arXiv:hep-th/0008129 v5 20 Nov 2000

E-print: hep-th/0008129

Supersymmetric Superconducting Bag as

a Core of Kerr Spinning Particle

A. Ya. Burinskii NSI of Russian Academy of Sciences B. Tulskaya 52 Moscow 113191 Russia, e-mail:bur@ibrae.ac.ru

The problem of a regular matter source for the Kerr spinning particle is discussed. A class of minimal deformations of the Kerr-Newman solution is considered obeying the conditions of regularity and smoothness for the metric and its matter source.

It is shown that for charged source corresponding matter forms a rotating bag-like core having (A)dS interior and smooth domain wall boundary. Similarly, the requirement of regularity of the Kerr-Newman electromagnetic field leads to superconducting properties of the core.

We further consider the U(I) x U’(I) field model ( which was used by Witten to describe cosmic superconducting strings ), and we show that it can be adapted for description of superconducting bags having a long range external electromagnetic field and another gauge field confined inside the bag. Supersymmetric version of the Witten field model given by Morris is analyzed, and corresponding BPS domain wall solution interpolating between the outer and internal supersymmetric vacua is considered. The charged bag bounded by this BPS domain wall represents an ‘ultra-extreme’ state with a total mass which is lower than BPS bound of the wall. It is also shown that supergravity suggests the AdS vacuum state inside the bag.

Peculiarities of this model for the rotating bag-like source of the Kerr-Newman geometry are discussed.

PACS: 04.70, 12.60.Jr, 12.39.Ba, 04.65 +e

1 Introduction

The Kerr solution is well known as a field of the rotating black hole. However, for the case of a large angular momentum l; | a |= l/m ≥ m all the horizons of the Kerr metric are absent, and there appears a naked ring-like singularity. This singularity has many unpleasant manifestations and must be regularized by being hidden inside a matter source. The Kerr solution with | a |≫ m displays some remarkable features indicating a relation to the structure of the spinning elementary particles.

In 1969 Carter [1] observed, that if three parameters of the Kerr-Newman solution are adopted to be (h̄=c=1 )

e^2 ≈ 1/137, m ≈ 10^{−22}, a ≈ 10^{22}, ma = 1/2, (1)

then one obtains a model for the four parameters of the electron: charge e, mass m, spin l and magnetic moment ea, and the gyromagnetic ratio is automatically the same as that of the Dirac electron. The first treatment of the disc-like source of the Kerr spinning particle was given by Israel [2] in the form of an infinitely thin disc spanned by the Kerr singular ring^1. Then, some stringy structures were obtained in Kerr geometry [3], and the Israel results where corrected by Hamity [4] showing that the disc is to be in a rigid relativistic rotation. Further, Lòpez [5] suggested a regularized model of the source constructing the disc in the form of a (infinitely thin) rotating elliptical shell ( bubble ) covering the singular ring. Besides the bubble models, the solid disc-like sources were considered, too [6, 7]. The structure of the electromagnetic field near the disc suggested superconducting properties of the material of the source [8, 9, 7], and there was obtained an analogue of the Kerr singular ring with the Nielsen-Olesen [10] and Witten [12] superconducting strings. Since 1992 there has been considerable interest as to black holes in string theory and the point of view that some of black holes can be treated as elementary particles [13, 14, 15, 16]. In particular, Sen [14] has obtained a generalization of the Kerr solution to low energy string theory, and it was shown [15] that near the Kerr singular ring the Kerr-Sen solution acquires a metric similar to the field around a heterotic string.^2

1Disc has the Compton size with radius a = l/m =^1_{2m} 2One should also mention a super-version of the Kerr-Newman solution [17, 18] involving fermionic fields which are important for a complete description of spinning particle.

Therefore, it was obtained that the structure of the Kerr source contains some elements of the known extended sources such as strings, membranes, bubbles and domain walls. However, alongside with singular description of such extended sources, there exists a regular soliton-like description based on the nonlinear field models with broken symmetry, and in particular, on the Higgs model of superconductivity.

The aim of this paper is to demonstrate that a smooth bag-like source appears in the core of Kerr geometry as a consequence of simple and natural proposals on the regularity of metric bounded by the Kerr-Schild class, and to represent a field model suitable for the description of the properties of the particle-like source of the Kerr-Newman field. Analyzing the known reasonable smooth sources based on the Higgs models, we show that only the U(I) × Ũ(I) field model (used by Witten for superconducting cosmic strings [11, 12]) possesses the external long range electromagnetic field which is necessary to describe the Kerr-Newman source. We further consider the supersymmetric version of this field model given by Morris [19] and show that it can be adapted for description of the bag-like superconducting core of the Kerr-Newman field. The supersymmetric vacuum states of this model are analyzed, and an approximate bag-like domain wall solution separating the internal ( false ) and external ( true ) vacua is considered. We show that this domain wall represents a BPS saturated state. It is remarkable that the total mass of the charged bag formed from this BPS saturated domain wall turns out to be lower than BPS energy bound for this domain wall ( so called ‘ultra-extreme’ state [39] ). Therefore, the way to overcome the BPS bound [44] is opened in this model, which is necessary to get the real ratio of parameters (1).

We should note that similar problem of the metric regularization appears in another context as the problem of a regular black hole interior [20, 21, 25, 23, 22, 24]. Many of the results obtained in this direction as well as the methods of treatment resemble those of the problem of the Kerr spinning particle. In particular, in the case of the absence of the horizons the core is treated as a visible semi-closed world, there also appear bubbles with infinitely thin domain walls [20, 25], and a crucial role of the demand of regularity for the Kerr-Schild class of metrics was mentioned [22]. In some treatments, for example in [21], the relation of both of the problems is also discussed. However, when considering the matter field source we apply not to the corrections of stress-energy tensor caused by quantum fields of vacuum polarization but rather to the supersymmetric vacuum states caused by a multiplet of Higgs fields in supergravity. As a result, we come to the conclusion that the case of AdS internal space inside the charged core of the Kerr-Newman geometry looks the most plausible.

2 Stress-energy tensor of the Kerr source

The Kerr-Newman metric in the Kerr-Schild form is

g_{μν} = η_{μν} + 2hk_μk_ν , (2)

where η_{μν} = diag(−1, 1, 1, 1) is an auxiliary Minkowski space, h =^{f (r)}_{r2+a2 cos2 θ} , k_μ is a vector field tangent to the Kerr geodesic and shear free congruence [26],^3 and function f has the Kerr-Newman form f_{KN} (r) = mr − e^2/2, where r and θ are oblate spheroidal coordinates ( family of confocal ellipsoids r = const. covers the disc r = 0 ). This metric corresponds to a regular electrovacuum space-time for the exclusion of singular ring at r = cos θ = 0. This ring is a branch line of space on two sheets corresponding to r > 0 and r < 0. Previous attempts to introduce the Kerr source were connected with a truncation of the ‘second’ sheet along the disc r = 0. This procedure breaks the analyticity of the space, and there appears a singular distribution of material sources on the disc, as a consequence of the Einstein field equations. The choice of truncation is not unique, and diverse singular models of the Kerr source were considered [2, 5, 6].

