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We are told that no distinction is to be made betwine state of a natural object
and what | know about it, or perhaps better, whedr know about it if | go to
some trouble. Actually — so they say — there isinsically only awareness,
observation, measurement. If through them | haeeyred at a given moment
the best knowledge of the state of the physicatahihat is possibly attainable
in accord with natural laws, then | can turn asidameaninglessany further
guestioning about the “actual state”, inasmuch | @nvinced that no further
observation can extend my knowledge of it. (Schrgei 1935, p. 157)

From those who made [the Copernican] revolutionleegned that the world is

more intelligible when we do not imagine ourselt@be at the centre of it. Does
not quantum theory place observers...us...at the ceifttee picture? There is

indeed much talk of ‘observables’ in quantum thebooks. And from some

popular presentations the general public couldtigetimpression that the very
existence of the cosmos depends on our being bevbserve the observables. |
do not know that this is wrong. | am inclined topbothat we are indeed
important. But | see no evidence that it is sohia success of contemporary
guantum theory. (Bell (2004), p. 170)

Abstract
According to a widespread view, the Bell theoreral@shes the untenability of so-called ‘locallisza’.
On the basis of this view, recent proposals by ke#g@eilinger and others have been developed doapr
to which it can be proved that even some non-leegistic theories have to be ruled out. As a cgueece,
within this view the Bell theorem allows one toadish that no reasonable form of realism, bedalmr
non-local, can be made compatible with the (expeniialy tested) predictions of quantum mechanitshé
present paper it is argued that the Bell theoresndeamonstrably nothing to do with the 'realismdafned
by these authors and that, as a consequenceg¢timgitusions about the foundational significancéhefBell

theorem are unjustified.
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1. Introduction

The question of how we should reshape the notiophgkical reality after the advent of quantum
mechanics continues to hold a central positiorfoundational debates, whereas the startling
advances in experimental physics, and especialtjuantum optics, seem to open up new ways of
addressing the foundational issues in quantum nméchaln particular, the scope of the Bell
theorem and the exact nature of the constraintsescribes for any consistent theory of quantum
phenomena still remain crucial in most discusseren in very recent times.

In the April, 19 2007 issue dfaturean article was published (Groblacher et al (200vj)yhich
a new experimental procedure was proposed fontesin inequality derived within a new class of
theories, callechon-local realistic theoriega class of theories originally introduced in Letig
(2003)). The authors could show that this inequalithich is derivable from the conditions of the
above-mentioned non-local realistic theories, isvatiance with the predictions of quantum
mechanics: since — according to the authors — glttiizorem shows that local realistic theories are
incompatible with quantum mechanics, the conclusib@roblacher et al was that realism cannot
be maintained even in a wide class of theorieshithvthe locality requirement is relaxed.

As will be shown more in detail later, the wholgezprise depends crucially on the claim that
the Bell theorem has within its premidasth locality and a condition called ‘realism’, a cotialn
which is often formulated, even recently, as theaithat physical systems are endowed with certain
pre-existingproperties, namely properties possessed by themsggrior and independently of any
measurement interaction and that determine or nuagribute to determine the measurement
outcomes (Groblacher S. et al (2007), p. 871). Algh it has been clearly shown — from the
original 1964 Bell paper right up to more recergtamces (Maudlin (1996), Norsen (2007)) — that
the Bell theorem does not include any ‘realism’ agas assumptions and that the non-locality
established by the theorem holds &mry theory that preserves quantum-mechanical preditibe
it ‘realistic’ or ‘non-realistic’, there seems te la die-hard tendency to regard the Bell theorem as
result that does not establish non-locality buheathe impossibility of any objective (i.e. obsarv
independent in principle) account of the physicatld; provided quantum mechanics is taken for
granted. As a matter of fact, not only is the ocirraterpretation of the Bell theorem not fully
acknowledged but also complex experimental setimgesigned in important laboratories around
the world, in order to test what appear as theicapbns of a clearly incorrect interpretation bét

Bell theorem. Moreover, such ill-founded interptetas of one of the most relevant results for the



whole field of the foundations of physics are dmsseted — as the Gréblacher S. et al (2007) paper
shows — in the most respected scientific journals.

All this suggests that a re-assessment of the igueststill needed: the present paper is meant to
show how the above-mentioned incorrect interprexadif the Bell theorem leads to carrying out the
pursuit of implausible research programs on thedations of quantum mechanics.

The plan of the paper is the following. In secthwill summarize the main claims contained
in Groblacher et al (2007) and concernimp the role of the so-calletbcal realismin several
versions of the Bell theorem (in fact the claimtbis point represents views expressed implicitly or
explicitly in many other more or less recent pladesseminated in the literature, especially in the
field of the quantum theory of information and cartgtion); (i) the prospects of investigating a
new class of theories — calledn-local realistic theories- as a consequence of the interpretation
attached to the meaning of the Bell theorem acogrdd ). Sections 3 and 4 are devoted to a
critical analysis of such claims: since the lodicdlindamental claim of these authors is that the
Bell theorem is a consequence of assuming locafitrealism, the aim of these sections is to show
in what sense nmdependentrealistic’ assumption plays any role in estallighthe conclusion of
the Bell theorem, either in trarict (Bell (1964)) or in thenon-strictcorrelation framework (Bell
(1971), (1981)). In doing this, two collateral but important paimill be stressed. Firstly, not only
was no ‘realistic’ assumptionde factorequired in the proof of the Bell theorem (eithar
deterministic or in stochastic settings), but dlsat a possible interpretation of ‘realism’ in terof
a pre-existing property assumptias inconsistent with quantum mechanics (Bell (966 matter
whether locality or non-locality are taken into agnt or not (Laudisa (1997)). Second, it will be
stressed that Bell himself was perfectly clear abloe irrelevance of any ‘realistic’ assumption for
the derivation of his theorem (again, both in teéedministic and stochastic setting).

Finally in section 5, on the basis of the conclasidrawn in the preceding sections, | will argue
against the relevance of assessing the compatiiiih quantum mechanics of theories that are
assumed to be non-local and yet realistic in trevalmentioned ill-founded sense. | will also argue
that endorsing such a sort of ‘realism’ leads fiosthe investigation of theories that are totally
irrelevant from the viewpoint of the foundationfsquantum mechanics, and secondly to overlook
theories that are much more significant but whmhviery serious and structural reasons do not fall

under the category of non-local realistic theories.

