Published by Institute of Physics Publishing for SISSA/ISAS Received: October 26, 2004 Revised: December 23, 2004 Accepted: January 4, 2005

Neutrino mass from R-parity violation in split supersymmetry

Eung Jin Chun and Seong Chan Park

Korea Institute for Advanced Study 207-43 Cheongryangri-dong, Dongdaemun-gu, Seoul 130-722, Korea E-mail: ejchun@phya.snu.ac.kr, spark@kias.re.kr

Abstract: We investigate how the observed neutrino data can be accommodated by R-parity violation in Split Supersymmetry. The atmospheric neutrino mass and mixing are explained by the bilinear parameters ξ_i inducing the neutrino-neutralino mixing as in the usual low-energy supersymmetry. Among various one-loop corrections, only the quarksquark exchanging diagrams involving the order-one trilinear couplings λ^′_{i23,i32} can generate the solar neutrino mass and mixing if the scalar mass m_S is not larger than 10^9 GeV. This scheme requires an unpleasant hierarchical structure of the couplings, e.g., λ_{i23,i32} ∼ 1, λ^′_{i33} ≲ 10^{−4} and ξ_i ≲ 10^{−6}. On the other hand, the model has a distinct collider signature of the lightest neutralino which can decay only to the final states, l_iW^{(∗)} and νZ^{(∗)}, arising from the bilinear mixing. Thus, the measurement of the ratio; Γ(eW^{(∗)}) : Γ(μW^{(∗)}) : Γ(τW^{(∗)}) would provide a clean probe of the small reactor and large atmospheric neutrino mixing angles as far as the neutralino mass is larger than 62 GeV.

Keywords: Supersymmetry Phenomenology, Beyond Standard Model, Supersymmetric Standard Model, Neutrino Physics.

© SISSA/ISAS 2005 http://jhep.sissa.it/archive/papers/jhep012005009 /jhep012005009 .pdf

The gauge hierarchy problem has been considered as a strong motivation for low-energy supersymmetry, in which all the observable sector soft parameters lie in the TeV scale, ensuring the naturalness of the Higgs mass. However, a rather radical suggestion has been made to abandon the naturalness property and consider a high-scale supersymmetry [1], in which all the scalars are extremely heavy, except for the finely tuned Higgs bosons, and the fermions (including gauginos and Higgsinos) remain light. This approach, dubbed as “Split Supersymmetry” [2], was further advocated by gauge unification and dark matter taken as the guiding principle for new physics. The idea of Split Supersymmetry, being trivially free from the difficulties like flavor-changing neutral current and CP problems and the cosmological gravitino problem, predicts a distinct phenomenology of a long-lived gluino, which could be probed in the future collider or cosmological experiments [3].

In this paper, we wish to investigate the possibility of allowing R-parity violation as the origin of the neutrino masses and mixing [4] in the framework of Split Supersymmetry. Actually the heaviness of the squarks and sleptons allows the large R-parity violation without any difficulty with low energy precision measurements and this interesting feature of Split Supersymmetry is crucially used to produce the proper neutrino masses and mixing. Having abandoned R-parity conservation, the lightest supersymmetric particle is now destabilized, and thus one may have to abandon a nice dark matter candidate, a neutralino. Indeed, the neutralino decays very fast if R-parity violation accounts for the observed neutrino masses not only in the conventional low-energy supersymmetry but also in Split Supersymmetry under discussion [5]. Even though we loose the dark matter as the guiding principle [2], the instability of the lightest supersymmetric particle in the TeV scale neutralino sector could provide another way of probing the idea of Split Supersymmetry combined with the origin of neutrino masses and mixing, as is well known in the conventional framework [6, 7, 8]. As we will see, there are several different features in generating the neutrino mass matrix from R-parity violation in Split Supersymmetry summarized as follows.

• Tree-level neutrino mass matrix pattern, coming from the mixing between neutrinos and neutralinos, is the same as in low-energy supersymmetry. This requires small bilinear parameters; ξ_i ≲ 10^{−6}.

• The effect of the slepton-Higgs mixing is negligible as the scalar masses are very high.

As a result, it is not possible to explain observed neutrino data only by bilinear terms.

• The solar neutrino mass and mixing can only be generated by the usual one-loop diagrams involving down-type quarks and squarks with the trilinear couplings λ^′_{i23} and λ^′_{i32} of the order one.

