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An Infinitesimally Superluminal Neutrino is Left-Handed, 
Conserves Lepton Number and Solves the Autobahn Paradox 



Happy Birthday, Istvan Nemeti: 

„Mathematics and Physics – Forever One.“ 

[C. N. Yang] 

Experimental Physics :: Theoretical Physics :: Mathematics 

The formalization and axiomatization 
of physical theories (physical insight) 

in the language of mathematics is of significant  
general value for the scientific community. 



For example: 

Putting quantum mechanics 
on solid grounds... 



“Autobahn Paradox” (Known to J.A.Wheeler Already)… 

“Autobahn Paradox”: A left-handed, massive neutrino  
(traveling slower than light) appears right-handed once you  
pass it on a highway. 



Wheeler Theorem (Proven by Himself): Nice people do not get Nobel Prizes 

Wheeler said that the neutrino has to be massless,  
beyond doubt, because only strictly massless spin-1/2 particles find a  
convenient representation in the helicity basis (Weyl fermions). 

Wheeler even discouraged experimentalists who intended to measure  
the neutrino mass. The original standard model (SM) predicted massless  
neutrinos; the observation of neutrino oscillations implies SM -> SM++. 



Four possible ways to resolve the autobahn paradox: 

[1.] The neutrino is strictly massless (Weyl fermion).  
      But: we have neutrino oscillations. 

[2.] The neutrino is its own antiparticle (Majorana fermion). 

[3.] The neutrino is an ever so slightly superluminal Dirac particle. 

[4.] Exotic mechanisms (sterile neutrinos). 

Answer [2.] (currently the preferred answer) would imply that the 
neutrino behaves differently from any other spin-1/2 particle in the 
Standard Model. It would force us to abandon the concept of lepton 
number: Muon and antimuon (negative and positive charge) are their 
respective antiparticles and decay into (essentially) muon neutrino 
and muon antineutrino. The decay products, however, would count as 
one and the same, identical particle. The Majorana wave functions 
would have to fulfill the charge conjugation invariance condition (be 
“real rather than complex”). 



Question (Answer [3.]): 

Is the neutrino superluminal? 

Is it possible that, although the OPERA 
experimental claim has been refuted, 

the neutrino could still be 
infinitesimally superluminal? 

If so, which physical 
consequences would result? 



Based on the following preprints: 

arXiv:1110.4171 (relativistic quantum mechanics) 
[J.Phys.A, in press] 

arXiv:1201.0359 (quantized field theory) 
[Eur.Phys.J C 72 (2012) 1894] 

arXiv:1201.6300 (imaginary mass and helicity dependence) 
[J.Mod.Phys., in press] 

arXiv:1205.0145 (attempt at neutrino mass running) 
[Cent.Eur.J.Phys. 10 (2012) 749] 

arXiv:1205.0521v3 (generalized theory and cosmology) 
[submitted] 

arXiv:1206.6342 (illustrative discussion) 
[abstract for the current conference] 





arXiv:1110.4171v3 





Superluminal particles remain  
superluminal upon Lorentz transformation 
(Einstein addition theorem remains valid)... 

...and their existence is independent of the 
axioms of special relativity (G. Szekely‘s talk). 

„Conjugate velocity“   u = -c2/v < c   for    v > c. 



Reinterpretation Principle for the 
Quantum Theory  

...We always have to reinterpret antiparticle 
trajectories by inverting the direction of time and space, 

but for superluminal particles, there is an additional 
difficulty because the time ordering 

of creation and annihilation may be reversed, 
depending on the velocity of the observer. 

Possible solution offered in arXiv:1201.0359. 



Measured Mass Squares are All Negative… 

http://cupp.oulu.fi/neutrino/nd-mass.html 



Normal (Tardyonic) Dirac Equation 



Tachyonic Dirac Equation 



Tachyonic and Tardyonic Dispersion Relations 

Massless Tardyonic Tachyonic 



Tardyonic Solutions and Sum Rules 



Tachyonic Solutions and Sum Rules 



Similar Relations even hold for… 

…TWO tardyonic mass terms… 

…TWO tachyonic mass terms… 

…see preprints arXiv:1206.6243 and arXiv:1205.0521v3… 



Underlying Property… 

…two tardyonic mass terms… 
…Hermiticity… 

…two tachyonic mass terms… 
…γ5 Hermiticity (“Pseudo-Hermiticity”)… 

…see preprints arXiv:1206.6243 and arXiv:1205.0521v3… 





η=γ5 



Intermezzo: Pseudo-Hermiticity = PT Symmetry 
(At Least Approximately) 



Intermezzo: Pseudo-Hermiticity = PT Symmetry 
(At Least Approximately) 



The Propagator in Field Theory… 

…see preprints arXiv:1201.0359 and arXiv:1205.0521v3… 

…tachyonic propagator… 

…tardyonic propagator… 



The Propagator in Field Theory… 



Negative Norm = Wrong Helicity… 

Important: σ = 1 means right-handed-helicity neutrinos and  
left-handed antineutrinos for which the norm becomes negative…  



Negative Norm = Wrong Helicity… 

One cannot reverse the suppression of the “wrong” helicity states 
because this would lead to contradiction with a smooth massless limit 
[see arXiv:1205.0521v3 for details]  

See also an illustrative explicit calculation in arXiv:1201.6300 
for the Dirac equation with imaginary mass, where the effect 
of an inversion of the imaginary mass term is studied. 



The Kicker: Gravitational Coupling… 

Some Gravity is Repulsive… 



…maybe tachyons… 



…maybe tachyons… 



versus 

The Kicker: Gravitational Coupling… 



The Kicker: Gravitational Coupling… 



The Kicker: Gravitational Coupling… 

This tachyonic mass is not excluded by any terrestrial experiments… 
[see arXiv:1205.0521v3 for details] 

Solving the evolution equations of the Universe by complex scaling: 



Conclusions 



Conclusions 

(From arXiv:1205.0521v3) 

A  superluminal neutrino could appear to 
solve at least as many problems as it raises. 



Conclusions 

Inspiration for mathematical study: 

Spectral properties of the superluminal 
Hamiltonians (pseudo-Hermitian Hamiltonians), 

analytic structure of the S matrix and necessary 
extensions of the axiomatic formulation into the 
quantum and superluminal domain (if possible).   



Conclusions 


