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Spacetime Emergence

• The claim that spacetime is emergent from a more fundamental
non-spatiotemporal structure appears in many approaches to
QG: ST, GFT, LQG, CST.

• These approaches put under pressure spacetime structure in
different ways: in LQG, by quantizing spacetime, in GFT, by
introducing non-spatiotemporal atoms, in holography, by
showing the equivalence between gravity and a non-gravitational
CFT; and many more!

• These approaches suggest that different properties we usually
associate to spacetime in some sense disappears in QG.
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Is Spacetime Emergence a Revolution?

• The claim might appear trivial — a reduction like temperature
from molecular behaviour.

• Or perhaps just a catchy slogan to secure grants.
• We argue to the contrary.

• We distinguish between different senses in which spacetime
disappears and emerges, and discuss what each means for
physics and philosophy.
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Terminology Explained

• Existence: it’s a brute fact that something exists or not, and
there isn’t more to be said. We don’t mean by existence
*measurability*. Philosophers discuss whether non-observable
theoretical quantities, for instance, latch onto something in the
world.

• Ontology: the list of things that exists. Ontology of physics:
what exists in the physical world. Ontology of mathematics: what
exists, if anything in a mathematical domain.

• Epistemology: the theory of knowledge, and more generally,
considerations on knowledge.
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Spacetime, Space, Time — What Are We Talking
About?

• Two parameters: (i) what we have at the QG level, and (ii) what
we want to recover at the macroscopic level (GR, QFT,
cosmology, the phenomenology).

• What exactly is denied fundamentality when it is said that
spacetime is not fundamental? In other words: what are the
defining features of spacetime?

• Methodological issue: where is the threshold between revision
and elimination?
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Spacetime as a Structure

• Locally: split between space and time, or quasi-space and
quasi-time (Le Bihan and Linnemann 2019).

• Raises the question: is spacetime more—or less—than the sum
of space + time?

• Difficult to reply, as there is no consensus on what spacetime is
supposed to be (Baron and Le Bihan, 2022b) and whether it is
necessarily tied to GR (e.g., Newton-Cartan spacetime).
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Physical Space and Its Properties

• Focus on physical space, setting aside lived or subjective space.

• Core properties: relative locations of things.

• Peripheral: continuous or discrete (GR vs LQG/CST); open or
closed; substance or relations.
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Physical Time and Its Properties

• Focus on physical time, setting aside lived or subjective time.

• Core properties: before/after relations, simultaneity.
• Peripheral: continuous or discrete (GR vs LQG/CST); open or

closed; substance or relation.
• Non-spatial: passage, intrinsic/extrinsic direction (A–, B–,

C–theories).

• Relation to change and motion.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



8/31

Introduction
Physics

Metaphysics

Physical Time and Its Properties

• Focus on physical time, setting aside lived or subjective time.
• Core properties: before/after relations, simultaneity.

• Peripheral: continuous or discrete (GR vs LQG/CST); open or
closed; substance or relation.

• Non-spatial: passage, intrinsic/extrinsic direction (A–, B–,
C–theories).

• Relation to change and motion.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



8/31

Introduction
Physics

Metaphysics

Physical Time and Its Properties

• Focus on physical time, setting aside lived or subjective time.
• Core properties: before/after relations, simultaneity.
• Peripheral: continuous or discrete (GR vs LQG/CST); open or

closed; substance or relation.

• Non-spatial: passage, intrinsic/extrinsic direction (A–, B–,
C–theories).

• Relation to change and motion.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



8/31

Introduction
Physics

Metaphysics

Physical Time and Its Properties

• Focus on physical time, setting aside lived or subjective time.
• Core properties: before/after relations, simultaneity.
• Peripheral: continuous or discrete (GR vs LQG/CST); open or

closed; substance or relation.
• Non-spatial: passage, intrinsic/extrinsic direction (A–, B–,

C–theories).

