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On the Signif icance of the Bell  Inequali t ies
for the Locality Problem in Different Realistic Interpretations
of Quantum Mechanics

\\r. )I. pn l luyxcx antl J. T. v-r,x Srer(rr.Ereotc

Dep.rrt'ment of Theoretical Phvsics.
Eindhoven LIni.,-ersitv of Technolog r'. Einclho ven.'l ht, \ r.t lrlrl tr nrls

At is t t i t r r t . ' fhe re lat ion be.-rveen the Bel l  inecl t ra i i t ies.  l r ic i r l i tv  and the c.x isteru,e of  jo int  probe-
bility distributiorts is cliscussed in different realist inter'pretations of rgrLntum met:Lranics. \\'e distil-
guish four rerr i is t  interpretat ions.  r ' i2 . ,  the object iv is t ic  one.  the contextual is t i ( :  one.  the str ic t lv  non-
objectivistic and the quasi-objectit-istic interprettrtion. Ctrur'lLr-sions are diflering largelv in different
interpretations. \\'e also distincuish betrveen tuo kincls oi lor:alit.1-, r-i2.. mtrcrolocirlitl,and Einsteini
Bell locality. tr'rom ti cltrssical model of stochtrstic measurirrg pr'ocesses a dclinirion of EinsteinrBell
Iocalitv is derived that differs from the BelllC'ltuser,'Horne,rShimony frrctrrrizabilit-v coriclition. Ii
is  demonstrated that  onlv in the c iuasi-objec, t iv is t ic  inte lpretat ion the Einstein i  tsel l  l , rcal i i ) .  concl i t ion
pl l ,vs a ro le in the det ivat ion of  a Bel l  inequal i t . r ' Io l  c l t r r rnt i t ies th i r t  i r t { 'e- tper i rntntr r l i l  re le, , - i rnt .
I t  is  t r , rgued that  cven in th is interpretat ion i t  is  not  possib le to i r l r ive i r t  t i r t ,  cont , i r isrorrs that  thtr
Bel l  inequal i t ies stem from t i re local i tv  t 'ondrt ion because of  the taci t ; rss i rmpt ion ol  an adcl i i ioniL l
propertv.  nameh' the existence of  probabi l i t l  d ist r ibut ions conci i t ioni r l izer i  on tho disJrers ionfree
strltes of tlie hidrien variabies. Considerirtion of a phast',cpil(e replesent;ition of tite Sqll16dings1
equat ion demonstrr t tes th i l t  t i i is  lat ter ' ; rssrrmpt ion is  at  odcis n ' i th the stat is t i r rs of  ( lL l i rnturn s l .s te(rs.

Uber die Brdeutnnq der tsellsclien Unsleichheiterr I i ir das Lokalit i i ts0roblern
i t t  t t l r t t rschic t l l ie l tcr r  real is t ischen [ r r te ipret r r l iun{ ,n der  Qrrantenrrr r , r .harr ik

Inhal tst ibers icht .  Die Beziehung zwischen den Bel lschen Llg le ic. l iLei t t rn.  c l r l  Lgkl l i t i i t  u l t l
der Existetrz l'on gemeinstrmen \\'alirscheinlichkeitsverteilungen. riird in untt'rsr:liiorlliclLen realisti-
schen I t r terpret t r t ionen dcl  Qrrantenmechanik d iskLi t ier t .  \ \ : i r  L lnte lscheir len r- i r r  r r ' r r i is t is t . l rc  Inter-
p let i t t iont 'n:  d ie r - rb jekt iv is t ische.  d ie kontextual is t ischc.  d i t . t 'nger gef i r l l te nonol , j t  k t i r - is t ische und
die i lLrasi 'objekt i r - is t ische Interpretat ion.  Die Schlul l fo lgt ' r r rntr .n s ind i r i  l rpter .s i . I i lc l l i r . [e1 Jnter-
pre tilt io nen seltr verschiecie n, \\'ir machen a r r ch eint n Il n tcrsr lr it d zrvisr.h t'rr z rvei Art crj (lcr Lokaiitrit .
ntimlicil -\IakloLrlirrlitiit trnd Eirrstein/Bell-Lokalitiit. ^\usgehend von einem klrrssjschen Jlorlell
stochastist'her ,\IelSprozesse l-ird eine Definition der llinsttin-Bell-Lokrlitrit her.geleitet. rlie rrrrgleiclr
der IJei l ,L ' lat rser lHorneiShiuoln 'sc l ren l ' i ik tor is ie lungsbeci inuung ist .  ] . ls  l i r r l  gtzeigt ,  r l i rB nur i r r
der t lurrs i -objekt i r is t ischeu I r t terpretrr t ion die Ein-" te in, /Bel l  Lokr l i t i ts l iedinsung eine Rol le beim
Herieiten einer Bellsr:hen Ungleichheit ftil solcht-, Clrrif}tn. die erperimentelle Reievlnz haben.
spielt. Es ivirrl ilr'gutnenliert, da8 es irlrch in dieser Interpletation. \regerl einer stillscirrveigencicn -\1-
najruie einer zusdtzliche'n Eieenschuft. niirnlich clie E-xistenz einer \\'ahrscht.inliclikeitsr-ertciiung,
*'elche konditioniert ist auf ciispersionsfreie Zustiincle der r.erborgenen \:lriablt'n. niclrt moqlich ist.
die SthluBfolgerurlg zu ziehen, da8 die Bellscrhen L:ngleit.hheiten vorr cler Lokalitiitsbeclingung abgt'-
leitet rverden kdnnen. Durch die Betrachtung einer Phirsenrtumreprlsentation der .qchroclinger-
gle ichungrvi rdgezeiqt ,  dafJdiesezusr i tz l icheAnnahrneim\f  i r le lspruchmitderquLrntenmechanischen
Stat is t ik  is t .
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l. Introduction

Discussions on the' significance of the Bell inetlualilies often lca<.I to confrrsioir bc--
cause il is not stated esplicitlr- *.hich interpletation is usecl. In section 2 a number of
realisb interpretatiolrs of quantnm mechanics rvil l  bc discussed. All of thesc, r-i2., the
ob jec t i v i s l i c  r ea l i s t  i n te rp le ta t i on ,  t he  con tex tua l i s t i c  one  anc i  Lhe  nonob iec -
t i r - isb ic  real is t  in terpretat ion (both in  the st r icb sense and in i ts  quasi -object i -
vislic appearance) ale based on the existencc of so-callerl hidrlen valiables. Ther-
rliffer, ho-rier-er, in their relation rvilh tire quant,urn mechanical obserrables. Differerit
interpretations are determinecl bv different roles plaved b1- the measuring instruments
in the measuring process.

