arXiv:physics/0207120 v5 19 Jan 2003

Fermions as topological objects

V.N.Yershov

University College London, Mullard Space Science Laboratory, Holmbury St.Mary, Dorking RH5 6NT, United Kingdom

E-mail: vny@mssl.ucl.ac.uk

Abstract. A conceptual preon-based composite model of fermions is discussed. The preon is regarded as a topological object with three degrees of freedom in a dual (3+1)-dimensional manifold. It is shown that duality of this manifold gives rise to a set of preon structures, which resemble three families of fermions. The number of preons in each structure is readily associated with the mass of this structure (a fermion). Although just a kind of zero-approximation to a theory of particles and interactions below the quark scale, our model predicts masses of fermions to an accuracy of about 10^{−6} without using adjustable or experimental input parameters.

PACS numbers: 12.60.Rc, 12.15.Ff, 12.10.Dm

1. Introduction

The enigmatic hierarchical pattern observed in the masses of fermions (quarks and leptons) is a challenge for particle physics beyond the Standard Model. Fundamental particles are grouped into three generations, each containing two quarks and two leptons with their electric charges, spins and other properties repeating from generation to generation. The leptons interact through the electromagnetic and weak (electroweak) forces and appear in pairs: the electron and its neutrino (e^−, ν_e), the muon and its neutrino (μ^−, ν_μ), the tau and its neutrino (τ^−, ν_τ ). The quarks interact through the strong (coloured) force and also come in pairs: up and down (u^{+2/3}, d^{−1/3}), charm and strange (c^{+2/3}, s^{−1/3}), top and bottom (t^{+2/3}, b^{−1/3}). Here the charges are indicated by superscripts. Each quark has three possible colour charges, usually called red, green, and blue. Quarks and leptons are spin-^1_2 particles (in units of ℏ), and all of them have their corresponding anti-particles. All particles, except neutrinos, can be found in their rightor left-handed states. The right-handed counterparts of neutrinos (or left-handed counterparts of antineutrinos) have never been observed. Different combinations of quarks form hadrons, which include the proton (uud), the neutron (udd), the Λ-baryon (uds), etc., and mesons: π^+ (ud), η (dd), etc. It is believed that all surrounding matter is made up of the particles belonging to the first generation. The affinity of the quark and lepton pairs, their similar behaviour in the electroweak interactions, and some other striking similarities, insistently points to structures of matter beyond the scale of quarks and leptons. However, masses of these particles are distributed in a rather odd way [1]. They are listed in Table 1 in units of the proton mass, m_p. The quark masses are not known with high accuracy and are given in the form of quite wide allowed intervals (correspoding to the MS normalization scheme at a scale of 2 GeV for u, d, and s and at their respective scales for c, t, and b).

There are models proposed both for parameterisation and explanation of the fermion masses. The parametric models are based mostly on the ideas of unification of interactions through

Fermions as topological objects 2

Table 1. Experimental masses of fermions (in units of m_p)

First generation Second generation Third generation e 0.005446170232(12) μ 0.1126095173(34) τ 1.8939(3) ν_e ≤ 3 · 10^{−9} ν_μ ≤ 2 · 10^{−4} ν_τ ≤ 2 · 10^{−2} u 0.001 to 0.005 c 1.2 to 1.4 t 185 ± 5 d 0.003 to 0.009 s 0.08 to 0.18 b 4.2 to 4.7

different mechanisms of symmetry, such as sypersymmetry [2, 3], technicolor [4], etc. Many models attribute this pattern to hidden spatial dimensions [5, 6], unusual geometrical properties of space [7, 8], quantisation of energies of hypothetical topological objects [9], and so on. Anyway, the problem is still unresolved. The Standard Model of particle physics, in principle, cannot explain the origin of the fermion masses because they are used by this model as input parameters. In this sense, the standard theory is incomplete. Here, in order to explain this pattern, we shall consider a composite model of fermions. Many models of this type have been proposed (see, for example, [10] or [11]), but they are not very popular because of the problem with the necessity of very high masses for the structural components and some other difficulties. So far, none of the composite models have predicted the observed fermion masses. We shall discuss a composite model, based on known types of symmetry, extending properties of quarks and leptons down to the hypothetical sub-quark structures. Unlike the widely used approach with extra spatial dimensions, we shall limit ourselves to the traditional (3+1)-dimensional manifold.

2. Starting point

To start with, we shall use the following postulates, which, in our opinion, are quite natural and correspond to the philosophy of common sense:

(PI) Matter is structured, and the number of its sub-structures down to any given structural level is finite.

(PII) The simplest (and, at the same time, the most complex) structure in the universe is the universe itself.

(PIII) The universe is self-contained (by definition). (PIV) All objects in the universe spin (including the universe itself).

The postulate PI is as old as science itself. The idea of everything consisting of elementary indivisible atoms originates from Leucippus and Democritus. After systematisation by D.I.Mendeleyev of chemical elements, a number of structural levels of matter have been found, starting with atoms and molecules and finishing with nucleons and quarks. Each time, when a lower level of matter has been revealed (for example, atoms or elementary particles), it was thought that this level is the ultimate and the simplest one. But patterns in properties of the “elementary” particles always indicated that there are underlying structures responsible for these properties. Due to the clear pattern in the masses of fermions (Table 1) they cannot be considered to be the fundamental constituents of matter. It is logical to think that matter is structured down to a simplest possible object, which we refer to hereafter as “a preon” (primitive particle). It is quite possible that more than one underlying structural level of matter exists

Fermions as topological objects 3

between quarks and preons. This complicates the situation and makes it quite difficult to figure out the origin of the fermion masses by just trying to uncover one underlying sub-quark structural level. For this reason, we shall start our consideration with the simplest possible structure (the preon), then trying to derive the hierarchical structures formed of the preons. It is well-known that at all its levels matter is structured in accordance with some common laws, that is, practically everywhere, electric attractive and repulsive forces are responsible for the existing structures. There is no reason to think that something different is happening below the quark scale.

The postulate PII, according to which the universe is considered as the simplest structure, is not very new. In fact, this is the essence of modern Cosmology. The theories of General Relativity and the Big Bang assume the universe to be a simple object with curved space. Unfortunately, the character of this curvature (shape of the universe) cannot be deduced from the Einstein’s equations without additional observations. Intuitively, A.Einstein and A.Friedmann imagined the universe having spherical shape of positive, negative or zero curvature. But if we take into account the fact of the universe’s self-contained character (postulate PIII), the spherical shape becomes inappropriate because the sphere has two interfaces, inner and outer (of course, if considered from the embedding space). Applied to the hyper-sphere of the universe, this might give rise to some doubts about the universe’s self-contained character. The topology avoiding any possibility for such doubts is the well-known Klein bottle [12] shown in Fig.1.

Figure 1. Traditional two-dimensional representation of the Klein-bottle.

