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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  II – A SIMPLE MODEL OF THE ELEMENTARY PARTICLE MASS 





Ashok K. Sinha
Introduction

In this (Part II) paper, a simple model for deriving the masses of the (Standard Model) elementary particles is presented in terms of linear functions of the field (i.e., the Four Interactions: strong, weak, electromagnetic, and gravitational) parameters. A few speculative remarks are made in regard to the use of the quaternion formulism, nonlinear functions and 11-dimension based models to generalize this type of approach to develop more unique models toward incorporating the concepts of the Higgs field and supersymmetry. 
Application of the 3-D Time (6-D Space-time) to the Elementary Particle Model

In a three-dimensional space (3-D S), only two variables – the longitudinal and azimuth angular co-ordinates θ and Φ, respectively -- are required to uniquely specify any point on the spherical surface of a sphere of given radius r . Similarly, by extension, in an orthogonal hyperspace of dimension n, only (n-1) independent (orthogonal) “co-ordinates” (independent parameters) are required to specify any point uniquely on the surface of the hyper-sphere of a given “radius” (which is, of course, the nth co-ordinate or parameter.) The hyper-sphere in question (in the n-dimensional hyperspace) is simply referred to as the (n-1)–sphere. In particular, in the six-dimensional space-time (6-D ST) hyperspace referred to in Part I of this series of papers, any point on the surface of a 5-sphere (of a given “radius” S’, (see Eqn. (1.9c), Part I) is uniquely specified with the help of 5 orthogonal (independent) parameters.

In the case of elementary particles, all basic interactions depend only on the “radial distance” (in the 6-D ST hyperspace), and hence the spherically symmetric (polar) co-ordinate system could be beneficially employed for the description of elementary particles. Thus, we are led to the consideration of a 5-sphere, i.e., a 5-dimensional hyper-surface, of which any point is uniquely specified by using five independent parameters. For the present purpose of developing a simple model of the (Standard Model) elementary particles masses in terms of the parameters of the Four basic interactions -- strong, weak, electromagnetic (EM) and gravitation -- we tentatively identify these five parameters as:  (1) spin (s);  (2) strong charge (S); (3) weak charge (w); (4) electric (EM) charge (q); (5) mass (M)   

The spin may be regarded as an intrinsic property of the particle (a detailed discussion and model for the spin would be presented in a separate paper.) The strong charge (S), the weak charge (w), the electric (EM) charge (q) and the mass (M) are obviously associated with the strong, weak, EM, and gravitational interactions (fields), respectively. For simplicity, at this stage, the origin and effect of a fifth plausible field – the Higgs field – is presently deferred in this model and possible related factors are briefly discussed later in this paper.
Summary of Particle and Field (Interaction) Parameters
Table-1 Summarizes the values of these five parameter for each well-known elementary particle of the Standard Model. These parameters are arranged in three conventional groups of “Families” of elementary particles, F1, F2 and F3, respectively, on the basis of experimentally observed characteristics of these elementary particles. 

(The usual symbols used here – otherwise obvious – are specified below:

Qu (up quark); Qd (down quark); Qc (charm quark); Qs (strange quark); Qt (top quark); Qb (bottom quark); e- (electron); μ- (muan); т- (tau); γe (electron neutrino); γμ (muan neutrino); γт (tau neutrino.))

Figure 1 diagrammatically represents the interrelation of the Four well-known basic interactions – strong, weak, electromagnetic (EM), and gravitational --- and their carriers (gluons, weak bosons, photons and gravitons, respectively), as the associated mentioned properties (five independent parameters; i.e., the 5 orthogonal co-ordinates on a 5-sphere in the 6-D ST hyperspace) of the said particles. A set of labels for these particles in terms of the 6-D ST co-ordinates (x1,x2,x3 and t1,t2,t3) is also provided at the bottom of Figure 1. The association of Family 1 particles with the positive arrow of time (t1) (and of Family 2 and Family 3 particles with extra time co-ordinates or dimensions, t2 and t3) is of course arbitrary at this stage; however, a tentative justification for such an association pattern is offered later in this paper. 

TABLE 1 -- Parameter Values of Elementary Particles

Particle mass is in units of proton-mass, Mp=1851.85 Me; Me = electron-mass = 0.5 Mev
	

	Particle
	Mass (M)
	
	Strong (S)
	Weak (w)
	EM (q)
	Spin(s)

	Family 1 :

(F1)
	Qu :
	Mu= 0.0047
	
	1
	1/2
	2/3
	1/2


	
	Qd :
	Md= 0.0074
	
	1
	1/2
	- 1/3
	1/2


	
	e- :
	Me= 0.00054
	
	0
	- 1/2 
	-1 
	1/2 
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	Mve ≤ 10 -8
	
	0
	- 1/2 
	0
	1/2 

	Family 2 :

