hep-ex/9911035 24 Nov 1999

IIT-HEP-99/2 October 1999

Should p̄p ! Λ̄Λ be revived?

Daniel M. Kaplan^{a∗†}

aPhysics Division, Illinois Institute of Technology, Chicago, IL 60616, USA

The continued interest of CP violation in hyperon decay (as well as many other physics topics that could be addressed by such a facility) suggests that a dedicated p̄ storage ring at Fermilab ought to be reconsidered. With recent and anticipated technical progress, sensitivity many orders of magnitude beyond that achieved in LEAR may be possible, including 10^{−5} sensitivity for the Λ/Λ̄ CP-asymmetry parameter AΛ.

From 1984 until LEAR was shut down in 1996, the reaction p̄p → Λ̄Λ was extensively studied by the PS185 experiment [ 1]. This technique was proposed by Donoghue, Holstein, and Valencia [ 2] in 1986 (and during 1990–1992 further elaborated by the CERN CP-Hyperon Study Group [ 3]) as a possible avenue to detection of CP violation in hyperon decay. The PS185 group has since published [ 4] the world’s most sensitive limit to date on the Λ/Λ̄ CP asymmetry [ 5] A_Λ ≡ (α + ᾱ)/(α − ᾱ) = 0.013 ± 0.022, based on ≈ 10^5 events, and analysis of the large PS185 data sample continues.^1

The CERN hyperon-CP-violation study also stimulated the 1992 Fermilab Proposal 859 by Hsueh and Rapidis [ 6]. By this time PS185 had demonstrated O(10^{−2}) sensitivity, and the goal of P859 was sensitivity of 1×10^{−4}, where model calculations [ 7] predicted a possibly-detectable effect. They proposed a modification of the PS185 approach, with a new dedicated p̄ storage ring to be built at Fermilab for the purpose. The proposal was turned down, with the comment that it would take 10^{−5} sensitivity to justify building a new storage ring [ 8]. A 1993 proposal for a fixed-target experiment at 1×10^{−4} sensitivity was eventually approved, leading to the HyperCP experiment now running in the Meson Center beamline [ 9].

While the large value of ϵ^′/ϵ = (21.2 ± 4.6) × 10^{−4} [ 10, 11] suggests the possibility that A_Λ

∗E-mail: kaplan@fnal.gov †To appear in Proc. Hyperon 99, Fermilab, 27–29 Sept. 1999.

1Here α is the up-down asymmetry parameter for Λ ! pπ− decay and ᾱ is that for the charge-conjugate decay.

might be similarly large [ 10], whether HyperCP observes a few × 10^{−4} to 10^{−3} effect or not, it is of interest whether sensitivity at the 10^{−5} level is feasible.^2 This would require ∼ 10^{11} events, 100 times as many as in HyperCP — probably not feasible in the fixed-target approach. Thus we should explore whether p̄p → Λ̄Λ could be pushed to 10^{−5}.

The P859 sensitivity estimate was based on 3 months of running at an average luminosity of 1.6 × 10^{32} cm^{−2}s^{−1}, to be achieved with 260 mA of 1.64 GeV/c antiprotons, in a ring about 1/3 the size of the Accumulator, incident on a hydrogengas-jet target of 1 × 10^{14} atoms/cm^2. This luminosity requires antiproton production at a minimum rate of 6 × 10^{10}/hour.

While these numbers were ambitious for 1992, they have since been surpassed by the p̄ source and the E835 gas-jet target. A factor 100 in event sample is nevertheless a tall order. It might be achievable with (for example) luminosity 1 × 10^{33} cm^{−2}s^{−1} over four years of running, with 500 mA of antiprotons and target density of 3 × 10^{14} atoms/cm^2. While this target density has been achieved by the E835 collaboration [ 12], the required antiproton production rate of 3.6 × 10^{11}/hour is a factor ≈2 extrapolation beyond current plans for Tevatron Run II [ 13]. This is not unreasonable, especially given plans for a substantial proton-source upgrade at Fermilab [ 14].

Of course, the establishment or refutation of

2Since HyperCP measures the sum of the Ξ and Λ asymmetries, a direct measurement of AΛ will be important even if HyperCP observes a large value for the sum AΞ + AΛ.

feasibility at 10^{−5} sensitivity will require a great deal more work — for example, on storage-ring optics and cooling, triggering and data acquisition, and especially a detailed study of systematic uncertainties. The importance of this physics suggests that such an effort is worthwhile. More generally, the availability of a p̄ source orders of magnitude beyond LEAR in intensity should make possible a wide range of interesting physics. Given the relatively modest cost of such a project, it should be seriously considered as an add-on to the Fermilab program in the coming decade.

REFERENCES

1. http://hpfr02.physik.unifreiburg.de/ps185/ps185.html.

2. J. F. Donoghue, B. R. Holstein, and G. Valencia, Phys. Lett. 178B, 319 (1986) and Int. J. Mod. Phys. A, 2, 319 (1987).

3. N. Hamann et al. (CP-Hyperon Study Group), “CP Violation in Hyperon Decays: The Case p̄p → Λ̄Λ → p̄π^+pπ^−,” CERN/SPSLC 92-19 (1992).

4. P. D. Barnes et al., Phys. Rev. C 54, 1877 (1996).

5. J. F. Donoghue and S. Pakvasa, Phys. Rev.

Lett. 55, 162 (1985).

6. S. Hsueh and P. Rapidis, Fermilab Proposal 859 (1992).

7. J. F. Donoghue, X. G. He, and S. Pakvasa, Phys. Rev. D 34, 833 (1986).

8. J. Peoples, letter to P. Rapidis and S. Hsueh, July 16, 1992.

9. K. S. Nelson, this conference; see also S. Antos et al., Fermilab Proposal 871 (Revised Version), Mar. 1994;

see also E. C. Dukes, “A New Fermilab Experiment to Search for Direct CP Violation in Hyperon Decays,” in High Energy Spin Physics, K. J. Heller and S. L. Smith, eds., AIP Conference Proceedings 343 (1994); K. B. Luk, “Experimental Prospects for Observing CP Violation in Hyperon Decay,” in Heavy Quarks at Fixed Target, Proc. HQ94 Workshop, B. Cox, ed., Frascati Physics Series 3 (1994), p. 81;

D. M. Kaplan, “Fixed Target CP Violation Experiments at Fermilab,” IIT-HEP-96- 2, presented at 5th Hellenic School and Workshops on Elementary Particle Physics, Corfu, Greece, 3–24 Sept. 1995, hep-ex/9509009.

10. X.-G. He et al., “CP Violation in Hyperon

Decays from Supersymmetry,” ISU-HEP-99- 7, hep-ph/9909562 (1999).

11. A. Alavi-Harati et al., Phys. Rev. Lett. 83, 22 (1999);

V. Fanti et al., “A New Measurement of Direct CP Violation in Two Pion Decays of the Neutral Kaon,” CERN-EP-99-114, hepex/9909022 (1999).

12. S. Pordes, private communication. 13. E. Harms, private communication. 14. W. Chou, Proc. 1999 Particle Accelerator Conference, A. Luccio and W. MacKay, eds., IEEE, New York (1999), p. 3285.