hep-ph/9908499 30 Aug 1999

KEK-TH-611 August 1999

Flavor changing neutral current processes and the muon anomalous magnetic moment in the supergravity model

∗Toru Goto,^†Yasuhiro Okada, and^‡Yasuhiro Shimizu

Theory Group, KEK, Tsukuba, Ibaraki, 305-0801 Japan

Abstract Flavor changing neutral current processes in B and K decays in the supergravity model are revisited taking into account the recent progress of Higgs boson search experiments at LEP. Possible deviations of B^0–B^0 mixing, the CP violating K^0–K^0 mixing parameter ϵ_K from the standard model predictions are reduced significantly in a small tan β region due to the constraints on the SUSY parameter space imposed by the Higgs boson search. With the present bound on the Higgs boson mass, the magnitude of the B^0–B^0 mixing amplitude can be enhanced up to 12% for tan β = 3 in the minimal supergravity. If we relax the strict universality of SUSY breaking scalar masses at the GUT scale, the deviation can be 25%. We also investigate SUSY contributions to the muon anomalous magnetic moment in the supergravity model and show that there is a correlation with the b → s γ amplitude. The SUSY contribution to a_μ =^{(g−2)μ}_2 can be (−30 – +80) × 10^{−10} for tan β = 10 and even larger for larger tan β. The improved measurement of the muon anomalous magnetic moment in the on-going experiment at BNL will put a strong constraint on SUSY parameter space, especially for a large tan β region.

∗ E-mail: toru.goto@kek.jp. † E-mail: yasuhiro.okada@kek.jp. ‡ E-mail: yasuhiro.shimizu@kek.jp.

I Introduction

In order to look for physics beyond the standard model (SM), low energy experiments can play an important role. Various flavor changing neutral current (FCNC) processes in B and K meson decays and the muon anomalous magnetic moment could receive large contributions from loop diagrams of new particles. On-going experiments at KEK and SLAC B-factories and the muon storage ring at BNL as well as future plans of B and K meson decay experiments therefore may be able to reveal physics beyond the energy scale which is currently accessible from direct particle search experiments.

There have been extensive studies on FCNC effects in the supergravity model. In a supersymmetry (SUSY) model, the SUSY particles can give large contributions to various FCNC processes such as B(b → s γ) [1–3], B^0–B^0 and K^0–K^0 mixings, [1, 2, 4, 5] and B(K → π ν ν) [6]. These contributions depend on the flavor mixing in the squark mass matrix which is a priori independent of the flavor mixing in the quark sector. In fact, FCNC processes can put strong constraints on these mixing parameters because arbitrary mixing parameters tend to give too large effects on, for instance, the K^0–K^0 mixing amplitude if the SUSY particles exist below 1 TeV. In the minimal supergravity model, these dangerous FCNCs are eliminated by the assumption that all squarks have universal SUSY breaking mass terms through the flavor-blind coupling of gravity interaction. In the previous publication [7] we have investigated the B^0–B^0 mixing, the CP violating parameter of K^0–K^0 mixing, ϵ_K, B(b → s l^+ l^−), B(K_L → π^0 ν ν) and B(K^+ → π^+ ν ν) in the model based on supergravity taking B(b → s γ) as one of phenomenological constraints. SUSY effects can increase the B^0–B^0 mixing amplitude and ϵ_K by up to 20% in the minimal supergravity model. If we relax the strict universality of all scalar SUSY breaking masses at the GUT scale so that we take the soft SUSY breaking scalar masses for the Higgs fields different from that for squarks and sleptons, the maximal deviation becomes about 40%. The branching ratios for K_L → π^0 ν ν and K^+ → π^+ ν ν can be suppressed by up to 10% compared to the SM predictions for the relaxed initial conditions while the deviation becomes only a few % in the minimal supergravity case.

In this paper, we perform quantitative study of FCNC processes in the supergravity model taking account of updated constraints on SUSY parameter space. Among recent improvements on SUSY searches, the SUSY Higgs boson search in the LEP II experiment turns out to give the most significant effect on constraining the SUSY parameter space. We show that possible deviation of the B^0–B^0 mixing amplitude from the SM prediction becomes significantly reduced by the new constraint imposed by the Higgs boson search, especially for a low tan β region. Taking into account the recent result of the Higgs boson search, the maximal deviation of the B^0–B^0 mixing from the SM prediction is 12% in the minimal case and 25% in the nonminimal case for tan β = 3. If LEP II does not find the lightest CP-even Higgs boson below 105 GeV, the deviation becomes 11% and 16%, respectively.

We also consider the muon anomalous magnetic moment in the supergravity model. There have been many works on the muon anomalous magnetic moment in the MSSM [8, 9] and in the supergravity model [10, 11]. It is known that this process gives a sizable deviation from the SM for large tan β. At present, a possible new physics contribution to a_μ is estimated as (75.5 ± 73.3) × 10^{−10} [12]. For the present Higgs mass bound, we find that the SUSY contribution to a_μ can be (−30 – +80) × 10^{−10} for tan β = 10 and therefore the muon anomalous magnetic moment becomes a useful constraint on the SUSY parameters when the on-going experiment improves the sensitivity by a factor of 10–20.

