Causal Chronofold Theory

A critical reconstruction of Green-function time-point connectivity, synthetic temporal geometry, and
analogue space-time folding

A detailed scientific assessment and replacement framework derived from the EquationFarm paper “Integrating Fran De
Aquino’s Relativistic Theory of Quantum Gravity with Chronofold Theory.”

Prepared as an analytical research manuscript | September 2026

Status: theoretical reconstruction and experimental research program; not evidence of controllable gravity, closed
timelike curves, retrocausal signaling, or net energy production.
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Abstract

The starting paper combines a proposed electromagnetic control of the gravitational-to-inertial mass ratio with a time-
symmetric Green-function construction and a phenomenological fold operator intended to create transient closed timelike
curves. The conceptual attraction is clear: if a laboratory could both alter gravitation and coherently couple retarded and
advanced propagation, then selected events might be connected through an engineered effective geometry. The central
difficulty is that the paper does not derive its mass-control relation from experimentally established gravitation, does not
solve Einstein’s field equations for a physically specified stress-energy tensor, equates the mathematical existence of an
advanced Green function with a usable backward-time communication channel, and assigns macroscopic negative-energy
and over-unity consequences without a complete stress-energy or pump-energy accounting.

This paper performs a deliberately adversarial reconstruction. The unsupported physical identifications are removed, while
the mathematically productive core idea is retained: one can engineer a two-time Green function so that wave amplitude is
concentrated between selected temporal modes. The resulting theory, called Causal Chronofold Theory (CCT), treats a
“chronofold” as a causal transformation of electromagnetic, acoustic, mechanical, or quantum-wave degrees of freedom in
a time-varying medium. The effective geometry is an analogue or synthetic metric, not a claim that the Einstein metric of
laboratory spacetime has been folded. Retarded boundary conditions remain fundamental for real information transfer;
advanced Green functions are retained only as reconstruction, adjoint, time-reversal, or boundary-value objects. Parametric
amplification is allowed, but all pump power is included in the enlarged energy budget.

Three independent falsification campaigns are applied to each major improvement: causality and information flow; energy,
thermodynamic, and stability consistency; and empirical distinguishability from ordinary dispersion or digital post-
processing. Each retained component is amended until it survives these tests. The reconstructed framework then yields a
set of measurable quantities: chronofold concentration, mode fidelity, temporal displacement, usable bandwidth, pump-
normalized efficiency, added noise, and a pre-registered retrocausality null test. It also provides a rigorous analogue-
gravity extension in which a laboratory operator is designed to approximate the wave operator of a target curved metric.
The paper concludes with a staged experimental program emphasizing low-energy time-varying microwave or photonic
systems rather than unverified gravity-control hardware.

Executive conclusions

Claim or concept Assessment after reconstruction

Not established. Treat as an independent hypothesis requiring

Electromagnetically tunable gravitational mass ratio chi = mg/mi . . .
& y & & dedicated differential-force tests.

Not supported. Gravitational mass sign, local renormalized QFT
Negative chi creates usable negative energy energy density, and effective-medium response are different
concepts.

Incorrect as stated. Advanced propagators can appear in
G = (Gret + Gadv)/2 implies bidirectional information in time boundary-value and reconstruction mathematics without
enabling past-directed signaling.

Not established. A physical metric must satisfy field equations
Arbitrary fold term added to a metric creates a CTC and stress-energy constraints; chronology horizons also raise
quantum-backreaction problems.

Not supported. Signal gain may exceed unity only when pump

S .
COP > 1 from gravity/vacuum channels and storage energy are counted in the enlarged energy balance.

Retained and strengthened. This is a meaningful, measurable

Time-point connectivity as engineered Green-function structure - .
concept in time-varying wave systems.

Retained. Temporal cloaking and time-varying media provide

Synthetic temporal geometry and time lenses - .
existing experimental analogues.

Retained as a simulator of a target wave operator, not as creation

Analogue wormhole/curved-space propagation of an actual wormhole.

Page 2



1. Starting point: what the source paper actually proposes

1.1 Core equations and assumptions

The EquationFarm source paper introduces a gravitational-to-inertial mass ratio chi = mg/mi and states that
electromagnetic momentum transfer in low-density plasma can make chi small, negative, or very large. It then combines
this proposal with a time-symmetric Green function and a fold operator F(C). In the source paper, the central equations are
presented in the schematic forms below.

Gsym = %(Gret + Gadv)
ds? =—[1+F(C)]c?dt? + dx* + dy* + dz?

The paper further proposes a hybrid metric in which the fold term and chi both alter g_tt, asserts that negative chi supplies
negative energy density, gives a fold-duration scaling proportional to C |chi|A-1, and claims that a gravito-control cell could
support retrocausal signaling and net energy output. The source specifies low-frequency electric fields, low-pressure
plasma, coherent laser or metamaterial components, and an energy-producing gravitational-motor section. Those specific
engineering claims are not reproduced here as a build design because they are precisely the claims that first require
independent physical validation.

1.2 Why “internal consistency” is not enough

A speculative theory can be algebraically self-consistent while still failing empirically or dimensionally. For a new gravity-
control mechanism, four levels must be distinguished: (i) symbolic consistency of the equations; (ii) dimensional and
variational consistency; (iii) compatibility with established limiting cases and conservation laws; and (iv) agreement with
experiment. The source paper mainly addresses the first level. A publishable physical theory must survive all four.

