arXiv:nucl-ex/0409030 v1 29 Sep 2004

Exclusive Photoproduction of the Cascade (Ξ) Hyperons

J. W. Price,^{1, ∗} B. M. K. Nefkens,^1 J. L. Ducote,^1 J. T. Goetz,^1 G. Adams,^{31} P. Ambrozewicz,^{10} E. Anciant,^3 M. Anghinolfi,^{17} B. Asavapibhop,^{23} G. Audit,^3 T. Auger,^3 H. Avakian,^{35} H. Bagdasaryan,^{27} J. P. Ball,^2 S. Barrow,^{11} M. Battaglieri,^{17} K. Beard,^{20} M. Bektasoglu,^{26, 27, †} M. Bellis,^{31, 4} N. Benmouna,^{13} B. L. Berman,^{13} N. Bianchi,^{16} A. S.

Biselli,^4 S. Boiarinov,^{19} S. Bouchigny,^{18} R. Bradford,^4 D. Branford,^9 W. J. Briscoe,^{13} W. K. Brooks,^{35} V. D. Burkert,^{35} C. Butuceanu,^{39} J. R. Calarco,^{24} D. S. Carman,^{26} B. Carnahan,^5 C. Cetina,^{13} S. Chen,^{11} P. L. Cole,^{15} A.

Coleman,^{39} J. Connelly,^{13} D. Cords,^{35, ‡} P. Corvisiero,^{17} D. Crabb,^{38} H. Crannell,^5 J. P. Cummings,^{31} E. De Sanctis,^{16} R. DeVita,^{17} P. V. Degtyarenko,^{35} H. Denizli,^{29} L. Dennis,^{11} K. V. Dharmawardane,^{27} C. Djalali,^{34} G. E. Dodge,^{27} D. Doughty,^6 P. Dragovitsch,^{11} M. Dugger,^2 S. Dytman,^{29} O. P. Dzyubak,^{34} M. Eckhause,^{39} H. Egiyan,^{35} K. S. Egiyan,^{40} L. Elouadrhiri,^6 A. Empl,^{31} P. Eugenio,^{11} L. Farhi,^3 R. Fatemi,^{38} R. J. Feuerbach,^{35} T. A. Forest,^{27} V. Frolov,^{31} H. Funsten,^{39} S. J. Gaff,^8 G. Gavalian,^{27} G. P. Gilfoyle,^{33} K. L. Giovanetti,^{20} C. I. O. Gordon,^{14} R.

Gothe,^{34} K. Griffioen,^{39} M. Guidal,^{18} M. Guillo,^{34} N. Guler,^{27} L. Guo,^{35} V. Gyurjyan,^{35} C. Hadjidakis,^{18} R. S. Hakobyan,^5 D. Hancock,^{39} J. Hardie,^6 D. Heddle,^6 F. W. Hersman,^{24} K. Hicks,^{26} I. Hleiqawi,^{26} M.

Holtrop,^{24} J. Hu,^{31} C. E. Hyde-Wright,^{27} Y. Ilieva,^{13} D. Ireland,^{14} M. M. Ito,^{35} D. Jenkins,^{37} K. Joo,^7 H. G. Juengst,^{13} J. H. Kelley,^8 J. Kellie,^{14} M. Khandaker,^{25} K. Y. Kim,^{29} K. Kim,^{21} W. Kim,^{21} A. Klein,^{27} F. J. Klein,^{35} A. V. Klimenko,^{27} M. Klusman,^{31} M. Kossov,^{19} L. H. Kramer,^{10} Y. Kuang,^{39} V. Kubarovsky,^{31} S. E. Kuhn,^{27} J. Kuhn,^4 J. Lachniet,^4 J. M. Laget,^3 J. Langheinrich,^{34} D. Lawrence,^{23} Ji Li,^{31} K. Livingston,^{14} K.

Lukashin,^{5, 35} W. Major,^{33} J. J. Manak,^{35} C. Marchand,^3 S. McAleer,^{11} J. W. C. McNabb,^{28} B. A. Mecking,^{35} J. J.

Melone,^{14} M. D. Mestayer,^{35} C. A. Meyer,^4 K. Mikhailov,^{19} M. Mirazita,^{16} R. Miskimen,^{23} L. Morand,^3 S. A. Morrow,^3 V. Muccifora,^{16} J. Mueller,^{29} G. S. Mutchler,^{32} J. Napolitano,^{31} R. Nasseripour,^{10} S. O.

