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1. REALISMS

A realist point of view may be held concerning @aevnumber of different
subject matters: for instance, universals, menttties, middle-size material
objects, unobservable objects of theoretical seiereality in general as such,
etc. Moreover, current debates in epistemologyaptetsics and philosophy
of science, distinguish a variety of theses that loa held on each of these
matters as components of a full-blown realist pmsit At the core of such a
position are first of all the two ontological theseespectively claiming that
the facts (or entities, properties, events, eticg given field (a) exist, and (b)
their nature and/or their existence is indepenttent the fact of being known
(or thought of, perceived, etc.). These ontologibakes are the stronger kind
of realist claims, and constitute the core of Riem if we are talking about
universals, of mentalism if we are talking aboutniaé entities, scientific
realism if we are talking about unobservable olsjaadt theoretical science,
metaphysics if we are talking about reality in gahand as such.

Surrounding this core, there are other weakermnediry theses, which the
realist must be able to establish before even nggttit arguing for the
ontological theses, and which are rejected by Wwedwn forms of antirealism.
First of all there is an epistemic thesis, assgrtimat it is possible for us to
have justified beliefs, hence knowledge, concertiggsubject matter at hand.
Kant, for instance, maintained that we cannot h&wewledge about
(independent) reality as such; and Van Fradsaegues that we cannot have

1See ALAI, 1994, ch. 1. References to differenssifications of realist theses are contained in
the appendix to ch.1.
211980}, ch. 2.
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reasons enough to support our beliefs concerniaghtin observable entities
postulated by scientific theories; and if this wehe case, we obviously
couldn’t even begin to argue about their existesrxaadependence.

The outermost and weakest realist theses are tingansie ones,
preliminary even to the epistemic théstbey claim that (a) our language can
describe facts of the subject matter at hand, sitsceermsrefer to entities
(and properties, etc.) of that subject matter, @dve do in fact describe the
subject matter, in the sense that our categortedééraents about it are to be
interpreted as descriptions (or at least as wayesxpfessing the properties of
things that are independent from our minds and smience, but that are
notwithstanding given in our actual experienceheatthan, for instance, as
mere computing devices. Point (b) is rejectednsyrumentalistssuch as, for
instance, Nicholas Osiander, who claithéidat Copernican cosmology was
not to be read as a description of the constitutibthe heavens, but as an
instrument for generating the correct astrononficadcasts. (a) is rejected by
verificationists of various sorts, such as, for instance, the ed&tjical
positivists, Michael Dummett or Hilary Putndnin various ways, they claim
that our language refers to epistemic facts (suchegification conditions),
rather than to objective facts (concerning, fortanse, mental entities, the
unobservable entities of theoretical science, .elficiy clear that if we cannot
even refer to the facts of a given subject mattere is no question of our
being able to entertain justified beliefs aboutnthéet alone of their existing
and being independent.

2. THE EMPIRICAL SIGNIFICANCE OF REALIST CLAIMS

The early logical positivists, in particular, heddverificationist theory of
meaning whereby the (factual) meaning of any seetevas identified with its
empirical content, i.e. with the set of experienited would directly verify or
refute if. Accordingly, any factual sentence that wasawnpletelydefined in
empirical terms (i.e., that couldn’'t be assertiednd only ifa given set of

% For discussion of this subject in quantum-mechariontext see [1992], [2000].
* In the Introduction to Koperniku®e Revolutionibug1992]

5 See for instance PUTNAM, “Realism and Reason’[1878], pp.123-140.

5 For instance, see CARNAP, 1928; 1932; SCHLICK,8L93
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experiences obtained, thus entertaining a two-veayslitional relation with
that set of experiences) was called ‘metaphysieald discarded as devoid of
meaning (the focus being arognitive meaning, as opposed to emotive or
poetical meaning). Clearly enough, the great mgjodf philosophical
sentences, including the ontological theses ofiamalwere thought to be
metaphysical and meaningless. (The status of s&naeslist claims,
however, was thought to be different, as they did concern facts, but
meaning analysis; epistemic realist claims, in thiad a mixed status, as they
are partly concerned with factual questions, andlypavith conceptual
analysis).

