arXiv:hep-ph/0204129 v1 11 Apr 2002

The inclusive b → sγ decay in the noncommutative standard model

E. O. Iltan^∗ Physics Department, Middle East Technical University Ankara, Turkey

Abstract

We study the new structures appearing due to noncommutative effects in the inclusive decay b → sγ^∗, in the standard model. We present the corresponding coefficients which carries the space-space and space-time noncommutativity.

∗E-mail address: eiltan@heraklit.physics.metu.edu.tr

1 Introduction

It is believed that the nature of the space-time changes at very short distances of the order of the Planck length. The noncommutativity approach in the space-time is a possible candidate to describe the physics at the Planck scale. The noncommutative (NC) structure into space-time can be introduced by taking NC coordinates x̂_μ which satisfy the equation [1]

[x̂_μ, x̂_ν ] = i θ_{μν} , (1)

where θ_{μν} is a real and antisymmetric tensor with the dimensions of length-squared. Here θ_{μν} can be treated as a background field relative to which directions in space-time is distinguished.

The noncommutative field theory is equivalent to the ordinary one except that the usual product is replaced by the ∗ product (f ∗ g)(x) = e^{i θμν ∂yμ ∂zν} f(y) g(z)|_{y=z=x} . (2) The commutation of the Hermitian operators x̂_μ (see eq. (1)) holds with this new product, namely,

[x̂_μ, x̂_ν ]_∗ = i θ_{μν} . (3)

The quantum field theory over noncommutative spaces [2] has been reached a great interest in recent years with the re-motivation due to the string theory arguments [3, 4]. Noncommutative field theories (NCFTs) are difficult to handle since they have non-local structure and the Lorentz symmetry is explicitly violated [5, 6]. The violation of the Lorentz symmetry is due to the constants θ_{μν} in eq. (1). Since θ_{μν} is antisymmetric, the vectors θ_i = ϵ_{ijk}θ^{jk} and θ_{0i} are constant three-vectors in preferred directions in a given Lorentz frame.

NCFTs have been studied extensively in the literature. There has been a lot of work done on the renormalizability of NCFT’s [7]. The unitarity in noncommutative theories and the unitarity properties of spontaneously broken noncommutative gauge theories have been discussed in [8] and [9] respectively. Bounding noncommutative QCD due to the Lorentz violation has been studied in [6] and it was concluded that the collider limits were not competitive with low energy tests of Lorentz violation for bounding the scale of space-time noncommutativity. Furthermore, noncommutativity among extra dimensions for QED have been examined in [10]. The noncommutative quantum electrodynamics (NCQED) have been studied in [11] and the explicit calculation of electric dipole effects and anomalous magnetic moments have been done in [12]. In the case of non-abelian case, the field theory is formulated on noncommutative spaces as theories on commutative spaces, by expressing the noncommutativity using the ∗ product as in eq.(2) [13]. The method proposed in [13] has been applied to the full Standard Model (SM) in [14] and recently a unique model for strong and electroweak interactions with their unification has been constructed in [15]. In a recent work [16], the SM forbidden Z → γγ and Z → gg decays in the NCSM has been studied.

In our work, we study the possible structures appearing for the process b → sγ^∗ in the NCSM up to the first order in θ, using the consistent formalism of NCSM [14]. Here the additional vertices of quarks with the scalar particles (in our case the scalar particle is the unphysical Higgs boson ϕ^±) is proportional to the parameter θ_{μν} p^μq^ν where p (q) is quark (ϕ^±) four momentum vector. However, for the vertices of quarks with the vector particles, here W boson or photon with four momentum q, there exist new factors θ_{αμ}p^α/q and θ_{αμ}q^α/p in addition to θ_{αβ}p^αq^βγ_μ. The similar behavior appears for ϕϕγ and W W γ vertices. Furthermore there are quark-quark-ϕ − γ and quark-quark-W − γ four point interactions which do not exist in the commutative SM. Therefore new structures appear, in addition to the ones which are based on the assumption that NC effects enters in to the expressions as an exponential factor e^{− i2 θμν pμqν} , which is consistent in approximate phenomenology (see [17] and references therein).