Having a unique hyper-surface, the universe with the Klein bottle topology — similarly to the sphere — can be of positive, negative or zero curvature. In order to emphasise its symmetry we represent it as a one-dimensional object in Fig.2. The main feature of this object is the unification of its inner and outer surfaces. In the case of the universe, the unification might well occur at the sub-quark level, giving rise to the structures of elementary particles. In Fig.2 the area of unification is marked with the symbol Π (preon). Of course, in order to form structures there should be more than one preon in the universe. This makes a difference between the topology of the universe and the classical Klein bottle. One can call such an object a multiconnected Klein bottle. But its main features remain the same: the duality and unification of two opposite manifestations of space, which result in the identification of the global cosmological scale with the local scale of elementary particles (supposedly, the distances comparable with the Planck length). The closest approach to our model might be found in [13].

Fermions as topological objects 4

.......... .................

............. ............

..... . ..... .... ... ... ... .... ........ ... .....

.......

..... ...

.....

..... ..... .....

....... ....... ........ ......... ........ ....... ..... ......

..... .....

..... ...... . ..... . .... . ... . .. . .. . . .. ... . ........

........... ..................

.................

..........

..........

..........

.......................

............

......

.......

...... .. .................

...... ... .... .... .... ... ...

...... ...... .....

...... ..... .... .... ... ........ ........ ....... ......

...... .... ....

.... ....

..... ...

.... . . ... ......

.....

........

..............

..............

.................................

. ................ ................. .................. .... ....... ... . ... .. .. .. . . ....

. . . . . . . . .

. . . . . . . . . .

R

r Π {_I I II

II

Scale of unification

Cosmological scale

Figure 2. One-dimensional representation of Klein-bottle topology of the universe. The

“inner” ( I) and “outer” (II) manifestations of space are unified at the scale of preons (area

Π). R is the universe’s radius of curvature; r is the local curvature of the inverted space.

3. The preon

Within the area Π (Fig.2) space can be considered as being curved “inside-out”. This area is

also shown in Fig.3 as a two-dimensional surface. We suppose the local curvature to be finite,

corresponding to the radius r ≠ 0. Two surfaces, I and II, are shown separated, but of course

the “normal” and the “inverted” parts of space should not be considered as separate entities.

Figure 3. Two-dimensional representation of the “inversion” area Π (the preon).

They are just two aspects, or manifestations, of the same space. Given three-dimensionality of

space, we can consider the preon having corresponding degrees of freedom, which are paired

anti-symmetrically due to the above mentioned duality of space. It is natural to associate these

degrees of reedom with three colours of strong interaction [14]. Thus, the dualism of space

might result in a specific symmetry of the preon (Π, Π ∈ 3_c), schematically illustrated with

a coordinate system in Fig.4, where each coordinate corresponds to one of the colours, and

the positive and negative semi-axes are associated with the positive and negative charges. We

assume that by rotational transformations the preon can be translated into one or another

colour/charge state.

Fermions as topological objects 5

. .......

....... ........

......... ..........

...........

........... . ........... .. .......... ... ...........

....

...........

....

. ............

............. ..............

...............

................

............... . ................ .. ................ ...

. ... ... ... .

... ... ... .

... ... ... .

... .. ... ..

... .. .. ..

.............. ......

.......

............... .......

.....

.... ...... .. .

r g b

-

-

-

+

+

+

Figure 4. Schematic illustration of the preon’s symmetry. Three coordinate axes are associated with the preon colours, whereas the positive and negative semi-axes correspond to the electric charges.

This kind of symmetry is usually referred to as SU(3) combined with U(1). Of course, from basic logic, the preon should have no properties at all, being the most primitive particle. However, the same reasoning precludes building any structures from unstructured particles, and at this point we would have to finish our considerations. Thus, we have to endue the preon with a minimal set of properties, corresponding to the symmetry, shown in Fig.4, as well as with a mass and a charge.

The postulate PIV is not obvious. It comes just from common sense and from the fact that so far non-rotating objects have never been observed. But this postulate gives us an insight into the possible origin of the particle masses. The universe spinning with its angular velocity ω would result in the linear velocity ±ωR at the vicinity of the preon, where R is the universe’s (global) radius of curvature. From Fig.2 it is seen that the opposite signs in this expression correspond to two opposite manifestations of space, I and II. Thus, the spinning universe gives rise to acceleration, a_g, of the preon because of the local curvature (1/r) of space in the area Π (Fig.2). According to Newton’s second law, a force, F_g = m_ga_g, proportional to this acceleration should appear. The coefficient of proportionality between the acceleration and the force can be regarded as the preon’s inertial mass. However, for an observer in the preon’s coordinate frame this mass is perceived as the preon’s gravitational mass (m_g) because the preon is at rest in this coordinate frame. Spin of the universe should mean motion of the preon (together with the observer) along its world line (time axis). If now the preon is forced to move along spatial coordinates with an additional acceleration a_i, it resists this acceleration in exactly the same way as it does when moving along the time-axis. A force F_i = m_ia_i, which is required in order to accelerate the preon, is proportional to a_i with the coefficient of proportionality m_i, and the observer will conclude that the moving preon possesses an inertial mass m_i. But, actually, in our model the preon’s inertial, m_i, and gravitational, m_g, masses are generated by the same mechanism of acceleration, and they are essentially the same thing; m_i ≡ m_g, that is, mass is inertial. Here we shall not discuss the question about the nature of inertia.

Positive and negative signs of ωR do not affect the sign of the “gravitational” force F_g = m_ga_g because the second derivative a_g =^{∂2(ict)}_{∂t2} is always of the same sign (the local curvature, 1/r,

Fermions as topological objects 6

remains the same — it is a property of space, which does not depend on the direction of motion). However, the first derivative^{∂(ict)}_{∂t} , which is just another way of expressing ωR, can be either positive or negative, and the corresponding force, F_e = q_Π^{∂(ict)}_{∂t} , should be either repulsive or attractive (depending on the choice of the test particle). It would be natural here to identify F_e with the electric force, and the coefficient of proportionality, q_Π, — with the preon’s charge. Although q_Π is positive in this expression, one can equivalently consider that it is this quantity that changes its sign, but not^{∂(ict)}_{∂t} . This possibility to express positive and negative charges in terms of time reversibility is well-known. It has been first noted by P.A.M.Dirac and later used by R.P.Feinman for practical calculations. Moreover, within our considerations m_g and q_Π should be identical. For simplicity, hereafter we shall use unit values for both of them, m_g = q_Π = 1, making the difference by assigning opposite signs to q_Π for unlike-charged preons. Given space inverted around the preon, one can show (e.g. [15], p.p.239-249) that, together with distances z measured from the preon’s centre, it is equivalently possible to use the reciprocal distancies, z^′ =^1_z (say, for the reciprocal manifestation of space). Thus, any potential, which is proportional to^1_z , in the reciprocal manifestation of space will be proportional to^1_{z′} (or simply z) . The Coulomb potential, ϕ_e ∝^1_z , in the reciprocal manifestation of space should manifest itself strong-likely, ϕ_e → ϕ_s ∝ z, and vice versa. One might say that z^′ is the local curvature of space, but here it is more convenient to consider z^′ as inverse distance. The distance z_0, where | z |=| z^′ | and | ϕ_e |=| ϕ_s |, should characterise the scale at which preons stabilise forming structures (we assume the coupling constants to coinside, α = α_s = 1). For formal representation of three-coloured preons we shall use a triplet of three-component column vectors Π_i = {Π_j }_i (i, j = 0, 1, 2). We shall define them as

