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MESON AND HYPERON PRODUCTION RESULTSFROM THE DISTO SPECTROMETER AT SATURNE�P. Salaburag, F. Balestrad, Y. Bedfer, R. Bertini;d, L.C. BlandbF. Brohard, M.P. Bussad, V. Chalysheva, Seonho ChoibM. Dzemidzib, J.-Cl. Faivre, I.V. Falomkina, L. Favad, L. FerrerodJ. Foryiarzf;e, V. Frolova, I. Fröhlihg, R. Garfagninid, D. GillhA. Grassod, S. Heinz;d, V.V. Ivanova, W.W. Jaobsb, W. KühngA. Maggiorad, M. Maggiorad, A. Manara;d, D. PanzieridH.-W. Pfaffg, G. Piraginod, G.B. Ponteorvoa, A. PopovaJ. Ritmanne, F. Tosellod, S.E. Vigdorb, and G. ZosidThe DISTO CollaborationaJINR, Dubna, RussiabIndiana University Cylotron Faility, Bloomington, Indiana, USALaboratoire National Saturne, CEA Salay, FranedDipartimento di Fisia �A. Avogadro� and INFN-Torino, ItalyeM. Smoluhowski Institute of Physis, Jagellonian University, Kraków, PolandfH.Niewodnizanski Institute of Nulear Physis, Kraków, PolandgII. Physikalishes Institut, University of Gieÿen, GermanyhTRIUMF-Vanouver, Canada(Reeived July 27, 2000)The prodution of �, �0, !, �, mesons, as well as � and � hyperonshas been measured in proton-proton reations with an inident beam mo-mentum of 3.67 GeV/ with DISTO spetrometer at SATURNE. The �rstobservation of the � meson near the prodution threshold and the �=! rosssetions ratio has been ompared to preditions based on the OZI rule andon one-boson-exhange models. Measured inlusive ross setion for K�mesons prodution is about a fator of 20 lower than for inlusive K+ pro-dution at the same CM energy above threshold. This fat is in strongontrast to ross setions observed in sub-threshold heavy ion ollisions.The prodution of � and �0 mesons has also been measured, in an e�ort togain information on the �0-nuleon oupling. The normal spin transfer o-e�ient (DNN ) has been determined for exlusive hyperon prodution witha polarized beam. A large negative oe�ient has been observed, whih isqualitatively onsistent with expetations for a mehanism dominated bykaon-exhange and resattering.PACS numbers: 13.60.Le, 13.60.Rj� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2419)



2420 P. Salabura et al.1. IntrodutionThe large aeptane of the DISTO spetrometer allowed many di�erent�nal states to be olleted simultaneously, providing a data base for a verybroad physis program:Pseudosalar �; �0 and vetor ! and � mesons prodution have beenstudied. As a result, various questions ranging from: OZI rule violation inhadroni reations, antikaons prodution ross setion important for sub-threshold K+,K� reation in heavy-ion ollisions to the exoti properties ofthe �0 meson an be addressed, as will be presented in the upoming setions.One of the major questions being addressed is the hyperon produtionmehanism. Polarization observables in hyperon prodution are importantto distinguish between di�erent meson-exhange models reproduing near-threshold ross setion measurements [1℄. In pursuit of this problem we havemade the �rst measurement whih ombines polarized beam with exlusivehyperon prodution kinematis.2. ApparatusA polarized proton beam from the SATURNE proton synhrotron withinident momentum pbeam = 3:67 GeV/ was direted onto a liquid hydro-gen target of 2 m length, and multiple harge partile �nal states weremeasured with the DISTO spetrometer [2℄. The harged partiles weretraked through a magneti spetrometer and deteted by an array of sin-tillator hodosopes and water �erenkov detetors. The magneti spetrom-eter onsisted of a dipole magnet (� 1:0 T � m), 2 sets of sintillating�ber hodosopes inside the �eld and 2 sets of multi wire proportional ham-bers (MWPC) outside the �eld. The large aeptane of the spetrometer(� �15Æ vertial, �48Æ horizontal) allowed for oinident detetion of fourharged partiles, whih was essential for the kinematially omplete reon-strution of many �nal states (pp�+��, pp�+���0, pp�+���, ppK+K�,pK�, pK�). Partile identi�ation was ahieved using the light outputfrom the water Cherenkov detetors and energy loss measurement in thehodosope. 3. � and ! meson produtionIt is by now widely aepted that the nuleon's struture is substantiallymore omplex than the simplest piture of three valene quarks. Experimen-tal information on the nuleon's struture funtions with polarized beams [3℄and the ��N term in pion nuleon elasti sattering [4, 5℄ suggest a signi�-ant ontribution of strange sea quarks to the nuleon's wave funtion. Inaddition, �pp annihilation studies [6℄ have observed that � and ! meson ross



