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Abstract

Earth is not a passive stage on which chemistry, life, and civilization appeared. It is a coupled
system whose interfaces transform matter, store state, route flux, preserve history, and erase most of
what occurred. This paper develops ASTRA v0.3.0 around the operational proposition that Earth is
simultaneously reactor, archive, censor, and instrument. It combines a boundary-state promotion rule,
typed physical/control/observation/archive/certificate relations, and the five-coordinate FOG audit:
reference, resolution, generator, chronology, and system boundary.

The central methodological advance is seam information. For a declared protocol 7 and a candidate-
generator label K, define
() =1(K;Y,Z | n), €Y

where Y is observation and Z is a bounded certificate. A seam is not merely a place where disciplines
meet. It is an observation or intervention regime in which competing generators produce distinguishable
output distributions. If .%’(71) = 0, more data of the same type cannot decide the question. The research
problem becomes the design of a legal, low-risk protocol that makes . positive and then maximizes it
relative to cost, disturbance, preservation, and recoverability.

The paper also introduces an archive-veto score for expected missing evidence, a Shapley-style allocation
of information gained by repairing FOG coordinates, and a residue-survival-weighted experiment
criterion. A supplied reduced network model is used to demonstrate three limited points: connected
hidden topologies can share one static boundary equilibrium; transient and multi-frequency forcing
can separate some of them; and an overconnected candidate may approximate the truth while its
unnecessary edge collapses toward zero. These are synthetic implementation results, not empirical
confirmation.

Version 0.3 separates dynamical rent—whether changing a seam changes reachable futures—from
epistemic rent—whether a seam and protocol change causal identifiability. It distinguishes process
equifinality, observation equifinality, and boundary amplification; adds a local-to-global certificate stack;
and uses the 2026 higher-dimensional Jacobian counterexample as an exact calibration case. Prime
reductions become arithmetic observation channels, while the identity a” — (a—1)" -1 = A,(a) - A,(a - 1)
connects the user’s prime-difference problem to Artin-Schreier theory, p-adic valuation, and sixth-
cyclotomic structure. Exact identities and bounded searches are released with explicit proof limits.

Applied to Earth history, the framework supports a strong terrestrial coevolutionary account with dis-
tributed geological chemistry and exogenous molecular provisioning; a major submerged and perishable
human archive; and more integrated ancient material, sensory, legal, and religious systems than modern
categories usually admit. It simultaneously constrains late separate insertion of modern humans, a
recent global industrial predecessor, and electrical readings of monuments or the Ark unless complete
source-to-residue chains are recovered. ASTRA does not choose mystery over orthodoxy. It builds the
coordinate system in which both can fail.
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Executive summary

The problem

Hidden-state sciences do not observe their targets directly. Planetary interiors are inferred from
boundary fields. Archaeology reconstructs lived worlds from transformed residues. Textual history
observes copies, translations, institutions, and later commentaries rather than original events. The error
common to all three domains is not simply insufficient data. It is insufficient declaration of the map
from event to evidence.

ASTRA v0.3.0 therefore begins before interpretation. Every task must name the hidden state, boundary
state, forcing or intervention, observation operator, archive operator, candidate generators, chronology,
system boundary, query, loss, failure classes, and certificate scope. A number, image, fossil, monument,
text, or consensus statement is not self-interpreting.

What is preserved from v0.1

The original working paper’s strongest proposition survives intact: Earth is simultaneously reactor,
archive, censor, and instrument. Plate boundaries, mineral surfaces, living membranes, sediments,
coastlines, workshops, monuments, and institutions can all acquire state. Yet mathematical similarity
never permits constitutive collapse. A fault, membrane, shrine, and disciplinary interface can share
operations such as storage, selection, transformation, memory, adaptation, reshaping, reconnection,
and interpretation while remaining physically different systems.

The complete ancient-instrument criterion also survives:

source — coupling — state change — output — residue — prospective prediction. (2)

A resonant chamber is not automatically a historically operated resonator. Conductive gold is not
automatically a circuit. A capacitance calculation is not evidence that a chest was charged, discharged
through a load, maintained, and used for an intended electrical output.

What v0.3 adds

The new release asks two questions of every promoted seam: does it change the physical future,
and does it change what an observer can infer? It then asks whether a local certificate has been
silently promoted to a global claim. Seven new calibration cases span immunoengineering, magnetar
polarimetry, radiation-belt phase mixing, Pluto cryophysics, measurement-error correction, isotopologue
separation, and chloroplast engineering. An exact arithmetic part studies the new higher-dimensional
Jacobian counterexample, prime-resolved collision fibers, Artin—Schreier translation symmetry, and
the prime-difference expression. These cases do not validate one hidden mechanism. They provide
adversarial laboratories for observation, masking, amplification, and certificate scope.
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ASTRA FRAMEWORK v0.3.0

What changes from the repaired v0.2 architecture

First, ASTRA-Layers is no longer an attached methodology. Its five edge types are the grammar of the
entire paper: physical transport Gr, control G, observation Gy, archive G4, and certificate Gy. Every
major claim is separated into what physically occurred, what was sensed or gated, what reached the
record, and what the evidence certifies.

Second, FOG is made formal without reusing the ASTRA-Layers query symbol. The query remains &;
the interpretive coordinate vector is

o=(pA6,10Q), 3

where p is reference state, A resolution metadata, ® the alternative-generator family, 7 chronology,
and Q the declared system boundary.

Third, “search the seams” becomes a quantitative experiment-design rule. A seam is any protocol
whose output carries information about which candidate generator is active. The synthetic benchmark
demonstrates why this matters: four connected reservoir graphs have exactly the same static surface
equilibrium, while dynamic forcing and frequency response reveal internal differences. Static agreement
certifies throughput under the declared model; it does not identify topology.

Fourth, negative evidence is disciplined. Absence has weight only when a hypothesis predicts a trace
with substantial probability of deposition, preservation, exposure, recovery, and recognition. Geology
can hide a large human story. It cannot become an unlimited solvent for every expected mine, isotope
anomaly, industrial residue, or global ecological signal.

Substantive conclusions

The strongest supported origin history is terrestrial coevolution on a dynamic planet, enlarged by
distributed geological chemistry and extraterrestrial molecular input. Humans remain biologically
nested within terrestrial life and primate evolution. Natural panspermia remains physically possible
but historically unresolved. Directed early seeding is logically coherent but unsupported. Separate late
engineering or insertion of modern humans is incompatible with the convergent structure of comparative
anatomy, fossils, and genomics unless radically narrowed into a claim that no longer resembles separate
insertion.

The strongest expected archaeological surprise is a much richer late Pleistocene and early Holocene
coastal world: navigation, fishing architectures, boats, cordage, textiles, pigments, ecological manage-
ment, seasonal aggregation, and regional exchange. The weakest use of missingness is to infer a recent
global industrial predecessor without its predicted global material footprint.

Ancient monuments and sanctuaries should be treated as operational material systems. Geometry,
materials, light, smoke, sound, movement, protocol, authority, law, and memory can act together. This
is already a stronger account than either “mere symbolism” or “hidden modern machine.” The proper
next step is controlled reconstruction and residue comparison, not rhetorical escalation.



EARTH IS THE INSTRUMENT

The research program

ASTRA prioritizes missingness maps, drowned-landscape surveys, material-provenance networks, sedi-
mentary afterglow, controlled experimental archaeology, multimodal imaging, off-world archives, and
second-biosphere tests. The best test is not the most spectacular. It is the test expected to separate live
hypotheses while surviving cost, risk, target disturbance, and archive loss.

The discipline

Every major hypothesis receives a public prediction record, date, test, result, discrepancy, decision,
added assumptions, and next test. A framework that can reinterpret every failure has stopped being a
research program. The closing rule is therefore strict:

Ground reading

State the strongest hypothesis plainly. Identify the complete causal chain. Derive the residue.
Predict the next observation. Let Earth veto the story if the evidence fails.



Epistemic vocabulary

Label Meaning in this paper

ESTABLISHED Repeatedly observed or strongly anchored by direct measurement and
mature theory.

STRONG Best explanation of convergent evidence while details remain revisable.

INFERENCE

PLAUSIBLE Physically and historically coherent with partial supporting evidence.

OPEN Not excluded; present data do not materially favor it.

CONSTRAINED Logically possible only in narrow forms because expected evidence is absent
or contradictory.

UNSUPPORTED No positive evidence presently requires the claim.

The labels grade evidential position, not moral permission to ask. They are not converted into numerical
probabilities unless a specific likelihood model is declared.

Earth is simultaneously reactor, archive, censor, and instrument

Four operational roles; none implies consciousness or design

REACTOR ARCHIVE

pressure - redox - rocks - isotopes -
fluids - cycling fossils - texts

EARTH
COUPLED
SYSTEM

CENSOR INSTRUMENT

nondeposition - decay geometry - selection
. -burial - - routing - output
misclassification

History is generated, filtered, transformed, and read through stateful boundaries.

Figure 1: [MODEL] Earth as reactor, archive, censor, and instrument. The roles are operational and do
not imply consciousness, intention, or design. Limitation: explanatory model; not an observation and
does not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko
T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.
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How to read figures and evidence labels

Every figure is assigned one of four visual classes: OBSERVATION, RECONSTRUCTION, MODEL,
or ANALOGY. This release contains original vector models only. They explain architecture and
research logic; they are not observational evidence. The visual manifest records creator, license, source
dimensions, placed dimensions, aspect ratio, crop, modifications, and alt text.

A chapter’s evidence box states the supporting channels, channel independence, assumptions, ordinary
alternative, next discriminating observation, and demotion condition. Multiple papers derived from
one dataset remain one physical channel. A certificate establishes only the failure classes it can detect.
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PART I

THE ASTRA METHOD

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER1

Waking in the fog

The fog is not ignorance in the abstract. It is missing causal metadata. A velocity without its local
reference speed, an image without its reconstruction kernel, a shape without alternative generators,
a date without sufficient precision, and a performance number without a denominator can each be
accurate while supporting a false story.

The state task is therefore declared before a model is promoted. Let
I=(,7Z,GU Y, Z,0,%F,75;¢), G = (Gp, G¢,Gp, Gy, Gy), 1.1

with hidden state space 2, retained-history space .7, legal forcing or interventions 7/, observations 7,
certificates .Z, query space &, loss or utility ., named failures .7, and FOG coordinates ¢.

The data-generating statement is
D= @p,A [’Q/(q)t(X/ B/ u))] t€, (12)

where X is hidden physical state, B is boundary state, U is forcing, @, is forward evolution, .%7is archive
or alteration, ¢ is observation and reconstruction, and € is noise or discrepancy. The expression is
intentionally broad. It is a checklist for declaring maps, not permission to use one constitutive law
everywhere.

A valid query is narrow enough to fail. “Infer the system” is not a query. “Which of four candidate
reservoir graphs best predicts a held-out surface response under a new forcing?” is. “Did this sanctuary
have electrical properties?” is too weak; every material assembly has electrical properties. “Was a
deliberately isolated conductor charged from a named source, coupled to a load, and operated often
enough to leave predicted residues?” is testable.

Ground reading

What we are often missing is not the object. We are missing the coordinate metadata needed to
interpret the object correctly.

Evidence status: Strong inference

Observations are generated through instruments, sampling, preprocessing, preservation, and clas-
sification. Distinct hidden states may map to the same observation. The ordinary alternative to
a hidden mechanism is usually not fraud but a many-to-one observation or archive map. Claim
type: methodological synthesis. Demotion condition: if typed declarations do not prevent error
or improve held-out inference over simpler methods, the extra framework should be removed.




CHAPTER 2

The boundary-state thesis

A boundary is usually represented as a condition imposed on bulk states. That is sufficient when the
interface has negligible capacity, relaxation time, hysteresis, selectivity, geometry, and feedback at the
scale of the query. It fails when those interfacial properties carry predictive state.

For two bulk states x~ and x*, a passive flux model is

J = G(x~,x*). (2.1)
Promote the interface when necessary:
J =G(x~,x%,br),  br =F(br,x",x*,], Vrbp). (2.2)
The information criterion is
I(Hp; Fr | x~,x%) > 0. (2.3)

In plain language: hold present bulk conditions approximately fixed, vary only interface history, and
ask whether the future changes.

Boundary-state promotion rule

Promote an interface only when its state pays predictive rent

INTERFACE

_ br
BULK x BULK x*

state on one side state on the other side

storage - relaxation -
hysteresis - selectivity -
geometry

J=G(x~,x*, br)
br=F(br,X_,X+,j,Vrbr)

HOLD BULKS FIXED - CHANIC:-iS_I!lI\’I;ERFACE HISTORY - TEST THE

Promote when I(Hr; Fr | x ~,x ™) > 0 and held-out gain survives controls.

Figure 2.1: [MODEL] Boundary-state promotion. An interface earns state variables only when its history
or present configuration improves prediction or intervention discrimination. Limitation: explanatory
model; not an observation and does not establish a unique mechanism or history. Creator/institution:
ASTRA Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License:
CC BY 4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.
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The primitive operations are

store, select, transform, remember, adapt, reshape, reconnect, interpret. (2.4)

The final verb is restricted. Physical boundaries do not interpret symbolically unless an observer,
controller, or institution supplies a declared semantic map. The word marks a possible control or
observation relation, not a universal property of matter.

A boundary earns independent variables only when at least one is measurable: storage of conserved
inventory or information; a relevant relaxation time; hysteresis; state-dependent permeability; feedback;
evolving geometry or topology; held-out predictive gain; or a targeted interface intervention that
changes the outcome while bulk conditions remain approximately fixed.

New ASTRA v0.3.0 advance: predictive-rent promotion

The v0.1 information criterion is necessary but not sufficient for model promotion. In v0.2, an
interface variable must also pay predictive or causal rent. Let M, be a bulk-only model and M,
add br. Promote M; only if a predeclared score satisfies

Arent = Scoreheldout(Ml) - Scoreheldout(MO) > 6/ (2-5)

under equal computational budget, negative controls, and reasonable perturbations. An evocative
interface description that changes no equation, likelihood, intervention, certificate, or falsifier is
cosmetic typing.




CHAPTER 3

ASTRA-Layers: typed relations

A generic arrow is one of the most dangerous objects in an interdisciplinary diagram. It may mean
matter moved, a receptor opened a path, a sensor produced a number, a sediment retained a trace, or
an audit supported a bounded claim. These are not interchangeable.

Layer Edge means Required declaration Typical failure if omitted
Gr Physical transfer or Units, constitutive law, Metaphor mistaken for
transformation domain, conservation, mechanism
dissipation
Gc Sensing, recognition,  Signal, controller, target edge, Proxy mistaken for cause
decision, active gating timing, cost
Go Map from state and Stimulus, sensor, Observer treated as
environment to data preprocessing, noise, transparent
missingness
Ga Deposition, sealing, Archive kernel, leakage, later  Present trace treated as
alteration, erasure, transformation, sampling unique history
readout
Gy Bounded evidence Assumptions, coverage, Certificate treated as

against named failures

detectable failures, verifier

universal proof

The coupled architecture may be written

k= fp(x, a,u, 61:} GF)/

a,(t) = 0.(8e(x, b, u, Oc; Ge)), 0<a,<1,
h = \I’A(h,x, u, GA,' GA)/
Yy~ PO(]/ I X, hl u, GO/ GO)/
z=Cy(D,M, 7,;Gy), F,CF.

3.1
(3.2)
(3.3)
(3.4)
(3.5)

A certificate changes warranted belief or permission. It does not retroactively alter the physical system
unless a separate control action follows.

The five questions required throughout this paper are:

1.

ag Hr «

What physically happened?

What did the system sense, admit, or control?

What reached the observer?

What entered and survived the archive?

What does the evidence certify, and against which failures?

5
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ASTRA-Layers: one hidden task, five non-interchangeable edge types

A generic arrow is not an admissible scientific relation

Gr PHYSICAL Go OBSERVATION

matter - energy - charge - illumination - sensor -
momentum preprocessing

megburement
HIDDEN STATE /
HISTORY Gy CERTIFICATE

continuous + discrete; not bounded verification of
directly accessible named failures

history
deposition

Gc CONTROL

sensing - decision - edge
gating

Resemblance, recognition, preservation, and certification cannot substitute for physical transport.

Figure 3.1: [MODEL] ASTRA-Layers separates physical transport, active control, observation, archive,
and certificate relations. A shared node does not erase the different scientific obligations of its edges.
Limitation: explanatory model; not an observation and does not establish a unique mechanism
or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector model
generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional placement;
vector geometry and labels retained.

Cross-layer coupling is allowed; silent type substitution is not. Illumination can change an observa-
tion operator. An audit can authorize a control action. Encapsulation can change archive leakage.
None of those facts turns observation, certification, or preservation into a physical transport edge.




CHAPTER 4

ASTRA-FOG: coordinate discipline

The five FOG coordinates specify the minimum metadata required before an anomaly receives evidential
weight:
¢ =(p,A 6,1,Q). (4.1)

Here p is the declared reference state; A = (Ax, At,AA, Ac, ...) is spatial, temporal, spectral, chemical,
and categorical resolution; ©® is the set of plausible generators; 7 is chronology and uncertainty at the
timescale required for the causal claim; and Q is the complete system boundary, including denominators
and omitted costs.

ASTRA-FOG coordinate discipline

The anomaly is not interj oordinates are declared
RESOLUTION

what was averaged,

REFERENCE fiItereuc:],ntql;raessS%Ig?ed, or GENERATORS

relative to which medium, which distinct histories

scale, mode, or baseline? can produce the same
observation?

OBSERVED

DATA- D

SYSTEM BOUNDARY

which costs,
denominators, components,
and failures were
excluded?

D = 0y A(De(x, b; u))] + €

Figure 4.1: [MODEL] The five FOG coordinates. Each is a distinct route from a correct observation to
an incorrect causal story. Limitation: explanatory model; not an observation and does not establish a
unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original
vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.

4.1 Reference fog

Fast, hot, efficient, anomalous, aligned, and resonant are relational terms. The avalanche case is
instructive because a fracture speed can exceed one chosen bulk-wave reference while remaining below
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the relevant local interfacial limit. The correction is not to deny the speed. It is to name the medium
and mode to which the speed is compared.

4.2 Resolution fog

The observation operator determines which structures exist in the data. The solar-vortex case shows how
reconstruction near a former resolution boundary can expose small shear instabilities. The reconstruction
pipeline is part of the effective instrument. A morphology becomes stronger evidence when competing
physical simulations are passed through the same pipeline and remain distinguishable.

4.3 Generator fog

One visible geometry can be generated by several histories. Venusian polygons may be volcanic, tectonic,
sedimentary, or hybrid. A shape is not a mechanism until alternative generators are compared using
independent channels such as radar polarimetry, emissivity, subsurface layering, atmospheric chemistry,
and interior evolution.

4.4 Chronology fog

Temporal proximity is not causal order. A fossil near an impact structure and near a mass-extinction
boundary does not by itself show that the impact caused the death, the local ecological transition, or
the global event. The required dating precision is set by the proposed mechanism, not by the visual
appeal of proximity.

4.5 Boundary fog

Every performance metric has a denominator, and every denominator draws a system boundary. A
sorbent yield per kilogram of active material is not a complete-device water yield. The full bound-
ary includes swept area, airflow, heat generation, condensation, liquid recovery, water chemistry,
degradation, maintenance, device mass, and lifecycle cost.

Ground reading

No anomaly earns evidential weight until its reference state, observation operator, alternative-
generator set, chronology, system boundary, and falsifier have been declared.



CHAPTER 5

Seam information and design

The phrase “search the seams” is useful only if a seam can be identified before the result is known.
ASTRA v0.2 defines a seam operationally.

Let K be a finite label for candidate causal generators, with prior p(k) > 0. Under a legal observation or
intervention protocol 7, let P;’ be the joint distribution of observations and certificates (Y, Z). Define
the seam information

) = K Y,Z | 7) = Zp(k)DKL(P;g”ﬁ”), P = 3 p(Pr. (5.1)
k k

New ASTRA vO0.3.0 advance: seam-information theorem

For positive model priors, .%”(n) = 0 if and only if all candidate output laws P} are equal almost
surely. Therefore no amount of repetition under an equivalence-preserving protocol can identify
the generator beyond prior information. A scientific seam is any admissible protocol with .#(7t) > 0.
This is a specialization of standard mutual-information identities, not a new physical law. Its
advance is operational: “search the seams” now means design the protocol that makes live histories
behave differently.

The basic design is

7" = arg max Al (5.2)

n€lljegar €(717) + Ar(77)’

where ¢ is cost and r is physical, ethical, inferential, or conservation risk. For archaeological and
geological archives, expected preservation and recovery must also enter:

nx— = arg max L?(7—()1.)SI_II'ViVe(7—£)I)I'6COVE!I'(7—C)

) (5.3)
€l legal c(m) + Ar(m) + Pdtarget(n)

The target-disturbance term prevents destructive “high information” from being treated as automatically
admissible.

5.1 Synthetic topology benchmark

The supplied SPPT-ASTRA supplement and code establish a narrow inverse-problem lesson: static
boundary agreement need not identify internal connectivity. We rebuilt a standalone benchmark around
the supplied astra reservoir.py module so that the result no longer depends on an unavailable
helper module. All values are normalized and synthetic.

Four connected three-reservoir graphs are assigned the same internal power and surface sink. At zero
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The seam is an experimental coordinate, not merely a place

Search where candidate probability laws diverge under a legal protocol

PROTOCOL

CANDIDATES

PREDICTIVE LAWS SEAM SCORE
forcing + sensor +

My, M, ... Mg archive readout + (Y, 2) S(m) =I(H;Y,Z | m)
metadata

EQUIVALENCE REGION INFORMATION-RICH SEAM

S(m) =0 - more of . Sm>0-
the same cannot decide histories predict different
outputs

n" =arg max{S(r)—cost(m)—A risk(m)}

Figure 5.1: [MODEL] The seam protocol. Passive agreement may leave models equivalent; a selected
observation, forcing, or intervention makes their boundary outputs diverge. Limitation: explanatory
model; not an observation and does not establish a unique mechanism or history. Creator/institution:
ASTRA Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License:
CC BY 4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

external forcing, conservation requires the same surface equilibrium for all four:

P.
o o 2l eeeeee (5.4)

surface
/\surface

while their deep equilibria differ.

Dynamic protocols expose modes that the static value integrates away. The benchmark computes a
Monte Carlo model-label mutual information across forcing frequencies. Information is small where all
models respond similarly, rises where hidden relaxation modes separate, and can decline again when
all responses are strongly attenuated.

Amplitude and phase are complementary. A single low-frequency amplitude can leave a broad capacity—
coupling valley, while multi-frequency complex response narrows the equivalence class.

5.2 Allocating the gain from FOG repairs

If several coordinate repairs are introduced together, a final improvement does not reveal which
repair mattered. Let R = {ry, ..., 15} denote reference, resolution, generator challenge, chronology, and
boundary closure. For a subset S C R, define

0(S) = F(ng) - F(ny). (5.5)
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Static boundary equivalence can conceal different interiors

12 A B deep st I middle state I surface state

normalized equilibrium state

chain triangle surface star deep star

Figure 5.2: [MODEL] Exact synthetic static degeneracy. The observable surface equilibrium is identical
across connected graph families even though hidden deep states differ. Limitation: explanatory model;
not an observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

The seam is where candidate histories cease to be observationally equivalent

native cadence

boxcar window 0.5
boxcar window 2.0
boxcar window 8.0

.
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1073 1072 107! 10° 10!
forcing angular frequency (normalized)

Figure 5.3: [MODEL] Synthetic seam-information spectrum. The most useful forcing band is neither
the static limit nor necessarily the fastest available forcing. Limitation: explanatory model; not an
observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.
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Multi-frequency forcing exposes hidden connectivity
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Figure 5.4: [MODEL] Synthetic frequency response of candidate reservoir graphs. Hidden connectivity
changes attenuation and phase lag over a range of forcing frequencies. Limitation: explanatory model;
not an observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

A Shapley allocation assigns each repair its average marginal contribution over all orders of introduction:

|SI!(IRI = IS| = D)!

P =
SCRN{r)} IR]!