1| speak here of ‘realism’ in quotation marks psety because the controversial matter is just vithatkes to be
‘realistic’ toward the quantum mechanical descoiptof physical systems.
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2 Ontheroleof local realism in the Bell theorem

The best place to start is with the summary ofsihetion as depicted by Gréblacher et al (2007):

Bell's theorem proves that all hidden-variable tiepbased on the joint assumption of locality and
realism are at variance with the predictions of quanturgspis. Locality prohibits any influences
between events in space-like separated regionde vdalism claims that all measurement outcomes
depend on pre-existing properties of objects that iadependent of the measuremeftie more
refined versions of Bell's theorem By Clauser, Hgr8himony and Holt and by Clauser and Horne
start from the assumptions of local realism andltes inequalities for a set of statistical coatbns
(expectation values), which must be satisfied Hyladal-realistic hidden variable theories. The
inequalities are violated by quantum mechanicatliptions. [...] So far all experiments motivated by
these theorems are in full agreement with quantuedigtions [...] Therefore it is reasonable to

consider the violation of local realism a well &ditshed fact. (p. 871, italics added)

In the authors’ text, the expression ‘Bell’s thentavithout qualification refers to the original 196
formulation by John S. Bell, in which the ideal ekmental setting contemplated the emission of
pairs of spin-1/2 particles prepared at the soumcthe spin singlet state. In this ideal setting th
source state of the joint system prescribestréct anticorrelation between the measurement
outcomes in the two wings of the experimental sgftivhereas the measurement outcomes were
supposed to be associated with spacetime regiahsité space-like separated (Bell (1964)). On the
other hand, in the ‘more refined versions’ of Beltheorem which the text refers to, the strict
anticorrelation requirement is relaxed and thisum paves the way toward an experimentally
feasible test of the Bell inequality (Clauser, flmr Shimony, Holt (1969), Bell (1971), Clauser,
Horne (1974), Bell (1981)). In the Gréblacher e(2007) approach, holding realism amounts to

assuming the following:

REALISMgga. — The physical systems under scrutiny are endomidd pre-existingproperties
that () do not depend essentially on the measurementgatiens the systems themselves may
undergo, ii) determine all the outcomes of possible measuresribat can be performed on the

physical systems.

The two points ij and (i) are reminiscent of the widespread terms ‘Non-€xtoiality’ and
‘Determinism’, respectively. The point)(in particular, seems to presuppose that, inrofolea

theory to be ‘Realistzga’, the pre-existing properties do not depend on theasurement
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interactions in that they are passiveBvealedby the measurements themsel¥eBlearly, the
subscript G& AL’ is meant to refer to the Groblacher et al (20@rnulation of ‘realism’.

As mentioned above, the idea tlR#ALISMgga. IS an independent condition under which —
jointly with a locality condition — the Bell thearecan be proved is still a widespread idea, that ca
be found formulated in essentially the same tenrseiveral (more or less recent) texts, although in
most of these texts it is far from clear whethex #uthors really assunREALISMgg A, NamMely
both conditionsif and {i) of the above definition or just one of them. s bectures on quantum
theory Chris J. Isham, for instance, claims that in teaal spin correlation framework of the Bell
theorem “the central realist assumption we areng$s$ that each particle has a definite valuelat a
times for any direction of spin” (Isham (1995),245), and after the inequality has been derived we
read (p. 216)

It is important to emphasize that the only assuomstithat have gone into proving [the inequalit@:ar
1. For each particle it is meaningful to talk abthg actual values of the projection of the spongl
any direction.

2. There is locality in the sense that the valuardf physical quantity is not changed by alterimg t

position of a remote piece of measuring equipment.

In their book on the foundations of quantum compars and information, after summarizing the
lesson that is supposed to be drawn from the Bebirem, Michael A. Nielsen and Isaac L. Chuang

claim:

What can we learn from Bell's inequality? For ploystis, the most important lesson is that their
deeply held commonsense intuitions about how thedweorks are wrong. The world %ot locally
realistic. Most physicists take the point of vidvat it is the assumption of realism which needseo
dropped from our worldview in guantum mechanictalgh others have argued that the assumption
of locality should be dropped instead. RegardldBsll's inequality together with substantial
experimental evidence now points to the conclugthai either or both of locality and realism must be
dropped from our view of the world if we are to d®p a good intuitive understanding of quantum
mechanics. (Nielsen, Chuang (2000), p. 117)

Along similar lines, Asher Peres and Daniel Terawéhargued that

2 To be fair, Groblacher et al (2007) are not ehticdear on this presupposition but | claim that imgerpretation of
their condition is the most reasonable if one wsstepreserve consistency with what they claimh#irtpaper as their
general conclusion.
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Bell's theorem (1964) asserts that it is imposstblanimic quantum theory by introducing a set of
objectivelocal “hidden” variables. It follows that any classidalitation of QM is necessary nonlocal.
However Bell's theorem does not imply the existent@ny nonlocality in quantum theory itself.”
(Peres, Terno (2004), p. 104)

Cristopher Fuchs and Asher Peres have emphasieedathe point by claiming that “John Bell
formally showed that angbjectivetheory giving experimental predictions identical those of
quantum theory would necessarily be nonlocal.” tBu®eres (2002), p. ZLwhereas in a recent
article devoted to the EPR argument in the so-gdhelational approach’ to quantum mechanics,
Smerlak and Rovelli formulate the issue in thedwihg terms:

In the original 1935 article, the EPR argument wasceived as an attack against the description of
measurements in Copenhagen quantum theory andiasami of the idea that Copenhagen quantum
mechanics could bea@mpletedescription of reality. Locality and a strong foafrealism were given

for granted by EPR and completeness was argueck tmmdompatible with quantum-mechanical
predictions. With Bell's contribution, which show#tat EPR correlations are incompatible with the
existence of a hypotheticabmpletdocal realist theory, the argument has been mosthterpreted as

a direct challenge to “local realism”. [...] On tl¢her hand, the Kochen-Specker theorem has
questioned the very possibility of uncritically abag “properties” to a quantum system. From this
perspective, the problem of locality moves to tlaeKkground, replaced by a mounting critique of
strongly objective notions of reality. Here we tdkés conceptual evolution to what appears to us to
be its necessary arriving poirthe possibility of reading EPR-type experimentsaashallenge to

Einstein’s strong realism, rather than localiffmerlak, Rovelli 2007, p. 427, last italics ad:)‘iie

On the basis of the above argument, then, a Bed#-igequality can be)(derived from locality and
REALISMgga, and (i) shown to be contradicted by the statistical mtoins of quantum
mechanics. After a large number of experimentabtésat confirm the lattarhence showing that
the Bell inequality cannot be valid in the quantdomain, “it is reasonable to consider the violation
of local realism avell established fact(Groblacher et al (2007), p. 871, italics added)

% See also Zukowski (2005), pp. 569-570. By ‘objeztithe authors in both the last quotations meaalistc’ in the

sense of OUREALISMGgg . formulation. For examples of authors who corrediiynot asSUMeREALISMGg L @S an
independent condition in referring to the Bell trern, see for instance Squires (1986), pp. 83-9d, @Espagnat
(1995), pp. 142-3.

* Norsen (2007), pp. 312-314, interestingly tracesr of true history of the claim according to ahi‘local realism”
is held to be the focus of the Bell theorem.

® References to the reports of such experimentdedaund in Gréblacher et al (2007).



