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ABSTRACT

Thi immense difference betwean Einstein locality and EPR locality
s discussed. The latter provides a basts for establishing the nonloeal
charactor of quanium theory, whereaa the former does not. A model
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1. Introduction

“Einstein locality” has come to mean the Clauser-Horne factorisation propecty
described in Eq. (1) below. Thus the locality principle used by Einatein, Podolaky,
and Rosen 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 has two parts. The first is
based on the EPR criterion of physical reality: *If, without in any way diaturbing
a system, we can predict with certainty (i.e., with probability unity) the value of &
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 invoives two spatially separated spacetime regions Ry and Ry, The
EPR criterion then allows one to conclude that: 1) if A; is messured in R; thea
the value of Az in Ry wiil be an element of physical reality, and, alternatively, 3)
if B; is measured in R, then the value of B; in R; will be an slement of physisal
reafity. Thus the first part of the EPR argument yields the disjunctive conclusion
that the value of either A; or B; in R; is an element of physical reality, according
to whether A, or B, is measured in R;.

The second part of the argument yields the conjunctive conclusion that the
values of A; and B; in R; are simultaneous elements of reality. The tranaition is
effected by the assertion that the reality or nonreality of quantities pertaining to Ry
cannot depend on what we do in Ry, because the system in Ry is, by sssumptioa,
not disturbed in any way by our actions in R;, which is spatially separated from
Rj.

But if the values of A2 and B; are simultaneous elements of physical reality then
quantum-mechanical description of physical reality is incomplets, becauae it cannot
describe these two values simultanecusly, in the case at hand where A; and B, are
incompatible physical quantities.

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

1. The locality assumption is expressed - ' ., a jocal model of reality, but rather
by a general principle of nond® irbance suggested by the theory of relativity.

2. The nrirciples used by EPR are prima facis compatible with the priaciples

of orthodox quantum thinking. They are formulated in terms of the quantum
theoretical idea of what can be predicted with certainty. To the quantum prisciples
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is sdded only o principle of nondisturbance suggested by the theory of reiativity.

The prims {scie compatibility of the EPR assumptions with the principles of
orthadeu quanium thinking is an essential feature of the EPR argument. For this
gt was intended 1o have weight in ths community of scientists who had ac-
tepted the srihedon g antum principles, Any apparent incompatibility of the EPR
aedmpiions wih orthodox quaatum principles would be grounds for an immediate
tejection of the EPR argument

The Clawser-Hotne factorisation sssumption i that there exists a set {A} of
Ndden variables such that the probability for obtaining results ry and r; in regions
R; aad Ry, reopaciively, under conditions », and a4 in R; and R, respectively, takes
the form

Plrursionon) = [ & p(0)P(ri;e1, )P(rsien, ) )

whare #()) in & pestiive weight factor, and P{r;;a1,)) and P(rs; as, A) are the prob-
shilities for sbtaining resulis r; xnd ry, respectively, under conditions {a,,)) and
(91, 3}, respectively,

This Cluuser-Horne factorisation property expresses conditions arising from a
facal model of micrescopic reality, rather than merely expressing a general locality
priniple suggest by 1he theory of relativity, This model contradicta the principles
of srthedox quantum thinking In two ways: It aseumas at the outset the existence
of igeal micto= realitien; and 1t sssumes the existence of & set of hidden variables
thad is suBiciently complete to eflect & decomposition of the probability function
iate & vum of faciotised terma.

The exietence of a faster-than-light connection cannot be deduced directly from
a {silure of Clavser-Horne factorisation. For any failure of Clauser—Horne factoriza-
(on can mete reasonably be attributed to a failure of features of the Clauser-Horne
madel 1hat direcily coniradict quantum thinking. It must be stressed that a failure
of 1he idea of microscopic reatism that underlles the Clauser~Horne property does
wod eniall a fallure of the general Idea of phyaical realiem that underlies the scientific
world view: Ao retreat to [dealism of subjectivism is required. This is made clear
by Ve model conelderad in the following section.

The fallute, then, of “Einstein locality® does not entail the existence of a faster-
than-light consection. As we are interested primarily in basic assumptions, and
the eonclueions that may propetly 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 waa, for EPR, not the focal point: it merely provided accesa to
“physical reality”.

