Bounds on masses of light composite Higgs bosons from Chiral Symmetry Rules

A. A. Andrianov^{a,b1}, V. A. Andrianov^{b 2} and R. Rodenberg^{c 3} a Departament d’ECM, Universitat de Barcelona, 08028 Barcelona, Spain b Department of Theoretical Physics, St.Petersburg State University, 198904 St. Petersburg, Russia c Abteilung für Theoretische Elementarteilchen Physik, III. Physikalisches Institut, Physikzentrum, RWTH-Aachen, D-52056, Aachen, Germany

Abstract

The effective quark models with quasilocal interaction, in strong coupling (tricritical) regime, are employed to construct the minimal extension of the Standard Model with two Higgs doublets, below the compositeness scale. The low energy lagrangean of Two-Higgs Doublet Standard Model is obtained in the large Nc and large-log approximation. The two-point correlators of scalar and pseudoscalar Higgs fields are calculated. The adjustment of their asymptotics at high energies allows to implement the chiral symmetry restoration in correspondence to the operator product expansion in QCD-like models. Some hints on the existence of new physical phenomena in the TeV energy region are made.

1 Definition of Two-Higgs Quasilocal Quark Model

The Two Higgs Doublet Model (2HDM) [1, 2] represents one of the possible extensions of the Standard Model (SM) which has two complex doublets of Higgs bosons instead of only one in SM. In the general 2HDM flavour-changing neutral currents (FCNC) [3] are too strong and the branching ratios of related processes are not acceptable by the phenomenology of electroweak decays [4]. One possibility to diminish FCNC is to couple the fermions only to a fixed combination of the two Higgs doublets and to its charge conjugated one, which is known as a Model I [2]. There is another possibility to couple the first Higgs doublet to down-type quarks while the second one to up-type quarks, which is known as a Model II [3].

The physical content of the Higgs sector includes a pair of CP-even neutral scalar Higgs bosons, H^0 and h^0, a CP-odd neutral pseudoscalar Higgs boson A and a pair of charged Higgs bosons H^± if the CP parity is not violated. The mass spectrum of Models I and II has been extensively studied theoretically [1, 2, 5, 6] and bounded from the phenomenology of EW interactions at available high energies (for recent analyses, see [7, 8] and refs. therein).

If Higgs bosons are composite and their masses are created by a mechanism [9] of spontaneous chiral symmetry breaking [10]–[12], one should expect the chiral symmetry restoration (CSR) at high energies [13, 14] which provides the CSR constraints on phenomenological parameters of a Higgs model. These constraints on Higgs boson masses (and other parameters) may serve to select out the signatures of compositeness in the future experiments on Higgs particle observation.

Recently we have developed effective quark models including higher-dimensional operators made of fermion fields and their derivatives, which can be used [15] for the parameterization of unknown heavy particle dynamics beyond SM. The inclusion of higher dimensional operators in the fermionic lagrangean of SM opens the ways to built the two (and more) Higgs doublet extension of SM with composite Higgs bosons.

In our talk we explore particular Effective Quasilocal Quark Models (EQQM)[16] which accept relatively light Higgs boson states and conceivably inherit main properties of a underlying vector gauge theory [17, 18] giving rise to effective four-fermion operators at low energies. The latter theory may be thought of, for instance, as an extended QCD with additional heavy gluons (possibly manifesting extra spatial dimensions [18, 19] which induce the effective four-fermion interaction and enforce t-quarks to condensate). The effective potential of EQQM for boson fields and the Higgs boson mass spectrum is

1Supported by Grants, RFBR 98-02-18137, GRACENAS 6-19-97 and by Generalitat de Catalunya, Grant PIV 1999. 2Supported by Grants DFG 436 RUS 113/227/5, RFBR 98-02-18137, GRACENAS 97-40-1.6-7 3Supported by Grants DFG 436 RUS 113/227/5

derived in sec. 2 where we restrict ourselves with the consideration of EQQM of type I. The lower bound for the h^0 boson mass is found to be m_h0 ≥ 120 GeV for the t-quark mass m_t ≃ 175 GeV whereas the pseudoscalar A bosons can be as light as it is allowed by the experimental bounds.

