Published by Institute of Physics Publishing for SISSA/ISAS Received: April 17, 2003 Accepted: May 27, 2003

The noncommutative effects on the dipole moments of fermions in the standard model

Erhan Onur Iltan

Physics Department, Middle East Technical University Ankara, Turkey E-mail: eiltan@heraklit.physics.metu.edu.tr

Abstract: We study the dipole moments, electric dipole moment, weak electric dipole moment, anomalous magnetic moment, anomalous weak magnetic moment, of fermions in the noncommutative extension of the SM. We observe that the noncommutative effects are among the possible candidates to explain the electric and weak electric dipole moment of fermions. Furthermore, the upper bounds for the parameters which carry space-time and space-space noncommutativity can be obtained by using the theoretical and experimental results of the fermion dipole moments.

Keywords: Non-Commutative Geometry, Beyond Standard Model, CP violation.

© SISSA/ISAS 2003 http://jhep.sissa.it/archive/papers/jhep052003065 /jhep052003065 .pdf

Contents

1. Introduction 1

2. The noncommutative effects on the dipole moments of the fermions in the SM 5

3. Discussion 8

1. Introduction

The dipole moments of fermions arising from the couplings with the photon and the Z boson provide precise tests of the quantum field theories. In the case of the photonfermion-fermion (γ f^+ f^−) coupling there exist two types of dipole moments: the electric dipole moment (EDM) and the anomalous magnetic moment (AMM). On the other hand, the weak dipole moments of the fermions arise from the couplings of Zf^+f^− vertex and they are two types similar to previous ones: the weak electric dipole moment (WEDM) and the weak anomalous magnetic moment (WAMM). Within the SM the AMM (WAMM) receives its leading value from one-loop corrections, however the EDM (WEDM) can exits at the higher order in the coupling constant since it receives the non-vanishing value through the CP violating effects coming from the CKM matrix elements. Therefore the SM model contribution to EDM and WEDM is irrelevant in the phenomenological analysis and forces one to search the new physics effects, whereas the AMM and WAMM receive the main contribution within the SM.

There are various studies on the the dipole moments of fermions (EDM, WEDM, AMM, WAMM) in the literature [1]–[39]. The EDM of fermions are interesting from the experimental point of view since there are improvements in the experimental limits of charged lepton EDM. EDM of electron, muon and tau have been measured and the present limits are d_e = (1.8 ± 1.2 ± 1.0) × 10^{−27} e-cm [1], d_μ = (3.7 ± 3.4) × 10^{−19} e-cm [2] and d_τ = 3.1 × 10^{−16} e-cm [3]. The measurement of the electron EDM has been made using heavy atoms and the first result is obtained as d_e = −0.2 ± 3.2 × 10^{−26} e-cm [4]. The search for the EDM of tau using the reaction e^+e^− → τ^+τ^− has been done and the numerical values Re[d_τ ] = (1.15 ± 1.7) × 10^{−17} e-cm, Im[d_τ ] = (−0.83 ± 0.86) × 10^{−17} ecm were obtained in [5]. In [6], it is emphasized that the dominant contribution to the EDM of lighter leptons comes from the two loop diagrams that involve one power of the Higgs Yukawa couplings. In this work, the CP-violation is assumed to be mediated by

– 1 – neutral Higgs scalars and the EDM of electron is predicted at the order of the magnitude of 10^{−26} e-cm. Furthermore, the works in [7]–[9] are related to analysis of the EDM of leptons in supersymmetric models . In the work [10], the lepton EDMs are studied by scaling them with corresponding lepton masses and the EDM of electron is predicted as 10^{−27} e-cm. [11] is devoted to the study of the EDM of leptons e, μ, τ in the general two Higgs doublet model (2HDM). Lepton EDM in non-degenerate supersymmetric see saw model have been examined in [12] and it was shown that in the minimal supersymmetric seesaw model with non-degenerate heavy neutrino masses, the charged lepton EDMs may be enhanced by several orders of the magnitude compared to the heavy neutrino case. In [13] it has been emphasized that there was another source of EDM inherent in more fundamental models such as supersymmetric models derived from strings and the string models which accommodate the fermion mass hierarchy and mixings generally lead to large EDMs. The EDM of leptons have been studied in the left right supersymmetric models in [14]. [15] is devoted to the sources of fermion dipole moment contributions from R-parity violating or lepton number violating parameters. In [16] the muon electric dipole moment induced by Higgs bosons, third-generation quarks and squarks, charginos and gluinos in the minimal supersymmetric standard model (MSSM) has been studied. The constraints that the non-observation of electric dipole moments imposed on the radiatively-generated CP-violating Higgs sector and on the mechanism of electroweak baryogenesis in the MSSM, were discussed. The tau EDM has been examined in [17] and it was concluded that the stringent and independent bounds on the tau EDM competitive with the high energy measurements, can be established in the low energies experiments.

The naturalness bounds on the dipole moments from new physics has been studied on [18]. The EDMs of quarks are not directly measurable, however they can affect the hadron phenomenology, for example through the escaling violation in deep inelastic leptonhadron scattering or EDM of nucleons. In this work the upper bounds of the quark EDMs have been estimated as

|d^γ_u| ≤ 4.0 × 10^{−20} e-cm , |d^γ_d | ≤ 1.5 × 10^{−19} e-cm , |d^γ_s | ≤ 3.0 × 10^{−18} e-cm , |d^γ_c | ≤ 1.1 × 10^{−17} e-cm , |d^γ_b | ≤ 7.0 × 10^{−17} e-cm , |d^γ_t | ≤ 1.5 × 10^{−15} e-cm . (1.1)

In [19], the electric dipole form factors for heavy fermions have been calculated in the 2HDM and it was predicted as

|d^γ_τ | ≤ 10^{−23} e-cm , |d^γ_t | ≤ 10^{−20} e-cm , |d^γ_b | ≤ 10^{−20} e-cm , |d^γ_c | ≤ 10^{−21} e-cm , (1.2)

– 2 – where the predictions for model I and II versions of the 2HDM are

|d^γ_τ | ≤ 10^{−24} e-cm , |d^γ_t | ≤ 10^{−20} e-cm , |d^γ_b | ≤ 10^{−20} e-cm , |d^γ_c | ≤ 10^{−24} e-cm . (1.3)

The EDM of b-quark in the general 2HDM and in the 3HDM with O(2) symmetry in the Higgs sector has been calculated in [20] and, even at one loop, the EDM was obtained in the order of 10^{−20} e-cm. The work in [21] is devoted to the EDM of top quark in the general 2HDM, including charged Higgs contribution and the numerical value of EDM was obtained at the order of magnitude of 10^{−20} e-cm.