Nelson,^8 S. Niccolai,^{18} G. Niculescu,^{20} I. Niculescu,^{20} B. B. Niczyporuk,^{35} R. A. Niyazov,^{35} M. Nozar,^{35} J. T.

O’Brien,^5 G. V. O’Rielly,^{13} M. Osipenko,^{17} A. Ostrovidov,^{11} K. Park,^{21} E. Pasyuk,^2 G. Peterson,^{23} S. A. Philips,^{13} N. Pivnyuk,^{19} D. Pocanic,^{38} O. Pogorelko,^{19} E. Polli,^{16} S. Pozdniakov,^{19} B. M. Preedom,^{34} Y. Prok,^{38} D. Protopopescu,^{14} L. M. Qin,^{27} B. A. Raue,^{10} G. Riccardi,^{11} G. Ricco,^{17} M. Ripani,^{17} B. G. Ritchie,^2 F.

Ronchetti,^{16} G. Rosner,^{14} P. Rossi,^{16} D. Rowntree,^{22} P. D. Rubin,^{33} F. Sabatié,^3 K. Sabourov,^8 C. Salgado,^{25} J. P.

Santoro,^{37} M. Sanzone-Arenhovel,^{17} V. Sapunenko,^{17} R. A. Schumacher,^4 V. S. Serov,^{19} A. Shafi,^{13} Y. G. Sharabian,^{40} J. Shaw,^{23} S. Simionatto,^{13} A. V. Skabelin,^{22} E. S. Smith,^{35} T. Smith,^{24} L. C. Smith,^{38} D. I.

Sober,^5 M. Spraker,^8 A. Stavinsky,^{19} S. Stepanyan,^{35} B. Stokes,^{11} P. Stoler,^{31} I. I. Strakovsky,^{13} S. Strauch,^{13} M. Taiuti,^{17} S. Taylor,^{32} D. J. Tedeschi,^{34} U. Thoma,^{12} R. Thompson,^{29} A. Tkabladze,^{26} L. Todor,^{33} C. Tur,^{34} M. Ungaro,^{31} M. F. Vineyard,^{36} A. V. Vlassov,^{19} K. Wang,^{38} L. B. Weinstein,^{27} H. Weller,^8 D. P. Weygand,^{35} M. Williams,^4 M. Witkowski,^{31} E. Wolin,^{35} M. H. Wood,^{34} A. Yegneswaran,^{35} and J. Yun^{27} (The CLAS Collaboration) 1University of California at Los Angeles, Los Angeles, CA 90095–1547 2Arizona State University, Tempe, Arizona 85287–1504 3CEA-Saclay, Service de Physique Nucleaire, DAPNIA-SPhN, Cedex, France 4Carnegie Mellon University, Pittsburgh, Pennslyvania 15213 5Catholic University of America, Washington, D.C. 20064 6Christopher Newport University, Newport News, Virginia 23606 7University of Connecticut, Storrs, Connecticut 06269 8Duke University, Durham, North Carolina 27708–0305 9Edinburgh University, Edinburgh EH9 3JZ, United Kingdom 10Florida International University, Miami, Florida 33199 11Florida State University, Tallahassee, Florida 32306 12Physikalisches Institut der Universität Giessen, 35392 Giessen, Germany 13The George Washington University, Washington, DC 20052 14University of Glasgow, Glasgow G12 8QQ, United Kingdom 15Idaho State University, Pocatello, ID 83209 16INFN, Laboratori Nazionali di Frascati, Frascati, Italy 17INFN, Sezione di Genova, 16146 Genova, Italy 18Institut de Physique Nucleaire ORSAY, Orsay, France 19Institute of Theoretical and Experimental Physics, Moscow, 117259, Russia 20James Madison University, Harrisonburg, Virginia 22807 21Kyungpook National University, Daegu 702-701, South Korea 22Massachusetts Institute of Technology, Cambridge, Massachusetts 02139–4307 23University of Massachusetts, Amherst, Massachusetts 01003 24University of New Hampshire, Durham, New Hampshire 03824–3568