Eventually, however, verificationism proved unsirshle: not only
because it blurred any distinction between metaphyand other branches of
philosophy (for instance, between metaphysical igeal and scientific
realism); but even more, because it blurred anytindiion between
metaphysics and science itself. As Cafhamd Hempél (themselves
prominent logical positivists) soon understood,otieéical terms cannot be
completelydefined in empirical terms: there is no finite sétexperiences
occurringif and only ifa given theoretical sentence is assertible; mamaw
general, a given theoretical term cannot be placedlation to a given set of
verifying experiences directly by itself, but onllgrough the mediation of
other theoretical terms. Schematically, it is naisgible to claim that
theoretical property P is present if and only ipesiences of the set E obtain,
but that

(1) if (but notonly if) theoretical properties P and Q are preserdnth
experiences of the set E follow,

or that

(2) if (but notonly if) experiences of the set F obtain, than thecaéti
properties P and R are present.

The logical positivists, therefore, abandoned thesrlier verificationist
theory of meaning for a more “liberalized” empalisignificance theory of

" See, for instance, CARNAP, 1934.
81n [1936-7] and [1963].
°In [1952].

26



meaning, according to which a sentence was meanirnfyfendowed of
empirical significance, and that the latter wasueed by one-way conditional
relations of kinds (1) and (2).

Furthermore, it must be asked whether the conditioglations ensuring
empirical significance must be deductive (certaor),could also be merely
probable (inductive or abductive). Induction is eol@abilistic inference
enlarging the number of possible elements thateskaproperty, whereas
abduction is the inference to the attribution afeav property about the same
element¥. It might seem that since scientific laws are andal sentences,
they may imply observation sentences (that ardcpdat sentences), but not
the other way round. Precisely for this reasonpRopwho denied any
possibility of justifying induction, substitutedigdiability to verifiability as a
criterion of empirical significance: a law could deductively falsified (by
modus tollenson the basis of an observation contradictingit, not the other
way round: it could not be deductively or inductjveerified*’.

However, it has been shown convincingly (among rsthy Duhenf and
Quind® that any theoretical sentence deductively impkes observation
sentence only when the truth of an in principlénitd number of theoretical
and observable sentences (stating the obtainingswfable collateral
conditions) is given, andice versa Peirce said that, if humanity had an
eternity at its disposal, humans would convergeatowthe same truths.
Therefore, a sentence should be considered enipirgignificant even if it
entertains merelinductive or abductiveonditional relations of types (1) and
(2) with experience.

In the light of these conclusions, many, if not, @hilosophical theses,
including metaphysical theses, should be considenetbwed with empirical
significance; and as far as we are concerned,ighirue of many forms of
realism, in particular of ontological realism. Fastance, it is a probable
consequence of the various experiences resultiom frests of scientific
theories that the unobservable objects postulayethdse theories exist; and
it is a consequence of what microphysics tellsuailedectrons that we will

1 PEIRCE, 1866; 1878.

11 See POPPER, 1959, ch.1.
1211906].

13[1951].
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observe such and results when performing such aod tests. Hence, the
scientific realist claims about unobservable eggitire empirically significant.
Furthermore, an inductive connection may be strorgeweaker, as the
antecedent makes the consequent more o less peobabice, there is a
continuumfrom claims clearly and strongly connected to edgmee (hence,

endowed with definite empirical significance) toaiohs with very weak

connections to experience (hence, possessing omgna feeble empirical

significance). For instance, the empirical contafnthe dispute whether all of
our sensations are generated by a material wory @ Cartesian evil demon
seems of very little empirical import: on the orend, in fact, both claims
seem to entail exactly the same experiences, whille other hand it is hard
to see how the probability of each of them might dssessed, given the
experiences we actually have.

3. THE SCIENCE PHILOSOPHY DISTINCTION

The logical positivists thought that philosophy wdistinguished from
science because the latter but not the former wgsrieally significant. But if
many or most philosophical theses are endowed Ygteater or lesser)
empirical significance, as we claimed, one may vesnghere the distinction
between the two fields lie. A partial answer istttiee distinction is a gradual
one, so that the stronger is a given claim’s ermgirsignificance, the more it
is science-like, and the weaker its empirical digahce is, the more it is
philosophy-like. Thus, we may save the logical pasts’ intuition that the
distinction is based on empirical content, whilsocalaccommodating the
intuition that there is no sharp distinction amotige various fields of
knowledge or intellectual enterprise.