Another approach to this problem is connected with a smooth deformation of the Kerr-Newman space in a neighborhood of the Kerr disc [27, 29, 24] keeping the Kerr-Schild form of metric. The deformed metric induces a stressenergy tensor in the right side of the Einstein equations which corresponds to the appearance of some extra matter surrounding the disc r = 0, and there appears an image of the source of the Kerr-Newman geometry in the form of a rotating disc with a smooth matter distribution.

On the basis of the results of recent calculations [24] performed in the Kerr-Schild formalism [26], we would like to show here that imposing some minimal conditions of regularity and smoothness on the resulting metric and

3Its concrete form will not be essential for our consideration in this paper.

energy distribution one can obtain a shape of the source in the form of a rotating bag with a smooth domain wall boundary.

Following [24], we assume that the deformed metric retains the Kerr- Schild form (2) and the form of the Kerr principal null congruence k_μ(x) while the function f(r) is restricted by the following conditions:

i) the deformed metric has to be regular and smooth for r ≥ 0 and has to lead to a regular matter distribution in core region;

ii) when out of the core, function f(r) has to take the Kerr-Newman form f_{KN} (r) = mr − e^2/2, where m and e are the total mass and charge parameters.

To satisfy the condition i) for small values of r, leading term of the function f(r) has to be at least of the order ∼ r^n with n ≥ 4. The analysis of the stress-energy tensor for metrics (2), given in [24], selects some peculiar properties of the case n = 4. In this case f(r) = f_0(r) = αr^4 in the core region, and in the nonrotational case (a = 0 ) space-time has a constant curvature generated by a homogenous matter distribution with energy density ρ =^1_{8π} 6α in the core. This fact motivates one more condition:

iii) the internal region of the core has to be described by function f_0(r) = αr^4.

As a result of ii) and iii) the boundary of core r_0 may be estimated as a point of intersection of f_0(r) and f_{KN} (r) and the resulting smooth function f(r) must be interpolating between functions f_0(r) and f_{KN} (r) near the boundary of the core r ≈ r_0.

It is surprising that the bag-like structure of the Kerr-Newman source is a direct result of these simple and natural conditions.

The analysis given in [24] shows that metric (2) can be expressed via orthonormal tetrad as follows

g_{μν} = m_μm_ν + n_μn_ν + l_μl_ν − u_μu_ν , (3)

and the corresponding stress-energy tensor of the source following from the Einstein equations may be represented in the form

T^{(af )}_{μν} = (8π)^{−1}[(D + 2G)g_{μν} − (D + 4G)(l_μl_ν − u_μu_ν )], (4)

where

u_μ = − √ Δ Σ (1, 0, 0, −a sin^2 θ) (5) is the unit time-like four-vector,

l_μ = √ Σ Δ (0, 1, 0, 0) (6)

is the unit vector in radial direction, and

n_μ = √ Σ(0, 0, 1, 0), (7)

m_μ = sin θ √ Σ (a, 0, 0, −r^2 − a^2) (8)

are two more space-like vectors. Here Δ = r^2 +a^2 −2f and Σ = r^2 +a^2 cos^2 θ,

D = −f^{′′}/(r^2 + a^2 cos^2 θ), (9)

G = (f^′r − f)/(r^2 + a^2 cos^2 θ)^2, (10)

and the Boyer-Lindquist coordinates t, r, θ, ϕ are used. The expressions (4), (9), (10) show that the source represents a smooth distribution of rotating confocal ellipsoidal layers r = const., and stress-energy tensor has the form corresponding to an anisotropic fluid.^4

Like to the results for singular (infinitely thin) shell-like source [4, 5], the stress-energy tensor can be diagonalized in a comoving coordinate system showing that the source represents a relativistic rotating disc. However, in this case, the disc is separated into ellipsoidal layers each of which rotates rigidly with its own angular velocity ω(r) = a/(a^2 + r^2). In the comoving coordinate system the tensor T_{μν} takes the form

T_{μν} = 1 8π 2G 0 0 0 0 −2G 0 0 0 0 2G + D 0 0 0 0 2G + D , (11)

that corresponds to energy density ρ =^1_{8π} 2G, radial pressure p_{rad} = −^1_{8π} 2G, and tangential pressure p_{tan} =^1_{8π} (D + 2G).

4Similar interpretation was also given in [27], however the expression for stress-energy tensor is not correct there, it does not contain D term. The form (4) is close to the expression obtained in [29].

Setting a = 0 for the non-rotating case, we obtain Σ = r^2, the surfaces r = const. are spheres and we have spherical symmetry for all the above relations. The region described by f(r) = f_0(r) is the region of constant value of the scalar curvature invariant R = 2D = −2f^{′′}_0 /r^2 = −24α, and of constant value of energy density

T_{μν} = 1 8π 6α 1 0 0 0 0 −1 0 0 0 0 −1 0 0 0 0 −1 . (12)

If we assume that the region of a constant curvature is closely extended to the boundary of source r_0 which is determined as a root of the equation

f_0(r_0) = f_{KN} (r_0), (13)

then, smoothness of the f(r) in a small neighborhood of r_0, say |r − r_0| < δ, implies a smooth interpolation for the derivative of the function f(r) between f^′_0(r)|_{r=r0−δ} and f^′_{KN} (r)|_{r=r0+δ}. Such a smooth interpolation on a small distance δ shall lead to a shock-like increase of the second derivative f^{′′}(r) by r ≈ r_0. Graphical analysis shows that the result will be different for charged and uncharged cases.

In charged case for α ≤ 0 there exists only one positive root r_0, and second derivative of the smooth function f^{′′}(r) is positive near this point. Therefore, there appears an extra tangential stress near r_0 caused by the term D = −f^{′′}(r)/(r^2 + a^2 cos^2 θ)|_{r=r0} in the expression (11). It can be interpreted as the appearance of an effective shell ( or a domain wall ) confining the charged ball-like source with a geometry of a constant curvature inside the ball. The case α = 0 represents the bubble with a flat interior which has in the limit δ → 0 an infinitely thin shell. It corresponds to the Dirac electron model in the case of a spherical shell and to the Lòpez rotating shell model for a spinning particle [5, 28].

