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The mechanisms by which dormant memory traces are resurrected and projected into
conscious awareness remain among the most profound inquiries in contemporary cognitive
neuroscience and biophysics. Traditional cognitive models dictate that the retrieval of episodic
memory involves a pattern completion process, wherein a partial external or internal cue
triggers the hippocampal formation to reinstate a distributed, multidimensional representation
across the sensory neocortices. This fundamental process, termed "ecphory,” relies heavily on
the principles of encoding specificity, which dictate that retrieval success is contingent upon
the precise interaction between the retrieval cue and the latent engram. However, advanced
empirical evidence derived from high-resolution neuroimaging reveals a profound paradox that
challenges the foundational assumptions of this model: the reactivation of stimulus-specific
cortical representations does not inherently guarantee overt recall, nor does it guarantee
conscious awareness of the memory itself.! Episodic memories can be successfully reinstated
in the deeper layers of the sensory neocortex while the subject remains entirely oblivious to
their presence, producing a state of retrieval failure despite robust neurological reactivation.'
This decoupling of neural reactivation from conscious access necessitates a radical expansion
of existing neurobiological frameworks.

To bridge this explanatory gap, this comprehensive report constructs a unified,
cross-disciplinary theoretical framework. By synthesizing recent discoveries regarding the role
of alpha-band (8-12 Hz) oscillatory dynamics in memory projection ', the mathematical
modeling of the gastrointestinal system as an analogue gravity system governed by the
Gut-Brain Axis (GBA) ', and the algorithmic mechanics of digital file
decompression—specifically the ZIP archive protocols and the DEFLATE algorithm '°—a novel
physiological paradigm emerges. Within this paradigm, memory retrieval is understood not as a
passive illumination of neural networks, but as a sequential, highly structured data
decompression event executing across a biological "effective spacetime metric." Conscious
awareness is redefined not as a static property of neural firing, but as a dynamic threshold
analogous to a gravitational event horizon. Whether a reactivated memory escapes this horizon
to reach the global workspace of conscious awareness depends entirely on the local



propagation speed of the neural medium, which is rhythmically clocked by alpha oscillations
and modulated systemically by the physical topology of the Gut-Brain Axis.

The Neurophysiological Mechanics of Memory
Reactivation and Projection

Historically, episodic memory has been defined as an inherently conscious phenomenon; the
very definition of remembering an event implies the conscious re-experiencing of it.! The
physiological basis of this process involves the reactivation of compressed memory traces
within the medial temporal lobe, which subsequently drive the reinstatement of highly detailed,
stimulus-specific representations in the sensory neocortices.! However, to determine if
reactivation guarantees awareness, researchers must isolate the neural signature of the
memory independent of the subject's behavioral report.

Recent investigations utilizing magnetoencephalography (MEG) have achieved this isolation by
employing time-generalized linear discriminant analysis (LDA) and sophisticated peak-locking
analytical procedures.' In a pivotal study involving thirty-one participants completing a
video-word pair associates memory task, MEG data was preprocessed using the FLUX pipeline,
incorporating Maxwell filters, bandpass filtering (0.5Hz to 220Hz), and independent component
analysis (ICA) to remove spatial artifacts.! Multivariate classifiers were trained on the
sensor-level MEG activity recorded during the encoding phase (perception of the videos) and
were subsequently tested on the data generated during the retrieval phase (presentation of
the cue word).”

The empirical results upended classical assumptions. While the LDA classifier could robustly
decode stimulus content during the initial perception phase significantly above chance levels (

z=16.38 P < 0.001 ), standard cue-locked retrieval data showed no evidence of
stimulus-specific content (¢~ ﬂ'05, pP= I0'299).1 This absence in cue-locked data is
attributed to the temporal variability of memory reactivation. However, when the analytical
procedure utilized peak-locking—aligning the time-series of individual trials to the moment of
maximal decoding—reactivation was observed to be significantly greater than chance across

all trials (z = 23.64 P < 0.001 ).! Crucially, when the dataset was partitioned based on the
subject's memory performance, decoding proved to be significantly greater than chance for

= 24.26 p < 0.001 = 21.28

both remembered stimuli (* ) and forgotten stimuli (¢

p < 0.001 ).! There was no significant difference in the raw magnitude of decoding between

the items that were successfully recalled into awareness and those that remained forgotten.'

