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Section O-3 — Adjoint Theory and Entropic Dual Operators

Section O-3 develops the adjoint structure of CUWF operators under the entropic metric inner product
(-,-)_{g_E}. This section is one of the mathematically central components of Paper C-3 because CUWF
operators are nonlinear, metric-dependent, and generally non-Hermitian. Therefore, the classical

adjoint theory of linear operators on Hilbert spaces cannot be applied without modification.

The purpose of O-3 is to define the correct dual-operator structure for the CUWF operator algebra and
to show how adjoint asymmetry becomes a physical mechanism for reverse entropic flow, instability,

tunneling, and later spectral behavior.
O-3 establishes:
. adjoint definitions under the entropic metric;
. adjoints of the primitive operators A, B, and C;
. the mixed-adjoint structure of the CUWF Master Operator;
. the geometric meaning of adjoints in CUWF;
. dual operators for multi-node systems;
. adjoints of higher-order compositions, which provide the foundation for O-4 spectrum theory;
. fixed-point classes of CUWF operators; and

. instability and tunneling regions generated by adjoint asymmetry.
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0-3.1 Adjoint Definition in CUWF

Given the entropic metric inner product
(,0)_t0_Er = [ fglg_El ax,

the adjoint Xt of an operator X is defined by

(X7, aMa_E) = (, Xtg )ig_E}.

This definition resembles the standard Hilbert-space adjoint, but the CUWF case is fundamentally

different because the measure, operators, and domains are all state-dependent.
Key differences from linear Hilbert spaces are:

. the measure |g_E| depends on the entropic field E;

. operators X depend on E, VE, and, in some cases, the DOF structure;

. adjoint relations change dynamically as E evolves; and

. the adjoint Xt is therefore not fixed, but a state-dependent dual operator.

Thus, adjoint theory in CUWF is not merely a formal operation. It encodes how the entropic geometry

itself changes the meaning of forward and reverse operator action.

0-3.2 Adjoint of the Entropic Laplacian A = AE
Starting with

Af=g E™Nip V.iV 1,

]
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we integrate by parts under the entropic measure. Because the connection Vis compatible with the

entropic metric,
Vk gEiij} =0,

all boundary terms vanish on the appropriate function space. The result is
At =A.

Thus A is self-adjoint under the entropic metric. Physically, this means that entropic curvature diffusion
is symmetric with respect to the geometry generated by E. In CUWF language, the Laplacian sector

represents the reversible, curvature-smoothing part of operator behavior.

0-3.3 Adjoint of the Gradient-Squared Operator B = |VE|2
Recall that

B(f) = |VE]2 1.
Under the entropic inner product,

(Bf, g)_{g_E} = f \VEP f g |g_E| dx.

At first glance, B appears multiplicative and therefore self-adjoint. However, in CUWF the multiplier
|VE|2 and the measure |g_E| both depend on E. Since g_E depends on Hessian(E), VE depends on
first derivatives of E, and variations of E affect both the multiplier and the measure, the adjoint acquires

correction terms.
Bt =B+ Q_B,

where Q_B represents metric-variation correction terms. Therefore, B is not generally self-adjoint, even

though it acts multiplicatively on f.

]
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This non-self-adjointness reflects the geometric asymmetry of slope sharpening. The gradient-squared
term does not merely scale the field; it changes the way the metric responds to local entropic

steepness.

0-3.4 Adjoint of the DOF-Derivative Operator C = D_DOF

The DOF-derivative operator is defined by
C(f) = D_DOF f.

Because DOF-space carries its own connection V_{DOF}, the adjoint of C takes the form
Ct = —D_DOF + [ _{DOF},

where r_{DOF} encodes the connection coefficients of the DOF-manifold. Thus C is anti-Hermitian only
in the special case where the DOF-fiber has zero connection curvature. In the general CUWF setting, C

is non-self-adjoint.

This asymmetry is the source of DOF-driven entropy flow. It is also the operator origin of fiber-direction
drift, hidden geometric displacement, and the tunneling mechanisms developed later in this section

and in O-4 through O-6.

0-3.5 Adjoint of the CUWF Master Operator

Recall the CUWF Master Operator:
EE=A—aB+fBcC.

Taking adjoints gives

E_Et = At — aBt + BCt.
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Substituting the adjoint relations from O-3.2 to O-3.4 yields
EEt=A—a(B+QB)+B(—c+T_{DOF).
Therefore,
EEt#EE
The CUWF Master Operator is intrinsically mixed-adjoint. This has two important implications:
. CUWEF evolution is not unitary;

. CUWEF evolution is a nonlinear geometric flow rather than a conserved linear evolution such as

Schrodinger evolution.

This mixed-adjoint property is not a defect. It is a defining feature of CUWF as a geometry-driven
physical theory. Collapse, instability, tunneling, and entanglement all require this departure from

Hermitian operator structure.