2. Constraint framework from established physics

2.1 Weak equivalence principle

Modern precision tests strongly constrain composition-dependent departures from universal free fall. The final
MICROSCOPE satellite result found no violation for titanium and platinum test masses, with the Eotvos parameter
eta(Ti,Pt) = [-1.5 +/- 2.3(stat) +/- 1.5(syst)] x 10A-15. This does not logically exclude every conceivable environment-
dependent modification of gravity, but it makes order-unity changes in mg/mi extraordinary and demands dedicated,
blinded replication before such changes can be used as premises in a larger theory.

1A, B) =22

as+ap

The key methodological consequence is simple: until an electromagnetic environment is shown to alter free fall after all
conventional forces are excluded, engineering calculations should set chi = 1 for actual gravitation. Any alternative chi
should be treated as a hypothesis parameter, not as an established control knob.

2.2 Einstein field equations and metric engineering

In general relativity, a spacetime metric is not an independently programmable object. The geometry and stress-energy are
coupled by Einstein’s field equations. A proposed metric ansatz can be studied mathematically, but physical realizability
requires a source stress-energy tensor that is itself consistent with field equations, conservation, material dynamics, and
quantum constraints.

G+ A =Ty,

Consequently, writing an additive term F(C) in g_tt does not by itself show that any electromagnetic device can create that
metric. One must either derive F(C) from a stress-energy tensor or reinterpret F(C) as an effective parameter in a wave
equation. The reconstruction chooses the second route because it is physically testable today.

2.3 Advanced Green functions do not automatically imply retrocausality

For a linear differential operator D, a Green function is defined by D G = delta. Different boundary conditions generate
retarded, advanced, Feynman, Hadamard, or other propagators. The advanced solution is a legitimate mathematical
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solution with support toward earlier coordinate times relative to its source argument. But a laboratory communication
channel is constrained by the actual initial-value problem and by how sources can be chosen. The mere appearance of
Gadv in a symmetric combination does not provide a physical actuator capable of writing information into an already-
recorded past.

D,Gr(x,x")=06(x—x"), Gr =0 outside the future causal support

2.4 Negative quantum energy is constrained

Quantum field theory can produce locally negative renormalized energy densities in restricted states, but the magnitude,
duration, and sampling of such negative energy are constrained by quantum inequalities. The existence of negative energy
in QFT therefore cannot be replaced by the assumption of an arbitrarily scalable macroscopic reservoir. This distinction is
especially important for wormhole or chronology-change arguments.

2.5 Chronology protection and backreaction

Metrics containing closed timelike curves are not ruled out merely by writing them down, but attempts to form chronology
horizons raise severe semiclassical questions. Hawking’s chronology-protection analysis highlighted divergent or large
quantum stress-energy near would-be chronology horizons in representative settings. A complete literal-CTC theory would
therefore require a self-consistent calculation of the renormalized stress-energy expectation value and the resulting
backreaction, not just a classical metric ansatz.

3. Quantitative scale check on direct gravitational effects

3.1 Electromagnetic energy density

A useful first-principles check is to ignore any proposed exotic amplification and ask what ordinary electromagnetism
contributes to stress-energy. For an electric field E in vacuum,

Ug = %SoE 2
At E = 10A5 V/m, the energy density is approximately 4.4 x 10A-2 J/mA3. The equivalent mass density u_E/cA2 is about

4.9 x 10/-19 kg/mA3. Electromagnetic energy certainly gravitates in general relativity, but this density is extremely small
on laboratory scales.

3.2 Order-of-magnitude metric perturbation

For a rough weak-field estimate over a length scale L, the dimensionless metric perturbation produced by a nearly uniform
laboratory energy density is of order

82GulL?
Il ~ $2G4L

With u about 4.4 x 10A-2 J/mA3 and L = 0.1 m, |h| is of order 10A-46. The precise numerical coefficient depends on
geometry and stress components, but no plausible geometric correction closes the many-orders-of-magnitude gap to an
order-unity metric modification. Therefore a literal spacetime-fold interpretation needs entirely new, independently
demonstrated coupling physics; it cannot follow from standard electromagnetic stress-energy alone.

4. Reconstruction principle: replace literal metric control with effective
propagation control

4.1 General nonstationary wave equation

Let psi represent a classical or quantum field propagating in a controllable platform. The central object is a differential or
integro-differential operator D that depends on a control program Lambda(x,t):

DA, D)]w(x, 1) =J(x,1)

Lambda may encode refractive index, permittivity, permeability, distributed capacitance and inductance, acoustic modulus,
coupling rates, resonant frequencies, boundary impedances, or externally pumped mode couplings. The laboratory
spacetime remains ordinary; what changes is the propagation operator experienced by the field.
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4.2 Retarded Green-function definition
Dx[A]Glé\(x, 6x,t)=863(x—x)6(t—1)
x,tx', )= or causal boundary condition
Ghx,t;x',)=0 for 1<t 1 boundary condit
The field response is then
pon 0= a3 [ dr R, tx, 1), 1)
Because Lambda depends explicitly on time, the response is not time-translation invariant. In general G(t,t") is not a
function of t-t' alone. This two-time structure is the key mathematical resource for engineering temporal connectivity.
4.3 Discrete temporal-path picture
A strongly structured Green function can have several dominant causal pathways. In an impulse approximation,

Gr(t,1) = YA At — 1 —7,(1)]

An input event can therefore generate multiple delayed replicas, frequency-shifted replicas, phase-conjugated components,
or focused reconstructions. The original intuition of “connecting time points” survives, but the connection is a controlled
mapping between temporal modes rather than a change in causal topology.