25Norfolk State University, Norfolk, Virginia 23504 26Ohio University, Athens, Ohio 45701 27Old Dominion University, Norfolk, Virginia 23529 28Penn State University, University Park, Pennsylvania 16802 29University of Pittsburgh, Pittsburgh, Pennsylvania 15260 30Universita’ di ROMA III, 00146 Roma, Italy 31Rensselaer Polytechnic Institute, Troy, New York 12180–3590 32Rice University, Houston, Texas 77005–1892 33University of Richmond, Richmond, Virginia 23173 34University of South Carolina, Columbia, South Carolina 29208 35Thomas Jefferson National Accelerator Laboratory, Newport News, Virginia 23606 36Union College, Schenectady, NY 12308 37Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061–0435 38University of Virginia, Charlottesville, Virginia 22901 39College of Willliam and Mary, Williamsburg, Virginia 23187–8795 40Yerevan Physics Institute, 375036 Yerevan, Armenia (Dated: 29th September 2004)

We report on the first measurement of exclusive Ξ^−(1321) hyperon photoproduction in γp → K^+K^+Ξ^− for 3.2 < Eγ < 3.9 GeV. The final state is identified by the missing mass in p(γ, K^+K^+)X measured with the CLAS detector at Jefferson Laboratory. We have detected a significant number of the ground-state Ξ^−(1321)^1_2^+, and have estimated the total cross section for its production. We have also observed the first excited state Ξ^−(1530)^3_2^+ . Photoproduction provides a copious source of Ξ’s. We discuss the possibilities of a search for the recently proposed Ξ^{−−}_5 and Ξ^+_5 pentaquarks.

Little is known about the doubly-strange Ξ hyperons. According to the Review of Particle Properties (RPP), J^P has been determined for only three states: the Ξ(1321)^1_2^+, the Ξ(1530)^3_2^+, and the Ξ(1820)^3_2^− [1]. Eight more candidates have been reported, but no J^P determination has been made [1]. SU (3)_F symmetry implies the existence of a Ξ for every N^∗ and also one for every Δ^∗ [2]. The RPP lists 24 well-established (3- or 4-star) N^∗ and Δ^∗ resonances. There are also 20 N^∗ and Δ^∗ “candidates” (1- or 2-star). We therefore expect to find at least 24 Ξ^∗ states; another 20 states may also exist.

Because the cascades have strangeness S = −2, they are difficult to produce. The study of these hyperons has thus far centered on their production in K^−p reactions; some Ξ^∗ states were found using high energy hyperon beams. It is important to find other means of Ξ production — there is no suitable K^− facility for the production of the excited Ξ^∗ states available now or in the forseeable future.

The inclusive photoproduction process γp → Ξ^−X has been studied by two groups. In both cases, the Ξ^− was reconstructed from the decay products in the chain Ξ^− → π^−Λ → π^−π^−p. Aston et al. [3] used a tagged photon beam in the energy range 20 < E_γ < 70 GeV at the CERN SPS with the Omega spectrometer, and measured a cross section of 28 ± 9 nb for x_F (= 2p^∗_‖/ √ s) > −0.3. Abe et al. [4] used a 20 GeV laser-backscattered photon

∗Electronic address: price@physics.ucla.edu †Current address: Sakarya University, Turkey ‡Deceased

beam incident on the SLAC 1-m hydrogen bubble chamber and quote a total cross section of 117 ± 17 nb. They also report a value of 94 ± 13 nb in the same x_F range as the CERN group, in strong disagreement with Aston et al. [3]. The discrepancy between these two experiments has never been addressed.

The availablility at the Thomas Jefferson National Accelerator Facility (JLab) of high-energy, high-quality photon and electron beams up to 6 GeV suggests that the prospects for cascade photoproduction should be revisited. All 11 cascade states listed in the RPP are very narrow (9 − 60 MeV) [1], and there is reason to believe that any missing cascades are also narrow [5]. The Ξ^− can therefore be observed as a sharp peak in the missing mass spectrum in p(γ, K^+K^+)X. This method has a great benefit in that it can be used without modification to search for all narrow excited cascade states [6].

In this paper, we present the first measurement of exclusive Ξ^− photoproduction in the process γp → K^+K^+Ξ^−. We use the missing mass technique to measure the cross section for the production of the ground state Ξ^−, and establish a signal for the first excited state Ξ^−(1530). The method, while currently limited by statistics, is a viable option for future searches for high-mass Ξ^∗ states. The availability of a substantial sample of cascade hyperons, both in the ground state and excited states, will allow the pursuit of several avenues of research [7]. These include the search for the many missing cascade states mentioned above, studies of interesting cascade decays, J^P measurements of the Ξ states, the sd quark mass difference, and with a long target to allow rescattering, Ξp scattering and double Λ hypernuclear production.

