Measurement of Ξ^− polarization and decay parameter β_Ξ in Ξ^− → Λπ^−

Melin Huang University of Virginia

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, R. Godang, T. Holmstrom, M. Huang, L.C. Lu, and K.S. Nelson University of Virginia, Charlottesville, VA 22901, USA

3

Purpose:

• The HyperCP experiment can measure the decay parameter β_Ξ with polarized data so as to allow us to estimate the Λπ scattering strong phase shift difference :

(δ_{p3} − δ_{s3})

• No direct way to measure Λπ scattering • Need to isolate the Λ and Ξ contribution to the CP-odd effect in the Ξ − Λ decay sequence

A_{ΞΛ} = α_Ξα_Λ − α¯_Ξα¯_Λ α_Ξα_Λ + α¯_Ξα¯_Λ

≈ A_Ξ + A_Λ

A_Ξ = −tan(δ_{p3} − δ_{s3})sin(ϕ_{p1} − ϕ_{s1})

Theoretical Prediction of Strong phase shift difference

=⇒ Our measurement of β_Ξ would reduce the theoretical uncertainty in predicting the size of the CP-odd effect in the Ξ^− decay.

Physics:

In the decay sequence Ξ^− → Λπ^−, Λ → pπ^−, the angular distribution of proton at Ξ^− rest frame is

d^2N dΩ_Λ dΩ_p

∝ (1 + α_Ξ ⃗P_Ξ · Λ̂)(1 + α_Λ ⃗P_Λ · p̂)

⃗P_Ξ : controlled by beam conditons ⃗P_Λ : aquired through the Ξ− decay

where

⃗P_Λ =

(α_Ξ + ⃗P_Ξ · Λ̂)Λ̂ + β_Ξ ⃗P_Ξ × Λ̂ + γ_ΞΛ̂ × ( ⃗P_Ξ × Λ̂) 1 + α_Ξ ⃗P_Ξ · Λ̂

α_Ξ = 2Re(s^∗p) |s|^2 + |p|^2 , β_Ξ = 2Im(s^∗p) |s|^2 + |p|^2 , γ_Ξ = |s|^2 − |p|^2 |s|^2 + |p|^2

To measure β_Ξ : dN d cos θ_p

∝ 1 + π 4 α_Λβ_ΞP_Ξ cos θ_β cos θ_β = p̂ ·

⃗P_Ξ × Λ̂ | ⃗P_Ξ × Λ̂|

⃗P_Ξ must be measured first : d^2N dΩ_Λd cos θ_p

∝ (1 + α_Ξ ⃗P_Ξ · Λ̂) + α_Λ(α_Ξ + ⃗P_Ξ · Λ̂) cos θ_{pΛ}

cos θ_{pΛ} = p̂ · Λ̂

Production of Polarized Ξ^−

• The HyperCP experiment took polarized data at two different targetting angles.

Production of Polarized Ξ^− (continued)

• The average momentum of polarized Ξ^− is < p_Ξ >= 163 GeV/c The average P_t (transverse momentum) of polarized Ξ^− at ±3 mrad is < P_t >= 0.456 GeV/c • After reconstruction and event selection,

≈ 60 million events of -3 mrad data, and ≈ 72 million events of +3 mrad data were used in the measurement of Ξ^− polarization and decay parameter β_Ξ

10

Analysis Approach

P_t ≈ p_Ξ × θ_{prod} , θ_{prod} = 3 mrad

13

Polarized Ξ^− precesses in the magnetic field of the collimator :

Φ = tan^{−1}(P_{ΞZ}/P_{ΞY} ) ∝ ∮ Bdl

Φ_{measure} = 10^o ± 1^o (stat.) at ∮ Bdl = 10 T m.

β_Ξ Measurement : • A polarized Ξ^− data sample can allow us to measure β_Ξ : dN d cos θ_p

∝ 1 + π 4 α_Λβ_ΞP_Ξ cos θ_β where cos θ_β = p̂ ·

⃗P_Ξ × Λ̂ | ⃗P_Ξ × Λ̂| • The measurement of β_Ξ is in progress

Conclusions:

With ∼ 130 million polarized Ξ^− events, we have Preliminary results :

1. the Ξ^−’s produced by 800 GeV/c protons at target were polarized with an average polarization of P_Ξ = −0.0370 ± 0.0005 (stat.) at < P_t >= 0.456 GeV/c 2. The precession angle was determined as Φ = 10^o ± 1^o (stat.) at ∮ Bdl = 10 T m 3. • β_Ξ measurement

• Study of systematic error in progress