Results on Rare Five-Track Decay Modes of the Ω^− Hyperon

5th Internation Conference on Hyperons, Charm and Beauty Hadrons, Vancouver, Canada, June 2002

Nickolas Solomey Illinois Institute of Technology HyperCP Collaboration

The HyperCP (FNAL E871) Collaboration

A. Chan, Y.C. Chen, C. Ho, P.K. Teng

Academica Sinica, Taiwan

W.S. Choong, Y. Fu, G. Gidal, P. Gu, T. Jones, K.B. Luk, B. Turko, P. Zyla

Lawrence Berkeley National Laboratory and University of California

C. James, J. Volk

Fermilab

J. Felix

University of Guanajuato, Mexico

R. Burnstein, A. Chakravorty, D. Kaplan, L. Lederman, W. Luebke, D. Rajaram, H. Rubin, N. Solomey, N. Stobie, Y. Torun, C. White, S. White

Illinois Institute of Technology

N. Leros, J.P. Perroud

University of Lausanne

H.R. Gustafson, M. Longo, F. Lopez, H.K. Park

University of Michigan

K. Clark, C.M. Jenkins

University of South Alabama

C. Dukes, C. Durandet, T. Holmstrom, M. Huang, L.C. Lu, K. Nelson

University of Virginia

Decay Channels

Fully Reconstructed 5-track (Used for normalization):

Ω^− → Λ^0K^− → π^+π^−π^− → pπ^− Signal Mode (Contribution of quark diagrams: tree, penguin, double gluon): Ω^− → Ξ^−π^+π^− → Λ^0π^− → pπ^− Resonance process: Ω^− → Ξ^{0∗}_{1530}π^− → Ξ^−π^+ → Λ^0π^− → pπ^− Muon Mode (Flavor changing neutral current):

Ω^− → Ξ^−μ^+μ^− → Λ^0π^− → pπ^− Antiparticle Modes (Tests of CP and CPT)

Previous Observations

• Previously 4 Ω^− → Ξ^−π^+π^− events observed by M. Bourquin, et al., 1984.

• Ω^− → Ξ^−π^+π^− hard to distinguish from Ω^− → Ξ^{0∗}_{1530}π^− where Ξ^{0∗}_{1530} → Ξ^−π^+ • PDG Branching Ratios (based on the same 4 events with different normalizations) Assumed Mode Branching Ratio Ω^− → Ξ^−π^+π^− 4.3^{+3.4}_{−1.3} × 10^{−4} Ω^− → Ξ^{0∗}_{1530}π^− 6.4^{+5.1}_{−2.0} × 10^{−4}

HyperCP Experiment

• HyperCP designed to measure CP violation in Ξ^− and Λ decays • HyperCP Data Set (97 and 99 runs): Mode Reconstructed events^1 Ξ^− → Λ^0π^− 2490 × 10^6 Ω^− → Λ^0K^− 19 × 10^6 K^− → π^−π^+π^− 555 × 10^6 • Muon identification • No EM calorimeter

1Includes corresponding antiparticle decay

Ω^− → Λ^0K^− (5-track) Selection Criteria

• 3 negative and 2 positive tracks • All vertices within decay volume • Ω^− vertex upstream of K^− and Λ^0 vertices • Tracks form good vertices • Total momentum between 120 and 220 GeV/c ■ p π^− invariant mass within 3σ of Λ^0 mass ▲ π^+ π^− π^− invariant mass within 3σ of K^− mass ♦ Reconstructed Omega track within the aperture of the hyperon magnet ♦ No muon hodoscope hits

(Cuts grouped by symbols)

Ω^− → Λ^0K^− (5-track) Selection Criteria

Observed Ω^− → Λ^0K^− (5-track) Events

Ω^− → Ξ^−π^+π^− Selection Criteria

• 3 negative and 2 positive tracks • All vertices within decay volume • Ω^− vertex upstream of Ξ^− vertex • Ξ^− vertex upstream of Λ^0 vertex • Tracks form good vertices • Total momentum between 120 and 220 GeV/c ■ p π^− invariant mass within 3σ of Λ^0 mass ▲ Λ^0 π^− invariant mass within 3σ of Ξ^− mass ♦ Reconstructed Omega track within the aperture of the hyperon magnet ♦ No muon hodoscope hits

(Cuts grouped by symbols)

Ω^− → Ξ^−π^+π^− Selection Criteria (continued)

Observed Ω^− → Ξ^−π^+π^− Events

Preliminary Branching Ratio for Ω^± → Ξ^±π^+π^−

Resonance Process in Ω^− → Ξ^−π^+π^− Events

Ω^− → Ξ^−μ^+μ^− Selection Criteria

• 3 negative and 2 positive tracks • All vertices within decay volume • Ω^− vertex upstream of Ξ^− vertex • Ξ^− vertex upstream of Λ^0 vertex • Tracks form good vertices • Total momentum between 120 and 220 GeV/c • p π^− invariant mass within 3σ of Λ^0 mass • Λ^0 π^− invariant mass within 3σ of Ξ^− mass • Reconstructed Omega track within the aperture of the hyperon magnet • At least 1 muon track activate 2/3 PWCs in muon system • Proton and pion tracks not activating 2/3 PWCs in muon system

Search For Ω → Ξ^−μ^+μ^−

15

Conclusion

• With ∼35 times the number of previously observed Ω^− → Ξ^−π^+π^− events, an improved measurement of the branching ratio is possible (statistical error ∼ 10%) • Positive polarity data will further increase statistics with Ω^+ → Ξ^+π^−π^+ events and allow CP or CPT measurements by comparison with negative mode • The larger sample will allow investigation of Ω^− → Ξ^{0∗}_{1530}π^− where Ξ^{0∗}_{1530} → Ξ^−π^+ • Limit will be set on the decay Ω^− → Ξ^−μ^+μ^−

(single event sensitivity ∼ 1 × 10^{−4})