arXiv:hep-ph/0702164v1 16 Feb 2007

Probing the lightest new gauge boson B_H in the littlest Higgs model via the processes γγ → ff̄B_H at the ILC

Xuelei Wang,^∗ Suzhen Liu, Qingguo Zeng, and Zhenlan Jin

College of Physics and Information Engineering, Henan Normal University, Xinxiang, Henan 453007. P.R. China^† (Dated: February 16, 2007)

Abstract

The neutral gauge boson B_H with the mass of hundreds GeV, is the lightest particle predicted by the littlest Higgs(LH) model, and such particle should be the first signal of the LH model at the planed ILC if it exists indeed. In this paper, we study some processes of the B_H production associated with the fermion pair at the ILC, i.e., γγ → ff̄B_H . The studies show that the most promising processes to detect B_H among γγ → ff̄B_H are γγ → l^{′+}l^{′−}B_H (l^′ = e, μ), and they can produce the sufficient signals in most parameter space preferred by the electroweak precision data at the ILC. On the other hand, the signal produced via the certain B_H decay modes is typical and such signal can be easily identified from the SM background. Therefore, B_H , the lightest gauge boson in the LH model would be detectable at the photon collider realized at the ILC.

PACS numbers: 12.60.Nz, 14.80.Mz, 13.66.Hk

∗Electronic address: wangxuelei@sina.com †This work is supported by the National Natural Science Foundation of China(Grant No.10375017 and No.10575029).

I. INTRODUCTION

The little Higgs models[1, 2, 3, 4, 5] were recently proposed to solve the hierarchy problem in the standard model(SM) by protecting the Higgs mass from quadratical divergences at one-loop order, and thus can be regarded as one of the important candidates of the new physics beyond the SM. The key feature of this kind of models is that the Higgs boson is a pseudo-Goldstone boson of a global symmetry breaking at a scale Λ ∼ 10TeV, so that the Higgs boson mass is naturally light. The light Higgs boson mass is protected from the one-loop quadratic divergences by introducing a few new particles with the same statistics as the corresponding SM particles.

Among various little Higgs models, the littlest Higgs(LH) model[5] is a simplest and phenomenologically viable one to realize the little Higgs idea. In this model, new charged heavy vector bosons W^±_H , neutral heavy vector bosons Z_H , B_H , a heavy vector-like quark T and charged or neutral heavy Higgs scalars are present which just cancel the quadratic divergences by the SM gauge boson loops, the top quark loop and Higgs self-interaction, respectively. These new particles might produce characteristic signatures at present and future high energy collider experiments[6, 7, 8]. In the literatures[7, 8], the phenomenologies of the LH model at the LHC have been studied, showing that the LHC has the potential to detect these particles. In the LH model, however, we find that the globe symmetry structure SU(5)/SO(5) allows a substantially light B_H , light enough to be produced on shell at a 500 GeV linear collider. B_H , as the lightest new particle in the LH model, would play an important role in the phenomenological studies of the LH model. Such gauge boson can be probed indirectly through its contributions to some processes[9, 10]. On the other hand, such particle would be the first signal of the LH model at high energy experiments, and the direct detection of it can provide a robust evidence of the model. Although the LHC has the considerable potential to detect B_H [7, 8], the detailed study of its properties needs the precision measurement at the future high energy and luminosity linear collider, and such work will be performed at the planned International Linear Collider(ILC), with the center of mass(c.m) energy √ s =300 GeV-1.5 TeV and the integrated luminosity 500 fb^{−1} within the first four year running[11]. The gauge boson B_H would be light enough to be produced at the first running of the ILC. So people also pay much attention to study the B_H production mechanism at the ILC. Some B_H production processes via e^+e^− collision at the ILC have been done [12]. A unique feature of the ILC is that it can be transformed to γγ or eγ collisions with the photon beams generated by using the Compton backscattering of the initial electron and laser beams. In this case, the energy and luminosity of the photon beams would be the same order of magnitude of the original electron beams, and the set of final states at a photon collider is much richer than that in the e^+e^− mode. So the realization of the photon collider will open a wider window to probe B_H . Some B_H production processes at the photon collider have also been studied[13]. In this paper, we study other interesting B_H production processes at the photon collider, i.e., γγ → ff̄B_H . Here f represent all fermions in the SM. Our results show that the productions of B_H associated with e^+e^− or μ^+μ^− can also provide an ideal way to probe B_H with clean background.

