arXiv:1303.2233v1 [hep-ph] 9 Mar 2013

Analysis of the radiative Λ_b → Λγ transition in SM and scenarios with one or two universal extra dimensions

K. Azizi^{1 ∗}, S. Kartal^{2 †}, A. T. Olgun^{2 ‡}, Z. Tavukoğlu^{2 §} 1 Department of Physics, Doğuş University, Acıbadem-Kadıköy, 34722 İstanbul, Turkey 2 Department of Physics, İstanbul University, Vezneciler, 34134 İstanbul, Turkey

Abstract

We investigate the radiative process of the Λ_b → Λγ in the standard model as well as models with one or two compact universal extra dimensions. Using the form factors entered to the low energy matrix elements, calculated via light cone QCD in full theory, we calculate the total decay width and branching ratio of this decay channel. We compare the results of the extra dimensional models with those of the standard model on the considered physical quantities and look for the deviations of the results from the standard model predictions at different values of the compactification scale (1/R).

PACS number(s): 12.60.-i, 13.30.-a, 13.30.Ce, 14.20.Mr

∗e-mail: kazizi@dogus.edu.tr †e-mail: sehban@istanbul.edu.tr ‡e-mail: a.t.olgun@gmail.com §e-mail: z.tavukoglu@gmail.com

1 Introduction

As it is well-known, the flavor changing neutral current (FCNC) transitions are prominent tools to indirectly search for the new physics (NP) effects. There are many mesonic and baryonic processes based on the b → s transition at quark level investigated in the literature via different NP models and compared the obtained results with the experimental data to put constraints on the NP parameters. One of the most important channels in agenda of different experimental groups is the baryonic FCNC Λ_b → Λℓ^+ℓ^− decay channel. The CDF Collaboration at Fermilab reported the first observation on this mode at muon channel [1]. The measured branching ratio is comparable with the SM prediction [2] within the errors of form factors. Comparing the different NP models’ predictions with the experimental data on this channel, it is possible to obtain information about and put limits on the parameters of the models. In our previous work, we put a lower limit to the compactification parameter of the universal extra dimension (UED) via this channel comparing the theoretical calculations with the experimental data [3].

Considering the above experimental progress and recent developments at LHC, we hope we will able to study more decay channels in the experiment in near future. Hence, the phenomenological works using different NP models can play crucial roles in this respect. In this context, we study the radiative Λ_b → Λγ decay channel in SM as well as UED with a single ED (UED5) and two EDs (UED6) in the present work. There are many works dedicated to the analysis of different decay channels in UED5 in the literature (for some of them see [3–19]). However, the number of works devoted to the applications of the UED6 is relatively few. As the expression of the only Wilson coefficient C^{eff}_7 now is available in UED6 [20], it is possible to study the radiative channels based on the b → sγ.

In [21], both the UED5 and UED6 are employed to analyze the B → Kη^{(′)}γ decay channel. In this work, by comparing the results with the experimental data, the lower limits 250 GeV and 400 GeV, respectively in UED5 and UED6 models are put to the compactification scale. The lower limit of the 1/R obtained via UED6 in this channel is close to the direct experimental limit [22]. For some other previous constraints on the compactification factor obtained via electroweak precision tests, some cosmological constraints and different hadronic channels in UED5 see [3, 7, 23–27].

Scenarios with EDs play crucial roles among models beyond the SM. The main feature that leads to the difference among ED models is the number of dimensions added to the SM. In the UED5, we have an extra universal compactified dimension compared to the SM, while in UED6 we consider two extra UEDs. Because of the universality, the SM particles can propagate into the UEDs and interact with the Kaluza-Klein (KK) modes existing in EDs. As a result of these interactions, the new Feynman diagrams appear and this leads to a modification in the Wilson coefficients entered the low energy Hamiltonians defining the hadronic decay channels [6, 20, 28, 29]. In the UED5, the ED is compactified to the orbifold S^1/Z_2, with the fifth coordinate x_5 = y changing from 0 to 2πR. The points y = 0 and y = πR are fixed points of this orbifold. The boundary conditions at these points give the KK mode expansion of the fields. The masses of the KK particles in this model are obtained in terms of compactification scale as m_n^2 = m_0^2 + n^2/R^2 where n = 1, 2, ... and m_0 represents the zeroth mode mass referring to the SM particles (for more about model see [6, 24, 25, 30–35]).

Models with two EDs are more attractive since they reply to some questions existing in the SM [36]. In this model, cancellations of chiral anomalies allow the existence of the right-handed neutrinos and predict the correct number of the fermion families [36–38]. At the same time, this model provides a natural explanation for the long lifetime of the proton [39, 40]. In UED6 models also, all the SM fields are assumed to propagate into both flat EDs that are already compactified on a chiral square of the side L = πR [20, 36, 41]. The KK particles existing in this model are marked by two positive integers k and l which symbolize quantization of momentum along the EDs. The masses of these particles are given in terms of the compactification scale by M_{(k,l)} = √ k^2 + l^2/R [36]. In this model, particles on first KK level with KK numbers (1, 0) are odd under KK parity. These particles may be produced only in pairs at colliders. The particles on level-2 are even under KK parity and have KK numbers (1, 1) [41]. This may lead to a totally different sets of signatures involving the resonances of the heavy top and bottom quarks [41, 42]. The masses of particles on level-2 are √ 2 factor larger than the masses of particles on level-1 [36]. This makes the particles at level -2 be most easily accessible at LHC [42]. For more details about the UED6 model and some of its applications see for instance [20, 36, 38–40, 42].

