arXiv:gr-qc/0606035 v2 9 Oct 2006

Kerr geometry beyond the Quantum theory

A. BURINSKII

Gravity Research Group, NSI Russian Academy of Sciences, B. Tulskaya 52, 115191 Moscow, Russia

Invited talk at the Int. conference “Beyond the Quantum”, Leiden, May 2006

Abstract

Dirac electron theory and QED do not take into account gravitational field, while the corresponding Kerr-Newman solution with parameters of electron has very strong stringy, topological and non-local action on the Compton distances, polarizing space-time and deforming the Coulomb field. We discuss the relation of the electron to the Kerr’s microgeon model and argue that the Kerr geometry may be hidden beyond the Quantum Theory. In particular, we show that the Foldi-Wouthuysen ‘meanposition’ operator of the Dirac electron is related to a complex representation of the Kerr geometry, and to a complex stringy source. Therefore, the complex Kerr geometry may be hidden beyond the Dirac equation.

1 Introduction

Superstring theory [1] is based on the extended stringy elementary states: P oints −→ Extended Strings, and also, on the unification of the Quantum Theory with Gravity on Planckian level of masses M_{pl}, which correspond to the distances of order 10^{−33} cm. Such a penetrating into the deep structure of space-time has been based on the convincing evidences:

a/ The brilliant confirmation of the predictions of QED which ignored gravitational field and has been tested up to the distances of order 10^{−16} cm. It suggests that boundary of Quantum Gravity may be shifted at least beyond the distances 10^{−16} cm.

b/ The dimensional analysis, showing that M_{pl} corresponds to the energies E_{pl} = √ h̄c^5/G which are formed from the fundamental constants relating quantum theory, h̄, special relativity, c, and gravity, G.

c/ Estimation of the masses M_q and distances, where the action of gravity may be comparable with the action of quantum effects, which is done by the comparison of the gravitational radius of the Schwarzschild black hole r_g = 2M_q with the Compton radius of the corresponding quantum particle r_c = 1/M_q (we use here the Planck units h̄ = c = G = 1). One sees that the equality r_g ∼ r_c is achieved by the Planckian masses M_q ∼ 1, i.e. by M_q ∼ 10^{−33}cm. It leads to the conclusion that quantum gravity has to act on the Planckian scale r_g ≈ r_c =^1_{Mq} ∼ 1.

All that is convincing, except for the argument c/ . The Schwarzschild geometry does not take into account spin of quantum particles which is indeed very high with respect to the masses. In particular, for electron S = 1/2, while m ≈ 10^{−22}. So, to estimate gravitational field of spinning particle, one has to use the Kerr, or Kerr-Newman solutions [2]. Of course, there may be objections that quantum processes are strongly non-stationary because of the vacuum fluctuations, and they cannot be described by the stationary Kerr and Kerr-Newman solutions. However, QED tells us that electromagnetic radiative corrections are not too large. On the other hand, we do not know another solution which could better describe the gravitational field of a spinning particle. In any case, estimations on the base Kerr solution have to be much more correct then on the base of Schwarzschild solution.

Performing such estimation, we obtain a striking contradiction with the above scale of Quantum Gravity !

Indeed, for the Kerr and Kerr-Newman solutions we have the basic relation between angular momentum J, mass m and radius of the Kerr singular ring a : J = ma. (1) Therefore, Kerr’s gravitational field of a spinning particle is extended together with the Kerr singular ring up to the distances a = J/m = h̄/2m ∼ 10^{22} which are of the order of the Compton length of electron 10^{−11} cm., forming a singular closed string^1 Therefore, in analogy with string theory the ‘point-like’ Schwarzschild singularity turns in the Kerr geometry into an extended string of the Compton size.

Notice, that the Kerr string is not only analogy. It was shown that the Kerr singular ring is indeed the string [7], and, in the analog of the Kerr solution to low energy string theory [8], the field around the Kerr string is similar to the field around a heterotic string [9].