The WEDM of an elementary particle is the another signature for the CP violation. An improved test of CP invariance in the reaction e^+e^− → τ^+τ^− on Z^0 peak is performed using the data sample recorded between 1991 and 1995 with the OPAL detector at LEP. From the non-observation of CP violation, the upper limits for the real and imaginary part of the WEDM of tau lepton is derived 95% confidence level as Re[d^Z_τ ] ≤ 5.6 × 10^{−18} e-cm and Im[d^Z_τ ] ≤ 1.5 × 10^{−17} e-cm [22].

In [23] the WEDMs of fermions have been analyzed and it was emphasized their property of being five-dimensional operators in the effective lagrangian. This suggest that WEDM is proportional to m_f /Λ^2 where Λ is the scale of the physics involved. A theoretical work was performed in the framework of the leptoquark models [24] and the WEDM of tau is predicted as |d^Z_τ | ∼ 10^{−18} e-cm. In [25] the WEDM of τ lepton has been estimated in the order of 10^{−18} e-cm by studying the normal and transverse polarization for τ^+τ^− pairs produced from unpolarized e^+e^− collisions at the Z-peak.

In [19] the WEDM of heavy fermions have been studied in the framework of the 2HDM and the predicted values read:

|d^Z_τ | ≤ 10^{−22} e-cm , |d^Z_t | ≤ 10^{−19} e-cm , |d^Z_b | ≤ 10^{−20} e-cm , |d^Z_c | ≤ 10^{−22} e-cm . (1.4)

These numerical results agree with the predictions of τ lepton and b quark WEDMs which were obtained in [26] within the MSSM.

The AMM of a fermion receives its leading value from one-loop corrections in the SM and therefore it is not so much sensitive to the new physics effects beyond. However, with the recent anouncement of world average AMM of muon at BNL [27],

a_μ = 11 659 203 (8) × 10^{−10} , (1.5)

which has about half of the uncertainty of previous measurements and its SM prediction, a new window is opened for testing the SM and beyond, assuming that the new physics effects can not exceed the deviation. There are various attempts in different models to

– 3 – explain the small deviation of the SM result [28]. Furthermore the deviation of AMM of electron (tau) from its SM contribution is Δa_e (Δa_τ ) ∼ 10^{−11} (10^{−3}) [18] and this can be explained by the physics beyond the SM. In [18] AMM of quarks have been also studied and they have been estimated as:

|a^γ_u| ≤ 4 × 10^{−6}μ_N , |a^γ_d | ≤ 1.5 × 10^{−5}μ_N , |a^γ_s | ≤ 3 × 10^{−4}μ_N , |a^γ_c | ≤ 1.1 × 10^{−3}μ_N , |a^γ_b | ≤ 7 × 10^{−3}μ_N , |a^γ_t | ≤ 1.4 × 10^{−1}μ_N ,

where μ_N =^e_{2 mproton} is the nuclear magneton.

The WAMM of a fermion receives its leading value from one-loop corrections in the SM similar to AMM. Since WAMM is generated through a chirality flip mechanism it is expected to be proportional to the mass of the particle and therefore, the heavy fermions are the candidates for the sizable WAMMs. WAMM of τ lepton has been studied in the literature extensively [29]–[38]. L3 presented the direct limit on | Re(a^Z_τ )| ≤ 0.01495 % CL [29]. Using the data given in 1997 [30] the WAMM has been predicted as | Re(a^Z_τ )| ≤ 0.002795 % CL [31].

This physical quantity has been calculated in the framework of the SM as

a^Z_τ (SM) = −(2.10 + 0.61i) × 10^{−6} , (1.6)

in [32] and it was studied in [33] in the framework of the 2HDM. The work in [34] is devoted to the calculation of the WAMM in the super symmetric (SUSY) model and it was observed that the WAMM increases with the increasing values of the parameter tan β. The WAMM of b-quark has been calculated as

a^Z_b = (3.57 − 1.95i) × 10^{−4} , (1.7)

in [33] and in [35] the numerical values for c and b quark were presented as

a^Z_c = (−2.80 + 1.09i) × 10^{−5} , a^Z_b = (2.98 − 1.56i) × 10^{−4} . (1.8)

Notice that, similar to the WEDM, WAMM is created by five-dimensional operators in the effective lagrangian and therefore WAMM is proportional to m^2_f /Λ^2 where Λ is the scale of the physics involved [27].

In the present work, we study the noncommutative (NC) effects on the dipole and magnetic moments of fermions in the framework of the SM. The string theory arguments re-motivate the physics on the noncommutative spaces [40, 41] and the quantum field theory over noncommutative spaces [42] has been reached a great interest in recent years .

NC field theory have a non-local structure and the Lorentz symmetry is explicitly violated. These violations have been analyzed in [43, 44]. The renormalizability and the

– 4 – unitarity of NC theories have been studied in the series of works [45, 46] and [47]. The quantum electrodynamics including the noncommutative effects (NCQED) has been examined in [39, 48] and NCQED has been studied in the extra dimensions in [49]. The noncommutativity in non-abelian case has been formulated in [50, 51]. The work in [52] is due to the application of this formulation in to the SM. Noncommutative SM (NCSM) building has been studied in [53] and the determination of triple neutral gauge boson couplings has been done in [54]. In [55] a unique model for strong and electroweak interactions with their unification has been constructed. Furthermore, the phenomenological analysis of the noncommutative effects on some processes has been studied in several works [56]-[61]. In [56], the noncommutative CP violating effects have been examined at low energies and it was ephasized that CP violation due to noncommutative geometry was comparable to the one due to the standard model (SM) only for a noncommutative scale Λ ≤ 2 TeV. [57] is devoted to the SM forbidden processes Z → γγ and Z → gg with the inclusion of the NC effects. In [58] the form factors, appearing in the inclusive b → sg decay, has been calculated in the NCSM, using the approximate phenomenology and the new operators existing in b → sg decay due to the NC effects has been obtained in [59]. In the recent work [60], the possible effects of NC geometry on weak CP violation and the untarity triangles have been examined. The work in [61] is devoted to the Z → l^+l^− and W → ν_ll^+ decays, for l = e, μ, τ, in the SM, including the noncommutative (NC) effects.

