Flavor Physics in the Supergravity Model

Yasuhiro Okada KEK Oho 1-1, Tsukuba 305, Japan

Abstract

Phenomenological aspects of flavor changing processes are considered in the context of the supergravity model. Various flavor changing neutral current processes in B and K decays are calculated in such models. For lepton flavor violating processes the μ^+ ! eγ branching ratio and the T odd triple vector correlation for the μ^+ ! e^+e^+e^− process are investigated in the SU(5) SUSY GUT. Possibility to find SUSY effects through these Flavor changing processes in future experiments are also discussed.

1 Introduction

Present understanding of the elementary particle physics is based on the gauge theory of quarks and leptons which is called the Standard Model (SM). Although the SM describes experimental results very well up to the present available energy scale, it is possible that new physics appears just above this energy scale. One of the most promising candidates of physics beyond the SM is unified theory based on supersymmetry (SUSY), therefore SUSY particle and SUSY Higgs boson searches are the most important targets of the present and future collider experiments.

In order to explore SUSY indirect search experiments are also important. For example, through flavor changing neutral current (FCNC) processes and CP violation in B and K meson decays it may be possible to identify new physics effects. Also processes like proton decay, lepton flavor violation (LFV) such as μ → eγ and neutron and electron electric dipole moments (EDM) are important because these are either forbidden or strongly suppressed within the SM.

In this talk we discuss FCNC processes in B and K decays such as b → sγ, B^0 − B̄^0 mixing, the CP violating neutral kaon mixing parameter ϵ_K and K → πνν̄ in the supergravity model and LFV processes in the SUSY GUT. In the context of SUSY models flavor physics has important implications. Since these processes depend on the structure of the squark and slepton mass matrices we may be able to get some insight on the SUSY breaking mechanism. In fact general SUSY breaking terms tend to induce too large FCNC and LFV. In the minimal supergravity model we assume that the scalar mass terms have universal structure at the Planck scale and therefore there are no FCNC effects nor LFV from the squark and slepton sector at this scale. The physical squark and slepton masses are determined taking account of the renormalization effects from the Planck to the weak scale. This will induce sizable SUSY contributions to various FCNC processes in the B and K decays [1]. Also if there is interaction which breaks lepton flavor conservation between the Planck and the weak scales, the LFV effects can be induced in the slepton mass matrices.

In this talk after short introduction to the flavor problem in the SUSY model we discusses the results of numerical analysis for FCNC and LFV processes within the context of the supergravity model.

2 Flavor Problem in SUSY Models

As we mentioned in Introduction the squark and the slepton mass matrices becomes new sources of flavor mixings in the SUSY model and generic mass matrices would induce too large FCNC and LFV effects if the superpartners’ masses are in the 100 GeV region. If we assume that the SUSY contribution to the K^0 − K̄^0 mixing is suppressed because of the cancellation among the squark contributions of different generations, the squarks with the same SU(3) × SU(2) × U(1) quantum numbers have to be highly degenerate in masses. When the squark mixing angle is in a similar magnitude to the Cabibbo angle the requirement on degeneracy becomes as Δm^2_{q̃} m^2_{q̃} <∼ 10^{−2} `_{mq̃} 100GeV ´_{(1)}

for at least the first and second generation squarks. Similarly, the μ^+ → e^+γ process puts a strong constraint on the flavor off-diagonal terms for slepton mass matrices which is roughly given by

Δm^2_{μ̃ẽ} m^2_{l̃} <∼ 10^{−3} `_{ml̃} 100GeV ´_{2 . (2)}

In the SUSY model based on the supergravity these flavor problems can be avoided by setting SUSY breaking mass terms universal at the very high energy scale. In fact all the scalar fields are assumed to have the same SUSY breaking mass at the Planck scale in the minimal supergravity model and therefore there are no FCNC and LFV at this scale. Physical squark and slepton masses are, however, defined at the weak scale and these masses are determined through the renormalization group equations (RGE). As a result we can derive:

(1) Squarks for the first and second generations remain highly degenerate so that the constraint from the K^0 − K̄^0 mixing can be safely satisfied. (2) Due to the effect of large top Yukawa coupling constant the stop and the sbottom can be significantly lighter than other squarks. This will induce sizable contributions to FCNC processes such as b → sγ[1, 2], b → sl^+l^− [1, 3], ΔM_B[1, 4],ϵ_K [4] and K → πνν̄.

