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The present  t r end  of expe r imen ta l  rcsul ts  on the  E .P .R .  pa radox  (which seems a t  
present  (1) to favour  the  predic t ions  of the  measur ing  theory  of quan tum mechanics)  
will  find i ts  final issue in Aspee t ' s  (2) scheduled exper iment .  The  aim of the present  
le t te r  is to stress the  con t rad ic to ry  aspects  of the  two conflict ing in te rpre ta t ions  which 
have  bccn proposed  (3.4) in the  case (bel ieved by  the  authors)  tha t  Aspect  confirms the  
q u a n t u m  mcchanica l  predict ions.  

To c lar i fy  th is  conflict let  us first discuss the  par t i cu la r  case of Aspect ' s  expe r imen t  
if  the  coincidences of the  two corre la ted photons  2a and 2~ emi t t ed  wi th  opposi te  spins 
at the  source S (fig. l)  are first measured  wi th  an anglc 0 be tween  the  polarizers.  I f  0 
is different  f rom z/2 (cf. fig. 1) for a t i m e  t ~ to one observes  coincidences since if pho- 
ton 2a passes th rough  A pho ton  ~B (according to QM) places itself in a s ta te  of polar iza-  
t ion at an angle 0 wi tk  the  axis of A and there  exists  a p robabi l i ty  (oc cos ~ 0) to see the  
pho ton  ~B pass ing th rough  B. As one knows this  predic t ion  (which is differel~t f rom the  
predic t ion  deduced  f rom the  exis tence of local h idden  var iables  at S) can only be meas-  
ured  when one compares  the  a r r iva l  of measuremen t s  made  a t  A and B. Indeed  f rom 
the  observa t ion  at  A or B only one cannot  deduce any th ing  on the  corre la ted  a r r iva l  
of 2A and ~B: one only observes an unsignif icant  s tochast ic  a r r iva l  of i sola ted  photons  
i .e .  no infornmt ion  on correlat ion.  However  the  observa t ion  in C of ).A~8 correlat ions 

(1) J. P. VIGIER: Left. Nuovo Cimenlo, 24, 258 (1979). 
(8) A. ASPECT: Phys. Lett.. 54A, 117 (1975); Prog. Sci. Culture, 1, 439 (1976): Phys. Rev. D, 14, 
1944 (1976). 
(a) O. COSTA DE BEAVRE(~AR]); Phys. Lett., 67A, 171 (1978); Ann.  Fond. de Broglie, 2, 231 (1977). 
(4) J. 1 ). VIGIER: Lett. Nuovo Cimento, 24, 265 (1979). 
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is sufficient to establ ish the  mean i ng  of the  E P R  paradox.  As a consequence  of the  
correlated w a v e  field (5) in QM there is no definite direction of the  polar izat ion of ~B 
for example  before the  measurement ,  but  a polarizat ion measurement  of ,ia puts  2a 
in  ,~ precise polarizat ion state in  w h i c h  it has there a precise probabi l i ty  (oc cos 2 0) to 
be measured in B.  As one knows  Qi~ predicts  (G,7) a spacel ike interact ion w h i c h  pro- 
duces an effect in  B when  a measurement  is performed in A.  

Of course one could sti l l  c la im that  th is  super luminal  interact ion between  the  two  
polarizers does not  truly  i m p l y  an exchange  of in format ion  and/or energy since we  are 
only  deal ing w i t h  probabi l i s t ic  events .  

A 

'~ L �9 

I c o i n c f d e n c e s  I 

Fig.  1. 

A B 

X X 

x 

x x 

x 

x x 

x 

x x 

x 

x 

x 

X 

x 

x 

x 

A n B  

.AnB: /0  

- ~ t =  t o 

A n B = O  

As we  shall  now show this  is not true and one can ut i l i ze  Aspect 's  exper iment  to 
send super luminal  s ignals  in the  particular case where 0 = ~r/2. First  one remarks 
that  one can in principle  send a s ignal  from A to B through a brusque modific,~tion 

(5) V. AUOEI,LI, A. GARUCCIO a n d  F. Sm,LERI: A n n .  Fo nd .  de Broglie, l ,  154 (1976). 
(e) H.  P. STAt'P: Nuot, o C~mento, 40 B, 191 (1977). 
( ' )  D. BoH.~I a n d  B. ft. HILE~x': FouJt~. Phys . ,  5, 93 (1975). 



