arXiv:1306.6461v1 [hep-ph] 27 Jun 2013

The Rare B_s → γl^+l^− Decay in Family Non-Universal Z^′ Model With Polarized Forward-Backward Asymmetries and Double-Lepton Polarization

B. B. Şirvanlı Gazi University, Faculty of Arts and Science, Department of Physics 06100, Teknikokullar Ankara, Turkey

June 28, 2013

Abstract

We examine the exclusive B_s → γl^+l^− decay in the family non-universal Z’model. Taking into account the additional heavy Z^′ bosons with family non-universal couplings, we analyzed the forward-backward asymmetries, double-lepton polarization asymmetries and branching ratios of the lepton pairs. It has been show that the double-lepton polarization asymmetries P_{LL}, P_{NN} and P_{T T} , forward-backward asymmetries A^{LL}_{F B} are very sensitive to the existence of new physics effects in the family non-universal Z^′ model. It is indicate that any experimental measurements on their comparison with theoretical results can give valuable information about the physics beyond the standard model at LHC-b.

PACS number(s):12.60.–i, 13.20.–v, 13.20.He

1 Introduction

By studying rare B_s → γl^+l^− decays, one extensively comprehend Cabibbo-suppressed, b → q(q = d, s) transitions or Flavor Changing Neutral Current (FCNC) that in the Standard Model (SM) are forbidden at tree level. These rare B decays are significant testing ground of the SM and proposal the working path in the search for new physics. The rare FCNC decays permit the measurement of the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. Deviations from the definition of the CKM matrix element would clue at new physics. Very recently LHCb colloboration

announced on observation of B_s → μ^+μ^− = (3.2

+1.5 −1.2 ) × 10^{−9} [1]. With the statistics suitable

at the LHC which will permit a direct measurement of virtual new physics effect: in contrast to the research of CP violation. In the SM the branching ratios are BR(B_s → μ^+μ^−) ≃ 1.8 × 10^{−9} and BR(B_s → e^+e^−) ≃ 4.2 × 10^{−14} [3, 2, 4, 5, 6]. For b → d transition, it is not useful due to smaller CKM mixing angle. Even though B_s → τ^+τ^− decay of branching ratios is BR(B_s → τ^+τ^−) ≃ 8 × 10^{−7} [7], the τ channel is not responsible for helicity suppression. Its experimental detection is hard because of low efficiency. The new physics effects in B_s → γl^+l^− decays have been studied in different models [8, 9, 6, 10, 12, 22, 23]. The effect of new physics on FCNC processes can be described in a model-independent way: at quark level, b → q(q = d, s) transitions can be determined in terms of an effective Hamiltonian achieved by integrating out virtual effects of heavy particles.

In this paper, we have studied the rare B_s → γl^+l^− decay with family non-universal Z^′ model. A new massive and neutral gauge boson (which is called a Z^′) is present in most extensions of the SM gauge group. These gauge group necessitate one extra neutral gauge boson [?]. The majority of recent studies have presumed that the Z^′ gauge couplings are family universal. On the other hand, owing to different structures of the different families, in string models it is possible to have family non-universal Z^′ couplings. Detailed information can be found in [18, 17] et al about this model.

The work is organized as follows: In section 2, we present the most general effective Hamiltonian for the B_s → γl^+l^− decay. In section 3,we examine the differential branching ratio, double-lepton polarization and forward-backward asymmetry in Family non-universal Z^′ model. Furthermore, we compare our results with SM predictions In section 4, we devoted to a numerical analysis and a discussion of our results.

2 The Effective Hamiltonian for B_s → γl^+l^− Decay in Family Non-Universal Z^′ Model

The quark level amplitude for b → s transition can be obtained from b → sl^+l^− one by attaching photon to the charged particle lines. In order to analyse to b → s transition theoretically, the matrix element for the B_s → γl^+l^− decay can be found that of the pure leptonic B decay. Hence, we can give an expression to the effective Hamiltonian for the B_s → γl^+l^− decay as follows:

H_{eff} = G_F 2 √ 2π α_{em}V_{tb}V^∗_{ts} { C^{eff}_9 [s̄γ_μ(1 − γ_5)b] [ℓ̄γ^μℓ] + C_{10}[s̄γ_μ(1 − γ_5)b] [ℓ̄γ^μγ_5ℓ]