The interest in cascade physics has received a major boost due to the recent evidence for the production of pentaquarks, even though their existence is not firmly established [8, 9]. Within the proposed antidecuplet of pentaquark states, three are manifestly exotic, in that their quantum numbers preclude them from being threequark states: the Θ^+(1540), the Ξ^{−−}_5 , and the Ξ^+_5 (the subscript “5” refers to the pentaquark nature of these objects). Only one experiment, NA49, has claimed a signal for the Ξ_5 [10], although there is dissention within the NA49 group as to the interpretation of this result [11]. Other experiments with much higherstatistics [12, 13, 14, 15, 16] have not seen this state. The RPP rates the Ξ_5 as a one-star state [1]. It is urgently necessary to find a complementary approach to investigate the existence of the Ξ_5.

The photon energy threshold for the production of the ground state Ξ^−(1321)^1_2^+ is 2.4 GeV; the first excited state, the Ξ^−(1530)^3_2^+, requires E_γ > 2.96 GeV. These energies are readily available at JLab with the Hall B Photon Tagger [17], while the two K^+’s can be detected with the large-acceptance multi-particle spectrometer CLAS [18]. This detector is a six-sector spectrometer with a toroidal magnetic field. Three sets of drift chambers surrounded by a highly-segmented scintillation counter system determine the momentum and velocity of the outgoing charged particles at polar angles in the range 10^∘ − 140^∘.

To establish that there are two K^+’s in the final state, time-of-flight is used over a ∼5-m flight path to the outermost layer of the CLAS detector. This makes the detection efficiency strongly dependent on the kaon momentum. Each kaon must also have enough perpendicular momentum to be directed into the detector, which places a limit on the maximum observable Ξ^∗ mass beyond that imposed by the photon energy. These factors are partially offset by the toroidal field of the CLAS magnet, which bends positively-charged particles away from the beamline. The measurement described in this paper benefits from the resulting large geometrical acceptance for the two K^+’s.

We have analyzed two existing CLAS data sets for the exclusive photoproduction process p(γ, K^+K^+)Ξ^−. The first data set, labeled g6a, had a photon energy range 3.2 < E_γ < 3.9 GeV, with a photon flux of 10^6 γ/s. For the second data set, g6b, the photon energy range was 3.0 < E_γ < 5.2 GeV, and the photon flux was approximately five times higher. The running conditions for the two data sets were otherwise identical. An 18-cm-long liquid-hydrogen target was located at the center of CLAS. The trigger required a coincidence between charged particle tracks in two opposing sectors. The integrated luminosity of the g6a data set is 1.1 pb^{−1}. The luminosity of the g6b set is approximately twice as large, but the absolute normalization uncertainties in this data set prevent us from using it in our evaluation of the cross section. The determination of the photon flux is discussed in [17].

The identification of a particle as a K^+ is based on the measured momentum and velocity. Figure 1 shows

Figure 1: The missing mass mX in the process p(γ, K^+K^+)X for the g6a data set. The figure has not been corrected for acceptance. The ground-state Ξ^−(1321)^1_2^+ is clearly seen; the signal-to-background ratio exceeds 10:1. A possible enhancement is seen in the plot at the position of the first excited state Ξ^−(1530)^3_2^+. The arrow indicates the RPP mass of this state at 1.535 GeV.

the missing mass spectrum for the process p(γ, K^+K^+)X from the g6a data set. This spectrum has not been corrected for acceptance. There is a large, very narrow peak at 1320 MeV, with a signal-to-background ratio of better than 10:1. The mass is in excellent agreement with the RPP value of 1321.3 ± 0.1 MeV [1]. This excellent agreement is likely fortuitous; based on other measured missing masses in this analysis, we estimate the systematic uncertainty in the mass determination of this data set is about 10 MeV. Subtracting a polynomial background, we find that the ground-state peak has 101±12 events. A flat background yields nearly the same result. The FWHM is approximately 15 MeV, consistent with the missing mass resolution of the CLAS detector.

There is an indication of a small peak in Fig. 1 in good agreement with the mass of the first excited state, the Ξ^−(1530)^3_2^+. It is too small for any conclusion about the Ξ^−(1530) to be made, due to the relatively low available photon energy and a reduced detector acceptance. To investigate this, we have analyzed the CLAS g6b data set. Figure 2 shows the corresponding missing mass spectrum. In this data set the Ξ^−(1530) is clearly visible. Higher-mass states, however, cannot be seen above the background. A data set concentrated at high energy, the CLAS g6c data set (4.8 < E_γ < 5.4 GeV; ∫ Ldt = 2.7 pb^{−1}), will be analyzed for the production of heavier excited states of the cascade. This analysis will be the subject of a future publication.