ON TWO CONFLICTING PHYSICAL INTERPRETATIONS ETC. 15]  

(at a t ime  t = to) of the  or ien ta t ion  of the  polar izer  A M d l e  the  photons  2~ and 2~ have  
lef t  source and are st i l l  in flight. Le t  us then  assume tha t  for t < t o the  axis  of the  
polar izers  A and B are paral lel .  In  tha t  case when  a pho ton  2A passes th rough  A we 
are sure t h a t  2n will  pass  th rough  B and we wil l  observe a coincidence.  I f  at  t = t o 
we then  tu rn  the  axis of the  polar izer  A to a posi t ion where  i ts  angle wi th  B is n/2 then,  
according to q u a n t u m  theo ry  the  coincidences will  ins tan taneous ly  vanish  independen t ly  
of the  overa l l  o r ien ta t ion  of t he  polar izers :  a s i tua t ion  summar ized  ill fig. 1. 

According  to QM the  coincidences must  van i sh  because if a pho ton  ),A passes 
th rough  A the  corre la t ion of the  two photons  forces pho ton  2B into  an or thogonal  
polar iza t ion  which  is or thogonal  to B ;  so t h a t  i ts p robab i l i ty  of pass ing th rough  it  is 
exac t ly  zero i.e. th is  cons t i tu tes  nonprobabi l i s t ic  in format ion .  

Of course th is  s ignal  cannot  be perce ived  by  an ex te rna l  observer  ins tan taneous ly ,  
but  must  be checked by  a de layed test .  Indeed  an observer  in A (B) cannot  deduce any- 
th ing  about  B (A) f rom its  observat ions  since he wil l  st i l l  observe a r andom photon  
a r r iva l  which  is not  different  (see fig. 4) f rom the  d is t r ibu t ion  at t < t 0. In  order  to 
acqui re  knowledge this  observer  must  compare  his results  wi th  those of B (A) so t h a t  
he must  wai t  for the  in fo rmat ion  of B (A) which can only p ropaga te  wi th  a ve loc i ty  v ~ c. 
However  the  singal which arr ives  f rom B (A) in A (B)is  bui l t  froln two par t s  i.e. a super- 
lumina l  pa r t  along A B  (BA) and a subluminal  pa r t  f rom B (A) to A (B). Thus  even 
if one cannot  ut i l ize this  E P R  type  of device  to propaga te  ins tan taneous  signals f rom 
A (B) to B (A) one can deduce a posteriori  front this  observa t ion  the  exis tence of pas t  
super luminal  in te rac t ions  be tween A and B. Af te r  the  passage of a t ime  At.>/L/2c > 0 

an observer  in C can check tha t  coincidences have  vanished  af ter  t = t o so tha t  photons  2B 
which have  s ta r ted  at  t = 0 and ar r ive  in B have  (~ rea l ized )) af ter  t ha t  t ime  tha t  the  
polar izer  A has t u rned  to the  0 = .~/2 or ienta t ion for t = to, an opera t ion  which hence- 
forward  p reven t s  t h e m  to pass th rough  B and (, forbids ~ coincidences  wi th  the  pho- 
tons  2A. 

The  origin of th is  p rope r ty  lies in the  exis tence of a closed mate r ia l  space- t ime loop 
which  br ings  the  photons  ).A and 2 B which  s ta r ted  at t = 0 to A and B from which 
in format ion  is carr ied  in At ~ L/2c  to the  po in t  C where we can cheek coim' idences  ... 
a loop which conta ins  a sp-tcelike l ink be tween A and B. 

This  c lear ly  cont radic ts  macroscopic  Eins te in ian  causal i ty .  

F i g ,  2. 
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To check this, we can draw fig. 2 which describcs the spatio-temporal sequence 
of events. The axis Ox, Ot describe the rest frame at the source S with respect to the 
polarizers A and B. The points MA and Ms describe the detection of the photon ar- 
r ival  at A, B and C the minimal point where an observer can check the existence of 
coincidences. If t = 0 two photons 2A, 2s leave S they reach M A and M s at t o = .5/2c 
and inform C (supposedly at the velocity of light) at t I ~ L/c. Let us then assume 
that  at the t ime t o = L/2c one turns the polarizer A so that  we have as discussed be- 
fore an angle z/2 with the axis of Ps .  According to Q~I the coincidences then vanish 
in C at t ~ t, ~ L/2  with 100% probabil i ty while they still existed before t,. At  t = t, 
C stands within the forward light cone of MA i.e. in its absolute future, so that  it is 
tempting and coherent to assume a causal determination of this coincidence vanishing 
through the act of turning A at M A. This however neglects the essential fact that  
the observer in C cannot deduce anything about coincidences unless he compares the 
signals coming from MA and Ms which are both infuenced by the act of turning A 
at M A, so that  C is determined by a double causal chain i.e. M a C  and MAMBC.  