This involvement with “physical reality” provided the flaw that was the basle
of Bohr’s criticism. Bohr noted, in effect, that the potential phyaical realities in-
troduced by EPR, on the basis of their criterion of physical reality, namely the
quantities measurable in R; that could be predicted with certainty from results of
experiments performed in Ry, are in fact disturbed by the choice of expacitent
made in R;: what can be predicted with certainty certainly depends on what one
decides to do in R;. Thus even though the “systern” in R; is not disturbed by what
is done in Ry, nevertheless the “physical realities” defined by the EPR criterion are
disturbed.

In order to confront to locality insue, without being derailed by the extraneous
issue of “physical reality”, we shall separate the EPR principle of nondisturbance
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 initiai development is based on a formalization of Heisenbery's conception of
physical reality. In this connection it is useful to distinguish the atrict Copenhagen
interpretations from the jgformal 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 gtrict interpretation nothing of all is said about
any reality other than our observationa, whercas in the informal interpratation one
accepts the common sense idea that the commonality in the observations of the com-
munity of communicating observers corresponds to a mairoscople reality that exiats
independently of these observations and can be described, at least approximataly,
in terms of the concepts of classical physica.

This informal idea was discussed by Heisenberg, and the concrete modet In-
troduced below is a formalization of Heisenberg’s ideas, Bohr used more cautious
phrasings, but von Weizsicker informs me that Heisenberg’s ideas are in general
concordance with those of Bohr.



2. Helsenberg-type Model of Reality

Helsenborg]l], in hie 1088 book “Physics and Philosophy”, in the chapter on
the Copenhagon Interpretation, speaks of a transition from the “possible” to the
“setual”. Ne says thot:

the transition from the “possible” to the “sctual® takes place as
soon a8 the interaction of the object with the measuring device, and
thereby with the rest of the world, has come ints play; it is not connected
with the act of regletration of the result in the mind of the observer.
The disconiinwovs change of the probability function, however, takes
place with the act of registration, because it is the discontinuous change
in our knowledge in the instant recognition that has its image in the
discontinuous change in the probability function.

Peinenberg’s explication of the Copenhagen interpretation distinguishes sharply
betwees what happens physkally during the act of measurement, namely the oc-
cwrronce of A macroevent that reprasents a transition of “possible” to “actual”,
and what happons in the quantum theorstical description, which, according to the
Copenhagen inlerpretation, must be regarded metely as a tool that scientists use to
mabe prediciions pertaining to phenomena appearing under conditions described in
terend of cladaical concepty. As regards what hapypens physically, the essential point
is that the st of measurement involves & chosce. This choice picks the actual from
among what had previcusly been mere possibiiities: the choice renders fixed and
sétiied something that had prior to the choice been undetermined.

£ #; and 7y repyesent the resuits or vaiues appearing in Ry and Ry, respectively,
then ihe macioevent can be represented schematically as

indefinite(ry ,rs) = (rie, d), ra(c, d)),

where ¢ reprewents & choice that determines which experiments are performed, and d
reptedenis o value that sither is determined, or can be considered to be determined,
independently of the choice ¢. One can write d = (d&', d"), where &' is strictly
predetermined, and @° i any stochastic choice that can be separated from the
theiee of ¢,

The choice ¢ reprasents the choice of experiment. Two preliminary assumptions
are Kret that ¢ haa the form ¢ = (cy, ¢3), where ¢; and c; represent the choices of



experiment in Ry and Ra, respectively, and second that these two choices can be
regarded as independent free variables. They are regarded as localised causes.

The variable d can thus be assumed to represent the deterministic and stochastic
quantities that characterize the entire unified and holistic universe, apart from two
tiny stochastic disturbances, ¢, and c3, localizable in R; and Ry, respectively, that

eventually become amplified in ways that fix the experimaents performed in R, and
Ry, respectively.

There are at least a continuum of ways of choosing an sxperiment that messurss
a given observable. Thus the number N; of elements in the range of ¢; ls assumed
to be infinite. Let Oy(c;), 5 = 1 or 2, be the observable corresponding to the choica
¢j. It is assumed that ¢; cannot be written in the form ¢; = (0, ¢}).