0-3.6 Adjoint of Composite Operators
For composite operators X © Y, the adjoint reverses the order of composition:
(XoY)t =Yt o Xt.
This gives the following CUWF relations:
(A ©B)t =Bt © At.
(Bo At =At o Bf.
(A?)T = At © At = A2
(Bt = (B +Q_B).
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Because B is nonlinear and carries metric-variation corrections, the adjoint of a composite operator

generally differs from the reverse ordering of naive linear operator algebra. In particular,

(B oAt F (A°B)t.

This asymmetry becomes central in O-4, where nonlinear spectra, pseudo-spectra, and resolvent

growth depend sensitively on the non-normal structure generated by such composite adjoints.

0O-3.7 Adjoint Structure for Multi-Node Operators

For multi-node systems, operators take block form across collapse nodes. Given block operators A_j,

B_i, and C_i, the adjoint of the block Laplacian-like operator has the schematic form

A_blockt =[ A1t A1t *°*
A1zt At -

Similar block-adjoint structures hold for B_block and C_block. Cross-curvature blocks satisfy
A{i = A{ji}.

Thus entanglement geometry is adjoint-symmetric at the cross-curvature level, even though the full
CUWEF operator algebra is not self-adjoint. This property is crucial for later spectral symmetry analysis
because it allows deterministic entanglement to arise from cross-node curvature alignment rather than

from Hilbert-space tensor products.

0-3.8 Geometric Interpretation of the Adjoint
In CUWF, the adjoint is not merely a formal dual. It has geometric meaning:
. At corresponds to symmetric curvature diffusion;

- ____________________________________________________________________________________________|
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. Bt corresponds to asymmetric slope sharpening;
. Ct corresponds to DOF-fiber reversal and internal curvature;
. g_ET represents the reverse entropic flow operator.
Thus,
8_ET generates reverse-time entropic geometry.

This does not mean that physical time literally reverses. It means that the adjoint operator defines the
mathematical reconstruction direction opposite to forward collapse flow. This distinction is essential for

0O-5, where forward and backward operator evolution are treated as distinct geometric flows.

0-3.9 Summary of Section Purpose
0O-3 establishes the adjoint machinery required for the rest of Paper C-3. It shows that:
. the adjoint must be defined under the entropic metric;
. A is self-adjoint;
. B is non-self-adjoint due to metric-variation correction terms;
. C is anti-Hermitian only up to DOF-connection terms;
. E Eis intrinsically mixed-adjoint;
. composite operators acquire nontrivial adjoint structure;
. multi-node block operators have cross-adjoint symmetry; and

. adjoint asymmetry provides the mathematical origin of non-normal growth, tunneling, and
spectral instability.
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This section provides the essential mathematical machinery for O-4 nonlinear spectrum theory, O-5

operator evolution equations, and O-6 stability and pseudo-spectral analysis.

0-3.10 Explicit Fixed-Point Classification of CUWF Operators

The original notes labeled this material as O-3.2. In the present integrated version, it is placed after the
adjoint-theory core as 0-3.10 to avoid conflict with the already-defined O-3.2 on the adjoint of A =

A_E. The content and equations are preserved.
Given the CUWF adjoint relation
(X1, 0Mo_E} = (7, XtoMa_E},
and the nonlinear evolution operator
X E=A—aB+fBc,
we classify fixed points of the operator action under three layers:
. metric-fixed points;
. operator-fixed points;
. flow-fixed points.
Each layer has a distinct physical interpretation in CUWF geometry.
0-3.10.1 Metric-Fixed Points (g_E-fixed)
A state E is a metric fixed point when
9_E(E) = g_EX_E(E)).

Because the metric depends on E, VE, and Hess(E), this condition becomes

- ____________________________________________________________________________________________|
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Hess(E) = Hess(AE — OB(E) + BC(E)).
Interpretation:
. collapse curvature is self-reproducing;
. entropic curvature does not evolve;
. the state corresponds to a stationary collapse basin in CUWF geometry.