Such a situation implies a modification of Einstein's causMity. To show this it is 
sufficient to observe this experiment in a Lorentz frame which move with a velocity 
v < c  along the axis with respect to the preceding frame. The Lorentz transform be- 
tween both frames is just a complex rotation in xS t  (see fig. 2) and one sees that  in this 
new frame Ms occurs before M a so that  the chain M A his C cannot be a causal chain. 

If Aspect 's experiment confirms the quantum mechanical prediction i.e. the exist- 
ence of spacelike interactions two different interpretations have been proposed unti l  now. 

I) The first essentially defended by C. de Beauregard preserves the idea that  no 
information and/or energy travels faster than light and obtains spacelike vectors as 
a combination of two timelike vectors which represent a sum of retarded and ad- 
vanced potentials. Taking advantage of the formal invariance of Maxwell 's equation 
under t ime reversal information travels in the past from MA to S and back to Ms as a 
retarded potential, hlverse cases of telegraphing into the future, then back into the 
past, have al~o been proposed for the Mandel-Pflegor experiment (s). The authors 
personally reject this interpretat ion for two main reasons: 

a) it destroy's any ordered sequence between cause and effect in nature, so 
that  there is no real reason to reject superluminal propagation (9); 

b) it abolishes in fact any physical distinction between past, present and future 
since they can physically be linked by advanced potentials. 

II) The second possible interpretat ion (1,4) lies on an extension of the model of 
the causal interpretation of QM in terms of a fluid with irregular stochastic fluctuation 
proposed in 1958 by Bohm and one of us (J.P.V.) (10). Indeed if one adds to i t ;  a) the 
assumption that  its elements are built from extended structures which can propagate 
at their interior superluminal interactions; b) the assumption that  these stochastic 
jumps occur at (or very close to) the velocity of light one can: 

l) demonstrate Nelson's equations; 

2) show that  the Klein-Gordon equation describes this stochastic relativistic 
motion ; 

(s) 1~. L. PFLEGOR a n d  L.  ~IA.NDEL: Phys. Rev., 159, 1084 (1967); Jo~trn. Opt. Soc. Amer., 58, 
946 (1968). 
(9) ~,V. PAULI: Theory o! Relatgvity (Oxford,  1958); C. )I-OLLER : The Theory of Relativity (Oxford,  1960). 
(lo) D. BoII~t a n d  ft. P. VIGIER: Phys. Ree., 109, 882 (1958). 
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3) demonstrate that  the stochastic medium propagates superluminal collec- 
tive motions despite the fact that  all its elements move individually within the light 
cone and that  the causal sequence of causes and effects in t ime is always locally preserved 
in the fluid's local drift rest frame. 

Point 3) of course is in complete contradiction with C. de Beauregard's proposal. 
We will show it here in a new different more complete way than the general demon- 
stration given in rcf. (1). 

Let  us start  from the equation 

with  

1 '/1~0(~ 2 

~ ( x ,  t) = R ( x ,  t) exp [ i S ( x ,  t)/h] with R and S rea l .  

According to relativistic fluidodynamics (n), we can write the energy tensor for a 

Klein-Gordon f u i d  as 

{1) 
h2 

trp = q M o u  u u~ + q ~ [2~  tog R. 0 r log R - -  6uv(2 Ox log R. ~ log R + [] log R ) ] ,  
ziu o 

where, starting front the current vector Jr for Klein-Gordon fields, the density ~ and the 
velocity u~ are defined as 

1 1 
{2) Q = -7 V :  Ju J~,, u z  = ~ : j z  with u~utt  = - - e  ~- 

~n 

and the total  proper mass M o is defined as 

(3) M~ mo 
h ~ D R  

c 2 ~ ' 

where m o is the ordinary mass of the particle. Wc can now decompose this tensor in 
its orthogonal and colinear components (n). We get 

(4) tu, = t l o u u u ~ - - p u u ~  + q~u u + Ou~. 

with 

p r u S  = q r u  tt = 0 and O ~ u  v = urOSV = 0 ,  

where Pr and qs are, respectively, the transverse-impulse density and the heat current 
dens i ty , / t  o the proper mass density and 0r~ an internal  tension tensor. We will observe 
at once that  the vectors q~ and p~ are spacclike vectors indicating that  in this rela- 
t ivist ic  fluid there is something propagating faster than light. 

