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Chapter 8 Geometry and Curvature Evolution

Equation Under Discussion

The second major PDE engine in the Full Explicit PDE-Expanded Form is the geometry / curvature

evolution equation:
O0g_ii(x,T/0T
= —a 0°Q/0X_i Ox_)) + B F_ij(=_eff)
Chapters 4 through 7 focused on the collapse-field sector.
Chapter 4 explained what it means for the collapse-field component X_i(x,T) to evolve.
Chapter 5 explained the local descent term:
—G_ij(x,T) 0DP/OX ]
Chapter 6 explained the nonlocal kernel and state-coupling term:
— f Kij(x — x'|: (1)) Z_eff(x,x ,T) [X_j(x) — X_j(x)] dx’
Chapter 7 explained the effective coupling / entanglement field:
= eff
This chapter now shifts to the geometry sector.
The object being evolved is:
9_ij(x,T)
The equation asks how geometry itself changes with respect to evolution order T.

The key message is:

geometry is not a passive background.
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It evolves as part of the PDE engine.

Opening Question

Why does geometry need its own evolution equation?

In many simplified descriptions, geometry may be treated as a fixed background.

A field evolves on top of a given space.

The space provides the stage.

The field performs the motion.

But CUWF does not treat geometry merely as a passive stage.

In the PDE-expanded form, geometry is one of the components of the canonical state:
U(T) = (X_i(x,T), g_ij(x,T), N_eff(T))

This means that geometry is part of what evolves.

It is not only the arena in which collapse-field evolution occurs.

It also responds to the evolving state-side structure.

Therefore, Guide Il must include an explicit equation for:
0g_ij(x,T)/0T

This equation tells us how the geometry-side component changes across evolution order.

The geometry / curvature evolution equation is the first explicit opening of this second engine.

Opening Perspective

The collapse-field equation opened the X-sector.

The geometry equation now opens the g-sector.
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The PDE-level state contains:
X_i(x,T),
g_ij(x,T),
and N_eff(T).
The first component, X_i, required an evolution equation.
The second component, g_ij, also requires an evolution equation.
This is why Guide Il contains more than one PDE engine.
The full evolution of U(T) cannot be described by the X-sector alone.
The collapse field evolves.
The geometry evolves.
The effective degrees of freedom evolve.
Chapter 8 focuses on the geometry part.
The equation is:
O0g_ii(x,T/0T
= —a 0°D1OX_i Oxj) + B F_ii(Z_eff)
The left-hand side tells us what evolves:
9_ij(xT)
The right-hand side tells us what drives the evolution:
the curvature structure of the collapse potential O,

and the effective coupling / entanglement contribution F_ij(E_eff).
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Physical Motivation
The physical motivation behind the geometry equation is that geometry should respond to the state-

side structure of the universe-state.

If collapse-field evolution changes the state-side configuration, then the geometry associated with that

configuration should not remain completely unaffected.
In CUWF, the geometry sector responds to two broad influences.

First, it responds to the curvature structure of the collapse potential O.

This is represented by:
—a 0°D/0x_i OX_j)
Second, it responds to effective coupling or entanglement structure.
This is represented by:
B F_ij(=_eff)
Together, these two terms say that geometry evolves in response to both:
state-side potential curvature,
and
effective relational coupling.
This makes geometry an active part of the PDE engine.
It is not merely the static container of the collapse field.

It is dynamically coupled to the collapse and coupling structure of the state.

Core Concept

The core concept of this chapter is the following:
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The geometry / curvature evolution equation describes how the geometry-side component g_ij evolves

in response to collapse-potential curvature and effective coupling structure.
The equation is:
Jg_ij(x /0T
= —ot 0>Dy0x_i Ox_j) + B F_ij(=_eff)
Each part has a role.
The left-hand side:
O0g_ii(x,T/0T
tells us that geometry changes with respect to evolution order T.
The first term on the right-hand side:
—a 0°D/0x_i OX_))
tells us that geometry responds to the second-derivative structure of the collapse potential Q.
The second term:
B F_ij(=_eff)
tells us that geometry also responds to effective coupling / entanglement structure.

Thus, geometry evolves because the state-side potential landscape has curvature and because the

effective coupling structure contributes to geometric change.

This is the second operational engine of Guide IlI.

Why g_ij Has T-Evolution
The object:

g_ij(x,T)
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is the geometry-side component of the PDE-level canonical state.
The indices i and j indicate component structure.
The coordinate x indicates that geometry may vary across the domain.
The evolution parameter T indicates that geometry changes across evolution order.
Therefore, the expression:
0g_ii(x,T/0T
means the evolution-order change of the geometry component g_ij at position x.
This is analogous in form to the collapse-field derivative:
0X_i(xT)/0T
But the object being evolved is different.
In the collapse-field equation, the evolving object was X_i.
In the geometry equation, the evolving object is g_ij.
This confirms that geometry is not fixed in the PDE-expanded form.

