { 4.0 0:102 � 0:006 � 0:011 0:45 � 0:03 � 0:04 1:78 � 0:08 � 0:16 1:05 � 0:054.0 { 7.0 0:024 � 0:001 � 0:002 0:097 � 0:008 � 0:009 0:42 � 0:02 � 0:03 1:06 � 0:057.0 { 12.0 0:0018 � 0:0002 � 0:0002 0:010 � 0:002 � 0:001 0:035 � 0:003 � 0:003 1:07 � 0:07� 0.3 { 0.4 2:8� 0:3� 0:2 9:4� 1:7� 1:2 34:9 � 4:1� 3:8 0:92 � 0:070.4 { 0.5 2:3� 0:2� 0:3 9:2� 1:3� 1:1 31:2 � 2:5� 3:1 0:95 � 0:060.5 { 0.7 1:70 � 0:09 � 0:16 7:0� 0:6� 0:7 23:0 � 1:1� 2:1 0:95 � 0:030.7 { 0.9 1:09 � 0:05 � 0:09 4:5� 0:3� 0:5 14:2 � 0:6� 1:3 0:94 � 0:030.9 { 1.1 0:73 � 0:03 � 0:07 2:8� 0:2� 0:3 10:1 � 0:4� 0:9 0:96 � 0:031.1 { 1.3 0:46 � 0:02 � 0:04 2:0� 0:1� 0:2 6:6 � 0:2 � 0:6 0:97 � 0:031.3 { 1.5 0:35 � 0:02 � 0:03 1:57 � 0:09 � 0:16 5:2 � 0:2 � 0:5 0:98 � 0:031.5 { 1.8 0:266 � 0:010 � 0:024 1:02 � 0:06 � 0:10 4:0 � 0:1 � 0:4 1:00 � 0:031.8 { 2.2 0:163 � 0:006 � 0:015 0:62 � 0:03 � 0:06 2:59 � 0:07 � 0:23 1:02 � 0:032.2 { 2.7 0:098 � 0:001 � 0:009 0:43 � 0:02 � 0:04 1:57 � 0:04 � 0:14 1:01 � 0:022.7 { 3.3 0:058 � 0:002 � 0:005 0:24 � 0:01 � 0:02 0:99 � 0:03 � 0:09 1:04 � 0:033.3 { 4.1 0:031 � 0:001 � 0:003 0:145 � 0:009 � 0:014 0:57 � 0:02 � 0:05 1:06 � 0:034.1 { 5.3 0:0157 � 0:0008 � 0:0014 0:065 � 0:005 � 0:007 0:268 � 0:010 � 0:024 1:04 � 0:035.3 { 7.6 0:0049 � 0:0003 � 0:0005 0:021 � 0:002 � 0:002 0:095 � 0:004 � 0:009 1:09 � 0:047.6 { 12.0 0:0010 � 0:0001 � 0:0001 0:0063 � 0:0010 � 0:0009 0:0183 � 0:0008 � 0:0020 1:06 � 0:06
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