Π_{ji} = { +1, i=j −1, i ≠ j i, j = 0, 1, 2 (for antipreons Π_i = −Π_i) with their unit charges

Z(Π_i) = 2∑ j=0 Π_{ji} (1)

and unit masses

m(Π_i) =| 2∑ j=0 Π_{ji} | . In this notation the sign of the charge is negative for preons and positive for antipreons, but it is arbitrary. Assuming that the strong (coloured) and electric interactions are opposite manifestations of the same geometrical property of space, and taking into account the wellknown pattern [14] of the coloured interaction (two like-charged but unlike-coloured particles are attracted, otherwise they repel), we can characterise the combined “chromoelectric” interaction between two preons, i and k, by the following force F_{ik} (normalised to unity; i and k stand for the colour indices 0,1,2 or red, green, and blue): F_{ik} = ± Π_i · Π_k | Π_i · Π_k |

. (2)

Positive and negative signs correspond respectively to the strong and electric manifestations of the chromoelectric interaction. This expression is additionally illustrated in Fig.5.

Fermions as topological objects 7

.......

...... . . .......

...... ..

...... . . .......

.......

...... . . .......

...... ..

...... . . .......

.......

..... . . .......

...... ...

...... . . .......

.......

..... . . .......

...... ...

...... . . .......

.............

....... .... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . .....

...........

........

.............

....... .... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . .....

...........

........

.............

....... .... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . .....

...........

........

.............

....... .... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . .....

...............

....

..............

....... ..... . .....

... .... ....

.... .... ..... .... ....

.... ...

..... . .....

...........

........

..............

....... ..... . .....

... .... ....

.... .... ..... .... ....

.... ...

..... . .....

...........

........

..............

....... ..... . .....

... .... ....

.... .... ..... .... ....

.... ...

..... . .....

...........

........

..............

....... ..... . .....

... .... ....

.... .... ..... .... ....

.... ...

..... . .....

...............

....

.............

....... ..... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . ....

...........

.........

.............

....... ..... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . ....

...............

.....

.............

....... .... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . .....

...........

........

.............

....... .... . .....

... .... ....

.... ..... ..... .... ....

.... ...

..... . .....

...............

....

Strong Electric

← ←

←

←

←

←

← ←

→ → → →

→ → → → Figure 5. Pattern of the chromoelectric interaction between two preons, illustrating (2).

Dashed and solid circles represent unlike-coloured preons.

The left part of Fig.5 reflects the known behaviour of the strong interacting particles. The

right part corresponds to the hypothetical coloured structure of the electromagnetic (Coulomb)

interaction, anti-symmetric (in our model) to the strong interaction. According to this, under

the electromagnetic interaction, two like-charged particles are attracted to each other if they

have like colour charges and repel otherwise. The force (2) necessarily leads to the formation

of stable spatial preon structures. For instance, two like-charged preons having complementary

colours should form a charged doublet (let us denote it ϱ^±). They will be attracted to each

other because of the strong potential (increasing with distance). At the same time, the electric

repulsive force, varying inversely with distance, will stabilise the doublet at the distance z_0

between the components. Six preon combinations are possible for the charged doublet

ϱ^−_{ik} = Π_i + Π_k, i, k = 0, 1, 2

and six others (ϱ^+_{ik} ) correspond to Π. A neutral preon doublet

g^0_{ik} = Π_i + Π_k, i, k = 0, 1, 2

can also be formed. The doublets ϱ and g^0 will be deficient in one or two colours, having, for

example, the following colour charges for g^0: rr, rg, rb, gg, gb, bb, rg, rb, gb.

Using the above-mentioned correspondence between charges and directions along the ict

coordinate, we can define the charge of a system composed of various preons or preon groups as Z = N∑ k=1 2∑ j=0 n∑ i=1 Π^k_{ji}, (3)

where N is the number of preon groups and n is the number of preons in the given group. We

can define the mass m (as well as the reciprocal mass m^′) of the system:

m = (1 − δ_{Z,0}) N∑ k=1 | 2∑ j=0 n∑ i=1 Π^k_{ji} |, m^′ = (1 − δ_{Z,0}) N∑ k=1 | 2∑ j=0 ( n∑ i=1 Π^k_{ji})^{−1} |, (4)

where δ_{Z,0} is the Kronecker delta-function. When two oppositely charged particles combine

(say red and antigreen), their oppositely directed velocities along ict are mutually cancelled

(resulting in a neutral system). The same thing happens to the accelerations along this axis

that is implicit in formula (4) for the mass. According to (3) and (4),

Z(Π_i, Π_k) = ±2, m(Π_i, Π_k) = 2, m^′(Π_i, Π_k) = ∞,

Fermions as topological objects 8 and Z(Π_i, Π_k ) = 0, m(Π_i, Π_k) = 0, m^′(Π_i, Π_k ) = ∞.

Then, if an additional charged preon is added to the neutral doublet, the mass of the system is restored:

m(Π_i, Π_k, Π_l) = 1, (5)

but still

m^′(Π_i, Π_k, Π_l) = ∞. (6)

According to the Stock’s Theorem, the charge of the new system will coinside with the charge of the additional preon.

4. Y-particle

The charged doublets ϱ^± (2Π and 2Π) will not be free for long because their strong potentials are infinite at infinite distance. Any distant preon of the same charge but with a complementary colour will be attracted to the doublet. In this way, the triplets (or triunes) Y = 2∑ i=0 Π_i or Y = 2∑ i=0 Π_i, i = 0, 1, 2

will be formed. Assuming the shape of the equipotential surface | ϕ_e |=| ϕ_s | to be spherical around the preons, we shall graphically represent the triunes with three touching coloured spheres. The mass m_Y of the triune (as well as its reciprocal mass, m^′_Y) is of 3 units (in units of the preon’s mass), and its charge (positive or negative) is of the same magnitude. Its colour will be complete, but locally the red, green, and blue colour charges of its three constituents will be distributed in a plane forming a closed loop. Thus, a part of the strong field of these constituents (preons) is closed in this plane, while another is extended to infinity.

4.1. Doublets of triunes

The triunes, or Y-particles, cannot be free because only a part of their strong fields are closed within their loops. Two distant like-charged Y-particles will combine and form Y

Y structures.