The use of Kerr geometry for estimation of the scale of Quantum Gravity gives the striking discrepancy with respect to the estimation done with the Schwarzschild solution. We arrive at the conclusion that the Kerr geometry has to play an important role in Quantum processes on the Compton distances of electron, of order ∼ 10^{−11} cm. The local gravitational field at these distances is extremely small, and the strong field is concentrated near an extremely narrow vicinity of the Kerr singular ring which forms a closed string of the Compton radius.

1See also [3, 4, 5, 7].

Figure 1: The Kerr ring as a branch line, and the twistor lines of the Kerr congruence which covers twice the space-time.

2 Real structure of the Kerr-Newman solution.

The Kerr-Newman metric may be represented in the Kerr-Schild form g_{μν} = η_{μν} − 2Hk_μk_ν, (2) where η_{μν} is auxiliary Minkowski metric and H =^{mr−q2 /2}_{r2 +a2 cos2 θ} .

One sees that metric is Minkowskian almost everywhere, for exclusion of the negligibly small subset of the space-time. However, this stringy subset has very strong dragging effect which polarizes space-time leading to a very specific polarization of the electromagnetic fields. As a result, the electromagnetic field of the corresponding Kerr-Newman solution F_{μν}, which cannot be consider as a weak one for parameters of charged particles, turns out to be aligned with the Kerr principal null congruence. Electromagnetic and gravitational fields are formed by the twisting vector field k_μ(x), principal null congruence (PNC), and acquire the Kerr stringy circular singularity as a caustic of PNC.

The explicit form of the field k_μ is determined by the one-form k_μdx^μ = dt + z r dz + r r^2 + a^2 (xdx + ydy) − a r^2 + a^2 (xdy − ydx). (3) It is a twisting family of null rays, fig.1, forming a vortex which is described by the Kerr theorem in twistor terms[10, 11, 12].^2

PNC plays very important role, since the field k_μ determines not only the form of Kerr-Newman metric with mass m and charge q, but also the Kerr-

2Complicate form of the field k_μ(x) determines the complicate form of the Kerr metric, contrary to the extremely simple Kerr-Schild representation (2).

Newman electromagnetic vector potential A_μ =^{qr}_{r2+a2 cos2 θ} k_μ, , and the flow of radiation in the radiative r otating solutions^3 T_{μν} = Φ(r, ϕ, θ)k_μk_ν.

The congruence covers spacetime twice, and the Kerr ring is a branch line of the space on two sheets: positive sheet of the ‘outgoing’ fields (r > 0) and negative sheet of the ‘ingoing’ fields. (r < 0). Notice, that for a^2 >> m^2 the black hole horizons are absent, and space-time acquires a twofold topology [3, 5].

There appears the Question: “Why Quantum Theory does not feel such drastic changes in the structure of space time on the Compton distances?”

How can such drastic changes in the structure of space-time and electromagnetic field be experimentally unobservable and theoretically ignorable in QED?

The negative sheet of Kerr geometry may be truncated along the disk r = 0. In this case, inserting the truncated space-time into the Einstein-Maxwell equation, one obtains on the ‘right’ side of the equations the source with a disklike support. This source has a specific matter with superconducting properties [3, 5]. The ‘negative’ sheet of space appears now as a mirror image of the positive one, so the Kerr singular ring is an ‘Alice’ string related to the mirror world. Such a modification changes interpretation, but does not simplify problem, since it means that Quantum Theory does not feel this ‘giant’ mirror of the Compton size, while the virtual charges have to be very sensitive to it.^4

The assumption, that QED has to be corrected taking into account the peculiarities of the space-time caused by the Kerr geometry, may not be considered as reasonable because of the extraordinary exactness of the QED.

There is apparently the unique way to resolve this contradiction: to conjecture that the Kerr geometry is hidden beyond the Quantum Theory, i.e. is already taken into account and play there essential role.