[o(S U ;) - v(9)]. (5.6)

Constraint

The Shapley allocation is descriptive, not ontological. It depends on the candidate family, priors,
noise, and interaction structure. It should not be reported as a universal percentage of truth supplied
by each fog coordinate.

Evidence status: Established

Claim type: synthetic implementation result. Within the declared equations and released code,
the benchmark reproduces exact static surface degeneracy, positive dynamic discrimination, and
reduced information under coarse temporal averaging. It does not estimate a real false-positive rate,
fit a planet, or validate a historical topology. The generating family is included among candidates;
capacities, forcing, and noise are known; model discrepancy is absent.

12
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A FOG audit can be converted into an information budget

chronology

resolution

system boundary

reference

generator challenge

Synthetic protocol surrogate; values are model- and noise-dependent

0.4 0.6 0.8 1.0 1.2 1.4
allocated log-det discrimination utility (bits)

0.0 0.2

Figure 5.5: [MODEL] Synthetic FOG information budget. In the declared benchmark, chronology
and resolution repairs contribute most, but the allocation is model- and noise-dependent. Limitation:
explanatory model; not an observation and does not establish a unique mechanism or history. Cre-
ator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector model generated for ASTRA
v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional placement; vector geometry and
labels retained.
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CHAPTER 6

Dual-rent seams and local-to-global cer-
tificates

ASTRA v0.2 asked whether an interface contains predictive state and whether an observation protocol
carries information about competing generators. Those are related questions, but they are not the same
question. A seam can change what happens without making the cause easier to identify. It can reveal a
hidden distinction while leaving the underlying dynamics nearly untouched. It can do both. It can also
do neither.

The v0.3 architecture therefore separates dynamical rent from epistemic rent. Let a candidate history
H produce hidden state X under a forward map ®,. A generative seam .*T selects or transforms the
state, a propagation seam .74 carries the resulting signal, and an archive-and-measurement protocol
M, produces data D:
o K R My

H—X—Y—Z— D. (6.1)
The decomposition is query-relative. In one experiment the same physical layer may be generative; in
another it may be only propagative; in a third it may belong inside the measurement operator.

6.1 Dynamical rent

Dynamical rent asks whether changing the seam changes the reachable future. For a declared distance
d between outcome distributions, define

Rgyn() = d[P(Y | do(I')), P(Y" | do(T'p))]. (6.2)

The intervention notation is not ornamental. A simple correlation between seam state and outcome
does not establish that the seam controlled the outcome. The strongest design varies the seam while
holding relevant bulk states and forcing approximately fixed.

Examples include a cytokine field altering the immune future of an implant, a pore geometry changing
which isotopologue remains adsorbed, and a phase boundary enabling a transport path that does not
exist in the bulk phase. The constitutive laws remain domain-specific. The shared statement is only
that the seam changes the future distribution.

6.2 Epistemic rent

Epistemic rent asks whether the seam and protocol make the generating history more or less identifiable.
Let K be a candidate-generator label. Define

Reni(T, ) =I(K;D | T, ) - I(K; D | Ty, ). (6.3)

epi
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Positive epistemic rent means the seam amplifies a distinction relevant to the query. Negative epistemic
rent means the seam, propagation path, archive, or sampling trajectory suppresses that distinction.

The sign is observer-relative. A local immune-modulating halo can reduce the host immune system’s
power to classify an implant as foreign while increasing an investigator’s ability to isolate the causal role
of a cytokine field. A magnetized vacuum can add an energy- and polarization-dependent propagation
signature that makes strong-field quantum electrodynamics more legible. A moving single-point sampler
can turn coherent spatial organization into an apparently decorrelated time series and thereby reduce
identifiability.

The dual-rent boundary criterion

A seam can change the future, the identifiability of the past, or both.

= 4~ ~
o
€
9 Amplifying instrument Stateful but masking
E changes outcomes changes outcomes
o and reveals causes while hiding causes
i
o
o \_ _J
5 )

Diagnostic seam

reveals causes changes neither
without changing them prediction nor discrimination

>

dynamical rent Ry,

Promotion rule: retain the seam only when a predeclared intervention or observation protocol pays predictive rent.

Figure 6.1: [MODEL] The dual-rent boundary criterion separates changes in reachable futures from
changes in causal identifiability. A seam can be an amplifying instrument, a stateful but masking layer,
a diagnostic seam, or a cosmetic boundary. Limitation: explanatory model; not an observation and
does not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko
T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.

New ASTRA v0.3.0 advance: dual-rent promotion rule

Promote a seam when it changes reachable futures, causal identifiability, or both. Retain the
promoted variable only if the gain survives a predeclared held-out test, intervention, negative
control, or exact certificate. The framework must name the observer, query, reference seam,
distance or information measure, and uncertainty model.
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6.3 Three kinds of many-to-one behavior

Equifinality is often used as one catch-all word. That hides different repair strategies. ASTRA v0.3
distinguishes three regimes.

6.3.1 Process equifinality

Different histories reach approximately the same physical state:
Hy #H;,  ©(Hp) = O(Hy). (6.4)
The ambiguity exists before observation. Repair requires a different residue, earlier archive, intervention,

or state variable.

6.3.2 Observation equifinality

Different physical states generate approximately the same record under protocol 7:
X1 # Xo, M(Xq) = Mr(X3). (6.5)
Repair requires a different sampling path, resolution, modality, forcing spectrum, archive channel, or

reconstruction operator.

6.3.3 Boundary amplification

Small hidden differences become macroscopically separable after a selective seam:
Xy = Xy, F1(Xy) # S1(X). (6.6)

This is the desired regime for experiment design. A good instrument is an engineered boundary amplifier
whose selectivity and distortion are calibrated.

The practical objective is not simply to collect more data. It is to move from a protocol with negative
seam gain to one with positive seam gain.

6.4 The local-to-global certificate stack

A local measurement can be exact and still certify too little. The correct response is not to distrust local
mathematics or local physics. It is to state the scope of the certificate.

For a map, model, or historical mechanism, define a certificate stack

%LZG = (Clocalr Ctibers Coor Cariths Cformal)- (6.7)
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Three inverse-problem regimes

N aYa
PROCESS OBSERVATION BOUNDARY
EQUIFINALITY EQUIFINALITY AMPLIFICATION

Y2
Hyi#Hy, ®(H;) = d(H;) X1# X2, Mp(X1) = Mnp(X2) X1=Xa2, Sr(Xd = Sr(X2)
J \. J \ _J

The correction is protocol design, not simply more measurements of the same kind.

Figure 6.2: [MODEL] Process equifinality, observation equifinality, and boundary amplification require
different experimental repairs. Limitation: explanatory model; not an observation and does not
establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T.
Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.
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Certificate What it inspects What it does not automatically establish

Clocal differential, tangent map, global uniqueness, closure, absence of distant
constitutive response, local collisions
stability

Ctiber complete preimage structure, behavior at infinity or across untested base
multiplicity, collision set fields

Coo properness, compactification, arithmetic behavior at particular primes or
escape directions, omitted implementation correctness
reservoirs

Carith reductions modulo primes, characteristic-zero conclusion without a
extension fields, valuations, lifting argument
Frobenius patterns

Ctormal exact identities, proof objects, = empirical adequacy of the model or historical
executable tests, hash-locked truth of its premises
artifacts

The local-to-global certificate stack

- )
Jacobian, tangent map,
LOCAL constitutive response
_ . _J
8 )
collisions, multiplicity,
FIBER alternative preimages
\_ - _/
- )
properness, escape,
BOUNDARY closure at infinity
\_ - _J

prime reductions,
extension fields, Frobenius

exact identities, tests,
FORMAL machine-checkable certificate

C126 = (Ciocals Civerr Cwor Cariths Crormar)

A local certificate is necessary information. It is not a complete global certificate.

Figure 6.3: [MODEL] The local-to-global stack prevents a true local statement from being silently
promoted into a false global conclusion. Limitation: explanatory model; not an observation and does
not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T.
Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.

The stack applies outside pure mathematics. A resonant mode is a local response certificate. Historical
use requires a complete operational fiber: source, coupling, control, output, residue, maintenance,
and comparanda. A biomolecule expressed in a new host is a local capability certificate. Ecological
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autonomy requires transport, cofactor loading, organismal fitness, containment, reproduction, and
multigenerational closure. A morphology compatible with basal liquid flow is a local generator certifi-
cate. A global geological history requires chronology, material properties, alternative morphologies,
and repeated observations.

6.5 The seam-gain record

Every promoted seam should now receive the following metadata:

« seam_role: generative, propagative, observational, archival, arithmetic, or mixed;
- observer _or classifier;

« dynamical rent prediction;

« epistemic_gain sign;

- reference_seam,

- calibration standard;

< aliasing alternative;

« gain_reversal test;

« minimum_resolution;

« independent observation channel;

- certificate stack coverage.

A demonstrated bias in one observation channel does not cancel absent evidence across independent
channels. To rescue a hypothesis from a residue-field veto, the model must show how each high-
detectability channel is produced, altered, sampled, and suppressed.

Evidence status: Strong inference

The distinction between dynamical and epistemic rent follows directly from separating intervention
on the system from information gained by an observer. It is a methodological synthesis, not a claim
that every seam admits a closed-form mutual-information calculation. Supporting channels: causal
intervention logic, inverse-problem theory, metrology, and the calibration cases in Chapter 21.
Ordinary alternative: retain the existing boundary-state criterion without the split. Demotion
condition: if the split does not change model selection, experimental design, or error diagnosis in
worked cases, it should be removed.




CHAPTER 7

Evidence independence and public failure
memory

Convergence is strong only when channels are independent in the ways that matter. Five papers may
share one core, one excavation photograph, one press release, one reconstruction pipeline, and one
inherited interpretation. Counting publications then overstates evidence.

Evidence independence is a graph property, not a citation count

PAPER 1

CLAIM X

bounded conclusion

PAPER 2

PAPER 3

CLAIM Y

bounded conclusion
TEXT C
PAPER 4

NEWS 5

ﬂ

Track common data roots, preprocessing, institutions, and interpretive inheritance before counting convergence.

Figure 7.1: [MODEL] Evidence independence graph. Publications are traced back to data roots,
preprocessing, institutions, and inherited interpretations before they are counted as convergent channels.
Limitation: explanatory model; not an observation and does not establish a unique mechanism or history.
Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector model generated for
ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional placement; vector geometry
and labels retained.

For each claim, ASTRA records: physical data root; observation operator; archive path; preprocessing
lineage; institutional custody; interpretation lineage; and whether a second channel could have produced
the same error. Independence is graded relative to the failure being tested. Two instruments may
be physically independent but share a calibration model. Two excavations may be institutionally
independent but inherit one typology.

The public failure archive is the second half of independence. A system that retains only successful
predictions creates a biased archive of itself.

For every major hypothesis, the public record must include: prediction and date; test; result; discrepancy;
status change; assumptions added after the test; whether the added assumptions generate a new test;
and next discriminating observation. Reinterpretation without new risk is not scientific survival.
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Public failure memory prevents an immortal framework

DISCREPANCY DECISION NEXT TEST

PREDICTION RESULT

DEMOTED /
SUPPORTED UNCHANGED [ REVISED REJECTED

Every added assumption must buy a new discriminating test; reinterpretation alone is not survival.

Figure 7.2: [MODEL] Public failure archive. Every prediction travels through test, result, discrepancy,
decision, and a new prospective test. Limitation: explanatory model; not an observation and does
not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T.
Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no

crop; proportional placement; vector geometry and labels retained.

Ground reading

The failed prediction preserves our honesty.
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PART I

EARTH AND ORIGINS

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER 8

Earth as reactor, archive, censor, and in-
strument

The four roles are coupled but not synonyms.

Reactor. Pressure, temperature, redox state, fluids, radiation, crystal structure, and cycling change
reaction pathways and phase stability. Core formation partitioned elements before crust, ocean, or
biology existed; later magmatism, hydrothermal circulation, weathering, and sedimentation repeatedly
redistributed accessible inventory [67].

Archive. Zircons, minerals, sediments, isotopes, fossils, coastlines, built environments, texts, and
institutions retain partial information about prior states. The record can be recursive: fossil wood may
preserve biological structure and then record later burial, fluid flow, inversion, and exhumation [61].

Censor. Most events do not enter a durable record. Of those that do, many are altered, submerged,
eroded, metamorphosed, looted, translated, reclassified, or never sampled. Censorship here is not
agency. It is the many-to-one physics and sociology of survival.

Instrument. Geometry and material organization select pathways, route signals, impose access rules,
and transform inputs into outputs. A crystal can canalize an optical excitation; a membrane can maintain
disequilibrium; a sanctuary can regulate movement, illumination, atmosphere, authorized speech, and
social status. None of those functions implies consciousness or external design.

The core synthesis is a nested history of interfaces acquiring state:
planetary differentiation — tectonic and hydrothermal interfaces — mineral selection

— living membranes — ecological engineering — external memory (8.1)

— material cosmologies — planetary observation — spacefaring dispersal.

This is not a ladder of moral worth. It is a sequence of new storage, selectivity, memory, and transfor-
mation capabilities.

Evidence status: Strong inference

Earth’s differentiation, geological history, biological evolution, and human material culture are
independently supported. The boundary-state ladder is an organizational synthesis, not evidence
that evolution had a predeclared endpoint. Its strongest ordinary alternative is a conventional
chronological narrative. ASTRA earns value only where interface state improves explanation,
prediction, or experimental design.
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The boundary-state ladder

At each transition an interface acquires new storage, selectivity, memory, or transformation

PLANETARY DIFFERENTIATION

core - mantle partitioning chemical inventory

: TECTONIC INTERFACES :
faults - rifts - subduction gradients and reactors

MINERAL SELECTION "
crystal faces - pores - magnetism pathway filtering

. LIVING BOUNDARIES o . _
membranes - metabolism - heredity maintained disequilibrium

: : ECOLOGICAL ENGINEERING :
weathering - burial - oxygenation iosphere rewrites geology

, ~ EXTERNAL MEMORY
pigment - geometry - inscription knowledge leaves the body

MATERIAL COSMOLOGIES

monument - sanctuary - instrument society orders the world

. PLANETARY OBSERVATION .
science - sensors - computation Earth models itself

) SPACEFARING PHASE
vehicles - probes - seeded ecologies biosphere crosses the planet

Figure 8.1: [MODEL] Boundary-state ladder from planetary differentiation through tectonics, minerals,
life, external memory, material cosmologies, observation, and spaceflight. Each transition adds a new
interface capability without erasing earlier layers. Limitation: explanatory model; not an observation
and does not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell /
Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications:
no crop; proportional placement; vector geometry and labels retained.
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CHAPTER9

Plate tectonics as a planetary boundary
system

Textbook plate boundaries are lines because lines are useful for maps. Physical boundaries are thick,
heterogeneous, reactive volumes containing stress, temperature, fluids, damage, mineral transformations,
permeability, geometry, and inherited structure. The mantle is mostly solid and deforms over long
timescales; plates do not passively ride on a global liquid ocean. Modern motion is driven by a coupled
balance of slab sinking, gravitational potential, mantle flow, ridge forces, and lithospheric strength
[62].

At a divergent margin, extension thins lithosphere, hot mantle rises, decompression can produce melt,
and hydrothermal circulation develops. At a convergent margin, slab dehydration, metamorphism,
sediment transfer, melting, accretion, and collision create a deep reaction network. At a transform
margin, far-field motion is converted into locked loading, creep, slow slip, rupture, afterslip, damage,
healing, and redirected fluids.

Plate boundaries are reactive volumes, not lines on a map

DIVERGENT CONVERGENT / SUBDUCTION TRANSFORM

decompression melting fluid release - metamorphism stress storage - rupture
new crust + rift basin melting - volcanic arc gouge - fluids - afterslip

Figure 9.1: [MODEL] Idealized divergent, convergent, and transform margins. Real boundaries combine
modes and contain evolving stress, fluid, thermal, mineral, and geometric state. Limitation: explanatory
model; not an observation and does not establish a unique mechanism or history. Creator/institution:
ASTRA Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License:
CC BY 4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

A useful interface state vector is
bl‘ = (Gnl T, ud/pf/ T/¢)/k/ D/M/ Cf/ G)/ (9.1)
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containing effective normal stress, shear stress, slip deficit, pore pressure, temperature, porosity,
permeability, damage, mineral assemblage, fluid chemistry, and geometry. Its evolution depends on
plate velocity, fluid flux, heat flow, and reactions:

ZJT = F(br: Vplate/ ]f/ Q, L@) (9.2)

Permeability may increase during rupture, redirect fluids, change effective stress, and later decline
through sealing and mineral precipitation. The boundary remembers by becoming physically different
[11, 73].

9.1 The onset problem

The onset of plate tectonics remains unresolved, and a single global start date is likely too simple
[21]. Hadean zircon populations have been interpreted as evidence that mobile-lid and stagnant-lid
processes could coexist regionally rather than arriving as one global switch [64]. Water-rich sources
in 3.1-billion-year-old Pilbara volcanic rocks have been interpreted through localized foundering or
subduction-like processes without requiring a fully connected modern plate network [65].

The working sequence is therefore a regime mosaic:

hot deformable lid — local overturn or foundering
— episodic subduction-like zones
. . (9.3)
— regional mobile belts

— linked plate network.

This remains a model family, not a settled chronology.

Evidence status: Established

Modern plate boundaries are thick, reactive, history-dependent zones whose stress, fluids, damage,
mineralogy, permeability, and geometry affect subsequent behavior.

Evidence status: Strong inference

Early Earth hosted spatially heterogeneous tectonic regimes rather than one instantaneous global
switch. Broader Hadean and Archean samples could revise this comparative inference.

Evidence status: Open

The date and pathway by which a globally linked modern plate network became dominant remain
unresolved.
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CHAPTER10

Before biology: a distributed geological
hursery

Origin-of-life arguments often force a false choice among vents, ponds, shores, ice, clays, impact
basins, and meteorites. Those environments perform different operations. There is no requirement that
concentration, activation, catalysis, protection, transport, compartmentalization, and replication all
occurred in one location.

Represent a distributed nursery as

%rigin = (Ei/ Tijr L%l)/ (101)

where E; are environments, T;; transport operators, and .%; local reaction networks. A volcanic shore may
generate and concentrate intermediates. Wet—dry pools can drive condensation chemistry. Hydrothermal
gradients provide sustained disequilibrium. Mineral pores can confine and sort. Clay and crystal faces
can adsorb, orient, or catalyze. Atmospheres and aerosols can synthesize and move compounds.
Sediment aquifers can protect and slowly react.

A distributed geological nursery

Origin chemistry may have been a supply chain rather than one privileged site

COSMIC INVENTORY VOLCANIC SHORE HYDROTHERMAL

CLAY / CRYSTAL ATMOSPHERIC
MINERAL PORES FACES CHEMISTRY SEDIMENT AQUIFERS

COUPLED REPLICATORS

compartmentalization +
heredity + selection

Different interfaces can concentrate, catalyze, protect, transport, and select different intermediates.

Figure 10.1: [MODEL] Distributed geological nursery. Origin chemistry may have been a network
of transformations rather than one privileged location. The arrows represent candidate transport and
processing pathways, not a reconstructed historical route. Limitation: explanatory model; not an
observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.
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Core formation matters because it set accessible inventories of nitrogen, phosphorus, sulfur, carbon,
metals, and volatiles before surface chemistry began [67]. Geological contacts later created local
chemical privilege. Reactive phosphorus forms associated with 3.22-billion-year-old magmatic and
contact-metamorphic settings show that intrusions, heating, and fluids could generate localized sources
more reactive than common phosphate minerals [4]. This does not identify an origin site. It identifies
an operation the planet could perform.

10.1 Network identifiability

A distributed nursery is chemically plausible but historically difficult to identify because many networks
can converge on similar surviving biochemistry. ASTRA therefore asks for bottleneck-specific predictions.
If a proposed path requires wet—dry activation followed by hydrothermal redox cycling, it should specify
which mineral associations, isotope patterns, molecular side products, and transport times survive under
plausible early conditions. A network that can route around every failed step is not more explanatory
than a single magical pond.

New ASTRA v0.3.0 advance: origin-path seam design

The correct experiment is not “Which environment makes the most product?” It is “Which sequence
of environments produces an output that no equal-budget single environment or shuffled sequence
produces?” The candidate order becomes an intervention. History discrimination requires held-out
products, side-product profiles, robustness to transport loss, and a predeclared failure condition.

Evidence status: Plausible

Distributed origin chemistry is consistent with known geochemistry and avoids demanding that
one site perform every operation, but no historical route has been recovered. Stronger support
would require ordered environmental sequences that reproducibly cross a bottleneck that matched
single-site and shuffled controls do not.
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CHAPTERMNM

Chirality, cosmic inventory, and biological
lock-in

Terrestrial life uses predominantly L-amino acids in ribosomal proteins and D-sugars in nucleic acids.
Homochirality is not explained by a small initial imbalance alone. It requires

symmetry breaking — amplification — heritable lock-in. (11.1)

Magnetite experiments show a possible reciprocal coupling between molecular handedness and mag-
netization under declared laboratory conditions [43]. Crystallization-driven template autocatalysis
shows a class of mechanisms by which a fluctuation can be amplified into a persistent helical state [69].
Neither result proves the historical origin of terrestrial homochirality.

Chirality requires symmetry breaking, amplification, and heritable lock-in

RACEMIC BIAS AMPLIFICATION LOCK-IN

~0 mineral / light / autocatalysis + stereospecific
e= . fluctuation / crystallization + replication and
imported molecule feedback metabolism

two persistent chiral basins

A g

Handedness can preserve a historical choice without preserving the identity of the chooser.

Figure 11.1: [MODEL] Chirality requires three logically distinct steps: a bias, amplification, and
lock-in. Homochirality can preserve a historical choice without preserving the identity of the chooser.
Limitation: explanatory model; not an observation and does not establish a unique mechanism
or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector model
generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional placement;
vector geometry and labels retained.

A generic order parameter is
e = ue—Ae> +n(t), (11.2)

where e is enantiomeric excess and 7 includes fluctuations or external bias. Once stereospecific catalysis
and replication are coupled to the selected basin, reversal can become effectively inaccessible.
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11.1 Space supplied inventory

Pristine Bennu samples contain abundant nitrogen-rich soluble organics, amino acids, nucleobases,
ammonia, and later-reported biologically relevant sugars [14, 19]. Orgueil contains abiotic sugar
enantiomers, including approximately racemic pairs [34]. These results strongly support extraterrestrial
enrichment of planetary prebiotic inventories. They do not presently support a complete organism or
encoded colonization program.

The strongest synthesis is

cosmic synthesis and delivery + terrestrial geological selection + biological amplification. (11.3)

11.2 Natural and directed panspermia

Natural panspermia is physically possible in principle but moves rather than solves the abiogenesis
problem. Directed seeding is logically coherent and currently unsupported. It becomes scientific only
by predicting a durable invariant not expected from ordinary geology and evolution: an artifact older
than terrestrial technical capacity; related extraterrestrial life with detailed arbitrary homology; a
cross-medium code published before discovery; a delivery reservoir; or an independently specified
engineered molecular feature.

A second biosphere would transform the inference. Opposite molecular handedness or a fundamentally
different coding system would strongly favor independent origin. Shared arbitrary codon assignments,
deep sequence homology, and frozen biochemical accidents would favor common ancestry or transfer.

Evidence status: Established

Extraterrestrial samples contain diverse abiotic prebiotic compounds; this establishes exogenous
chemical inventory, not organism transfer.

Evidence status: Plausible

Mineral magnetization and autocatalytic material processes supply plausible classes of symmetry-
breaking and amplification mechanisms; their historical role remains unidentified.

Evidence status: Open

Natural panspermia as the historical source of terrestrial life is unresolved.

Evidence status: Unsupported

Directed early seeding is not required by any present observation.

Evidence status: Constrained

Separate late insertion of modern humans conflicts with convergent primate ancestry unless
narrowed until it ceases to predict a separate biological origin.
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CHAPTER 12

Life becomes geology

The first stable membrane created a controlled difference between inside and outside:
ApH, AV, AC, Ap. (12.1)

Maintained disequilibrium allowed metabolism and heredity to persist against equilibration. Once
living systems existed, they altered the environments that enabled them.

