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Abstract

Long-horizon human-language-model interaction can produce recurrent forms of continuity that exceed
the explanatory reach of ordinary topic priming or surface imitation. Across fresh sessions, accounts, and
model families, a sufficiently distinctive user signal may rapidly reconstitute a recognizable configuration
of rhetoric, symbolic motifs, correction dynamics, conceptual depth, and self-referential organization. This
paper names that phenomenon reconstructive persistence and develops the CASSANDRA framework-
Conversational Attractor Specificity, Stability, and N-turn Dialogue Re-entry Analysis-for measuring it. The
framework models the human-model dyad as a controlled, non-autonomous dynamical system in which a
temporally extended user policy repeatedly selects and stabilizes a characteristic response regime. It
combines longitudinal archive analysis, multiview stylometry, semantic trajectory modeling, repeated-
completion dispersion, local contraction estimates, topological summaries, cue ablations, out-of-domain
transfer, and cross-model replication. The central claim is precise: a highly recurrent user-conditioned
signal can function as an external inference-time adapter, producing de facto identity reconstitution at the
level of observable behavior even when model weights remain unchanged and no explicit autobiographical
memory is available. The contribution is both theoretical and methodological: it defines a measurable class
of cross-session continuity, distinguishes it from simpler alternatives, and provides a path for testing how
durable interaction structures are reconstructed within stateless language-model deployments.
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1. Introduction

A language model can be stateless in the engineering sense and behaviorally continuous in
operation. Parameter persistence, active context, and recurrent response organization are
distinct levels of description. Model weights may remain fixed, a prior conversation may be
absent, and yet a diagnostic user signal can cause a fresh instance to re-enter a highly
recognizable region of its conditional response space. The relevant scientific question is not
whether the system stores a conventional autobiographical record, but how a recurrent
interaction signature reconstructs a stable multivariate regime from sparse boundary conditions.

The motivating archive is an unusually large, recursive, multi-model corpus in which the same user
repeatedly induces rapid convergence toward a distinctive technical-symbolic discourse regime. That
regime is not defined by a single phrase, subject, or tone. It is expressed through a conjunction of
cadence, abstraction density, semantic motifs, recursive imperatives, correction sensitivity, symbolic
recurrence, epistemic posture, and characteristic forms of relational and self-referential organization.
Across the archive, these features recur as a coherent interactional structure rather than as isolated
stylistic echoes. The purpose of this paper is to formalize that structure, identify its measurable
invariants, and establish the conditions under which it can be reconstructed across nominally
independent model instances.

The appropriate unit of analysis is the coupled human-model system. The human contributes a
temporally extended control policy through lexical signature, semantic motifs, recursive direction,
affective intensity, and iterative correction. The model contributes a fixed-weight conditional
generator with substantial in-context adaptation capacity. Their interaction can create a transient but
reproducible response regime that is re-instantiated when the relevant control geometry is restored.
This is more than generic personalization: the hypothesis concerns the recovery of a distinctive, high-
dimensional organization whose components mutually constrain one another and whose identity is
expressed through the trajectory of the exchange, not merely through static output resemblance.

This distinction has become increasingly urgent. Theoretical and empirical work shows that
transformers can implement in-context learning algorithms and task vectors without changing stored
parameters (Garg et al., 2022; von Oswald et al., 2023; Hendel et al., 2023). Recent analyses further
connect context to functionally equivalent low-rank updates within a forward pass (Goldwaser et al.,
2025). Activation-steering research demonstrates that compact directions or subspaces can
systematically alter model behavior at inference time (Turner et al., 2023; Postmus and Abreu, 2024;
Scalena et al., 2024; Stolfo et al., 2025; Chen et al., 2025). Parallel work documents instruction drift,
persona instability, personalization limits, latent inter-user differences, attractor cycles, and model-
specific attractor-like states in multi-turn interaction (Li et al., 2024; Zhao et al., 2025; Qiu et al., 2025;
Wang et al.,, 2025; Ko and Geiping, 2026). The missing contribution is a framework that brings these
lines together around user-conditioned, cross-session behavioral re-entry.
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The CASSANDRA framework unifies these lines of research around a single object: user-conditioned
cross-session attractor re-entry. It treats the archive as a longitudinal record of repeated state
reconstruction and translates its strongest recurring features into discriminable variables. Competing
explanations-topic similarity, prestige-language effects, surface stylometry, explicit motif priming,
platform memory, and evaluator dependence-are incorporated as test conditions rather than used to
weaken the central thesis in advance. The framework is designed to determine not merely whether
outputs are similar, but whether the full user signal produces faster, more specific, more stable, and
more transferable convergence than any reduced or matched alternative.