It has its own T-directed evolution.

What g_ij Represents

The symbol g_ij represents the geometry or curvature-side structure of the canonical state.
It should not be confused with the collapse metric G_ij from Chapter 5.

The collapse metric G_ij shaped local descent in the X-sector.

The geometry object g_ij belongs to the geometry sector itself.

This distinction is important because the symbols look similar but play different roles.

|
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G_ij appears in the collapse-field equation:
—G_ij(x,T) 0DP/OX ]
There, it shapes local descent of X_i.
By contrast, g_ij appears as a state component:
g_ij(x.T)
and has its own evolution equation:
0g_ij(x,T)/0T
= —o 02Q/Ox_i Ox_j) + P F_ij(=_eff)
Thus:
G_ij shapes collapse descent.
g_ij is the geometry being evolved.

The geometry equation belongs to the second engine of the PDE-expanded form.

Note on G_ij and g_ij

Because the notation is close, the distinction should be stated explicitly.

The symbol G_ij with capital G refers to the collapse metric or local weighting structure used in the

collapse-field equation.
It appears in the term:

—G_jj(x,T) dDP/Ix_j

The symbol g_ij with lowercase g refers to the geometry-side component of the canonical state.
It appears in:

g_ij(x,T)
]

© 2025 CHAYUT TECHASAMRAN 152



Y

X CUWF Master Equation Guide 1l www.cuwfcosmos.com
EUWF

and evolves according to:
O0g_ij(x,T/0T
The two are not the same object.
G_ij shapes the local descent of the collapse field.
g_ij is the geometry / curvature structure that evolves as part of U(T).

This distinction prevents a common misunderstanding:

the metric-like object that shapes collapse-field descent is not identical to the geometry tensor being

updated in the geometry equation.

The Full Geometry Equation as a Balance of Two Influences

The geometry / curvature evolution equation is:

0g_ij(x,T)/0T

= —a 02Q/0Ox_i Ox_)) + B F_ij(=_eff)
It can be read as a balance of two influences.

The first influence comes from the curvature of the collapse potential Q.
This appears through the second derivative:

0>D/(0x_i 0X_))
The second influence comes from effective coupling / entanglement structure.
This appears through:

F_ij(=_eff)

The constants or coefficients Ol and B determine how strongly each influence contributes.

The term with Ol weights the collapse-potential curvature contribution.

|
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The term with B weights the effective coupling contribution.

Thus, the geometry equation says:

geometry evolves according to the curvature structure of the collapse potential and the coupling

structure encoded by =_eff.
This is why geometry evolution belongs to the same engine as collapse dynamics.

The sectors are coupled.

Meaning of —0L 82/(0@X_i 0X_j)

The first term on the right-hand side is:
—a 02D/(0X_i OX_j)

This term tells us that geometry responds to the second derivative of the collapse potential @ with

respect to the state-side field components.
In Chapter 5, the first derivative:
0D/0x_j
was used to describe the local slope of the collapse potential.
That slope helped drive local descent of X_i.
In Chapter 8, the second derivative appears:
0>D/(0x_i 0X_j)
This is a higher-order structure.
It does not describe only the slope of .
It describes how the slope itself changes.

This is why it may be understood as a Hessian-like curvature structure of the collapse potential.
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The geometry equation uses this second-derivative structure because geometry responds not merely

to the value of @, but to the curvature of the potential landscape.
The coefficient QL controls the strength of this contribution.

The minus sign indicates that this contribution enters as a descent-aligned or tension-reducing

geometric response.

Hessian-Like Curvature of (D

The expression:
0>Q/0x_i %))
is Hessian-like.

In ordinary multivariable calculus, the Hessian describes second derivatives of a function with respect

to its variables.
It tells how the slope changes in different directions.
In this chapter, the phrase Hessian-like is used carefully.

The equation does not require the reader to assume that D is an ordinary finite-dimensional

function.
Instead, D s the collapse potential associated with the state-side field configuration.

Its second-derivative structure plays a role similar to a Hessian.

It captures curvature of the collapse-potential landscape with respect to the X components.
This matters because curvature is not the same as slope.

The first derivative tells the field which way the potential increases or decreases.

The second derivative tells how sharply or structurally that potential bends.

The geometry equation uses this bending structure.
|
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In plain language:

geometry responds not just to where the collapse potential slopes, but to how that potential curves.

Why Geometry Responds to ()

It is natural to ask why a collapse potential should affect geometry.

In CUWF, X and g are not independent decorations.

They are coupled components of the same canonical state.

The collapse-field sector describes state-side evolution.