Meson and Hyperon Prodution Results from : : : 2421setion ratio is enhaned by up to two orders of magnitude relative to predi-tions based on a naive appliation of the Okubo�Zweig�Iizuka (OZI) rule [7℄.Aording to the OZI rule, proesses with disonneted quark lines in the ini-tial or �nal state are suppressed. As a onsequene of the near ideal SU(3)mixing, the � meson prodution should be strongly suppressed as omparedto the ! meson in reations of hadrons with negligible strange quark ontent.The observed apparent violation of OZI rule in �pp is most dramati for han-nels with : (a) dominane of spin triplet 3S1-wave annihilations at rest (b)small invariant mass of a �nal state partiles ( or �0) and small invariantmomentum transfer [6℄. These �ndings have been interpreted in terms of po-larized intrinsi �ss ontribution to the proton's wave funtion. In partiularrearrangement diagrams of spin-triplet initial �pp would yield preferentiallyspin triplet �ss state suh as the � [8℄. Alternatively, kaon exhange modelshave been proposed to explain the � prodution [9℄. Further insight on theorigin of the enhaned �=! ratio in �pp annihilation ould be provided bystudying near-threshold proton-proton reations, where the kinematis aresimilar to �pp but preditions based upon intrinsi strangeness in the nuleonand kaon exhange models might be expeted to di�er. One should notethat due to the momentum and parity onservation spin triplet state is theonly allowed spin on�guration for the � prodution in pp reations at thethreshold [10℄.The reation pp! pp� was observed via K+K� deay of the � meson,where kaons are identi�ed using the �erenkov detetors [11℄. Sine the 4-momenta of all partiles in the �nal state have been measured, the events arekinematially over�determined. Therefore, 4-momentum onservation anbe used for a drasti bakground suppression by requiring that the proton-proton missing mass (Mppmiss) be equal to the K+K� invariant mass (MKKinv ).The distribution of the di�erene of these two quantities is plotted in theleft frame of �gure 1 with lear signal from events onsistent with K+K�prodution. The right frame of �gure 1 presents K+K� invariant massdistribution. It an be seen that at this beam energy a large fration of kaonpairs is produed via intermediate � meson.The reation pp! pp! was identi�ed via �+���0 deay of ! meson withundeteted neutral pion [11℄. For this analysis the 4-partile missing massMpp�+��miss and 2 partile missing mass Mppmiss must orrespond to a missing�0 and a missing !, respetively.The �=! ratio from our experiment (�lled square) is shown on �gure 2together with existing higher energy proton-proton data [12℄. All errorbars shown are the sum of systemati and statistial errors. The dashedline orresponds to the OZI predition multiplied by the ratio of available3-body phase spae for � to ! prodution. Our result shows that the �=!ratio appears to rise slightly ompared to the OZI rule expetations as one
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Meson and Hyperon Prodution Results from : : : 2423approahes the threshold. The solid line results from a model alulationby Sibirtsev et al. [13℄ using a one pion exhange model and inludingthe proton-proton �nal state interations. Although the higher energy dataagree well with the preditions of Sibirtsev et al., near threshold the mea-sured ratio is enhaned by about a fator 3. In other models of [14℄ and [15℄� prodution dominantly arise from the known oupling to the �� hannel.The angular distributions of the � and ! mesons are shown in Fig. 2.Sine the entrane hannel is symmetri, the observed symmetry aboutos(�m) = 0 is expeted. From the upper distribution we onlude thatthe � meson is predominantly in a S-wave state relative to the pp system.The ! meson's angular distribution has been �t with an expansion using the�rst three even Legendre polynomials. The deviations from isotropy indiatethat higher partial waves are involved in the ! prodution.The prodution ross for � and ! prodution an be determined usingnormalization to simultaneously measured � yield. The ross setion forthe reation pp ! pp� at our beam energy has been derived from a �tto aurately measured data [16, 17℄ with exeption of the measurementat pbeam = 2:8GeV= by E. Pikup et al. with a large systemati errordue to bakground subtrution. From the �t we estimate the total rosssetion for the reation pp! pp� at pbeam = 3:67 GeV= to be 135� 35�b.Based on this normalization, the ! and � prodution ross setions are50 � 3 � 19�b and 0:19 � 0:014 � 0:08�b, respetively, inluding both thestatistial and systemati errors for the ! and � meson results. The !prodution ross setion is in good agreement with existing data [17,18℄ (nearps�psth � 0:41 GeV), whih provides a very important indiation that theaeptane orretion proedure and absolute normalization method do notintrodue a systemati bias signi�antly larger than the quoted systematierrors. 