5. Arigorous fold operator

5.1 Operator definition

The fold operator should be a measurable difference between controlled and uncontrolled propagation, not an unexplained
additive metric term. Define

FAlGol: =Ga—Go

where G_0 is the baseline retarded propagator and G_Lambda is the propagator under the programmed modulation. If
D_Lambda = D_0 + V_Lambda, then formally

Ga=(Do+ Vp)g!
and a Dyson-type expansion gives
Gr=Go—GoVGy+ GoVGyVGy — ---
Each additional factor of V introduces another controlled scattering or mode-conversion event. A “fold” is therefore a
deliberately constructed interference of multiple causal propagation histories.
5.2 Chronofold concentration metric

Let u_in and u_T be normalized input and target temporal modes. A basic concentration measure is

[(urlGaluin)|?

Cr= -
F I G Gl

For a single target channel in a properly normalized passive system, 0 <= C_F <= 1. The numerator measures useful
transfer into the target; the denominator measures total propagated response. This replaces an undefined coherence number
with a directly estimable quantity.

5.3 Multi-mode connectivity matrix

Choose a basis of temporal modes {u_m}. The experimentally reconstructed matrix is

Ho = (unlGaluyy,)

A chronofold target can then be specified as a desired sparse or unitary mapping H_target. Optimization becomes an
ordinary control problem rather than a claim about topology change.
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6. First falsification campaign: causality, novelty, and realizability

6.1 Attempt 1: hidden retrocausality

Falsification criterion: if the model requires a controllable response before the information-bearing source is chosen, it
violates the retarded boundary condition. CCT therefore imposes G_R(t,t") = O for t < t'. This removes literal backward
signaling from the base theory. Any future experiment that robustly violates this condition after timing, leakage, precursor,
and post-selection artifacts are excluded would falsify CCT and indicate genuinely new physics.

6.2 Attempt 2: is the theory merely ordinary dispersion with new terminology?

A time-invariant dispersive system already reshapes pulses. If CCT added only that, it would be terminological. The
amended criterion is explicit nonstationarity: either the propagation parameters vary in time or the system contains
controlled feedback/memory that makes the kernel genuinely two-time. Thus a chronofold experiment must demonstrate
G(t,t") '= G(t-t") and must show that changing the control waveform changes the pre-detection field transformation.

6.3 Attempt 3: arbitrary desired kernels may be unrealizable

Not every mathematical kernel corresponds to stable hardware. Causality, finite bandwidth, passivity or pump availability,
material loss, dynamic range, and noise constrain realizability. The corrected design chain is therefore: desired operator ->
causal approximation -> stable approximation -> energy-feasible implementation -> calibrated experiment. For a passive
scattering representation, a useful condition is SAdagger S <= I over the modeled band. Active sections are permitted only
when the pump and associated noise channels are explicit.

Result: Improvement I survives only after these amendments. The retained object is not arbitrary “time folding”; it is
constrained synthesis of a causal nonstationary transfer operator.

7. Time symmetry retained as reconstruction, not signaling

7.1 Symmetric and adjoint Green functions

The source paper’s symmetric propagator contains a mathematically useful idea. In reciprocal, suitably lossless systems,
the advanced object is closely related to the adjoint of the retarded propagator. Define
Gr=3(Gr+Ga)

Gr—Ga
2i

Gspec =
These combinations can be useful for spectral decomposition, standing-wave boundary problems, optimal control, and
time-reversal focusing. The improvement is interpretive: G_A is not treated as a writable past-directed channel.
7.2 Matched-field and time-reversal focusing

Suppose W selects a desired target region in space-time. An input maximizing energy in W can be obtained from the
dominant eigenvector of

K=G; WGy
Ku,, = ,u,

This is the natural chronofold analogue of phase conjugation, matched filtering, and time-reversal mirrors. The strongest
“fold” is the control waveform whose causal forward propagation concentrates most strongly into the target temporal
mode.

8. Second falsification campaign: information theory and physicality

8.1 Attempt 1: can a future random bit be read earlier?

Define a sender choice B made at time t_B and an earlier stored record R at t_R < t_B. Genuine retrocausality requires
positive mutual information I(B;R) after every ordinary common-cause and leakage path is excluded. Reconstruction from
previously measured data cannot satisfy this because B did not yet exist as a controlled source variable. CCT predicts
I(B;R) = 0 within statistical uncertainty.
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8.2 Attempt 2: exact time reversal requires unrealistic knowledge

Perfect reversal assumes complete aperture, exact Green-function knowledge, infinite bandwidth, no irreversible loss, and
negligible noise. Real systems violate these assumptions. CCT therefore uses a fidelity measure rather than binary success:

_ vtagedyon)?
(Wiarget Wiarget) (WoutlWour)

The optimization may include explicit penalties for pump power and added noise:

A =argmax [F(A) — BPpump — ¥Nadd — {Ploss|

8.3 Attempt 3: could the entire effect be digital post-processing?

If a waveform is first measured and only later rearranged in software, there is no physical temporal transformation. A
qualifying experiment must show the transformed waveform directly at an analog or quantum detector before any
reconstruction algorithm that could synthesize the desired effect. Raw time-stamped traces and a control-state comparison
are therefore primary data.

