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A SIMPLE MODEL AND UNIFIED THEORY OF ELEMENTARY PARTICLES AND INTERACTIONS (UTOEPI) WITH 3-DIMENSIONAL TIME (6-D SPACE-TIME)

Abstract
This paper introduces a new paradigm involving the concept of a three-dimensional time (3-D T) which, together with the usual three-dimensional space (3-D S), forms a six-dimensional space-time (6-D ST) continuum for describing super-high energy (Planck scale) elementary particle and cosmological phenomena. For a spherically symmetric system, this leads to the notion of a 5- sphere topology. In this framework, a heuristic model and a simple theory of elementary particles and the four basic interactions (strong, weak, electromagnetic and gravitational) is developed, including a simplistic parametric representation of the elementary particle masses in terms of the basic parameters of these interactions. Emphasis is laid on mathematical simplicity and a direct use of the first principles of physics. For this reason, a minimal reference to the Standard Model, string theory, supersymmetry, etc., is made, although some connections of the pertinent elements are apparent.
This paper is presented in five Parts. Part I introduces the concept of a three-dimensional time (i.e., a six-dimensional time-space.) Part II applies this concept to build a simple model of elementary particles in the framework of the basic interactions. Part III develops a statistical theory of a relativistic ensemble of particles in the conventional 4-covariant and the new 6-covariant forms. Part IV presents a unified representation of the four basic interactions involved, introducing a spring theory for the strong interaction. Part V deals with the origin of spin. 
A SIMPLE MODEL AND UNIFIED THEORY OF ELEMENTARY PARTICLES AND INTERACTIONS (UTOEPI) WITH 3-DIMENSIONAL TIME (6-D SPACE-TIME)

PART  I --  INTRODUCTION OF THE THREE-DIMENSIONAL TIME




Ashok K. Sinha

Introduction and Background

The basic formulation of Einstein’s Special Relativity Theory (SRT) and General Relativity Theory (GRT) is based on the premises of:
(a) Lorentz transformation of the Cartesian co-ordinate reference frame having a relative velocity ( v ), taken along the reference (say, x-) axis;
(b) A four-dimensional space-time (4-D ST) continuum, with three spatial orthogonal co-ordinates (x, y, z) and a single time co-ordinate (t), assumed to be orthogonal to this three-dimensional space (3-D S);

(c) Intrinsic curvature in the 4-D ST due to the presence of mass (M), determining the trajectory of particles as the geodesics in the curved     4-D ST geometry. 
This paper presents arguments to highlight the need to extend the concept of 4-D ST to a new paradigm of the six-dimensional space-time (6-D ST) continuum by introducing a three-dimensional time (3-D T) space orthogonal to the 3-D S, with the three time co-ordinates also forming a right-hand orthogonal Cartesian reference frame as the 3-D S. Apart from the conventional time (associated with the “positive arrow” of time of increasing entropy and of common physical phenomena and every-day experience), the additional two orthogonal time dimensions may be regarded analogous to the familiar Kaluza-Klein (“curled-up”) variables playing significant role only in super-high energy (Planck scale) range pertinent in sub-nuclear particles on the one hand and in cosmology. 

Examples of Potential Implications

The implications of treatment of (high-energy) physical events in this 6-D ST hyperspace are briefly overviewed. In passing, especial implication in terms of potential theoretical explanations of several (high-energy) physical phenomena in the realms of elementary particle physics and cosmology are summarily mentioned. These include, for instance, 
(i) A simple coherent and unified model for the elementary particles (the Standard Model) and the four basic interactions: strong, weak, electromagnetic (EM) and gravitational; 
(ii) The neutrino entanglement: Apparent transformation of the electron neutrino (עe) into muon neutrino (עμ) or tau neutrino (עτ) (or, manifestations of these three types of neutrinos as three quantum states of one basic particle) as rotations in the extra time dimensions;

(iii) Gravity wave: Propagation of the gravity wave could entail the extra dimension(s) of time, making it difficult to detect or observe the same through conventional (single-time dimensional) means or approach;

(iv) Dark Energy and Dark matter: The likely presence of the dark energy (in the form of electromagnetic or matter-wave) with polarization in the additional time co-ordinates or planes, making it difficult to detect or observe the same through conventional means;

