Quantum Ghosts and the Ontological Mirage of the
Macroscopic World
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1. Introduction: The Quantum Fog and the Tabletop Enigma

Few problems in physics remain as stubborn—and as metaphysically disruptive—as
the measurement problem in quantum mechanics (QM). How does the probabilistic
haze of superpositions and entangled states, governed rigorously by the linearity of
the Schrodinger equation, congeal into the crisp, observer-independent solidity of the
classical world? How does the quantum fog of possibilities, yield a macroscopic world
with definite properties?

This is not a technical afterthought. It is an ontological abyss.

The macroscopic realm—tables, chairs, and the bits of stuff forming these
words—presents itself as a stable architecture of definite positions, velocities, and
causal relations. Yet QM insists that at its foundations, reality is a spectral,
indeterminate dance of amplitudes, actualized only through the ill-defined act of
“measurement.”

This generates a paradox at the heart of modern physics: the world of definite
objects is alleged to be composed of quantum constituents that are themselves not
definite. If the building blocks are ghostly, what sustains the edifice?



In the spirit of our Against the Physicists series, in this essay we dissect QM’s
failure to bridge this abyss and examines the main interpretive attempts —Bohmian
mechanics, the many-worlds interpretation (MWI), emergent causality frameworks,
and objective collapse theories—showing why none succeed in banishing the ghosts.

2. The Measurement Problem: QM’s Resistance to Realism

QM excels as a predictive formalism but falters as a realist ontology. The wavefunction
U evolves deterministically via the Schrodinger equation; yet upon “measurement,”
this superposition abruptly collapses to a single outcome. Without a principled
criterion for what counts as a measurement—device? consciousness? decoherence
threshold? —the Copenhagen tradition devolves into instrumentalism: {» becomes not
a description of reality but a tool for predictions.

This anti-realist posture appears starkly in the Einstein-Podolsky—Rosen (EPR)
argument (Einstein et al., 1935) and Bell's theorem (Bell, 1964). Bell showed that no
local hidden-variable model can reproduce QM'’s predictions. Experiments such as the
delayed-choice quantum eraser (Kim et al., 2000; ANU experimental reconfirmation,
2015) only deepen the puzzle: the properties of a quantum system appear to depend
on future measurement choices, as though causality itself were provisional.

Thus, QM presents the world as one in which properties are not intrinsic but
imputed. The classical world then becomes paradoxical: if quantum entities lack
definite positions absent measurement, how do they assemble into a table that remains
solid, stable, and unmoving when unobserved?

Decoherence provides a phenomenological account of why superpositions
become unobservable (Zurek, 1981), but not a metaphysical one. It explains why we
see classicality, not how classicality exists. The off-diagonal elements of the density
matrix vanish in the environmental representation —but the problem of which basis is
“real”remains unsolved. Nature does not care about our choice of basis.

3. Interpretive Attempts and Their Failures: Spectral Remedies for a
Spectral Malady

3.1 Bohmian Mechanics: Determinism at the Price of Locality
Bohmian mechanics (de Broglie, 1927, Bohm, 1952) restores realism by offering
particles with definite trajectories guided by a pilot wave. This rescues the solidity of

the table: its atoms follow exact paths.

Yet this comes at multiple costs.



First, the nonlocality problem: the pilot wave is a holistic field that
instantaneously connects spatially separated systems, violating relativistic constraints
and producing what Einstein called “spooky action at a distance.” The theory requires
an irreducibly arbitrary “quantum equilibrium distribution” to recover Born-rule
probabilities—a postulate smuggled in rather than derived.

Second, the empty wave problem: in multi-particle systems, the guiding wave
propagates through a high-dimensional configuration space, not physical three-
dimensional space. Most of the wave’s structure is physically inert, guiding nothing.
We are left with a bloated ontology of ghostly waves haunting configuration space.

And third, contextuality: Bohmian trajectories are not observable even in
principle, and different decompositions of the wavefunction yield different trajectory
sets. The particles” paths depend on how we choose to represent the quantum state —
hardly the robust realism the theory promises.