In sect'. 3 stochastic processes are discussecl in orc'ler to obtain an explicit realisation
of a measuring process in a realist t,heory. Irr section 4 rve revierv the relation betrveen
the Bcil ineqrralities (BI), localit;', ancl the existence of a joint probabilit}r clistribution
(jpd) of the four observables that are involvecl in the BI. The difference bet$-een two
notions of localitv, viz., macroiocalitv and Einstein/Bell (E/B) localitv is stressecl. Fron'r
the results of sect. 3 a definit'ion of E/B locality is delived that rliffers flom the Rell/
Clauser/Home/Shimony (BCHS) factorizability condition [1] in a rvay that is in agree-
ment rvith a recent result of Ballentine and Jarrett [2]. On bhe other hand, it is stlessed
theit .n Rastall's derir-ation [3] of the equivalence of the BI with the existence of a
qua.clrivariate jpcl onll- macrolocalitJ,', not E/B locality, is involved.

fn section 5 it is investigated for the different realist internretations of section 2
whether there is anv relatio-n betu'een E/B localitv and the 

"i i.t.tt"" 
of a jpd 1anrl,

hence, the BI). Such a role is founcl. only in one of the interpretations, namely t,he tluasi-
objectivislic one. Even in this interpretation, how'ever, it does not seem possible to
interpret the BI as a consequence of E/B locality., because of another assumption that,
is tacitly made, namely that of the existence of probabilitl'distributions conditionalizetl
ou t,he dispersionfree states of the hidr-len variable. fn sect. 6 ib is demonstrated by meaus
of a discussion of a, phase space representation of the free particle Schrddinger equation
(Husimi transform) [,1], that this latter assumption is at ocicls with the statistics of
quantum svstents, and shoulrl be regarded as t'he most probable source of the Bell
inequalit ies.

2. Different Interpretations of Quantum llechanies

Quantum mechanics deals rvith probability distributions ,p1(a) of. the (eigen)values
ai of an observable .el represented by an hermitian operator ;{ (for simplicitl,- ri'e consi-
der.onlv discrete spectra). Denoting the state of the svstem by the densitv operator o,
$-e naYe

pA@)  :  T r  g  ) I ; ,  ( 2 .1 )

in which {Jfi} is the projection valued measure (or, more generallv, the positive c)pera-
tor valuei.l measllre [5] corresponriing to observable .e/).

In  a p henomenal is t ' / inst rumental is t  in te lpre lat ion of  quantum mechanics
the observable does not refer to a property of the object s)'sLem. It, merelv represents a
(macroscopic) measurement, proceclure, ancl its measurement outcomes a; are labels of
different (macroscopic) phenomena. Bv the same tokerl lhe densilv operator g is not,
interpreted as a description of the state of bhe object s)'stem, but raLher as s_u-mbolizing
a (macroscopic) measurement procedure, The question of whether the microscopic
object system has any properties is left unansrvered in this interpretation.

In a realisb interpretation of quantum mechanics the microsiopic object is assumer-l
to possess properties, often called hidden r.ariables, labelling the clispersionfree states
of the object system. The value of this hiclden variable, i say', is thoughL to cletermine,

:
I

i

I
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either r letr:r 'minist ical l .r-  o. stat ist ical lv. *-hich nreasrrrcme't resrr lr  a; w-i l l  be obtni.erll t  a rncasrrreme't of obsef\_al) le -rr ' .  Thus, i f  p,1ft l , ; iz) is the co.cl i t itiris resrrlt' a'r.r if it;.1 ,, trr" f.iorr;.o1"p,.,ir^rriii;lr ,urt.n,,i-;';itl;t,il*Llll'',t;;.i
j ;Ti 

irr: ithe) 
prtpai'ati,,rr proccihrre o in't irn.rs r.,f the hirtrter, . i". i"rrl" 1., rhen it is ass._

Pt@t)  :  
. !  

r l i  9( ) . )  p t (a i ' , ) " ) .  
(2.2)

He're' '1 is the l i icklen variabl.e.configuration space. r..rrler t lat the theorv can be inter._preteri as a ciassical probabilitv th"eorv ,r" siioul,l hnr"
e(r ' )  = 0,  

. !  
c l |e7") : l ,  (2.8)

p 1 @ ; ' ) . ) 2  0 ,  Z p t t . t l 2 )  :  r . / r  1 \

,-.-l-t] 
tl",lollorvi'g*c *'ill r-listinguish bet*'ee' tlrree rlifferc.t va.ieties r.rf the realistt'terpretation as defi'etl.:!oI",.tiie clistingrrishing feat,re f"i"g tl 

" 
rrar'er in rvhichtlre r- 'bservabre -d is i ' terpreteci. tr ' irst,, in't,he 

"f;.]"."t i.- ir l; '"r"*rist interpretatio'the observable is tho'ght o? u, u' J;..t i"", propert-v of the object s\-steln, i. e. posses_serl b1' the object .t:\;T^11:l:t"ra"titir: 
9r trr3 '*f ii is mear,rr"rl. This i'terpreration

ili:i::lli_L":li:Ti 
stat.isticar mechanic.s. r,,a*ia, p^,iiii",'i,.e.t into the sets:1; :

t\(a) :,rl r122(l : I d).1e,) 7,1p), (2.i)

fuJi) being the indicator fu'ctio' of .'1;. The objectivistic realist interpretatio' is
il:il[i1""'i"H::#.'fTli*XnT::il";ff is iveri t'"*", n-a]es not ;-ielcr a sratis-

r. the co'testualisi ic realist i"t".f"t*t io' the obserr-abre rs, orrce m()re, con-side.erl as a propertv."Ljl:^lll".* .vri"-,i".ir nor a'"b;;;li;';"e. o'the co'rrarr,rts vatue is rhoushr to be j iabre to cLange if.rhe.measLrr;;;; ' ;;;;"xt is changecr. Thisititerpretation is'verv 
"tt"h 

il;h; rp"it-r irr" thought experime'ts by mea^s of rvhichIloh' anri Heise.berq,:T:i":: 
:]:;fir:4 

_*",ng of H9i19nberg,s u'certainrv retations.hr Heiserrberg's clisiurbance trreoi of measurement [6], for insttrnce, rnome'tum isd.istu.becl in a positio' m"urr""m"'t. This, more ge.erailv, horrrs rbr anv observabrerncompalible t'ith the observable that is acouail.r, measurecl.Because in this interpretation trr" rn"uJu.ing "i"J;;;;rri' 
pto1" arr irnportant role,'. 'e bave to i ' troduce ario a hir.rde;";; i"bi" p,crescribing the rnensuring i.strument.

li,ii:.11ilfJ3':th:;;,i:::.::l:!{;;l'''t";inst.ume^t o? obse.-abr e -4 bvJ'1, anrr
r'errt res.tts ca' be ,,.,.:;:: 

tfiHii::,li;,1t'?l the prol-';abiiitv rlistr:ibrition or ''J*,,."-
p,t(al :.[ rU. . I d,u V tu uQ) p,,(d .