The planes of the paired triunes are parallel to each other. Here we use

Y in order to indicate the fact that the second triune is turned through 180^∘ with respect to the first one. This is the only possible mutual orientation of two combined like-charged triunes, which is analogous to the classical equilibrium configuration of the ethane molecule, C_2H_6 [16]. In order to formalise the representation of these structures, let us introduce the following group of matrices:

α_0 =

1 0 0 0 1 0 0 0 1 , α0 = − 1 2 0 1 1 1 0 1 1 1 0 ,

α_1 =

0 1 0 0 0 1 1 0 0 , α1 = − 1 2 1 0 1 1 1 0 0 1 1 ,

Fermions as topological objects 9

α_2 =

0 0 1 1 0 0 0 1 0 , α2 = − 1 2 1 1 0 0 1 1 1 0 1 .

Then a charged structure δ^±, corresponding to the 180^∘-rotated configuration of two joined Y-particles can be written as

δ^− = α_iY + α_iY. (7)

with Z_δ = −6, m_δ = m^′_δ = 6. States corresponding to different i (i = 0, 1, 2) are equivalent. The pattern of colours for this structure can be written as

r_1 b_2 g_1 g_2 b_1 r_2 .

Two unlike-charged Y-particles will couple through their relative ±120^∘-rotations:

γ^0 = α_iY + α_kY (8)

with Z_γ = 0, m_γ = m^′_γ = 0, i ≠ k, γ^0 ≡ 3g^0, and with their colours distributed as

g_1 r_2

b_1 g_2 r_1 b_2 or g_1 b_2 b_1 r_2 r_1 g_2 , (9)

which correspond to the clockwise (⟳) and anticlockwise (⟲) mutual rotations of the paired triunes. Structures (7) and (8) are shown in Fig.6 (a) and (b).

Figure 6. Two like-charged Y-particles (triunes) coupling trough their relative 180^∘-rotation (a); and two coupled unlike-charged triunes turned through 120^∘ clockwise (b). The colours for antipeons are chosen according to the subtractive polygraphic convention (antired = cyan, antigreen = magenta, and antiblue = yellow).

Fermions as topological objects 10

Figure 7. (a): Three like-charged Y-particles joined with their vertices directed towards the centre of the structure and (b): outwards the centre.

4.2. Triplets of triunes

The colour-completness of Y and the distibution of its complete set of colours, red, green, and blue, within a plane makes it possible for up to three of these particles to combine if all of them are like-charged.

Necessarily, they combine into closed-loop chains. There are eight possible states for this triune triplet, four of which (negatively charged) correspond to Y: e_{R⟳} = ∑ i=0,1,2 α_iY, e_{R⟲} = ∑ i=0,2,1 α_iY, (10)

e_{L⟳} = ∑ i=0,1,2 α_iY, e_{L⟲} = ∑ i=0,2,1 α_iY, (11)

and four others correspond to Y. These structures are charged and massive with Z_e = ±9 and m_e = m^′_e = 9 (in units of the preon’s charge and mass). The structures e_{R⟳} and e_{L⟲} are shown in Fig.7 (a) and (b), respectively. One of them is formed by directing vertices of its componets (Y) inwards the loop, and the other one — by directing them outwards. Let us refer to these states of the 3Y-particle as right- or left-handed ones. The right-handed structure, e_R, can be translated into the left-handed one, e_L, by mirror-reflecting its Y-components with respect to the loop’s circular axis. Connecting the like-coloured preons within this structure, it is seen that the spatial distribution of any particular colour (say, red positive) appears as a helical trajectory twisted along the loop (Fig.8(a)).

The helix may be twisted clock- or anticlockwise with respect to the loop’s circular axis. Figure 8 shows helices, corresponding to e_⟲. Fig.8 shows the helical trajectories as strips formed by the arms of Y-particles. It is seen that these trajectories are, actually, three interlaced Moebius strips. Supposedly, The^π_2 -twist of these strips should correspond to the half-integer spin of the structure. A helix tangent vector l (shown on Fig.8) can be resolved into l_m, parallel to the loop’s plane, and l_p, normal to this plane. These two components might be related to the magnetic and kinetic momenta of the structure.

Fermions as topological objects 11

Figure 8. (a): Helical patterns of colour charges along the loop of three like-charged triunes (e_⟲). (b): The trajectories are^π_2 -twisted. A vector l, tangential to the helix, can be resolved into l_p, normal to the loop’s plane, and l_m, lying in this plane.

4.3. Chains of triunes

Couples of unlike-charged triunes can form chains YY -

YY

- YY . . . with the following colour patterns:

r_1 b_2 b_1 g_2 g_1 r_2 + r_3 b_4 g_3 r_4 b_3 g_4 + g_5 r_6 r_5 b_6

b_5 g_6 +

+ g_7 r_8

b_7 g_8 r_7 b_8 + b_9 g_{10} g_9 r_{10} r_9 b_{10} + b_{11} g_{12} r_{11} b_{12} g_{11} r_{12} + . . . (12) or r_1 g_2 b_1 r_2 g_1 b_2 + b_3 r_4 r_3 g_4 g_3 b_4 + b_5 r_6 g_5 b_6

r_5 g_6 +

+ g_7 b_8

b_7 r_8 r_7 g_8 + g_9 b_{10} r_9 g_{10} b_9 r_{10} + r_{11} g_{12} g_{11} b_{12} b_{11} r_{12} + . . . .(13)

These are the patterns corresponding to two possible 120^∘-rotations in (9). The patterns are mirror-symmetric. They repeat after each six consecutive groups forming a 6YY-period. The 6-th group is compatible with the first one, which allows closure of the 6YY-chain in a loop:

ν_⟲ = α_0 α_1 α_1 α_2 α_2 α_0 α_0 α_1 α_1 α_2 α_2 α_0

Y Y Y Y

Fermions as topological objects 12 or

ν_⟳ = α_0 α_2 α_2 α_1 α_1 α_0 α_0 α_2 α_2 α_1 α_1 α_0

Y Y Y Y (it is the minimum-length closed loop for the YY chains). The pattern (12) is visualised in Fig.9, where complementary colours are assigned to antipreons. The spatial distribution of any particular colour (say, red positive) appears as a clockwise (ν_⟳) or anticlockwise (ν_⟲) helix, which makes a^π_2 -twist along the toroidal surface of ν. These ring-closed chains consisting of twelve triunes (36 preons) are neutral and massless according to (3) and (4). Unlike e_R and e_L, the left and right-handed states of ν are equivalent because of symmetry between the Y-components directed with their vertices towards and outwards the particle’s centre. Mirrorsymmetrical reflection of the loop relative to its circular axis, translates the particle into itself, thus making ν_L topologically coinciding with ν_R (the only difference between these two states is their oppositely twisted helices). Simple preon structures are summarised in Table 2.

Figure 9. The structure 6YY (b) and its helical colour-charge trajectories (a). Mirrorsymmetrical reflection of the loop relative to its circular axis translates 6YY into itself because of the equal number of Y directed with their vertices towards and outwards the loop’s centre.

