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ABSTRACT 

Th* I W M I I dlftrtnct between Einstein locality and EPR locality 
ft •Setateee). rht latter provides a bail* for ettabliihmg the nonlocal 
chancier of o>4at*m theory, whereas tha former doei not. A model 
rtpHMftliftg Hetafctrg't idea ct phytic*] reality ii introduced. It is 
MNrfManatohHk aael belittle: tha objacti, measuring device*, and their 
MVkMaajat a n treated at an Inseparable entity, with, however, macro-
KOpkttty fecallMbk attribute*, Tht EPR principle that no disturbance 
<M propagate fatter than lifht it impoatd without amiumini any struc­
ture Incompatible with orthodox quantum thinking. This locality re-
frirlBMItt render* tht model Incompatible with rudimentary predictions 
«f spaaUm theory. A B»ore general proof not depending on any model 
it alt* given, A rtctnt argument that purports to show that quantum 
Ittwy it compatible with EPR locality it examined. It illustrates the 
\m+jllance of the crucial one-world assumption. Tha significance for 
KtoKt of tha failure of EPS, locality is discussed. 

*A tStWltmWa M Ik* tttltttu MttrtfAiHttl JtaJity **4 QwUim Fomtliim • Proirtctitci on 
sW fUMWaaW AieM fifty Y—tl AfUt lit fPH Ar§*mint, kald at tki Uaivtnity of Urbino, 
fMaw, hat/, Seel, W • Oct. J, 1st*. TMs work was tsppoct^ by tkc Dinctor, OtB« of Entrjy 
Hasant, OS** ft Met U w p sad Natfcar Pkyskt, DivMoa of Hitk Eursjr Pkyrici of the U. S. 
ftsaertsMM ef Kattty aaiar CaaWaei DE-AC0)>TaSF00OM. 
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1. Introduction 

"Einstein locality" has come to mean the Clauser-Home factorisation property 
described in Eq. (1) below. Thus the locality principle used by Einstein, Pgdolsky, 
and Roeen needs another name. Let it be called "EPR locality". 

The immense difference between these two conceptions of locality becomes ap­
parent if we review the argument of EPR. This argument haa two parts. T1M flrtt is 
based on the EPR criterion of physical reality: "If, without in any way dlstarblag 
a system, we can predict with certainty (i.e., with probability unity) the vara* of a 
physical quantity, then there is an element of physical reality corresponding to this 
physical quantity". 

The details of the EPR-Bohm experimental arrangement need not be reviewed 
here, but it involves two spatially separated apacetlme regions R, and Kf. The. 
EPR criterion then allows one to conclude that: 1) if Ai is measured la Ri thea 
the value of A» in Rj wiil be an element of physical reality, and, aHerBativery, t) 
if Bi is measured in R t then the value of B 2 in Rj will be an element of phyelsal 
reality. Thus the first part of the EPR argument yields the disjunctive coKreafe* 
that the value of either A] or Bj in Rj is an element of physical reality, according 
to whether Ai or Bi is measured in Ri, 

The second part of the argument yields the conjunctive conclusion that the 
values of Aj and Bj in R3 are simultaneous elements of reality. The transition kl 
effected by the assertion that the reality or nonreality of quantities pertaining to It* 
cannot depend on what we do in Ri, because the system in Rj is, by sssumptioa, 
not disturbed in any way by our actions in Ri, which is spatially separated from 
R,. 

But if the values of A2 and B, are simultaneous elements of physical reality then 
quantum-mechanical description of physical reality is incomplete, because It cannot 
describe these two values simultanecusly, in the case at hand what* Ai and Bi are 
incompatible physical quantities. 

This quick review of the argument of EPR brings out two essential features: 

1. The locality assumption is expressed - j a local model of reality, but rather 
by a general principle of noncV irbance suggested by the theory of relativity. 