From this point of view there is no need to quantize gravity, since the Kerr geometry may be the source of some quantum properties, i.e. may be primary with respect to the Quantum Theory.

3 Microgeon with spin

Let us consider the Wheeler’s model of Mass Without Mass – ‘Geon’. The photons are moving along the ring-like orbits, being bound by the own gravitational field. Such field configuration may generate the particle-like object having the mass and angular momentum. Could such construction be realized with an 3 Φ(r, ϕ, θ) =^1_{r2 +a2 cos2 θ} [−6m(ẍ^μ_0 k_μ) + 2ṁ] is an angular distribution of the energy density of radiation. Radiation may be related to the loss of mass ṁ < 0, acceleration ẍ^μ_0 k_μ ≠ 0 and to the wave electromagnetic excitations of the Kerr-Newman solution [10, 7, 12].

4Note, that this disk is relativistically rotating and has a thickness of the order of classical size of electron, r_e = e^2 /2m,[5, 6].

Figure 2: Skeleton of the Kerr Spinning Particle.

unique photon? In general, of course - not, because of the weakness of gravitational field. However, similar idea on ‘mass without mass’ is realized in the theory of massless relativistic strings and may be realized due to the stringy properties of the Kerr solution with a >> m. In the Kerr geometry, one can excite the Kerr circular string by an electromagnetic field propagating along this singular string as along of a waveguide. Electromagnetic excitations of the Kerr source with a >> m has the stringy structure, and leads to a contribution to the mass and spin. In particular, the model of microgeon with spin turns out to be self-consistent [4, 7, 15].

Analysis of the exact aligned electromagnetic excitations on the Kerr background shows an unexpected peculiarity: the inevitable appearance of two axial singular semi-infinite half-strings of opposite chiralities. There appears the following stringy skeleton of a spinning particle, fig. 2.

The spin of this microgeon may be interpreted as excitation of the Kerr string by a photon moving along a circular orbit, which is reminiscent of the electron self-energy diagram in QED

. In the Kerr’s gravity, the virtual photon line of this diagram does not leave the Compton region of the particle due to the Kerr stringy waveguide. As it was shown in [15], the axial half-strings are the null-strings (the Schild, or the ppwave strings) and may be described by the bilinear spinor combinations formed from the solutions of the Dirac equation.^5

Moreover, there is a wonderful fact, that the basic quantum relation E = h̄ω is already contained in the basic relation of the Kerr geometry J = ma, (1). Indeed, setting J =^{h̄}_2 , one writes (1) as a =^{h̄}_{2m} .

So far, we considered the constant h̄ not as a quantum constant, but as an experimentally constant characterizing the spin of electron. Let us consider now the classical fields propagating along the Kerr ring with speed of the light and with the winding number of phase n = 1/2. The corresponding length of wave will be λ = 2πa/n = 2πh̄/m and the corresponding frequency ω = 2πc/λ = cm/h̄. It yields E c ≡ mc = h̄ω. (4) Up to now, we have not used the quantum operators at all. We have used only the topological properties providing the two-valued representations by rotations, or the classical quantization of phase (winding number). As a result, we have obtained the quantum relation (4) from the classical Kerr relation J = ma. It suggests that ‘Kerr’s geometry’ may cause the origin of Quantum properties,

4 Dirac equation and the complex Kerr geome- try 4.1 Dirac equation in the Weyl basis

In the Weyl basis the Dirac equation demonstrates some interesting peculiarities.^6

The Dirac spinor has the form Ψ = ( ϕ_α χ^{α̇} ) , and the Dirac equation splits into

σ^μ_{αα̇}(i∂_μ + eA_μ)χ^{α̇} = mϕ_α, σ̄^{μα̇α}(i∂_μ + eA_μ)ϕ_α = mχ^{α̇}. (6)

Conjugate spinor has the form

Ψ̄ = (χ^+, ϕ^+) = (χ̄^α, ϕ̄_{α̇}). (7)

The Dirac current

J_μ = e(Ψ̄γ_μΨ) = e(χ̄σ_μχ + ϕ̄σ̄_μϕ), (8)

5The axial and circular singularities form a specific multischeeted topology of space-time, which admits the spinor two-valuedness.