The point r_e =^{e2}_{2m} corresponding to a “classical size” of electron is a peculiar point as a root of the equation f_{KN} (r) = 0. It should be noted that by α = 0 the equation (13) yields the root r_0 = r_e. For α < 0 position of the roots is r_0 < r_e, and for α > 0 one obtains r_0 > r_e. One can also see that r_0 → 0 by α → −∞. Therefore, there appear four parameters characterizing the function f(r) and the corresponding bag-like core: parameter α characterizing cosmological constant inside the bag Λ_{in} = 6α, two peculiar points r_0 and r_e characterizing the size of the bag and parameter δ characterizing the smoothness of the function f(r) or the thickness of the domain wall at the boundary of core.

For α > 0 two real roots of (13) can exist. If r^{(1)}_0 < r^{(2)}_0 then only near the root r^{(1)}_0 the second derivative f^{′′}(r) is positive, and the confining shell appears. However, if the root r^{(2)}_0 is chosen as a boundary of the source then the second derivative f^{′′}(r) is negative by r ≈ r_0, and a tangential pressure appears on the boundary of source instead of the stress.

The internal geometry of the ball is de Sitter one for α > 0, anti de Sitter one for α < 0 and flat one for α = 0. One should note that this effective shell has a more sharp manifestation for AdS interior (α < 0), and it can be absent at all for charged source by α > 0.

For the uncharged source Eq.(13) has the root r_0 = 0, and by α ≤ 0 there are no positive roots at all. If α > 0 there is one positive root r_0 and the second derivative f^{′′}(r) is negative there leading to the appearance of an extra tangential pressure on the boundary of source instead of the stress. Therefore, the confining shell is absent, and the source is confined by the radial stress coming from the term G that is positive in this case.

Let us consider peculiarities of the rotating Kerr source. In this case Σ = r^2 + a^2 cos^2 θ, and the surfaces r = const. are ellipsoids described by the equation x^2 + y^2 r^2 + a^2 + z^2 r^2

= 1. (14)

Energy density inside the core will be constant only in the equatorial plane cos θ = 0. Therefore, the Kerr singularity is regularized and the curvature is constant in string-like region r < r_0 and θ = π/2 near the former Kerr singular ring. At the same time, when considering the energy density in central regions of the disc corresponding to θ = 0, and taking into account the values of parameters for spinning particle (1), one finds that its ratio to the energy density at θ = π/2 will be negligible^{ρ|θ=0}_{ρ|θ=π/2} ≈ r^2/a^4 < r^2_e /a^4 ∼ 10^{−48}. Similarly, estimating the ratio 2G/D near the axis of the disc one finds that energy density is also negligible in respect to the stress of domain wall in this region |2G/D| ∼ |2(f^′r − f)/f^{′′}a^2| < (r_e/a)^2 < 10^{−4} and the ratio stress|_{θ=0} stress|_{θ=π/2} < (re/a)^4 = e^8 < 10 −8 shows a strong increase of the stress near the string-like boundary of the disc.

3 Field model for the bag-like Kerr source

The known models of the bags [30] and cosmic bubbles [34, 35] with smooth domain wall boundaries are based on the Higgs scalar field ϕ with a Lagrange density of the form L = −^1_2 ∂_μϕ∂^μϕ −^{λ2}_8 (ϕ^2 − η^2)^2 leading to the kink planar solution ( the wall is placed in xy-plane at z = 0 )

ϕ(z) = η tanh(z/δ), (15)

where δ =^2_{λη} is the wall thickness. The kink solution describes two topologically distinct vacua < ϕ >= ±η separated by the domain wall.

The stress–energy tensor of the domain wall is

T^ν_μ = λ^2η^4 4 cosh^{−4}(z/δ)diag(1, 1, 1, 0), (16)

indicating a surface stress within the plane of the wall which is equal to the energy density. When applied to the spherical bags or cosmic bubbles [30, 34, 35], the thin wall approximation is usually assumed δ ≪ r_0, and a spherical domain wall separates a false vacuum inside the ball (r < r_0) < ϕ >_{in}= −η from a true outer vacuum < ϕ >_{out}= η.

In the gauge string models [10], the Abelian Higgs field provides confinement of the magnetic vortex lines in superconductor. Similarly, in the models of superconducting bags [31, 32], the gauge Yang-Mills or quark fields are confined in a bubble ( or cavity ) in superconducting QCD-vacuum.

A direct application of the Higgs model for modelling superconducting properties of the Kerr source is impossible since the Kerr source has to contain the external long range Kerr-Newman electromagnetic field, while in the models of strings and bags the situation is quite opposite: vacuum is superconducting in external region and electromagnetic field acquires a mass there from Higgs field turning into a short range field. An exclusion represents the U(I) × Ũ(I) cosmic string model given by Vilenkin-Shellard and Witten [11, 12] which represents a doubling of the usual Abelian Higgs model. The model contains two sectors, say A and B, with two Higgs fields ϕ_A and ϕ_B, and two gauge fields A_μ and B_μ yielding two sorts of superconductivity A and B. It can be adapted to the bag-like source in such a manner that the gauge field A_μ of the A sector has to describe a long-range electromagnetic field in outer region of the bag while the chiral scalar field of this sector ϕ_A has to form a superconducting core inside the bag which must be unpenetrable for A_μ field.

The sector B of the model has to describe the opposite situation. The chiral field ϕ_B must lead to a B-superconductivity in outer region confining the gauge field B_μ inside the bag.

The corresponding Lagrangian of the Witten U(I) × Ũ(I) field model is given by^5 [12]

L = −(D^μϕ_A)(D_μϕ_A) − (D̃^μϕ_B)(D̃_μϕ_B) − 1 4 F^{μν}_A F_{Aμν} − 1 4 F^{μν}_B F_{Bμν} − V, (17) where F_{Aμν} = ∂_μA_ν − ∂_νA_μ and F_{Bμν} = ∂_μB_ν − ∂_ν B_μ are field stress tensors, and the potential has the form

V = λ(ϕ̄_Bϕ_B − η^2)^2 + f(ϕ̄_Bϕ_B − η^2)ϕ̄_Aϕ_A + m^2ϕ̄_Aϕ_A + μ(ϕ̄_Aϕ_A)^2. (18)

Two Abelian gauge fields A_μ and B_μ interact separately with two complex scalar fields ϕ_B and ϕ_A so that the covariant derivative D_μϕ_A = (∂ +ieA_μ)ϕ_A is associated with A sector, and covariant derivative D̃_μϕ_B = (∂ + igB_μ)ϕ_B is associated with B sector. Field ϕ_B carries a Ũ(1) charge q̃ ≠ 0 and a U(1) charge q = 0, and field ϕ_A carries Ũ(1) and U(1) charges of q̃ = 0 and q ≠ 0, respectively.

