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In  r ecen t  yea r s  t h e r e  has  been  a r ev iva l  of i n t e r e s t  in t h e  founda t ions  of q u a n t u m  

mechan ic s  e i ther  on t h e  t heo re t i ca l  s ide or on e x p e r i m e n t s  a imed  at  t e s t ing  some contro-  
vers ia l  p red ic t ions  of q u a n t u m  m e c h a n i c s  as, for  in s t ance ,  t hose  r e l a t ed  to  t he  so-called 
E P R  p a r a d o x  (1). (See t h e  r ecen t  r ev iew ar t ic les  quo ted  u n d e r  ref.  (2.3) and  re ferences  
quo ted  there in . )  

I t  seems t h a t  m a n y  of t h e  wel l -known pa radoxes  (4) are  connec t ed  wi th  t h e  assumed 
exis tence  of m i x t u r e s  of t h e  second  k ind  or i m p r o p e r  m i x t u r e s  (5). 

Moreover  i t  ha s  been  shown  (e) t h a t  such m i x t u r e s  are  i ncompa t ib l e  w i t h  t h e  exis tence  
of local  h i d d e n  var iab les  as def ined in ref .  (7-g). 

Some au thors ,  i nduced  by  d i f ferent  mot iva t ions ,  have  sugges ted  e x p e r i m e n t s  able 
to  d i sc r imina te  be tween  m i x t u r e s  of t h e  two  kinds.  

An e x p e r i m e n t  (lo.~1) concerns  t h e  mcasurcmel l t  of po lar iza t ion  corre la t ion  of t he  
two  p h o t o n s  coming  f rom the  ann ih i la t ion  of pos i t ron-e lec t ron  pa i r s  in t h e  singlet  s ta te .  

In  th is  case if we could measu re  t h e  cor re la t ion  func t ion  b y  m e a n s  of ideal  polar izers  
we should obta in ,  in t h e  genera l  case,  

(1) W ( ~ )  ~ k s i n  2 (p -}- ( 1 - -  k )  c o s  2 ~ ,  
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where ~ is the angle between the relative orientation of the polarizers and k is the cor- 
relation constant introduced in ref. {11) which expresses, in our case, the probability of 
observing the photon pair with orthogonal linear polarizations. 

In  ease of mixtures of the second kind the quant i ty  k will be unity,  while in case of 
mixtures of the first kind we have (lo.12) k -- �88 

More generally if we pretend that  (1) be compatible with Bell's inequality (7) in the 
more general form given in ref. (9), we find out the relation 

-~7 2 2 + T  ~-'7 

Obviously for the 510 keV annihilat ion quanta  we do not have ideal polarizers and 
we must resort to Comptoa scatterers in order to analyse the polarization correlation 
in an indirect way as will be described in the following (see also ref. (~)). 

However if we assume as empirically valid the Klcin-Nishina formula for the 
Comptou-scattering crosssection for polarized radiation and use the method of the 
partial-polarization analysis (~z), we find for the direction correlation function of the 
coincident scattered radiation 

(2) W(01, 02, q~) oc K~K~{?ly~--ylsin202--?2sin:01+ 

§ 2 sin~01sin202[(2k - 1) sin'~ ~ ~- 1 --k]} , 

where Yi= Ki/Ko ~- Ko/Ki, 01 and 02 are the scattering angles and ~ the azimuthal 
angle (see Fig. l), K o and K~ ingoing and outgoing wave numbers, respectively. 

Relation (2) reduces to the standard result of ref. (la) for k ~ 1 (mixtures of 2-nd 
kind) and to the resut of ref. (lo) for k =-~ (mixturcs of the 1-st kind). 

The schematic diagram of the experimental arrangement is shown in Fig. 1. 
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Fig. 1. - Schemat ic  d i ag ram of exper imenta l  a r r a n g e m e n t .  

(1,) T h e  v a l u e  k = ~ g i v e n  in  rof .  (Lx) r e f e r s  to  t h e  c a s c  of  p a r t i c l e s  w i t h  s p i n  ~. 
(1,) H ,  •. SNYDER, •. [)ASTER~ACK a n d  J .  HORNBOSTF, L: 1)hys. Rcv., 73, 440 (1948).  
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We measure  t he  co inc idence  coun t ing  r a t e s  N(01, 0~, q~) b e t w e e n  t h e  four  scintil-  

l a to rs  S~, S~, R 1, B 2. S 1 and  S 2 are  p las t i c  sc in t i l la tors  (NE 202) wh ich  act  as Compton 
sca t t e re r s  for t he  r ad ia t ion  coming  f rom t h e  source  S, w h i c h  cons is t s  of a 22Na pos i t ron  
source  enclosed in a plexiglass  con ta ine r  ac t ing  as ann ih i l a to r ;  R 1 and  R 2 are NaI(T1) 

scint i l la tors .  We  take  quadrup le  co inc idences  in order  to  i m p r o v e  t h e  s ignal  to  noise 
ra t io  ( ~  30) and the  co inc idence  resolving t i m e  ( ~  30 ns), 

In  order  to re la te  t h e  coun t ing  r a t e  N(01, 02, ~0) to  t h e  cor re la t ion  func t ion  defined 
in (2) we m u s t  t a k e  in to  accoun t  t h e  effects  of f ini te  geomet ry .  Th is  is done,  in our case, 
by  means  of a Monte  Carlo c o m p u t a t i o n  wh ich  also co r rec t s  for abso rp t ion  in t h e  
sca t t e re r s  and  in t h e  de t ec to r s  and  for  i n s t r u m e n t a l  t h resho lds .  Con t r ibu t ion  f rom t h e  
t r i p l e t  s t a t e  should  be negligible.  