In our analysis we observe that the EDM and WEDM of fermions are sensitive to the NC effects and these physical quantities would be informative in the determination of the upper bounds of the NC parameters.

The paper is organized as follows: in section 2, we present the explicit expressions for the EDM, AMM, WEDM and WAMM of fermions in the framework of the NC SM. Section 3 is devoted to discussion and our conclusions.

2. The noncommutative effects on the dipole moments of the fermions in the SM

The nature of the space-time changes at very short distances of the order of the Planck length and the non commutativity in the space-time is a possible candidate to describe the physics at these distances. In the noncommutative geometry the space-time coordinates are replaced by hermitean operators x̂_μ which satisfy the equation [62]

[x̂_μ, x̂_ν ] = i θ_{μν} , (2.1)

where θ_{μν} is a real and antisymmetric tensor with the dimensions of [mass^{−2}]. Here θ_{μν} can be treated as a background field relative to which directions in space-time is distinguished and its components are assumed as constants over cosmological scales. Introducing ∗ product of functions, instead of the ordinary one, (f ∗ g)(x) = e^{i2 θμν ∂yμ ∂zν} f(y) g(z)|_{y=z=x} . (2.2)

– 5 – it is possible to pass to the noncommutative field theory. The commutation of the hermitean operators x̂_μ (see eq. (2.1)) holds with this new product, namely,

[x̂_μ, x̂_ν ]_∗ = i θ_{μν} . (2.3)

Since the noncommutative effects are tiny to observe in the low energy physics one would expect that the physical quantities, which do not exist even at the loop levels more than two in the SM, may be sensitive to the NC effects. The EDM and WEDM can exits at the higher order in the coupling constant in the SM since it receives the nonvanishing value through the CP violating effects coming from the CKM matrix elements. Therefore these quantities may be sensitive to the new physics effects coming from the NC extension of the SM. On the other hand, AMM and WAMM of a fermion receive their leading value from one-loop corrections and therefore it is not so much sensitive to the new physics effects beyond the SM. However, with the stringent bounds obtained in the measurements, the deviations of these quantities from their SM values would be a possible candidate to search the NC effects. In the present work we estimated the EDM, WEDM, AMM and WAMM of massive leptons and quarks in the NC extension of the SM. EDM (WEDM) and AMM (WAMM) exist in the case of the photon-fermion-fermion (Z boson-fermion-fermion) coupling and the effective lagrangian of these quantities are

L_{EDM (WEDM)} = id^{γ(Z)} f̄ γ_5 σ_{μν} f F^{μν} , (2.4) and L_{AMM (WAMM)} = a^{γ(Z)} e(g) 4 m_f f̄ σ_{μν} l F^{μν} , (2.5)

where F_{μν} is the electromagnetic field tensor (weak field tensor), d^{γ(Z)} is EDM (WEDM) of the fermion f and a^{γ(Z)} is AMM (WAMM) of the fermion f. Notice that EDM (WEDM) and AMM (WAMM) are proportional to the coefficients d and a in the interactions d n̂. ⃗E , e(g) 4 m_f a n̂. ⃗B , (2.6) respectively, as it can be obtained using the eqs. (2.4) and (2.5).

When the non-commutative effects are switched on there exists a new contribution which is proportional to the a function of the noncommutative parameter θ. The lagrangian for the additional vertex to the γf^+f^− and Zf^+f^− interaction reads [52]

L^f_{A(Z)} = − i 2 { c^{A(Z)}_{1 f} f̄ ( 1 2 θ_{μν} γ_α + θ_{να}γ_μ ) L ∂^αf + c^{A(Z)}_{2 f} f̄ ( 1 2 θ_{μν} γ_α + θ_{να}γ_μ ) R ∂^αf } × × ( ∂^μV^ν_{A(Z)} − ∂^ν V^μ_{A(Z)} ) , (2.7)

– 6 – with

c^A_{1 f} = cos θ_W g^′Y^L_f + 1 2 s g sin θ_W ,

c^A_{2 f} = cos θ_W g^′ Y^R_f ,

c^Z_{1 f} = − sin θ_W g^′ Y^L_f + 1 2 s g cos θ_W ,

c^Z_{2 f} = − sin θ_W g^′ Y^R_f , (2.8)

where V^μ_A (V^μ_Z ) denotes the photon (Z boson) field, s = 1 (−1) for u quarks (d quarks and leptons), Y^L_f = (−1/2, 1/6) for (f=leptons, f=quarks) and Y^R_f = (−1, 2/3, −1/3) for (f=leptons, f=up quarks, f=down quarks).

At this stage we formulate the dipole moments of fermions using their definitions in eqs. (2.6) and the NC extensions of SM given in eq. (2.7). The EDM (WEDM) interaction of fermions are obtained as

L^{f NC}_{EDM (WEDM)} = 1 2 e c_f m_f |Θ_T | p̂_i.E^i , (2.9)

where we take f̄θ_{0i}f = |Θ_T | p̂_i and we use F^{0i} = E^i. In eq. (2.9) the vector (Θ_T )_i is responsible for time-space non commutativity and p̂_i is the unit vector in the direction of (Θ_T )_i. Furthermore, E_i is the electric (weak electric) field and m_f is the fermion mass. Finally the EDM (WEDM) of fermions reads

d_f = 1 2 e c_f m_f |Θ_T | , (2.10)

where c_f = Q_f for the EDM case and c_f =^1_{6 sin 2θW} (3−8 sin^2 θ_W ), −^1_{6 sin 2θW} (3−4 sin^2 θ_W ), −^1_{2 sin 2θW} (1 − 4 sin^2 θ_W ) for u quarks, d quarks and massive leptons respectively, in the case of WEDM.