− 2m_bC^{eff}_7 1 q^2

[s̄iσ_{μν} q^ν (1 + γ_5)b] [ℓ̄γ^μℓ] } , (2.1)

where V_{tb} and V^∗_{ts} are elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix and C^{eff}_7 (μ), C^{eff}_9 (μ), C_{10}(μ) are the Wilson coefficients evaluated at the scale μ. G_F is the Fermi coupling constant in weak interaction. A family non-universal Z^′ model may cause the FCNC processes at tree level in consequence of the non-diagonal chiral coupling matrix. Ignoring to Z − Z^′ mixing and presume that the couplings of right-handed quarks flavors with Z^′ boson are diagonal the Z^′ part of the effective Hamiltonian for B_s → γl^+l^− decay is given by,[24, 25, 26, 27, 28]

H^{Z′}_{eff} = −4G_F V_{tb}V^∗_{ts} √ 2 [ C^{Z′}_9 O_9 + C^{Z′}_{10} O_{10} ] (2.2)

Taking into account contributions the Z^′ boson can be done by replacing Wilson coefficients C_9 and C_{10} in the SM by

C^{Z′}_9 = − g^2_s e^2 B^L_{sb}B^R_{ℓℓ} V_{tb}V^∗_{ts} S^{LR}_{ℓℓ} C^{Z′}_{10} = g^2_s e^2 B^L_{sb} V_{tb}V^∗_{ts} D^{LR}_{ℓℓ} (2.3) and S^{LR}_{ℓℓ} = (B^L_{ℓℓ} + B^R_{ℓℓ}) D^{LR}_{ℓℓ} = (B^L_{ℓℓ} − B^R_{ℓℓ}) (2.4) and

H^{Z′}_{eff} = 2G_F √ 2 V_{tb}V^∗_{ts} { B^L_{sb}B^L_{ℓℓ} V_{tb}V^∗_{ts} [s̄γ_μ(1 − γ_5)b] [ℓ̄γ_μ(1 − γ_5)ℓ] + B^L_{sb}B^R_{ℓℓ} V_{tb}V^∗_{ts} [s̄γ_μ(1 − γ_5)b] [ℓ̄γ_μ(1 + γ_5)ℓ] }

(2.5)

The effective chiral Z^′ couplings to fermions are B^L_{sb} and B^{L,R}_{ℓℓ} . We can write to |B^L_{sb}|e^{iφ} instead of B^L_{sb}, because of consisting of a new phase. Therefore, the effective Hamiltonian can be rearranged to consider Z^′ boson contributions at the μ scale as follows:

C^{eff}_9 → C^{eff′}_9 = C^{SM}_9 − 4π α_s (28.82) B^L_{sb} V_{tb}V^∗_{ts} (B^L_{ℓℓ} + B^R_{ℓℓ}), C_{10} → C^′_{10} = C^{SM}_{10} + 4π α_s (28.82) B^L_{sb} V_{tb}V^∗_{ts} (B^L_{ℓℓ} − B^R_{ℓℓ}), (2.6)

The Wilson coefficient C^{eff}_7 in the SM is given by [29]

C^{eff}_7 (μ_b) = η^{1623} C_7(μ_W ) + 8 3 ( η^{1423} − η^{1623} ) C_8(μ_W ) + C_2(μ_W ) 8∑ i=1 h_iη^{ai} , (2.7)

where

C_2(μ_W ) = 1 , C_7(μ_W ) = − 1 2 D_0(x_t) , C_8(μ_W ) = − 1 2 E_0(x_t) . (2.8)

D_0(x_t) and E_0(x_t) are to be functions of (x_t) and x_t = m^2_t /m^2_w. m^2_t and m^2_w are the top quark and W boson masses,respectively. We can define as

D_0(x_t) = −

(8x^3_t + 5x^2_t − 7x_t) 12(1 − x_t)^3 + x^2_t (2 − 3x_t) 2(1 − x_t)^4 ln x_t , (2.9)

E_0(x_t) = − x_t(x^2_t − 5x_t − 2) 4(1 − x_t)^3 + 3x^2_t 2(1 − x_t)^4 ln x_t , (2.10)

where x_t =^{m2t}_{M 2W} with m_t and M_W being the top quark and W boson masses, respectively. In Eq. (7), the a_i and h_i coefficients are written as

a_i = (^{14}_{23} ,^{16}_{23} ,^6_{23} , −^{12}_{23} , 0.4086, −0.4230, −0.8994, 0.1456 ), h_i = ( 2.2996, −1.0880, −^3_7 , −^1_{14} , −0.6494, −0.0380, −0.0186, −0.0057 ).

