arXiv:hep-ph/0702044v2 9 Jul 2007

IPM/P-2007/002 July 9, 2007

The Effects of Fourth Generation on the Total Branching Ratio and the Lepton Polarization in Λ_b → Λℓ^+ℓ^− decay

V.Bashiry^{1∗}, K. Azizi^{2†}, 1 Institute for Studies in Theoretical Physics and Mathematics (IPM), P.O. Box 19395-5531, Tehran, Iran 2 Physics Department, Middle East Technical University, 06531 Ankara, Turkey

Abstract

This study investigates the influence of the fourth generation quarks on the total branching ratio and the single lepton polarizations in Λ_b → Λℓ^+ℓ^− decay. Taking |V_t′_sV_t′_b| ∼ {0.01 − 0.03} with phase just below 90^∘, which is consistent with the b → sℓ^+ℓ^− rate and the B_s mixing parameter Δm_{Bs} , we obtain that the total branching ratio and the single lepton(μ, τ) polarizations are quite sensitive to the existence of fourth generation. It can serve as a good tool to search for new physics effects, precisely, to search for the fourth generation quarks(t^′, b^′).

PACS numbers: 12.60.–i, 13.30.–a, 14.20.Mr

∗e-mail: bashiry@ipm.ir †e-mail: kazizi@newton.physics.metu.edu.tr

1 Introduction

Although the standard model (SM) of electroweak interaction has very successfully described all existing experimental data, it is believed that it is a low energy manifestation of some fundamental theory. Therefore, intensive search for physics beyond the SM is now being performed in various areas of particle physics. One possible extension is SM with more than three generations.

The mass and mixing patterns of the fundamental fermions are the most mysterious aspects of the particle physics. Even the number of fermion generations is not fixed by the Standard Model(SM). In this sense, SM may be treated as an effective theory of fundamental interactions rather than fundamental particles. The Democratic Mass Matrix approach [1], which is quite natural in the SM framework, may be considered as the interesting step in true direction. It is intriguing that Flavors Democracy favors the existence of the fourth SM family [2, 3, 4]. The main restrictions on the new SM families come from experimental data on the ρ and S parameters [4]. However, the common mass of the fourth quark (m_t′ ) lies between 320 GeV and 730 GeV considering the experimental value of ρ = 1.0002^{+0.0007}_{−0.0004} [5]. The last value is close to upper limit on heavy quark masses, m_q ≤ 700 GeV ≈ 4m_t, which follows from partial-wave unitarity at high energies [6]. It should be noted that with preferable value a ≈ g_w Flavor Democracy predicts m_t′ ≈ 8m_w ≈ 640 GeV. The above mentioned values for mass of m_t′ disfavors the fifth SM family both because in general we expect that m_t ≪ m_t′ ≪ m_t′′ and the experimental values of the ρ and S parameters [4] restrict the quark mass up to 700 GeV.

Moreover, Democratic Mass Matrix approach provides, in principle, the possibility to get the small masses [7] for the first neutrino species without see-saw mechanism. The fourth family quarks, if exist, will be copiously produced at the LHC [8]. Then the fourth family leads to an essential increase in Higgs boson production cross section via gluon fusion at hadron colliders [9].

One of the efficient ways to establish the existence of four generation is via their indirect manifestations in loop diagrams. Rare decays, induced by flavor changing neutral current (FCNC) b → s(d) transitions is at the forefront of our quest to understand flavor and the origins of CPV, offering one of the best probes for New Physics (NP) beyond the Standard Model (SM). Several hints for NP have emerged in the past few years. For example, a large difference is seen in direct CP asymmetries in B → Kπ decays [10],

A_{Kπ} ≡ A_{CP}(B^0 → K^+π^−) = −0.093 ± 0.015, A_{Kπ}0 ≡ A_{CP}(B^+ → K^+π^0) = +0.047 ± 0.026, (1)

or ΔA_{Kπ} ≡ A_{Kπ}0 − A_{Kπ} = (14 ± 3)% [11]. As this percentage was not predicted when first measured in 2004, it has stimulated discussion on the potential mechanisms that it may have been missed in the SM calculations [12, 13, 14].

Better known is the mixing-induced CP asymmetry S_f measured in a multitude of CP eigenstates f. For penguin-dominated b → sqq̄ modes, within SM, S_{sqq̄} should be close to that extracted from b → cc̄s modes. The latter is now measured rather precisely, S_{cc̄s} = sin 2ϕ_1 = 0.674 ± 0.026 [15], where ϕ_1 is the weak phase in V_{td}. However, for the past few years, data seem to indicate, at 2.6 σ significance, ΔS ≡ S_{sqq̄} − S_{cc̄s} ≤ 0, (2) which has stimulated even more discussions.

Flavor–changing neutral current (FCNC) b → s(d)ℓ^+ℓ^− decays provide important tests for the gauge structure of the standard model (SM) at one–loop level. Moreover, b → s(d)ℓ^+ℓ^− decay is also very sensitive to the new physics beyond SM. New physics effects manifest themselves in rare decays in two different ways, either through new combinations to the new Wilson coefficients or through the new operator structure in the effective Hamiltonian, which is absent in the SM. One of the efficient ways in establishing new physics beyond the SM is the measurement of the lepton polarization in the inclusive b → s(d)ℓ^+ℓ^− transition[16] and the exclusive B → K( K^∗, ρ, γ) ℓ^+ℓ^− decays [17]–[25].

