Charm Baryon Working Group Report

Harry W. K. Cheung and Peter Cooper Fermi National Accelerator Laboratory, Wilson Road, Batavia, IL 60510

ffl Working Group Co-chairmen: Harry W. K. Cheung and Peter Cooper. ffl In attendence: Nural Akchurin, Dave Besson, John Cumalat, Isi Dunietz, Lynn Garren,

Catherine James, Jürgen Engelfried, Murray Moinester, Austin Napier, Charles Ray Newsom, Michael Procario, Jean-Marc Richard and Jim Russ.

Charm baryons has been singled out as a separate study group for a good reason. Most of what we have learned on charm physics comes from the study of charm mesons, because there are much more data for charm mesons than for charm baryons. The standard dogma is that this will continue to be true in the future. However, significant experimental progress has been made recently for charm baryons, and this has been slowly followed by more theoretical interest [1]. The charge of this working group was to determine how much the study of charm baryons can increase our knowledge of charm physics; what physics can be studied more easily with charm baryons than with charm mesons; and how to boost the production and reconstruction efficiency for charm baryons. We start our discussion with a list of physics topics.

1. LIFETIMES. A systematic study of the lifetimes of the weakly decaying charm baryons can give us information on the different roles of spectator decay, W-exchange, and interference. A number of circumstances make the study of charm baryon lifetimes extremely important in their own right and also complementary to what can be learned from charm meson lifetimes. The four weakly decaying (singly) charm baryons, when added to the three charm mesons, more than doubles the amount of possible lifetime measurements and makes a comparison of lifetime ratios with theory much more practical. Since W-exchange is not helicity suppressed in Cabibbo-favored charm baryon decays, and since there are more interference possibilities in charm baryon decays, charm baryon lifetimes are more sensitive to W-exchange and interference contributions. This neatly complements the study of charm meson decays.

Although there have been recent improvements in the lifetime measurements of a number of different charm particles, improvements in the reliability of theoretical predictions have not followed. It can be seen from some older work on charm baryon lifetimes [2], that the absolute lifetimes are difficult to predict reliably but the ratios of lifetimes can be more reliably calculated. It has even been said that the QCD-based ‘inclusive’ approach adopted in these calculations will never become fully quantitative [3], however, measurements of the lifetimes will still be informative [4]. So on the theoretical side one needs to improve the reliablity of calculations for the absolute lifetimes and also set out a procedure whereby one can extract useful information on the various decay contributions from the different lifetime measurements. On the experimental side, the precision of lifetime measurements of the D mesons are now at the 1% level. One may expect similar precision to be reached for the Λ+_c and Ξ+_c , but the short lifetimes of the Ξ0_c and Ω0_c are almost comparable to the current experimental resolution of 0.05–0.07 ps, which limits the precision of lifetime measurements. Improvements in the longitudinal vertex resolution are required in the future. This will also improve signal-to-noise and produce a more uniform acceptance with lifetime.

2. HADRONIC DECAYS. We can surely learn more about W-exchange from the study of charm baryons, since this is not helicity or color suppressed as in charm meson decays, but can we learn more about final state interactions and interference effects? Also, two-body decays appear quite dominant in charm meson decays; is this true for charm baryons? Maybe W-exchange can play a role in the resonant structure of charm decays? It is difficult to answer these questions at present due to both the lack of data on charm baryon exclusive hadronic decays and the corresponding lack of theoretical knowledge. There are several older and more recent theoretical analyses of charm baryon hadronic decays [5]. A desirable theoretical work would be a compilation of specific charm baryon decays from which one can extract useful information on W-exchange and Final State Interactions.

Traditional Dalitz plot analyses would be useful, but no Dalitz plot analysis on charm baryon decays has yet been done that correctly handles the spin effects. Some theoretical work on this would be helpful. Resonant analyses greatly benefit from large signal-to-noise, but in the past this has been difficult to achieve with large efficiency, mainly due to the short lifetime of charm baryons and background from the more adundant charm meson decays. Another area of charm baryons that could be greatly improved is the number of different fully reconstructed decay modes. Not many have so far been seen, and for a good reason: the decay baryon has to be reconstructed. These consist of: protons, which must be identified with good efficiency to eliminate abundant pions and kaons; neutrons, which are difficult to reconstruct and cannot be used in vertexing; Λ0, which normally cannot be used in vertexing and some are lost due to its relatively long lifetime; Σ^{±;}0, difficult to reconstruct due to neutral particles in their decay modes, and some are lost due to their relatively long lifetimes; and Ξ^{−;}0 and Ω^−, which require the reconstruction of a Λ0 (and π0 for the Ξ0) and some of which are lost due to two relatively long-lived decays. To compete with charm meson decays, one has to increase the acceptance and efficiency for reconstruction of these baryons relative to what has been achieved so far.