Result: Improvement II survives. Time symmetry is retained as a computational and wave-control resource, while
backward information flow is not assumed.

9. Energy reconstruction: parametric exchange instead of free energy

9.1 Energy in a time-varying medium

A time-varying medium is not energetically closed at the signal level. The actuator that changes capacitance, refractive
index, inductance, coupling, or boundary conditions can do work on the field. A correct balance must include field,
medium, pump, storage, and loss channels:

d
E(Uﬁeld + Unedium + Upump + Ustorage) + Ploss = Pexternal

For a time-varying dielectric, the term d epsilon/dt contributes directly to electromagnetic power exchange. Signal power
can therefore be amplified without violating conservation, because the modulation source supplies the additional energy.

9.2 Signal gain versus total efficiency

Gp= Psignal, out

Psignal,in

Pusetul, out

Motal = B P T Pron

G_P may exceed unity in an active parametric device. That does not imply eta_total > 1. Any claim of anomalous energy
requires a closed uncertainty budget that includes the pump, stored energy released from resonators, battery or capacitor
depletion, thermal gradients, electromagnetic pickup, mechanical work, and calibration drift.

10. Third falsification campaign: conservation, vacuum energy, and gravity

10.1 Attempt 1: does the reconstructed model generate energy from nothing?

No. In an enlarged Hamiltonian description, H = H_field + H_mod + H_int + H_environment, energy transferred into the
signal is balanced by other degrees of freedom. Apparent gain becomes an accounting problem, not an exotic reservoir.
10.2 Attempt 2: can negative vacuum energy serve as an unlimited battery?

No known result supports that interpretation. Quantum field theory permits local negative renormalized energy densities,
but quantum inequalities constrain the magnitude-duration tradeoff for sampled negative energy in broad settings. The
reconstructed framework therefore deletes any assumption that vacuum fluctuations constitute an arbitrarily scalable
source of net work.

10.3 Attempt 3: can an ordinary static gravitational field yield cyclic net work?

A device can exchange energy with gravitational degrees of freedom only if another part of the gravitationally coupled
system changes state. Returning all masses and fields to their original configuration in a static potential cannot repeatedly
yield net work without an omitted reservoir. CCT requires a closed cycle audit:
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AEresidual =FEou — Ein — Epump - AEstorage - AEenvironment

The null expectation is Delta E_residual = 0 within uncertainty. Result: Improvement III survives because anomalous
energy is not a premise of the theory.

11. Synthetic metric formulation

11.1 Effective wave metrics

Many linear wave equations in inhomogeneous or flowing media can be rearranged into a curved-space-like form.
Schematically,

e 0V =gt g59uw) =0

The tensor g_eff is an effective metric for the wave equation. It need not be the metric measured by freely falling masses
and clocks. This distinction is the conceptual bridge that permits “spacetime-like” laboratory experiments without claiming
to generate gravitational curvature.

11.2 A chronofold effective line element

dsZe = —v2(x, )dt? +y;(x, O (dx’ = vE dt) (dxj - Vﬁowdt)

By modulating effective wave velocity, anisotropy, dispersion, and moving-modulation patterns, one can create horizon
analogues, frequency conversion, asymmetric transport, temporal refraction, temporal reflection, and temporal imaging.
These are physically significant even though they do not alter the laboratory causal structure for matter.

12. Temporal coordinate maps and time lenses

12.1 Monotone coordinate map

Let laboratory time be t and synthetic temporal coordinate be tau = f(t). For a monotone map,
dr __
T=M®

M(t) << 1 compresses a long laboratory interval into a shorter synthetic coordinate range; M(t) >> 1 expands it. An ideal
field transformation has the approximate structure

Eou(t) =A@ Eq|[f1(1)] 4@

12.2 Multiple branches without multi-valued physical time
A “fold” can be realized by several physical pathways rather than by a multi-valued time coordinate:
Eou(t)= éA”(nEi.‘(ﬁ,(r))

The branches may be separate resonators, frequency bins, spatial paths, delay lines, or Floquet channels. Interference at
recombination generates the desired target waveform.

12.3 Time lens
A temporal lens imposes a quadratic temporal phase,
P(n)=3K1?
combined with dispersive propagation. In the temporal-imaging analogy, input and output group-delay dispersions D_1
and D_2 satisfy a lens relation of the form
&+%:K
and temporal magnification is approximately M = -D_2/D_1 under the idealized paraxial analogy. Experimental temporal

cloaking demonstrates that a controlled temporal gap can be opened and closed in an optical probe. This is one of the
strongest existing physical analogues of the original “time fold” intuition.
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13. Scattering-matrix and quantum-mode formulations

13.1 Classical temporal-mode scattering
a,(,m[ = Zgnma,i,r,] + ELnkbk
m ,\

S maps controlled input temporal modes to detected output modes; b_k represents loss, environmental, or pump-associated
channels. An ideal two-mode temporal swap is represented by a 2 x 2 exchange matrix, while a temporal beam splitter is a
unitary rotation between two modes.