• The lightest neutralino can decay only to the gauge bosons, W^{±(∗)} and Z^{0(∗)}, through which the tree-level neutrino mass parameters could be probed in the collider experiments for the neutralino mass larger than about 62 GeV.

• The model requires an ad-hoc hierarchical structure of the couplings, namely, λ^′_{i23,i32} ∼ 1, λ^′_{i33} ≲ 10^{−4} and λ_{i33} ≲ 10^{−3}, where the last two constraints come from the limit of the bilinear parameter, ξ_i ≲ 10^{−6}.

– 1 – ν_i ν_j ξ_i ξ_j χ^0

Figure 1: Tree-level diagrams generating neutrino masses which are induced by the mixing between the neutrinos and gauginos/higgsinos.

The last point should be contrasted with the case of the low-energy supersymmetry models, where the neutrino data can well be explained by assuming the usual hierarchy of the trilinear couplings λ_{ijk}, λ^′_{ijk} ≤ λ^′_{i33}, λ_{i33} ∼ 10^{−4} − 10^{−5}, which could be the consequence of a family U(1) symmetry [9].

Let us now start our main discussion by considering first the features of the bilinear R-parity violation in Split Supersymmetry. The gauge invariant bilinear terms in the superpotential and the scalar potential are

W = μH_1H_2 + ϵ_iμL_iH_2 , V = BH_1H_2 + B_iL_iH_2 + m^2_{LiH1} L_iH^†_1 + h.c. , (1)

where we have used the same notation, H_{1,2} and L_i, for the superfields and their scalar components of the Higgs and lepton doublets. In Split Supersymmetry, the dimension-two soft parameters B or B_i and m^2_{LiH1} could be of the order m^2_S or ϵ_im^2_S where the high-scale of the scalar masses is likely to be in the range: m_S = 10^9 − 10^{13} GeV [1, 2].

From the above potential (1), one finds the following R-parity violating parameter; ξ_i ≡ ⟨ν̃_i⟩ ⟨H^0_1 ⟩

− ϵ_i = m^2_{LiH1} m^2_{Li} + B_i m^2_{Li} t_β − ϵ_i , (2)

where t_β = tan β = ⟨H^0_2 ⟩/⟨H^0_1 ⟩ and m_{Li} ∼ m_S is the soft mass of the i-th slepton. The above parameter ξ_i determines the well-known mixing between the leptons and the gauginos/Higgsinos giving rise to the tree-level neutrino mass matrix (see figure 1);

M^{ν (0)}_{ij} = −

M^2_Z F_N ξ_iξ_jc^2_β (3)

where F_N ≡ M_1M_2/(c^2_W M_1 + s^2_W M_2) + M^2_Z s_{2β}/μ is the mass parameter deduced from the 4x4 neutralino mass matrix [7]. For the atmospheric neutrino mass scale, m_{ν3} = √ Δm^2_{atm} ∼ 0.05 eV, one determines the size of ξ ≡ √∑ i |ξ_i|^2:

ξc_β = 7.4 × 10^{−7} ( F_N M_Z ) 1_2 ( m_{ν3} 0.05 eV

) 1_2 . (4)

Barring the cancellation among the three terms on the right-hand side of eq. (2), this implies that each term should not be larger than 10^{−6}/c_β .

When the mass matrix (3) explains the atmospheric neutrino data, the atmospheric neutrino mixing angle θ_{23} and the reactor neutrino mixing angle θ_{13} are approximately determined as follows [7]:

sin^2 2θ_{23} ≈ 4 |ξ̂_2|^2 |ξ̂_3|^2 sin^2 2θ_{13} ≈ 4 |ξ̂_1|^2 ( 1 − |ξ̂_1|^2 ) (5)

– 2 – where ξ̂_i is the unit vector of ξ_i: ξ̂_i ≡ ξ_i/ξ. This feature can be probed in collider experiments as will be discussed later.