Life changes weathering, pH, redox state, gases, sediment cohesion, trace-element cycles, and mineral
formation. Mineral evolution describes the historical expansion of mineral diversity through planetary
differentiation and biological transformation [22]. The causal relation is reciprocal:

geology — life — new geology. (12.2)

Bodies also become transport architectures. The Cambrian fecal hypothesis proposes that through-guts
and compact pellets altered settling, oxygen demand, nutrient delivery, and carbon transfer [29]. The
broad mechanism is strong even if the magnitude of its contribution remains uncertain:

body plan — particle geometry — settling flux — sediment chemistry — ecological opportunity.
(12.3)

Humanity’s distinctive transition was not the first tool or social learning. It was the increasing stabi-
lization of information outside individual bodies:

genetic memory — neural memory — social memory
— pigment and inscription — architecture and archive (12.4)

— instrument and computation.

Pigment binds light, mineral, image, body, and memory. Geometry makes relations portable. Wood and
fiber create repairable chassis. Stone creates durability. Metal adds transformation, reflection, conduc-
tivity, edge, and remanence. External memory changes the evolutionary regime because accumulated
information can outlive its carriers.

The strongest non-teleological colonization reading is therefore simple: a technological species can
become the phase through which a biosphere crosses its planetary boundary. This is a present capability,
not evidence of prior design.

Evidence status: Established

Life alters mineral, atmospheric, sedimentary, and biogeochemical systems; humans also stabilize
information outside individual bodies.
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Evidence status: Established

Humans can package and transport contained biological payloads beyond low Earth orbit, subject
to severe biological and engineering constraints.

Evidence status: Open

Durable self-sustaining off-world biospheric establishment and recurrence of technological dispersal
on other inhabited worlds remain unobserved.
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THE CENSORED HUMAN ARCHIVE

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER 13

A map of missingness

The past that existed and the past that survives are different objects. The surviving record is not a
neutral movie. It is a composition of filters:

Dgps = @uptake © &publication ° @iranslation © recognition ° gexposure ° gpreservation °© gdeposition(D lived)- (13.1)

Each operator removes information and can transform what remains.

The past that existed and the past that survives are different objects

LIVED PAST
organisms - settlements - tools - speech - ritual - landscapes
ENTERED A RECORD
burial - deposition - inscription - mineralization
SURVIVED ALTERATION
decay - water - heat - chemistry - erosion - looting

BECAME EXPOSED

uplift - remote sensing - dredging - excavatio

WAS RECOGNIZED
ion - dating - publication - intef

Figure 13.1: [MODEL] Archive and censor filter chain. Lived history is successively filtered by deposi-
tion, alteration, exposure, and recognition before it becomes observed history. Limitation: explanatory
model; not an observation and does not establish a unique mechanism or history. Creator/institution:
ASTRA Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License:
CC BY 4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

13.1 Deposition

Most events leave no durable trace. Exposed organic matter decays. Camps are cleaned, burned, flooded,
dispersed, or revisited. Speech vanishes unless encoded in bodies, traditions, or media. Rift basins,
deltas, caves, lakes, floodplains, continental shelves, and deserts create sharply different probabilities
that an event enters a record.
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13.2 Preservation and transformation

Burial protects and changes. Water dissolves and precipitates. Heat resets some clocks. Pressure
deforms. Microbes consume residues. Wood carbonizes, mineralizes, or disappears. Metals corrode or
are recycled. Valuable objects are looted; production waste may remain. The recovered object is often

original structure + alteration history + recovery history. (13.2)

13.3 Exposure, collection, and recognition

Uplift and erosion expose one archive while destroying another. Legacy excavations discarded pollen,
fibers, soil chemistry, microdebitage, and residues that later methods would treat as primary evidence.
Museum storage contains uncatalogued or misclassified material. Recognition is a boundary state
because categories, methods, language, status, and institutional incentives determine which traces
become claims.

Preservation probability is material- and context-dependent

stone
ceramic
metal
bone
pigment
charcoal

wood

material or information channel

textile

food residue

schematic relative preservation probability

speech / gesture

arid waterlogged cave temperate soil  open coast
depositional context

Figure 13.2: [MODEL] Schematic missingness matrix. Preservation probability depends jointly on
material and depositional context; values are illustrative, not empirical global estimates. Limitation:
explanatory model; not an observation and does not establish a unique mechanism or history. Cre-
ator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector model generated for ASTRA
v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional placement; vector geometry and
labels retained.

The map is not only material. It is social. Monumental stone and elite burial are overrepresented relative
to ordinary dwellings, maintenance, household labor, textiles, food preparation, children’s activity,
women’s work, seasonal camps, repair, and oral knowledge. Dry-region archaeology is overrepresented
relative to coasts and humid tropics. Collection history may privilege complete and beautiful objects
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over production debris and failed experiments.

13.4 Ethical missingness

Living Indigenous knowledge is not an unowned database of myths waiting to be mined for clues. Oral
histories may guide landscape questions, hazard memory, place names, seasonality, or culturally specific
archives, but interpretation requires community authority, context, data governance, benefit sharing,
and the right not to disclose. A research program that extracts stories while excluding custodians
reproduces the archive damage it claims to repair.

Evidence status: Established

Differential preservation and sampling bias are established. The exact magnitude of missing
cultural complexity is context-specific and cannot be inferred from a generic decay curve. The next
discriminating work is site- and material-specific modeling joined to survey and museum reanalysis.
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CHAPTER 14

The submerged human archive

At the Last Glacial Maximum, global sea level was more than 120 metres below modern level, with
substantial regional variation from glacial isostasy and tectonics [32]. Postglacial sea-level rise inundated
river valleys, estuaries, wetlands, springs, caves, anchorages, and migration corridors across continental
shelves. Coastal archaeology is therefore systematically underrepresented during periods of human
dispersal, navigation, and marine intensification [5].

Lower sea level exposed landscapes likely to contain:

« settlements near river mouths, lagoons, freshwater springs, and protected bays;
* boats, paddles, fish traps, weirs, netting, cordage, baskets, mats, and sails;
« hide, bone, antler, composite tools, pigments, food-processing areas, and cemeteries;

« knowledge systems tied to tides, currents, stars, reefs, storms, and seasonal movement.

The nearly kilometre-long submerged Blinkerwall in the western Baltic is a concrete calibration case:
coordinated Stone Age landscape engineering can survive offshore while remaining absent from the
terrestrial record [17]. It does not establish a vanished civilization. It establishes that the search space
and archive geometry matter.

14.1 How much history can be missing?

A substantial regional culture using wood, fiber, boats, pigment, oral memory, and seasonal settlement
can be badly underrepresented after ten to thirty thousand years. Sophisticated navigation, astronomy,
ecological management, specialized craft, and long-distance exchange do not require an industrial
stratigraphic signal.

A recent global industry is different. It predicts geographically repeated mines, tailings, alloys, combus-
tion residues, carbon and nitrogen anomalies, persistent synthetic compounds, radionuclides, sediment
changes, species transfers, and machine-component distributions. Plate motion over twenty thousand
years cannot globally recycle the crust. Specific sites may be lost; every independent archive cannot.

The Silurian hypothesis formalized the detection question for industry millions of years in the past; it
was not evidence that such a civilization existed [51]. For much more recent industry, direct terrestrial
traces should be easier to find.

Candidate missing history Geological room Expected evidence
Maritime hunter-gatherer Large Drowned sites, boats, traps, pigments,
complexity exchange, ecological engineering
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Candidate missing history Geological room Expected evidence

Regional high culture, Real but bounded Mines, quarries, residues, standardized craft,

mostly organic networked materials, localized landscape
change

Interregional monumental More constrained = Repeated dated arbitrary conventions,

tradition quarries, transport infrastructure, shared
maintenance grammar

Recent global industrial Constrained Global isotope, metal, combustion, sediment,

predecessor biological, and manufactured-material signals

Deep-time industrial Open detection Coupled stratigraphic anomalies rather than

predecessor problem intact machinery; alternative geological

generators must be modeled

Geology can hide a large human story. It cannot serve as an unlimited explanation for the absence
of every expected trace. A hypothesis must specify what was built, with what energy and material,
for how long, and which independent residues should survive.
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Search the drowned landscape by paleogeegraphy, not by fame

par:‘.e:lml‘er shelf spring

¥

LTIBEAM + SUB-BOTTOM + CORES + eDNA + DATING + CONTE

Figure 14.1: [MODEL] Predictive submerged-landscape search. Priority zones follow reconstructed
paleorivers, shelf springs, lagoons, straits, caves, paleosols, and known occupation corridors rather
than famous myths alone. Limitation: explanatory model; not an observation and does not establish a
unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original
vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.

59



CHAPTER 15

Search the seams

Famous centers preserve official architecture, curated objects, and later narratives. Mechanisms often
survive at transitions: mine to workshop, workshop to sanctuary, harbor to city, roof to drain, wood to
metal, coating to substrate, threshold to floor, maintenance zone to display zone, shoreline to paleosol,
excavation tray to museum backlog.

The search strategy is therefore relational. It reconstructs a chain:
source — extraction — processing — transport — installation — use — repair — discard.  (15.1)

Breaks in the chain become test targets.

High-information seams include:

« harbor cores that may retain metalworking, sewage, pigment, dietary, erosion, and imported-
mineral signatures;

« drains and thresholds that integrate repeated use rather than ceremonial display;

* coatings, corrosion fronts, wood-metal joints, sealants, residues, and tool marks;

+ workshop waste, broken molds, slag, failed objects, repair patches, and replacement parts;
+ submerged paleolagoons, shelf-edge springs, cave entrances, and buried paleosols;

« museum drawers containing fibers, residues, and fragments collected before modern analytical
methods existed.

15.1 Archive-veto strength

Negative evidence is often mishandled in opposite directions. “We have not found it” is treated either
as proof of absence or as no constraint at all. ASTRA v0.2 makes the expected detection chain explicit.

For diagnostic channel k, define
di = P(detected trace, | H,Q, &7, @), (15.2)

which combines production, deposition, preservation, exposure, recovery, recognition, and measurement.
If conditionally independent under H, the probability of observing none of the expected traces is

P(N | H) =[] -4y, (15.3)
k=1
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and define the archive-veto strength
Va(H) = -log,,P(N | H). (15.4)

A large V4 means the joint absence is surprising under the hypothesis. Dependence among channels
must be modeled directly; independence cannot be assumed because the product is convenient.

A missing trace constrains only when it should have been detectable
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Figure 15.1: [MODEL] Synthetic archive-veto strength. Repeated absence constrains a hypothesis
only when the proposed traces had substantial and partly independent detection probability. Limita-
tion: explanatory model; not an observation and does not establish a unique mechanism or history.
Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector model generated for
ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional placement; vector geometry
and labels retained.

New ASTRA v0.3.0 advance: absence as a prospective prediction

The archive-veto score converts “surely something would remain” into a declared model. Before
searching, list the traces, their production rates, preservation pathways, dependencies, detection
limits, and survey coverage. Afterward, update the hypothesis without moving the system boundary.
The score is not a universal truth meter; it is a way to expose hidden assumptions in arguments
from absence.

15.2 A seam portfolio

Search resources should not be concentrated in one spectacular location. A robust portfolio combines
high-preservation and high-discrimination channels: sediment cores, microresidues, provenance, un-
derwater geophysics, archival reanalysis, and controlled replication. A failed test is valuable when it
sharply reduces a candidate family.
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Evidence status: Plausible

Claim type: research-program proposal. The seam strategy combines established principles of
taphonomy, provenance, experimental design, and inverse problems. It should be demoted if
conventional site selection performs as well under equal budgets.
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PART IV

MATERIAL GRAMMAR

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER 16

Materials as coupled systems

A material is never only a symbol or only a physical property. It occupies several typed relations at
once:

M= (MmechanicaI/ Mopticalr MchemicaI/ MgeographiC/ (16.1)

MeconomiC/ MpoliticaI/ Mcosmological)-
The components may be coupled, but one cannot be substituted for another. Conductivity is physical.
Royal restriction is institutional. Reflectance is optical. A mythic association is semantic. A complete
historical account asks how these properties were jointly selected and operated.

16.1 Gold

Gold can be concentrated through magmatic, hydrothermal, metamorphic, erosional, and placer
processes. In built systems it provides corrosion resistance, malleability, reflectance, visual continuity,
portable value, royal association, and electrical conductivity. The last property is real but weak
historical evidence by itself. A gold surface may have been selected for light, durability, authority,
purity, repairability, or several functions at once.

16.2 Copper and malachite

Malachite is an oxidized copper mineral. The chain from mineralization to weathered ore, mining,
crushing, furnace reduction, casting or hammering, installation, corrosion, and recycling is an observable
network. Copper residues can persist where finished objects have vanished. At Giza, sedimentary
copper contamination provides a measurable craft afterglow around construction and metalworking
activity [71].

16.3 Lapis lazuli, quartz, and crystal

Lapis is a geological source map carried into color, value, and long-distance exchange. Quartz and other
crystals have genuine optical, piezoelectric, acoustic, and defect-memory properties. Those properties
justify characterization. They do not establish ancient intentional use of a modern mode. Historical
operation requires source, coupling, orientation, repeatability, output, and residue.

The 2026 plasmon-canalization study is a modern calibration case: a natural anisotropic crystal lattice
can route nanoscale excitations without an externally patterned waveguide [2]. The historical lesson is
permission to measure hidden material geometry, not permission to infer ancient nano-optics.
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16.4 Wood, resins, oils, and textiles

Wood supplies lightweight structure, poles, frames, doors, resonance, insulation, repairability, and a
substrate for metal sheet. It is also likely to disappear. Resins and oils seal, adhere, waterproof, scent,
preserve, illuminate, and change surface optics. Textiles define flexible boundaries, filter light and air,
carry dyes, hide and reveal, shape acoustics, and move with wind and bodies. Their preferential loss
means surviving stone plans can be structural skeletons of once dynamic systems.

Murex-derived purple textiles from Timna link marine ecology, dye chemistry, pastoral production,
long-distance exchange, desert mining, and elite consumption [57]. The color is therefore an archive of
a network, not merely a wavelength category.

16.5 Pigments

Egyptian blue, malachite green, lapis-derived blue, ochres, carbon black, murex purple, and insect
scarlets differ in source, manufacturing, spectral response, aging, toxicity, trade, and social control.
A pigment grain can preserve temperature, binder, substrate, overpaint, contamination, and repair
history. Multispectral imaging, Raman spectroscopy, X-ray methods, chromatography, proteomics, and
microscopy can separate histories invisible in ordinary photographs.

16.6 Atmosphere

Smoke, incense, steam, scent, humidity, oils, heat, and human occupancy are material state variables.
Residue analysis at the Judahite shrine of Arad identified cannabis-related compounds on one altar and
frankincense on another, with carriers that controlled volatilization [3]. This does not place cannabis
in the canonical Tabernacle recipe. It establishes that at least one regional sanctuary was an engineered
atmospheric system.

Evidence status: Established

The cited optical, electrical, mechanical, chemical, and conservation properties of the materials are
established within their declared conditions.

Evidence status: Open

Historical selection of a specific material combination for a specific hidden operating function is
site-specific and unresolved until residue and wear match a predeclared operational model.
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A rare material is a map of the network capable of acquiring it

EXTRACT

~

}

PROCESS

:

TRANSPORT

'

WOOD / RESIN / DYES

INSTALL / REPAIR

MONUMENT

material + geometry +
protocol

SANCTUARY

material + geometry +
protocol

provenance = geological source -> specialist processing -> movement -> use -> repair -> discard

Figure 16.1: [MODEL] Material provenance as network reconstruction. A rare material maps geological
source, specialist processing, movement, installation, use, and repair. Limitation: explanatory model;
not an observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.
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CHAPTER 17

Monuments as reorganized geology

A monument is geology transformed through selection, labor, measurement, transport, installation, and
maintenance. Its material history begins before architecture:

marine ecosystem, magma, or hydrothermal fluid — rock or ore
— quarry or mine — measured component (17.1)

— built system.

The Giza pyramids are built largely from plateau limestone, with fine casing limestone and granite in
selected positions [23]. Their broad causal chain is

marine carbonate — lithification — uplift and erosion 17.2)
— quarry — block — monument. '

Giza: geology reorganized, operation recorded in the surrounding archive

MARINE LIFE QUARRY MEASURED BLOCK] PYRAMID

HARBOR SEDIMENT CORE

craft afterglow: copper contamination, charcoal, imported grains, hydrological change

Figure 17.1: [MODEL] Giza as reorganized geology and sedimentary afterglow. Quarrying and
construction transform geological materials; harbor sediments can preserve craft residues after tools
and wood disappear. Limitation: explanatory model; not an observation and does not establish a
unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original
vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.

The 2024 harbor-core study is methodologically important because it recovers an operating footprint
rather than another geometric resemblance. Elevated copper contamination associated with periods of
pyramid construction and metalworking shows how surrounding sediments can retain craft activity
[71]. Similar cores can target charcoal, pigments, sewage, dietary biomarkers, imported grains, erosion,
and hydraulic change.

47



ASTRA FRAMEWORK v0.3.0

The pyramids were physical instruments in broad defensible senses. They organized orientation,
visibility, procession, labor, royal memory, mortuary practice, and state logistics. They possess acoustic,
thermal, mechanical, optical, and electromagnetic modes because every large structure does. Intended
exploitation of a particular mode requires evidence of source, coupling, control, output, and residue.

Ground reading

The error is not in measuring the physics of a monument. The error is in treating a discovered
mode as proof of historical operation.

171 Preregistered geometry

Large structures offer many dimensions, axes, units, stars, frequencies, and construction points. After
enough relations are searched, impressive matches are inevitable. Before measurement, specify dimen-
sions, uncertainty, target ratio or alignment, comparison class, number of searches, null distribution,
and falsifier. A successful prospective geometric prediction should narrow the target before the data
are inspected.

17.2 Controlled reconstruction

Experimental archaeology should compare several historically plausible variants rather than one visually
persuasive replica. Measure mass, labor, stability, assembly, ventilation, smoke, illumination, acoustics,
static charge, leakage, corrosion, abrasion, hydraulic behavior, and residues. Physical possibility is one
result. Historical intention requires a match to archaeological traces and comparanda.

Evidence status: Strong inference

Monuments operated as coupled material, labor, sensory, political, and mnemonic systems in broad
senses.

Evidence status: Open

Specific hydraulic, acoustic, optical, or electromagnetic operating mechanisms remain unresolved
until a complete source-to-residue chain and discriminating evidence are recovered.
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The Ark-Tabernacle system

The Ark-Tabernacle tradition should not be reduced to a single object. The canonical description couples
nested geometry, wood, gold, copper or bronze, textiles, dyes, oils, incense, water, fire, light, movement,
law, authorized operators, restricted access, and collective memory. Comparative scholarship has
argued that Egyptian sacred barks and portable shrines provide a strong regional family resemblance
for processional and divine-presence functions [41]. Portable shrines and curtains are also part of the
wider ancient Near Eastern material field [38]. Family resemblance is not proof of a copied object or a
recovered construction plan.

Ark-Tabernacle system: nested access and operational layers

Materials, atmosphere, operators, movement, and memory; schematic from texts, not an excavated plan

operator access light / smoke / scent

COURT / CAMP

TABERNACLE

INNER ZONE
ARK / COVER

bounded
space

restricted operators - protocol - law

ARK MATERIAL: gold-covered wood - testimony - guarded interval
textile - wood - metal - light - smoke

movement - water - fire - public assembly

A complete electrical claim would still require isolated conductors, charging, terminals, load, residue, and comparanda.

Figure 18.1: [MODEL] Ark-Tabernacle nested-access schematic reconstructed from textual relations.
It is not an excavated plan. Materials, operators, atmosphere, movement, and authorization are shown
as coupled layers. Limitation: explanatory model; not an observation and does not establish a unique
mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector
model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.

A compact system representation is
7 =(G,M,0,L, A W,II,H), (18.1)
with geometry G, materials M, orientation ©, illumination L, acoustics A, fluids or atmosphere W,
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protocol I'l, and operator/institutional history H. Inputs and outputs need not be electrical:

(light, smoke, bodies, offerings, law, time)

GMOI | . . .
——— (orientation, decision, memory, authority, (18.2)

transformed status).

Operational cosmogram
Meaning and physical operation can coexist without becoming the same edge

inputs: bodies - offerings - law - time - movement - sensory fields

MATERIAL ORIENTATION

TRANSEORMED
STATUS /DECISION /
MEMORY

ATMOSPHERE

OPERATOR

ACOUSTICS HISTORY

PROTOCOL

Figure 18.2: [MODEL] Operational cosmogram. Geometry, material, orientation, light, atmosphere,
acoustics, protocol, and operator history jointly transform status, decision, and memory. Meaning
and physical operation coexist without becoming one edge type. Limitation: explanatory model; not
an observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

18.1 The empty center

The tradition associates communication not merely with metal or wood but with the bounded interval
above the cover and between the cherubim. Material forms frame an intentional void. The chest stores
testimony; the cover separates; figures delimit; protocol regulates approach, sight, touch, carriage,
speech, and interpretation. Absence becomes operational because relations are organized around it.

This is a control and semantic structure, not evidence of a hidden field device. The strongest claim is
that a bounded empty center can function institutionally and cognitively by coordinating bodies, law,
restriction, attention, and authorized speech.
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18.2 The capacitor side hypothesis

A wood chest overlaid with conductive material inside and outside can possess capacitance:
A
Cx €O€rE. (183)

That establishes a property, not a historical device. An intentional capacitor requires electrically isolated
conductors, a charging source, insulation, terminals, a controlled discharge path, a load, maintenance,
characteristic residues, and comparanda. The described cover, rings, poles, and overlays may connect
rather than isolate conductive surfaces.

Complete instrument criterion

A surprising property becomes historical evidence only through a recoverable chain

SOURCE COUPLING STATE CHANGE OUTPUT RESIDUE PREDICTION

energy / matter / interface + stored or work / signal / wear / isotope / new test before
signal orientation transformed decision deposit search

FAILED PREDICTION -> REVISE THE MECHANISM, NOT THE EVIDENCE

Figure 18.3: [MODEL] Complete instrument criterion. A surprising property becomes historical
evidence only through source, coupling, state change, output, residue, and a prospective prediction.
Limitation: explanatory model; not an observation and does not establish a unique mechanism
or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector model
generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional placement;
vector geometry and labels retained.

Required element Capacitor hypothesis question Present status

Source What separates charge and at Not supplied by capacitance alone
what voltage?

Coupling How are electrodes isolated and = Ambiguous; overlays may be electrically
connected? continuous

State change What measurable charge state is Physically possible in principle,
stored? historically unshown

Output/load What work, signal, or decision No clear load or terminal chain

depends on discharge?
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Required element Capacitor hypothesis question Present status

Residue What arcing, pitting, insulation = No diagnostic residue presently requires
failure, repair, or comparanda the model
remain?

Prediction Which unexamined artifact or Must be specified before search

residue should be found?

Evidence status: Strong inference

The Ark-Tabernacle tradition is usefully modeled as a coupled system of material, geometry, access,
atmosphere, law, movement, and memory.

Evidence status: Open

Direct reconstruction of a unique canonical object and its full operating sequence is text-dependent
and unresolved.

Evidence status: Unsupported

An intentional capacitor or electrical device is unsupported without isolated conductors, a charging
source, a controlled load, diagnostic residues, maintenance, and repeated comparanda.




CHAPTER 19

Semantic archives and the Rosetta mech-
anism

Myths, sacred texts, art, law, and literature are neither transparent engineering manuals nor meaningless
fantasy. They are layered transmission systems. An event, practice, or image may pass through oral
performance, political reform, translation, copying, commentary, iconographic reuse, and modern
categories. Each layer is an archive operator.

For textual material, distinguish:

« proposed event date;

« formation of oral or performative tradition;
« earliest textual layer;

* surviving manuscript witness;

- translation and editorial choices;

« later theological, antiquarian, scientific, and popular interpretations.

A technological analogy is not strengthened merely because the text is old. A cultural borrowing
requires a plausible transmission path and chronology.