The rest of this paper is organized as follows. In Sec. II, the supergravity model is introduced and the phenomenological constraints including the Higgs mass bound are described. In Sec. III, the numerical results on the FCNC processes are presented. The numerical results on the muon anomalous magnetic moment are shown in Sec. IV. Sec. V is devoted for the conclusion.

II Supergravity model

In this section we briefly describe the minimal supersymmetric standard model (MSSM) Lagrangian based on the supergravity model. Details are given in Refs. [5, 7, 13].

The field contents of MSSM consist of SU(3), SU(2) and U(1) gauge supermultiplets (G, ~G), (W, ~W ) and (B, ~B), respectively, the Higgs supermultiplets (h_1, ~h_1) and (h_2, ~h_2), and chiral supermultiplets corresponding to quarks/squarks and leptons/sleptons. The SU(3)×SU(2)×U(1) quantum numbers are given by

Q_i = (3, 2, 1 6 ) , U_i = (3, 1, − 2 3 ) , D_i = (3, 1, − 2 3 ) , L_i = (1, 2, − 1 2 ) , E_i = (1, 1, 1) , (2.1)

where i = 1, 2, 3 is the generation index. Requiring the R-parity conservation, the MSSM superpotential is given by

W_{MSSM} = f^{ij}_D Q_iD_jH_1 + f^{ij}_U Q_iU_jH_2 + f^{ij}_L E_iL_j H_1 + μH_1H_2 . (2.2)

The general form of the soft SUSY breaking terms are given by

− L_{soft} = (m^2_Q)^i_j ~q_i ~q^{†j} + (m^2_D)^j_i ~d^{†i} ~d_j + (m^2_U )^j_i ~u^{†i}~u_j

+(m^2_E)^i_j ~e_i ~e^{†j} + (m^2_L)^j_i ~l^{†i}~l_j

+Δ^2_1h^†_1h_1 + Δ^2h^†_2h_2 − (Bμh_1h_2 + h. c. ) + ( A^{ij}_D ~q_i ~d_jh_1 + A^{ij}_U ~q_i ~u_jh_2 + A^{ij}_L ~e_i~l_jh_1 + h. c. )

+ (M_1 2 ~B ~B + M_2 2 ~W ~W + M_3 2 ~G ~G + h. c. ) , (2.3)

where ~q_i, ~u_i, ~d_i, ~l_i, ~e_i, h_1 and h_2 are scalar components of chiral superfields Q_i, U_i, D_i, L_i, E_i, H_1 and H_2, respectively, and ~B, ~W and ~G are U(1), SU(2) and SU(3) gauge fermions, respectively.

In the supergravity model, we assume that the soft SUSY breaking terms have a simple structure at the Planck or GUT scale. Here we assume the following initial conditions for renormalization group equations (RGEs) for the soft SUSY breaking terms at the GUT scale:

(m^2_Q)^i_j = (m^2_E)^i_j = m^2_0 δ^i_j ,

(m^2_D)^j_i = (m^2_U )^j_i = (m^2_L)^j_i = m^2_0 δ^j_i , (2.4a)

Δ^2_1 = Δ^2 = Δ^2_0 , (2.4b)

A^{ij}_D = f^{ij}_D A_Xm_0 , A^{ij}_L = f^{ij}_L A_X m_0 , A^{ij}_U = f^{ij}_U A_Xm_0 , (2.4c)

M_1 = M_2 = M_3 = M_{gX} . (2.4d)

In the minimal supergravity model the soft breaking parameters m_0 and Δ_0 are assumed to be equal whereas in the nonminimal case we treat the two as independent parameters. We assume that the soft SUSY breaking terms m_0, Δ_0, M_{gX}, A_X and the μ parameter are all real so that we do not consider the constraint from electron and neutron electric dipole moments (EDMs). With the above initial conditions we can solve the one-loop RGEs for the SUSY breaking parameters and determine these parameters at the electroweak scale. We also require that the electroweak symmetry breaking occurs properly to give the correct Z^0 boson mass. As independent parameters, we take tan β, m_0, A_X, M_{gX} and sign(μ) (and Δ_0 for the nonminimal case). Once we fix a set of these parameters we can calculate the masses and mixings of all SUSY particles. We can then evaluate various amplitudes for FCNC processes such as B(b → s γ), the B^0–B^0 mixing amplitude, ϵ_K, B(K_L → π^0 ν ν) and B(K^+ → π^+ ν ν).

In order to determine the allowed region of the SUSY parameter space, we require the following phenomenological constraints

(1) b → s γ constraint from CLEO, i.e., 2.0 × 10^{−4} < B(b → s γ) < 4.5 × 10^{−4} [14].

(2) The chargino mass is larger than 97 GeV, and all other charged SUSY particle masses should be larger than 90 GeV [15, 16].