The outline of the article is as follows. In next section, we present the effective Hamiltonian responsible for the Λ_b → Λγ in SM, UED5 and UED6 as well as the transition matrix elements in terms of form factors. In section 3, we calculate the decay width and branching ratio of the decay under consideration and numerically analyze them. In this section, we also compare the results of UED5 and UED6 with the SM predictions and look for the deviations from the SM at different values of the compactification radius.

2 The radiative Λ_b → Λγ transition in SM, UED5 and UED6 models

In the present section, we present the effective Hamiltonian and show how the Wilson coefficient C^{eff}_7 changes both in UED scenarios with one and two extra dimensions compared to the SM. We also define the transition matrix elements appeared in the amplitude of the considered decay in terms of form factors.

2.1 The effective Hamiltonian

At quark level, the general effective Hamiltonian for b → sγ and b → sg transitions in SM in terms of Wilson coefficients and operators is given by [28] H^{eff} = − G_F √ 2 V_{tb}V^∗_{ts} [_6∑ i=1 C_i(μ)Q_i(μ) + C_{7γ} (μ)Q_{7γ} (μ) + C_{8G}(μ)Q_{8G}(μ) ] , (2.1)

where G_F is the Fermi weak coupling constant and V_{ij} are elements of the Cabibbo- Kobayashi-Maskawa (CKM) mixing matrix. The complete list of the operators entered to the above Hamiltonian is given as

Q_1 = (s̄_αc_β)_{V −A}(c̄_βb_α)_{V −A}, Q_2 = (s̄_αc_α)_{V −A}(c̄_βb_β)_{V −A}, Q_3 = (s̄_αb_α)_{V −A} ∑ q (q̄_βq_β)_{V −A}, Q_4 = (s̄_βb_α)_{V −A} ∑ q (q̄_αq_β)_{V −A}, Q_5 = (s̄_αb_α)_{V −A} ∑ q (q̄_βq_β)_{V +A},

Q_6 = (s̄_βb_α)_{V −A} ∑ q (q̄_αq_β)_{V +A},

Q_{7γ} = e 4π^2 s̄_ασ^{μν} (m_bR + m_sL)b_α F_{μν} , Q_{8G} = g_s 4π^2 s̄_ασ^{μν} (m_bR + m_sL)T^a_{αβ} b_β G^a_{μν} , (2.2)

where Q_{1,2}, Q_{3,4,5,6} and Q_{7γ,8G} are the current-current (tree), QCD penguin and the magnetic penguin operators, respectively. α and β are the color indices, R = (1 + γ_5)/2 is the right-handed projector and L = (1 − γ_5)/2 is the left-handed projector. In the above operators e and g_s are the coupling constants of the electromagnetic and strong interactions, respectively. F_{μν} is the field strength tensor of the electromagnetic field and is defined by

F_{μν} (x) = −i(ε_μq_ν − ε_ν q_μ)e^{iqx} , (2.3)

where ε_μ is the polarization vector of the photon and q is its momentum. The most relevant contribution to b → sγ comes from the magnetic penguin operator Q_{7γ} . Hence the effective Hamiltonian in our case can be written as, H^{eff} (b → sγ) = − G_F e 4π^2 √ 2 V_{tb}V^∗_{ts}C^{eff}_7 (μ)s̄σ_{μν} [ m_bR + m_sL ] bF^{μν} , (2.4)

where C^{eff}_7 is relevant the Wilson coefficient. Under scenarios with EDs including one or two compact extra dimensions, the form of effective Hamiltonian remains unchanged, but the Wilson coefficient C^{eff}_7 is modified because of additional Feynman diagrams coming from the interactions of the KK particles with themselves as well as the SM particles in the bulk. This coefficient in SM is given as [43]

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} , (2.5)

where η = α_s(μ_W ) α_s(μ_b)

, (2.6) and α_s(x) = α_s(m_Z ) 1 − β_0^{αs(mZ )}_{2π} ln(^{mZ}_x )

. (2.7)

Here α_s(m_Z ) = 0.118 and β_0 =^{23}_3 . The values of coefficients a_i and h_i in Eq.(2.5) are given 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 ). (2.8) Also C_2(μ_W ), C_7(μ_W ) and C_8(μ_W ) in Eq.(2.5) are defined in the following way:

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) . (2.9)

where D^′_0(x_t) and E^′_0(x_t) are expressed 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 , (2.10)

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 . (2.11)

The Wilson coefficient C^{eff}_7 in UED5 has been calculated in [5, 6, 28, 43–45]. In this model, each periodic function F (x_t, 1/R) (F = D^′ or E^′) inside the Wilson coefficient includes a SM part F_0(x_t) plus an additional part in terms of compactification factor 1/R due to new interactions, i.e.,

