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Abstract

The gravitational path integral in Causal Set Theory is patho-
logically dominated by highly connected, 3-level Kleitman-Rothschild
(KR) posets, which overwhelm the manifold-like configurations re-
quired to recover classical spacetime. Rather than seeking purely dy-
namical suppression, we introduce an observer-conditioned selection
principle. We demonstrate that KR posets and non-manifold expander
graphs are fundamentally incompatible with the existence of localized
observers. By requiring the persistence of a local memory register over
a macroscopic timeline, the observer-conditioned partition function al-
gebraically annihilates the exp(O(N2)) KR multiplicity due to its in-
sufficient temporal depth (H = 3). Furthermore, high-connectivity
non-manifold posets function as topological expanders that rapidly
scramble local quantum information inO(lnN) steps, preventing mem-
ory survival. This strict observer-realizability constraint dynamically
selects for low-dimensional, low-expansion causal substrates. We con-
clude by offering an ontological interpretation where 4D macroscopic
Lorentzian spacetime emerges not as the objective bulk, but as the
anthropic decoding interface (Virtual Machine) required to render the
selected low-dimensional substrate.

1 The Observer-Conditioned Path Integral

Let ΩN be the ensemble of causal sets of cardinality N . The standard dis-
crete gravitational partition function evaluates the Benincasa-Dowker action
SBD(C) [2]. However, this unconstrained sum is overwhelmingly dominated
by the exp(O(N2)) Kleitman-Rothschild (KR) posets, which bear no resem-
blance to continuous Lorentzian manifolds [9]. While Loomis and Carlip
demonstrated that the complex phase of the action suppresses a large class
of 2-level non-manifold sets [7], the 3-level KR orders remain a persistent
theoretical obstacle.

Instead of searching for a purely objective dynamical suppression, we
condition the physically relevant ensemble on observer-realizability. We de-

1



fine the Observer-Conditioned Path Integral as a restricted sum over the
observer-compatible subspace Ωobs ⊂ ΩN :

Zobs =
∑

C∈Ωobs

exp (iSBD(C)) (1)

where Ωobs is the strict subset of causal sets that can support an ob-
server O. To formalize this, an observer O is mathematically modeled as
a localized causal sub-graph bounded by a Markov Blanket ∂O [4]. For O
to experience a continuous temporal evolution, it must possess a persistent
memory register capable of bounding error and resisting thermalization for
at least T discrete sequential updates, where T ≫ 1.

2 Temporal Depth Annihilation andMemory Scram-
bling

The 3-level KR posets contain approximately N/2 elements in the middle
layer, forming a tripartite structure with a maximum proper time (height)
of exactly H = 3 [6]. This extreme temporal shallowness provides an im-
mediate, exact mathematical resolution to the entropy trap. Because an
observer requires T ≫ 1 sequential causal updates to maintain a memory
register, the causal sets with maximum height H < T cannot support an
observer, meaning they are excluded from Ωobs. This hard constraint alge-
braically annihilates the entire exp(O(N2)) KR multiplicity in the path in-
tegral, resolving the primary counting paradox without requiring fine-tuned
dynamical suppression.

For the remaining subset of non-manifold causal sets that do possess suf-
ficient temporal depth (H ≥ T ), the observer conditioning imposes a second
rigorous filter: quantum information scrambling. If we model the causal
set as a tensor network where causal edges represent local unitary channels
acting on subset Hilbert spaces, high-connectivity non-manifold posets func-
tion as topological expanders. Applying the fast-scrambling conjecture [8]
to this graph-theoretic expansion h, we model the unitary scrambling time
τscr as scaling logarithmically with cardinality:

τscr ∼
1

h
lnN (2)

For highly connected expander graphs, an O(1) expansion ensures the causal
structure acts as an ultra-fast scrambler. Any localized state injected into
the network is globally entangled and decohered in O(lnN) steps. Because
the observer requires persistent local state isolation (τscr ≫ T ), expander
topologies are excluded from the observer-compatible subspace Ωobs.

Therefore, both shallow KR traps and deep topological expanders are
aggressively eliminated from the restricted path integral, leaving them phys-
ically unexperienceable.
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3 Dimensional Suppression and Emergent Holog-
raphy

The requirement for local memory survival (that the scrambling time is much
greater than the required survival time, τscr ≫ T ) acts as a strict topological
filter, eliminating high-expansion graphs and selecting for geometries with
low connectivity and strict locality. Such localized diffusion strictly favors
low-dimensional geometries.

Furthermore, following the theorem of Bombelli, Henson, and Sorkin, a
Lorentz-invariant discrete substrate behaves statistically as a Poisson sprin-
kling [3]. If we project a Poisson sprinkling into a 4D continuous bulk, the
resulting configurational entropy scaling risks diverging beyond the physical
Bekenstein-Hawking thermodynamic bounds for finite regions [1]. To pre-
serve both discrete Lorentz invariance and exact holographic bounds with-
out divergence, the fundamental objective topology must be restricted to a
lower-dimensional surface, specifically d ≤ 2.

Because the objective 2D causal substrate lacks 4D Lorentzian geometry,
4D macroscopic spacetime cannot be an objective bulk container. Drawing
on the interface theory of perception [5], we offer the ontological interpreta-
tion that 4D Minkowski space acts as an exact geometric data structure—a
”Virtual Machine” interface—synthesized by the biological observer to en-
code the 2D causal data stream. Observer-realizability thus dynamically
selects a low-dimensional physical network, while rendering 4D spacetime as
an adaptive evolutionary reality.

4 Conclusion

By conditioning the causal set path integral on observer-realizability, we in-
troduce an exact algebraic filter that eliminates the Kleitman-Rothschild
entropy trap. The requirement for temporal depth (H ≥ T ) instantly
annihilates the exp(O(N2)) shallow non-manifold posets, while the fast-
scrambling conjecture eliminates deep expander networks. This leaves low-
dimensional, low-expansion holographic substrates as the sole mathemati-
cally viable structures for conscious observers. Future work will formalize
the projection operators required to explicitly derive 4D continuous geome-
try from this selected low-dimensional state.
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