If, contrary to the above assumptions, N; and Ny were both equal to two,
and ¢; = O; for j = i and 2, and if d"were absent, then our model would be a
deterministic hidden variable theory: for any fixed d = 4' the valuss (r;, ry) for
all four alternative posaible choices of the pair of observables (01, O3) would be
predetermined by the pair of functions ry(c, d) and ry(c, d). If ¢; = O;, and 4" were
present, then the results (ry, r;) for all four cases would not be predetermined, but
they would be codetermined: the values of (r;, r;) for all four alternative possible
choices of observables would be fixed by the fixing of d", and hence counterfactual
definiteness would hold. (i.e., definite values would be associated with all four
observables, only one of which can be measured). Howeer, in our case N; = o0 the
fixing of d alone does not fix the value of (r1, r3) for any of the four alternatives
possible cases. And the fixing of both ¢ and d fixes the valua 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 becauss it
tries to represent what happens physically during the act of messurement, rather
than merely providing a tool for making predictions pertalning to observations
appearing under classically described conditions. Nevertheless, the madel is not
incompatible with orthodox quantum thinking. It entails neither predeterminism,
nor counterfactual definiteness, nor any concept of reality that contradicts quantum
ideas. Rather, it formalizes Heisenberg’s idea of what happens physically during
the act of measurement,



3. EPR Locality

‘The EPR idea of locality [2] is t1at & tare change in the choice of the experiment
perfatmed in one teglon cannot disturb evinty in the spatially separated region. For
any vieh disturbance would reprasent ¢ faster-than-light influence. This locality
eondition i represented by the conditions ri(c, d) = ri(es, d) and ry(e, d) =
ri(es; d): 1he result produced in R, s independent of the choice of experiment
made in Ry, aad vice veraa,

‘Ta A out the model Jet a probability measure 1y be assigned to c;, for 7 = 1
and 7. Suppose that for each region R; elther choice of observable is equally likely.
That o, for =1 and 2, et

#i{es: Ogle)) = 04} = py(ey; O4ley) = OF} = 1/2,

where O, and O] ate the two pomible choices of observable in region R;.

This madel, prior to adding the locality conditions, is compatible with both
orihoden quantum thinking sad all the predictions of quantum theory. But the
sildition of the locality condiilon renders it incompatible with rudimentary predic-
tions of quastam theory, To show this one may first note that if c(ry, r3) is the
woval correlation function (3]

l ”»
e(ry ra) = =3 rurn
{ml

(whetery = & 1, and n fs the number of pairs of particles in the run), and 2(0,, 0;)
is the quantum theoretical expectation value of ¢(r1, 1) in experiments that measure
{04, .04}, and o{d) & the weight function for d, then the quantity

Alri, 79,01, O0) = (el "),:-f/(IOI' )’



has expectation value

<A>= Z A('l(ch d), ra{es, d), Ol(cl), Oi(cz)) X m(c.)m(cg)p(d)

eg,e2.d

= Z A(ry, 12, Oy Og) % Z m(cl)
{01.03.r1,r2.d) {esivzler d)=ry O4(es)=04)
x 2 #a(ea) x p(d)

{ea; ralea d)=r3,05(¢a)=03}

=3 ¥ Ay, Oy Os)un(ry, Oy, d)ws(rs, 01, d)p(d)
(r1,r2) (01,02)d (1)

= Z (A("h’"ivolh 0'1) + A(f'l,f:,O'l,O:)

riorlirhrfd

+A(r, 73, OF, 03) + A(r], 1}, OF,08)) x p(d)

x 4un (r}, 0}, d)wi (r], O, d)wa{rs, 0}, d)w;(r3, Of, d)
= g;(A(ol) + A(Q2) + A(Qs) + A(QW)w(Q, d)p(d),

where

Q=(Q1, @1, Qs, Q4
= [(r3(Q), r3(Q), 01, O)), (r1(Q), r3(Q)s O}, O3),
(-1(Q), 3(Q), 01, 0)), (+1(Q).73(Q), Of, 0})]
is a local quartet, and o w(Q, d) = 1/4, w(Q, d) > 0.

The essential point kere is that in the last line of the expression (3) for < A >
there is a sum over every possible local quartet @, and for each local quartat @
there is a sum over the contribution to A from each of the four mambars 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 determinla-
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 & consequence of the assumption of equal
weights for each of the four possible choices of (O, O;) coupled with the property
(entailed by “determinism”) of counter factual definiteness: i.e., for each d (there
called A) the results of all four possible experiments are simultaneously apacified.
In the present model there is no counterfactual definitenesa, or any singling out of



proferred quartets, But the EPR nondisturbance condition has, by itself, allowed
a# 1o reduce the eupression for < A > to the form that occurs in the deterministic
Cade:

The incompatibility of Eq. (2) with the atatistical predictions of quantum theory
is einy to show. The observables 0}, Of, 03, and Of are chosen to be a very “bad”
st (ladge vielation of Bell inequalities). Then it can be shown (3] that every local
Giariet Q has at least ons member Q; such that A(Q;) 2 1074 x n'/%. But then
4. (1) shows that < A > rauet tend to infinity as n tends to infinity. On the other
hand, quaninm theory predicts that < & > tends to a number that is of the order
of anity.