' t i  l i t  
'  L P  : \ " /  : ' L \ t t u t '  ( 2 ' t j )

Hc.e' the operator 7 t:!- lL],11'ese',t i 'g the i.teractio.. of object s\-steln a'r[ measu.i.gIustruntetrt' rt tra'sfo.nrs the cornbinE,l svrt"m f'c,m itti'iii;irr;" to its fin,.l statc.ft i-s easv ro see thar (2.ri) can b. t;r;gh;t;to the form (2.2), rvith
ptkti D :r!r0,, g.r(p)vf* /.r/i,1. G T)

This expression satisfies tl:-1'"ni:r:*."nts (?.J) of a co'clitio.al pr.obabilit' if thc, o'e,fa-1sv V;.1, is a stochastic operator I?], thu; ir ' ;
on Lr( ,LXM.e) ,  V r .o Z 0,  , : .T rut : , ,  _  1.  ( : . i i )
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h i  the  no l lob jec t iv is t i c  rea l i s t  in te rpre ta t ion  lhe  observab le  i s  hek l  to  be  a

properlv of the rneasuritrg instruurent rather ihutt u propertl' of the obiect s1'stem' Tike

i. ,"1*'irf*r""t"t*firi7inri..r*"ntalist interpretation liie measurement result a; reders

tu u -ui.or.opic phe,ronienon, r'i2., the positio' of a macrrtscopic pointer. T5e rliffere.ce

,ri f, ft "r-rn."'u.liurr 
is, that ii a realist interpletatiotr the nticroscopic obiect is assumecl

to have a hicL.len rariable 2. Denoting b1- ,t1", tlie subset of -11-1 correspontlirlg rvith

the measurement restrlt d4, 1r'€ 11o11' obbain

p,t@.;) : I rl,i. j ttp { ^, S0) a,(p).
I  ] I o

This, once again, can be broughb into the form (2 2), rvilh

P t'@tt, 1) : 
r! nd 

P Q ! lt) 'T f 'ut" o u1 11'

)fuo 0i being the inclicator function of. M o.. As in the contextualistic case this espres-

sion (2.10) is a conclitional probability if 77, is a stochastic-operafor'

es ;n ih" phenomenalistTinstrumentalist interpretation, also in t'he nonobject'ivistic

realist interpit,ation, taken in the strict sense, it cloes not make sense to atlribute

mearing to 
*an 

observable that, is not actually measurerl. In reats.t theories of bhe kincl

we are Jt.,a."*ing here, hotvever, it is possible to entertain a nonobjectivism of less strict

a nature. Alttriugtt the observable remains a property of. bhe measuring insbrument'

it yet can be abtiibutecl to the object system iri the follorving sense: if the obiect is ill

h."v. state,1, ib has the propert.r; to induce a bransitio[ of the measuring insbrum-ent

from its initial state into a final siate aa as soon as the measuring instrutnent' is appiied

i" ifr" ofr;".t system. Then, the probability p1@;\)') -can be attribtrfed' counter{actuaily'

to ttr" oble.t also if the observibTe.il is nof actualll'measureri. \ve sliall inclicate bhis

k inc l  of  ntnobject iv ism as the c1*asi -object iv is t ic  real is t  in terpretaf io ' .

3. Stochastic Proeesses

In this section rve will stur-ly stochastic processes r.Lescribecl by clifferential ec|iations

of the t1'pe

(2 .e )

(2 .10)

( 3 .  1 )

( 3 . 3 )

(3 .1 )

( 3 ' t )

of erluation (3.i) s'ith

( :1 . ( j )

g* :  r i ,Q( i , t ) ,

N 2tr'r, :  _i ,?*",r^). 
(3' l)

l -or simplicibv rve take,1 - lRl(-oo, oo)'

If tG coeificients 4r(2) are constants, the solutiotr can be given explicitlv according

to
1

o() , .  t )  :  )  r  a t  r ) ( l  ,0)  e; t )  ' ' r \ i t )  .
:!:t "

A(1, 0) : I r1]. p()..0) e-ui' ,
-\.

rQD : 
,Zra,,(il1" 

'

The Green's function G(i, 1' ,l), being clefinetl as tlie sohrtiott
initial conciition g(2, 0) : d(2 - l,';, is given b1'

(,;Q.. i. ' ,,, : I I dl ettri-i"t -rrr;n .
' J : t '
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Not eves' clifferelt ial e(luation of the ly'pc (3.1) describes a classical stochastic pfocess.

In orclerihat this be the case G()., i" ' ,1) should be interpretable as a conditional prriba-

bitit l 'cl istriblt ion. Hence, the integral (3.r1) shoulcl exist arrrl satisfv (2.3) for ant'valtre

of ).' .

3.1. l leasurement

Let us colsicler thc follorving equation, describing tire intera,ctiott beirveetr Nhe ob-
ject system and a measuring instrument for observable .s/:

?o(i.. u. t\ ^ ?o
- :  

_ u i . : L _  T z Q ,

Q(7 , t1 ,0 )  :  o ( i ,  0 )  g , r (p r ,  0 ) .

(3 .? )

(3 .8 )

If we assurne also Jl, to be Rl(-oo, co), gl(p, 0) cau be identif ied wil ir O.t(pl) itt-(2.6).

In (8.?) a is a constant. For coirstant coefficients an(i) the soluti.on of (3.?) can also be

given esplicitly by means of ibs Green's function

Gn()",2" , I,t, p', t) :
I  - am t  / r ' t  Q \

r  1  r z  -  ; \ l  I  am t ) i - ' - imp '  ' ( am) - '  I  r t ; r l a y  \ u ' r l

:  I  
'  

I  l d t  dn t  s t r t ) ' :  ma1 ,  t

[ 2 e J  , .

In the nonobjectivistic interpretation rve are interested in the final probability ciistli-

bution of the measuring instrument'

Q t Q t , t ) :  I d A Q ( A ,  F , t ) :  I  d i . p ( i , 0 )  H a Q t '  -  a t A , t ) ,

1 im(P- P')-(om\-'ol' '1u'1u''
H A t t , t ) : : /  d ! r ' Q - ' , ( l t ' , 0 )  [ d , m  t '  o

y:t "

. ,
( o  ^ c o  ^ ( - t )
- : :  * t l / . : r  D i
ct cll cA-

Since (3.10) is a convolution integral it' is possible to calculate 9(,i., 0) if 91(/l' l) is_known.