Outside the string core, the group U(I) is unbroken and A_μ describes a long range electromagnetic field. At the same time group Ũ(I) is broken outside the string. Within the string core group U(I) gets broken giving rise to superconducting condensate and nonvanishing current. Parameters λ, μ, f, and m are to be positive. The vacuum state outside the core is characterized by ϕ̄_Bϕ_B = η^2 and ϕ_A = 0. In the string core ϕ_B = 0, and in the range of parameters (fη^2 − m^2) > 0, there appears a superconducting ϕ_A-condensate |ϕ_A| = ϕ_0 > 0 breaking the gauge group U(I) and generating the mass m_A = e^2ϕ^2_0 for the electromagnetic field.

Therefore, the model fully retains the properties of the usual bag models which are described by B sector providing confinement of B_μ gauge field inside bag, and it acquires the long range electromagnetic field A_μ in the outer-to-the-bag region described by sector A. The A and B sectors are almost independent interacting only through the potential term for scalar fields. This interaction has to provide synchronized phase transitions from

5We use signature (− + ++).

superconducting B-phase inside the bag to superconducting A-phase in the outer region. The synchronization of this transition occurs explicitly in a supersymmetric version of this model given by Morris [19].

4 Supersymmetric Morris model

In Morris model, the main part of Lagrangian of the bosonic sector is similar to the Witten field model. However, model has to contain an extra scalar field Z providing synchronization of the phase transitions in A and B sectors.^6 The effective Lagrangian of the Morris model has the form L = −2(D^μϕ)(D_μϕ) − 2(D̃^μσ)(D̃_μσ) − ∂^μZ∂_μZ̄ − 1 4 F^{μν}F_{μν} − 1 4 F^{μν}_B F_{Bμν} − V (σ, ϕ, Z), (19) where the potential V is determined through the superpotential W as V = 5∑ i=1 |W_i|^2 = 2|∂W/∂ϕ|^2 + 2|∂W/∂σ|^2 + |∂W/∂Z|^2. (20) The following superpotential, yielding the gauge invariance and renormalizability of the model, was suggested^7

W = λZ(σσ̄ − η^2) + (cZ + m)ϕϕ̄, (21)

where the parameters λ, c, m, and η are real positive quantities.

The resulting scalar potential V is then given by

V = λ^2(σ̄σ − η^2)^2 + 2λc(σ̄σ − η^2)ϕϕ̄ + c^2(ϕ̄ϕ)^2 + (22) 2λ^2Z̄Zσ̄σ + 2(cZ̄ + m)(cZ + m)ϕ̄ϕ. 6In fact the Morris model contains fife complex chiral fields ϕ_i = {Z, ϕ�, ϕ_+, σ�, σ_+}.

However, the following identification of the fields is assumed ϕ = ϕ_+; ϕ̄ = ϕ� and σ = σ_+; σ̄ = σ�. In previous notations ϕ ∼ ϕ_A and σ ∼ ϕ_B.

7Superpotential is holomorfic function of {Z, ϕ, ϕ̄, σ, σ̄}.

4.1 Supersymmetric vacua

¿From (20) one sees that the supersymmetric vacuum states, corresponding to the lowest value of the potential, are determined by the conditions F_σ = −∂W̄ /∂σ̄ = 0; (23) F_ϕ = −∂W̄ /∂ϕ̄ = 0; (24) F_Z = −∂W̄ /∂Z̄ = 0, (25) and yield V = 0. These equatioins lead to two supersymmetric vacuum states:

I) Z = 0; ϕ = 0; |σ| = η; W = 0; (26) and II) Z = −m/c; σ = 0; |ϕ| = η √ λ/c; W = λmη^2/c. (27) We shall take the state I as a true vacuum state for external region of the bag, and the state II as a false vacuum state inside the bag.

The field equations following from this Lagrangian have the form D̃_μD̃^μσ − σ [ λ^2(σ̄σ − η^2) + λcϕ̄ϕ + λ^2Z̄Z ] = 0, (28) D_μD^μϕ − ϕ [ λc(σ̄σ − η^2) + c^2ϕ̄ϕ + (cZ̄ + m)(cZ + m) ] = 0, (29) ∇_μ∇^μZ − 2λ^2Zσ̄σ − 2c(cZ + m)ϕ̄ϕ = 0, (30) − ∇_ν∇^νB_μ = I_{Bμ} = i2g [ σ̄(D̃_μσ) − σ(D̃_μσ) ] , (31) − ∇_ν∇^νA_μ = I_{Aμ} = i2e [ ϕ̄(D_μϕ) − ϕ(D_μϕ) ] , (32) where ∇_μ is a covariant derivative.^8

8Factors 2 by charges are connected with factors 2 in effective Lagrangian and can be removed by a rescaling of the fields σ and ϕ.

4.2 Gauge fields and superconducting sources

It is convenient to select amplitudes and phases of the chiral fields ϕ = Φe^{iχA} , σ = Σe^{iχB} . (33) Field Z is considered as real. By this ansatz the real part of the equation (29) yields

D^μD_μΦ Φ − [ λc(Σ^2 − η^2) + c^2Φ^2 + (cZ + m)^2 + U_A ] = 0, (34) where U_A = (χ_{A,μ} + eA_μ)^2, and its imaginary part is [∇^μ + 2(ln Φ),_μ ] (χ_{A,μ} + eA_μ) = 0. (35) Similarly, one obtains the real part of (28) D̃μD̃_μΣ Σ − [ λc(Σ^2 − η^2) + c^2Φ^2 + (cZ + m)^2 + U_B ] = 0, (36) where U_B = (χ_{B,μ} + gB_μ)^2, and imaginary part [∇^μ + 2(ln Σ),_μ ] (χ_{B,μ} + eB_μ) = 0. (37) The equations (30),(31) and (32) take the form ∇_μ∇^μZ − 2λ^2ZΣ^2 − 2c(cZ + m)Φ^2 = 0, (38) ∇_ν∇^νB_μ = −I_{Bμ} = 4gΣ^2(χ_{B,μ} + gB_μ), (39) ∇_ν∇^νA_μ = −I_{Aμ} = 4eΦ^2(χ_{A,μ} + eA_μ). (40) This is a very complicated system of coupled equations. However, one can see that the behavior of the gauge fields can be studied independently in the nearly independent sectors A and B when taking into account the known vacuum states (26) and (27) for internal and external regions of the bag. At the same time, as the first approximation, the interaction of these sectors can be studied setting aside the gauge fields. In our analysis we will follow this line.