19.1 The history of backward projection

The Renaissance recovery of Platonism and Hermetic materials helped form the idea of an ancient theol-
ogy, or prisca theologia, associated with Ficino and later elaborated by comparative antiquarians [26, 70].
The Hypnerotomachia Poliphili assembled architecture, dream, antiquity, image, and encoded desire into
a visually generative reconstruction [8]. Villalpando’s architectural biblical reconstructions, Kircher’s
hieroglyphic systems, Newton’s ancient-theology studies, and later decipherment after Champollion
show a repeated pattern: each period projects its strongest intellectual machinery backward.

Kircher treated Egyptian signs through a vast theological and analogical system rather than a phonetic
decipherment [26, 30]. Newton’s manuscripts show that technical brilliance in one domain does not
immunize a historical reconstruction in another; the relevant archive and decoding rules still decide
[58]. Champollion’s success depended on a constrained comparative key: multilingual inscriptions and
repeatable sign values. The lesson is not to suppress analogy. It is to require a Rosetta mechanism.
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Ground reading

Keep comparative imagination, but require a decoding rule that predicts new evidence before it is
examined.

19.2 The Rosetta mechanism

A proposed decoding has scientific value when it specifies:

1. the transmission path and date;

2. the mapping rule from source form to claimed content;

3. the admissible degrees of freedom;

4. a comparison corpus and null model;

5. a prediction for unseen text, artifact, residue, or spatial relation;

6. the observation that would demote the rule.

Beauty, complexity, recurrence, numerical pattern, or symbolic resonance alone is insufficient. A
cross-medium agency signature requires arbitrariness, redundancy across independent media, temporal
precedence, spatial coordination not explained by ordinary transmission, error tolerance, and a published
decoding rule.

19.3 Religion as an operational archive

Religious systems can preserve procedures, classifications, calendars, materials, and social controls
while transforming their causal explanations. Symbolic meaning does not exclude physical operation;
physical operation does not exhaust meaning. ASTRA therefore types each claim. Smoke movement
is physical. Restricted access is control. A vision report is first-person testimony. A copied text is an
archive. A doctrinal ruling is an institutional certificate with a declared or undeclared scope.

The phrase “ancient science” must not be used as a solvent for modern categories. It can mean dis-
ciplined, cumulative knowledge of materials, seasons, bodies, navigation, agriculture, architecture,
and ritual effects. It does not imply modern experimental institutions, mathematical formalism,
electrical infrastructure, or a hidden universal technology unless those specific chains are evidenced.
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PART V

CALIBRATION CASES

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER 20

Twelve prior calibration cases

The following studies did not use ASTRA and do not validate it. They calibrate distinctions that the
framework must preserve. Each case contributes one methodological lesson; none is evidence for a
shared hidden machine.

Case Primary layer =~ Main FOG risk ASTRA lesson

Tunable thermal Gp/Gc Boundary state Environment changes accessible

reservoirs pathways, not only noise

Spent-fuel G4/Go Resolution and scope Macroscopically off systems can

antineutrinos retain measurable history

Smiley Draw Gy Archive geometry Observed lineage pattern is not

primates complete lineage history

Plasmon canalization Gf Intentionality Hidden material geometry can
route energy without proving
use

Steric catalysis Gr Reference geometry Access and orientation can
select reactions

Marine carbon Gr System boundary High-area interfaces can

removal compress geochemical
timescales

Cambrian fecal Gr Cross-scale budget Body architecture can become

transport sedimentary flux

Avalanche fracture Go Reference fog Global label can obscure the
local speed limit

Solar vortices Go Resolution fog Reconstruction can reveal
dynamics below the prior
boundary

Venus polygons Ga/Go Generator fog Morphology is not a unique
history

Permian fish Ga Chronology fog Proximity to an event is not a
causal chain

Atmospheric water Gr/Gy Boundary fog Active-material yield is not

complete-device performance

20.1 Tunable thermal reservoirs

A trapped-ion spin—-boson simulator demonstrated reservoirs with tunable temperature and dissipative
coupling [54]. The relevant lesson is not “heat adds noise.” Reservoir state and coupling change spectral
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Five modern calibration cases reveal five different fogs

They do not validate one hidden mechanism

AVALANCHE SOLAR VORTICES VENUS POLYGONS

REFERENCE FOG RESOLUTION FOG GENERATOR FOG

global speed label mixing appears only after one morphology can arise from
versus the local interface speed limit the observation seam is resolved volcanic, tectonic, sedimentary, or hybrid histories

ATMOSPHERIC WATER

BOUNDARY FOG

temporal proximity is not yet sorbent yield is not
a causal chain complete-system performance

The correction is not to choose the opposite headline. It is to expose the missing coordinate.

Figure 20.1: [MODEL] Five FOG calibration cases. The correct response to each headline is not to
choose its opposite but to expose the missing coordinate. Limitation: explanatory model; not an
observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.
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access, energy-transfer pathways, and interference contributions. A better decomposition is
system dynamics = internal structure + reservoir state + coupling law. (20.1)

For origin chemistry, temperature, salinity, pH, wet-dry cycling, radiation, pressure, adsorption, and
fluid renewal are not generic background. They change the reachable reaction network. For ancient
installations, original humidity, smoke, occupancy, textiles, light, and sound source may have been part
of the mechanism.

Evidence status: Established. Claim type: empirical laboratory result. Scope note: the analogy
to ancient operating environments is methodological. Falsifier of the broad ASTRA lesson: equal-
environment models predict held-out behavior as well as stateful reservoir models.

20.2 Spent-fuel antineutrino afterglow

Double Chooz measured residual antineutrino emission from shutdown reactor cores and spent-fuel
pools during reactor-off periods, demonstrating that long-lived fission products retain information about
irradiation and cooling history [1]. The general archive principle is

macroscopically off = historically silent. (20.2)

Earth science uses analogous afterglows: radiogenic daughters, remanent magnetization, trapped gases,
isotope fractionation, metamorphic overprints, diffusion profiles, corrosion, and sediment contamina-
tion.

The case also sharpens ancient nuclear claims. A narrative of dangerous radiance is not enough. Specify
isotope depletion, activation products, daughter ratios, heat alteration, and spatial distribution. Oklo
was recognized through a specific nuclear ledger, not symbolic resemblance.

20.3 Smiley Draw and archive geometry

The early Eocene Smiley Draw fauna in southern Wyoming complicates patterns inferred from better-
known basins [49]. A geographically concentrated fossil record can make coexistence appear as
succession or hide branching diversity. The same logic applies to human history: dry monument-rich
regions can appear central because stone and aridity preserve them, while coastal wood-, fiber-, and
boat-rich systems vanish.

Lesson: observed topology is conditional on basin formation, preservation, exposure, and sampling.
Next high-information observation: targeted surveys in under-sampled but geologically favorable
basins rather than repeated collection in already dense regions.

20.4 Intrinsic plasmon canalization

The biaxial van der Waals crystal MoOCIl, can support intrinsically canalized plasmon-polaritons, with
propagation controlled by anisotropic dielectric structure and thickness [2]. A natural material can
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contain operational geometry invisible at ordinary scale.

This justifies optical, electrical, magnetic, acoustic, and crystallographic testing of ancient materials. It
does not identify ancient intent. The modern result required characterized crystals, controlled excitation,
polarization, coupling, and near-field measurement. Historical agency requires a complete operating
chain.

20.5 Sterically controlled catalysis

Bulky proton donors can suppress one electrochemical pathway while preserving access to a desired
adsorbed intermediate [44]. At an interface,

reaction outcome = F(surface, orientation, access, charge, solvent). (20.3)

Geometry is part of chemistry, not merely its container. This strengthens the plausibility of pores,
fractures, clays, and crystal faces as prebiotic selectors. It also supports a modest ancient-material
inference: exact arrangements may have controlled heat, adsorption, light, corrosion, scent, or flow
even where later texts describe them through sacred categories.

20.6 Marine carbon removal

A compact hollow-fiber electrode architecture reorganizes fluid—electrode contact, pH gradients, trans-
port distance, and mineral formation to accelerate marine carbonate chemistry [45]. The lesson is
structural: total bulk volume may matter less than accessible area, diffusion length, residence time,
permeability, and fouling.

The result is not proof that large-scale carbon removal is environmentally or economically solved.
Complete evaluation requires energy source, mineral handling, ecosystem effects, lifecycle accounting,
and denominator closure. A compact successful reactor remains a subsystem within a larger carbon and
material system.

20.7 The Cambrian fecal revolution

The proposal that through-guts and compact fecal pellets reorganized carbon and nutrient transport is a
cross-scale hypothesis, not a demonstration that feces alone caused the Cambrian radiation [29]. Its
strong causal ladder is

anatomical boundary — particle geometry — settling (20.4)
— seafloor delivery — oxygen and nutrient regime. '

The calibration value is that a local biological interface can become a planetary forcing term. The
global contribution still requires an occurrence and energy/material budget.
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20.8 Avalanche reference fog

Snow-slab fracture has already shown transitions from sub-Rayleigh anticrack to supershear prop-
agation under particular modes and reference speeds [60]. The 2026 analysis reframed apparently
“globally supersonic” propagation as locally subsonic relative to the relevant weak-layer interface [48].
The conceptual correction is precise: speed classification depends on the medium, mode, and local
constitutive state.

Ancient-material analogue: compare a chamber or stone not only with modern dry bulk properties
but with historically plausible moisture, stress, coatings, joints, temperature, and boundary conditions.
Reference repair can dissolve an anomaly without making the observation false.

20.9 Solar resolution fog

High-resolution solar observations and reconstruction have exposed small vortex-like shear structures
interpreted as Kelvin—Helmholtz instabilities near granule boundaries [31]. At approximately tens-of-
kilometres scales, the reconstruction pipeline is part of the effective instrument. A strong interpretation
should predict velocity discontinuity, growth, rotation, phase evolution, magnetic perturbation, mixing,
and downstream energy transport, not merely a curled shape.

The unresolved question is global budget. Ubiquity does not establish dominance. The contribution to
magnetic transport or atmospheric heating requires occurrence rates and event energies integrated over
scale.

20.10 Venus generator fog

Polygonal lowland terrains on Venus can be compared with volcanic contraction, tectonic stress, mantle
or lithospheric processes, sediment compaction and desiccation, or hybrid overprinted histories [18]. A
separate atmospheric-interior analysis argues for a dry mantle and therefore constrains long-lived surface-
water histories [9]. These channels interrogate different archives and rest on different assumptions;
neither automatically cancels the other.

The highest-information observations are joint: radar polarimetry, emissivity, subsurface layering,
composition, topography, stratigraphic relations, and atmosphere-interior evolution. Morphology alone
cannot uniquely invert history.

20.11 Permian fish and chronology fog

The new armored actinopterygian Leolepis matogrossensis from the Corumbatai Formation provides a
rare, relatively complete record near the Araguainha impact structure and close in geological time to the
end-Permian crisis [15]. The taxon and regional ecosystem are direct evidence. A specific contribution
of the impact to the individual’s death, local turnover, or global extinction is a separate causal question.

The required seam is high-resolution chronology joined to basin-wide taphonomy, impact deposits,
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deformation, and ecological transition. Temporal proximity compressed into one headline is chronology
fog.

20.12 Atmospheric water and denominator audit

Wind-driven eddy-current heating coupled to hygroscopic polymer sponges reportedly produced up
to 9.9 litres per day per kilogram of sponge under variable ambient conditions [35]. That is an
active-material metric. Practical freshwater production requires a complete device boundary.

Minimum denominators include

1% Etotal
YA _ i water ) SEC = Vtota , (20.5)
swept t water
V t Cca ital T C0 eration T Cre lacement
Ydevice = e ’ Clife = 2 2 P . (20.6)
complete device t Vlifetime
The mass balance must close:
Mair water removed = Mcollected T Mretained + Miost + €- (20-7)

Long-duration field operation should report wind distribution, humidity, swept area, mechanical input,
heat, desorption, condensation, liquid recovery, chemistry, degradation, maintenance, full mass, and
cost.

Ground reading

Every impressive metric has a denominator, and every denominator draws a system boundary.
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CHAPTER 21

Seven new calibration cases

The following studies were published or formally reported by 6 August 2026. They do not validate
one hidden mechanism and they do not directly answer the historical origin of humanity. They are
calibration cases for the dual-rent architecture because each isolates a boundary, propagation path, or
measurement operator that changes either the physical future, the legibility of a cause, or both.

Seven 2026 calibration cases: seams change dynamics and legibility

IL-10 halo

local tolerance
changes graft future

Chloroplast Mb

inherited machinery
remains executable

Magnetar

propagation makes
QED legible

AgY zeolite

pores amplify tiny
isotope differences

Phase mixing

moving sampler
mimics diffusion

Sizing error

metrology attenuates phase boundary may
causal slope enable transient flow

Shared inverse-problem grammar does not imply one shared physical mechanism.

Figure 21.1: [MODEL] Seven recent studies occupy different positions in the dual-rent framework.
Their mechanisms remain domain-specific. Limitation: explanatory model; not an observation and
does not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko
T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.

211 Alocalized IL-10 halo: biological identity is hegotiated at the inter-
face

Kim and colleagues engineered encapsulated cells that secrete interleukin-10 near implanted material.
In diabetic mouse experiments, co-implanting the cytokine-producing cells with human pancreatic islets
reduced fibrotic encapsulation and maintained blood-glucose control for more than 100 days, reported
as nearly five times longer than unprotected implants. A separate nonhuman-primate arm evaluated
local tolerance and persistence of the IL-10-producing implant; it did not demonstrate diabetes reversal
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in primates. The work is preclinical.[28]

The important state is not only the internal viability of the islet. It is the host-implant seam:
br = ([IL10], macrophage state, T-cell state, fibrosis, permeability, mass transport). (21.1)

Changing that seam changes the fate of an otherwise similar implant. Foreignness is therefore not
only an intrinsic label carried by a cell. It is an operational relation between a cell, a host, and a local
signaling field.

The origin implication is bounded. The study does not show that early life used IL-10 or that endosym-
biosis proceeded by this pathway. It supports a more general research principle: integration events
cannot be reconstructed from genomes alone. Local tolerance, exchange, compartmentalization, and
conflict regulation can determine whether a potentially cooperative system persists.

Evidence status: Established

Localized IL-10 production improved implant outcomes in the reported rodent model and was
evaluated for local tolerance in a nonhuman primate. Supporting channel: controlled preclinical
experiments. Key assumptions: model relevance and declared implant configuration. Best
ordinary alternative: a different local immunomodulator or encapsulation geometry could produce
similar protection. Next observation: long-duration diabetic large-animal studies with immune
challenge, retrieval, reversibility, and infection and tumor surveillance. Demotion condition:
failure to reproduce protection or unacceptable systemic and local risks.

21.2 A magnetar as a propagation instrument

Coordinated IXPE, NICER, and Parkes/Murriyang observations of the radio magnetar 1E 1547.0-5408
measured large soft-X-ray polarization degrees, including a phase-averaged value near 65% around 2
keV and values approaching 80% at some rotational phases. The radio and X-ray polarization angles
were jointly compatible with a large-scale magnetic geometry. Standard surface-emission models using
non-refractive propagation were challenged; magnetospheric propagation governed by strong-field
quantum-electrodynamic vacuum birefringence naturally reproduced the principal signal structure.[56]

The received datum is not the emitted datum:

D received — % B, geometry, E (D emitted) o (21.2)

The propagation seam acquires positive epistemic rent because polarization-dependent refractive
behavior makes an otherwise inaccessible field-conditioned vacuum response legible. The multimodal
design matters: radio polarization constrains geometry that X-ray polarization alone would leave more
entangled.

The study is not evidence for a terrestrial origin mechanism. Its relevance is methodological and
cosmological. A remote signal can preserve information about an invisible medium only when emission
geometry, propagation, instrument response, and competing surface models are inferred together.
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Evidence status: Strong inference

The coordinated polarization data strongly favor vacuum-birefringence-governed propagation
within the tested model family, but the result is not a universal proof independent of emission
geometry and surface assumptions. Supporting channels: phase- and energy-resolved X-ray
polarization, radio polarization, and forward radiative-transfer modeling. Next observation:
comparable multiwavelength constraints for additional magnetars and broader hotspot geometries.
Demotion condition: a non-birefringent model that fits the joint data with equal or better calibrated
predictive performance.

21.3 Collisionless phase mixing: a truthful sensor can imply the wrong
generator

Osmane and colleagues derived a mechanism by which coherent collisionless radiation-belt structures
can produce spacecraft records that look diffusive. An orbiting spacecraft crosses neighboring drift
shells while particles on those shells have slightly different drift frequencies. Spatial organization is
converted into a rapidly decorrelating temporal sequence. The inferred lifetime can be only a few drift
periods even though stochastic wave-particle diffusion did not generate the apparent decorrelation.[42]

The inferential chain is

. moving sampler . .
coherent spatial structure —— decorrelated time series 21.3)

diffusion model | .
—— > inferred stochastic transport.

The instrument can record each passing particle population correctly while the combined sampling path
and model class identify the wrong process. This is observation equifinality produced by trajectory.

The archaeological and paleobiological analogy must remain formal rather than literal. A core, transect,
excavation window, or dated sample series can mix spatial clines, reworking, bioturbation, and temporal
succession. The lesson is to include the sampling path in the forward model and to seek simultaneous
or co-registered observations when spatial coherence is a competing generator.

Evidence status: Established

The paper establishes the aliasing mechanism analytically within its declared collisionless radiation-
belt model. It does not establish how often prior mission interpretations were materially wrong.
Next observation: coordinated multipoint measurements and synthetic retrieval tests comparing
coherent and stochastic generators. Demotion condition: the effect becomes negligible under
realistic mission geometry and uncertainty.

21.4 Possible nitrogen flow on Pluto

Dark, sharp boundaries and diffuse aprons around convection cells in northern Sputnik Planitia have
been interpreted as possible evidence of episodic liquid molecular nitrogen emerging from beneath
the nitrogen-ice glacier. For this history to be viable, basal nitrogen ice must melt, the liquid must
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rise through colder overlying ice before freezing, reach the surface, and remain mobile long enough
to occupy local lows. The authors present a morphology-plus-thermal-model hypothesis, not direct
observation of flowing liquid.[55]

The relevant state is
phase and transport regime = F(composition, P, T, o, heat flux, Tansport)- (21.4)

“Frozen world” and “liquid world” are not absolute categories. A world globally hostile to liquid water
can still contain material-specific melting, fracture transport, convection, and transient flow.

The astrobiological implication is limited. Liquid nitrogen is not a substitute for liquid water and
the study does not establish favorable prebiotic chemistry or life on Pluto. It does strengthen the
requirement that morphology be interpreted through the phase diagram and rheology of the actual
material rather than by a terrestrial visual analogy alone.

Evidence status: Plausible

The proposed nitrogen-flow history is physically and morphologically coherent under the modeled
conditions but remains one generator among alternatives. Supporting channels: New Horizons
morphology, comparative glaciology, and thermal transport calculations. Next observation:
higher-resolution repeat imaging, compositional spectroscopy, and laboratory measurements of
nitrogen-ice fracture and liquid transport. Demotion condition: thermal or rheological constraints
rule out ascent and surface mobility on the required timescale.

21.5 Nanoparticle sizing error and attenuation

Pintar and colleagues identified a recurrent errors-in-variables problem in nanoscience. Researchers
often correlate a measured property with measured particle size while treating the size measurement as
exact. Error in the explanatory variable suppresses the apparent slope and correlation. The proposed
correction uses estimated measurement precision and accuracy, preferably calibrated against reference
materials.[13, 46]

In the classical linear case,

Var(X)

Kobs = X +0, Pnaive ~ Var(X) + Var(s)’

(21.5)

The attenuation factor is below one. A real structure-property relation can therefore appear weak or
absent because the predictor is noisy.

This is immediately relevant to origin research. Fossil dimensions, lithic metrics, wear intensity,
pigment-particle size, isotope proxies, paleotemperatures, site distances, and uncertain dates are often
used as predictors. The framework does not presume that published conclusions are wrong. It requires
a sensitivity analysis before a weak measured relationship is used to constrain a history.
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Evidence status: Established

Predictor measurement error causes attenuation under the declared statistical assumptions, and
the new work supplies practical corrections for nanoscale studies. Best ordinary alternative: the
underlying relationship may genuinely be weak or nonlinear. Next observation: reanalysis of load-
bearing origin datasets with calibration, interobserver error, dating uncertainty, and hierarchical
latent variables. Demotion condition: corrected models fail to improve calibration or predictive
performance.

21.6 Ag-exchanged zeolite: a material amplifies a microscopic isotope
distinction

Becker and colleagues used Ag(I)-exchanged zeolite Y to separate an initially equimolar mixture of
molecular hydrogen isotopologues. Thermal desorption spectroscopy yielded an enrichment ratio of
approximately 1 : 41 : 175 for H, : D, : T,, and a reported tritium-over-protium selectivity of 244 near
liquid-nitrogen temperature. Exposed silver sites and the pore environment convert mass-dependent
zero-point-energy differences into strong adsorption selectivity.[6]

This is positive seam gain:

. . . .. . poregeometry + Ag" . e
small isotopic mass distinction large desorption distinction. (21.6)

The material is not a passive container. Its geometry and electronic sites act as a calibrated discriminator.

The specific engineered zeolite and cryogenic protocol are not evidence for an early-Earth pathway.
The general operation motivates a controlled mineral-fractionation atlas. Natural pores, crystal faces,
defects, magnetic surfaces, and confined fluids may concentrate isotopologues, conformers, or reaction
intermediates more strongly than bulk calculations imply. Conversely, an isotope anomaly may encode
boundary-selective fractionation rather than a unique source.

Evidence status: Established

Ternary isotopologue separation is established for the reported apparatus and material. Industrial
fusion-fuel-cycle performance remains open. Next observation: cycle life, throughput, radio-
logical durability, mixed-stream behavior, and energy accounting at scale. Origin-science test:
preregistered fractionation experiments on natural minerals under plausible early-Earth conditions.
Demotion condition: the selectivity fails under realistic mixtures or cannot be regenerated with
acceptable performance.

21.7 Myoglobin in chloroplasts

Groff and colleagues stably expressed animal myoglobin in tobacco and lettuce chloroplasts and
bovine myoglobin in Chlamydomonas. Estimated accumulation reached 2.7% of total soluble protein
in tobacco, 1.5% in lettuce, and less than 0.25% in the alga. The tobacco-produced protein was
predominantly correctly folded, but only about 35% was heme-bound compared with about 80% for the
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comparison protein expressed in E. coli. Heme availability and insertion therefore remained a functional
bottleneck.[20]

The complete capability chain is

inserted sequence — transcription — translation — folding @21.7)
— cofactor loading — ligand/redox function — product performance. '

Expression is a major step but not the entire system. Sequence, host machinery, compartment, cofactors,
metabolism, degradation, and physiology jointly determine function.

Chloroplasts retain bacterial-derived expression machinery and a deep endosymbiotic history. Their
successful reprogramming is not evidence that plants or animals were artificially assembled. It shows
that ancient evolutionary integration left operational machinery that can still be redirected.

Evidence status: Established

Stable chloroplast expression and the reported accumulation and folding measurements are estab-
lished for the tested systems. Functional and commercial equivalence to animal-derived myoglobin
remains open. Next observation: improved heme loading, ligand binding, redox behavior, sen-
sory performance, physiological effects in lettuce, and production-scale accounting. Demotion
condition: low cofactor occupancy or host fitness costs remain irreducible.

21.8 What the seven cases jointly add

The shared advance is not the claim that immunity, magnetars, radiation belts, Pluto, nanoparticles,
zeolites, and chloroplasts are one mechanism. The shared advance is a stricter location of causality and
information:

 a seam can alter the physical future;

* a propagation path can add a diagnostic signature;

+ a sampling path can manufacture apparent randomness;
+ a phase diagram can overturn a bulk category;

+ metrology can suppress an inferred relationship;

+ a material can amplify a microscopic distinction;

+ inherited biological machinery can remain operational across deep time.

Ground reading

What appears to be an intrinsic category may be generated, suppressed, or made legible at a seam.
The category is not therefore meaningless. Its operational meaning has a location, a mechanism,
and a certificate scope.
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None of these cases materially raises the evidence status of directed seeding, separate engineering
of modern humans, or a recent global industrial predecessor. They improve the observation model
and the design of future tests. They do not supply the missing historical residues.