Cswap=[0 1,1 0]

13.2 Quantum passive transformation
A =YUat, U'U=1

n
m

A passive quantum chronofold is therefore a temporal-mode interferometer. Its performance can be characterized by
process fidelity, loss, mode overlap, and multiphoton interference.

13.3 Active Gaussian transformation
at= Z( Unm&in + Vnm&inT )

UU"—-vvi=I

The Bogoliubov constraint protects the bosonic commutation relations. Active gain also introduces unavoidable quantum
noise. Thus “amplified temporal connectivity” has a calculable quantum cost, preventing unlimited noiseless amplification.

14. New measurable figures of merit

Quantity Definition / meaning

Fraction of response energy directed into pre-specified temporal

Chronofold concentration C . .
connection region.

Normalized overlap of measured output with target temporal

Mode fidelity F mode.

Temporal displacement Delta t Shift relative to an unmodulated reference arrival or focus time.

Frequency or temporal-mode range over which fidelity exceeds

Usable bandwidth B_F threshold.

Insertion loss L Power loss relative to an appropriate passive reference.

Useful output energy divided by signal + pump + auxiliary input

Pump-normalized efficiency eta_E
energy.

Noise introduced by active conversion, expressed classically or

Added noise N_add .
In quanta.

Distance of Floquet multipliers or poles from instability

Stability margin boundary.

Measured pre-source response after timing and instrument

Causality residual . .
impulse-response correction.

14.1 Chronofold number over a target region

oGP dedr’
T iGae P drdr”

Omega_T is specified before data collection. This is important because post-selecting a favorable region after observing
the response can manufacture apparently high performance.

14.2 Capacity

For communication applications, an information capacity should be derived from the singular values of the calibrated
temporal channel rather than an ad hoc “bits per fold” expression. In a Gaussian approximation,

2
Cchanncl = EBHIng ( 1+ PIIVI_:" )
n
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where sigma_n are singular values of the channel matrix, P_n allocated signal powers, and N_n effective noise powers.

15. Stability and Floquet analysis

15.1 Periodic modulation

A periodically driven state-space model can be written
% =AMx, A@+T)=A®)

Over one period, x(T) = M x(0), where M is the monodromy matrix. The eigenvalues lambda_i(M) are Floquet multipliers.
A passive bounded system requires them to remain within or on the unit circle, with practical margin for uncertainty.
Active systems may have gain, but the intended operating point must avoid uncontrolled exponential growth.

15.2 Why stability belongs in the definition

The original fold-duration parameter is not meaningful unless the controlled state persists without runaway parametric
oscillation, thermal drift, or loss of phase coherence. A useful fold duration is therefore limited by the minimum of
modulation-program duration, coherence time, storage lifetime, and control bandwidth:

: 1
Tfold < mln(Tmod, Tcoh, Tstorage —)

Bconlrol

For a resonator with quality factor Q and angular frequency omega_0, the storage time is of order Q/omega_0. This ties the
concept to hardware rather than to a free scaling law.

16. Analogue gravity extension

16.1 Target-operator synthesis

A rigorous gravity connection remains possible through analogue simulation. Choose a target curved metric g_target and
form its wave operator Box_g. Then design a laboratory system whose operator approximates the target on a specified
mode and frequency subspace:

D_lab approximately Box_g,target

The approximation must be stated quantitatively, for example by an operator norm, matched eigenfrequencies, transfer-
function error, or Green-function mismatch over a declared domain.

16.2 Wormhole-like scattering without an actual wormhole

For a static spherically symmetric wormhole-like metric, scalar perturbations can often be reduced after mode
decomposition to a one-dimensional equation in a tortoise-like coordinate r_*:

P 1 |02 = Vesr(r)|u=0

A microwave, optical, acoustic, or mechanical lattice can be designed to emulate V_eff. Observable analogue signatures
include resonances, transmission, delayed echoes, mode conversion, and pole structure in the Green function. These
measurements probe the propagation mathematics of the target geometry. They do not demonstrate that matter traversed a
gravitational wormhole.

16.3 Traversable wormhole theory as a constraint, not a blueprint

Modern theoretical results show that traversability can occur in carefully defined gravitational systems with quantum
matter and negative averaged null energy, such as the Gao-Jafferis-Wall construction. Importantly, that construction is
embedded in a specific holographic setting and does not provide a general laboratory recipe for causality violation. It
therefore supports a cautious distinction between mathematically traversable gravitational geometries and the much
stronger claim of a tabletop time machine.
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17. Experimental program: staged, falsifiable, and low-energy

17.1 Stage A - calibrate a two-time kernel

1. Use a low-power time-varying microwave transmission line, resonator network, or photonic modulator whose
parameters can be externally programmed and independently monitored.

Inject a set of orthogonal calibration waveforms or broadband impulses spanning the intended operating band.
Measure the raw output with a detector bandwidth comfortably exceeding the modulation bandwidth.
Reconstruct G(t,t') or the finite-basis channel matrix H_nm, including instrument response.

Repeat with modulation disabled to obtain the null kernel G_0.

