Fossil Manifolds and

Mediated Extraction

LAP1-B, Regulated Instability, and the Geometry
of Observability in the Early Universe
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The Paradox of Cosmic Information

The most informative structures in the universe are often both
maximally preserved and maximally inaccessible.

The Bright & Blind

1

-I.‘..

._....-" 5 :
— - T
- e

| 2% an T
High Complexity, Zero Historical Legibility
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The Standard Bias: Observational astronomy naturally favors the brightest, most
massive objects. However, massive systems are thoroughly overwritten by billions of
years of chaotic mixing and merging. The earliest chapters of their history are erased.

The Faint & Focused

Low Complexity, Perfect Historical Legibility

The Reality: Systems that have experienced very few enrichment events retain
a direct, first-order record of those events. Their chemical state is simpler, but

their historical legibility is correspondingly higher.
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Antiquity Does Not Equal Information

b ' The Overwritten Spectrum

*/\, Dimension Chemically Mature Primitive Fossil
ﬂ 4 . Millions of supernovae, One or very few pristine
Y S¢:1410 g Operations . :
inflows, and mergers enrichment events
®snitecal Complexity High / Mixed Low / Isolated
\ ; _ : High (Specific nucleosynthetic
B> Histori l Resolution Low (Integrated average only) e ries)
/1 PEremic Value Studies ongoing average Reads precise ‘event logs
T / processes written in matter

Principle 1: Among physically comparable systems, those with the fewest averaging operations

retain the highest density of recoverable information per observable degree of freedom.
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LAP1-B: The Ultimate Cosmic Fossil

IREPOCH

Redshift Zgpe. = 6.625 1+ 0.001
(~800 Myr after the Big Bang)

3. SPARSE TRACERS

Stellar mass M, < 3,300 Mg,
(The size of a star cluster)

Dynamical mass Mgyp ~ 107 Mg
Baryonic fraction < 1%

2. EXTREME PRIMITIVITY

Oxygen abundance (4.2 + 1.8) x 1073 solar
(Well below previous 2% metallicity floors)

[onizing field log[&ion] > 26.1

LAP1-B is an unusual coincidence: a stellar population whose current
observable state is among the least chemically processed known to science.
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Chemical Abundances as Event Logs in Matter

Mature System
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The Projection Operator: A system’'s chemistry is a projection of its enrichment
history. Usually, this projection is highly lossy due to chaotic mixing.

Primitive Fossil (LAP1-B)

Carbon

*

Oxygen

Focus Concept:
The Asymmetry Record: In primitive systems, specific dynamical The Carbon-to-Oxygen (C/0) ratio

asymmetries in early explosions are preserved. It tells us which 1s the ultimate indicator of
i . this selective propagation.
physical channels remained open for elements to propagate.
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The Spherepop Propagation Filter
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Faint Population
Ill Supernova

1. Low-Energy Explosion:

Faint Pop Ill supernovae lack the energy
to completely unbind the star.

2. Gravitational Fallback:

Oxygen-rich inner layers fail to overcome
binding energy and collapse inward.

3. Filtered Yield:

Carbon-rich outer layers successfully
escape through the propagation filter.

Conclusion: The elevated C/O ratio in LAP1-B is a structural record. It proves we are reading
the direct output of a filtered physical transition, preserved from the early universe.




Two Views of Gravity: Containers vs. Constraint Basins

ACDM View: The Container RSVP View: The Constraint Basin

_l l

Treats the dark matter halo as a container. Treats luminous matter as fluid-dynamic tracer

Baryons condense and settle into the minimum particles. The baryons do not fill the basin; they
potential of the pre-existing scaffold. simply indicate the deepest observable point.

Particle inventory is viewed as fundamental. Organizing structure is viewed as fundamental.
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LAP1-B as a Pure Spatial Tracer

The Data:

« Baryonic Fraction: < 1%
+ Stellar Mass: < 3,300 M
* Dynamical Mass: ~ 10"7 Mg

The Contrast:

In massive galaxies, stellar winds and
supernovae reshape the dark matter
distribution over time. The luminous “tracers”
physically ruin the invisible "basin”.

