


A   tachyon is a particle moving with velocity 

always v>c as seen  in any reference frame

emission and detection of a tachyon are

separated by a space-like interval
In Special Relativity one would write: 

E2 –p2 = - κ2



Why about tachyons?

• why only v<c,  v=c  ?   why  not v>c  ?

• (OPERA – only opportunity to talk about)

• νe mass measurement (3T decay)  m2 <0 

• νμ mass measurement ( π+ decay)  

m2 = - 0.016±0.023 MeV2

• surprisingly rich consequences of theoretical            

investigations

affects imagination

curiosity

luck



(1):

TACHYONS ARE   NOT  PARTICLES
THAT  MAY MOVE, 
DEPENDING ON CIRCUMSTANCES,
WITH VELOCITIES
SMALLER  OR GREATER  THAN   c  !!! 

What tachyons are NOT

FALSE

COMMON 

IDEAS



(2):

TACHYONS ARE   NOT  
PARTICLES
THAT:

-- have negative or  imaginary mass
-- have  negative  kinetic energy
-- allow to  reach into the past

(3):

If TACHYONS  existed,  that  would   NOT  imply that 
Einstein’s Special Relativity  be invalidated

FALSE

COMMON 

IDEAS



History of the concept
Sudarshan, Bilanyuk, Deshpande 1962:  serious
difficulties to  describe  tachyons within  Einstein’s  SR:              

• Causality violation 

• Negative energies, backward  time arrow

• Kinematical singularities

• Vacuum instability

• Infinite dimensional spinors for half-
integer spin  tachyons

• Problems with quantisation 



Focus on  causality violation in SR

Time transformation  in   SR reads:

• simultaneity (Δ t =0)  is not absolute

• Δ t’ may change sign for  space-like intervals

(interval =    emission and detection of a tachyon)

Δ t’ = γ Δ t  - V γ Δ x



LT:   Δ t’ = γ Δ t  - V γ Δ x   

If one could only achieve:

Δ t’ = (…)  Δ t

causality would be preserved  

if  (…) > 0

Hint:



• Reichenbach, Grunbaum, Winnie
• SR test theories: Robertson, Mansouri & 

Sexl, Will, Lammerzahl, Zhang
• Chang, Tangherlini



Slow clock transport

Examples of clock synchronisation
in Einstein’s SR

Laser beam and a mirror

Notation:

cAB – one way
velocity of light 

from A to B



Velocity of light in SR

Over a closed path
• one clock  (no conventions for synchronisation)

• result:     c

Over an open path (from A to B):  cAB

• two clocks 
• clock synchronisation procedure needed 
• result      c
• one-way velocity cAB is not measurable  using light



In Nature,   one-way velocity  of light      
A B  may be different from  B A   
we are not able to measure  neither     

-- but   c  over a closed path 
(using  light  or v<c particles)  

Either we obtain   directly     c       or 

we must admit additional assumptions ! 

Roemer …



Beyond Einstein’s synchronisation 

Derivation of transformation laws  in 1+1 dimension

(simple demonstration  of  the idea)

Notation: subscript  E

tE – coord. time in Einstein synchronisation (also vE, γE)

t  -- coord. time in arbitrary  synchronisation  



its value tells of synchronisation procedure

redefine

coefficient









Velocity of light



Definition of the preferred frame







Fully covariant description –
basic formulae

J. Rembieliński, Int. J. Mod. Phys. A12 (1997) 1677



Relativity Principle broken but Lorentz covariance valid 





Metric tensor depends on   u

Diagonal in PF

u=(1,0,0,0) 



In kinematics:

• NO causality violation  D0
0>0   D0

k = 0

• NO negative energies, NO backward  time arrow

• NO kinematical singularities 

• NO vacuum instability

Resolving  SR problems



Correspondence



For light and v<c particles:

Any inertial reference frame   

may be assumed the preferred frame

A new principle of relativity



If tachyons***  existed

There would exist  a preferred frame 

of reference in Nature as well as 

the preferred  clock synchronisation 

procedure 
*** or other  superluminal phenomena



PFM  offers  a  description
mathematically equivalent  to SR for     

light  and v<c particles

DESCRIPTION SUMMARY

Tachyons           -- PFM only 

Bradyons, light  -- PFM or SR equivalently

(but for practical reasons choose SR)



Tachyon  in  PF

A simple example



Velocity of light if tachyons*** 
existed

Over a closed path - as in SR:      c

Over an open path (from A to B):  cAB

• two clocks

• synchronised   using tachyons   with  v  infinity
one-way velocity  of light would be  measurable 

using tachyons

No obstacles for superluminal transmission of information  
(if  technically feasible)



How to discover the PF?
• measure   one way velocity of light  using absolute  clock   

synchronisation (tachyons) 

• measure processes sensitive to the  four-vector  u  

Velocity of Earth w.r.t.   CMBR -- order of 10-3



Advantages of the PFM

• Covariant position operator, spin operator, probability 
current  -- can be defined 

• Non-local QM phenomena can be covariantly described 

(e.g. quantum spin correlations)       IMPORTANT
• Covariant statistical classical and quantum 

thermodynamics  can be formulated



Other superluminal phenomena? 
YES

EPR     quantum spin correlations

Correlated although

separated by a space-like

interval

γ γ





Fermionic tachyons  (λ =  ½)

‘Dirac’- like equation  as in  relativistic QM
Similar  method of derivation

Important  differences  in results!!!  











Credit: H. Drexlin

Electron energy spectrum



Differential  spectrum

1995



Depletion expected
For massive   ν

linearised

Integral spectrum



Integral spectrum



Final results:  Mainz:    -0.6 ±2.2 ±2.1 eV2

Troitsk   -2.3 ±2.5 ±2.0 eV2



Step  due to rest-
momentum of  a  
tachyonic neutrino

PHASE SPACE factor

exp. smeared

J. R,  J. C. 

Eur. Phys. J. C8 (1999) 157 



Step at endpoint

• Tachyonic neutrino ‘rest’ momentum   at
endpoint  =  κ (not 0   like  for massive
neutrino)

• Very rapid – step like -- rise of phase space  
with decreasing electron energy  owing  to 
non-vanishing tachyonic neutrino 
momentum vector  (despite zero neutrino  
energy)

FUTURE:    Experiment KATRIN (any time now)



• Coincides with experimental observations for neutrinos

• No need to introduce ad hoc the  (1-γ5)  term in the (weak)  
current -- the above  property of spinors  follows from the
‘Dirac’ equation for tachyons  (i.e. from  first principles)



• Tachyonic neutrino cannot be Majorana-type

• Observation of  neutrinoless 2β decay would  
invalidate the tachyonic hypothesis 

• Not discovered  to date



• Tachyons cannot be described within Einstein’s SR 

• PFM given by J. Rembieliński is a unified  description of  
v<c,  c and v>c   particles  and phenomena

• PFM is equivalent to SR for light and v<c particles

• Tachyons can be described and quantised  only within 
PFM

• If tachyons exist - the Preferred Frame and the preferred
synchronisation procedure must have been chosen by 
Nature

• Signals (information) could be transmitted with
superluminal  velocity



• PFM  allows to settle several unsolved problems in QM

• Tachyon has helicity   - 1/2 , antitachyon + 1/2   

• There are  arguments favouring neutrinos  as tachyonic
candidates

• If tachyons do not exist,   PF is  still desirable:

PFM remains  a valid option  in view of non-local
quantum phenomena like EPR correlations





Mainz  runs  1997 - 2001

Selected for final results:  Q5-Q8
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