Incleed, foi the Fourier transforrns of q1i,,0), gt(p,l) ancl H(p,t) rve find the rela-

tron

o ( / , 0 ) :  d , ( t l a t , t ) l l i A ( t l a t , t ) .  ( 3 . 1 2 )

This result justifies the interpretat.ion of (3.?) as describing a, measuring proce-ss. It is

also interesting to note that this measuring process is nondisturbing. Indeed,.bf inte-

grating (3.?) over p it can easily be verif iecl Lha,N f d,y,o(2, 1t,,t) satisfies eclration (3.1).

As a1 example, lel us consicler equation (3.?) for the rirriinarl- c'liffusion proct'ss,

(3 .10)

( 3 . 1 1 )

( 3 . 1 3 )

(3 .15)

This eqlntion is a so-callecl linear Fokker-Plancli eclration [8] li'hich can also be solveci

expl ici th' .  I ts Cireen's f i tnct iotr is given bv

G-JA. ).', 1t. 1t', r) : l#
f  - \Q t  -  t r ' ) ' =  3a t (p  -  l t ' ) ( . l ] . 1 , ' )  

-  az t z ( i 2  +  i ' !  *  ) ' ) " ) f  
' " ' * '

x"*Pf , l
Frorl this we finct for (3.11)

H7(1t ,  t ) :  f  d t 'QtQt ' ,0) [ r r+FF]" ' " *p l r *  Qt  -  p ' ) " '
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It is evirlenr from (3.10) arxl (3.15) that fc.rr equation (3.13) it is porsible to rlefine a

co'rt it ionat probabii itf 
's.*i: i"g"i i.+i.^r"a*li 

ihe cr-'nri it ional probabil it 'v p'- '(prl l ')

of fincling, at f, measur'*""lr"t"J,,fi pl if the object *-as i' I' at I : 0' can bc rle{inerl

accord ing  to  ,  ! r  1  r : \

n , t ( P  i " ) : :  H t ( l t  *  a 2 ' , t ) '  
I  '  ' I ' /

3.S. nPR-like ExPeriments

Let t$.o objects, having hicltlen variahles 1,, alrrl 1,., respectivgh" bobh satisfr- tlic

same evolution equation

ry :T7ns1{2; , t ) ,  
i :L ,2. ( 3 . 1  7 )

T h e t r v o p a r t i ( l e s a r e s t r p l i o s e r l n o t t o i l l t e l a c t . T h c . v a r c . p r . e p a r e r l a t l : 0 i t r a c o r r e -
latecl state o().1, ).2,0).";irfi1r,-tit. "tp".i-e't, 

i' rvhicli tlre- particles are allo*'ecl to

senarale a'cl, subseclt,""i i iol.."vabte's dr;;rL..e/, o{particles 1anr1 2, respecti 'eiv,

;:;;J; i"i"irJ'.u,t b" simulated bv means of the equation

' * :  -o,^r#,- ""r,  h,!  
[r t ,  *  r t ]Q' (3'18)

It is easily demonstratert that the Green's function for this equabion is iust the' protluct

of the Green', tu.r.tloo"**t-Jtu-lruo particles separatel.v, eacii r-lescribed by (3'?)' Thus'

Ga,1"(11,2;, j ,2, 1;,  Fa,, l tr 'A',  Frt",  I t '7", t)

: G-t,(it, )'lr, Psu 1t'.t,, t) Gt,(12' )'12' 7t'-1" 1't"7"' t)
(3 .1e)

ir

If the initial conclition is given by

o(i4, A2, FA,, {tA",0) : g(ir, Lr, 0) g,r'(&'r" 0) 9-1.(11-1" 0)'

the probabilit-v p-r,;"(pl, , P,t", t) can be given, analogouslY to (3'J-0)' as

Q,t3,(1tt,, PA", t) : I dlLd|zo()1' ) '2' 0) pr'r.( ' '- l '  \) ' ') pt7"(1'cs'l ' i ' ' t) '

rterQt;ori)") : I '11i I d{''u,Q'nu(p'un) GuuQ''!' )fi #'"' I't''to' t)' i' : L' 2 '

( 3 .20 )

4. Bell Inequalities, Locality, and Joint Probability Dishibutions

The Bell inequalities 'o.ere clerivecl [g] in order to investigate the (im)possibi-lit1-

of realist interpretattons as cliscusseci iniect. 2. Thc"v refer to Et'R-lit" experimelits of

the kind d,escriberl in sect. 3. in which .ilrcattbe chosen from a set of t''rvo incompatible

observables C arfi.r/;;;,^;". i--Jr,-"t^tutogouslv f.om.the i 'compatible pair g'g' '

fn" Jl-tft"rvables are compatibl: :.tlh 
the 'cl,-observables'

In deriving tris inequalitiis BelI clitl-co'sider'on11- h. r'' theories satisff ing a localitl*

Dropertv, which he .1;;;;i ;t;"ntial for the derivation' His conlusion rvas (:r'lso [1])

iilffi;il rr.'t. ir*iri* ,rol satisf-vit,g this conclitio', so-callecl no'local h' r.' theories'

remain as good .urraiJui", fo, a ."ali*t interpretation of ,r"1*li1^mechanics' The re'le-

vance of tf,is localit;- condition is the subject of the present sectloil'

,1.1. llaerolocatty anil Einstein'Bell Locality

In order bo avoi<l confusion we shoulrl firsl distinguish bet*'ec.n trvo riifferent rloLlolls

of locality, oir. *u,..oio."i ity ancl .Einstein/n"elt 
localitv. lracr' localit 'v is es-

;;"..".1 i'rerms of tfr"-pt"U"Uifit,v clistributions of the measnrcment results' It sa1-s
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tlrat irr  the Et 'Rl ike lneasulements r.rf  .C antl  LB or,4 awl;/ ' ,  respectivelr-,  the proba-
bihtv of the rneasure'nient resrr l ts of .g/ ts irrr lepenrlcnt of thc choice :B or 2'  .  Thrrs, in
arr r:r- ir lent notat iou,

I z,ra(o;, br) --' 
;- 

P,+rktt, b1) : p1(.ct;) (1.1)

(Jrrantrrrn mechanics satjsfies maclokrcalitr ' , t 'hich is rvarranted bv bhe compatibil i tr '
of.tlte .ilr- arrcl r/o-obser:r-ables. For this reason this canrrot be the kind of localitv pre-
srrpposed br' llell. Incleeri, Bell requires from his hirlrlerr r.a.riables a stronger form of
localitv (for this reason cailerl strong localitv in [2]), to the effect that the inrlepenclence
of bhe measurement results is nob onll 'statisticall-v truc, but hok-is for each indi.vir, lua1
measrlrement result a;. Since this coincides rvith the localitv notion as cleplol,-ed
b1' Einstein, x.e refer to it as Einstein/Bell localitv. It is clear that E/B localitv irnplies
mac'roiocalitl-, but nob vice versa.

By Clauser ancl Shimonl- [1] a statistical r.ersion of the
intro<luced, viz.