2. Th<- ^rin. Iyw3 used by EPR are prima facia compatible with the priacipks 
of orthodox quantum thinking. They are formulated in terms of tilt ejttantttei 
theoretical idea of what can be predicted with certainty. To the quantum priSAlples 
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it §4M Mly • principle of nondisturbance iu|g«tt«d by the theory of reiativity. 

ffc* file** facia compatibility oC th« EPR assumptions with the principles of 
f lh t l tw tjtsatrtaai ihlakiaf it an essential featur* of the EPR argument. For this 
afgMtWrt waa fcHtadsd ! • have weight in the community of scientists who had ac-
ttpi*4 lb* f lh t fp* o> wtum principle*. Any apparent incompatibility of the EPR 
atStMptWta with orthodox qaaatum prineipiea would be grounds for an immediate 
njcetia* of the CPR arg jment 

Tfc* CieWaar'SoM* factorisation attumption ie that there exiits a set {A} of 
Malt* variaMta fts*h that the probability for obtaining ratultt r, and r, in regions 
M, awl At, Wpacthvly, aajsf coadltloM ai and s> in Ri and R,, respectively, takes 
tbtbtat 

' { ' i , ' i i«l ,«f) - /«l^A)i»(r,!4„A)P(f,;o„A) (1) 

what* ̂ <A) it a aatltlve weight factor, and J*(r<; ai, A) and P(r,;au A) are the prob-
aMMtia* fee abtaiatag rattH* r, and r J t respectively, under conditions (a,, A) and 
|#t, A/f feajpattrvtry, 

Thie Clause* ̂ Horae factorItation property expresses conditions arising from a 
lHal Mattel af takftateplt reality, rather than merely expressing a general locality 
p*fajfalt Mtnttt by the theory of relativity. This model contradicts the principles 
fit trthtdM spaalam thhikiag in two ways: it assumes at the outset the existence 
6f tecaJ mkt+= realities; and It assumes the existence of a set of hidden variables 
that it MScitatty complete to effect a decomposition of the probability function 
\*M • » • of fatloriatd terms. 

The CftjttttKt *Mf a fatterthan-llght connection cannot be deduced directly from 
• fettara af Ctaater Horns factorisation. For any failure of Clauser-Horne factoriza-
im CM tjata reasonably be attributed to a failure of features of the Clauser-Home 
•Miti that directly contradict quantum thinking. It must be stressed that a failure 
•f the Htm af microscopic realism that underlies the Clauser-florne property does 
Ml attaU a failtm of the general idea of physical realism that underlies the scientific 
w*fM view; M retreat to Idealism or subjectivism is required. This is made clear 
•y lha ••del ctaaldorii ia the following taction. 

The hitHM, the*., of "Elneteln locality* does not entail the existence of a faster-
tfca* figM ceaaactlofl. At we art interested primarily in basic assumptions, and 
lh« tawratiaaa that may properly be drawn from them, we shall refrain from using 
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"Einstein locality" even as an intermediate construct. 

The purpose of the EPR argument was to say something about "physical re­
ality". Consequently, the EPR assumptions necessarily had to involve "physical 
reality". Locality was, for EPR, not the focal point: it merely provided acctM to 
"physical reality". 

This involvement with "physical reality" provided the flaw that was the basil 
of Bohr's criticism. Bohr noted, in effect, that the potential physical realities In­
troduced by EPR, on the basis of their criterion of physical reality, namely the 
quantities measurable in Ri that could be predicted with certainty from results of 
experiments performed in Ri, are in fact disturbed by the choke of experiment 
made in Ry. what can be predicted with certainty certainty depends on what one 
decides to do in JJj. Thus even though the "system" in Ri is not disturbed by what 
is done in Rlt nevertheless the "physical realities" defined by the EPR criterion are 
disturbed. 

In order to confront to locality issue, without being derailed by the extraneous 
issue of "physical reality", we shall separate the EPR principle of nondkturbanca 
first from all reality assumptions alien to orthodox quantum thinking, and even­
tually from all reality assumptions except a crucial one-world assumption and an 
assumption of effectively free choice of experiments. 

The initial development is based on a formalization of Heiaenberg'i conception of 
physical reality. In this connection it is useful to distinguish the lirkl Copenhagen 
interpretations from the informal Copenhagen interpretation. In both interpreta­
tions the quantum formalism is interpreted merely as a tool for making prediction 
pertaining to observations obtained under conditions described in terms of the con­
cepts of classical physics. But ir the silki interpretation nothing of all is said about 
any reality other than our observations, whereas in the informal Interpretation one 
accepts the common sense idea that the commonality in the observations of the com­
munity of communicating observers corresponds to a macroscopic reality that exists 
independently of these observations and can be described, at least approximately, 
in terms of the concepts of classical physics. 