(2.11)

In Eq. (7),the η parameter is also determined as η = α_s(μ_W ) α_s(μ_b)

, (2.12)

with

α_s(x) =

0.118 1 −^{23}_3^{αs(mZ )}_{2π} ln(^{mZ}_x )

. (2.13)

From the [34, 35], We can give an expression for the Wilson coefficient C^{eff}_9 (ŝ) as :

C^{eff}_9 (ŝ) = C^{NDR}_9 η(ŝ) + h(z, ŝ) (3C_1 + C_2 + 3C_3 + C_4 + 3C_5 + C_6) − 1 2 h(1, ŝ) (4C_3 + 4C_4 + 3C_5 + C_6) − 1 2 h(0, ŝ) (C_3 + 3C_4) + 2 9 (3C_3 + C_4 + 3C_5 + C_6) , (2.14)

where ŝ =^{q2}_{m2b} , m̂_ℓ =^{mℓ}_{mB} and

C^{NDR}_9 = P^{NDR}_0 +

Y_0(x_t) sin^2 θ_W

− 4Z_0(x_t) + P_E E(x_t), (2.15)

In Eq.(15),we should note that we neglected to the small contribution of P_E in last term. Taking to the naive dimensional regularization scheme to the P^{NDR}_0 = 2.60 ± 0.25 [34, 35] and remaining two functions, Y (x_t) and Z(x_t) have the following expressions:

Y_0(x_t) = x_t 8 [ x_t − 4 x_t − 1 + 3x_t (x_t − 1)^2 ln x_t ] , (2.16)

Z_0(x_t) =

18x^4_t − 163x^3_t + 259x^2_t − 108x_t 144(x_t − 1)^3 + [ 32x^4_t − 38x^3_t − 15x^2_t + 18x_t

72(x_t − 1)^4 − 1 9 ] ln x_t.

(2.17)

In Eq. (2.14), the coefficients η(ŝ)and ω(ŝ) are given by

η(ŝ) = 1 + α_s(μ_b)ω(ŝ) π (2.18) ω(ŝ) = − 2 9 π^2 − 4 3 Li_2(ŝ) − 2 3 (ln ŝ) ln(1 − ŝ) −

5 + 4ŝ 3(1 + 2ŝ) ln(1 − ŝ) −

2ŝ(1 + ŝ)(1 − 2ŝ) 3(1 − ŝ)^2(1 + 2ŝ) ln ŝ +

5 + 9ŝ − 6ŝ^2 6(1 − ŝ)(1 + 2ŝ)

. (2.19)

The coefficients C_j (j = 1, ...6) are given as

C_j = 8∑ i=1 k_{ji}η^{ai} (j = 1, ...6) (2.20)

and the constants k_{ji} have the values

k_{1i} = ( 0, 0,^1_2 , −^1_2 , 0, 0, 0, 0 ), k_{2i} = ( 0, 0,^1_2 ,^1_2 , 0, 0, 0, 0 ), k_{3i} = ( 0, 0, −^1_{14} ,^1_6 , 0.0510, −0.1403, −0.0113, 0.0054 ), k_{4i} = ( 0, 0, −^1_{14} , −^1_6 , 0.0984, 0.1214, 0.0156, 0.0026 ), k_{5i} = ( 0, 0, 0, 0, −0.0397, 0.0117, −0.0025, 0.0304 ), k_{6i} = ( 0, 0, 0, 0, 0.0335, 0.0239, −0.0462, −0.0112 ).

(2.21)

Finally, we should define the other functions in Eq. (2.14): h(y, ŝ) = − 8 9 ln m_b μ_b − 8 9 ln y + 8 27 + 4 9 x (2.22) − 2 9 (2 + x)|1 − x|^{1/2} { ( ln | |^{√1−x+1} √ 1−x−1 | | − iπ ) , for x ≡^{4z2}_ŝ < 1 2 arctan^{1√}_{x−1} , for x ≡^{4z2}_ŝ > 1, (2.23) where y = 1 or y = z =^{mc}_{mb} and, h(0, ŝ) = 8 27 − 8 9 ln m_b μ_b − 4 9 ln ŝ + 4 9 iπ. (2.24)

At the same time, we are taking into account to the long distance effect contribution coming from real cc̄. In the phenomenological Breit-Wigner ansatz, the long distance part Y_{LD} is defined as Y_{LD} = − 3πC^{(0)} α^2 ∑ V_i=ψ(1s)...ψ(6s) κ_i Γ(V_i → ℓ^+ℓ^−)m_{Vi} q^2 − m^2_{Vi} + iΓ_{Vi} m_{Vi}

(2.25)

where C^0 = 3C_1 + C_2 + 3C_3 + C_4 + 3C_5 + C_6. κ_i is the phenomenological factor for the lowest two resonances which is predicted to be κ_{J/ψ} = 2.3[30].