• Relation to change and motion.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



8/31

Introduction
Physics

Metaphysics

Physical Time and Its Properties

• Focus on physical time, setting aside lived or subjective time.
• Core properties: before/after relations, simultaneity.
• Peripheral: continuous or discrete (GR vs LQG/CST); open or

closed; substance or relation.
• Non-spatial: passage, intrinsic/extrinsic direction (A–, B–,

C–theories).

• Relation to change and motion.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



9/31

Introduction
Physics

Metaphysics

• All those properties of space, time and spacetime are possible
targets.

• As such spacetime emergence can be more or less radical.
Usually, GQ goes further than GR in denying core properties of
space and time, and possibly spacetime.
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Order of Business

• We first discuss two methodologies for developping a theory of
QG and underline their differences for spacetime.

• We’ll see that they may be more or less suggestive of the
ontology of the natural world, with different verdicts on the
nature, fundamentality and reality of spacetime.

• Then, we’ll discuss broader implications for the “big questions”
outside of physics.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



10/31

Introduction
Physics

Metaphysics

Order of Business

• We first discuss two methodologies for developping a theory of
QG and underline their differences for spacetime.

• We’ll see that they may be more or less suggestive of the
ontology of the natural world, with different verdicts on the
nature, fundamentality and reality of spacetime.

• Then, we’ll discuss broader implications for the “big questions”
outside of physics.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



10/31

Introduction
Physics

Metaphysics

Order of Business

• We first discuss two methodologies for developping a theory of
QG and underline their differences for spacetime.

• We’ll see that they may be more or less suggestive of the
ontology of the natural world, with different verdicts on the
nature, fundamentality and reality of spacetime.

• Then, we’ll discuss broader implications for the “big questions”
outside of physics.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



11/31

Introduction
Physics

Metaphysics

Two Methodologies: Generalization and Replacement

• Different strategies for overcoming the difficulty of reconciling
GR and QM.

• Generalization: by expanding the array of geometric structures
of our theory, to include "quantum geometry" or "quantum
spacetime".

• Examples: LQG
• Replacement: we replace GR spacetime with a new geometric

object, and we use that object to construct our quantum theory
and then recover spacetime.

• Examples: GFT, string theory, holography
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From Methodology to Metaphysics

• Generalisation and replacement are methodologies for building
a theory of QG.

• But one of the methodology might be more promising in latching
onto the physical structure of reality.

• Call this the claim that one methodology is factive, unlike the
other. The methodological success would reflect a fact about
the physics.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



12/31

Introduction
Physics

Metaphysics

From Methodology to Metaphysics

• Generalisation and replacement are methodologies for building
a theory of QG.

• But one of the methodology might be more promising in latching
onto the physical structure of reality.

• Call this the claim that one methodology is factive, unlike the
other. The methodological success would reflect a fact about
the physics.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



12/31

Introduction
Physics

Metaphysics

From Methodology to Metaphysics

• Generalisation and replacement are methodologies for building
a theory of QG.

• But one of the methodology might be more promising in latching
onto the physical structure of reality.

• Call this the claim that one methodology is factive, unlike the
other. The methodological success would reflect a fact about
the physics.

B. Le Bihan & E. Cinti Spacetime Emergence: Revolution or Footnote?



13/31

Introduction
Physics

Metaphysics

Factive Generalization and Replacement

• Broad heuristic to distinguish the two options: whether
spacetime is recovered just by taking a limit.

• Generalization often encodes spacetime emergence,
mathematically, in limit relations, e.g. LQG.

• Replacement, on the other hand, requires more than limits,
since we do not start from GR spacetime.

• For example, in holography we do not simply take a
semiclassical limit to recover spacetime: we also have to go
through the duality map, for example using tools such as
entanglement wedge reconstruction.
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Different Kinds of Non-Spatiotemporality

• Which approach a specific QG theory takes is a fundamental
methodological question, but also shapes profoundly how we
think about physics and metaphysics.

• Non-fundamentality shapes and justifies specific QG
methodologies.
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Different Methodologies to Spacetime Emergence

• Generalization is a methodology common in examples from
LQG and Canonical QG.