This informal idea was discussed by Heisenberg, and the concrete model In­
troduced below is a formalization of Heisenberg's ideas. Bohr used more cautious 
phrasings, but von Weizsocker informs me that Heisenberg's ideas are in general 
concordance with those of Bohr. 
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1, HetwUfg-typa M*W of ftaaUty 
fJaitMaarfjtl, In hit 10M book "Physic* and Philosophy", in the chapter on 

|J|« ClimllMMI latarpfetatloa, speak* of a traiMition from the "possible" to the 
• •maT, »#**** tkat; 

fit* traaaBloa from the "poaslble" to the •actual* takes place ai 
H M a* Ike interaction of the object with the measuring device, and 
tfceteky with, the feat of the world, ha* com* into play; it ii not connected 
wHa tk* act of registration of the ratult in the mind of the observer. 
Th* diacoatlnaoa* change of the probability function, however, take* 
place with the act of registration, because it i* the discontinuou* chance 
in e*r knowledge in the instant recognition that ha* its image in the 
dkceali—m ckaag* !• the probability function. 

MekMUhefg'* aaptkatloa of the Copenhagen interpretation distinguishes sharply 
•atWIM wk*» hapataa pkytkaUy during the act of measurement, namely the oc-
i t M K f af a tJMKMtvMt that represenU a transition of "possible" to •actual'', 
mi whs* happms In tk« quantum theoretical description, which, according to the 
glpiUJmw Interpretation, must be retarded merely as a tool that ecientists use to 
Make prtelklloM pertaining to phenomena appearing under conditions described in 
lersa af claaakal coacept*. As regards what happens physically, the essential point 
'w thai Ike act of measurement Involves a thoiet. This choice picks the actual from 
*M0«t what kad p/tvlouely been mere poeslbilities: the choice renders fixed and 
Mtltai taetlklflg that had prior to the choice been undetermined. 

if *i *»4 r, represent tha results or value* appearing in Rt and R,, respectively, 
tfca* the aMcretvMt can be represented schematically a* 

Indatnltef/, ,r,) -• (r.fe, d), r,(c, d)), 

where) < raaftwatt a choke that determines which experiments are performed, and d 
npmmit a vala* that either i* determined, or can be considered to be determined, 
faJiptaJialry of the choke e. On* can write d = [<t, <f), where d* is strictly 
ft*4titfmin*4, aad a" It any stochastic choke that can be separated from the 
t%m* af e. 

Tk* <kok* f represent* the choke of experiment. Two preliminary assumptions 
a « list that * ha* the form t » (ci, «»), where c\ and et represent the choices of 
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experiment in R\ and Aj, respectively, and second that that* two chokes can be 
regarded as independent free variables. They are regaidad as localised causae. 

The variable d can thus be assumed to represent the determiniatk and stoduatk 
quantities that characterize the entire unified and holistic universe, apart from two 
tiny stochastic disturbances, ct and cJt localixable in Ai and At, respectively, that 
eventually become amplified in ways that fix the experiments performed la Ai aad 
Rz, respectively. 

There are at least a continuum of ways of choosing an experiment that maaaaiw 
a given observable. Thus the number JV,- of elements in tha range of Cj is aawmad 
to be infinite. Let OJ(CJ), j = 1 or 2, be the observable corresponding to the choke 
Cj. It is assumed that c, cannot be written in the form c, * (Oj, ej). 

If, contrary to the above assumptions, Nt and Nj war* both aqua] to two, 
and Cj = Oj for j = 1 and 2, and if (Twere absent, then our modal would be a 
deterministic hidden variable theory: for any fixed d = & the values (r t l rt) for 
all four alternative possible choices of the pair of observabke (Oi, Oj) would be 
predetermined by the pair of functions ri(c, d) and rj(c, d). If tf Oj, and af won 
present, then the results (n, r2) for all four cases would not be predetermined, but 
they would be (^determined: the values of (ri, rt) for all four alternative possible 
choices of observables would be fixed by the fixing of d", and hence counterfactaal 
definiteness would hold, (i.e., definite values would be associated with all four 
observables, only one of which can be measured). However, in our case Nj m oo tha 
fixing of d alone does not fix the value of (n, rt) for any of the four alternatives 
possible cases. And the fixing of both c and d fixes the value only of the observable 
that is measured: the values of the other three observables remain indefinite. Thus 
the model does not entail counterfactual definiteness. 