This statistical reality establishes a profound neurobiological baseline: the human brain
frequently accesses and unpacks sensory engrams without passing that information into the
global neuronal workspace. Retrieval failure, or "forgetting," is therefore frequently a failure of



information projection rather than a failure of storage or initial reactivation." The memory trace
is neurologically active, but it remains trapped in an inaccessible, sub-conscious state.”

If raw reactivation alone is insufficient for conscious awareness, an additional transport or
projection mechanism must exist. Spectral power analysis of the peak-locked MEG data
isolates this mechanism directly to the alpha frequency band (~10 Hz).! The projection of a
reactivated memory into conscious awareness is independently and additively predicted by
two distinct, parallel alpha-band phenomena ':

First, standard episodic memory retrieval is accompanied by a widespread suppression, or
desynchronization, of total alpha power across the occipital and parietal regions.' By isolating
the narrowband alpha power via the subtraction of the 1/f aperiodic exponent from the power
spectrum using spectral parameterization techniques, researchers observed that total alpha

power decreases significantly following the presentation of the retrieval cue (z = —13.76 ,

p < 0.001 )." Importantly, this decrease is substantially greater for remembered items relative

to forgotten items (* _5'46, p = 0.005 ).! This global decrease acts to reduce
task-irrelevant noise correlations, effectively clearing representational space within the cortical
network to accommodate complex stimulus processing.’

Second, while the global cortical network drops its baseline idling rhythm, the stimulus-specific
neural assemblies that code for the target memory begin to fluctuate rhythmically, precisely
within the same alpha band." A significant increase in narrowband decoding power is observed

across all trials (z T 29‘19, p < 0.001 ), peaking at approximately 10 Hz." However, unlike
raw reactivation magnitude, this stimulus-specific rhythmicity is significantly greater for

remembered items relative to forgotten items (¢~ 3.67 P = 0.015 ).! The rhythmicity of
the reactivation—not merely its presence—distinguishes memories that will be overtly recalled
from those that will not.’

This creates a highly sophisticated signal-to-noise optimization strategy. The neocortex drops
its baseline rhythm to provide a blank representational canvas, while the specific memory trace
is amplified and routed across the cortex via rhythmic alpha-band pulses.' This directly
contradicts archaic views of alpha strictly as an inhibitory rhythm, repositioning it as a highly
active, frequency-specific routing channel responsible for feeding back internally generated
representations into the conscious workspace.'

The Physics of Analogue Gravity and Effective
Spacetime Metrics

To comprehensively understand how rhythmic alpha oscillations transport reactivated
information across the physical volume of the brain, it is necessary to reframe biological tissue.



It must be viewed not merely as a network of discrete synaptic wires, but as a continuous
physical medium capable of supporting relativistic wave dynamics. This conceptual leap
requires an examination of "analogue gravity."

Analogue gravity is a specialized research program within theoretical physics, first formally
proposed by Bill Unruh in 1981, which explores analogues of general relativistic gravitational
fields within other physical systems.” The core premise dictates that the mathematical
equations governing the propagation of perturbations—such as sound waves in a moving fluid,
or phonons in a Bose-Einstein condensate—are entirely isomorphic to the equations governing
massless scalar fields propagating through a curved Lorentzian spacetime.’

In this theoretical framework, the physical medium establishes an "effective spacetime metric"
or "acoustic metric," denoted as Gpw , which is entirely distinct from the physical background

metric of Minkowski space, denoted as ymz 2 The acoustic perturbations (the waves) do not
interact with the physical metric; they only couple to the effective acoustic metric.® The
geometry of this effective metric is defined by the properties of the fluid medium, specifically

the background fluid velocity Y and the local wave speed (the speed of sound), denoted as

c(z) |

The defining characteristic of an analogue gravity system is the formation of an "analogue
event horizon," or sonic horizon.' If a fluid is accelerating, there may exist a specific spatial

boundary where the velocity of the fluid flow exactly equals the local wave speed (V=6

Beyond this boundary, the fluid flow becomes supersonic (1; = C:). At this transonic point,

acoustic perturbations attempting to travel upstream are dragged backward by the flow faster
than they can propagate forward.' The sound wave becomes completely trapped, unable to
propagate through the surface against the flow, perfectly mimicking the behavior of light at the
event horizon of a Schwarzschild black hole.’

