arXiv:hep-ph/0610144 v1 11 Oct 2006

MTA-PHYS-0606

Constraints on mSUGRA from isospin asymmetry in B → K^∗γ

F. Mahmoudi and M. R. Ahmady

Department of Physics, Mount Allison University, 67 York Street, Sackville, New Brunswick, Canada E4L 1E6

Abstract. We study the isospin asymmetry as an observable in exclusive B → K^∗γ decay that can be used to study the effects of physics beyond the Standard Model. We present predictions for isospin asymmetry in Supersymmetric extension of the Standard Model with minimal flavor violation, using parameter values allowed by current experimental constraints. This observable can provide very tight constraints on the mSUGRA parameter space.

Keywords: isospin asymmetry; supersymmetry; Wilson coefficients; minimal flavor violation PACS: 11.30.Pb, 12.15.Mm, 12.60.Jv, 13.20.He

INTRODUCTION

The next generation of colliders, and especially the LHC, will boost the search for new physics, and in particular, the Supersymmetry (SUSY). Therefore, it seems important to derive new constraints on the properties of supersymmetric particles. For this purpose, a good strategy would be to look at where the Standard Model (SM) can be subdominant in comparison to the supersymmetry, and where QCD corrections are known with high accuracy and branching fractions can be measured at LHC even at initial low luminosities. Rare B decays appear to be ideal choices for the above goal. For example, b → s γ transitions are forbidden at the tree level in the SM. In this work, we will concentrate on the related exclusive B → K^∗γ decay, within supersymmetry, considering mSUGRA parameter space and the minimal flavor violation. The main focus is on isospin asymmetry which, as we will see later, is a valuable observable to get constraints on supersymmetric parameters. A more detailed analysis is presented in Ref. [1].

FRAMEWORK

The isospin asymmetry for the exclusive process B → K^∗γ can be defined as:

Δ_{0−} =

Γ(B̄^0 → K̄^{∗0}γ) − Γ(B^− → K^{∗−}γ) Γ(B̄^0 → K̄^{∗0}γ) + Γ(B^− → K^{∗−}γ)

, (1)

and Δ_{0+} can be obtained by using the charge conjugate modes. We consider here recent data for exclusive decays from Belle [2] and Babar [3]:

Δ_{0−} = +0.050 ± 0.045(stat.) ± 0.028(syst.) ± 0.024(R^{+/0}) (Babar) , (2) Δ_{0+} = +0.012 ± 0.044(stat.) ± 0.026(syst.) (Belle) . (3)

The effective Hamiltonian for b → sγ transitions can be written:

H_{e f f} =

G_F √ 2 ∑_{p=u,c}^{V ∗}ps^Vpb [ C_1(μ) O^p_1 (μ) +C_2(μ) O^p_2 (μ) + 8 ∑_{i=3}^Ci^{(μ) O}i^{(μ)} ] , (4)

where G_F is the Fermi coupling constant, V_{i j} are elements of the CKM matrix, O_i(μ) are the operators relevant to B → K^∗γ and C_i(μ) are the corresponding Wilson coefficients evaluated at the scale μ. The most relevant operators O_i in supersymmetry are:

O_7 = e 4π^2 m_bs̄_α σ^{μν} P_Rb_αF_{μν} , O_8 = g_s 4π^2 m_bs̄_α σ^{μν} P_RT^a_{αβ} b_β G^a_{μν} , (5)

where P_L(P_R) = (1 − (+)γ_5)/2 are the projection operators.

We consider the Wilson coefficients at the next to leading order (NLO) in the strong coupling constant α_s. The contributions from the W boson, the charged Higgs and the charginos, as well as the leading tan β corrections to the W boson and the charged Higgs are considered. The contributions from the gluino and neutralino are neglected in our work, as they are known to be negligible in the minimal flavor violating scenario [4]. For further details of the calculation of the Wilson coefficients, please refer to [1]. Following the method of Ref. [5], one can write the isospin asymmetry as:

Δ_{0−} = Re(b_d − b_u) . (6)