This cannot be the whole answer, however, sincequite commonly
encounter theoretical conjectures bearing only vesmak and unlikely
connections to possible experiences, yet squarglgnging to the field of
science, not of philosophy: for instance, a nevdgtplated subatomic particle,
whose possible empirical effects are extremely exnojal and highly
debatable; a further actual example is the whalegstheory. The distinction
between science and philosophy, therefore, ralssttake into account other
factors. Although it is not easy to exactly circanige these additional
criteria, it certainly seems to make an importaiffecence whether the
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strength of the conditional connection between tieoretical claims and
experience (their degree of probability) can beaightforwardly and
unquestionably evaluated, or it is rather quesbmand debatable; whether
the nature of the putative theoretical entitiegaots is clear and agreed upon,
or not; whether the problems raised by a new hygsithemerge from the
interior of a given empirical science or not; afdithin science, questions of
this kind are usually straightforwardly answeredntks to the methodological
rules and background assumptions of each disciplive the other hand,
questions falling outside the scope of an estaddistiscipline, are much more
up for debate, and these might be considered typigailosophical questions.

This last additional distinction criterion largetwerlaps with Carnap’s
distinction between internal and external quesfforlbat is to say, between
guestions internal to a precise disciplinary seflanguage, conceptual
apparatus, methodological rules, etc.), hence sfiierand questions external
to any well established setup, hence foundatioorlgenerally speaking
philosophical. The main difference is that Carnagswnainly concerned with
formalized languages of mathematics and logic, woth some ideal
formalized reconstruction of the language of erngpirisciences, hence he
conceived it as a neat yes/no distinction; whl@ctual science, it is almost
never the case that methodological and evaluatiberia, ontological status
classifications, etc. are neatly circumscribed. @again, therefore, we have
only a continuous range from the most univocaélgidable questions, which
represent paradigmatic cases of scientific questiem those most open to
discussion, constituting paradigmatic cases obgbpphical questions.

4. REALISM DEBATES INQUANTUM MECHANICS INSTRUMENTALISM AND
IDEALISM

There are a number of realism debates concerniagtgon mechanics, due
to problems encountered in embedding the well &stedul patterns of
empirical results in physical models sufficientipatogous to previously
known mechanisms to be reasonably plausible. Rrablef this kind are
raised, for instance, by the existence of extrenmlcise but irreducibly
statistical observative laws, and of exceptionlgstantaneous correlations

1n CARNAP, 1950.
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between distant events, apparently without a cacmahection. The problem
in both cases seems to arise from the violationthef most basic and
entrenched principle in science and philosophyt tlegularities (whether
deterministic or statistical) presuppose a causareblVer, in quantum
mechanics both the corpuscular model and the wawdemseem to be
necessary, and yet, they also seem mutually inctiohpla

The failure to find suitable physical models fockwempirical patterns led
physicists as Wignét to embrace instrumentalism, claiming that quantum
mechanics should not offer a description of micstsys, but only an
algorithm for recovering empirical data. Instrunaisim is an extreme form
of antirealism, as it rejects one of the weakeslk more basic realist theses:
the semantic thesis (b) above, that categoric&rseents of theories may be
understood as descriptions of unobservable reality.

Otherd® in the attempt to find anyway some form of cauesglanation,
assume that the emergence of well determined giepdrom systems in state
of superposition may be the effect of subjectivevdedge, that produces
previously inexistent properties. This, of couragounts to giving up the
ontological realist claim that objective realityimlependent of cognition, i.e.,
to a sort ofidealism

There are two differences between historical foohsdealism and this
new idealist position: first, the formers held thaality in general is
cognition-dependent (it is thus a metaphysicalithés the terminology of §
1), while the latter concerns only micro-physicaedlity (it is then a sort of
scientific antirealist thesis, in the terminology ® 1). This may actually
represent an objection for this peculiar form ofugtwm idealism, for if such a
startling phenomenon as the dependence of thetalmjethe subject actually
happens, it is hard to see how it could hold oalyaf limited section of reality,
rather than for reality in general. A possible aasvinowever, might hinge on
the very peculiar and utterly basic nature of tharqum world.

The second difference, related to the first, ig ttlassical idealism has
practically no conditional relations to possiblepesiences (it is therefore a
metaphysical theses both in our and in the logicalitivists’ terminology),

15 See references in AULETTA, 2004.
16 On this point see TAROZZI, 1981:1996 and AULETTAQZ.
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while quantum idealism does have such conditiomddtions: in fact, it
implies and explains (no matter whether plausibty not) the puzzling
empirical data resulting from our physical expetenabout quantum
phenomena.