The AMM (WAMM) can be obtained using the interaction lagrangian

L^{NC}_{f AMM (WAMM)} = 1 2 b_f m^2_f |Θ_S | μ̂. ⃗B , (2.11)

where we take f̄θ_{ij} f =^1_2 ϵ_{ijk} |Θ_S | μ̂^k and we use ϵ_{ijk} F^{ij} = B_k. Here B_k is the magnetic (weak magnetic) field . The vector (Θ_S)_k is responsible for space-space non commutativity and μ̂^k is the unit vector in the direction of (Θ_S )^k. As a result, the AMM (WAMM) of fermions reads a_f = 1 2 b_f m^2_f |Θ_S | , (2.12)

where b_f = Q_f for the AMM case and b_f =^1_{6 sin 2θW} (3−8 sin^2 θ_W ), −^1_{6 sin 2θW} (3−4 sin^2 θ_W ), −^1_{2 sin 2θW} (1−4 sin^2 θ_W ) for u quarks, d quarks and massive leptons respectively, in the case of WAMM. The eqs. (2.10) and (2.12) show that the NC effects on the EDM and WEDM (AMM and WAMM) are proportional to the mass (square of mass) of the fermions and the heavy fermion EDM and WEDM (AMM and WAMM) receive the large contribution from the NC effects. Notice that the AMM and WAMM is due to the intrinsic magnetic moment of the fermion and its is spin independent.

– 7 –

Figure 1: The noncommutative parameter |Θ_T | dependence of lepton EDM. Here the solid (dashed) line represents EDM of μ (τ) lepton.

3. Discussion

This section is devoted to the analysis of the NC effects on the dipole moments of fermions EDM, WEDM, AMM and WAMM, in the framework of the SM. Since the EDM and WEDM can exits at the higher order in the coupling constant in the SM due to the their CP violating nature, they could be sensitive to the new physics effects beyond, NC effects in the present work. The NC effects on the dipole moments deserve to analyze since they can bring comprehensive information in the determination of the bounds of the new NC parameters. On the other hand, AMM and WAMM of a fermion exist in the one-loop order in the SM, and they are not sensitive to the new physics effects beyond, compared to the EDM and WEDM. However, the deviations of the these physical quantities from the SM values can be examined by including the NC effects and the possible constraints can be obtained for the NC parameters.

Our starting point is the experimental result of the electron EDM |d_e| ≤ 3.4 × 10^{−26} e-cm [4]. Here we assume that the source of the EDM is the NC effect in the SM. Using the experimental upper limit of |d_e| and the eq. (2.10) we obtain an upper bound for the NC parameter |Θ_T | which is responsible for time-space non commutativity, |Θ_T | ≤ 6.67 × 10^{−10}( GeV^{−2}). Now we estimate the upper limits of the EDM of the fermions (leptons μ, τ and quarks) using the numerical value of |Θ_T | and the eq. (2.10). Notice that in our predictions we study the absolute values of the dipole moments.

In figure 1, we present the noncommutative parameter |Θ_T | dependence of lepton EDM. Here the solid (dashed) line represents EDM of μ (τ) lepton. This figure shows that τ (μ) lepton EDM can take the numerical values at the order of 10^{−23} e-cm (10^{−24} e-cm) in the given interval of the parameter |Θ_T | . These numerical values satisf the current experimental results, d_μ = (3.7 ± 3.4) × 10^{−19} [2] and d_τ ≤ 3.1 × 10^{−16} [3].

– 8 –

Figure 2: The noncommutative parameter |Θ_T | dependence of quark EDM. Here the solid (dotted, small dashed, dashed, dashed-dotted, dense-dotted) line represents EDM of u (d, s, c, b, t) quark.

Figure 3: The noncommutative parameter |Θ_T | dependence of lepton WEDM. Here the solid (dashed, small dashed) line represents WEDM of e (μ, τ) lepton.

Figure 2 is devoted to the noncommutative parameter |Θ_T | dependence of quark EDM. Here the dotted (solid, small dashed, dashed, dashed-dotted, dense-dotted) line represents EDM of u (d, s, c, b, t) quark. u (d, s, c, b, t) EDM can receive the numerical values at the order of magnitude of 10^{−26} e-cm (10^{−26}, 5.0 × 10^{−25}, 10^{−23}, 10^{−23}, 10^{−21} e-cm) for u (d, s, c, b, t) quark. These numerical values are in accordance with the theoretical results presented in eqs. (1.1)–(1.3) and the t-quark EDM which is calculated in [21].

Figure 3, represents the noncommutative parameter |Θ_T | dependence of lepton WEDM. Here the solid (dashed, small dashed) line represents WEDM of e (μ, τ) lepton. The τ lepton WEDM can take the numerical values at the order of the magnitude of

– 9 –

Figure 4: The noncommutative parameter |Θ_T | dependence of quark WEDM. Here the solid (dotted, small dashed, dashed, dashed-dotted, dense-dotted) line represents EDM of u (d, s, c, b, t) quark.

10^{−25} g−cm. This results is almost eight order smaller compared to the experimental result Re[d^Z_τ ] =≤ 5.6 × 10^{−18} e-cm and Im[d^Z_τ ] =≤ 1.5 × 10^{−17} e-cm [22]. The more accurate measurements in future would make it possible to test NC effects on WEDM more stringently. Furthermore, the theoretical result in the framework of the 2HDM was presented in [19] as d^Z_τ ≤ 10^{−22} e-cm and the τ lepton WEDM coming from the NC effects is almost three orders smaller than this numerical value, in the given NC parameter region. The electron and μ lepton WEDM can receive to the numerical values at the order of the magnitude of 10^{−28} g-cm and 10^{−26} g-cm and they can be tested with more sensitive forthcoming experimental measurements.

In figure 4 we show the noncommutative parameter |Θ_T | dependence of quark WEDM. Here the solid (dotted, small dashed, dashed, dashed-dotted, dense-dotted) line represents WEDM of u (d, s, c, b, t) quark. It is observed that the WEDM can take the numerical value at the order of magnitude of 5.0 × 10^{−27} e-cm (10^{−26}, 10^{−25}, 10^{−24}, 10^{−23}, 10^{−22} e-cm) for u (d, s, c, b, t) quark. These upper bounds are smaller compared to the ones obtained in [19] (see eq. 1.4).

Now, we analyze the AMM and WAMM of a fermions in the SM including the NC effects. These physical quantities can exist even in the one-loop level in the SM and therefore they are not so much sensitive to the new physics effects beyond. However, with the accurate analysis of the deviations of the these physical quantities from the SM values it would be possible to test the new effects coming from NC geometry.