3 Calculations For The B_s → γl^+l^− Decay In The Family Nonuniversal Z^′ Model

3.1 Branching Ratio

The matrix element for the B_s → γl^+l^− decay can be obtained from the pure leptonic decay. So, we will begin to sandwiching to the effective Hamiltonian between B-meson momentum and four vector momentum of the photon. M = ⟨γ(k)|H_{eff} |B(p_B)⟩ (3.1) where k is the momentum of the photon and the p_B = k + q is the initial momentum of the B-meson. The total matrix element for this decay is obtained from the M_{SD} and M_{IB} terms. When a photon is released from initial quark lines, these contributes to the so-called ”structure dependent” (SD) part of the amplitude, M_{SD}. When a photon is radiated from the lepton line these contributes to the so-called ”internal Bremsstrahlung” (IB) part of the amplitude, M_{IB} . To obtain the amplitude M, we need to define the matrix elements ⟨γ(k) |s̄γ_μ(1 − γ_5)b| B(p_B )⟩ = e m^2_B { ϵ_{μνλσ} ε^{∗ν} q^λk^σg(q^2) + i [ ε^∗_μ(kq) − (ε^∗q)k_μ ] f(q^2) } , (3.2) and ⟨γ(k) |s̄iσ_{μν} q^ν (1 + γ_5)b| B(p_B)⟩ = e m^2_B { ϵ_{μνλσ} ε^{ν∗}q^λk^σg_1(q^2) + i [ ε^∗_μ(qk) − (ε^∗q)k_μ ] f_1(q^2) } , (3.3)

where ε^∗_μ and k_μ are the four vector polarization of the photon and the four vector momentum of the photon respectively, and g(q^2), f(q^2), g_1(q^2) and f_1(q^2) are the transition form factors. In order to make some numerical predictions, we use the explicit forms of the form factors g(q^2), f(q^2), g_1(q^2) and f_1(q^2) [6].

Figure 1: Differential decay rate of the B_s → γl^+l^− versus ŝ for e, μ and τ,respectively.

g(q^2) = 1GeV (1 −^{q2}_{5.62} )^2

, f(q^2) = 0.8GeV (1 −^{q2}_{6.52} )^2 , g_1(q^2) = 3.74GeV^2 (1 −^{q2}_{40.5} )^2

, f_1(q^2) = 0.68GeV^2 (1 −^{q2}_{30} )^2

. (3.4)

The differential decay rate for B_s → γl^+l^− decay is given by [10]:

dΓ dŝ (ŝ) = α^3G^2_F 768π^5

|V_{tb}V^∗_{td}|^2 m^3_Bŝ(1 − ŝ)^3 √ 1 − 4 m̂_l^2 ŝ × × { 1 m^2_B [ |A|^2 + |B|^2 ] + 1 m^2_B

|C_{10}|^2 [ f^2(q^2) + g^2(q^2) ] } , (3.5)

A = A(ŝ) = C^{eff}_9 (ŝ)g(q^2) − 2 C^{eff}_7 m_b ŝ g_1(q^2) ,

B = B(ŝ) = C^{eff}_9 (ŝ)f(q^2) − 2 C^{eff}_7 m_b ŝ f_1(q^2) .

In figure 1, we present the differential decay rate for B_s → γl^+l^− decay with and without resonance (J/ψ and ψ^′) contributions. The values of the family non-universal Z^′ model parameters,S1 and S2 were taking from the UT-fit collaboration result. Taking into account to S1 and S2 scenario for |B^L_{sb}| and ϕ^L_s correspond to two fitted value for the new physics parameter ϕ_{Bs} performed by the Ref[31]

• These graphics are consist of the prominent contribution to Y_{LD} comes from the cc̄ resonances J/ψ and ψ^′ which indicates as peaks in the spectrum. It is understandable that the peak contributions dominate for J/ψ and ψ^′ resonances. Furthermore, there is an interference between SM and Family non-universal Z^′ model predictions in 4m̂^2_l ≤ ŝ ≤ 1 region.

• We compare to the integrated branching ratio for the SM and Family non-universal model in Table 1. We see that two models predictions on the branching ratio are close which is especially into the resonances peak.

