Published by Institute of Physics Publishing for SISSA/ISAS Received: August 27, 2002 Accepted: November 14, 2002

The form factors existing in the b → sg^∗ decay and the possible CP violating effects in the noncommutative 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 form factors appearing in the inclusive decay b → sg^∗, in the framework of the noncommutative standard model. Here g^∗ denotes the virtual gluon. We get additional structures and the corresponding form factors in the noncommutative geometry. We analyse the dependencies of the form factors to the parameter p Θ k where p (k) are the four momenta of incoming (outgoing) b quark (virtual gluon g^∗), Θ is a parameter which measures the noncommutativity of the geometry. We see that the form factors are weakly sensitive to this parameter.

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

© SISSA/ISAS 2002 http://jhep.sissa.it/archive/papers/jhep112002029 /jhep112002029 .pdf

Contents

1. Introduction 1

2. The form factors existing in the b → sg^∗ decay, in the SM including the non-commutative effects 2

3. Discussion 6

1. Introduction

The quantum field theory over noncommutative spaces [1] has been reached a great interest in recent years . The string theory arguments are the reason for the re-motivation of the physics on the noncommutative spaces [2, 3]. Noncommutative field theories (NCFT’s) are difficult to handle since they have non-local structure. Besides this, it has been argued that they were sensible field theories and they have been studied extensively in the literature. The renormalizability of NCFT’s in general have been studied in [4]. The unitarity in noncommutative theories has been discussed in [5]. In [6], the unitarity properties of spontaneously broken noncommutative gauge theories have been examined. The noncommutative quantum electrodynamics (NCQED) and anomalous magnetic moments have been studied in [7] and a detailed calculation for the noncommutative electron-photon vertex has been presented. The noncommutative Yang-Mills theory has been studied in [8]. In [9] the noncommutative CP violating effects has 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. Noncommutative SM (NCSM) building has been studied in [10] and recently, the determination of triple neutral gauge boson couplings has been done in [11].

In noncommutative geometry the space-time coordinates x_μ are replaced by the Hermitian operators x̂_μ where they do not commute

[x̂_μ, x̂_ν ] = i Θ_{μν} . (1.1)

Here Θ_{μν} is real and antisymmetric tensor. On the other hand 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} . (1.2) The commutation of the Hermitian operators x̂_μ (see eq. (1.1)) holds with this new product, namely, [x̂_μ, x̂_ν ]_∗ = i Θ_{μν} . (1.3)

– 1 –

For constructing the effective low energy theory it is convenient to choose the energy scale as Λ = 1/ √ Θ [9]. Here the parameter Θ is taken the average magnitude of the tensor Θ_{μν} .

NCSM can be constructed at least up to O(Θ) by replacing the ordinary products by ∗ product. This replacement modifies the Feynman rules considerably (see [9, appendix]).

In our work, we study the form factors appearing in the inclusive decay b → sg^∗, in the framework of the NCSM. When the noncommutative effects are switched on, the form factors due to the SM are modified and new structures with the corresponding form factors arise. The noncommutative effects are at least at the order of p Θ k where p (k) are the four momenta of incoming (outgoing) b quark (virtual gluon). Here, we take the noncommutative scale Λ = 1/ √ Θ ≤ 1 T ev and at these low energies, the problems of unitarity and causality are supressed. The combination p Θ k, which appears in the expressions are at the order of the magnitude of 10^{−6} − 10^{−4} for our process. This is a small number which creates weak noncommutative effects in the calculation of form factors. However, these noncommutative effects may be stronger for the decays including heavy flavors. On the other hand, this parameter is a new source for the CP violation which exists with the help of the complex Cabibbo-Kobayashi-Maskawa (CKM) matrix elements in the ordinary SM.

The paper is organized as follows: in section 2, we present the structures and the form factors appearing in the b → sg^∗ decay in the SM, including the non-commutative effects. Section 3 is devoted to the analysis of these form factors and our discussions.

2. The form factors existing in the b → sg^∗ decay, in the SM including the non-commutative effects

In this section, we calculate the form factors of the decay b → sg^∗ in the framework of the SM, including the noncommutative effects. As it is well known, b → sg^∗ decay is created by flavor changing neutral currents at loop level in the SM. The possible interactions at one loop level are self energy and vertex type (see figure 1). At this stage, we use the on-shell renormalization scheme to get rid of the divergences appearing in the ordinary SM and obtain a gauge invariant vertex function. Notice that, in this scheme, the self energy diagrams do not contribute and only the vertex part survives. When the non-commutative effects are switched on, there appears new structures and the corresponding form factors, that contain new UV and IR divergences. Use of on-shell renormalization scheme helps one to get a gauge invariant vertex function however, the form factors appearing due to the noncommutative effects still need renormalization. Now, we will present the calculations [7] to get the form factors for the decay underconsideration.