(3) All sneutrino masses are larger than 41 GeV [17].

(4) The gluino and squark mass bounds from TEVATRON experiments [18].

(5) The lightest SUSY particle is neutral.

(6) The condition for not having a charge or color symmetry breaking minimum [19].

(7) SUSY Higgs boson search at LEP II [20].

The detail of these conditions (1)–(6) is discussed in Refs. [5, 7]. The difference between Refs. [5, 7] and the present analysis is that the experimental bounds in (1) and (2) are updated and the complete next-to-leading order QCD correction formula is used for the calculation of the SUSY contributions to the b → s γ amplitude [21]. Previously in Refs. [5, 7] the condition (7) did not give any impact to constrain the SUSY parameter space. Due to the recent improvement of the Higgs boson search at LEP II [20], a sizable parameter space starts to be excluded. This will be discussed in the next subsection.

II.1 Constraint from the SUSY Higgs boson search

It is well known that there is a strict upper bound on the lightest CP-even Higgs boson mass in the MSSM [22]. Because the Higgs search in the LEP II experiment has reached to the sensitivity of 100 GeV for the SM Higgs boson and about 90 GeV for the case of the lightest CP-even Higgs boson in the MSSM, a meaningful amount of the SUSY parameter space is already excluded [20].

The Higgs sector in the MSSM consists of five physical mass eigenstates: two CP-even Higgs boson h and H, one CP-odd Higgs boson A and a pair of charged Higgs boson H^± . There are two angles to specify the mixing in the Higgs sector, namely, a ratio of two vacuum expectation values tan β = ⟨h^0_2⟩ / ⟨h^0_1⟩ and the mixing angle α for the two CP-even Higgs bosons defined as √ 2h^0_1 − v cos β = −h sin α + H cos α , √ 2h^0_2 − v sin β = h cos α + H sin α , (2.5)

where we have only kept the CP-even components of two Higgs fields. In the MSSM, these masses and mixings are determined by two input parameters, for instance m_A and m_h, as well as stop and sbottom masses and mixing parameters through oneloop corrections to the Higgs potential formula. In the supergravity model these masses and mixings at the electroweak scale are calculated by solving the RGEs from the initial conditions at the GUT scale.

The constraints on the SUSY parameter space from the LEP experiments are expressed as an allowed region of two dimensional parameters, for instance (m_h, m_A), with different assumptions of the remaining parameters (stop mass, etc.). In order to simplify the treatment in the numerical analysis we use the following procedure. We first take the experimental constraint in the space of m_A and m_h from Ref. [16, 20]. We require that the set of m_A and m_h calculated in the supergravity model is within the allowed region of this parameter space. Strictly speaking, the allowed region slightly depends on the stop mass and mixing parameters through the angles α and β, but this dependence is not significant. In addition, except for a small parameter region in the case of a large tan β, the CP-odd scalar mass becomes much larger than m_Z so that the property of the lightest CP-even Higgs boson becomes very close to that of the SM Higgs boson. In such a case the SUSY Higgs boson search essentially gives the same lower bound of the lightest CP-even Higgs boson mass as that of the SM Higgs boson, and therefore almost independent of other SUSY parameters.

In the numerical calculation we use the analytic formula for the CP-even Higgs mass matrix given in Ref. [23]. This formula takes into account two-loop leadinglog corrections and reproduces the next-to-leading-log results within a few GeV for m~_t <∼ 1.5 TeV. As the present experimental constraint we require that the set of m_A and m_h is within the allowed region shown in Fig. 1 (case (I)). Later we also show how various results depend on a possible future improvement of the LEP II Higgs boson search. We then simply require m_h ≥ 105 GeV to get a rough idea for the case that the LEP II experiment will not discover any light Higgs boson (case (II)).

III Numerical results on FCNC processes

In this section, the results of numerical calculations for various FCNC processes in B and K decays are presented. We consider here

(1) the B^0–B^0 mixing amplitude;

(2) ϵ_K;

(3) B(K_L → π^0 ν ν);

(4) B(K^+ → π^+ ν ν).

Detail descriptions on the calculation of these quantities in the supergravity model are given in Ref. [5, 7]. Besides the improvement discussed in Sec. II, we have improved the calculation of the B^0–B^0 and K^0–K^0 mixings by including the nextto-leading-order QCD correction to the contribution due to the charged-Higgs–top loop diagram [24].

