RUN2BWS WG3 Meeting Feb,24,2000 M. Tanaka (Univ. of Tsukuba)

Bs Mixing from Semileptonic Decays

Contents

Introduction Signal Yield Time Resolution B_s Mixing Summary

0

Introduction

• Establish the Run II trigger strategy • Estimate the signal rate • Check the physics sensitivity (Δm_s)

Run I Events

We already observed B_s semileptonic decays in 100 pb^{−1} Run I 8 GeV inclusive lepton data, Mode N(B_s) S/B D_s → ϕπ 220 1 D_s → K^∗K 140 1/6

Figure : B_s → ℓνD_s events in Run I

• electron : muon = 50% : 50%

• B_s → ℓνD_s : ℓνD^∗_s : ℓνD^{∗∗}_s = 2 : 5 : 0

(D^{∗∗}_s usually decays to D^{0,±})

Run II Trigger SVT In Run II CDF Level 2 trigger, Silicon Vertex Tracker determines the impact parameter of the charged particle with ∼ 35 μm precision.

Lepton + SVT

By requiring 1 SVT with d_0 > 120 μm, p_T (e) > 4 GeV and p_T (μ) > 3 GeV are achievable with acceptable L2 trigger rates.

2 SVT

2 SVT trigger was designed for triggering the hadronic B_s → D_sπX decays. Details are in Matthew’s presentation.

Scenario p_T p_T (1) + p_T (2) d_0 A 2.0 (GeV/c) 5.5 (GeV/c) 120 μm B 2.25 (GeV/c) 6.0 (GeV/c) 120 μm C 2.5 (GeV/c) 6.6 (GeV/c) 120 μm

Trigger Strategy

We compared the following three trigger options: • Trigger 1: 8 GeV lepton (same as the Run I trigger), • Trigger 2: lepton + SVT, • Trigger 3: 2 SVT (same as the hadronic decays),

Signal Rate Expectation

Run II numbers are obtained from, N_{RunII} = N_{RunI}×

A_{RunII} A_{RunI}

×2 (Detector)×ϵ_{SVT}×20 (=Lum.) • N_{RunI}

= 220 (D_s → ϕπ) = 140 (D_s → K^{∗0}K) • A_{RunII}/A_{RunI}

– Signal MC + resolution smearing – B_s → ℓνD_s : ℓνD^∗_s = 2 : 5 – SVT d_0 resolution (40 μm) • Detector upgrade

– SVX coverage: Run II = Run I × 1.5 – muon coverage: Run II = Run I × 1.4 • ϵ_{SVT} = 75% / track • Run II/I luminosity: 2 fb^{−1} / 100 pb^{−1} = 20 • Apply the same offline selection as Run I – p_T (K) > 1.2 GeV/c, p_T (π) > 0.8 GeV/c – 3 < M(ℓD_s) < 5 GeV/c^2

→ the offline selection cut can be lower by using the TOF information.

Signal Yield Results Trigger A_{RunII}/A_{RunI} ϵ_{SV T} N_{RunII} / 2 fb^{−1} 8 GeV ℓ 1.0 1.0 14000. 2 GeV ℓ + SVT 5.9 0.75 64000. 3 GeV ℓ + SVT 4.0 0.75 43000. 4 GeV ℓ + SVT 2.7 0.75 30000. 5 GeV ℓ + SVT 1.9 0.75 21000. 2 SVT (A) 3.8 0.75^2 31000. 2 SVT (B) 3.0 0.75^2 25000. 2 SVT (C) 2.4 0.75^2 20000.

We will obtain ∼40K of the semileptonic B_s decay in 2 fb^{−1} (first 2 years of Run II).

Time Resolution

We know the B_s decay vertex, however we don’t know the B_s momentum because of the missing particles. B_s → ℓνD_s or B_s → ℓνD^∗_s → ℓνD_sγ K factor ≡^{pT (lDs)}_{pT (Bs)} : typical resolution ∼ 14%

Figure : K factor

Proper decay time : t = L_T (B_s)M(B_s)

p_T (B_s) = L_T (B_s)M(B_s) p_T (ℓD_s) · K Time resolution : σ_t ∼ σ_{t0} ⊕ t · σK K (σ_{t0} = 60 fs, σK K = 14%) → Try to improve the K factor resolution.

An M(ℓD_s) Dependent Correction

The K factor is strongly depends on the lepton + D_s invariant mass (M(lD_s)).

Figure : K factor

We apply the correction an event by event. The resolution is not improved so much, however the average closes to 1.

A Correction with 3D Vertex Information

For B_S → ℓD_SX, X = ν + x E_{BS} = E_{μDS} + E_X p_X = |⃗p_X |^2 = |⃗p_{BS} − ⃗p_{μDS} |^2 = p^2_{BS} + p^2_{μDS} − 2p_{BS} p_{μDS} cos Θ 3D vertex information in Run II → cos Θ

By assuming M_X = 0 the equation is exactly solved • the equation gives 2 solutions (K^− < K^+) • the equation sometimes has no physical solutions • M_X <> 0 for B_s → ℓνD^∗_s

3D Vertexing Correction

After 3 GeV lepton + 1 SVT trigger requirement. With ideal detector (vertex) resolution,

Figure :

The K factor resolution is ∼ 0 for the B_s → ℓνD_s, If we can detect the photon from D^∗_s → D_sγ, the further improvement is possible.

3D Vertexing Correction

With a typical vertex resolution of • σ_{t0} = 60 fs • σ_{Lz} = 50 μm

Figure :

There is still a certain improvement.

The efficiency for the equation to have physical solutions is ∼ 50%.

Time Resolution Improvement

Estimate the K factor resolution and the time resolution as a function of the proper decay time,

• by assuming we know the correct solution (K^− or K^+)

• by using the M(ℓD_s) corrected K factor, if there are no physical solutions.

Figure : K factor and time resolution for B_s → ℓνD_s

The improvement is significant for the longer decay time (∼ longer flight length) events.

Sensitivity to Δm_s

Contribution of one event to the significance.

S_1 = √ ϵD^2_{eff} 2(1 + B/S) ϵD^2_{eff} = ϵD^2 × e^{−(Δmsσt)2} Sum over N events S_N = √ Σ^N_{i=1}S^2_i • (1) N : is already shown • (2) S/B : = 1/2 (Run I ∼ 1) • (3) ϵD^2 : same as D_snπ = 11.3% (with TOF) • (4) σ_t : is already shown

Sensitivity to Δm_s

• red line : with 3D vertex correction • blue line : with M_{ℓDs} correction • black line: hadronic (B_s → D_sπX) decays

Figure : Sensitivity to Δm_s

• x_s = 25 ∼ 30 • S/B and signal yield will be improved by using the TOF information.

The effect of the K factor resolution improvement is not significant for Δm_s. However it maybe useful for other measurements such as ΔΓ in B_s and Q^2 in Λ_b → ℓνΛ_c

Summary

• We will obtain ∼ 40K events / 2 fb^{−1} of semileptonic B_s decays with the lepton + SVT trigger.

• We discussed the idea to improve the K factor resolution.

• We checked the sensitivity to the Δm_s measurement.