4. Inlusive K� meson yieldCurrently there is muh interest to determine the total K� produtionross setion in nuleon-nuleon reations near threshold. This ross setionis of partiular importane for heavy ion physis. In heavy ion ollisions ithas been observed that the K� and K+ prodution ross setions are thesame in sub-threshold reations that are measured at the same enter of massenergy relative to the respetive thresholds [19℄ (see also ontribution of P.Senger to this onferene). The neessity to inlude proesses in alulationsof heavy ion ollisions that enhane the K� yield relies on the expetationthat the K� ross setion is muh lower in pp reations. However, the K�meson ross setion data have either been before dedued from K0 results[20℄, or taken from di�erent exlusive hannels with one or two pions in



2424 P. Salabura et al.the �nal state. Furthermore, there is a lak of pp ! K�X data for theregime ps � ps0 < 0:5 GeV where most of the K� mesons are produedin heavy ion ollisions [22℄. Therefore, the DISTO [23℄ (Fig. 1) resultprovides an important omparison for the heavy ion data sine it is the �rstK� ross setion measurement in the near threshold region. This resultis equivalent to the inlusive ross setion sine no other hannel inludinghadrons is kinematially allowed (N.B. Q = ps � ps0 = 0:11 GeV=2 <M�0). Reently, COSY-11 has also reported on K� near threshold rosssetion measurement (see P. Moskal ontribution to this onferene).The total inlusive K� ross setion, with the absolute normalizationdisussed above, of (0:21 � 0:11 � 0:08)�b has been determined. This rosssetion is about a fator 20 lower than pp ! K+ + X data at a similaravailable energy [24℄.5. �0 meson oupling to the nuleonThe �0 meson has unusual properties related to important aspets ofQCD. For instane, hiral symmetry gives rise to a group of nearly masslesspseudosalar partiles (so alled Goldstone bosons). However, the mass ofthe �0 meson is muh larger than the remaining eight pseudosalar mesons(�; � and K). This was the ause of muh onern until it was realized thatquantization e�ets in QCD lead to the hiral UA(1) anomaly whih allowsthe SU(3) singlet state (�1) to aquire mass by mixing with pseudosalargluon states. Due to the small pseudosalar mixing angle (�P � �10Æ to�20Æ) [25℄, a gluoni admixture would primarily inrease the �0 meson'smass. Nevertheless, it is still disputed how to appropriately desribe theonstituents of this meson.The prodution of the �0 meson in proton-proton reations has beenobserved diretly above the threshold [27, 28℄, however, an extration ofg�0NN is di�ult due to the large Final State Interations (FSI). On theother hand, the preliminary DISTO results presented here were measuredat a beam momentum su�iently above threshold so that the FSI no longerdominates the prodution mehanism.The �0 mesons were identi�ed by observing the �0 ! �+��� ! �+��+neutrals deay hannel [26℄. After seleting events with four harged parti-les (pp�+��) it was required that the proton-proton missing mass (Mppmiss)be equal to the �0 mass and that the four partile missing mass (Mpp�+��miss )be equal to the � mass. The obtained proton-proton missing mass distribu-tion with lear �0 signal is shown on Fig. 3. The dashed urve represents thebakground ontribution and the solid urve shows sum of the bakgroundand the signal (dotted urve). After full aeptane orretions and absolutenormalization via the � ross setion, a total prodution ross setion has
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2426 P. Salabura et al.mentum vetors. Hyperon prodution andidates were seleted from eventswith four reonstruted traks, onsistent with identi�ation as p and K+from a primary vertex within the target volume and p and �� from a deayvertex displaed by � 1 m [31℄. Exlusive � prodution events were identi-�ed as those with both the invariant mass of the p�� pair (Mp��) and themissing mass reonstruted from the pK+ pair equal, within resolution, tothe � mass.