DecayChannels SM S1 S2 BR(B → e^+e^−γ) 1.2 × 10^{−9} 3.4 × 10^{−9} 2.8 × 10^{−9} BR(B → μ^+μ^−γ) 3.2 × 10^{−9} 1.5 × 10^{−8} 1.2 × 10^{−8} BR(B → τ^+τ^−γ) 3.7 × 10^{−9} 1.0 × 10^{−8} 8.6 × 10^{−8}

Table 1: Comparison to the integrated branching ratio for SM and S1, S2 scenarios according to UT-fit colloboration result in Ref[31].

Now, the next step, double lepton polarization asymmetries are calculated in [33, 10, 23]. We examined same expression for the longitudinal, transverse and normal polarization asymmetries in the Family Non-universal Z^′ model:

P_{LL}(ŝ) = 1 Δ(ŝ) × { 1 2 f^2_B m^4_B { (1 − ŝ)^2(I_1 + I_4) − [2ŝ + (1 + ŝ^2)v^2]I_3 + [2ŝ − (1 + ŝ^2)v^2]I_6 } |F |^2 − 1 2m̂_ℓ f_B m_Bŝ [ 8(1 + ŝ)v^2 + m^2_B (1 − ŝ)(2 − 2ŝ − 2v^2 + 2ŝv^2 + v^4 + ŝv^4)I_8

− m^2_B (1 − ŝ^2)v^2I_9] ] Re[(A^∗_1 + B^∗_1 )F ] − 1 3m̂^2_ℓ m^2_Bŝ^2(1 − ŝ)^2(1 − v^2)^2Re[A^∗_1B_1 + A^∗_2B_2] − 2 3 m^2_Bŝ(1 − ŝ)^2(1 + 3v^2) ( |A_1|^2 + |A_2|^2 + |B_1|^2 + |B_2|^2 )} , (3.6)

P_{LN} (ŝ) = 1 Δ(ŝ) { f_B m^3_B √ ŝ(1 − ŝ^2)v^2Im[A^∗_1F − B^∗_1 F ]I_7

− 4πf_B m_B √ ŝ(1 − ŝ)(1 − √ 1 − v^2)Im[(A^∗_2 + B^∗_2 )F ] } , (3.7)

P_{NL}(ŝ) = 1 Δ(ŝ) { f_B m^3_B √ ŝ(1 − ŝ^2)v^2Im[−A^∗_1F + B^∗_1 F ]I_7

+ 4πf_Bm_B √ ŝ(1 − ŝ)(1 − √ 1 − v^2)Im[−(A^∗_2 + B^∗_2 )F ] } , (3.8)

P_{LT} (ŝ) = 1 Δ(ŝ) { − 1 √ ŝ f^2_B m^4_Bm̂_ℓ(1 − ŝ)v [ (1 + ŝ) |F |^2 ] (I_2 + I_4) + 4 v πf_B m_B √ ŝ(1 − ŝ)(1 − √ 1 − v^2)Re[(A^∗_2 − B^∗_2 )F ] + 2m_Bm̂_ℓRe[A^∗_1A_2 − B^∗_1 B_2] ]

− 4 v πf_B m_B √ ŝ(1 + ŝ)(1 − √ 1 − v^2)Re[(A^∗_1 + B^∗_1 )F ] ] } , (3.9)

P_{T L}(ŝ) = 1 Δ(ŝ) { − 1 √ ŝ f^2_B m^4_Bm̂_ℓ(1 − ŝ)v [ (1 + ŝ) |F |^2 ] (I_2 + I_4) − 4 v πf_Bm_B √ ŝ(1 − ŝ)(1 − √ 1 − v^2)Re[(A^∗_2 − B^∗_2 )F ] − 2m_Bm̂_ℓRe[A^∗_1A_2 − B^∗_1 B_2] ]

− 4 v πf_Bm_B √ ŝ(1 + ŝ)(1 − √ 1 − v^2)Re[(A^∗_1 + B^∗_1 )F ] ] } , (3.10)

P_{NT} (ŝ) = 1 Δ(ŝ) { 2f_B m^3_Bm̂_ℓ(1 − ŝ)^2vIm[−A^∗_1F + B^∗_1 F ](I_8 − I_9)

− 2f_Bm^3_Bm̂_ℓ(1 − ŝ^2)vIm[(A^∗_2 + B^∗_2 )F ](I_8 − I_9) − 8 3 m_B (1 − ŝ)^2vIm[−m_Bŝ(A^∗_1B_1 + A^∗_2B_2)] } , (3.11)

P_{T N} (ŝ) = 1 Δ(ŝ) { 2f_Bm^3_Bm̂_ℓ(1 − ŝ)^2vIm[A^∗_1F − B^∗_1 F ](I_8 − I_9)