(v) Post-big bang Inflation: The Inflation process in the early universe immediately after the big bang could have been affected or originated under a sudden large expansion in the 6-D ST;

(vi) A flat-universe approximation: Introduction of space-time continuum curvature, causing a relatively more artificial interpretation of mass (as a result of such a curvature, or causing it) is not implied or necessary; a flat 6-D ST geometry could be naturally considered acceptable and sufficient;
(vii) Inherent spherical symmetry:  Mathematical models based on the naturally expected spherical symmetry in all (6-D) space and time co-ordinates (i.e., a complete space-time symmetry) are easily obtainable. In particular, a mutual equivalence and potentiality of an inter-conversion of the spatial and time spaces becomes more transparent and quantifiable imbibing consistency in the relativity and quantum theories, as a simple corollary. 
Many additional implications of importance to particle physics and cosmology are likely to emerge from the above type of extension in the representation and description of the time space (6-D ST). As is customary in the conventional string theory, the extra time co-ordinates may be considered to be dormant (“curled”) in the normal, macroscopic world, but to play a vital role in the case of a microscopic and quantum (sub-atomic, sub-nuclear) as well as of cosmological systems, as mentioned above.

Extended Relativity Theory and UTOEPI
In order to distinguish the concept and principle of 6-D ST from the conventional (Einsteinian) 4-D ST yielding SRT and GRT, we will refer the 6-D ST-based theory as the “Extended Relativity Theory” (ERT). The elementary particle and basic interaction model associated with the 6-D ST will be referred to as the universal and Unified Theory of Elementary Particles and Interactions (“UTOEPI”.)
The Need to Consider a Three-Dimensional Time (3-D T) 

The Lorentz transformation rules are derivable from the Special Relativistic Invariance of the (4-D) space-time interval



(dx)2 + (dy) 2 + (dz) 2 + (icdt) 2 = 0


       (1.1)
where i=√(-1), and c is the velocity of light. Commonly, the relative velocity, v , with which a Cartesian co-ordinate frame, R’ , is assumed to move with respect to the reference (Cartesian) co-ordinate, R , is taken along one co-ordinate axis, say, the x-axis, in order to obtain the well-familiar Lorentz transformation equations between the co-ordinates (x’,y’,z’) of R’ in terms of the co-ordinates (x, y, z) of R :



x' = (x – vt) β    ; 

y’ = y    ; 

z’ = z    ;



t’ = (t - vx     ) β    ; 

c2
β = (1 -  v2     )  -1/2





  (1.2)

c2
The above treatment of the special relativity theory (SRT), explicitly assuming the relative velocity (v) to be aligned with the x-axis, is tantamount to reducing (v) to a scalar (v = vx î,   vy = vz =0, |v| = vx). In a more general case, the velocity v may be retained as a three dimensional vector (with non-zero y- and/or z-components)



v = vx  î + vy  ĵ + vz k 



    (1.3)
where (î,  ĵ,  k)  from a triad of unit orthonormal vectors in the Cartesian co-ordinate frame R :


(î)2 = (ĵ) 2 = (k) 2 = 1

î .ĵ = ĵ . k = k.  î = 0




(1.4a,b)

In this case, it would be essential to introduce independent time–coordinates corresponding to the spatial co-ordinates y and z, respectively, in addition to the ‘conventional time’ t of the 4-D ST under the SRT and GRT. In the interest of generality, we now denote the spatial (3–D) co-ordinates as (x1, x2, x3) and the corresponding (orthogonal) 3–D time co-ordinates as (t1, t2, t3), thereby obtaining a six-dimensional (6–D) space–time continuum (xk, ictk  ; k = 1, 2, 3), or a 6–D ST hyperspace, occasionally also denoted as having the 6 orthogonal co-ordinates 