The most important property of EQQM turns out to be the Chiral Symmetry Breaking (CSB) at low energies and, on the other hand, the Chiral Symmetry Restoration (CSR) at high energies. Here we deal with the two-point correlators of scalar and pseudoscalar quark densities [14, 20] which are saturated at low energies by Higgs-particle resonances of a definite parity. The difference between these correlators is decreasing rapidly in accordance to OPE of a vector-like gauge theory [21]. In the framework of either EQQM or a low-energy Higgs-field model it leads to the CSR constraints on some parameters of composite Higgs particles which are obtained in sec. 3.

In Sec. 4 we examine how CSR at high energies is realized in the 2HQQM of type I in the Nambu- Jona-Lasinio phase near tricritical point and show that it is compatible with existence of relatively light scalar, h^0, and pseudoscalar, A, Higgs bosons.

Let us remind the effective quark lagrangean of a EQQM which incorporates all higher-dimensional operators necessary for the description of Two-Higgs Doublet Standard Model in the low-energy limit. The two-flavor, third generation quark models with quasilocal interaction are considered in which the tand b-quarks are involved in the DCSB.

We restrict ourselves by investigation of the Two–Higgs Quark Models of type I [16, 22] with Quasilocal interaction (2HQQM) with the following lagrangean: L_I = q̄_L/Dq_L + t̄_R/Dt_R + b̄_R/Db_R + 1 N_cΛ^2 2∑ k,l=1 a_{kl} ( J^T_{t,k} + g ~J^T_{b,k} ) iτ_2 ( gJ_{b,l} − ~J_{t,l} ) . (1)

Here we have introduced the notations for doublets of fermion currents: J_{t,k} ≡ t̄_Rf_{t,k} (ŝ) q_L , J_{b,k} ≡ b̄_Rf_{b,k} (ŝ) q_L , q_L = ( t_L b_L ) , (2)

and the tilde in ~J_{t,k} and ~J_{b,k} marks charge conjugated quark currents, rotated with Pauli matrix τ_2, J̃_{t,k} = iτ_2J^⋆_{t,k} , ~J_{b,k} = iτ_2J^⋆_{b,k} . (3) The subscripts t, b indicate right components of t and b quarks in the currents, the index k enumerates the formfactors:

f_{t,1}(ŝ) = 2 − 3ŝ ; f_{t,2}(ŝ) = − √ 3ŝ ; ŝ ≡ − ∂^2 Λ^2 ; f_{b,1}(ŝ) = 2 − 3ŝ , f_{b,2}(ŝ) = − √ 3ŝ ; (4)

which are orthonormal on the interval 0 ≤ s = ⟨ŝ⟩ ≤ 1. In these notations coupling constants of the fourfermion interaction are represented by 2 × 2 matrix a_{kl} and contributed also from the Yukawa constant g. This coupling constant induces the quark mass ratio m_b/m_t ∼ g.

2 Effective potential and mass spectrum of composite Higgs bosons

For sufficiently strong four-fermion coupling constants the lagrangean (1) reveals the phenomenon of dynamical chiral symmetry breaking due to generation of dynamical quark mass.

In order to describe it in details the lagrangean density (1) of the Model I must be rearranged by means of incorporation of auxiliary bosonic variables and by integrating out fermionic degrees of freedom [15]. Namely, we define two scalar SU(2)_L-isodoublets:

Φ_1 = ( ϕ_{11} ϕ_{12} ) , Φ_2 = ( ϕ_{21} ϕ_{22} ) , (5) and their charge conjugates:

~Φ_1 = iτ_2Φ^∗_1 = ( ϕ^⋆_{12} −ϕ^⋆_{11} ) , ~Φ_2 = ( ϕ^⋆_{22} −ϕ^⋆_{21} ) . (6)

Then the lagrangean (1) can be rewritten in the following way:

L_I = L_{kin} + N_cΛ^2 2∑ k,l=1 Φ^†_k(a^{−1})_{kl}Φ_l + i 2∑ k=1 [ ~Φ^†_kJ_{t,k} + gΦ^†_kJ_{b,k} ] + h.c. (7)

The integrating out of fermionic degrees of freedom produces the effective action for Higgs bosons of which we shall keep only the kinetic term and the effective potential consisting of two- and four-particles operators. The omitted terms are supposedly small, being proportional to inverse powers of a large scale factor Λ and/or a large ln(Λ/v); v ≃ 246 GeV.

A systematic approximation can be developed in the vicinity of (poly)critical point,

8π^2a^{−1}_{kl} ∼ δ_{kl} + Δ_{kl} Λ^2

, |Δ_{kl}| ≪ Λ^2 , (8)

which signifies the cancellation of quadratic divergences [23].

In general there exist the regimes where at the minimum of the effective potential the ratio of v.e.v. of neutral Higgs fields is complex [23] and v.e.v. of charged components are also non-zero. Due to U(2) symmetry of the effective potential one can always choose the parameterization of Higgs fields in the vicinity of a minimum with only one of v.e.v. being complex:

⟨Φ_1⟩ = 1 √ 2 ( 0 ϕ_1 ) , ⟨Φ_2⟩ = 1 √ 2 ( θ ϕ_2 + iρ ) . (9)

The appearance of a complex v.e.v. leads to CP violation [1, 24, 25] and a non-zero v.e.v. of charged fields breaks electric stability of the vacuum and supplies the photon with a mass. The latter phase is not realized in the Universe at zero temperatures as it follows from the severe bounds on both electric charge asymmetry and on the photon mass (see, e.g. [26]). We assume the electric charge stability of the vacuum, i.e. that only neutral components of both Higgs doublets may have nonzero v.e.v. [2, 5, 27]. It can be shown [28] that the relevant solutions with θ = ρ = 0 are favorable if

Δ_{22} ≤ (1 + g^4) [ ϕ^2 + 1 8 ( √ 3ϕ_1 + ϕ_2)^2 ] . (10)

This bound follows also from the absence of tachyons among composite bosons.

Taking the latter in mind one can find the minimum of the effective potential from the mass-gap equations [28]:

8π^2 N_c δV_{ef f} (ϕ_k, ρ = θ = 0) δϕ_1 = −Δ_{11}ϕ_1 − Δ_{12}ϕ_2 + 8ϕ^3_1 ln

Λ^2 2ϕ^2_1

+ 8ϕ^3_1g^4 ln

Λ^2 2g^2ϕ^2_1 + + 1 + g^4 8 [ −159ϕ^3_1 − 15 √ 3ϕ^2_1ϕ_2 + 9ϕ_1ϕ^2 + √ 3ϕ^3_2 ] = 0,

8π^2 N_c δV_{ef f} (ϕ_k, ρ = θ = 0) δϕ_2 = −Δ_{12}ϕ_1 − Δ_{22}ϕ_2 +

1 + g^4 8 [ −5 √ 3ϕ^3_1 + 9ϕ^2_1ϕ_2 + +3 √ 3ϕ_1ϕ^2 + 9ϕ^3_2 ] = 0. (11)

One can choose ϕ_1, ϕ_2 as independent scales of 2HQQM. Then the mass-gap equations (11) allow to find the parameters Δ_{11}, Δ_{12} describing the deviation from critical coupling constants as functions of ϕ_1, ϕ_2, Δ_{22}.

The true minimum is derived from the positivity of the second variation of the effective action around a solution of the mass-gap equation,

Φ_k = ( π^+_k 1√ 2 (ϕ_k + σ_k + iπ_k) ) , k = 1, 2 . (12)

This variation reads:

16π^2 N_c S^{(2)}_{ef f} ≡ 1 2 ( σ, (Â^σ p^2 + B̂^σ )σ ) + ( π^−, (Â^{π±} p^2 + B̂^{π±} )π^+ ) + 1 2 ( π, (Â^π p^2 + B̂^π)π ) , (13)

where two symmetric matrices - for the kinetic term Â^i = ( A^i_{kl} ) , i = (σ, π^±, π) and for the constant, momentum independent part, B̂^i = ( B^i_{kl} ) - have been introduced in the CP conserving phase. Their explicit form is displayed in [28].

