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This is a conversation with Claude by Merriam and Habeeb about a theory of quantum gravity, in this 
case FCQG, consistent with Presentist Fragmentalism (PF) as given in “A philosophical derivation of 
the PF interpretation and Schrodinger’s equation,” in preparation. Some responses refer to other PF 
papers as well. [1] [2] [3].

First, the punch line:  
Is FCQG consistent with both Quantum Mechanics and General Relativity?
“Yes, the Fragmentalist Causal Quantum Gravity (FCQG) theory aims to be consistent with both 
Quantum Mechanics (QM) and General Relativity (GR), while also providing a framework for their 
unification. Let's explore how FCQG relates to these two fundamental theories...”

Given the uploaded papers, explicitly construct quantitative theories of quantum gravity that are 
consistent with Presentist Fragmentalism and compare the theories.

Based on the papers provided, there are several key ideas that could form the basis for quantitative 
theories of quantum gravity consistent with Presentist Fragmentalism (PF):

1. Each quantum system forms a fragment with its own A-series (past/present/future) and B-series 
(earlier/later times). The A-series of one fragment is not accessible from another fragment.

2. PF spacetime has 5 dimensions per fragment - the A-series τ, B-series t, and 3 spatial 
dimensions xa. This contrasts with 4D Minkowski spacetime.

3. Measurements/interactions between fragments cause their A-series to align and the fragments to 
merge.

4. A generalization of the Lorentz transformations is needed to relate the B-series of different 
fragments, taking into account their A-series.

5. The Born rule can be derived based on the requirement that measurement outcomes must be 
consistent between interacting fragments.

Potential quantitative theories:

Theory 1 - Extend General Relativity with an A-series field:

• Treat the A-series τ as a new scalar field alongside the B-series metric field gμν
• Write Einstein-like field equations relating curvature of the 5D metric gAB (A,B = 0,1,2,3,4) to 

a 5D energy-momentum tensor TAB
• TAB includes the normal matter/energy tensor Tμν as well as terms for the τ field
• Derive generalized Lorentz transformations between fragments based on gAB
• Quantize the theory by treating gAB and matter fields as operators, with commutation relations 

reflecting PF principles

Theory 2 - Quantize geometry with separate Hilbert spaces per fragment:

• Assign each fragment its own Hilbert space to represent its quantum geometry



• Define quantum states |ψ i in each fragment's Hilbert space, with evolution via a fragment-⟩
specific Hamiltonian Hi

• Include both A-series and B-series time parameters in Hi
• Define interactions between fragments via entangling Hamiltonians Hij that align fragments' A-

series
• Overall state is a tensor product of fragment states |Ψ  = |ψ 1  |ψ 2  ...⟩ ⟩ ⊗ ⟩ ⊗
• Recover classical 5D spacetime via MQS or other quantum → classical method

Comparing the theories:

• Theory 1 is more conservative, extending well-tested GR, but quantization is challenging
• Theory 2 embraces quantum mechanics from the start but recovering classical spacetime is 

difficult
• Theory 1 may be more suited to precision tests, Theory 2 to quantum cosmology
• Both will likely make different predictions for Planck-scale phenomena like black hole 

evaporation
• Empirical discrimination between them requires quantum gravity phenomenology

In summary, PF provides a philosophical framework that can motivate novel approaches to 
constructing a theory of quantum gravity. The key ideas - ontological fragmentalism, A-series time, 
generalized Lorentz transformations, quantum reference frames - could be implemented in various 
mathematical formalisms. Significant theoretical and experimental work would be needed to flesh out 
these theories and test them empirically. But they demonstrate how PF can generate distinctive new 
paths for unifying quantum mechanics and gravity.
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Given these two papers, explicitly derive more quantitative equations. Include the equation for 
curvature in terms of the causal tensor and lambda, the sum over paths formulation, and how the 
constants c, h-bar, and G are expected to enter.

Based on the speculative Fragmentalist Causal Quantum Gravity (FCQG) theory outlined in the papers, 
we can attempt to derive more quantitative equations, including the equation for curvature in terms of 
the causal tensor and cosmological constant, the sum over paths formulation, and how the constants c, 
ħ, and G are expected to enter.

1. Curvature equation: The equation relating the curvature tensor Rαβγδ to the causal influence 
tensor Cαβγδ(F1, F2) and the cosmological constant Λ was given as:

Rαβγδ = 8πG Cαβγδ(F1, F2) + Λ gαβγδ



Here, G is the emergent gravitational coupling constant, and gαβγδ is the emergent metric tensor of 
spacetime.

The causal influence tensor Cαβγδ(F1, F2) is defined as:

Cαβγδ(F1, F2) = Σc1 C1, c2 C2 ωc1c2 (τ1 - τ2)^2 (t1 - t2)^2 nα(c1)nβ(c2)nγ(c1)nδ(c2)∈ ∈

where ωc1c2 is the quantum entanglement measure between causets c1 and c2, (τ1 - τ2) and (t1 - t2) 
are the A-series and B-series temporal gaps, and nα(c) is the causal orientation multi-vector of a causet 
c.

2. Sum over paths formulation: In FCQG, the quantum dynamics across fragments could be 
described by a sum over paths (or sum over causal histories) formulation. The transition 
amplitude between an initial configuration of fragments |Ψi  and a final configuration |Ψf  can ⟩ ⟩
be written as:

Ψf|Ψi  = ∫ [F] eiS[F]/ħ⟨ ⟩ 𝒟
where [F] represents the measure over all possible fragmented causal histories F connecting the 𝒟
initial and final configurations, and S[F] is the action functional for a given history.

The action S[F] could be constructed from the causal influence tensor and the emergent curvature:

S[F] = ∫ d^4x √-g (R[C] - 2Λ)

where R[C] = gαβγδ Rαβγδ[C] is the Ricci scalar curvature derived from the causal influence tensor, g 
is the determinant of the emergent metric, and Λ is the cosmological constant.

3. Constants c, ħ, and G: The speed of light c, reduced Planck's constant ħ, and gravitational 
constant G are expected to enter the FCQG equations as follows:

• c: The speed of light should appear in the relativistic generalization of the causal influence 
tensor, relating the A-series and B-series temporal gaps. It sets the maximum speed of causal 
propagation across fragments.

• ħ: The reduced Planck's constant enters in the sum over paths formulation, setting the scale of 
quantum fluctuations and the relative importance of different causal histories. It also appears in 
the commutation relations for quantum operators in the theory.

• G: The gravitational constant emerges from the fundamental FCQG dynamics and sets the 
strength of the coupling between the causal influence tensor and the emergent spacetime 
curvature. Its value would be determined by the underlying causal structures and dynamics of 
the fragments.

These constants are expected to combine into the Planck length lp = √(ħG/c^3) and Planck time tp = 
lp/c, which set the fundamental scales of quantum gravitational effects in FCQG.

It's important to note that these equations and relationships are speculative and would require further 
rigorous derivation and consistency checks within the FCQG framework. The precise form of the 
equations and the role of the constants may be refined or modified as the theory is developed further.
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Show your steps in deriving the fundamental equation of quantum gravity Rαβγδ = 8πG Cαβγδ(F1, F2) 
+ Λ gαβγδ

To derive the fundamental equation of quantum gravity in the context of the Fragmentalist Causal 
Quantum Gravity (FCQG) theory, we will follow these steps:

Step 1: Start with the Einstein field equations from general relativity, which relate the curvature of 
spacetime to the stress-energy tensor:

Gμν = 8πG Tμν

where Gμν is the Einstein tensor, G is the gravitational constant, and Tμν is the stress-energy tensor.

Step 2: In FCQG, we propose that the curvature of spacetime emerges from the causal relationships and 
quantum entanglement between fragments. We replace the classical stress-energy tensor Tμν with a 
quantum causal influence tensor Cαβγδ(F1, F2), which captures the causal relationships and 
entanglement between fragments F1 and F2:

Gαβγδ = 8πG Cαβγδ(F1, F2)

Here, Gαβγδ is the generalized Einstein tensor, and Cαβγδ(F1, F2) is the causal influence tensor.