The recent anouncement of world average AMM of muon at BNL [27] in eq. (1.5) and the SM prediction forces that there is still a standard deviation from the experimental result and this could possibly be due to the effects of new physics, at present. Now, we respect the assumption that the new physics effects, NC effects in the present work, on the numerical value of muon AMM should not exceed the present experimental uncertainty,

– 10 –

Figure 5: The noncommutative parameter |Θ_S | dependence of lepton Δa. Here the solid (dashed) line represents Δa of e (τ) lepton.

Figure 6: The noncommutative parameter |Θ_S | dependence of quark Δa. Here the solid (dotted, small dashed, dashed, dashed-dotted, dense-dotted) line represents Δa of u (d, s, c, b, t) quark.

∼ 10^{−9}. Using the eq. (2.11), we obtain an upper bound for the NC parameter |Θ_S | which is responsible for space-space non commutativity, |Θ_S | ≤ 1.68 × 10^{−7}( GeV^{−2}) and using this upper bound, we estimate the NC effects on the AMM of the fermions (leptons e, τ and quarks), which is denoted as Δa.

In figure 5, we present the noncommutative parameter |Θ_S | dependence of lepton Δa. Here the solid (dashed) line represents Δa of e (τ) lepton. This figure shows that τ (e) lepton Δa can take the numerical values at the order of the magnitude of 5.0 × 10^{−7} (10^{−14}). These numerical values are far from the results predicted in [18] Δa_e ∼ 10^{−11} , (Δa_τ ∼ 10^{−3}).

– 11 –

Figure 7: The noncommutative parameter |Θ_S| dependence of lepton WAMM, Δa^Z . Here the solid (dashed, small dashed) line represents Δa^Z of e (μ, τ) lepton.

Figure 8: The noncommutative parameter |Θ_S | dependence of quark Δa^Z . Here the solid (dotted, small dashed, dashed, dashed-dotted, dense-dotted) line represents Δa^Z of u (d, s, c, b, t) quark.

Figure 6 is devoted to the noncommutative parameter |Θ_S | dependence of quark Δa. Here the solid (dotted, small dashed, dashed, dashed-dotted, dense-dotted) line represents Δa of u (d, s, c, b, t) quark. Δa can receive the numerical values in the order of magnitude of 10^{−12} (10^{−12}, 10^{−9}, 10^{−7}, 5 × 10^{−7}, 10^{−3}) for u (d, s, c, b, t) quark.

Figure 7 represents the noncommutative parameter |Θ_S | dependence of lepton WAMM, Δa^Z . Here the solid (dashed, small dashed) line represents Δa^Z of e (μ, τ) lepton. The NC effects on WAMM of e (μ, τ)lepton is at the order of the magnitude of 10^{−12} (5.0 × 10^{−10}, 10^{−8}).

Finally figure 8 is devoted to the noncommutative parameter |Θ_S | dependence of quark Δa^Z . Here the solid (dotted, small dashed, dashed, dashed-dotted, dense-dotted) line

– 12 – represents Δa^Z of u (d, s, c, b, t) quark. u (d, s, c, b, t). Δa can receive the numerical values in the order of magnitude of 10^{−12} (10^{−12}, 10^{−9}, 10^{−8}, 10^{−6}, 10^{−4}) for u (d, s, c, b, t) quark.

At this stage we would like to summarize our results:

• We take the experimental result of the electron EDM |d_e| ≤ 3.4 × 10^{−26} e-cm [4] and obtain an upper bound for the NC parameter |Θ_T | which is responsible for time-space non commutativity, |Θ_T | ≤ 6.67 × 10^{10}( GeV^{−2}). Using this upper bound, we predict the EDM and WEDM of the fermions existing with the NC effects. We observe that the numerical values of EDM of the leptons μ and τ satisfy the current experimental results. The predicted quark EDMs are in accordance with the theoretical results obtained in the literature. Here the τ lepton WEDM can take the numerical values at the order of magnitude of 10^{−25} g-cm. This result is almost eight order smaller compared to the experimental result [22] and almost three orders smaller compared to the theoretical result given by [19]. For the heavy quarks t, b and c the predicted values in the NC extension of the SM is not so much far from the ones obtained in the framework of the model I and II versions of the 2HDM [19]. With the more accurate measurements in future, it would be possible to test NC effects on WEDM more stringently.

• We restrict the NC parameter |Θ_S| which is responsible for space-space non commutativity as |Θ_S | ≤ 1.68 × 10^{−7}( GeV^{−2}) using the assumption that the NC effects on the numerical value of muon AMM should not exceed the present experimental uncertainty, ∼ 10^{−9}. The numerical values Δa for τ and e lepton we obtain are far from the results predicted in the literature [18].

• The NC effects on the EDM and WEDM (AMM and WAMM) are proportional to the mass (square of mass) of the fermions and the heavy fermion EDM and WEDM (AMM and WAMM) receive the large contribution in the NCSM. Notice that the AMM and WAMM is due to the intrinsic magnetic moment of the fermion and its is spin independent.

Therefore, the more accurate experimental results of the dipole moments of the fermions would be an effective tool to understand the new physics effects due to the NC geometry.

Acknowledgments

This work has been supported by the Turkish Academy of Sciences in the framework of the Young Scientist Award Program. (EOI-TUBA-GEBIP/2001-1-8)

References

[1] E.D. Commins, S.B. Ross, D. DeMille and B.C. Regan, Improved experimental limit on the electric dipole moment of the electron, Phys. Rev. A 50 (1994) 2960.

– 13 –

[2] CERN Muon Storage Ring collaboration J. Bailey et al., New limits on the electric dipole moment of positive and negative muons, J. Phys. G4 (1978) 345.

[3] Particle Data Group, Review of particle physics, D.E. Groom et.al., Eur. Phys. J. C 15 (2000) 1.

[4] J.J. Hudson, B.E. Sauer, M.R. Tarbutt and E.A. Hinds, Measurement of the electron electric dipole moment using YBF molecules, Phys. Rev. Lett. 89 (2002) 023003 [hep-ex/0202014].

[5] Belle collaboration, K. Inami et al., Search for the electric dipole moment of the tau lepton, Phys. Lett. B 551 (2003) 16 [hep-ex/0210066].