(x1, x2, x3, x4, x5, x6)

with the obvious notations (x4 = ict1  ; x5 = ict2  ; x6 = ict3 ).
For a relative velocity vector v with components (v1, v2, v3) along the three orthogonal co-ordinate spatial axes (x1, x2, x3), respectively, if a scalar (one-dimensional) time variable, t , is employed, as implicitly implied in the construct of the 4–D (Einstein’s) space-time continuum forming the fundamental basis of the SRT and GRT, then serious ambiguities, contradictions and inconsistencies result.
This is readily seen by noting that the set of equations




x’i 
=
(xi  - vi t) βi 



t’
=
(t -      xi) βi 

i = 1, 2, 3
.(1.5a,b,c)




βi
=
( 1 -       ) - ½  
require that the identities

      t’ ≡  (t -        x1) β1  ≡  (t -       x2) β2   ≡    (t -        x3) β3
      (1.6a)
must hold: a condition that disallows an arbitrary choice for the velocity components (v1, v2, v3). Similarly, it can be easily seen that the basic invariance relation of the 4-D ST subject to Eqns (2.5abc),  
x’21 + x’22 + x’23 – (ct’)2   =   x21 + x22 + x23 – (ct) 2 
(1.6b)
becomes untenable, violating the fundamental premise of SRT and GRT.

Spherically Symmetric 6-D ST Hyperspace

From the preceding discussion, it is reasonable to introduce, for generality, a 3-D time space (i.e. a 6-D ST). In a spherically symmetric system, the radial distance (of a point from the origin of the reference frame, or between two points) is the only co-ordinate variable that explicitly governs the basic behavioral characteristics of most of the particles and fields, since the spherical symmetry implies an invariance of the system with varying angular co-ordinates (for a fixed value of the radial co-ordinate.) However, potential dependence on the angular time co-ordinates is also conceivable, and this should lead to new physics, such as the Higgs field and supersymmetry.  As mentioned before, these extr time dimensions might act as the Kaluza-Klein (“curled-up”) dimensions normally hidden, but manifesting and affecting the systems only in the super-high energy and ultra-small (Planck-) scale ranges.
In case of an intrinsic spherical symmetry of a system it is useful to use the (orthogonal) spherical polar co-ordinates (r, θ, Φ) in the 3-D S (Spatial Space) and the corresponding (orthogonal) spherical polar co-ordinates (tr, tθ, tΦ) in the 3-D T (Time Space). In a 6-D ST therefore, one can introduce the (complete orthogonal) spherical polar co-ordinates




(r, θ, Φ, tr, tθ, tΦ) 

instead of the 6-D hyperspace Cartesian co-ordinates




(x1, x2, x3, x4, x5, x6)

Here,

r = (x21 + x22 +x23)½ 




(1.7a)




θ = Cos-1 (     )




(1.7b)

Φ = Cos-1 (                 )



(1.7c)
tr = (x24+ x25 +x26) ½ 




(1.7d)

tθ =  Cos-1 (      )



(1.7e)
tΦ = Cos-1 (                 )


(1.7f)
In this (6-D ST) hyperspace, it is useful to consider the radial separation between two points P= (r, θ, Φ, tr, tθ, tΦ) and P’ = (r’, θ’, Φ’, t’r, t’θ, t’Φ) In particular, in a spherically symmetric system where characteristics of the basic interactions depend only on the radial distance between interacting particles or systems, as is normally expected for the present purpose, a spherical polar co-ordinate system for the reference frame(s) would obviously be more suitable. The well-known fact that the strong interaction between two quarks increases with increasing separation between them naturally allows a simple modeling of the same in terms of a “spring”-like force or potential; and the related formulation of the strong interaction may be referred to as the ‘spring theory’ (in place of the ‘string theory’.) The electromagnetic and gravitational interaction potentials vary in inverse proportion to this separation. In particular, note that the  radial separation between two points P (r, θ, Φ) and P’ (r’, θ’, Φ’), in a spherical polar co-ordinate system in the 3-D S, is given by 

                         (
l
    

| r – r’| -1 =  4( ∑ ∑   r<l/{r>l+1(2l+1)}Ylm (θ, Φ) Ylm* (θ’, Φ’) 

,

     
             l=0  m=-l

                                                                                                        (1.8a)

where r and r’ denote the vectors OP and OP’ , respectively, (O being the origin of the 3-D S co-ordinate system); r< and r> being the smaller and larger, respectively, of IOPI and IOP’I ; and Ylm (θ, Φ) is the spherical harmonic function of the order (l,m) and angular arguments (θ, Φ), forming a complete orthonormal set; and the asterisk denotes complex conjugate. 