This paper is organized as follows. In Sec. II, we first present the key idea of the LH model and summarize some couplings in the LH model related to our study, then we give our calculations of the cross sections for the processes γγ → ff̄B_H . The numerical results and conclusions will be shown in Sec. III.

II. THE KEY IDEA OF THE LH MODEL AND THE CROSS SECTIONS OF THE PROCESSES γγ → ffB_H

The LH model is the most economical one among various little Higgs models. It is based on a non-linear sigma model and consists of a global SU(5) symmetry which is broken down to SO(5) by a vacuum condensate f ∼^{Λs}_{4π} ∼ TeV. Such breaking scenario results in 14 Goldstone bosons. Four of them are eaten by the broken gauge generators and will become the longitudinal modes of four new massive gauge bosons, leaving 10 states that transform under the SM gauge group as a complex Higgs doublet and a complex scalar triplet. A subgroup [SU(2) × U(1)]^2 of the global SU(5) which is gauged with gauge couplings g_1, g_2, g^′_1, g^′_2, respectively, is spontaneously broken down to its diagonal SU(2)_L × U(1)_Y subgroup. Such diagonal group is identified as the SM electroweak gauge group and the mass eigenstates of the gauge bosons after the symmetry breaking are

W = sW_1 + cW_2, W^′ = −cW_1 + sW_2, (1) B = s^′B_1 + c^′B_2, B^′ = −c^′B_1 + s^′B_2.

Where the W, B are the massless gauge bosons associated with the generators of the electroweak gauge group SU(2)_L × U(1)_Y . The W^′ and B^′ are the massive gauge bosons associated with the four broken generators of [SU(2) × U(1)]^2. Using the mixing parameters c(s = √ 1 − c^2) and c^′(s^′ = √ 1 − c^{′2}), one can represent the SM gauge coupling constants as g = g_1s = g_2c and g^′ = g^′_1s^′ = g^′_2c^′.

After electroweak symmetry breaking, the final observed mass eigenstates are obtained via mixing between the heavy(W^′, B^′) and light (W , B) gauge bosons. They include the light SM-like bosons W^±_L , Z_L and A_L observed at experiments, and new heavy bosons W^±_H , Z_H and B_H that could be observed in future experiments. The masses of neutral gauge bosons are given to O(v^2/f^2) by [7, 9]

M^2_{AL} = 0, (2)

M^2_{BH} = (M^{SM}_Z )^2s^2_W { f^2 5s^{′2}c^{′2}v^2

− 1 + v^2 2f^2 [ 5(c^{′2} − s^{′2})^2 2s^2_W − χ_H g g^′ c^{′2}s^2 + c^2s^{′2} cc^′ss^′ ]}, M^2_{ZL} = (M^{SM}_Z )^2{1 − v^2 f^2 [ 1 6 + 1 4 (c^2 − s^2)^2 + 5 4 (c^{′2} − s^{′2})^2] + 8 v^{′2} v^2 }, M^2_{ZH} = ( M^{SM}_W )^2{ f^2 s^2c^2v^2

− 1 + v^2 2f^2 [ (c^2 − s^2)^2 2c^2_W + χ_H g^′ g c^{′2}s^2 + c^2s^{′2} cc^′ss^′ ]}. Where, χ_H =^5_2 gg^{′ scs′c′(c2s′2+s2c′2)} 5g^2s^{′2}c^{′2}−g^{′2}s^2c^2 , sW (cW ) represents the sine(cosine) of the weak mixing

angle, v=246 GeV is the elecroweak scale and v^′ is the vev of the scalar SU(2)_L triplet.