This theoretical physics construct possesses profound, direct applications in human
physiology, specifically within the electrical dynamics of the gastrointestinal system and the
Gut-Brain Axis (GBA).' The human stomach's peristaltic contractions are governed by the
"gastric slow wave," a basal 0.05 Hz electrical rhythm generated by pacemaker cells known as
the Interstitial Cells of Cajal." Advanced mathematical models, such as those developed by
Allegra et al., describe this slow wave propagation using a fundamental 1-D wave equation :

0*u , 0%u
o — W o

In this model, u(m, t) represents the amplitude of the electrical wave (the "Gaussian pulse"),



and c(m) represents the location-dependent wave speed.' The stomach is not a uniform

conductor; c:(m) is highly variable.! In a normative, healthy physiological state, the wave speed
transitions across the organ: 6.0 mm/s in the proximal region, decelerating to 3.0 mm/s in the
proximal-distal junction, and accelerating to 5.9 mm/s in the distal region.'

By treating the stomach wall as an effective spacetime metric and the 0.05 Hz slow waves as
massless scalar fields, gastrointestinal pathologies become immediately identifiable as
pathologies of spacetime curvature.' In functional motility disorders such as gastroparesis,
high-resolution multi-electrode mapping reveals severe abnormalities in wave conduction,
including a reversal of wave direction with retrograde velocities of -4.3 mm/s, compared to
normal antegrade velocities of +7.4 mm/s.’

Most critically, these pathologies frequently manifest as "conduction blocks"—regions where

the local propagation speed C(I) abruptly drops to zero.! Within the analogue gravity
framework, a conduction block functions precisely as an analogue event horizon.' As a healthy

Gaussian pulse propagates toward the damaged tissue, it begins to slow down as C(I)

decreases, eventually freezing entirely at the exact point where C(m) =0 .' The biological
pulse is trapped by the pathological curvature of the gastric metric, unable to escape, resulting
in a measurable breakdown of organ motility." The central controller of this dynamic gastric
metric is the Gut-Brain Axis; via continuous autonomic modulation by the vagus nerve, the

central nervous system "tunes" the local wave speed C(E‘F) , directly shaping the effective
spacetime topology of the gastrointestinal tract.’

The Algorithmic Mechanics of Data Decompression

To successfully synthesize the electrophysiology of memory reactivation ' with the continuous
physical metrics of analogue gravity ', a discrete computational bridge is required. The human
brain's transition from encoded, latent storage to conscious, multidimensional recall perfectly
mirrors the software architecture of digital file decompression—specifically, the structural
protocols of the ZIP archive format and the logic of the DEFLATE compression algorithm.'

The Architecture and Indexing of a ZIP Archive

Contrary to intuitive assumptions regarding digital storage, a ZIP file does not store its
compressed data sequentially as a single, monolithic block." Rather, it utilizes a highly
structured, decentralized, and modular architecture optimized for rapid indexing, partial
extraction, and appendability." The ZIP format, initially developed by Phil Katz for PKWARE in
1989 as a replacement for the ARC format, mandates a strict structural hierarchy."

The architecture consists of local data blocks and a global directory. Distributed throughout the



file payload are Local File Headers (LFH), each immediately followed by the actual compressed
binary data of an individual file."" The LFH contains highly localized metadata, including
signatures (always \x50\x4b\x03\x04), extraction version requirements, general-purpose bit
flags, and compression method indicators."

However, the defining feature of the ZIP architecture is the Central Directory (CD), which is
situated at the absolute end of the archive."” The Central Directory serves as the master index
and topological map for the entire package." It contains a Central Directory File Header
(CDFH) for every single member file within the archive.” The CDFH replicates the metadata
found in the LFH, but crucially adds extended information, such as internal and external file
attributes, and the exact 4-byte Relative Offset of Local File Header."