[6] S.M. Barr and A. Zee, Electric dipole moment of the electron and of the neutron, Phys. Rev.

Lett. 65 (1990) 21.

[7] R. Barbieri, L.J. Hall and A. Strumia, Violations of lepton flavor and CP in supersymmetric unified theories, Nucl. Phys. B 445 (1995) 219 [hep-ph/9501334].

[8] Y. Okada, K.-i. Okumura and Y. Shimizu, μ → eγ and μ → 3e processes with polarized muons and supersymmetric grand unified theories, Phys. Rev. D 61 (2000) 094001 [hep-ph/9906446].

[9] K.S. Babu, B. Dutta and R.N. Mohapatra, Enhanced electric dipole moment of the muon in the presence of large neutrino mixing, Phys. Rev. Lett. 85 (2000) 5064 [hep-ph/0006329].

[10] K.S. Babu, S.M. Barr and I. Dorsner, The scaling of lepton dipole moments with lepton mass, Phys. Rev. D 64 (2001) 053009 [hep-ph/0012303].

[11] E.O. Iltan, Electric dipole moments of charged leptons and lepton flavor violating interactions in the general two Higgs doublet model, Phys. Rev. D 64 (2001) 013013 [hep-ph/0101017].

[12] J.R. Ellis, J. Hisano, M. Raidal and Y. Shimizu, Lepton electric dipole moments in non-degenerate supersymmetric seesaw models, Phys. Lett. B 528 (2002) 86 [hep-ph/0111324].

[13] S. Abel, S. Khalil and O. Lebedev, The string CP problem, Phys. Rev. Lett. 89 (2002) 121601 [hep-ph/0112260].

[14] M. Frank, Leptonic dipole moments in the left-right supersymmetric model, Eur. Phys. J. C 22 (2002) 727.

[15] O.C.W. Kong, Fermion dipole moments from R-parity violating parameters, hep-ph/0210225.

[16] A. Pilaftsis, Higgs-mediated electric dipole moments in the MSSM: an application to baryogenesis and Higgs searches, Nucl. Phys. B 644 (2002) 263 [hep-ph/0207277].

[17] J. Bernabeu, G.A. Gonzalez-Sprinberg and J. Vidal, τ EDM at low-energies, eConf C0209101 (2002) TU09 [hep-ph/0211249].

[18] K. Akama, T. Hattori and K. Katsuura, Naturalness bounds on dipole moments from new physics, Phys. Rev. Lett. 88 (2002) 201601 [hep-ph/0111238].

[19] D. Gomez-Dumm and G.A. Gonzalez-Sprinberg, Electric and weak electric dipole form factors for heavy fermions in a general two Higgs doublet model, Eur. Phys. J. C 11 (1999) 293 [hep-ph/9905213].

[20] E. Iltan, J. Phys. G27 (2001) 1723.

– 14 –

[21] E.O. Iltan, Top quark electric and chromo electric dipole moments in the general two Higgs doublet model, Phys. Rev. D 65 (2002) 073013 [hep-ph/0111038].

[22] OPAL collaboration, K. Ackerstaff et al., Search for CP-violation in Z^0 → τ^+τ^− and an upper limit on the weak dipole moment of the τ lepton, Z. Physik C 74 (1997) 403.

[23] J. Bernabeu, G.A. Gonzalez-Sprinberg and J. Vidal, Weak dipole moments at e^+e^− colliders,

hep-ph/9505223.

[24] W. Bernreuther, A. Brandenburg and P. Overmann, CP-violation beyond the standard model and τ pair production in e^+e^− collisions, Phys. Lett. B 391 (1997) 413 [hep-ph/9608364].

[25] J. Bernabeu, G.A. Gonzalez-Sprinberg and J. Vidal, Normal and transverse single tau polarization at the Z peak, Phys. Lett. B 326 (1994) 168.

[26] W. Hollik, J.I. Illana, S. Rigolin and D. Stockinger, Weak electric dipole moments of heavy fermions in the MSSM, Phys. Lett. B 425 (1998) 322 [hep-ph/9711322]; W. Hollik, J.I. Illana, S. Rigolin, C. Schappacher and D. Stockinger, Top dipole form factors and loop-induced CP-violation in supersymmetry, Nucl. Phys. B 551 (1999) 3 [hep-ph/9812298], erratum ibid. B557 (1999) 407.

[27] W. Marciano, Tau physics: a theoretical perspective, Nucl. Phys. 40 (Proc. Suppl.) (1995) 3.

[28] K.D. Lane, New model-independent limit on muon substructure, hep-ph/0102131;

L.L. Everett, G.L. Kane, S. Rigolin and L.-T. Wang, Implications of muon g − 2 for supersymmetry and for discovering superpartners directly, Phys. Rev. Lett. 86 (2001) 3484 [hep-ph/0102145];

J.L. Feng and K.T. Matchev, Supersymmetry and the anomalous anomalous magnetic moment of the muon, Phys. Rev. Lett. 86 (2001) 3480 [hep-ph/0102146]; E.A. Baltz and P. Gondolo, Implications of muon anomalous magnetic moment for supersymmetric dark matter, Phys. Rev. Lett. 86 (2001) 5004 [hep-ph/0102147]; D. Chakraverty, D. Choudhury and A. Datta, A nonsupersymmetric resolution of the anomalous muon magnetic moment, Phys. Lett. B 506 (2001) 103 [hep-ph/0102180]; T. Huang, Z.H. Lin, L.Y. Shan and X. Zhang, Muon anomalous magnetic moment and lepton flavor violation, Phys. Rev. D 64 (2001) 071301 [hep-ph/0102193]; D. Choudhury, B. Mukhopadhyaya and S. Rakshit, Muon anomalous magnetic moment confronts exotic fermions and gauge bosons, Phys. Lett. B 507 (2001) 219 [hep-ph/0102199]; S. Komine, T. Moroi and M. Yamaguchi, Recent result from E821 experiment on muon g − 2 and unconstrained minimal supersymmetric standard model, Phys. Lett. B 506 (2001) 93 [hep-ph/0102204];

S.N. Gninenko and N.V. Krasnikov, The muon anomalous magnetic moment and a new light gauge boson, Phys. Lett. B 513 (2001) 119 [hep-ph/0102222];