Publish raw traces, timing calibration, pump waveform, and uncertainty model.

ok wWN

17.2 Stage B - temporal point-to-point focusing

Choose one input temporal mode u_1 and one later target u_k. Optimize the modulation program to maximize |H_k1[A2
while suppressing leakage to other modes. Demonstrate that the output target moves when the programmed target moves,
that the transformation occurs before software reconstruction, and that no response appears before the allowed causal
support.

17.3 Stage C - temporal compression and expansion

Implement a known temporal magnification map and compare measured waveform scaling against the predicted time-lens
or modulated-medium model. The key benchmark is quantitative agreement, not merely a visually suggestive “folded”
waveform.

17.4 Stage D - temporal cloaking benchmark

Temporal cloaking provides a useful benchmark because it has already been demonstrated experimentally. The device
creates a controlled gap in the probe field, permits an event to occur during that gap, and then reconstructs the probe so that
the event’s disturbance is strongly suppressed at the output. Reproducing and extending such behavior is a credible path
toward more sophisticated two-time kernel synthesis.

17.5 Stage E - quantum temporal modes

Once classical calibration is reliable, use single photons, squeezed microwave states, or other quantum inputs. Measure
process fidelity, second-order correlation g/(2), Hong-Ou-Mandel visibility for temporal-mode interference, and added
noise. A quantum implementation is successful if its measured process is consistent with a completely positive physical
channel and if the calibrated transformations exceed classical control uncertainties.

18. A decisive retrocausality experiment

18.1 Pre-registered causal ordering

Because the source proposal explicitly claims retrocausal transfer, a clean experiment should test it directly rather than
infer it from interference. The earlier receiver record R must be irreversibly committed before the sender chooses the later
random bit B. The experiment then estimates I(B;R). The selection rule, timing cuts, detector preprocessing, and statistical
threshold must be fixed before unblinding.

18.2 Essential controls

¢ Independent clock calibration and documented latency of every digitizer, buffer, trigger, and communication link.

®  Physical isolation sufficient to exclude conventional electromagnetic, acoustic, optical, network, or common-clock
leakage.

¢ Random choice generated after the earlier record is committed, ideally by an independently characterized entropy
source.

® Negative controls with the modulation disabled and sham modulation with identical electrical loading.

¢ Blind analysis or delayed reveal of the mapping between random bits and experimental settings.

® Replication at a second laboratory before interpreting any anomaly as retrocausality.
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CCT predicts the null result. A robust nonzero mutual information under these controls would falsify CCT and force a
more radical causal theory.

19. Independent test of the De Aquino mass-control hypothesis

19.1 Separation from chronofold experiments

A major methodological improvement is to test gravity-control claims independently. If a gravito-electromagnetic anomaly
does not replicate, it should not contaminate conclusions about time-varying wave control. Conversely, successful Green-
function engineering does not validate tunable gravitational mass.

19.2 Differential-force design

A scientifically useful experiment compares matched test masses under driven and control electromagnetic environments
while monitoring conventional forces. A dimensionless differential acceleration parameter can be defined as

__ ~ Qdriven — dcontrol
;/IEM - 2 Adriven + dcontrol
The apparatus should reverse field polarity, drive phase, orientation relative to gravity, sample composition, and
active/sham conditions. The analysis should include electrostatic, magnetic, thermal, radiometric, gas-flow, vibration,
cable-force, and buoyancy channels. Any claimed anomaly must track gravitational geometry in a way that these

conventional forces do not.

19.3 Systematic-error hierarchy

Systematic Why it can mimic a gravity signal Control concept
. High fields couple to charges and induced | Shielding, polarity reversal, grounded
Electrostatic force . g P g &P ¥ g
dipoles dummy masses
. Drive currents and materials create Magnetometry, nonmagnetic controls,
Magnetic force .
gradients current reversal
Low-pressure discharges can produce Pressure scans, sealed controls,
Ion/gas flow . .
thrust momentum-flux diagnostics
. . . Thermal sensors, duty-cycle reversal,
Thermal/radiometric Heating causes gas and structural forces .
delayed-response modeling
. . . . . Accelerometers, isolation, coherence
Vibration/acoustic Pumps and modulators excite mechanics .
analysis
. Symmetric routing, slack loops,
Cable force HV and sensor leads transmit force y . g P .
wireless/optical readout where possible
. . Bakeout, residual-gas monitoring, blank
Outgassing Gas release shifts pressure and momentum & &

chambers

A conservative discovery threshold should exceed the combined uncertainty by a pre-declared margin, followed by
independent replication. Until then, chi = 1 remains the appropriate gravitational engineering assumption.

20. Research optimization problem

20.1 Multi-objective control
The reconstructed theory naturally becomes an optimization problem. A useful cost functional is
JA)=wcCr~+wrF —WnNNadd — WPPpump —wrL— WSRinstability

The weights encode application priorities. For communication, bandwidth and error rate may dominate. For quantum
processing, loss and added noise dominate. For analogue gravity, operator fidelity to the target metric is primary.

20.2 Robust optimization

Controls should be optimized not only at nominal parameters but over uncertainty sets in component values, timing jitter,
temperature, and material dispersion. A robust solution maximizes worst-case or expected performance rather than a single
ideal simulation. This is one of the clearest ways to improve the credibility of any “fold” demonstration.
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21. Predictions that distinguish CCT from the original theory

Experiment Original hybrid claim CCT prediction

Changes two-time transfer kernel; no

Turn on time modulation May open a spacetime fold o .
gravitational inference.