F (x_t, 1/R) = F_0(x_t) + ∞∑ n=1 F_n(x_t, x_n), (2.12)

where x_t =^{m2t}_{m2W} , x_n = m^2_n m^2_W

, and m_n = n R . Here m_t, m_W and m_n are masses of the top quark, W boson and KK particles (non-zero modes), respectively. In UED5, the functions D^′(x_t, 1/R) and E^′(x_t, 1/R) in terms of compactification parameter 1/R are given as

D^′(x_t, 1/R) = D^′_0(x_t) + ∞∑ n=1 D^′_n(x_t, x_n), E^′(x_t, 1/R) = E^′_0(x_t) + ∞∑ n=1 E^′_n(x_t, x_n) , (2.13)

where the functions including KK contributions are written as ∞∑ n=1 D^′_n(x_t, x_n) = x_t[37 − x_t(44 + 17x_t)] 72(x_t − 1)^3 + πm_W R 12 [ ∫_1 0 dy (2y^{1/2} + 7y^{3/2} + 3y^{5/2}) coth(πm_W R √ y) − x_t(2 − 3x_t)(1 + 3x_t) (x_t − 1)^4 J(R, −1/2) − 1 (x_t − 1)^4

{x_t(1 + 3x_t) + (2 − 3x_t)[1 − (10 − x_t)x_t]}J(R, 1/2) − 1 (x_t − 1)^4

[(2 − 3x_t)(3 + x_t) + 1 − (10 − x_t)x_t]J(R, 3/2) − (3 + x_t) (x_t − 1)^4 J(R, 5/2) ] , (2.14) and ∞∑ n=1 E^′_n(x_t, x_n) = x_t[17 + (8 − x_t)x_t] 24(x_t − 1)^3 + πm_W R 4 [ ∫_1 0 dy (y^{1/2} + 2y^{3/2} − 3y^{5/2}) coth(πm_W R √ y) − x_t(1 + 3x_t) (x_t − 1)^4 J(R, −1/2) + 1 (x_t − 1)^4

[x_t(1 + 3x_t) − 1 + (10 − x_t)x_t]J(R, 1/2) − 1 (x_t − 1)^4

[(3 + x_t) − 1 + (10 − x_t)x_t)]J(R, 3/2) + (3 + x_t) (x_t − 1)^4 J(R, 5/2) ] , (2.15)

where J(R, α) = ∫_1 0 dy y^α [ coth(πm_W R √ y) − x^{1+α}_t coth(πm_tR √ y) ] . (2.16)

The Wilson coefficient C^{eff}_7 (1/R) in the UED6 model with two extra dimensions is given by [20]

C^{eff}_i (μ) = C^{eff}_{i SM}(μ) + ΔC^{eff}_i (μ) , i = 1, . . . , 8 (2.17)

where

ΔC^{eff}_i (μ) = ∞∑ n=0 ( α_s 4π )_n ΔC^{eff(n)}_i (μ) , (2.18) and

ΔC^{eff(0)}_i (μ_0) =

0 for i = 1, . . . , 6,

−^1_2 ∑ k,l ′A^{(0)}(x_{kl}) for i = 7,

−^1_2 ∑ k,l ′F^{(0)}(x_{kl}) for i = 8.

(2.19)

The superscript (^′) in summation means that the KK sums run only over the restricted ranges k ≥ 1 and l ≥ 0, i.e., ∑_′ k,l = ∑ k≥1 ∑ l≥0. The upper limits for k and l are restricted as k + l ≤ N_{KK} where N_{KK} can get values in the interval (5 − 15) [20]. The Inami-Lim functions inside the C^{eff}_7 in leading order are decomposed as

X^{(0)}(x_{kl}) = ∑ I=W ,a,H X^{(0)}_I (x_{kl}) , X = A, F , (2.20) where x_{kl} is defined as

x_{kl} = (k^2 + l^2)/(R^2m^2_W ), (2.21)

and the functions X^{(0)}_{W,a,H} (x_{kl}) define the contributions because of the exchange of KK modes which would be the Goldstone bosons G^±_{(kl)}, W -bosons W^±_{μ(kl)} and the scalar fields a^±_{(kl)} and W^±_{H(kl)}. They are given as

A^{(0)}_W (x_{kl}) = x_t(6((x_t − 3)x_t + 3)x^2_{kl} − 3(5(x_t − 3)x_t + 6)x_{kl} + x_t(8x_t + 5) − 7 12(x_t − 1)^3 + 1 2 (x_{kl} − 2)x^2_{kl} ln ( x_{kl} x_{kl} + 1 ) − (x_{kl} + x_t)^2(x_{kl} + 3x_t − 2) 2(x_t − 1)^4 ln ( x_{kl} + x_t x_{kl} + 1 ) , (2.22)

F^{(0)}_W (x_{kl}) = x_t (−6((x_t − 3)x_t + 3)x^2_{kl} − 3((x_t − 3)x_t + 6)x_{kl} + (x_t − 5)x_t − 2) 4(x_t − 1)^3 − 3 2 (x_{kl} + 1)x^2_{kl} ln ( x_{kl} x_{kl} + 1 ) + 3(x_{kl} + 1)(x_{kl} + x_t)^2 2(x_t − 1)^4 ln ( x_{kl} + x_t x_{kl} + 1 ) , (2.23)