The table is saved —but at the price of a nonlocal, acausal web of influences
pervading an abstract space. A realism of puppetry is hardly an improvement.

3.2 Many-Worlds Interpretation (MWI): Infinite Branches, Vanishing Solidity

Everett’'s MWI (1957) abolishes collapse: every possible outcome occurs in a separate
branch of a proliferating multiverse (Everett, 1957). Decoherence explains why
branches do not visibly interfere (Zurek, 1981).

However, the theory demands unprecedented ontological extravagance. The
stable table you observe exists only because you occupy one branch among an
unfathomable number of parallel worlds. As Tegmark has emphasized, the number of
branches grows at an astronomical rate, spawning vast ontological inflation in
exchange for local classicality (Tegmark, 2007).

Moreover, MWI faces the probability problem: if all outcomes occur, why do
we experience Born-rule probabilities? Proposals invoking “typical observers” or
decision-theoretic frameworks (Deutsch, 1999; Wallace, 2012) rely on circular
reasoning or ungrounded assumptions about rational credence in a deterministic
universe in which all outcomes are realized.

There is also the preferred basis problem: decoherence selects a basis only
relative to an environment, but nothing in the formalism privileges one factorization
of the universal wavefunction over another. The appearance of definite worlds
requires additional structure—precisely what MWI claims to eliminate.



Finally, the metaphysical vertigo: if every quantum event spawns worlds, then
“you” are not a unified entity but a constantly fragmenting tree of branches. Personal
identity dissolves into a measure-theoretic blur. The table persists, but as a fleeting
hologram in a cosmic library of unrealized alternatives—and so do you. And so do
physicists conducting quantum experiments.

3.3 Objective Collapse Theories: Ad Hoc Surgery on the Wavefunction

The Ghirardi-Rimini-Weber (GRW) model (Ghirardi et al., 1986) and related theories
propose that the wavefunction undergoes spontaneous, random collapses at a rate
inversely proportional to system size. Macroscopic objects collapse almost
immediately into definite states; microscopic systems rarely do.

This approach has the virtue of modifying the dynamics rather than
multiplying ontologies. Yet it introduces new problems.

First, the collapse parameters problem: the collapse parameters (collapse rate,
and localization width) are arbitrary constants tuned to match observation—free
parameters with no deeper justification.

Second, the energy non-conservation problem: spontaneous collapses violate
energy conservation, though at rates claimed to be experimentally undetectable. This
undermines a foundational symmetry of physics for purely ad hoc reasons.

Third, the tails problem: after collapse, the wavefunction retains residual "tails"
extending throughout space. These tails contribute negligibly to predictions but
present an interpretive puzzle: are they real? If so, we have not eliminated ghostly
superpositions, merely suppressed them. If not, why not?

Fourth, the relativistic incompatibility problem: extending collapse models to
relativistic quantum field theory has proven notoriously difficult, with most proposals
violating Lorentz invariance or causality. The theory rescues classical objects by
breaking the spacetime structure that houses them.

4. Emergent Causality and Relational Frameworks: Causation Without
Being

Recent proposals—including “causal bubbles” (Adlam, 2022) and relational or
informational-first approaches (Rovelli, 1996; Vedral, 2025) —attempt to make reality
out of relations rather than objects. Properties do not exist independently; they arise
through interactions or informational constraints.



These theories avoid collapse by denying intrinsic properties altogether. Yet
this simply relocates the paradox. If causality or information is fundamental and
matter emerges, then the table becomes a derivative phenomenon—an
epiphenomenon floating upon a pre-physical substrate. And there are other problems.

e The circularity problem: these frameworks define information or causality in
terms of physical processes, then claim physical processes emerge from
information or causality. The explanatory arrow points in both directions
simultaneously.

e The observer problem: relational quantum mechanics makes properties exist
only relative to observers, yet provides no account of what constitutes an
observer or how the classical world of laboratories and measurement devices
exists independently enough to sustain quantum experiments.