The effective non-linear lagrangian invariant under the local gauge group [SU(2) × U(1)]^2 can be written as

L_{eff} = L_G + L_F + L_Σ + L_Y − V_{CW} (Σ). (3)

L_G consists of the pure gauge terms; L_F is the fermion kinetic terms, L_Σ consists of the σ-model terms of the LH model, L_Y is the Yukawa couplings of fermions and pseudo- Goldstone bosons, and V_{CW} (Σ) is the Coleman-Weinberg potential generated radiatively from L_Y and L_Σ. The couplings related to our work are the couplings of the neutral gauge bosons with fermion pair which are included in L_F . Such fermion kinetic terms take the generic form

L_F = ∑ f ψ̄_f iγ^μD_μψ_f , (4)

with

D_μ = ∂_μ − i 2∑ j=1 (g_jW_{jμ} + g^′_jB_{jμ}). The couplings of the neutral gauge bosons V_i with fermion pair can be written in form of V^{Viff̄}_μ = iγ_μg^{Viff̄} = iγ_μ(g^{Viff̄}_V + g^{Viff̄}_A γ^5), and the explicit expressions of the couplings related with B_H are [7] g^{BH l+i l−i} V = g^′ 2s^′c^′ (2y_e − 9 5 + 3 2 c^{′2}), g^{BH l+i l−i}_A = g^′ 2s^′c^′ (− 1 5 + 1 2 c^{′2}), (5) g^{BH uiui} V = g^′ 2s^′c^′ (2y_u + 17 15 − 5 6 c^{′2}), g^{BH uiui}_A = g^′ 2s^′c^′ ( 1 5 − 1 2 c^{′2}), g^{BH didi} V = g^′ 2s^′c^′ (2y_u + 11 15 + 1 6 c^{′2}), g^{BH didi}_A = g^′ 2s^′c^′ (− 1 5 + 1 2 c^{′2}), g^{BH tt}_V = g^′ 2s^′c^′ (2y_u + 17 15 − 5 6 c^{′2} − 1 5 x_L), g^{BH tt}_A = g^′ 2s^′c^′ ( 1 5 − 1 2 c^{′2} − 1 5 x_L). (6)

l_i, u_i, d_i denote (e, μ, τ), (u, c), (d, s, b), respectively. We also define x_L =^{λ21}_{λ21+λ2} , and x_L is the mixing angle parameter between the SM top quark t and the vector-like quark T, in which λ_1 and λ_2 are the Yukawa coupling parameters. As we can see above, the gauge invariance alone can not unambiguously fix all the U(1) hypercharge values, and the two parameters y_e and y_u are undetermined. If one requires that the U(1) hypercharge assignments be anomaly free, they can be fixed as y_e =^3_5 , y_u = −^2_5 . In the following calculation, we take y_e =^3_5 , y_u = −^2_5 as an example. In this case, we can see that an apparently special point at c^′ = √ 2/5 exists where all the couplings of the gauge boson B_H to light fermion pair vanish. An exception is the coupling of B_H to the top quark pair, and an additional term is attributed to such coupling.

In the LH model, the custodial SU(2) global symmetry is explicitly broken, which can generate large contributions to the electroweak observables. In the early study, global fit to the experimental data puts rather severe constraints on the f > 4 TeV at 95% C.L[14]. However, their analyses are based on a simple assumption that the SM fermions are charged only under U(1)_1. If the SM fermions are charged under U(1)_1 × U(1)_2, the bounds become relaxed. The substantial parameter space allows f = 1 ∼ 2 TeV, with c = 0 ∼ 0.5, c^′ = 0.62 ∼ 0.73[15].