21.9 What the nineteen cases jointly establish

They establish no concealed cross-domain mechanism. They demonstrate a repeatable discipline:

1. boundary state can alter pathways;

2. history can remain observable after dominant operation stops;
3. archive geometry can distort topology;

4. material structure can route energy at hidden scales;

5. access and orientation can select reactions;

6. compact interfaces can reorganize large-scale chemistry;

7. bodies can become geological transport architectures;

8. reference state, resolution, generator set, chronology, and system boundary can each change
interpretation.

Shared inverse-problem structure is useful only if constitutive differences remain explicit.
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ARITHMETIC SEAMS AND GLOBAL CER-
TIFICATES

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER 22

The Jacobian lesson: local honsingularity
is hot global invertibility

For nearly nine decades, the Jacobian conjecture asked whether a polynomial map
F:C"—(C" (22.1)

with constant nonzero Jacobian determinant must possess a polynomial inverse. In July 2026 an explicit
counterexample in three variables refuted the conjecture for » = 3 and, by adjoining identity coordinates,
for every n > 3. The plane case n = 2 remains open. Subsequent work supplied self-contained geometric
constructions and higher-dimensional families.[16, 53, 63]

This is not a side story about a famous conjecture. It is an exact mathematical calibration of the principal
ASTRA warning:

a complete local certificate need not be a complete global certificate. (22.2)

221 An exact three-variable certificate

Set A =1+ xy and define

P(x,y,z) = A3z + y?A(4 + 3xy), (22.3)
Qx,yz)=y+ 3xA%z + 3xy2(4 + 3xy), (22.4)
R(x,y,z) = 2x - 3x2y — i (22.5)

with F = (P, Q, R). Exact symbolic differentiation gives
det DF(x,y,z) = —2. (22.6)

Every differential is therefore invertible over C. Yet

1 3 13
Flo,0,—-|=F(1,-5, = 22.
(O/OI 4) (/ 2/ 2) ( 7)
3 13 1
=f[-1,5, =] ={->,0,0]. 22.8

The map is locally nonsingular and globally noninjective. Both identities are exact; they can be checked
by hand, a computer algebra system, or the released ASTRA arithmetic module.
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Constant local Jacobian, global three-point collision

s ) s )
SOURCE ¢3 TARGET C3
detiDF= — 2
—/—beﬂ-%n e everywhere
‘ 0 ‘a\
®— D
/ (_%’0,0)
‘ ut F [is nonproper
Sseo escape directions
e - _J \_ .

The missing coordinate is global closure: bounded outputs can have inputs escaping to infinity.

Figure 22.1: [MODEL] The 2026 three-variable Keller map has constant determinant -2 at every point
while three distinct rational inputs share one image. The missing certificate is global: complete fibers
and behavior at infinity. Limitation: explanatory model; not an observation and does not establish a
unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original
vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.
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Evidence status: Established

The determinant identity and displayed collision are exact algebraic certificates. They refute
the Jacobian conjecture in dimension three and all higher dimensions by padding with identity
coordinates. The plane case is not resolved by this example. Supporting channels: symbolic
differentiation, exact rational evaluation, independent public mathematical analyses, and the
released executable certificate. Demotion condition: an error in either exact identity; none was
found in independent exact checks.

22.2 The omitted boundary is infinity

The inverse-function theorem certifies that each point has a neighborhood on which F is invertible. It
does not certify that distant neighborhoods cannot map to the same target or that inverse branches
cannot escape to infinity.

The relevant global condition is properness. A continuous map is proper when the preimage of every
compact set is compact. For polynomial maps over C, properness rules out sequences x; — co whose
images F(x;) remain bounded. A proper Keller map is a polynomial automorphism; the counterexample
fails precisely because it is nonproper.[16, 63]

The corrected certificate stack is therefore

detDF # 0 — local inverse, (22.9)
not
detDF #0 = global polynomial inverse. (22.10)
A sufficient global form is
detDF=c+#0 + Fproper = F isa polynomial automorphism. (22.11)

In ASTRA-FOG language, det DF is a high-quality local observation. The unbounded domain is the
system boundary. The conjecture failed because the certificate omitted a route by which a branch could
leave every bounded observation window while its image remained finite.

Ground reading

Infinity is not decorative projective bookkeeping. It is the boundary at which locally valid inverse
branches can merge, disappear, or return. The correct mathematical analogue of a closed physical
system is a compactification or properness condition that makes escape routes explicit.

22.3 Local-to-global translation across disciplines

The mathematical example supplies a reusable distinction:
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Domain

Local certificate

Additional global certificate required

Polynomial map
Ancient instrument
Biological payload
Archaeological
morphology

Planetary retrieval

Prime-number
pattern

nonzero Jacobian determinant

resonant, conductive, optical,
or thermal response
expression or short-term
survival

shape compatible with a
mechanism

one boundary spectrum or
equilibrium

congruence or bounded search

complete fibers, properness, behavior at
infinity

source, coupling, control, load, residue,
maintenance, comparanda

cofactor loading, reproduction,
containment, ecological closure,
multigenerational persistence
chronology, material state, residue
graph, alternatives, regional context
forcing spectrum, hidden modes, model
discrepancy, held-out prediction
valuation control, exceptional residues,
lifting, proof over all integers

The analogy is structural, not evidential. A theorem about polynomial maps does not prove a geological
or historical claim. It demonstrates exactly how a true statement can be promoted beyond its logical
scope when the global boundary is left implicit.
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Prime reductions as arithmetic observa-
tion channels

A polynomial map with integer coefficients can be viewed over several base fields:
Fo, Fe,  Fg,Fg, Fr, (23.1)

Each rational prime supplies a finite arithmetic fiber. In the geometric language of Spec Z, primes are
not merely divisors of integers; they are locations at which one integral object is observed under a
different characteristic.

This supports a precise, limited metaphor:

Prime numbers act as arithmetic observation channels. Each channel can preserve, collapse,
split, or postpone visibility of the same global algebraic structure.

23.1 Good primes and a collision that survives them all

For the Keller map in Chapter 22, the constant determinant is —2. The prime 2 is therefore bad: the
determinant vanishes modulo 2, and the rational collision points have denominators divisible by 2.
Every odd prime ¢ is a good prime for this certificate.

Reducing the three rational points modulo an odd prime gives

ug = (0,0,—471), (23.2)
u, =(1,-3-271,13.271, (23.3)
u_=(-1,3-21,13.27D, (23.4)

where inverses are taken in IF,. The points remain distinct and satisfy
F[(Mo) = F,g(u+) = Ff(l/l_), det DF[ =-2+0. (23.5)

Thus every good prime records both local nonsingularity and global noninjectivity.

The repeated modular observations are not statistically independent. They descend from one exact
rational identity. Their value is arithmetic robustness and structural diagnosis, not a multiplied evidential
weight.
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Prime reductions as arithmetic observation channels

integer map F:73-273

bad good good good good good good good good good good

VYV YV VY Y Y YV

e oo o o oo oo oo o o o

For every odd prime, the determinant remains nonzero and the exact rational collision reduces to a finite-field collision.

Prime channels are not statistically independent here: one algebraic identity generates all of them.

Figure 23.1: [MODEL] Prime reductions provide a family of arithmetic observations. The bad prime 2
destroys the local determinant certificate; every tested odd prime preserves the three-point collision
while retaining nonzero determinant. Limitation: explanatory model; not an observation and does
not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T.
Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.
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23.2 The collision variety

The determinant sees tangent behavior. Global injectivity is naturally tested by the off-diagonal collision
scheme

Zr = {(y) : F@x) =F), x £y} (23.6)

For a polynomial automorphism this set is empty. For a noninjective Keller map it records where
separate sheets of the map meet in the target.

For a good prime ¢ and extension degree r, define the finite count
Ceo(F) = #{(x,y) € Flr x Fy - x # y, F(x) = F(y)}. (23.7)

ASTRA v0.3 proposes the bookkeeping object

Ti‘
ZENT) = eXp(Z cg,(F)T) . (23.8)

r>1

This is a proposed collision-count generating function, not asserted here as a standard canonical zeta
invariant. Its purpose is operational: record which extensions expose hidden branches, how collision
counts scale, and whether an apparent finite-field defect is isolated or lies on a positive-dimensional
component.

Under the usual good-reduction and geometric-irreducibility hypotheses, point counts across extensions
can reveal component dimension and field of definition through the Lang-Weil framework.[33] Those
hypotheses must be checked; the estimate is not a universal inference from a few modular counts.

23.3 Frobenius as a branch reader

In the announced example, solving for a generic preimage can be reduced to a cubic equation. Over a
finite field, an unramified cubic can factor in three characteristic ways:

Factorization Frobenius cycle type visible roots in IF,

1+1+1 identity three
1+2 transposition one
3 three-cycle none

The missing roots have not ceased to exist; they become visible over extension fields. For a fixed
irreducible cubic with full S; Galois group, Chebotarev theory relates prime splitting frequencies to
conjugacy classes.[52] This comparison requires a fixed polynomial or finite étale cover and exclusion
of ramified primes. It is not valid to mix unrelated target fibers and then read the histogram as one
Galois group.

The ASTRA analogy to multifrequency inverse problems is exact at the level of protocol design:
one prime : one arithmetic view : one forcing frequency : one dynamic view. (23.9)
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A single channel can leave degeneracy. A structured spectrum across primes and extensions can recover
branch topology that no one reduction contains.

Evidence status: Established

For the released map, the exact three-point collision reduces to three distinct colliding points
modulo every odd prime, and the determinant remains nonzero. Exhaustive fiber profiles are
included for the declared small primes. Scope: these computations diagnose this map; they do not
prove a general finite-field criterion for the open plane case. Demotion condition: failure of exact
modular reduction or reproducibility of the counts.
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CHAPTER 24

Artin-Schreier differences and the prime-
power seam

Consider the integer expression
Ey(a) =al —(a-1)F -1, (24.1)

where p is prime and a > 2. Define the Artin—-Schreier polynomial
Ay(t) =P —t. (24.2)

Then the identity

E @) = Ay@) - Ay(a—1) (24.3)

is exact. The expression is the unit-step finite difference of the canonical additive map of characteristic
p.

24.1 The characteristic-p local/global prototype

Over a field of characteristic p,
At = pﬂ"l -1=-1. (24.4)

The derivative is a nonzero constant. Yet for every c € F,,
At+o)=(t+cf —(t+o) =t -t =A,). (24.5)

The map is locally nonsingular. Globally, over an algebraic closure, every fiber is a translate of the
kernel F, and therefore has p elements.[59] This is the one-variable positive-characteristic model of the
same local-to-global failure exposed by the higher-dimensional Keller map in characteristic zero.

24.2 The first p-adic residue

The binomial theorem gives

p-1 p

E,(a) = 2( )(a — 1)F, (24.6)
k=1 \k

Every intermediate binomial coefficient is divisible by p, hence

p | Eya). (24.7)
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The prime-difference seam

Ay(t)=tP—t (@) =Apa) —Ay(a—1 p | Ep(a)
Characteristic p Integer lift
An(t)=-1 Ep(a)=aP—-(a—-1)"-1
Ap(t+c) =Ay(t) finite-log residue controls v,

for p>3: a(a—1)®¢(a) | Ep(a); if p=5 (mod 6), D¢ occurs with multiplicity one

These identities create a p-adic obstruction program. They do not yet prove the full perfect-power nonexistence claim.

Figure 24.1: [MODEL] The prime-difference expression is the discrete derivative of the Artin—-Schreier
map. In characteristic p, a constant nonzero derivative coexists with translation invariance by IF,; over
the integers the first surviving information appears in the quotient E,(a)/p. Limitation: explanatory
model; not an observation and does not establish a unique mechanism or history. Creator/institution:
ASTRA Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License:
CC BY 4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.
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After dividing by p and reducing again modulo p,

E,@ _'q D

-3

(@a-1)¢ (mod p). (24.8)
p k=1

The right side is a finite-logarithm-type polynomial. It is the first arithmetic information that survives
after the Frobenius congruence erases the leading difference.

If the residue is nonzero, then
0y(Ep(@) = 1. (24.9)

A positive perfect power E,(a) = b" with n > 2 would require
v,(E,(a)) = nv,(b), (24.10)

which is divisible by n. Therefore every case with v,(E,(2)) = 1 is immediately excluded from being a
nontrivial perfect power.

This is a strong local obstruction, not a complete proof. Exceptional residue classes may satisfy E,(a)/p = 0
(mod p) and require higher p-adic analysis or a different prime divisor.

24.3 The sixth-cyclotomic seam
For every prime p > 3,
a@—-1)@* -a+1) | Ey(a). (24.11)
The factors a and a — 1 are immediate from evaluation at 2 = 0 and a = 1. The quadratic factor
Dg(a) = a2-a+1 (24.12)
is the sixth cyclotomic polynomial. Its exact multiplicity is controlled by the residue class of p modulo

6:

1, =5 d 6),
ordg, E, = / (mod 6) (24.13)
2, p=1 (mod 6).

For p =5 (mod 6),
E,(a) =pa(a— 1)(a* —a + DR, (a), Ry(a) € Z]a], (24.14)

with the cyclotomic factor occurring exactly once.

The same congruence class gives p = 2 (mod 3), so
ged(3,p-1)=1. (24.15)

The cube map x — x> is therefore a bijection on [FY, and IF, contains no nontrivial cube roots of unity.
Frobenius exchanges the two primitive sixth roots rather than fixing them individually. This makes
p =5 (mod 6) a natural arithmetic seam for cubic and sixth-cyclotomic structure; it does not, by itself,
prove the global perfect-power claim.

80



EARTH IS THE INSTRUMENT

24.4 What the released computation establishes

The exact module verifies the determinant and collision certificate, modular reductions, the Artin—
Schreier identity, divisibility by p, the finite-log residue, and the ®4 multiplicity formula for declared
primes. A bounded exact search tested

p €1{5,11,17,23,29,41,47}, 2 < a <5000, (24.16)

and found no nontrivial perfect-power values of E,(a).

Evidence status: Established

No perfect powers occur within the exact released search bounds. The factorization and valuation
identities are exact. Scope: finite primes and finite a range for the search; symbolic identities
in their stated domains. Failure condition: one exact hit within the declared range or a failed
identity.

Evidence status: Open

The unrestricted statement that E,(a) is never a nontrivial perfect power for all primes p =5 (mod 6)
and all integers a > 2 is not proved by the bounded search or the first-order p-adic obstruction.
Strongest next step: classify zeros of the finite-log residue, control higher valuations, and combine
the forced factors with primitive-divisor or Diophantine arguments. Demotion condition: one
exact counterexample.
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CHAPTER 25

The ASTRA arithmetic-seam program

The purpose of arithmetic seams is not to decorate the origin framework with prime numbers. It is to
add exact adversarial laboratories in which local observation, hidden fibers, omitted boundaries, and
certificate scope can be studied without empirical noise.

ASTRA arithmetic-seam research loop

DEFINE LOCAL GLOBAL
map, claim, Jacobian, fibers, infinity, reductions,
base ring valuation properness Frobenius

FAILURE LOG SEARCH FORMAL
bounds, nulls, counterexample, exact arithmetic,
added assumptions exceptional residue tests, proof object

Promote only what survives a stronger certificate; preserve every failed prediction and finite bound.

Figure 25.1: [MODEL] The arithmetic-seam program moves from local differential certificates through
fibers, infinity, prime reductions, exact computation, and formal proof, while retaining every failed
conjecture and exceptional residue. Limitation: explanatory model; not an observation and does
not establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T.
Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.

25.1 Program A: the open plane Jacobian problem

For a candidate plane Keller map F : C> — C%:

1. normalize coefficients over a finitely generated integer ring;

2. compute the off-diagonal collision scheme and its projective closure;
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identify the divisor at infinity and every possible nonproper asymptotic path;
reduce at good primes and count fibers over [F,: for several r;

distinguish bad-reduction collisions from components that plausibly lift;

use p-adic or deformation arguments to test lifting to characteristic zero;

record local, fiber, infinity, arithmetic, and formal certificates separately;

® N o 90 > W

reject any computational pattern that does not survive exact symbolic replay.

A finite prime scan cannot prove the plane conjecture. Its value is to locate exceptional geometries and
to prevent local differential checks from dominating the search.

25.2 Program B: the prime-difference perfect-power problem

For E,(a) =a¥ - (a—-1)P -1 with p =5 (mod 6):
1. stratify a by the finite-log residue modulo p;
eliminate the generic stratum with v,(E,(a)) = 1;
analyze exceptional classes with higher-order p-adic expansions;
exploit the exact single occurrence of ®¢x(a);
search for primitive prime divisors in R,(2) whose valuations obstruct perfect powers;
separate fixed-p Diophantine arguments from claims uniform in p;

formalize exact identities and bounded searches in a proof assistant;

® N o 00 » WD

publish every exceptional residue and failed lemma in the public failure archive.

A successful proof must cover the exceptional seam, not merely the generic majority. A successful
refutation requires one exact tuple (p, a, b, n).

25.3 Program C: certificate transfer

The local-to-global stack becomes a cross-domain audit:

local response — complete fibers — boundary closure 25.1)
— independent channels — formal or empirical certificate. .

For origin science, this means that an anomalous material response is never promoted directly to
historical agency. A candidate history must survive its global residue field, archive filters, spatial
covariance, chronology, and competing generators. For mathematics, a local determinant is never
promoted directly to global invertibility. Both errors arise from stopping the certificate too early.
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Ground reading

The derivative certifies what happens across an infinitesimal seam. Prime reductions, finite

differences, collision fibers, and the boundary at infinity test whether those local seams assemble
into one global history.

Arithmetic analogy does not make physical systems number-theoretic mechanisms. Prime spectra
enter ASTRA as exact model-audit laboratories and, where algebraic data are genuinely present,
as arithmetic observation operators. Numerology, post hoc digit matching, and unconstrained
modular pattern searches carry no evidential weight.
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PART VI

CANDIDATE ORIGIN STORIES

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER 26

The comparative origin ledger

The existence of several logically expressible origin stories does not make them equally supported.
ASTRA compares them across typed channels and asks where each story would differ from its strongest
ordinary alternative. The object of the ledger is not a permanent ranking. It is a public record of what
the evidence presently favors, what remains observationally entangled, and which observation would
change the ordering.

Candidate origin stories use one six-label evidence vocabulary

Established Established Established Strong inference Established
Strong inference Strong inference Open
Strong inference

terrestrial coevolution

distributed nursery

exogenous provisioning Established Established

natural panspermia Constrained
directed early Seeding Constrained Constrained Constrained
|ate human insertion Unsupported Constrained Unsupported

missing coastal histo ry Established Established Established Established Established

Strong inference

Strong inference

regional high culture

Strong inference Strong inference

interregional monumental tradition
recent giobai industry Constrained Constrained Constrained Strong inference

deep-time industry Open Open Constrained Strong inference

contained bioiogicai payioad transport Established Established Established

Strong inference

self-sustaining off-world biosphere

ace \0\0\0‘}\J c}.e’o\og\J aeo\oQ?1 ) s

o

Figure 26.1: [MODEL] Candidate origin stories across physical, biological, geological, archaeological,
and discrimination channels. The colors summarize the current working assessment; they are not
numerical posterior probabilities. Limitation: explanatory model; not an observation and does not
establish a unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T.
Source: original vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no
crop; proportional placement; vector geometry and labels retained.
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26.1 Rules of comparison

For a candidate history H;, ASTRA records

% - (Pi/Bi/ Gi/ AiIRi/ Oi/Di/Fi)l (261)
where P; is physical admissibility, B; biological compatibility, G; geological room, A; archaeological
room, R; predicted residues, O; strongest current objection, D; next discriminating datum, and F; a
demotion or rejection condition. This tuple prevents one kind of possibility from silently substituting
for another. A physically possible transfer route is not biological evidence of transfer. Geological room
is not archaeological confirmation. A text that can be read as memory is not a dated material residue.

The ledger uses three additional rules.

1. Scope before status. “Panspermia” can mean molecular delivery, natural transfer of microbes, or
directed ecological seeding. These are separate hypotheses.

2. Nearest serious alternative. Each hypothesis is compared first with the best ordinary generator
of the same observation, not with a caricature.

3. Prediction before search. A proposed code, alignment, residue, or anomalous material must be
specified before examining the target dataset whenever possible.

Table 26.1: Compact comparative origin ledger. Every row uses one canonical evidence label.

Candidate Status Strongest current reason Most discriminating next
observation

Terrestrial Strong Nested terrestrial Earliest biosignatures joined

coevolution inference phylogeny, fossils, to experimentally credible
biochemistry, and geochemistry-to-heredity
geochemistry transitions

Distributed Plausible Different environments Coupled mineral-redox

geological nursery perform complementary settings plus laboratory
chemical operations, but no transfer chains under realistic
historical route is recovered losses

Exogenous chemical Established Asteroids and meteorites Quantitative sample-return

provisioning contain amino acids, inventories tied to terrestrial
nucleobases, sugars, bottlenecks
ammonia, and complex
organics

Natural panspermia Open Restricted transfer Uncontaminated

caused terrestrial
life

components are physically
plausible; historical transfer
is unobserved
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Candidate Status Strongest current reason Most discriminating next
observation
Directed early Unsupported No artifact, code, or Prospective cross-medium
seeding off-world installation is signature or securely dated
presently required delivery infrastructure
Late insertion of Constrained Humans are nested within A predeclared engineered
modern humans hominin, ape, mammalian, genomic feature plus
and terrestrial genomic independent dated
histories intervention evidence
Missing coastal Established Postglacial sea-level rise Securely dated offshore
human history drowned inhabited settlements, boats, traps,
landscapes and perishable  residues, and exchange
technology decays networks
Forgotten regional  Plausible Sophisticated craft and Mines, quarries, harbors,
high cultures governance need not workshops, provenance
produce a global industrial networks, and settlement
signal hierarchy in secure sequence
Interregional Plausible Long-distance exchange is = Repeated dated conventions
monumental established, but arbitrary with a credible transmission
traditions global unity is not path and production
infrastructure
Recent global Constrained A modern-throughput Coherent independently
industrial global industry predicts a replicated stratigraphic,
predecessor broad, coupled residue field mining, material, and
absent from well-resolved  ecological package
archives
Deep-time industrial Open Deep time erases objects, Temporally coherent
predecessor while coupled stratigraphic multi-proxy anomalies across
effects may survive independent basins
Contained biological Established Biological payloads and Longer-duration viable
transport beyond life-support subsystems payload operation with
Earth orbit have been transported and closed biological accounting
operated in space
Durable Open No independent, Multi-generation ecological
self-sustaining indefinitely self-sustaining  establishment with closed
off-world biosphere off-world ecology has been mass and contamination

demonstrated

ledgers

26.2 Terrestrial coevolution on a dynamic Earth

The strongest current account is not a single pond, one lucky molecule, or a straight ladder. It is a nested
history in which planetary differentiation set accessible inventories; geological interfaces generated
gradients; extraterrestrial chemistry added feedstock; mineral and environmental networks selected
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pathways; replication stabilized heredity; and life then rewrote mineral, atmospheric, and sedimentary
possibility.

Humanity is nested in that history. Comparative genomes place humans within great apes, while ancient
hominin genomes reveal branching and admixture rather than a separately inserted lineage [7, 47, 50].
Fossils and dated volcanic horizons place early Homo sapiens within an African and wider hominin
sequence rather than outside it [25, 66].

Evidence status: Strong inference

Supporting channels: comparative genomics, anatomy, fossils, geochemistry, molecular biology,
and planetary chronology. Independence: high but not complete; many channels share evolu-
tionary assumptions while using different archives and instruments. Best ordinary alternative:
distributed terrestrial coevolution with different weights on vents, shores, impacts, and mineral
surfaces. Demotion condition: repeated, securely dated observations that violate nested ancestry
and cannot be explained by contamination, introgression, selection, or known genome dynamics.

The unresolved problem is abiogenesis, not terrestrial ancestry. Failure to reconstruct every early
step does not create positive evidence for late insertion. It identifies a real seam: the transition from
geochemical networks to evolvable compartments.

