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Enrico Cinti. Strange Metals, Holography, and Philosophy of Physics

Mauro Dorato. Niels Bohr: quantum mechanics as a theory of principle
Otévio Bueno. Identity and Individuality: Quantum Scales and Beyond
End of the Workshop

Page s



Abstracts



Book of Abstracts X Workshop on Quantum Mechanics € Quantum Information

Meta-metaphysical fictionalism (and quantum mechanics)

RAaoONI ARROYO" MATTEO MORGANTI'

Metaphysics is traditionally conceived as i) aiming at the truth—indeed, the most fundamen-
tal truths about the most general features of reality—and ii) being detached from the empirical
domain since it employs an essentially a priori methodology. Naturalism and the correspond-
ing conception of metaphysics of science solve the problem that is allegedly constituted by the
latter fact. The scientific realist and the metaphysician of science join forces to seek descriptions
of reality as it actually is. However, according to some sceptics about metaphysics, a problem
remains with the former feature. As the argument goes, metaphysics lacks testability, so it can
only have recourse to non-empirical virtues to break the empirical underdetermination that in-
evitably affects our hypotheses about reality. Since non-empirical virtues are allegedly not truth-
conducive, and since only scientific theories can be (atleast partly) assessed in terms of empirical
success, this leads directly to eliminativism about metaphysics. Hence the need for the naturalist
non-eliminativist about metaphysics to find other ways to characterise the discipline.

In the present talk, we’ll unpack the above statements, and suggest a way to revise as-
sumption i) so as to make naturalised metaphysics acceptable. This will lead us to a fictional-
ist approach to metaphysics that, we will argue, remains perfectly compatible with naturalistic
methodology as well as scientific realism.

*Dipartimento di Filosofia, Comunicazione e Spettacolo, Universita degli Studi Roma Tre, Rome, Italy. Re-
search Fellow of the Sdo Paulo Research Foundation (FAPESP), grant #2022/15992-8. Centre for Logic, Epistemol-
ogy and the History of Science, University of Campinas, Campinas, Brazil. E-mail: <raoniarroyo [at] gmail.com>.

TDipartimento di Filosofia, Comunicazione e Spettacolo, Universitad degli Studi Roma Tre, Rome, Italy.
PRIN 2022, “The Philosophical Reception of Quantum Theory in France and German-speaking Countries be-
tween 1925 and 1945: Conceptual Implications for the Contemporary Debate”. Prot. 20224HXFLY. E-mail: <mat-
teo.morganti [at] uniromas.ic>.

Page 7


mailto:raoniarroyo@gmail.com
mailto:matteo.morganti@uniroma3.it
mailto:matteo.morganti@uniroma3.it

Book of Abstracts X Workshop on Quantum Mechanics € Quantum Information

Is there any place for spacetime functionalism in the
quantum-to-classical transition?

Emiria MARGONT"

The broad goal of quantum gravity projects is to formulate a theory of the microscopic structure
of spacetime. An increasingly popular perspective is the so-called emergent gravity paradigm, in
which low-energy spatiotemporal phenomena, as described by general relativity, are conceived
as emerging from an underlying, more fundamental, and arguably different background. In the
context of this endeavour, a theory of quantum gravity is expected to encounter different levels
of spacetime emergence. Recently, it has been argued that spacetime functionalism is the proper
way to deal with the recovery of spacetime. In the present context, I will discuss the usefulness
of such a conceptual programme, with a particular focus on the quantum-to-classical transition
that a theory of quantum gravity is expected to scrutinise.