P^u(*i, bk) : { d,i e(2) p^u@;, bp )u),

I '  a6(a;, b* 1) : pA(ai h p B(.bhtJ,).
( { . 2 )

Equation (1.2) is generall.v referrerl to as the tsCHS (Bell, Clauser', Home, Shirrionl')
localit5,' conclition. The analvsis bv Ballent'ine and.Iarrett [2] demorrstrates that, strictlr-
speaking, the BCHS-conclition is not a localitv conclition but a conrlition of, what
thel- call, predictive completeness, Horvever, this prer.lictive completeness is impliecl
bf- EiB (strong) Iocalitv. Inrieed, as can be seen from (3.20) bv identif-'*ing ,1 rvith the
pair (21, 2r), the EPR-measurements considerecl there, being E/B local bv construction,
satisfv a separabilitv criterion *'hich is a special case of the BCHS-conclition. In orrler
to avoiri cotrfusion, in the foilo'n'ing tlie E/B localitl- condition will be representecl
b1'

'psn(arbk) : I cl).rdle, Q(it, Ar) pa,n(ai, bk 11, ),),

p1n(di ,bs,2r ,  ) t r )  :  p t@t,) , r )  ps(bk,1r) .

4.9. Loeality anil the Bell Inequalities

It is a rvidespreacl belief that a) the Ilell inetlualities ale essentiallv a conseqrrence
of E/B locality, and that b) since rluantunt mechariics does not satisfv the I3I, the
cluantunt rvorld, although macrolocal, is not E/ll local. It shotrlcl be noted, horrever,
that a) 'lr.oulcl be lrue onlv if no other assurnptions than localitv rvere rnacle, thus avoi-
r.ling t]re possibilit;' to blanie the IJI on these other assur]lptions insteall of on the loca-
l i tv assumptiorr.  As a tt iatter of fact, such an arlr l i t ional assrrmptiou is rreeessar.r- iu
orr, ler to be able to clraw'conclusion b). fndeeil ,  this conclusion ]r inges on the nrere
possibi i i t r-  of a real ist interpretat ion of quantum mechanics. l trr i thout such a.n as-
strmption ryrantum mechanics can be intelpreteri, in a completelr- satisfa,ctor'.v .rr'a-r',

as clescribiug a (niacro)local lrorld. Onl; ' for (certain) real ist theories universal val ir , i i tv
of the tsI is derir-able. tr'or this reasoll realism itself, be it either locai or nonlocal realism,
might be the origin of the Rell  inequali t ies.

In his original derivatiou Rell  startet l  from the ir lea that onh-local real isur r i 'oulr l
be l iable to refrrtat ion because he thought that Bohni 's l{ lcl  theorv [10] prol icierl  evi-
r lence of the e-r istence of a noniocal h. r. .  theorv equiralent * ' i th quantum rnechanics.
In our opinion, horvever, ib is tlrrestionable rvhether llohm's theor'1- catr be interpreteri
as a nonlocal h. v. t'heor-v [1]. For this reason tsell's point of cleparture mar. be too
restlictive and nonlocal realism might be refutable as \l'ell. In the folloting this ri.ill be
investigatecl for the real ist interpretat ions introclucecl in sectiotr 2.

E/B localitv crinclition is

( { .3 )
/ J  J \
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l i . r 'Ras ta l l  [ 3 ]  ( r r l so  F i r r c  I l ' J ] l t hc  f o l l o t ' i r r g  t heo rc r l r , i s  ' l e t ' i ve ' l , i t t  a  vo r ' \ ' l t t c i ' l  t l i t r ' :

If the fc'rr EPR, p."fr"dif i i i"r p.tt;@i,br")-, p.tn,(ui,-b't), p^rn@i, bp) anti p.ro'@",' lt,).

.utlr i..o**localitv 1in tire *. ',rr" oi[ i.f ;1, tn"t, t,hc Bell ineclrralit ies at'e ttecessat'r 'atrrI

sufficitr.t for the exi-stence'of a. clrradrivaliate joirrt probabiiitl- rlistributiotr- p(a;, a\,.bv bi.\

rrori"g the EPR p.uuutrit i , l ., as marginats 1r"-Rastall 's proof the observables r/,

./,, d, a,'r l E,are restl ictert to clichotomic obserr-abies havi'g values -1).
-- 

ii ;* regrettable tSat the role plaverl b1' thc localitf iss.e i. Rasball's de.iratio' is

.n,ri.,."a U? tn* question of rrheth'er a clerivation of the BI is possible rvithout the intrn-

rhrction of hidtlen t-ariables [13]. Restricting ourselves to realist theolies as rl iscttsserL

iri sectio.2, i. anv case it is cliar that in Aastall 's derivation no E/B localit l- is pre-

.'"p;;;;;i, i.'e. the'EPR p'obalilities neecl not' satisfv (4.4). N'tice t'hat compatibiiitl'

"iTlS 
no'locality un.l iro..olocalitv, althotrgh rather counterirrtuilive, is not logicallv

i,"p"*itf". Incleei, the conclusio,, ihut the Aspect e-xperirnents [15] pror-e the nort-

tncutity of the quanbum u'orlcl can not be tlrarvtr lvithout the assumptiotr of snch a corll-

patibil i ty.t.--Si-r; 
macrolocalitv is nob at issne in the Bell/EPR problem, lr'e may conclurle fi'on

Rastall 's cierivation that the existence of the jptl pkli,A:j,br,b'S .is t 'he real catrse of the

li. ffr" o"fy rvay E/B localitv coulrl inter{ere rvith this'conclusion rvoulr-l be if it' cotrlcl

be proven tilat tire existe'ce of tne ;p..t is implie4 by E/R localit-v. This s'ili be i.r-esti-

gat'ea in the next, section for the riiiierent interpretatiorrs inbroduced in sect.2.

b. Joint probability Distributions in Dillerent Interpretations of Quantttm Jlechanics

5.1. The Phenomenalist'instrumentalist Interpretation

For completeness we i1cl14e the phenomenalisf/instrumentalist interpreLat'ion iu

orr rc l iscussio in.Since inp(a; ,a ' ,b1r ,b ' )  thevalues of  a; ,a ' i ,b6,anclb l refet  tophenomena

thab shoulcl be combinabll into otr" .ittgl" event, in this interpretation a jpd onll'^rnakes

serrse if d , d' , fr, and, 9' are jointl-v rireasurable. ftt orthorlox interpretations of quatr-

tum mechanics this is hekl to be impossible because of incompatibility of e'g' '& ̂ and
-e/'. Hence, the lll cannot be cleriveil in such interpretations. If the possibility of the

joint measurement of incompatible observables is not excluded in principle ([16-18])

ihe conclusion sho.rlcl be that the experimental results of the joint' measurement of

&, d,, 0, ancl.4' shoulci satisfv the Ri. This rvill be cliscusseci in more detail in a fittttre

publication.