We first present the magnitude of ΔM_{Bd} in the supergravity model. In Fig. 2 we show ΔM_{Bd} /ΔM^{SM}_{Bd} as a function of the lightest Higgs boson mass for three values of tan β, i.e. tan β = 2, 3, 10, where ΔM^{SM}_{Bd} denotes the SM value. As input parameters we take m^{pole}_t = 175 GeV, m^{pole}_b = 4.8 GeV, α_s(m_Z) = 0.119. For the CKM matrix elements, we adopt the ’standard’ phase convention of the Particle Data Group [17], taking V_{us} = 0.2196, V_{cb} = 0.0395, |V_{ub}/V_{cb}| = 0.08. We fix the CP violating phase in the CKM matrix δ_{13} = π/2 in the following analysis. As we will see later, the ratio ΔM_{Bd} /ΔM^{SM}_{Bd} is almost independent of δ_{13}. The SUSY breaking parameters at the GUT scale are scanned within the following range: 0 < m_0 < 1 TeV, 0 < Δ_0 < 1 TeV, 0 < M_{gX} < 1 TeV, 0 < |A_X| < 5. This figure shows the possible values of ΔM_{Bd} /ΔM^{SM}_{Bd} and m_h for parameter sets of the minimal supergravity model as well as for those of the nonminimal case discussed in Sec. II. Campared to the result in [7], we see that the possible deviation from the SM is reduced to +15% from +40% for the nonminimal case if we require that the lightest CP-even Higgs mass should be larger than 95 GeV for tan β = 2. If the mass bound is raised to 105 GeV no allowed parameter space remains for tan β = 2. For tan β = 3, the lightest Higgs boson mass is shifted to a larger value so that there is some allowed space for m_h > 105 GeV. For tan β = 10, a separate allowed region appear in the region of m_h = 115–125 GeV where ΔM_{Bd} /ΔM^{SM}_{Bd} is 1.15–1.30.

It is instructive to see the correlation between ΔM_{Bd} /ΔM^{SM}_{Bd} and B(b → s γ). In Fig. 3 we show ΔM_{Bd}/ΔM^{SM}_{Bd} as a function of B(b → s γ) for tan β = 2, 3, 10. In these figures, the constraint from the present SUSY Higgs boson search is applied as described in Sec. II.1. For tan β = 2, most of the parameter region is already excluded by the Higgs boson search. The deviations of both B(b → s γ) and ΔM_{Bd} from the SM predictions are small in the allowed parameter region. Compared with the Fig.8(c) in Ref. [7], we can see that the more parameter space is excluded in the case that B(b → s γ) is larger than the SM prediction. This is because both B(b → s γ) and the mass of the lightest CP-even Higgs boson have a correlation with sign(μ). Namely, B(b → s γ) is enhanced for μ < 0. On the other hannd the lightest Higgs boson becomes lighter for μ < 0 since it depends on the sign(μ) through the stop left-right mixing parameter in the radiative correction part of the Higgs mass formula. For tan β = 10, there are two branches within the allowed region of B(b → s γ) for the nonminimal cese. The upper dots correspond to the allowed region where m_h = 115–125 GeV in Fig. 2(c). In these points the sign of the b → s γ amplitude becomes opposite to that of the b → s γ amplitude in the SM because the SUSY contributions are very large and opposite in sign. It is known that this parameter space corresponds to the case where the b → s l^+ l^− branching ratio is enhanced by 50–100% [13].

In Fig. 4(a) the allowed ranges of ΔM_{Bd} /ΔM^{SM}_{Bd} are shown for several values of tan β with the present constraint of the SUSY Higgs boson search and Fig. 4(b) corresponds to the case where m_h > 105 GeV. For tan β >∼ 10 there appears a separate region where the sign of the b → s γ amplitude is opposite to that of the SM amplitude. Two cases are distinguished according to the sign of the b → s γ amplitude for tan β = 10, 20, 40. We can see that the present constraint allows the deviation of the SM for the B^0–B^0 mixing up to 12% for the minimal case and 30% for the nonminimal case. If the Higgs boson bound is raised to 105 GeV, the allowed deviation from the SM becomes less than 15% except for the small parameter space where the sign of the b → s γ amplitude becomes opposite to the SM case.

Next we show the branching ratio of K_L → π^0 ν ν normalized to the SM prediction. We have calculated B(K_L → π^0 ν ν)/ B(K_L → π^0 ν ν)_{SM} in the minimal and nonminimal cases. The allowed range of this quantity is shown for the present Higgs bound (Fig. 5(a)) and for m_h > 105 GeV (Fig. 5(b)). We can see that B(KL → π^0 ν ν) is suppressed by up to 5% and 15% in the minimal and nonminimal cases, respectively. When we restrict m_h > 105 GeV, the maximal deviation is reduced to 7 % for the nonminimal case.

We study various correlations among ΔM_{Bd} , ϵ_K, B(K_L → π^0 ν ν) and B(K^+ → π^+ ν ν). As noted in Ref. [7], ΔM_{Bd} /ΔM^{SM}_{Bd} and ϵ_K/ϵ^{SM}_K have a linear relation. When these quantities are normalized by the corresponding quantities in the SM, these relations are essentially independent of δ_{13} in the CKM matrix because the factors of CKM matrix elements are approximately equal for ΔM_{Bd} and ΔM^{SM}_{Bd} . For ϵ_K and ϵ^{SM}_K , there is a charm loop contribution which breaks the proportionality, but this contribution turns out to be small. In Fig. 6 the correlation between ΔM_{Bd}/ΔM^{SM}_{Bd} and ϵ_K/ϵ^{SM}_K is shown for tan β = 3 and the nonminimal case. The corresponding figure for the minimal case is obtained by taking a part of these lines according to the maximal value of ΔM_{Bd}/ΔM^{SM}_{Bd} .