6We use spinor notations of the book [14], see also[18]. The Dirac matrices in the Weyl basis take the form

γ^μ = (_{0 σμ} σ̄^μ 0 ) , where σ̄^{μα̇α} = ϵ^{α̇β̇} ϵ^{αβ} σ^μ_{ββ̇} , and σ_0 = σ̄_0 , σ_k = −σ̄_k , k = 1, 2, 3,

σ_0 =

(_{1 0} 0 1 ) , σ_1 =

(_{0 1} 1 0 ) , σ_2 = (_{0 −i} i 0 ) , σ_3 =

(_{1 0}

0 −1 ) . (5)

can be represented as a sum of two lightlike components of opposite chirality

J^μ_L = eχ̄σ^μχ , J^μ_R = eϕ̄σ̄^μϕ. (9)

The corresponding null vectors k^μ_L = χ̄σ^μχ , and k^μ_R = ϕ̄σ̄^μϕ, determine the considered above directions of the lightlike half-strings in the microgeon model. The momentum of the Dirac electron is p^μ =^m_2 (k^μ_L + k^μ_R), and the vector of polarization of electron [17, 18] in the state with a definite projection of spin on the axis of polarization is n^μ =^1_2 (k^μ_L − k^μ_R). In particular, in the rest frame and the axial z-symmetry, we have k_L = (1, ⃗k_L) = (1, 0, 0, 1) and k_R = (1, ⃗k_R) = (1, 0, 0, −1), which gives p^μ = m(1, 0, 0, 0), and n^μ = (0, 0, 0, 1), which corresponds to the so-called transverse polarization of electron [17], ⃗n⃗p = 0.

The Dirac spinors form a natural null tetrad. The null vectors k^μ_L = χ̄σ^μχ and k^μ_R = ϕ̄σ̄^μϕ, may be completed to the null tetrad by two null vectors m^μ = ϕσ^μχ , and m̄^μ = (ϕσ^μχ)^+ which are controlled by the phase of wave function. Therefore, the de Broglie wave sets a synchronization of the null tetrad in the surrounding space-time, playing the role of an ‘order parameter’.

It is well known [19] that the Kerr-Newman solution has the same gyromagnetic ratio (g = 2), as that of the Dirac electron. There appears a natural question: is it an accidental coincidence, or there is a deep relationship between the Dirac equation and the Kerr-Newman geometry? This problem is related to the problem of description of electron in coordinate representation, and to the problem of localized states in the Dirac theory [20, 22, 21].

4.2 The problem of position operator in the Dirac theory

It is known [22] that the position operator ^⃗x = ∇_{⃗p} is not Hermitean in any relativistic theory, (Ψ, x̂Φ) ≠ (x̂Ψ, Φ). In the Dirac theory, the problem of the operator coordinate is still more complicate. The plane wave solutions of the Dirac equation correspond to the state s with a fixed momentum, and the position of electron ⃗x is undetermined for the plane waves.^7

The velocity ẋ for the operator of coordinate x is ẋ = (xH − Hx) = cα, and projection of the velocity on any direction yields ±c. Dirac shows [23] that this equation may be integrated, yielding for coordinate x the result x = − 1 4 ch̄^2α̇^0_xe^{−2iHt/h̄}H^{−2} + c^2p_xH^{−1}t + x_0. (10)

Therefore, the velocity of coordinate x consists of the constant term c^2p_xH^{−1} and the oscillating contribution^1_2 ich̄α̇^0_xe^{−2iHt/h̄}H^{−1}, the so-called ‘zitterbewegung’.