The abeve r._ A differs from all previous proofs of nonlocality based on hidden
viriablen by 1h: fact that it does not introduce the assumption that the degrees
of frawdom of the cbject plue devicas plus environment can be represented in the
form A = (¥,0,, O5). This usual form, in which the observables O, and O;
ate wwiated 80 separate variables, is unrealistic because in practice many degrees
of frovdom differ in the two different experimental situations, for any practical
thoice of variables. Moreovar, the independant and localizable free choices are more
redsenably ascribable to tiny systems that stand apart from the devices, so that
the combined systam of objects plus deviess plus environment, minus these two
tiny disturhing systems, can be regarded as s single unified organic entity that
jradites mactoscopic svents in the two regions, subject only to the demand that
the affects of the (wo disturbances propagate no faster than light. Finally, if one
inciudes in A aloo ihe random variables whoss eventual fixing fixes the result that
#entuslly appears, then the aseumplion A = (¥, Oy, O;) would allow one to
imagine that A could be held ixed sa O and O, are changed. This would permit
ohe o specily simuitancously the resulls that would oceur under each of the four
- ive possible chelcas of (04, O3), contrary to the orthodox ideas of quantum
tiery.

The proof given above shows that neither determinism, nor counterfactual def-
inivenewn; nor any ides of reality incompatible with orthodox quantum thinking
#ewd b¢ ssumed in order to prove the incompatibility of rudimentary predictions
of quantum theory with the EPR idea that no influence can propagate faster than
Fight:

‘The model weed sbovi ia a formalization of Heisenberg's ideas about physical
teality. However, nc assumption of any external physical reality is actually required.
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For the results r; and r; can be reinterpreted as representations of certain common
features of “our observations”.

The mode! is expressed it terms of certain “hidden variables®. But the hidden
variables d represent simply all ¢} 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, divisioa, oc
microecopic structure,

An important role of the hidden variables in this model is to enforce, in a cencrete
form, a crucial uniquesiess assumption. This uniqueness (or one-world) assumptioa
demands that for each of the four alternative possible sets of cbeervables (01, O;)
some unique, though possibly nonpredetermined, result (ry, ry) will be produced if
that set of observables is chosen. (No results are initially spacified for the obeervables
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 ia 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 nesded.
This alternative approach (3] is briefly described in this section.

There are four alternative possible choices of observables: (0}, 0}), (O}, 0f),
(O}, 03), and (0, Of). Our interest is in theories that reproduce the (rudimea-
tary) predictions of quantum theory. Quantum theory gives (rudlmentary) predic-
tions for all of the four alternative possible cases listed above. Thus the requiremeat
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 thesse
four alternative possibilities can be realized physically.

The EPR argument [2] is based essentially upon an assumption that appiied
to our case becomes: if O} were chosen in R, then some unique result would be
produced in R, and that result, whatever it turns out to be, cannot be in any
way disturbed by the choice between O} and O} made in Rs; and if, alternatively,
O] were chosen in R, then some unique result would be produced in R;. and that
result, whatever it turns out to be, cannot be in any way disturbed by the choice
between O} and O made in R;.

If the theory under consideration is deterministic, or entails counterfactual def-
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inienssn, then the phrase “cannot be in any way disturbed by” can be replaced by
“geaaé e independent of”. However, if the theory is nondeterministic and does not
oniail counteariactual definiteness, and , moreover, unlike the model considered in
siiiier dections, doss not explicitly exhibit the random variables whose fixing fixes
Y rasu. s produced under the various conditions, then the theory itself lacks suf-
Beiemt s470.iture 1o enfotce the requirement that the result produced in Rj, under
sither of the conditions that might be set up there, must be independent of the
thoice of Oy In Ry. Howsver, in thess more general cases one can inquire whether
the conditions imposed on the theory at lesst allow the possibility that the result
preduced ia sach region could be independent of the choice made in the other region.