3. ABSOLUTE BRANCHING RATIOS. To aid in comparisons with theory where (normally) absolute rates are calculated, one requires the absolute branching ratios, as well as lifetimes. We could not think of any particularly good methods of obtaining absolute branching ratios for the Ξ+^;0_c and Ω0_c charm baryons. Methods already exist for extracting the absolute branching ratio for Λ+_c [6, 7]. Using theoretical predictions of exclusive semileptonic decays one may be able to relate the Λ+_c decays to the Ξ+^;0_c and Ω0_c decays, but one still needs more knowledge of their production. Probably a specialized experiment is needed for a measurement of the absolute branching ratio of the Ξ+^;0_c and Ω0_c charm baryons.

4. SPECTROSCOPY. Recently there has been a lot of interest in excited D mesons (D^{∗∗}).

The spectroscopy of excited charm baryon states should be much “richer” just because there are more of them; these should complement our studies of excited D mesons although they are theoretically more difficult to handle [8]. The large number of mass splittings that can be studied should provide an excellent testing ground for theory, but an experimental analysis will require excellent photon and π0 reconstruction efficiency, as well as very efficient reconstruction of the ground-state charm baryons. In order to measure narrow natural widths, it is anticipated that one would require better mass resolution than is typical of charm experiments so far. Since most resonances are expected to decay strongly, there would be an advantage to having a primary vertex which is relatively clean of pions, as in photoproduction.

5. SPIN DEPENDENT DECAYS. It is possible that charm baryons could be produced polarized in hadroproduction, as has been observed for strange baryons [9]. Charm baryons offer another experimental ground for this study and a spin analysis should be easily achievable as long as we have excellent signal-to-noise [10].

6. CHARM BARYON PRODUCTION. Almost all the experimental results on charm production have come from J/ψ and D studies. Charm baryon production will complement this study, and also enables investigation of other features of charm production like associated production. We know of no recent theoretical work on charm baryon production. A theoretical analysis may motivate more enthusiasm for future experimental studies [11]. We expect many new results from Fermilab experiment E791 and upcoming experiment E781 on charm baryon hadroproduction. Results on charm baryon photoproduction should come from the upcoming Fermilab E831 experiment.

7. DOUBLY CHARM BARYONS. The physics interest of the doubly charm baryons ccd, ccu and ccs is covered in an article by Jean-Marc Richard in these Proceedings. We did not come up with a method to calculate reliably the production of these baryons, but a back-of-the-envelope calculation shows that it is quite possible that a few could be seen in the next generation of charm experiments (Fermilab E831 and E781). These are expected to decay weakly with reasonably charm-like lifetimes into D mesons plus baryons or into charm baryons, mainly Ξ_c [12]. Reconstruction of these doubly charm states require excellent reconstruction efficiency for Ξ_c. It is not known how the production of these doubly charm baryons could be enhanced.

8. RARE/EXOTIC DECAYS. We cannot normally hope to compete with charm meson studies in the search for rare or exotic decays, and we could not think of any phenomena that would affect uniquely charm baryon decays but not charm mesons.

9. SEMILEPTONIC DECAYS. The inclusive semileptonic partial widths for D0 and D+ are observed to be the same. It would be interesting to study whether this is true for the charm baryons. This would not be true if interference effects are important for one charm baryon and not another. Information on the inclusive semileptonic partial widths may be helpful in determining the charm baryon lifetimes if one has a reliable theoretical model for what fraction of the total width is semileptonic. A determination of the inclusive semileptonic width is experimentally difficult due to large backgrounds unless one can produce a particular charm baryon cleanly or can find a clean tag. Exclusive semileptonic charm baryon decays should be easier to reconstruct. It would be interesting to study whether these decays are saturated by pure 3-body decays (one hadron and the lepton and neutrino) as in the case of the D mesons. These studies would also complement our studies using charm mesons of form factors and CKM matrix elements. Measurement of the exclusive semileptonic charm baryon decays may be helpful in extracting absolute branching ratios for the charm baryons.