Due to the existence of B_H ff̄ couplings, B_H can be produced associated with fermion pair via γγ collision. The Feynman diagrams for the processes are shown in Fig.1, in which the cross diagrams with the interchange of the two incoming photons are not shown.

FIG. 1: The Feynman diagrams of the processes γγ → ff̄B_H in the LH model.

The amplitudes for the processes are given by M^a_f = iG(p_3 + p_5, m_f )G(p_1 − p_4, m_f ) · (7) u_f (p_3)/e(p_5)g^{BH ff} (/p_3 + /p_5 + m_f )/e(p_2)g^{γff} (/p_1 − /p_4 + m_f )/e(p_1)g^{γff} v_f (p_4), M^b_f = iG(p_3 − p_2, m_f )G(p_1 − p_4, m_f ) ·

u_f (p_3)/e(p_2)g^{γff} (/p_3 − /p_2 + m_f )/e(p_5)g^{BH ff} (/p_1 − /p_4 + m_f )/e(p_1)g^{γff} v_f (p_4), M^c_f = iG(p_3 − p_2, m_f )G(p_4 + p_5, m_f ) ·

u_f (p_3)/e(p_2)g^{γff} (/p_3 − /p_2 + m_f )/e(p_1)g^{γff} (−/p_4 − /p_5 + m_f )/e(p_5)g^{BH ff} v_f (p_4). The amplitudes of the diagrams with the interchange of two incoming photons can be directly obtained by interchanging p_1, p_2 in above amplitudes. Where G(p, m) =^1_{p2−m2} is the propagator of the particle.

With the above amplitudes, we can directly obtain the production cross sections σ̂(ŝ) for the subprocesses γγ → ff̄B_H and the total cross sections at the e^+e^− linear collider can be obtained by folding σ̂(ŝ) with the photon distribution function F (x) which is given in Ref.[16],

σ_{tot}(s) = ∫_{xmax} x_{min} dx_1 ∫_{xmax} x_{min}x_{max}/x_1 dx_2F (x_1)F (x_2)σ̂(ŝ), (8)

where s is the c.m. energy squared for e^+e^−. The subprocesses occur effectively at ŝ = x_1x_2s, and x_i are the fractions of the electron energies carried by the photons. The explicit form of the photon distribution function F (x) is

F (x) = 1 D(ξ) [ 1 − x + 1 1 − x − 4x ξ(1 − x) + 4x^2 ξ^2(1 − x)^2 ] , (9)

with D(ξ) = ( 1 − 4 ξ − 8 ξ^2 ) ln(1 + ξ) + 1 2 + 8 ξ − 1 2(1 + ξ)^2

, (10) and ξ = 4E_0ω_0 m^2_e

. (11)

E_0 and ω_0 are the incident electron and laser light energies, and x = ω/E_0. The energy ω of the scattered photon depends on its angle θ with respect to the incident electron beam and is given by ω = E_0(^ξ_{1+ξ} )

1 + (^θ_{θ0} )^2

. (12)

Therefore, at θ = 0, ω = E_0ξ/(1 + ξ) = ω_{max} is the maximum energy of the backscattered photon, and x_{max} =^{ωmax}_{E0} =^ξ_{1+ξ} .

To avoid unwanted e^+e^− pair production from the collision between the incident and back-scattered photons, we should not choose too large ω_0. The threshold for e^+e^− pair creation is ω_{max}ω_0 > m^2_e, so we require ω_{max}ω_0 ≤ m^2_e. Solving ω_{max}ω_0 = m^2_e, we find

ξ = 2(1 + √ 2) = 4.8. (13)

For the choice ξ = 4.8, we obtain x_{max} = 0.83 and D(ξ_{max}) = 1.8. The minimum value for x is determined by the production threshold x_{min} = ŝ_{min} x_{max}s , ŝ_{min} = (2M_f + M_{BH} )^2. (14)

Here we have assumed that both photon beams and electron beams are unpolarized. We also assume that, the number of the backscattered photons produced per electron is one.