The mass spectrum of related bosonic states is determined by the solutions of the secular equations :

det(Â^ip^2 + B̂^i) = 0 , (14)

at −m^2 = p^2 < 0 in both scalar and pseudoscalar channels.

For large ln ( Λ^2/m^2_t ) ≫ 1 both the solutions of (11) and the mass spectrum look differently in two regimes: Δ_{11} ∼ m^2_t ln ( Λ^2/m^2_t ) ≫ Δ_{12} ∼ Δ_{22} ∼ m^2_t or Δ_{11} ∼ Δ_{12} ∼ Δ_{22} ∼ m^2_t ln ( Λ^2/m^2_t ) ≫ m^2_t .

In the first case the mass spectrum of physical scalar bosons H^0, h^0 reads:

m^2_H0 = 8ϕ^2_1 = 4m^2_t ≃

Δ_{11} ln (Λ^2/m^2_t )

; m^2_h0 = 1 2 ( 8ϕ^2 + ( √ 3ϕ_1 + ϕ_2)^2 ) − 4 3 Δ_{22} ≡ 3 2 δm^2 − 4 3 Δ_{22} , (15)

and for physical pseudoscalar bosons π, A, H^±:

m^2_π = 0 ; m^2_A = m^2_H± = 1 6 ( 8ϕ^2 + ( √ 3ϕ_1 + ϕ_2)^2 ) − 4 3 Δ_{22} ≡ 1 2 δm^2 − 4 3 Δ_{22} , (16)

where we have introduced the notation for the mass splitting between excited states:

m^2_h0 − m^2_A = δm^2 . (17)

One can see that, in general, m^2_{h0} − m^2_A = δm^2 ≠ m^2_{H0} − m^2_π and the splitting between scalar and pseudoscalar states is not equidistant. But if the dynamical mass is a true constant, i.e. √ 3ϕ_1 + ϕ_2 = 0, then one recovers the remarkable relation:

m^2_h0 − m^2_A = m^2_H0 − m^2_π = 4m^2_t . (18)

As m^2_t = 2ϕ^2_1 the parameter ϕ_1 is fixed from the phenomenology and never takes zero values. Then for a given Δ_{22} the lowest masses of excited bosons arise at ϕ_1 = −3 √ 3ϕ_2 and amount to: δm^2_{min} = 1 9 m^2_H0 ; m^2_h0 = 1 6 m^2_H0 − 4 3 Δ_{22} ≥ 1 9 m^2_H0 ; m^2_A = 1 18 m^2_H0 − 4 3 Δ_{22} ≥ 0 . (19)

It follows from these inequalities that the second pseudoscalar Higgs boson can in principle be very light even massless whereas the second scalar Higgs particle can be lighter than the first one (of Nambu-Jona- Lasinio type) but still enough heavy.

For instance, if we treat these relations at the tree level then: m_H0 = 2m_t ≃ 350 GeV but the lightest mass for the second Higgs boson m^2_{h0} =^1_9 m^2_{H0} + m^2_A ≥ (130GeV)^2 for m_A ≥ 50 GeV (see [29]).

In the case when m^2_t ln ( Λ^2/m^2_t ) ∼ Δ_{11} ∼ Δ_{12} ∼ Δ_{22} ≫ m^2_t the mass spectra can be easily derived from eqs. (15), (16) retaining the last term, m^2_{h0} ≃ m^2_A ≃ −^4_3 Δ_{22} and their splitting is again described by (17). Thus for such parameters Δ_{ik} the second multiplet of Higgs boson is indeed much heavier that the first one m^2_{H0} ≪ m^2_{h0} ≃ m^2_A ∼ m^2_t ln ( Λ^2/m^2_t ) ∼ (1TeV)^2. Hence this scenario is practically equivalent to a One-Higgs SM for accessible energies.