2 The noncommutative effects on the b → sγ^∗ decay

The inclusive b → sγ^∗ process appears at least in the loop level (see Fig. 1 and 2). Now, we present the possible structures appearing for this process in the NCSM up to the first order in θ: Q_1 = s̄(k_μ/k − k^2γ_μ)Lb , Q_2 = e 8π^2 m_bs̄σ_{μν} k^ν Rb , Q_3 = m_bs̄~k_μRb , Q_4 = s̄(k_μ/~k − k^2θ_{νμ}γ_ν )Lb , Q_5 = s̄( ~p_μ/k − ~p.kγ_μ)Lb , Q_6 = m_bs̄(k_μ ~p.k − k^2 ~p_μ)Rb , Q_7 = m_bs̄(θ_{νμ}γ_ν /k − /~kγ_μ)Rb , Q_8 = m_bs̄(k_μ/k/~k − k^2γ_μ/~k)Rb , Q_9 = m_bs̄(k_μ/k/~p − k^2γ_μ/~p)Rb , Q_{10} = ϵ_{μαβθ}k_β ~k_α s̄γ_θLb ,

Q_{11} = ϵ_{μαβθ}k_β ~p_αs̄γ_θ Lb , Q_{12} = (k^2ϵ_{μαβσ} − k_μk_θ ϵ_{θαβσ})θ_{βσ} s̄γ_αLb , Q_{13} = m_bk_θϵ_{μθβσ} θ_{βσ} s̄Rb (4) where L(R) =^{1−γ5}_2 (^{1+γ5}_2 ), p (k) is the four momentum vector of b quark (photon γ^∗) and ~q_μ = θ_{μν} q^ν . Here the first two structures exist in the commutative SM (CSM) and the others are due to the noncommutative effects. Notice that in the structures the s quark mass is neglected. For the real photon case, namely the b → sγ decay, the structures Q_2, Q_3, Q_5, Q_7, Q_{10}, Q_{11} and Q_{13} appear and the decay width for this process in the b-quark rest frame reads as Γ = Γ_{CSM} + Γ_{N ew} (5)

where

Γ_{CSM} =

G^2_F α_{em}m^5_b 32 π^4 | ∑ i A_2(x_i)|^2 ,

Γ_{new} =

G^2_F α_{em}m^3_b 16 π^4 ( ϵ_{ναβσ}k_ν p_αθ_{βσ}Re[ ∑ i A^∗_2(x_i) ∑ i A_7(x_i)] − (Im[ ∑ i A_2(x_i) ∑ i A^∗_5(x_i)] + 2Im[ ∑ i A_2(x_i) ∑ i A^∗_7(x_i)] + Re[ ∑ i A^∗_2(x_i) ∑ i A_{11}(x_i)]) p.~k , (6)

with i = u, c, t and x_i =^{m2i}_{m2W} . Here A_j (x_i) = V_{ib} V^∗_{is}C^{N C}_j (x_i) and C^{N C}_j (x_i) are the coefficients corresponding to the existing structures. The coefficient C^{N C}_2 (x_i) is the well known Wilson coefficient C_7(x_i).

It is obvious that the main contribution to the decay width comes from the CSM since the new part due to the NCSM is proportional to the extremely small parameter θ. This new part is responsible for time-space and space-space noncommutativity. With the definitions (θ_T )_i = θ_{0i} and (θ_S )_i = ϵ_{ijk}θ^{jk}, i, j, k = 1, 2, 3, in the b-quark rest frame, Γ_{N ew} can be written as

Γ_{new} =

G^2_F α_{em}m^3_b 16 π^4 ( Re[ ∑ i A^∗_2(x_i) ∑ i A_7(x_i)]⃗k. ⃗θ_S − (Im[ ∑ i A_2(x_i) ∑ i A^∗_5(x_i)] + 2Im[ ∑ i A_2(x_i) ∑ i A^∗_7(x_i)] + Re[ ∑ i A^∗_2(x_i) ∑ i A_{11}(x_i)]) ⃗k. ⃗θ_T . (7)

This expression shows that the space-space noncommutativity is carried by the coefficients C^{N C}_2 (x_i) and C^{N C}_7 (x_i). In the case of real coefficients C^{N C}_{5,7,11}(x_i), C^{N C}_2 (x_i) and C^{N C}_{11} (x_i) play the main role for the time-space noncommutativity, since the imaginary parts of A_j (x_i) are coming from the CKM matrix elements, which are extremely small.

In conclusion, the NC part of the decay width of the process under consideration is not easy to detect using present and even future sensibly arranged experiments. However, it brings a new source for the CP violating effects in addition to the complex CKM matrix elements in the SM, V_{ub} in our case. With the consistent calculations of the coefficents of this process and the precise experimental results of CP violating asymmetry, it would be possible to test the noncommutative effects and to predict the noncommutative direction ⃗θ_S , if the the matrix θ_{μν} has constant components across the distances that are large compared with the NC scale.