• Leads to a natural and elegant view of spacetime emergence,
where spacetime emergence is mediated by the same limiting
relations familiar from other areas of physics.

• More conservative approach: spacetime emergence is
analogous to more mundane kinds of emergence.

• The emergence of the classical gravitational field, i.e. spacetime,
from its quantum counterpart is analogous to the emergence of
the classical electromagnetic field from its quantum counterpart.
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• Replacement is a common strategy in string theory and
holography.

• String theory: we do not start from a 4d spacetime, but from a
10d superspace, and quantize that. See also use of schemes
and other algebro-geometric objects in string theory.

• Holography: GR spacetime is treated as equivalent to a CFT,
which is then quantized to produce a QG theory. Here too, we
first replace GR spacetime with something else, and then work
on that.
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• Spacetime emergence, under replacement, is not simply
mediated by limits, but requires more complicated machinery:
entanglement wedge reconstruction in holography,
compactification and SUSY breaking in string theory.

• This leads to theoretically more complex approaches to QG,
often less familiar/minimal and less conservative.

• This is especially clear on the metaphysics side of things, we
suggest: it is replacement that sanctions many of the more
revisionary claims that can be derived from spacetime
emergence.
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Fate of Spacetime at the Fundamental Level

• F-Eliminativism: spacetime doest not exist at the QG level.

• F-Revisionism: spacetime exists and differ significantly from
what we thought it was. Different sort of scenarios: (i) discrete
GR spacetime (stripping the continuity property doesn’t hit the
threshold for elimination); (ii) quantised spacetime (stripping the
property of determinacy neither hit the threshold).

• Full-Blow Realism: spacetime exists and does not differ
significantly from what we ordinarily think it is (Baron and Le
Bihan, 2022a).
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F-Eliminativism F-Revisionism Full-blown Realism

building / grounding
(emergence) revision / refinement identity / approximation
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Fate of Spacetime at the Non-Fundamental Level

• Both elimination and revision at the fundamental level are
compatible with different views at the emergent level.

• GR spacetime, or ordinary space and time, might still emerge in
a robust sense — or fail to do so.

• In other words: at the derivative level one might be a derivative
revisionist or a derivative eliminativist (but not a derivative
full-blown realist, since full-blown realism collapses the need for
levels). Call them D-eliminativism and D-revisionism.

• If there really are two distinct structures, the fundamental and
the derivative, then these might be connected via different kinds
of ‘building relations’ (composition, grounding, functional
realisation).
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Connection to Factive Generalization and
Replacement

• If generalisation is factive, then we obtain F-Revisionism.

• The idea here is not that we revise the concept of spacetime at a
derivative level of description. Spacetime remains fundamental,
but it is different from the spacetime of GR. It’s not spacetime
emergence properly speaking, although it could alternatively be
categorised as a (weak) form of spacetime emergence.

• If replacement is factive, then F-Eliminativism obtains. We could
still revise spacetime at the derivative level, but we accept that
spacetime is nowhere to be found at the more fundamental level
of description.
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Implications

• F-Eliminativism, as we have defined it, clearly entails a
revolution in physics.

• It means that either spacetime does not exist at all, or that it
exists only as something grounded in a deeper,
non-spatiotemporal structure—very different from the
phenomenological, macroscopic world.

• But what about F-Revisionism? Does it mean that spacetime
emergence, once downgraded to mere revisionism, becomes a
footnote rather than a revolution?

• For physics: an insightful and surprising discovery about the
structure of reality. For metaphysics: it depends on exactly which
spacetime features we revise.
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Metaphysics of the Physical
Metaphysics of the Extra-Physical

Metaphysical Outlook

• When it comes to metaphysics, F-Eliminativism appears to have
far-reaching implications for broader metaphysical issues. This
warrants a dedicated treatment of those implications.

• For F-Revisionism, metaphysical implications have to examined
on a case-by-case basis: the devil lies in the details.

• Overall, we believe that F-Eliminativism entails drastic
consequences, whereas F-Revisionism remains more
conservative and offers weaker motivation to pursue
metaphysical conclusions.
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How Many Dimensions Does the World Have? (I)

• Physics diversifies the count.