(3) In the SUSY GUT the large top Yukawa coupling constant also induces the flavor mixing in the slepton sector so that LFV processes such as μ^+ → e^+γ, μ^+ → e^+e^+e^− and μ^− − e^− conversion in atoms receive large SUSY contributions [5].

In the following we discuss the results of numerical analysis for the processes listed in (2)[6] and (3)[7, 8].

3 B and K decays and the Supergravity Model

In the minimal SM various FCNC processes and CP violation in B and K decays are determined by the Cabibbo-Kobayashi-Maskawa (CKM) matrix. The constraints on the parameters in the CKM matrix elements can be conveniently expressed in terms of the unitarity triangle. With CP violation at B factory as well as rare K decay experiments we will be able to check consistency of the unitarity triangle and at the same time search for effects of physics beyond the SM. In order to distinguish possible new physics effects it is important to identify how various models can modify the SM predictions. Although general SUSY models can change the lengths and the angles of the unitarity triangle in variety ways, the supergravity model predicts a specific pattern of the deviation from the SM. Namely, we can show that the SUSY loop contributions to FCNC amplitudes approximately have the same dependence on the CKM elements as the SM contributions. In particular, the complex phase of the B^0 − B̄^0 mixing amplitude does not change even if we take into account the SUSY and the charged Higgs loop contributions. In terms of the unitarity triangle this means that the angle measurements through CP asymmetry in B decays determine the CKM matrix elements as in the SM case. On the other hand the length of the unitarity triangle determined from ΔM_B and ϵ_K can be modified.

We have calculated the ΔM_B, ϵ_K and branching ratios of b → sγ, b → sl^+l^−, K_L → π^0νν̄ and K^+ → π^+νν̄ in the SUSY model based on supergravity[6]. In the calculation we have used updated results of various SUSY search experiments at LEP2 and Tevatron as well as the next-to-leading QCD corrections in the calculation of the b → sγ branching ratio. In Fig. 1 and Fig. 2 we present ΔM_{Bd} and Br(K_L → π^0νν̄) in the present model normalized by the same quantities calculated in the SM as the function of the b → sγ branching ratio. Note that these ratios are essentially independent of the CKM parameters because, as mentioned above, the SUSY and the charged Higgs boson loop contributions have the same dependence on the CKM parameters. Although we only present the results for ΔM_{Bd} and Br(K_L → π^0νν̄), ϵ_K and Br(K^+ → π^+νν̄) provide the same constraints on the SUSY parameters respectively because these quantities are almost equal if normalized by the SM prediction. We have calculated the SUSY particle spectrum based on two different assumptions on the initial conditions of RGE. The minimal case corresponds to the minimal supergravity where all scalar fields have a common SUSY breaking mass at the GUT scale. In the second case shown as “all” in the figures we enlarge the SUSY parameter space by relaxing the initial conditions for the SUSY breaking parameters, namely all squarks and sleptons have a common SUSY breaking mass whereas an independent SUSY breaking parameter is assigned for Higgs fields.

From Fig. 1 and Fig. 2 we can conclude that the ΔM_{Bd} (and ϵ_K ) can be enhanced by up to 40% and Br(K_L → π^0νν̄) (and Br(K_+ → π^+νν̄)) is suppressed by up to 10% for extended parameter space and the corresponding numbers for the minimal case are 20% and 3%. The ratio of two Higgs