In this paper we investigate the possibility of searching for new physics in the heavy baryon decays Λ_b → Λℓ^+ℓ^− using the SM with four generations of quarks(b^′, t^′). The fourth quark (t^′), like u, c, t quarks, contributes in the b → s(d) transition at loop level. Note that, fourth generation effects have been widely studied in baryonic and semileptonic B decays [26]–[39]. But, there are few works related to the exclusive decays Λ_b → Λl^+l^−.

The main problem for the description of exclusive decays is to evaluate the form factors, i.e., matrix elements of the effective Hamiltonian between initial and final hadron states. It is well known that in order to describe baryonic Λ_b → Λℓ^+ℓ^− decay a number of form factors are needed (see for example [40]). However, when heavy quark effective theory (HQET) is applied, only two independent form factors appear [41].

It should be mentioned here that the exclusive decay Λ_b → Λℓ^+ℓ^− decay rate, lepton polarization and heavy(Λ_b) or light(Λ) baryon polarization(readily measurable) is studied in the SM, the two Higgs doublet model and using the general form of the effective Hamiltonian, in [40], [42] and [43]–[46], respectively.

The sensitivity of the forward–backward asymmetry to the existence of fourth generation quarks in the Λ_b → Λℓ^+ℓ^− decay is investigated in [39] and it is obtained that the forward– backward asymmetry is very sensitive to the fourth generation parameters (m_t′ , V_t′_bV^∗_t′_s ). In this connection it is natural to ask whether the total branching ratio and the lepton polarizations are sensitive to the fourth generation parameters, in the ”heavy baryon → light baryon ℓ^+ℓ^−” decays. In the present work we try to answer to this question.

The paper is organized as follows. In section 2, using the effective Hamiltonian, the general expressions for the longitudinal, transversal and normal polarizations of leptons are derived. In section 3 we investigate the sensitivity of these polarizations to the fourth generation parameters (m_t′ , V_t′_bV^∗_t′_s ).

2 Lepton polarizations

The matrix element of the Λ_b → Λℓ^+ℓ^− decay at quark level is described by b → sℓ^+ℓ^− transition for which the effective Hamiltonian at O(μ) scale can be written as H_{eff} = 4G_F √ 2 V_{tb}V^∗_{ts} 10∑ i=1 C_i(μ) O_i(μ) , (3)

where the full set of the operators O_i(μ) and the corresponding expressions for the Wilson coefficients C_i(μ) in the SM are given in [47]–[49]. As it has already been noted , the fourth generation is introduced in the same way as three generations in the SM, and so new operators do not appear and clearly the full operator set is exactly the same as in SM. The fourth generation changes the values of the Wilson coefficients C_7(μ), C_9(μ) and C_{10}(μ), via virtual exchange of the fourth generation up type quark t^′. The above mentioned Wilson coefficients will modify as λ_tC_i → λ_tC^{SM}_i + λ_t′ C^{new}_i , (4) where λ_f = V^∗_{fb}V_{fs}. The unitarity of the 4 × 4 CKM matrix leads to

λ_u + λ_c + λ_t + λ_t′ = 0. (5)

Since λ_u = V^∗_{ub}V_{us} is very small in strength compared to the others . Then λ_t ≈ −λ_c − λ_t′ and λ_c = V^∗_{cb}V_{cs} ≈ 0.04 is real by convention. It follows that λ_tC^{SM}_i + λ_t′ C^{new}_i = λ_cC^{SM}_i + λ_t′ (C^{new}_i − C^{SM}_i ) (6) It is clear that, for the m_t′ → m_t or λ_t′ → 0, λ_t′ (C^{new}_i − C^{SM}_i ) term vanishes, as required by the GIM mechanism. One can also write C_i’s in the following form

C^{tot}_7 (μ) = C^{SM}_7 (μ) + λ_t′ λ_t C^{new}_7 (μ) , C^{tot}_9 (μ) = C^{SM}_9 (μ) + λ_t′ λ_t C^{new}_9 (μ) , C^{tot}_{10} (μ) = C^{SM}_{10} (μ) + λ_t′ λ_t C^{new}_{10} (μ) , (7)

where the last terms in these expressions describe the contributions of the t^′ quark to the Wilson coefficients. λ_t′ can be parameterized as :

λ_t′ = V^∗_t′_bV_t′_s = r_{sb}e^{iϕsb} (8)

In deriving Eq. (7) we factored out the term V^∗_{tb}V_{ts} in the effective Hamiltonian given in Eq. (3). The explicit forms of the C^{new}_i can easily be obtained from the corresponding expression of the Wilson coefficients in SM by substituting m_t → m_t′ (see [47, 48]). If the ŝ quark mass is neglected, the above effective Hamiltonian leads to following matrix element for the b → sℓ^+ℓ^− decay H_{eff} = Gα 2 √ 2π V_{tb}V^∗_{ts} [ C^{tot}_9 s̄γ_μ(1 − γ_5)b ℓ̄γ_μℓ + C^{tot}_{10} s̄γ_μ(1 − γ_5)b ℓ̄γ_μγ_5ℓ − 2C^{tot}_7 m_b q^2 s̄σ_{μν} q^ν (1 + γ_5)b ℓ̄γ_μℓ ] , (9)

where q^2 = (p_1 + p_2)^2 and p_1 and p_2 are the final leptons four–momenta. The effective coefficient C^{tot}_9 can be written in the following form

C^{tot}_9 = C_9 + Y (s) , (10)