The st condition imposed on the theory is that it reproduce the siatistical
prediciions of quantum theory for each of the four slternative possible choices of
(O, Oy). The sacond condition is the uniqueness (or one-world) assumption, which
Naite Lhe conceivable possible results under any condition (04, 0) to some unique
oae of the (2*)? poasible values of (ry, rs). The locality condition links the poasi-
bilities for what can be produced under the alternative possible conditions. When
all four aMarnative possibilities for (O, 03) are considercd the uniqueness condition
Hamita the conceivable possible results to the (2°)?*4 conceivable possible quartets
of values. This set of quartets includes every conceivable combination of possible
renults for 1he four alternative possible chokcas of (01, 03).

Quanivm theory predicts that if the observable (O;, O;) were to be measured
than the probability that the correlation function ¢(ry, r3) defined earlier would sat-
ly jt{r1, r2) = #{0;,04)| > 10~? taads 10 2010 as n, the number of pairs, tends to
indaity. Each of the four members Q; of sach of the 2% conceivable quartets Q repre-
senis & concalvable possible result that the expariment could have if the correspond-
ing shasrvable (O, O3) were to be messured. Thus the requirement of compatibility
with (e predictions of quantum theory, in the large n limit, restricts the set of al-
Hm Q o the set QM defined by imposing !C(ﬂ, fj) - 3(01, Oa)‘ < 10-2
on anth of the four slement Q; of Q. On the other hand, the condition that the
doheeivable possibilities be reatricted to those in which the results in each region are
independent of the cholca of observable measured in the other region restricts the
fall set of 2 guariets Q 10 the et LOC consisting of the local quartets described
ourlier. Hownver, & olight generalization of the argument of (3] shows that

LOC\QM = EMPTYSET :
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the intersection of LOC and QM is void. That is, the constraints imposed by the
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 batween quan-
tum theory and EPR locality. In the argument leading to this claim one is first
asked to imagine that one of the choices of (0, Oy), say (O}, O}), has besn made
and that some definite result, say (v}, r3), has been produced. One is then aaked to
invent possible results corresponding to the three other values (01, 0;). These in-
vented results are supposed to represent possibilities for what might have 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 "ordes™
involved in this construction is the order in which one imagines making changes from
the assumed actual situation (0}, 0}). Thus the sequence (O}, 0}) — (0%, O})} ~
(01, 03) corresponds to first making th= change 0} — O] in Ry, and then making
the change O] — Of in R,. But the sequence (0}, 0,)—(0}, 0}) — (0}, O})
corresponds to first making the change O} — Of in R, and then making the
change O] — Of in R;.

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 the
cited references dependa cn making the invented results corresponding to \Of 03)
depend upon the order in vrhich these changes in spatially saparated regions are
imagined to occur.

The essential feature of this argument is that it leads to a doubling of the results
produced under conditions (O}, Of): one violates the uniqueness requirement that
for any one of the four poesible choices of (0;, O3) some unique result (ry, r;)
would be produced if that choice were to be made. Instead, one requires that at
least two results, (ry, r;), and (r1, r3)s, be produced under conditions (Of, 03).

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

(0}, 0Y), (04, 03), (0, 03), (07, %)),
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and & correnponding ipecial interpretation of what one will then mean by the EPR
leeulity condition, one can indeed reconcile (this extended idea of) EPR locality with
the statistical pradictions of quantum theory, for the system under consideration
here. This way of evading the conflict between quantum theory and (the modified
vervion of) EPR locality emphasizes the importance of the uniqueness (or one-
wotld] asssmption. The importance of this assumption was strongly stressed in [3],
and every previous work of this suthor on ths subject.

The logical dietinction between this crucial uniqueness assumption and the as-
semptions of determiniom or counterfactual definiteness s illustrated by the model
discuasad in (he sariler sections.

. Digniicance of the Nomlocal Character of Quantum Theory.

The sigaificance of the incompatibility of *Einstein locality” with the predictions
of guantum theory Is evideat: the quantum predictions cannot be reproduced by any
mictolocal model of reality that entalls the Clauser-Horne factorization property.
This conclusion ia completely 1n line with orthodox quantum thinking, which enjoins
s o relect the idea of a microlocal reality. In its pli:e orthodox thinking, at
feast o the informal level, suggestis that objective reality is built upon myriads of
méireevenis which, tising from & ses of micro-level potentialities, create or actualize
aliribuies thai weave together (0 form the fabric of a macroscopic spacetime reality
that is dascribable in terms of the concepts of classical physics.