Thus we have outlined the mass spectrum in EQQM generated due to CSB and established the range of four-fermion coupling constants which promotes the formation of relatively light Higgs bosons. On the other hand CSB occurs at low energies and one should expect the Chiral Symmetry Restoration for correlators of quark currents when in-, out-coming 4-momenta are sufficiently high.

3 Chiral symmetry restoration in vector-like gauge models

Let us examine the sensitivity to CSB of the two-point correlators of scalar quark densities, Π_σ (p^2) and of pseudoscalar quark densities, Π_π(p^2) . In the large N_c approach [30, 31] and for the vanishing current quark mass, they consist of a sum of meson poles, with different positions and residues for scalar and pseudoscalar channels, and of a perturbative contribution, the same in both channels.

On the other hand, the high-energy asymptotics of the correlators for non-Abelian gauge theories are given by perturbation theory and OPE taking into account the asymptotic freedom of gauge interaction. As well the nonperturbative generation of gauge field and quark condensates [21] is assumed to determine subleading power-like corrections to perturbative asymptotics which, in particular, parameterize CSB.

Let us denote as g_s the coupling constant of a gauge interaction generating four-fermion forces and eventually, composite bosons. Then the conventional coupling constants are ᾱ_s ≡ g_s/4π. In the chiral limit (m_q = 0) CSB is unambiguously described by the difference between the scalar and pseudoscalar correlators which have the following behavior [21] at large p^2 (for one-flavor quarks) motivated by OPE (in Euclidean notations): ( Π_π(p^2) − Π_σ (p^2) ) p^2 →∞ ≃ − 12πᾱ_s (⟨q̄q⟩)^2 p^4 ≡ Δ_{SP} p^4

(20)

where the vacuum dominance hypothesis [21] (in the large-N_c limit) has been exploited to estimate fourquark condensate contribution in terms of bilinear quark condensates < q̄q >. It is also assumed that ᾱ_s(Λ_{CSB} ) ≪ 1.

This rapidly decreasing asymptotics is a consequence of the chiral invariance of the lagrangean of a vector gauge theory with massless fermions. We stress that all perturbative contributions and nonperturbative terms induced solely by gluons or by resummation of perturbative series are completely canceled between two correlators as they do not break the chiral symmetry.

On the other hand, due to CSR, the saturation in the difference of scalar and pseudoscalar correlators may be successfully delivered by a finite number of low-lying resonances [14, 20]. Thus CSR at high energies may be thought of as a possible constraint on the EQQM to be a manifestation of compositeness in the Higgs model [23, 32]. We demand that, at the compositeness scale Λ_{CSB}, the relation (20) were approximately fulfilled and make the two-resonance ansatz for scalar and pseudoscalar correlators at intermediate energies supported by the Two-channel EQQM:

Π_π(p) − Π_σ (p) = Z_π p^2 + Z_π′ p^2 + m^2_π′ − Z_σ p^2 + m^2_σ − Z_σ′ p^2 + m^2_σ′

. (21)

¿From the requirement of asymptotic CSR (20) it follows that:

Z_σ + Z_σ′ = Z_π + Z_π′ ; Z_σm^2_σ + Z_σ′ m^2_σ′ = Z_π′ m^2_π′ + Δ_{SP} . (22)

Let us apply the above CSR sum rules to the 2HQQM (1). For this goal we have to obtain the appropriate two-point correlators for scalar and pseudoscalar composite Higgs fields.

