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Abstract 

In the paper it is denlonstrated on a purely mathematical -way, based ­

on a causality condition, that in a 4 dimensional space there is place: 

only for one photon and three neutrino species _This result is 

(' . 'bl r' h h . . h' h f' d fr 'h . fvornpatt e V\ It t e expenment vv .Ie 1n om t e properties 0 ..- .. 

the Z a value for the nunlber of neutrino species ofN = 2.98 ± 0.07 " 
_ 

(stat.) ± 0.07 (sys.) [3]. 
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T he dlfecl general consequence is that ior a given energy (Po) ofa free system, there 
is a value 01" x" so that 1)1 X"- H Th is is valid for both massive and massless 
tra nsve rse syste ms. 
f or massive systems it prov ide a va lue x" = HI PI) wh ich (wi th H=ch, xO~hl mc) 
co rrespond to the Compton wave lengths 
for lransverse massless systems we obtain the re lation po = HI x" which we can 
interpret as the Planck law Po=hv 

3. Longitutlina i mass-less fermion 

There are two invariant structures (p and x being light-li ke vectors) 
-either longi tudinal PS, i.e dual P IS paral le l or anti paralle l to x, 
-or transversal PS i e the three dimensional p is perpendicul ar on the di recti on of 
propagati on x «('or which we obta in from relation 3) po x(J=H) 

Then what are the observable consequences including H t'or the longitudinal case 

Longitudinal system means that the dual 3-vector is parallel (or anti-parallel) to the 
dIrection of propagation defi ned by the spatial vector x in the basic relat ion 

po "lI - p.x =H 5} 

For positive sib'll of Po and 1-{::;tO, we can defi ne a longitudinal system only when p IS 

anti-parallel to the di rection of propagation x. 
he longi tudinal (anti-parallel) polarIzation or nelicity is given by 

p.x-( - J12) H It represent a stri ctly left-handed massless system. 
A free longi tudinal paral lel massless system haV ing a posi tIve sib'll of pu cannot eXist 
compatible with the causality condition. 

For negatIve SI gn or energy (PII ) one gets for helici ty a val ue of +( 1/2)H It represent a 
right handed system. In this case a longi tudi nal (parallel) left-handed massless system 
cannot exist compatible wi th causal ity condition. 

Hel icity for the massless systems is built in the structure of the system framed in the 
scheme of Lorentz duality 

To show that longit udinal systems are rerrnions we represent Lorentz causal ity on the 
matn x space. Namely instead of interpreting the set of numbers x' (i=O, I ,2,3 ) as being 
components of a vector R I·d we display these numbers as the elements of a matrix 

X3 . , IIXII 0 I x I - J:'C 

Xl)+X = I I I + X 6) 
\10 :.,.n I Xl + ix2 -x I 

lIenee we have associated a matrix to a vector in a unique way. Then, instead of using 
Loren tz metric in defini ng causality (2) we lise the determinant of the associated 
matrices getting equivalent definition of causality 

Since to the scalar product of two vectors is associated the semI-sum of the anti­
commutator of the associated matri ces, obviously to the scalar product in (5 ) is 
im plicitly associated the anti-commutator of respective matrices X and P We have 

2 x.p 1= lX ,P] + 7) 

where I is the uni t matrix. 
So it correspond to a fermi on. 

As we found that twice the scalar product for the longi tudinal case is H, it is just the 
mUltiplyi ng factor of the anti-commutator so we have: 

[X,P]+ = HI 8) 

with both signs of H positive and negat ive. 
So a longitudinal PS is a fermi on (described by an anti-commutator rule) and we call 
it neutrino. The two signs of H indicates one of the familiar double val ued 
representation of half-integer spin. For mass-less fe rmion they represent system and 
anti system, obviously disconnected 

(We note that the quantisation of the Dirac equation gives posi ti ve defi ni te enefl:,'Y if 
the resulting particles obey Fermi statistics ) 

Now what about the commutator of assoc iated matrices ofx and A. (We use A instead 
of p for transverse PS )_ It is associated to the bivectors of the two vectors. The matrix 
of the commutator multiplied by i (imaginary unity) is associated to the vector 
product of the two respectively associated vectors. It is just the outer product of x and 
its dual, which characterize the photon. So the photon is a boson. It is equally 
expressed through H wi th both si !:,'TIs 
The same H is the multiplicative factor of the unity matrix in comm utator and anti 
commutator of the associated matrices which describe equivalently Lorentz causality 

4. Three neutrinos fam ilies. 

All the above properties referring to the longitudinal case could be obtained starting 
by representi ng the causality by Lorentz metric (2 ) defi ned on the three dimensional 
space R J+2 But the transverse PS req uires 4 dimensionality of M. 

Now there being three nonequi valent 3-dimnesional time-like subspaces [5] of M, 
which include light like vectors, it provide the description of three spec ies of 
longitudinal massless systems, their anti-systems as well as their massive partners. 

5. Leptonic numbers. 

We have to look for an exact symmetry, which may supply each of the three neutrinos 
with its own conserving quantum numbers preservi ng the above properties. It is done 
by detining causality on matrix representation space of Clifford algebra for which 
cubic causal map is eigenvalue and whose automorphysm group is SU(3) [4]. There 
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I Introduction. 