In the rest frame, ⃗p = 0, one can get ih̄α̇_x = −2Hα_x, and the oscillating part x̃ = −^1_4 ch̄^2α̇^0_xe^{−2iHt/h̄}H^{−2} has the Compton amplitude^1_2 ich̄α_xH^{−1}.

7To have a localization of position, one needs to form a wave packet.

Since this expression describes complex oscillations, it is more convenient to consider the complex combination

x̃ + iỹ = 1 4 ich̄^2(α̇^0_x + iα̇^0_y)e^{−2iHt/h̄}H^{−2} (11)

which describes circular motion in the (xy)-plane along a ring of the Compton size^{ch̄}_{2m} . These oscillations take place in the plane which is orthogonal to the polarization direction of the electron. One can see here a correspondence to the structure of the Kerr microgeon model.

The ‘zitterbewegung’ problem is related to the problem of localized states and leads to the treatment of a ‘mean-position’ operator [20]. The best solution in this problem was found by Foldi and Wouthuysen[21, 22] which performed a very nontrivial matrix transformation of the wave function Ψ and Hamiltonian H to the so-called Foldi-Wouthuysen (FW) representation, Ψ_{FW} = e^{iSFW} Ψ and H_{FW} = e^{iSFW} He^{−iSFW} .

In the new representation the negative frequency modes are suppressed, ‘zitterbewegung’ is absent, and the new (rather complicate) position operator ⃗X_{FW} = eiSFW ⃗xe−iSFW corresponds to the conventional concept of the velocity

of particle, ˙⃗X_{FW} = i[H_{FW}, ⃗x] = β⃗p/E_{⃗p}.

On the other hand, the use of ordinary position operator ⃗x in the Foldi- Wouthuysen representation may be transformed back to the Dirac or Weyl representation ^⃗X = e^{−iSFW} ⃗xe^{iSFW} , leading to a complicate mean-position operator without ‘zitterbewegung’. This operator is simplified in the rest frame of the electron, ⃗p = 0, and takes the form

X̂^μ = x^μ + i h̄c 2m γ^μ. (12)

The resulting coordinate of electron turns out to be complex. In the terms of the null vectors k_L = (1, ⃗k_L) = (1, 0, 0, 1) and k_R = (1, ⃗k_R) = (1, 0, 0, −1), it takes the form (Ψ̄X̂Ψ) = x + ia(k_L + k_R), (13)

where x is a center of mass and a =^{h̄c}_{2m} is the Compton length. In the Weil representation, the vectors k_L and k_R transform independently by Lorentz transformations and transfer to each other by the space reflection (inversion) P = η_P γ_4, |η_P | = 1. It gives a hint that the Dirac particle may be formed by two complex point-like particles X_L and X_R propagating along the complex world-lines

X^μ_L (t) = x^μ(t) + ia(1, 0, 0, 1), X^μ_R(t) = x^μ(t) + ia(1, 0, 0, −1), (14)

where the 3-vector of mean-position is ⃗X =^1_2 ( ⃗X_L + ⃗X_R) = ⃗x(t).

Such a representation turns out to be close related to the known complex representation of the Kerr geometry [24, 4, 16, 10, ?].

4.3 Complex representation of the Kerr geometry

In 1887 (!) Appel [26] consider a simple complex transformation of the Coulomb solution ϕ = q/r, a complex shift (x, y, z) → (x, y, z+ia) of the origin (x_0, y_0, z_0) = (0, 0, 0) to the point (0, 0, ia). On the real section (real(x, y, z)), the resulting solution ϕ(x, y, z) = ℜe q/r̃ (15) acquires a complex radial coordinate r̃ = √ x^2 + y^2 + (z − ia)^2. Representing r̃ in the form r̃ = r − ia cos θ (16)

one obtains for r̃^2

r^2 − a^2 cos^2 θ − 2iar cos θ = x^2 + y^2 + z^2 − a^2 − 2iaz. (17)