A^{(0)}_a (x_{kl}) = x_t (6x^2_{kl} − 3(x_t(2x_t − 9) + 3)x_{kl} + (29 − 7x_t)x_t − 16) 36(x_t − 1)^3 − (x_{kl} + 3x_t − 2)(x_t + x_{kl}((x_{kl} − x_t + 4)x_t − 1)) 6(x_t − 1)^4 ln ( x_{kl} + x_t x_{kl} + 1 )

− 1 6 (x_{kl} − 2)x_{kl} ln ( x_{kl} x_{kl} + 1 ) , (2.24)

F^{(0)}_a (x_{kl}) = x_t (−6x^2_{kl} + (6x^2_t − 9x_t − 9) x_{kl} + (7 − 2x_t)x_t − 11) 12(x_t − 1)^3 + (x_{kl} + 1)(x_t + x_{kl}((x_{kl} − x_t + 4)x_t − 1)) 2(x_t − 1)^4 ln ( x_{kl} + x_t x_{kl} + 1 )

+ 1 2 x_{kl}(x_{kl} + 1) ln ( x_{kl} x_{kl} + 1 ) , (2.25)

A^{(0)}_H (x_{kl}) = x_t (6 (x^2_t − 3x_t + 3) x^2_{kl} − 3 (3x^2_t − 9x_t + 2) x_{kl} − 7x^2_t + 29x_t − 16) 36(x_t − 1)^3 − (x_{kl} + 1) (x^2_{kl} + (4x_t − 2)x_{kl} + x_t(3x_t − 2)) 6(x_t − 1)^4 ln ( x_{kl} + x_t x_{kl} + 1 )

+ 1 6 x_{kl} ( x^2_{kl} − x_{kl} − 2 ) ln ( x_{kl} x_{kl} + 1 ) , (2.26) and F^{(0)}_H (x_{kl}) = − x_t (6 (x^2_t − 3x_t + 3) x^2_{kl} + 3 (3x^2_t − 9x_t + 10) x_{kl} + 2x^2_t − 7x_t + 11) 12(x_t − 1)^3 − 1 2 x_{kl}(x_{kl} + 1)^2 ln ( x_{kl} x_{kl} + 1 ) + (x_{kl} + x_t)(x_{kl} + 1)^2 2(x_t − 1)^4 ln ( x_{kl} + x_t x_{kl} + 1 ) . (2.27)

2.2 Transition amplitude and matrix elements

The amplitude for this transition is obtained by sandwiching the effective Hamiltonian between the final and initial baryonic states

M^{(Λb→Λγ)} = ⟨Λ(p_Λ)|H^{eff} |Λ_b(p_{Λb} )⟩ , (2.28)

where p_Λ and p_{Λb} are momenta of the Λ and Λ_b baryons, respectively. In order to proceed, we need to define the following transition matrix elements in terms of two form factors

⟨Λ(p_Λ)|s̄ σ_{μν} q^ν (g_V + γ_5g_A)b|Λ_b(p_{Λb} )⟩ = ū_Λ(p_Λ)σ_{μν} q^ν ( g_V f^T_2 (0) + γ_5g_Ag^T_2 (0) ) u_{Λb} (p_{Λb} ), (2.29)

where g_V = 1 + m_s/m_b, g_A = 1 − m_s/m_b and ū_Λ and u_{Λb} are spinors of the Λ and Λ_b baryons, respectively. In the following, we will use the values of the form factors calculated via light cone QCD sum rules in full theory [2].

3 Decay width and branching ratio

In this section we would like to calculate the total decay width and branching ratio of the transition under consideration. Using the aforesaid transition matrix elements in terms of form factors, we find the 1/R-dependent total decay width in terms of the two form factors as Γ_{(Λb→Λγ)}(1/R) =

G^2_F α_{em}|V_{tb}V^∗_{ts}|^2m^2_b 64π^4 |C^{eff}_7 (1/R)|^2 ( m^2_{Λb} − m^2_Λ m_{Λb} )_3 ( g^2_V |f^T_2 (0)|^2 + g^2_A|g^T_2 (0)|^2 ) (3.30)

where α_{em} is the fine structure constant at Z mass scale. In order to calculate the 1/Rdependent branching ratio, we need to multiply the total decay width by the lifetime of the

Input Parameters Values m_c 1.46 GeV m_s 0.142 GeV m_b 4.8 GeV m_t 167 GeV m_W 80.4 GeV m_{Λb} 5.620 GeV m_Λ 1.1156 GeV μ_b 5 GeV μ_W 80.4 GeV μ_0 160 GeV τ_{Λb} 1.425 × 10^{−12} s ℏ 6.582 × 10^{−25}GeV s G_F 1.17 × 10^{−5} GeV^{−2} α_{em} 1/137 |V_{tb}V^∗_{ts}| 0.041 Table 1: The values of some input parameters used in the numerical analysis [46].

initial baryon Λ_b and devide by ℏ. To numerically analyze the obtained results, we use the input parameters as presented in Table 1. As we previously mentioned, we use the values of form factors calculated via light cone QCD sum rules in full theory as the main inputs in numerical analysis [2]. Their values are presented in Table 2.

form factors at q^2 = 0 f^T_2 (0) 0.295 ± 0.105 g^T_2 (0) 0.294 ± 0.105

Table 2: The values of form factors f^T_2 (0) and g^T_2 (0) [2].