5. Combining Y, 3Y, and 6YY

Unlike Y, with its partially closed strong field (in one plane), the strong fields of 3Y (e), and 6YY (ν) are closed. Thus, these particles can be found in free states, and their behaviour depends only on their electric potentials. But ν, with its red, green, and blue coloures 120^∘- symmetrically distributed along its closed loop, can combine with Y. The structure Y^∗=ν+Y will have mass and be charged, with its charge Z_Y∗ = ±3, corresponding to the charge of a single Y-particle, and a mass m_Y∗ = 39 preon mass units, corresponding to m_ν + m_Y = 36 + 3. The particles Y, e, and ν can combine because of their spatially distributed electric and colour charges, i.e. due to their residual chromoelectric potentials. Specific geometry of this

Fermions as topological objects 13

Table 2. Simple structures generated by Klein bottle topology of space. Note that, in our notation (1) the preons have negative charges. A similar table can be build for the antiparticles (with the opposite signs for charges in the fourth column of the table).

Struc- Constituents Number of Charge Mass Number of ture of the preons in the (preon (preon possible structure structure units) units) states The primitive particle (preon) Π 1Π 1 −1 1 6 First order structures (combinations of single preons Π) ϱ 2Π 2 −2 2 12 g^0 1Π + 1Π 2 −1 + 1 = 0 0 9 Y 3Π 3 −3 3 2 Second order structures: conbinations of triunes (Y-particles) δ 2Y 6 −6 6 2 γ^0 1Y + 1Y 6 −3 + 3 = 0 0 2 e 3Y 9 −9 9 8 Structures consisting of the second order particles 2e 3Y + 3Y 9 + 9 = 18 −18 18 6 2e^0 3Y + 3Y 9 + 9 = 18 −9 + 9 = 0 0 4 ν_e 6YY 6 × (3 + 3) = 36 6 × (−3 + 3) = 0 0 2 Y^∗ ν_e + Y 36 + 3 = 39 0 − 3 = −3 36 + 3 = 39 4 W ν_e + e 36 + 9 = 45 0 − 9 = −9 36 + 9 = 45 8 u Y^∗ ν_e Y^∗ 39 + 36 + 39 = 114 +3 + 0 + 3 = +6 39 + 39 = 78 4 ν_μ Y^∗ ν_e Y^∗ 39 + 36 + 39 = 114 −3 + 0 + 3 = 0 0 2 d u + W 114 + 45 = 159 +6 − 9 = −3 78 + 45 = 123 8 μ ν_μ + W 114 + 45 = 159 0 − 9 = −9 (48, 39)^∗ 8 and so on ...

*)two-component system

distribution for 6YY matches that of 3Y if both of these particles have helices of the same sign. The structure 3Y6YY = eν has a charge corresponding to e (±9) and a mass of 45 mass units (m_{eν} = m_e + m_ν = 9 + 36). The repulsive and attractive forces between 6YY and 3Y are analogous to the van der Waals forces between molecules. The range of these forces is quite short: far from the particle the colour potentials mix together and this mixture becomes practically indistinguishable from the single potential. Separated from other particles, 6YY behaves as a neutral particle. But, if two 6YY approach one another, they will be either attracted or repelled. The sign of the interaction depends on the compatibility of the colour patterns of both particles. Thus, 6YY_⟲ and 6YY_⟳ (with oppositely twisted helices of their colour charges) will be attracted, while 6YY_⟲ + 6YY_⟲ or 6YY_⟳ + 6YY_⟳ will be repulsed. Similarly, the force between the pairs 3Y_⟲ + 3Y_⟳ or 3Y_⟲ + 3Y_⟲ is attractive, and the force between 3Y_⟲ + 3Y_⟲ or 3Y_⟲ + 3Y_⟳ is repulsive.

Y^∗ cannot be free (similarly to Y). It will couple further with other Y^∗-particles (via an intermediate ν_e of the opposite helical colour pattern) forming Y^∗

Y

∗-chains and so on. A single chain Y^∗(6YY)

Y

∗ = Y^∗ν_e

Y

∗, associated with the up-quark, will have the charge of

Fermions as topological objects 14

two Y-particles (Z_u = +6) and a mass of 78 mass units, m_u = m(2Y^∗) = 2 × 39. The positively charged up-quark can combine with the negatively charged e^−ν_e (with its 45-units mass), forming the down-quark of a 123-units mass (m_d = m_u + m_{eνe} = 78 + 45 = 123) and with its charge Z_d = Z_u + Z_e = +6 − 9 = −3 (Fig.10).

Charge:

total charge −3

−9 +3 +3

Number of preons: 36 9 ν_e e^− 3 36 (36) 36 3 u

... ...................... .

... ...................... .

. .. .. . .. .. . .. .. . .. ..

. .. .. . .. .. . .. .. . ..

. .. .. . .. .. . .. .. . .. ..

. .. .. . .. .. . .. .. . ..

.. ...................... ..

.. ...................... ..

... ....................... .

... ....................... .

.. ...................... ..

.. ...................... ..

. . . .. . ... .. ..... .

. . . .. . ... .. .

. . . .. . ... .. ..... .

. . . .. . ... .. . ⟲ ⟲ ⟳ ⟲ ⟳

(mass 45) (mass 78)

Figure 10. Schematic representation of the d-quark. The symbol ♦ is used for the electron, the symbols ⟨| and |⟩ stand for the triunes (Y-particles), and the symbols 0 represent neutrinos. The total mass of the structure is 123 preon units (45+78); its charge is −3 units (−9 + 3 + 3). The symbols ⟳ and ⟲ correspond to the clockwise and anticlockwise helical patterns of the particle components.

Divided by nine, the charge of the 3Y-particle, gives us the conventional unit charge of the electron. Then Z_u = +6 and Z_d = −3 are the commonly known fractional charges of the up and down quarks (+2/3 and −1/3).

6. The second and third generations of particles

It is natural to suppose that particles of the higher (heavier) generations should be composed of simpler structures belonging to the lower (lighter) generation. For example, the muon neutrino (a neutral particle) can be formed of positively and negatively charged Y^∗ and Y^∗:

ν_μ = Y6YY_⟳ 6YY_⟲ 6YY_⟳Y = Y^∗ν_eY^∗, (14)

and the muon could be naturally structured as

μ = (6YY_⟲ + 3Y_⟲Y)(6YY_⟳6YY_⟲6YY_⟳Y) = ν_ee^−ν_μ, (15)

which corresponds to one of the muon’s decay modes (Fig.11).

