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BEYOND THE V ELOC ITY  OF L IGHT? 
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Since the special theory of relativity introduced the velocity 

of light in vacuo as an invariant , superlurninal phenomena for a 

long peri od were not discussed. One can argue that faster-than-light 

signals contradic t the fundarnetal idea of speci al relativity. These 

signa ls might be used for clock �ynchronization ano in the limit of 

infinit e velocities absolute time wou ld be reestablished and the 

Lorentz transformation replaced by the Galilei transfor�ation. 

Let us explicitly allege an old argumen� against superluminal 

signals. Suppose in an inertial frame of referen ce S the first 

event ( ct, x) as the cause, e. g. emission of the signal, anc the 

second event (cT, X ) as its effect, e. g.  detection of that signal. 

For a signal transmitted faster than light: ( X  - x) / ( cT - et} = 

= V / c> 1 .  I n  another inertial frame of reference S '  moving with

velocit y v along the common x and x •  axes, the L orentz transforma ­

tion gives .for the time interval between both events: cT' - et'  = 

y ( 1 -vV t c2 ) ( cT-ct). If the relative velocity of the systems v>c 2 1 v  

( and V < C ) , the time sequence of the events i s  changed .  I f  the 

ti me sequence shoul d not be changed . the limitation V < c must 

be valid. 

I n  1 962, however, Bilaniuk , D eshpande, and Sudarshan proposed 

a way to circumvent this argument. 1 They introduced faster-than­

-light particles, known as tachyons, that can have positive total 

energ y only and can travel only f orwards in time. 6y  means of the 

reinterpretation principle a tachyon with negative energy travelling 

backwards in time is interpreted as an antitachyon with positive 
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energy travelling forward s in t i me .  As t otal energy is transformed 

li ke the time component of the world four-vector th i s  can be done 

consistently. After this princi ple ha s  been promulgated the 

interest in superluminal p henomena revived. 2 

U p  to now t here i s  not t he slightest experimental evidence 

of superluminal phenomena .  Since there exi s t s  no final theory 

eit her . the only way to tackle superluminal phenomena is by extra ­

pola t ion of existing theories. These theoretical considera tio.ns 

have , however, to meet severe conditions : t hey mus t be inte�nally 

consis tent, must not dis agree with accepted p.r inciple s  and must not 

give results dis agreeing wi t h  the results of es t ablis hed theories . 

Th i s  contr i buti on intend�  to show tha t cla s si cal tachyons cannot 

be reconciled with existin; t heories, particularly with t he s pec i al 

theory of ·relativity .  It· s hould be added that this standpoint is 

not accepted by some p hysicists . 

Under clas sical tachyons fa ster-than-1.ight pa rticles are 

unders tood that can be readi ly em itted and detected or a bsorbed, 

and have sufficiently - long decay time to  travel over macroscopic 

d i s t ances. Tachyons that  would in t his res pect resemble, e .g  • . 
p i ons . could be approx imately described a s  cla s sical .  Our rea son i ng 

clo e s not i n c. l u de very s ho rt l i v e d or  v i rt u a 1 tac h yon s i n qua n tum 

f ie i d  theory. In fact . such t achyons are present in e very nonlocal 

f ield theory . 

At  fi rst sig.ht t achyons do not· i nvoke an i nconsis tency . · After 

all ,  t here s houl d be t hree type s of part i cle s : ordi nary part i cles 

or bra dyons with real_ pos iti�e res t  ma s �  h aving ve l pci t ies  les s  

than c in all inertial frames of reference , . ltixons (photons , 

neutrinos • • •  � )  with zero res t  ma s s  hav i g  velocity c i� all inertial 

frames  of reference, and ta�hyons w i th imaginary rest mas �  having 
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velociti es greater than c ;n al l i nertial f rames of reference. 

Thus, c i s  the l ower lim i t  of the veloci ty for tachyons and �he� r 

rest mass is a parameter onl y  that cannot be m easured di reGtly. 

So tachyons cannot be get by any means accelerating bradyions over 

the veloci ty of light, they must be created and em itted as, e.g.  

neutrinos in 5 decay. 

Owing to the reinterpretation principle concepts like tachyon 

emitter or tachyon detector are not invariant. I n  some frames of 

reference, i. e. for v>c2 Jv,  they must be i nterpreted as anti ta­

chyon detector or anti tachyon emitter, respectively. 6ut this as 

su ch does not contraoict the relativity principle, as long as 

equations of physics are form- i nvariant. 