K. Cheung, Muon anomalous magnetic moment and leptoquark solutions, Phys. Rev. D 64 (2001) 033001 [hep-ph/0102238];

P. Das, S. Kumar Rai and S. Raychaudhuri, Anomalous magnetic moment of the muon in a composite model, hep-ph/0102242;

T.W. Kephart and H. Pas, Muon anomalous magnetic moment in string inspired extended family models, Phys. Rev. D 65 (2002) 093014 [hep-ph/0102243];

Z.-H. Xiong and J.M. Yang, Muon anomalous magnetic moment in technicolor models, Phys. Lett. B 508 (2001) 295 [hep-ph/0102259];

A. Dedes and H.E. Haber, Can the Higgs sector contribute significantly to the muon anomalous magnetic moment?, J. High Energy Phys. 05 (2001) 006 [hep-ph/0102297];

– 15 –

R.A. Diaz, R. Martinez and J.A. Rodriguez, Bounds for FCNC and the pseudoscalar Higgs mass in the general two Higgs doublet model type-III using g − 2 muon factor, Phys. Rev. D 64 (2001) 033004 [hep-ph/0103050];

S.K. Kang and K.Y. Lee, Implications of the muon anomalous magnetic moment and Higgs-mediated flavor changing neutral currents, Phys. Lett. B 521 (2001) 61 [hep-ph/0103064];

S.C. Park and H.S. Song, Muon anomalous magnetic moment and the stabilized Randall-Sundrum scenario, Phys. Lett. B 506 (2001) 99 [hep-ph/0103072]; C.A. de S. Pires and P.S. Rodrigues da Silva, Scalar scenarios contributing to (g − 2)_μ with enhanced Yukawa couplings, Phys. Rev. D 64 (2001) 117701 [hep-ph/0103083]; E.Iltan and H. Sundu, Anomalous magnetic moment of the muon in the two Higgs doublet model, Acta Phys. Slov. 53 (2003) 17.

[29] E. Sanchez, in Fouth International Workshop on Tau Lepton Physics, Estes Park, Colorado, 16-19 September 1996.

[30] L3 collaboration, A. Bohm, talk presented at the 32^{th} Rencontres de Moriond, Electroweak Interactions and Unified Theories, Les Arcs, France 15-22 March, 1997.

[31] T.G. Rizzo, Searching for anomalous weak couplings of heavy flavors at the SLC and LEP, Phys. Rev. D 51 (1995) 3811 [hep-ph/9409460];

G. Kopp, D. Schaile, M. Spira and P.M. Zerwas, Bounds on radii and magnetic dipole moments of quarks and leptons from LEP, SLC and HERA, Z. Physik C 65 (1995) 545 [hep-ph/9409457].

[32] J. Bernabeu, G.A. Gonzalez-Sprinberg, M. Tung and J. Vidal, The τ weak magnetic dipole moment, Nucl. Phys. B 436 (1995) 474 [hep-ph/9411289].

[33] J. Bernabeu, D. Comelli, L. Lavoura and J.P. Silva, Weak magnetic dipole moments in two-Higgs-doublet models, Phys. Rev. D 53 (1996) 5222 [hep-ph/9509416].

[34] B. de Carlos and J.M. Moreno, Weak magnetic dipole moments in the MSSM, Nucl. Phys. B 519 (1998) 101 [hep-ph/9707487].

[35] J. Bernabeu, J. Vidal and G.A. Gonzalez-Sprinberg, The weak-magnetic moment of heavy quarks, Phys. Lett. B 397 (1997) 255 [hep-ph/9702222].

[36] S. Rigolin, One-loop weak dipole form factors and weak dipole moments of heavy fermions,

hep-ph/9805313.

[37] P.E. Lacentre, Weak dipole moments in τ decays to hadrons, hep-ph/9905273.

[38] ALEPH collaboration, A. Heister et al., Search for anomalous weak dipole moments of the tau lepton, hep-ex/0209066.

[39] I.F. Riad and M.M. Sheikh-Jabbari, Noncommutative QED and anomalous dipole moments, J. High Energy Phys. 08 (2000) 045 [hep-th/0008132].

[40] M.R. Douglas and C. Hull, D-branes and the noncommutative torus, J. High Energy Phys. 02 (1998) 008 [hep-th/9711165].

[41] N. Seiberg and E. Witten, String theory and noncommutative geometry, J. High Energy Phys.

09 (1999) 032 [hep-th/9908142].

[42] A. Connes, Noncommutative Geometry (Academic, New York, 1994).

– 16 –

[43] I. Mocioiu, M. Pospelov and R. Roiban, Low-energy limits on the antisymmetric tensor field background on the brane and on the non-commutative scale, Phys. Lett. B 489 (2000) 390 [hep-ph/0005191];

S.M. Carroll, J.A. Harvey, V.A. Kostelecky, C.D. Lane and T. Okamoto, Noncommutative field theory and Lorentz violation, Phys. Rev. Lett. 87 (2001) 141601 [hep-th/0105082].

[44] C.E. Carlson, C.D. Carone and R.F. Lebed, Bounding noncommutative QCD, Phys. Lett. B 518 (2001) 201 [hep-ph/0107291].

[45] A. Gonzalez-Arroyo and C.P. Korthals Altes, Reduced model for large-N continuum field theories, Phys. Lett. B 131 (1983) 396;

H. Grosse, C. Klimčík and P. Prešnajder, Finite quantum field theory in noncommutative geometry, Commun. Math. Phys. 180 (1996) 429 [hep-th/9602115]; M. Chaichian, A. Demichev and P. Prešnajder, Quantum field theory on noncommutative space-times and the persistence of ultraviolet divergences, Nucl. Phys. B 567 (2000) 360 [hep-th/9812180];

M.M. Sheikh-Jabbari, Renormalizability of the supersymmetric Yang-Mills theories on the noncommutative torus, J. High Energy Phys. 06 (1999) 015 [hep-th/9903107]; C.P. Martin and D. Sanchez-Ruiz, The one-loop UV divergent structure of U(1) Yang-Mills theory on noncommutative R^4, Phys. Rev. Lett. 83 (1999) 476 [hep-th/9903077]; T. Krajewski and R. Wulkenhaar, Perturbative quantum gauge fields on the noncommutative torus, Int. J. Mod. Phys. A 15 (2000) 1011 [hep-th/9903187];

