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Abstract 

Background: The reconciliation of General Relativity with Quantum Mechanics remains the primary challenge in modern 

theoretical physics. Traditional approaches often assume a fixed background geometry, yet recent developments in string theory 

and loop quantum gravity suggest that spacetime is not fundamental but emergent. Specifically, the Holographic Principle 

implies that the information defining the bulk universe is encoded on a lower-dimensional boundary, raising the question of how 

a singular, classical reality arises from a quantum superposition of geometries. Purpose: This paper proposes a novel model of 

quantum cosmology where the observed spacetime is defined not as a pre-existing manifold, but as a macroscopic "ensemble 

average" of all possible spacetime fabrics. We aim to demonstrate that the perception of a unique physical reality is a result of 

holographic projection rather than intrinsic geometric properties. Methods: We utilize the AdS/CFT correspondence to model 

the universe as a holographic projection arising from a single, universal quantum state. By applying Feynman’s Path Integral 

formulation to the "superspace" of all possible metrics, we calculate the sum over histories for these geometric projections. We 

treat the emergence of classical spacetime as a process of constructive interference among infinite holographic realizations, 

filtering out unstable geometries through environmental decoherence. 
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1. Introduction 

The reconciliation of General Relativity (GR) and Quantum 

Mechanics (QM) remains the primary open problem in theo-

retical physics. GR treats spacetime as a smooth, continuous 

manifold, while QM treats it as a background stage for proba-

bilistic events. Recent developments in the "It from Qubit" 

program suggest that spacetime itself may be a derivative con-

cept—an emergent property of quantum entanglement [7, 8]. 

This paper proposes a radical unification based on a singu-

lar postulate: 

"There is one true quantum state encoded holographically; 

different spacetime fabrics reveal different projections of the 

same underlying reality." 

In this framework, the universe does not possess a unique 

history. Instead, the "Universal Holographic State" (UHS) [2] 

projects an ensemble of possible geometries. What observers 
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perceive as "physical law" is the statistical result of the most 

stable projection within this ensemble. 

2. The Holographic Monad and 

Superspace 

2.1. The Universal Holographic State (UHS) 

We define the fundamental ontological unit not as a particle 

or a field, but as a pure quantum state |ψ⟩ residing on a holo-

graphic boundary (dimension D-1). This state contains the to-

tal information of the bulk universe [1, 12, 13] (dimension D). 

2.2. The Geometric Ensemble 

Following Wheeler’s concept of "Superspace," [4] we posit 

that |ψ⟩ does not map to a single metric tensor g
μν

 Instead, it 

maps to a superposition of all physically possible metrics. The 

state of the universe is a wavefunctional ψ[g] over the space 

of geometries: 

|ψ⟩= ∑ ci|gi
⟩

i

 

Where: 

1) ci represents the complex amplitude. 

2) |g
i
⟩ represents a specific "spacetime fabric" or geometric 

configuration. 

3. Mathematical Formulation: Spacetime 

as a Projection 

3.1. The Projection Operator 

To transform the abstract information of |ψ⟩ into a physical 

manifold M, we introduce a class of projection operators P̂M. 

These operators act as "filters" that select specific entangle-

ment structures from the boundary. 

P
̂

M|ψ⟩→Mbulk
 

1) P̂M (The Projection Operator) 

a) Mathematical Identity: This is a linear operator acting 

on the Hilbert space. 

b) In our Paper: This represents the "Geometric Filter." 

It is the specific set of constraints or "laws" that se-

lects one specific spacetime possibility out of the total 

ensemble. 

c) The Subscript M: This refers to the specific Manifold 

or geometry being selected. Different operators 

(P̂M1
,P̂M2

 

d) ) would produce different universes. 

2) ψ (The Universal Holographic State) 

e) Mathematical Identity: This is a Ket vector in Dirac 

notation, representing a quantum state. 

f) In our Paper: This is the "One True State" or the 

Source Code. It is the boundary state containing the 

total information of the universe encoded holograph-

ically. It exists in the lower-dimensional boundary 

(the "film" of the hologram). 

3) (The Mapping / Emergence) 

g) Mathematical Identity: This represents a mapping or 

transformation function. 

h) In our Paper: This represents the process of Holo-

graphic Emergence. It is the "dictionary" that trans-

lates abstract quantum entanglement (on the left) into 

physical geometry (on the right). It signifies the tran-

sition from "Information" to "Space." 

4) Mbulk (The Bulk Manifold) 

i) Mathematical Identity: The script M usually denotes 

a Manifold (a topological space that resembles Eu-

clidean space near each point). The subscript "bulk" 

refers to the higher-dimensional interior space in the 

AdS/CFT correspondence. 

j) In our Paper: This is Observed Reality. It is the 4D 

spacetime fabric we actually inhabit. It is the "pro-

jected image" resulting from the operator acting on 

the source state. 