In this part we present the numerical values of the Wilson coefficient C^{eff}_7 obtained from the previously presented formulas in SM, UED5 and UED6 models. In SM, its value is calculated as C^{eff}_7 = −0.298. We depict the values of the Wilson coefficient C^{eff}_7 at different values of 1/R in UED5 and UED6 scenarios with N_{KK} = (5, 10, 15) in Table 3.

Making use of all given input values we find the value of the branching ratio in SM presented as Table 4. For comparison, we also give the results of other related works in

1/R C^{ef f}_7 C^{ef f}_7 C^{ef f}_7 C^{ef f}_7 [GeV] (UED5) (UED6 for N_{KK} = 5) (UED6 for N_{KK} = 10) (UED6 for N_{KK} = 15)

200 −0.195 −0.038 0.072 0.139 400 −0.266 −0.221 −0.193 −0.176 600 −0.283 −0.263 −0.250 −0.242 800 −0.290 −0.278 −0.271 −0.266 1000 −0.293 −0.285 −0.281 −0.281

Table 3: The numerical values of Wilson coefficient C^{eff}_7 at the different values of 1/R in UED5 and UED6 models for N_{KK} = (5, 10, 15).

the same Table. From this Table we see that, within the errors, our result is consistent with results of [47, 48] and CZ current [51] but differ considerably from these of [11, 49, 50] and Ioffe current [51]. The value of branching ratio in [49] is very small compared to the other predictions. Now, we proceed to depict the values of the total decay width as well as

Ref. BR(Λ_b → Λγ) our result (1.36 − 6.02) × 10^{−5} [11] (0.63 − 0.73) × 10^{−5} [47] (3.1 ± 0.6) × 10^{−5} [48] (3.7 ± 0.5) × 10^{−5} [49] (4.3 ∼ 6.8) × 10^{−8} [50] 0.23 × 10^{−5} CZ current [51] (1.99^{+0.34}_{−0.31})×10^{−5} Ioffe current [51] (0.61^{+0.14}_{−0.13})×10^{−6}

Table 4: The values of branching ratio in SM.

the branching ratio obtained using the central values of the form factors in the UED5 and UED6 for different values of N_{KK} and compactification parameter 1/R in Table 5. As can be seen from Table 5,

• increasing in the values of the compactification factor 1/R ends up in increasing the values of the total decay width and branching ratio in both UED5 and UED6 models.

• Except for 1/R = 200 GeV , when the value of N_{KK} is increased the values of considered physical quantities decrease in UED6 model.

1/R UED5 UED6 UED6 UED6 [GeV] (for N_{KK} = 5) (for N_{KK} = 10) (for N_{KK} = 15)

Γ × 10^{17} 200 0.64 0.02 0.08 0.33 [GeV] 400 1.20 0.83 0.63 0.53

600 1.36 1.17 1.06 1.00 800 1.42 1.31 1.24 1.20 1000 1.45 1.38 1.34 1.34

BR × 10^5 200 1.39 0.05 0.19 0.71

400 2.60 1.80 1.37 1.14 600 2.95 2.54 2.30 2.16 800 3.08 2.84 2.70 2.61 1000 3.15 2.99 2.90 2.90

Table 5: The central values of the total decay width and branching ratio at different values of 1/R in UED5 and UED6 models for N_{KK} = (5, 10, 15).

• The orders of branching ratios in SM and UED scenarios at different 1/R show that this channel is accessible at LHC.

In order to better see the difference between the SM and the considered UED scenarios, we present the dependence of the central values of the branching ratio on 1/R at different models in figure 1. From this figure we see that

• there are distinctive differences between the SM predictions and UED models especially UED6 at small values of the compactification factor 1/R. These differences can be considered as a sign of the KK particles’ existence.

• At the higher values of the compactification factor 1/R, although the result of UED5 approaches to that of the SM, the UED6 has predictions considerably different than the SM. This difference is maximum for N_{KK} = 15.

• The most obvious diversity between the UED models predictions with that of SM has been observed for N_{KK} = 15 in UED6 scenario. These differences exist also at higher values of the 1/R favored recently by different theoretical and experimental studies [20, 22, 25, 26, 52].

At the end of this section, we present the dependence of the branching ratio on 1/R considering the errors of the form factors in figure 2, 3 and 4.

Figure 1: The dependence of branching ratio for Λ_b → Λγ decay channel on compactification factor 1/R in SM, UED5 and UED6 models with N_{KK} = (5, 10, 15) when the central values of the form factors are used.

From these figures we read that

• the errors of form factors can not kill the differences between the predictions of the UED models on the branching ratio of Λ_b → Λγ channel with that of the SM especially at lower values of the compactification scale.

• Although the band of UED5 approximately coincides with that of the SM at higher values of 1/R, there are considerably deviations of the UED6 predictions especially for N_{KK} = 15 from the SM band.

• The discrepancies between the UED models in higher values of the 1/R, favored by recent observations, experimental and theoretical studies, can be considered as a signal for existence of the extra dimensions.

