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We add one more item to the rapidly growing repertoire of black holes by sug- 
gesting a scenario in which they can be used to detect tachyons. The suggestion here 
is based on some results derived recently about the interaction of a flux of tachyons 
with a rotating (Kerr) black hole (1). 

In the last decade considerable theoretical work has been done on the properties 
of taehyons ( i ,e . ,  particles travelling faster than light), even though their existence 
still remains to be established. One convenient way to study them is through the use 
of the so-called superluminal frames (2) in which tachyons appear to move with speeds 
less than the light speed while bradyons ( i .e . ,  particles travelling faster than light) 
as taehyons. Causality and other apparently paradoxial problems associated with 
tachyons can be bet ter  understood this way. Attempts  have also been made to 
formulate models of laboratory interactions of tachyons with other forms of matter  
in order to arrive at a laboratory experiment for their detection (see (3) for example). 
The results of such at tempts  have so far been in the negative. The negative results do 
not necessarily rule out taehyonic existence; rather they rule out the assumptions and 
parameters of the specific interaction models proposed. I t  is therefore desirable to look 
for a model which makes the minimum set of assumptions. The effect proposed below 
is expected to be of this type. 

We assume that  like ordinary mat ter  taehyons obey the rules of general relativity. 
In particular, a tachyon in a gravitat ional field, not interacting through any other 
physical force, is expected to move in a spacelike geodesics. Also it  is expected that  
they obey the law of conservation of energy and momentum in any physical process. 
With  this minimal set of assumptions we propose to examine the interaction of tachyons 
with black holes. We would like to point out that  these are the assumptions usually 
made in the previous discussions of tachyons in gravitational fields such as in cosmology 

(1) S. V. DHURANDHAR and J. V. NARLIKXR: G.R.G. Journ. (to be published). 
(~) E. RECAMI: Causality and tachyons in relativity, Report INFN/AE-78/2 (Frascati, 1978) and 
in the book Tachyons, Monopoles and Relared Topics, edited by E. RECA/~II (Amsterdam, 1978). 
(a) J. DHAR and E. C. G. SUDARSHAr;: Phys. Rev., 174, 1808 (1968). 
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or near  b lack or whi te  holes (a'~). The  new concept  p resen ted  here,  in contras t  to prev ious  
such discussions referred to above,  examines  how the  pa rame te r s  of a black-hole change 
if i t  is b o m b a r d e d  by  a flux of tachyons .  In  par t icular ,  we look for s i tuat ions  where  such 
a b o m b a r d m e n t  leads to a v io la t ion  of t he  conven t iona l  laws of black-hole  physics .  
I t  is by  looking for evidence for such v io la t ion  tha t  we suggest  tha t  the  exis tence of tach-  
yons m a y  be established.  

A t achyon  radia l ly  approaching  a Schwarzschild b lack hole of mass M gets  bounced  
at t he  radia l  co-ordinate  (in geomet r ica l  uni ts  G ~ l ,  c = 1) 

2M 

(1)  i~ - 1 + r 2' 

where  F ~ energy per  uni t  me tamass  of the  t achyon  in the  asympto t i ca l ly  flat rest  
f rame of a Schwarzschi ld  observer  (7,s). Where  does the  bounced  t achyon  go? I t  emerges  
f rom the  black-hole horizon in to  t he  region I I I  of t h e  ex tended  Schwarzschi ld space- 
t ime  (7). I f  we choose to iden t i fy  the  regions I and I I I  as is somet imes  suggested (~o) 
the  t achyon  will  emerge  in our  pa r t  of space- t ime wi th  some acausal  effects in the  
region R < 2.56M and depend ing  on F, in par t  of t he  region 2 . 5 6 M <  R < 3.27M 
(cf. (9) for details).  W h a t e v e r  t he  in te rpre ta t ion ,  we m a y  t e r m  this  process as elast ic 
sca t te r ing  since it  leaves the  b lack  hole unchanged.  I t  tu rns  out,  however ,  t ha t  if  i t  
comes in w i t h  a large enough angular  m o m e n t u m ,  t h e  t achyon  wil l  be cap tured  by  the  
b lack hole,  i . e . ,  i t  falls into t he  space- t ime s ingular i ty .  This  resul ts  in a change of the  
basic pa ramete r s  of the  b lack  h o l e - - i t s  mass and angular  m o m e n t u m .  