5. REALISM DEBATES INQUANTUM MECHANICS WAVES PARTICLES AND
PROPERTIES

While quantum idealists propose a non-physical anqtion for the
puzzling empirical patterns of quantum mechanitisers tried, and many are
still trying (though with little success) to find ghysical explanation. Quite
naturally, therefore, they look to the pair of laphysical models (among
those enough familiar to science to be minimallgugible) that physicists
have tried over three centuries to apply to energphenomena: the
corpuscular model, and the undulatory model. Pralgoto this effect are
mainly based either on one of these models, oroomessuitable mixture of
them. When particles and their properties, or was their properties, are
postulated as an explanation for empirical datah sexistential claims are
endowed with empirical significance; yet, it is pa&g anticipate that they are
to a certain extent philosophy-like, or raise pddphical questions: this is so,
once again, both because the explanation they sffstill quite conjectural,
(hence their ties to empirical data are weak), laechuse in order to account
for the unusual empirical behaviour of quantumesyst they must be assigned
a very peculiar nature, unlike that of classicatipkes or waves, and as such
liable to spur a number of philosophical questions.

As particles and waves are just two of the variensties postulated by
theoretical science, ontological debates betwesism and anti-realism
concerning them are not metaphysical (i.e., in theminology of 8§ 1,
concerning reality in general as such), but squdedl within the borders of
debates on scientific realism. In fact, these d=bare among those where
philosophical and scientific considerations are otssely intertwined; thus,
they yield some of the best examples of how phpbgmal positions and
empirical findings may bear strong relevance tcheather, as one of us has
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repeatedly argued in the pHsfThe physicists who took this line interpreted
the proposed models in an ontologically realist w@garticles, waves,
properties, exist, and are independent from theviag subject); implicitly or
explicitly, therefore, they also held the weakekelipninary realist theses
concerning their models: that we have reasons tieveethem (epistemic
realism) and that we may refer to them, and in ¢acttheories refer to and
purportedly describe them (semantic realism, agauesificationism and
instrumentalism).

6. WAVE EXISTENTIAL REALISM

The first physicist who tried to give an ontolodicaeaning to the wave
function was de Brogli€ who interpreted the quantum-mechanical wave
function not as a mere mathematical tool for catng probabilities of
measurement events, but rather as referring talalassical field embedding
a classical particle (thus endorsing the wholeyapfasemantic, epistemic and
ontological realist theses). A consequence of deglg¥'s approach was that
there can be situations in which there is a field a particle, and situations
where there is only a field (the so-callethpty wave For instance, let us
suppose that a photon encounters a beam spliteer imterferometer; then, we
may think that on one path there will be the phatath its field, while on the
other the empty wave. The possibility to detect ®mpaves as a strong
experimental evidence for the existence of an ogtohl counterpart of the
wave function was underlined by Selleri long HgdSelleri's idea was
important under two respects: first, because hatediout that ontological
realism definitely had empirical content; second¢cduse by assuming that
“not only energy, momentum, charge, and so on” banobserved, but
“transition probabilities can be easily observed’tde suggested that “the
real wave could then influence the transition ratethe system with which it
interacts”, thus envisaging further ways to empitic test his proposal

17 See TAROZZI, 1988; 1993.

18 See [1955; 1956].

1911969][1971]. See also TAROZZI, 1985; CROCA, 198&fd HARDY, 1992.
2 SELLERI, 1971, p. 400. See also SELLERI, 1982.
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However, no experiment has been able to confirnihn sudiypothesis, while
some have shown that it is rather implausible

David Bohni? developed a different approach to the same syatéip
main idea was that, if quantum systems are somebomwnected to (or
expression of) a classically physical reality, teioould be characterized by
some “hidden” variables, able both to explain theotie behaviour of
guantum-mechanical systems (in particular the gugsition principle and the
basic role of probability), and to reduce it tolassically deterministic theory.
In order to accomplish this research program, BeVan led to introduce the
new concept of auantum potentialwhich could account in deterministic
terms for the typical interference effects of quamtsystems. However, many
tests performed in the last thirty years have shthaha local hidden-variable
theory is untenable, and this forced Bohm to dgvéhe idea of the quantum
potential in strong non-local terms; this, in tuled to a final formulation of a
theory which was in open contrast with special théilgg®>. Whether this
model will be disproved by future experiments isogen question, even if it
seems already physically implausible.