“Université de Geneve, Faculté des Lettres, Geneva, Switzerland. E-mail: <emilia.margoni [at] gmail.com>.
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Dubitable and Indubitable Aspects of Quantum Physics

CARL HOEFER"

I have in recent years defended a selective form of scientific realism, “Tautological Scientific
Realism” (TSR). The point of TSR is that since the mid-20th century, some basic bits of sci-
entific lore have become literally sndubitable: there is no way to seriously imagine how they
might turn out to be false, unless we contemplate radical skeptical scenarios (brains in vats, the
universe as a computer simulation, etc.). Most of fundamental physics, however, lies on the
still-dubitable side of this dividing line, and this certainly includes the theorertical cores of all
quantum theories. But some facts about the microscopic constitution of matter and its coarse-
grained behavior is by now entirely indubitable, e.g., the fact that atomic matter is composed
mostly of protons, neutrons and electrons, with two of these bearing charge and the third not,
the electrons being separable from atomic nuclei in certain circumstances, etc.

TSR has many advantages over earlier forms of SR, but as with all selective SRs, it can be
argued that “the devil is in the details”. A number of philosophers have pressed me about the
details of how to draw the dividing line between the indubitable parts of physics lore and the
still-dubitable parts, and what lies on which side. In this talk I will look at the case of spin, which
is both highly theoretical and far from observable experience, and yet also embedded in a large
number of experimental and technological phenomena. Is the existence of spiz now on the in-
dubitable side? I will make some suggestions concerning the project of clarifying where the di-
viding line lies, using spin and neutrinos as example cases.

“Departament de Filosofia, Universitat de Barcelona, Barcelona, Spain. E-mail: <carl.hoefer [at] gmail.com>.
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Why is there no consensus on the foundations of quantum
mechanics?

VALIA ALLORI"

Quantum mechanics is regarded by many as problematic for the scientific realist (among other
things) because it looks like the prototypical example of underdetermination of theory by data:
there are so many quantum theories which are (effectively) empirically equivalent, so how could
the realist choose which one to believe? In this paper, I argue that the disagreement about theory
choice in the quantum domain can be tracked down to specific features a fundamental physical
theory should have in order to be satisfactory. People disagree about these desiderata because
they disagree about which explanatory schema one should look for in a theory. This is, I ar-
gue, what leads different people to favor different theories. First, I show that the proponents
of the information-theoretic approach, since they focus on empirical adequacy, are naturally
led to look for an explanation in terms of principles, which is provided by standard quantum
theory. In contrast, primitive ontologists favor a constructive understanding, which requires a
spatiotemporal microscopic fundamental ontology, which guides them towards favoring the
pilot-wave theory. Instead, Everettian approaches, which center around physical practice, con-
ceive of quantum theory as a framework, and this makes them prefer the many-worlds theory.
Finally, I argue that the wave function realists’ requirement of a local and separable ontology
leads them to think of quantum theories as interaction theories, which describe how the fun-
damental ontology, provided by the non-spatiotemporal wavefunction, behaves. Thus, if this
reconstruction is correct, it is unlikely that the realist community will find an agreement on
which is the best quantum theory.

*Dipartimento di Lettere, Filosofia, Comunicazione, Universita degli Studi di Bergamo, Bergamo, Italy. E-
mail: <valia.allori [at] unibg.it>.
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Measurements in Quantum Field Theory

EMANUELE ROSSANESE”

The aim of my talk is to present and discuss some recent results in the explanation of measure-
ment in Quantum Field Theory (QFT). The measurement problem is one of the most discussed
interpretative issues of non-relativistic quantum mechanics, and has led to different proposals
to interpret the theory in order to solve it. However, even if there is not yet a solution to this
problem, non-relativistic quantum mechanics provides nonetheless a measurement theory that
has a remarkable success in predicting the statistical results of experiments. The measurement
problem is even worse in the context of QFT. On the one hand, there is not a solution to this
problem yet, exactly as in the case of non-relativistic quantum mechanics. On the other hand,
it is not possible to generalize the non-relativistic quantum mechanics measurement theory to
QFT. For, it is possible to show that such generalization would lead to what Sorkin (1956) calls
“impossible measurements”, that is, to measurements that would entail superluminal signalling.
Following Papageorgiou and Fraser (2023), the aim of my talk is then to present and discuss some
recent interesting attempts to solve at least the pragmatical aspect of the measurement problem
in the context of QFT, namely the formulation of a measurement theory that would not be
undermined by Sorkin’s analysis (and in particular the proposals of Fewster and Verch (2020)
and of Polo-G6mez, Garay, and Martin-Martinez (2022)).