3 Acknowledgement

This work was supported by Turkish Academy of Sciences (TUBA/GEBIP).

References

[1] H. S. Synder, Phys. Rev. 71 (1947) 38.

[2] A. Connes, Noncommutative Geomtery (Academic, New York, 1994)

[3] A. Connes, M. R. Douglas, C Hull, JHEP 9802 (1998) 8.

[4] N. Seiberg, E. Witten A. Connes, JHEP 9909 (1999) 032

[5] I. Mocioiu, M. Pospelov and R. Roiban, Phys. Lett. B 489 (2000) 390; S. M. Carroll, J. A.

Harvey, V. A. Kostelecky, C. D. Lane and T. Okamata, Phys. Rev. Lett. 87 (2001) 141601.

[6] C. E. Carlson, C. D. Carone, R. F. Lebed, Phys. Lett. B 518 (2001) 201.

[7] A. Gonzales-Arroyo, C. P. Korthals Altes, Phys. Lett. B 131 (1983) 396; H. Grosse, C.

Klimcik, P. Presnajder, Commun. Math. Phys. 180 (1996) 429; M. Chachian, A. Demichev, P. Presnajder, Nucl. Phys. B 567 (2000) 360; M. M. Sheikh-jabbari, JHEP 9906 (1999) 015; C. P. Martin, D. Sanchez-Ruiz, Phys. Rev. Lett. 83 (1999) 476; T. Krajewski, R. Wulkenhaar, Int. J. Mod. Phys. A 15 (2000) 1011; H. Grosse, T. Krajewski, R. Wulkenhaar, hep-th/0001182; Minwalla, M. Van Ransdonk, N. Sieberg, JHEP 0002 (2000) 020; M. Van Ransdonk, N. Sieberg, JHEP 0003 (2000) 035; A. Matusis, L. Susskind, N. Toumbas, JHEP 0012 (2000) 002; A. Armoni, Nucl. Phys. B 593 (2001) 229; A. Ardalan, N. Sadooghi, Int. J. Mod. Phys. A 17 (2002) 123; J. M. Gracia-Bondia, C. P Martin, Phys. Lett. B 479 (2000) 321; L. Bonora, M. Schnabl, A. Tomasiello, Phys. Lett. B 485 (2000) 311; L. Alvarez-Gaume,

J. F. Barbon, Int. J. Mod. Phys. A 16 (2000) 1123 ; A. Micu, M. M. Sheikh-Jabbari, JHEP 0101 (2001) 025.

[8] J. Gomis, T. Mehen, Nucl. Phys. B 591 (2000) 265; M. Chachian, A. Demichev, P. Presnajder,Eur. Phys. J. C 20 (2001) 767; N. Seiberg, L. Susskind, N. Tuombas, JHEP 0006 (2000) 044; O. Aharony, J. Gomis, T. Mehen, JHEP 0009 (2000) 023.

[9] J. L. Hewett, F. J. Petriello, T. G. Rizzo, hep-ph/0112003. [10] C. E. Carlson, C. D. Carone, Phys. Rev. D 65 (2002) 075007. [11] M. Hayakawa, hep-th/9912167.

[12] I. F. Riad, M. M. Sheikh-Jabbari, JHEP 0008 (2000) 045.

[13] J. Madore, S. Schraml, P. Schupp, J. Wess, Eur. Phys. J. C 16 (2000) 161, B. Jurco, S.

Schraml, P. Schupp, J. Wess, Eur. Phys. J. C 17 (2000) 521, B. Jurco, P. Schupp, J. Wess, Nucl. Phys. B 604 (2001) 148, B. Jurco, L. Moller, S. Schraml, P. Schupp, J. Wess, Eur. Phys. J. C 21 (2001) 383.

[14] X. Calmet, B. Jurco, P. Schupp, J. Wess, M. Wohlgenannt, Eur. Phys. J. C 23 (2002) 363. [15] Xiao-Gang He, hep-ph/0202223.

[16] W. Behr, N. G. Deshpande, G. Duplancic, P. Shupp, J. trampetic and J. Wess, hepph/0202121.

[17] I. Hinchliffe, N. Kersting, Phys. Rev. D 64 (2001) 116007.

Figure 1: Self energy diagrams contribute to b → sγ^∗ in the NCSM. Wavy lines represent the elecromagnetic field and dashed lines the W^± and ϕ^± fields.

Figure 2: Vertex diagrams contribute to b → sγ^∗ in the NCSM. Wavy lines represent the electromagnetic field and dashed lines the W^± and ϕ^± fields.