• GR: 4D spacetime (manifold + metric).
• String/M/F: 10D, 11D (sometimes 12D) formulations;

compactification changes the effective count.
• Dualities: T-duality swaps large/small radii; AdS/CFT pairs

a 5D bulk with a 4D boundary CFT while preserving
empirical content.
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How Many Dimensions Does the World Have? (II)

• Two live options.

• Derivative dimensionality: dimensions belong to
emergent/phenomenal spacetime; the fundamental base is
non-spatiotemporal (no fixed n).

• Perspectival dimensionality: different duals fix different
“dimension gauges” of one underlying structure.

• UpShot. Ask “how many dimensions?” only at the effective level
you’re working with; at the fundamental level, dimensionality may
be undefined—or not a property at all.
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Cosmology: Multiverse Scenarios

• Template. Universes can be disconnected at the emergent
spacetime level yet remain causally connected via a shared
non-spatiotemporal base.

• Holism over fragmentation. A unifying structure (fundamental
causal or grounding relations) can determine features within
universes, opening empirical access.

• String theory (ST):

• Option 1 — dual spacetimes emerging from a common
core → replacement via dualities.

• Option 2 — reification of solutions at an emergent level, but
solutions connected at a more fundamental level via a
non-spatiotemporal structure (perhaps via moduli fields).
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Consciousness: Against Dualism

• Destabilising the “physical”. If spacetime is non-fundamental,
our grip on the physical becomes unstable; the classic
explanatory gap between the physical and the mental loses its
footing.

• From hard gap to “negative” gap. Without a positive, stable
base-concept, the hard problem dissolves into a thinner
how-possibly puzzle (a negative gap)—too weak to motivate
dualist ontology.

• Why this weakens dualism. Dualism trades on a principled
contrast (mental vs physical). If spacetime isn’t basic, we don’t
understand the nature of the physical that well.

• Spacetime emergence supports non-spatiotemporal monism: no
need for fundamentally mental substances; the live options are
monist (physicalism, neutral monism, panpsychism) rather than
dualism (Le Bihan, forthcoming).
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Abstract Objects and Spacetime Emergence

• Set-up. Nominalism: maths reduced to the physical (typically
spatiotemporal); Platonism/Aristotelianism: maths exists over
and above the physical.

• Contingency. If spacetime is non-fundamental, then it’s
contingent, and nominalism could be contingently true: reduction
works in worlds with enough spacetime structure, but may fail in
non-spatiotemporal worlds.

• Asymmetry. Platonism is unaffected by what the physical base
is (spatiotemporal or not); nominalism is sensitive to it.
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Abstract Objects: Nominalism under Spacetime
Emergence

• F-eliminativism is incompatible with standard nominalism,
namely spatiotemporal eliminativism. Indeed, the view is that
mathematical entities should reduce to fundamental physical
entities. So two options:

• 1. Abandoning spatiotemporal nominalism.
• 2. Non-spatiotemporal nominalism. Redefine nominalism.

Revise the reduction base: reduce maths to non-spatiotemporal
physical posits rather than to spacetime entities.

• F-revisionism and full-blown realism will not, in general, raise
such issues, since there are still fundamental physical
constructs.
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constructs.
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• Upshot. If spacetime is not fundamental, then the
concrete/abstract distinction can no longer be grounded in
spatiotemporality. The boundary becomes far less clear than
traditionally assumed.

• This opens the door to a radical alternative to both Platonism
and non-spatiotemporal nominalism: Pythagoreanism. On this
view, nothing is genuinely concrete — even the physical world is
ultimately constituted by mathematical entities.

• Although often dismissed (for familiar “incredulous stare”
reasons), Pythagoreanism can be motivated by a simple
thought: once the link between concreteness and fundamental
spatiotemporality is severed, our grip on concreteness itself may
dissolve.
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Conclusion

• Spacetime emergence could redefine discussions both in
physics and metaphysics.

• A revolution is not certain — but the potential is high.
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