Signal gain possible only with
Measure output energy gain Possible COP > 1 from gravity/vacuum pump/storage accounting; total residual
should be zero.

. L . . Null result within experimental
Search for earlier-than-choice information | Possible retrocausal channel p

uncertainty.

Measure local free-fall mass under EM S . No assumption; treat as independent
. Large chi variation possible L.
drive empirical test.
. . . . . . Yes, as wave propagation control, not

Temporal cloak/time lens Evidence for time-point engineering propag

altered causal topology.

. . Evidence for target Green-function

Analogue wormhole echoes Potential space-time shortcut g

emulation only.

22. What would count as genuinely new physics?

The reconstructed theory is deliberately conservative about extraordinary claims. Nevertheless, it specifies observations
that would force revision:

* A reproducible, composition- and apparatus-independent change in free-fall acceleration controlled by
electromagnetic drive after conventional forces are excluded.

® A causal response kernel with statistically significant support before the information-bearing source choice, under a
pre-registered isolation protocol.

e A closed-cycle energy residual that remains positive after pump, stored, thermal, mechanical, electrical, and
gravitational environmental energy changes are fully measured.

® A laboratory metric effect independently detected by multiple non-electromagnetic probes and quantitatively
consistent with an Einstein-equation source model rather than an effective-medium model.

Any one of these would be profound. CCT is designed so that these findings would not be explained away by terminology;
they would be explicit falsifications or extensions.

23. Practical research architecture

23.1 Recommended first platform

The most defensible first implementation is a low-energy, externally pumped, time-varying microwave or photonic
network. Such systems offer nanosecond-to-microsecond timing resolution, strong phase control, straightforward two-port
calibration, and a complete pump-energy audit. They avoid the interpretive problems of plasma thrust, high-voltage
electrostatics, or radiation sources while directly testing the Green-function core of the theory.

23.2 Minimal data package

¢ Raw input and output waveforms with synchronized timebase.

Control waveform Lambda(t), including amplitude and phase calibration.
Unmodulated reference response and sham-modulation response.

Measured transfer matrix or kernel with confidence intervals.

Pump power, signal power, dissipated heat estimate, and stored-energy estimate.
Stability map over modulation amplitude and frequency.

Pre-registered target temporal modes and performance thresholds.

Independent replication dataset if extraordinary claims are made.

e o o o o o o
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24. Manufacturing and engineering considerations for an analogue prototype

24.1 Safe scope

The experimentally mature portion of the theory can be built with conventional laboratory microwave or integrated-
photonic components. This paper intentionally does not provide construction instructions for the source paper’s high-
voltage, high-power laser, plasma, cryogenic, or radioactive-source CGCC concept because the key gravity claims have
not been established and those elements add significant hazards without being necessary to test the Green-function theory.

24.2 Modular architecture

A practical analogue prototype consists of: (1) a source and waveform generator; (2) a controllable dispersive or resonant
network; (3) a modulation pump; (4) calibrated directional couplers or optical taps; (5) a phase-stable clock; (6) a high-
bandwidth detector; and (7) offline reconstruction software used only for estimating the physical kernel, not for fabricating
the claimed output. The physical network can be assembled from voltage-controlled transmission-line sections, varactor-
loaded resonators, electro-optic modulators, acousto-optic elements, or reconfigurable photonic resonators depending on
bandwidth.

24.3 Cost reduction

The largest cost reduction comes from separating the research question from exotic hardware. A benchtop microwave
system can validate two-time kernel synthesis, mode focusing, causal bounds, and energy accounting at a tiny fraction of
the cost of petawatt lasers, cryogenic superconducting metamaterials, or vacuum-plasma systems. Open instrumentation
and repeated calibration runs are scientifically more valuable than scaling field intensity before the core transfer-function
predictions are verified.

25. Limitations of the reconstruction

CCT is not a quantum-gravity theory. It does not derive spacetime from microscopic degrees of freedom, quantize the
Einstein field, solve the Wheeler-DeWitt equation, or demonstrate chronology change. It is a controlled-wave and
analogue-geometry framework inspired by the structural language of Green functions and temporal connectivity. Its value
lies in making a portion of the original proposal precise and testable without borrowing conclusions from unverified
gravity-control assumptions.

Analogue metrics reproduce selected equations for selected excitations, not the universal coupling of real gravity. Different
quasiparticles in the same platform may see different effective metrics. Material dispersion limits bandwidth. Dissipation
destroys perfect time reversal. Active gain introduces noise. Nonlinearities can couple unmodeled channels. These are not
peripheral engineering annoyances; they define the actual domain of validity of the theory.

26. Final reconstructed theory

Causal Chronofold Theory can be stated compactly as follows: a chronofold is an engineered concentration,
transformation, or routing of wave propagation amplitudes among selected temporal modes, produced by a causal
nonstationary Green function. The system may possess an effective geometry that imitates selected curved-spacetime
propagation features, but the laboratory causal order remains ordinary unless an experiment independently falsifies the
retarded-response condition. Energy exchanged with the signal is supplied by explicit pumps, storage, or environmental
degrees of freedom and is included in a complete balance.