The spherical harmonic functions are given as 

Ylm  (θ, Φ)  = θ lm(θ)  Φm (Φ)                                 (1.8b)



θlm(θ)  =  [                         ]½  Plm    (Cos θ)     (1.8c)



Φm (Φ)   = {1/(2π}1/2  e imΦ

     
(1.8d)
Equation (1.1) indicates the existence of possible solutions in UTOEPI in terms of series of spherical harmonics which are related to the angle θ12 between the vectors r and r’, as 


Pl (Cos θ12) =  4( / (2l+1)   ∑  Ylm (θ, Φ)    Ylm*  (θ’, Φ’)   
(1.8e)

where Pl is the Legendre polynomial of order l.

Furthermore, as a simple generalization of Eqns. (1.8a) and (1.8e), we can now write: 




l =(  m=l


| t – t’| -1 =  4( ∑ ∑   t<l/{t>l+1(2l+1)}Ylm (tθ, tΦ) Ylm* (tθ’, tΦ’) 
(1.9a)


           l=0  m=-l






l




      Pl (Cos tθ12 ) =  4( / (2l+1)   ∑  Ylm (tθ, tΦ)    Ylm*  (tθ’, tΦ’)   
(1.9b)

where the symbols have analogous meanings as in Eqns. (1.18), but in the time-space ; i.e., Ylm (tθ, tΦ) is the corresponding spherical harmonics in the 3-D T,  and  tθ12  is the angle between the vectors for t    and t’  in the 3-D T.
The 6-dimensional ‘hyper-distance’ between the points P and P’ as

  S’=  [ (r2  +  r’2  -  2r r’ Cosθ12)  +  (tr2  +  t’r2  –  2 tr t’r  Cos tθ12)  ]1/2  (1.9c)

In view of these simple representations and obvious extension thereof for the case of 6-D ST (i.e., to the case when the two points P and P’ are points in the 6-D space-time each generally having 6 spherical polar co-ordinates, three in 3-D S and three in 3-D T), it is readily suggested that there exists  the possibility of a comprehensive set of solutions in UTOEPI in terms of series of these spherical harmonics involving the wave-like functions eimΦ in combination with the Legendre polynomials. With suitable parametric adjustments, these types of solutions can lend themselves to be identified with known elementary particles and fields.

More specifically, certain selected wave-solutions (expectedly, for low l, m-values) could be identifiable or associated with elementary particles (leptons, i.e., spin ½) and interactions (bosons, i.e., spin 1,2) in a manner analogous to the case of the Standard Model, the string theory and the supersymmetry (leptons with integral spins and bosons with spin ½) theory, without resorting to any complex mathematical design. 

Inter-conversion of Space and Time in the 6-D ST

Just as the conventional quantum uncertainty relations for energy (E) and time (t); and for the position (x) and momentum (p), expanded to apply in the 6-D ST, 


∆Ej ∆tj   ~   ħ     ~ 
∆xj ∆pj

,


(1.10a)
i.e.,


∆Ej
~
ħ  / ∆tj  



(1.10b)


∆xj
~
∆Ej ∆tj  /  ∆pj
    ~
c  ∆tj   

(1.10c)









(j=1,2,3)
correlate uncertainty in (the conventional time and) the corresponding uncertainty in energy with the Planck constant (ħ), so also the orthogonal time components bear similar relationships to the additional energy components; and this could be potential sources of (unseen) energy of huge proportions (for miniscule uncertainties in orthogonal time components.) In particular, in the spherical polar co-ordinate system, a large uncertainty in ∆tr  may still incorporate arbitrarily small ∆tθ and/or ∆tΦ , thereby leading to the possibility of cosmologically large energy (polarized) in the longitudinal and/or latitudinal directions of the three-dimensional time-space (3-D T.) For instance, for ∆tj ~ 10-43 sec. (Planck time), a 1016 order of magnitude enhancement in energy (and 10-33 cm, i.e., for an expansion over a Planck distance) could be expected. This type of phenomena could possibly form, or contribute to, the explanation of ‘mysterious’ cosmological processes such as inflation immediately following the big bang, the dark energy and dark matter, and quantum gravity (gravitons carrying the energy in quanta or waves polarized in the orthogonal time dimensions. 

