Report from the Fermilab HyperCP Experiment

C. M. Jenkins Department of Physics University of South Alabama Mobile, AL 36688

The Centennial Meeting of The American Physical Society

Atlanta, Georgia

March 23, 1999

E871 (HyperCP) Collaboration

A. Chan, Y.C. Chen, C. Ho, J.Sheng^†, P. K. Teng, C. Yu^† Z. Yu^†

Academia Sinica, Taiwan

W. S. Choong, G. Gidal, T. Jones, K.-B. Luk, B. Turko, P. Zyla

University of California and Lawrence Berkeley National Laboratory

M.Crisler, C. James, J. Volk

Fermi National Accelerator Laboratory

J. Felix, G. Lopez, M. Sosa

University of Guanajuato, Mexico

R. A. Burnstein, A.Chakravorty, D. M. Kaplan, L.M. Lederman,W. Luebke, D. Rajaram, H. A. Rubin, C. White, S. L. White

Illinois Institute of Technology

N. Leros, J.-P. Perroud

University of Lausanne, Switzerland

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

University of Michigan

K. Clark, C. M. Jenkins

University of South Alabama

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

University of Virginia

† Visitors form IHEP, Beijing

The HyperCP Experiment is at the Fermi National Accelerator Laboratory.

• The experiment took data in the 1997 fixed target run at Fermilab.

• Results presented here are PRELIMINARY ≈ 8% of sample.

• The HyperCP Experiment’s primary physics goal is to look for CP violation in the decays of Ξ hyperons. CP violation_{has only been}

observed in the decays of K^o’s. And recently CDF observed indications of CP violation in B^o_d → J/ψK^o_s decays.

Ξ^− → Λπ^− Ξ^+ → Λπ^+

Λ → p π^− Λ → pπ^+ • Other physics to be explored by the HyperCP Experiment include:

– Search for CP violation in K^± → π^+π^−π^± decays, W. S. Choong QB08.08 3/24/99 (Wednesday) 11:00 AM.

– Search for rare decays: Σ^+ → pμ^+μ^− K^+ → π^+μ^+μ^− FCNC Ξ^− → pμ^−μ− Later this session D. Rajaram, JB08.07 Σ^− → pμ^−μ^− K^+ → π^−μ^+μ^+

Lepton number violation

– Measurement of hyperon decay parameters. – Measurement of hyperon polarization. – Measurement of production cross sections.

Physics of CP Violation in Ξ decays

• The non-leptonic decay of the Ξ hyperon is described in terms of the Lee-Yang variables: α = 2Re(S^∗P ) |S|2+|P |2 , β = 2Im(S∗P ) |S|2+|P |2 , γ = |S|2−|P |2 |S|2+|P |2 This is a parity violating decay, so S is the S wave amplitude and P is the P wave amplitude.

• Under CP operation, α and β change signs, γ is unchanged.

• The decay distribution for the daughter spin^1_2 baryon in the rest frame of the parent hyperon is: dP dΩ = 1 4π (1 + α ⃗P_p · p̂_d) • Where in the rest frame of the parent:

– ⃗P_p is the parent hyperon polarization. – p̂_d is the daughter baryon momentum direction.

• The daughter baryon is polarized according to:

⃗P_d = (α +

⃗P_p · p̂_d)p̂_d + β( ⃗P_p × p̂_d) + γ(p̂_d × ( ⃗P_p × p̂_d)) (1 + α ⃗P_p · p̂_d) • Where:

– α, β, γ are the Lee-Yang variables of the parent.

The HyperCP Experiment uses unpolarized Ξ particles (O^o production angle).

As a result the daughter Λ polarization is: ⃗P_Λ = α_Ξp̂_Λ

• The normalized proton (anti-proton) decay distribution is: dP

d(cos(θ)) = 1 2 (1 + α_Λα_Ξ cos(θ))

• Note the “Z” axis in the Λ rest frame is defined by the Λ direction in the Ξ rest frame.

• “θ” is the polar angle of the proton (or anti-proton) in the Λ rest frame.

• Any differences in the angular distributions of the proton from Ξ^− decays and anti-proton from Ξ^+ decays is a signature of CP Violation.

• A CP asymmetry variable may be constructed:

A_{ΞΛ} = α_Λα_Ξ − α_Λα_Ξ α_Λα_Ξ + α_Λα_Ξ

≈ A_Ξ + A_Λ

• The CP violating asymmetry is measuring the difference in the parity violation between particle and anti-particle.