(F2)

	Qc :
	Mc= 1.6
	
	1
	1/2
	2/3
	1/2


	
	Qs :
	Ms= 0.16
	
	1
	1/2
	- 1/3
	1/2


	
	µ-1
	Mµ = 0.11
	
	0
	- 1/2
	- 1
	1/2
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 µ :
	Mvµ  ≤ 0.0003
	
	0
	- 1/2
	0
	1/2


	Family 3 :

(F3)

	Qt :
	Mt= 189
	
	1
	1/2
	2/3
	1/2 



	
	Qb :
	Mb= 5.2
	
	1
	1/2
	- 1/3
	1/2 
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  -1 :
	MT= 1.9
	
	0
	- 1/2
	-1 
	1/2 



	
	   :
	M         = 0.33
	
	0


	- 1/2
	0
	1/2 




Number of Elementary Particles

At this juncture, it is useful to enumerate the total number of (the Standard Model) elementary particles to be expected on the basis of the above characterization and 6-D ST scheme for their description. The self-evident spherical symmetry characteristics, leading to the 5-sphere based description of the elementary particles, simplifies this process, making the determination of the total number of “all possible” elementary particles rather trivial. In how many ways could a set of five independent parameters be divided in three separate families? Clearly, the answer is the combination  5C3   



5C3
=


=
10
= 
N (say)  
Figure 1:Diagramatical Representation of Basic Interactions and Elementary Particles (QUARKS, LEPTONS SPIN s = ½ , 2s + 1 = 2;  BOSON SPIN =s’)
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PARTICLES OF FAMILY 1



PARTICLES OF FAILY 2, 3
q = - q for anti-particles in the supersymmetry model

However, recent experimental evidences indicate that the three neutrinos, νe, νμ and ντ , respectively, exhibit a special property, referred to as the “mixing” or  ”entanglement” phenomenon, according to which these three neutrinos could be simply regarded for the present purpose as three formal manifestations or “states” of one and the same particle. In other words, the neutrinos νμ and ντ  could be considered as altered  forms or states of the electron-neutrino (νe) itself, redundant as far as counting the independent elementary particles is concerned. Under this view-point, the total number of elementary particles could be taken as N, where




N = 12 – 2 = 10

This conforms to the expected number of elementary particles based on the hypothesis of 6-D ST hyperspace (i.e., a 5-sphere representation for the spherically symmetric case applicable to the elementary particles) as shown above. Again, the Family 1 (F1) elementary particles, stable and directly relevant for the structure of the observable ‘normal’ universe, could be associated with the ‘positive’ sense (spherical – radial) time co-ordinate tr, while the other two Family (F2, F3) elementary particles could be assumed to be associated with the (spherical – angular) time co-ordinates tθ  and  tΦ . This aspect of the (spherical) time co-ordinates is further discussed below.
The Positive Arrow of Time

Just as the spatial radial distance (r), Eqn. (1.7a, Part I), represents a non-negative spatial distance from the origin of a points in space with spatial orthogonal Cartesian co-ordinates (x1, x2, x3), the radial “time distance”, tr, Eqn. (1.7d, Part I), represents a non-negative component of the associated event from the origin (in the orthogonal time-Cartesian co-ordinates (tr, tθ, tΦ) =  (x4, x5, x6) in the 3-D time-space (and hence in the 6-D ST hyperspace.) The variable x4 = tr, therefore, is identifiable with the so-called “positive arrow” of time, associated with increasing entropy of a closed system in consistence with the Second Law of Thermodynamics. In the 6-D ST hyperspace hypothesized in this paper, however, we postulate that there are additional (orthogonal) time co-ordinates (tθ, tΦ) or (x5, x6). Considerations of the geometry and topology of the relativistic light-cone in the 6-D ST, in the context of the past, present and future time in the ERT, should be an interesting exercise. It is also useful to point out here that an alternative mathematical treatment of the combination of the radial space co-ordinate (r) and the three time coordinate co-ordinates x4, x5, and x6 in the form of a quaternion can also be considered, as outlined below.

In passing, It may be pointed out that as mentioned elsewhere in this paper, the radial time coordinate, tr = t1 (shown bold-type in Figure 1), always having a non-negative value, could be interpreted as representing the positive arrow of time (tr≥0), while the other two components (tθ = t2 and  tΦ = t3) could assume positive or negative values depending on the orientation of the time-vector t . The interpretation of t1 as the commonly observable (conventional) time and its assignment to, and association with, the Family 1 elementary particles is consistent with the observation that commonly the Family 1 particles suffice to explain the ‘real world’ (stable) matter; the Family 2 and Family 2 particles appear to be somewhat redundant, since they do not occur naturally (as stable matter), but only in high energy experimental observations in the laboratory (particle accelerator, decaying rapidly into the relatively more stable elementary particles.) Just as these latter (longitudinal and latitudinal) time components are not part of ordinary observations and day-to-day experience, so also the associated elementary particles (Family 2 and Family 3) are remote from ordinary matter we observe.   