Figure 2: Same as Fig. 1 for the g6b data set. Both the ground state Ξ^−(1321)^1_2^+ and the first excited state Ξ^−(1530)^3_2^+ are seen.

One of the advantages of the missing mass technique is that the physics backgrounds are small; if the final state contains two K^+’s, whatever is left must have the quantum numbers of the Ξ^−. The first real background that can appear is due to the process γp → K^+ϕΛ, where the ϕ decays to K^+K^−. This background only contributes for missing masses above m_K− + m_Λ = 1.6 GeV.

The high photon flux contributes to another background due to K/π misidentification. The analysis procedure used for this data matched the timing of each track in CLAS to that of a tagged photon in our photon tagger. The innermost timing detector in CLAS had only three channels, which resulted in a large accidental background from one of two likely final states: π^+π^+Δ^− and K^+π^+Σ^−. Both of these can appear to be the K^+K^+Ξ^− final state if the photon that caused the event was not tagged (if, for instance, it was below the range of the photon tagger), while a higher-energy photon was tagged nearby in time. This results in the large background in Fig. 2.

Even when the photon is tagged correctly, a highenergy pion can masquerade as a high-energy kaon. If this happens in the process γp → K^+π^+Σ^−, the resulting missing mass will be incorrectly calculated. This results in the enhancement in Fig. 2 near 1100 MeV. A similar background, due to the process γp → K^+π^+Σ^−(1385), is expected to appear near the mass of the ground-state cascade.

The large background under the peak in Fig. 2, along with the g6b normalization difficulty mentioned earlier, makes the extraction of a cross section difficult. We

Figure 3: Consistency of the missing mass of the K^+K^+ system. Shown is the centroid of the peak in the K^+K^+ missing mass for γp → K^+K^+X as a function of the incident photon energy. The vertical error represents one-half the bin width of the plot in Fig. 1. The horizontal line is the PDG value of the Ξ^− mass of 1321.31 MeV.

therefore do not report cross sections for this data set, as improvements have been made to the CLAS detector to mitigate both of these issues. Future data is expected to be much cleaner. We may still use the g6b data set to make a qualitative assessment of the feasibility of the Ξ photoproduction program.

We can show that a peak is not an artifact of K/π misidentification by investigating the dependence of the position of the peak on the incident photon energy and the cascade production angle. By dividing our data into four E_γ bins, we effectively make four independent measurements of the Ξ^− mass. As seen in Fig. 3, the peak position is stable over a 700-MeV E_γ range. A similar test was performed, plotting the peak position as a function of the Ξ^− c.m. angle, with the same results.

The cascade production mechanism is not known at present; it likely involves the intermediate production of any of several high-mass N^∗ and Y^∗ states. This makes the calculation of the acceptance difficult and results in a large systematic uncertainty in the extraction of the cross section. Our estimate of the cross section is based on a uniform K^+K^+Ξ^− phase space distribution of the final state particles. In this special case, we used a Monte Carlo simulation of the CLAS detector based on GEANT 3.21 to find that the ground state photoproduction process for the g6a data set has an acceptance of 2.8%, averaged over the entire E_γ range.

The dominant systematic uncertainty is in the acceptance calculation, due to the unknown production mechanism for this process. The limited statistics of this measurement prevent us from making a detailed study of the production, but we may make an estimate of the effect of different production models by comparing the acceptance based on our phase-space calculation above with a toy model in which the cross section varies as a function of the momentum transfer t to the K^+K^+ system, with the functional form σ = Ae^{Bt}. For such a model, we obtain a smaller acceptance and a correspondingly higher cross section. By comparing the simulation with the data, we obtain B = 1 ± 1, leading to a variation in the calculated acceptance of ∼ 30%. We use this as our systematic uncertainty, and obtain a value for the total cross section, averaged over the photon energy range 3.2 < E_γ < 3.9 GeV, of 3.5 ± 0.5(stat.) ± 1.0(syst.) nb. At luminosites attainable with photon experiments with the CLAS detector, our data imply the production of several thousand cascade ground-state hyperons per week. The cross section for the first excited state is roughly two to three times smaller than for the ground state, but nevertheless provides a reasonable counting rate in a dedicated experiment. We are therefore confident that we will have sufficient counting rates to justify initiating the program of cascade physics outlined in Ref. [7].