Imaginary part of this equation gives z = r cos θ, which may be substituted back in the real part of (17). It leads to the equation x^2 + y^2 = (r^2 + a^2) sin^2 θ, which may be split into two conjugate equations x ± iy = (r ± ia)e^{±iϕ} sin θ. Therefore, we obtain the transfer from the complex coordinate r̃ to the Kerr- Schild coordinate system

x + iy = (r + ia)e^{iϕ} sin θ, (18) z = r cos θ, t = r + ρ. Here r and θ are the oblate spheroidal coordinates, and the last relation is a definition of the real retarded-time coordinate ρ. The Kerr-Schild coordinates θ, ϕ, ρ fixe a null ray in M^4 (twistor) which is parametrized by coordinate r.

One sees, that after complex shift, the singular point-like source of the Coulomb solution turns into a singular ring corresponding to r̃ = 0, or r = cos θ = 0. This ring has radius a and lies in the plane z = 0. The space-time is foliated on the null congruence of twistor lines, shown on fig. 1. It is twofolded, having the ring-like singularity as the branch line. Therefore, for the each real point (t, x, y, z) ∈ M^4 we have two points, one of them is lying on the positive sheet of space, corresponding to r > 0, and another one lies on the negative sheet, where r < 0.

It was obt ained [4] that the Appel potential corresponds exactly to electromagnetic field of the Kerr-Newman solution written on the auxiliary Minkowski space of the Kerr-Schild metric (2). The vector of complex shift ⃗a = (a_x, a_y, a_z) corresponds to the direction of the angular momentum J of the Kerr solution [4, 25] and |a| = J/m.

Newman and Lind [24] suggested a description of the Kerr-Newman geometry in the form of a retarded-time construction, in which it is generated by a complex source, propagating along a complex world line X^μ(τ ) = x^μ(0) + u^μτ + ia^μ in a complexified Minkowski space-time CM^4. Here time is complex, τ = t+iσ, and u^μ is a unit time-like vector. The rigorous description of this representation may be given in the Kerr-Schild approach [2] based on the Kerr theorem and the Kerr-Schild form of metric (2)^8 In the rest frame one can consider the ‘left’ and ‘right’ complex world lines, related to the complex conjugate sources i⃗a and −i⃗a. X^μ_L (τ_L) = x^μ(τ_L) + i⃗a, X^μ_R(τ_R) = x^μ(τ_R) − i⃗a, (19)

The complex retarded time is determined in analogy with the real one, but is to be based on the complex null cones, see [24, 10, 15].

Let’s consider the complex radial distance from a real point x to a complex point X_L of the ‘left’ complex world-line

r̃_L = √ (⃗x − ⃗X_L)^2 = r_L − ia cos θ_L. (20)

To determine a retarded-time parameter τ_L one has to write down the lightcone equation ds^2 = 0, or

r̃^2_L − (t − τ_L)^2 = 0 (21)

It may b e split into two retarded-advanced-time equations t − τ_L = ±r̃_L. The retarded-time equation corresponds to the sign + and, due to (16), leads to relation

τ_L = t − r_L + ia cos θ_L. (22)

One sees that τ_L turns out to be complex

τ_L = ρ_L + iσ_L, σ_L = a cos θ_L. (23)

4.4 Complex worldline as a string

In the complex retarded-time construction, the left complex world line X_L(τ_L) has to be parametrized by complex parameter τ_L = ρ_L + iσ_L. It has a few important consequences.

i/ Being parametrized by two parameters ρ and σ, a complex world-line X(τ ) is really a world-sheet and corresponds to a complex string. This string is very specific, since it is extended in the complex time direction σ.

ii/ A fixed value of σ_L corresponds to the fixed value of cos θ_L, and, in accordance with (18), together with the fixed parameter ϕ, it selects a null ray of the Kerr congruence (twistor).

iii/Since | cos θ| ≤ 1, parameter σ is restricted by interval σ ∈ [−a, a], i.e. complex string is open and the points ρ ± ia are positioned at its ends. The world-sheet represents an infinite strip: (t, σ) : −∞ < t < ∞, σ ∈ [−a, a].