C_1 C_2 C_3 C_4 C_5 C_6 C^{SM}_7 C^{SM}_9 C^{SM}_{10}

−0.248 1.107 0.011 −0.026 0.007 −0.031 −0.313 4.344 −4.669

Table 1: The numerical values of the Wilson coefficients at μ = m_b scale within the SM. The corresponding numerical value of C^0 is 0.362.

where s^′ = q^2/m^2_b and the function Y (s^′) contains the contributions from the one loop matrix element of the four quark operators. A perturbative calculation leads to the result [47, 49],

Y_{per}(s^′) = g(m̂_c, s^′)(3C_1 + C_2 + 3C_3 + C_4 + 3C_5 + C_6) − 1 2 g(1, s^′)(4C_3 + 4C_4 + 3C_5 + C_6) − 1 2 g(0, s^′)(C_3 + 3C_4) + 2 9 (3C_3 + C_4 + 3C_5 + C_6) , (11)

where m̂_c =^{mc}_{mb} . The explicit expressions for g(m̂_c, s^′), g(0, s^′), g(1, s^′) and the values of C_i in the SM can be found in Table 1 [47, 49].

In addition to the short distance contribution, Y_{per}(s^′) receives also long distance contributions, which have their origin in the real cc̄ intermediate states, i.e., J/ψ, ψ^′, · · ·. The J/ψ family is introduced by the Breit–Wigner distribution for the resonances through the replacement [50]–[52]

Y (s^′) = Y_{per}(s^′) + 3π α^2

C^{(0)} ∑ V_i=ψ_i κ_i m_{Vi} Γ(V_i → ℓ^+ℓ^−) m^2_{Vi} − s^′m^2_b − im_{Vi} Γ_{Vi} , (12)

where C^{(0)} = 3C_1 + C_2 + 3C_3 + C_4 + 3C_5 + C_6. The phenomenological parameters κ_i can be fixed from B(B → K^∗V_i → K^∗ℓ^+ℓ^−) = B(B → K^∗V_i) B(V_i → ℓ^+ℓ^−), where the data for the right hand side is given in [53]. For the lowest resonances J/ψ and ψ^′ one can use κ = 1.65 and κ = 2.36, respectively (see [54]).

The amplitude of the exclusive Λ_b → Λℓ^+ℓ^− decay can be obtained by sandwiching H_{eff} for the b → sℓ^+ℓ^− transition between initial and final baryon states, i.e., ⟨Λ |H_{eff} | Λ_b⟩. It follows from Eq. (9) that in order to calculate the Λ_b → Λℓ^+ℓ^− decay amplitude the following matrix elements are needed ⟨Λ |s̄γ_μ(1 ∓ γ_5)b| Λ_b⟩ , ⟨Λ |s̄σ_{μν} (1 ∓ γ_5)b| Λ_b⟩ , ⟨Λ |s̄(1 ∓ γ_5)b| Λ_b⟩ . Explicit forms of these matrix elements in terms of the form factors are presented in [43] (see also [40]). The matrix element of the Λ_b → Λℓ^+ℓ^− can be written as M = Gα 4 √ 2π V_{tb}V^∗_{ts} { ℓ̄γ^μℓ ū_Λ [ A_1γ_μ(1 + γ_5) + B_1γ_μ(1 − γ_5)

+ iσ_{μν} q^ν [A_2(1 + γ_5) + B_2(1 − γ_5)] + q_μ[A_3(1 + γ_5) + B_3(1 − γ_5)] ] u_{Λb} + ℓ̄γ^μγ_5ℓ ū_Λ [ E_1γ_μ(1 − γ_5) + iσ_{μν} q^ν E_2(1 − γ_5) + E_3q^μ(1 − γ_5)] ] u_{Λb} } , (13)

where P = p_{Λb} + p_Λ. Explicit expressions of the functions A_i, B_i, and E_i (i = 1, 2, 3) are given as follows [43]:

A_1 = − 4m_b m_{Λb} F_2 C^{tot}_7

A_2 = − 4m_b q^2

(F_1 + √ rF_2) C^{tot}_7 A_3 = −

4m_bm_Λ q^2m_{Λb}

F_2 C^{tot}_7

B_1 = 2(F_1 + √ rF_2) C^{tot}_9 B_2 =

2F_2 m_{Λb} C^{tot}_9 B_3 = 4m_b q^2

F_2 C^{tot}_7

E_1 = 2(F_1 + √ rF_2) C^{tot}_{10}

E_2 = E_3 =

2F_2 m_{Λb} C^{tot}_{10} (14)

From the expressions of the above-mentioned matrix elements Eq. (13) we observe that Λ_b → Λℓ^+ℓ^− decay is described in terms of many form factors. When HQET is applied to the number of independent form factors, as it has already been noted, reduces to two (F_1 and F_2) irrelevant with the Dirac structure of the corresponding operators and it is obtained in [41] that

⟨Λ(p_Λ) |s̄Γb| Λ(p_{Λb} )⟩ = ū_Λ [ F_1(q^2)+ v̸F_2(q^2) ] Γu_{Λb} , (15)

where Γ is an arbitrary Dirac structure, v^μ = p^μ_{Λb} /m_{Λb} is the four–velocity of Λ_b, and q = p_{Λb} − p_Λ is the momentum transfer. Comparing the general form of the form factors with (16), one can easily obtain the following relations among them (see also [40])

g_1 = f_1 = f^T_2 = g^T_2 = F_1 + √ rF_2 , g_2 = f_2 = g_3 = f_3 = g^V_T = f^V_T =

F_2 m_{Λb} , g^S_T = f^S_T = 0 ,

g^T_1 = f^T_1 =

F_2 m_{Λb} q^2 ,

g^T_3 =

F_2 m_{Λb} (m_{Λb} + m_Λ) ,

f^T_3 = −

F_2 m_{Λb} (m_{Λb} − m_Λ) , (16) where r = m^2_Λ/m^2_{Λb} .