The correlation between B(K_L → π^0 ν ν)/ B(K_L → π^0 ν ν)_{SM} and B(K^+ → π^+ ν ν)/ B(K^+ → π^+ ν ν)_{SM} is shown in Fig. 7 for tan β = 3 and the nonminimal case. We can see that the situation is quite similar to Fig. 6. The slight dependence on δ_{13} is the result of the charm loop contribution to the B(K^+ → π^+ ν ν)_{SM}.

We also show the correlation between ΔM_{Bd} /ΔM^{SM}_{Bd} and B(K_L → π^0 ν ν)/ B(KL → π^0 ν ν)SM in Fig. 8 for tan β = 3 and 10 with the present Higgs search limit. We can see that in the parameter space where ΔM_{Bd} is the most enhanced the suppression of B(K_L → π^0 ν ν) become maximal. The correlations are useful to distinguish possible new physics effects from consistency check of the unitarity triangle. For instance, suppose that the time-dependent CP asymmetry in the B → J/ψ K_S decay mode is well established. Then by combining one more observable quantity, the parameter set (ρ, η) of the CKM matrix in the Wolfenstein parametrization is determined within the SM. If the SUSY effects are relevant, |V_{td}| determined from ΔM_{Bd} or ϵ_K can be different from that determined from B(KL → π^0 ν ν) or B(K^+ → π^+ ν ν) because the formers are enhanced and the latters are suppressed in the supergravity model. On the other hand, observables such as |V_{ub}/V_{cb}|, ΔM_{Bd} /ΔM_{Bs}, and CP asymmetries in B decays are essentially independent of the SUSY loop contributions.

IV Muon anomalous magnetic moment

In this section we present the numerical result of SUSY loop effects on the muon anomalous magnetic moment in the supergravity model. The present experimental value of a_μ = (g − 2)_μ/2 is [17, 25]

a^{exp}_μ = 11659235.0(73.0) × 10^{−10} . (4.1)

According to Ref. [12] the SM prediction is

a^{SM}_μ = 11659109.6(6.7) × 10^{−10} , (4.2)

where the error in the SM value is dominated by the hadronic contribution of the vacuum polarization diagram [26,27]. Combining the above two values we can derive a possible new physics contribution to a_μ as

a^{exp}_μ − a^{SM}_μ = (75.5 ± 73.3) × 10^{−10} . (4.3)

The current BNL experiment is aiming to improve a_μ by a factor of 20 and the first result is reported as a_μ = 1165925(15) × 10^{−9} [25]. In addition the hadronic contribution to the vacuum polarization may be better understood if the e^+e^− total cross section is well measured experimentally [27]. As we see later, although the present constraint from the muon anomalous magnetic moment is not strong enough the situation will soon change after the improvement of the measurement.

We calculated the SUSY contribution to a_μ (a^{SUSY}_μ ) from the loop diagrams with sneutrino and chargino and with charged slepton and neutralino. Detailed formula are found, for example, in [9]. We require the radiative electroweak symmetry breaking condition and the various phenomenological constraints discussed in Sec. II.

We show a^{SUSY}_μ in the minimal supergravity for tan β = 3 as a function of the lighter chargino (χ^±_1 ) mass, the left-handed smuon (~μ_L) mass and B(b → s γ) in Fig. 9. Also the same plots for tan β = 10 are shown in Fig. 10. In these figures the present bound from the Higgs boson search is applied. We can see that a^{SUSY}_μ can be large only when both χ^±_1 and ~μ_L are relatively light. For example, χ^±_1 and

~μ_L are lighter than 150 GeV and 200 GeV, respectively, in order for a^{SUSY}_μ > 50 × 10^{−10} for tan β = 10. As is well known, the magnitude of a^{SUSY}_μ becomes large for large tan β. The enhancement of a^{SUSY}_μ for large tan β comes from the fact that a^{SUSY}_μ is dominated with the sneutrino-chargino loop diagram, which contains a contribution proportional to μ tan β. As a result, SUSY contributions to both b → s γ amplitude and a^{SUSY}_μ are correlated with sign(μ). We can see that a^{SUSY}_μ becomes positive (negative) according to the suppression (enhancement ) of B(b → s γ). This correlation was pointed out in Ref. [11].

The predicted range of a^{SUSY}_μ are shown for several values of tan β with the present constraint on the Higgs search and with m_h > 105 GeV for the minimal and the nonminimal cases in Fig. 11. As in Fig. 4 two cases according to the sign of the b → s γ amplitude are shown separately for tan β = 10, 20, 40. This figure shows that the muon anomalous magnetic moment is indeed expected to become very powerful to constrain the SUSY parameter space in near future. We see that even for tan β = 5 the deviation is quite sizable considering future improvements on the a_μ measurement.