The Conclusion:

In LAP1-B, the baryonic component is so

sparse it physically cannot alter its potential well.
LAP1-B offers one of the cleanest readouts in
the universe of gravitational organization prior

to baryonic modification. The stars are merely
highlighters for the dark matter.
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Mode Selection: Why Does LAP1-B Exist at this Scale?
A'\»‘

SIED Model: Phase separation via threshold instability. Model: Phase separation via threshold instability.

Standard Model: Hierarchical accumulation
(Grow by merging).

Rather than viewing LAP1-B as a tiny fragment that failed to merge, the Scalar Irruption via Entropic Differential (SIED) framework
treats structure formation as a threshold instability in a conserved scalar field. When free-energy curvature changes sign, structure

‘irrupts’ instantaneously at preferred geometric scales, analogous to spinodal decomposition in condensed matter physics.
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The Mathematics of
Regulated Instability

Growth rate equation:

(k) = ak? — bk

Correlation length:

£~/ (k/|f"(n)]

Growth Rate y(k)

Key Takeaway:

LAP1-B isn't an anomaly. It represents
a preferred spatial mode that irrupted
early, maintaining its size because it
matched the natural correlation
length of its local universe.

%
~\ Regulator Term
% -bk* suppresses

H
ak? drives /%, CUgnawey
instability at 7

all scales

X

k. (Preferred Irruption Scale)

Wavenumber (k) / Spatial Scale
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The Epistemology of Access: A Structural Blind Spot

Below Detection Threshold of All Instruments
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Observational Brightness (Stellar Mass)
The Core Concept: The Takeaway:
The properties that make a system a perfect fossil (low stellar Our detector technology creates a structural survey bias. We
mass, no subsequent star formation) are the exact same systematically favor overwritten systems and are completely
properties that make it incredibly dim. blind to the most pristine information in the cosmos.
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Mediated Extraction via
Gravitational Lensing
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MACS J0416.1-2403 L
(Cluster Lens)

JWST ¥
(Detector)
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Key Metrics:

o Amplification factor of ~100.
e Effective increase of 5 magnitudes.

CLIO Inference Concept:

The gravitational lens is not merely a ‘lucky
detail.” In the CLIO framework, it acts as a
physical sparse-inference operator.

Explanation:

The lens performs a geometric amplification.
[t extracts a coherent, low-entropy signal
from a source that would otherwise be
permanently inaccessible, bringing it across
the observational threshold.
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The Erasure Operator: Preservation by

Suppression

The Reionization Paradox

» The epoch of reionization acted as a
cosmic “Erasure Operator.”

» By completely quenching star formation in
ultra-low-mass halos via intense UV
radiation, the universe prevented any new
supernovae from occurring in these
systems.

» Result: Reionization paradoxically preserves
the fossil record by violently suppressing the
exact chemical enrichment that would have
overwritten it.
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The Geometry of Observability

1. Low Overwriting (Chemistry) 2. Low Mass (Dynamics)
Spherepop filter survived, Pristine RSVP constraint basin,
quenched by reionization. unmodified by baryons.

LAP1-B

3. Geometric Amplification (Lensing)

Mediated extraction via massive
foreground cluster.

The observation of LAP1-B required the simultaneous satisfaction of three impossible conditions.
The failure of any one would have kept the galaxy permanently invisible.
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Reading the Fossil Manifolds

Cosmological knowledge in the primitive
regime is no longer about gathering
larger datasets from brighter sources.

It is about identifying rare configurations
where operators—lenses, reionization
geometries, and instruments—align to
pull a sparse, primitive signal into reality.

The fossil record of the early universe is
populated, but invisible. Under the right
geometric conditions, the very first events
in the universe can be read directly from
the matter that preserves them.
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