4.2.1 Charged superconducting sphere

When considering sector A equations (34),(35) can be simplified by assuming that the amplitudes are functions of radial coordinate r. Setting Φ = Φ(r) and Σ = Σ(r), one obtains

Φ^{′′} + 2 r Φ^′ − Φ [ λc(Σ^2 − η^2) + c^2Φ^2 + (cZ + m)^2 + U_A ] = 0, (41)

where U_A = (χ_{A,μ} + eA_μ)^2. (42)

(∂^μ + 2Φ^′⃗n^μ)(χ_{A,μ} + eA_μ) = 0, (43) ∇_ν∇^νA_μ = −I_{Aμ} = 4eΦ^2(χ_{A,μ} + eA_μ), (44) where ⃗n^μ = (0, x, y, z)/r is the unit radial vector. Equation (44) shows that field A_μ is massless if Φ = 0 and acquires mass in the region of the non-zero field Φ. As it follows from (26),(27) for true vacuum outside the core we have Φ = 0, while inside the core Φ = η √ λ/c, and field A_μ acquires the mass m_A = eη √ 2λ/c inside the core as the consequence of equation (44). The U(I) gauge symmetry is broken showing that the core is superconducting in respect to the field A_μ. Indeed, it follows from (44) and (43) that for Φ ≠ 0

∂^μ(χ_{A,μ} + eA_μ) = −Φ^′(⃗n^μI_{Aμ})/(eΦ^2) = 0, (45)

so far as ⃗n^μI_{Aμ} = I_{Ar} must vanish for the stationary system as a radial component of e.m. current. Rewriting (45) in the form

∂^μI_{Aμ} = 0, (46)

one sees the conservation of the e.m. A-current corresponding to superconductivity.

For a stationary charged ball-like source field A_μ can be described as A = A_μdx^μ =^e_r A(r)(dt + dr) where the factor A describes exponential falloff inside the superconductor. The symmetry of the problem shows that I_θ = I_r = I_ϕ = 0, and the stationary condition is İ_0 = 0, that yields (χ̇_A + eA_0) = −I_{A0}/(2eΦ^2). Therefore, the term U_A in the equation (41) acquires the form U_A = −(ω_A + eA_0)^2, where ω_A = χ̇_A.

The treatment of the gauge field B_μ in B sector is similar in many respects because of the symmetry between A and B sectors allowing one to consider the state Σ = η in outer region as superconducting one in respect to the gauge field B_μ. Field B_μ acquires the mass m_B = gη in outer region, and the Ũ(I) gauge symmetry is broken, which provides confinement of the B_μ field inside the bag. However, in the bag models the QCD-vacuum is “dual” to usual superconductivity forming a magnetic superconductor [31, 32]. The bag can also be filled by quantum excitations of fermionic, or non Abelian fields. The interior space of the Kerr bag is regularized in this model since the Kerr singularity and twofoldedness are suppressed by function f = f_0(r). However, a strong increase of the fields near the former Kerr singularity can be retained leading to the appearance of traveling waves along the boundary of the disc.

4.2.2 Superconducting disc-like source of the Kerr-Newman e.m.

field

A similar treament can be performed for the disc-like Kerr source if we consider the r-coordinate as ellipsoidal coordinate of the Kerr geometry (14). The exact treatment on the Kerr-Newman background is rather complicated and will be given elsewhere [36]. Because of that, we consider here the case corresponding to small values of the mass and charge parameters taking into account the e/a and m/a ratios (1). The Kerr coordinates r, θ, ϕ are connected with Cartesian coordinates (x, y, z) by relations

x + iy = (r + ia)e^{iϕ} sin θ, (47) z = r cos θ. (48)

In the considered limit we have in the Kerr coordinates

∇^μ∇_μ = 1 r^2 + a^2 cos^2 θ

[∂_r(r^2 + a^2)∂_r + 1 sin θ

∂_θ sin θ∂_θ (49) + 1 sin^2 θ

∂^2_ϕ − ∂^2_t + 2a∂_r∂_ϕ]. (50)

The surfaces r = const. represent oblated spheroids and θ = const. are confocal hyperboloids. By assuming that the scalar amplitudes are only functions of r, it is reduced to

∇^μ∇_μ = 1 r^2 + a^2 cos^2 θ

∂_r(r^2 + a^2)∂_r. (51)

In this case the equations (34),(36) and (38) take the form 1 r^2 + a^2 cos^2 θ

(Φ^{′′} + 2rΦ^′) − Φ [ λc(Σ^2 − η^2) + c^2Φ^2 + (cZ + m)^2 + U_A ] = 0, (52) where U_A = (χ_{A,μ} + eA_μ)^2; 1 r^2 + a^2 cos^2 θ

(Σ^{′′} + 2rΣ^′) − Σ [ λc(Σ^2 − η^2) + c^2Φ^2 + (cZ + m)^2 ] = 0, (53)

where U_B = g^{μν} (χ_{B,μ} + gB_μ)(χ_{B,ν} + gB_ν); 1 r^2 + a^2 cos^2 θ

(Z^{′′} + 2rZ^′) − λ^2ZΣ^2 − c(cZ + m)Φ^2 = 0, (54)

and by r ≪ a cos θ the equations tend to ones with a planar symmetry depending only on coordinate z = r cos θ. Such a region takes the place near the axis of the disc-like source where the solution tends to a planar domain wall. Another limiting case corresponds to the region near the Kerr singularity when r ≪ a and cos θ = 0. Delambertian in this region takes the form 1 r^2

(a∂^2_r + 2∂_r). (55)

Finally, in the region r ≫ a Delambertian takes the usual form corresponding to the spherical symmetry of the problem. Let us now consider specifical behavior of the Kerr-Newman e.m. field surrounding the disc-like superconducting core.

In our approximation contravariant form of metric in Kerr coordinates is

g^{μν} = −1 0 0 0 0^{r2+a2}_Σ 0^a_Σ 0 0^1_Σ 0 0^a_Σ 0^1_{Σ sin2 θ}

, (56)

and √ −g = Σ sin θ. (57) ¿From physical reason and from the symmetry of the problem we set the constraints that current must vanish in radial ⃗n = (0, 1, 0, 0) and angular ⃗e_θ = (0, 0, 1, 0) directions

I^r = (I⃗n) = 0; I^θ = (I⃗e_θ) = 0. (58)

By using (56) one obtains χ_{,θ} = −eA_θ, (59) and I_r == − a r^2 + a^2

I_ϕ. (60) Taking into account (57), (56) and (58) and stationarity ∂_0I^μ = 0, the equation of current conservation (45) is reduced to the form D_μI^μ = ∂_ϕI^ϕ = 0, (61) which yields χ_{,ϕϕ} = 0. (62) Vector potential of the Kerr-Newman e.m. field has the form A_{KN} = er Σ (dt + dr − a sin^2 θdϕ). (63)