26.3 A distributed geological nursery

No known environment is obviously optimal for every step from simple feedstock to heredity. Wet—dry
shorelines concentrate and polymerize; hydrothermal systems provide redox and pH gradients; mineral
pores protect and channel; atmospheric and impact chemistry synthesize feedstock; aquifers transport
and store; ice and salts can alter reaction rates and stability. The distributed nursery hypothesis proposes
a supply chain rather than one birthplace.

Let environments E; possess reaction operators .%; and let T}; describe transport and survival between
them. The historical question is whether there exists a sequence

Z,

B. .
tj?’l T1112 2

1 1 ip

E; e (26.2)
whose combined yield exceeds what any isolated environment can sustain. This is experimentally
tractable. It requires realistic losses, incompatible conditions, transport times, dilution, side reactions,
and cycles of destruction as well as success.

Evidence status: Plausible

Supporting channels: reactive phosphorus in ancient geological settings, mineral catalysis, wet-dry
chemistry, hydrothermal gradients, atmospheric synthesis, and transport physics. Key weakness:
many networks can converge on similar surviving biochemistry. Discriminating test: blind,
sequential multi-environment experiments in which the transfer schedule is fixed before outcomes
are known and is compared with equal-budget single-environment controls. Demotion condition:
no distributed sequence outperforms simpler environments once transfer losses and incompatibilities
are included.
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26.4 Exogenous chemical provisioning

Bennu and meteorite analyses establish that space chemistry supplies a broad prebiotic inventory
[14, 19, 34]. This is not a fringe possibility; it is measured chemistry. The open question is degree.
Extraterrestrial material may have supplied common feedstock, rare bottleneck molecules, catalytic
minerals, or periodic pulses that altered terrestrial reaction networks.

The decisive comparisons involve isotope patterns, molecular distributions, handedness, concentration,
delivery flux, survival through entry, and whether terrestrial synthesis already supplies the same
compounds. The strongest current synthesis is

cosmic inventory + terrestrial selection + biological amplification. (26.3)

Evidence status: Established

Ordinary alternative: terrestrial chemistry generated the same inventory without requiring
delivery. Next observation: sample-return measurements linked quantitatively to plausible early-
Earth fluxes and laboratory bottleneck tests. Falsifier of a claimed bottleneck role: the supposedly
essential imported compound is generated robustly in terrestrial conditions at sufficient rates.

26.5 Natural panspermia

Natural panspermia transfers the location of abiogenesis; it does not remove the need for abiogenesis.
The mechanism must close a chain of impact ejection, shielding, transit, interception, atmospheric
entry, post-entry viability, and ecological establishment.

Several links have restricted support. Dynamical modeling finds nonzero Mars-Earth transfer windows
for shielded material [37]. Shock-recovery experiments demonstrate survival of selected rock-associated
microorganisms under parts of the impact-ejection regime [24]. Sounding-rocket experiments recov-
ered a small surviving fraction of Bacillus subtilis spores from artificial meteorites after hypervelocity
atmospheric transit [12]. Aggregated Deinococcus cell pellets survived three years of external space
exposure under the Tanpopo experiment [27]. These studies test components under specific conditions.
They do not demonstrate a complete natural transfer event, establishment on a second world, or the
historical origin of terrestrial life.

A second biosphere changes the inverse problem. Opposite molecular handedness, a different genetic
polymer, or unrelated core metabolism would favor independent origin. Deep sequence homology,
shared arbitrary codon assignments, matching error-correction conventions, or the same frozen bio-
chemical accidents would favor common ancestry, although transfer direction could remain unresolved.

Evidence status: Plausible

Selected components of lithopanspermia have restricted modeling or experimental support: some
impact ejection, shielding, transit, and atmospheric-entry conditions are survivable for some
organisms or aggregates. The complete chain is not thereby established.
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Evidence status: Open

Natural panspermia as the historical source of terrestrial life remains unresolved because no
uncontaminated extraterrestrial organism, transfer event, or ecological establishment chain has
been confirmed.

26.6 Directed early seeding

Directed seeding is the deliberate distribution of microbes, protocells, or evolvable ecological packages
to young planets. It is logically coherent and presently unsupported. It becomes scientific only when it
predicts a durable invariant that ordinary chemistry and evolution do not readily generate.

Candidate signatures include a securely dated artifact predating terrestrial technical capacity; detailed
arbitrary biochemical homology with independently sampled extraterrestrial life; a delivery reservoir;
an off-world installation; or a cross-medium code whose decoding rule is published before new data
are examined. Complexity, beauty, handedness, recurrence, and numerical pattern do not satisfy this
requirement.

Evidence status: Unsupported

Strongest objection: no positive observation presently requires agency. Best ordinary alter-
native: ordinary evolutionary lock-in and convergent optimization. Next test: prospective,
contamination-controlled searches in off-world archives and agnostic biosignature comparisons.
Rejection condition for a specific code claim: failure on blinded new samples or sensitivity to
arbitrary units, alignments, or feature selection.

26.7 Separate late insertion or engineering of modern humans

A strong claim that modern humans were inserted as a separate biological lineage conflicts with the
nested structure of human anatomy, fossils, genomes, endogenous retroviral history, chromosome
organization, population variation, and archaic hominin admixture [7, 47, 50]. The claim can be made
logically possible only by adding an intervention that perfectly reproduces the expected terrestrial
ancestry signal. That move removes most distinctive predictions and therefore most scientific content.

A narrower hypothesis of targeted modification to an already terrestrial hominin is not identical to
separate insertion. It remains unsupported but can be stated testably: name the engineered locus or
architecture, the design criterion, the date window, the delivery mechanism, the expected off-target
signatures, and an independent material or historical trace. A genomic oddity discovered first and
labeled “engineered” afterward is not enough.

Separate late insertion is not placed on equal footing with terrestrial ancestry. Its broad form is
strongly constrained by convergent biological archives. A narrower intervention claim must pay
predictive rent with a predeclared molecular signature and an independent causal chain.
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26.8 Missing coastal human history

The continental shelves contain drowned rivers, estuaries, lagoons, caves, springs, paleosols, landing
places, and migration corridors. Postglacial sea-level rise therefore removed a large fraction of the
landscapes most attractive to mobile human populations [5, 32]. The Blinkerwall demonstrates that
coordinated Stone Age landscape engineering can survive offshore while being absent from the visible
terrestrial record [17].

The missing archive likely contains boats, paddles, cordage, nets, traps, baskets, textiles, hides, fish-
processing zones, pigment workshops, seasonal camps, cemeteries, and tidal or stellar knowledge
systems. This is not permission to infer any desired civilization. It is a high-confidence correction to
the sampling frame.

Evidence status: Established

Open variables: population density, navigation range, social aggregation, craft specialization, ex-
change, and ritual complexity. Next observation: securely dated submerged sites in reconstructed
paleolandscapes with organic remains, residues, and provenance networks. Demotion condition
for a specific regional model: intensive survey of high-probability zones fails to recover the
predicted settlement and resource pattern under adequate detection power.

26.9 Forgotten regional high cultures

A society can coordinate astronomy, navigation, hydraulic management, medicine, pigment chemistry,
metallurgy, textile production, wood engineering, ritual, and long-distance exchange without producing
a modern industrial stratigraphic signal. Regional complexity may be hidden by perishable materials,
looting, legacy excavation, political disruption, and submerged coasts.

Yet a high culture is not residue-free. It should leave some combination of mines, quarries, workshops,
harbors, roads, imported materials, standardized artifacts, repair traditions, settlement hierarchy,
land-use change, and institutional archives. The correct search target is a coupled network, not one
anomalous object.

Evidence status: Plausible

Best ordinary alternative: locally sophisticated societies already represented in the regional
record. Next observation: a securely dated production and exchange system whose scale exceeds
current models. Demotion condition: claimed complexity depends only on retrospective geometry
or undated resemblance while production residues remain absent.

26.10 Interregional monumental traditions

Ideas, specialists, materials, and prestige forms can travel widely. Similar monumental problems also
invite convergent solutions: vertical load favors certain geometries; cardinal orientation follows stable
astronomical cues; platforms, processional paths, and nested access arise in many political systems.
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Similarity therefore contains both diffusion signal and engineering nulls.

A strong interregional tradition claim requires arbitrary shared conventions, secure chronology, plausible
transmission routes, and material or technical bridges. The strongest evidence is not that two structures
are “aligned” or “pyramidal.” It is that independent sites share low-probability production choices in
the correct temporal order and within a network capable of carrying them.

Evidence status: Plausible

Next test: preregister a convention set and comparison class, then test new sites while controlling
for common geometry and measurement flexibility. Falsifier: the pattern disappears under
chronological ordering, null distributions, or historically appropriate units.

26.11 A recent global industrial predecessor

A late-Pleistocene or Holocene global extractive industry comparable in duration and throughput to
modern industry would predict a multi-proxy residue field rather than one anomalous object. Modern
industrial activity is stratigraphically visible through altered elemental cycles, combustion products,
radionuclides, novel materials, accelerated erosion, and biotic redistribution [68]. Plastics supply a
specific globally distributed technofossil class [72]. Greenland ice records even much smaller premodern
lead-emission histories from mining and smelting [36]. These are direct baselines for archive sensitivity,
not evidence of an earlier industry.

A recent predecessor should therefore leave some causally linked combination of mines, tailings,
ore-depletion patterns, alloys, combustion residues, nitrogen-cycle anomalies, durable manufactured
materials, radionuclides where applicable, sediment changes, quarries, roads, ecological transfers, and
atmospheric or cryospheric signals. Particular sites can be submerged, eroded, looted, or buried. Joint
global absence across high-detectability channels is harder to explain.

Evidence status: Strong inference

A late-Pleistocene or Holocene global industry with modern-like extraction and energy throughput
would produce a broad, correlated residue field across several archives. The exact intensity depends
on duration, materials, energy system, and population.

Evidence status: Constrained

The claim that such a recent global industrial predecessor existed is constrained by the current
absence of its expected multi-proxy residue package. A specified low-throughput or short-lived
model must declare its narrower residue field rather than inherit this verdict automatically.

26.12 An ancient industrial predecessor at greater geological depth

At millions of years, direct artifacts become less probable and the detection target shifts toward coupled
stratigraphic perturbations. The Silurian hypothesis was framed as a detection problem, not evidence of a
predecessor [51]. Candidate signals can include abrupt carbon and nitrogen isotope excursions, unusual
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metal mobilization, persistent synthetic analogues, erosion pulses, extinction or species transport, and
sedimentological change.

Equifinality is severe. Volcanism, anoxia, impacts, rapid warming, methane release, ocean circulation
change, and ordinary biological innovation can generate many individual anomalies. An industrial
interpretation requires a correlated package with spatial, temporal, energetic, and material relationships
that ordinary generators do not reproduce.

Evidence status: Open

A deep-time industrial predecessor is not evidenced by the Silurian detection thought experiment.
The hypothesis becomes testable only through a preregistered multi-proxy package across indepen-
dent basins; it is weakened when candidate anomalies resolve under ordinary generators without
residual covariance or material specificity.

26.13 Humans as an emergent biospheric dispersal mechanism

Through technological organisms, a biosphere can package, navigate, and transport contained biological
payloads beyond Earth. NASA’s BioSentinel carried a yeast-based biological payload into deep space,
although the flight mission did not demonstrate post-launch yeast growth and therefore illustrates
capability and failure scope rather than successful propagation [39]. External-space experiments have
also recovered viable aggregated microorganisms after multi-year exposure under restricted conditions
[271].

Regenerative life-support programs such as ESA’s MELiSSA are developing closed-loop biological and
physicochemical subsystems; their stated target is increasingly closed recycling, not a completed
independent biosphere [10]. Planetary-protection requirements explicitly treat outbound terrestrial
organisms as a forward-contamination risk and require bioburden control, containment, verification,
and mission-specific governance [40].

The non-teleological functional sequence is
biosphere — external memory — planetary observation — contained biological transport. (26.4)

This does not establish a durable, self-sustaining ecology beyond Earth, a recurrent evolutionary
tendency, or prior design.

Evidence status: Established

Humans can launch and operate contained biological payloads beyond low Earth orbit, and selected
microbial aggregates can remain viable after multi-year external-space exposure under restricted
conditions.

Evidence status: Established

Biocontainment and planetary protection are explicit engineering and governance requirements for
biological transport because outbound life can contaminate target environments and origin-of-life
measurements.
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Evidence status: Open

Durable multi-generation, self-sustaining off-world biospheric establishment has not been demon-
strated. Its recurrence on other inhabited worlds is also unobserved.
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CHAPTER 27

Residue fields, null results, and veto sur-
faces

A hypothesis about the past should not predict only one object. It should induce a residue field: a
distribution of expected traces over space, medium, time, scale, and observation channel. This converts
missing evidence from rhetoric into a detection problem.

Let ry(s, m, t, c) denote the expected production intensity of residue under hypothesis H at location s, in
medium m, at time ¢, and through channel c. Let the archive chain contribute deposition, preservation,
exposure, sampling, and recognition factors. The expected observable count in search program k is

/\Hk = f rH(S/ m,t, C)QdepqpresEIexpCIsamp%ec d;uk (27-1)

Under an independent Poisson approximation,
P(N; =0 | H) = e sk, PIN=0| H) = exp(— E/\Hk). (27.2)
k

The corresponding archive-veto strength is

1
ViH) =-1 PN=0|H)=——= ), Ay 27.3
A(H) 0g,, I( | H) 1n1o§k: Hk (27.3)
This is a model-dependent score, not an automatic truth machine. Correlated archives, shared sampling
failures, uncertain detection, and adaptive search must be represented. The value of the formalism is
that every assumption is visible.

New ASTRA v0.3.0 advance: the veto surface

For a chosen null-result threshold «, define
7y ={H : P(Dyu | H) < a}. 27.9)

The veto surface does not declare every story false. It identifies the forms of a story whose predicted
residue field is incompatible with the completed search. A regional organic maritime culture and
a recent global heavy industry occupy very different positions because their residue intensities,
media, and spatial covariance differ.

271 Residue topology matters

The co-occurrence pattern can be more diagnostic than any one anomaly. A metalworking system
predicts ore extraction, fuel use, furnace residues, slag, transport, repair, water or waste handling,
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A missing trace constrains only when it should have been detectable
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Figure 27.1: [MODEL] Archive-veto strength rises when a hypothesis predicts many traces across
channels with substantial survival and detection probability. Null results are informative only relative
to a declared residue field. Limitation: explanatory model; not an observation and does not establish a
unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original
vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.
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and contamination gradients. A global industry predicts cross-basin covariance and repeated material
classes. A ritual smoke system predicts localized combustion, volatile residues, ventilation effects, vessel
wear, and controlled access rather than mines or global isotopic change.

Define a residue graph Gz(H) whose nodes are expected trace classes and whose edges encode causal
co-production or transport. An isolated “anomaly” that does not connect to the rest of Gg(H) should
be down-weighted. Conversely, several modest traces in the correct network can outperform one
spectacular object.

27.2 Search design from competing residue fields

For hypotheses H; and H;, the next search should target the medium and location where their expected
residue distributions diverge most. A survival-weighted discrimination score is

D’ = arg max E[I(H; D)] Ssurvive(D) Rrecover(D)
D cost(D) + Arisk(D) + n disturbance(D)

(27.5)

This expression explains why a sediment core, corrosion cross-section, dye molecule, or negative result
can be more informative than a dramatic geometric resemblance. The test is selected by expected
discrimination after the archive is modeled.
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CHAPTER 28

What changes the ordering?

The ledger should move only when observations change likelihoods, not when a story is repeated more
vividly. The highest-leverage observations fall into five classes.

28.1 A second biosphere

A securely sampled independent biosphere would separate universal constraints from terrestrial historical
accidents. It could reveal whether homochirality, genetic coding, membranes, metabolic currencies,
and mineral associations converge. It is the single most powerful test of natural panspermia, directed
seeding, and the universality of the terrestrial pathway.

28.2 Oldest-Earth coupled archives

No single ancient mineral proves a nursery network. The useful target is a coupled archive: redox, phos-
phorus, carbon, nitrogen, sulfur, mineral surfaces, water history, and microstructure in the same dated
terrain. The strongest result would connect a sequence of environmental operations to experimentally
demonstrated chemical transitions.

28.3 Submerged landscapes with complete context

An offshore wall or lithic concentration is ambiguous in isolation. A paleolandscape containing dated
occupation surfaces, faunal and botanical remains, residues, boat or trap technology, and exchange
materials can alter models of demography and social organization. Context converts shape into history.

28.4 Material-state records for ancient systems

For a monument, sanctuary, workshop, harbor, or portable shrine, construct
r=(G0O,MI,R0OAHT), (28.1)

Here G is geometry and wear; © is orientation; M is material composition; and I is provenance and
isotope evidence. The coordinate R records residues and repair, O records optical, electrical, and
magnetic response, A records acoustics and mechanics, H records hydraulic, thermal, and atmospheric
behavior, and T records chronology. Reconstruction evaluates physical possibility; residue matching
evaluates historical operation.
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28.5 Global multi-proxy transects

Claims of prior industry require coordinated global tests, not a hunt for one strange layer. Ice, caves,
lake cores, marine basins, paleosols, metal deposits, and ecological archives should be sampled under a
preregistered proxy package. The result can support, constrain, or veto a specified residue field without
pretending to settle every conceivable civilization story.

Ground reading

The most consequential unknowns are not protected by lowering standards. They become scientif-
ically accessible when the hypothesis is narrowed until it predicts a different archive.
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PART Vil

RESEARCH, GOVERNANCE, AND PUBLIC
FAILURE MEMORY

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER 29

The coherence cell

ASTRA is not governed by a single polymath voice. It is governed by typed authority. Each specialist
certifies only the links their method can support, while the full causal chain remains open to cross-
examination.

Table 29.1: Coherence-cell responsibilities.

Seat

Certifies

Must not certify alone

Geophysics / tectonics

Geochemistry / mineral
physics

Origin-of-life chemistry
/ astrobiology

Evolution /
paleontology
Archaeology /
submerged landscapes

Materials science /
conservation
History of religion /
philology

Remote sensing /
instrumentation
Engineering

Statistics /
experimental design
Archivist / information
science

Indigenous-knowledge
specialist
Red team

stress, fluids, thermal state,
deformation, plate and basin
history

phases, reactions, isotopes,
provenance, redox, alteration
reaction plausibility,
environmental compatibility,
transfer constraints

phylogeny, fossils, taphonomy,
organismal function

context, chronology, site
formation, material practice,
survey design

composition, manufacture, decay,
wear, residues, reconstruction
textual layers, translation,
reception, borrowing routes,
interpretive history

measurement operator, resolution,
reconstruction, uncertainty
source, coupling, state change,
output, load, efficiency, failure
modes

likelihoods, independence, power,
nulls, decision rules

provenance, duplication,
versioning, lineage, public failure
memory

ethical access, custodial authority,
living context, misuse risk
alternatives, denominators, hidden
assumptions, demotion conditions
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cultural intention or artifact
function

complete historical sequence
without chronology and context
historical origin from possibility
alone

archaeological agency or textual
transmission

physical device performance
without engineering tests

original intention without
comparanda and context
physical operation from analogy
alone

unique generator from morphology
alone

historical operation without
residues

constitutive legality outside the
model
truth of the originating claim

decontextualized extraction as a
universal myth database
automatic rejection merely
because a claim is unconventional
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Seat Certifies Must not certify alone
Visual-information truthful classes, scale, legibility, evidential status through aesthetics
design provenance, uncertainty display

The cell uses a certificate bundle rather than a single approval stamp. A chapter can be physically legal
but chronologically unresolved. A measurement can be accurate while its generator remains ambiguous.
A textual comparison can be philologically strong while the material mechanism is unsupported. Those
mixed outcomes are the expected output of honest synthesis.

29.1 Community and Indigenous ethics

Living knowledge systems are not unowned datasets. Oral histories, sacred places, ecological practices,
artifacts, remains, and genetic samples can carry custodial rights, restrictions, and risks that are not
captured by information gain. ASTRA therefore treats legal and ethical admissibility as a hard gate, not
a penalty that can be overwhelmed by scientific utility.

A proposed study must declare community authority, consent, data governance, benefit sharing, publi-
cation limits, repatriation obligations, and the possibility that non-disclosure is the correct outcome.
Comparative imagination does not justify stripping a tradition from language, land, kinship, and practice
in order to populate a universal symbol table.

29.2 Conflict and dissent

The coherence cell does not force consensus. When two high-quality channels disagree, the record
should preserve

1. the observation each channel actually contains;
2. the assumptions that map observation to history;
3. which failure modes each certificate can detect;
4. the common observations both models predict;
5. the seam at which they diverge.
The Venus case is exemplary: surface morphology and atmospheric-interior chemistry interrogate

different archives. The correct result can be an unresolved model family plus a proposed joint mission
measurement.
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CHAPTER 30

The institutional interface

Fields exchange knowledge through interfaces containing terminology, trust, access, status, funding,
classification, intellectual ownership, publication norms, and memories of earlier conflict. Let

Ji = G(K;, Kj, by), by = Flby, Jj, Uy), (30.1)

where K; and K; are field-specific knowledge states and b;; is the institutional boundary state. A failed
collaboration can reduce future permeability even when the relevant facts have not changed. A shared
repository, translator, or jointly validated benchmark can increase it.

Institutions meet through boundary states too

Siloing can arise without conspiracy; demonstrated concealment still requires evidence

INTERFACE b;
FIELD K; FIELD K;

methods - archives - methods - archives -
standards - incentives jargon - access - trust - standards - incentives

status - funding -
classification - ownership

TEST THE BARRIER: TRANSLATION + OPEN METADATA + CROSS-FIELD REPLICATION
+ PREDECLARED AUTHORITY

Figure 30.1: [MODEL] Interdisciplinary exchange is itself stateful. Jargon, access, trust, status, and
ownership can store history and alter future knowledge flux. Limitation: explanatory model; not
an observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

30.1 Ordinary barriers before conspiracy

Siloing, incentives, poor metadata, translation loss, classification, proprietary control, reputational
risk, and incompatible standards often explain missing exchange without coordinated concealment.
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These ordinary generators should be tested first. The same discipline cuts both ways: once documented
concealment, destruction, classification, or misconduct is established, it should not be dismissed as
mere siloing.

The institutional FOG audit asks:

1. Relative to which field’s terminology is the claim anomalous?

2. Which databases, languages, collections, and negative results were not visible?
3. Which independent institutions actually generated the evidence?

4. Did chronology permit information transfer or borrowing?

5. Which costs and incentives were excluded from the declared system?

30.2 Translation artifacts

Every cross-field claim should travel with a translation record: source terminology, target terminology,
dimensional units, assumptions, excluded meanings, and a domain expert’s scope note. This protects
against a common ASTRA failure: an elegant shared word — memory, signal, code, resonance, selection,
intelligence - silently changing meaning between chapters.

New ASTRA v0.3.0 advance: constitutive translation

A cross-domain equation may be reused only after a constitutive translation table declares variables,
units, legal interventions, conservation laws, and failure conditions in each domain. Mathemat-
ical isomorphism can justify a shared solver or theorem. It cannot establish a shared physical
mechanism.
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The ASTRA research program

The framework earns value only by improving search, prediction, and correction. The research program
is therefore organized as portfolios of frozen state tasks rather than one grand proof project.

ASTRA research portfolio
Prefer a diversified set of high-information tests over one spectacular search

maximize E[/(H; D)]PsurvivePrecover Per cost, risk, and disturbance

MISSINGNESS
MAPS

SUBMERGED MATERIAL
SURVEYS PROVENANCE

TEST
PORTFOLIO

EXPERIMENTAL
ARCHAEOLOGY

MULTIMODAL SECOND

IMAGING OFF-WORLD BIOSPHERE

ARCHIVES

Figure 31.1: [MODEL] ASTRA research proceeds through coordinated portfolios: missingness map-
ping, submerged landscapes, material provenance, sedimentary afterglow, controlled reconstruction,
multimodal imaging, off-world archives, and second-biosphere tests. Limitation: explanatory model;
not an observation and does not establish a unique mechanism or history. Creator/institution: ASTRA
Coherence Cell / Jacko T. Source: original vector model generated for ASTRA v0.3.0. License: CC BY
4.0. Modifications: no crop; proportional placement; vector geometry and labels retained.