5.2. The 0biectivistic Realisi Interpretatiotr

As far as realist interpretations are collcerner-l rve shoulcl make a riistinction bet$'een

the three r.arieties introciucerl before. From these the objectivistic. realist interpretatto-n

is rlealt rvith i1 the easiest manler. Here, the values u'i, ai, bt , ancl bi are attributecl simul-

taneouslv to the objecb as ploperties of the latter, analogouslv to classical rnechanic:r'l

c1'antitiis, i.e. indepenclent-of ihe measurement situation. This griarantees the eristence

.if a jp,t. i{"r,.., this interpretation is mlecl out bv the RI. This facb does not clepenci

on rvhether the interactioi b"tro.",r the trvo particles in the EPR esperirnent is lliB

local or nonlocal.

5.3. The Contextualistic Realist Interpretation

In the contextualistic realist interpretation a reasotritrg esists (Dieks [19]) pttryor-

ting to exclucle only E/B local theories. The reasoning goes like this:



2::i0

a) lor E/Il local theories. satisfving
t()

gt(tt,;, a';, b1r, b'1)

: I dirrl)." 2().r. ).r) p1@';').r1 p,y(u'i )"t7 po(br ).) p2,(l ' '1 ).2)'
( , ) . 1 )

Thrs jprt hrrs thc four EPl'n probabil it ir:s (-t.3) as its malginals, satis{virrg (-1.' l). Hence,
E/B local theories ale rulerl out b1' the lJI.
b) I:r case of E/l l nonlocalitv (1.1) is not s:r,t isfier1. For this leason the jpd (i.1) canuot
be constmcted, aricl thc BI do not seem to be rlerivable.

From this reasoning, how-ever, it cannob bo cotrclurle,l thab E/R tronlocal theories
are possible. This is so because E/ts locality', although sufficielrt, is not trecessalv for
the existence of a jptl. It is nol, rulerl out that a .jpt.l. <.l i ffelent f lom (5.1), cau be con-
structerl in case of E/B noniocalitv. As a matter of facl, as demotrstraterl b1- Rastall

[13], this is possible (untler the assrrrnption of macrolocali iv) if and onlf if t]re BI are
satisfiecl. Also ttre contertua,listic rea,list interpretation rvotrlrl be rulcd orrt, both in the
E/B local and nonlocal case, bv lhe existence of zr. jpd.

In the above reasoning bhe nonexistence of a jpd hitrges on the nonlocai influence
of one rneaslremelt on the outcome of a rlistanb rncasuremenl per{orrned joinlll-. In
a contextuaiistic reaiist interpretation of quanturn rnechanics, hortever, tve are IeC to
the uonexistence of jpcl 's also for E/B local thcories, if rve take itrto account the in-
fhrence of the nearbv rneasuling instrumenb on the properties of the object, rather
thau the influence of bhe far oue. As a rnatter of fact, this Litter idea is ab the I'erv
basis of cluantum theor;' as entrenchecl b1' Heisenberg's clist,urbance lheorl' of mea-
stu'enretrt [6]. As is rveil knorvn, in this theory, if..d' is ttteasurerl, fhen the incompatible
cluantity'.-el is disturbecl by the interaction rvith tlie measuritrg instrtrmertt. This distur-
bauce ii a local affair, sirmmonecl preciselv to accourit for t'he notresistelrce of jpci's

of t*'o incompatible obserr-ables (1ike position and momentum). Itr Heisenberg's theorv
observables that, are compatible rvibh the one that is actuallv measurerl ale left untlistur-
bed, thus alloting for macrolocalitr'. Hence, on the basis of Hei-setrbe-rg's rlisttrrbance
theorv of measurement rve have

pt,(ai) * plat), ( 5 . 2 )

p;,,(ai) cletioting the distribution of properfl- "s/ Lf. .il' is tnea,sttletl. Sitrce a,tn' jprl of

. { , d ' , f i , a r t e l  3 ' s , o r l J d . i n i p l v a u n i c l u c m a r g i n a l  p ( o i ) , ( 5 . 2 )  i - q i n c o n s i s t e n b r v i t h t h e

existence of one ipcl for al l  EPR experiments. For this I 'easol l  the jpc. l  (4.1) is unphl-sical

in the contextualistic interpreta"tion, and arlv corlscquenccs follori'ing froln it - like

tlie BI - al'e lacking pliysical relevatrce.
lrr the. contextlalistic reaiist irrterpretation rr-e har-e a cliffc'rent jprL of .4, .4', 8,

and.:2' for each of the fot ir  possible EPII mcasurenient -qituation-q. 
' fhtrs, in a krcaL theon-

l'e ltare

.C 2 tneasur-ement:

ptn(at, a' , .  b7., bi) -  I  d2, r i l . ,  o( i ,  i .")  p-1@;, a' ,  ) .r t  p 6\ l ' t ,  b, ).2) ,

C' :Jl nteasvlcmerrt:

p , r , r (u t ,  u ' , ,ba ,b i )  :  !  c l i1 , i l . "2 ( ) , r ,  ) .2 \  p1 , ( , t ; ,  u ' i  ) . t \  p2 lh1 , ,b i  2 r ) -

Comparing (rr. i j) ancl (5.1) it can be seen that (i. i) is a collseLll lence of bhe irrequalitv
of plkr';,a' i ) 'r) awl pt,(ai,a' i L1), lvhi,:h is a purelr' local affair. .^Of 

.n"i ' .", l t is possible'to ,lerive a BI f iom each of t ire jpcl 's l ike (5.3) anci (5.-l) '

In the contextualistic reaiist interpretation, horvever, EPR-n-reasuremetrt outcomes uee,I

not satisfv the BI because the experiurentrrl EPR probabilities are cleriver,i from cliffe-
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(1.1), i t  is pos-*ible to coustntct a jpd accolr l i rrg

( 5 . 3 )

( 5 .  + )
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rent jpcl 's. Lr the irtcclualitv

i(-.18) + <AB',> + <A',B> - <A', B',> i <2,
obtairieel lor an,g/JJ-tneasuremenb from (5.3) (fol r-lichotomic observables haring r-altres

-1), onl.v (lB) has erperimental relevance, <A'B> being tl i ffererti f i 'om the expectation
valrre obtailed in an d'Jl measrrement because of (a.2). Fol this feasolt the jpd (5.3)
is 1ot excllr led on ac-count of the violation of the BI by cluarrtutn mechilnics.