6-D Co-ordinates as a Quaternion
While Einsteinian SRT and GRT is exclusively based on a single time co-ordinate (tr = x4 = ict), in the present extended relativity theory (ERT), we have two (angular; i.e., longitudinal and latitudinal) additional time co-ordinates (tθ, tΦ) = (x5, x6) = (jct2, kct3), where we have introduced the additional quantities (not to be confused with unit vectors of Eqn. (1.4, Part I)


j = k = i = √-1





(2.1a)

Together with the real variable r, the three orthogonal, imaginary time co-ordinates in the 6-D ST can be said to form the generators of a quaternion with the following algebraic relationships

i2 = j2 = k2 = -1




(2.1b)


ij = k = - ji





(2.1c)


jk.= i = - kj





(2.1d)


ki = j = - ik





(2.1e)
Also, every quaternion Z can be represented in the form:


Ζ   =  a0 +  a1i   +   a2j   +   a3k


(2.1f)

Where a0 ,  a1  ,  a2   and   a3  are real.  Just as the rotation of a vector in the 3-D space (3-D S) can be represented in terms of the three Pauli spin matrices, the rotation of a vector in the 4-D space can be represented in terms of the quaternion generators. Also, for certain applications, it may be useful, for the sake of simplicity, to consider a 2-dimensional hyperspace (i.e., a “hyper-plane”) constituted of the two “non-negative” co-ordinates r ≥ 0 and tr ≥ 0, the latter denoting the conventional (Einsteinian) time co-ordinate, associated with the positive arrow of time, as already mentioned. It is readily evident that the Lorentz transformation (i.e., the Einsteinian equations for space-time co-ordinate transformations) are confined to this (r, tr) hyper-plane, with the time co-ordinate orthogonal to the radial space co-ordinate which, by default, essentially constitutes the direction of observation. The present representation using the complete 6-D ST hyperspace thus reduces to the 4-D Einsteinian space-time



(x1, x2, x3, x4)  



    =
( x, y, z, ict)

if the physical events in a spherically symmetric system are described in terms of the 2-D hyper-plane (r, tr). 
The Higgs Field (?)
In contrast to the above reduction into the 2-D hyper-plane, in the extended relativity theory (ERT) propounded in the present paper, the mathematical properties of the quaternion may be exploited with advantage to derive properties of the system of fields and elementary particles in the (r, icx4, icx5, icx6) hyperspace, without imposing any restriction on the relative velocity vector (see Eqn. 1.6a, Part I.). As an example, a simple formulation of the Higgs field (if it exists), H , can be obtained as follows.
In Eqn. (2.1f) above, let the coefficient ao be equal to (or a function of) the radial space co-ordinate r ; and let the coefficients a1, a2, a3 be the (imaginary) time co-ordinates ct1, ct2 , and ct3, respectively, (with any real multiplicative factors, if desirable),  With such a choice of the quaternion Z , define the energy, E , of the field as



E  =  am2H2  +  a0 H4

;   m=1,2,3
(2.1g)


It can be easily verified that E exhibits the necessary properties of the Higgs field, with am representing the mass of the quanta of the field H << 1. This example illustrates the usefulness of the quaternion formulism, as well as of the 6-D ST representation adopted in this paper, for the field (interaction) and elementary particle modeling.  

Parametric Modeling of Elementary Particles

It is now useful to seek a simple correlation among the basic parameters of the elementary particles, as summarized in table 1. As mentioned before, these parameters include the mass (M), the strong charge (S), the weak charge (w), the electric (EM) charge (q), and the spin (s).
It may be noted that spin of all the (Standard Model) elementary particles has an identical common value (s = ½), and, therefore, for the present simplified modeling and analysis the spin value could be considered a constant of the system of the elementary particles involved (This would impact the assumption of the linear independence of the remaining parameters; and we will in fact represent the mass, M , in terms of a linear combination of the values of the other parameters, S, w, and q, for the simplified model here.) The remaining four variables are obviously related to the four basic interactions, viz., gravitational (M), strong (S), weak (w), and electromagnetic (q), and in this section, we attempt to obtain a simple quantitative interrelation among these four variables (M, S, w, q), omitting the spin (s) variable at the moment, for simplicity.

Furthermore, based on the preceding discussions, the number of elementary particles considered for the present modeling is only nine (9), three particles belonging to each of the three Families, viz.