− 2f_B m^3_Bm̂_ℓ(1 − ŝ^2)vIm[(A^∗_2 + B^∗_2 )F ](I_8 − I_9) + 8 3 m_B (1 − ŝ)^2vIm[−m_Bŝ(A^∗_1B_1 + A^∗_2B_2)] } , (3.12)

P_{NN} (ŝ) = 1 Δ(ŝ) { f^2_B m^4_Bŝ [ (1 + v^2)I_3 − (1 − v^2)I_6 ] |F |^2

+ 4 3 m^2_Bŝ(1 − ŝ)^2v^2 ( 2Re[A^∗_1B_1 + A^∗_2B_2] )} , (3.13)

P_{T T} (ŝ) = 1 Δ(ŝ) { 1 2 f^2_Bm^4_B { − (1 − ŝ)^2(1 − v^2)I_1 + [1 − v^2 − 4ŝ + ŝ^2(1 − v^2)]I_3

− (1 − v^2)(1 − ŝ)^2I_4 + (1 − v^2)(1 − ŝ^2)I_6 } |F |^2 − 4f_Bm^3_Bm̂_ℓ(1 − ŝ)^2Re[(A^∗_1 + B^∗_1 )F ](I_8 − I_9)

+ m_Bm̂_ℓ ( |A_1|^2 + |A_2|^2 + |B_1|^2 + |B_1|^2 )] + 8 3 m^2_B (1 − ŝ)^2 ( ŝRe[A^∗_1B_1 + A^∗_2B_2] ) } , (3.14) where,

Δ(ŝ) = 16m_Bm̂_ℓ(1 − ŝ)^2 ( Re[m_Bm̂_ℓ(A^∗_1B_1 + A^∗_2B_1)] )

+ 2 3 (1 − ŝ)^2 [ m^2_Bŝ(3 + v^2) ( |A_1|^2 + |A_2|^2 + |B_1|^2 + |B_2|^2 )]

− 1 2 f^2_B m^4_B |F |^2 { (1 − ŝ)^2v^2(I_1 + I_4) − (1 + ŝ^2 + 2ŝv^2)I_3 − [1 − ŝ(4 − ŝ − 2v^2)]I_6 }

+ 2f_Bm_Bm̂_ℓRe[(A^∗_1 + B^∗_1 )F ] [ 8(1 + ŝ) + m^2_B (1 − ŝ^2)v^2I_8 + m^2_B (1 − ŝ)(1 − 3ŝ)I_9 ] . (3.15) v = √ 1 − 4m̂^2_ℓ /ŝ is the lepton velocity and

A_1 = A_1(ŝ) = −2C^{eff}_7 (ŝ) q^2 ( m_b + m_s ) g_1(q^2) + (C^{eff}_9 (ŝ) − C_{10}(ŝ))g(q^2) ,

A_2 = A_2(ŝ) = −2C^{eff}_7 (ŝ) q^2 ( m_b − m_s ) f_1(q^2) + (C^{eff}_9 (ŝ) − C_{10}(ŝ))f(q^2) ,

B_1 = B_1(ŝ) = −2C^{eff}_7 (ŝ) q^2 ( m_b + m_s ) g_1(q^2) + (C^{eff}_9 (ŝ) + C_{10}(ŝ))g(q^2) ,

B_2 = B_2(ŝ) = −2C^{eff}_7 (ŝ) q^2 ( m_b − m_s ) f_1(q^2) + (C^{eff}_9 (ŝ) + C_{10}(ŝ))f(q^2) ,

F = F (ŝ) = 4m_ℓC_{10}(ŝ). (3.16) In the above equations, the I_i have the following representations:

I_i =

∫_{+1} −1 F_i(z)dz , where

F_1 = z^2 (p_1 · k)(p_2 · k)

, F_2 = z (p_1 · k)(p_2 · k)

, F_3 = 1 (p_1 · k)(p_2 · k) ,

F_4 = z^2 (p_1 · k)^2

, F_5 = z (p_1 · k)^2

, F_6 = 1 (p_1 · k)^2 ,

F_7 = z (p_2 · k)^2

, F_8 = z^2 p_1 · k

, F_9 = 1 p_1 · k .

(3.17)

Figure 2: The dependence of the P_{LL},P_{NN} and P_{T T} polarizations of the B → γl^+l^− decay versus ŝ and the SM for μ and τ leptons.

From figure 2, we present the dependence of the double-lepton polarizations for B → γl^+l^− decay. From these figure,

• We see that polarization asymmetries P_{LL},P_{NN} and P_{T T} are more sensitive to the Family non-universal Z^′ model as compared to the SM, receiving the maximum contribution from S1(S2) scenarios. It follows that asymmetries change in the region 7GeV < ŝ < 12GeV and tends to decreases after 12GeV We illustrate the ŝ versus of polarizations for μ and τ leptons.