References

FEWSTER, C.J.; VERCH, R. Quantum fields and local measurements. Commaunications in Math-
ematical Physics, v. 378, n. 2, p. 851-889, 2020. DOI: 10.1007/500220-020-03800-6.

PAPAGEORGIOU, M.; FRASER, D. Eliminating the “tmpossible” Recent progress on local measure-
ment theory for quantum field theory. 2023. arXiv: 2307 .08524 [quant-ph].

POLO-GOMEZ, J.; GARAY, L. J.; MARTIN-MARTINEZ, E. A detector-based measurement theory
for quantum field theory. Physical Review D, v. 105, p. 065003, 6 2022. DOI: 10 . 1103/
PhysRevD.105.065003.

SORKIN, R. Impossible Measurements on Quantum Fields. In: HU, B. L.; JACOBSON, T. A.
(Eds.). Directions in General Relativity: Proceedings of the 1993 International Symposium,
Maryland: Papers in Honor of Dieter Brill. Cambridge: Cambridge University Press, 1956.

P. 293—305.

*Dipartimento di Filosofia, Comunicazione e Spettacolo, Universita degli Studi Roma Tre, Rome, Italy. E-
mail: <emanuele.rossanese [at] uniromasz.it>.
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Cassirer, Reichenbach and Causality

SaMUELE FasoL*

Over the past two decades, the interest in Ernst Cassirer’s approach to Quantum Mechanics
in his Determinism and Indeterminism (1956) has grown increasingly. The aim of the present
talk is twofold: firstly, I expose the last parts of Cassirer (1956), which have been neglected by
the commentators. Secondly, I compare Cassirer’s and Reichenbach’s conflicting accounts of
“causality”. Indeed, Cassirer regards causality as stating the general lawfulness of nature and
therefore as a principle employed to constitute (in a sense to be clarified) the objects of our phys-
ical theories. Reichenbach (1944) describes causality as a notion involving only strict and deter-
ministic laws and, as a consequence of the probabilistic laws of Quantum Mechanics, regards
such anotion as outdated. Cassirer’s and Reichenbach’s opposite views of “causality” raise more
than a mere terminological issue. An investigation of their conflicting views will prove of deci-
sive importance also to shed light on the differences between their broader philosophical frame-
works.

References

CASSIRER, E. Determinism and Indeterminism in Modern Physics. New Heaven: Yale Univer-
sity Press, 1956.

REICHENBACH, H. Philosophic Foundations of Quantum Mechanics. Berkeley: University of
California Press, 194 4.

*Dipartimento di Filosofia, Comunicazione e Spettacolo, Universita degli Studi Roma Tre, Rome, Italy. E-
mail: <samuele.fasol [at] gmail.com>.
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Relational Quantum States: Ontology or Epistemology?

ANDREA OLDOFREDI"

Relational Quantum Mechanics (RQM) is an interpretation of quantum theory in which dif-
ferent observers generally assign diverse states of affairs to a given physical situation. Notably
such descriptions are equally correct and do not generate contradictions. For instance, taking
into account the Wigner-friend scenario, the physicist within the lab will find a definite mea-
surement outcome for their measurement, whereas Wigner - who is outside the lab - will de-
scribe the experimental setup into the room with a superposition of states. Remarkably, RQM
claims that both representations are valid, thereby reality is relational and observer dependent.
Recent works in this interpretation, however, reshape the axioms of the theory and suggest that
measurement outcomes are observer independent facts. In this talk we discuss such a new ver-
sion of RQM, in particular it will be studied whether such a theory still makes ontological claims
or whether it is only about epistemic states of individual observers. Moreover, a comparison
with Quantum Bayesianism is drawn.