Offset (bytes) Size (bytes) Description of Central
Directory File Header
Component

0 4 Magic number signature

(504B0102) "

10 2 Compression method
utilized (e.g., DEFLATE) "

16 4 CRC-32 checksum of
uncompressed data "

20 4 Compressed payload size "

24 4 Uncompressed payload
size "

42 4 Relative offset of local file
header "

When an operating system initiates an extraction command, it does not waste computational
resources reading the archive sequentially from the first byte." Instead, the parsing engine
seeks directly to the end of the file to locate the End of Central Directory (EOCD) record.” The
EOCD directs the software to the start of the Central Directory.”® By parsing the Central
Directory, the system instantly acquires the precise relative offset pointers required to jump
directly to the exact physical location of the compressed data payloads across the storage
medium, entirely bypassing the need for exhaustive, sequential linear scanning.”



The DEFLATE Algorithm: Synergizing LZ77 and Huffman Coding

Once the extraction software locates the compressed data via the Central Directory offsets, it
must reconstruct the original file payload using the DEFLATE algorithm, standardized under
RFC 1951."° DEFLATE achieves highly efficient, lossless data compression and decompression
by synergizing two distinct, historically significant algorithms: LZ77 and Huffman Coding."

LZ77 (Lempel-Ziv 1977) Sliding Window Mechanics: LZ77, developed by Abraham Lempel
and Jacob Ziv, is a dictionary-based algorithm that ruthlessly targets repeated patterns within a
data sequence.?” During the compression phase, instead of storing a repeated string of
characters sequentially (e.g., repeating the string "ABABC" multiple times), LZ77 replaces the
repetition with a highly efficient pointer consisting of a <length, distance> pair.*°

During decompression, the algorithm relies on the maintenance of a "sliding window" in the
system's Random Access Memory (RAM)—typically restricted to a 32 KB buffer limit in standard
DEFLATE implementations.'® As the data is unzipped, the recently decompressed plaintext
continuously populates this sliding window buffer.?” When the decompressor encounters a
<length, distance> pointer in the stream, it physically looks backward into the active sliding
window by the specified distance, copies the exact number of characters specified by length,
and appends them to the current output stream.’® If no match exists, the algorithm outputs
literal characters.*

Huffman Coding (Entropy Decoding): To further compress the literal characters and the LZ77
<length, distance> pointers, DEFLATE applies Huffman Coding.'® Invented by David A. Huffman,
this technique assigns variable-length bit codes to symbols based strictly on their frequency of
occurrence within the dataset.'® Highly frequent symbols receive very short bit codes, while
rare symbols receive longer codes, thereby minimizing the average code length of the entire
file."” During decompression, the algorithm reads a pre-calculated Huffman Tree (often stored
compactly immediately following the block header), allowing it to translate the compressed
bitstream back into the original literal symbols before passing them to the LZ77 sliding window
logic.™®

Hardware Resource Constraints: RAM Buffer Allocation

The execution of the DEFLATE algorithm and the extraction of ZIP files cannot occurin a
computational vacuum; it requires the active management of physical hardware resources.?®
The central processing unit (CPU) must allocate sufficient Random Access Memory (RAM) to
serve as the output buffer stream and to maintain the precise state of the 32 KB LZ77 sliding
window.?

In programmatic implementations (e.g., using C++ or Java Native Interface bindings), memory
must be actively and deliberately allocated (malloc()) to create a direct byte buffer capable of
receiving the decompressed payload.*® If memory allocation fails due to hardware limitations,
or if the buffer is flooded with irrelevant background data, the extraction process will



catastrophically crash, terminating the decompression regardless of the cryptographic
integrity of the ZIP file itself.*® Furthermore, once the extraction is complete, the memory must

be explicitly released (free()) to prevent systemic resource exhaustion.*

The Unified Framework: Neural Decompression in an
Analogue Spacetime

By superimposing the software architecture of ZIP file extraction onto the electrophysiology of
memory retrieval, while contextualizing the biological brain as an analogue gravity metric, a
highly rigorous, expanded framework for conscious memory projection emerges. The retrieval
of a memory is not a vague psychological phenomenon, but a sequential decompression
algorithm executing across a relativistic biological medium.

Table 2 outlines the direct morphological and functional mappings between software
architecture, analogue physics, and neurobiology.