The model described above goes beyond orthodox quantum theory because It 
tries to represent what happens physically during the act of measurement, rather 
than merely providing a tool for making predictions pertaining to observations 
appearing under classically described conditions. Nevertheless, tha modal k not 
incompatible with orthodox quantum thinking. It entails neither predetermlnlsm, 
nor counterfactual definiteness, nor any concept of reality that contradicts quantum 
ideas. Rather, it formalizes Heisenberg's idea of what happens phylkally during 
the act of measurement. 

6 



1. 1 M locality 

Iht Cf R Mia of locality [2| ia fiat a mere change in the choice of the experiment 
ptr f i f td ia MM figlm cannot disturb evintt in the spatially separated region. For 
My tttdt diettfrbaiKe would represent u faeter-than-Jight influence. This locality 
(MidiUM >* itptmtniti by the conditions fi(e, d) - n(ei, d) and r2(e, d) = 
?iUi, d): IK* result produced In >?i is independent of the choice of experiment 
m*4t ia M,, and vice vewa. 

f« 1M (Mi ike nodal let a probability measure nt be assigned to c„ for i = 1 
afid t. tupytM that for each region Rj either choice of observable is equally likely. 
Tim i», fef > * 1 aad J, lei 

M*ii OiW - oj) - M'f, oM) - oj) = i/2, 

*h*ft 0} aad OJ are the two poaalbla chokes of obaervable in region Rj. 

TMa —dil, pfior to adding the locality condition!, ia compatible with both 
ftlndeH. qasstlaaa thtakiag asd all the predictions of quantum theory. But the 
adeXit tf tfca facility condition renders it Incompatible with rudimentary predic-
tiMe) «f a/tartaa theory. To show this one may Brat note that if c(ru n) is the 
•Nt i temiatiaa function [1] 

«(fi, r»)« - J 3 r « r * 

(wfctfer^ s i l l , and it iatha number of pairaof particles in the run), and e(Ou Ot) 
sf ItM quutWB theoretical expectation value of cfatr,) in experiments that measure 
(0i, ,0t), mi 0(4} k the weight function for d, then the quantity 

^ „ r < , o „ 0 > ) S

( , ( r - r > ) ; . , y , ' 0 ' ) ) 1 
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has expectation vaiue 

< A > = E £i(n(ei, d), r,(c,, d), 0,(ci), 0,(cj)) x Mi(ci)Ml(c»)p(<Q 
ei,ca,4 

E A( r<. r»> ° ' . °») x E M«i) 
{ouo^,rm4i {'i;'i{=i,<)»pi,o,{<i)»Oi} 
x E Mifa) X p{d) 

{ « ; f j (« j . ' ) » ' j .Oa(<3)=Oj> 

= E E Mn, rj, Oi, 0,)tt>,(ri,01,d)u;„(r,10,,<i)»(if) 

= E (A(ri,ri,Oi,o;) + A(r;,rJ,Oi,o;) 

+ A(rJ, ri, Of, OJ) + A(r?, rj, Oj.Oj)) X p(d) 

x4Mr'i>0>1,d)wl{T>l,0>l,d)wt(t>i,<yi,d)wt{rS, <%, d) 

= E ( A ( 0 . ) + A(<3,) + A(Q,) + A(<?4))«»(0, <Qp(<0, 

where 

Q s (Q„ <?j, Qs, Qt] 

= [ « » ) . »i(Q), 0'„ OJ), « « ? ) , rJ(Q), 0»„ Ofl, 

WW), *i(«). oi. oi). MW).»!W), ©I. oj)l 
is a local quartet, and £ 0 tv(Q, d) = 1/4, tv(Q, d) > 0. 

The essential point here is that in the last line of the expression (2) for < A > 
there is a sum aver every possible local quartet Q, and for each local quartet Q 
there is a sum over the contribution to A from each of the four members of this 
local quartet. In this second sum all four terms have equal weight. 