8It is related to the existence of auxiliary Minkowski metric η^{μν} , which is necessary for the complex representation, as well as for the conditions of the Kerr theorem[10, 11].

iv/ From (19) and (22) one sees that the left complex point of the Dirac x-coordinate X_L = ia(1, 0, 0, 1) has ℑm τ_L = ia cos θ_L, which yields cos θ_L = 1.

Therefore, this is the boundary point of the complex world line, and coordinate relations (18) show that the complex light cones positioned at this boundary have the real section along the Kerr axial half-string z = r, x = y = 0.

Similar treatment for the right complex point of the Dirac x-coordinate X_R = ia(1, 0, 0, −1) show that it is also placed on the same boundary of the stringy strip (the same timelike component ia), however, ℑm τ_R = −ia cos θ, which yields cos θ_R = −1 and corresponds to the axial half-string propagating in opposite direction z = −r, x = y = 0.

Therefore, in the real space-time the two complex sources of the Dirac operator of coordinate have the real image in the form of the considered above two axial semi-infinite half-strings: left and right.^9

Note, that there is an asymmetry in the complex left and right coordinates X_L = ia(1, 0, 0, 1) and X_R = ia(1, 0, 0, −1). The time-like components of the both sources are adjoined to the same right end of the complex string interval [−ia, ia]. This asymmetry is removed by a remarkable stringy construction - orientifold [27, 16, 7, 15].

4.5 Orientifold

The models of relativistic strings contain usually two stringy modes: left and right. So, the modes X_L(τ_L) and X_R(τ_R) represent only the half-strings on the interval σ ∈ [−a, a]. Orientifold is formed from two open half-strings which are joined forming one closed string, and this closed string is to be folded one. The interval [−a, a] is covered by parameter σ twice: the first time from left to right, and (say) the left half-string has the usual parametrization, while the interval [−a, a] is reversed and covers the original one in opposite orientation for the right half-string. Therefore, the string is formed by two half-strings and turns out to be closed, but folded. The right and left string modes are flipping between the the initiate and the reversed intervals. One sees that for the complex interval the revers is equivalent to complex conjugation of the parameter τ. So, on e has to put τ_R = τ̄_L.^{10} After orientifolding, the complex timelike coordinates of the points X_L and X̄_R turns out to be sitting on the opposite ends of the interval [−a, a], while their imaginary space-like coordinates will be coinciding, which corresponds to one of the necessary orientifold condition X_L(τ_L) = X̄_R(τ̄_R).

5 Conclusion

The above treatment shows that there is a deep internal relationships between the Dirac equation and the complex representation of the Kerr geometry. The

9For more details see [16, 7, 15].

10Details of this construction may be found in [27, 16, 7, 15].

Dirac equation works in the complex Minkowski space-time, and electron is not elementary point-like object, but has a many-sided structure. It has a nontrivial complex structure which is related to the real and complex structures of the Kerr geometry. The space-time source of the naked electron represents a very specific complex string with two point-like (quark-like) sources located on the ends of this string. In the same time, after orientifolding this string, the space coordinates of these sources are merging, turning into one complex point shifted in the imaginary direction on the Compton distance a. This complex position of the source is, apparently, the origin of the problems with the position operator in the Dirac theory, along with the complicate topology of the real Kerr geometry, and presence of the string-like excitations.

The obtained recently multiparticle Kerr-Schild solutions [11] shed some light on the multiparticle structure of the considered in QED dressed electron. This treatment is based on the remarkable properties of the Kerr theorem. There is also remarkable renormalization of the Kerr singularity by gravitational field [6]. However, these questions go out of the frame of this paper.