4 CSR sum rules in 2HQQM

Let us introduce in 2HQQM the external sources which couple to the scalar and pseudoscalar quark densities. With their help one can derive required quark correlators. As these densities are doublets in our model, eq. (2), the relevant sources X_1 = (χ_{1j} ), X_2 = (χ_{2j} ) are also taken as doublets. The sources are complex: χ_{kj} = S_{kj} + iP_{kj} , generating both scalar and pseudoscalar densities. The structure of the corresponding operators in the quark lagrangean is designed similar to the Yukawa operators in (7): L_I (S, P ) = i 2∑ k=1 [ ~X^†_kJ_{t,k} + gX^†_kJ_{b,k} ] + h.c. (23)

We remind that in 2HQQM under consideration: 1 ≫ g and take for a simplicity g = 0. Then the effect of external sources can be separated by shifting the Higgs fields in the quark part of the lagrangean (7): ϕ_{kj} −→ ϕ̄_{kj} + χ_{kj} . (24)

The dynamical boson fields arise as fluctuations around the solutions of the mass-gap equation (11): ϕ̄_{k1} = ϕ_{k1} − χ_{k1}; ϕ̄_{k2} = ϕ_{k2} − χ_{k2} + ⟨ϕ̄_{k2}⟩ . (25)

As we study the CP conserving phase with non-trivial v.e.v. only for scalar fields the physical parameters of neutral and charged pseudoscalar bosons are the same. Therefore we can consider neutral components only.

The resulting effective action for generating of two-point correlators is given by:

S^{(2)} ≃

N_cΛ^2 16π^2 2∑ k,l=1 ( S_kΓ^{(σ)}_{kl} S_l + P_kΓ^{(π)}_{kl} P_l )

Γ^{(σ)}_{kl} = δ_{kl} − 2Λ^2 ( A^{σσ} p^2 + B^{σσ} )_{−1} kl ; Γ^{(π)}_{kl} = δ_{kl} − 2Λ^2 ( A^{ππ} p^2 + B^{ππ} )_{−1} kl . (26) When taking the approximate expressions [28] for matrices Â, B̂ one derives the inverse propagators. In particular, the strictly local quark density can be presented as a superposition of two currents:

t̄t = 1 2 ( t̄f_1t − √ 3t̄f_2t ) . (27)

The CSR restoration sum rules (22) for it can be found [28] from the difference: Π^{aa}_π (p^2) − Π_σ (p^2) where the residues in poles happen to satisfy the relations:

Z_A = −Z_π +

N_cΛ^4 4π^2

; Z_h0 = −Z_H0 +

N_cΛ^4 4π^2

. (28)

It can be shown that the residues in poles are of different order of magnitude: Z_H0 ∼ Z^π ∼ 1 ln^{Λ2}_{m2t}

≪ Z_h0 ∼ Z_A , (29)

The first CSR rule represents the generalized σ-model relation:

Z_H0 + Z_h0 = Z_π + Z_A =

N_cΛ^4 4π^2

, (30)

which is fulfilled, in fact, at a high precision.

The second constraint in (22) is satisfied for an appropriate 4-fermion condensate contribution Δ_{SP} . Thus:

Z_H0 m^2_H0 + Z_h0 m^2_h0 = Z_Am^2_A + Δ_{SP} . (31) Taking into account (29) and the sum rule (30) one concludes that: Z_h0 ≃ Z_A ≃ N_cΛ^4 4π^2 ; N_cΛ^4 4π^2 ( m^2_h0 − m^2_A ) ≃ Δ_{SP} . (32)

In order to estimate a maximal scale of compositeness Λ ≡ Λ_C due to vector-like forces we assume that presumably the typical scale of gauge interactions is of order μ ∼ m_t ≪ Λ_C and one can apply effectively the one-loop approximation to calculate the strong interaction constant ᾱ_s (see, [29]). As it follows from (19), the minimal value of mass splitting corresponds to m^2_{H0} /9. Respectively the value of Δ_{SP} is described by the relation (20) and in the 2HQQM the condensates are derived from in (28). Let us combine these estimates and relations to derive the upper bound on the compositeness scale Λ_C : N_cΛ^4_C m^2_t