From the reasoning gir.en abor.c it follorvs that the contexbualistic realist interpreta-
tiol of qpanlum rnechanics is nob ruled oub b1- the BI. There is, hon'el-er, anofher
reason nhl- this interpretatiorr is not yerr- attractive. If rve corrsirler the role played
by- the measuring instrument, .rr'e see that it onlv acts as a sonrce of dj-sturbance for the
object svstem. Tire measuremenb outcome being attributed bo the final state of the
object, rather than to t'he measuring instrument, the latter fails to bear out' its intenclecl
task of amplifying microscopic information to the macroscopic (1oma,in of rlirect obser-
vation. In Nhis interpretation informatiorr regarding lhe measuring instruments is not
consiiierecl as relevant. Ifthis rvould be possible, horveter, rvhv then llot leaYe out the
measlEing instrument completelv ?

5.4. The Nonobjeetivistic Roalist lnterpretation

In the nonobjectivistic realist interpretation the rolc of the measuring instrument
is taken more seriouslv. For lhis reason this interpretation seems to be the more appro-
priate one. Taken iu the strict scnse (cf. sect. 2) bhe nonobjectivistic realisl interpreta-
tion is rather analogous to the phenornenalist/inslrumentalist oite, also rvith respect to
the issue crf the BI, the latter applving onlv to the joint meastrrement of rg,ey' ', g,

ar'd 4'.

5.5. The Quasi-objectivistic Realist Interprotation

Jlore interesting for our presenb discussion is bhe cluasi-objectivistic version of notr-
objectivistic realism. Applving tliis interpretatiori to the Bell/EPR-prob1em, rve have
to at t r ibute the four  condi t ional  probabi l i t ies p. . t (a i ' ) . ) .  p .y@' i  ) . \ ,  ps\bet) . \ .  and
pn,(bi 11) to the object, independenfll.- of rvhether the obscrvable is actuailv measurerl
or not. This implies the existence of the jpcl

p(a i ,o ' i ,bub,)  :  I  d ] ,gQ,)  py@;i ) . )  p- t , (u, ' ,  ) t )  p ; ; (br t , ) . )  pr ' (14 ) ) , (D.r)
which rvoulrl be relevant to the erperirnental situation irr l-iricir it is possible to preparc
the object in a dispersionless state 2 in a repeatable rvar-, anrl rneasulc, on each prepara-
tiorr, one of the observables .i l , i l ' ,9, or %' at a time. Then lhe jpcl (t.5) can be ob-
tairred bv repeating the experiment for the clifferent obserr.ables ancl clifferent values
of i, taking care t,hat for each obserr-able bhc c.listlibution o(1") is the same. This proce-
clure is completelv irrdepenclent of the issue of localitr- since each observable is tneasurecl
singlv. Since bhe measuremerlb procechrrc girer-r above cliffers from tll: usual rvay in
which EPR/Bell experiments are carrier.l ouf , $'e neecl trot be lr'olriecl bhat the Bf shoulri
be satis{ied on be}ralf of tire existence of the jpd (o.c). Actualh-, as stresserl b5- cle Baerc
([20, 21]), irr leal esperiments rve do not have sufficient contlol of the objecl systern
to be able to knou't'he dispersionless state it' is prepalerl in. tr-or this reason u-e are not
able to reprocluce the same l, in a clifferent esperirnent, Nhus lacking a necessarv prc-
requisite for tiie comparison of the jpd (5.5) rvith experimental collelations obttr,iner.l
in EPRlike exoeriments.

In case of EJB locality (5.5) reciuces to (5.1). Florn (2.-1), (-1.3) anr.t ({.1) it then fol-
lows that all probabilities pap(ai, b4), etc., of EPR/Belt experiments are marginais of
the same jpd (0.1). It rvould seem, then, that in the quasi-objectiristic interpretation
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t ircsc cxperiments -qhorrl t . l  sat isfv the RI bccarrst:  of E/B iocal i tr- .  As r l isctrsserl  alrcir, lJ-
in scct.4, hr.rt 'ever, s 'c shorrlr l  be arvare of thc fact that, apart frorn local i tr- ,  u'e ir l . ,r
assrrrncrl  the e-xistence of conrl i t iorral protralr i l i t ies l ike p.r(u,;  ) .) ,  ctc.,  sir t isfving (2.1),
thrrs plesupposing the. possibi i i t ,v of prepalirrg t l ie object ir  a r l ispelsionless state'1.
befot 'e rnc'asul irrg observablc.{.  As can be seen f lom the e-\al})plc r l iscrr-qsr:r l  in the ntr-rt
section, i t  is in the spir i t  of quanttrm me(, 'hanics to r loubt this latter plesuppositrorr.
r lui te ir i r- lependentlv of the (non)local i tv question. The norrexistence of thc jpd ( i . i )
or '  (o.;r) coulr l  be r l tre to the impossibi i i rv, rvi thirr the r iomain of appl icat iorr of cluantrrnr
mechanics, to pfepale the object systenl in a r l ispersionless hiclclen rariable state 1..

6. On the Possibilit;, of a Classical Description of Quanturn Systenrs

In this section rve rvill cliscr.rss the Husimi trarrsform [1] of the fi'ee palticle Schr:oriirr-
ger equation, rvith t,he intention to pcr{orm a criticai eramination of the existence: <-,f
concl i t ional probabil i t ies l ike p,,(a;2), that plav such a, prominent role in t ire qunsi-
objectivistic realist, interpretation.

Defining a coherenl state of a one-climensiona] svstem accorriing to

e|u,)pe): (.zts)- r/r esp l-'+# * #1,
the Husimi trarisform of bhe density operator p(f) is definecl as

Q(q, p, t) ,: +(qli],1 s(r) lrli),)
tr'rom the free particle Schrddinger equation rve oblain for (6.2) the evolution equatiou

( 6  1 )

(6.r)

(6.:r)

which is a phase space represenfation of the Schrodinger equatiou ("antinormal orclet'ing
ruie" [22]). Because the states (6.1) constituNe an overcomplete set of states ([23]),
it is clear from the definition (6.2) that, with ,1 : (q, p), Qkt, p, t) salisfies (2.3), for an-v
initial densitv operator p, for all later values of f.

The solut' ion to (6.3) can be obtainerl, analogouslv to (3.9), in the form

Q(q,  p,  t )  :  I  dq '  dp '  p(q ' ,  p ' ,0)  G(Q, e ' ,  p ,  F '  ,  t ) , (  r1.  1)

? o @ , p . t \  |  p  L '  h  i 2  1-t' : 
L- ; ?q 

- 
,F;faolert' n' t) '

G(q ,q ' ,  p ,  p ' . t \  :  
f i t  

dk !  i i l c ; r ' o - t ' )  - i t t p  -p ' t r - i +  r# l -# '1 .  ( ' t i . i r

For trvo noninteracting free particles the formalism can be extendecl accorrling to

P t a
m cllt

Q : Q(Tt' Pr, 4.2, Pz, t),

with solut'ion

(6.  ( l )

QGIv, Pt Qz, Pz' t)

: I aqi dp, dq, dpi p@], pt, Ql, pz, 0) G(r1r, rti, py pl, t) G(q", Qi, pr, p'r, t) .