• If we compare S1(S2) and SM, there is very conspicuous discrepancy between SM and S1(S2) scenarios. The Family non-universal Z^′ model is very dominant in accordance with the SM model.

3.2 Forward-backward Asymmetry

A_{F B} is another interesting feature that we examine to observe the new physics effect [32]. We calculate to asymmetry as a function of the ŝ = q^2/m^2_b , by using our model. A^{LL}_{F B} = 1 Δ { − 4m^2_Bŝ(1 − ŝ)^2vRe[A^∗_1A_2 − B^∗_1 B_2]

+ 4 m̂_ℓv f_Bm_Bŝ(1 − ŝ)(1 − v^2) ln[1 − v^2]Re[(A^∗_2 − B^∗_2 )F ] } ,

A^{LN}_{F B} = 1 Δ { − 2 3m̂_ℓ m^2_B √ ŝ^3(1 − ŝ)^2v(1 − v^2) ( Im[A^∗_1B_1 + A^∗_2B_2] )

− f_Bm^2_B √ ŝ(1 − ŝ) ( + m_B Im[(A^∗_1 − A^∗_2 − B^∗_1 − B^∗_2 )F − ŝ(A^∗_1 + A^∗_2 − B^∗_1 + B^∗_2 )F ] ) I_7 } ,

A^{NL}_{F B} = 1 Δ { + 2 3m̂_ℓ m^2_B √ ŝ^3(1 − ŝ)^2v(1 − v^2) ( − Im[A^∗_1B_1 + A^∗_2B_2] )

− m_B Im[(A^∗_1 + A^∗_2 − B^∗_1 + B^∗_2 )F − ŝ(A^∗_1 − A^∗_2 − B^∗_1 − B^∗_2 )F ]I_7 }} ,

A^{LT}_{F B} = 1 Δ { 4 3 √ ŝ m̂_ℓ(1 − ŝ)^2 [ m^2_Bŝ ( |A_1|^2 + |A_2|^2 + |B_1|^2 + |B_2|^2 ) ]

+ 8 3 m^2_Bm̂_ℓ √ ŝ(1 − ŝ)^2 ( Re[A^∗_1B_1 + A^∗_2B_2] )

+ 1 √ ŝ f^2_Bm^4_Bm̂_ℓ(1 − ŝ) [ (1 − ŝ) ( |F |^2 ) (J_1 + J_2) ]

− f_Bm^3_B √ ŝ(1 − ŝ^2)v^2Re[(A^∗_2 − B^∗_2 )F^∗]J_4

+ f_Bm^3_B √ ŝ(1 − ŝ)^2(2 − v^2)Re[(A^∗_1 + B^∗_1 )F ]J_4 } , (3.18)

Figure 3: The dependence of the A^{LL}_{F B} polarizations of the B → γl^+l^− depend on ŝ for μ and τ leptons.

J_i represent the following integrals

J_i =

∫_{+1} 0 G_i(z)dz − ∫_0 −1 G_i(z)dz , where

G_1 = z √ 1 − z^2 (p_1 · k)(p_2 · k)

, G_2 = z √ 1 − z^2 (p_1 · k)^2

, G_3 = √ 1 − z^2 (p_1 · k)^2

, G_4 = z √ 1 − z^2 (p_1 · k)

. (3.19)

In figure 3, we plot the polarized forward–backward asymmetries A_{LL} according to ŝ in the SM and family non-universal Z^′ model. We obtained very useful information to prove the existence of the new physics and also about diversity of the S1(S2) scenarios. We have also examined the other asymmetries. But, the contribution of our model to these asymmetries are small enough to be ignored. We would like to emphasize that the polarization asymmetries can have substantial deviation from their SM values between 5GeV < ŝ < 15GeV .

4 Conclusion

In conclusion, we have calculated the branching ratio, the double-lepton polarization asymmetries and the forward-backward asymmetries for B → γl^+l^− decay in the Family non-universal Z^′ model. We have been able to obtain branching ratio, different double-lepton polarization asymmetries and forward-backward asymmetries which are very sensitive to the model. One of the important observations that we have made the differences between two models have shown the presence of new physics. Especially, motivated by the distinct to asymmetries in resonances to cc̄, there is prominently effect of the model.

Acknowledgements The author would like to thank T. M. Aliev for useful discussions.

