CP Violation in Hyperon Decays

Piotr Zyla LBNL

Representing Hyper CP (FNAL E871) Collaboration

The Physics of Strangeness INT, Seattle October 2, 1998

NONLEPTONIC HYPERON DECAYS

• Parity violating, ΔS = 1 decay of spin-^1_2 strange baryon into spin-^1_2 baryon and a pion, e.g.

Λ → p π

• The matrix element M(Λ → p π) = S + P ⃗σ · bq_p where S - amplitude of the S-wave final state P - amplitude of the P-wave final state bq_p - unit direction of proton momentum

NONLEPTONIC HYPERON DECAYS

continued

• Total decay rate

Γ = G^2_F m^4_π p_p(E_p + m_p) 4πm_Λ (|S|^2 + |P |^2)

• Decay parameters

α_Λ = 2Re(S^∗P ) |S|^2 + |P |^2 β_Λ = 2Im(S^∗P ) |S|^2 + |P |^2 γ_Λ = |S|^2 − |P |^2 |S|^2 + |P |^2 with α^2_Λ + β^2_Λ + γ^2_Λ = 1

NONLEPTONIC HYPERON DECAYS

continued

In the rest frame of decaying Λ

• The angular distribution of proton dn dΩ = 1 4π (1 + α_Λ ⃗P_Λ · q̂_p) = 1 4π (1 + α_ΛP_Λ cos θ_p)

where P_Λ - polarization of Λ Thus α_Λ is related to angular distribution of proton from decay of polarized Λ

NONLEPTONIC HYPERON DECAYS

continued

• The polarization of proton ⃗P_p = (α^Λ +

⃗P_Λ · q̂_p)q̂_p + β_Λ ⃗P_Λ × q̂_p + γ_Λq̂_p × ( ⃗P_Λ × q̂_p) (1 + α_Λ ⃗P_Λ · q̂_p) Thus β_Λ is related to proton polarization in direction perpendicular to the plane formed by ⃗P_Λ and q̂_p • For unpolarized Λ ⃗P_p = α_Λ q̂_p so α_Λ is the magnitude of polarization of proton from unpolarized Λ decay

CP IN HYPERON DECAYS

• If CP is conserved Γ̄ = Γ α = −α β̄ = −β

• Some CP violation observables Δ = Γ − Γ̄ Γ + Γ̄ A = α + α α − α B = β + β̄ β − β̄

SEARCH FOR DIRECT CP VIOLATION

IN � DECAYS

Need to produce Λ, Λ̄ with known polarizations

Experiment Decay Mode A_Λ R608 at ISR pp → ΛX,p̄p → Λ̄X -0.02 ± 0.14 DM2 at Orsey e^+e^− → J/Ψ → ΛΛ̄ 0.01 ± 0.10 PS185 at LEAR pp̄ → ΛΛ̄ -0.013 ± 0.022

HyperCP APPROACH

• Produce unpolarized Ξs in the reactions p + Cu → Ξ^± + X

• Obtain polarized Λ’s from Ξ decays Ξ^− → Λ π^− Ξ^+ → Λ π^+ identified via decays Λ → p π^− Λ → p π^+

• Polarization of Λ in Ξ rest frame

⃗P_Λ = α_Ξ q̂_Λ

• In Λ rest frame dn dΩ = 1 4π (1 + α_Λ ⃗P_Λ · q̂_p) = 1 4π (1 + α_Λα_Ξ cos θ_p)

• Measure asymmetry

A_{ΛΞ} = α_Λα_Ξ − α_Λα_Ξ α_Λα_Ξ + α_Λα_Ξ

≈ A_Λ + A_Ξ

with 1 × 10^{−4} precision

THEORETICAL PREDICTIONS

• Superweak model predicts

No ΔS=1 CP violation

• For Λ → p π decay

Δ_Λ A_Λ B_Λ CKM < 10�^6 (−5, −1) × 10�^5 (0.6, 3) × 10�^4 Weinberg −8 × 10�^6 −2.5 × 10�^5 1.6 × 10�^3 Left-Right 0 (−0.1, 6) × 10�^4 7 × 10�^4

• For Ξ → Λ π decay

Δ_Ξ A_Ξ B_Ξ CKM 0 (−10, −1) × 10�^5 (10, 1) × 10�^3 Weinberg 0 −3.2 × 10�^4 3.8 × 10�^3 Left-Right 0 (−2.5, 6) × 10�^5 −3.1 × 10�^4