While the tree mass matrix (3) can generate only one nonzero mass eigenvalue, presumably m_{ν3} , the second largest mass, m_{ν2} = √ Δm^2_{sol} ∼ 9 meV, can be generated from one-loop radiative corrections. Combining these, both the atmospheric and the solar neutrino data can be accommodated in the conventional supersymmetric theories [10, 11]. There is another type of bilinear parameters defined by η_i ≡ ξ_i − B_i B , (6)

which quantifies the mixing between the sleptons and Higgs bosons and appears in the oneloop diagrams. The parameter η_i can play an important role to produce sizable one-loop contribution in the usual supersymmetric theories [11]. However, this is not the case in Split Supersymmetry where the one-loop contributions always come with the combination of η_i m^2_Z m^2_{Li} (7) which becomes very small for m_Z ≪ m_S . Therefore, the bilinear parameter ξ_i alone cannot explain the observed neutrino data, which excludes the bilinear model as the origin of the neutrino masses and mixing in the context of Split Supersymmetry.

Let us ask whether the inclusion of trilinear R-parity violating can be a viable option for the generation of the desired neutrino mass matrix. The general lepton number violating trilinear terms in the superpotential are

W = λ^′_{ijk}L_iQ_j D^c_k + λ_{ijk}L_iL_jE^c_k (8)

where we take i < j for λ_{ijk} which is antisymmetric under the exchange, i ↔ j. For our discussion, it is important to realize that certain trilinear couplings can radiatively generate the bilinear parameters (2), and thus can be strongly constrained. The most strongly constrained couplings are λ^′_{i33} or λ_{i33} which contribute to the renormalization group evolution of the bilinear parameter, e.g., ϵ_i as follows [12]:

16π^2 dϵ_i dt ∼ −3λ^′_{ijj} h_{dj} − λ_{ijj}h_{ej} . (9) Solving the above equation by one-step approximation, we find

ϵ_ic_β = 1 16π^2 ( 3λ^′_{ijj} m_{dj} v + λ_{ijj} m_{ej} v ) ln M_X m_S . (10)

For the values of M_X = 10^{16} GeV and m_S = 10^9 GeV, and the condition for the bilinear parameter |ξ_i|c_β ≈ |ϵ_i|c_β (4), we obtain λ^′_{i11} m_d m_b , λ^′_{i22} m_s m_b , λ^′_{i33} ≲ 10^{−4} . (11)

for F_N = M_Z . Applying the similar argument, the bounds on the couplings λ_{ijj} are found to be λ_{i11} m_e m_τ , λ_{i22} m_μ m_τ , λ_{i33} ≲ 7 × 10^{−4} . (12)

– 3 – ν_i ν_j λ^′_{ikl} λ^′_{jlk} d^c_l d_l d̃_k d̃c_k

Figure 2: One-loop diagrams generating sizable neutrino masses from the quark-squark exchange.

Such small trilinear couplings (11), (12) cannot generate a sizable one-loop correction to the neutrino masses explaining the solar neutrino data. As an example, consider the typical one-loop contribution to neutrino masses coming from the quark-squark exchange (see figure 2): M^{ν (1)}_{ij} ≈ 3 8π^2 λ^′_{ikl}λ^′_{jlk} m_{dk} m_{dl} A_d m^2_S

(13)

where we have taken the squark mass to be m_S.

Taking λ^′_{i33} = 10^{−4} and A = m_S = 10^9 GeV, one finds that the one-loop mass (13) become far below the solar neutrino mass scale ∼ 9 meV. The only way to obtain such a sizable neutrino mass scale is to have order-one trilinear couplings avoiding the above constraint (11). It turns out that the unique possibility for this is to allow the couplings

λ^′_{i23} and λ^′_{i32} .

The above couplings can induce the bilinear parameter at two-loop level, which can be viewed as the generation of the induced coupling of λ^′_{i33} [12]: λ^′_{i33}|_{induced} ∼ 1 16π^2 λ^′_{i32}h^2_t V_{ts} m_s m_b or 1 16π^2 λ^′_{i23}h^2_t V_{ts} (14)

where V_{ts} is the CKM mixing element of quarks. Thus, the couplings λ^′_{i23} and λ^′_{i32} can be of the order one and can generate the following neutrino mass elements:

M^{ν (1)}_{ij} ≈ 3 8π^2 λ^′_{i23}λ^′_{j32} m_bm_s m_S ∼ 10^{−2} eV (15)

for m_S ∼ 10^9 GeV. For much larger m_S , the above contribution becomes much too small and cannot be used for our purpose. The elements M^{ν (1)}_{ij} with (i, j = 1, 2) in eq. (15) essentially determine the large solar neutrino mixing angle θ_{12} which can be arranged appropriate by the choice of the trilinear couplings; λ^′_{i23}λ^′_{j32} ∼ 1 for all i and j. We do not bother to present the detailed values for this as it will not be necessary in the following discussions.