Since logically we would have an alternative batmwéocality andREALISMgs L, SO that at least
one of the two must be dropped, in the followingdi@acher et al (2007) depict the prospects of
any investigation taking seriously the above ahéwe:

The logical conclusion one can draw from the violatof local realism is that at least one of its
assumptions fails. Specifically, either locality realism or both cannot provide a foundational $asi
for quantum theory. Each of the resulting possiasitions has strong supporters and opponent®in th
scientific community. However, Bell’'s theorem ishielsed with respect to those views: on the basis of
this theorem, one cannot, even in principle, favang over the other. It is therefore important wket
incompatibility theorems similar to Bell’s can beuhd in which at least one of the these concepts is
relaxed. Our work addresses a broad class of raai-tidden-variable theories that are based on a
very plausible type of realism and that provideeaplanation for all existing Bell-type experiments.
Nevertheless we demonstrate, both in theory andrarpnt, their conflict with quantum predictions
and observed measurement data. (Groblacher ed@r),2pp. 871-2)

The new step then would be to investigate theilaof a class of theories that accept a
weakening of the locality requirement while striakito a ‘very plausible type of realism’. The
upshot of this line of research consists finallypioving, via new testable inequalities, that no
matter how non-local our theory might be, we caremttiere to any reasonable form of realism
whatsoever if we agree to preserve the statigbicadictions of quantum mechanics.

The specific features of this new class of noralgealistic theories were proposed for the first
time in Leggett (2003). As a general premise, andine with the above-mentioned quotations,
Leggett claims that

Bell's celebrated theorem states that, in a sitmatike that considered by Einsteat al, which
involves the correlation of measurements on twdiaghaseparated systems which have interacted in
the past, ndocal hidden-variable theoryo( more generally, no objective local thepman predict

experimental results identical to those given laypdard quantum mechanics. (p. 1469, italics added)

Leggett proposes then introducing a clasaaf-localhidden-variable theories — namely a class of
theories which, while retaining ‘objectivity’ (asillvbe seen later, it is the above-formulated
REALISMgg . conNdition), accept the incorporation of the poiity of non-local physical

processes. The motivation for such a theoreticalen® the following:

In my view, the point of considering such theoriesnot so much that they are in themselves a

particularly plausible picture of physical realityyt that by investigating their consequences oag m

7



attain a deeper insight into the nature of quantuechanical “weirdness” which Bell's theorem
explores.In particular | believe that the results of the peat investigations provide quantitative
backing for a point of view which | believe isroyw certainly well accepted at the qualitative leve
namely that the incompatibility of the predictiooisobjective local theories with those of quantum
mechanics has relatively little to do with localéjnd much to do with objectivityp. 1470, italics
added)

The theories in the Leggett class are supposeddouat for the results obtained in a general
experimental framework, in which some polarizatimeasurements are performed on pairs of
photons emitted by atoms in a cascade process €ite@03), p. 1471 ff). Since this framework
encompasses, after the emission, a number of deteptocesses involving a pair of spatially
separated detectors (let us call th&m and D), attention is focused as usual on correlations
between the counts: clearly, the aim is to compheepredictions for a given function of such
correlations as prescribed by quantum mechani¢eeonne hand and by (what Leggett assumes as)
a general hidden-variable theory on the other.

The general conditions that the Leggett-type ebtles are assumed to satisfy are the following
(Leggett (2003), pp. 1473-4):
L1. Each pair of photons emitted in the cascade givan single atom is characterized by a
unique value of some set of hidden variables dehoya.
L2. In a given type of cascade process, the enseofigairs of emitted photon is determined by
statistical distribution of the values df characterized by a normalized distribution fumcip(A).
Such function is assumed to independenbf any parameter concerning polarizer settingadtil
in the sequel witla andb) and detection processes.
L3. If A andB denote respectively two variables that take thieevar 1 ¢ 1) according to
whether the detectoid; andD, register (do not register) the arrival of a pmotthe value oA
may depend not only om andA but also possibly ob, and similarly the value d may depend

not only onb andA but also possibly oa.

ConditionL 1 expresses the requirementdf REALISMgs ., CONditionL 2 prevents the possibility
of conspiratorial dependences between the sourdeany parameter involved in the spacetime
regions where the polarizers and the detector®eaated, whereas3 allows for possibly non-local
influences of polarizer setting parameters on the&came8. Clearly this last condition, which

according to the Leggett terminology characteritestheories of the class as/pto-nonlocal is

® It might be called ‘Non-local determinism’, sintke actual outcomes are well determined by theepisting
properties of the systems but possibly also inralooal way.
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where the theory is supposed to go beyond the dhs$keories ruled out by the Bell theorem
(according to the Leggett and followers’ approficointly,L 1-L 3 imply the following expression

for the correlation to be measure&Ry)
P@ b) = _[/\ A(a b,A) B(b, a A) p(A) dA

In addition toL1-L 3, it is assumed that the local averagd$ and(B) agree with the relevant
guantum mechanical predictions, which appears t@ faher natural ‘consistency’ condition on the
Leggett class of hidden-variable theories (Leg@®03), pp. 1476-9, Groblacher et al (2007), p.
872). The last step is then the statement of arofmpatibility’ result consisting in the derivation,
within crypto-nonlocal realistic hidden-variableetities, of an inequality that is violated by the
corresponding quantum mechanical expressions (Lte(§93), sect. 3).

Groblacher et al (2007) elaborate a refinemenhefLeggett framework by introducing a class

of theories based on the following assumptions:

(1) All measurement outcomes are determined byepigting properties of particles independent of
the measurement (realism); (2) physical statestatistical mixtures of subensembles with definite
polarizations, where (3) polarization is definecclsuhat the expectation values taken for each
subensemble obey Malus’ law. (Grdblacher et al {200. 872)

Since the theoretical framework is intended to bgeneral as to possibly allow some form of non-
locality, Groblacher et al (2007) assume that anglividual measurement outcome for a
polarization measurement along a fixed directiaa ‘predetermined’ not only by hidden varialle
(in addition tou) but also by some unspecified non-local paramgtesuch that, ifA denotes the
measurement outcome, we have A(A, u, n). Moreover, they introduce a probability distritout
pu(A), by taking into account the possibility that pees with the same might have different

A giving rise to subensembles of definite polarizatibhe final move is in two steps. First, on the
basis of the above assumptions a further Leggpé-tyequality is derived (Groblacher et al (2007),
p. 873). Second, a refined experimental settingtr®duced that employs spontaneous parametric
down conversion techniques, with the aid of whisé Leggett-type inequality can be effectively
tested against quantum mechanical predictions (&btbr et al (2007), pp. 874-5). The lesson to
be learned, according to the last authors, mnsarized in the conclusion of the article:

" As a matter of fact, the Leggett-type of theoses ‘realistic’ hidden variable theories that assuaned to be non-local
by accepting outcome independence but droppingnmetex independence (according to the Shimony kavisf the
terminology introduced in Jarrett (1984). | postpaa section 5 the discussion on how happiREaLISM assumption
may coexist with parameter dependence. | wish @sgtress that in presenting the Leggett framewakip several
technical details that, although deserving attentawe inessential to the present discussion.
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We have experimentally excluded a class of importaon-local hidden-variable theories. In an
attempt to model quantum correlations of entanglates, the theories under considerations assume
realism, a source emitting classical mixtures dapped particles (for which Malus’ law is validha
arbitrary non-local dependencies via the measured®rnces. Besides their natural assumptions, the
main appealing feature of these theories is they #ilow us both to model perfect correlations of
entangled states and to explain all existing BgletexperimentsWe believe that the experimental
exclusion of this particular class indicates thatyanon-local extension of local theory has to lghlyi
counterintuitive. [...] Furthermore, one could cdher the breakdown of other assumptions that are
implicit in our reasoning leading to the inequalityhey include Aristotelian logic, counterfactual
definiteness, absence of actions into the past evodd that is not completely deterministic. We
believe that our results lend strong support to ¥iew that any future extension of quantum theory
that is in agreement with experiments must abarwotain features of realistic descriptiang. 875,
italics added)

The aim of the subsequent sections is to show ttiege conclusions follow on from a totally
misguided interpretation of the Bell theorem andtthas a consequence, cannot have the
significance Leggett (2003) and Groblacher et @07 (and all their followers) attach to them
concerning the features of possible extensions stmply consistent interpretations — of quantum

theory.