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Meson and Hyperon Prodution Results from : : : 2427the model of Ref. [1℄. At large positive xF , DNN is maximally di�erent forthe two dominant ontributions indiated in the �gure. To onserve angularmomentum and parity, kaon emission at this vertex (bottom right diagram,Fig. 4) auses a spin-�ip, yielding DNN = �1 whereas the pion emissionproess (upper right) requires DNN = +1. The predited DNN tends to-ward zero for both mehanisms at the more negative xF , sine the hyperonis then onneted preferentially to the unpolarized (target) proton.The large negative values observed for DNN at xF > 0 in Fig. 4(b)an thus be interpreted in a meson-exhange framework to suggest kaon-exhange dominane. The full theoretial alulation (dot-dashed urve inFig. 4, not yet folded with the experimental aeptane) is qualitativelysimilar to the measurements. 7. SummaryIn onlusion, the prodution of �, �0, ! and � mesons as well as � and�0 hyperons has been studied by measuring their harged deay produtsin pp reations at pbeam = 3.67 GeV/:The �=! ross setion ratio has been measured and is observed to ex-eed a naive appliation of the OZI rule by an order of magnitude. Althoughalulations using the known ���� oupling are able to explain the enhane-ment observed at higher energies, these preditions still underestimate thenear threshold behavior by a fator 3. However, more re�ned alulationsmay well provide an explanation for this inrease without expliitly requiringa signi�ant ontribution of s�s to the nuleon's wave funtion.Furthermore, we have determined the inlusive K� prodution ross se-tion in a energy regime that is very important for the interpretation of heavyion indued reations in whih the e�ets of partial restoration of hiral sym-metry are being studied.The total �0 meson prodution ross setion has also been measured.This result will be useful to help determine the strength of the �0-nuleonoupling. Moreover, this oupling may provide further insights to the po-tentially strong gluoni omponent of the �0 meson.We have reported the �rst polarization transfer measurements for anexlusive hyperon prodution reation, pK+�. The large negative valuesobserved for DNN at positive xF represent a robust qualitative behaviorsuggestive of a prodution mehanism dominated by kaon-exhange, andquite di�erent from high-energy observations for inlusive hyperon produ-tion.Finally, these results also provide a very important starting point for theunderstanding of hadroni properties in a dense nulear environment as willbe measured by the HADES detetor whih is under onstrution at GSI.This work was in part supported by KBN 2P03B 115 15.



2428 P. Salabura et al.REFERENCES[1℄ J.M. Laget, Phys. Lett. B 259, 24 (1991).[2℄ F. Balestra et al., Nul. Instrum. Methods A426, 385 (1999).[3℄ J. Ashman et al., Phys. Lett. B206, 364 (1988) and Nul. Phys. B328, 1(1989); P. Amandruz et al., Phys. Lett. B295, 159 (1992); D. Adams et al.,Phys. Lett. B357, 248 (1995).[4℄ T.P. Cheng, R.F. Dashen, Phys. Rev. Lett. 26, 594 (1971).[5℄ T.P. Cheng, Phys. Rev. D13, 2161 (1976); J. Gasser et al., Phys. Lett. B213,85 (1988); J. Gasser, H. Leutwyler, M.E. Sainio, Phys. Lett.B253, 252 (1991).