Concerning the λ couplings, the leading contributions come from the diagrams in figure 3 which do not have the 1/m_S suppression [13]. Given the constraints (12), only the couplings λ_{ikl} (with i ≠ k ≠ l) can be large enough to generate sizable neutrino mass components. Calculation of the diagrams in figure 3 gives us

M^{ν (1)}_{ik} ≈ g 8π^2 λ_{ikl}ξ_lc^2_β m_{el} M_W √ 2μ ln m_{Li} m_{Lk} (16)

– 4 – ν_i ν_k λ_{ikl} g e^c_l W̃^− ẽ_k ẽ_k ν_k ν_i −λ_{ikl} g e^c_l W̃^− ẽ_i ẽ_i

Figure 3: One-loop diagrams generating sizable neutrino masses with no ultra heavy mass suppression but with lepton mass suppression.

which is a fairly good approximation in the typical region of parameter space: M_2, μ > M_W and t_β > 3. Comparing this with the tree contributions in eq. (3), we get the loop-to-tree ratio: m_{ν2} m_{ν3} ≈ g 8π^2 m_{el} M_W M^2_Z λ_{ikl}ξ_l |ξ|^2 F_N μ , (17)

which shows that the neutrino mass elements of the order of the solar neutrino mass scale m_{ν2} ∼ 9 meV can be obtained if the couplings are as large as λ_{ikl} m_{el} m_τ ∼ 10^3ξ ∼ 10^{−3}t_β . (18)

From this, one finds that λ_{231} has no effect due to the strong suppression by m_e/m_τ and thus only sizable M_{12} and M_{13} components can be generated from λ_{123} and λ_{132}, respectively. However, this pattern cannot accommodate the solar neutrino mass-squared difference and the mixing angle properly.

Therefore, we conclude that the atmospheric and solar neutrino data can be explained by the combination of the tree-level and the loop contribution given by in Eqs (3) and (15), respectively, in the context of Split Supersymmetry. For this, we need the small bilinear couplings and order-one trilinear couplings:

ξ_1 ≪ ξ_2 ≈ ξ_3 ∼ 10^{−6} and λ^′_{i32}, λ^′_{i23} ∼ 1 , (19)

and the scalar masses of the order m_S ∼ 10^9 GeV. Note that the bilinear parameter ξ can come from the tree-level input ϵ_i of the same order, or from the radiative generation by the trilinear coupling λ^′_{i33} of the order 10^{−4} as in eq. (11).

Split Supersymmetry predicts distinct signatures from the R-parity violating decays of the lightest neutralino, χ^0_1, which are different from the conventional supersymmetric theories. Similarly to the gluino case, the neutralino decay processes through squark exchange are highly suppressed. But, the lightest neutralino decay can occur through the bilinear mixing of leptons and neutralinos governed by the parameter ξ_i. This has to be contrasted with the low-energy supersymmetry case where the effect of trilinear couplings can be sizable to be detected in the future collider experiments [14]. Let us discuss if the neutralino decay length is short enough to allow the observation of its decay modes in the colliders. When χ^0_1 is heavier than Z, it decays to lW and νZ having the following rates:

Γ(l_iW ) ≈

G_F m^3_{χ01} 4 √ 2π |ξ_i|^2c^2_βI ( m^2_W m^2_{χ01} ) ,

Γ(ν_iZ) ≈ G_F m^3_{χ01} 16 √ 2π |ξ_i|^2c^2_βI ( m^2_Z m^2_{χ01} ) ,

– 5 –

Γ_{2−body} = Γ(lW + νZ) ≈

G_F m^3_{χ01} 16 √ 2π |ξ|^2c^2_β ( 4I ( m^2_W m^2_{χ01} ) + I ( m^2_Z m^2_{χ01} )) . (20)

where we have ignored the fermion masses and the kinematical factors are given as follows.

I(x) ≡ (1 − x)^2 (1 + 2x) θ(x − 1) .