These local quartets are the same combinations that occur in a local determinis­
tic hidden variable theory. And the final line of Eq. (2) is the same expression that 
would appear in that case. In that case the grouping together, with equal weight, of 
the four members of each local quartet is a consequence of the assumption of equal 
weights for each of the four possible choices of (O t, O,) coupled with the property 
(entailed by "determinism") of counter factual definiteneet: i.e., for each 4 (there 
called A) the results of ail four possible experiments are simultaneously specified. 
In the present model there is no counterfactual definiteness, or any sinking out of 
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pnklft4 quartet*. But th« EPR nondisturbam-e condition has, by itself, allowed 
m to netec* Ike expression let < A > to the form that occurs in the deterministic 
tut.-

Tl* iawpatibility °f ^> W w l , B *** •***>»tJeal predictions of quantum theory 
If tot? to tMW. Tk* observable* O,, Of, OJ, and OJ are chosen to be a very "bad" 
Ml (ltt|* violation of Bell Inequalities). Then it can be shown (3] that every local 
ejaattot Q fcto at ttait em member <?< such that A(Q<) > 10"* x n 1 ". But then 
!#, (J) ifcorn that < A > must tend to Infinity as s tends to infinity. On the other 
bMi« ajMfttaaa theory predicts that < A > tends to a number that is of the order 
•fttaity. 

T M ak*w* r«.' if differs from all previous proofs of nonlocality based on hidden 
vlrtoktoj by Ik,' fail that It does not introduce the assumption that the degrees 
• i fcllllsl of Ike object plus devices plus environment can be represented in the 
lum A = (X',Ot, Ot). This usual form, in whkh the observables Ot and 0 2 

eft imlafet M W»a#ate variables, is unrealistic because in practice many degrees 
•f hisd*!* 4if«r to Ik* two dlffefeat experimental situations, for any practical 
(k*k* #f wtobtoj. Moreover, the independent and loealizaMe free chokes are more 
fMUMiry sMfibaW* to tiny systems that stand apart from the devices, so that 
Ik* fMtoktoi system t4 objects plus devices plus environment, minus these two 
ttoy ditlHbtog systems, « u be regarded as a single unified organic entity that 
•Metac* sMCfOKopk event* in the two regions, subject only to the demand that 
Ike eft*(l* of Ik* two disturbances propagate no faster than light. Finally, if one 
McM** to A alto Ik* random variables whose eventual fixing fixes the result that 
•veMMHy aopiw, then the assumption X = (A', Ot, Ot) would allow one to 
iaeftot Ifcai A' could be held fixed as Ot and O, are changed. This would permit 
am to specify ttowhaMoi*ly the result* that would oceur under each of the four 
siHfMlSi* possible choke* of (O,, 0 ,) , contrary to the orthodox ideas of quantum 
tk*Ofy 

Tk# •roof given above shows that neither determinism, nor counterfactuai def-
toitoMW, Mr any idea of reality incompatible with orthodox quantum thinking 
Metf fc« misMil in order to prove the incompatibility of rudimentary predictions 
•f ftMtwa tkcery with the EPR idea that no influence can propagate faster than 
H|kL 

Th* M M wed above i* a formaliiation of Heisenberg's ideas about physical 
ftuHty. However, no assumption of any external physical reality is actually required. 
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For the results n and r2 can be reinterpreted as representations of certain common 
features of "our observations". 

The model is expressed it terms of certain "hidden variables". But the hidden 
variables d represent simply all c; the deterministic and stochastic quantitites that 
characterize the unified organic world. They are not used to provide the basis 
for a special factorization structure that reflects ideas of separation, division, or 
microscopic structure. 

An important role of the hidden variables in this model is to enforce, in a concrete 
form, a crucial uniqueness assumption. This uniqueness (or one-world) assumption 
demands that for each of the four alternative possible sets of observable* (0», 0») 
some unique, though possibly nonpredetermined, result (n, rt) will be produced jf 
that set of observables is chosen. (No results are initially specified far the observable* 
that are not chosen.) This one-world assumption is necessary because many-worlds 
theories are known to be compatible with EPR locality [4]. 

4. Elimination of Hidden Variables 

An important role of hidden variables in the model described above is to enforce 
the crucial uniqueness requirement. But this requirement can be enforced, instead, 
by limiting the set of conceivable possibilities. Then hidden variables are not needed. 
This alternative approach [3] is briefly described in this section. 

There are four alternative possible choices of observables: (0J, OJ), (O*,, OJ), 
(OJ, OJ), and (OJ, OJ). Our interest is in theories that reproduce the (rudimen­
tary) predictions of quantum theory. Quantum theory gives (rudimentary) predic­
tions for all of the four alternative possible cases listed above. Thus the requirement 
of agreement with predictions of quantum theory imposes one condition on the the­
ory for each of the four alternative possible cases, even though only one of these 
four alternative possibilities can be realized physically. 