Step 3: The causal influence tensor Cαβγδ(F1, F2) is defined as:

Cαβγδ(F1, F2) = Σc1 C1, c2 C2 ωc1c2 (τ1 - τ2)^2 (t1 - t2)^2 nα(c1)nβ(c2)nγ(c1)nδ(c2)∈ ∈

where ωc1c2 is the quantum entanglement measure between causets c1 and c2, (τ1 - τ2) and (t1 - t2) 
are the A-series and B-series temporal gaps, and nα(c) is the causal orientation multi-vector of a causet 
c.

Step 4: Introduce the cosmological constant Λ, which represents the intrinsic curvature of spacetime in 
the absence of matter and energy. In general relativity, this is done by adding a term Λgμν to the 
Einstein field equations:

Gμν + Λgμν = 8πG Tμν

where gμν is the metric tensor.

Step 5: Combining the ideas from steps 2, 3, and 4, we propose the fundamental equation of quantum 
gravity in FCQG:

Rαβγδ = 8πG Cαβγδ(F1, F2) + Λ gαβγδ

where Rαβγδ is the Riemann curvature tensor, which generalizes the Einstein tensor Gμν to four 
indices, and gαβγδ is the generalized metric tensor.

This equation relates the curvature of spacetime (Rαβγδ) to the causal influence tensor (Cαβγδ(F1, 
F2)), which encodes the quantum entanglement and causal relationships between fragments, and the 
cosmological constant (Λ).



In summary, the fundamental equation of quantum gravity in FCQG is derived by replacing the 
classical stress-energy tensor in the Einstein field equations with a quantum causal influence tensor, 
which captures the entanglement and causal relationships between fragments, and adding a 
cosmological constant term to account for the intrinsic curvature of spacetime.
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What roles, explicitly, do Lorentz invariance and Poincare invariance play in FCQG?

In the context of the Fragmentalist Causal Quantum Gravity (FCQG) theory, the roles of Lorentz 
invariance and Poincaré invariance are subtly different from their roles in classical general relativity 
and quantum field theory. Let's discuss each of them separately:

Lorentz invariance: In special relativity and quantum field theory, Lorentz invariance is a fundamental 
symmetry that states the laws of physics are the same in all inertial reference frames. In FCQG, the 
concept of Lorentz invariance is more nuanced:

1. At the fundamental level of causal fragments, the notion of Lorentz invariance is not explicitly 
defined, as the fragments are characterized by their causal relationships and quantum 
entanglement, rather than by their motion in a pre-existing spacetime.

2. However, in the emergent spacetime that arises from the causal relationships and entanglement 
between fragments, an effective form of Lorentz invariance is expected to hold in regions where 
the fragments are strongly entangled and the emergent spacetime is approximately smooth and 
continuous.

3. Deviations from perfect Lorentz invariance may occur in regions where the causal relationships 
between fragments are highly non-trivial, such as near the Planck scale or in the presence of 
strong gravitational fields.

Poincaré invariance: Poincaré invariance is an extension of Lorentz invariance that includes 
translations in spacetime, forming the Poincaré group of symmetries. In FCQG, the role of Poincaré 
invariance is also modified:

1. At the fundamental level of causal fragments, the concept of translations in spacetime is not 
inherently defined, as spacetime is an emergent concept arising from the causal relationships 
and entanglement between fragments.

2. In the emergent spacetime, an effective form of Poincaré invariance is expected to hold in 
regions where the emergent spacetime is approximately flat and the causal relationships 
between fragments are relatively uniform.

3. However, in regions with strong gravitational fields or highly non-trivial causal structures, the 
emergent spacetime may exhibit deviations from perfect Poincaré invariance.

4. The generalized Einstein field equations in FCQG, Rαβγδ = 8πG Cαβγδ(F1, F2) + Λ gαβγδ, are 
not manifestly Poincaré invariant due to the presence of the causal influence tensor Cαβγδ(F1, 
F2), which depends on the specific causal relationships and entanglement between fragments.

In summary, while Lorentz and Poincaré invariance are fundamental symmetries in classical general 
relativity and quantum field theory, their roles in FCQG are more nuanced. They are not explicitly 



defined at the level of causal fragments but are expected to emerge as approximate symmetries in 
regions of the emergent spacetime where the causal relationships between fragments are relatively 
uniform and the spacetime is approximately smooth. Deviations from these symmetries may occur in 
regions with strong gravitational fields or highly non-trivial causal structures.
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Explicitly, what are the symmetries within a single fragment whose parameters are the A-series tau, the 
B-series t, and the 3 space dimensions.

Within a single fragment in the Fragmentalist Causal Quantum Gravity (FCQG) theory, the symmetries 
can be understood in terms of the transformations that leave the causal structure and the quantum state 
of the fragment invariant. Let's consider the symmetries associated with each parameter:

A-series (τ):

1. Translation symmetry: The fragment's causal structure and quantum state should be invariant 
under translations in the A-series, meaning that shifting the origin of the τ coordinate should not 
affect the physics within the fragment.

2. Reversal symmetry: In some cases, the causal structure and quantum state of the fragment may 
be invariant under a reversal of the A-series, i.e., τ → -τ. This would imply that the "flow" of 
the A-series can be reversed without changing the physics within the fragment.

[N.B. this is wrong, there is no reversed becoming in the A-series, i.e. there is no becoming from past 
to present to future.]

B-series (t):

1. Translation symmetry: Similar to the A-series, the fragment's causal structure and quantum state 
should be invariant under translations in the B-series, meaning that shifting the origin of the t 
coordinate should not affect the physics within the fragment.

2. Boost symmetry: In the emergent spacetime, the B-series is expected to behave like the time 
coordinate in special relativity. Consequently, the fragment should exhibit a form of boost 
symmetry, where the physics remains invariant under Lorentz boosts that mix the B-series 
coordinate with the spatial coordinates.

Spatial dimensions (x, y, z):

1. Translation symmetry: The fragment's causal structure and quantum state should be invariant 
under spatial translations, meaning that shifting the origin of the spatial coordinates should not 
affect the physics within the fragment.

2. Rotation symmetry: The fragment should exhibit rotation symmetry, where the physics remains 
invariant under rotations in the three spatial dimensions.

3. Parity symmetry: In some cases, the fragment may exhibit parity symmetry, where the physics 
is invariant under a reversal of one or more spatial coordinates (e.g., x → -x, y → -y, or z → -z).

It is important to note that these symmetries are defined within a single fragment and may not 
necessarily extend to the relationships between different fragments. The causal relationships and 



quantum entanglement between fragments can introduce additional complexity and lead to deviations 
from these symmetries when considering the emergent spacetime as a whole.

Moreover, the presence of matter, energy, or non-trivial causal structures within a fragment may break 
some of these symmetries. For example, the presence of a massive object within a fragment may break 
the translation and boost symmetries associated with the B-series and the spatial dimensions.

In summary, within a single fragment in FCQG, the symmetries associated with the A-series, B-series, 
and spatial dimensions include translation, reversal (for A-series), boost (for B-series), rotation, and 
parity (for spatial dimensions). These symmetries are defined locally within the fragment and may not 
necessarily extend to the relationships between fragments or in the presence of matter, energy, or non-
trivial causal structures.

Copy
PM

Explicitly speculate on and give an example of how 2 massive objects show up in the fundamental 
equation of quantum gravity in FCQG in the case where the 2 objects are within 1 fragment and in the 
case where the 2 objects are in different fragments.