The starting point of the calculation is to use the exponential representation for the propagators, i.e. the Schwinger parametrization i p^2 − m^2 + iϵ = ∫_∞ 0 dx_1e^{i x1 (p2−m2+iϵ)} (2.1)

and to obtain the denominator of the momentum integral for the vertex function, which

– 2 –

Figure 1: One loop diagrams contribute to b → sg^∗ in the NCSM. Wavy lines represent the chromomagnetic field and dashed lines the W^± and ϕ^± fields.

we call the core integral, I = −i ∫ d^d q (2π)^d e^{i (q z−(1/2)(p−q) (~p′−q))} 1 (q^2 − m^2_W ) ( (p − q)^2 − m^2_i ) ( (p^′ − q)^2 − m^2_i ), (2.2) where ~v_μ = Θ_{μν} v^ν , p (p^′) is four momentum of b (s) quark, p = p^′ − k and k is virtual gluon four momentum. Here, the new factor e^{−i 1/2(p−q) ~p′−q} is due to the non-commutative geometry and it can be rewritten as e^{−i/2 p ~p′} e^{−i/2 q ~k}. The factor e^{i q z} is introduced to obtain the expressions appearing in the numerator of the momentum integral, by differentiation [12]. Using the parametrization in eq. (2.1) and making the momentum integration, the integral I in eq. (2.2) can be written as

I = ∫_∞ 0 dx_1 dx_2 dx_3 e −i (~k+4 x2 p′+4 x3 p−2 z)2+16 (x1+x2+x3) m2W (x1+xi (x2+x3)−xb x3) 16 (x1+x2+x3)

(4π)^2 (x_1 + x_2 + x_3)^2

, (2.3)

where x_i = m^2_i /m^2_W , x_b = m^2_b /m^2_W . Notice that we take m_s = 0 in the expressions.

Here we will summarize the procedure used in the following:

• calculating the the numerator of the integral by differentiating the momentum integrated core integral with respect to the auxilary variable z and set z to zero at the end;

• applying the Wick rotation x_i → x_i/i and using the identity ∫_∞ 0 dρ δ(ρ − (x_1 + x_2 + x_3)) = 1;

• making the rescaling x_i → ρ x_i;

• redefining the core integral by introducing the UV regulator e^{i/((x1 +x2+x3) Λ2)} as I = − 1 16 π^2 e^{−(i/2)p ~p′} ∫_∞ 0 dρ ∫_1 0 dx ∫_{1−x} 0 dy exp [ e_1 ρ + e_2ρ − i 2 ~k.p (1 − x) ] , (2.4)

– 3 – with the functions e_1 and e_2

e_1 = − 1 Λ^2_{eff} , e_2 = −m^2_W (x + x_i (1 − x) − x_b (1 − x − y) (x + s y)) , (2.5)

and Λ_{eff} Λ^2_{eff} = 1 1/Λ^2 − ~k^2/16

, (2.6)

where s = k^2/m^2_b . With this procedure one obtains all the structures and the corresponding raw coefficients due to the decay under consideration. Now, we use the on-shell renormalization scheme and extract the nonvanishing structures to get a gauge invariant result. In this scheme, only the vertex diagram (figure 1) contributes and the self energy diagrams vanish. Using the raw bare vertex function, Γ^{0 a}_μ , introducing the counterms Γ^{C a}_μ to satisfy the expression k^μΓ^{(Raw) Ren, a} μ = 0 , (2.7)

where Γ^{(Raw) Ren, a} μ is Γ^{(Raw) Ren, a} μ = Γ^{0 a}_μ + Γ^{C a}_μ and neglecting the s-quark mass we get

Γ^{Ren a}_μ = −ig^2g_s 32m^2_W π^2 λ^a ( F^{Raw}_1 (k^2) (k_μ/k − k^2γ_μ)L + i F^{Raw}_2 (k^2) m_b σ_{μν} k^ν R + (2.8)

+ i F^{Raw}_3 (k^2)m_b ~k_μR + i F^{Raw}_4 (k^2)(γ_μ/k/~k − k_μ/~k)L + F^{Raw}_5 (k^2)~k_μ/~kL )

where k_μ is the gluon momentum 4-vector and k^2 dependent functions F^{Raw}_1 (k^2) and F^{Raw}_2 (k^2) are proportional to the charge radius and dipole form factors. F^{Raw}_3 (k^2), F^{Raw}_4 (k^2) and F^{Raw}_5 (k^2) are the new form factors appearing when the noncommutative effects are switched on and they read as