Having obtained the matrix element for the Λ_b → Λℓ^+ℓ^− decay, we next aim to calculate lepton polarizations with the help of this matrix element. We write the ℓ^∓ spin four–vector in terms of a unit vector ⃗ξ_∓ along the ℓ^∓ momentum in its rest frame as

s^∓_μ = ⃗p^∓ · ⃗ξ^∓ m_ℓ , ⃗ξ^∓ + ⃗p^∓(⃗p^∓ · ⃗ξ^∓) E_ℓ + m_ℓ , (17) and choose the unit vectors along the longitudinal, normal and transversal components of the ℓ^− polarization to be

⃗e^∓_L = ⃗p^∓ |⃗p^−| , ⃗e^∓_N = ⃗p_Λ × ⃗p^∓ |⃗p_Λ × ⃗p^−| , ⃗e^∓_T = ⃗e^∓_N × ⃗e^∓_L , (18)

respectively, where ⃗p^∓ and ⃗p_Λ are the three momenta of ℓ^∓ and Λ, in the center of mass frame of the ℓ^+ℓ^− system. Obviously, ⃗p^+ = −⃗p^− in this reference frame.

The differential decay rate of the Λ_b → Λℓ^+ℓ^− decay for any spin direction ⃗ξ^∓ can be written as dΓ(⃗ξ^∓) ds = 1 2 ( dΓ ds ) 0 [ 1 + ( P^∓_L ⃗e^∓_L + P^∓_N ⃗e^∓_N + P^∓_T ⃗e^∓_T ) · ⃗ξ^∓ ] , (19)

where (dΓ/ds)_0 corresponds to the unpolarized differential decay rate, s = q^2/m^2_{Λb} and P^∓_L , P^∓_N and P^∓_T represent the longitudinal, normal and transversal polarizations of ℓ^∓, respectively. The unpolarized decay width in Eq. (19) can be written as ( dΓ ds ) 0 = G^2α^2 8192π^5 |V_{tb}V^∗_{ts}|^2 λ^{1/2}(1, r, s)v [ T_0(s) + 1 3 T_2(s) ] , (20)

where λ(1, r, s) = 1 + r^2 + s^2 − 2r − 2s − 2rs is the triangle function and v = √ 1 − 4m^2_ℓ /q^2 is the lepton velocity. The explicit expressions for T_0 and T_2 are given by:

T_0 = 4m^2_{Λb} { 8m^2_ℓ m^2_{Λb}ŝ(1 + r − ŝ)|E_3|^2 + 16m^2_ℓ m_{Λb} √ r(1 − r + ŝ)Re[E^∗_1 E_3] + 8(2m^2_ℓ + m^2_{Λb}ŝ){(1 − r + ŝ)m_{Λb} √ rRe[A^∗_1A_2 + B^∗_1 B_2] − m_{Λb} (1 − r − ŝ)Re[A^∗_1B_2 + A^∗_2B_1] − 2 √ r(Re[A^∗_1B_1] + m^2_{Λb}ŝRe[A^∗_2B_2])} + 2 ( 4m^2_ℓ (1 + r − ŝ) + m^2_{Λb} [ (1 − r)^2 − ŝ^2 ])( |A_1|^2 + |B_1|^2 ) + 2m^2_{Λb} ( 4m^2_ℓ [ λ + (1 + r − ŝ)ŝ ] + m^2_{Λb}ŝ [ (1 − r)^2 − ŝ^2 ])( |A_2|^2 + |B_2|^2 ) − 2 ( 4m^2_ℓ (1 + r − ŝ) − m^2_{Λb} [ (1 − r)^2 − ŝ^2 ]) |E_1|^2 +

2m^3_{Λb}ŝv^2 ( 4(1 − r + ŝ) √ rRe[E^∗_1 E_2] − m_{Λb} [ (1 − r)^2 − ŝ^2 ] |E_2|^2 )} (21)

T_2 = −8m^4_{Λb} v^2λ ( |A_1|^2 + |B_1|^2 + |E_1|^2 − m^2_{Λb}ŝ(|A_2|^2 + |B_2|^2 + |E_2|^2) ) . (22)

The polarizations P_L, P_N and P_T are defined as:

P^{(∓)}_i (q^2) = dΓ ds (⃗ξ^∓ = ⃗e^∓_i ) − dΓ ds (⃗ξ^∓ = −⃗e^∓_i ) dΓ ds (⃗ξ^∓ = ⃗e^∓_i ) + dΓ ds (⃗ξ^∓ = −⃗e^∓_i ) ,

where i = L, N, T . P_L and P_T are P –odd, T –even, while P_N is P –even, T –odd and CP – odd. The explicit forms of the expressions for the longitudinal P_L, transversal P_T and normal P_N lepton polarizations are as follows:

P^∓_L = { − 32m_ℓ m^3_{Λb} v(1 − √ r)[ŝ − (1 + √ r)^2]Re[E^∗_1 F_1] ± 128m^4_{Λb}ŝv √ rRe[A^∗_1E_1]