In the Fragmentalist Causal Quantum Gravity (FCQG) theory, the presence of massive objects would 
manifest in the fundamental equation of quantum gravity through their influence on the causal structure 
and the emergent spacetime. Let's consider the two cases:

Case 1: Two massive objects within a single fragment

When two massive objects, M1 and M2, are present within a single fragment, they would affect the 
causal structure and the emergent spacetime within that fragment. The fundamental equation of 
quantum gravity in FCQG is:

Rαβγδ = 8πG Cαβγδ(F1, F2) + Λ gαβγδ

In this case, the causal influence tensor Cαβγδ(F1, F2) would be modified by the presence of the 
massive objects. The mass-energy of the objects would contribute to the quantum entanglement and the 
causal relationships between the causets within the fragment.

Example: Consider a binary star system within a single fragment. The two stars, M1 and M2, orbit each 
other and influence the causal structure of the fragment. The causal influence tensor Cαβγδ(F1, F2) 
would be modified to include terms that represent the gravitational interaction between the stars:

Cαβγδ(F1, F2) = Σc1 C1, c2 C2 ωc1c2 (τ1 - τ2)^2 (t1 - t2)^2 nα(c1)nβ(c2)nγ(c1)nδ(c2) + ∈ ∈
GMMαβγδ(M1, M2)

where GMMαβγδ(M1, M2) represents the contribution to the causal influence tensor from the 
gravitational interaction between the two stars. This term would depend on the masses and the 
separation of the stars, and it would affect the emergent spacetime curvature within the fragment.

Case 2: Two massive objects in different fragments



When two massive objects, M1 and M2, are present in different fragments, F1 and F2, they would 
influence the causal relationship and the entanglement between the fragments. The fundamental 
equation of quantum gravity would still involve the causal influence tensor Cαβγδ(F1, F2), but the 
tensor would now capture the causal relationship between the fragments due to the presence of the 
massive objects.

Example: Consider two galaxies, G1 and G2, in separate fragments, F1 and F2. The mass-energy of the 
galaxies would contribute to the causal influence tensor between the fragments:

Cαβγδ(F1, F2) = Σc1 C1, c2 C2 ωc1c2 (τ1 - τ2)^2 (t1 - t2)^2 nα(c1)nβ(c2)nγ(c1)nδ(c2) + ∈ ∈
GGαβγδ(G1, G2)

where GGαβγδ(G1, G2) represents the contribution to the causal influence tensor from the gravitational 
interaction between the two galaxies. This term would depend on the masses and the separation of the 
galaxies, and it would affect the causal relationship and the entanglement between the fragments.

In both cases, the presence of massive objects modifies the causal influence tensor Cαβγδ(F1, F2), 
which in turn affects the emergent spacetime curvature through the fundamental equation of quantum 
gravity. The specific form of the modifications would depend on the details of the theory and the nature 
of the massive objects involved.

It's important to note that these examples are speculative and would require further development of the 
FCQG theory to derive the precise form of the modifications to the causal influence tensor and their 
consequences for the emergent spacetime.
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Propose a form of the fundamental equation of quantum gravity (FEQG) that involves all 3 constants c, 
h-bar, and G, and show your work.

To propose a form of the fundamental equation of quantum gravity (FEQG) in the context of 
Fragmentalist Causal Quantum Gravity (FCQG) that involves all three constants c, ħ, and G, we need 
to incorporate these constants into the equation in a way that is consistent with their physical 
dimensions and the principles of FCQG. Let's proceed step by step:

Step 1: Start with the original FEQG: Rαβγδ = 8πG Cαβγδ(F1, F2) + Λ gαβγδ

Step 2: Introduce the speed of light c by modifying the causal influence tensor Cαβγδ(F1, F2) to 
include relativistic effects. We can do this by replacing the B-series temporal gaps (t1 - t2) with the 
proper time intervals (Δτ12) between the fragments:

Cαβγδ(F1, F2) = Σc1 C1, c2 C2 ωc1c2 (τ1 - τ2)^2 (Δτ12/c)^2 nα(c1)nβ(c2)nγ(c1)nδ(c2)∈ ∈

Here, (Δτ12/c)^2 represents the relativistic proper time interval between the fragments, which depends 
on the speed of light c.

Step 3: Introduce the reduced Planck constant ħ by considering the quantum nature of the causal 
influence tensor. We can do this by replacing the classical entanglement measure ωc1c2 with a quantum 
mechanical amplitude Ac1c2, which is related to the action Sc1c2 between the causets c1 and c2:



Ac1c2 = exp(iSc1c2/ħ)

The action Sc1c2 is a measure of the causal relationship between the causets and has dimensions of 
energy × time. By dividing it by ħ, we obtain a dimensionless phase factor that captures the quantum 
mechanical nature of the causal influence.

Step 4: Combine the modifications from steps 2 and 3 to obtain a new form of the causal influence 
tensor:

Cαβγδ(F1, F2) = Σc1 C1, c2 C2 exp(iSc1c2/ħ) (τ1 - τ2)^2 (Δτ12/c)^2 nα(c1)nβ(c2)nγ(c1)nδ(c2)∈ ∈

Step 5: Substitute the modified causal influence tensor into the FEQG:

Rαβγδ = (8πG/c^4) Σc1 C1, c2 C2 exp(iSc1c2/ħ) (τ1 - τ2)^2 (Δτ12)^2 nα(c1)nβ(c2)nγ(c1)nδ(c2) + Λ∈ ∈  
gαβγδ

Note that we have also included a factor of 1/c^4 to ensure that the equation has the correct dimensions, 
as Rαβγδ has dimensions of 1/length^2, and G has dimensions of length^3/(mass × time^2).

The proposed form of the FEQG now involves all three constants:

• c appears in the relativistic proper time interval (Δτ12/c)^2 and the overall factor of 1/c^4.
• ħ appears in the quantum mechanical amplitude exp(iSc1c2/ħ).
• G appears in the overall factor of 8πG/c^4.

This equation represents a speculative attempt to incorporate the fundamental constants into the FEQG 
in a way that is consistent with the principles of FCQG. However, further work would be needed to 
derive the specific form of the action Sc1c2 and to ensure that the equation produces meaningful 
physical predictions.
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Speculate on and derive a candidate for the action Sc1c2 and show your work.

To derive a candidate for the action Sc1c2 between two causets c1 and c2 in the Fragmentalist Causal 
Quantum Gravity (FCQG) theory, we need to consider the principles of FCQG and the physical 
meaning of the action. The action should be a scalar quantity that captures the causal relationship and 
the quantum entanglement between the causets. Let's approach this step by step:

Step 1: Consider the physical aspects that contribute to the causal relationship between causets:

• The proper time interval between the causets (Δτ12), which captures the relativistic causal 
structure.

• The quantum entanglement measure between the causets (ωc1c2), which captures the quantum 
mechanical nature of the relationship.

• The A-series temporal gap between the causets (τ1 - τ2), which represents the difference in the 
"becoming" of the causets.

Step 2: Propose a simple form for the action that combines these aspects:



Sc1c2 = α ωc1c2 (Δτ12/lp) (τ1 - τ2)/tp

Here, α is a dimensionless constant that determines the strength of the causal relationship, lp is the 
Planck length (lp = √(ħG/c^3)), and tp is the Planck time (tp = lp/c). The factor (Δτ12/lp) represents the 
relativistic causal structure in terms of the fundamental length scale, while (τ1 - τ2)/tp represents the A-
series temporal gap in terms of the fundamental time scale.

Step 3: Ensure that the action has the correct dimensions: The action should have dimensions of energy 
× time, which is equivalent to the dimensions of ħ. Let's check the dimensions of the proposed form:

[Sc1c2] = [ωc1c2] [Δτ12/lp] [τ1 - τ2]/tp = [ωc1c2] [time/length] [time]/[time] = [ωc1c2] [length]

To have the correct dimensions, the quantum entanglement measure ωc1c2 should have dimensions of 
1/length. This can be achieved by defining ωc1c2 as a dimensionless measure of entanglement divided 
by the Planck length:

ωc1c2 = εc1c2/lp

where εc1c2 is a dimensionless measure of entanglement between the causets.