III. NUMERICAL RESULTS AND CONCLUSIONS

In our numerical calculations, we take the SM input parameters as: m_e = 0, m_μ = 0.106 GeV, m_τ = 1.77 GeV, m_u = 0.002 GeV, m_d = 0.005 GeV, m_c = 1.25 GeV, m_s = 0.1 GeV, m_t = 174.2 GeV, m_b = 4.7 GeV, M_Z = 91.187 GeV, v = 246 GeV, s^2_W = 0.23[17]. Another SM parameter, the electromagnetic fine structure constant α_e, can be fixed at a certain energy scale by calculating from the simple QED one-loop evolution formula with the boundary value α = 1/137.04[18]. There are still four free parameters (f, c, c^′, √ s) involved in the cross sections, except for the production mode tt̄B_H with an extra parameter x_L. Because the mixing paramter c only has a little effect on the B_H mass, the cross sections are insensitive to c and we fix c = 0.3 as an example. The influences of parameters c^′, f, √ s, x_L on the cross sections are shown in Figs.2-4, and there we also take into account the constraints of electroweak precision data on the parameters, i.e., f = 1 ∼ 2 TeV is allowed for the mixing parameters c, c^′ in the ranges of 0 ∼ 0.5, 0.62 ∼ 0.73, respectively.

As we know, c^′ has strong influence on the couplings B_H ff̄, and also effects the B_H mass. So the cross sections should be very sensitive to c^′. The curves shown in Fig.2 are the cross sections as a function of c^′. We can see that the cross sections sharply drop to zero when c^′ approaches

√_2 5 except for the tt̄B_H production. This is because the couplings B_H ff̄, except for B_H tt̄, are proportional to c^{′2} −^2_5 (with y_e =^3_5 , y_u = −^2_5 for the anomaly

free case) and these couplings become decoupled when c^′ =

√_2 5 . While, for c^′ >

√_2 5 , the

FIG. 2: The production cross sections of the processes γγ → ff̄B_H as a function of the mixing parameter c^′, with f = 2 TeV, c = 0.3, and √ s = 1.5 TeV. Fig.2(a) for the associated lepton pair productions, Fig.2(b) for the associated light up-type quark pair productions, Fig.2(c) for the associated down-type quark pair productions, Fig.2(d) for the associated heavy top pair production with x_L = 0.2, 0.5, 0.8, respectively.

cross sections increase sharply with c^′ increasing. The typical orders of magnitude of the cross sections are: O(1) fb for l^+l^−B_H productions, O(10^{−1}) fb for uū(cc̄)B_H productions, O(10^{−3}) fb for dd̄(ss̄, bb̄)B_H productions, O(10^{−2}) fb for tt̄B_H production. The significant differences of the cross sections among the associated lepton pair productions, associated up-type quark pair productions, and associated down-type quark pair productions are mainly caused by the different coupling strengths of ff̄B_H . The couplings of B_H to lepton pair are the strongest among ff̄B_H , and the couplings of B_H to up-type quark pair are much stronger than those of B_H to down-type quark pair. The large mass of the top quark sharply depresses the phase space of the tt̄B_H production which makes the cross section of the tt̄B_H production is much smaller than those of uū(cc̄)B_H productions.

To see the effect of the scale parameter f on the cross sections, we plot the cross sections as a function of f in Fig.3. From the expression of the B_H mass, we can see that the large value of f can make the B_H mass increase sharply, meanwhile depresses the phase space significantly. So the cross sections decrease with the f increasing for the given c^′. We also show the plots of the cross sections as a function of c.m. energy √ s

FIG. 3: The production cross sections of the processes γγ → ff̄B_H as a function of scale parameter f, with c^′ = 0.68, c = 0.3, and √ s = 1.5 TeV. Fig.3(a) for the associated lepton pair productions, Fig.3(b) for the associated light up-type quark pair productions, Fig.3(c) for the associated down-type quark pair productions, Fig.3(d) for the associated heavy top pair production with x_L = 0.2, 0.5, 0.8, respectively.

in Fig.4. The cross sections significantly increase with √ s increasing at first and then are insensitive to √ s. Therefore, the ILC, with c.m. energy √ s = 300 − 1500 GeV, can provide an ideal collision energy to probe B_H via γγ → ff̄B_H .