3 REALISM in thestrict anticorrelation framewor k

We have seen that according to both Leggett andl&sber et al, the heart of the Bell theorem is
local realism and, as a matter of fact, all thesthas refer explicitly to the celebrated article
published by John S. Bell in 1964 when mentionihg Bell theorem. Curiously enough, the
clearest and most useful starting point in ordesde why their statements are wrong is exactly the
opening of the 1964 Bell article (Bell (1964)).the first pages, Bell summarizes the EPR-Bohm
incompleteness argument in order to state unambajydhe premises from which his own non-
locality theorem is to proceed. | will start fifsbm the informal wording that Bell himself employs
in stating the aim of his article, and | will pr@zkto a step-by-step formulation of the EPR-Bohm
argument in order to show thaR&ALISMgg . condition isderivedand notassumedFinally | will
guote the Bell summary of the situation, a sumnthat once again states clearly the derivative

character oREALISMgga -
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John S. Bell opens his article as follows:

The paradoXof Einstein, Podolsky and Rosen was advanced asgament that quantum mechanics
could not be a complete theory but should be sopai¢ed by additional variables. These additional
variables were to restore causality and locality. this note that idea will be formulated
mathematically and shown to be incompatible withgtatistical predictions of quantum mechanics.

is the requirement of locality, or more precisdiattthe result of a measurement on one system be
unaffected by operations on a distant system witiciwit has interacted in the past, that creates th
essential difficulty(Bell (1964), in Bell (2004), p. 14, italics adtje

As is well known, the EPR-Bohm framework consistsiisysteng,+S, of two spin-1/2 particle$S,
and$S; prepared at timg in the singlet spin state
W=1N2 (|1,+3|2/>n = |1,—>n[2,+>),

where n is a generic spatial direction. We assume that speasurements are performed on
subsystemsS, and S, at space-like separation. According to the standaids of quantum

mechanics, we know that

* REDUCED STATES (RYS) if the state 05,+S, is W, then
(reduced) state & — p(1,W) = 1/2 Pj1.+5n + Pj->n),

(reduced) state & — p2,%¥) = 1/2 P20 + Pp2->n),
and, for anyn,
Proly, v (spin, of = +1) = Pro, w, (spin, of S = -1) = 1/2
Proly,w (spin, of = +1) = Prol,y (spin, of $=-1) = 1/2

* PeERFECT ANTICORRELATION (PAC) If at timet a spin measurement is performed on the

subsysteng, in directionn and the outcome ++1] is obtained, then a spin measurement on the

8 By the way: in his celebrated 1964 paper, Belldgth— and this is not the least important aspeethich we should
appreciate his clear thinking — simply pdis service to the use of the word ‘paradox’ in weation with the EPR
arrangement; for in the second line of the firgigaf the paper he aptly stresses that we dealamigngument namely
a finite and ordered sequence of sentences whdiskityave can assess by individuating clearly threrpises and by
checking whether the conclusion is a logical consege of the premises themselves. As we will sisdlfarthe history
of the misunderstandings in stating clearly whioh the premises both of the EPR argument and ofi¢hieation of
the Bell-type inequalities is not over. And in th@w classic ‘Bertimann’s socks’ paper (details bglBell says: “And
as if a child has asked: How come they always ohalifferent colours when theye looked at? How does the second
sock know what the first has done? Paradox ind®&ad!for the others, not for EPR. EPR did not use word
‘paradox’. They were with the man in the streethis business. For them these correlations simipbwed that the
guantum theorists had been hasty in dismissingethlity of the microscopic world.” (Bell (2004), p43)
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subsystents, in the same direction at an immediately subsequent titrfe> t will have with

certainty the outcomel [+1], namely
Prohy [(spinn of S = +1) | (spin of = -1)] =

Prohy [(spin, of 5= -1) | (spim, of S =+1)] = 1.

Let us suppose now that we perfaatrtimet; >ty a spin measurement &in the directiom with
outcome +1. Then, accordingPAC, a spin measurement & in the same direction at a timet,
> t; will give with certainty the outcomel. Let us suppose further to assume the following

condition:

PROPERTY-DEFINITENESS - If, without interacting with a physical syste we can predict with
certainty - or with probability 1 - the valug of a physical quantityQ pertaining toS thenq
represents an objective propertySifdenoted by(]).

It is worth stressing that this condition amoumist to assuming the existence of objective
properties, but rather to giving sufficient condition for a property of a physical system ® b
‘objective’. In a nutshell:

(EPR-BOhM)PROPERTY-DEFINITENESS # REALISM GgaL-

Then, att; > t; [spin, = —1] represents an objective propertySpf But let us ask now: might the
property ppin , = -1] of S; have been somehow “created” by the spin measuteome®? The

answer is clearly negative if we assume the foltmngondition:

LocALITY - No objective property of a physical syst&ean be affected by operations performed

on physical systems isolated fr@n

Then, according th OCALITY, the existence of the propergp[n , = -1] of & can be inferred also
relatively to a time’ such thaty > t” >t;. But at timet” the state 05,+S; is the singlet stat&.
Therefore, according tdRS), the state 0o at timet’ is the reduced state

PRW)=112(Pp=n + Pp->n ),
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a state that assigns to the propespini , = —1] of S, only the probability 1/2. Let us finally assume

the following condition:

COMPLETENESS - Any objective property of a physical systeé8mmust be represented within the

physical theory that describ&s

Then there exist objective properties of physigatems, such asgin, = —1] for S, that quantum
mechanics is unable to represent: it follows thetrqum mechanics is incomplete.
Let us ask now:

Is it assumed somewhere in the argument that epliep such asspin , = — 1] pre-

exist, namely they existdependentlyover and abovany spin measurement?
or

DoesPROPERTY-DEFINITENESS imply only by definitionthat such properties asp[n

= -1} pre-exist, namely they exisindependently over and aboveany spin

measurement?

The answer to both questions is clearly negatitedt Buch properties aspjn , = —1] are to exist
for S independently over and aboveany spin measurement it assumed but rather is a

consequencef the other assumptions of the argument. In fact,

* according tdPAC
Proby [(spin, of S = +1) & (spin, of S =-1)] = 1, for anyn,

» according tdPROPERTY-DEFINITENESS
the outcomes of the spin measurements in the sisgglee satisfy the
condition of objective properties

* according td_OCALITY
such outcomes have not been created by the disi@agurement and

then were ‘already there’.