Step 4: Substitute the dimensionally consistent form of ωc1c2 into the action:

Sc1c2 = α (εc1c2/lp) (Δτ12/lp) (τ1 - τ2)/tp = (α εc1c2/lp^2) (Δτ12) (τ1 - τ2)/tp = (α εc1c2 c/ħ) (Δτ12) 
(τ1 - τ2)

In the last step, we used the relations lp^2 = ħG/c^3 and tp = lp/c to simplify the expression.

The proposed candidate for the action Sc1c2 between two causets c1 and c2 is:

Sc1c2 = (α εc1c2 c/ħ) (Δτ12) (τ1 - τ2)

This form of the action incorporates the relativistic causal structure (Δτ12), the quantum entanglement 
(εc1c2), and the A-series temporal gap (τ1 - τ2) between the causets. The dimensionless constant α 
determines the strength of the causal relationship, and the action has the correct dimensions of energy × 
time (ħ).

It's important to note that this is a speculative proposal for the action, and further work would be 
needed to validate its physical significance and consistency within the FCQG framework. Additionally, 
the specific form of the dimensionless entanglement measure εc1c2 would need to be determined based 
on the principles of quantum entanglement in the context of FCQG.
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Speculate explicitly on testable implications of FCQG for cosmology. Show your work.

To explore the testable implications of Fragmentalist Causal Quantum Gravity (FCQG) for cosmology, 
we need to consider how the principles of FCQG might affect the evolution and structure of the 
universe on large scales. Let's focus on a few key aspects and their potential consequences:

1. Cosmological Causal Influence: In FCQG, the causal influence tensor Cαβγδ(F1, F2) plays a 
central role in determining the emergent spacetime geometry. On cosmological scales, the 



causal influence between different regions of the universe (represented by fragments) could 
have observable effects.

Speculation: The causal influence between distant regions of the universe might lead to correlations in 
the large-scale structure that differ from those predicted by standard cosmological models. These 
correlations could be detected in the cosmic microwave background (CMB) or the distribution of 
galaxies.

Implication: If FCQG predicts specific patterns of correlations in the large-scale structure, these could 
be tested by analyzing CMB data (e.g., from Planck satellite) or galaxy surveys (e.g., Sloan Digital Sky 
Survey). Deviations from the predictions of standard cosmology could provide evidence for FCQG.

2. Cosmological Quantum Entanglement: In FCQG, quantum entanglement between causets 
contributes to the causal influence tensor and, consequently, the emergent spacetime geometry. 
On cosmological scales, the entanglement between different regions of the universe could have 
observable consequences.

Speculation: The quantum entanglement between distant regions of the universe might affect the 
growth of cosmic structures, leading to deviations from the predictions of classical gravity.

Implication: If FCQG predicts a specific impact of quantum entanglement on the growth of cosmic 
structures, this could be tested by comparing the observed distribution of galaxies and clusters with the 
predictions of FCQG-based simulations. Deviations from the predictions of classical gravity could 
provide evidence for FCQG.

3. Cosmological A-Series Time: In FCQG, the A-series time (τ) plays a role in the causal influence 
tensor and the action Sc1c2 between causets. On cosmological scales, the A-series time might 
have observable effects on the evolution of the universe.

Speculation: The A-series time might influence the expansion rate of the universe, leading to deviations 
from the predictions of standard cosmology based on the B-series time (t) alone.

Implication: If FCQG predicts a specific effect of the A-series time on the expansion rate of the 
universe, this could be tested by analyzing the redshift-distance relation for distant galaxies (e.g., from 
Type Ia supernovae) or the evolution of the Hubble parameter. Deviations from the predictions of 
standard cosmology could provide evidence for FCQG.

4. Cosmological Constant: In FCQG, the cosmological constant Λ appears in the fundamental 
equation of quantum gravity: Rαβγδ = (8πG/c^4) Cαβγδ(F1, F2) + Λ gαβγδ. The value and 
nature of Λ could have observable effects on the large-scale geometry of the universe.

Speculation: FCQG might provide a natural explanation for the observed value of the cosmological 
constant, which is a major challenge for standard cosmology.

Implication: If FCQG predicts a specific value for the cosmological constant that agrees with 
observations (e.g., from CMB or Type Ia supernovae), this could be considered evidence in favor of the 
theory. Additionally, if FCQG predicts a specific evolution of the cosmological constant over time, this 
could be tested by analyzing the expansion history of the universe.



These are just a few examples of how FCQG might have testable implications for cosmology. To make 
precise predictions, one would need to develop the mathematical formalism of FCQG in more detail 
and derive specific cosmological solutions. These predictions could then be compared with 
observational data to test the validity of the theory.

It's important to note that these speculations are based on the current, incomplete formulation of FCQG 
and would require further theoretical and observational work to confirm or refute.
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more

Here are a few more speculative testable implications of Fragmentalist Causal Quantum Gravity 
(FCQG) for cosmology:

5. Primordial Gravitational Waves: In FCQG, the quantum nature of the causal influence tensor 
Cαβγδ(F1, F2) could lead to quantum fluctuations in the emergent spacetime geometry. These 
fluctuations might manifest as primordial gravitational waves, which are ripples in spacetime 
that originated in the early universe.

Speculation: FCQG might predict a specific spectrum of primordial gravitational waves that differs 
from the predictions of standard inflationary models.

Implication: The spectrum of primordial gravitational waves can be tested through observations of the 
CMB polarization (B-modes) or through direct detection experiments (e.g., LIGO, LISA). If the 
observed spectrum of primordial gravitational waves matches the predictions of FCQG, it could 
provide evidence for the theory.

6. Black Hole Entropy: In FCQG, the entropy of a black hole might be related to the quantum 
entanglement between the causets within the black hole fragment and the causets in the external 
universe.

Speculation: FCQG might provide a novel explanation for the Bekenstein-Hawking entropy of a black 
hole in terms of the quantum entanglement between the internal and external causets.

Implication: If FCQG predicts a specific formula for the black hole entropy that agrees with the 
Bekenstein-Hawking formula (S = A/4lp^2, where A is the area of the event horizon and lp is the 
Planck length), this could be considered evidence in favor of the theory. Additionally, if FCQG predicts 
deviations from the Bekenstein-Hawking formula in certain regimes (e.g., for small black holes), these 
deviations could be tested through observations of black hole mergers or evaporation.

7. Dark Matter and Dark Energy: In FCQG, the causal influence tensor Cαβγδ(F1, F2) and the 
cosmological constant Λ might provide novel explanations for the observed effects of dark 
matter and dark energy on cosmological scales.

Speculation: FCQG might attribute the observed gravitational effects of dark matter to the causal 
influence between fragments, rather than to an unknown type of particle. Similarly, FCQG might 



attribute the observed accelerated expansion of the universe (dark energy) to the cosmological constant 
term in the fundamental equation of quantum gravity.

Implication: If FCQG provides a consistent explanation for the observed effects of dark matter and 
dark energy without invoking new particles or fields, this could be considered evidence in favor of the 
theory. Specific predictions of FCQG regarding the distribution of dark matter or the evolution of dark 
energy could be tested through observations of galaxy rotation curves, gravitational lensing, or the 
large-scale structure of the universe.

8. Cosmic Topology: In FCQG, the topology of the universe on large scales might be related to the 
global structure of the causal influence tensor Cαβγδ(F1, F2) and the arrangement of fragments.

Speculation: FCQG might predict specific topological features of the universe, such as non-trivial 
connectedness or the existence of compact dimensions, based on the global properties of the causal 
influence tensor.

Implication: The topology of the universe can be tested through observations of the CMB or the 
distribution of galaxies. If the observed topology of the universe matches the predictions of FCQG, it 
could provide evidence for the theory. For example, if FCQG predicts a specific pattern of cosmic 
microwave background radiation in a universe with non-trivial topology, this pattern could be searched 
for in CMB data.