Beohr's insistance on the hollstic aspect of quantum phenomena coctains perhaps
already the suggustion that the dynamics of the generations of macroevents cannot
e tegatded to be as & sirictly local process. This general suggestion is given specific
form by the appropriately generalised work of Bell, which shows, as exhibited by the
contte*e demonsiration given sbove, that even the rejoction of microscopic reality
and sdherence 0 quantum precepts is not sufficient to reconcile the dynamics of
maciorveni geseration with the EPR principle of nondisturbance suggested by the
ooy of relativity.

1t must be strongly emphasised that EPR locality is not an actual consequence of
ke theory of relativity. The baalc demand of the theory of relativity is covariance,
whith pertaing, strictly spesking, to deterministic systems that are well defined
&ver all of spaceiime. The failure of EPR locality does not jeopardize covariance.
Nor does it jeopardise relativietic quantum field theory, which is constructed to
ndiite that its predictions do not depend either on the frame of reference, or upon
ke order in which 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 theoty.

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 probabilitiss in one
region upon the choice made in a spatially separated tegion suggests that quantum
theory should also at least allow the possibility that the individual macroscopic
events in one region ¢oyld be independent of the choice of experiment made in the
spatially separated region. But this conceivable possibility is precisely what is not
ailowed by quantum theory, or by any theory that makes the same predictions as
quantum theory in the correlation experiments under consideration here |3].

To assess the significance of this result one must recognize that one is consid-
ering here the logical poesibility of a theoretical nondependence of the generation
of macroevents in one region upon a choice, made in the other region, between two
experiments only one of which can actually be performaed. Indeed, the entire IPR
discussion was based squarely on the consideration of choices between alternative
possibilities. This means, however, that the analysis and its conclusions pertaing
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® can
be reasonably attributed to the failure of an overly—classical concept of microscopie
reality. This failure of microrealism does not jeopardizes the general idea of sclen-
tific realism, for one can fall back to the position that ordinary ideas ;\bout reality
apply only at the macroscopic level. On the other hand, EPR locality involves no
assumptions about microscopic realities. But it pertains to “never-never land®.

To go beyond this serene point of view one must consider the purpose of the
whole enterprise of examining the EPR-Bell arguments. The purpose, in my view,
to give guidance in the search for theories that subsume contemporaty quantum
theory but have greater scope. The scope of contemporary quantum theory s lime
ited in various ways. It deals with situations that can be idealized by considering
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. 1t deals with
phenomena that are closed by an “irreversible” act of amplification. And it deals
with phenomena in which the possible results are characterised by answers to a
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denumersble set of questions defined by well-separated responses of measuring de-
vigew. However, most processes occurring in nature do not conform to these special
eonditions. 80 & baske question for science is whether a more general theoretical
strutture can be found that reduces to quantum theory under srpropriate special
tirsummtanced, but provides aleo some understanding of more general processes. To
e scientifie this understanding must be testable, but the tests might not be of the
kind that aze possible in atomic physics.

In the search for such theotles we are concerned with theoretical structures that
inclide o reduce in appropriate limits to quantum theory. Quantum theory, con-
sidared 80 & theoretical structurs, b a conjunction of predictions for the alternative
possible casen. Thus i 2;, x5, 35, and 7, are the four alternative possible cases,
ad ¥, 11, s, aad g are the corresponding predictions, then quantum theory,
raniticied 1o ihis situation, ls “If 2, then ;" and “If z; then 1" and “If zs then
%" aad “i 2, thea 1", In the analysis of theoretical structure this whole struc-
tare |0 relevani: we sesk theoretical structures that contain this entire conjunctive
skratiure, L.e., that coataln the predictions of quantum theory for each of the four
alternative possible cases. But the structure of the whole set of predictions is such
that H doss not allow the possibility that the results in each region could be inde-
pendeni of the chnice made in the other region. This means that in the construction
of the more general theory one cannot allow the processes of macroevent generation
in various spacetime regions to be completaly independent of choices of experiments
wade in spatially separated regions. Conssquently, the search for more comprehen-
sivc phynical thoories can be, and must be, restricted to theories that violate a
saple locality condition. This locality condition je expressible strictly in terms of
macrestopic quaniiiles, and Io based on no assumptions at all concerning micro-
scepic rabatruciure, It expresses the idea, suggested by the theory of elativity,
that ne disturbance can propagate faster than light.
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