Figure 2: The dependence of branching ratio on compactification factor 1/R for Λ_b → Λγ decay in SM, UED5 and UED6 with N_{KK} = 5 when the uncertainties of the form factors are considered.

4 Conclusion

In the present work, we have performed a comprehensive analysis of the Λ_b → Λγ decay channel in the SM, UED5 and UED6 scenarios. In particular, we calculated the total decay rate and branching ratio for this channel in different UED scenarios and looked for the deviations of the results from the SM predictions. We used the expression of the Wilson coefficient C^{eff}_7 entered to the low energy effective Hamiltonian calculated in SM, UED5 and UED6 models. We also used the numerical values of the form factors calculated via light cone QCD sum rules in full theory as the main inputs of the numerical analysis. We detected overall considerable discrepancies between the considered UED models’ predictions with that of the SM prediction especially in the case of UED6 and N_{KK} = 15. These discrepancies can not be killed by the uncertainties of the form factors even at higher values of the compactification parameter favored by the recent observations, experimental studies and theoretical works in different decay channels. These deviations can be considered as

Figure 3: The same as figure 2 but for N_{KK} = 10.

signals for existence of the extra dimensions which we should look for them directly at hadron colliders. The order of branching ratio in Λ_b → Λγ decay channel shows that this channel is accessible at LHC. Hence, this decay mode can be used as one of the most important channels in indirectly searches for extra dimensions.

Note Added: After completing this work, a related study titled as “Bounds on the compactification scale of two universal extra dimensions from exclusive b → sγ decays” was submitted to arXiv on 28 Feb 2013 with arXiv:1302.7240 [hep-ph] [53], where a similar analysis is done only in UED6 using the form factors calculated from the heavy quark effective theory and average value of the N_{KK} . When we compare our results with those of [53], we see that although the central values of the branching ratios are approximately close to each other and the results on UED6 have similar behaviors, the band of UED6 (N_{KK} = 10) in [53] completely covers the SM band at higher values of 1/R while in our case we yet observe deviations of the UED6 results from the SM predictions.

Figure 4: The same as figure 2 but for N_{KK} = 15.

5 Acknowledgement

We would like to thank A. Freitas and U. Haisch for useful discussions.

References

[1] T. Aaltonen et al. [ CDF Collaboration ], “Observation of the Baryonic Flavor- Changing Neutral Current Decay Λ^0_b → Λμ^+μ^−”, Phys. Rev. Lett. 107, 201802 (2011) [arXiv:1107.3753 [hep-ex]].

[2] T. M. Aliev, K. Azizi, M. Savci, “Analysis of the Λ_b → Λℓ^+ℓ^− decay in QCD”, Phys.

Rev. D 81, 056006 (2010) [arXiv:1001.0227 [hep-ph]].

[3] K. Azizi, S. Kartal, N. Katirci, A. T. Olgun, Z. Tavukoglu, “Constraint on compactification scale via recently observed baryonic Λ_b → Λℓ^+ℓ^− channel and analysis of the Σ_b → Σℓ^+ℓ^− transition in SM and UED scenario”, JHEP 1205, 024 (2012) [arXiv:1203.4356 [hep-ph]].

[4] K. Azizi, N. Katirci, “Investigation of the Λ_b → Λℓ^+ℓ^− transition in universal extra dimension using form factors from full QCD”, JHEP 1101, 087 (2011) [arXiv:1011.5647 [hep-ph]].

[5] A. J. Buras, M. Spranger, A. Weiler, “The impact of universal extra dimensions on the unitarity triangle and rare K and B decays”, Nucl. Phys. B 660, 225 (2003) [arXiv:hepph/0212143].

[6] A. J. Buras, A. Poschenrieder, M. Spranger, A. Weiler, “The Impact of Universal Extra Dimensions on B → X_sγ, B → X_sg, B → X_sμ^+μ^−, K_L → π^0e^+e^−, and ε^′/ε”, Nucl. Phys. B 678, 455 (2004) [arXiv:hep-ph/0306158].

[7] P. Colangelo, F. De Fazio, R. Ferrandes, T. N. Pham, “Exclusive B → K^{(∗)}ℓ^+ℓ^−, B → K^{(∗)}νν̄ and B → K^∗γ transitions in a scenario with a single Universal Extra Dimension”, Phys. Rev. D 73, 115006 (2006) [arXiv:hep-ph/0604029].

[8] V. Bashiry, K. Azizi, “Systematic analysis of the B_s → f_0ℓ^+ℓ^− in the universal extra dimension”, JHEP 1202, 021 (2012) [arXiv:1112.5243 [hep-ph]].

[9] N. Katirci, K. Azizi, “B to strange tensor meson transition in a model with one universal extra dimension”, JHEP 1107 043, (2011) [arXiv:1105.3636 [hep-ph]].

[10] V. Bashiry, M. Bayar, K. Azizi, “Double-lepton polarization asymmetries and polarized forward backward asymmetries in the rare b → sℓ^+ℓ^− decays in a single universal extra dimension scenario”, Phys. Rev. D 78, 035010 (2008) [arXiv:0808.1807 [hep-ph]].