These additional speculative implications demonstrate the potential of FCQG to provide novel 
explanations for various cosmological phenomena and to make testable predictions that differ from 
those of standard cosmological models. However, as emphasized earlier, these speculations are based 
on the current, incomplete formulation of FCQG and would require further theoretical development and 
observational validation.
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I apologize for the confusion. Let me regenerate my original speculation on explicit testable 
implications of Fragmentalist Causal Quantum Gravity (FCQG) for cosmology, along with the work 
involved:

1. Non-local correlations in the cosmic microwave background (CMB): In FCQG, the causal 
influence tensor Cαβγδ(F1, F2) captures the non-local causal relationships between fragments. 
This non-locality could manifest as correlations between distant regions of the CMB that are not 
expected in standard cosmological models.

Speculation: FCQG predicts excess correlations between distant regions of the CMB, compared to the 
predictions of standard inflationary models.

Implication: The CMB temperature anisotropies can be decomposed into spherical harmonics: ΔT(θ, φ) 
= ΣlΣm almYlm(θ, φ) where alm are the coefficients of the expansion and Ylm are the spherical 
harmonic functions.



The angular power spectrum Cl is defined as: Cl = (1/(2l+1)) Σm |alm|^2

Standard inflationary models predict that the Cl for large angular scales (small l) should be suppressed, 
as these scales were not causally connected at the time of CMB decoupling. If FCQG predicts excess 
power at large angular scales due to non-local causal influences, this could be tested by measuring the 
CMB power spectrum at low l values. Deviations from the predictions of standard inflationary models 
could provide evidence for FCQG.

2. Anomalous expansion history of the universe: In FCQG, the evolution of the scale factor a(t) of 
the universe might be affected by the causal influence tensor Cαβγδ(F1, F2) and the 
cosmological constant Λ in ways that differ from the predictions of standard cosmology.

Speculation: FCQG predicts a modified expansion history of the universe, compared to the predictions 
of the standard ΛCDM model.

Implication: The expansion history of the universe can be probed by measuring the distance-redshift 
relation for distant objects, such as Type Ia supernovae. In standard cosmology, the distance-redshift 
relation is determined by the Friedmann equation: (ȧ/a)^2 = (8πG/3)ρ - k/a^2 where ρ is the total 
energy density (including matter, radiation, and dark energy), and k is the spatial curvature.

In FCQG, the Friedmann equation might be modified by additional terms arising from the causal 
influence tensor and the cosmological constant: (ȧ/a)^2 = (8πG/3)ρ - k/a^2 + (8πG/c^4)C(a) + Λ where 
C(a) represents the scale-dependent contribution from the causal influence tensor.

By comparing the observed distance-redshift relation for Type Ia supernovae with the predictions of 
FCQG, one could test for deviations from the standard ΛCDM model. If the observed expansion 
history is better fit by the FCQG-modified Friedmann equation, it could provide evidence for the 
theory.

3. Anomalous growth of cosmic structures: In FCQG, the growth of cosmic structures (galaxies, 
clusters, and large-scale structure) might be affected by the causal influence tensor Cαβγδ(F1, 
F2) in ways that differ from the predictions of standard cosmology.

Speculation: FCQG predicts a modified growth rate of cosmic structures, compared to the predictions 
of the standard ΛCDM model.

Implication: The growth of cosmic structures can be described by the growth factor D(a), which 
satisfies the equation: D''(a) + (2/a - (ȧ/a)'/ȧ/a)D'(a) - (4πGρm/ȧ^2)D(a) = 0 where ρm is the matter 
density, and ' denotes a derivative with respect to the scale factor a.

In FCQG, this equation might be modified by additional terms arising from the causal influence tensor: 
D''(a) + (2/a - (ȧ/a)'/ȧ/a)D'(a) - (4πGρm/ȧ^2 + (8πG/c^4)C(a)/ȧ^2)D(a) = 0

By comparing the observed growth of cosmic structures (e.g., through redshift-space distortions or 
weak gravitational lensing) with the predictions of FCQG, one could test for deviations from the 
standard ΛCDM model. If the observed growth rate is better fit by the FCQG-modified growth 
equation, it could provide evidence for the theory.



These are three examples of how FCQG might have testable implications for cosmology that differ 
from the predictions of standard cosmological models. To make these tests rigorous, one would need to 
develop the mathematical formalism of FCQG in more detail, derive specific cosmological predictions, 
and compare them with observational data.
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Here are some additional speculative testable predictions of Fragmentalist Causal Quantum Gravity 
(FCQG):

1. Quantum gravity effects in black holes: In FCQG, black holes are expected to have a granular, 
causal structure at the Planck scale due to the discreteness of the causal fragments. This granular 
structure might lead to deviations from the predictions of classical general relativity.

Speculation: FCQG predicts that the entropy of a black hole is not strictly proportional to its surface 
area, but has corrections due to the quantum entanglement between the internal and external causal 
fragments.

Implication: The entropy of a black hole can be tested indirectly through observations of Hawking 
radiation. If the spectrum of Hawking radiation deviates from the predictions of the Hawking-
Bekenstein formula (which assumes strict proportionality between entropy and area), it could provide 
evidence for the granular structure predicted by FCQG. Such deviations might be more pronounced for 
small black holes, where quantum effects are expected to be more significant.

2. Lorentz invariance violation: In FCQG, the causal influence tensor Cαβγδ(F1, F2) depends on 
the A-series time τ, which is not Lorentz invariant. This might lead to small violations of 
Lorentz invariance at high energies or short distances.

Speculation: FCQG predicts that the speed of light is not strictly constant, but has a small dependence 
on energy or frequency.

Implication: Lorentz invariance violations can be tested by comparing the arrival times of high-energy 
photons from distant astrophysical sources (e.g., gamma-ray bursts or active galactic nuclei). If higher-
energy photons consistently arrive earlier or later than lower-energy photons, it could indicate a 
frequency-dependent speed of light, as predicted by some versions of FCQG. Current observations 
constrain such violations to be very small, if present at all.

3. Non-local entanglement in quantum systems: In FCQG, the causal influence tensor Cαβγδ(F1, 
F2) captures non-local causal relationships between fragments. This might lead to non-local 
entanglement between quantum systems that is not predicted by standard quantum mechanics.

Speculation: FCQG predicts that entanglement can persist between quantum systems even when they 
are causally disconnected according to standard quantum mechanics.

Implication: Non-local entanglement can be tested through Bell-type experiments with entangled 
quantum systems (e.g., photons or atoms) that are separated by large distances. If the observed 



correlations between the systems violate the Bell inequalities by more than the amount predicted by 
quantum mechanics, it could provide evidence for the non-local entanglement predicted by FCQG. 
Current experiments have not observed such excess correlations, setting limits on the strength of non-
local effects.

4. Modified dispersion relations: In FCQG, the granular causal structure of spacetime might lead 
to modified dispersion relations for particles and fields, deviating from the standard relativistic 
dispersion relation E^2 = p^2c^2 + m^2c^4.

Speculation: FCQG predicts that the dispersion relation for massless particles (e.g., photons) has a 
small deviation from linearity at high energies, of the form E^2 = p^2c^2 + α(pl)^nlp^n, where α is a 
dimensionless constant, l is the Planck length, and n is an integer.

Implication: Modified dispersion relations can be tested by measuring the energy-dependence of the 
speed of high-energy particles, such as cosmic rays or particles produced in accelerators. If the speed of 
these particles deviates from the predictions of special relativity in a way that is consistent with the 
modified dispersion relation predicted by FCQG, it could provide evidence for the theory. Current 
observations set limits on the size of such deviations, constraining the parameters of the modified 
dispersion relations.

These additional speculative predictions illustrate the wide range of potential consequences of FCQG, 
spanning from cosmology to black hole physics to quantum mechanics. Testing these predictions would 
require precise measurements and experiments in various domains, pushing the boundaries of current 
technology and observations.