The integrated luminosity of the ILC can reach 500fb^{−1} within the first four year running. With the cross sections at the order of 10^{−1}−10^0 fb in most case, there are enough B_H events can be produced via the production modes l^+l^−B_H . The cross sections of other processes are too small to probe B_H . So we only focus on discussing the production modes l^+l^−B_H . The potential to detect a particle is not only depended on the event number of the signal produced, but also depended on the branching ratio of certain decay mode to search the particle and the efficiency to reconstruct the signal. On the other hand, the possibility of detection of a particle also depends critically on the width of the associated resonance, and wide resonance can be difficult to detect. The decay modes of B_H have been studied in reference[7]. For B_H , the parameter spaces where the large decay width would occur are beyond current search limits in any case. So if B_H would be produced it can be detected via the measurement of the peak in the

FIG. 4: The production cross sections of the processes γγ → ff̄B_H as a function of c.m. energy √ s, with c^′ = 0.68, c = 0.3, and f = 2 TeV. Fig.4(a) for the associated lepton pair productions, Fig.4(b) for the associated light up-type quark pair productions, Fig.4(c) for the associated down-type quark pair productions, Fig.4(d) for the associated heavy top pair production with x_L = 0.2, 0.5, 0.8, respectively.

invariant mass distribution of its decaying particles.The main decay modes of B_H are e^+e^− + μ^+μ^− + τ^+τ^−, uū + cc̄, dd̄ + ss̄, W^+W^−, ZH. The most interesting decay modes of B_H should be l^{′+}l^{′−}(l^′ = e, μ). This is because the leptons l^′ can be identified easily and the number of l^{′+}l^{′−} background events with such a high invariant mass is very small. So, a search for a peak in the invariant mass distribution of l^{′+}l^{′−} is sensitive to the presence of B_H . Based on the discussion above, we know that the most interesting final signals would be l^{′+}l^{′−}l^{′+}l^{′−} with one l^{′+}l^{′−} being reconstructed to B_H . These signals that we are interested in, are not free from the SM backgrounds. In the SM, with Z → l^{′+}l^{′−}, the same sufficient final states can also be produced via the processes γγ → l^{′+}l^{′−}Z(∼pb at TeV scale[19]), γγ → ZZ(∼ 10^2 fb at TeV scale[20]). However, it should be very easy to distinguish B_H from Z when we look at the l^{′+}l^{′−} invariant mass distributions, because there might exist significantly different l^{′+}l^{′−} invariant mass distributions between B_H and Z. Therefore, the measurement of the l^{′+}l^{′−} invariant mass distributions can greatly depress the background, and the production modes γγ → l^{′+}l^{′−}B_H with B_H decaying to l^{′+}l^{′−} would open an ideal window to detect B_H with clean background. As we know, the decay branching ratios of l^{′+}l^{′−} approach zero when c^′ is near

√_2 5 . In this case, one could not search B_H via its leptonic decay modes, and the bosonic decay modes W^+W^−, ZH would play an important role in searching B_H . The decay branching ratios of these bosonic decay modes are significant with c^′ near