Further complications arise from work on undecidability in quantum gravity (Faizal
et al., 2025), suggesting that the deepest structures of reality may be inherently
incomputable. If so, then the proposed “foundations” of reality have no precise
definition. The ghosts deepen rather than dissolve.

5. Additional Skeptical Challenges: Problems Physicists Ignore
5.1 The Problem of Time

QM treats time as an external parameter, not an operator. Yet in quantum gravity and
cosmology, time itself becomes dynamical and quantum. The “problem of time” in
canonical quantum gravity (as per the Wheeler-DeWitt equation) reveals that the
notion of evolution—central to both the Schrodinger equation and decoherence—
might be contextual or emergent rather than fundamental.

If time is not fundamental, then the entire architecture of “before
measurement” and “after collapse” collapses. The measurement problem assumes a
temporal structure that deeper theories deny.

5.2 The Wigner’s Friend Paradox and Nested Observers

Wigner’s friend thought experiment exposes the arbitrariness of where to "cut"
between observer and observed (Wigner, 1961). If QM applies universally, then
Wigner’s friend, having measured a quantum system, exists in a superposition from
Wigner’s external perspective. Recent extensions involving multiple nested observers
(Frauchiger and Renner, 2018) derive contradictions from the assumption that QM
provides consistent descriptions across different observer perspectives.



Responses invoking “perspectival” or “relational” truth merely rename the
problem: if reality is perspective-dependent, then there is no objective fact about
whether the table exists when unobserved —a conclusion most physicists rhetorically
reject while their theories entail it.

5.3 Quantum Darwinism: Selection Without Selectors

Zurek’s quantum Darwinism proposes that classical reality emerges through
environmental “selection” of pointer states, which are redundantly encoded in the
environment (Zurek, 2009). States that survive this “Darwinist” filter appear objective
and classical.

Yet the metaphor of natural selection is apt in a troubling way: just as biological
selection requires pre-existing organisms with variation and heredity, quantum
Darwinism presumes a stable structure of environments, subsystems, and information
channels—all classical concepts. The theory uses classicality to explain classicality. It's
turtles all the way down, but made of quantum foam.

5.4 The Set Selection Problem

Decoherence and einselection (environment-induced superselection) explain why
certain observable sets become stable. But which sets? The answer depends on the
system-environment partition, which is itself not given by the quantum formalism but
imposed by the physicist.

Nature presents no intrinsic boundaries. The decomposition of the universe
into “system” and “environment” is a modelling choice. Yet classical reality —with its
definite objects and boundaries—seems to require such decompositions to be
objectively real, not artifacts of description.

5.5 Macroscopic Quantum Phenomena: When Ghosts Grow Large

Superconductivity, superfluidity, and Bose-Einstein condensates exhibit quantum
coherence at macroscopic scales, blurring the quantum-classical boundary that
interpretations claim to establish. If decoherence and system size alone determine
classicality, these phenomena should not exist.

Physicists respond by invoking special symmetries and energy gaps that
protect coherence. But this is precisely the problem: the transition to classicality is not
universal but context-dependent, determined by contingent features of specific
systems. There is no general principle, only a patchwork of special cases.



5.6 The Fine-Tuning of Decoherence

Environmental decoherence depends on the specific structure of interactions between
system and environment. Had the electromagnetic coupling constant, molecular
bonding energies, or thermodynamic properties of matter been slightly different,
decoherence timescales would shift dramatically. In some counterfactual physics,
macroscopic superpositions might persist; in others, atomic coherence might vanish.

That our universe exhibits the “right” decoherence structure for classical reality
to emerge appears fortuitous—a cosmic coincidence that interpretations accept as
boundary condition rather than explain. The classical world hangs by a thread of fine-
tuned parameters.

5.7 The Ontological Paradox: Tables Built of Phantoms

At the heart of the problem lies a metaphysical dilemma. Realism requires that the
world's constituents possess definite properties. QM denies this without interpretive
add-ons. Classical objects—such as the canonical table—are composed of atoms in
vast superpositions and entanglements, yet the table itself never exhibits such
behavior.