The eX1stence of the muon and latter of the taon and consequently that of the 
corresponding neutrinos was and remai n a puzzle in physics. 

Why the families are only three? Many peoples and b'TOUPS searched an answer to this 
question. I will mention here only the assiduous work of the LEP experiments and 
that of the L3 experi ment rI] for finding o( the number of light neutrinos, it means of 
the existing families. 

The number of light neutrinos determ ined experimentally til l now from the properties 
of the lis N = 2 98 ±0.07 (stat) ±0.07 (sys.) which is a remarkable result. 

We tried, on a com pletely other basis, to fi nd the number of neutrinos (leptons) 
fami lies which is compati ble wil h the actual concepts about the causal world in which 
we live 

We interpret causality mainly based on Edington' s concept of knower [2] and Weil's 
concept of locality [3]. 

The number three is imposed by the transverse massless system - the photon ­
existing in a causal space. 

Because the properties of the transverse system require at least 4-dimensional R 1+3 

space and bei ng only one photon the space must be j ust 4-dimensional 

The propel1ies of a longitudinal system -the neutrin(}- are amenable to 3-dimensional 
space R 1+2 and since there are 3 nonequivalent such subspaces of the R 1+3 there must 
exist three neutrino families 

2 T he constant H as merely conversion factor which relate the Lorentz concepts 
of energy to distance. 

We represent all physical systems (PS) In the points of a four-di mensional space (M ) 
endowed with Lorentz metric. 

Light -li ke vectors x(xo,x)and y (yU,y)are causally related if 

() (J 

x < y I) 

and 

(XU _/ )2_(X_y)2 =0 2) 

Such points provide what we call a ray In the space M [4]. 

A special importance for physics presents the dual space of M namely M* 
Then we can construct the real linear to rm 

p(x) = po XU - p.x 3) 

where p = (pn,p) and p( = PI,Pl,P,,) wi th p.x the usual Euclidean scalar. 

For a given 4-vector p in (3) we discuss p(x) as a functional defi ned on causally 
related 4-vectors x. We call it the PRIACTION 

Lorentz metric bei ng non singular the coefficients of the components of x in 3) 
represent the components of vector p in the dual space M * 

Let denote by Gc the b'TOUP whose elements preserve causality. The invariant I under 
the dual causal group G* c of pE M* is: defined by : 

p02 _ p2 = I 4) 

We have I = 0 if and only if causali ty on M is defined by (I) and (2). 

The invariance of pnaction means that if we pass from x to x'=gx, gE Gc, then p must 
be transfonned into p' by a transfonnation g* EG* c so that p'(x')=p(x). 

The priaction for a given x is a real number. This number, for a certain 4-vector p, is 

zero if only if x is a spacelike vector which is obviously acausal. Hence zero val ue for 

priaction is excluded just being defined only on causal related points [5] 


Very important for what tollows is that the same value of priaction for any p E M* 

with I ~ 0 is compati ble with the above structure [6]. We denote it by H. 


The point at issue is to find the "measurable" properties of PS which follow from the 
above setting expressed through H. 



are two fundamental bases of SU(3), a tri plet and a complex conjugate antitriplet. 
Each elements of fundamental bas is of SU(3) labels one of the three neutrinos and the 
elements or the com plex conjugate basis labels the three antineutrinos. The big 
lxoblem is to relate the above to the so diverse masses of the partners: electron. muon 
and tau. Can we re late SU(3) leptonic with SU(3) color both representi ng exact 
symm etries? 

We summari ze the main points . Inductive logic leads us to define the concept or 
causa lity [61. It is expressed in particular by Lorentz metric. We represent PS on 
causal related points. The properties of longitudinal free system are the consequences 
of this representation. The properties of a free transversal system are obtained in the 
same way [6]. More rclevant is that the Coulomb Law and so properties of electric 
charge are also consequences of Lorentz duality. 

6. Acknowledgment 

The author wishes to thank the IN FN and the UniversIty of Padova, and Prof. Milia 
Baldo-Ceoli n, Dr Gabriella Miari . Dr. Gan Qin and Prof. A. Mihul for hospita li ty and 
many stimulating discussions 

7. References 

[ I] L3 Collaboration. M Acciani et aI., Phys. Lett. B 431 (1 998) 199 

[2J A. Eddington. The Phi losophy of Physical Science. Cambridge Press ( 1939) 

[3] H. Weil , Ann. Phys 59 (1919) 101 

f4] EI. Mihul , Rev- Roum. Phys 28 N 1 Bucarest (1983) 3 

[5] C. Gheoghe, EI. Mihul Commun. Math . Phys 14 (1969) 165 and EL Mihul X-th 

Wi nter school of Theor. Phys. Karpacz (1970) 


[6] EI. Mihul Consequences of Causality. preprint DFPD 94-Th-33 (1994) 



[12] C J.H. Kuhn, E. Mirkes, J. Steegborn, Z. Phys. C57, 615 (1993). 

[13] 	 M. Drees, M. Kramer, J. Zunft, and P.M. Zerwas, Phys. Lett B306, 371 (1993). 

[14] 	 R. Gastmans and Tai Tsun Wu, The Ubiquitous Photon: Helicity method for QED and 
QeD, Oxford: Clarendon, 1990. 

13 