The expression for b_q, which is related to the Wilson coefficients, can be found in [5]. We generate the SUSY mass spectrum using ISAJET-7.74 [6] and we perform scans in the mSUGRA parameter space (m_0, m_{1/2}, A_0, sign(μ), tanβ ). For any mSUGRA parameter space point, we then calculate the isospin asymmetry, and compare it to the combined experimental limits of eq.(2) and eq.(3). For comparison, we also perform the calculation of the inclusive branching ratio of B → X_sγ following Ref. [7] and compare to the experimental limits of [8]. The points which result in too small light Higgs masses (i.e. such as m_h0 < 111 GeV) or which do not satisfy the constraints of Ref. [9] are also excluded. Finally, we also test whether the lightest supersymmetric particle (LSP) is charged. Indeed, a charged LSP is cosmologically disfavored if the LSP is stable, but might be viable if R-parity is violated.

RESULTS

We perform scans of the mSUGRA parameter space such that m_0 ∈ [0, 1000], m_{1/2} ∈ [0, 1000], tanβ ∈ [0, 50], A_0 ∈ [−1000, 1000] and μ > 0.

An investigation of the (m_{1/2}, m_0) plane for A_0 = 500, 200, 0, −200, −1000 and A_0 = −m_0, and for tan β = 30, is presented in Figure 1. In this figure, the area marked “Isospin” corresponds to the region excluded by the isospin breaking constraints, whereas the area marked “B → X_sγ” corresponds to the region excluded by the inclusive branching ratio constraints. The “Excluded” area corresponds to the case where at least one of the particle masses does not satisfy the constraints of Ref. [9]. And finally,

FIGURE 1. Constraints on the mSUGRA parameter plane (m_{1/2} , m_0) for tan β = 30 and for several values of A_0. The definitions of the different regions are given in the text.

“Charged LSP” is the cosmologically disfavored region. The various colors represent the intensity of the isospin asymmetry.

FIGURE 2. Constraints on the mSUGRA parameter plane (tan β , m_{1/2}) for m_0 = 500, with A_0 = 0 and A_0 = −m_0. The definitions of the different regions are in the text.

We can note here that the isospin symmetry breaking provides stringent constraints on the parameter space. It is more sensitive to the smaller values of A_0, and one can remark that it also decreases with larger m_0 and m_{1/2}. Furthermore, it appears that the constraints from isospin asymmetry are more stringent than the ones from inclusive branching ratio. The results of Fig. 1 concern a fixed value for tanβ . However, the isospin asymmetry increases with tan β and for example, for A_0 = 500, we can obtain valuable constraints at tanβ = 40. This behaviour is revealed in Fig. 2, where the isospin asymmetry is depicted in function of tan β and m_{1/2} for A_0 = 0 and A_0 = −m_0. We note that again, isospin asymmetry reveals to be more restricting than the branching ratio. To conclude, the isospin asymmetry appears as a promissing observable to constrain the supersymmetric parameter space.

ACKNOWLEDGMENTS

F.M. acknowledges the support of the McCain Fellowship at Mount Allison University and a partial support from NSERC, and would also like to thank the organizers of SUSY06. M.A.’s research is partially funded by a discovery grant from NSERC.

REFERENCES

1. M.R. Ahmady and F. Mahmoudi, hep-ph/0608212.

2. M. Nakao et al. [BELLE Collaboration], Phys. Rev. D69, 112001 (2004) [hep-ex/0402042]. 3. B. Aubert et al. (BABAR Collaboration), Phys. Rev. D70, 112006 (2004) [hep-ex/0407003]. 4. S. Bertolini and F. Vissani, Z. Phys. C67, 513 (1995) [hep-ph/9403397]. 5. A. Kagan and M. Neubert, Phys. Lett. B539, 227 (2002) [hep-ph/0110078]. 6. H. Baer, F.E. Paige, S.D. Protopescu and X. Tata, hep-ph/0312045. 7. A.L. Kagan and M. Neubert, Eur. Phys. J. C7, 5 (1999) [hep-ph/9805303]. 8. M. Battaglia et al., Eur. Phys. J. C22, 535 (2001) [hep-ph/0106104]. 9. S. Eidelman et al. (Particle Data Group collaboration), Phys. Lett. B592, 1 (2004).