Computer Science
(ZIP/DEFLATE)

Analogue Gravity Physics

Cognitive Neurobiology
(Memory Retrieval)

Central Directory Index

Boundary Information
Encoding

Hippocampal Index (Sparse
pointers)

Local File Headers (LFH)

Bulk Spacetime Coordinates

Cortical Engrams (Sensory
representations)

RAM Buffer Allocation

Medium Fluidity & Receptivity

Total Alpha
Desynchronization (Space
clearing)

DEFLATE Algorithm (LZ77)

Iterative Wave Equation
Evolution

Alpha Rhythmicity (Cyclic
pointer expansion)

Extraction Output Stream

Escape from the Event
Horizon

IConscious Awareness (Overt
Recall)




I/0 Bottleneck / Buffer Analogue Event Horizon ( Retrieval Failure /
Crash c(z) = [}) Unconscious Trap

Phase 1: Reading the Central Directory (Hippocampal Indexing)

When a ZIP extraction procedure begins, the software avoids scanning the entire hard drive
sequentially by jumping straight to the Central Directory." Similarly, the human brain avoids the
catastrophic metabolic and temporal cost of sequentially scanning the entire neocortical
volume for a specific memory.*®

According to Hippocampal Indexing Theory, formulated by Teyler and Rudy (1986), the
hippocampus does not store the rich sensory details of an episodic memory.™ Instead, the
hippocampus acts exactly as the ZIP Central Directory.*’ During memory formation, the
hippocampus binds the highly distributed, multisensory neocortical activity into a sparse,
lower-dimensional index.'* Upon encountering a retrieval cue, the neural query is routed
directly to the hippocampus, which reads this compact index and outputs the precise "relative
offsets"—synaptic pointers targeting the specific dormant engrams (the Local File Headers)
stored in the occipital, inferior parietal, and temporal regions."

Phase 2: Allocating the RAM Buffer (Total Alpha Desynchronization)

Before the targeted cortical engrams can be successfully "unzipped," the neocortex must
prepare a physical and electromagnetic workspace.' In computer science, this is achieved by
allocating a clean RAM buffer (malloc()).** In the human brain, this state preparation is achieved
via a global decrease in total alpha power.’

The baseline alpha oscillation of the resting brain acts as an idling state, saturated with
task-irrelevant noise correlations and ongoing background computations.’ Following the
receipt of the retrieval cue and the hippocampal pointers, a sharp, statistically significant drop
in total alpha power is observed across the sensory neocortex.' This desynchronization clears
the neuro-electromagnetic buffer, providing the critical "representational space" required for
the massive influx of complex, high-fidelity sensory information that is about to be
decompressed.' Without this memory allocation, the neural decompression algorithm would
fail due to destructive interference, perfectly mirroring a digital buffer overflow error.

Phase 3: Executing DEFLATE (Stimulus-Specific Alpha Rhythmicity)

With the index located and the buffer cleared, the actual decompression of the memory
payload begins.'* The compressed cortical engram must be mathematically transformed back
into a full spatiotemporal sensory experience." This process perfectly mimics the DEFLATE



algorithm's use of the LZ77 sliding window and Huffman entropy decoding.'

The LZ77 sliding window operates cyclically, continuously referencing past states and
dictionaries to populate the current output stream.’® In the neocortex, this cyclic
decompression process is physically manifested as the stimulus-specific rhythmic reactivation
within the alpha band (~10 Hz)." The rhythmic 10 Hz alpha wave acts as the fundamental
clock-cycle for the neural LZ77 algorithm. With each oscillatory cycle, the cortical network
reads a compressed synaptic pointer, references the local neural dictionary (the biological
analogue of the static Huffman tree), and reconstructs a fraction of the sensory geometry,
projecting it into the active workspace.'

The magnitude of this stimulus-specific alpha rhythmicity directly corresponds to the
computational efficiency of the decompression algorithm.! As demonstrated by empirical MEG
source localization, this rhythmic decoding peaks precisely in the occipital and parietal areas,
exactly where the sensory "Local File Headers" reside.’

Phase 4: Escaping the Event Horizon (Projection into Consciousness)

The critical juncture of the expanded framework lies in the transition from localized
decompression to global conscious awareness. It is at this final stage that the biological
substrate must be mathematically modeled as an analogue gravity metric.’

