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Summary .  - -  We  s tudy some aspects of the  experimental  behaviour  
of tachyons, in par t icular  by  finding out  their  (~ a p p a r e n t ,  shape. A Super- 
luminal  part icle,  which in i ts  own rest frame is spherical or ellipsoidal 
(and with an infinite lifetime), would (~ a p p e a r ,  to a laboratory  frame as 
occupying the whole region of space bound by  a double cone and a two- 
sheeted hyperboloid.  Such a structure (the tachyon (~ shape ~)) r ig id ly  
travels with the speed of the taehyon.  However, if the Superluminal  
part icle has a finite l ifetime i n  i ts  rest f rame,  then in the labora tory  frame 
i t  gets a f i n i t e  space extension. As a by-product ,  we are able to interpret  
physical ly the  imaginary  units en te r ing- -as  is well known- - the  transverse 
co-ordinates in the  Superluminal Lorentz transformations.  The various 
par t icular  or l imit ing cases of the tachyon shape are thoroughly con- 
sidered. Final ly,  some brief considerations concerning possible experi- 
ments to look for tachyons are added.  

1 .  - I n t r o d u c t i o n .  

T a c h y o n s  (or s p a c e l i k e  s t a t e s )  a r e  a l r e a d y  k n o w n  to  ex i s t  as  i n t e r n a l  

s ta tes .  Can t h e y  also e x i s t  as  a s y m p t o t i c a l l y  f ree  s t a t e s ?  H e r e  we sha l l  a d d r e s s  

ourse lves  to  t h i s  ] o t t e r  p o s s i b i l i t y .  

(*) Work  par t ia l ly  supported by  1K.P.I. and C.I~.R. 
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I n  connection wi th  the  role of t achyons  as in te rmedia te  s ta tes  or exchanged 
objects ,  let  us recall  the  following. I f  we consider a t a chyon  T emi t t ed  b y  
body  A an4 absorbed b y  body  B, it  is well known t h a t  sui table (subluminal) 
observers  exist  seeing T to have  infinite speed, i.e. deeming A, B to be  con- 
nec ted  b y  a s imultaneous,  symmet r i c  in terac t ion  (1). Other  observers,  more-  
over,  exist  which describe t h a t  process as the  exchange of an  an t i t achyon  
emi t t ed  b y  B and  absorbed by  A. Therefore~ tachyons  are ac tual ly  quite fit 
to be the  carriers of two-body  mutual  in teract ions (~,~). Le t  us add  t h a t  in 
the  first of ref. (~) we showed t h a t - - w h e n  describing the e l emen ta ry  pro- 
cesses happen ing  a t  A and a t  B during the  t achyon  exchange in the  A and B 
rest  f rame,  respect ively---one meets  all the  /our kinemat ica l  possibili t ies:  
a) (( intr insic emission ,) a t  A and (~ intrinsic absorp t ion  ~ a t  B,  b) (~ intrinsic 
absorpt ion  ~> a t  A and  (( intrinsic emission ~ a t  B, v) (~ intrinsic emission ~ bo th  
a t  A and  a t  B, d) (~ intr insic absorp t ion  ~ bo th  a t  A and a t  B, where the  last  
two si tuat ions are k inemat ica l ly  possible only in the  case of t a chyon  exchange.  

Le t  us also recall  t h a t  i t  appea red  convenient  a lways to consider (in each 
f rame)  the  tachyons  toge ther  wi th  the i r  own source and  detector.  

l~or instance,  f rom the classical poin t  of view, typ ica l  t a chyon  sources are 
expected  to be  the  black holes, in the  sense t h a t  only  tachyons  can be clas- 

(x) G .D.  ~ A e c ~ o N v .  and E. R~.CA~I: Nuovo Oimento A, 57, 85 (1980); E. Rv.CAMX 
and R. ]~IGNANI: Riv. Nuovo Cimento, 4, 209, 398 (1974), and references therein; E. R~.- 
CA~I, Editor: Tachyons, Monopoles, and Related Topics (Amsterdam, 1978), and refer- 
ences therein; E. RECA~I: Chapt. 18 in Centenario di Einstein: Ast~o]isiea e Cosmologia, 
Gravitazione, Quantie  ~elativitd nello svilacppo del pensiero 8cienti]ieo di A.  Einstein, 
edited by M. PANTAL•O (Firenze, 1979), p. 1021; E. REcx~I: Chapt. 16 in Albert Ein. 
stein 1879-1979: Relativity, Quanta and Cosmology in the Development o] the Scientific 
Thought o /A .  Einstein, edited by F. DE FINIS, Vol. 2 (New York, N. Y., 1979), p. 537. 
(2) See, e.g., P. CASTORINA and E. R~CAMI: Zett. Nuovo Gimcnto, 22, 195 (1978), and 
references (especially ref. (1,4,5)) therein; R. MIGNANI and E. RECA~I: Phys. Zett. B, 65, 
148 (1976); E. R~CAMI: Chapt. 18 in Centcnario di Einstein: Astro]isica e Cosmologia, 
Gravitazione, Quanti e Relativith hello sviluppo del pensiero scienti]ico di A. Einstein, edited 
by NL PANTALV.O (Firenze, 1979), p. 1071 and following; E. RECA~I: Chapt. 16 in Rela- 
tivity, Quanta and Cosmology in the Development o] the Seienti]ic Thought o] A. ~instein, ed- 
ited by P. DE FINIS, Vol. 2 (New York, N. Y., 1979), p. 575 and following; E. Rv.CA~I: 
in Tachyons, Monopoles, and Related Topics, edited by E. RF.CA~I (Amsterdam, 1978), 
p. 17; P. CASrORINA and E. R~.CA~I: Left. Nuovo Gimento, 22, 195 (1978); M. PAV~I6 
and E. R~eAMI: NUOVO Gimento A, 36, 171 (1976), particularly footnotes (1~,21,32); 
E. RweA~x, R. MmNANI and G. ZIINO: in Receu$ Developments in Relativistic Quantum 
2'ieId Theory and its Application, edited by W. K ~ w o w s ~ ,  Vol. 2 (Wroclaw, 1976), 
p. 269; E. R]~CAMI and R. ~r Phys. Zett. B, 62, 41 (1976), p. 43; R. I~ImNANI 
and E. Rv.CAMI: Phys. Zett. B, 65, 149 (1976), footnotes at p. 149; Nuovo Cimento A, 
30, 533 (1975), sect. 4, p. 538; 1~I. B~DO and E. RECA~I: Lett. s Gimento, 2, 
643 (1969), p. 646; V. S. OLKHOVSKY and E. RECAMI: NUOVO Cimento A, 63, 814 
(1969), p. 122; E. R~.CA~I: G. l~is., l[}, 195 (1969), p. 203; Possible... and comments 
on tachyons, virtual particles, ~esonanees, Report IFUM-088/S.M., University of Milan 
(August 1968), p. 4. 
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sically emit ted by  black holes. By  the <~reinterpretation procedure ~> (3) of 

ex~tended relativity (~,~) it t hen  follows t h a t  black holes must  also be suitable 

t achyon  absorbers. As a consequence, taehyonie  mat te r  should be possibly 
exchanged between black holes (~,~)--where we mean  a priori both  gravita-  
t ional black holes ~nd (( s t rong black holes ~> (~-hadrons) .  

However,  in this paper  we want  to dea l - -as  already men t ioned- -wi th  the 
problem how ]ree t achyons  would look like and how t h e y  ~re expected to behave 

experimentally.  
That  such a problem does deserve a careful investigation is suggested even 

by simple, prel iminary considerations of the kind of the two following ones: 

i) Free bradyons ulways admit  a part icular  class of sublumin~l reference 

frames (the rest frames) wherefrom they  appea r - - i n  Minkowski space--as  
(~ points ~> in space extended in t ime along a line. On the contrary,  free taehyons 

always admit  a part icular  class of subluminal (with respect to us) reference 

frames wherefrom they  appear  with divergent speed (V  = c~), i.e. as (( points ~> 
in t ime extended in space along a line (~). Considerations of this kind cor- 

respond to the fact  tha t  the little groups of the timelike and spacelike repre- 

sentations of the Poincar~ group are SOa and S O ~ ,  respectively (~). 

ii) When tachyous  are seen by  us by  means of their  electromagnetic 
emissions (~), they  will generally appear  as occupying two positions at the same 

(3) See, e.g., E. RECAMI: Hound. Phys., 8, 329 (1978), and references therein; E. RECAMI 
and R. MIG~ANI: tCiv. Nuovo C~mento, 4, 209, 398 (1974), and references therein; 
P. C~DIROLA and E. RECA~I: in Italian Studies in the Philosophy o] Science, edited 
by ]Yl. DALLA CHIARA (Boston, Mass., 1980), p. 249; E. RECAMI and W. A. RODRIGUES: 
Pound. Phys., 12, 709 (1982) ; E. RECAMI: in Annuario '73, Envielopcdia EST-Mondadori 
(Milano, 1973), p. 85. See also D. )/I. BILXNIUK, V. K. DESHPANDE and E. C. G. SU- 
D~SHAN: Am. J. Phys., 30, 718 {1962). 
(4) G.D.  ~IACC~RONE and E. Rv.CA~I: T~ett. Nuovo Cimento, 34, 251 (1982); E. R~.- 
CAMI and G. D. MACCARRONV.: Lett. Nuovo Cimento, 28, 151 (1980); P. CALDIROLA, 
G. D. I~ACCARRONE and E. REC~MI: Lett. Nuovo Gimento, 29, 241 (1980); G. D. YIAC- 
CARRONE and E. R~.CAMI: to be submitted to Nuovo Cimento; G. D. I~[ACCARRONE, 
M. PxV~I6 and E. RECAMI: Nuovo Cimento B (to appear). 
(5) See, e.g., E. R~CAMI: in Tachyons, Monopoles, and l~elated Topics, edited by E. RECAMI 
(Amsterdam, 1978), p. 16; V. DE S~BATA, M. PAVgI6 and E. RECAp1: /Sett. Nuovo 
Cimento, I9, 441 (1977); E. R~.CA~I and K. T. SHAH: Lett. Nuovo Gimento, 24, 115 (1979). 
(e) This point might a priori be interesting even with respect to some astrophysical 
observations; ef. M. H. CO~N, K. I. KELLV.RMANN, D. B. SHAFFER, R. P. LINFIELD 
A. T. ~OFFET, J. D. ROMNEY, G. A. SEIELSTAD, I. I. K. PAULINY-TOTH, E. PREUSS, 
A. W~ZEL, R.T. SCI~ILLIZZ~ and B. J: GELDZAttLER: Nature (London), 268, 405 (1977). 
(~) A. 0. B~UT: in Taehyons, Monopoles, and Related Topics, edited by E. RECX~I 
(Amsterdam, 1978), p. 148. 
(s) Cf., e.g., R. Mm~AN~ and E. RECA~: Nuovo Cimento A, 30, 533 (1975); Phys. 
Lett. B, 62, 41 (1976); E. RECA~: in Tachyons, Monopoles, and Related Topics, edited 
by E. RECAM~ (Amsterdam, 1978), p. 3; E. RECAM~ and R. ~GNX~I: in The Uncertainty 
Principle and ~oundations o/Quantum Mechanics, edited by C. P~cE and S. S. Cn~SS~CK 
(London, 1977), p. 321. 
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t i m e .  L e t  us  s t a r t  b y  c o n s i d e r i n g  a m a c r o - o b j e c t  C ( e m i t t i n g  s p h e r i c a l  e l ec t ro -  

m a g n e t i c  waves ) .  W h e n  we see i t  t r a v e l l i n g  w i t h  Super lumina l~  c o n s t a n t  

v e l o c i t y  V, because  of  t h e  distort ion due  to  t h e  l a rge  r e l a t i v e  s p e e d  IV[ > c, 

we s h a l l  o b s e r v e  t h e  e l e c t r o m a g n e t i c  w a v e s  to  be  i n t e r n a l l y  t a n g e n t  to  a n  

e n v e l o p i n g  (double)  cone  / '  h a v i n g  as  ~xis  t h e  m o t i o n  l ine  of b o d y  C ( th i s  

cone has  n o t h i n g  t o  do  w i t h  (~erenkov~s~ see,  v.g., ref .  (8)). Th is  is ana logous  

to  w h a t  h a p p e n s  w i t h  a n  a i r p l a n e  m o v i n g  a t  a constant~  supe r son i c  s p e e d  in  

t h e  ~ir.  A f i rs t  o b s e r v a t i o n  is t h e  fo l lowing  one.  As  we  h e a r  a sonic  b o o m  

w h e n  we m e e t  t h e  i n i t i a l  s o u n d  c o n t a c t  w i t h  t h e  supe r son ic  a i r p l a n e ,  so we  
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Fig. 1. - a) When a source C of electromagnetic radia t ion approaches at  constant 
Superluminal speed V, an ~ optical boom ~) will be seen by any observer 0 as soon as 
he enters in radiocontact  with C, i.e. for V cos cr = c. The la t ter  condition is equi- 
valent  to saying tha t  0 lies on the ~ re tarded )) half of the double cone F (see the text  
a t  the end of sect. 2) enveloping the spherical l ight waves emit ted  by  C; b) the same 
case, when V-~c~ .  From a),b)  we can notice that ,  after the ~optic boom)), the 
tachyon source will appear  to occupy simultaneously two positions. See the  text .  
c) Representat ion of the same si tuation as in a), but  in Minkowski space-time. Again 
we can notice tha t  0 will receive l ight  simultaneously from two positions. 

(9) R. MIONANI and R. RECAMI: ~ett. NUOVO Cimenfo, 7, 388 (1973). 



ON T H E  S H A P E  OF TACHYONS 513 

shall  analogously see an opt ic  boom when  we first enter  in rad iocontae t  wi th  
body  C, i.e. when we meet  the  ]"-cone surface. I n  fact ,  when  G is seen b y  us 
under  the  angle a such t h a t  (see fig. la))  

(1) V cos a ---- c ,  

all the  radiat ions emi t t ed  b y  C in a cer ta in  in terva l  a round its posi t ion Co reach 
us s imultaneously.  Soon af ter  the  init ial  optic (or radio) contact  wi th  the  
emi t t ing  body  C, we shall s imul taneously  receive the  l ight emi t ted  f rom suitable 
couples o] points, one on the  left  and  one on the  r ight  of Co, respectively.  
We shall  ~hus see the  ini t ial  body,  a t  Co, to  spli t  in two luminous objects CI, C2 
receding f rom each other  wi th  the  Super luminal  (relative) speed U: 

1 + d/bt b -- V 
- -  0 = 1  ( V 2 > l ) ,  

(1') V ---- 2b2 V1 ~- 2d/bi '  V V ~ - - I  ' 

where d ~-- OH, and t ~- 0 is jus t  the  t i m e  ins tan t  when the  observer  enters in 
rad iocontac t  wi th  C, or r a the r  sees G a t  Co. I n  the  simple case in which G 
moves  wi th  a lmos t  infinite speed along r (see fig. lb)) ,  the  appa ren t  re lat ive 
speed of C1 and  C2 varies  in the  init ial  s tage as U~(2dv / t ) t ,  where now 
OH ~ OCo while t----0 is still  the  ins tan t  in which the  observer  sees C~ --: C~ --~ Co 
(,,lo); cf. also fig. lc).  

2. - O n  t a c h y o n  s h a p e .  

Let  us then  inves t igate  wha t  shape a Super luminal  par t ic le  would show 
to us. Le t  us first recall  t h a t  special r e l a t iv i ty  has been generalized b y  ex- 
tending the  principle of re la t iv i ty  also to  Super luminal  reference f rames  (1,4); 
the fundamen ta l  requi rement  of such an  (( ex tended  re la t iv i ty  * is t h a t  the  
Super luminal  Lorentz  t rans format ions  (SLT) change t imel ike  quant i t ies  into 
spacelike quanti t ies ,  so t h a t  under  any  SLT the  quadrat ic  form is invar ian t  

except  for its sign (1,11). 

(10) I t  is interesting enough that a similar behaviour, associated with solitonie solutions 
of nonlinear equations, was already considered from the mathematical viewpoint in 
A. O. BA~UT: Phys. Lett. A, 67, 257-(1978). See also O. GRO~: Lett. Nuovo (]imento, 
23, 97 (1978). 
(n) E. Rv.CAMI and R. ]~IIGNANI: ]~e~. Nuovo Cimento, 4, 144 (1972); L. PARKER: 
Phys. l~ev., 188, 2287 (1969). See also V. S. 0LKHOVSKY and E. RV.CAMI: Vis. Kiiv. 
Univ. Se~'..Fiz. (Kiev), 11, 58 (1970); preprint ITF/70, Ukrainian Ac. Sc. (Kiev, 1970); 
E. R~CAMI and R. ~r .Riv. Nuovo Cimento, 4, 209, 398 (1974), and references 
therein; H. C. CORB]~: Nuovo Cimen$o A, 29, 415 (1975); Int. J.  Theor. Phys., 15, 
703 (1976). 
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I t  follows in par t icu lar  t ha t ,  if we consider a par t ic le  PT which is a tachyon 
with  respect  to the Super luminal  f rames,  to us i t  will behave  as an  ord inary  
par t ic le  (bradyon). Let  us ini t ial ly assume such a par t ic le  P to be  spherical  
(in par t icu lar  point l ike)  when a t  res t :  

(2) O < x  2 -]- y~ -Jr- z ~ < r .  (at r e s t ) .  

I n  the  f rame  in which P moves  wi th  subluminal  speed v ~ fie along x 
(P ---- Ps),  the  equat ion  of its world-tube becomes (with the  metr ic  (% . . . .  ), 
and  in na tu ra l  units)  

(3) 0 < ( x - -  vt) ~ 1 - - v  ~ + y2 + z2<~r ~ (v~< 1 ) ,  

which in Lorentz - invar ian t  fo rm reads (cf. fig. 2) 

(1) o<..x,--ca.ua2r~ ~ l ( x , - -oa ) (x " - - c " )< r '  ( v '< l ) ,  
~a.ua 

,•//tl/s"// / . b  

/ i 

! / 

Fig. 2 . -  The (~world-tube, of an ordinary (bradyonic) particle P~-Pm assumed to 
be spherical--or ellipsoidal--in its rest frame. For simplicity, particle P is assumed 
to move along the x-axis and the world-line of the centre C of P to pass through the 
space-time origin, so that C ~ 0  for t =  0. Notice, however, that eqs. (4), (6), (7), (9) 
of the text have been written down for the most general case. 

where x~, ~ (t, x,  y, z), the  co-ordinates c~ refer  to the  centre C of P~, and  (1,~) 
the  four-veloci ty  us is defined as u , ~  dx,/dT0 (see appendjx  A). Equa t ion  (4) 
reduces to eq. (3) in the  special case in which the  world-line of C passes th rough  
the  space- t ime origin, and,  moreover ,  

(4') xa =-- ( t , x , y , z )  , ca ~ (t, vt, O,O). 
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In  the more general case in which P~ has in its own rest f lame an eUipsoidal 
shape with semi-axes X o -  r, Yo, zo, then  eq. (3) becomes 

( x - -  vt)* y~ z ~ 
(5) 0 <xo*(1 - -  v*) + y~ + z-~ < 1 (v*< 1, xo --- r) 

and, in Lorentz-iavariant  form, instead of eq. (4) we get 

(6) 0<LAX~r uu]~ A X ~ A X ~ < I  (v' < 1) 

with AX,  ~ Xu- -  c#, X ,  --= (t, x/xo, Y/Yo, Z/Zo). Equat ion (6) reduces to eq. (5) if 

(6') AX~ ~ X~--  ca, X~ ~ (t, X/Xo, Y/Yo, Z/Zo), ea = (t, vt/xo, 0, 0) .  

We have now to consider the same object P endowed, however, with Super- 
luminal speed V along x, i.e. a tachyonic particle, P -----PT, under the con- 
dition t h a t  it  is a sphere (or an ellipsoid) when seen in its rest  frame. In  order 
to get the shape tha t  P assumes with  respect to us when it is faster than  light, 
we have merely to apply a SLT to eq. (4), or to eq. (6). Actually, the only 
characteristic we need to know abort  the SLT's is tha t  they  invert the quadratic- 
form sign (1.4). Once we borrow this information from extended relativity,  
we are able to state t ha t  eq. (4) t ransforms--for  a taehyon PT moving with 
speed V ~ tic--into 

(7) O<(x~,--e,,)(x#--x.) [(x.--e.)u.]~ < r~ ( V ~ > I ) ,  
uni t#  

where for a motion along x we have 

(7') x,, ==- (t, x, y,  z ) ,  c~, - -  (x /V,  x, o, o ) .  

Again, the quantit ies c~ are the co-ordinates of the centre C of PT" Equa- 
tions (7') still imply  t h a t  the  world-line of C passes through the  space-time 
origin. Therefore, the shape of tachyon PT is given by (cf. fig. 3a) and b)) 

(x--.Vt)~ y~ 
(8) O> V~ :l + + z ' > - - r  ~ ( V ~ > I ) .  

One can immediately notice tha t  (if the world-tube of P~ was supposed to be 
unlimited, i.e. if P~ was supposed to be indefinitely extended in time) the 
taehyon P~ appears as occupying the whole space bound by  the double, un- 
l imited cone y~ d- z ~ = (x - -  Vt)~/(V ~ - 1 )  and the (two-sheeted, rotation) hyper- 
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Fig. 3. - a) Shape of a part icle  P, which in its rest frame is intrinsically spherical or 
eUipsoidal, when seen from a Superluminal frame. Namely, when this particle (P~PT)  
moves with relat ive Superluminal speed V, i t  appears to be spread over the whole spatial  
region delimited by  a double cone and by  a two-sheeted hyperboloid asymptot ic  to 
the  cone. The whole structure moves, of course, with the speed V of PT. I f  P is intrin- 
sically spherical, then the cone semi-angle is tg ~ = (V ~ -  1)-t. Notice tha t  PT is infinitely 
extended in space only if PB was supposed to be infinitely extended in t ime:  see the  
following, b) The same structure already depicted, for t =  0, in a). We  cut i t  with 
a plane ~ parellel to the motion line x, and in part icular  orthogonal to the y-axis. The 
intersection is a (twofold) (( hyperbolic annulus ~), del imited by  the (four) branches 
of two hyperbolae. Such intersections t ravel  r igidly with the same speed and direction 
of PT. The intersections with planes ~ orthogonal, on the  contrary,  to the  motion line 
are shown in fig. 6. 

b o l o i d  y ~  z ~ ~ ( x - - V t ) ~ / ( V 2 - - 1 ) - - r %  w h e r e  t h e  l a t t e r  is a s y m p t o t i c  to  t h e  

fo rmer .  ~7otice t h u t  t h e  cone s e m i - a n g l e  ~ is (fig. 3a))  

(8')  t g  ~ = 1 / % / V ~ - 1 .  

More  gene ra l l y ,  for  t h e  e l l i p s o i d a l  case,  eq. (6) t r a n s f o r m s  i n  the ease of 
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tachyons into 

(9) 0 > [AX,  u,]  ~ 
U~ U ~ 

AX~ A X ,  > -- 1 ( V  2 > 1) , 

where, for (Superluminal) mot ion along x, if C ~ 0 for t = 0, 

(9') AX~ ~_ X~,-- c , ,  X~ -~ (t/xo, x, Y/Yo, Z/Zo), c, -- (x/Vxo, x, O, 0).  

We conclude tha t  the shape of tachyon P~ is given by  

( x - -  Vt)  ~ y_* z ~ 
(10) o> x ~ ( V ' - - l )  + y ~ + ~ Zo ( v ~ > l ) .  

I t  follows tha t  (i/ PB was supposed to be inde/initely extended in time) a 
generic tachyon Pv will appear to be spread over the whole space con/ined between 
the double, unlimited cone 

(11a) y_~2 z ~ ( x -  Vt)  2 
y~ + z~ - x~(V, - -1)  (v~ > 1) 

and the two-sheeted hyperboloid 

(11b) y_~2 z 2 ( x -  gt) 2 
yo2 -~- zo--~ = Xo~(V,__l ) -1 (V 2 > 1) .  

The hyperboloid ~%f is asympto t ic  to the  cone %0 (cf. fig. 3a), b)). For  t = 0, 
the cone ver tex  C coincides with the space origin 0 and the co-ordinates of 
the  vert ices V~, V~ of ~ are 

(12) v~,, = ~: r V V L 1  (V~ > 1) .  

Equat ion  (12) needs, of course, to be sui tably modified if C ve 0 when t----0; 
if the  co-ordinate xe of C is xc = @ for t = 0, then,  as t ime elapses, 

(12') v l , ,  = ~ + v t  T r V ~ - - l  . 

The whole (( s t r u c t u r e ,  ~ + ~ moves rigidly, wi th  the speed V of t achyon  1)3, 
along x. We can also notice t ha t  the  central  point  (x--vtp/[x~(1--v~)] + 
+ y2/yo ~ + z2/%a = 0 of the  bradyonic  ellipsoid (cf. eqs. (5)) goes into the  
cone (11a): i.e. the  centre of the b radyon  ellipsoid (internal boundary,  in a 
sense) goes into c#, t ha t  might be regarde4 as the  (~ external  boundary  ~ of the  
tachyon.  Vice versa, the  external  ellipsoidal surface of the  bradyon goes- -under  
the  considered S L T - - i n t o  the  hyperboloid  (11b), t h a t  might be regarded as 
the (, in ternal  boundary  ~) of the tachyon.  
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Also the equipotential  surfaces associated with the electrostatic field of a 
charged t achyon  will~ of course, appear  in the shape of two-sheeted hyper-  

boloids (fig. 4). 

I Y absot'ptio~ absorption 

x 

Fig. 4. - The equipotential surfaces of the electrostatic field of a charged particle P 
assume the form of two-sheeted hyperboloids when the particle (PT) travels with 
Superluminal, constant speed V (e.g., along x). Such is the result of the physical 
(~ distortion ~ due to the very high relative speed. The asymptotic cone has nothing 
to do--of course---with ~erenkov's, since no actual radiation energy is emitted by PT 
during its inertial (Superluminal) motion. In a sense, one might say that the apparent 
emission associated to the ~ retarded ~ cone is exactly counterbalanced by the apparent 
absorption associated to the (( advanced ~) cone. The asymptotic cone, of course, is the 
one associated to the shape of PT (i.e. is the same as in fig. 3). 

The problem is quite different, however~ when P~ is emit t ing electromagnetic 

waves, i.e. when the emit ted spherical waves propagate  with the light speed e. 
I n  such a case, the waves will appear  as spherical also to Superluminal ob- 
servers (4), even if enveloped now by  a (double) cone F in part ial  analogy with 

what  is known to happen for ~ supersonic sound source in the air (*). 

But  let us go back to the above-mentioned fact  t ha t  also the  equipotential  

surfaces associated with the  electrostatic field of a (charged) taehyon  PT will 
appear  to us shaped like the (hyperboloidal) surface of particle P~ itself. I n  
other  words, the equipotential  surfaces of the electrostatic field of a (charged) 
t a c h y o n - - m o v i n g  with constant velocity / - - w i l l  be two-sheeted hyperboloids 

just  asymptot ic  to the double cone ~ (4). We thus reobtain previous results (~,12) 

(*) The semi-angle ~ of cone F is still given by tg r162 = (V 2-1)-~. 
(13) See, e.g,, C. C. CHIA~G: private communication; V.A.  GLADKIKH: ~'izika (Is. 
Tomsk Univ.), No. 6, p. 69 (1978); No. 6, p. 130 (1978); No. 12, p. 52 (1978); YA. P. 
T~.RL~TSKY: in Tachyons, Monopoles and Related Topics, edited by E. RV.CA~I (Amster- 
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which showed tha t  i) the  cone ~ has nothing to do - -o f  eo u r se~w i th  ~erenkov's,  
and ii) it  is associated with no radiat ion emission, as required by  the  stat ic 
character  of the  initial  field and by  the  t achyon  inert ial  mot ion  (since, in 
sense, the  apparent  emission of the  (( re ta rded  )) cone is compensate4 b y  the  
apparen t  absorpt ion of the  (( advanced )) cone). See fig. 4. I f  P~ is pointl ike 
and charged, then  the charge of PT a priori will be suitably dis t r ibuted over  
the  whole cone ~ ;  an interest ing mathemat ica l  problem would be to  find out  
explicit ly those nonradla t ing solutions of the  Maxwell equations for tachyons 
(in Mignani-l~ecami's {8) or in Corben's (~1) form) corresponding to  such a 
charge distribution.  Bu t  we are confining ourselves here to  the  t aehyon  shape 
problem. 

3. - Tachyon localizabil i ty in t ime and space: various possible cases.  

Let  us explicit ly notice tha t ,  if the  (( world-tube ~> of P~ was not supposed 
to be unl imited in t ime but ,  on the  contrary,  has a finite lifetime, then  also 
the  space-time extension of t achyon  PT gets constrained. For  instance, let  
us s ta r t  by  considering the  ease in which the part icle P in its rest  frame i) is 
spherical and with its centre s i tua ted  a t  the space origin, ii) is created a t  
t ime t'~ and iii) is absorbed at  t ime t',. Then,  when P~ is endowed with speed V 
along x, we shall see (instead of the  whole s t ructure  in fig. 3, f o r - -  o0 ~ x ~ -~ c~) 
only t h a t  pa r t  of ~ - ~  ~ f  confined between the  2-dimensional planes 

(13) x---- t~%/1--v2~-vt~x~(t) ,  x=--t~i/1--v2-~vt~--x2(t) ( v ~ - ~ ) ,  

such a couples of planes x = xl, x ~ x2 shifting, however,  in space along the  
t aehyon  direction with the (~ dual)> (sub~uminal) speed v ~ 1IV. Since the  
t achyon  travels  on the  cont ra ry  with the  (Superlumina]) speed V, even the  
t achyon  finite shape--4.e, the  portion of ~ -  W confined between t h a t  couple 
of planes---changes in t ime. Chosen any  fixed plane x--~ 5, the considered 
(finite) t achyon  will be crossing it  during the  finite t ime interval  

(1~:) 

dam, 1978), p. 47; H. C. CORBEN: Le~t. N•ovo Cimen~o, l l ,  533 (1974); Nuovo (Jimento A, 
29, 415 (1975). See also N. FLEU~Y, J. LEITE-LoPEs and G. 0BE~LECHNER: Acta Phys. 
Austriaca, 38, 113 (1973); J. R. GOTT III :  Nuovo Cimento B, 22, 49 (1974). For the 
different case of the spherical electromagnetic waves actually emitted by a source, 
cf. fig. 1 in E. R]~CA~I and G. D. I~IACC~e~RONE: Left. Nqwvo Gimento, 28, 151 (1980). 
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i.e. for a t ime dura t ion At independent  of 5: 

"? -!  2 " - -  
(14 bis) At = (t~ - -  t~) %/]7 _ 1 ~ A-t' V ' ~ - -  1 (x = cons t ) .  

Cf. appendix B. 
In  o ther  words, we expect  the  t achyon  PT to be a double unl imited struc- 

ture  ~-{-$ff, infinitely extended in space, only when the corresponding bradyon  
P~ exists f o r -  c ~ <  t ' <  ~ c~, i.e. is infinitely ex tended in t ime. On the  
contrary,  i] the li/etime of PB is ]inite~ the space extension o/ PT is ]inite too. 

To go on, let  us first restr ict  ourselves-- for  s impl ic i ty- - to  the  case of 
pointl ike P~. Then one finds tha t  the ve r tex  C of cone c~ will be visible 
(i.e. the  actual ly  exist ing por t ion of ~ will contain C) in the range ~ < x <~2, 
where Xl, x~ are the  fixed positions 

(15) 

corresponding to the t ime range t~ < t < Z2, where Z~, i~ are the fixed t ime instants  

(16) il =- i ; / V v ~ - l ,  i~ = - i g / V V : - I  (x '=  y'-= z '=  o). 

5Totice from eqs. (13) tha t  also the  mobile space interval  

(13 bis) Ax ~ x 2 ( t ) -  x~(t) : ~ '  % / ~ v  ~ (v ~ 1IV) 

is actual ly  independent  of t ime;  it is always smaller t han  the fixed space 
interval  given by  eqs. (15) 

(15 bis) A-x ~ ~,~--~,~ = A t ' / V 1 - - ~  (v ~-- l / V )  , 

tha t  is to say 

the equal i ty  sign holding only when the t achyon  P~ has divergent  speed V = co. 
(On the  contrary,  the  t ime durat ion At in eq. (14 bis) can be smaller or larger 
t ha n  the t ime durat ion A-t given by  eqs. (16) 

(16 bis) At - t ~ -  ii = - ~ ' / V V : - i  , 

depending on whether  VX~/2.)  As depicted in fig. 5a), in the  fixed space 
range ~1 < x < ~ we have  

i) during the t ime interval  tl to t2, a finite double cone (with the x-axis 
as sym me t ry  axis and bound by  the two planes x = ~1 and x = ~2) moving 
with speed V, so tha t  its ve r tex  C moves from xl to ~z; 
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\ 

I 

L/ I , ~  

! 

b) 

!Y 
I 

I 

I 

Fig. 5. - a) If a particle PB has a finite time extension in its rest frame (e.g., is created 
at time t~ and absorbed at time t~), then P~ will appear to possess a finite space extension. 
l~amely, instead of the whole structure in fig. 3, we obtain that PT will consist only 
in that part  of ~ - ~  confined between the spatial, 2-dimensional planes x = x l ( t  ) 
and x = x~(t) given by eqs. (13) in the text;  such a couple of limiting planes travelling 
rigidly in space along the tachyon direction with the dual (subliminal) speed 
v = 1IV. This figure refers to the ease of a pointlike Pm I t  shows the (fixed) range 
�9 1 ~ x ~ 2  within which the cone vertex C is visible, i.e. in which the actually existing 
portion of ~ happens to contain C. Of course, we shall not see the whole pattern at the 
same time, due to limitations (13). b) Here the same picture is shown as in a), for a 
particle P intrinsically spherical (not pointlike). See the text. 

ii) a t  t ime  t~, a finite single cone wi th  ve r t ex  a t  ~ and  base  on the  

plane x ~ x2; 

iii) a t  t ime  t~ a finite single cone wi th  base  on the  plane x - - - - ~  and  
ve r t ex  a t  ~2, 

even if we shall  not see s imul taneously  the  whole pa t t e rn ,  because of eqs. (13). 
(We spent  some t ime  on this description, expressed in eqs. (15)-(16bis),  
also since for var ious reasons i t  may  be convenient  to assume the  (finite) 
t aehyon  PT to exis t  only  wi thin  the  global t ime  in terval  ~l<t~<~ 2 given by  

eqs. (16).) 
I f  P~ is not pointl ike,  such a descript ion has to be sui tably modified (we 

still assume t h a t  par t ic le  P~ is i s tan taneous ly  born  a t  t ime  i '  I and  ins tan ta-  
neously disappears  a t  t ime  t~ in  its rest frame).  When r =~ 0 7 the  ver tex  C of 
has to be subs t i tu ted  (~) b y  the  vert ices V1, V2 of 5~; and  eqs. (16) become 

(16') 

i n  correspondence wi th  these t ime  instants~ for th~ vertices of ~ it is u ---- xl 



~ 2 2  A. O. BARUT~ G. D. M~CCARRONE a n d  E. I~ECAMI 

for t~--t~ and V ~ : Z ~  for t~-t~7 with(*)  (see fig. 5b)) 

(~5') 

while the  cone sections with bo th  the  planes x ~ ~ and x ~ x2 have radius 
r.** ~- r. In  correspondence wi th  the  same t ime instants  tl~ t2] the  co-ordinate 
of the  cone ver tex  C is 

(15") C~ = ~ V,  C~ = t2 V 7 

respect ively;  which in par t icular  yields t h a t  now C~ ~ ~ ,  C2 > x2. Figure  5b) 
depicts the  general pa t t e rn  in the fixed space range ~ < x < 5~ (for t ime ranging 
in the  in terval  t l < t < t 2 )  of the  (~finite)~ t achyon  P~, when endowed with 
speed V along the  positive x-axis and under  the conditions specified in eqs. (13). 
(Again 7 it  may  be convenient  for various reasons to assume the global t ime 
extension of t achyon  PT to be confined within the  range ~ < t < ~ . )  

Le t  us now go back to the  case in which (P~ having bee nassumed to be infin- 
i tely ex tended in t ime) t achyon  PT results to be infinitely ex tended in space 
(and in t ime).  Le t  us also assume P to be spherical in its rest  f lame. 

In  any  f rame / '  in which P is subluminal (P~)7 its shape at  a certain t ime 
ins tant  Z' corresponds to the  intersection of the P~ world-tube with the hyper-  
plane t ' =  ~'. According to  the  extended principle of relativity~ a way for in- 
vest igating the  shape of P when Superluminally moving--e.g,  along the pos- 
i t ive x-ax is - -wi th  respect  to ]' (PT) consists in a) finding out  the  shape of 
the Superluminal  part icle PT with respect to a Superluminal  f rame (e.g. the  
f rame ]~ which travels  with divergent speed V ~- § co along x with respect 
to ] '); this means cut t ing  the P world-tube wi~h hyperplanes x----~; and 
then  b) t ransforming the  result  back to f rame ]'. This agrees with the  formal  
considerations expounded in ref. (13) in connection with the localization of 
spacelike objects. There  it  was concluded tha t  the  space in which tachyons  
can a pr ior i  be localized is any  hypersurface  2: or thogonal  to a spacelike line; 
for example7 perpendicular  to the  vector  (07 x~ 07 0): in this case we reduce 
ourselves to the above-ment ioned hyperpl~nes x----~. Any hypersurface Z 
has, of course~ two spacelike and one timelike orthogonal  basis vectors.  

Le t  us analyse what  we shall see in any  such space Z when observing a 
t aehyon  PT. To us a hyperplane  x = ~.~ e.g., is nothing bu t  the (~ world-space ~ 
described as t ime elapses by  the" 2-dimensional space plane parallel to (Y7 z) 

(*) For simplicity's sake, we disregard the double sign entering the generalized Lorentz 
transformations (1,4). 
(is) A. O. B~UT: in Tachyons, Monopoles, and Related Topics, edited by E. RECAMI 
(Amsterdam, 1978), p. 143. 
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a t  x - - - -~ ,  so t h a t  we h a v e  to  i n v e s t i g a t e  t h e  e v o l u t i o n  in  t i m e  of the  in t e r -  

sec t ion  of t a c h y o n  Pv w i t h  ~ g i v e n  spa t i a l  p l a n e  ~ pa ra l l e l  to  (y, z). I n s e r t i n g  

x--~ E ~ i n  eq. (8), we ge t  

(~--  Vt)~ ~ - Vt)~ 
V ~ - ~  > y  §  r~ ( x = ~ ,  v ~ > l )  V~__ l  

which m e a n s  t h a t ,  i n  t h e  p l a n e  ~ ,  t a e h y o n  PT occupies  t he  c i rcu la r  r i n g  8 :  

(17a) 

(17b) 

V ~ - -  1 

y* ~- z ~ -  ( ~ -  Vt)* _ r, 
(V ~ > 1 ,  5 ~ - - c o n s t ) ,  

x 

Fig. 6. - Here we show the intersections of tachyon PT with (2-dimensional, spatial) 
planes ~ orthogonal to the tachyon motion line, the x-axis, in the same case considered 
in fig. 3. For simplicity, we assume P to be spherical in its rest frame, and C ~ 0 
for t = 0. Such intersections evolve in time, so that  the same pat tern reproduces on a 
second plane---shifted by Ax---after the time At = A x / V .  On each plane, as time 
elapses, the intersection is a circular ring which, for negative times, goes on shrinking 
till i t  reduces to a circle and then to a point (for t = 0); afterwards, such a point 
becomes again a circle and then a circular ring that  goes on broadening. If PB is supposed 
to have a finite lifetime, then also the above pattern exists and evolves for a f i n i t e  t ime 
on each plane ~.  Shape and time evolution of those intersections are, of course, relevant 
to any possible experiments (the main problem still open being: what ordinary 
(c material ~) would reveal the intersection with a tachyon?). 
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where C--= 0 for t = O, and where eqs. (17a), (17b) individuate  the  external  

eireum/erence ( =  cone intersection),  wi th  radius 

( lea)  

and the  in ternal  eireumlerenee ( =  hyperboloid  intersection), with radius 

2 2 (18b) r, nt % / r . . t - - r  , 

respectively,  t ha t  va ry  wi th  time. Of course, if Ps  is pointlike,  t hen  PT cor- 
responds only to the cone %r a n d - - o n  the  plane ~---we obtain only the  circum- 
ference in eq. (17a). On the  contrary,  if Pn is an ellipsoid, then  the  circular 
r ing ~ becomes an (( elliptical ring 7). 

The circular ring ~ appears,  on each plane ~ ,  first to move inwardly 
(until  i t  reduces to a point)  and then  outwardly  (cf. fig. 6), in such a way 
t ha t  the  externa l  radius r.= t varies with constant  speed 

V 
(19a) I ? . ~ [ -  % / ~  (V ~ > 1) ,  

while the internal  radius tin t possesses the  speed (varying with time) 

( x - - ~ - - ~ c o n s t ,  V 2 > 1 ) .  

In  the  simple case ~ = O, we have,  as t ime elapses, 

(20a) for t = - - c x )  

r e x  t ~ c ~  , t i n  t ~ c)O , 

- - V  
~ . ~  = " ~ _ ~ -  , ~ i~  = ~ . ~  ; 

V V * - - I  

r V V ~ Y  
(20b) for t = -  V " ~ 

r e x  t ~ r , Tin t = 0 , 

- - V  

(20e) for t --~ 0 ~: =~ 

r e x  t ~ 0 , 

V 
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(20d) for t : + 

(20e) for t = + oo 

/ 
- -  / Text : 7 ' ,  Tin t = 0 , 

V ~ [ + V  

Tex t = C~ ~ Tin t = C~3 , 

~.,t  + V 

I f  ~ r O, every th ing  results ~o be shif ted b y  the  t ime interval  ~IV. Notice, 
moreover,  t h a t / T o m  the  t ime Ato during which the circular ring 2~ reduces to 
a circle (i.e. during which the  in ternal  circumference is absent),  one can 
infer the  intrinsic diameter  2r of our ~achyon PT: 

V 
2r = Ato ~ / ~  ; 

and tha t  the  above equations sl ightly simplify by  the  subst i tut ion %/~--l/V =-- 
% / ~ ,  wi th  v ~ 1IV. 

-t 
I n  summary,  when bo th  t'l, t 2 - ~  and r #  0, we have 

(21) 

(22) 

- -  cx3 < t < -f-cx3, - - c ~ < x <  + c~,  

- -  c ~ <  x o <  + c ~ ,  

where eq. (22) refers to the  posi t ion of the  cone ver tex  C. 
I n  the  l imiting case in which r - > 0 ,  the  t achyon  shape- -4ep ie ted  in 

fig. 3, 6-- reduces  only to the  mere cone ~.  
As to the  t acbyon  speed, we have for instance (~ = 0, and C = 0 for t ---- 0) 

(23a) if V=eV~ ~[ 

(23b) if V--> v+ 

[~..d = V ,  

VI,~ = : ] :  r ,  

J Text W ~ ' 

Vl,~-+O , 

Tint 

~*int ~ O0 , 

~ - + 9 0  ~ , 

where also the  positions V1, V2 of the  hyperboloid vert ices (cf. eqs. (12)) and 
the value of the  cone semi-angle ~ (cf. eq. (8')) are given. 

34 - I l  N u o v o  O i m e n t o  A .  
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On the  cont rary ,  when  PB is finite in t ime,  t h a t  is to  say  3' 1 < t < Z~ wi th  
tl, t 2 finite, t hen  eqs. (14), (14 bis) tell us t h a t  the  above-seen p a t t e r n  on each 
p lane  ~ will last  a finite t i m e  A t - - - - A - t ' ~ / V * - - I .  I n  other  words, the  inter-  
section of the  (finite) t a chyon  PT wi th  any  plane x = ~ (see fig. 6) will be 
exis t ing only in the  finite t i m e  in te rva l  t~(~)< t < t,(~): see eq. (14). 

4 .  - T h e  i n f i n i t e - s p e e d  c a s e s .  

The case V - + c ~ ,  when  the  cone semi-angle a---~0, requires a detai led 
analysis  (since, e.g., a cone wi th  a - +  0 whose ve r t ex  C goes to infinity will 
appea r  as a cilinder). Still we are assuming C ~ 0 for t ---- 0. 

Firs t ,  let  us consider ~'1, ~ to be finite, as well as r. 
I t  is essential  to  recall (cf. eqs. (13bis) ,  (15bis))  t ha t ,  when V - + c ~ ,  

the  mobile space in te rva l  Ax does coincide wi th  the  fixed space in te rva l  Ax, 
so t h a t  the  mobile space in te rva l  (within which the  finite t achyon  PT is ac tua l ly  
confined, as t ime  elapses) becomes fixed. And, ins tead of eqs. (13), (14), we 
can make  recourse to eqs. (15), (16). Or, more generally,  since Ax----Ax also 
for r # 0 when V =  cx), ins tead of eqs. (13), (14) we can make  recourse to 
eqs. (15'), (16'). 

Then,  f rom eqs. (16'), (15') and  (15"), we get  for V - + c ~ ,  a - + 0 ,  

(24) 

(25) 

(26) 

respectively.  

i, = - - - - < t < +  ~ i ,  ( V ~ , ~ o ) ,  
o 

-I - t  xl =-v t l<x<c t ,  =x2 (V--> oo,  a --->0), 

- - c ~ < x o <  + c~;  ]xo[=  c~ for tV:O ( V - + c ~ ,  a - + O ) ,  

The shape  of the  t aehyon  PT in this  s i tua t ion  is i l lus t ra ted in 
fig. 7a). The t achyon  would appea r  as a solid cylinder,  finite in space and  t ime,  

~ Y 
l y  

X 1 X 2 

b) 

Fig. 7. - a) A particle P (which is. spherical, with r ~ 0, and exists for a finite time 
in its rest frame) appears, when travelling along x with divergent speed V-* 0% as a 
solid cylinder finite both in space and time. The cylinder radius shrinks with c o n s t a n t  
speed c, reducing from the initial value r to zero (in which ease the cylinder becomes 
a segment), and then increases again--with the same speed to the value r; b) under 
the previous hypotheses, in the particular case in which P~ is pointlike in space, tachyon 
PT appears as a mere segment on the x-axis, existing only for an instant (i.e. as an 
instamtomeous segment). See also fig. 8. 
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with  va ry ing  radius (when G -  0 for t - - - -0) :  

lr.,~[ ~ c t  ( V ~  oo), 
whose speed is 

]~.z~l-+c+ (V-~ oo).  

Ini t ia l ly ,  as well as a t  the  end, the  cyl inder  radius is jus t  Ir.~,] ---- r, and  a t  
t = 0 i t  is r ~  = 0. Fo r  instance,  the  (cylinder-generating) s t ra igh t  segment ,  
which in par t i cu la r  is a t  y - -  + r for t = ~, will be a t  y ---- 0 for t = 0 and  
a t  y ---- - -  r for t ---- ~ .  ~n order to  unders tand  the present  results,  one ought  
in tu i t ive ly  to th ink  tha t ,  since V--> co, during the  infinitesimal t ime  in te rva l  
~t = [ - - e ,  s], the ve r t ex  co-ordinate  xc t ravels  f rom xc - ->--oo to xc --~ -~ c~, 
so t h a t  for all  t imes  outside the  infinitesimal in te rva l  8t the  cone-ver tex C 
lies a t  infinity:  

0) (0 xo - -  < t <  = - - c o ,  xc < t <  = ~- c~ .  

Notice t h a t  r ~  exists only a t  the  init ial  and  final t ime  ins tants  Z~, ~ when 
r~.~----0 (for ~ < t < ~ it  becomes imaginary) .  I n  any  case, the  t achyon  PT 
m u s t  be though t  to occupy a t  each t ime  ~ < t ~ < ~  the  whole interior  of the  
cyl inder  exis t ing a t  t h a t  t ime.  

I n  the  l imit ing case r = O ,  we mere ly  get (for V-->oo,  ~ - + 0  and for 
finite t'1, t~) the  l inear segment  7~ H 72, exist ing only a t  t ime  t ---- 0 (under our 
hypotheses) :  see fig. 7b). I n  fact ,  eqs. (15), (16) yield 

(24') tl = 0 ,  Z~ ~ - 0 ,  

(25') 71 = d~, 7~ = d~, 

Lt 

x 

Fig.  8. - The  same case as in fig. 7b). Namely ,  here  i t  is schemat ica l ly  shown tha t ,  
under  a t ranscendent  Loren tz  boost  along x (1,4), a point l ike  par t ic le  P~ charac ter ized  
in i ts  rest  f rame by  the  f ini te  l i fe t ime At' trans[orms in to  the  (~ ins tantaneous  seg- 
men t  ,~ A x =  eAt '  ly ing on the  x-axis.  I n  o ther  words,  a b radyon  PB at  rest  ( l iving for 
a ]inite t ime,  and pointlike in space) is t ransformed by  a t ranscendent  Loren tz  boost  
into an infinite-speed taehyon PT (extended over a ]inite segment, and pointlike in time). 
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as can be verified also b y  s t a r t ing  f rom a point l ike  object ,  exis t ing (at 
x ' :  y ' =  z '~-  0) in the  t ime  in te rva l  t'~ to t~, and  t hen  app ly ing  a (( t ranscen-  
dent  Lorentz  t r ans fo rma t ion  ~)(~,~). Cf. also fig. 8. This means  tha t ,  under  
our  hypotheses ,  the  infinite-speed t a chyon  appears  to us as an  instantaneous 
line segment  confined be tween  5x and  ~2 (in agreement  wi th  the  heurist ical  
considerations a t  point  i) in sect. 1). 

Before going on, let us recall  t h a t  in re la t iv i ty  the  point l ike case appears  
to be meaningful  only as a l imi t ing case (~) ; such a considerat ion does ac tua l ly  

inspire our present  analysis.  

As second case, we have  to  consider not  only V - + c ~ ,  bu t  also bo th  
~, ~ --> oo ( w i t h  r ~ 0). L e t  us fo r  s i m p l i c i t y  assume t 2 - -  t~ ~ ; t hen ,  w h e n  

Z'-+ cx), let us call 

We get 

(27) 

(28) 

(29) 

z + ~r/o 1 + ~r/e 
<t< + ~ ,  

- - o o < x <  + oo ,  

- - c ~ <  x z <  ~- oo ,  

where ac tua l ly  eqs. (28), (29) do not depend on V. Wi th  regard  to  eq. (~,/ ,  
we have  to dist inguish the  following subcases:  

(27a) 

(27b) 

(27v) 

if ~ : 0  ~ - - c ~ <  t <  c~ ; 

if $ : finite = > - - A ~ t ~ Z  

I n  the  l imi t ing  case for r - ->0 ,  one has t h a t  (when V, t'--> c~, r - + 0 ) :  

(14) See, e.g., J. M. JAUCH: ~oundations of Quantum Mechanics (London, 1968); 
A. J. KXLNA~: in Tachyons, Monopoles, and Related Topics, edited by E. R~CAM~ 
(Amsterdam, 1978), 13. 53, and references therein; Phys. l~ev. D, 7, 1707 {1973); 
J. C. GALL~DO, A. J. KALNAY, B. A. STEC and B. P. TOLEDO: 2V~tovo Cimento A, 48, 
1008 (1967); A. J. KXLNAY and B. P. TOLEDO: s Cimento A, 48, 997 (1967); 
V. 8. OLKHOVSKY and E. RECAII: Lett..N~tovo Cimento, 4, 1165 (1970); ]~. R~CA~I: 
in Quarks and the Nucleus (Progress in Particle and Nuclear Physics, Vol. 8), edited by 
D. WILKINSON (Oxford, 1982), 13. 401; P. CAL])mOLA, M. PArdI5 and E. RECAMI: 
Nuovo Cimcnto B, 48, 205 (1978); Phys. Lett. A, 66, 9 (1978); Lett. 2Yuovo Cimento, 
24, 565 (1979); P. C~DIROLA: Riv. 2gUOVO Cimento, 2, No. 13 (1979). 
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a) E q u a t i o n s  (27a), (28), (29), for  ~ = 0, y ie ld  t h a t  t he  t a c h y o n  PT ap-  
pears  as a nons t a t i c  cy l inder  inf ini te ly  e x t e n d e d  b o t h  in space and  t ime wi th  

F o r  ins tance ,  r , ~ - - r , ~  t - - > - o o  for  t - - > ~ o o ,  r , ~ , ~ r ~ n  t - - 0  for  t : 0 ,  

r t --= rl~ , -+ ~ c<) for  t -+ ~- cx3. See fig. 9a) .  

X X X 

~-q.t 

a) b) c} 

Fig. 9. - When the lifetime of PB diverges (At'-> co) together with the speed of 
tachyon PT along x {V-> c~), the tachyon shape depends on the value @ of the limit 
of V/At r for V, At '-->~.  For instance, in the case in which furtherly r ->0 ,  we 
observe (if C~--O when t-----0), a) for ~ =  0, a nonstatie cylinder having the x-axis 
as symmetry axis and infinitely extended both in space and time. The cylinder radius 
varies for negative times from - - ~  to zero (at t =  0), and from zero to -F co for 
positive times; b) for ~ # 0  and finite, a nonstatie cylinder similar to the previous 
one (i.e. infinitely extended in space), but  existing only for a finite time. The cylinder 
radius contracts (with constant speed e) from the finite value e/~ to zero (at t = 0) 
and afterwards increases from zero again to e/~; e) for ~ = ~ co, a mere straight line, 
infinitely extended along the x-axis but existing only for a time instant. 

b) E q u a t i o n s  (27b), (28), (29), for  ~ finite, yie ld  t h a t  t a e h y o n  PT appea r s  
as a cy l inder  inf ini te ly  ex t ended  in space b u t  ex is t ing  on ly  for  a finite time 

1 1 
( 3 x )  ; 

for  ins tance ,  if $ = 1 s -I ,  one gets  (in seconds) 

- - 1 < t < 1 .  

Also th is  cy l inder  is nons ta t i c ,  in  t he  sense t h a t  

r,x t - -r ,n  t ---- ct (w i th  - - l < t < l ) ,  

so t h a t  (see fig. 9b)) 

(32) - -  e < r i n  , ~ r o , t <  ~ e .  

- P , n , I  = 
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e) Equations (27c), (28), (29), for ~ ---- • cx~, yield that  tachyon P~ ap- 
pears as a straight line, infinitely extended along the x-axis, but existing only 
for a time instant (i.e. as an object pointlike in time) 

(33) O~t~<O. 

]~ / [oreover ,  

(34) r x ~ ----rl~ t--- 0 

See fig. 9c). 

In connection with fig. 7, 9, let us add that  charged tachyons appear to 
attract each other when they possess equal charges; and, vice versa, they ap- 
pear to repell each other when endowed with opposite charges; this is actually 
reminiscent of the behavio~r of ordinary electric-current wires. (Let us recall, 
in faet~ that  approach motion transforms into departure mot ion~and  vice versa 
--under a Superluminal Lorentz transformation, as can be got from direct 
inspection in Minkowski space-time.) 

5 .  - F u r t h e r  r e m a r k s .  

Let us consider again the generic case of a tachyon PT moving with Super- 
luminal speed V along x, assuming PB tO be infinitely extended in time 
(sect. 2). However, instead of cutting the (moving) structure W+ ~f, depicted 
for t ~ 0  in fig. 3a), with planes ~ orthogonal to the motion line, let us now 
consider its intersections with space planes -~ parallel to the motion line 
(e.g., orthogonal to y, or to z). Then instead of the pattern in fig. 6 we get 
the pattern already shown in fig. 3b). ~Tamely, the general shape of the in- 
tersection ~r of tachyon PT with a plane .~ parallel to the tachyon motion 
direction is a (twofold) (( hyperbolic annulus ,>; in the sense that  the inter- 
section • results to be the portion of -~ delimited by the branches of two hyper- 
bolas (such a portion consisting, of course, of two disconnected parts Jz  and J~). 
On any such plane .~, as the tachyon moves, the intersections Jz and Ja  
move rigidly with the same speed and direction of PT" See fig. 3b). In the 
limiting case (r -+ 0) of a pointlike Ps, when the PT shape degenerates into 
the cone ~, the intersections of PT with planes orthogonal to y or to z are 
shown in fig. 3a), b), respectively, of ref. (15). In relation to the present re- 
mark, and in particular to those fig. 3 (is), we like to recall here the following. 

As a by-product of all what derived above on the shape of tachyons, we 
are now able to geometrieo-physieally interpret--at  least in some relevant 
cases--the role and meaning of the imaginary units entering, as is well known, 

(zs) E. Rv.cA~I and G. D. ~ACCARRONE** LBtto NuOVO Cimento, 28, 151 (1980). 
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the Superluminal Lorentz transformations for the transverse space co-ordinates. 
Such a point has been exploited in ref. (4). 

This paper constitutes, moreover, a first step in the direction of suggesting 
eventuaHy--~, sensible ~> experiments with the object of detecting tachyons. 

We consider any such experiment to be sensible only when based on a definite, 
developed theoretical framework for taehyons (even if not yet  complete in its 
background and/or in its applications). A preliminary problem still to be care- 
fully investigated is finding out how a (charged) taehyon interacts electro- 
magnetically with an ordinary-matter electron, by using--again--~axwell  
equations for tachyons either in Mignani-l~ecami's (8) or in Corben's (n) form. 

Here let us merely stress once more how unconventional the behaviour of 
tachyons can be--even if tachyons and bradyons are particles (~ relativistically 
dual ~>--because of the physical (( distortion ~> due to the very high relative 
speed. This is just shown by the present paper. To add something more, we 
should like to submit the following consideration, taken out from ref. (18). 
I t  is known that,  in a gravitational field, tachyons are subjected to a repulsive 
force, since (1) 

.Fl* = -+- mo/'~, dx~ dx,, 
(is ds (Va<>I)' 

such that  they absorb (emit) gravitons, while in the same situations bradyons 
would emit (absorb) gravitons. Let us assume that  an analogous behaviour 
holds also for the electromagnetic field, i.e. when a charged tachyon interacts 
with ordinary matter. In  the case of interaction between a charged ordinary 
particle and matter, energy is released by the particle to the medium. For 
instance, in a bubble chamber one encounters along the track of high-energy 
particles a series of overheated spots. Contrariwise, along the track of a tachyon, 
we may expect to encounter a series of underheated spots, with all its con- 
sequences ... 

We shall deal with these questions in another paper. 

The present article first appeared, in preliminary form, as a Catania Uni- 
versity preprint, PP/637 (March, ]980). Two of the authors (GDM and ER) 
thank M. PAv~IO for his kind collaboration. One of them (ER) acknowledges 
stimulating discussions with A. AGODI, ~r ]3ALDO, R. CASALBUONI, H. C. CORBEN, 
CT. IERNETTI, P.-O. LOWDIN, :B. i~_ILEWSKI, H. B. OLESEN, G. PARISI, 
D. SCIA~A, K. T. SHAH, E. C. G. SUDARSHA~, D. W~KI~S0~ and the colla- 
boration of L. R. BALDINI. Thanks are finally due to Mr. F. ARmVA for skilful 
help in the drawings. 

(18) E. RECAMI, K. T. SHAH and W. YOURGRAU: On a possiM, experiment concerning 
taehyons, unpublished preprint (August 1978). 
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APPENDIX A 

Le t  us first remind  t h a t  in ex tended  re la t iv i ty  (1.3,,) any  Superluminal  
Lorentz  t ransformat ion  (SLT) does inver t  the  sign of the  quadrat ic  forms, 
so tha t  four-vector  products  like x~,x~ or p~p~' behave as (~ pseudoscalars )) 
under  the  SLTs, and in par t icular  under  the  discrete (~ Superluminal  opera- 
t ion ~ 5P:x~--> ix~ (where 5z represents the  (( t ranscendent  ~ SLT:  see, e.g., ref. (4)). 
The S L T s ,  together  with the  subluminal Lorentz  t ransformat ions,  have been 
shown (~) to form a new group G. 

Moreover,  let  us recall  t ha t  quanti t ies  so as ~,------dx~,/ds are Lorentz  four- 
vectors,  bu t  are not  G-four-vectors, due to  the  fact  t ha t  ds--> 4 - ids  under  
any SLT. So tha t ,  in order  to get a G-four-vector,  we defined (~) the  four- 
veloci ty  as follows: 

( i . 1 )  u~ ~ dx~/dro, 

d% being the  (G-invariant) proper- t ime element.  :From eq. (A.1) we got (1,4), 
e.g., t ha t  p~ ~ mou~ also for taehyons.  In  the bradyonic  ease u~ ~ ~ ;  bu t  in 
the  t aehyonic  case it  is u,---- • i ~ .  :For fur ther  details, cf. ref. (*). 

APPENDIX B 

Let  us consider the  subluminal  part icle  PB, intrinsically spherical and sub- 
jected to  the  conditions set a t  the  beginning of sect. 3. Tha t  is to say, PB is 
suddenly created at  t ime t~ in its rest  f rame,  and is suddenly absorbed at 
t ime t~' in its rest  f rame.  In  Minkowski space-time, therefore,  the  world-tube 
of PB is to  be confined between two suitable hyperplanes.  The generic equa- 
t ion of any  such hyperp lane  (cfr. sect. 2) is (x~--v~, )u~ ~ const. In  the  par- 
t icular  ease in which the world-line of C passes through the  space-time origin, 
one m a y  s imply write x~u~ -~ const. In  any  case, since the four-vector  prod- 
ucts are scalars under  subluminal  Lorentz  t ransformations,  the equat ion of 
the  PB world-tube, i.e. 0 < (x~_u~)2/u~u~ - x#x~ <~r 2, must  be associated with the 

t D i fu r ther  constraint  t l  < x ~ u  < t , .  Passing to the  Superluminal  Lorentz  transfor- 
mat ion  case, the  four-vector  products  are still invar iant  (except for the  sign, 
since they  behave  as pseudoscalars under  SLTs (1.4)); the  essential point  is 
t ha t  in the  t aehyon  case u~ is spaeelike and no longer t imelike, so t h a t  the  
l imit ing hypersurfaces  are no longer spacelike, bu t  are referred to 2 spatial  
and 1 t empora l  basis vectors.  In  the  tachyonie  case, therefore,  one has to  
associate, with the  world-tube t r a n s / o r m e d  equation,  the  addit ional  constra int  

- t 'VV-  + x v < t <  yves - -1  + xV, 

which yields as well 

§ + , /v .  

l~otiee tha t ,  in the  case in which y-----z = 0, the  last  re la t ion becomes 

 ;Vl 
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�9 R I A S S U N T O  

Si s t ud i ano  a lcun i  a s p e t t i  del c o m p o r t a m e n t o  dei  t a c h i o n i ,  in  pa r t i co l a r e  t r o v a n d o  qua le  
~ a p p a r i r e b b e  ~> la  lore  fo rma.  U n a  pa r t i ce l l a  Supe r lumina le ,  che sia s fer iea  o el l issoidale 
(e con v i t a  d i  dura~a  f in i ta)  ne l  p ropr io  r f f e r imen to  a r iposo ,  a u n  osse rva to re  ne l  labo-  
r a to r io  s e m b r e r e b b e  oecupare  l ' i n t e r a  regione  di  spazio  l i m i t a t a  d a  u n  doppio  cone  e 
d a  u n  ipe rbo lo ide  a due  falde.  Ta le  s t r u t t u r a  (la ~ f o r m a ,  del  t ach ione)  viaggert~ r ig ida-  
m e n t e  con la  ve loe i t~  del  t ach ione .  Si no~i pe rb  che, se la  pa r t i ee l l a  S u p e r l u m i n a l e  h a  
u n a  v i t a  f in i t a  ( ~ l  sue ri/erimento a riposo), al lora  nel  l abo ra to r i o  essa r i su l t a  ave re  
u n ' e s t e n s i o n e  spaz ia le  / ini~a.  Come eonseguenza  del la  p r e e e d e n t e  anal is i ,  s i amo in  
g r a d e  d ' i n t e r p r e t a r e  f i s i camente  le un i t~  i m m a g i n a r i e  che  e n t r a n o  - -  come  n o t e  - -  
nel le  c o o r d i n a t e  t r a s ve r s a l i  pe r  az ione  delle t r a s f o r m a z i o n i  di  L o r e n t z  Super lumina l i .  
Si e s a m i n a n o  d e t t a g l i a t a m e n t e  i v a r i  easi  p a r t i e o l a r i  o easi  l im i t e  del la  f o r m a  dei  
t aeh ion i .  In f ine ,  si agg iungono  a lcune  cons ide raz ion i  c i rca  e v e n t u a l i  e s p e r i m e n t i  a t t i  
a l la  r icerea  e f f e t t i va  dei  t a eh ion i .  

O t~opMe TaXli0HOB. 

Pe3mMe(*). - -  Mb~ Hcc~e~yeM aeKoTop~e aCHeKT],I aiccnepHMeHTaYmnoro nOBe~ei~Lq 
TaXHOHOB, B ~IaCTHOCTH, Hocpe~CTBOM Haxo~eHH~I /4X Ka~gyme~c~ ~OpMbI. Cynepmo-  
MHHaJIbHa~I qacTm~a, KOTOpa$I B CBOeI~ C06CTBeHHOfi CHCTeMe coop~HHaT ~IB~IaCTC~ cqbepn- 
~IeCKOH ~ 3YlYIHHCOH~a.r~HOI~ (H C 6eCKOHeq~I~IM BpeMeHeM ~I(H3HH)~ B naSopaTopHofi  
CHCTeMe K o o p ~ H a T  npe~CTaBn~rc~  3aHHMa~omefi BC~O 06JIaCTb npocTpaHCTBa, orpaHn- 
qeHHyIO ~BO]~IbIM KOHyCOM H rnnepSonoH~OM c ~ByM~ CnO~MH. Tai<an CTpyKTypa 
((( qbopMa >> TaXHOHa) ~BI~CTC~I CO CI<OpOCTbIO TaXHOHa. O~HaKO, CCKH cynepniOMHHanbHa~ 
~acr~ma HMeeT KOHe~IHO~ BpcM~I ~r B CBOefl C06CTBeHHOI~ CHCT~Me Koop;~AHaT, TO 
B na50paTopHo~ CHCTeMe I~OOp~HaT 3Ta ~IaCTH~a 3aHHMaCT KOHeqHOe npocTpaHCTBO. 
KaK BCHOMOraTeYff~HI~Ifi p~3yYlbTaT, MBI MO~KeM ~H3tI~ICCKH HHTepIlpCTHpOBaTb MHHM~Ie 
e~IHHHbI, BXO;/L~e ,  KaK H3BeCTHO, B iIOHel~tIeHI~ie Koop~IttaTBI B c y n e p m o M ~ H a n b ~  
nl0CoSpa3oBann~X YIOpCHt~a. H o ~ p o 6 n o  nccne~y~OTCa p a 3 ~ t e  qaCTH~ie H npe~en~H~e  
cJIy~aH ~OpM~I TaXHOHa. B 3aioitO~eHHe, IIpOBO~HTC~I o~cym~eHIte BO3MO~HI~IX 3KCHe- 
pHMeHTOB no Ha~YItO~(eHHIO TaXHOHOB. 

(*) Hepese()eao pe()arque~. 