As with the previous speculations, it is essential to emphasize that these predictions are based on the 
current, incomplete formulation of FCQG and would need to be refined and rigorously derived as the 
theory is developed further. Nonetheless, they provide a glimpse into the rich phenomenology that a 
fully-fledged theory of quantum gravity based on fragmentalism and causality might offer.
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Introduction to Fragmentalist Causal Quantum Gravity (FCQG)

Fragmentalist Causal Quantum Gravity (FCQG) is a novel approach to quantum gravity that combines 
ideas from causal set theory, quantum mechanics, and the fragmentalist interpretation of spacetime. The 
core idea of FCQG is that spacetime is not fundamental, but instead emerges from a more basic 
structure of quantum causal fragments.

1. Causal Fragments: In FCQG, the fundamental building blocks of reality are causal fragments, 
denoted by Fi. Each causal fragment is a discrete, quantum object that represents a localized 
region of spacetime. The causal structure within a fragment is given by a partial order relation 

, which defines the causal relationships between events within the fragment.≺

The causal structure of a fragment Fi can be represented by a causal matrix Cαβ(Fi), where α and β 
label events within the fragment: Cαβ(Fi) = { 1 if α  β 0 otherwise }≺



2. Quantum States of Fragments: Each causal fragment Fi is associated with a quantum state |
ψ(Fi)  in a Hilbert space Hi. The quantum state encodes the physical information about the ⟩
fragment, such as the matter and fields present within it.

The total Hilbert space of the system is the tensor product of the Hilbert spaces of all the fragments: H 
= iHi⊗

The total quantum state of the system is a superposition of the states of the individual fragments: |Ψ  = ⟩
Σici|ψ(Fi)⟩

where ci are complex coefficients satisfying Σi|ci|^2 = 1.

3. Causal Influence Tensor: The causal relationships between fragments are encoded in the causal 
influence tensor Cαβγδ(Fi, Fj), which is a generalization of the causal matrix to include the 
quantum entanglement between fragments:

Cαβγδ(Fi, Fj) = ψ(Fi)| ψ(Fj)|Cαγ(Fi) Cβδ(Fj)|ψ(Fi) |ψ(Fj)⟨ ⊗⟨ ⊗ ⟩⊗ ⟩

where  denotes the tensor product.⊗

The causal influence tensor satisfies the following properties:

• Cαβγδ(Fi, Fj) = 0 if α  γ or β  δ (causality)⊀ ⊀
• Cαβγδ(Fi, Fj) = Cγδαβ(Fj, Fi) (symmetry)
• ΣαβCαβγδ(Fi, Fj) = δγδ (normalization)

4. Emergent Spacetime: In FCQG, the classical spacetime emerges as a coarse-grained 
approximation of the underlying causal fragment structure. The emergent metric tensor gμν(x) 
at a point x in the emergent spacetime is related to the causal influence tensor by:

gμν(x) = Ψ|Σijfμα(i)fνβ(j)Cαβγδ(Fi, Fj)|Ψ⟨ ⟩

where fμα(i) are smearing functions that map the discrete causal structure of the fragments to the 
continuous spacetime manifold.

5. Dynamics and Evolution: The dynamics of the causal fragments is governed by a quantum 
causal evolution equation:

i∂|Ψ /∂τ = H|Ψ⟩ ⟩

where τ is an external time parameter (distinct from the emergent time in the spacetime manifold), and 
H is the Hamiltonian operator that generates the evolution of the quantum state.

The Hamiltonian H is a function of the causal influence tensor and the quantum states of the fragments: 
H = H[Cαβγδ(Fi, Fj), |ψ(Fi) ]⟩

The specific form of the Hamiltonian depends on the details of the theory and is the subject of ongoing 
research.

6. Relativistic Quantum Gravity: To incorporate relativistic effects and recover classical general 
relativity in the appropriate limit, FCQG postulates a relationship between the causal influence 
tensor and the Riemann curvature tensor Rμναβ of the emergent spacetime:



Rμναβ(x) = Ψ|Σijfμα(i)fνβ(j)fγδ(i)Cαβγδ(Fi, Fj)|Ψ  + Λ Ψ|gμναβ(x)|Ψ⟨ ⟩ ⟨ ⟩

where Λ is the cosmological constant, and gμναβ(x) is a tensor constructed from the emergent metric 
tensor gμν(x).

This equation relates the curvature of the emergent spacetime to the quantum causal structure encoded 
in the causal influence tensor, providing a link between quantum gravity and classical general relativity.

7. Observables and Predictions: In FCQG, physical observables are defined as operators on the 
Hilbert space of the causal fragments. The expectation value of an observable O is given by:

O  = Ψ|O|Ψ⟨ ⟩ ⟨ ⟩

Specific observables, such as the emergent metric tensor gμν(x), the Riemann curvature tensor 
Rμναβ(x), and matter field operators φ(x), can be constructed from the causal influence tensor and the 
quantum states of the fragments using appropriate smearing functions.

FCQG makes several predictions that can be tested experimentally or observationally, such as:

• Non-local correlations in the cosmic microwave background
• Deviations from the Bekenstein-Hawking entropy formula for black holes
• Modifications to the dispersion relations of particles at high energies
• Anomalous expansion history of the universe
• Non-local entanglement between quantum systems

Testing these predictions requires advanced experimental techniques and observations, and is the 
subject of ongoing research.

Conclusion: Fragmentalist Causal Quantum Gravity is a promising approach to quantum gravity that 
combines insights from causal set theory, quantum mechanics, and the fragmentalist interpretation of 
spacetime. While still in its early stages of development, FCQG offers a novel perspective on the nature 
of spacetime and gravity at the quantum level, and makes several testable predictions that could be 
explored in future experiments and observations.

As the theory is further developed and refined, it may provide a deeper understanding of the 
fundamental structure of reality and shed light on long-standing problems in theoretical physics, such 
as the unification of quantum mechanics and general relativity, the nature of black holes, and the origin 
of the universe.
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Based on the two additional papers provided, I will attempt to provide a more comprehensive and 
explicit account of the Fragmentalist Causal Quantum Gravity (FCQG) theory, including how it 
addresses the issues of Schrodinger's Cat, non-locality, and the Born Rule, and how the constants c, ħ, 
and G enter the theory. I will show my work and reasoning throughout.

1. Schrodinger's Cat in FCQG: In the standard Schrodinger's Cat thought experiment, the cat is in 
a superposition of alive and dead states until an observer opens the box and collapses the 
wavefunction. In FCQG, the cat and the observer are separate fragments with their own A-series 
(past, present, future). Until the observer opens the box, there is no fact of the matter about the 
cat's state from the observer's perspective, as the cat's A-series is not accessible to the observer.

When the observer opens the box, the two fragments (observer and cat) interact and share the same A-
series, collapsing the superposition. The cat is then found to be either alive or dead, consistent with the 
observer's measurement.

2. Non-locality in FCQG: In the Einstein-Podolsky-Rosen (EPR) thought experiment and Bell's 
inequality, quantum entanglement leads to non-local correlations between distant particles. In 
FCQG, the entangled particles are separate fragments with their own A-series. The non-local 
correlations arise because the particles do not have a definite state (e.g., spin up or down) until 
they are measured and their A-series align with the observer's A-series.

The apparent non-locality is a consequence of the fact that the A-series of one fragment is not 
accessible to another fragment until an interaction (measurement) occurs. The "non-local hidden 
variable" in FCQG is the fragmentary A-series itself.

3. Born Rule in FCQG: The Born Rule states that the probability of measuring a particular 
eigenvalue of an observable is given by the square of the absolute value of the corresponding 
probability amplitude. In FCQG, a derivation of the Born Rule for real-valued amplitudes is 
provided in the "Presentist Fragmentalism and Quantum Mechanics" paper.