V Conclusion

We updated the numerical analysis of FCNC processes in B and K decays and the muon anomalous magnetic moment in the supergravity model. Taking account of the recent progress in the Higgs boson search, we show that a small tan β region is almost excluded for tan β <∼ 2. The maximal deviation from the SM value in the B^0–B^0 mixing is 12% for the minimal supergravity case and 30% for the nonminimal case. If the Higgs mass bound is raised to 105 GeV the deviations become less than 11% and 16%, respectively, except for a small parameter space where the b → s γ decay amplitude is opposite in sign to the SM amplitude. For B(K → π ν ν), we show that the deviation is less than 5% for the minimal case and less than 14% for the nonminimal case under the present Higgs mass bound.

We also calculate the SUSY contribution to the muon anomalous magnetic moment. a^{SUSY}_μ and B(b → s γ) show a strong correlation and a^{SUSY}_μ becomes very large for a large tan β region. We find that the SUSY contribution a^{SUSY}_μ can be

(−30 – +80) × 10^{−10} for tan β = 10 for the minimal supergravity case. Along with the B(b → s γ) constraint, a^{SUSY}_μ will soon become a very important constraint on the parameter space in the supergravity model.

Acknowledgments

The authors would like to thank S. Yamashita for useful discussions on Higgs boson search experiments at LEP. The work of Y.O. was supported in part by the Grant-in- Aid of the Ministry of Education, Science, Sports and Culture, Government of Japan (No.09640381),Priority area “Supersymmetry and Unified Theory of Elementary Particles” (No. 707), and “Physics of CP Violation” (No.09246105).

References

[1] F. Gabbiani and A. Masiero, Nucl. Phys. B322, 235 (1989);

I.I. Bigi and F. Gabbiani, Nucl. Phys. B352, 309 (1991).

[2] S. Bertolini, F. Borzumati, A. Masiero and G. Ridolfi, Nucl. Phys. B353, 591 (1991).

[3] N. Oshimo, Nucl. Phys. B404, 20 (1993);

J. Hewett, Phys. Rev. Lett. 70, 1045 (1993);

V. Barger, M. Berger and R.J.N. Phillips, Phys. Rev. Lett. 70, 1368 (1993); R. Barbieri and G.F. Giudice, Phys. Lett. B 309, 86 (1993); J.L. Lopez, D.V. Nanopoulos and G.T. Park, Phys. Rev. D 48, 974 (1993); J.L. Lopez, D.V. Nanopoulos, G.T. Park and A. Zichichi, Phys. Rev. D 49, 355 (1994);

Y. Okada, Phys. Lett. B 315, 119 (1993); R. Garisto and J.N. Ng, Phys. Lett. B 315, 372 (1993); M.A. Diaz, Phys. Lett. B 322, 207 (1994); F.M. Borzumati, Z. Phys. C 63, 291 (1994); S. Bertolini and F. Vissani, Z. Phys. C 67, 513 (1995); J. Wu, P. Nath and R. Arnowitt, Phys. Rev. D 51, 1371 (1995); P. Nath and R. Arnowitt, Phys. Lett. B 336, 395 (1994); Phys. Rev. Lett. 74, 4592 (1995);

F.M. Borzumati, M. Drees and M.M. Nojiri, Phys. Rev. D 51, 341 (1995); J.L. Lopez, D.V. Nanopoulos, X. Wang and A. Zichichi, Phys. Rev. D 51, 147 (1995);

G. Kane, C. Kolda, L. Roszkowski and D. Wells, Phys. Rev. D 49, 6173 (1994);

M. Carena, M. Olechowski, S. Pokorski and C.E.M. Wagner, Nucl. Phys. B426, 269 (1994);

C. Kolda, L. Roszkowski, D. Wells and G. Kane, Phys. Rev. D 50, 3498 (1994);

V. Barge, M.S. Berger, P. Ohmann and R.J.N. Phillips, Phys. Rev. D 51, 2438

(1995);

B. de Carlos and J.A. Casas, Phys. Lett. B 349, 300 (1995); erratum, ibid. B351, 604 (1995);

T. Goto and Y. Okada, Prog. Theor. Phys. 94, 407 (1995); Prog. Theor. Phys. Suppl. 123, 213 (1996); G.T. Park, Mod. Phys. Lett. A 11, 1187 (1996); H. Baer and M. Brhlik, Phys. Rev. D 55, 3201 (1997);

H. Baer, M. Brhlik D. Castano and X. Tata, Phys. Rev. D 58, 015007 (1998).

[4] L.J. Hall, V.A. Kostelecky and S. Raby, Nucl. Phys. B267, 415 (1986);

T. Kurimoto, Phys. Rev. D 39, 3447 (1989); Mod. Phys. Lett. A 10, 1577 (1995);

J.S. Hagelin, S. Kelley and T. Tanaka, Mod. Phys. Lett. A 8, 2737 (1993); Nucl. Phys. B415, 293 (1994);