To get the first argument against classical tachyons one has 

to consider causal cycles. Take an observer w i t h  a tachyon em itter 

which at a chosen f ostant emits a tachyon ( event 1 ) .  Thi s tachyon 

is absorbed, according to the f irst observer, by a tachyon detector 

of a moving second observer ( event 2 a} . The second observer for 

v � 2 , v  interpretes this event as the emission of an antitachyon. 

L et he be instructed that immed iately after this emission he should 

emit a tachyon towards the f irst observer ( event 2 b) to be detected 

there ( event 3 ) . I t  is a common idealizat ion to reg ard events 2a 

ana 2b as one event 2 .  The second observer does not encounter any 

d iff i culty in interpreti ng events 1 and 3 as effects of event 2 

( Fig. 1 ) .  For the f irst observer , however . the em ission of an 

antitachyon at event • 3  which is an effect of event 2, which in 

turn i s  an effect of event 1 ' appears earl ier in ti me than event

1 .  This situation i s  untenable since after the event 3 has hap-

pened the initial tachyon ( even 1 ) may not be emitted. 

Conv i nci ng evidence of the same k ind can be obtained by ., 
consi a er i ng stationary tachyon beams that are interrupted by a
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shutte r. Let an observe r in an ine rti a l  frame of refe rence have a 

tac hyon emitter and a shutter at  rest . F rom t i me t o  t ime  he act i v a tes  

t he shutter and t his cuts  the beam . If t he shutter is  closed tacnyions 

are a bsorbed in it . If i t  is open tac hyons  a re a bso rbed and detected 

at a mov ing tac hyon detector. No� take an o bserver in an ine rt ia l  

f rame of  reference s •  at rest wit h respect  to  t h is appa ratu s. T rans­

form event after  event f rom S to S'. In t he case v> c2 ;v in t he frame 

S' antitac hyons are emitted by the shutter if it i s  closed. On the 

ot he r hand , if t he t i me seouence of events for  t he o bse rve r  in S' 

is t a ken into  a c count, ant itachyons be ing emitted by h i s emitter, 

i . e. t he tachyon d etector  ac cord ing to the o tserver in S, the anti ­

t a chyons a re absorbed by t he shutter on t he opposite sid e ( F i g. 2) .

The inconsi stency o f  bo th  desc riptons f rom t he sta n po int of 

the f i r st o bserv e r  in S cannot be discussed away by  noninv a r iance 

of c oncepts li k�  em i tter and detecto r. T hus , one is lead to the  

c onclusion t hat the re is  no  room for tac hyons in spec ial relativ it y 

if  one ac cept s t he wea k f o rm of t he princ i ple of mac rocau sality: an

ff h ' t .  f ·t 3 e ect m ust appen 1n  , me a ter , s cause . 

T here a re ot her  o bjections aga inst tac hyons wh i ch  we ment ion 

only in passing . It may to  assumed t hat c harged t a c h yons em it 

Cherenkov  rad iation even in va cuo and lose energy . F inal ly ,  a c harged 

t a c hyon l o ses i t s ent i re energy and h as  zero energy and inf inite  

veloc it y. 6ut zero energy is  not an invar i ant and in  anot her f rame 

of refe renc e t h i s  tac h yon. would have po sit i v e  total energy and would 

c ont inue to  rad i ate. The  a ssumpt i on t hat c harged tac hyons em i t  

Cherenkov rad i at i on in vac ua i s ,  hence, open t o  d oubt. 

T he re is f urt her ind irec t evid ence against tac h yons. In an 

ex treme version of  spe c i al relativ i ty, i . e .  extended re l ativit y ,2 

t he relativity principl e i s  generali zed t o  supe rlum inal phenomena. 

Ac c�rd ing to it a tac hyoni c wo rld exi st s ,  s ymmetric to  t he bradyonic 
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world, a nd two types of Lorentz transf orma ti ons, su blumina 1 , con­

necting two bra dyonic or two tachyonic frames of reference a n d  

superluminal. connecting a brad yonic and a tachyonic f rame · of . 