Decoherence and envariance (Zurek, 2003) explain the appearance of
definiteness, not its metaphysical grounding. The table is stable not because the theory
explains its stability, but because we tacitly impose classicality as an axiom of
experience.

The result is a ghostly ontology: classical objects emerge from constituents that,
by the theory’s own account, do not exist in the way objects must exist to sustain them.
We have either:

e quantum fundamentalism: only quantum states exist, and classical objects are
illusions (Grupp, 2006: p. 245), but then physics studies an illusion, and
experiments are an illusion, undermining the evidential basis of quantum
mechanics); or

e classical fundamentalism: only classical objects exist, and wavefunctions are
epistemic (but then why are they so predictively powerful?); or

e dualism: both exist on separate ontological levels (but then how do they
interact?); or

e nihilism: neither exists as described, and reality is something else entirely (but
then what?).



Each horn of this quadrilemma is unpalatable. Physics has backed itself into a corner
where its most successful theory cannot account for the existence of the objects it was
invented to describe, even though experiments evidentially ground it.

6. The Sociological Dimension: Why Physicists Don’t Care

A curious feature of this theoretical scandal is the equanimity with which practicing
physicists accept it. The standard response is: “shut up and calculate.” QM works
spectacularly well for predictions; ontology is the philosophers’ problem.

This pragmatism conceals a deeper abdication. Physics once aspired to describe
reality, not merely predict meter readings. The instrumentalist turn represents a
failure of nerve—a retreat from metaphysics because the metaphysics became
uncomfortable.

Moreover, the disciplinary division of labor enables evasion. Experimental
physicists defer to theorists; theorists defer to philosophers; philosophers lack the
mathematical authority to challenge formalism. Each group assumes someone else has
solved the problem, or that it doesn’t need solving.

The result: a curious intellectual dissociation where physicists simultaneously
affirm that tables (or experimental apparatus) exist (as a practical matter) and deny
that their theory explains this existence (as a theoretical matter). The contradiction is
sustained through compartmentalization.

7. Conclusion: Beyond the Fog—Toward Ontological Reckoning

QM’s inability to derive classical reality from its own principles is not a technical
oversight but a sign of deeper ontological disorder. The major interpretations—
Bohmian determinism, the multiverse, objective collapse, emergent causality —all fail
to resolve the paradox. They redistribute the spectral load rather than eliminate it.

The quantum-—classical transition remains unexplained. Philosophers like
Maudlin argue that only a return to primitive ontologies can restore coherence
(Maudlin, 2019). Perhaps quantum theory is incomplete, awaiting a more fundamental
successor that reinstates realism without the current pathologies. Or more likely it is
incoherent and requires replacement with a theory compatible with STR and GTR, or
all of them need replacement? Three possible futures present themselves:

e Revolutionary: A successor theory (quantum gravity? post-quantum
framework?) resolves the paradox by overthrowing QM's foundations entirely.



e Revisionary: Metaphysics adapts—perhaps reality is genuinely perspectival,
contextual, or information-theoretic in ways that dissolve rather than solve the
problem.

e Tragic: The quantum-classical transition is inherently paradoxical, a limit point
where human conceptual apparatus breaks down. Physics reaches its Godelian
boundary, a position of epistemic humility which we find attractive.

Until this is resolved, we must acknowledge an uncomfortable truth: modern physics
cannot explain the existence of objects like tables. The equations work, and the
predictions succeed, but the ontology remains spectral. We calculate correctly, while
understanding nothing.

The quantum fog has not lifted; we merely navigate within it, mistaking our
instrumental mastery for genuine comprehension. The tables persist by metaphysical
fiat, not by quantum explanation. Perhaps this is the deepest lesson of quantum
mechanics: that our most successful physical theory has revealed the limits of physics
itself.

The ghosts remain. They are not anomalies in the formalism but intrinsic
features of it—spectral traces of a reality that exceeds the grasp of the physicists who
claim to describe it. We’ve reached the limits of physics.
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