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WHAT IS INTUITIVE LY  PAR ADOX I CAL A60Ui 
DISTANT CORRELAT I ONS  IN QUANTUM M ECHAN I CS 

M . Vujitit and F. herbut

Dept . of Physics , Facul ty of Science, University of Selgrade , · and 

I n stitute a eor i s  kidric h a , VinCa : Bel graae , Yu gos l av i a

�e are consider ing a two- part icl � system described by a wave 

�ect or 1 � 1 2 >. We have shown 1 that , withi n  the fremework of aua�tum

mec hani c s ,  th i s  system can be equiva lent ly  descri bed in terms : of the 

sepa rate states of the two part ic les (the reduced stat i stical opera­

tors :
1 and "z ) and t he stat i st i ca l  cor re l at i ons tetween them- {tne

antiunitary corre l at i on operator U8 mapping the range of '1_ . 0nto 

t nat of c2 ) :  l �z >-{ :1
, u8 , :.z :. Insp ired by Sch rtid fnger , 2 • 3 w

.
e m�de

a systemat ic  invesi igat ion 1 of the nature and phy sica l i� p l ications 

of t he correl at i ons estab l ished by U a. Let us restri ct ou r se l ves  in 

t h i s  note to the two- photon system used i n  the Freedman and C l auser 

ex oer i ment 4 • When one f ind s out ,  �Y measu rement, that l he first 

phot on 1 s  i n  the state of ·pol ar i sat i on : : : \  then tne second ;, notor, 

1 s  necessar i l y in t he state of col arisat i on u a ; . > . Quantum  mec ha· 

n i ca l  l y , : � 1 2  > c o l l apses in to : .:  1 :- 1  l!a 1 > "i i tnou t any interacti on 

� it h  the second part i c l e. Tni s  auantum mec hanical p red iction ��s 

conf i rmed by d i rect pol ar isat i on measu rement on tne second photon 

in t he f reed man- C l au ser exper i ment . 

More general l y ,  measu rement of any o bserv a b l e  A 1 on t he f i r st 
II I • • - 1photon i mp l ies the d tstant measu remen t  o f  t he ob�ervat le 
M2 � �a�l �a 

on t he sec ond photon . W hat is  more , if one c onsi der s two i ncom patib l e  

observab l es A 1 and A i  on t he f i rst photon {e. g .  l inear pol arisat i ons 

t hrough  two mutual l y  rotated pl anes )  t he c o r respond i ng observ abl es 

on the second p hoton are a l so i ncompat i b l e  becau se t he above s im i l a­

rity transformation by Ua pre serves commutators. Th i s means th�t 
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one can d i s tantl y ( hen ce  wi thout d istu r bance) measure any of the 

two in compati bl e  observabl es on  the secon d photon , which may l ead  

to  the conclusion that the  secon d photon " kn ows the  answer" to both 

measurements , suggest i ng i ncompl etenes s of  the quatum mechanical 

descr i pti on _ by 1 � 1 2 �� This . is the es sence of  the famous Ein stein­

- Po d o l s ky-Rosen paradox5 • 6 • 

T he fact that the state of the sec on d  photon i s  changed from 

P2 into Ua l o i > as a con s equence of the d irect m easuremen t  o n  the

fir st phQton  can be intuitive l y (i . e. f rom the point of view of 

p hysical r ea l ism ) un d erstood  in two ways : 

(a) either the  c hang e  is tak, i ng place i n  r eal ity (und er d istant

inf l uence without interaction of any type that we know  to day) , 

( b) o r  the chang e  i s  o n l y  in our k'nowl edge ,  so that the secon d

p hoton was i n  the same quantum mechanical state U8 j qi 1 > _al s o  bef or e

the mea surem en t  o n  the first photo n .  

· It s houl d be noted that from the stan d ir d  quantum m echanical

_point of v i ew ( the Copenhagen schbol  of thoug ht) the question  of t he 

r e� l istic meaning  of t h� co 1 1apSe l -:, 12 >• 1 �t ® Ua 1 �1 > i s  n ot phys ica l .