Structures of other particles might also correspond to their main decay channels. Their components should not be considered as rigidly tied. The higher level structures are clusters rather than single particles. This is similar to the situation in molecular dynamics [16], where the rigidness or nonrigidness of the equilibrium configurations of molecules depends on the number of minima of the effective combined potential. In (15) we enclose the clustered components in parenthesis. Let us make a guess, that masses of the “nonrigid” fermions can be calculated as m = m_1 + m_2 + . . . + m_N 1/m^′_1 + 1/m^′_2 + . . . + 1/m^′_N

, (16)

where m_i and m^′_i are masses and reciprocal masses of the components. For brevity, we shall alternatively use also m = (m_1, m_2, . . . , m_N ) instead of (16). In some way resembling approach

Fermions as topological objects 15

was used in [17]. Calculating masses of fermions with this formula, one can see that, for the second and third generations, the masses are reproduced with a systematic error of about 0.5% (we don’t present these data here). The systematic differences between the experimental and calculated masses linearly depend on the number of preons in the clustered components containing 3Y. These differences can be readily taken into account by radiative corrections to the masses of the clustered components as following:

m^{rc}_k = m_k + sη, (17)

where m_k is the original mass of the clustered component k (in units of the preon’s mass), m^{rc}_k is the corrected mass of this component, and η is the radiative correction factor: η = 1 54π^2 √ m_e m^{rc}_e . (18)

m^{rc}_e is the radiatively corrected electron mass, calculated recursively using (17), and m_e is the original electron mass, expressed in preon’s units (m_e = 9). The preon factor s for the given clustered component is: s = {_{N +}

N^− me, for the positively charged components, if Zsystem > 0

−N^−, for the negatively charged components, if Z_{system} < 0.

(19)

Here N^+ and N^− are respectively the preon numbers in the positively and negatively charged clustered components. For m_e = 9 and s_e = −9 the radiative correction factor (18) is η = 0.001878079 (m^{rc}_e = 8.98313). Formulae (17), (18), and (19) are chosen to fit the linear fit the systematic trend in (16). They are also applicable to antiparticles (by changing the sign in (19)).

The fermion masses calculated with the use of (16) and (17) are summarised in Table 3. As an example, let us calculate the muon mass. The masses of the muon’s components, according to its structure (Fig.11), are: m_1 = m^′_1 = 48, m_2 = m^′_2 = 39, N^− = 123, s = −123, m^{rc}_2 = 38.768996 (all in the preon mass units). And the muon’s mass is

m_μ = (m_1, m^{rc}_2 ) = m_1 + m^{rc}_2 1 m^′_1 + 1 m^{′rc}_2 = 1860.91182 (preon mass units).

For the τ -lepton, according to its structure (Fig.12), m_1 = m^′_1 = 201, m_2 = m^′_2 = 156, N^− = 201, s = −201, m^{rc}_1 = 200.6225,

m_τ = (m^{rc}_1 , m_2) = 31297.1109 (preon mass units).

For the proton, positively charged particle consisting of two up (N_u = 2), one down (N_d = 1) quarks and a cloud of gluons g^0, masses of its components are m_u = m^′_u = 78, N^+ = 78, m_d = m^′_d = 123, N^− = 123 (m^{rc}_u = 78.0107188). As for the gluons, only those of them should be taken into account, which are coupling to the quarks’ preons. Thus, the total number of the coupled gluons, N_g0 , should be equal to the number of preons in the proton quarks: N_g0 = N_u · N^+ + N^− = 279. The masses of these gluons, according to (5) and (6), are m_g0 = 1, m^′_{g0} = ∞. The resulting proton mass is

m_p =

N_um^{rc}_u + N_dm_d + N_g0 m_g0 N_u^1_m′_{rcu} + N_d^1_{m′d} + N_g0^1_{m′g0}

= 16525.3588 (preon mass units), (20)

Fermions as topological objects 16

Charge:

N −1 =84

−9 +3

N −2 =39 −3

Number of preons: 9 36 3

e^− ν_e Y

36 36 3 36

Y^∗

... ....................... .

... ....................... .

. .. .. . .. .. . .. .. .. ..

. .. .. . .. .. . .. .. ..

. .. .. . .. .. . .. .. .. ..

. .. .. . .. .. . .. .. ..

.. ...................... ..

.. ...................... ..

... ....................... .

... ....................... .

.. ...................... ..

.. ...................... ..

. . . .. . ... .. ..... .

. . . .. . ... .. .

. . . .. . ... .. .... .

. . . .. . ... .. ..... . ⟲ ⟲ ⟳ ⟲ ⟳

(m_1 = 48) (m_2 = 39)

Charge -6, Charge -3,

N −1 + N −2 = 123

Figure 11. Scheme of the muon. Two like-charged components (Z_1 = −6, Z_2 = −3 preon

charge units or −2/3 and −1/3 electron charge units) have masses of 48 and 39 preon units.

Total number of preons in the negatively charged components is N^− = 123. The symbol ♦ is

used for the electron, the symbol ⟨| — for the triunes, and the symbols 0 — for the electron

neutrinos.

Charge: Z1=−9 −3 +3 −9 +3 −3

Z2=0

+3 −3 +3 −3

N_Π : 39 (36) 39 45 39 (36) 39 ν_μμ^− 39 (36) 39 (36) 39 (36) 39 ν_τ

. ........................ ..

. ........................ ..

. .. .. . .. .. . .. .. . .. ..

. .. .. . .. .. . .. .. . ..

. .. .. . .. .. . .. .. . .. ..

. .. .. . .. .. . .. .. . ..

... ....................... .

... ....................... .

.. ...................... ..

.. ...................... ..

... ........................ .

... ........................ .

. . . .. .. ... .. .... .

. . . .. .. ... .. ..... .

. . . .. .. ... . .... ..

. . . .. .. ... . ..... . ⟲ ⟲ ⟳ ⟲ ⟳ .. ........................ ..

.. ........................ ..

... ...................... ..

... ...................... ..

.. ...................... ..

.. ...................... ..

... ...................... .

... ...................... .

.. ...................... ..

.. ...................... ..

... ....................... .

... ....................... .

.. ...................... ..

.. ...................... ..

. . . .. . ... .. ..... ..

. . . .. . ... .. .

. . . .. . ... .. ..... .

. . . .. . ... .. .

. . . .. . ... .. ..... .

. . . .. . ... .. .

. . . .. . ... .. ..... .

. . . .. . ... .. . ⟲ ⟳ ⟲ ⟳ ⟲ ⟳ ⟲

m_1 = 201 m_2 = 156

. ....................... ..

. ....................... ..

... ...................... .

... ...................... .

. ...................... ..

. ...................... ..

. . . .. .. ... . ..... ..

. . . .. .. ... . .

. . . .. .. ... . ..... ..

. . . .. .. ... . . ⟳ ⟲ ⟳

Figure 12. Scheme of the tau-lepton. Number of the negatively charged preons is N^− = 201.

which, divided by m_e (nine preon mass units), reproduces (to an accuracy of about 10^{−6}) the

well-known but not yet explained proton-to-electron mass ratio: m_p m_e = 16525.3588 9 = 1836.1510;

compared with the experimental value of m_p/m_e = 1836.1526675(39) [1]. Using (20), one can

convert m_e, m_μ, m_τ , and masses of other particles from the preon mass units into the proton

mass units, m_p. These values are given in the fifth column of Table 3. The experimental masses

of the particles (also expressed in units of m_p) are listed in the last column for comparison.