∓64m^5_{Λb} √ r(1 − r + ŝ)ŝvRe[B^∗_1 E_2 + B^∗_2 E_1] ± 128m^6_{Λb}ŝ^2v √ rRe[A^∗_2E_2] −16m^4_{Λb}ŝv[ŝ − (1 + √ r)^2]Re[F^∗_1 F_2 + 2m_ℓ E^∗_3 F_1] ±64m^5_{Λb}ŝv(1 − r − ŝ)Re[A^∗_1E_2 + A^∗_2E_1] ∓ 64 3 m^4_{Λb} v[1 + r^2 + r(ŝ − 2) + ŝ(1 − 2ŝ)]Re[B^∗_1 E_1] ∓ 64 3 m^6_{Λb} vŝ[2 + r(2r − 4 − ŝ) − ŝ(1 + ŝ)]Re[B^∗_2 E_2] }/( T_0(ŝ) + 1 3 T_2(ŝ) ) , (23)

P^∓_T = { − 16πm_ℓ m^3_{Λb} √ ŝλ(|A_1|^2 − |B_1|^2) + 32πm_ℓ m^4_{Λb} √ ŝλ Re[A^∗_1B_2 − A^∗_2B_1]

∓16πm_ℓ m^4_{Λb} √ ŝλ Re[A^∗_1E_3 − A^∗_2E_1] ∓ 4πm^4_{Λb} √ ŝλ(1 + √ r) Re[(A_1 + B_1)^∗F_2]

+16πm_ℓ m^5_{Λb} √ ŝλ(1 − r)(|A_2|^2 − |B_2|^2) ∓ 16πm_ℓ m^3_{Λb} √ λ ŝ (1 − r)Re[B^∗_1 E_1]

+16πm_ℓ m^4_{Λb} √ rŝλ Re[2A^∗_1A_2 − 2B^∗_1 B_2 ∓ B^∗_1 E_3 ∓ B^∗_2 E_1] ±4πm^5_{Λb}ŝ √ ŝλ { Re[(A_2 + B_2)^∗F_2] + 4m_ℓ Re[B^∗_2 E_3] } (24)

+4πm^5_{Λb}ŝ √ λŝ v^2Re[E^∗_2 F_1] − 4πm^4_{Λb} √ λŝ v^2(1 + √ r)Re[E^∗_1 F_1] }/( T_0(ŝ) + 1 3 T_2(ŝ) ) ,

P^∓_N = { ∓ 16πm_ℓ m^3_{Λb} v √ ŝλ Im[B^∗_1 E_1] ± 16πm_ℓ m^4_{Λb} v √ ŝλ Im[A^∗_2E_1 − A^∗_1E_2]

−4π m^4_{Λb} v √ ŝλ(1 + √ r) Im[±(A_1 + B_1)^∗F_1 + E^∗_1 F_2] + 4m_ℓ Im[E^∗_2 E_3]

±16πm_ℓ m^5_{Λb} v √ ŝλ(1 − r) Im[B^∗_2 E_2] + 4π m^5_{Λb} vŝ √ ŝλ Im[±(A_2 + B_2)^∗F_1 + E^∗_2 F_2]

−16πm_ℓ m^4_{Λb} v √ rŝλ Im[E^∗_2 (± B_1 + E_1) + E^∗_1 (± B_2 + E_3)] }/( T_0(ŝ) + 1 3 T_2(ŝ) ) .(25)

where the –(+) sign in these formulas corresponds to the particle (antiparticle), respectively.

It follows from Eq. (23) that the difference between P^−_L and P^+_L , in massless lepton case, is the same as SM with three generations because it depends on form factors F_1 and F_2 . Again in the same way, in massless lepton case, the difference between P^−_N and P^+_N depends on fourth generation CP violation phase(ϕ_{sb}) and r_{sb}. We get the result of SM with three generations if ϕ_{sb} is zero.

F (0) a_F b_F

F_1 0.462 −0.0182 −0.000176

F_2 −0.077 −0.0685 0.00146

Table 2: Transition form factors for Λ_b → Λℓ^+ℓ^− decay in the QCD sum rules method.

Combined analysis of the lepton and antilepton polarizations can give additional information about the existence of new physics, since in the SM, P^−_L + P^+_L = 0, P^−_N + P^+_N = 0 and P^−_T − P^+_T ≃ 0 (in m_ℓ → 0 limit). Therefore, if nonzero values for the above mentioned combined asymmetries are measured in the experiments, it can be considered as an unambiguous indication of the existence of new physics. But looking at Eq. (23), we see that P^−_L + P^+_L is the same as SM result in m_ℓ → 0 limit. Therefore, in order to look for fourth generation effects we can look at P^−_N + P^+_N and P^−_T − P^+_T in m_ℓ → 0 limit. The nonzero values of above mentioned quantities will indicate the existence of fourth generation effects.

3 Numerical analysis

In this section we will study the dependence of the total branching ratio and lepton polarizations as well as combined lepton polarization to the fourth quark mass(m_t′ ) and the product of quark mixing matrix elements (V^∗_t′_bV_t′_s = r_{sb}e^{iϕsb} ). The main input parameters in the calculations are the form factors. Since the literature lacks exact calculations for the form factors of the Λ_b → Λ transition, we will use the results from QCD sum rules approach in combination with HQET [41, 55], which reduces the number of quite many form factors into two. The ŝ dependence of these form factors can be represented in the following way

F (q^2) =

F (0) 1 − a_F s + b_F s^2 , where parameters F_i(0), a and b are listed in Table 2.