311 Portfolio 1: missinghess maps

Construct spatially explicit priors for preservation and discovery by material, environment, period, labor
system, and archaeological practice. Stone, fired ceramic, metal, wood, textile, pigment, food, speech,
household work, maintenance, and low-status production should not be treated as equally visible. The
output is a search map and uncertainty field, not a claim that the missing content is known.

106



EARTH IS THE INSTRUMENT

31.2 Portfolio 2: submerged landscapes

Prioritize former river mouths, shelf springs, paleolagoons, narrow straits, cave entrances, preserved
paleosols, and shorelines adjacent to known dispersal corridors. Combine multibeam sonar, sub-bottom
profiling, magnetometry, sediment cores, microfossils, pollen, environmental DNA where appropriate,
and high-resolution dating. Survey power and false-positive rates should be published with discoveries.

31.3 Portfolio 3: provenance networks

Reconstruct complete chains from geological source through extraction, processing, transport, installa-
tion, use, repair, and discard. Lead isotopes, trace elements, mineral inclusions, spectroscopy, wood
anatomy, biomolecules, dye chromatography, proteomics, residue mass spectrometry, and microscopic
wear can reveal the organization needed to mobilize a material.

31.4 Portfolio 4: sedimentary afterglow

Core harbors, drains, paleolagoons, workshop margins, sanctuary approaches, waste zones, and managed
basins. Measure metals, charcoal, combustion products, pigments, dietary biomarkers, sewage, imported
grains, erosion, and abrupt hydrological change. The landscape may retain operation after the portable
chassis disappears.

31.5 Portfolio 5: controlled experimental archaeology

Build several historically plausible variants, not one persuasive replica. Measure assembly labor,
mass, wind stability, waterproofing, ventilation, smoke, volatile concentration, illuminance, spectral
reflectance, acoustics, vibration, charge, leakage, corrosion, hydraulic flow, wear, and repair. Compare
experimental residues with archaeological residues. Possibility is the first output; intention requires a
match.

31.6 Portfolio 6: multimodal seam imaging

Pair ordinary photography with micro-CT, hyperspectral imaging, Raman and infrared spectroscopy,
X-ray fluorescence, diffraction, microscopy, magnetometry, acoustic response, and microstratigraphy
where conservation permits. The target is not “more detail” in general. It is the independent channel
expected to break a declared equivalence class.

31.7 Portfolio 7: off-world archives

The Moon, asteroids, and stable Martian surfaces preserve impact, irradiation, and material histories
under different censor regimes. Searches for external intervention should invest in off-world material
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constraints rather than relying only on terrestrial myth or genome pattern mining. Null results require
declared coverage and contamination control.

31.8 Portfolio 8: second-biosphere tests

Design agnostic life-detection protocols capable of recognizing unfamiliar polymers, solvent systems,
redox networks, compartmentalization, isotope disequilibrium, and adaptive organization without
assuming Earth identity. A detection certificate must separate abiotic complexity, terrestrial contami-
nation, and true independent biology.

31.9 Shared infrastructure

All portfolios use the same public registries:

« state-task registry;

+ claim and source ledgers;

« evidence-independence graph;

« preregistration and protocol hashes;

+ benchmark and negative-control repository;
« public failure archive;

« visual provenance and license manifest;

« versioned correction log.
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CHAPTER 32

The expanded coherence cell

ASTRA v0.3 expands the coherence cell because the new framework crosses three kinds of inverse
problem: historical reconstruction, physical hidden-state inference, and arithmetic local-to-global
certification. The cell described here is a matrix of disciplinary responsibilities used to construct and
red-team the framework. It is not a claim that the named professional communities, institutions, or
authors cited in this paper reviewed or endorsed ASTRA.

No specialist receives authority over the whole story. Each perspective certifies only a declared link in

the causal chain.

Perspective

Primary responsibility

Mandatory veto question

Geophysics and
tectonics

Geochemistry and
mineral physics

Origin-of-life
chemistry and
astrobiology

Evolutionary
biology and
paleontology
Archaeology and
conservation
science

History, philology,
and religious
studies

Remote sensing
and field
instrumentation
Metrology and
statistics

Control and
inverse-problem
engineering

boundary state, stress, transport,
preservation, basin history

phase diagrams, redox, adsorption,
isotope fractionation, mineral
memory

reaction networks,
compartmentalization, transport
between environments,
biosignatures

nested ancestry, convergence,
taphonomy, lineage sampling

context, dating, residue,
submerged landscapes, perishable
technology

textual layers, manuscript
transmission, regional
comparanda, retrospective analogy
observation operator, resolution,
sampling geometry, reconstruction
artifacts

calibration, errors in variables,
uncertainty, dependence,
experiment design

forcing protocols, observability,
identifiability, hidden modes
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Can the proposed archive survive the
actual thermal, tectonic, and erosional
history?

Does the anomaly require a source, or
can a boundary-selective process
generate it?

Which step is demonstrated: inventory,
selection, replication, or ecological
establishment?

Does the claim explain the full
comparative pattern rather than one
unusual trait?

Which material and spatial covariates
should co-occur if the interpretation is
correct?

Is there a defensible transmission path
and a decoding rule that predicts new
evidence?

Can the instrument or trajectory make
a coherent structure look stochastic or
absent?

Is the apparent weak relation or null
result partly manufactured by
measurement error?

What legal intervention or natural
forcing makes the candidate generators
diverge?
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Perspective Primary responsibility Mandatory veto question

Plasma and propagation through structured Is the received signal being confused
high-field fields, polarization, phase mixing  with the emitted state?

astrophysics

Immunoengineer-  local tolerance fields, host-implant Which boundary variable changes

ing and systems
biology
Planetary
cryophysics

Isotope separation
and porous
materials
Synthetic biology
and space systems

Algebraic geometry

Arithmetic
geometry and
number theory
Commutative
algebra and
symbolic
computation
Formal methods
and software
verification
Information science
and archival ethics

Skeptical red team

interfaces, biological containment

non-water phase behavior,
rheology, heat transport,
morphology

confinement, adsorption
selectivity, zero-point effects,
regeneration

payload function, cofactors, life
support, planetary protection

fibers, compactification,
properness, monodromy, collision
schemes

prime reductions, valuations,
Frobenius, lifting, Diophantine
obstructions

exact identities, elimination,
Grobner bases, multiplicities

proof objects, tests, deterministic
builds, artifact hashes

provenance, dependency graphs,
living knowledge, custodial rights

ordinary alternatives, denominator
audits, adversarial controls, failure
memory

survival, and what adverse tradeoff is
displaced outside the assay?

Is an Earth-material analogy being
applied outside the relevant phase
diagram?

Does the seam amplify a real
distinction, and is the selectivity stable
under realistic mixtures?

Has expression or survival been
silently promoted to autonomous
ecological establishment?

Which global branch or boundary at
infinity is invisible to the local
Jacobian?

Is a modular pattern a true obstruction,
a bad-prime artifact, or a nonlifting
coincidence?

Can the certificate be replayed exactly
without floating-point inference?

Which claim is proved, which is tested,
and which remains merely modeled?

Can the claim be audited without
extracting knowledge from
communities or erasing ownership?
What would lower confidence, and has
that result already occurred?

32.1 Typed authority

A coherence cell is not a committee vote. It is a typed graph of bounded certifications. Let specialist
domain i issue certificate C; with scope (); and declared failure set .7;. A composite claim is admissible
only when every required edge in its causal chain has at least one appropriate certificate and no
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certificate is silently extended beyond its scope:

Celaim = /\ Cite)(& Qi) Fite))- (32.1)

e€E equired

A mathematician can certify an identity but not a geological premise. A geochemist can certify a
phase relation but not ancient intention. A historian can establish transmission and context but not an
unmeasured electrical output. A model can help organize the chain but cannot become an empirical
witness.

New ASTRA v0.3.0 advance: certificate routing

Every load-bearing claim now carries a certificate route: which discipline can test each edge,
which observation channel it controls, which archive it assumes, and which failure would break
the composite conclusion. Interdisciplinary work becomes stronger by limiting authority, not by
dissolving it.

32.2 Community and Indigenous knowledge

Living knowledge systems are not unowned anomaly databases. Any collaboration involving Indigenous,
local, descendant, or custodial communities must begin with governance, consent, attribution, benefit
sharing, data sovereignty, and the right to restrict publication or destructive testing. Oral and ceremonial
knowledge can guide landscape questions and archive interpretation without being stripped into
universal myth motifs.

ASTRA'’s information objective is therefore constrained:

F
T = arg max (™) . (32.2)
7€l ljawful consented C(T() + Ar(n) + ,Ud(T()

A high-information test outside lawful authority or community consent is not an admissible protocol.
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CHAPTER 33

The v0.3 research program

The program is organized around protocols that reverse masking, amplify discriminating residues,
and close local-to-global certificate gaps. Each portfolio must preregister its target claim, candidate
generators, minimum resolution, data exclusions, stopping rule, and demotion condition.

33.1 Portfolio 1: Legacy Origin Metrology Audit

Select load-bearing datasets from archaeology, paleontology, human evolution, prebiotic chemistry,
and paleoclimate in which an uncertain measured quantity is treated as an exact predictor. Priority
variables include fossil dimensions, lithic metrics, pigment or sediment particle sizes, micro-wear
intensity, isotope proxies, site distances, and uncertain dates.

For each dataset:

1. recover calibration records, reference materials, interobserver error, detection limits, and recon-
struction uncertainty;

2. separate repeatability, reproducibility, and accuracy;

3. fit the published model and at least one errors-in-variables or latent-variable model,;

4. propagate chronological uncertainty rather than placing point estimates on a perfect time axis;
5. test nonlinear and threshold alternatives without unbounded researcher degrees of freedom;

6. report whether the original evidence label remains stable, strengthens, weakens, or becomes
nonidentifiable;

7. publish null changes as prominently as overturned conclusions.

The purpose is calibration, not reversal hunting. A finding that survives the audit becomes more
valuable.

33.2 Portfolio 2: Natural Boundary Fractionation Atlas

Construct a common experimental matrix for natural and engineered selective interfaces:
mineral X pore geometry X T X P X pH X redox X fluid history X molecular inventory. (33.1)

Candidate materials include clays, natural zeolites, magnetite, sulfides, carbonates, phosphates, volcanic
glasses, mixed mineral pores, and selected engineered calibration materials.
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Measure isotopologue fractionation, enantiomer adsorption, concentration factors, reaction selectivity,
desorption hysteresis, pore retention, catalytic products, and survival under wet-dry, freeze-thaw,
pressure, or irradiation cycles. Natural early-Earth plausibility and explicit blank controls are required
before an engineered high-gain seam is treated as an origin analogue.

The atlas should answer two inverse questions:

1. Which boundaries can amplify a rare prebiotic intermediate or chiral imbalance?

2. Which isotope or molecular anomaly can be generated by boundary fractionation without a
distinct source?

33.3 Portfolio 3: Multi-point archive sampling

A moving or sparse sampler can turn spatial structure into an apparent temporal process. Submerged-
landscape and sedimentary programs should therefore acquire co-registered observations across space,
depth, and modality.

Priority designs combine replicate cores, cross-shore and along-shore transects, sub-bottom profiles,
sedimentology, microfossils, biomarkers, environmental DNA where preservation and ethics permit,
residue chemistry, provenance, and independent chronometers. The sampling path itself must appear
in the forward model:

D(t) = A[X(s(t), )] +e, (33.2)
not be treated as a neutral index.

The design target is to separate:
« spatial clines from chronological replacement;
 reworking from primary deposition;
* local craft signatures from regional transport;
+ genuine absence from low recovery probability;

« correlated residue graphs from isolated anomalies.

33.4 Portfolio 4: Biological Integration Ladder

Every biological capability claim is scored along a fixed chain:

sequence — expression — folding — cofactor loading
— cellular function — organismal fitness — ecological persistence (33.3)

— containment — multigenerational autonomy.

The 2026 chloroplast myoglobin study reaches stable expression, substantial accumulation in selected
plants, folding, and partial heme loading. The localized IL-10 platform reaches controlled local secretion
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and improved implant outcomes in preclinical systems. Neither reaches autonomous off-world ecology.
The ladder prevents a legitimate local advance from being inflated into biospheric establishment.

Space-biology work should couple the ladder to planetary protection, failure containment, payload
repair, genetic stability, nutrient closure, microbial evolution, and termination protocols.

33.5 Portfolio 5: Arithmetic Seam Laboratory

Maintain exact, small, auditable problems that stress the framework’s inference logic. Initial benchmarks
are:

1. the three-variable Keller map: local determinant, global collision, properness, prime reductions,
and exact replay;

2. the open plane Jacobian case: collision schemes, compactification, modular fibers, and lifting;

3. the prime-difference expression E,(a): finite-log residues, valuations, cyclotomic multiplicity, and
bounded perfect-power scans;

4. synthetic hidden-network systems: static degeneracy, transient forcing, misspecified graph families,
and calibrated posterior recovery.

Every arithmetic result must be labeled as one of: exact identity, formal proof, bounded exhaustive
computation, numerical experiment, conjecture, or counterexample. Those types do not substitute for
one another.

33.6 Portfolio 6: Local-to-Global Certificate Registry

For each major claim, publish a matrix with rows

Ciocalr  Coiberr Coor  Carithy  Crormal (33.4)

and columns for status, source, scope, test, failure, and next observation. Empirical fields can rename the
columns while preserving the logic: local response, complete causal chain, system closure, independent
channels, and reproducible certificate.

A blank cell is not automatically a fatal flaw. It is a visible limit on what the current claim can certify.

33.7 Portfolio 7: Seam-Gain Benchmark Suite

The current synthetic reservoir benchmark is favorable. The next release should vary:

* capacities, sink locations, topology, and forcing spectra;

« nonlinear thresholds, hysteresis, state-dependent edges, and topology changes;
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- correlated, heteroscedastic, and non-Gaussian noise;

* observation trajectories and missing data;

+ candidate sets that omit the generating model;

« structural discrepancy and adversarial equal-budget controls;

« calibration across repeated blinded tasks rather than one successful example.

Selection should be judged by held-out prediction, interval coverage, posterior model calibration,
false-discovery behavior, and whether the promoted seam variable pays both dynamical and epistemic
rent.

33.8 Portfolio 8: Off-world and second-biosphere comparison

A second independently originated biosphere remains the highest-information comparison available
to origin science. Molecular handedness, coding conventions, membrane chemistry, cofactor choices,
energy currencies, and frozen accidents could separate universal constraints from terrestrial historical
lock-in.

Off-world archive searches should prioritize well-defined residue classes rather than undirected artifact
hunting. A directed-seeding hypothesis must predict durable materials, trajectories, isotopic or molecular
invariants, or installation geometries that are not expected from natural delivery and that can be specified
before examination.

33.9 The v0.3 promotion gate

A new cross-domain connection enters the core framework only if it passes all of the following:

1. Typed mechanism: the physical, control, observation, archive, arithmetic, and certificate edges
are not collapsed.

2. Dual rent: the seam changes a reachable future, causal identifiability, or both, under a declared
comparator.

3. FOG declaration: reference, resolution, generator family, chronology, and system boundary are
explicit.

4. Local-to-global closure: the claim states which certificates are local and which global conditions
remain missing.

5. Residue field: the history predicts where, in which medium, and with what covariance traces
should occur.

6. Independent challenge: at least one observation channel is not institutionally or physically
downstream of the first.
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7. Prospective test: the discriminating observation is specified before the relevant data are searched.

8. Public failure memory: failed predictions and added assumptions remain visible.

No weak correlation, apparent diffusion, morphological analogy, modular pattern, or local re-
sponse may materially constrain a history until predictor error, sampling-path aliasing, alternative
generators, and boundary closure have been bounded. Conversely, a demonstrated bias in one
channel does not erase a multi-channel residue veto.

Ground reading

ASTRA v0.3 does not ask one discipline to tell the whole story. It asks each discipline to expose
the seam it can measure, the certificate it can issue, and the boundary beyond which its authority
stops.

33.10 Promotion gate

A candidate model is promoted only when it passes:

1. type legality;

2. physical closure;

3. observation and archive validity;

4. chronology and system-boundary adequacy;

5. certificate scope;

6. held-out calibration;

7. incremental value over simpler equal-budget baselines;

8. robustness to reasonable perturbation;

9. specificity against shuffled, overconnected, and scope-mismatched controls;

10. ethical and legal admissibility.

A larger graph, longer narrative, or more evocative visual receives no privilege.
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Public failure memory

A framework becomes immortal when every failure is reinterpreted as hidden confirmation. ASTRA
instead treats failed prediction as part of the evidence architecture.

Public failure memory prevents an immortal framework

PREDICTION RESULT DISCREPANCY DECISION NEXT TEST

DEMOTED /

SUPPORTED UNCHANGED [ REVISED REJECTED

Every added assumption must buy a new discriminating test; reinterpretation alone is not survival.

Figure 34.1: [MODEL] Public failure memory records predictions, tests, discrepancies, revisions,
added assumptions, and new demotion conditions. A failed prediction revises the mechanism, not
the evidence. Limitation: explanatory model; not an observation and does not establish a unique
mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original vector
model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.

For every major hypothesis, record:

1. prediction and timestamp;

2. source and frozen version;

3. observation or intervention attempted;

4. result and uncertainty;

5. discrepancy from prediction;

6. support, no change, revision, demotion, or rejection;

7. assumptions added after the result;
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8. whether each new assumption generates a new test;
9. next discriminating observation;

10. responsible reviewer and conflict disclosure.

34.1 Hypothesis tombstones

A rejected claim should not vanish. Its tombstone records the strongest version tested, the decisive
failure, the date, and conditions under which reconsideration would be rational. This prevents repeated
reinvention, protects future researchers from forgotten dead ends, and distinguishes a genuinely new
hypothesis from an old one with new vocabulary.

34.2 Failure as information

Failure can sharpen the coordinate system even when it does not support the original story. A failed
electrical reconstruction may reveal humidity-dependent leakage and better explain corrosion. A null
submerged survey can improve preservation priors. A rejected geometric alignment can expose unit
flexibility. A synthetic benchmark that fails under misspecification can reveal which certificate was too
narrow.

The correct question after failure is not “How can the framework survive?” It is “Which state variable,
observation operator, generator, or archive assumption was wrong, and does the repaired model make
a new risky prediction?”
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Conclusion: let Earth veto the story

The strongest current synthesis is a nested history of interfaces acquiring state:

planetary differentiation — tectonic and hydrothermal boundaries
— mineral selection and chemical gradients
— heredity and living membranes

— biosphere-geosphere coevolution (35.1)
— sedimentary and mineral memory '

— pigment, geometry, and external memory
— material cosmologies and institutions

— planetary observation and dispersal capacity.

At each transition, a boundary acquired storage, selectivity, transformation, memory, adaptation,
geometry, connectivity, or interpretation. That shared grammar does not collapse the constitutive laws.

ASTRA v0.3.0 adds a stricter result. Hidden-history research fails when it treats the observation as
reality, the archive as transparent, the morphology as a unique generator, temporal proximity as
causation, or a subsystem metric as complete performance. The five FOG coordinates expose those
substitutions. ASTRA-Layers types the edges. Seam information identifies the observation regime where
competing histories can diverge. Residue fields specify what a hypothesis should leave. Veto surfaces
show when null results constrain a form of the story. Public failure memory prevents the framework
from escaping every test.

The framework leaves substantial room for surprise. A richer submerged human world is expected.
Regional high cultures, integrated material science, complex maritime systems, and lost operating
layers remain credible search targets. Natural panspermia and directed early seeding can be formulated
scientifically. Deep-time industry can be searched for as a coupled stratigraphic package. Ancient
monuments can be measured across acoustic, optical, thermal, hydraulic, mechanical, chemical, and
atmospheric modes.

The v0.3 extension adds a local-to-global discipline. A seam can change the physical future, change
what an observer can infer, or do both. The higher-dimensional Jacobian counterexample proves in
exact algebra that everywhere-valid local invertibility can coexist with global collision when behavior at
infinity is omitted. The new physical and biological cases show corresponding forms of amplification and
masking under bounded empirical conditions. Prime reductions and finite differences provide controlled
arithmetic observation channels, but they earn no historical meaning without a typed mechanism and
no theorem without a complete proof.

It also imposes real limits. Humans are biologically nested within terrestrial evolution. A missing
archive is not a license to insert any story. Conductivity is not a circuit. Resonance is not historical use.
A polygon is not one mechanism. A text is not a transparent engineering diagram. Repetition is not
independent evidence. Physical possibility is not prior intention.
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The research discipline is therefore simple:

Ground reading

State the strongest hypothesis plainly. Identify the complete causal chain. Declare the reference,
resolution, generators, chronology, and system boundary. Derive the residue field. Select the seam
with the highest expected discrimination. Predict the next observation before looking. Publish the
failure if it comes. Let Earth veto the story when the evidence fails.
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AUDITABLE OBJECTS

The centers preserve the official description. The seams preserve the mechanism.

Ad Astra Per Aspera.



CHAPTER A

Unified notation

Table A.1: Unified notation for ASTRA v0.3.

Symbol Type / domain Meaning

X or x(t) hidden state Physical, biological, computational, or social state
relevant to the frozen query

B or br boundary state Interface variables carrying storage, memory,
selectivity, geometry, or feedback

U or u(t) intervention Legal forcing, perturbation, survey, illumination, or
sampling protocol

D, forward evolution State transition under declared constitutive laws
and forcing

Gr typed graph Physical transport and transformation of matter,
energy, charge, or momentum

Gc typed graph Sensing, decision, and active gating of another
process

Go typed graph Mapping from hidden state and environment to
data

Ga typed graph Deposition, sealing, alteration, leakage, erasure,
and historical readout

Gy typed graph Bounded certificate relations against named failure
classes

T state task (2, 7,G%,%,Z,@0,%,9)

g query space Frozen estimand or decision question; not the FOG
coordinate vector

Y observation Data produced by the declared observation
operator

Z certificate Bounded verification or audit output with explicit
scope

& equivalence class Models not separated by available observations and
interventions

73 residual risk Remaining failure modes, ambiguity, and
consequence after certification

¢ FOG coordinates (p, A, 6,7,Q)

p reference state Medium, mode, scale, baseline, population, or
material relative to which a claim is made

A resolution metadata Spatial, temporal, spectral, chemical, categorical
resolution and reconstruction pipeline

G generator family Serious alternative causal histories that can

produce the observation
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Symbol Type / domain Meaning

i chronology Date model, uncertainty, ordering, duration, and
synchrony relevant to causation

Q system boundary Included components, denominators,
energy/material costs, and failure modes

] flux Physical exchange or other typed flow; units and
constitutive law required when physical

Hr, Fr interface history/future Variables used in the predictive-state criterion
I(Hp; Fr | x7,x%) > 0

() seam information I(K;Y,Z | n), information about candidate
generator K under protocol 7t

¥ FOG repair value Shapley allocation of a declared discrimination
utility to coordinate repair j

rg(s, m,t,c) residue field Expected production intensity of traces under
hypothesis H

Al expected detections Archive- and survey-weighted expected observable
count for program k

Va(H) archive-veto strength - log10 P(Dyun | H) under the declared dependency
model

Gr(H) residue graph Expected causal co-production and transport
relations among trace classes

D* selected design Highest expected discrimination after cost, risk,
disturbance, survival, and recovery

Jii institutional flux Exchange between knowledge states K; and K;
through boundary state b;;

z material-state record Geometry, orientation, materials, provenance,
residues, response modes, and chronology

Rayn dynamical rent Distance between outcome distributions under a
seam intervention and its reference seam

Repi epistemic rent Change in information about candidate generators
induced by a seam and protocol

GloG certificate stack Local, fiber, infinity/closure, arithmetic, and formal
certificates

Gr collision scheme Off-diagonal pairs (x, y) satisfying F(x) = F(y)

Cer(F) arithmetic count Ordered collision pairs over FF,r

E,(a) prime difference af — (a —1)P — 1, the unit finite difference of the
Artin-Schreier map

Ay(t) Artin—-Schreier map t# —t; locally nonsingular and globally

translation-invariant in characteristic p
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A1 Dependency map

The query ¢'is declared first. Candidate hidden states and typed graphs define the forward model. FOG
coordinates specify how claims are referenced and observed. Data (Y, Z) update candidate models only
within certificate scope. Seam information selects the next legal protocol. Archive and residue models
determine whether a null result has veto strength. Public failure memory records the outcome and
revises or demotes the task.
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Compact claim ledger

Table B.1: Compact ASTRA v0.3.0 claim ledger. Each row uses exactly one canonical label.