[11] Y.-M. Wang, M. J. Aslam, C.-D. Lu, “Rare decays of Λ_b → Λγ and Λ_b → Λℓ^+ℓ^− in universal extra dimension model”, Eur. Phys. J. C 59, 847 (2009) [arXiv:0810.0609 [hep-ph]].

[12] T. M. Aliev, M. Savcı, “Λ_b → Λl^+l^− decay in universal extra dimensions”, Eur. Phys.

J. C 50, 91 (2007) [arXiv:hep-ph/0606225].

[13] F. De Fazio, “Rare B decays in a single Universal Extra Dimension scenario”, Nucl.

Phys. Proc. Suppl. 174, 185 (2007) [arXiv:hep-ph/0610208].

[14] B. B. Sirvanli, K. Azizi, Y. Ipekoglu, “Double-lepton polarization asymmetries and branching ratio in B → K^∗_0 (1430)l^+l^− transition from universal extra dimension model”, JHEP 1101, 069 (2011) [arXiv:1011.1469[hep-ph]].

[15] K. Azizi, N. K. Pak, B. B. Sirvanli, “Double-Lepton Polarization Asymmetries and Branching Ratio of the B → γl^+l^− transition in Universal Extra Dimension”, JHEP 1202, 034 (2012) [arXiv:1112.2927 [hep-ph]].

[16] T. M. Aliev, M. Savci, B. B. Sirvanli, “Double-lepton polarization asymmetries in Λ_b → Λl^+l^− decay in universal extra dimension model”, Eur. Phys. J. C 52, 375 (2007) [arXiv:hep-ph/0608143].

[17] I. Ahmed, M. A. Paracha, M. J. Aslam, “Exclusive B → K_1l^+l^− decay in model with single universal extra dimension”, Eur. Phys. J. C 54, 591 (2008) [arXiv:0802.0740 [hep-ph]].

[18] P. Colangelo, F. De Fazio, R. Ferrandes, T. N. Pham, “Spin effects in rare B → X_sτ^+τ^− and B → K^{(∗)}τ^+τ^− decays in a single universal extra dimension scenario”, Phys. Rev. D 74, 115006 (2006) [arXiv:hep-ph/0610044].

[19] R. Mohanta, A. K. Giri, “Study of FCNC-mediated rare B_s decays in a single universal extra dimension scenario”, Phys. Rev. D 75, 035008 (2007) [arXiv:hep-ph/0611068].

[20] A. Freitas, U. Haisch, “B → χ_sγ in two universal extra dimensions”, Phys. Rev. D 77, 093008 (2008) [arXiv:0801.4346 [hep-ph]].

[21] P. Biancofiore, P. Colangelo, F. D. Fazio, “B → Kη^{(′)}γ decays in the standard model and in scenarios with universal extra dimensions”, Phys. Rev. D 85, 094012 (2012) [arXiv:1202.2289 [hep-ph]].

[22] ATLAS Collaboration, “Search for supersymmetry with jets and missing transverse momentum: Additional model interpretations”, ATLAS-CONF-2011-155, November 13 (2011).

[23] J. A. R. Cembranos, J. L. Feng, L. E. Strigari, “Exotic collider signals from the complete phase diagram of minimal universal extra dimensions”, Phys. Rev. D 75, 036004 (2007) [arXiv:hep-ph/0612157].

[24] T. Appelquist, H.-U. Yee, “Universal Extra Dimensions and the Higgs Boson Mass”, Phys. Rev. D 67, 055002 (2003) [arXiv:hep-ph/0211023].

[25] T. Appelquist, H. C. Cheng, B. A. Dobrescu, “Bounds on universal extra dimensions”, Phys. Rev. D 64, 035002 (2001) [arXiv:hep-ph/0012100].

[26] I. Gogoladze, C. Macesanu, “Precision electroweak constraints on universal extra dimensions revisited”, Phys. Rev. D 74, 093012 (2006) [arXiv:hep-ph/0605207].

[27] K. Agashe, N.G. Deshpande, G.-H. Wu, “Universal Extra Dimensions and b → sγ”, Phys. Lett. B 514, 309 (2001) [arXiv:hep-ph/0105084].

[28] G. Buchalla, A. J. Buras, M. E. Lautenbacher, “Weak Decays Beyond Leading Logarithms”, Rev. Mod. Phys. 68, 1125 (1996), SLAC-PUB-7009, SLAC-PUB- 95-7009, MPI-PH-95-104, TUM-T31-100-95, FERMILAB-PUB-95-305-T [arXiv:hepph/9512380].

[29] A. J. Buras, L. Merlo, E. Stamou, “The Impact of Flavour Changing Neutral Gauge Bosons on B → X_sγ”, JHEP 1108, 124 (2011) [arXiv:1105.5146 [hep-ph]].

[30] I. Antoniadis, “A possible new dimension at a few TeV”, Phys. Lett. B 246, 377 (1990).

[31] I. Antoniadis, N. Arkani-Hamed, S. Dimopoulos and G. Dvali, “New dimensions at a millimeter to a fermi and superstrings at a TeV”, Phys. Lett. B 436, 257 (1998) [arXiv:hep-ph/9804398].