We use the next–to–leading order logarithmic approximation for the resulting values of the Wilson coefficients C^{eff}_9 , C_7 and C_{10} in the SM [56, 57] at the re–normalization point μ = m_b. It should be noted that, in addition to short distance contribution, C^{eff}_9 receives also long distance contributions from the real c̄c resonant states of the J/ψ family. In the present work we do not take the long distance effects into account. The input parameters we used in this analysis are as follows:

m_{Λb} = 5.624GeV, m_Λ = 1.116GeV, m_b = 4.8GeV, m_c = 1.35GeV, m_τ = 1.778GeV, m_μ = 0.105GeV, λ_c = 0.045, α^{−1} = 129, G_F = 1.166 × 10^{−5}GeV^{−2} In order to perform quantitative analysis of the total branching ratio and the lepton polarizations the values of the new parameters(m_t′ , r_{sb}, ϕ_{sb}) are needed. Using the experimental values of B → X_sγ and B → X_sℓ^+ℓ^−, the bound on r_{sb} ∼ {0.01 − 0.03} has been obtained [31] for ϕ_{sb} ∼ {0 − 2π} and m_t′ ∼ {300, 400} (GeV). We are doing complete analysis about the range of the new parameters considering the recent experimental value of the B_r(B → X_sℓ^+ℓ^− = (1.59 ± 0.5) × 10^{−6})[10]. Right now, we have obtained that in the case r_{sb} 0.005 0.01 0.02 0.03

m_t′ (GeV ) 511 373 289 253

Table 3: The experimental limit on m_t′ for ϕ_{sb} = π/2

of the 1σ level deviation from the measured branching ratio the maximum values of m_t′ are below than the theoretical upper limits The results shown in Table 3 [58]. In the foregoing numerical analysis we vary m_t′ in the range 175 ≤ m_t′ ≤ 600GeV. The lower range is because of the fact that the fourth generation up quark should be heavier than the third ones(m_t ≤ m_t′ )[4]. The upper range comes from the experimental bounds on the ρ and S parameters of SM, which we mentioned above(see Introduction). We took r_{sb} ∼ {0.01 − 0.03} with phase around 90^∘(ϕ_{sb} ≈ 90^∘), which are consistent with the b → sℓ^+ℓ^− rate and the B_s mixing parameter Δm_{Bs} [26, 59].

Before performing numerical analysis, few words about lepton polarizations are in order. From explicit expressions of the lepton polarizations one can easily see that they depend on both ŝ and the new parameters(m_t′ , r_{sb}). We should eliminate the dependence of the lepton polarization on one of the variables. We eliminate the variable ŝ by performing integration over ŝ in the allowed kinematical region. The total branching ratio and the averaged lepton polarizations are defined as

B_r =

∫_{(1−}^√_{r)}2

4m^2_ℓ /m^2_{Λb} dB dŝ dŝ,

⟨P_i⟩ = ∫_{(1−}^√_{r)}2

4m^2_ℓ /m^2_{Λb} Pi dB dŝ dŝ B_r . (26)

The dependence of the total branching ratio and lepton polarizations ⟨ P^−_L ⟩ , ⟨ P^−_T ⟩ , ⟨ P^−_N ⟩ , ⟨ P^−_T − P^+_T ⟩ and ⟨ P^−_N + P^+_N ⟩ on the new parameters(m_t′ , r_{sb}) are shown in Figs (1)– (9). From these figures we obtain the following results.

• B_r strongly depends on the fourth quark mass(m_t′ ) and the product of quark mixing matrix elements(r_{sb}) for both μ and τ channels. Furthermore, for both channels, B_r is an increasing function of both m_t′ and r_{sb}.

• Although, ⟨ P^−_L ⟩ and ⟨ P^−_T ⟩ strongly depends on the fourth quark mass(m_t′ ) and the product of quark mixing matrix elements(r_{sb}) for both μ and τ channels. But, its magnitude is a decreasing function of both m_t′ and r_{sb}. So, the existence of fourth generation of quarks will suppress the magnitude of ⟨ P^−_L ⟩ and ⟨ P^−_T ⟩ . • The normal polarization following from Eq. (25) is proportional to the imaginary parts of the combination of the products of the Wilson coefficients, m_t′ and r_{sb}. There are two different contributions to the non–zero value of ⟨ P^−_N ⟩ . First, is due to the imaginary part of the C^{eff}_9 , while the second, is due to ϕ_{sb}, which we assume to be ≈ 90^∘ in this work, and which therefore makes a purely imaginary contribution to

Eq. (7). Moreover, since ⟨ P^−_N ⟩ is proportional to the lepton mass, for the μ channel it is negligible in the SM3 and the SM4( ⟨ P^−_N ⟩ max ∼ 1%). For the τ case, where ⟨ P^−_N ⟩ ∼ 1% in the SM, it shows stronger dependence on (m_t′ , r_{sb}). It is interesting to note that ⟨ P^−_N ⟩ ∼ 5% at 300 ≤ m_t′ ≤ 400(GeV). Therefore, measurement of the ⟨ P^−_N ⟩ for τ channel can serve as good clue for existence of fourth generation of quarks.

Our numerical analysis for the combined lepton and antilepton polarizations leads to the following results.

• In the m_ℓ → 0 limit, ⟨ P^−_L + P^+_L ⟩ practically coincides with SM result.

For τ case, ⟨ P^−_L + P^+_L ⟩ exhibits strong dependence only on m_τ , rather than the new parameters(m_t′ , rsb) and practically there is no difference between the result of SM with three generations.