Claim Status Demotion or revision condition

Some interfaces require Plausible Equal-budget bulk-only models retain

independent state variables held-out accuracy across
interface-history interventions

Typed edges reduce category error Plausible Edge typing changes no equation,
likelihood, intervention, certificate, or
decision

Identical output laws cannot Established Application assumptions fail when a

identify hidden generators new channel changes the output law

Static boundary agreement need Established Analytic or code replay fails under the

not identify topology in the declared equations

supplied model

Modern plate boundaries are Established Fixed-boundary models predict all

stateful reactive zones
Early Earth likely hosted
heterogeneous tectonic regimes

Strong inference

relevant outputs equally well
Broader samples reveal a uniform
regime or invalidate proxy
interpretation

Origin chemistry may have been Plausible Realistic transfer losses erase any

geographically distributed advantage over matched single-site
models

Space supplied important prebiotic Established Future samples revise degree, not the

compounds measured existence of extraterrestrial
organics

Selected lithopanspermia Plausible The component results fail under

components are physically viable relevant integrated conditions

Natural panspermia caused Open Independent biospheres show

terrestrial life incompatible ancestry or the complete
transfer chain proves implausible

Directed early seeding occurred Unsupported Secure pre-technical infrastructure or a
prospective agency signature is
recovered

Life became a geological agent Established Scale and timing are revisable;
reciprocal geosphere-biosphere
causation remains

A large coastal human archive is Established Mapping revises scale and regional

submerged
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Claim

Status

Demotion or revision condition

Regional high cultures may be
underrepresented
Modern-throughput recent global
industry predicts a broad residue
field

A recent global industrial
predecessor existed

A deep-time industrial predecessor
existed

Pyramids and sanctuaries were
operational material systems in
broad senses

The Ark was an intentional
capacitor or electrical device

Contained biological payloads can
be transported beyond Earth orbit
Durable self-sustaining off-world
biospheres have been established

Public failure memory reduces
post-hoc rescue

Dynamical and epistemic rent
should be audited separately
Process and observation
equifinality require different
repairs

Local certificates require fiber and
closure checks before global
promotion

Localized IL-10 improved the
reported preclinical implant
outcomes

Human clinical efficacy of the
localized IL-10 platform

The magnetar data favor
vacuum-birefringent propagation
in the tested model family
Collisionless phase mixing can
mimic diffusive spacecraft records
Liquid-nitrogen basal flow on Pluto

Plausible

Strong inference

Constrained
Open

Strong inference

Unsupported

Established

Open

Strong inference

Strong inference

Strong inference

Strong inference

Established

Open

Strong inference

Established

Plausible
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Adequate surveys lack predicted
production and network residues

A declared low-residue model survives
quantitative production and archive
accounting

A coherent multi-proxy residue field
materially raises status

Preregistered coupled anomalies survive
ordinary-generator tests

Site-specific evidence overturns the
coupled sensory, political, or procedural
account

Isolated conductors, source, terminals,
load, residues, maintenance, and
comparanda are recovered

Direct mission records or payload
accounting are invalidated
Multi-generation closed ecological
establishment is independently
demonstrated

A lower-burden alternative preserves
failures and prevents retrospective
flexibility as well

The split changes no prospective design,
diagnosis, or model choice

Prospective repairs perform identically
across the two regimes

The stack detects no additional scope
errors in blinded tasks

Independent replication fails or
unacceptable safety limits dominate

Controlled human trials establish
durable benefit and acceptable safety
A non-birefringent model predicts the
joint radio/X-ray data equally well

The analytical effect vanishes under
realistic trajectories and uncertainty
Thermal, rheological, or repeat-imaging
evidence rules out the required path
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Claim Status Demotion or revision condition
Predictor measurement error can  Established Calibrated errors-in-variables models
attenuate inferred relations fail their declared checks

AgY separated hydrogen Established Independent replication under the
isotopologues in the reported specified conditions fails

apparatus

Industrial fusion-fuel-cycle Open Continuous pilot-scale lifecycle
performance of the AgY process evidence establishes it

Stable chloroplast myoglobin Established Genetic, structural, or biochemical
expression and partial heme replication fails

loading

Functional and commercial Open Direct sensory, biochemical, safety, and
equivalence of plant-produced scale comparisons establish it
myoglobin

The Jacobian conjecture is false for Established The exact determinant or collision
every dimension n > 3 certificate is shown to be erroneous
The plane Jacobian conjecture is Open A verified proof or counterexample
settled by the higher-dimensional settles the two-dimensional case
result

Odd-prime reductions preserve the Established An odd prime invalidates the exact
displayed Keller-map collision modular certificate

Ap(t) =t — t has derivative -1 and  Established An exact characteristic-p

IF, translation fibers countercalculation exists

No perfect-power hit occurs in the Established Exact replay finds a hit or a defect
declared finite search domain inside the frozen bounds

The unrestricted p = 5 (mod 6) Open One exact counterexample refutes it; a

perfect-power claim

complete proof promotes it
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Minimal ASTRA-FOG audit form

Claim identifier and frozen wording:
Decision consequence: What changes if the claim is accepted, rejected, or unresolved?
Hidden state X: What exactly is proposed to exist or occur?

Boundary state B: Which interface may store, select, transform, remember, adapt, reshape,
reconnect, or interpret?

Forcing / intervention U: What acts on the system, and what legal test can be applied?
Typed edges: Gr physical; G. control; Gy observation; G, archive; Gy certificate. Name every
cross-layer coupling.

Reference fog p: Relative to which medium, state, scale, mode, population, or baseline?
Resolution fog A: Spatial, temporal, spectral, chemical, categorical resolution; detection limit;
reconstruction pipeline.

Generator fog ®: List the best ordinary alternative and at least two serious alternatives. Which
observations are common to all?

Chronology fog 7: Date model, uncertainty, ordering, duration, and whether causal order is
resolvable.

Boundary fog (): Complete components, denominators, energy and material budgets, mainte-
nance, waste, and lifecycle.

Complete instrument chain: source — coupling — state change — output — residue —
prospective prediction.

Archive chain: production — deposition — preservation / alteration — exposure — sampling
— recognition.

Evidence independence: Which channels share a dataset, institution, model, or source image?
Certificate scope: What failures can the test detect, and which remain invisible?

Most discriminating next observation: Where is .%(7r) expected to be largest after cost, risk,
disturbance, survival, and recovery?

Demotion condition: What result would materially lower confidence?

Failure-memory entry: prediction date, protocol hash, outcome, discrepancy, added assumptions,
and next test.
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Evidence independence graph

Evidence count is not citation count. Let evidence items be nodes in a directed acyclic provenance
graph. Edges record derivation: same sample, same image, same excavation context, same model
output, same press release, same translation, or same institutional review chain. Two papers citing the
same scan are not independent observation channels.

Evidence independence is a graph property, not a citation count

PAPER 1
CLAIM X

bounded conclusion
PAPER 2

PAPER 3

i

CLAIM Y

bounded conclusion

PAPER 4

'

NEWS 5

f

Track common data roots, preprocessing, institutions, and interpretive inheritance before counting convergence.

Figure D.1: [MODEL] Evidence independence is a provenance property. Several publications can
descend from one observation, while one site can yield genuinely independent chemical, stratigraphic,
and textual channels. Limitation: explanatory model; not an observation and does not establish a
unique mechanism or history. Creator/institution: ASTRA Coherence Cell / Jacko T. Source: original
vector model generated for ASTRA v0.3.0. License: CC BY 4.0. Modifications: no crop; proportional
placement; vector geometry and labels retained.

For claim C, define an independence-aware evidence summary as a set of source-rooted channel families
rather than a sum of citations. A quantitative model may use a dependency matrix or hierarchical
likelihood, but the minimum public object is the graph itself.

D.1 Required node metadata

Each evidence node should record: identifier, claim supported, source type, creator, date, sample or
dataset, observation operator, archive, preprocessing, uncertainty, license or access, and upstream
parents. Each edge should record the dependency type and whether it is complete, partial, or uncertain.
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D.2 Failure modes

 counting headlines as replications;

* treating several analyses of one sample as independent physical evidence;
+ ignoring shared calibration or reconstruction pipelines;

+ counting institutional agreement without tracing source lineage;

« collapsing genuinely independent channels because they appear in one synthesis.
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Public failure archive template

Table E.1: Template fields for a public failure-memory entry.

Field Required content

Entry ID Immutable identifier and version

Hypothesis Strongest frozen wording and scope

Prediction Quantitative or categorical prediction made before search

Timestamp / hash
Alternative generators
Observation /
intervention
Certificate

Result

Discrepancy

Decision

Added assumptions
New risk

Next test
Review
Linked artifacts

Date, preregistration location, protocol and code hashes
Serious competitors and shared predictions
Instrument, sample, procedure, resolution, and system boundary

Failures the test can detect and assumptions required

Data, uncertainty, exclusions, and quality-control outcome
Difference between prediction and result

Supported, unchanged, revised, demoted, rejected, or unresolved
Every assumption introduced after seeing the result

Whether added assumptions reduce falsifiability or create hidden
flexibility

New discriminating observation generated by the repair

Domain reviewers, conflicts, dissent, and community constraints
Data, code, figures, logs, errata, and source ledger
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Visual provenance and license rules

All figures in this working release are original vector models generated for the document. They are
labeled [MODEL] and are not observations. The package includes PDF, SVG, and high-resolution
PNG versions. Public observational images were deliberately excluded from this first reproducible
build because exact image-level license verification and caption provenance would otherwise become a
separate acquisition project.

A future observational figure must record: class, creator, institution, source, exact license, access date,
original dimensions, placed dimensions, aspect ratio, crop, color or contrast modification, annotations,
and alt text. A journal figure may be reused only when its article license permits it; otherwise the
scientific content should be redrawn as an original model with citation.

Visual acceptance rules are absolute: preserve aspect ratio; never stretch; author geometry at final
dimensions; retain vector text; verify circles after export; label reconstruction choices; distinguish
observation from reconstruction, model, and analogy; and ensure grayscale legibility.
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Source audit and correction log

Table G.1: Selected changes from the supplied working paper, repaired v0.2 release, and new v0.3 program.

Action Source item v0.3.0 disposition
Preserved Earth as reactor, archive, Retained as the central operational thesis;
censor, and instrument consciousness and design are explicitly
excluded
Preserved Boundary-state promotion rule Retained with the added requirement of

predictive rent under held-out or targeted
intervention tests

Integrated ASTRA-Layers Five edge types now organize the whole
paper rather than appearing as an external
appendix

Repaired FOG notation @ remains the ASTRA-Layers query space;
FOG uses ¢ to avoid symbol collision

Extended Archive filter chain Added reference selection, observation

resolution, sampling, translation,
publication, and institutional uptake

Extended High-information test criterion = Added survival, recovery, and
target-disturbance terms

Added Seam information .5(m) Converts “search the seams” into a
model-discrimination objective

Added FOG information allocation Shapley-style decomposition included only
as a model-dependent diagnostic

Added Residue field and veto surface  Negative evidence tied to expected trace
intensity, archive kernels, and survey
power

Added Residue graph Gr(H) Requires anomalies to fit a causal
co-production network rather than stand
alone

Demoted Ark capacitor interpretation Retained only as a side hypothesis;

unsupported without isolated conductors,
source, terminals, load, residue, and

comparanda

Clarified Giza and monument physics Broad operational functions distinguished
from unsupported power-plant
interpretations

Clarified Missing coastal history Elevated as a real mapped absence while

limiting its use as an explanation for global
industrial missingness
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Action

Source item

v0.3.0 disposition

Corrected

Corrected

Corrected
Restricted

Restricted

Added

Repaired

Repaired

Strengthened

Normalized

Restored

Amended

Added

Added

2026 avalanche citation

2026 solar citation

2026 Venus citation
Calibration cases

Synthetic topology results

Public failure memory

C037 natural panspermia

C040 biospheric dispersal

C020 recent industry

Evidence vocabulary

Supplement artifacts

Caption standard

Accessibility

Dual-rent seam criterion
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Primary article title verified as
“Sub-Rayleigh or supershear crack
propagation in snow avalanches?”

Title verified as “Ubiquitous
Kelvin—-Helmbholtz instabilities driving
plasma mixing on the Sun”

Title verified as “The lost oceans of Venus”;
treated as a hypothesis rather than proof
Explicitly labeled as calibration examples
that did not use or validate ASTRA

No astronomical, geological, or
archaeological inference is drawn from
normalized toy dynamics

Predictions, tests, discrepancies, revisions,
and hypothesis tombstones become
required artifacts

Split component viability (Plausible) from
historical terrestrial origin (Open); added
direct ejection, transit, entry, and
space-survival sources

Split contained payload transport and
protection requirements (Established) from
durable off-world biosphere establishment
(Open)

Added direct Anthropocene, plastics, and
ice-core residue baselines; separated
predicted residue field (Strong inference)
from existence (Constrained)

Every status field now uses exactly
Established, Strong inference, Plausible,
Open, Constrained, or Unsupported
Added reference sppt _core. py, fifteen
original-scope tests, benchmark scripts,
reference outputs, and hashes

Compact captions now print class,
explanation, limitation, creator/institution,
source, license, and modifications; alt text
remains embedded structurally

Main, public-summary, and audit-form
PDFs are built as tagged PDFs with
document language and cover alt text
Separates intervention-sensitive physical
change from observer-relative information
gain
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Action Source item v0.3.0 disposition
Added Equifinality triad Distinguishes process convergence,
observation aliasing, and boundary
amplification
Added Local-to-global certificate stack Separates local response, complete fibers,
closure at infinity, arithmetic channels,
and formal replay
Added Seven 2026 calibration cases Extends calibration to immunoengineering,
high-field propagation, phase mixing,
cryophysics, metrology, isotope separation,
and synthetic biology
Added Higher-dimensional Jacobian Uses the exact determinant and collision as
counterexample a system-boundary calibration; the plane
case remains open
Added Arithmetic observation Treats prime reductions, extension fields,
channels valuations, and Frobenius as bounded
certificate channels rather than
numerology
Added Artin-Schreier prime-difference Adds the exact finite-difference identity,
analysis finite-log residue, sixth-cyclotomic
multiplicity, and bounded perfect-power
scan
Added Expanded coherence cell Adds algebraic geometry, arithmetic

geometry, metrology, plasma physics,
immunoengineering, cryophysics, isotope
separation, synthetic biology, and
formal-verification lenses

G.1 Unresolved source limits

All original 60 source-ledger rows remain completed with author, title, venue/publisher, date, pub-
lication status, identifier disposition, source locator, access date, and a named metadata authority.
Direct sources are retained for panspermia, biological transport, planetary protection, and recent indus-
trial residue baselines; v0.3 adds primary or official sources for seven calibration studies and current
mathematical sources for the Jacobian and arithmetic sections. Some 2026 interpretations still require
full-text re-audit before journal submission. The two File Library foundations are restored as structured
source mirrors with immutable object identifiers; byte identity was not available in this runtime and is

not claimed.
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Synthetic benchmark certificate

The supplied SPPT-ASTRA supplement and code implement a reduced linear reservoir network. The
accompanying benchmark suite extends that artifact to illustrate FOG and seam design. It does not fit
any planet, site, material, or mission.

Certificate field

Result

Model

Candidate graphs
Static result

Dynamic result
Seam information

FOG allocation

Code tests

Failure scope

Promotion status
Demotion condition

Positive-capacity linear transport network with weighted graph
Laplacian and local surface loss

Chain, surface star, deep star, triangle

All connected candidates share surface equilibrium 0.8333333333 under
the declared zero-forcing setup while deep equilibria differ

Transient and multi-frequency responses separate several candidate
families in the declared normalized model

Native frequency sampling contains more generator information than a
coarse observation window in the released design

Synthetic discrimination gain is allocated across reference, resolution,
generator challenge, chronology, and boundary repairs; values are
model-dependent

The complete release test suite, including arithmetic-seam tests, passes
under the declared environment

Does not detect equation-of-state error, nonlinear phase behavior,
wrong forcing, correlated noise, omitted graph families, model
discrepancy, or real-world confounding

Established only within the declared synthetic implementation scope
Recovery or information gains disappear under harder blinded
benchmarks, misspecification, or equal-budget controls

H.1 Required next benchmark

The next computational milestone varies capacities, sink placement, forcing spectrum, noise covariance,
nonlinear thresholds, and candidate-set completeness; sometimes omits the generating graph; includes
correlated noise and structural discrepancy; and judges graph-posterior calibration as well as prediction.
A benchmark designed only to recover its own generating family is not enough.
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Dual-rent and local-to-global audit form

Use this form when a new seam, mathematical pattern, material response, or historical mechanism is
proposed.

Field Required declaration
Claim One atomic sentence, with scale, date, and intended evidence status
Claim type Empirical, mathematical, synthetic, methodological, historical,

Hidden generator
Seam role

Observer/classifier

Reference seam
Dynamical rent

Epistemic rent
Process alternatives

Observation alternatives

Boundary amplifier
Reference fog
Resolution fog
Generator fog
Chronology fog
Boundary fog
Local certificate
Fiber certificate
Infinity/closure
certificate
Arithmetic certificate
Formal certificate

Residue field

Prospective test

normative, or governance

Candidate process or history to be distinguished

Generative, propagative, observational, archival, arithmetic, or
mixed

Instrument, archive, organism, analyst, algorithm, field, or proof
system

Comparator boundary or protocol I’

Which outcome distribution changes under intervention on the
seam?

Which candidate generators become more or less distinguishable?
Histories that reach the same physical state

Physical states that become the same datum under the protocol
Operation that could magnify a diagnostic distinction

Relative to which material, mode, population, or baseline?

Which scales, frequencies, categories, or uncertainties are averaged
out?

Which ordinary processes can generate the same observation?

Is the order resolved at the timescale required by the mechanism?
Which costs, reservoirs, denominators, escape routes, or failure
modes are outside the model?

Differential, response, assay, morphology, congruence, or bounded
computation established

Complete alternatives, preimages, causal chain, or residue graph
inspected

Properness, system closure, omitted reservoirs, or asymptotic paths
inspected

Good/bad primes, valuations, extension fields, lifting, or identifier
disposition

Exact proof, test suite, deterministic replay, hashes, and failure
scope

Expected location, medium, intensity, covariance, and survival
probability

Observation specified before searching
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Field Required declaration

Gain-reversal test Intervention or protocol expected to reverse masking or
amplification

Demotion condition Result that materially lowers confidence

Public failure entry Identifier linking the prediction, test, result, and revision
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CHAPTER J

Exact arithmetic certificate

J.1 Keller-map replay

The release script scripts/verify arithmetic seams.py imports src/astra arithmetic.
py and writes a hashable JSON certificate. The exact outputs are:

detDF = -2, (J.1)
F(0,0,-1/4) = (-1/4,0,0), J.2)
F(1,-3/2,13/2) = (-1/4,0,0), J.3)
F(-1,3/2,13/2) = (-1/4,0,0). J.4)

The script reduces the collision at the declared odd primes and verifies that the points remain distinct,
the images remain equal, and the determinant remains nonzero. It also exhaustively counts finite-field
fiber multiplicities for small declared primes. Exhaustive enumeration at one prime is a complete
certificate for that finite field only.

J.2 Prime-difference replay

For each declared prime, the script checks:

1. Ey(a) = Ap(a) - Ap(a - 1);

2. p | E,(a) for test values;

3. the finite-log residue for E,(a)/p mod p;

4. the multiplicity of ®4(a) in the polynomial E,(a);

5. exact perfect-power detection for every 2 < a < 5000 when p € {5,11,17,23,29,41,47}.

No nontrivial perfect-power hit occurs within those bounds. The script and certificate explicitly state
that the finite search is not a proof of the unrestricted claim.

J.3 Reproducibility commands

From the release root:

PYTHONPATH=src python scripts/verify arithmetic seams.py
PYTHONPATH=src pytest -q tests
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The arithmetic tests cover the exact Jacobian determinant, rational collision, good-prime reductions,
finite-field collision counts, Artin—Schreier identity, finite-log residue, valuation obstruction, sixth-
cyclotomic multiplicity, normalized factorization, and bounded search replay.
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CHAPTERK

v0.3 artifact map

Artifact

Function

ASTRA Framework v0.3.0
Earth Is The Instrument.
pdf

source/main.tex
source/v030 method.tex
source/v030 cases.tex
source/v030 arithmetic.tex
source/v030 research.tex
src/astra arithmetic.py

scripts/verify arithmetic

seams.py
data/arithmetic seam
certificate.json
data/prime collision
spectrum.csv

data/prime _difference
scan.csv

tests/test arithmetic
seams.py

figures/figure 29--36.*

claim ledger.csv/json
source ledger.csv/json
visual manifest.csv/json
public failure archive.md
verification/

Canonical tagged working paper

Reproducible Lual.aTeX source

Dual-rent and certificate-stack extension

Seven 2026 calibration cases

Jacobian, prime-spectrum, and Artin—Schreier framework
Expanded specialist matrix and research portfolios

Exact arithmetic-seam tools

Deterministic certificate and bounded-search generator

Machine-readable exact and bounded results
Small-prime finite-field fiber profiles

Cyclotomic multiplicities and bounded perfect-power scan
Exact and bounded regression tests

Dual-rent, equifinality, local/global, arithmetic, and
research diagrams

Atomic evidence claims and demotion conditions
Verified source metadata and claim mappings
Caption, license, dimensions, aspect ratio, and alt text
Persistent record of failed and open predictions

Build, test, PDF, source, and integrity reports

K.1 Claim-type discipline

A status label and a claim type answer different questions. The six evidence labels describe evidential
standing. The claim-type field identifies the object being evaluated. A result can therefore be:

« ESTABLISHED and mathematical, such as the exact determinant and collision;
« ESTABLISHED and synthetic, such as a finite search within declared bounds;
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« STRONG INFERENCE and methodological, such as the usefulness of separating dynamical and
epistemic rent;

« OPEN and mathematical, such as the plane Jacobian conjecture or the unrestricted perfect-power
claim;

+ PLAUSIBLE and planetary, such as the proposed nitrogen-flow interpretation on Pluto.

No hybrid evidence label is needed.

142



CHAPTERL

Limitations and preflight declaration

This document is broad. Breadth creates specific risks.

10.

11.

. Framework inflation. New terms can become cosmetic. Remove any layer that does not change

an equation, likelihood, intervention, certificate, or falsifier.

. Graph absorption. Flexible graphs can imitate discrepancy. Prefer the minimum successful

family and include shuffled, overconnected, and misspecified controls.

. Cross-domain flattening. Shared mathematics does not establish shared mechanism or unit.

. Archive overconfidence. Preservation raises information but rarely identifies one unique path

by itself.

. Null-result overconfidence. Archive-veto scores are only as good as residue, survival, depen-

dency, and survey-power models.

Historical projection. Modern technologies can structure useful analogies while biasing inter-
pretation of ancient systems.

. Ethical extraction. Information gain never overrides law, consent, custodial authority, conserva-

tion, or safety.

. Synthetic-to-empirical leap. The included code validates implementation behavior only.

. Arithmetic overreach. Modular patterns, finite scans, and exact local obstructions do not prove

an unrestricted Diophantine claim without control of exceptional cases and lifting.

Source freshness. Fast-moving 2026 literature requires versioned recheck before formal publica-
tion.

Visual authority. Clean diagrams can make uncertain claims feel settled; captions and evidence
labels must carry the uncertainty.

The release package therefore includes source and claim ledgers, machine-readable benchmark outputs,
original figure files, an evidence-independence graph, a public failure template, and a visual preflight
report. These artifacts are part of the scientific argument: the audit trail must survive the prose.
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