For the Kerr-Newman field connected with superconducting source we retain this form adding an extra factor A(r) that describes fall-off of the field inside the source A = A(r) er Σ (dt + dr − a sin^2 θdϕ). (64) Since A_θ = 0 we have from (59) χ_{,θ} = 0, (65) and consequently χ_{,rθ} = χ_{,ϕθ} = 0. (66) Together with (62) and condition of stationarity ∂_0I^0 it gives the integral χ = nϕ + ωt + χ_1(r), (67) where n and ω are constants, and n has to be integer to provide singlevaluedness of phase χ. Since χ_{,r} = χ^′_1(r) one obtains from (59)

χ^′_1 = − an + eA(r) r^2 + a^2

, (68) that can be integrated leading to the expression χ(r, t, ϕ) = nϕ + ωt − ∫ an + eA(r) r^2 + a^2 dr. (69) Now one can calculate the extra contribution to scalar potential U_A caused by e.m. field (42)

U_A = 1 (r^2 + a^2)

(n/ sin^2 θ − aA(r)/Σ)^2 − (ω + eA(r)/Σ)^2. (70)

One sees that by n ≠ 0 potential depends from θ, and moreover, it is singular at θ = 0 that corresponds to the appearance of the Dirac monopole string.

4.3 Supersymmetric domain wall and phase transition

Now we would like to analyze a supersymmetric domain wall based on the Morris field model. It is described by the system of equations (34), (36), (38).

To simplify the problem we consider the planar approximation and neglect the contributions to potential U_A and U_B resulting from the gauge fields. The supersymmetric Lagrangian for the chiral matter fields ( bosonic sector ) has the form (−g)^{−1/2}L_{matB} = −K_i¯_j (D_μΦ^i)(D^μΦ^j ) − V ; (71)

where V = K^{ij̄}(D_iW )(D_jW ), (72)

K_i¯_j is Kähler metric, D_i = ∂/∂Φ + Φ̄^i, and W is a superpotential. Stressenergy tensor is given by T_{μν} = − 1 √ −g ∂L_{mat} ∂g^{μν} = K_i¯_j (D_μΦ^i)(D_ν Φ^j) − 1 2 g_{μν} [K_i¯_j(D_λΦ^i)(D^λΦ^j) + V ].

(73) In our case the set of fields Φ^i = (Z, Σ_+, Σ_−, Φ_+, Φ_−), the superpotential W is W = λZ(Σ_+Σ_− − η^2) + (cZ + m)Φ_+Φ_−, (74)

and K_{i,}¯_j = δ_i¯_j.

For the planar domain wall the fields depend on the coordinate z only, and, neglecting the contributions from gauge fields, one can consider the fields as real. The non-zero components of the stress-energy tensor take the form

T_{00} = −T_{xx} = −T_{yy} = 1 2 [δ_{ij}(Φ^i,_z )(Φ^j,_z ) + V ]; (75) T_{zz} = 1 2 [δ_{ij}(Φ^i,_z )(Φ^j,_z ) − V ]. (76)

Since in our case the potential is positive V ≥ 0, the problem permits a mathematical analogy with the problem of motion of a particle of unit mass propagating in the potential U_{part} = −V (Φ^i) in a space-time having the space coordinates Φ^i and time coordinate z, see [38]. The field equations, following from (71) in this case 2Φ^i,_{zz} −V,_{Φi} = 0, (77) lead to the equation 2Φ_i,_z Φ^i,_{zz} −V,_{Φi} Φ_i,_z = 0, (78) that can be represented in the form

∂_z[(Φ^i,_z )^2 − V ] = 0. (79)

Integral of this equation is 1 2 (Φ^i,_z )^2 + U_{part} = const., (80)

where U_{part} = −^1_2 V an effective potential for the dynamics of the fictitious particle, and (80) describes conservation of its kinetic and potential energy. Since the wall interpolates between two disconnected vacuum regions, we have asymptotic behavior U_{part}|_{z=±∞} = − 1 2 (Φ^i,_z )^2|_{z=±∞} = 0, (81)

that yields const. = 0 and V = (Φ^i,_z )^2. (82) As a result of this equation we obtain

T_{zz} = 0; (83) T_{00} = −T_{xx} = −T_{yy} = (Φ^i,_z )^2 = V. (84)

Therefore, similarly to the simplest kink solution for domain wall (15),(16) the wall has a positive tangential stress which is equal to energy density and zero pressure in the transverse to wall direction. It should be noted that this property of the wall has been derived without obtaining an explicit solution of the field equations and without specifying the form of potential V on the basis of only its positivity and boundary conditions (81).

Let us now assume that the wall has a spherical form with a small thickness in respect to the radius. One can calculate a gravitational mass produced by the spherical wall in outer region. Using the Tolman relation M = ∫ dx^3 √ −g(−T^0_0 + T^1_1 + T^2_2 + T^3_3 ), replacing coordinate z on radial coordinate r, and integrating over sphere one obtains M_{bubble} = −4π ∫ V (r)r^2dr = −4π ∫ (Φ^i,_r )^2r^2dr. (85)

The resulting effective mass is negative, which is caused by gravitational contribution of the tangential stress. The repulsive gravitational field was obtained in many singular and smooth models of domain walls [42, 28, 39, 41]. In particle models based on singular charged bubbles, this negative gravitational energy of domain wall cancels the gravitational part of the external electromagnetic field energy [28]. One should note, that similar gravitational contribution to the mass caused by interior of the bag will be M_{gr.int} = ∫ Dr^2dr = −^2_3 Λr^3_0, and it depends on the sign of curvature inside the bag.

An additional information can be extracted by the choice of a reasonable approximation to optimal trajectory of the phase transition from vacuum state I ( z = −∞ ) to vacuum state II ( z = +∞ ) in the space of fields Φ^i(z) = {Z(z), Φ(z), Σ(z)} with a possible minimization of the potential [38]. The potential (23) for real fields takes the form

V = λ^2[(Σ^2 + Φ^2 − η^2)^2 + Z^2Σ^2 + (Z + m/λ)^2Φ^2], (86)

where for simplicity we set c = λ and the position of domain wall z_0 = 0. To cancel the first term of this expression one can set the following parametrization for Φ and Σ:

Σ = η sin β, Φ = η cos β. (87) The subsequent minimization of the next two terms yields the parametrization for Z Z(z) = −(m/λ) cos^2 β. (88)

The phase transition occurs for β ⊂ [0, π/2]. The resulting dependence of the potential on z will be

V_{opt}(β) = η^2m^2 sin^2 2β/4. (89)

Substituting (87),(88) and (89) in (82) one obtains for dependence β(z) the equation dβ/dz = m sin 2β/ √ 1 + (m^2/λ^2η^2) sin^2 2β. (90)