With small modifications, the photoproduction method may be used to search for Ξ_5 pentaquarks. In the prediction of Ref. [19] and elsewhere, the Ξ_5 has isospin 3/2, with −2 ≤ Q ≤ +1. The Ξ^−_5 can be detected using the process p(γ, K^+K^+)Ξ^−_5 , similar to the 3-quark Ξ^−. To detect the other three charge states, additional pions of the appropriate charge can be added to the final state. The processes p(γ, K^+K^+π^+)Ξ^{−−}_5 and p(γ, K^+K^+π^−π^−)Ξ^+_5 would be used to detect the two manifestly exotic cascades. Because these processes have extra particles in the final state, they also have correspondingly higher photon energy thresholds. It is therefore necessary to run at the highest energies possible for these searches. The identification of the Ξ^−_5 and the Ξ^0_5 as pentaquarks is dependent on also finding the Ξ^{−−}_5 or the Ξ^+_5 at the same mass. If the pentaquarks are found, we may use the process p(γ, K^+K^+)Ξ^−_5 to compare the properties of the pentaquark cascades with those of the 3-quark cascades, such as mass splittings, widths, decay rates, and decay modes. The ability to look at both of these types of states with the exact same process makes this a powerful approach.

We have demonstrated the potential of photoproduction to investigate new cascade states. Furthermore, we have shown that JLab has sufficient energy and tagged photon flux for this purpose. The absolute energy calibration of the Hall B photon tagger and CLAS allow the determination of missing masses to < 1% in the cascade mass region. This method provides a complementary approach to the search for the cascade pentaquark.

We would like to acknowledge the outstanding efforts of the staff of the Accelerator and the Physics Divisions at JLab in support of this experiment. This work was supported in part by the U.S. Department of Energy, the National Science Foundation, Emmy Noether grant from the Deutsche Forschungs Gemeinschaft, the French Centre National de la Recherche Scientifique, the French Commissariat à l’Energie Atomique, the Istituto Nazionale di Fisica Nucleare, and the Korea Research Foundation. The Southeastern Universities Research Association (SURA) operates the Thomas Jefferson National Accelerator Facility for the United States Department of Energy under contract DE-AC05-84ER40150.

[1] S. Eidelman et al., Phys. Lett. B592, 1 (2004). [2] B.M.K. Nefkens, in Baryons ’95, edited by B. Gibson et al. (World Scientific, Singapore, 1995), p. 177.

[3] D. Aston et al., Nucl. Phys. B198, 189 (1982). [4] K. Abe et al., Phys. Rev. D 32, 2869 (1985). [5] D.O. Riska, Eur. Phys. J. A17, 297 (2003). [6] B.M.K. Nefkens, in N^∗ Physics, edited by T.-S. H. Lee and W. Roberts (World Scientific, Singapore, 1996), p. 186.

[7] J.W. Price, J. Ducote, and B.M.K. Nefkens, in Baryons 2002, edited by Carl Carlson and Bernhard Mecking (World Scientific, Singapore, 2003), 498.

[8] Penta-Quark 2003 Workshop, Newport News, VA (6– 8 November 2003), http://www.jlab.org/intralab/ calendar/archive03/pentaquark/.

[9] Pentaquark04 International Workshop, SPring-8, Japan (20–23 July, 2004), http://www.rcnp.osaka-u.ac.jp/ ∼penta04/.

[10] C. Alt et al., Phys. Rev. Lett. 92, 042003 (2004).

[11] H.G. Fischer and S. Wenig, arXiv:hep-ex/0401014. [12] M.I. Adamovich et al., Eur. Phys. J C5, 621 (1998). [13] K.T. Knöpfle et al., J. Phys. G30, S1363 (2004). [14] M. Paulini for the CDF and D0 Collaborations, in Proceedings of the Workshop on Physics at Meson Factories, to be published; arXiv:hep-ex/0409021.

[15] S. Chekanov for the ZEUS collaboration, in Proceedings of the 12th International Workshop on Deep Inelastic Scattering, to be published; arXiv:hep-ex/0405013.

[16] B. Aubert et al., in Proceedings of the 32nd International Conference on High-Energy Physics, to be published; arXiv:hep-ex/0408064.

[17] D. Sober et al., Nucl. Instrum. Methods A440, 263 (2000).

[18] B.A. Mecking et al., Nucl. Instrum. Methods A503, 513 (2003).

[19] D. Diakonov, V. Petrov, and M. Polyakov, Z. Phys.

A359, 305 (1997).