[6℄ J. Reifenrother et al., Phys. Lett. B267, 299 (1991); V. G. Ableev et al., Phys.Lett. B334, 237 (1994); C. Amsler et al., Phys. Lett. B346, 363 (1995).[7℄ G. Zweig, CERN report 8419/Th 412 (1964); S. Okubo Phys. Lett. B5, 165(1965); I. Iizuka, Prog. Theor. Phys. Suppl. 37-38, 21 (1966); S. Okubo, Phys.Rev. D16, 2336 (1977).[8℄ J. Ellis CERN report 95-334/Th 1995, Phys. Lett. B353, 319 (1995).[9℄ M.P Loher, Yang Lu, Z. Phys. A351, 83 (1994); O.Gorthakov et al.,Z. Phys. A353, 447 (1996); Ulf-G. Mei�ner et al., Phys. Lett. B408, 381(1997).[10℄ M.P. Rekalo, Z. Phys. A357, 133 (1997).[11℄ F. Balestra et al., Phys. Rev. Lett. 81, 4572 (1998).[12℄ V. Blobel et al., Phys. Lett. B59, 88 (1975); R. Baldi et al., Phys. Lett.B68, 381 (1977);???(inijal) Arenton et al., Phys. Rev. D25, 2241 (1982);S.V. Golovkin et al., Z. Phys. A359, 435 (1997).[13℄ A. Sibirtsev, Nul. Phys. A604, 455 (1996) and private ommuniations.[14℄ A.I. Titov, B. Kämpfer, V.V. Shklyar, nul-th/9712024.[15℄ K. Nakayama et al., Phys. Rev. C60, 1580 (1999).[16℄ H. Calán et al., Phys. Lett. B366, 39 (1996); A.M. Bergdolt et al., Phys.Rev. D48, R2969 (1993); E. Chiavassa et al., Phys. Lett. B322, 270 (1994);E. Pikup et al., Phys. Rev. Lett. 8, 329 (1962).[17℄ L. Bodini et al., Nuovo Cimento 58A, 475 (1968); A.P. Colleraine, U. Nauen-berg, Phys. Rev. 161, 1387 (1967); G. Alexander et al., Phys. Rev. 154, 1284(1967); C. Caso et al., Nuovo Cimento 55A, 66 (1968); E. Colton, E. Gellert,Phys. Rev. D1, 1979 (1970); G. Yekutieli et al., Nul. Phys. B18, 301 (1970);S.P. Almeida et al., Phys. Rev. 174, 1638 (1968); J. Le Guyader et al., Nul.Phys. B35, 573 (1971).[18℄ F. Hibou et al., nul-ex/9903003.[19℄ R. Barth et al., Phys. Rev. Lett. 78, 4007 (1997); F. Laue et al., Phys. Rev.Lett. 82, 1640 (1999).[20℄ S.V. Efremov, E.Y. Paruev, Z. Phys. A348, 217 (1994); CERN HERA Report84-01; S.V. Efremov, E.Y. Paruev, Phys. At. Nul. 57, 532 (1994).



Meson and Hyperon Prodution Results from : : : 2429[21℄ D. Kaplan, A. Nelson, Phys. Lett. B175, 57 (1986); G.E. Brown, et al.,Nul. Phys. A567, 937 (1994); T. Waas et al., Phys. Lett. B379, 34 (1996);J. Sha�ner-Bielih et al., Nul. Phys. A625, 325 (1997); M. Lutz, Phys. Lett.B426, 12 (1998).[22℄ G.Q.Li et al., Phys. Lett. B329, 149 (1994).[23℄ F.Balestra et al., Phys. Lett. B468, 7 (1999).[24℄ R. Bilger et al., Phys. Lett. B420, 217 (1998); W. Fikinger et al., Phys. Rev.125, 2082 (1962).[25℄ F. Gilman, R. Kau�man, Phys. Rev. D36, 2761 (1987).[26℄ F. Balestra et al. submitted to Phys. Rev. Lett.[27℄ P. Moskal et al., Phys. Rev. Lett. 80, 3202 (1998).[28℄ F. Hibou et al., Phys. Lett. B438, 41 (1998).[29℄ A. Sibirtsev, Eur. Phys. J. A2, 333 (1998) and private ommuniations.[30℄ R. Plötzke et al., Phys. Lett. B444, 555 (1998).[31℄ F. Balestra et al., Phys. Rev. Lett. 83, 1534 (1999).[32℄ B.E. Bonner et al., Phys. Rev. Lett. 58, 447 (1987); B.E Bonner et al., Phys.Rev. D38, 729 (1988).[33℄ A. Bravar et al., Phys. Rev. Lett. 78, 4003 (1997).[34℄ S.E. Vigdor, in Flavour and Spin in Hadroni and Eletromagneti Intera-tions, eds. F.Balestra et al., Editrie Compositori, Bologna 1993, p.317.