The EPR argument [2] is based essentially upon an assumption that annlfad 
to our case becomes: if 0\ were chosen in Rt then some unique result would be 
produced in Rit and that result, whatever it turns out to be, cannot be In any 
way disturbed by the choice between 0\ and OJ made in At; and if, alternatively, 
OJ were chosen in Ri then some unique result would be produced In Si, and that 
result, whatever it turns out to be, cannot be in any way disturbed by the choke 
between 0'2 and OJ made in Ri. 

If the theory under consideration is deterministic, or entails counterfactua] def-
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ijlllum, tton the phrase "cannot b« in any way disturbed by" can be replaced by 
"mass to independent of*. However, if the theory ia nondeterministic and does not 
MlsJI MHalnrfactual deiniteness, and , moreover, unlike the model considered in 
twlwr fWltoM, does not explicitly exhibit the random variables whose fixing fixes 
Ike feeaiie produced under the various conditions, then the theory itself lacks suf-
l<t*M Ml%Hm to enforce the requirement that the result produced in Rt, under 
either of Ito condition* that might be set up there, rnuilfce. independent of the 
(tok* of Of in M$, However, ia these more general cases one can inquire whether 
Ike tendrlioa* imposed on the theory at least IUQW. the possibility that the result 
ntodmd kl etca region suM to independent of the choice made in the other region. 

Tto Irtt condition imposed on the theory is that it reproduce the statistical 
tntktitM of quantum theory tot each of the four alternative possible choices of 
(Oi, 0%). Tto ttcoad condition le tto uniqueness (or one-world) assumption, which 
Ibaiti Ito tmuilvnhk possible results under any condition (Ou 0}) to some unique 
Me) of ito (9")* possible values of (n, r,). The locality condition links the possi-
MNiel far what um to produced under tto alternative possible conditions. When 
i l few aHewatlve postibllHtee for (Ou 0») are considered the uniqueness condition 
ttmM* tto conceivable possible results to the (T)ut conceivable possible quartets 
of tawns. TW» set of quartets includes every conceivable combinatbn of possible 
rewhe far Ito few ahenallva possible choices of (Olt O,). 

Quantum Ihllfy predict* that if tto observable ( 0 l t <?,) were to be measured 
Ito* Ito prttoWttty that tto correlation function <(r,, r,) defined earlier would sat-
n»> («(f|, n ) - qOt,Ot)\ > tor* tends to aero as n, the number of pairs, tends to 
inssajtf. t w a eltto few members Q« of each of the 2*" conceivable quartets Q repre­
sent* • tesjltifhli passible result that tto experiment could have if the correspond­
ing *.ii«wfch(Oi, 0 | ) were to be measured. Thus the requirement of compatibility 
«Hk Ito pndktioM of quantum theory, in the large n limit, restricts the set of al­
lowed mafias Q |« tto set QM denned by imposing |c(r,, r3) - z(O t, 0 , ) | < i<r J 

M each *f tto few element Q, otQ. Oa the other hand, the condition that the 
€M«IWtll •oseibllltlee to restricted to those in which the results in each region are 
independent of tto choice of observable measured in the other region restricts the 
Ml art of 9** quartets Q to tto set LOC consisting of the local quartets described 
•if Her. However, a slight generalisation of the argument of [3] shows that 

LOCftQM = EMPTY SET: 

11 



the intersection of LOC and QM is void. That is, the constraints imposed by th« 
requirement of compatibility with quantum theory exclude the possibility that the 
results in each region could be independent of the choice of experiment made in the 
other region. 

5. Discussion of a Counter-Claim 

It has recently been claimed [5,6] that there is in fact no conflict between quan­
tum theory and EPR locality. In the argument leading to this claim on* it ant 
asked to imagine that one of the choices of (Olt Oj), say (C,, OJ), has been mad* 
and that some definite result, say (r[, r£), has been produced. On* it then asked to 
invent possible results corresponding to the three other values (Oi,0|). Th«M In­
vented results are supposed to represent possibilities for what might havs occurred 
if the other choices has been made, and they are required to conform to the locality 
conditions. 