( 6 ' 7 )

Ib is interesting to note that this solution of a fullJ- quanbum mechanical problem satis-
fies E/B localitv. This conclusion lemains r.alid also if the particles have interacterl
durins t ( 0.

A o f
: - t -

at -L
h  e z  p z A  h  e z  I

,F; e,t rtp, 
- 

; t k- zt * ?q., ?-prle '
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fn orr ler to inr-est igate the nonclassical behrlviorr l  t l iat is p+,,g111i11' to phase space
representatiotrs of r luatrturn mechanics, rve u. i l l  rrori-  cotrsir iel  the ( ir .er:rr 's fulct ir l l  ( f i . ; t)
sotnen'hat tuore closelt-.  I f  (0.-1) is to be interpleterl  a,rralrg4ql-. ly to (2.2), thc ( iree1's
frrnct ion G(,1, q' ,  p, p' ,  t)  shorrlr l  be intet 'pretable as a corrr i i t ional l trobabil i tv p(cl,  p, t  q'  ,
2')  of f i rrr l i rrg the olr ject at I  in (, t , i l  i f  i t  started at f  :  0 i t  (r l  ,p') .  This irnpl ics that,
for anr'  (q' ,  p')  fhe Clreen's furrct ion G(r/,  q' ,  p, p'  ,  t)  shoulr. l  be a nonnegative arrr l  i rr te-
grable frrnct ion of (r l ,  d. This, horvever, is not the case. As fol lows f i 'orrr (r i .2) an(l  ( f j .-1),
G(q,r l ' ,P,P', t)  can be interpreterl  as a continuorrs l inear frrnct ional (r l istr ibtrt iorr) o1
the space of test functions generated b; '  the "goorl" functions (p\ i , , , ,  p,,Ef,)),  S "r.lensitv operator. This space, ho*'ever, cloes not contain the r,lispiisionfree staies
Q(1, p,0) :  d(q - q') 6(p - p') as can be seen by taking

?(?.p.0) :  (2to, top\-r" 'O 
I  n-  r r ]

For this initial couclition t,he solution (6.4) tulns out to rliverse fol
t) 2szmd,ppUi(h. - 2rtoi)l-t/ ' . Hence, for of;<D(2sz;-t thc ,*olution dir.erges if r is
rarge enouglr.

Jlathematicallv speaking tiris result is not unexpectecl, silce the equation (6.3) is
nol a Fokker-Planck equation in the strict sense. As a matter of fact, the operator

{o,p:e- tp ?1,  T:  -  e  !  -  -P-  -q- ,  is  not  a s tochast ic  opelator  sat is fv ingm, ?c1 2szm Aq Ap

(2.8). This comes aborrt because the operator * * not a positir.e clefinite operator
on Z1(R1; Rl) (cf. r 'an Kampen [8]). 

dq dp

Evidentlv, the stochastics of this phase space representation of cluanlum mechanics
does not re'semble the stochastics of classical mechanics, the clifference being cruciallv
representecl b.1' the impossibilitv to attribute, within the domain of quanturn mechanics,
a physical meaning to dispersionfree states. This is at the hearb of the r.lifficulties encorin-
terecl by realist interpretations of quantum mechanics. The problem has its roots alrear\.
in the phvsics of a single particle and is therefore indepenclent of the (non)|,caliti-
question. As seen from ({-i.?) correlations betrveen noninteracting particles can be
treateti in a classical rvav (apart, from the nonclassical behar-iolr oieach particle setla-
rately)' It dcies trot make sense to treat the particle pair classicallv becau-se it rloes iot
make sense to treat each of the single particles classicallv.

7. Conelusions

- We inrestigaterl the reiation bet'ween t,he tsell inequalities, localitv. anrl the eri-stence
of a joirrt probabilitv distribution of four observables, irr rlifferent realist internretations
of quantum mechanics. Conclnsiorrs are stronglv r,lepenclent on the interpretition ihat
is chosen. Thu-*, the objectivistic realist interpretation is rulecl orrt bv the applicabiiitv
of lhe RI to EPR-like experiments. On the other hanrl, the corrtertualistic reil ist i l terl-
pretatiort. also ou the assnmption of E/B tocaiitv, is not affecterl b1. the tsI. It is a1
acceptable interpretatiotr frour tliis latter point of vierv, even thoush it is 1"s. attractir-e
fol other reasons.

The nonobjectiristic realist interpretation, taken in the strict sense, can be comparer.l
rvith the phenomenalist/instlumentalist one, since in both interlretations the BI are
inapplicable to EPR-like e-rperirrrenfs. Because of the cornp,rr.itir-e rveakrress of its
realisb assumptions this kincl of interpretation mav be feit, to be not completelv satis-
factorv to the confirmed realist, rvho, for this reason, mav prefer the cpasi-iobleciivistic
realist inter?retation. fn this latter interpretation the problem of the ,BI is particularly
stubborn. Hou'ever, in recompense iL vields the opportunitv to gain a cle-epe. insighi
into t,he relatir-e insignificance of the issue of localitv comparerl .,i.ith th" peculiariiies
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of the c$rantum stat igt ics of a single pa,rt icle. This result bears out thc iutuit iol  L6at t6e
problem of_quatrtrttr-I mechanics -is rvith the existence of incomptr.tible quantifies, anrl,
hetrce, as aireatlv lemarkecl b; 'Rub [23] the aclcl i t ion to thc irrcornpatiLle pair C,.. i l ' ,
of obse|rables i4 awl '4' 

.that ale cornpatible rvith the former on"J, 
"urr 

onlv colfrrse
the issrre. I t  sec,ms to us thaL this confusion has material izerl .  in the forrn of t l ie local i tr .
problern.

Of coursc', our rcsult is rather negative in the sense thab it repudiates norrlocality
as tite sortr'ce of qrratrturn eorlelations. It r.loes nol provirle for a so]irbion of the problelr
that is diffelent fi'orn a refereuce to the time-honoure<l argument birat a rluantum stafe
cannot be viewecl upotr as a classical ensernble of clispersioiless stateg of the hicliien yari-
able.. It remains completely unclear whether it is 

-possible 
at all to provir.le quantum

sttrtistics $'ith a realist basis, ancl, if so, in rvhat sense the mociels cliscussecl in sect,. 2
should be modified in order to arlive at an acceptable one. Yet, u.e hope that the presenf
c-xposition rvill coutribute to an increase of tho interest for tlre reprJsentation oi quurr-
tum fluctuations in terms of reaiist bheories, at the cost of ail the 

^effort 
that is mai1e in

chasing a nonlocality that is theoret'icalh' illusive anc-l for s,hich there esisbs not a bit
of esperimental eyit lence.
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