√_2 5 , and one can assume enough W^+W^− and ZH signals to be produced with high luminosity. For the decay mode B_H → W^+W^−, the main SM background should arises from γγ → W^+W^−Z(∼pb at TeV scale[20]) with Z decaying to l^{′+}l^{′−}. But the existence of a narrow peak in the W^+W^− invariant mass distribution for the signal can help us to distinguish B_H from the huge background, so the typical signal can also be obtained via the decay mode W^+W^−. Another interesting decay mode of B_H is ZH which involves the off-diagonal coupling HZB_H and the experimental precision measurement of such off-diagonal coupling is more easier than that of diagonal coupling. So, the decay mode ZH would provide a better way to verify the crucial feature of quadratic divergence cancellation in Higgs mass. Furthermore, such signal would provide crucial evidence that an observed new gauge boson is of the type predicted in the little Higgs models. For B_H → ZH, the main interesting final states for the production mode l^{′+}l^{′−}B_H should be l^{′+}l^{′−}l^+l^−bb̄. Two b jets reconstruct to the Higgs mass and l^+l^− pair reconstructs to the Z mass. The main SM production processes via the γγ collision can not produce the same final states[20], so the SM backgrounds for such signal are also very clean.

In summary, the new gauge bosons in the LH model are crucial ingredients for the model. Among these gauge bosons, the U(1) gauge boson B_H with the mass in the range of hundreds GeV is the lightest one and might provide an early signal of the LH model at the ILC. With the realization of photon-photon collision at the ILC, the new gauge boson B_H can be produced via the processes γγ → ff̄B_H which are studied in this paper. We find that there are the following features for these processes: (i)The cross sections of these processes are sensitive to the parameters f, c^′. (ii)Due to the large couplings, the cross sections of the processes γγ → l^+l^−B_H (l = e, μ, τ) are within 10^{−1} − 10^0 fb in most parameter spaces allowed by the electroweak precision data which are the largest among those of γγ → ff̄B_H . With the high luminosity at the ILC, the sufficient events can be produced to detect B_H via γγ → l^+l^−B_H . Specially, the processes γγ → l^{′+}l^{′−}B_H (l^′ = e, μ) could provide a good chance to detect B_H because the leptons l^′ can be easily identified. (iii)For the other processes except γγ → l^+l^−B_H , the cross sections are too small to detect gauge boson B_H . (iv)In most case, the most interesting decay modes of B_H should be l^{′+}l^{′−}, and a search for a peak in the l^{′+}l^{′−} invariant mass distributions are sensitive to the presence of B_H with clean background. When c^′ is near √_2

5 , the decay modes W^+W^−, ZH would complement the search for B_H . Therefore, the photon collider realized at the ILC can provide more opportunities to probe B_H and test LH model.

[1] For a recent review see: M. Schmaltz and D. Tucker-Smith, Ann. Rev. Nucl. Part. Sci. 55, 229(2005); T. Han, H. E. Logen, B. McElrath and L. T. Wang, JHEP 0601, 099(2006); M. Perelstein, Prog.Part.Nucl.Phys., 58, 247(2007);.

[2] N. Arkani-Hamed, A. G. Cohen, T. Gregoire and J. G. Wacker, JHEP 0208, 020(2002);

N. Arkani-Hamed, A. G. Cohen, E. Katz, A. E. Nelson, T. Gregoire, and J. G. Wacker, JHEP 0208, 021(2002); N. Arkani-Hamed, A. G. Cohen, and H. Georgi, Phys. Lett. B513, 232(2001).

[3] M. Schmaltz, Nucl. Phys. proc. Suppl. 117, 40(2003); D. E. Kaplan and M. Schmaltz, JHEP 0310, 039(2003).

[4] S. Chang and J. G. Wscker, Phys. Rev. D69, 035002(2004); W. Skiba and J. Terning, Phys. Rev. D68, 075001(2003); S. Chang, JHEP 0321, 057(2003); M. Schmaltz, JHEP 0408, 056(2004) .