Acknowledgments

We are thankful to V. Arcos, A. Khrennikov, J. Pe reira, I. Volovich, and especially to Prof. G. ’t Hooft for very illuminating discussions. We are also thankful to T. Nieuvenhuisen for the attention to this work and stimulating discussions on the Dirac theory.

References

[1] M. Green, J. Schwarz and E. Witten, “Superstring Theory”, v.1, Cambridge Univ. Press, Cambridge, 1988.

[2] G.C. Debney, R.P. Kerr, A.Schild, J. Math. Phys. 10(1969) 1842.

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

[4] A.Ya. Burinskii, Sov. Phys. JETP, 39(1974)193. D. Ivanenko and A.Ya.

Burinskii, Izvestiya Vuzov Fiz. n.5 (1975) 135 (in Russian).

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

[6] A. Burinskii, J.Phys.A: Math. Gen. 39 (2006) 6209-6215; hep-th/0512095,

[7] A. Burinskii, Phys. Rev. D 68 (2003)105004;

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

[9] A. Burinskii, Phys. Rev. D 52 (1995)5826;

[10] A. Burinskii, Phys. Rev. D 67, 124024 (2003).

[11] A. Burinskii, Grav. Cosmol. 11 (2005) 301, hep-th/0506006; Grav. Cosmol.

12 (2006) 119 ;The Kerr Theorem and multiparticle Kerr-Schild Solutions, hep-th/0510246 (to appear in Int. J. Geom. Methods Mod. Phys. 2007).

[12] D.Kramer, H.Stephani, E. Herlt, M.MacCallum, “Exact Solutions of Einstein’s Field Equations”, Cambridge Univ. Press, 1980.

[13] A. Burinskii, E. Elisalde, S. Hildebrandt and G. Magli. Phys. Rev.D 74 (2006)021502 (Rapid Com.).

[14] J. Wess and J.Bagger, “Supersymmetry and Supergravity”, Princeton, New Jersey 1983.

[15] A. Burinskii, Phys. Rev. D70, 086006 (2004); Grav. Cosmol. 10, 50 (2004);

hep-th/0403212; Czech. J. Phys. 55, A261 (2005);

[16] A.Ya. Burinskii, Phys.Lett. A 185 (1994) 441; String-like Structures in Complex Kerr Geometry. In: “Relativity Today”, Edited by R.P.Kerr and Z.Perjés, Akadémiai Kiadó, Budapest, 1994, p.149.

[17] A.I. Akhiezer and V.B. Berestetsky, “Quantum Electrodynamics” (in russian) , Moscow, “Nauka”, 1981.

[18] V.B. Berestetsky, E.M. Lifshitz, L.P. Pitaevsky, “Quantum Electrodynamics ( Course Of Theoretical Physics, 4)”, Oxford, Uk: Pergamon ( 1982).

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

[20] T.D. Newton and E.P. Wigner, Rev.Mod.Phys. 21 (1949) 400. [21] L.L. Foldi and S.A. Wouthuysen, Phys. Rev. 78 (1950) 29. [22] S.S. Schweber, “An Introduction to Relativistic Quantum Field Theory” Row, Peterson and Co.Evanson, Ill., Elmsford, N.Y., 1961.

[23] P.A.M. Dirac, “The principles of Quantum Mechanics”, fourth edition, Oxford at the Clarendon Press, 1958.

[24] E.T. Newman, J.Math.Phys. 14(1973)102; Phys. Rev. D 65 (2002) 104005. [25] A.Ya. Burinskii and G. Magli, Phys.Rev.D 61(2000)044017. [26] E.T. Whittacker and G.N. Watson, A Course of Modern Analysis, Cambrige Univ. Press London/New York,p.400, 1969 .

[27] P. Horava, Nucl.Phys. B327 (1989) 461.