[32] N. Arkani-Hamed, S. Dimopoulos and G. Dvali, “The hierarchy problem and new dimensions at a millimeter”, Phys. Lett. B 429, 263 (1998) [arXiv:hep-ph/9803315].

[33] N. Arkani-Hamed, S. Dimopoulos and G. Dvali, “Phenomenology, astrophysics, and cosmology of theories with submillimeter dimensions and TeV scale quantum gravity”, Phys. Rev. D 59, 086004 (1999) [arXiv:hep-ph/9807344].

[34] L. Randall, R. Sundrum, “An Alternative to Compactification”, Phys. Rev. Lett. 83, 4690 (1999) [arXiv:hep-th/9906064].

[35] L. Randall, R. Sundrum, “Large Mass Hierarchy from a Small Extra Dimension”, Phys.

Rev. Lett. 83, 3370 (1999) [arXiv:hep-ph/9905221].

[36] A. Freitas, K. Kong, “Two universal extra dimensions and spinless photons at the ILC”, JHEP 0802, 068 (2008) [arXiv:0711.4124 [hep-ph]].

[37] B. A. Dobrescu, E. Poppitz, “Number of Fermion Generations Derived from Anomaly Cancellation”, Phys. Rev. Lett. 87, 031801 (2001) [arXiv:hep-ph/0102010].

[38] G. Burdman,“Two Universal Extra Dimensions”, AIP Conf. Proc. 903, 447 (2007) [arXiv:hep-ph/0611064].

[39] K. Ghosh, A. Datta, “Phenomenology of spinless adjoints in two Universal Extra Dimensions”, Nucl. Phys. B 800, 109 (2008) [arXiv:0801.0943 [hep-ph]].

[40] T. Appelquist, B. A. Dobrescu, E. Ponton, H.-U. Yee , “Proton Stability in Six Dimensions”, Phys. Rev. Lett. 87, 181802 (2001) [arXiv:hep-ph/0107056].

[41] B. A. Dobrescu, K. Kong, R. Mahbubani, “Leptons and photons at the LHC: cascades through spinless adjoints”, JHEP 0707, 006 (2007) [arXiv:hep-ph/0703231].

[42] G. Burdman, B. A. Dobrescu, Eduardo Ponton, “Resonances from Two Universal Extra Dimensions”, Phys. Rev. D 74, 075008 (2006) [arXiv:hep-ph/0601186].

[43] A. Buras, M. Misiak, M. Mnz, S. Pokorski, “Theoretical Uncertainties and Phenomenological Aspects of B → X_sγ Decay”, Nucl. Phys. B 424, 374 (1994) [arXiv:hepph/9311345].

[44] M. Misiak, “The b → se^+e^− and b → sγ decays with next-to-leading logarithmic QCD-corrections”, Nucl. Phys. B 393, 23 (1993); Erratum-ibid B 439, 161 (1995).

[45] B. Buras, M. Munz, “Effective Hamiltonian for B → X_se^+e^− Beyond Leading Logarithms in the NDR and HV Schemes”, Phys. Rev. D 52, 186 (1995) [arXiv:hepph/9501281].

[46] J. Beringer et al. (Particle Data Group), Phys. Rev. D 86, 010001 (2012).

[47] P. Colangelo, F. De Fazio, R. Ferrandes, T.N. Pham, “FCNC B_s and Λ_b transitions:

Standard Model versus a single Universal Extra Dimension scenario”, Phys. Rev. D 77, 055019 (2008) [arXiv:0709.2817 [hep-ph]].

[48] C.-S. Huang, H.-G. Yan , “Exclusive Rare Decays of Heavy Baryons to Light Baryons:

Λ_b → Λγ and Λ_b → Λℓ^+ℓ^−”, Phys.Rev. D 59, 114022 (1999), Erratum-ibid. D 61, 039901 (2000) [arXiv:hep-ph/9811303].

[49] X.-G. He, T. Li, X.-Q. Li, Y.-M. Wang, “PQCD Calculation for Λ_b → Λγ in the Standard Model”, Phys. Rev. D 74, 034026 (2006) [arXiv:hep-ph/0606025].

[50] R. Mohanta, A. K. Giri, M. P. Khanna , M. Ishida, S. Ishida, “Weak Radiative Decay Λ_b → Λγ and Quark-Confined Effects in the Covariant Oscillator Quark Model”, Prog. Theor. Phys. 102, 645 (1999) [arXiv:hep-ph/9908291].

[51] L.-F. Gan, Y.-L. Liu, W.-B. Chen, M.-Q. Huang, “Improved Light-cone QCD Sum Rule Analysis Of The Rare Decays Λ_b → Λγ And Λ_b → Λℓ^+ℓ^−”, Commun. Theor. Phys. 58, 872 (2012) [arXiv:1212.4671 [hep-ph]].

[52] U. Haisch, A. Weiler, “Bound on minimal universal extra dimensions from B̄ → X_sγ”, Phys. Rev. D 76, 034014 (2007) [arXiv:hep-ph/0703064].

[53] P. Biancofiore, “Bounds on the compactification scale of two universal extra dimensions from exclusive b → sγ decays”, (2013) [arXiv:1302.7240 [hep-ph]].