The geometry sector describes the evolving geometry / curvature structure.

If the collapse potential @ contains information about state-side tension or instability, then the

curvature structure of @ can affect how geometry should update.
This does not mean @ is identical to geometry.
It means geometry responds to the curvature structure of O.
The first derivative of @ helps drive collapse-field descent.
The second derivative of @ helps shape geometry evolution.

Thus, the same collapse-potential landscape appears in two ways:
as slope for X evolution,
and as curvature for g evolution.

This creates a bridge between collapse dynamics and geometry dynamics.

Plain-Language Meaning of the D-Curvature Term

The term:

|
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—o 0°D/0x_i X))
may look technical, but its basic meaning is straightforward.

It says that geometry reacts to the way the collapse potential bends.

If the collapse potential changes sharply across state-side directions, that curvature becomes relevant

to geometry.
The coefficient QL tells how strongly this curvature affects geometry.

The minus sign gives the direction of the response within the descent-oriented structure of the

equation.
In plain language:

the O-curvature term says that geometry evolves in response to the curvature of the collapse-

potential landscape.

Itis the part of the geometry equation that connects state-side potential structure to geometry update.

Meaning of B F_ij(=_eff)

The second term on the right-hand side is:
B F_ij(=_eff
This term tells us that geometry also responds to effective coupling / entanglement structure.
Chapter 7 explained =_eff as the effective coupling / entanglement field.
It modulates nonlocal relations in the collapse-field equation.
In the geometry equation, =_eff enters through:
F_ij(=_eff)

This means that effective coupling structure contributes to the evolution of geometry.
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The symbol F_ij denotes a geometry-sector contribution constructed from or dependent on = _eff.
It tells how effective entanglement or coupling structure is translated into a geometric update.
The coefficient B controls the strength of this contribution.

Thus, B F_ij(=_eff) is the coupling-driven part of geometry evolution.

Why F_ij Is Needed

One might ask why =_eff does not appear alone.
Why write:
F_ij(=_eff)
instead of simply:
= eff
The reason is that =_eff is a coupling / entanglement field, while the geometry equation evolves
g_lj.
The contribution to geometry must have geometry-sector component structure.

The function or functional F_ij maps effective coupling information into a form that can contribute to the

evolution of g_ij.
In other words:
=_eff provides the coupling information.
F_ij translates that information into a geometry-side term.
The indices i and j indicate that the result contributes to the ij-component of geometry evolution.
Thus, F_ij is not an unnecessary complication.

It is the bridge from effective coupling structure to geometry update.

|
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How Entanglement / Coupling Contributes to Geometry
Chapter 7 explained that =_eff tells the theory which state relations remain effectively coupled.
Those relations are important for collapse-field evolution.
But in CUWF, effective coupling can also influence geometry.
The reason is that geometry is not isolated from state structure.

If the state contains strong effective coupling or entanglement-like relations, the geometry sector may

need to respond.
This response is represented by:
B F_ij(=_eff)
The term does not say that =_eff is geometry itself.
It says that the effective coupling structure contributes to geometry evolution through F_ij.

This gives CUWF a way to express the idea that geometry is shaped not only by local collapse-

potential curvature, but also by relational structure in the state.
Thus, the geometry equation contains both:
potential-curvature response,

and

coupling-structure response.

Plain-Language Meaning of the Coupling Term

The term:

B F_ij(=_eff)
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may be read in plain language as:
geometry updates in response to effective coupling structure.

The field =_eff tells which parts of the state remain effectively connected.

The object F_ij converts that relational information into a geometry-side contribution.

The coefficient B determines how strongly this contribution affects the evolution of g_ij.
In plain language:

the coupling term says that geometry can be influenced by the effective entanglement or coupling

structure of the state.

Itis the part of the geometry equation that prevents geometry from being responsive only to local

potential curvature.

Geometry Is Not a Passive Background

The most important conceptual point of this chapter is that geometry is not passive.
In the PDE-expanded form, geometry is not merely a pre-existing arena.
Itis part of the evolving canonical state.
The equation:
O0g_ii(x,T/0T
= —a 02Q/0Ox_i Ox_)) + B F_ij(=_eff)
makes this explicit.
The left-hand side says that g_ij changes with T.

The right-hand side says that the change is driven by collapse-potential curvature and effective

coupling structure.

Thus, geometry is dynamically involved in the evolution of the universe-state.
|
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It responds.
It updates.
It participates.

This is why the geometry equation is a major part of the operational engine of CUWF.

Why the Geometry Update Was Hidden Inside the Raw Unified Form

In Guide I, the Raw Unified Form was written compactly as:
ds/at = — V_F G(X, g, N_eff, =_eff)

This expression already included geometry.

The state included g.
The generator functional depended on g and on =_eff.