4.3.1 Bogomol’nyi transformation, BPS bound and total mass of the bag

Starting from the expressions (76) and (72) by K_{i,}¯_j = δ_i¯_j one can use the Bogomol’nyi transformation [43] and represent the energy density as follows

ρ = T_{00} = 1 2 δ_{ij}[(Φ^i,_z )(Φ^j ,_z ) + ( ∂W ∂Φ^i )( ∂W ∂Φ^j )] (91) = 1 2 δ_{ij}[Φ^i,_z + ∂W ∂Φ^j ][Φ^j,_z + ∂W ∂Φ^i ] − ∂W ∂Φ^i Φ^i,_z , (92)

where the last term is full derivative. Then, integrating over the wall depth z one obtains for the surface density of the wall energy ϵ = ∫_∞ 0 ρdz = 1 2 ∫ Σ_i(Φ^i,_z + ∂W ∂Φ^i )^2dz + W (0) − W (∞). (93)

The minimum of energy is achieved by solving the first-order Bogomol’nyi equations Φ^i,_z +^{∂W}_{∂Φi} = 0, or in terms of Z, Φ, Σ

Z^′ = −λ(Σ^2 − η^2) − cΦ^2, (94) Σ^′ = −λZΣ, (95) Φ^′ = −(cZ + m)Φ. (96)

Its value is given by ϵ = ϵ_{min} = W (0) − W (∞) = λmη^2/c. Therefore, this domain wall is BPS-saturated solution. One can see that energy is proportional to parameter m which determines amplitude of variation of the field Z. Therefore, the additional field Z, which appears only in the supersymmetric version of the model, plays an essential role for the formation of this domain wall. Substituting approximate solution (87),(88),(90) in Bogomol’nyi equations one sees that this approximation neglects the term (Z^′)^2.

By using the relations (84),(85) and (93) one obtains that the total energy of a uncharged bubble forming from the supersymmetric BPS saturated domain wall is E_{0bubble} = E_{wall} = 4π ∫_∞ 0 ρr^2dr ≈ 4πr^2_0ϵ_{min}, (97)

where r_0 is radius of the bubble. Corresponding total mass following from the Tolman relation will be negative M_{0bubble} = −E_{wall} ≈ −4πr^2_0ϵ_{min}. (98) It is the known fact showing that the uncharged bubbles are unstable and form the time-dependent states [39, 41].

For charged bubbles there are extra positive terms: contribution caused by the energy and mass of the external electromagnetic field^9 E_{e.m.} = M_{e.m.} = e^2 2r_0

, (99)

and contribution to mass caused by gravitational field of the external electromagnetic field ( determined by Tolman relation for the external e.m. field) M_{grav.e.m.} = E_{e.m.} = e^2 2r_0

. (100)

As a result the total energy for charged bubble is E_{tot.bubble} = E_{wall} + E_{e.m.} = 4πr^2_0ϵ_{min} + e^2 2r_0

, (101)

and the total mass will be M_{tot.bubble} = M_{0bubble} +M_{e.m.} +M_{grav.e.m.} = −E_{wall} +2E_{e.m.} = −4πr^2_0ϵ_{min} + e^2 r_0 . (102)

9 This analysis represents only a qualitative estimation in the spirit of the typical treatments of the bag models. There can also be other contributions to the total mass and energy, in particular, the energy of the interior of the bag and the energy of the tail of electromagnetic field penetrating in superconducting core, which can be comparable with E_{e.m.}.

Minimum of the total energy is achieved by

r_0 = ( e^2 16πϵ_{min} )^{1/3}, (103)

which yields the following expressions for total mass and energy of the stationary state M^∗_{tot} = E^∗_{tot} = 3e^2 4r_0

. (104)

One sees that the resulting total mass of charged bubble is positive, however, due to negative contribution of M_{0bubble} it can be lower than BPS energy bound of the domain wall forming this bubble. This remarkable property of the bubble models ( called as ‘ultra-extreme’ states for the Type I domain walls in [39] ) allows one to overcome BPS bound [44] and opens the way to get the ratio m^2 ≪ e^2 which is necessary for particle-like models.

4.3.2 Supergravity domain wall

In supergravity the scalar potential has a more complicate form [40, 39, 41, 37] V_{sg} = e^{k2K}(K^{ij̄} D_iW D_j W − 3k^2W W̄ ), (105)

where K is Kähler potential K^{ij̄} =^{∂2K}_{∂Φi∂Φ̄j} , and k^2 = 8πG_N , G_N is the Newton constant. For small values of kW , this expression turns into potential of global susy (72) and the above treatment of the charged domain wall bubble is valid in supergravity in this approximation. However, in the first order in k^2 the internal vacuum state II) does not preserve supersymmetry since W = λmη^2/c inside the bag, and D_iW ≈ k^2K_iW ≠ 0 there. Besides, there apprears an extra contribution to stress-energy tensor having the leading term T_{μν} = 3(k^2/8π)e^{k2K}|W |^2g_{μν} , (106)

and yielding the negative cosmological constant Λ = −3k^4e^{k2K}|W |^2 and to anti-de Sitter space-time for the bag interior. General expression for cosmological constant inside the bag has the form

Λ = k^4e^{k2K} ∑ i {k^2|K_iW |^2 − 3|W |^2}, (107)

and leads to AdS vacuum if k^2|K_iW |^2 − 3|W |^2 < 0.

In the same time the vacuum state I) in external region has W = 0, it preserves supersymmetry for strong values of the chiral fields and does not give contribution to stress-energy tensor.

4.4 Conclusion

The analysis of the stress-energy tensor of the Kerr source in the Kerr-Schild class of metrics shows that the simple and natural demands of the regularity of the energy density of the source lead to the conclusion concerning a baglike structure of the core of the Kerr-Newman solution. The boundary of the bag represents a smooth ( thick ) domain wall with a tangential stress playing the role of a Poincarè stress of the core. For the thin domain wall this domain wall can be considered as being in a rigid relativistic rotation.

Among the known field models suggested for the description of extended objects such as strings, domain walls and bubbles, only the Witten U(I) × Ũ(I) field model based on two gauge and two Higgs fields can provide the long range electromagnetic external field which is necessary for modelling the Kerr bag-like superconducting source.