H. Grosse, T. Krajewski and R. Wulkenhaar, Renormalization of noncommutative Yang-Mills theories: a simple example, hep-th/0001182;

S. Minwalla, M. Van Raamsdonk and N. Seiberg, Noncommutative perturbative dynamics, J. High Energy Phys. 02 (2000) 020 [hep-th/9912072];

M. Van Raamsdonk and N. Seiberg, Comments on noncommutative perturbative dynamics, J. High Energy Phys. 03 (2000) 035 [hep-th/0002186];

A. Matusis, L. Susskind and N. Toumbas, The IR/UV connection in the non-commutative gauge theories, J. High Energy Phys. 12 (2000) 002 [hep-th/0002075]; A. Armoni, Comments on perturbative dynamics of non-commutative Yang-Mills theory, Nucl. Phys. B 593 (2001) 229 [hep-th/0005208];

F. Ardalan and N. Sadooghi, Anomaly and nonplanar diagrams in noncommutative gauge theories, Int. J. Mod. Phys. A 17 (2002) 123 [hep-th/0009233];

J.M. Gracia-Bondia and C.P. Martin, Chiral gauge anomalies on noncommutative R^4, Phys. Lett. B 479 (2000) 321 [hep-th/0002171];

L. Bonora, M. Schnabl and A. Tomasiello, A note on consistent anomalies in noncommutative YM theories, Phys. Lett. B 485 (2000) 311 [hep-th/0002210]; L. Alvarez-Gaumé and J.L.F. Barbon, Non-linear vacuum phenomena in non-commutative QED, Int. J. Mod. Phys. A 16 (2001) 1123 [hep-th/0006209];

A. Micu and M.M. Sheikh Jabbari, Noncommutative Φ^4 theory at two loops, J. High Energy Phys. 01 (2001) 025 [hep-th/0008057].

[46] J. Gomis and T. Mehen, Space-time noncommutative field theories and unitarity, Nucl. Phys.

B 591 (2000) 265 [hep-th/0005129];

M. Chaichian, A. Demichev, P. Prešnajder and A. Tureanu, Space-time noncommutativity, discreteness of time and unitarity, Eur. Phys. J. C 20 (2001) 767 [hep-th/0007156]; N. Seiberg, L. Susskind and N. Toumbas, Space/time non-commutativity and causality, J. High Energy Phys. 06 (2000) 044 [hep-th/0005015];

– 17 –

O. Aharony, J. Gomis and T. Mehen, On theories with light-like noncommutativity, J. High Energy Phys. 09 (2000) 023 [hep-th/0006236].

[47] J.L. Hewett, F.J. Petriello and T.G. Rizzo, Non-commutativity and unitarity violation in gauge boson scattering, Phys. Rev. D 66 (2002) 036001 [hep-ph/0112003].

[48] M. Hayakawa, Perturbative analysis on infrared and ultraviolet aspects of noncommutative QED on R^4, hep-th/9912167.

[49] C.E. Carlson and C.D. Carone, Discerning noncommutative extra dimensions, Phys. Rev. D 65 (2002) 075007 [hep-ph/0112143].

[50] T. Krajewski and R. Wulkenhaar, Perturbative quantum gauge fields on the noncommutative torus, Int. J. Mod. Phys. A 15 (2000) 1011 [hep-th/9903187];

A. Armoni, Comments on perturbative dynamics of non-commutative Yang-Mills theory, Nucl. Phys. B 593 (2001) 229 [hep-th/0005208].

[51] J. Madore, S. Schraml, P. Schupp and J. Wess, Gauge theory on noncommutative spaces, Eur. Phys. J. C 16 (2000) 161 [hep-th/0001203];

B. Jurco, S. Schraml, P. Schupp and J. Wess, Enveloping algebra valued gauge transformations for non-abelian gauge groups on non-commutative spaces, Eur. Phys. J. C 17 (2000) 521 [hep-th/0006246];

B. Jurco, P. Schupp and J. Wess, Nonabelian noncommutative gauge theory via noncommutative extra dimensions, Nucl. Phys. B 604 (2001) 148 [hep-th/0102129]; B. Jurco, L. Moller, S. Schraml, P. Schupp and J. Wess, Construction of non-abelian gauge theories on noncommutative spaces, Eur. Phys. J. C 21 (2001) 383 [hep-th/0104153].

[52] X. Calmet, B. Jurco, P. Schupp, J. Wess and M. Wohlgenannt, The standard model on non-commutative space-time, Eur. Phys. J. C 23 (2002) 363 [hep-ph/0111115].

[53] M. Chaichian, P. Prešnajder, M.M. Sheikh-Jabbari and A. Tureanu, Noncommutative standard model: model building, hep-th/0107055.

[54] N.G. Deshpande and X.-G. He, Triple neutral gauge boson couplings in noncommutative standard model, Phys. Lett. B 533 (2002) 116 [hep-ph/0112320].

[55] X.-G. He, Strong, electroweak interactions and their unification with noncommutative space-time, hep-ph/0202223.

[56] I. Hinchliffe and N. Kersting, CP-violation from noncommutative geometry, Phys. Rev. D 64 (2001) 116007 [hep-ph/0104137].

[57] W. Behr, N. G. Deshpande, G. Duplancic, P. Shupp, J. Trampetic and J. Wess, The Z → γγ, gg decays in the noncommutative standard model, hep-ph/0202121.

[58] E. Iltan, The form factors existing in the b → sg^∗ decay and the possible CP violating effects in the noncommutative standard model, J. High Energy Phys. 11 (2002) 029 [hep-ph/0202011].

[59] E. Iltan, The inclusive B → sγ decay in the noncommutative Standard Model, New J.Phys. 4 (2002) 54 [hep-ph/0204129].

[60] Z. Chang and Z. Xing, Possible effects of noncommutative geometry on weak CP-violation and unitarity triangles, Phys. Rev. D 66 (2002) 056009 [hep-ph/0204255].

[61] E.O. Iltan, The Z → l^+l^− and W → ν_ll^+ decays in the noncommutative Standard Model, Phys. Rev. D 66 (2002) 034011 [hep-ph/0204332].

[62] H.S. Synder, Quantized space-time, Phys. Rev. 71 (1947) 38.

– 18 –