G.C. Branco and G.C. Cho, Y. Kizukuri and N. Oshimo, Phys. Lett. B 337, 316 (1994); Nucl. Phys. B449, 483 (1995); M.P. Worah, Phys. Rev. D 54, 2198 (1996); G.T. Park and S.K. Kang, Phys. Rev. D 54, 4687 (1996);

M. Ciuchini, E. Franco, G. Martinelli and A. Masiero, Phys. Rev. Lett. 79, 978 (1997);

J.A. Bagger, K.T. Matchev and R.J. Zhang, Phys. Lett. B 412, 77 (1997); R. Barbieri and A. Strumia, Nucl. Phys. B508, 3 (1997); T. Nihei, Prog. Theor. Phys. 98, 1157 (1997); M. Ciuchini, et al., JHEP 9810, 008 (1998); S. Baek, J.-H. Jang, P. Ko, J.H. Park, hep-ph/9907572.

[5] T. Goto, T. Nihei and Y. Okada, Phys. Rev. D 53, 5233 (1996); Phys. Rev. D 54, 5904(E) (1996).

[6] S. Bertolini and A. Masiero, Phys. Lett. B 174, 343 (1986);

B. Mukhopadhyaya and A. Raychaudhuri, Phys. Lett. B 189, 203 (1987); I.I. Bigi and F. Gabbiani, Nucl. Phys. B367, 3 (1991); G. Couture and H.König, Z. Phys. C 69, 174 (1995);

Y. Nir and M.P. Worah, Phys. Lett. B 423, 319 (1998); A.J. Buras, A. Romanino and L. Silvestrini, Nucl. Phys. B 520, 3 (1998); G.C. Cho, Eur. Phys. J. C5, 525 (1998); G. Colangelo, G. Isidori, JHEP 9809, 009 (1998);

A.J. Buras, G. Colangelo, G. Isidori, A. Romanino, L. Silvestrini,

hep-ph/9908371.

[7] T. Goto, Y. Okada and Y. Shimizu, Phys. Rev. D 58, 094006 (1998).

[8] P. Fayet, in Unification of the Fundamental Particles Interactions, edited by S.

Ferrara, J. Ellis and P. van Nierwenhuizen (Plenum, New York, 1980) p. 587; J.A. Grifols and A. Mendez, Phys. Rev. D 26, 1809 (1982); J. Ellis, J.S. Hagelin and D.V. Nanopoulos, Phys. Lett. B 116, 283 (1982); R. Barbieri and L. Maiani, Phys. Lett. B 117, 203 (1982);

M. Carena, G.F. Giudice, and C.E.M. Wagner, Phys. Lett. B 390, 234 (1997); T. Ibrahim and P. Nath, hep-ph/9908443.

[9] T. Moroi, Phys. Rev. D 53, 6565 (1996); Erratum-ibid. D56, 4424 (1997).

[10] D.A. Kosower, L.M. Krauss and N. Sakai, Phys. Lett. B 133, 305 (1983);

T.C. Yuan, R. Arnowitt, A.H. Chamseddine and P. Nath, Z. Phys. C 26, 407 (1984);

J.C. Romao, A. Barroso, M.C. Bento and G.C. Branco, Nucl. Phys. B 250, 295 (1985);

J.L. Lopez, D.V. Nanopoulos and X. Wang, Phys. Rev. D 49, 366 (1994); T. Ibrahim and P. Nath, hep-ph/9907555.

[11] U. Chattopadhyay and P. Nath Phys. Rev. D 53, 1648 (1996).

[12] A. Czarnecki and W.J. Marciano, he-ph/9810512.

[13] T. Goto, Y. Okada, Y. Shimizu and M. Tanaka, Phys. Rev. D 55, 4273 (1997).

[14] CLEO Collaboration, hep-ex/9908022.

[15] OPAL Collaboration, OPAL Physics Note PN413 (1999).

[16] V. Ruhlmann-Kleider, talk given in XIX International Symposium on Lepton and Photon Interactions at High Energies, Stanford University, August 9-14, 1999.

[17] Caso et al., (Particle Data Group), Eur. Phys. J. C3, 1 (1998).

[18] CDF Collaboration, F. Abe et al., Phys. Rev. D 56, 1357 (1997);

D0 Collaboration, S. Abachi et al., Phys. Rev. Lett. 75, 618 (1995).

[19] J.P. Derendinger and C.A. Savoy, Nucl. Phys. B237, 307 (1984).

[20] ALEPH Collaboration, hep-ex/9908016;

OPAL Collaboration, OPAL Physics Note PN414 (1999).

[21] C. Bobeth, M. Misiak and J. Urban, TUM-HEP-321-98, hep-ph/9904413.

[22] Y. Okada, M. Yamaguchi and T. Yanagida, Prog. Theor. Phys. 85, 1 (1991);

Phys. Lett. B 262, 54 (1991);

J. Ellis, G. Ridolfi and F. Zwirner, Phys. Lett. B 257, 83 (1991);Phys. Lett. B 262, 477 (1991);

H.E. Haber and R. Hempfling, Phys. Rev. Lett. 66, 1815 (1991).