The application of Morris supersymmetric version of this model to the bag-like source was considered, and it was shown that this model provides a phase transition between two disconnected supersymmetric vacua. The model possesses two superconducting sectors and two vacuum states: the vacuum state inside the bag is superconducting in respect to the external Kerr-Newman electromagnetic field, while the vacuum of the external region is a standard QCD-vacuum of the bag models which can be considered as a magnetic superconductor in respect to the inhabiting the bag quantum gauge fields. These superconducting sectors are almost independent and interact only via a special scalar field Z providing a synchronization of phase transition. The Bogomol’nyi equations are obtained showing that the domain wall is BPS saturated solution. Due to negative gravitational contribution of the domain wall to the mass of the charged bag the total mass of the bag can be lower than BPS energy bound of this domain wall, which represents a remarkable property of the bubble-like core opening the way for particle-like models with a close to real parameter ratio.

The case N=1 supergravity is considered, and it is shown that strong chiral fields can lead to a negative cosmological constant and AdS-geometry inside the bag.

The current analysis can be considered only as a preliminary one. The complexity of the model does not allow one to hope to obtain an analytical solution of the full system of equations for this model, and numerical calculations must be used. However, one can expect essential further progress in obtaining analytical solutions for some sectors of this model. In particular, exact solutions for the Kerr-Newman electromagnetic field generated by the superconducting disc-like core on the Kerr-Newman background apparently can be obtained, as well as the existence of the exact analytical solutions for quantum excitations of the bosonic and fermionic fields inside the Kerr disc-like bag on the regularized Kerr-Schild background can be assumed.

5 Acknowledgement

We would like to thank H. Nicolai, M. Vasiliev, Yu. Obukhov, G. Magli, G. Alekseev, S. Duplij, E. Elizalde, S.R. Hildebrandt, J. Morris and D. Bazeia for very useful discussions and comments.

References

[1] B. Carter , Phys. Rev. 174(1968) 1559;

[2] W. Israel , Phys. Rev. D2 (1970) 641;

[3] A. Burinskii , Sov. Phys. JETP 39(1974) 193;

D. Ivanenko D. and A. Burinskii , Izv. VUZ Fiz.5(1975)135; Sov. Phys. J. (USA).,nr.7 /(1978)113;

[4] V. Hamity, Phys. Let.A56(1976)77;

[5] C.A. Lòpez , Phys. Rev. D30 (1984) 313;

[6] A. Krasinski, Ann.Phys.(NY) 112(1978)22

[7] A. Burinskii, Phys. Lett. B 216(1989)123;

[8] I.Tiomno, Phys. Rev.D7(1973) 992.

[9] C.A. Lòpez , Nuovo Cimento B 76(1983)9;

[10] H.B.Nielsen and P. Olesen, Nucl. Phys.,B61(1973)45. [11] A. Vilenkin and E.P.S. Shellard, Cosmic Strings and Other Topological Defects ( Cambrige University Press, 1994) [12] E. Witten, Nucl.Phys.,B249(1985)557.

[13] A. Dabholkar, J. Gauntlett, J.Harvey and D.Waldram, Nucl. Phys. B 474(1996) 85;

A. Sen, Modern Phys. Lett. A 10(1995)2081; Nucl.Phys B46 (Proc.Suppl)(1996)198;

G. Horowitz and A. Sen, Phys. Rev. D 53 (1996)808; G.’t Hooft, Nucl. Phys. B335(1990)138;

C. Holzhey and F. Wilczek, Nucl. Phys. B380(1992)447; hepth/9202014;

[14] A. Sen, Phys.Rev.Lett., 69(1992)1006;

[15] A. Burinskii, Phys.Rev.D 52(1995)5826, hep-th/9504139; [16] A. Burinskii, String - like Structures in Complex Kerr Geometry, Proc.

of the Fourth Hungarian Relativity Workshop Edited by R.P. Kerr and Z. Perj́es, Academiai Kiado, Budapest 1994, gr-qc/9303003; A. Burinskii, Phys.Lett. A 185(1994)441; Espec. Space Explorations, 9 (C2)(1995) 60, Moscow, Belka, hep-th/9503094;

[17] A. Burinskii, Phys.Rev.D57(1998)2392, hep-th/9704102; [18] A. Burinskii, Class. Quantum Grav.16(1999)3497, Lect.Not.Phys., Springer 509(1998)214; Ann.Phys.(Leipzig) 9 (2000) Spec.Issue 34,hepth/9910045;

[19] J.R. Morris, Phys.Rev.D 53(1996)2078, hep-ph/9511293; [20] V.P. Frolov, M.A. Markov and V.F. Mukhanov, Phys.Rev.D 41(1990)383 [21] I. Dymnikova, Gen.Rel. Grav.24 24(1992)235;Inern.Journ.Mod.Phys. D 5(1996)529

[22] E.Elizalde and S.R. Hildebrandt, gr-qc/0007030 [23] G. Magli, Rept.Math.Phys 44(1999)407, gr-qc/9706083 [24] A. Burinskii, E.Elizalde, S. R. Hildebrandt and G. Magli (in preparation) [25] E. Poison and W. Israel, Class. Quantum Grav.5(1988)L201 [26] G.C. Debney, R.P.Kerr and A.Schild, J.Math.Phys.,10(1969)1842; [27] C.A. Lòpez, Gen.Rel.Grav.24 (1992)2851 [28] C.A. Lòpez, Phys.Rev.D 38(1988) 3662 [29] M. Gürses and F.Gürsey, Journ. Math.Phys.16(1975)2385 [30] W.A. Bardeen at al., Phys.Rev.D 11(1975)1094 [31] B.S. Skagerstam and A. Stern, Z. Physik C, Particles and Fields 5(1980)347;

[32] S. Mandelstam, Phys.Rev.D 19(1979)239

G. ’t Hooft, In:Proc. EPS Int. Conf., Ed. A.Zichichi, Palermo,1975 F. Englert and P. Windey, Phys.Rep.D 49(1979)173 [33] A.Chodos at al., Phys.Rev.D 9(1974)3471 [34] A. L. Macpherson and B.A. Campbell, Phys.Let.B(1995)205 [35] J.R. Morris and D. Bazeia, Phys.Rev.D 54(1996)5217 [36] A.Burinskii (in preparation) [37] J.R. Morris, Phys.Rev.D 56(1997)2378, hep-ph/9706302 [38] R. Rajaraman, Solitons and Instantons, North-Holland Publ. Company, Amsterdam-New York-Oxford, 1982 [39] M. Cvetič and H. Soleng, Phys.Rept.282(1997)159, hep-th/9604090

[40] J. Wess and J.Bagger, Supersymmetry and Supergravity, Princeton, New Jersey 1983;

[41] M. Cvetič, S. Griffies and S.J. Rey, Nucl.Phys.B 381(1992)301, hepth/9206004 [42] J.Ipser and P. Sikivie, Phys.Rev.D 30(1983) 712 [43] E.B. Bogomolny, Sov.J.Nucl.Phys. 24(1976) 449 [44] G.W. Gibbons and C.M. Hull, Phys. Lett.B 109(1982)190