And here is the Bell summary:

Consider a pair of spin one-half particles creatmmehow in the singlet spin state and moving freely
in opposite directions. Measurements can be maale, by Stern-Gerlach magnets, on selected
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components of the spins, and g,. If measurement of the componam#a, wherea is some unit
vector, yields the value +1 then, according to gqusirmechanics, measuremeniogfa must yield the
value -1 and vice versa. Now we make the hypothasid it seems one at least worth considering, that
if the two measurements are made at places remmte dne another the orientation of one magnet
does not influence the result obtained with thesiotisince we can predict in advance the result of
measuring any chosen componentgfby previously measuring the same componewt, at follows

that the result of any such measurement must &ctoal predetermined. Since the initial quantum
mechanical wave function does not determine theaultresf an individual measurement, this
predetrmination implies the possibility of a momnplete specification of the state. (Bell (1964), i
Bell (2004), pp. 14-15, italics added)

As should be clear from a fair reading of the Belbinal article, the Bell theorem starts exactly
from the alternative established by the EPR-Bohgument — namely, locality and completeness
cannot stand together — and goes for the proof wiatever form the completability of quantum
mechanics might assurée resulting theory cannot preserve the stadispiredictions of quantum
mechanics and be local at the same time: this ntbansieither a pre-existing-property assumption
(or Objectivity or Classicality or whatever synonymous one likes to choose) ndetarminism
assumption are assumed in the derivation of tiggnat Bell inequality. Therefore all claims —
Leggett (2003) and Grdblacher et al (2007) includéd the effect that the Bell theorem in the 1964
setting concerns ‘locatealisni are completely ill-founded. As Bell himselv@gx clamantis in

desertg clearly stresses:

It is important to note that to the limited degr@ewhich determinismplays a role in the EPR
argument, it ismot assumedbut inferred What is held sacred is the principle of ‘localsality’ - or
‘no action at a distance’. [...] It is remarkabl§fidult to get this point across, that determinigmot a
presuppositiorof the analysis.” [...] My own first paper on thiglgect [Bell refers here to his 1964
paper] starts with a summary of the EPR pdpmn locality to deterministic hidden variableBut the
commentators have almost universally reported ithbegins with deterministic hidden variables.
(Bell 1981, in Bell (2004), pp. 143, 157 footnot& ftalics in the original)

To sum up, the true logic of the argument is th#odang (‘PP’ stands for ‘Pre-existing

properties’):
1. QMOLOC - PP [EPR-Bohm Argument]
2. PP = QM [Bell Theorent]
3. QM [Assumption]

° For an extremely easy and compact formulatiomefBell theorem for the strict correlation case, Bérr, Goldstein,
Zanghi (2004).
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4. QM - - PP 2, 3 Modus tollenk
5 - PP 3, 4 Modus poners
6. - PP- - (QMOLOC) [L, 5 Modus tollenk
7. - (QM O LOC) b, 6 Modus ponerjs
0 - LOC

But there is more to this question. THREALISMgg, Cannot be a reasonabiedependent
assumption of any allegedly ‘objective’ theory afagptum phenomena can be argued on the basis
of what was already clearly demonstrated by Bethdalf in the article thaprecededthe Bell
theorem article, although as is well known, it wasblished after it (Bell (1966)). In this
fundamental article Bell showed that all existing-mdden variable theories proofs (Gleason,
Jauch-Piron, Kochen-Specker and an additional ppoo¥ided by Bell himself as a simplified
version of the Kochen-Specker theorem) requiredrapions that it was not reasonable to require

from any hypothetical completion of quantum théry

It will be urged that these analyses [i.e. the abowentioned proofs] leave the real question
untouched. In fact it will be seen that these destrations require from the hypothetical dispersion
free states, not only that appropriate ensemblesedti should have all measurable properties of
guantum mechanical statdsjt certain other properties as wellhese additional demands appear
reasonable when results of measurement are lodbetyified with properties of isolated systems.
They are seen to be quite unreasonable when oremieens with Bohr ‘the impossibility of any sharp
distinction between the behaviour of atomic objectd the interaction with the measuring instruments
which serve to define the conditions under whigpghenomena appear’. (Bell (1966), in Bell (2004),
pp. 1-2, italics added)

If REALISMgga. Were anindependentassumption of any hidden variable theory, Gled3eih-
Kochen & Specker would have already proved theaompatibility with quantum mechanics
needless of any locality requirememut, as Bell showed, there is little significanicetesting

against quantum theory a theory (be it local or-lomal) that is supposed to satisfy a conditiort tha

19 Bell also mentions an especially restrictive agstion of the von Neumann theorem, an ssumption kvhiakes the
von Neumann formulation much stronger with resgecthe non-contextual formulations given by Gleasdsuch-
Piron, Bell and Kochen-Specker, and hence evengksssible (for a detailed analysis of the von Naom ‘no-go’
theorem see Giuntini, Laudisa (2001).
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we already know guantum mechanics cannot possitdl raasonably satisfyy The same point
occurs interestingly in another Zeilinger artickeshort essay published &ature in 2005 and
entitledThe message of the quant(@eilinger (2005)). Here, the author, after cleighonce again
that “John Bell showed that quantum predictiondotanglement are in conflict with local realism”,

argues.

Most physicists view the experimental confirmatioh the quantum predictions as evidence for
nonlocality. But | think that the concept of reglitself is at stake, a view that is supported lhy t

Kochen-Specker paradox. This observes that everifigle particles it is not always possible to
assign definite measurement outcomes, independeftlgnd prior to the selection of specific

apparatus in the specific experiment. (p. 743)

Curious argument indeed! Zeilinggrst uses the Kochen-Specker theorem in order to supiper
idea that it is not possible to ascribe pre-exgsfimoperties even to single systems (making the
unwarranted assumption that the only logically csieat way of defining realism is in terms of
pre-existing properties) anthen he takes seriously the project of experimentadigting the
incompatibility between quantum mechanics and arththat is non-locahnd realistic in the sense
of what the Kochen-Specker theorgmohibits one from assuming. Why then worry about the
confirmation of quantum prediction in laboratoriésd not be content with the Kochen-Specker

theorem itself?

4 REALISM in thenon-strict anticorrelation framewor k

Although the Bell 1964 article is always cited slbcus classicu$or the non-locality theorem, its
formulation is not fully general. In fact, the idesetting outlined in the paper crucially relies on
strict anticorrelation, whereas subsequent invastgs have explored the possibility of dropping it
(also in view of an experimental realization of thetting itself). Very much in the spirit that
Groblacher et al would have voiced in 2007, it basn claimed (Zukowski (2005)) that also in
these more general frameworks (in which a classoetalled stochastic hidden-variable theories

" This point had been stressed in Laudisa (1997¢revh discussion of the relationship between tHe1866 and the
Bell 1964 articles — from the point of view of tbensistency of any hidden variable approach toyuma theory — can
be found. Bell recalls this point still in the o page of his 1964 paper: “There have been atetoshow that even
without such a separability or locality requiremeat‘hidden variable’ interpretation of quantum in&gics is possible.
These attempts have been examined elsewhere amd feanting [Bell refers here to his 1966 articléBell (1964), in
Bell (2004), p. 14). Most recently, the same chdrge been clearly stated and motivated in Norse@7y, pp. 317-8,
where my conditioni) in the formulation o0REALISMgg . iS called ‘naive realism’.

12 For further critical remarks on this Zeilingeriele see Daumer, Diirr, Goldstein, Maudlin, TumulEanghi (2006).
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was introduced) REALISMgg . CONdition was among the assumptions that ledead#rivation of
a more general inequality, an inequality that banshown to be violated by the corresponding
statistical predictions of quantum mechanics.

In the stochastic hidden-variable theories’ frarmeoriginally introduced in Bell (1971) and
Clauser, Horne (1974)), a typical joint syst&nS; is prepared at a source — very much like the
polarization process situation introduced in secfiand concerning the Leggett approach — so that
a ‘completion’ parametek is associated with the single and joint detecttonnts. Suppose we
denote bya andb respectively the setting parameters concerningdetectors, located at space-
like separation and devised to register the arrofaf, and S, respectively. The model then is

assumed to satisfy the following conditions:

* BCH1.A is distributed according to a functipf\) that doesot depend either oa or onb.

 BCH2. The parameter prescribes single and joint detectnobability.

» BCHa3.Locality holds, namely tha-induced probability for the measurement outconuoes f
S and$S; separately is such tha) the detection probability fd& depends only oA anda,
(i1) the detection probability fo® depends only o andb, (iii) and the joint detection
probability is simply the product of the detectipnobability for S, and the detection
probability forS,.

According to the view presupposed in Leggett (20@3)kowski (2005) and Gréblacher et al
(2007), these stochastic hidden variable theometude a form ofREALISMgga @among their
assumptions. Zukowski (2005), for instance, focusesthe Bell discussion of the motivations

underlying this framework (Bell (1981)) and reforiaies his assumptions “in today’s wording”:

Realism To put it short: results of unperformed measur@mérave certain, unknown but fixed,
values. In Bell wording this is equivalent to thghbthesis of the existence of hidden variables.
Locality. “The direct cause (and effects) of events are hgaand even indirect causes (and effects)
are no further away than permitted by the velooityight” (p. 239), in short, events and actions in
Alice’s lab cannot influence directly simultaneagnts in Bob'’s lab and his acts, etc.

“Free Will'. The settings of local apparata are independétitehidden variables (which determine
the local results) and can be changed without dhgritpe distribution of local hidden variables (p.
154). In short, Alice and Bob have a free will to the local apparatus settings, or more mildlye on
can always have a stochastic process that govémmslotal choices of the settings, which is
statistically independent from other processesh@ dxperiment (especially those fixing the hidden
variables). Zukowski (2005), pp. 569-570)
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On the basis of this set of assumptions, Zukowsfues that the Bell theorem (in the general
stochastic formulation) has been ‘overinterpref@dikowski (2005), p. 571). The logical structure
of the Zukowski reconstruction is the following. Wie denote with R, LOC and FW the above
assumptions of Realism, Locality and Free Willpexgively, with Bl the Bell Inequalities and with

QM the assumption of the validity of the statistiggedictions of quantum mechanics, we have

0. R,LOC,FW [Assumptions]

1. ROLOCOFW - BI [Bell Theorem (in the Zukowski interpretatip
2. QM [Assumption]

3. QM- - BI [Experimental fact]

4. - BI R, 3 Modus ponerjs

5. =Bl --RO-LOCO-FW [1,4Modus tollenk

6. -Bl--RO-LOC [FW is an assumption]

0 - RO-LOC

That is, since FW seems out of question, therdafoeedilemma- R 0= LOC remains. It is at this
point that the ‘overinterpretation’ paradox comes$ince, according to the derivation above, we
are left with the alternative R 0= LOC, Zukowski sees no compelling justification finopping
LOC rather than R. In Zukowski’s view the ‘overirieetation’ of the Bell theorem would be
exactly the ‘automatic’ move from R [0~ LOC to- LOC, a move that in logical terms is not

necessary"®

Here comes another paradox: the consequences kg Belorem as they are now most frequently
presented to the entire physics community. [..&r€hs nothing in the quantum formalism that would

necessarily imply non-locality” (Zukowski (2005)./671-572).

13 According to logic alone, of course, fromR O~ LOC you can derivdboth - R and- LOC if the negation of
neither has been derived earlier. The real poititedschoice of the premises: as will be shown $hdR need not be an
independent premise and hence the derivation dutegeid - R 0~ LOC but rather LOC.
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The conclusion is obvious: why not drop R instekéeping locality together with quantum
mechanics?

A fair reading of the Bell argument in his 198lide shows that the above conclusion by
Zukowski is totally unwarranted. There Bell envisaghe possibility of introducing an EPR-Bohm
set-up in very general terms, in which we are ggtd in the joint probability distribution

P(A, B |a, b),
where each A and B may be a ‘yes’ or a ‘no’ andndb stand respectively for two possible
adjustable parameters (with the obvious interpi@iat No mention of what sort of systems are
involved need be made, and once some sort of BCEHdBconditions are assumed, it is easy to
show the derivation of a CHSH inequality. Beforeivlag the inequality, in order to make clear
what the real assumptions in the argument are amddeneral the presentation is intended to be,

Bell explicitly states:

Despite my insistence that the determinism ingsrred rather than assumgh.d.R. a new hint at the
frequent misunderstandings of thingerencein the original EPR and in his 1964 paper], youmhi
still suspect somehow that it is a preoccupatioi \weterminism that creates the problem. Note well
thatthe following argument makes no mention whateveetgrminisni...] Finally you might suspect
that the very notion of particle, and particle oisas somehow led us astray [...] So the following
argument will not mention particles, nor indeeddss nor any particular picture of what goes othat
microscopic level. Nor will it involve any use dfe words ‘quantum mechanical system”, which can
have an unfortunate effect on the discussidre difficulty is not created by any such pictureany
such terminology. It is created by the predicti@isout the correlations in the visible outputs of
certain conceivable experimental set-liggBell (1981), in Bell (2004), p. 150, italics ded)

The conclusion to be drawn from the Bell discuss®rnwofold: first, nowherein the Bell-CH
arguments does tHRealismassumption play any role; second, interpretatirch as Zukowski's
are affected by the prejudice that a metaphysicdltatemic notion of Microphysical Reality was
what Bell preoccupied himself with. Moreover, irder to explain in what sense just locality is the
focus of the argument, Bell (1981) draws an exanipden ordinary life. Suppose we find a
correlation between the rate of heart attacks two different and distant towns called A and B,
namely

P(ha, he) # p(ha) p(hs)

14 This echoes very closely the view expressed iassage of the Leggett (2003) article quoted abtheelieve that
the results of the present investigations providengjtative backing for a point of view which llieee is by now
certainly well accepted at the qualitative leveamely that the incompatibility of the predictiont abjective local
theories with those of quantum mechanics has velgtio do with locality and much to do with objedty.” (Leggett
(2003), p. 1470)
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where clearlyhp andhg denote respectively the rate of heart attacks smd in B. Since A and B
are supposed to be so far away from each otheittleahot imaginable at the outset that there is
some direct influence at work, a sound scientifituale would lead us first — Bell claims — to make
the hypothesis that there are some factors thdtibate locally to the apparently correlated rates.
Let us call these collective factora Bnd Lg. According to this locality assumption, it will lleen
reasonable to assume

p(ha, hel La, Ls,A) = phal La,A) phel Ls, )
whereA denotes collectively any other relevant variables.

The attitude toward the justification of the lotalicondition in terms of a similar
‘factorizability’ in the derivation of the Bell irgality for stochastic hidden variables models is
essentially the same: “let us suppose that theekdions in the EPR experiment are likewise
«locally explicable» (Bell (1981), in Bell (2004), 152). Namely, the core of the argument lies in
stating what preventing any action-at-a-distancewaits to, whatever the factors at A and B might
be. The above assumption need not be groundedeoadititional assumption that there are some
pre-existing propertiesn the common past of the relevant events at A Bnithat enhance the
correlatiort®. Such assumption would be certainly sufficienttfe assumption of existence of local
factors, buthot necessaryNamely, it is true that the assumption of presemg properties for the
two systems at the source might well imply locallhyt the assumption that only local operations
and influences can contribute to fix the singleedgbn probabilities needot follow from pre-
existing properties, and rightly so: as we stredsethe previous section, assuming pre-existing
properties in a model that is to be tested agajoantum mechanics, when quantum mechanics
itself prevents us from allowing pre-existing prdps when describing physical interactions in its
own proper terms, would deprive the model undautsty of any foundational significance.

If the whole point of the Bell-CH arguments is tharfact to show that the correlations between
the results A and B are not locally explicable,matter what the relation is between A and B on
one side and some allegedly ‘objective’ or ‘presérg’ properties corresponding to them on the
other, we can safely say that also in the more rgé(@o perfect correlation) cageere is no ‘local

realism’ at stakeLogically, the argument then proceeds as follows

0. LOC, FW [Assumptions]
1. LOCO FW - BI [Bell theorem]
2. QM- - BI [Experimental fact]

15 A similar point, although relative to the derivatiof the CHSH inequality in Clauser, Horne, Shimarolt (1969),
has been raised by Norsen (2007), p. 319.
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3. QM [Assumption]
4. - BI [2, 3 Modus ponerjs
5. =Bl - -LOCO-FW [1, 4 Modus tollenk

O =LOC

5 On the significance of non-local REALISTIC theories

We are now in a position to assess the prospectshensignificance of the investigations on the
new class of non-loc&EALISTICgg A hidden-variable theories, the class for which letg(2003)

claims the proof of a new ‘incompatibility’ theone the latest in a long series of ‘no-go theorems’
about quantum mechanics. But let me sum up fistdbnclusions established in the preceding

sections.

(1) The condition that we have referred to RBALISMgga. IS NOt a reasonable condition to
require from any meaningful hidden variable thesmgce it would make the confrontation between
such theory and quantum mechanics totally unintieges Should REALISMgga. be required,
guantum mechanics would be in outright contradictith the hidden variable theory, no matter
whether any statistical predictions are taken adoount or whether any experiment is carried out,
but ruling out such a vacuous hidden variable theayuld not teach us any useful lesson about the
foundations of quantum mechanics. A clear formatabf this fact is already contained in the two
groundbreaking — but still misunderstood! — argdby John S. Bell published in 1964 and 1966.

(2) Even ifex absurdowe suppose thaREALISMgga. IS @ reasonable requirement, it can be
shown (and this is to be credited again to Johe8) that such requirement plays umdamental
role in the Bell theorem, either in its strict agation version or in its non-strict correlatiorrsien.

If this is the case, the meaning of the Bell theoles not in its casting light on how far we shibul
go in renouncing our cherished ‘realistic’ view tble microworld if we want to maintain the
statistical and empirical content of quantum thebryt rather in demostrating once and for all that
any theory lpe it endowed with ‘hidden variables’ or hdhat is to save the agreement with the
statistical predictions of quantum mechanics muwestnbn-local. What non-locality exactly will
entail in a specific theory will depend on the matiar structure and conceptual resources of the
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theory, but two features will have to be part oy @ach theory: first, the theory will have to take
into account non-locality as a basic property aisteof the world of microscopic systems and,
second, if the theory is introduced as endowed withear ontology — namely, endowed with some
clear indications as to the nature and structurthaif basic spacetime inventory of the world that
the theory is supposed to be about — the ontoltsgyf icould not possibly be simply ‘realistic’ in

the unreasonable senseRHALISMcgg L.

Under (1) and(2), the research program of non-log#ALISTICcg hidden-variable theories
can then have no foundational significance, in tatcan hardly learn anything from the attempt of
establishing the compatibility or incompatibilitf quantum mechanics with a class of theories
satisfying such unreasonable assumptions. As aeqoesce, iIREALISMgg . IS NOt a reasonable
assumption to make for any significant alternatikieory that is to be tested against quantum
mechanics, this will hold both fdocal REALISTICge A hidden-variable theories and foon-local
REALISTICgs . hidden-variable theories.

But let us go further and take a closer look atriotivations that Leggett himself discusses in
support of the assumptions satisfied by his noaHBEALISTICgg A hidden-variable theories. As
we recalled earlier (section 2), the theories i@ Lieggett class are supposed to account for the
results obtained in a general experimental framkworwhich some polarization measurements are
performed on pairs of photons emitted by atoms castade process. The Leggett-type of theories
are such that each pair of photons emitted in #iseade of a given single atom is characterized by a
unique value of some set of hidden variables: takie, denoted by, is characterized by a
normalized distribution functiorp(A) and is assumed to bmdependentof any parameter
concerning polarizer settings (denoted in the degitk a andb) and detection processes. Finally,
the Leggett-type of theories may display some maallty: if A andB denote respectively two
variables that take the value +-11) according as the detect®@s andD, register (do not register)
the arrival of a photon, the value Afmay depend not only camandA but also possibly oh, and
similarly the value oB may depend not only dmandA but also possibly oa (Leggett (2003), p.
1471 ff).

The non-locality assumption deserves a discusgiatsmwn. Leggett introduces his ‘new’ class
of hidden variable theories by subtraction, so #y.sIn fact, he first introducesocal
REALISTICGs . hidden-variable theories, namely theories thasfyalt 1 andL 2 and for which the

following equalities hold
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A(a, b, A, B) =A(a, b, A),
Outcome Independence
B(b,a, A, A) =B(b,a,A)

A(a, b,A,B)=A(a, A, B)
Setting Independence
B(b,a, A, A) =B(b, A, A)

Clearly, underOutcome Independence (SI) and Setting Independence (Ol), the expression for
the correlation R, b) to be measured becomes

P@ b)=JAA(a b, A, B) B(b, a A, A) p(A) d\ = IA A(a, ) B(b, A,) p(A) dA,

namely, the usual expression for the locality agstion in stochastic hidden variable models. The
Leggett-type of theories, in addition itd andL 2, are assumed to satiSButcome Independence

but in general fail to satisf$etting Independence. That is, the Leggett framework inherits the
interpretation of locality as a conjunction & and Ol (Jarrett (1984¥f and then proposes
investigating the compatibility with quantum menita of a theory which — although ‘realistic’ —
is non-local in the sense of being possibly settiagenden(Leggett (2003), p. 1474). Curiously
enough, however, the assumption @titcome Independence is motivated by the following

statement:

I shall rather arbitrarily assert assumption (4)t¢ome independence), The reason for doing it is no
so much that it is particularly “natural” [...] bititis a purely practical one; if one relaxes (4appears
rather unlikely (though | have no rigorous prodfatt one can prove anything useful at all, and in
particular it appears very likely that one can oelice the quantum-mechanical results for an arpitra
experiment. (Leggett (2003), p. 1475)

In fact, it can be proved that quantum mechanics viola@stcome Independence'’. Then,
although it is conceivable that a model intendeldedstrongly’ non-local is formulated to be — &s |

were — ‘more non-local’ than quantum mechanicdlfitsesupposed to be (namely by dropping

16 personally | do not find the ‘peaceful coexistérateategy (for instance, Shimony (1984)), relyiog the Jarrett
distinction, either convincing or illuminating ohet issue of how quantum mechanical non-localitgupposed to
coexist with special relativity (see for instancadlin (2003), pp. 93-98). Here | presuppose it only the sake o
discussion.

7 See for instance Butterfield, Fleming, Ghirardia&si (1993).
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Setting I ndependence, which quantum mechanicstisfies'®), on the other hand, if the model is
assumed to satisffOutcome Independence, the incompatibility between the correlations
prescribed by the model and the quantum correlatmight always be ascribed to the circumstance
that quantum mechanics dasst satisfyOutcome Independence. This in turn would not allow us

to conclude anything about the failure or the stalvof REALISMgga, Which presumably was the
aim of the whole model.

Moreover, theras a further ‘hidden variable’ model which satisf@sitcome I ndependence but

not Setting Independence — namelyBohmian mechani¢$ whose consistency directly refutes the
claims of Leggett and followers. In fact, Bohmianeahanics satisfiedREALISMgga and
nevertheless provides a perfectly consistent adcmurall phenomena that quantum mechanics is
able to treat unambiguously (Goldstein (2001)),vhog in addition a clear and law-governed
ontology of particles evolving in spacetime. Howndabe? On the one hand, the measurement
outcomes in Bohmian mechanics are determined byexisting, measurement-independent
properties of the measured system, namely thegagmsitions of the particles in the system and,
of course, the wavefunctiéh On the other hand,

in Bohmian mechanics the random varialdegiving the results of experimerisdepend, of course,

on the experiment, and there is no reason thastiisld not be the case when the experiments under
consideration happen to be associated with the sgraeator. Thus with any self-adjoint operagor
Bohmian mechanics naturally may associate mangraifit random variableg,one for each different
experimentE - A associated withA. A crucial point here is that the m&p - A is many-to-one”
(Durr, Goldstein, Zanghi (2004), p. 1040).

So, Leggett, Groblacher and the others fail to egipte that the consistency of Bohmian mechanics
is a direct refutation of their approach since thepear to assume that the preexisting properties
that determine the outcome must somehow matheratiesemble the eigenstates of Hermitian
operators. But that very specific claim is surely mart of “realism”. One needs to note that
standard quantum theory associates physically rdiite experimental set-ups with the same
Hermitian operator (“observable”). But it is no paf “realism” to demand that physically different
set-ups be treated alike: the way that the preemispositions determine the outcome of an
experiment may of course depend on just how theraxyent is set up.

18 See again Butterfield, Fleming, Ghirardi, Gragd§i93).

19 See for instance Diirr, Goldstein, Zanghi (199@)d&tein (2001).

% gee for instance the discussion of exactly howptieeexistent locations of particle determine thkcomes of "spin
measurements" in Albert (1992).
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However, Groblacher et al (2007) very briefly mentiBohmian mechanics with a highly
dismissive attitude. But there are here at leastetladditional points that deserve attention. First
Groéblacher et al (2007) refer to Bohmian mechamass old-fashioned formulation with quantum
potential, but they do not seem to be even awakthie contemporary formulation of the theory,
known asBohmian mechani¢gscan do totally without any quantum poterftialSecond, they
underrate the circumstance that even in its quangotantial formulation Bohmian mechanics is a
counterexample to their general claims. Third, tbegrlook the fact that Bohmian mechanics has a
clear explanation of why the theory satisfi@atcome Independence and fails to satisfybetting
Independence (see again for instance Maudlin (260%. 94) whereas quantum mechanics has
no such explanation as to why it satisfi€stting Independence and violates Outcome
Independence, and the Leggett-type non-local realistic hiddanable theory is unable to account
in an intelligible way for the validity ofOutcome Independence and the failure ofSetting
Independence. Presumably it is the biased claim that, in ofdera theory to be objective in some
meaningful sense, REALISMgg . CONdition must be assumed, that motivates whyhaeiteggett
(2003) nor Groblacher et al (2007) (nor all othefethders ofREALISMgga as a reasonable
assumption for hidden variable theories) take iatoount one of the fewseriously objective
(namely observer-free) interpretations that aré loonsistent and alternative to quantum mechanics

in a viable sense.

Conclusions

As | have tried to show in the preceding sectidhgre is a strong prejudice surrounding the
foundational meaning of the Bell theorem, a prejadihat seems to survive intact through the
years, in spite of the clear statements to therapntepeatedly expressed — to begin with — by the
inventor of the theorem itself, namely John S. BEHlis prejudice not only survives but in the last
years has become even stronger, supported adyt @ emphasis on quantum computation that
tends to dissolve all deep conceptual problemgasfdard quantum theory into a new information-
theoretic orthodoxyf. According to this prejudice, the core of the Beieorem concerns a
philosophical notion — realism — and proves thathsootion is untenable ophysical grounds,
namely holding to it implies quantitative predict®o that are contradicted by the quantum

predictions. This interpretation sounds very muké Ithe ultimate death sentence for realism, and

2L For a survey, see Diirr, Goldstein, Zanghi (1998) r an illuminating analysis of the superiorif the recent
formulation over the old one, see Goldstein (1996),156-160.
22 For an interesting and recent assessment ofehdency see Hagar (2007).
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such a sentence seems hard to resist sincphiy@cswhich pronounces it, namely the queen of the

hard sciences. As argued above, this approachomkarlthe circumstance that, in order to assess
the implications of a theorem, we have to be cidxut the conditions under which the theorem can
be proved, and one need not be a physicist to adkdge it. What logical soundness and physical

reasonableness suggest (sections 3-5) is thabkhef Bell's theorem is not to set constraints on

how ‘realist’ we are allowed to be about quanturstems but rather, much more interestingly, to

characterize a structural property of any theoag #tims to cover the domain of validity covered so

far by quantum mechanics, namely non-locality. Asoasequence, whether a theory aiming to

supersede quantum theory will be ‘realist’, ‘noahs’, ‘half-realist’ or ‘one-third realist’, thisvill

concern the further conceptual and formal resous€ésat theory and not at all the Bell theorem.
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