A more  in te res t ing  case of th is  t ype  arises when we consider  tachyon t ra jec tor ies  
near  a Ker r  black hole. Le t  us deno te  by M and S ~ a M  (a > 0), t he  mass and angular  
m o m e n t u m  of the  Ker r  b lack hole. Le t  r and h deno te  t he  energy and angular  mo- 
m e n t u m  per  uni t  mass p a r a m e t e r  of the  incoming  t achyon  moving  in the  equa to r i a l  
p lane  of t he  black hole. W h a t  is t he  condi t ion  tha t  the  t achyon  is cap tured  by  the  
black hole? I t  can be shown cf. 0) tha t  t he  condi t ion is 

(2) 

where 

.F , f ' ;  > 0 ,  

(3) F(x,  y;  2) = 18(1 + y2)(Tty--x)~-(~,2y ~ - - x  ~ + 22) - 

_ (22y2 _ x 2 + 2 2 ) : _  16(Zy- -x)  2 + 27(1 + y2)2(),y _ x ) 4  -b (1 + y2)(,~2yZ _ x  2 + ~2)s. 

I n  f ig.  1 is p lo t t ed  the  curve  F(x,  y;  0.8) = 0. The  shaded  regions are the  zones of 
avo idance :  a t achyon  wi th  h = M x  and wi th  F - - - - y  in the  shaded region wilt be 
bounced  and  not  captured.  

(4) R .  NoV. FULLER a n d  J .  A. WHEELER: P h y s .  Rev. ,  128, 919 (1962) 
(s) F .  SALZ~IAN a n d  G. SALZ:4AN: Lett .  Nuovo  Cimento,  l ,  859 (1969).  
(~) G. CAVALZERI a n d  G. SPINELLI: Left .  Nuovo  Cimento,  6, 5 (1973);  22, 113 (1978).  
(7) A.  K .  RAYCHAUDHUHI: Journ .  Math .  Phys . ,  15,  856 (1974).  
(s) ]~. HoNIG,  R .  C. ROEDER a n d  K .  LAKE: P h y s .  Rev.  D ,  10,  3155 (1974).  
(~) J .  V. !%!ARLIKAR a n d  S. V. DHURANDHAR: P r a m a u a ,  6, 388 (1976).  
(lo) W.  ISRAEL: Nature ,  211, 4:66 (1966) .  
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Thc dotted straight line OP has the equation 

aM 
(4) Y a 2 H- r~_ x ,  r+ = 2~/Jr % / M ~  a ~ . 

For points below this line and lying in the unshaded part the capture of tachyons 
results in a decrease of the surface area of the black hole! This region of fig. 1 is in- 
dicated by I. 
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In  the more general case of nonequatorial tachyon trajectories (Dhurandhar, preprint), 
investigations along the lines adopted by CAgT}~R (11), show that when the black hole 
is rotating sufficiently rapidly (). > 4/(3 ~/3)) it is possible with a judicious choice of 
the initial values of the tachyon parameters to decrease the area of the black hole. 

This apparent violation of the second law of black-hole physics is due to the fact 
that  the focusing theorem on which the (, proof >) of this law is based fails for such 
tachyons (cf. (1) for a detailed discussion). I t  is this result which suggests a test for 
detecting cosmic tachyons with observations of rotating black holes. 

A common scenario for rotating black holes is found in the astrophysics of binary 
stars. The strongest case for black-hole detection, though still unconfirmed, is the 
binary system associated with Cygnus X-1. The mass M of the black hole can be 
reasonably well determined from the parameters of the binary system. The observa- 

(11) B. CARTER: P h y s .  R e v . ,  174, 1559 (1968). 
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t i o n a l  a n d  t heo re t i c a l  expe r t i s e  s t i l l  c a n n o t  d e t e r m i n e  t h e  angu l a r  m o m e n t u m  of t h e  
b l a c k  hole.  ( In  pr inciple ,  t h i s  is m e a s u r a b l e  f rom t h e  precess ion  of an  o r b i t i n g  gyro-  
scope.)  Assuming ,  however ,  t h a t  i t  is poss ible  to  m e a s u r e  t h e  p a r a m e t e r  a for  a Ke r r  
b l ack  hole,  we can  t h e n  m e a s u r e  i t s  a rea  

(5) A = 8zM(M + V ~ - - a 2 ) .  