reference . I t  ca n be shown, however . t hat a real superluminal 

Lorentz transf orma tion d oes not ex ist which would conform wi th 

space hom ogeneity and isotropy,  light velocity inv a ria nce a nd / or 

the rela tiv ity principle4 . The i nterior of the light cone cannot · 

be mapped in a one -t o- one way unto the exteri or . S i nce space homo­

geneity a nd isotropy is well established on a macroscopic sc a le 

and special relativity is an accepted theory one concludes that 

the tachy onic world . if it ex ists, ca nnot be symmetric to . the 

br a d y onic _ one . This d oes not rule out tachyons on a m icroscopic 

sc ale or as virtual particles or as some kind of a collective 

phenomenon. It should be rema rked that a complex super l um inal 

L orentz transf ormat ion is fea sible5 • 

To stud y real superluminal transf orm a tions a six d imensional 

space- t im e  wi.th symmetric spatia l and temporal parts was introduced 6 • 

I n  this ca se for a time -like state the measurable time is a function 

of three time components which a re not measurable separately. On 

the other hand f or a spa ce-lik e  state a m e a surable space scala r is 

a fu nction of the three coord ina tes which are not m ea surable separa­

tely. I n  spite of the plea sant symmetry of this sche� e, no appro­

priate function of three t ime components has been found yet that 

wou ld give the mea surable time.  T he proposed schemes. e . g. t2 � 

= t� + t/ + t/ . d o  •not give the ex perimentally verified relation 

between proper and coord inate time a nd the transv ersal Do�pler 

effect. 7 Finally . the proposed general homogeneous Lorentz trans­

f ormations are d irect sums of three two- d im ensi onal transformations 

a nd always commute. Hence, they d o  not lea d to the Thomas prece sj on 

which in turn gives a n  a d d itional factor of } in th� spin- orbit 
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i nteract i on. T hi s is ex per imen tall y well es tabli shed throug h the 

measurement of s pin -orbit s p l i tt i ng i n  atomic spectroscopy. a 

Let u s  a t  the ened ment i on t hat for tachyon i c  f ield s  with  

a Lorentz covar iant equat ion the s ignal velocity does not exceed 

c. Take a Kl e i n -Gordon brad i on :  i n  i ts com p l ex � plane there i s  a

cut between the b ranchi ng poi n t s  -mc2 /� and +�c2 /� j u st below the

real ax i s. For a Klein -Gordon tachyon the s ingular i tie s ap pear

rotated by 90° and t he cut extend s between branch i ng points - imc2 /�

and + i mc2 /� on the im aginar y ax i s .  T hough all singular i t i es are

not conta i n ed i n  the l ower half of the complex w plane and thoug h

t he p hase and g rou p velocity exceed c ,  t he s ignal v eloci ty does
. Q not ex ceed c. ·

W i t h  this i n  mind  we introduce a s im ple model for tachyons :  

opt ical barr i er  penetrati on at  su percr i t i cal i nc idence, i .  e .  

frustrated total reflection. At the pas sage of �lectromagneti c  

waves acros s a thin layer at subcrit i��l incidence the si ngular i t ies  

in the com plex � plane are sim ple equid i stant poles on a li ne 

below the real ax i s  and parallel to i t .  At supercr i t ical i nci dence 

the si ngularit ie s  ap pear rotated by 90° , i .e. s im ple equ i d i stant 

pole s on t he i magi nary ax i s. Though they are not contai ned in t he 

l ower half of t he complex � plan� and though t he p hase and grou p 

veloc i ty exceed c . the s ignal vel ocity doe s  not exceed c. This can 

be shown '  s im ply by u s i ng Sommerfe 1 d ' s  con s i derat i on tak i ng as med ium 

the nuclei and electrons in void s pace. No wa ve front i n  i t  can 

travel faster t han light in vacuo. 1 0 
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�igure 2 . A modulated beam of tachyons in frame S :  if the 

shutter is open tachyons . are absorbed in the absorber,  if it 

is closed they are absorbed. in · the shutter ( a ) .  Transforming 

event after event in another frame s •  antitachyons are emit­

ted by the shutter ( b1 ) ,  whereas. relying on the time sequence 

of events in frame s •  antitacbyons shoUld be emitted by the . 

emitter and absorbed by the shutter on the oposite side ( b2 ) :  

� stands for .world line , A for absorber. £ for emitter, � for 

shutter , 1 for tachyon and � for antitachyon . 
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Ficure l .  A tachyon in an inertial frame of re::erence S ( a ) 

may traYel backwards in ti!:'!.e in another frame of reference 

s· ( b ) ; according to the re�ni::erpretation principle it is then

interpreted as an anti tachyon tra,·el.ling fon.-arcis in time C c ) • 

A causal cycle leads to inconsistenc:r : in frame s ·  e,;ents 1

and 3 are e:fects of event 2 ,  in frame S ,  however , event 3 

may happen before event: 1 ,  though event 2· is an effect o-! 

eYent 1 and in turn event 3 is an effect o= ev·ent 2 .  