F^{raw}_1 (k^2) = m^2_W 2 ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_∞ 0 dρ ∫_1 0 dx ∫_{1−x} 0 dye^{−(i/2)p ~p′} e^{e1/ρ+e2ρ−(i/2)~k.p(x−1)} × × ( x_i (x^2 − (2 − 3 y) x + 1 + 2 y^2 − 4 y) + 2 (x^2 + 2 y (y − 1)x (3 y − 2) ) , F^{raw}_2 (k^2) = m^2_W 2 ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_∞ 0 dρ ∫_1 0 dx ∫_{1−x} 0 dye^{−i/2p ~p′} e^{(e1/ρ)+e2ρ−(i/2)~k.p(x−1)} × × ( x_i + x^2 (2 + x_i) + x (x_i (y − 2) + 2 y) ) , F^{raw}_3 (k^2) = m^2_W 4 ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_∞ 0 dρ ∫_1 0 dx ∫_{1−x} 0 dy e^{−i/2p ~p′} e^{e1/ρ+e2ρ−i/2~k.p(x−1)} ρ × × (2 + x_i) (1 − x − y) ,

F^{raw}_4 (k^2) = m^2_W 8 ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_∞ 0 dρ ∫_1 0 dx ∫_{1−x} 0 dy e^{−i/2p ~p′} e^{e1/ρ+e2ρ−i/2~k.p(x−1)} ρ × ×(2 − x_i + x (2 + x_i)) , (2.9)

F^{raw}_5 (k^2) = − m^2_W 16 ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_∞ 0 dρ ∫_1 0 dx ∫_{1−x} 0 dy e^{−i/2p ~p′} e^{e1/ρ+e2ρ−i/2~k.p(x−1)} ρ^2

(2 + x_i) .

– 4 –

In the calculation of the coefficients, at first, the ρ integrations are taken. These integrations bring the modified Bessel functions of first and second type. For the high energy limit, namely Λ^2 → ∞, or the low energy limit k → 0 simultaneously, the integration of F^{raw}_1 and F^{raw}_2 over ρ does not bring any divergence. However, the ρ integrations of F^{raw}_3 and F^{raw}_4 result in the modified Bessel functions of first type, where the logarithmic divercences appear. Here we assume that these divercences can be overcome by adding the necessary counter terms, i.e. the NCSM model is renormalizable at least at one loop level, similar to NCQED [13]. The result of the integration of the form factor F^{raw}_5 over ρ is proportional to the cut-off factor Λ^2_{eff} . Fortunately, this term is irrelevant because of the following reason (see [7]). If we consider the UV limit, namely, 1/Λ^2 ≪ ~k^2 or Λ^2_{eff} ∼ 1/~k^2, this term is finite. However as Λ^2 tends to zero, we have 1/Λ^2 ≫ ~k^2 and therefore Λ^2~k^2 ≪ 1. Since the structure due to F^{raw}_5 contains the term proportional to ~k^2, this term is irrelevant in the IR limit. Finally, we end up with the form factors F_1(s), F_2(s), F_3(s) and F_4(s): F_1(s) = e^{−i/2p. ~p′} ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_1 0 dx ∫_{1−x} 0 dye^{−i/2p.~k(1−x)} ×

× x_i (x^2 − (2 − 3y)x + 1 + 2y^2 − 4 y) + 2(x^2 + 2 y (y − 1) + x(3y − 2) 2(x_i + x_by(y − 1)s − x(−1 + x_i + x_b y (1 − s)) , F_2(s) = e^{−i/2p. ~p′} ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_1 0 dx ∫_{1−x} 0 dye^{−i/2p.~k(1−x)} −

− x_i + x^2 (2 + x_i) + x (x_i (y − 2) + 2 y) 2 (x_i + x_b y (y − 1) (s − 1) − x (−1 + x_i + x_b y (1 − s)) , F_3(s) = e^{−i/2p. ~p′} EulerGamma m_b m^2_W 2 ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_1 0 dx ∫_{1−x} 0 dy × × e^{−i/2p.~k(1−x)} (2 + x_i) (1 − x − y) , F_4(s) = −e^{−i/2p. ~p′} EulerGamma m^2_W 4 ∑ i=,u,c,t V_{ib}V^∗_{is} ∫_1 0 dx ∫_{1−x} 0 dy × × e^{−i/2p.~k(1−x)} (2 − x_i + x (2 + x_i)) . (2.10)

F_3(s) and F_4(s), the integration over the parameters x and y can be performed easily and we get

F_3(s) = ∑ i=,u,c,t V_{ib}V^∗_{is}EulerGammam^2_W ×

× e^{−i p. ~p′} ( 4 p.~p^′ + i ( (p.~p^′)^2 + 8 (e^{(i p. ~p′)/2} − 1) ) (2 + x_i) ) 2(p.~p^′)^3 , F_4(s) = ∑ i=,u,c,t V_{ib}V^∗_{is} EulerGamma m^2_W × (2.11)

× e^{−i p. ~p′} ( 4 p.~p^′(2e^{(i p. ~p′)/2} + x_i) + i ( (p.~p^′)^2 (x_i − 2) + 8 (e^{(ip. ~p′)/2} − 1)(2 + x_i) )) 2 (p.~p^′)^3 .