*Centro de Filosofia, Universidade de Lisboa, Lisbon, Portugal. E-mail: <aoldofredi [at] letras.ulisboa.pt>.
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Quantum origin of time’s arrow

Davipe Romano®

Time’s arrow is a constant feature of the macroscopic world, but why and how does it emerge
from fundamental physics? The standard answer is based on the second law of thermodynamics,
as the entropy increase for isolated systems defines a privileged evolution for those systems, even
though the underlying Newtonian mechanics is time-symmetric. However, thermodynamics
can hardly be considered the final answer, as the arrow of time looks like a fundamental feature
of reality rather than a (higher-level) emergent phenomenon. Moreover, many features appear-
ing at the macroscopic level (from the solidity of a table to the dynamics of classical systems) are
concretely derived from the underlying quantum regime. It is then legitimate to ask: “can the
thermodynamic time’s arrow also be derived from quantum mechanics?”

In this talk I suggest an affirmative answer to this question, tracing back the origin of time’s
arrow to the irreversible behavior and dynamics of open quantum systems. Partial results are
presented, much more is to be done.

"CNRS, Institut Néel, Université Grenoble Alpes, Grenoble, France. E-mail: <davide.romano [at]
neel.cnrs.fr>.
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Scientifically-informed metaphysics for the
EPRB-quantum correlations: why there is no room for
radical metaphysical hypotheses

VERA MATARESE"

Emery (2022) has argued that radical metaphysical hypotheses provide better explanations of
the EPRB-quantum correlations compared to those provided by standard interpretations of
quantum mechanics, as they are less novel than their rivals. This raises questions on whether we
should indeed consider them when doing any scientifically-informed metaphysics. After exam-
ining the relationship between novelty and explanatory power, I will argue that radical meta-
physical hypotheses involve a kind of novelty that undermines and even precludes explanatory
power. In conclusion, I will argue that there is no room for radical metaphysical hypotheses in
any scientifically informed metaphysics of the EPRB-quantum correlations.

References

EMERY, N. Quantum Correlations and the Explanatory Power of Radical Metaphysical Hy-
potheses. Philosophical Studies, v. 179, n. 7, p. 2391-2414, 2022. DOI: 10.1007/511098-
021-01769-=z.

*Dipartimento di Filosofia, Scienze Sociali, Umani e della Formazione, Universita degli Studi di Perugia, Pe-

rugia, Italy. E-mail: <vera.matarese [at] unipg.it>.
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In Defense of Speculation: Quantum Ontology without
Textbooks. Nor Overlapping’

CrisTIAN LOPEZ"

In this paper, I critically assess two recent proposals for an interpretation-independent under-
standing of non-relativistic quantum mechanics: the overlap strategy (FRASER; VICKERS, 2022
and the textbook account (EGG, 2021). My argument has three steps. I first argue that they pre-
sume a Quinean-Carnapian meta-ontological framework that yields flat, structureless ontolo-
gies. Second, such ontologies are unable to solve the problems that quantum ontologists want
to solve. Finally, only structured ontologies are capable of solving the problems that quantum
ontologists want to solve. But they require some dose of speculation. In the end, I defend the
conservative way to do quantum ontology, which is (and must be) speculative and non-neutral.

References

EGG, M. Quantum ontology without speculation. Exropean Journal for Philosophy of Science,
V. 1L, N. 32, p. 1-26, 2021.

FRASER, J. D.; VICKERS, P. Knowledge of the Quantum Domain: An Overlap Strategy. The
British Journal for the Philosophy of Science, 2022. po1: 10.1086/721635.

TPublished as LOPEZ, c. Quantum ontology without textbooks. Nor overlapping. Enropean Journal for Phi-
losophy of Science, v. 14, 1. 11, 2024. DOI: 10.1007/513194-024-00573-w.