[5] N. Arkani-Hamed, A. G. Cohen, E. Katz, A.E. Nelson, JHEP 0207, 034(2002). [6] For examples, J. Hubisz and P. Meade, Phys.Rev. D71, 035016(2005); W. Kilian and J. Reuter, Phys.Rev. D70, 015004 (2004); A. J. Buras, A. Poschenrieder, and S. Uhlig, Nucl.Phys. B716, (2005) 173; M. Blanke, A. J. Buras, A.poschenrieder, S. Recksiegel, C. Tarantino, S. Uhlig, and A. Weiler, JHEP 0701, 066(2007); F. M. L. de almeida Jr., Y. A. Coutinho, J. A. Martins Simoes, A. J. Ramalho, and S. Wulck, hep-ph/0601102.

[7] T. Han, H. E. Logan, B. McElrath, and L. T. Wang, Phys. Rev. D67, 095004(2003). [8] T. Han, H. E. Logan, B. McElrath, and L. T. Wang, Phys. Lett. B563, 191(2003); G.

Burdman, M. Perelstein, and A. Pierce, Phys. Rev. Lett. 90, 241802(2003); J. E. Garcia, hep-ph/0405156; C. Dib, R. Rosenfeld, and A. Zerwekh, hep-ph/0302068; C. X. Yue, S. Yang, L. H. Wang, Euro. Phys. Lett. 76 381(2006).

[9] J. A. Conley, J. Hewett, and M. P. Le, Phys. Rev. D72, 115014(2005). [10] G. C. Cho, A. Omote, Phys. Rev. D 70, 057701(2004); S. C. Park, J. Song, Phys. Rev. D 69, 115010(2004); C. X. Yue, S. Wang, D. Yu, Phys.Rev. D68, 115004(2003); X. L. Wang, Y. B. Liu, J. H. Chen, and H. Yang, hep-ph/0607131; C. X. Yue, L. Wang, J. X. Chen, Eur. Phys. J. C40, 251(2005); C. X. Yue, W. Wang, F. Zhang, Nucl. Phys. B716, 199(2005).

[11] V. I. Thlnov, Acta Phys. Polon. B37, 1049(2006); V. I. Telnov, Acta Phys. Polon. B37, 633(2006); M. Battaglia, T. Barklow, M. E. Peskin, Y. Okada, S. Yamashita, P. Zerwas, hep-ex/0603010.

[12] X. L. Wang, Q. G. Zeng, Z. L. Jin, S. Z. Liu, hep-ph/0702064.

[13] X. L. Wang, J. H. Chen, Y. B. Liu, S. Z. Liu, and H. Yang, Phys. Rev. D 74, 015006 (2006);

X. L. Wang, Z. L. Jin, Q. G. Zheng, hep-ph/0701094; C. X. Yue, L. Li., S. Yang, L. N. Wang, hep-ph/0610005; C. X. Yue, W. Wang, Phys. Rev. D71, 015002(2005).

[14] J. L. Hewett, F. J. Petriello and T.G. Rizzo, JHEP 0310, 062(2003); C. Csaki, J. Hubisz, G. D. Kribs, P. Meade, and J. Terning, Phys. Rev. D67, 115002(2003).

[15] T. Gregoire, D. R. Smith, and J. G. Wacker, Phys. Rev. D69, 115008(2004); C. Csaki, J.

Hubisz, G.D.Kribs, P.Meade, and J. Terning, Phys. Rev. D68, 035009 (2003); I. Low, W. Skiba, and D. Smith, Phys. Rev. D66, 072001(2002).

[16] G. Jikia, Nucl. Phys. B374, 83(1992); O. J. P. Eboli, et al., Phys. Rev. D47, 1889(1993);

K. M. Cheung, ibid. 47, 3750 (1993).

[17] Particle Data Group, W.-M. Yao et al., J.Phys. G33 1(2006).

[18] J. F. Donoghue, E. Golowich, and B.R. Holstein, Dynamics of the Standard Model, (Cambridge University Press, Cambrige, England, 1992), P. 34.

[19] I. F. Ginzburg and V. G. Serbo, Phys. Rev. D49, 2623(1994). [20] G. Jikia, hep-ph/9706508.