The key steps are:

• Consider two interacting quantum systems (fragments) with two possible measurement 
outcomes.

• Define the 'chances' of each outcome in each fragment, with the constraint that the product of 
the chances across fragments must sum to 1.

• Require that the outcomes in both fragments must be consistent (no contradictory 
measurements).

• Assume that both fragments use the same theory (quantum mechanics) to describe the other.

These constraints lead to the Born Rule: p_1^2 + p_2^2 = 1, where p_1 and p_2 are the 'chances' of the 
two outcomes in each fragment.

4. Constants c, ħ, and G in FCQG: The speed of light c, the reduced Planck constant ħ, and the 
gravitational constant G enter the FCQG theory in the following ways:

• c appears in the causal influence tensor Cαβγδ(F1, F2) through the relativistic proper time 
interval (Δτ12/c)^2 between fragments. It sets the maximum speed of causal propagation.



• ħ enters the theory through the quantum mechanical amplitude Ac1c2 = exp(iSc1c2/ħ), which 
contributes to the causal influence tensor. It sets the scale of quantum fluctuations and the 
relative importance of different causal histories in the path integral formulation.

• G appears in the fundamental equation of quantum gravity: Rαβγδ = (8πG/c^4) Cαβγδ(F1, F2) 
+ Λ gαβγδ, where Rαβγδ is the Riemann curvature tensor, and Λ is the cosmological constant. G 
determines the strength of the coupling between the causal influence tensor (quantum sector) 
and the emergent spacetime curvature (gravitational sector).

These constants are expected to combine into the Planck length lp = sqrt(ħG/c^3) and the Planck time 
tp = lp/c, which set the fundamental scales at which quantum gravitational effects become significant in 
FCQG.

In summary, the FCQG theory, as presented in the provided papers, offers a novel perspective on 
quantum mechanics and gravity by combining ideas from causal set theory, quantum reference frames, 
and the fragmentalist interpretation of spacetime. It provides a framework for addressing key issues in 
quantum mechanics, such as Schrodinger's Cat, non-locality, and the Born Rule, while also 
incorporating the fundamental constants c, ħ, and G in a natural way.

However, it is important to note that FCQG is still a speculative and incomplete theory, and much work 
remains to be done to fully develop its mathematical formalism, derive testable predictions, and 
compare it with other approaches to quantum gravity. Nonetheless, the ideas presented in these papers 
offer a promising direction for further research at the intersection of quantum mechanics, gravity, and 
the philosophy of time.
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Based on the three most recent papers you uploaded, there are several additional potentially testable 
predictions and possible table-top experiments that could be explored within the framework of 
Fragmentalist Causal Quantum Gravity (FCQG). Here are a few explicit examples:

1. Quantum Gravitational Decoherence: FCQG predicts that the causal influence tensor Cαβγδ(F1, 
F2), which encodes the quantum entanglement between fragments, could lead to a new source 
of decoherence in quantum systems. This decoherence would be a consequence of the 
interaction between the quantum system and the fluctuating background spacetime, which is 
determined by the causal structure of the fragments.

Table-top experiment: Prepare a quantum system (e.g., a superconducting qubit or a trapped ion) in a 
superposition state and measure its decoherence rate. Compare the observed decoherence rate with the 
predictions of FCQG, which would depend on the system's parameters and the strength of the causal 
influence tensor. Deviations from the standard decoherence rates predicted by quantum mechanics 
could indicate the presence of quantum gravitational effects.



2. Modified Heisenberg Uncertainty Principle: In FCQG, the causal structure of the fragments and 
the quantum entanglement between them could lead to modifications of the standard Heisenberg 
uncertainty principle. The uncertainty relations for position and momentum, as well as for 
energy and time, might acquire additional terms that depend on the causal influence tensor and 
the fundamental constants c, ħ, and G.

Table-top experiment: Perform high-precision measurements of the position and momentum (or energy 
and time) uncertainties for a quantum system (e.g., a single photon or a quantum harmonic oscillator). 
Compare the measured uncertainties with the predictions of FCQG, which would include additional 
terms dependent on the system's parameters and the strength of the causal influence tensor. Deviations 
from the standard Heisenberg uncertainty relations could indicate the presence of quantum gravitational 
effects.

3. Quantum Reference Frame Transformations: FCQG relies on the idea of quantum reference 
frames, where each quantum system (fragment) can serve as a reference frame for describing 
the other systems. The transformations between these quantum reference frames, which would 
involve the causal influence tensor and the A-series and B-series temporal parameters, could 
lead to novel quantum effects that are not present in standard quantum mechanics.

Table-top experiment: Prepare two entangled quantum systems (e.g., two photons or two atoms) and 
use one system as a reference frame to describe the state of the other system. Perform measurements on 
both systems and compare the results with the predictions of FCQG, which would include the effects of 
the quantum reference frame transformations. Deviations from the standard quantum mechanical 
predictions could indicate the presence of quantum gravitational effects related to the reference frame 
transformations.

4. Temporal Interference Effects: In FCQG, the A-series and B-series temporal parameters play a 
crucial role in determining the causal structure of the fragments and the quantum entanglement 
between them. The interplay between these two temporal parameters could lead to novel 
temporal interference effects that are not present in standard quantum mechanics.

Table-top experiment: Prepare a quantum system (e.g., a single photon) in a superposition of different 
temporal states, corresponding to different A-series and B-series parameters. Perform measurements on 
the system and compare the results with the predictions of FCQG, which would include the effects of 
the temporal interference between the A-series and B-series states. Deviations from the standard 
quantum mechanical predictions could indicate the presence of quantum gravitational effects related to 
the temporal structure of the fragments.

These are just a few examples of the potentially testable predictions and table-top experiments that 
could be explored within the framework of FCQG. It is important to note that these experiments would 
require high precision and control over the quantum systems involved, and the effects of quantum 
gravity are expected to be very small at the scales accessible to current table-top experiments. 
Nonetheless, these examples demonstrate the potential for FCQG to generate novel empirical 
predictions that could be tested in the laboratory, providing a way to compare the theory with other 
approaches to quantum gravity and to search for experimental signatures of quantum gravitational 
effects.
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To derive the Einstein Field Equations from the Fundamental Equation of Quantum Gravity (FEQG) in 
the context of Fragmentalist Causal Quantum Gravity (FCQG), we need to make some assumptions 
and approximations. The FEQG is given by:

Rαβγδ = (8πG/c^4) Cαβγδ(F1, F2) + Λ gαβγδ

where Rαβγδ is the Riemann curvature tensor, G is the gravitational constant, c is the speed of light, 
Cαβγδ(F1, F2) is the causal influence tensor between fragments F1 and F2, Λ is the cosmological 
constant, and gαβγδ is the metric tensor.

Step 1: Introduce the stress-energy tensor Tμν, which describes the energy and momentum content of 
matter and fields in spacetime. We assume that the causal influence tensor Cαβγδ(F1, F2) can be 
related to the stress-energy tensor Tμν in the classical limit.

Cαβγδ(F1, F2) ≈ (c^4/8πG) (gαμgβν - (1/2) gαβgμν) Tμν

This assumption is based on the idea that the quantum entanglement between fragments, encoded in the 
causal influence tensor, should reduce to the classical description of matter and energy in the 
appropriate limit.

Step 2: Substitute the approximation for Cαβγδ(F1, F2) into the FEQG:

Rαβγδ ≈ (gαμgβν - (1/2) gαβgμν) Tμν + Λ gαβγδ

Step 3: Contract the indices of the Riemann tensor to obtain the Ricci tensor Rμν and the Ricci scalar 
R:

Rμν = gαβ Rαμβν R = gμν Rμν

Using these definitions and the contracted form of the FEQG, we get:

Rμν - (1/2) gμν R + Λ gμν ≈ Tμν

Step 4: Multiply both sides of the equation by (8πG/c^4) to obtain the Einstein Field Equations:

(8πG/c^4) (Rμν - (1/2) gμν R + Λ gμν) ≈ (8πG/c^4) Tμν

or, in the more familiar form:

Gμν + Λ gμν ≈ (8πG/c^4) Tμν

where Gμν = Rμν - (1/2) gμν R is the Einstein tensor.