9π^2

= min(Δ_{SP} ) = 12πᾱ_s

N^2_c Λ^4_C m^2_t

16π^4

; (33)

hence: ᾱ_sN_c ≃ 12π 11 ( 1 −^{2Nf}_{Nc} ) ln^{Λ2C}_{m2t} > 4π 27 or Λ_C ≤ 10^4GeV . (34)

Thus we have proved that CSR at high energies is realized in the 2HQQM of type I in the Nambu- Jona-Lasinio phase near tricritical point. Moreover these models in the NJL phase can be regarded as effective models originating from a underlying vector-gauge theory with an electroweak compositeness scale of order 1 TeV or more (it may be also a fundamental, quantum gravity or string scale [18, 19] when additional spatial dimensions of inverse size > 10 Mev exist).

References

[1] T.D. Lee, Phys.Rev. D8 (1973) 1226.

[2] J.F. Gunion et al., The Higgs Hunter’s Guide, Addison-Wesley, 1990. [3] S.L. Glashow and S. Weinberg, Phys. Rev. D15 (1977) 1958. [4] D. Atwood, L. Reina and A. Soni, Phys. Rev. D55 (1997) 3156. [5] G. Kreyerhoff and R. Rodenberg, Phys. Lett. B226 (1989) 323;

J. Freund, G. Kreyerhoff and R. Rodenberg, Phys. Lett. B280 (1992) 267. [6] M. Sher, Phys. Rep. 179 (1989) 273. [7] J. Erler and P. Langacker, hep-ph/9809352. [8] G. Degrassi et al., Phys. Lett. B418 (1998) 209. [9] Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122 (1961) 345.

[10] V.A. Miransky, M. Tanabashi and K. Yamawaki, Mod. Phys. Lett. A4 (1989) 1043. [11] W.J. Marciano, Phys. Rev. Lett. 62 (1989) 2793.

[12] W.A. Bardeen, C.T. Hill and M. Lindner, Phys. Rev. D41 (1990) 1647. [13] S. Weinberg, Phys. Rev. Lett. 18 (1967) 507. [14] A.A. Andrianov and V.A. Andrianov, hep-ph/9705364.

[15] A.A. Andrianov and V.A. Andrianov, Int. J. Mod. Phys. A8 (1993) 1981; Theor. Math. Phys. 94 (1993) 3; Nucl. Phys. (Proc.) 39BC (1995) 257.

[16] A.A. Andrianov, V.A. Andrianov, V.L. Yudichev, R. Rodenberg, Int.J.Mod.Phys. A14 (1999) 323. [17] T.L. Barklow et al., hep-ph/9704217. [18] B.A. Dobrescu, hep-ph/9812349.

[19] T. Banks, A. Nelson and M. Dine, JHEP, 06 (1999) 014. [20] A.A. Andrianov, D. Espriu and R. Tarrach, Nucl. Phys. B533 (1998) 429. [21] M.A. Shifman, A.I. Vainstein and V.I. Zakharov, Nucl. Phys. B147 (1979) 385, 448. [22] G. Cvetic, Rev. Mod. Phys. 71 (1999) 513.

[23] A.A. Andrianov, V.A. Andrianov and V.L. Yudichev, hep-ph/9512256; hep-ph/9610376;

Theor.Math.Phys. 108 (1996) 1069.

[24] A. Skjold and P. Osland, Nucl. Phys., B 453 (1995) 3 . [25] W. Bernreuter, hep-ph/9808453 and refs. therein. [26] A.B. Lahanas, V.C. Spanos and V. Zarikas, hep-ph/9812535. [27] R. Rodenberg, Int. J. Mod. Phys. A11 (1996) 4779.

[28] A.A. Andrianov, V.A. Andrianov and R. Rodenberg, JHEP, 06 (1999) 003. [29] C.Caso et al. (PDG), European Phys. J. C3 (1998) 1. [30] G. t’Hooft, Nucl. Phys. B72 (1974) 461. [31] E. Witten, Nucl. Phys. B160 (1979) 57.

[32] N.V. Krasnikov and R. Rodenberg, Nuovo Cim. A105 (1992) 1601.