Detai ls  of t h e  e x p e r i m e n t a l  a p p a r a t u s  and  of t h e  Monte  Carlo F o r t r a n  p r o g r a m  will 
be  given elsewhere.  
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Fig. 2. - Anisotropy ratio as a function of the scattering angle. Upper curve: theoretical prevision cor- 
rect for finite geometry (see text) for 2-rid-kind mixture. Lower curve: theoretical prevision corrected for 
finite geometry (see text) for 1-st-kind mixture. Intermediate curve: theoretical prevision corrected for 
finite geometry (see text) for Bell's limit. �9 Present results, o ref. (1'), = ref. (15), �9 ref. (16), a rcf. (1,), 
v ref. (18). 
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In Fig. 2 the exper imental  ra t io  N(O, O, 90~ O, 0 ~ is repor ted  together  with the  
theoret ical  predict ions corrected for finite geometry.  The upper curve corresponds to 
b :  1 (mixture of 2-nd kind), the  lower curve corresponds to k =-~ (mixture of 1-st 
kind), the  in termediate  curve to k =-~ (Bell 's l imit).  

Our exper imenta l  results are consistent with previous measurements taken at  
01= 02= 90 ~ (see ref. (14-18)). 

We cannot,  at  present,  effect measurements at  this  angle because of some absorption 
in the lead shielding, however all the exper imental  da ta  are consistent with the  curve 
corresponding to the Bell 's l imit  for the  existence of local hidden variables (7.9). 

The same conclusion can be seen from Fig. 3 where we have repor ted  the  rat io 
N(60 o , 60 o, ~)/N(60 o , 60 o, 0o). 
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Fig.  3. - N o r ma l i zed  d i rec t ion  corre la t ion  as  a func t ion  of t he  a z i m u t h a l  angle.  L e g e n d  as  in Fig .  2. 

These results seem surprising because they  do not  give a clear answer for discrim- 
inat ing between mixtures of the  two kinds,  besides they  do not  give a decisive answer 
for the  existence of local hidden variables because they  stay,  within the exper imental  
uncertainties,  just  on the  Bell 's l imit .  

In  order to clar i fy this  point  we have measured the anisotropy rat io  at  different 
distances of the  scat terers  $1, $2 from the source S (see Fig. 1). 

In  fact ,  the  hypothesis  has been advanced (lo.11) tha t  the  s ta te  of the  two correlated 
photons can pass continuously from a second kind to a first kind mixture  because of 
interact ion with the  surrounding. 

This effect might  be displayed by  arrangements  with larger and/or  unequal  flight 
pa ths  for the  two photons;  as, for instance, much larger than the coherence length 
of the  photons  (18). 

In  our case the  photons  should have a coherence length of ~ 7 cm for the 70% 
of cases and of ~ 47 cm for the  remaining 30%. 

In Fig. 4 the  ra t io  N(60 ~ 60 ~ 90~ ~ 60 ~ 0 ~ is p lo t ted  as a function of the 
difference in the  flight paths  of the  two photons.  

l~Ieasurements have been taken at  5.5 cm, 10 em and 20 cm, with symmetr ica l  flight 
paths  and at  (6 cm, 13 cm) and (5.5 em, 34 em) with asymmetr ica l  flight paths.  
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This  last  resul t  seems to confirm the  hypothes i s  of effects connec ted  wi th  the  dis tance 
of the  scat terers  f rom the  source. In  fact  this  last  expe r imen ta l  po in t  (Fig. 4) agrees 
wi th  the  expec ta t ion  for m ix tu re s  of t he  first kind.  
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Fig. 4. - Anisotropy ratio at 01 = 0= = 60 ~ as a function of the difference in the flight paths of the two 
photons (see text). 

Of course th is  resu l t  c anno t  te l t  i f  t he  effect  depends  on t h e  difference of t he  fl ight 
pa ths  or s imply  on the  r e l a t ive  d is tance  of t he  sca t te r ing  events .  

This  effect m igh t  expla in  t he  ag reemen t  wi th  wha t  is expec ted  for mix tu res  of the  
second kind of a recent  s imilar  expe r imen t  p e r f o r m e d  wi th  a ca lc ium a tomic  cascade (lg). 
In  fact ,  in t h a t  case, one has  a coherence  l eng th  of ~ 150 cm and the  pos tu la ted  t ransi-  
t ion to a m i x t u r e  of t he  first k ind  m i g h t  be observed  at d is tances  much larger  t han  
used here to .  

We  are p lanning  a new expe r imen ta l  a r r a n g e m e n t  in order  to s tudy  in deta i l  th is  
ques t ion and,  in t he  mean  t ime,  i m p r o v e  in s ta t i s t ics  and  in geome t ry  and,  obviously,  
also fu r the r  check  the  absence of any  sys t ema t i c  errors  owing to t he  re levance  of t he  
r epor t ed  result .  
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