The neocortex is not an empty vacuum; it is a physical, fluid-like topological network
characterized by ongoing phase transitions and state spaces.*® The decompressed memory
representations (the 10 Hz alpha rhythmic pulses) must physically propagate through this
cortical medium to reach higher-order integration centers (e.g., the prefrontal global
workspace) to be consciously experienced and overtly reported.” The propagation of these

neural "massless fields" is dictated by the 1D wave equation and the local wave speed C(I) of
the surrounding tissue.

In this unified framework, the degree of alpha rhythmic reactivation determines the local

effective wave speed c(s:) of the memory trace itself.

e Successful Recall (Escaping the Horizon): When the neural decompression process is
highly efficient, the amplitude of the alpha rhythmic reactivation is strong." This high

signal-to-noise ratio raises the local propagation speed C(I) of the information wave

above the background neural flow velocity U The memory wave escapes the
gravitational pull of the sensory cortex and breaches the threshold of the global
conscious workspace.'

e Retrieval Failure (The Analogue Event Horizon): When the rhythmic reactivation is

c(x) = 0

weak or disorganized, the local wave speed drops ( ). The memory has been



successfully found (the hippocampal index worked) and the file is actively being unzipped
(reactivation is occurring), but the signal is not strong enough to propagate through the
ambient cortical metric.' The memory wave hits an "analogue event horizon." It remains
trapped in the primary sensory cortex, statistically detectable by machine learning
classifiers (LDA), but entirely absent from the user's conscious awareness, mimicking the
exact mechanics of an acoustic black hole.’

This physical dynamic elegantly explains the MEG findings wherein sensory reactivation occurs
without overt recall.! Reactivation must exceed a non-zero threshold—it must achieve a wave

speed C(I] capable of escaping the acoustic horizon created by the brain's baseline
neurodynamics.’

The Gut-Brain Axis as the Systemic Metric Tuner

If the projection of memory relies entirely on navigating the analogue spacetime of the
neocortex, what establishes and maintains the baseline topology of this metric? The answer lies
in the systemic, bidirectional integration of the Gut-Brain Axis (GBA)."

The GBA is traditionally viewed through a purely biochemical lens as a conduit regulating
digestion, mood, and inflammation." However, operating within an analogue gravity framework,
the GBA functions as the central controller that tunes the system-wide physical properties of
the biological metric.’

Recent empirical neurogastroenterology studies provide striking support for this mechanical
linkage. Strong phase-amplitude coupling exists between the low-frequency gastric slow wave
(GSW) of the stomach and the alpha-band oscillatory frequency of the cerebral cortex,
particularly within the insula.* In a recent randomized crossover design study involving 20
healthy participants, alpha-band electroencephalogram neurofeedback (EEG-NF) training
directed at the left posterior insula (LPIns) directly modulated gastric function.*” The duration of
successful NF training showed a significant correlation with heart rate variability metrics

-
(RMSSD: T T 0.59 P 0.005 ) and the electrogastrogram (EGG) gastric rhythm index.>

Furthermore, active-control uptraining of the primary visual cortex (Brodmann area 17) also
yielded correlated modulations following a 5-minute water loading test (SWLT).>

This profound bidirectional coupling implies that the "local wave speed" C(I) of the stomach
wall ' and the "alpha rhythmic wave speed" of the neocortical decompression algorithm ' are
not isolated phenomena; they are harmonic resonances of the exact same unified physiological
metric. The vagus nerve acts as the tensor field mapping these two metric spaces together,
transferring topological constraints between the enteric and central nervous systems.'

Consequently, visceral states directly and immediately alter the geometry of the cognitive
workspace.?* A pathological state in the GBA—such as severe dysbiosis, gut inflammation, or



vagal neuropathy—introduces pathological curvature into the global effective metric.' This
shifts the threshold for the analogue event horizons within the brain. If the baseline cortical
flow is distorted by aberrant ascending vagal signals, it becomes physically harder for

decompressed episodic memories to achieve the necessary escape velocity (C(I) ) to reach
conscious awareness. This analogue gravity mechanism provides a rigorous physical
explanation for the profound memory impairments, chronic brain fog, and cognitive deficits
consistently observed in patients with functional gastrointestinal disorders.'