When χ^0_1 is lighter than W , it has only 3-body decay modes through the virtual W and Z and its decay rates are then

Γ(l_iW^∗) ≈

3G^2_F m^5_{χ01} 64π^3

|ξ_i|^2c^2_β

Γ_{3−body} = Γ(lW^∗ + νZ^∗) ≈

5.4G^2_F m^5_{χ01} 64π^3

|ξ|^2c^2_β . (21)

From the above equations (20) and (21), one finds the decay length; 1 Γ = 1.8 mm or 1 m .

for |ξ|c_β = 7.4×10^{−7} (4) and m_χ0_1 = 100 GeV or 62 GeV, respectively. Thus, the neutralino mass is required to be larger than 62 GeV. Independently of the 2-body or 3-body decay case, the measurement of the branching ratios for the mode l_iW will determine the relative sizes of |ξ_i| |ξ_1|^2 : |ξ_2|^2 : |ξ_3|^2 = B(eW^{(∗)}) : B(μW^{(∗)}) : B(τW^{(∗)})

which could provide the test of the model predicting the relation (5). In the usual lowenergy supersymmetry, the above conclusion may not be secured if the neutralino allows only the 3-body decay modes for which the effect of trilinear couplings can be even larger than the bilinear effect [14].

In conclusion, we have shown how the observed neutrino data can be accommodated in the context of Split Supersymmetry with R-parity violation. As most one-loop diagrams generating the neutrino mass matrix are suppressed by the high scale of the scalar masses, there appears a rather unique way to accommodate the desired neutrino mass matrix. The tree-level neutrino mass matrix coming from the bilinear parameters can nicely explain the atmospheric neutrino mass and mixing by the same way as in the usual low-energy supersymmetry. This requires the bilinear parameters to be of the order 10^{−6} and put some bounds on the trilinear couplings like λ^′_{i33} ≲ 10^{−4}. Among various one-loop corrections, the quark-squark exchange diagrams can produce the solar neutrino mass and mixing taking the order-one couplings λ^′_{i23,i32} if the scalar mass is at its lower end: m_S ∼ 10^9 GeV.

In this scheme, the lightest neutralino can decay only through the bilinear mixing into the final states of l_iW^{(∗)} and νZ^{(∗)}. The corresponding decay length can be less than 1 m if the neutralino mass is larger than 62 GeV. Thus, the observation of such features and the measurement of the branching ratios following the relation: B(eW^{(∗)}) ≪ B(μW^{(∗)}) ≈ B(τW^{(∗)}) would provide a clean probe of the model prediction coming from the small reactor and large atmospheric neutrino mixing angles.

– 6 –

We would add some words on fine tuning in the parameter space to explain neutrino masses. The seemingly unnatural parameter space with the small bilinear couplings (≲ 10^{−6} and the hierarchy in the trilinear couplings (e.g., λ^′_{i33} ≪ λ^′_{i23,i32} ∼ 1) is rather uniquely chosen to fit the experimental data of neutrino masses and mixing. This makes more complicate the Yukawa hierarchy problem, which appears to be the generic feature of the R-parity violating Split Supersymmetry.

Acknowledgments

EJC was supported by the Korea Research Foundation Grant, KRF-2002-070-C00022. SC thanks to S.Y. Choi for useful discussions.

References

[1] N. Arkani-Hamed and S. Dimopoulos, Supersymmetric unification without low energy supersymmetry and signatures for fine-tuning at the LHC, hep-th/0405159.

[2] G.F. Giudice and A. Romanino, Split supersymmetry, Nucl. Phys. B 699 (2004) 65 [hep-ph/0406088];

N. Arkani-Hamed, S. Dimopoulos, G.F. Giudice and A. Romanino, Aspects of split supersymmetry, hep-ph/0409232.

[3] S.-h. Zhu, Chargino pair production at linear collider and split supersymmetry, Phys. Lett. B 604 (2004) 207 [hep-ph/0407072];

B. Mukhopadhyaya and S. SenGupta, Sparticle spectrum and phenomenology in split supersymmetry: some possibilities, hep-th/0407225;

W. Kilian, T. Plehn, P. Richardson and E. Schmidt, Split supersymmetry at colliders,

hep-ph/0408088;

R. Mahbubani, Bounds on the Higgs mass in variations of split supersymmetry,

hep-ph/0408096;

J.L. Hewett, B. Lillie, M. Masip and T.G. Rizzo, Signatures of long-lived gluinos in split supersymmetry, J. High Energy Phys. 09 (2004) 070 [hep-ph/0408248]; K. Cheung and W.-Y. Keung, Split supersymmetry, stable gluino and gluinonium,

hep-ph/0408335;

L. Anchordoqui, H. Goldberg and C. Núñez, Probing split supersymmetry with cosmic rays,

hep-ph/0408284;

D.A. Demir, Effects of flavor violation on split supersymmetry, hep-ph/0410056; R. Allahverdi, A. Jokinen and A. Mazumdar, Gravitino production from reheating in split supersymmetry, hep-ph/0410169.