• Situation for the combined ⟨ P^−_T − P^+_T ⟩ polarization is as follows.

For the μ channel, ⟨ P^−_T − P^+_T ⟩ is approximately zero in the SM3 and the SM4.

In the τ case, ⟨ P^−_T − P^+_T ⟩ is observed to be strongly dependent on new parameters (m_t′ , r_{sb}). ⟨ P^−_T − P^+_T ⟩ is decreasing for increasing values of both (m_t′ , r_{sb}). The magnitude of ⟨ P^−_T − P^+_T ⟩ for the τ channel lies in the region (0.25 ÷ 0.85) depending on the variations of the (m_t′ , r_{sb}).

• Numerical calculations show that the combined ⟨ P^−_N + P^+_N ⟩ polarization, exhibits strong dependence on the (m_t′ , r_{sb}). ⟨ P^−_N + P^+_N ⟩ is approximately zero for μ channels in the SM, but considering the SM with four generations, it receives the maximum value of around 1% at 300 ≤ m_t′ ≤ 400(GeV). It may be hard for it to be measured in future experiments i.e., at LHC, unless a large amount of Λ_b (i.e., ∼ 10^{12}) are created. But, measurement of non zero value(∼ 1%) of ⟨ P^−_N + P^+_N ⟩ for μ case will be the direct indication of new physics effects.

The situation for τ case is more interesting. The considerable (∼ 6 times) enhancement can be seen at 300 ≤ m_t′ ≤ 400(GeV) in the magnitude of ⟨ P^−_N + P^+_N ⟩ . The measurement of ⟨ P^−_N + P^+_N ⟩ for τ case can serve as a good tool when looking for the fourth generation of quarks.

From these analyzes we can conclude that the measurement of the magnitude of not only the total branching ratio but also ⟨ P^−_i ⟩ and ⟨ P^−_i + (−)P^+_i ⟩ (– sign is for the transversal polarization case) is an indication of the existence of new physics beyond the SM.

In conclusion, we present the analysis of the total branching ratio and the lepton polarizations in the exclusive Λ_b → Λℓ^−ℓ^+ decay, by using the SM with four generations of quarks. The sensitivity of the total branching ratio, longitudinal, transversal and normal polarizations of ℓ^−, as well as lepton–antilepton combined asymmetries on the new parameters that come out of fourth generations, are studied. We find out that both the total branching ratio and the lepton polarizations show a strong dependence on the fourth quark (m_t′ ) and the product of quark mixing matrix elements (V^∗_t′_bV_t′_s = r_{sb}e^{iϕsb} ). The results can serve as a good tool to look for physics beyond the SM.

4 Acknowledgment

The authors would like to thank T. M. Aliev for his useful discussions.

References

[1] H. Harari, H. Haut, and B. Weyers, Phys. Lett. B78 (1978) 459;

H. Fritzch, Nucl. Phys. B 155 (1979) 189; B 184 (1987) 391; P. Kaus and S. Meshkov, Mod. Phys. Lett. A3 (1988)1251; H. Fritzch and J. Plankl, Phys. Lett. B 237 (1990) 451.

[2] A. Datta, Pramana 40 (1993) L503.

[3] A. Celikel, A.K. Ciftci and S. Sultansoy, Phys. Lett. B 342 (1995) 257. [4] S. Sultansoy, arXiv:hep-ph/0004271.

[5] J. Erler and P. Langacker, PDG, J. Phys. G(2006) 130.

[6] M.S. Chanowitz, M.A. Furlan and I. Hinchliffe, Nucl. Phys. B153 (1979) 402. [7] C. T. Hill and E. A. Paschos, Phys. Lett. B241,(1990) 96 .

[8] ATLAS Detector and Physics Performance Technical Design Report, CERN/LHCC99- 15 (1999) 663.

[9] I. F. Ginzburg, I. P. Ivanov and A. Schiller, Phys. Rev. D60, (1999) 095001. [10] E. Barberio et al., (Heavy Flavor Averaging Group), arXiv:hep-ex/0603003. [11] R. Barlow, 33rd Iternational Conferance On High Energy Physics(ICHEP 06) , 27 July – 2 August 2006, Moscow, Russia.

[12] M. Beneke, G. Buchalla, M. Neubert, and C.T. Sachrajda, Phys. Rev. Lett. 83,(1999) 1914; Nucl. Phys. B591, (2000) 313; ibid. B606, (2001) 245.

[13] Y.Y. Keum, H-n. Li, and A.I. Sanda, Phys Lett. B504, (2001)6; Phys. Rev. D63, (2001) 054008 .

[14] C.W. Bauer, I.Z. Rothstein, and I.W. Stewart, Phys. Rev. D74, (2006) 034010. [15] M. Hazumi, 33rd Iternational Conferance On High Energy Physics(ICHEP 06) , 27 July – 2 August 2006, Moscow, Russia.

[16] T. M. Aliev, V. Bashiry and M. Savcı, Eur. Phys. J. C31 (2003) 511. [17] J. L. Hewett, Phys. Rev. D53 (1996) 4964.

[18] T. M. Aliev, V. Bashiry and M. Savcı, Eur. Phys. J. C35 (2004) 197. [19] T. M. Aliev, V. Bashiry and M. Savcı, Phys. Rev. D72 (2005) 034031. [20] T. M. Aliev, V. Bashiry and M. Savcı, Phys. Rev. D73 (2006) 034013. [21] T. M. Aliev, V. Bashiry and M. Savcı, Eur. Phys. J. C40 (2005) 505.