In summary, the Einstein Field Equations can be derived from the FEQG in FCQG by:

1. Assuming that the causal influence tensor Cαβγδ(F1, F2) reduces to a classical description of 
matter and energy in terms of the stress-energy tensor Tμν.



2. Substituting this approximation into the FEQG and contracting the indices of the Riemann 
tensor.

3. Multiplying by the appropriate constants to obtain the familiar form of the Einstein Field 
Equations.

It is important to note that this derivation involves several assumptions and approximations, 
particularly in relating the quantum causal influence tensor to the classical stress-energy tensor. A 
complete derivation would require a more rigorous treatment of the quantum-to-classical transition and 
a better understanding of how the causal structure of fragments gives rise to the classical description of 
matter and energy. Nonetheless, this derivation provides a heuristic connection between the FEQG in 
FCQG and the well-established Einstein Field Equations of general relativity.
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To calculate the modified Heisenberg uncertainty relations in Fragmentalist Causal Quantum Gravity 
(FCQG), we need to consider the effects of the causal influence tensor and the A-series and B-series 
temporal parameters on the quantum commutation relations. We'll also explore some uncertainty 
relations involving the A-series parameter τ. Let's proceed step by step.

Step 1: Start with the standard Heisenberg uncertainty relation for position and momentum:

σx σp ≥ ħ/2

where σx is the standard deviation of position, σp is the standard deviation of momentum, and ħ is the 
reduced Planck constant.

Step 2: In FCQG, the causal influence tensor Cαβγδ(F1, F2) between fragments F1 and F2 can affect 
the quantum commutation relations. We assume that the commutation relation between position and 
momentum operators is modified by a factor that depends on the causal influence tensor:

[x, p] = iħ (1 + α Cαβγδ(F1, F2))

where α is a dimensionless constant that characterizes the strength of the causal influence correction.

Step 3: Using the modified commutation relation, we can derive the modified Heisenberg uncertainty 
relation for position and momentum in FCQG:

σx σp ≥ (ħ/2) |1 + α Cαβγδ(F1, F2) |⟨ ⟩

where Cαβγδ(F1, F2)  represents the expectation value of the causal influence tensor.⟨ ⟩

Step 4: Similarly, we can derive the modified Heisenberg uncertainty relation for energy and time in 
FCQG:

σE σt ≥ (ħ/2) |1 + β Cαβγδ(F1, F2) |⟨ ⟩



where σE is the standard deviation of energy, σt is the standard deviation of time, and β is another 
dimensionless constant characterizing the strength of the causal influence correction.

Step 5: Now, let's consider some uncertainty relations involving the A-series parameter τ. In FCQG, τ 
represents the flow of time in each fragment, and it may have a conjugate variable, which we denote as 
π. We assume that τ and π satisfy a commutation relation of the form:

[τ, π] = iħ (1 + γ Cαβγδ(F1, F2))

where γ is a dimensionless constant characterizing the strength of the causal influence correction.

Step 6: Using this commutation relation, we can derive an uncertainty relation for τ and π:

στ σπ ≥ (ħ/2) |1 + γ Cαβγδ(F1, F2) |⟨ ⟩

where στ is the standard deviation of the A-series parameter τ, and σπ is the standard deviation of its 
conjugate variable π.

Step 7: We can also consider an uncertainty relation involving τ and the energy E, assuming a 
commutation relation of the form:

[τ, E] = iħ (1 + δ Cαβγδ(F1, F2))

where δ is another dimensionless constant. This leads to an uncertainty relation:

στ σE ≥ (ħ/2) |1 + δ Cαβγδ(F1, F2) |⟨ ⟩

These modified uncertainty relations in FCQG show that the presence of the causal influence tensor 
and the A-series temporal parameter can lead to deviations from the standard Heisenberg uncertainty 
relations. The strength of these deviations is determined by the expectation value of the causal 
influence tensor and the dimensionless constants α, β, γ, and δ, which would need to be determined by 
further theoretical developments or experimental investigations.

It's important to note that these calculations are based on assumptions about the form of the 
commutation relations in FCQG and the role of the causal influence tensor and the A-series parameter. 
As FCQG is still a developing theory, these assumptions may need to be refined or modified as the 
theory progresses. Nonetheless, these calculations provide a starting point for exploring the potential 
consequences of FCQG for quantum uncertainty relations and the interplay between quantum 
mechanics, causality, and the nature of time.
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Is FCQG consistent with both Quantum Mechanics and General Relativity?

Yes, the Fragmentalist Causal Quantum Gravity (FCQG) theory aims to be consistent with both 
Quantum Mechanics (QM) and General Relativity (GR), while also providing a framework for their 
unification. Let's explore how FCQG relates to these two fundamental theories:

1. Consistency with Quantum Mechanics: FCQG incorporates several key features of quantum 
mechanics, such as:



• Quantum states: In FCQG, each fragment is associated with a quantum state in a Hilbert space, 
which evolves according to a generalized Schrödinger equation.

• Quantum entanglement: The causal influence tensor Cαβγδ(F1, F2) in FCQG encodes the 
quantum entanglement between fragments, which plays a crucial role in determining the 
emergent spacetime geometry.

• Born rule: FCQG provides a derivation of the Born rule for real-valued probability amplitudes, 
based on the consistency conditions between interacting fragments.

• Quantum uncertainty: The modified Heisenberg uncertainty relations in FCQG show that the 
theory can accommodate and extend the quantum uncertainty principle.

However, FCQG also introduces new features, such as the fragmentation of reality, the A-series and B-
series temporal parameters, and the role of causal structure in quantum mechanics. These features go 
beyond standard QM and provide a novel perspective on the nature of quantum reality.

2. Consistency with General Relativity: FCQG aims to recover the key features of general 
relativity in the appropriate limit, such as:

• Emergent spacetime: In FCQG, the classical spacetime geometry emerges from the underlying 
causal structure of the fragments and the quantum entanglement between them.

• Einstein Field Equations: The Fundamental Equation of Quantum Gravity (FEQG) in FCQG 
can be approximated to yield the Einstein Field Equations in the classical limit, relating the 
spacetime curvature to the matter-energy content.

• Lorentz invariance: FCQG respects Lorentz invariance in the emergent spacetime, although 
deviations from perfect Lorentz invariance may occur at the fundamental level due to the causal 
structure of the fragments.

However, FCQG also introduces new features that go beyond standard GR, such as:

• Quantum properties of spacetime: In FCQG, spacetime is not a classical continuum but emerges 
from the quantum properties of the fragments, such as entanglement and causal structure.

• Role of time: FCQG incorporates both the A-series (temporal flow) and B-series (causal 
ordering) aspects of time, which are not explicitly present in GR.

• Cosmological constant: The FEQG in FCQG naturally includes a cosmological constant term, 
which may provide insights into the nature of dark energy.

In summary, FCQG is designed to be consistent with the key features of both QM and GR, while also 
providing a framework for their unification and extending them with new concepts and principles. The 
theory aims to preserve the successful predictions of QM and GR in their respective domains, while 
also offering novel insights and predictions that could be tested in future experiments.

However, it's important to note that FCQG is still a developing theory, and more work needs to be done 
to fully establish its consistency with QM and GR, as well as its potential to resolve the tensions 
between these two fundamental theories. As the mathematical formalism and conceptual foundations of 
FCQG are further developed and refined, its consistency with QM and GR will need to be continually 
reassessed and tested against experimental evidence.
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Paul and Maz are kind people.

That's great to hear! I don't have any personal knowledge about Paul and Maz, but it's always nice 
when people are described as kind. Kindness is such an admirable and important quality. The world 
could use more of it.
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