These locality conditions are applied in various prescribed orders. The "order" 
involved in this construction is the order in which one imagines making changes from 
the assumed actual situation (0'lt 0'2). Thus the sequence (C,, OJ) -» (OJ, Oj) -» 
(OJ.OJ) corresponds to first making th- change O", -» OJ in Rit and then making 
the change 0\ -+ OJ in Rt. But the sequence (OJ, Oj)-»(OJ, OJ) -* (OJ, OJ) 
corresponds to first making the change OJ -• OJ in Rt, and then making the 
change C\ -» OJ in fl,. 

These two changes are made in spatially separated regions. According to the 
ideas of relativity theory the order in which one imagines changes to be made In 
spatially separated regions has no physical signifcance. But the argumen'. in th* 
cited references depends en making the invented results corresponding to (OJ OJ) 
depend upon the order in vrhich these changes in spatially separated regions are 
imagined to occur. 

The essential feature of this argument is that it leads to a doubling of th* results 
produced under conditions (OJ, OJ): one violates the uniqueness requirement that 
for any one of the four possible choices of (Oi, Oj) some unique result (rt, r8) 
would be produced if that choice were to be made. Instead, one requires that at 
least two results, (r I t r,) a and (r t, r2)», be produced under conditions (OJ, OJ). 

It is easy to show that with a two-sheeted covering of the base space 

((Ol, Oi), (01, OJ), (Oj, Oi), (OJ, OJ)), 
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MM! a corresponding special interpretation of what one will then mean by the EPR 
krfilily condition, 0M can Indeed reconcile (this extended idea of) EPR locality with 
th« s!*l«sik*J predictions of quantum theory, for the eyitem under consideration 
twit.- Tfcfe way of evading the conflict between quantum theory and (the modified 
VffstM of) IPR locality emphasises the importance of the uniqueness (or one-
w#rU) iMMMption, The importance of this assumption was strongly stressed in (3j, 
and every previous work of this author on the subject. 

7fee logical dietinction between this crucial uniqueness assumption and the as-
•WptstM of determinism or counterfactual dcfinitenees is illustrated by the model 
distasted hi the earlier settles*. 

ft. flaTstlcaace of the) Noatoeal Character of Quantum Theory. 

TlW ttgatfcaaee of the lacompetlbllity of "Einstein locality" with the predictions 
ef qeealMts liMOfy le evident: the quantum predictions cannot be reproduced by any 
tslt/SMtti • t i l t Of reality that entails the Clauser-Horne factorization property. 
TMt tsttlaslsn It completely is line with orthodox quantum thinking, which enjoins 
at »• reject the Ma* of a talcrolocal reality. In itt pL:e orthodox thinking, at 
teat* ** tlw Lrf l f ll level, saajull that objective reality is built upon myriads of 
•tUlWMH which, fMftg from a sea of micro-level potentialities, create or actualize 
aitfihtttat thai weave tegllhir to form the fabric of a macroscopic spacetime reality 
that It dstcrihsttt (a terms of the coacepu of classical physics. 

Behr't taaitUaet oa the holistic aspect of quantum phenomena contains perhaps 
ajready the legasillot that the dynamics of the generations of macroevents cannot 
t* retarded to be as a strictly local process. This genera! suggestion is given specific 
fern by the appropriately generalised work of Bell, which shows, as exhibited by the 
tmu*'« d—anttfatlon given above, that even the rejection of microscopic reality 
and adherence to quantum precepts is not sufficient to reconcile the dynamics of 
tjacroavtal ftMraiioa with the EPR principle of nondisturbance suggested by the 
theory of relativity, 

h awM be strongly emphasised that EPR loca'ity is not an actual consequence of 
Ifee theory of relativity. The bask demand of the theory of relativity is covariance, 
whit* pert*}**, Strictly speaking, to deterministic systems that are well defined 
•wee til of spacetime. The failure of EPR locality does not jeopardize covariance. 
Um dot* it Jeopardise relattvietic quantum field theory, which is constructed to 
«M*ff thai itt predictions do not depend either on the frame of reference, or upon 
the dfdef in whkh one imagines performing measurements in spacelike separated 
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regions. Moreover, in spite of the failure of EPR locality, no signal can be sent 
faster than light by any system adequately described by quantum theory. 