– 5 –

For s > 4 m^2_i /m^2_b , i = u, c, the internal u and c quarks are on mass-shell and an absorptive part appears in the coefficients related with the light quark part. Notice that when the non-commutative effects are switched off the form factors F_3(s) and F_4(s) disappears and we obtain the form factors in the ordinary SM.

3. Discussion

This section is devoted to the analysis of the form factors appearing in the b → sg^∗ process in the framework of the SM including noncommutative effects. The new parameter existing in this geometry is p~k and it is at the order of the magnitude of 10^{−6} − 10^{−4} for the process underconsideration. This factor is also a new source for the CP violating effects in addition to the complex CKM matrix elements in the SM, V_{ub} in our case. It enters into expressions as an exponential and its odd powers in the expansion of the exponential factor bring new CP violating effects, even for real CKM matrix elements. In our work, we study p~k and the sin δ dependence of the real and imaginary parts of the form factors. Here, we use the parametrization V_{ub} = e^{iδ} |V_{ub}| and sin δ is proportional to the imaginary part of V_{ub}, which is the only source of the CP violating effects in the commutative SM. Note that we take the numerical value |V_{ub} V_{us}| = 6 × 10^{−3}.

In figure 2 we present the sin δ dependences of the real parts of the form factors F_3 and F_4, for different values of the parameter p~k, namely 10^{−6}, 10^{−5} and 10^{−4}. It is seen that Re[F_3] and Re[F_4] are not sensitive to p~k. However, there is a weak sensitivity to sin δ. Re[F_3] (Re[F_4]) decreases (increases) with the increasing values of sin δ. Both form factors are almost at the order of the magnitude of 58.5 ± 0.05 GeV^2.

Figure 3 and 4 is devoted to the sin δ dependence of the imaginary part of the form factor F_3 (F_4), for three different values of the parameter p~k, 10^{−6}, 10^{−5} and 10^{−4}. It is seen that Im[F_3] (Im[F_4]) is sensitive to p~k and it increases (decreases) as a magnitude when p~k decreases. Im[F_3] can have both signs for large values of p~k, depending on the parameter sin δ. The sensitivity of Im[F_3] (Im[F_4]) to the parameter sin δ is strong. Im[F_3] (Im[F_4]) can reach to the values 1.7 GeV^2 (−0.9 GeV^2)

Figure 2: Re[F_3] and Re[F_4] as a function of sin δ. The solid (dashed) line represents Re[F_3] (Re[F_4]).

– 6 –

Figure 3: Im[F_3] as a function of sin δ. The solid (dashed, small dashed) line represents Im[F_3] for p~k = 10^{−6} (10^{−5}, 10^{−4}).

Figure 4: The same as figure 3 but for Im[F_4].

Figure 5 and 6 shows the sin δ dependence of the real part of the form factor F_1 (F_2), for three different values of the parameter p~k, 10^{−6}, 10^{−5} and 10^{−4}. F_1 (F_2) is not sensitive to p~k and weakly sensitive to sin δ. It is predicted that its magnitude is 0.0845 ± 0.0005 (0.0038 ± 0.0001).

Finally figure 7 is devoted to the sin δ dependence of the imaginary part of the form factor F_1 and F_2. Im[F_1] and Im[F_2] are not sensitive to p~k, however the sensitivity to sin δ not small. Their magnitudes are at the order of 0.001 ± 0.001.

As a summary, there are additional structures and corresponding form factors in the non-commutative geometry. The factor p~k is the new source for the CP violating effects and its magnitude depends on the process studied. In our case p~k is small, namely p~k ∼ 10^{−5} and the form factors are not so much sensitive to this parameter. In the calculation of the CP violation of any decay which is based on the process b → sg^∗, the non-commutative effects probably weak. However, we belive that these effects would be stronger when the processes with heavy flavors have been considered, even in the framework of the SM.

– 7 –

Figure 5: Re[F_1] as a function of sin δ.

Figure 6: The same as figure 5 but for Re[F_2].

Figure 7: Im[F_1] and Im[F_2] as a function of sin δ. The solid (dashed) line represents Im[F_1] (Im[F_2]).

– 8 –

Acknowledgments

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

References

[1] A. Connes, Noncommutative geomtery, Academic, New York 1994.

[2] A. Connes, M.R. Douglas and C. Hull, J. High Energy Phys. 02 (1998) 008.

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

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

[4] 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-Bondía 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].

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

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

– 9 –

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];

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

[6] 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].

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

[8] 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].

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

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

[11] 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].

[12] C. Itzykson and J.B. Zuber, Quantum field theory, MCGraw-Hill, New York 1985.

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

– 10 –