L.C. Lu DPF 2003

Measurement of α_Ω in Ω^− → ΛK^− Decays

Lan-Chun Lu

University of Virginia

(Representing the HyperCP Collaboration)

DPF 2003 Philadelphia, April 05, 2003

L.C. Lu DPF 2003

The HyperCP Collaboration

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

Academia Sinica, Nankang, Taipei 11529, Taiwan, Republic of China

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

Lawrence Berkeley Laboratory and University of California, Berkeley, CA 94720, USA

C. James and J. Volk

Fermilab, Batavia, IL 60510, USA

J. Felix

Universidad de Guanajuato, León, Mexico

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

Illinois Institute of Technology, Chicago, IL 60616, USA

N. Leros and J.-P. Perroud

Université de Lausanne, Lausanne, Switzerland

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

University of Michigan, Ann Arbor, MI 48109, USA

M. Jenkins and K. Clark

University of South Alabama, Mobile, AL 36688, USA

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

University of Virginia, Charlottesville, VA 22901, USA

L.C. Lu DPF 2003

Motivation for Measuring α_Ω in Ω → ΛK Decays

• Angular-momentum conservation allows the ΛK system to be P -wave and D-wave, corresponding to parity-conserving and parity-violating decays respectively.

• Parity violation is characterized by the decay parameter α_Ω defined as: α_Ω = 2Re(P^∗D) |P |^2 + |D|^2 . Non-zero α_Ω indicates parity violation in this decay.

• All non-leptonic two-body decays of strange baryons have non-zero α decay parameters. But previous experimental results for α_Ω are consistent with zero at the 2% level. Is it really zero?

L.C. Lu DPF 2003

• HyperCP has collected about 14 million Ω^− and 5 million Ω̄+ in RUN-I (1997) and RUN-II (1999), which allows us to measure α_Ω for both Ω^− and Ω̄^+ at the 10^{−3} level.

• A difference between |α_Ω| and |α¯_Ω| would be evidence of CP violation.

L.C. Lu DPF 2003

The HyperCP (E871) Spectrometer

• Protons on target = (7 ∼ 8) GHz • Secondary beam intensity = (10 ∼ 15) MHz • Trigger rate = (50 ∼ 80) KHz • Charge of Sec. beam selected by the sign of Hyperon magnet

L.C. Lu DPF 2003

Analysis Method

The angular distribution of the proton from unpolarized Ω decays Ω → ΛK, Λ → pπ is expressed as dN d cos θ = N_0 2 (1 + α_Λα_Ω · cos θ), (1)

where:

θ is the polar angle of the proton in the Λ helicity frame.

L.C. Lu DPF 2003

• Slope of the proton cos θ distribution in the Λ helicity frame given by α_Λα_Ω

• The parameter α_Λ of the Λ → pπ decay defined as α_Λ = 2Re(S^∗P ) |S|^2 + |P |^2 =⇒ well measured !!! ⇓ α_Λ = 0.642 ± 0.013 ⇓ allowing α_Ω to be extracted

• In reality, the proton cos θ distribution is distorted by the spectrometer acceptance

L.C. Lu DPF 2003

• Use Hybrid Monte-Carlo Method (HMC) to handle the acceptance

• Take all variables from each real event except cos θ

• Generate HMC events (fake events) with uniform cos θ_f

• Let all the fake events go through the software spectrometer, triggers, etc. to simulate the behavior of real events in the experiment; hence determine the acceptance

• Weight fake events by a function W (α_Λα_Ω) so as to match cos θ distributions of real and fake events to obtain α_Λα_Ω

L.C. Lu DPF 2003

Validation of HMC

• Generate Monte-Carlo data samples with different input α_Λα_Ω • Analyze these Monte-Carlo data samples with HMC

L.C. Lu DPF 2003

Data Analysis

• ΛK Invariant Mass and Proton Angular Distribution in Λ Helicity Frame (cos θ)

• Background: 0.3% ⇒ small effect on α_Λα_Ω measurement

• Measure cos θ slope: dN d cos θ = N_0 2 (1+S_m ·cos θ), where

S_m = f(α_Λα_Ω, S_b) S_b is the slope of background angular distribution.

• Estimate background slope S_b from side bands.

L.C. Lu DPF 2003

• Difference of cos θ Distributions Between Real and Fake Events

⇑ ⇑ before weighting after weighting

The measured slope: S_m = (1.32 ± 0.11) × 10^{−2}

L.C. Lu DPF 2003

• Slope and cos θ Distribution of Side Bands

S_b = (10.44 ± 2.56) × 10^{−2}

• After background correction, we get

α_Λα_Ω = [1.29 ± 0.11 (stat)] × 10^{−2}

L.C. Lu DPF 2003

• Stability of Measured Slope S_m

• Systematic Uncertainties

Type Fraction of σ_{stat.} π_Λ-momentum cut ≤ 3.5 Calorimeter efficiency ≤ 0.5 SS Hodoscope efficiency 0.1 OS Hodoscope efficiency 0.2 Wire Chambers efficiency 0.3

• Further systematic error study is underway.

L.C. Lu DPF 2003

Our Preliminary Results

• α_Λα_Ω = [1.29±0.11 (stat)]×10^{−2} (5 million RUN-II data), and α_Λα_Ω = [1.18±0.29 (stat)]×10^{−2} (1 million RUN-I data).

• Using PDG value α_Λ = 0.642 ± 0.013,

α_Ω = [2.01 ± 0.17 (stat) ± 0.04 (syst PDG)] × 10^{−2} (RUN- II), and α_Ω = [1.84±0.46 (stat)±0.04 (syst PDG)]×10^{−2} (RUN-I).

L.C. Lu DPF 2003

Conclusions • With about five million events from RUN-II and one million events from RUN-I of Ω^− → ΛK^− decay, our preliminary measurement of α_Ω is a significant improvement over previous results.

• Our preliminary result indicates that α_Ω is non-zero and hence that parity violation exists in Ω → ΛK decays.

• After finishing the Ω^− analysis and freezing all cuts, we will run through the Ω̄^+ data sample to obtain α¯_Ω. We expect the precision of the measurement of Δ(α_Λα_Ω) ≡ α_Λα_Ω − α¯_Λα¯_Ω in Ω → ΛK decays to be ∼2 × 10^{−3} (stat), which allows us to test CP conservation in these decays.