DIAIGA =
Git,t)=0 for t<t
Youl)=[_GRG O yin(t)dr’
A" =argmax|[Cr + aF — fNaad — YEpump — 6L — {Rinstability |

This replacement is less sensational than a laboratory time machine, but it is much stronger scientifically. It preserves the
fertile Green-function insight, provides exact observables, specifies what the theory forbids, includes conservation and
stability, and leads directly to experiments that can be reproduced. It also cleanly separates analogue success from claims
of new gravitational physics.
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27. Three-pass falsification summary

Improvement

Disproof attempt 1

Disproof attempt 2

Disproof attempt 3

Outcome

Effective propagation
metric

Would it violate causal
support?

Is it only ordinary
dispersion?

Can arbitrary kernels be
realized?

Pass after retarded,
nonstationary, and
realizability constraints.

Advanced/retarded
symmetry as
reconstruction

Can it transmit a later
random bit backward?

Does imperfect reversal
destroy the effect?

Can software fake it?

Pass after separating
adjoint reconstruction
from physical causal
response and requiring
pre-detection
transformation.

Pump-mediated energy
accounting

Does it create energy
from nothing?

Can vacuum negative
energy be an unlimited
reservoir?

Can static gravity yield
cyclic net work?

Pass after enlarged
energy bookkeeping
and deletion of over-
unity premise.

28. Recommended next papers

A serious research program can now be split into independent manuscripts rather than forcing every speculative element
into one device concept. The highest-value sequence is:

7. Theory of causal two-time Green-function synthesis in periodically modulated networks, including controllability and

Floquet stability.

8. Experimental temporal-mode folding in a microwave or photonic platform with full pump-energy accounting.

9. Quantum temporal-mode chronofold experiment with process tomography and added-noise bounds.

10. Analogue wormhole Green-function simulator benchmarked against an independently calculated target potential.

11. Independent high-sensitivity test of electromagnetic gravitational-mass modulation, with blinded systematic reversals.
12. Pre-registered null test of retrocausal mutual information using committed early records and delayed random choices.
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Appendix A. Dimensional and interpretive audit of the source equations

A.1 Mass-ratio equation

Any proposed equation for chi must specify the dimensions and physical definition of every variable, the frame in which
momentum transfer is evaluated, and the derivation connecting absorbed electromagnetic momentum to gravitational
coupling. A dimensionally consistent algebraic expression alone is insufficient. A gravitational response must also be
embedded in a covariant theory that identifies the stress-energy source and preserves appropriate conservation identities.

A.2 Fold-duration scaling

The source scaling tau_fold proportional to C |chi|A-1 x 10A-12 s introduces a fixed timescale without deriving it from a
resonance, light-crossing time, material response time, Planck scale, or decoherence process. In CCT the corresponding
duration is derived from actual hardware timescales. Any empirical scaling law must be fitted to data and reported with
uncertainty rather than elevated to a universal formula before measurement.

A.3 Information capacity

A capacity proportional to log2(1/eta) is undefined unless eta is connected to a channel error probability or signal-to-noise
measure. CCT replaces it with standard channel-capacity expressions derived from the singular values and noise
covariance of the measured transfer matrix.

A.4 Hybrid metric

The source hybrid metric mixes a phenomenological fold term, a dimensionless gravitational-mass ratio, and a wormhole
shape function without a derivation of the complete stress-energy tensor. In a physical general-relativistic model, one must
compute the Einstein tensor of the proposed metric and infer the required T_mu_nu, then ask whether any candidate matter
system can realize that tensor consistently. CCT instead treats similar coefficients as effective-medium parameters in a
wave equation, where they can be directly calibrated.

Appendix B. Suggested statistical analysis plan

B.1 Primary endpoints

Primary chronofold endpoint: pre-registered target-mode concentration C_F.

Primary causal endpoint: integrated pre-source response after instrument-response deconvolution.
Primary energy endpoint: closed-cycle residual Delta E_residual with propagated uncertainty.
Primary gravity endpoint, if tested independently: eta_ EM under blinded active/sham conditions.

e o o o

B.2 Replication and multiplicity

A theory with many tunable frequencies, phases, delays, and target windows is vulnerable to a look-elsewhere effect. The
experiment should specify a small number of primary hypotheses in advance. Exploratory scans may be reported, but their
significance must be corrected for the number of effective trials. An extraordinary anomaly should be reproduced with
frozen analysis code and new data.

Appendix C. Safety and interpretation boundaries

The scientifically strongest near-term experiments do not require extreme fields, ionizing sources, high-power lasers, or
hazardous plasma systems. Low-power analogue devices are sufficient to test the retained mathematics. Any future move
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to high voltage, vacuum, cryogenic, laser, or radiation hardware should follow institutional safety review and should be
justified by prior evidence that the additional parameter regime addresses a specific falsifiable hypothesis.

Most importantly, an analogue observation should be described using the narrowest correct language. A temporal gap is
not a literal gap in spacetime; an effective horizon is not automatically a gravitational event horizon; a time-reversed
reconstruction is not a signal from the future; parametric gain is not free energy; and a simulated wormhole Green function
is not a traversable wormhole. Maintaining these distinctions is essential to making the research persuasive rather than
merely dramatic.
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