Table 3 and Fig.10-12 illustrate family-to-family similarities in the particle structures. For

example, in each family, the down-like quark appears as a combination of the up-like quark,

with a charged lepton belonging to the lighter family. Each charged lepton is a combination of

the neutrino from the same family with the neutrinos and the charged leptons from the lighter

family. This simple hierarchical scheme is possible because lifetimes of leptons belonging to

different generations are not comparable. Compared with the tau-lepton, the muon can be

considered as a stable particle, with its mean lifetime of about 2 · 10^{−6}s, while the mean lifetime

of τ is about 3 · 10^{−13}s, giving no time for the muon to decay within the τ -structure.

Ring structures similar to that of the electron neutrino, may also appear as “heavy neutrinos”,

ν_h = 6Y^∗Y^∗. They can further form “ultra-heavy” neutrinos ν_{uh} = 3(Y^∗ν_hu)e^−, and so on. The

Fermions as topological objects 17

Table 3. Predicted and experimental rest masses of quarks and leptons. Values given in the fourth column can be converted into the proton mass units dividing them by m_p = 16525.3575, expression (20). The values embraces in parenthesis in the third column correspond to the abbreviated notation in (16)

Particle and Number of preons in Predicted Masses Experimental its structure the components with masses (preon converted masses (in m_p) (components) non-cancelled mass mass units) into m_p Ref.[1] First family ν_e 6YY 0 0 0 - e^− 3Y 9 9 0.0005446175 0.0005446170 u Y^∗ ν_e Y^∗ 78 78 0.00472 0.001 to 0.005 d u ν_e e^− 123 123 0.00743 0.003 to 0.009 Second family ν_μ Y^∗ ν_e Y^∗ 0 0 0 - μ^− ν_μ + ν_ee^− (48, 39) 1860.91182 0.11260946 0.11260952 c ∗∗ Y + ∗∗ Y (165, 165) 27122.89 1.6415 1.2 to 1.4 s c + e^− (165, 165, 9) 2745.37 0.16615 0.08 to 0.18 Third family ν_τ u ν_e u 0 0 0 - τ^− ν_τ + ν_μμ^− (156, 201) 31297.111 1.89388 1.8939 ± 0.0003 t ∗∗∗ Y + ∗∗∗ Y (1767, 1767) 3122289 188.96 185 ± 5 b t + μ^− (1767, 1767, 48, 39) 75813.46 4.588 4.2 to 4.7

∗∗ Y and^{∗∗∗}Y components of c and t have the following structures:^{∗∗}Y= uνeuνee^− and^{∗∗∗}Y = νuhY.

7. Conclusions and comments

Based on the concept of the dual (twofold) nature of space with its reciprocal manifestations unified through an “inversion” area, our model provides a reasonable explanation for the fermion masses. Being only a conceptual, and a kind of zero-approximation to a theory of particles below the quark scale, our model nevertheless predicts quantum numbers and masses of three generations of fermions. Masses are derived without using adjustable or experimental input parameters (in this sense our model is self-sufficient). The calculated masses agree with experiment to an accuracy better then 10^{−6} (the comparison is made with the experimental masses of the charged leptons only). Our model probably might be helpful in the investigation of the early universe. Such things as inflation, dark matter or dark energy might be better understood and explained in the framework of our model.

Our approach might provoke many sceptical views and questions, such as: “Why are the particles considered statically?” or “Where do the quantum phenomena come from?” Possible criticisms can be directed, for instance, at the quark masses, vitiating this kind of model because of its unawareness of the fact that the masses of quarks are not well-defined quantities and should be usually considered within a particular renormalization scheme. As such, the agreement between all the experimental masses and the model is at best spurious.

And indeed, the quark masses cannot be measured directly. These particles have never been observed in free states. Thus, we cannot directly compare predictions of our model for the quark

Fermions as topological objects 18

masses with experiment. We can only say that, as far as the known experimental constraints to the quark masses are concerned [1], our model agree with them absolutely. The “spurious” agreement with experiment of nine (seemingly random) quantities is extremely improbable. We should agree with those, arguing that our model ignores quantum field theory or regularization schemes for the quark masses. But one have to keep in mind the fact that regularization or renormalization is related to parameters of the model. Many theorists will be mistakenly looking for parameters or for renormalization schemes in a non-parametric model. This may be beyond the psychological barrier for some physicists. The existence of this barrier was noted by W.Heisenberg in his discussion with A.Mercier [18]:

“... even major modifications of present physical theories would not transform them into the desired new theory, as quite different and novel ideas are required. Secondly, the impact of quantum theory and relativity theory on the minds of those scholars who helped found them during the first half of our century is conceivably such that they are imprisoned by these theories and thus cannot help but reason conformally, that is, in terms of traditional concepts; whereas the need is for a whole revolution of thought, which can only be carried through by nonconformists”.

The reality of the problem can be seen on the example of S.Weinberg’s comments made by him in one of his comprehensive books on Quantum Field Theory [19]:

“...[P.Dirac] did not set out simply to make a relativistic theory of the spinning electron; instead, he approached the problem by posing a question that would today seem very strange. At the beginning of his 1928 paper, he asks ‘why Nature should have chosen this particular model for the electron, instead of being satisfied with the point charge.’ To us today, this question is like asking why bacteria have only one cell: having spin ℏ/2 is just one of the properties that define a particle as an electron, rather than one of the many other types of particles with various spins that are known today.”

Thus, according to S.Weinberg, it makes no sense to verify the nature of different properties of elementary particles. These characteristics are ipso facto the input parameters for theoretical models. This exposes the limited character of the modern quantum field theory and reveals the source of the psychological barrier of theoretical physicists.

Some critics, evading the fact of our model’s agreement with experiment, might proclaim it to be a kind of numerological speculation. However, there is nothing wrong with it. Many examples of this approach exist, which helped to uncover new physics, such as, for example, Kepler’s laws based on the analysis of Tycho Brahe’s accurate observations of planets. Later Newton was able to derive these laws from his (physical) theory of gravitation. The Balmer’s formula for atomic spectra is another example of a “numerological” guess, which was later replaced by Bohr’s physics. The Standard Model of particle physics is itself a very well constructed numerology. With high accuracy, it parameterises the table of experimental data for particles and their properties. Some physicists[20] acknowledge that this model “consists of strange and unusual pieces serving to fit the theory into observations”. W.Heisenberg, emphasising the descriptive character of quantum field theory, called it a “vaguely defined hypothesis” [26]: “In the theory one should try to make precise assumptions concerning the dynamics of matter, without any philosophical prejudices. The dynamics must be taken seriously, and we should not be content with vaguely defined hypothesis that leaves essential points open. Everything outside the dynamics is just a verbal description of the table of data, and even then the data

Fermions as topological objects 19

table probably yields more information than the verbal description can. The particle spectrum can be understood only if the underlying dynamics of matter is known.”