[4] L.J. Hall and M. Suzuki, Explicit R parity breaking in supersymmetric models, Nucl. Phys. B 231 (1984) 419.

[5] For a relaetd work, see S.K. Gupta, P. Konar and B. Mukhopadhyaya, R-parity violation in split supersymmetry and neutralino dark matter: to be or not to be, hep-ph/0408296.

[6] B. Mukhopadhyaya, S. Roy and F. Vissani, Correlation between neutrino oscillations and collider signals of supersymmetry in an R-parity violating model, Phys. Lett. B 443 (1998) 191 [hep-ph/9808265].

– 7 –

[7] E.J. Chun and J.S. Lee, Implication of super-kamiokande data on R-parity violation, Phys.

Rev. D 60 (1999) 075006 [hep-ph/9811201];

S.Y. Choi, E.J. Chun, S.K. Kang and J.S. Lee, Neutrino oscillations and R-parity violating collider signals, Phys. Rev. D 60 (1999) 075002 [hep-ph/9903465].

[8] W. Porod, M. Hirsch, J. Romao and J.W.F. Valle, Testing neutrino mixing at future collider experiments, Phys. Rev. D 63 (2001) 115004 [hep-ph/0011248].

[9] K. Choi, K. Hwang and E.J. Chun, Atmospheric and solar neutrino masses from horizontal U(1) symmetry, Phys. Rev. D 60 (1999) 031301 [hep-ph/9811363].

[10] M. Hirsch, M.A. Diaz, W. Porod, J.C. Romao and J.W.F. Valle, Neutrino masses and mixings from supersymmetry with bilinear R-parity violation: a theory for solar and atmospheric neutrino oscillations, Phys. Rev. D 62 (2000) 113008 [hep-ph/0004115], erratum ibid. D65 (2002) 119901;

A. Abada, S. Davidson and M. Losada, Neutrino masses and mixings in the MSSM with soft bilinear R_P violation, Phys. Rev. D 65 (2002) 075010 [hep-ph/0111332]; A.S. Joshipura, R.D. Vaidya and S.K. Vempati, Bi-maximal mixing and bilinear R violation, Nucl. Phys. B 639 (2002) 290 [hep-ph/0203182].

[11] E.J. Chun, D.-W. Jung and J.D. Park, Bi-large neutrino mixing from bilinear R-parity violation with non-universality, Phys. Lett. B 557 (2003) 233 [hep-ph/0211310].

[12] For the general renomalization group study with R-parity violation, see B.C. Allanach, A. Dedes and H.K. Dreiner, 2-loop supersymmetric renormalisation group equations including r-parity violation and aspects of unification, Phys. Rev. D 60 (1999) 056002 [hep-ph/9902251];

B.C. Allanach, A. Dedes and H.K. Dreiner, The R parity violating minimal supergravity model, Phys. Rev. D 69 (2004) 115002 [hep-ph/0309196].

[13] For the general expressions for the one-loop neutrino mass matrix, see, E.J. Chun and S.K.

Kang, One-loop corrected neutrino masses and mixing in supersymmetric standard model without r-parity, Phys. Rev. D 61 (2000) 075012 [hep-ph/9909429]; D.W. Jung, et al. in ref. [14].

[14] E.J. Chun, D.-W. Jung, S.K. Kang and J.D. Park, Collider signatures of neutrino masses and mixing from R-parity violation, Phys. Rev. D 66 (2002) 073003 [hep-ph/0206030]; D.-W. Jung, S.K. Kang, J.D. Park and E.J. Chun, Neutrino oscillations and collider test of the R-parity violating minimal supergravity model, J. High Energy Phys. 08 (2004) 017 [hep-ph/0407106].

– 8 –