Summing up, this strategy for offering a plausilpleysical model of
guantum mechanics involves ontological realism towgarticles, properties
and waves; however, the most problematic amongetblesms has proved to
be the existence of waves, both because of thelipgzzature and of the
scarce or missing empirical evidence for their texise. From a philosophical
point of view, therefore, this strategy is mostunally seen as mainly
involving an existence claim on waves.

7.PROPERTIES INDEPENDENCE REALISM

A different strategy in the search for a physicaldel was followed by
Einstein, with Podolsky and Rosérthenceforth: EPR). EPR clainfédhat
the reality of physical entities or properties manbe postulated on the basis

2! See WANGet al.,1991; ZOUet al, 1992.

22 11952].

#See BOHM and HILEY, 1993.

24 11935].

% n a very plausible way, as even Kant, for inseamtid.
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of a priori philosophical considerations, but must be foundough
experiments and measurements. To this end, thaygththey didn't need a
complete definition of ‘reality’ (which would inddehave raised thorny
philosophical questions), but just a “criteriom®. “not a necessary, but a
sufficient condition” for identifying real element3he following criterion
they considered to be “reasonable”

«(RC) If, without in any way disturbing a systene wan predict with certainty
(i.e. with probability equal to unity) the value afphysical quantity, then there
exists an element of physical reality correspondintpis physical quantity».

Bohnt® introduced a further simplification of EPR argurnepening the
way to the successive experimental tests. He ceresidtwo particles in a
special state called “singlet state”. In this cadlse,sum of the spins (the spin is
the intrinsic magnetic momentum of particles susrekectrons) is zero, and
the value that can be found by measurement ontizlpas always opposite to
the value found on the other particle (if one isfin down, the other one is in
spin up, and vice versa).

It is easy to see why EPR claimed, without explicitrguing for it, that
(RC) was reasonable: when EPR speak of the pagsibfl predicting with
certainty which property will be revealed by a meament taking place at a
distant location at the same or at some later nhsthey actually mean
predicting on the basis of the result of the measwent on the system at hand
that is to say, they are actually talking of thesirmable correlation of the latter
measurement to the former. Now, it seems that thame only three
circumstances which may allow such a correlatiathee (i) the property
measured on the distant system pre-existed and hammmon cause with the
property we reveal by measuring the system at hangi) by measuring the
first system we can physically (instantaneouslyjtyye the second system,
thereby either creating or modifying the propertytbe second system, and
thus bringing about the result that is then rexvialethe measurement, or (iii)
our knowledge of the former result can non-physycaifluence the latter,
either creating or modifying the property on theo® system, and thus
bringing about the result that is then revealedm®asurement. But (iii) is
what we calleddealism or the action of spirit on matter, and it is exigd
both from commonsense and by our prevailing metsiphly commitments.

2% [1951].

34



On the other hand, (ii) would represent a violat@rEinstein's locality (of
special relativity). It follows thatif (iv) we actually register a correlation
between the distant property and the property ef ¢tose-by system, and
(i(i.e. instant perturbation) does not obtaineth (i) must obtainwhich is
exactly what (RC) says.

However, this consequence could not be inferr&PiR had not assumed a
separability principle, according to which distagstems have properties that
are independent from each other. What Schrodihgenially understood for
the first time, and later experiments have confdmé that quantum-
mechanical systems can show a new type of cowalati-a-distance, known
as entanglement, which, though not representiniglation of relativity, and
therefore without implying any transmission of sfm or any form of
communication, connects systems in such a way tiatresult of any
measurement performed locally can depend on thdtrea measurement
performed on a distant syst&m

Thus, there is a fourth possible explanation ofrelations at distance,
beyond (i) pre-existence (or “hidden variables),r(on-local perturbation and
(iii) idealism: (v) non-separability, i.e. the faittat the properties of quantum
systems are not intrinsic, but depend on the wmlat{and interactions) that
any system has or entertains with other systems. [fds nothing to do with
(i) idealism: saying that properties are notimgic does not mean they are in
any way subjective; saying that they depend on riiations with other
systems does not mean they depend on the mindh®anadntrary, there are
very good reasons to suppose that interacting aladed quantum systems
show this behaviour quite independently from angestatior?’.

By further developing Bohm's model, B8Itould prove a theorem, which
can be formulated as
«A deterministic hidden-variable theory that ackfemlges the separability

principle must satisfy the Bell inequality. Howey#re predictions of quantum
mechanics violate it».

2711935]. A different solution was proposed by BOHR35.
% 5ee also AULETTA, 2006.

2 5ee JOOS and ZEH, 1985.

30[1964; 1966].
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Bell inequality imposed a specific quantitative bduon the correlations
among distant systems. Though there were somalihitigs’, experiments
performed in the last 30 ye&rshave shown that this bound is regularly
violated by quantum-mechanical systems.

Summing up, quantum systems show correlationsehistance
(entanglement) such that, when considering twoetated particles, one of
the pair, without transmitting a signal and therefm anyway perturbing the
correlated particle, cannot be considered in ignlatfrom the latter.
Entanglement is a specific and non-local (thatndependent from the space
and time that can “separate” the two particlesjitation on the possible
results of a measurement, and in particular it impliest,thvahen locally
measuring an observable on a particle, the rdsaitltwill obtain on the other
particle by measuring the corresponding observaiilebe not independent
from this one. The measurement process is a phHysitaraction, and
entanglement is also a phsycal but non-local (aladsically unknown)
interdependence. There is therefore no reasonrsid®r such a situation in
subjective and idealistic terms. What entanglensmiws is that quantum
system area priori characterized by relational properties, and heaiee
mutually dependent, quite independently of the presence giossible
observer. Only théocal results of the measurement (the interactional giart
the story) seem to depend on the observer, bualactihey only depend on
the physical interaction among an apparatus, thasmred particle and the
environment. It is supposed that such interactioagpen spontaneously in
nature without the participation of any observed groduce exactly the same
results as we may find in our laboratofie$hysicists without philosophical
background and philosophers without physical bamkgd tend to mix the
concept of relation and interaction with that ofbjgetivity, but EPR's
Gedankenexperimenis interesting (among other things) as it alloves t
distinguish between these two concepts.

31 MARSHALL et al.,1983.
%2 See ASPECEt al, 1982a and 1982b; and KWIASE al, 1994.
33 See ZUREK, 1981and 1982; also parts IV and V of BUTA, 2000.
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8. ANOTHER PROPOSAL

In the past two paragraphs we reviewed two hisabrattempts to find
physical models for quantum mechanics, and notiteat they stress,
respectively, the existence of entities (waves gualticles), and the
independence of properties; hence, we called thespectively, “wave
existential realism” and “properties independenealism”. Given that a
“properties independence realism” in the sensehef ihtrinsicness of the
properties of quantum systems is no longer tenfirlguantum-mechanical
systems, let us consider how things stand withstexrice realism”. Recently,
this idea has been explored by two of*uby showing a connection between
entanglement and wave-like behaviour in the contéxd complementarity
experiment. In this case, we connect two completely differésgues,
characterizing the above reviewed historical attsmpn the one hand, the
violation of separability by quantum systems and, tbe other hand, the
problem of the ontological status of the wave fionct by suggesting that
guantum waves represent a non-classical form dityrelm other words, there
are reasons to assign an ontological reality tosthge of a quantum systems
(and therefore to its undulatory behaviour). Howetlds state is intrinsically
characterized by entanglement, and therefore itvsh@ characteristic non-
independence of properties (as we shall see, tbbapilities to detect a
photon at a couple of detectors are not independktihe probabilities to
detect another photon at a second couple of des@cto

If a quantum wave has somehow an ontological gdliten, as already
suggested by Selleri, one should be able to ohpa@dictions that are
different from those a corpuscular behaviour wdiddnse. Obviously, this
must happen by satisfying the complementarity jpiec Thus, we came up
with the idea of a complementarity situation whereh different effects
should be observed. Let us consider a couple ofopsgoroduced by a non-
linear crystal. Initially, the state of the two pbos is factorised (non-
entangled). Any photon can be detected either loy “®arly” detectors (D1
and D2), which are placed after a short path, otway “late” detectors (D3
and D4), located after a longer path. By discardilighe hits in which both
photons are detected either by D1 or by D2, we iobta characteristic

34 AULETTA and TAROZZI, 2004a and 2004b.
%5 See BOHR, 1928.
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entanglement between the detection at D1 and thectitn at D4 and

between detection ad D2 and the detection at Oi8r af photon has been
captured by D1, the other photon is prevented byatine interference to
reach D3 and forced by constructive interferenceeteh D4 (andice versa

when the first photon is captured by B2).

Truly enough, in this case we won'’t be able to wdlich photon has gone
where and through which path, so that there wilhbeempirical warrant for a
realist claim on photongua particles. On the other hand, if, by changing the
disposition of the mirrors, we try to know the patjuantum mechanics itself
predicts that any of the later detectors (D3 or ) click randomly, for
obviously no interference will take place; howewvance either later detector
has clicked, we will be able to reconstruct whitdctron has gone on which
detector through which path, thus empirically watireg our talk of photons
guaparticles.

Now, if when we have a wave-like behaviour we caedjgt something
(the clicking detector) new and different from wia¢ corpuscular behaviour
allows to predict (the path), we have good emplirieasons for attributing an
ontological reality to the wave and not only to tregticle. In other words, we
have associated to the wave-like behaviour praggeriat are empirically
testable, exactly those depending on entanglenwet.could express the
same point by saying that, in the context of a dempntarity experiment,
entanglement is associated to the wave-like behavio

Nonetheless, our claim still keeps a distinctlylggophical character: it is
obviously very difficult to understand what type afality waves hav&
Actually, it is clear that they cannot have the sdorm of reality as events or
particles have. These are well-localized and tpeaperties can be directly
measured. On the contrary, it is intrinsically impible to directly measure
quantum waves or stafésThe existence of such things can only be inferred

However, this weakness is also a strength of ositipa: it allows for the
first time to connect the claims that an entitysexiand that its properties are
non-intrinsic. In fact, as we have seen, the wike-properties of the two

36 One of the first physicists to raise the probleas HEISENBERG [1958]. See AULETTA/
TAROZZI [1994a].
%7 See D'ARIANO and YUEN [1996].
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photons strongly depend on the experimental confEiis means that the
ultimate reason why it is impossible to directlyatathe reality of the wave is
that this reality is intrinsically relational andtéractional. One may think that
also the corpuscular reality is. To a certain extds is true, since in a
complementary experiment what we detect dependthemway we arrange
our apparatus. However, the detection act itsddf/idefinition a detection of a
particle (and this result can also be stored anwinmonicated), and this
explains the ontological asymmetry between deteciieents and relational
wave-like entities. One may wonder whether there ather reasons for
attributing ontological reality to the wave. The shetrong reason is that
between the wave-like behaviour and the corpusdoddraviour there is a
continuum of possible casés

We stress that this experiment has never beenrpexth yet; thus, we
cannot altogether exclude that it could yield thmpasite result, however
improbable this may be: it might happen that, iitespf the wave-like
arrangement, both D3 or D4 clicked randomly, notemaivhether D1 or D2
had clicked. In this case, wave realism would bksiffad, but quantum
mechanics would be falsified, fobhis, of course, would be a quite startling
result, first of all, because the best confirmegsotal theory of all times
would be disconfirmed.

A surprising feature of such a possible outcoméhéd a philosophical
hypothesis would be empirically falsified. Whileighwas considered to be
impossible by the logical positivists and Poppéealit would no longer be so
surprising after our meta-scientific and meta-pdolghic conclusions at 88 2,
3; yet, it would still be a significant illustratioand confirmation of those
conclusions. One might suggest that the unexpentedrimental result would
not so much falsify a philosophical hypothesis,sa#t it from the more
philosophy-like to the more science-like sectiorthad spectrum, by suddenly
transforming a quasi-mental experiment into an acéxperiment; still, we
would have the case of a philosophical hypothesisensitive to empirical
findings to lose (if not its truth-value) at ledst philosophical character. Once
again, we would notice that the border betweenopbjphy and science is so
permeable, that hypotheses may cross it. Popperlneady noticet that a

38 MITTELSTAEDT et al [1987].
% In[1959] X, § 85.
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philosophical tenet (such as, e.g., atomism) canorbe scientific, by
becomingfalsifiable but we are now seeing that it can become sciertifo
by being falsified (which Popper considered to be impossible, sinckim
cannot be falsified unless it is falsifiable, apHdilosophical claims were
precisely non falsifiable, in his view).

A further noticeable consequence of a negativeltreduour proposed
experiment would be the overturning of a very wedtablished physical
theory (quantum mechanics) through a philosophdesdussion, more or less
as Mach’s instrumentalism and phenomenism leddmfierationist treatment
of time in Einstein’s special relativity paper th@xactly a century ago!)
overturned Newtonian mechanics. Once again, ofssgurothing of this kind
could ever happen if science and philosophy wexedeld by sharp and
impassable barriers.
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