The generalized functional gradient contained a g-direction:
0G/bg

But at that level, the geometry update was hidden inside the compact notation.

The Raw Unified Form did not show the explicit equation:
0g_ij(x,T)/0T
= —a 020X Ox_)) + B F_ij(=_eff)

Guide Il opens that hidden part.

It shows how the g-direction of the generator-gradient structure can be expressed as a geometry /

curvature evolution equation.
Thus, Chapter 8 reveals one of the key internal mechanisms of:
—V FG

|
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It opens the geometry engine.

Relation to the PDE-Vector Form

The compact PDE-vector form is:

D/dT [X, g, N_eff]" T

-V raG

— 16G/6%, 6G/6g, 0G/ION_eff1~ T
Chapters 4 through 7 focused on the X component.

Chapter 8 focuses on the g component.

The geometry equation corresponds to the second component of the vector structure:
06c/bg

or more precisely, to the explicit PDE-level realization of the geometry-side evolution direction.
This confirms that the PDE-vector form is not merely symbolic.

It contains distinct engines.

The X-engine describes collapse-field evolution.

The g-engine describes geometry / curvature evolution.

The N_eff engine will describe renormalization and effective degree-of-freedom flow.

Chapter 8 is therefore the bridge from the X-sector to the geometry sector.

Relation to Previous Chapters

Chapter 5 introduced @ as the collapse potential.

There, its first derivative:

|
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0D/0x_j

was used to describe local descent in the collapse field.

Chapter 8 returns to @, but now through its second derivative:
0>Q/0x_i 0x_j)
This shows that the same potential landscape can influence more than one part of the PDE engine.
Chapter 7 introduced =_eff as the effective coupling / entanglement field.
There, it modulated nonlocal collapse-field coupling.
Chapter 8 returns to =_eff through:
F_ij(=_eff)
This shows that effective coupling structure can also contribute to geometry evolution.
Thus, Chapter 8 does not introduce disconnected new symbols.

It takes @ and =_eff from the X-sector discussion and shows how they enter the geometry sector.

Physical Interpretation
Physically, the geometry equation says that the shape or curvature structure of the universe-state is not

frozen.
It evolves in response to state-side tension and effective coupling.
The collapse potential 0] provides a landscape.
Its second-derivative structure tells how that landscape bends.
That bending contributes to geometry evolution.
The effective coupling field = _eff provides relational structure.

Through F_ij, that structure also contributes to geometry evolution.
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Thus, geometry is influenced by both:

how the collapse potential curves,

and

how the state remains effectively coupled.

This makes geometry an active participant in CUWF evolution.
It is not merely a background container.

Itis one of the moving parts of the engine.

What This Chapter Does Not Do

This chapter does not fully derive the geometry equation.
It does not specify one unique formula for .
It does not specify one unique formula for F_ij.
It does not determine the numerical values of QL or [3
It does not claim that g_ij is identical to the collapse metric G_ij.
It does not fully analyze renormalization or N_eff flow.
Its purpose is narrower.
It introduces the geometry / curvature evolution equation:
O0g_ii(x,T/0T
= —ot 02/Ox_i O%_j) + B F_ij(=_eff)

The reader should leave this chapter understanding that geometry evolves in response to collapse-

potential curvature and effective coupling structure.
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Final Definition

The geometry / curvature evolution equation:
O0g_ij(x,T/0T
= —a 02Q/OX_i Ox_)) + B F_ij(=_eff)

is the PDE-level equation that describes how the geometry-side component g_ij evolves across
evolution order T in response to the Hessian-like curvature of the collapse potential @ and the

geometry-sector contribution of the effective coupling / entanglement field =_eff.
More simply:

geometry evolves because the collapse potential has curvature and the state has effective coupling

structure.

One-Sentence Summary
The geometry / curvature evolution equation shows that geometry is not a passive background in
CUWEF; it evolves as part of the PDE engine in response to collapse-potential curvature and effective

coupling.

Looking Ahead

This chapter introduced the second major PDE engine of Guide Ill: geometry and curvature evolution.
We saw why g_ij has its own T-evolution.
We saw why g_ij should not be confused with the collapse metric G_ij.

We saw how the term:

—o 0°D/0X_i 0X_))

represents a Hessian-like curvature response to the collapse potential.

We saw how:
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B F_ii(=_eff

represents the contribution of effective coupling / entanglement structure to geometry evolution.

We also saw why the geometry update was hidden inside the Raw Unified Form and becomes explicit

in Guide IlI.

The next chapter will move to the third major engine:
renormalization and effective degree-of-freedom flow.
It will introduce the equation:

dN_eff/dT

—0G/ON_eff

—R(N(T), A_soft(T), [R(T)|, =_eff(T))

This will show how the effective number of active degrees of freedom changes across evolution order.
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