"FNS Senior Chercheur. Université de Lausanne, Section de Philosophie, Lausanne, Switzerland. E-mail:
<cristian.lopez [at] unil.ch>.
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Strange Metals, Holography, and Philosophy of Physics'

Enrico Cint1®

In recent years, the philosophy of dualities has seen a rapid growth both in depth and
breadth of topic. In this context, an especially important role has been played by the study of
gauge/gravity dualities, or holography, i.e. dualities which relate a theory of quantum gravity
in n+1 dimensions to a field theory without gravity in n dimensions. The goal of this talk is to
discuss some interesting philosophical issues raised by the application of holography to certain
condensed matter systems, in particular to strange metals. Since these systems can be studied in
the lab, and moreover for features which are only modelled via the use of holographic means,
this application of holography promises interesting new insights into the possibility of experi-
mentally testing quantum gravity hypotheses.

In particular, I will provide a simple introduction to the theoretical framework used to
model strange metals within holography, i.e. so-called semi-holography, and I will discuss
some interesting philosophical questions it gives rise to; in particular, I will focus on the re-
lation between semi-holography and full holography, the meaning of explanation in the semi-
holographic context, the prospect for emergence within a duality relation in semi-holography,
and the possibility of taking a realist stance towards the gravity dual of the field theory in semi-
holography. Throughout, the goal will be to introduce these questions as interesting and worthy
of further philosophical analysis, rather than on providing direct solutions to these issues.

TJoint work with S. De Haro, M. Golden, U. Gursoy, S. Mukherjee, and H. Stoof.
*Epistemology € Philosophy of Science, Universiteit van Amsterdam, Amsterdam, The Netherlands. E-mail:
<e.cinti [at] uva.nl>.
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Niels Bohr: quantum mechanics as a theory of principle

Mauro DoraTtof

In this paper, I show why Bohr’s stress on the epistemic primacy of the classical image ought to
be framed in terms of Einstein’s distinction between principle theories and constructive theo-
ries. Bohr’s approach to quantum mechanics belongs to the first category. In particular, I will
argue that his refusal to give a quantum description of the measurement process was explicitly
motivated by Einstein’s formulation of the special theory of relativity as a theory of principle.

TDipartimento di Filosofia, Comunicazione e Spettacolo, Universitd degli Studi Roma Tre, Rome, Italy.
PRIN 2022, “The Philosophical Reception of Quantum Theory in France and German-speaking Countries
between 1925 and 1945: Conceptual Implications for the Contemporary Debate”. Prot. 20224HXFLY. E-mail:
<mauro.dorato [at] gmail.com>.
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Identity and Individuality: Quantum Scales and Beyond

OT1Avio BUENO®

Itis tempting to think that a distinguishing feature of the quantum scale is the fact that, on that
scale, objects lack identity (FRENCH; KRAUSE, 2006), whereas in larger scales this is not the case.
I'argue that the situation is not so simple. The apparent lack of identity of quantum objects cru-
cially relies on a particular interpretation of quantum theory, and there are ways of making sense
of quantum experiments that preserve the identity of quantum objects (VAN FRAASSEN, 1991).
By distinguishing identity and individuality, it becomes clear that quantum objects, despite
not being individuals, still have identity. The same considerations extend beyond the quantum
scale, such as at the nanoscale, in which alleged failures of identity turn out to be failures of in-
dividuality instead. Thus, it is possible to preserve classical identity in these contexts, provided
that a metaphysical theory of individuality is not added as an extra metaphysical gloss.

References
FRENCH, S.; KRAUSE, D. Identity in Physics: A Historical, Philsophical, and Formal Analysis.
Oxford: Oxford University Press, 2006.

VAN FRAASSEN, B. C. Quantum Mechanics: An Empiricist View. Oxford: Oxford University
Press, 1991.

“Department of Philosophy, University of Miami, Coral Gables, USA. E-mail: <otaviobueno [at] mac.com>.
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