[22] F. Krüger and L. M. Sehgal Phys. Lett. B380 (1996) 199. [23] Y. G. Kim, P. Ko, J. S. Lee, Nucl. Phys. B544 (1999) 64. [24] C. H. Chen and C. Q. Geng, Phys. Lett. B516 (2001) 327. [25] V. Bashiry, Chin. Phys. Lett. 22 (2005) 2201.

[26] W. S. Hou, H-n. Li, S. Mishima and M. Nagashima, arXiv:hep-ph/0611107. [27] W. S. Hou, M. Nagashima and A. Soddu, Phys. Rev. Lett. 95 (2005) 141601. [28] L. Solmaz, Phys. Rev. D69 (2004) 015003. [29] W. j. Huo, C. D. Lu and Z. j. Xiao, arXiv:hep-ph/0302177. [30] T. M. Aliev, A. Özpineci and M. Savcı, Eur. Phys. J. C29 (2003) 265. [31] A. Arhrib and W. S. Hou, Eur. Phys. J. C27 (2003) 555. [32] W. J. Huo, arXiv:hep-ph/0203226.

[33] T. M. Aliev, A. Özpineci and M. Savcı, Eur. Phys. J. C27 (2003) 405. [34] Y. Dincer, Phys. Lett. B505 (2001) 89.

[35] T. M. Aliev, A. Özpineci and M. Savcı, Nucl. Phys. B585 (2000) 275. [36] C. S. Huang, W. J. Huo and Y. L. Wu, Mod. Phys. Lett. A14 (1999) 2453. [37] S. Abachi et al. [D0 Collaboration], Phys. Rev. Lett. 78 (1997) 3818. [38] D. London, Phys. Lett. B234 (1990) 354. [39] G. Turan, JHEP 0505 (2005) 008.

[40] C. H. Chen and C. Q. Geng, Phys. Rev. D64 (2001) 074001. [41] T. Mannel, W. Roberts and Z. Ryzak, Nucl. Phys. B355 (1991) 38. [42] T. M. Aliev, M. Savcı, J. Phys. G26 (2000) 997. [43] T. M. Aliev, A. Özpineci, M. Savcı, Nucl. Phys. B649 (2003) 168. [44] T. M. Aliev, V. Bashiry and M. Savcı, Eur. Phys. J. C38 (2004) 283. [45] T. M. Aliev, V. Bashiry and M. Savcı, Nucl. Phys. B709 (2005) 115. [46] C. H. Chen and C. Q. Geng, J. N. Ng Phys. Rev. D65 (2002) 091502. [47] A. J. Buras and M. Münz, Phys. Rev. D52 (1995) 186. [48] B. Grinstein, M. J. Savage and M. B. Wise, Nucl. Phys. B319 (1989) 271.

[49] M. Misiak, Nucl. Phys. B393 (1993) 23; Erratum, ibid. B439 (1995) 461. [50] N. G. Deshpande, J. Trampetic and K. Ponose, Phys. Rev. D39 (1989) 1461. [51] C. S. Lim, T. Morozumi and A. I. Sanda, Phys. Lett. B218 (1989) 343. [52] A. I. Vainshtein, V. I. Zakharov, L. B. Okun, M. A. Shifman,

Sov. J. Nucl. Phys. 24 (1976) 427.

[53] C. Caso et al., Eur. J. Phys. C3 (1998) 1.

[54] A. Ali, P. Ball, L. T. Handoko, G. Hiller, Phys. Rev. D61 (2000) 074024. [55] C. S. Huang, H. G. Yan, Phys. Rev. D59 (1999) 114022 [56] C. Bobeth, M. Misiak, and J. Urban, Nucl. Phys. B574 (2000) 291. [57] H. H. Asatrian, H. M. Asatrian, C. Greub, and M. Walker, Phys. Lett. B507 (2001) 162.

[58] F. Zolfagharpour, V. Bashiry, work in progress.

[59] D. Glenzinski, T. Moulik and S. Giagu, 33rd Iternational Conferance On High Energy Physics(ICHEP 06) , 27 July – 2 August 2006, Moscow, Russia.

Figure captions

Fig. (1) The dependence of the branching ratio for the Λ_b → Λμ^+μ^− decay on the fourth generation quark mass m_t′ for three different values of r_{sb}. Fig. (2) The same as in Fig. (1), but for the τ lepton.

Fig. (3) The dependence of the longitudinal lepton polarization asymmetry for the Λ_b → Λμ^+μ^− decay on the fourth generation quark mass m_t′ for three different values of r_{sb}. Fig. (4) The same as in Fig. (3), but for the τ lepton.

Fig. (5) The dependence of the transversal lepton polarization asymmetry for the Λ_b → Λμ^+μ^− decay on the fourth generation quark mass m_t′ for three different values of r_{sb}. Fig. (6) The same as in Fig. (5), but for the τ lepton.

Fig. (7)The dependence of the normal lepton polarization asymmetry for the Λ_b → Λτ^+τ^− decay on the fourth generation quark mass m_t′ for three different values of r_{sb}. Fig. (8) The dependence of the combined normal lepton polarization asymmetry for the Λ_b → Λτ^+τ^− decay on the fourth generation quark mass m_t′ for three different values of r_{sb}. Fig. (9) The dependence of the combined transversal lepton polarization asymmetry for the Λ_b → Λτ^+τ^− decay on the fourth generation quark mass m_t′ for three different values of r_{sb}.

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9: