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The aim of this paper is to present the phase-space properties of the systems that  
contain bradyons, luxons and tachyons (1). I t  is shown that  part iculary at low energy, 
these properties are quite different from the well-known properties of bradyons. 

Although the progress in understanding tachyon-tachyon and tachyon-bradyon 
interactions has been obtained (3) the suitable dynamics still  needs to be formulated,  
so the knowledge of the phase-space could be valuable, since it  is expected that  in the 
threshold region (low energy) phase-space effects are dominant. 

The volume of the N-particle phase-space in the centre-of-mass system is defined by 

(1) 
J i=l 2Ei  \ i=1 ] 

where ~/~ is the energy of the N-part icle  system in the centre-of-mass frame (S > 0), 

E i = ~r ~= m~ is the energy of the i - th  particle, the upper sign is for the bradyon 

and the lower one for the taehyon. 
The integration is taken over all vMues of the momentum when the particle is the 

bradyon, but for tachyon we have the condition ]~[ ~> m~. 
In  the case of two particles, J52 can be found directly from formula (1) and the result 

is as follows: 

0 ,  for ~r < E o , 

L 2 ( S '  ?/bl' m2) = x~ 1 / (S  2 2 s s 
- -  817,a I - -  82~fb2) - -  4 8 1 8 2 f f r b l ~ b  2 

[ S ~ , for V 3  > E0 , 

(1) It is assumed that the reader is familiar with the terminology and main features of Special 
Theor:~ of Re]ativity extended to faster-than-llght objects. If not, see E. RECAiVII and It. MIGNANI: 
Riv. Nuovo Gimento, 4, 209, 398 (1974). 
(2) See e.g. Proceedings o] Session <~ Tachyons, Monopo~es and ReZated Topics * Erice 1976, edited by 
E. REOAMI (Amsterdam, 1978); G. D. ~r162 and E. REOA1VII: NnOVO Gimento A, 57, 85 (1980). 
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e~ is t h e  t w o - v a l u e  f u n c t i o n :  ei = + 1, if  t h e  i - t h  pa r t i c l e  is a b r a d y o n  a n d  e i = - -  t ,  
i f  t h e  i - t h  pa r t i c l e  is a t a e h y o n .  E o is t h e  t h r e s h o l d  e n e r g y  a n d  

~0 + 

fo r  sl ~- ss = d - l ,  

for  81 ~ - - 8 2 ,  

for  Q =  s 2 : - - l .  

T h e  ex i s t ence  of t h r e s h o l d s  in  t h e  sys t ems  c o n t a i n i n g  t a e h y o n s  is c o n n e c t e d  w i t h  
t h e  fac t  t h a t  t h e  m o m e n t u m  of t a e h y o n s  c a n n o t  be  sma l l e r  t h a n  i t s  m a s s ;  t h i s  co r responds  
t o  t h e  p r o p e r t y  of b r a d y o n  t h a t  i t s  ene rgy  is  Mways  b igger  t h a n  i t s  mass .  T h e  v o l u m e  
of t h e  phase - space  of b r a d y o n s  is c o n t i n u o u s  as a f u n c t i o n  of energy,  b u t  w h e n  t h e  
sys t em c o n t a i n s  a t  l eas t  one t a c h y o n ,  t h i s  f u n c t i o n  <~ j u m p s  >> a t  t h r e s h o l d  f r o m  zero 

to  a f in i te  va lue .  
I n  fig. 1 i t  is  s h o w n  t h e  v o l u m e  of t h e  t w o - p a r t i c l e  phase - space  w h e n  t h e  masses  

of pa r t i c l e s  are  t h e  s a m e  a n d  equa l  to  m. L e t  us  no t i ce  t h a t  in  t h i s  case t h e r e  is no  
t h r e s h o l d  in  t h e  two  t a e h y o n  s y s t e m s  a n d  L s goes to  i n f in i ty  w h e n  ~ /S  goes to  zero. 
Such  a p r o p e r t y  can  lead  to  t h e  pecu l i a r  i n s t a b i l i t y  of t h e  v a c u u m ,  s ince  t h e  v a c u u m  
cou ld  decay  i n to  r ea l  (not  v i r t u a l )  t a c h y o n s ,  le~ us  say  t a e h y o n - a n t i t a e h y o n  pai rs .  
T h e s e  t a e h y o n s  c a r r y  n e a r l y  zero energy,  b u t  m o m e n t a  h i g h e r  t h a n  t h e i r  masses .  T h e  
poss ib i l i ty  a n d  some consequences  of such  a v a c u u m  i n s t a b i l i t y  was  d iscussed  pre-  
v ious ly  (s), b u t  t h i s  phase - space  aspec t  of t h e  q u o t e d  p h e n o m e n o n  h a v e  n o t  been  ex- 
amined .  
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Fig. 1. Fig. 2. 

I n  fig. 2 t h e  v o l u m e  of t h e  p h a s e  space  of b r a d y o n - h x o n  a n d  t a c h y o n - l u x o n  sys t ems  
is  p re sen ted .  W h e n  we cons ider  t h e  r eac t i on  

B -~  T §  

w h e r e  B is t h e  b r a d y o n ,  T t h e  t a e h y o n ,  L t h e  l uxon ,  we f ind  t h a t  t h e  m o s t  f a v o u r a b l e  

(3) R. MTG~AN[ and E. REOAMI: Phys. Let@. B, 65, 148 (1976) and reference therein. 
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conf igura t ion  f rom t h e  p o i n t  of v iew of k inemat i c s  arises w h e n  the  res t  masses  of B and  
T are  t h e  s ame  a n d  t h e  ve loc i ty  of t h e  t a c h y o n  is inf ini te .  I f  t h e  (~ t a c h y o n  e lec t ron  ~> 
% is an ana log  of (~ b r a d y o n  e lec t ron  ~> %, i . e .  o rd i n a ry  e lec t ron exis ts ,  t h e  above  obser- 
va t i on  m e a n s  t h a t  t h e  fo l lowing t r ans i t i on  or even  osci l la t ion could occur:  

% +* et--Fy. 

However ,  t h i s  poss ib i l i ty  (no t iced  b y  Lv.MK~ (4)) seems to  be less p robab le  t h a n  t h e  
p rev ious  one w h i c h  concerns  t h e  v a c u u m  ins tab i l i ty ,  s ince in  th i s  case t h e  vo lume  of 
t h e  p h a s e  space is finite.  

S u m m a r i z i n g  t h e  k inema t i c  p rope r t i e s  of t he  two-par t i c l e  sys tem,  le t  us no t ice  
t h a t  When at  leas t  one pa r t i c l e  is a t a c h y o n  Z2 decreases  w i th  energy.  

T h e  m u c h  more  compl i ca t ed  p rob lem of a phase-space  w i t h  more  t h a n  two  par t ic les  
wi l l  be  d i scussed  in  t h e  fu ture .  H e r e  we  only  m e n t i o n  t h a t  t h i s  p r o p e r t y  of decreas ing  
55 ~ w i t h  ene rgy  in  t h e  case of t a e h y o n s  does  no t  ho ld  for  sys t ems  con t a in ing  more  
t h a n  two  par t ic les ,  s ince a t  h igh  ene rgy  t h e  J5 N of mass ive  par t i c les  (b radyons  as wel l  as 
t achyons )  goes to  t h e  vo lume  of t h e  phase - space  of massless  par t ic les  (luxons) (*) b u t  

Lz~(S ,  m 1 = 0 . . . . .  m ~  = O) = ( N  - -  2) ! (N - -  1) ! 

a n d  increases  w i t h  energy.  

* * *  

T h e  a u t h o r  wishes  to  express  h is  t h a n k s  to  Dr.  M. STASZ~L for  carefu l ly  r ead ing  

t h e  m a n u s c r i p t  a n d  va luab le  cr i t ical  commen t s .  

(~) H. LESSEE: P hy s .  Rev.  D,  22, 1342 (1980). 
(*) The L ~v for luxons we found in the following way: the recurrence formula for (NT 1)-particle 
phase-space was introduced which in the case of luxons takes the form 

(2) L~V+I(s, m 1 = 0 . . . . .  m~v = 9, raN+ 1 = 9) = 2 ~ d E E L ~ V ( S  -- 2 ~/SE, m 1 = 0 . . . . .  m~ = 0 ). 
o 

Then it was inductively proved that  

( 3 )  L ~ = ~ S  N - 2  , 

where ~v is constant. 
~ was determined from the ratio ~+l[~iv that can be found by putting (3) into (2). 