[23] M. Carena, J.R. Espinosa, M. Quirós and C.E.M. Wagner, Phys. Lett. B 355, 209 (1995).

[24] J. Urban, F.Krauss , U. Jentschura, G. Soff, Nucl. Phys. B 523, 40 (1998).

[25] R.M. Carey et al., Phys. Rev. Lett. 82, 1632 (1999).

[26] E. de Rafael, Phys. Lett. B 322, 239 (1994);

S. Eidelman and F. Jegerlehner, Z. Phys. C 67, 585 (1995); J. Bijnens, E. Pallante, and J. Prades, Nucl. Phys. B 474, 379 (1996); B. Krause, Phys. Lett. B 390, 392 (1997);

M. Hayakawa and T. Kinoshita, Phys. Rev. D 57, 465 (1998); R. Alemany, M. Davier, and A. Hocker, Eur. Phys. J. C2, 123 (1998).

[27] M. Davier and A. Hocker, Phys. Lett. B 435, 427 (1998).

Figure Captions

FIG. 1 Allowed region in m_A–m_h space used in our numerical calculation.

FIG. 2 ΔM_{Bd}/ΔM^{SM}_{Bd} as a function of the lightest Higgs boson mass for (a) tan β = 2, (b) tan β = 3 and (c) tan β = 10. Each dot represents the value in the full parameter space and each square shows the value for the minimal case.

FIG. 3 ΔM_{Bd}/ΔM^{SM}_{Bd} as a function of B(b → s γ) for (a) tan β = 2, (b) tan β = 3 and (c) tan β = 10. Each dot represents the value in the full parameter space and each square shows the value for the minimal case. The vertical dotted lines show the upper and lower bounds on B(b → s γ) given by CLEO. The constraint from the present Higgs boson search (case (I)) is imposed.

FIG. 4 Allowed ranges of ΔM_{Bd} /ΔM^{SM}_{Bd} for several values of tan β with (a) the present constraint of the Higgs boson mass (case (I)) and (b) m_h > 105 GeV (case (II)). Two lines are shown according to the sign of the b → s γ amplitude for tan β = 10, 20, 40. The left (right) lines correspond the case where the sign of the b → s γ amplitude is same (opposite) as that in the SM.

FIG. 5 Allowed ranges of B(K_L → π^0 ν ν)/ B(K_L → π^0 ν ν)_{SM} for several values of tan β with (a) the present constraint of the Higgs boson mass (case (I)) and (b) m_h > 105 GeV (case (II)). The allowed ranges for the parameter regions where the sign of the b → s γ decay amplitude is opposite to that of the SM amplitude are separately plotted. The meaning of two lines for tan β = 10, 20, 40 is as the same as in the case of Fig. 4.

FIG. 6 Correlation between ΔM_{Bd} /ΔM^{SM}_{Bd} and ϵ_K/ϵ^{SM}_K for δ_{13} = 30^∘ , 90^∘ and 150^∘ in the nonminimal case with tan β = 3 with the present constraint of the Higgs boson mass (case (I)).

FIG. 7 Correlation between B(K_L → π^0 ν ν)/ B(K_L → π^0 ν ν)_{SM} and B(K^+ → π^+ ν ν)/ B(K^+ → π^+ ν ν)_{SM} for δ_{13} = 30^∘ , 90^∘ and 150^∘ in the nonminimal case with tan β = 3 with the present constraint of the Higgs boson mass (case (I)).

FIG. 8 Correlation between B(K_L → π^0 ν ν)/ B(K_L → π^0 ν ν)_{SM} and ΔM_{Bd}/ ΔM^{SM}_{Bd} for (a) tan β = 3 and (b) tan β = 10 with the present constraint of the Higgs boson mass (case (I)).

FIG. 9 a^{SUSY}_μ in the minimal supergravity case for tan β = 3 (a) as a function of the lighter chargino mass, (b) as a function of the left-handed scalar muon mass, and (c) as a function of B(b → s γ). The constraint from the present Higgs boson search (case (I)) is imposed.

FIG. 10 Same as Fig. 9 for tan β = 10.

FIG. 11 Allowed ranges of a^{SUSY}_μ for several values of tan β with (a) the present constraint of the Higgs boson mass (case (I)) and (b) m_h > 105 GeV (case (II)). The allowed ranges for the parameter regions where the sign of the b → s γ decay amplitude is opposite to that of the SM amplitude are separately plotted.

Figures

Fig. 1

Fig. 2(a)

Fig. 2(b)

Fig. 2(c)

Fig. 3(a)

Fig. 3(b)

Fig. 3(c)

Fig. 4(a)

Fig. 4(b)

Fig. 5(a)

Fig. 5(b)

Fig. 6

Fig. 7

Fig. 8(a)

Fig. 8(b)

Fig. 9(a)

Fig. 9(b)

Fig. 9(c)

Fig. 10(a)

Fig. 10(b)

Fig. 10(c)

Fig. 11(a)

Fig. 11(b)