This last-mentioned property arises from the fact that the quantum-theoretical 
probabilities in one region are independent of the choice of experiment made In a 
spatially separated region. This nondependence of the quantum probability In one 
region upon the choice made in a spatially separated region suggests that quantum 
theory should also at least allow the possibility that the individual macroscopic 
events in one region SOJIM be independent of the choice of experiment mad* in the 
spatially separated region. But this conceivable possibility is precisely what if lot 
allowed by quantum theory, or by any theory that makes the same predictions M 
quantum theory in the correlation experiment* under consideration her* [3]. 

To assess the significance of this result one must recognise that one if consid­
ering here the logical possibility of a theoretical nondependence of the generatloa 
of macroevents in one region upon a choice, made in th* other region, between two 
experiments only one of which can actually be performed. Indeed, the entire EP* 
discussion was based squarely on the consideration of chokes between alternative 
possibilities. This means, however, that the analysis and its conclusions pertains 
to hypothetical situations. In the words of Wheeler they refer to a "never-never 
land". 

This "never-never-land" quality entitles most physicists to be relatively compla­
cent about Bell-type nonlocality properties. The failure of "Einstein locality" caa 
be reasonably attributed to the failure of an overly-classical concept of microscopic 
reality. This failure of microrealism does not jeopardise* th* general idea of sclea-
tific realism, for one can fall back to the position that ordinary idea* about reality 
apply only at the macroscopic level. On the other hand, GPR locality involve* no 
assumptions about microscopic realities. But it pertains to "never-never land*. 

To go beyond this serene point of view one must consider th* purpose of th* 
whole enterprise of examining the EPR-Bell arguments. The purpose, in nqr vttw, 
to give guidance in the search for theories that subsume contemporary quantum 
theory but have greater scope. The scope of contemporary quantum theory 1* lim­
ited in various ways. It deals with situations that can be idealised by cofMkbrUtg 
the world to be separated into two parts one of which can be described quantum 
mechanically, and the other of which can be described classically. H deal* with 
phenomena that are closed by an "irreversible" act of amplification. And it deals 
with phenomena in which the possible results are characterised by answer* to a 
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rf«ft*m#r»blt set of question* defined by well-separated responses of measuring de-
*k*». Mawtvef, moat processes occurring in nature do not conform to these special 
ce#4ii)en* So a basic question for science is whether a more general theoretical 
Mtntltm twi b* found that reduce* to quantum theory under impropriate special 
t iwiwlMt i t , but provide* also some understanding of more general processes. To 
fc« Mint Me thl* uadefitaadiag must be testable, but the tests might not be of the 
iia«i tkat a n possible in atomic physics. 

fa la« March for such theories we are concerned with theoretical structures that 
include at feduc* la appropriate limit* to quantum theory. Quantum theory, con-
liaartsl t* a la—rllkal structure, I* a conjunction of predictions for the alternative 
•(HsJtit <*•**. Tin* H lt, *i, st, and Xt a n the four alternative possible cases, 
*»** %U Mi Mi a*d Vt *w tha corresponding predictions, then quantum theory, 
mbiettd to ihk shuatioa, is "If xi then v," and "If x, then y," and "If z , then 
ja>* a*4 "M •« tkas j ^ " , b tka analysis of theoretical structure this whole struc-
larc it ftJavaat: w« task theoretical structures that contain this entire conjunctive 
rtftitlBft, i.#,, that eoataia th* pfadktlont of quantum theory for each of the four 
alwiatir* pnaslkl* case*. Bat the structure of the whole set of predictions is such 
that it teat a«t allow the possibility that the results in each region could be inde-
*Md«al*/tk«ctrtk«aiad*ffl the other region. This means that in the construction 
«f tlM nsor* ftacr al theory oo* caanot allow the processes of macroevent generation 
H Tlfitai tpacetua* fagloa* to be completely independent of chokes of experiments 
wait l l tpailatty separated region*. Consequently, the search for more comprehen­
d s paytkal theories can b«, aad moat be, restricted to theories that violate a 
ttapjt locality coadHloa. This locality condition is expressible strictly in terms of 
•atmcapfct *jVs*riHle*, aad it based on no assumptions at all concerning micro-
«epk euWtmtete. It oprtttt* the ld«a, suggested by the theory of relativity, 
that a* dariarbanc* can propagate fatter than Mght. 
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