DIRECT �S=1 CP VIOLATION IN KAON AND HYPERON DECAYS

ϵ0_{/ϵ AΛΞ}

Large cancellation between No such cancellation electroweak and strong penguin

diagrams at large top mass

Large uncertainty in hadronic Somewhat smaller uncertainty matrix elements that could be narrowed by measurement of Λπ phase shifts (δS − δP ) at E=M_Ξ

Pure S-wave decay: probes Probes interference between only parity violating amplitudes parity violating and conserving amplitudes. Sensitive to new physics in parity conserving channel

SUMMARY OF THE 1997 RUN

• Between April and September of 1997 collected

75 × 10^9 triggers with 39 × 10^9 Ξ triggers on 10,000 5-Gb Exabyte tapes (∼ 33 Tb) • This should yield 1.2 × 10^9 reconstructed Ξ^− 0.3 × 10^9 reconstructed Ξ^+ • Overall sensitivity δA_{ΛΞ} ≈ 2 × 10^{−4}

STATUS OF DATA ANALYSIS

• Since the end of the run:

∗ Study, optimize and decide on official reconstruction code;

∗ Bring up farm-processing code;

∗ Determine various run-dependent parameters such as alignment constants, magnetic field maps, efficiencies etc.

• Preliminary event reconstruction has been done on Fermilab farms. Processed about 10% of the data with a total of 7,000 MIPS

• Start processing with the new reconstruction package and 10,000 MIPS. The entire data set can be processed in about 250 days.

SYSTEMATICS

If not corrected for will cause false asymmetries between Ξ^− and Ξ^+ decays

• Acceptance differences

∗ targeting differences ∗ magnetic field differences ∗ chamber efficiency differences ∗ temporal changes ∗ different backgrounds for Λ, Ξ^− versus Λ, Ξ^+

• Nonzero Ξ^−, Ξ^+ polarizations

• Different interaction cross sections between π^− and π^+ and between p and p

ANALYSIS METHOD MINIMIZES POTENTIAL BIASES

• The z-axis of the analysis frame, defined as the direction of the Λ momentum in Ξ rest frame, changes from event to event.

• Acceptance differences localized in a particular part of the apparatus do not map into a specific part of the cos(θ_p) distribution.

OTHER PHYSICS TOPICS

• Production

∗ Production cross sections, A-dependence and particle ratios of π, K, hyperons and their antiparticles ∗ Production polarization of hyperons and antihyperons at low x_F and low p_T ∗ Search for parity violation

• Decays

∗ Precision measurements of decay parameters, α (and β) of Ξ → Λπ, and Ω → ΛK decays ∗ Search for ΔS=2 decays ⋄ Ξ^− → pπ^−π^− ⋄ Ω^− → Λπ^− ∗ Search for ΔS=3 decay ⋄ Ω^− → pπ^−π^−

∗ Search for forbidden or rare decays ⋄ K^− → π^−μ^+μ^− ⋄ K^− → π^+μ^−μ^− ⋄ Σ^− → pμ^−μ^− ⋄ Σ^+ → pμ^+μ^− ⋄ Ξ^− → pμ^−μ^− • Discrete Symmetries

∗ Search for CP violation ⋄ the asymmetry Δg in the slope parameter of Dalitz plot between

K^+ → π^+π^+π^− and K^− → π^−π^+π^−

⋄ Asymmetry A_Ω for Ω^− → ΛK^− decay ⋄ Asymmetry B_Ξ for Ξ^− → Λπ^− decay ∗ Search for T violation ⋄ edm of Ξ hyperon ∗ CPT test ⋄ Difference in masses in Ξ, Ω, Λ, and K systems ⋄ Difference in lifetimes in Ξ, Ω and Λ system ⋄ Difference in Ξ^− and Ξ^+ magnetic moments

1999 RUN

• Data taking in Spring 1999

• The goal:

at least 4 times more data δA_{ΛΞ} . 1 × 10^{−4}

• Improvements:

∗ further optimize the performance of PWC ∗ reduce dead-time of readout system ∗ increase throughput of DAQ to ∼40 Mb/s

CONCLUSIONS

• HyperCP had a successful 1997 run and has collected the largest sample of Ξ^− and Ξ^+.

• The projected sensitivity in CP asymmetry in Ξ, Λ decays is

2 × 10^{−4}, two orders of magnitude better that the present limit and where some theories predict an effect.

• E871 has been approved to run in the 1999 fixed target program at Fermilab and expects to reach 1 × 10^{−4} or better sensitivity in A_{ΛΞ}