Calcu la t ions  show t h a t  a c o n t i n u o u s  b o m b a r d m e n t  of t a c h y o n s  o r ig ina t ing ,  say,  
in  t h e  b i n a r y  compan ion ,  wil l  h a v e  h > 0. I f  t h e y  h a p p e n  to be  in  t h e  u n s h a d e d  a rea  I 
to  b e g i n  wi th ,  t h e  area  of t h e  b l a c k  hole  will  s t a r t  dec reas ing  a l t h o u g h  i t s  mass  wil l  
increase .  Th i s  m a k e s  t h e  p o i n t  (h/M, F) m o v e  to t h e  lef t  in  fig. 1. However ,  as 2 also 
increases ,  t h e  b o u n d a r y  of I m o v e s  in  such  a w ay  t h a t  t h e  p o i n t  wil l  a lways  r e m a i n  
in  I .  T h u s  t he  cond i t ions  for  a rea  decrease  r e m a i n  f a v o u r a b l e  for a b e a m  of t a c h y o n s  
of g i v e n  h and  F.  

T h e  d i f fe ren t ia l  changes  in  t h e  mass  M a n d  a n g u l a r  m o m e n t u m  S of t h e  b l ack  hole  
due  to  a source  of t a c h y o n s  w i t h  c o n s t a n t - e n e r g y  a n d  a n g u l a r - m o m e n t u m  p a r a m e t e r s  F 
a n d  h r e spec t i ve ly  sa t i s fy ing  t h e  cond i t ions  of decrease  in  a rea  of t h e  b lack  hole ,  are  
g iven  b y  

(6) A M  = m I ' ,  AS = mh,  

where  m(<<M) is t h e  mass  p a r a m e t e r  of t h e  t a chyons .  M m a y  be  o b t a i n e d  as a func-  
t i on  of ~ = S/M 2 i f  t h e  i n i t i a l  m a s s  M 0 a n d  angu l a r  m o m e n t u m  S o are g i v e n  b y  

' 

To fix ideas  we t ake  40 = 0.4 i n i t i a l l y  as seems to be  r e q u i r e d  b y  t h e  s t ab i l i t y  a r g u m e n t s  
of BA~D~EN (12) a n d  ~ ~ 5. T h e  a rea  decreased  as 2 - +  1 is t h e n  as m u c h  as 4 0 % .  
The  t i m e  scale over  wh ich  t h i s  a rea  decrease  is a c h i e v e d  wil l  depend ,  of course,  on t h e  
t a c h y o n  accre t ion  ra te .  B e y o n d  ~ = 1 l ies t h e  i n t r i g u i n g  poss ib i l i ty  of t h e  d i sappea r -  
ance  of hor izons  a n d  t he  e m e r g e n c e  of t h e  n a k e d  s ingu la r i ty .  

One of us  (S.V.D. ; p r e p r i n t )  h a s  e x a m i n e d  t h i s  poss ib i l i t y  in  f u r t h e r  deta i l .  I f  one  
a s sumes  t h a t  t he  b o m b a r d m e n t  b y  t a c h y o n s  is slow t h e n  i t  is  possible  to  m a k e  a <~ quas i  
s t a t i o n a r y  a p p r o x i m a t i o n  ~) in  w h i c h  t h e  b lack  hole  is a s s u m e d  to evolve  t h r o u g h  a 
success ion of s t a t i o n a r y  s t a t e s  w i t h  s t ead i ly  inc reas ing  4. I t  can  be  shown t h a t  in  a 
f ini te  t i m e  t he  s tage  2 = 1 is r eached .  Since for  a K e r r  b l ack  hole  2 ~ 1 co r re sponds  
to  zero surface  g rav i ty ,  t h e  t h i r d  law of b lack-hole  phys i c s  is v io la ted .  

T h e  a rea  decrease  and  t h e  poss ib i l i ty  of seeing n a k e d  s ingu la r i t y  do no t  v io la t e  a n y  
of t h e  c o n v e n t i o n a l  wisdom of b lack-ho le  physics .  T h e y  s i m p l y  d e m o n s t r a t e  t h e  u n u s u a l  
r e su l t s  to  be  expec t ed  w h e n  t a c h y o n s  are  a round .  W e  t h e r e f o r e  sugges t  t h a t  t h e  ab i l i ty  
to  m e a s u r e  t h e  a rea  of a b l ack  hole  as well  as t h e  sea rch  for  n a k e d  s ingular i t i es  in  t he  
un ive r se  wil l  p rov i de  t e s t s  for  t h e  ex is tence  of cosmic  t achyons .  

(12) J" ~V~. BARDEEN~ in  Black Holes, ed i t ed  by  B. S. DEWITT a n d  C. DE ~VITT (New York ,  N. Y.,  1973), 
p. 273. 