References

[1] R. Aaij et al. LHCb Colloboration PRL 110 (2013) 021801.

[2] The BaBar physics book, edited by P.F. Harrison, H.R. Quinn, SLAC report (1998) 504. [3] E. Prebys et al., BELLE Colloboration, Nucl. Instrum. Meth. A 446 (2000) 89. [4] B.A. Campbell and P.J. O’Donnell, Phys. Rev., D 25 (1982) 1989. [5] in B Decays, Editor: S. Stone 67.

[6] T. M. Aliev, A. Ozpineci, M. Savci Phys. Rev., D 55,(1997) 7059-7066 [arXiv :

hep-ph/9611393].

[7] G.Buchalla and A.J. Buras Nucl. Phys. B 400, (1993) 225. [8] Z.Xiong, J.M. Yang, Nucl. Phys. B 628, (2002) 193. [9] S.R.Choudhury, N. Gaur, [arXiv : hep-ph/0207353].

[10] T. M. Aliev, N.K. Pak and M. Savci, Phys. Lett. , B 424 (1998) 175-184. [11] T. M. Aliev, A. Ozpineci, M. Savci, Phys. Lett. , B 520 (2001) 69-77. [12] T. M. Aliev, M. Savci and B. B. Sirvanli, Eur. Phys. J., C 52,(2007) 375-382 [arXiv :

hep-ph/0608143].

[13] J. Hua, C.S. Kim, Y. Li [arXiv : hep-ph/1002.2531]. [14] Y.Li, J. Hua, K.Yang [arXiv : hep-ph/1107.0630]. [15] C.Chiang, R.Li, C. L, [arXiv : hep-ph/0911.2399]. [16] Q. Chang, Q. Li, Y. Yang, [arXiv : hep-ph/1002.2758]. [17] D.A. Demir and L.L. Everett, Phys. Rev., D 69,(2004) 015008. [18] P. Langacker and M. Plmacher, [arXiv : hep-ph/0001204].

[19] U. O. Yilmaz, B. B. Sirvanli and G. Turan, Nucl. Phys., B 692 (2004) 249 [arXiv :

hep-ph/0407006].

[20] U. O. Yilmaz, B. B. Sirvanli and G. Turan, Eur. Phys. J., C 30 (2003) 197-205 [arXiv :

hep-ph/0304100].

[21] B. B. Sirvanli and G. Turan, Mod. Phys. Lett., A 18 (2003) 47-56 [arXiv :

hep-ph/0211195].

[22] B. B. Sirvanli, Int. J. Mod. Phys, A 27 (2012) 1250036 [arXiv : hep-ph/0810.2677]. [23] K. Azizi, N.K. Pak, B. B. Sirvanli, JHEP, 034 (2012) 1202 [arXiv : hep-ph/1112.2927].

[24] T. M. Aliev, M. Savci, Nuc. Phys. B, 863, 398, (2012), arXiv:1202.0398[hep-ph]. [25] T. M. Aliev, M. Savci, Phys. Lett. B, 718, 566, (2012), arXiv:1202.5444[hep-ph]. [26] C. H. Chen and H. Hatanaka, Phys. Rev. D 73, 075003 (2006); arXiv: hep-ph/0602140. [27] V. Barger, C. W. Chiang, P. Langacker, H. S. Lee, Phys. Lett. B 580, 186 (2004); arXiv:

hep-ph/0310073 ; ibid B 598, 218 (2004); arXiv: hep-ph/0406126; V. Barger, L. Everett, J. Jiang, P. Langacker, T. Liu, C. E. M. Wagner, Phys. Rev. D 80, 055008 (2009); arXiv: hep-ph/0902.4507.

[28] N. Katirci, K. Azizi, [arXiv: hep-ph/1207.4053].

[29] A. Buras and M. Mnz, Phys. Rev. D 52, (1995); arXiv: hep-ph/9501281. [30] C.H. Chen, C.Q. Geng, Phys. Rev. D 63, 054005, (2001); arXiv: hep-ph/9501281. [31] M.Bona et al, UT-fit Collaboration, PMC Phys. A 3, 6 (2009). [32] T.M. Aliev, V. Bashiry, M. Savci, Eur. Phys. J. C 40, (2005) 505-514. [33] T.M. Aliev, V. Bashiry, M. Savci, Phys. Rev. D 71, (2005) 035013. [34] M. Misiak, Nucl. Phys. B 393, 23 (1993); Erratum ibid B 439, 161 (1995). [35] A.J. Buras, M. Muenz, Phys. Rev. D 52, 186 (1995); arXiv: hep-ph/9501281.