Contrarywise,  Ein stei n , Schro d i ng er a n d  oth er s  d i d  co ns i d er this 

question physical . but tney coul d n ot. accept al ternativ e (a) . 

A s  far as al ter nativ e ( b) is concer n e d , both  Einstein an d 

Schro d in g er had their visio n s  how i t' i s  r ea l is ed in Nature. Schrocf ; nger's 

reso lution 3 of t h e  d ifficul ty was o n  a p�rel y quantum mechanical

l ev el :  he env i sage d  ( s i m i lar l y  a s  Furry 7 ) that 1 ->1 2> g oes ov er

spontaneousl y  into ·a m i x ed s tate 01 2 • · wher e  the phases in the co her ent

mixtu�e 1 �1 2 >  d isappear when the two par ticl e s  g et sufficientl y apart

so  t hat they are  out of t he range  of mutual interaction .  I n  th i s mix ed .

state quasi-classical statistical cor relations .appear and  this type 

of cor r elation i s  intuit i v el y easy to g rasp. T h i s mix e d  s tate gives  

som e  pr ed iction s  t hat ar e d iff er ent from those  impl ied by i�12 >, so
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i �at ex periment c ould d ec id e . T he Scrod ing er-Furry m od el was experi-

� en t a  l ly. refuted 8 ' 9 •

I n  the  Bell mod el l O  ( in spired by E i n stein) the ex i stence of

qu as i - clas sic al st atist i c al c orrelations was as sumed on a su bquantal 

lev el.* T his m od el enables one to view eac h  i nd i v i dual p ai r  of photons 

as having a d efinite st ate  of polaris at ion in ev e�y plane s imultane­

ously. Bell
.
'" s  t heorem1 0  rev e aled a contrad ic tion betw�en t hi s  model

and qu antum mec h an i c s s so  it bec ame pos sible to m ake an experimjntal 

d ecision , 1 1 • 4 whic h d i s prov ed the mod el of loc al h i d den variables .

At present ,  as far as we know, there i s  no t hird .way .wi t hi n  alter­

n ativ e  ( b) . T hus t he app arent unten abili ty of th i s al�ernative i s  

w h at is intuitiv ely p arad oxic al about d istan t  c orrela.ti ons : i t  rema i n s  

eit her t o  rej ec t physic al realism i nd epend ent of ·the measuri ng  arran ­

g ements or t o  consid er seri ously alt�rn ativ e ( a ) . On� w�nd�rs i f  

Einstein were aliv e tod ay how he  would react  t o  � hi s d ilemma , to 

w hi c h  t he n ew experimen t al f ac t s  h av e  broug ht us . We belfev e t h at 

al ternat iv e ( a} d es erv es syst em at i c  i nv est i g at i on .  We feel t hat we 

are in a pos ition to m ake  efforts in t his d irect i on hav ing singl ed 

out t he correlation operator U a as t he entity d escri bi ng t he qu an tal

dist ant correlations  in a pure c omposite state,  and havi ng studied 

t he basic d ist ant effect s : c ond it i ons on the d irect measurement to 

g iv e  a d i st ant one, whi c h  states and whi c h  o beservable·s c an be. 

d istantly measured etc.1 

I n  our v iew alt ern ativ e ( a) d oes n ot neces s ari ly imply falli ng 

bac k t o  an y concept of clas s i c al t ype li ke d et erminism ( introduced 

t hroug h hid d en v ariable�) , quasi-clas s i c al stati stical c orrelati ons 

et c .  We expect t h at the  und erst and ing of Nature extra cted from stud ying 

d istant quantal c orrelations m i g ht lead to an ev en m ore • cr azy •  

picture of t he world t h an we  hav e today. •> ·----
* T his is the  so- c alled mod el of local h i d d en variables . We w i ll

s how ei sewhere that locality amounts to qu asiclassical statistical correlations.
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