The geometry of the resulting spacetime is defined by the 

Ryu-Takayanagi Formula, which connects the entanglement 

entropy (SA) of the boundary to the area of minimal surfaces 

Α in the bulk [3, 15]: 

SA= 
A(γA)

4GN

 

SA: Entanglement Entropy (Quantum Information). 

A(γ
A
): The Area of a surface in spacetime (Geometry). 

4GN : Newton’s Gravitational Constant (Gravity). 

Here, the "fabric" of spacetime is literally woven from the 

entanglement threads of the UHS [7]. A "tear" in the entangle-

ment corresponds to a disconnection in spacetime geometry (a 

non-traversable gap). 

3.2. The Path Integral over Geometries 

The observed reality is not a random selection but the result 

of quantum interference. The probability amplitude for the 

universe to evolve from geometry g
1
 to g

2
 is given by the 

Euclidean path integral summing over the ensemble [5, 9]: 

Z= ∫ D[g]e
-I

[g]

ℏ  

This is the Euclidean Path Integral for Gravity (often asso-

ciated with Stephen Hawking). It is the mathematical engine 

of your "Ensemble" hypothesis. It calculates the probability of 
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a universe state by summing up all possible spacetime geom-

etries. 

1) Z  (The Partition Function): This represents the total 

"amplitude" or state of the universe. It is the sum of all 

possibilities. 

2) ∫ D[g] (The Path Integral Measure): This is the crucial 

part. It means "Integral over all metrics." Instead of sum-

ming numbers, you are summing over every possible 

shape of spacetime (the ensemble). 

3) e
-I

[g]

ℏ  (The Weighting Factor): 

a) I[g] is the Euclidean Action (the energy cost of a spe-

cific geometry). 

b) The Exponent determines the probability. Geometries 

that follow Einstein's laws have a "low cost" (station-

ary action) and contribute the most. Weird, chaotic ge-

ometries have a "high cost" and fade away. 

In this view, the "classical" spacetime we observe corre-

sponds to the saddle point of this integral—the geometry 

where destructive interference is minimized and the phase is 

stationary. 

4. The Emergent Born Rule and the 

Observer 

A critical question arises: Why do we experience a specific 

probability of events (P= |ψ|2) 

4.1. The Observer as a Subsystem 

The observer is not external to the system. The observer is 

a localized cluster of degrees of freedom within the projection. 

4.2. Probability from Geometric Volume 

We propose that the Born Rule is a measure of the "volume" 

of the Hilbert space occupied by a specific projection. 

1) Rare, chaotic geometries cancel out (destructive interfer-

ence). 

2) Stable, consistent geometries (like our semi-classical 

universe) reinforce each other. 

Therefore, probability is not fundamental. It is a derivative 

of spectral density within the ensemble. The probability of ob-

serving state x is proportional to the number of "fabrics" in 

the ensemble that are consistent with x. 

4.3. Quantum Darwinism 

The stability of our 4D spacetime is explained by Zurek’s 

Quantum Darwinism [6, 10, 11]. The "fabric" we inhabit is the 

one that has most successfully "copied" its information into 

the environment. We do not see a quantum foam because un-

stable projections decohere instantly; only the redundant, sta-

ble projections survive to be observed. 

5. Discussion 

5.1. Resolving the Fine-Tuning Problem 

The Ensemble Projection Hypothesis eliminates the need 

for "fine-tuning" of cosmological constants. All constants ex-

ist within the ensemble; the observer necessarily finds them-

selves in a projection that supports complexity (the Anthropic 

Principle implies a Selection Effect on the projection opera-

tors). 

5.2. Potential Falsifiability 

If spacetime is an emergent ensemble, "noise" from the un-

derlying holographic [14] interference might be detectable at 

the Planck scale. This could manifest as: 

1) Holographic Noise in gravitational wave detectors (e.g., 

GEO600, LIGO). 

2) Deviations in the CMB (Cosmic Microwave Back-

ground) suggesting non-local correlations consistent 

with a holographic source. 

6. Conclusion 

We have argued that the universe is not a single material 

object, but a holographic information process. By treating 

spacetime fabrics as projection operators acting on a Universal 

Holographic State, we unify the geometric view of gravity 

with the probabilistic nature of quantum mechanics. 

In this model, reality is the stable residue of a holographic 

interference pattern, and the laws of physics are the selection 

rules that govern which projections survive in the ensemble. 

Abbreviations 

AdS/CFT Anti-de Sitter/Conformal Field Theory 

CMB Cosmic Microwave Background 

GR General Relativity 

QM Quantum Mechanics 

UHS Universal Holographic State 

LIGO Laser Interferometer Gravitational-Wave 

Observatory 

𝐺𝑁  Newton’s Gravitational Constant 
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