It is clear to this working group that the study of charm baryons can provide unique physics and also information complementary to that gained from a study of charm mesons. It is also clear that in the majority of past experiments, the focus of beam considerations, triggering conditions and detector elements have been on charm mesons. It was felt by this group that to gain significantly in our knowledge of charm physics through the study of charm baryons, one has to focus on the special requirements of charm baryons: enhancing their production and improving their reconstruction. The reconstruction needs improvement in vertex resolution, due to the short lifetimes of the charm baryons; in momentum/mass resolution to improve the signal-to-noise and measure natural widths; in acceptance of the relatively long lived hyperons that have to be reconstructed; and in particle identification to improve signal-to-noise. These considerations were taken into account for CERN experiment WA89 and the upcoming Fermilab experiment E781, which have been designed to study charm-strange baryons. The upcoming Fermilab experiment E831, which is a “normal charm meson” experiment, is expected to fully reconstruct 20,000 Λ+_c ! pK^−π+ and one million charm mesons. A future CHARM 2000 “normal charm meson” experiment that reconstructs 100 million charm mesons may be expected to reconstruct one million Λ+_c ! pK^−π+ and 10,000 each of Ξ+_c , Ξ0_c and Ω0_c . Obviously the impact of such an experiment will depend on whether E781 can achieve their goal of fully reconstructing 100,000 Λ+_c ! pK^−π+, 150,000 each of Ξ+_c and Ξ0_c , and 5,000 Ω0_c [13]. If so, we believe a specialized charm baryon experiment will be required to significantly improve on that.

References

[1] For a list of references of recent experimental results on charm baryons please refer to the reviews given in these proceedings. The main recent results on charm baryon physics have come from ARGUS, CLEO, Fermilab E687 and CERN WA89.

[2] B. Guberina, R. Rückl and J. Trampetić, Z. Phys. C33, 297 (1986); M. B. Voloshin and M. A. Shifman, Sov. Phys. JETP 64, 698 (1986); V. Gupta and K. V. L. Sarma, Int. J. Mod. Phys. A5, 879 (1990); H. Y. Cheng, Phys. Lett. B289, 455 (1992).

[3] B. Blok and M. Shifman, \Lifetimes of Charm Hadrons Revisited. Facts and Fancy", in proceedings of the 3rd Workshop on the Tau-Charm Factory, Marbella, Spain, June 1993, TPI-MINN-93/55-T.

[4] I. I. Bigi and N. G. Uraltsev, \D_s Lifetime, m_b, m_c and jV_{cb}j in the Heavy Quark Expansion", CERN Preprint CERN-TH.7063/93.

[5] J. G. Körner and G. Krämer, Z. Phys. C2, 117 (1979) and Z. Phys. C55, 659 (1992); T. Uppal, R. C. Verma and M. P. Khanna, Phys. Rev. D49, 3417 (1994); J. G. Körner, M. Krämer and D. Pirjol, \Heavy Baryons", DESY Preprint DESY 94-095.

[6] S. R. Klein, Int. J. Mod. Phys. A5, 1457 (1990) and references therein.

[7] H. W. K. Cheung, \Charm Baryon Production and Decays in E687", in proceedings of the 28th Recontres de Moriond, QCD and High Energy Hadronic Interactions, Les Arcs, France, March 20-27 1993, p.473, FERMILAB-Conf-93/164-E.

[8] L. A. Copley, N. Isgur and G. Karl, Phys. Rev. D20, 768 (1979); N. Isgur and M. B. Wise, Phys. Rev.

Lett. 66, 1130 (1991); T. Uppal and R. C. Verma, Phys. Rev. D47, 2858 (1993).

[9] J. Lach, \Hyperon Polarization: An Experimental Overview", in proceedings of the Int. Workshop on Flavour and Spin in Hadronic and EM Interactions, Torino, Italy, September 21-23 1992, FERMILAB- Conf-92/378.

[10] J. D. Bjorken, Phys. Rev. D40, 1513 (1989); M. Jezabek, K. Rybicki and R. Rylko, Phys. Lett. B286, 175 (1992).

[11] M. Fontannaz, B. Pire and D. Schiff, Z. Phys. C11, 211 (1981); M. P. Alvarez et al., Phys. Lett. B246, 256 (1990); M. P. Alvarez et al., Z. Phys. C60, 53 (1993).

[12] J.D. Bjorken, \Estimates of Decay Branching Ratios for Hadrons Containing Charm and Bottom Quarks", unpublished notes from the Heavy quark working group meeting 3, on July 17th 1985.

[13] R. Edelstein et al., Fermilab E781 (SELEX) Proposal.