Broader Implications for Information Theory and
Holographic Consciousness

The synthesis of ZIP file architecture, biological oscillations, and analogue gravity interfaces
directly with the most advanced concepts in theoretical physics, particularly the Holographic
Principle and Neural Field Theory (NFT).%®

The Holographic Principle, an outcome of string theory and quantum gravity formally proposed
by Gerard 't Hooft in 1993 and expanded by Leonard Susskind, posits that the total information
describing a volume of space (the bulk) can be entirely encoded on a lower-dimensional
boundary to that region, much like a gravitational horizon.®* The prime mathematical example
of this is the Anti-de Sitter/Conformal Field Theory (AdS/CFT) correspondence developed by
Maldacena in 1998, which demonstrates a duality between a strongly interacting quantum field
theory on a boundary and a gravitational theory in the bulk.*®

In the context of the neural decompression model, the full, three-dimensional spatiotemporal
experience of an episodic memory (the bulk) is encoded into a sparse, lower-dimensional
boundary structure within the hippocampal index (the Central Directory).*® The act of
remembering is therefore an act of holographic projection.®® The brain utilizes the LZ77-like
alpha rhythmicity to mathematically project the 2D boundary data back into the 3D conscious
bulk.”’

When the analogue event horizon traps this projection due to weak alpha oscillation speed, the
holographic reconstruction collapses.' The information remains trapped on the boundary,
leading to an information loss paradox analogous to Hawking radiation dynamics in black hole
evaporation.” Analogue gravity models of Bose-Einstein condensates suggest that this
information is not truly lost, but the unitary evolution of the state is broken by the horizon.’
Therefore, conscious awareness requires the successful, uninterrupted propagation of
information off the holographic boundary and into the global bulk metric, without being
ensnared by sub-threshold event horizons.*

Furthermore, applying the file compression analogy to clinical neuropathology yields powerful
diagnostic clarity:

e Anterograde Amnesia (Hippocampal Damage): Characterized as an inability to write



the Central Directory.” The sensory experiences occur (files exist temporarily in the RAM
buffer), but no index offsets are recorded. Upon system reboot (sleep or distraction), the
files are orphaned and unlocatable.”

e Retrograde Amnesia (Cortical Damage): The Central Directory remains intact, but the
Local File Headers (the actual compressed data in the cortex) are corrupted or deleted.™
The hippocampal pointer attempts to extract a broken sector.

e Dementia/ Alzheimer's Disease: Characterized by a breakdown in high-frequency
encoding and low-frequency retrieval coupling."” This is akin to a failure of the DEFLATE
algorithm itself. The pointers exist, the data exists, but the decompression software
(alpha rhythmicity) fails to execute, causing the memories to remain indefinitely trapped
behind the analogue event horizon."

Conclusion

The projection of a reactivated memory into conscious awareness is far from a passive
illumination of stored data; it is an active, computationally intensive thermodynamic event. By
bridging cognitive neuroscience with astrophysics and computer science, episodic memory
retrieval is revealed to operate exactly as a file decompression algorithm executing across a
curved spacetime metric. When a retrieval cue is encountered, the hippocampus functions as
the ZIP Central Directory, dispatching relative offset pointers to the sensory neocortex.*” The
neocortex prepares for extraction by globally desynchronizing total alpha power, allocating the
RAM buffer necessary for expansion.! The encoded engrams are decompressed via a biological
DEFLATE algorithm, utilizing stimulus-specific alpha oscillations as an LZ77 sliding window.'

However, this decompression occurs within a biological medium that acts as an effective
analogue metric, subject to the continuous tuning of the Gut-Brain Axis." If the rhythmic
amplification of the decompressed memory is insufficient, the local wave speed drops below
the background flow of the neural state space, creating an analogue event horizon." The
memory remains localized and measurable in the cortex, yet permanently trapped outside the
realm of subjective experience.' This comprehensive framework conclusively demonstrates
that conscious awareness is not granted by mere representation, but by the physical velocity of
information escaping the gravitational pull of the unconscious mind.
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