Potential Applications
The extra dimensions of time could be considered as hidden or ‘curled up’ (to borrow a phrase from the ‘string theory’) due to our inability to experience their effect directly, in common measurements or day-to-day experience. However, their contributions in the structure and interactions of elementary particles, i.e. at ultra-high energy range (as in the case of the big bang and inflation phenomena) as well as in astrophysical and cosmological events (that is, in the ultra-microscopic such as the big bang, and in the ultra-macroscopic systems such as galactic acceleration) could be quite significant. For instance, in the cases of the dark energy or the gravity waves, the pertinent waves could be polarized in these extra time dimensions and hence undetectable by conventional means which are able to detect only waves polarized in the conventional time dimension. This type of effects is referred to in more details later in this paper.

The mathematical simplicity inherent in this approach for the description of relevant physics is self-evident and, apart from ease in treatment and analysis, may be closer to the physical reality by virtue of a larger degree of symmetry between the space and time co-ordinates. In fact, introduction of a 3-D T is inevitable for consistency even within the SRT and GRT, as indicated above.

. 

A large number of enigmatic and perplexing in particle physics and cosmology could be correlated to, or explained by, the assumption of extra orthogonal time co-ordinates, as already briefly alluded to above in this paper. Additional features which could perhaps be related to the conjecture of three dimensional time space (3-D T) might include the following:

(a) The dark matter or dark energy appears to be roughly 2/3 of the ordinarily observable (‘visible’) universe. This could be the result of two time co-ordinates, tθ  and tΦ  being ‘invisible’ and only one co-ordinate, tr , lending itself to direct visualization in ordinary observations or cosmic circumstances.

(b) The quark appears or disappears only in pairs, possibly because the origin and decay of quarks take place only in the two orthogonal time-space co-ordinates tθ and tΦ , which, in turn, could be due to conservation of angular momentum along the corresponding directions, similar to the case of the neutrino carrying the angular momentum in the neutron decay (as was originally postulated about the existence of the neutrino.)  
(c) The (real) spatial co-ordinate, r, and the three (imaginary-type) time co-ordinates, ictr, ictθ , and ictΦ , regarded as non-commutative axes of rotation in the 3-D T, could be considered as constituting a quarternion set, and this fact be utilized to construct a simple model for the Higgs field, as indicated elsewhere in this series of papers.     

Conclusions

To reiterate the primary theoretical motivation involved in the introduction of the 3-D T (6-D ST) hyperspace here, it can be noted that for a reconciliation of the concepts of relativistic invariance and quantum uncertainty, specially pertinent to the microscopic world and phenomena, and/or a simple interpretation of fundamental physical entities (particles and fields as well as cosmological evolutionary events), the introduction of time co-ordinates orthogonal to the direction of observation is practically indispensable. This is tantamount to treating time as a 3-D vector analogous to, and orthogonal to, the conventional 3-D S (spatial co-ordinates.) Thus, we are naturally led to the concept of a 6-D space-time continuum for developing a self-consistent unified theory of elementary particles and the basic interactions – the so-called TOEPI referred to in this paper.  Such a theory stands a better chance of successfully describing the universe from the big bang to the evolution of large scale features and processes of the universe. In such a treatment or model-formulation, the artifice of space-time curvature is not required, and a flat-universe assumption with more simplistic presentation of space and time variables in terms of ordinary Cartesian co-ordinates should suffice. At the same time, such an approach could help model in a rather trivial fashion, as well as more realistically and accurately, the theoretical implications to explain and resolve many of the puzzles and conflicting results in the realms of cosmology and particle physics. Of course, more investigation is required to confirm the speculative nature of these assertions, but the existence of extra, orthogonal time components could open the door to enormously significant new physics in many diverse areas, especially in particle physics and cosmology.  If such a hypothesis were to be accepted as valid, mathematical complexity or ambiguity in alternative models, such as the string theory, the bane theory, etc. would then become mute.      
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