Physically, these are CUWF analogues of harmonic equilibria, local entropic minima or maxima with

zero drift, and stable rest-frames of collapse nodes.
0-3.10.2 Operator-Fixed Points (X _E = X Et)
Operator-fixed points satisfy
X E=X _Et.
Because adjoints depend on the metric,
. AT = A (self-adjoint);
. Bt = B + curvature corrections;
. Ct = —C + connection corrections.
Thus the fixed-point condition becomes
A—oaB+Bc=A—aB+KE)— B —TE),

where K(E) is the curvature-adjoint shift and ['(E) is the DOF-connection adjoint shift. Therefore,

operator-fixed points satisfy

OLK(E) = B [(E).
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This balance condition is the CUWF version of “curvature self-adjointness = DOF balance.” It means
that DOF drift and entropic curvature are balanced, that no net adjoint-flow asymmetry remains, and

that symmetry-preserving CUWF evolution is possible.
0-3.10.3 Flow-Fixed Points (Evolution Fixed Points)
Evolution fixed points satisfy
X _EE"=0.
Equivalently,
A(E) — a| VER + BD_{DOFJE* = 0.
This is the CUWF collapse equilibrium equation. Three fixed-point classes emerge.
(1) Strong-curvature fixed points:
AE) =0, |VE # 0.
. curvature diffusion is zero;
. the gradient remains;
. the state corresponds to ridge-line equilibria.
(2) Flat-slope fixed points:
\VE|z = 0, A(E) # o.
. collapse settles into entropic flats;
. the state corresponds to CUWF “flat manifolds” or near-vacua.

(3) Full equilibrium:

- ____________________________________________________________________________________________|
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AE) = | VE? = D_{DOF}E* = 0.
. complete collapse;
. fully resolved entropic minima;
. ground state of the local entropic basin;
. analogue of a zero mode.

These equilibria classify possible CUWF operator states relevant for nonlinear spectrum theory in O-4

and operator evolution theory in O-5.

0-3.11 Instability Regions and Tunneling Zones in CUWF Operator Geometry

The original notes labeled this material as O-3.3. In the present integrated version, it is placed as O-

3.11 to avoid conflict with O-3.3 on the adjoint of B = |VE|2. The content and equations are preserved.

Instabilities arise when adjoint asymmetry and metric curvature reinforce each other. Tunneling arises
when operator nonlinearity creates a virtual entropic valley not present in E itself. Both phenomena are

naturally contained in O-3.

0-3.11.1 Operator Instability Condition

Instability occurs when the operator energy functional
H e =t X _Ef) {g_E}

loses positivity. Because X _Eis not self-adjoint, its symmetric part is
X_sym = (X_E + X_ET)/2.

Instability requires
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(f, X _sym f)_{g_E} <0
for some admissible f. Expanding the symmetric part gives
X _sym=A — QB + K(E)).
Thus instability arises when
(B + K(E)) > A.
Interpretation:
. the gradient-squared sector dominates curvature smoothing;
. collapse edges sharpen faster than curvature can smooth them;
. the region behaves as a wave-cliff or pre-turbulent entropic boundary.
0-3.11.2 Tunneling Regions (Nonlinear Operator Tunneling)
Tunneling arises when
X_asym = (X_E — x_ET)/Z
is nonzero. Explicitly,
X_asym = B(C + [(E)).
Thus tunneling requires
c+lE #o.
Interpretation:
. DOF drift produces imaginary-direction deformation;
. adjoint asymmetry generates a hidden path in operator space;

- ____________________________________________________________________________________________|
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. entropic geometry provides a channel through non-minimal curves.
Mathematically, an evolution
f(t) = exp(t X _E) f(0)
can pass through a region where
Re(f, X _symf) >0
but
Im(f, X _asym f) # 0,
creating a non-classical transition across operator barriers.
0-3.11.3 Boundary Between Instability and Tunneling
Define two quantities:
N_inst(E) = QU(B + K(E)) — A
A_tun(E) = B(C + [(E)).
The resulting regions are:
«  stable: A_inst <0 and A_tun = 0;
instability-only: A\_inst = 0 and /\_tun = 0;
+  tunneling-only: /\_inst < 0 and /\_tun ¥ 0;
«  mixed instability + tunneling: /A\_inst = 0 and /\_tun # 0.

The mixed region is the critical CUWF region. It corresponds to quantum tunneling, collapse bifurcation

phenomena, entropic saddle regions, and precursors to multi-node entanglement.
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0-3.11.4 Physical Interpretation in CUWF Geometry

Instability corresponds to collapse waves steepening, curvature spikes emerging, and entropic walls
forming. Tunneling corresponds to DOF displacement, evolution along hidden geometric fibers, and

transitions between entropic basins without directly traversing high-curvature barriers.

Together, instability and tunneling are responsible for:

. quantum tunneling in Paper A-4;

. collapse bifurcation phenomena,;

. entanglement deformation;

. phase-transition pathways in CUWF cosmology developed in Papers A-5 and A-6.

0-3.12 Closing Summary

Section O-3 completes the adjoint-theoretic layer of Paper C-3. It shows that adjoint asymmetry is not a
minor technical correction but a source of physical structure. Through metric-dependent dual
operators, mixed-adjoint evolution, fixed-point classification, instability criteria, and tunneling regions,
CUWEF gains the operator-theoretic machinery required for nonlinear spectra, pseudo-spectrum

expansion, non-normal amplification, and deterministic quantum-like behavior.
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