The Standard Model of particle physics does not parameterise the fermion masses. There are other models [21] - [25] aiming at the reproduction of these masses numerologically or parametrically. In contrast, in our approach we discuss a possible physical solution for a physical problem, which is an open question in the Standard Model. And our model is not an “improved” description of particle properties by using a new mathematical algorithm. Here we consider a real physical object with its unit (for simplicity) charge and mass. This object possesses a set of specific physical (topological) properties and known types of symmetry, SU(3) and U(1). It is shown that these simple initial conditions automatically lead to formation of spatial structures, part of which exactly reproduces all the quantum numbers and masses of the first generation of fermions. This is a quite surprising and curious result. But, when extending our model to the second and third particle families, no less curious thing happens. It turns out that the extension is possible by using classical formulae of Newtonian dynamics, which are actually transformed into (16). This seems to be very strange. Why should particles obeying the principles of Quantum Mechanics be described with classical equations at small scales (energies higher than TeV)? Could it mean that Newtonian dynamics (read General Relativity) lies at the heart of Quantum Mechanics? Maybe both theories work simultaneously at all scales? Let us remember, for instance, the discrete distribution of planet orbits in the Solar System. Nobody uses Quantum Mechanics for calculating the orbits because it is much easier to calculate them using Newton’s laws. Nevertheless, there are works, in which statistical mechanics is applied for the calculation of the orbits of minor planets [27] and classical Newtonian mechanics accounts for tunnelling effects [28], which are believed to be of purely quantum mechanical origin. Thus, the hypothesis about General Relativity (read Newtonian mechanics) working at sub-quark scales might not be too absurd. In 1963 P.A.M.Dirac wrote [29]:“definitely one can be sure that the uncertainty principle will not survive in physics of the future.” A.Einstein expressed similar doubts [30]: “I do not believe that quantum mechanics will be the starting point in the search for this basis [of physics], just as one cannot arrive at the foundations of mechanics from thermodynamics or statistical mechanics”. Now it becomes clear that the model proposed here offers much more than a mere explanation of the particle mass distribution. However, this is already another story.

Acknowledgments

The author thanks Prof. V.V. Orlov for his valuable comments and Dr. L.V. Morrison for his linguistic support.

[1] Groom, D.E., et al.(Particle Data Group), Eur. Phys. Jour, C15, 1 (2000) and 2001 partial update for edition 2002, URL:http://pdg.lbl.gov [2] Golfand, Yu.A., Likhtman, E.P., Extension of the algebra of Poincaré group generators and violation of P-invariance, JETP Lett., 13 (1971), 323 [3] Likhtman, E.P., Around SuSy 1970, Nucl.Phys.Proc.Suppl., 101 (2001), 5-14, arXiv:hep-ph/0101209 [4] Weinberg, S., Implications of dynamical symmetry breaking, Phys.Rev., D13 (1976) 974 [5] Randall, L., Sundrum, R., A large mass hierarchy from a small extra dimension, Phys.Rev.Lett., 83 (1999) 3370, arXiv:hep-ph/9905221 [6] Libanov, M., Nougaev E., Towards the realistic fermion masses with a single family in extra dimensions, JHEP 0204, 2002 p. 55, arXiv:hep-ph/0201162

Fermions as topological objects 20

[7] Spaans, M., On the topological nature of fundamental interactions, arXiv:gr-qc/9901025, 2000, 18 p. [8] Huber, S.J., Shafi, Q., Fermion masses, mixing and proton decay in a Randall-Sundrum model, Phys.Lett, B498 (2001) 256-262, arXiv:hep-ph/0010195 [9] Hoidn, P., Kusner, R.B., Stasiak, A., Quantization of energy and writle in self-repelling knots (2002) 16p., arXiv:physics/0201018 [10] Dugne, J.-J., Higgs pain? take a preon! (1997) 13p., arXiv:hep-ph/9709227 [11] Peccei, R.D., The mystery of flavor (1997) 22p., arXiv:hep-ph/9712422 [12] Kastrup, H.A., The contributions of Emmy Noether, Felix Klein and Sophus Lie to the modern concept of symmetries in physical systems, in “Symmetries in physics (1600-1980)”, Barcelona (1987), 113-163 [13] Ahluwalia, D.V., Kirchbach, M., Fermions, bosons, and locality in special relativity with two invariant scales (2002) 4p., arXiv:gr-qc/0207004 [14] Suisso, E.F., de Melo, J.P.B.C., Frederico, T., Relativistic dynamics of Qqq systems, Phys.Rev. D65 (2002) 094009, arXiv:hep-ph/0202137 [15] Greene, B.R., The elegant universe, Vintage, London (2000) 448p.

[16] Burenin, A.V., Symmetry of quantum intramolecular dynamics, Physics-Uspekhi, 45, 7, (2002) 753-776 [17] Goradia, S.G., Consistent equation of classical gravitation to quantum limit and beyond (2000) 5p., arXiv:physics/0011066 [18] Mercier, A.,, Found.Phys. 1 (1971) 285 [19] Weinberg, S., The quantum theory of fields, Cambridge Univ.Press v.1 (1996) 609p. [20] Witten, E., Quest for unification (2002), 9p., arXiv:hep-ph/0207124 [21] Nambu, Y., Symmetry breaking, chiral dynamics, and fermion masses, Nucl.Phys., A638 (1998) 35-44 [22] Filewood, G.R., Discret symmetry and quark, lepton and vector gauge boson mass expressions (2001) 57p., arXiv:physics/0109024 [23] Millikan, R.C., Richtman, D.C., On the masses of the leptons, bosons, and quarks (2001) 8p., arXiv:hep-th/0106106 [24] Millikan, R.C., Light front models for the leptons, bosons, and quarks (2001), 25p., arXiv:hep-th/0106098 [25] Lindner, M., Winter, W., Quark and lepton mass patterns and the absolute neutrino mass scale (2001) 4p., arXiv:hep-ph/0111263 [26] Heisenberg, W., The nature of elementary particles, Physics Today, 29(3) (1976) 32 [27] Jaffe, C., Ross, S.D., Lo, M.W., Marsden, J., Farelly, D., Uzer, T., Statistical theory of asteroid escape rates, Phys.Rev.Lett., 89 (2002) 01101 [28] Donoso, A., Martens, C.C., Quantum tunnelling using entangled classical trajectories, Phys.Rev.Lett., 87 (2001) 223202 [29] Dirac, P.A.M., The evolution of the physicist’s picture of nature, Sci.Am., 208(5) (1963) 45 [30] Einstein, A., Journal of the Franklin Institute, 221, (1936) 313