Family 1
: Qu,  Qd,  e-


Family 2
: Qc,  Qs,  μ-  



Family 3
: Qt,  Qb,  τ-
The three neutrinos, (νe, νμ, ντ), may be considered separately in view of their unusual characteristics; viz., near-zero (or unknown or uncertain) mass, non-interaction with other particles and ordinary matter, and the entanglement or mixing property mentioned before. The last characteristic seems to imply that the three types of neutrinos could in fact be three distinct states of one and the same particle. As suggested earlier in this paper, the three neutrino states could simply be manifestations of the neutrino-wave (i.e., the wave nature of the neutrino, according to the wave-particle duality principle) in the three orthogonal time co-ordinates, (t1, t2, t3), respectively, although such an association is admittedly arbitrary at this stage, and is invoked only for simplicity. Counting the neutrinos as one, the total number of elementary particles becomes equal to 9+1 = 10, as discussed above.

Thus, confining our consideration at the moment only to the nine elementary particles mentioned above, we notice that, while the masses of the particles are all different, the S, w and q parameter values of the three particles in each Family are the same. It is useful to introduce here a 3x3 ‘mass-matrix’, M, as well as a 3x3 ‘parameter matrix’, T, as follows:






0.0047

1.6

189



M
=
0.0074

0.16

5.2
    




0.00054

0.11

1.9

                                                                                       (2.2a)









1


1/2 

2/3 

T  
=
0


1/2 

- 1/3



0


-1/2 

-1









(2.2b)
The first column of the matrix M represents the masses, in units of the proton mass, of the three elementary particles belonging to Family 1 (viz. Qu, Qd, e-). Similarly, the second and third columns of the matrix M represent the masses of the elementary particles of Family 2 and Family 3, respectively.

The first row of the matrix T represents the three parameter values (S, w, q) of the first member of each family. Similarly, the second and third rows of the matrix T represent the (S, w, q) values of the second and third member, respectively, of each Family of the elementary particles. Finally, we introduce a 3x3 ‘state-matrix’ of the elementary particles 











                                                                                             (2.2c)




Φ11
Φ21 
Φ31

Φ
=
Φ12 
Φ22
Φ33



Φ13
Φ23
Φ33
And write the matrix relationship 


M = T Φ


                     
(2.3a)
i.e.,


M ij =     ∑      T ik Φ kj ,   

( i, j = 1, 2, 3)

(2.3b)
It then follows that the state matrix Φ can be obtained from the matrix relation    


Φ = T-1 M




(2.3c)
where T-1 is the 3x3 inverse matrix of the parametric matrix T;


T T-1   =   T-1 T    =     I
,

(2.3d)
I being the 3x3 identity matrix, 




1

0

0

I
=
0

1

0



0

0

1









(2.3e)

It is easy to evaluate the inverse matrix T-1 and the state matrix Φ  using the relations postulated above. The results are



4/3

- 1/3 

1

T-1
=
-2

2

-2



1

-1

0









                              
                                                                 (2.4a)
and





0.000029
0.767778
84.166667

Φ 
=       - 0.00432      - 3.1

371.4


       - 0.0027
1.44

183.8










                                                          (2.4b)
The matrix Equation (2.3a), together with the definitions of the mass-matrix M (Eqn. 4.1a),  the parameter matrix T (Eqn. 2.2b) and the state matrix Φ (Eqn. 2.4b) provides the desired interrelations between the fundamental parameters (S, w, q and M) of the main elementary particles of the Standard Model, as related to the Four basic interactions (strong, weak, electromagnetic and gravitations). In this simplistic,  heuristic model of elementary particles and the basic interactions The physical significance of the state matrix (Φ), possibly related to the Higgs field, as well as suitable incorporation of the neutrino, have not been explicitly addressed. Also, clearly, in this model, mass has been assumed to be linearly contributed by the strong, weak, and EM interaction fields, which may be an oversimplification. These and other related aspects of the model, including the method to generalize it to higher dimensions (say, up to 11 dimensions, consisting of 6 dimensions of the 6-D ST together with 5 dimensions for the independently treated parameters, S, w, q, M and s) dimensions can be investigated further. Such an approach could also be possibly applied for modeling supersymmetry, if desired. Additional variations in the model could include a nonlinear (say, quadratic) dependence of mass on other parameters and use of the quaternion formulism, as mentioned above. Results related to these aspects will be presented in a separate paper.  
Conclusions   
The concept of 6-D space-time (5-sphere) has been introduced as a simple applicable configuration for spherically symmetric system of elementary particles and basic Four Interaction fields (strong, weak, EM, and gravitational), in order to derive the (standard Model) particle masses as a function of the field quantum parameters. The possibility of further enhancement and generalization of the model to include quaternion formulism, the Higgs field and supersymmetry have been briefly pointed out. 
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q = 2/3





q = 1/3





q = O





q = - 1





6 – D


ST





S = Strong Charge


w = Weak Charge


q = Electric charge


s’ =Carrier (boson) spin


s = Particle (fermion) spin  
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