"11) F. HALBWACHS: Th~orle relativistc des ]luides ~ spire (Paris, 1960). 
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The  a u t h o r s  are of t h e  op in ion  t h a t  t h i s  is t h e  p h y s i c a l  bas i s  of i n f o r m a t i o n  t r a n s -  
miss ion  be tween  cor re la t ed  pa r t i c l e s  in  a spaee l ike  d i rec t ion .  More:  we are in  a posi-  
t i on  to  define t he  h e a t  c u r r e n t  on t h e  bas i s  of a t e m p e r a t u r e  g r ad i en t .  S t a r t i n g  f rom 
t h e  expl ic i t  fo rm (~1) of qu i .e .  

h" 
q# = ~ ~ [ ~  D log R .  ~lu~ ~ log R (,5) 

w i t h  

D = u~ ~ a n d  ~]ur = r~i., + - , (;2 

we can  t r y  to  p u t  i t  in  t h e  fo rm (v,) g i v e n  b y  E e k a r t ,  i . e . :  

( 6 )  qu = - -  K (OuO + O" D u u )  

which  is t he  r e l a t iv i s t i c  gene ra l i z a t i on  of t h e  c lass ical  F o u r i e r  e q u a t i o n  q = - -A:VO,  
where  0 is t h e  f luid t e m p e r a t u r e .  I n d e e d  if we define 0 = G log t :  a n d  K -- - - ( l / G ) .  
�9 ~ (he /Moc~- )D  log R where  G is a f u n c t i o n  s a t i s fy ing  t he  e q u a t i o n s  ~u log G = - -  D u U  

we can  i m m e d i a t e l y  t r a n s f o r m  (5) i n to  (6). Moreover ,  we can  st'(, i m m e d i a t e l y  t h a t  

(7) D G  = u u Ou l og  G = - -  u u D u u  = 0 

( t ha t  is O = O) so t h a t  (~ is a func t ion ,  c o n s t a n t  a long  c u r r e n t  l ines.  
0 = ( I D l o g  R a n d  

1 h?- 
( s )  ~ - - (;~ o" ~ 0 ; ,  ~ 0 

M o r e o v e r  

which  is obv ious ly  pos i t ive ,  as i t  should.  Because  0 decreases  ill genera l  a long  c u r r e n t  
l ines  (for frec pargieles  we m u s t  cons ider  t he  wave  dif fus ion precess)  ~vc t h u s  r e spec t  
t he  second pr inc ip le  of t h e r m o d y n a m i c s .  

Th i s  second  i n t e r p r e t a t i o n ,  of course,  c a n n o t  c o m p l e t e l y  e l i m i n a t e  t h e  m a i n  p r o b l e m  
posed  b y  q u a n t u m  pred ic t ions .  The  fluid mode l  impl i e s  t h a t  b e y o n d  a e e r t a i n  d i s t a n c e  
t h e  r a n d o m  s tochas t i c  m o t i o n  des t roys  a n y  co r r e l a t i on  b e t w e e n  t h e  wave  p a c k e t s  so 
t h a t  Be l l ' s  i nequa l i t i e s  could  r e a p p e a r  w h e n  m e a s u r e m e n t s  MA a n d  M B are  m a d e  too  
fa r  apa r t .  Moreover  as wil l  be  d i scussed  in  a s u b s e q u e n t  p u b l i c a t i o n  effects i ncom-  
p a t i b l e  w i t h  QM (such as i n t e r f e r e n c e  of i so l a t ed  p h o t o n s  coming  f rom i n d e p e n d e n t  
sources) shou ld  a p p e a r  in  our  model  c o n t r a r y  to D i r ae ' s  f a m o u s  s ta temei~t  t h a t  a p h o t o n  

can  on ly  in te r fe re  w i t h  i tself .  

(1~') C. EC~:ART: Phys. Roy., 18,  919 (1940).  