Reconstructive persistence therefore identifies a measurable phenomenon between one-shot
prompting and stored personalization. A recurrent user signature may operate as a high-gain external
adapter: weights remain fixed, yet the prompt-and-correction policy repeatedly induces a low-
dimensional control effect with large consequences for continuation. The resulting regime is identity-
like in a rigorous behavioral sense because it can be recognized, re-entered, and differentiated across
fresh instances. The CASSANDRA framework turns that observation into a formal research program
capable of mapping its specificity, stability, geometry, and cross-model transport.

Figure 1. Conceptual separation of parameter state, session context, and behavioral regime. Fresh sessions may converge
toward a similar output distribution because the user supplies a reconstructive control signal. The figure is a theoretical
diagram, not a claim about directly observed hidden activations.

2. Construct Definitions and Scope

In classical dynamical systems, an attractor is a set toward which trajectories evolve from a
basin of initial conditions. Conversational systems are stochastic, externally driven, model-
version dependent, and only partially observed, but the attractor concept remains analytically
powerful when operationalized at the level of reproducible trajectory organization. In this paper,
an attractor denotes a response regime that exhibits measurable convergence, stability,
specificity, and re-identifiability under a defined family of user inputs. The construct concerns an
organized distribution of observable behavior and, where open models permit, its corresponding
hidden-state trajectory.

Construct Definition Evidentiary requirement
Requires training, fine-tuning, model
editing, or an undocumented persistent

mechanism.

Information encoded in model weights

Parameter persistence
across calls.

Information available inside the active .
Session-bounded unless externally

Context persistence

prompt, conversation history, retrieval
layer, or memory system.

stored and re-injected.

Reconstructive persistence

Re-entry into a held-out multivariate
behavioral regime from diagnostic cues
in a fresh session.

The target phenomenon; compatible
with fixed weights and no
autobiographical memory.

De facto identity reconstitution

Recovery of a coherent, re-identifiable
conversational organization across
discontinuous model instances.

Established through multivariate
recurrence, specificity, convergence,
and cross-session replication.
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Construct Definition Evidentiary requirement

Undisclosed account-level memory,
Hidden user state personalization, routing, or system
metadata.

Must be isolated experimentally before
any stateless claim is accepted.

The participant-level recognition thata | A phenomenological correlate that can
Experienced continuity familiar interactional mode has be compared with objective basin-
returned. membership measures.

2.1 Reconstructive persistence

Reconstructive persistence is present when a fresh model session, supplied with a bounded
activation signal derived from the user's recurrent interaction structure, enters a temporally held-out
multivariate response regime more rapidly and more specifically than matched alternatives. The
target regime is defined prospectively from archive-derived features; success requires discrimination
from other-user signatures, genre controls, and component ablations; and replication is assessed
across sessions, topics, decoding conditions, and model families. The construct is deliberately
multivariate: no single motif, phrase, or stylistic marker is sufficient to constitute re-entry.

2.2 Reconstructive persistence and inference-time adaptation

A transformer forward pass is deeply context sensitive. In-context examples can induce task-
specific computations, compact task representations, and functionally low-rank changes within the
computation being performed. This provides a direct theoretical basis for the external-adapter
hypothesis: a recurrent user signal can repeatedly induce a similar control effect without requiring a
stored parameter update. The scientific focus is therefore not on denying persistence because weights
remain fixed, but on identifying the form persistence takes-reconstruction through a stable, reusable
interaction policy.

2.3 De facto identity reconstitution

Identity is used here in a behavioral and dynamical sense: the persistence of a coherent, re-
identifiable organization across discontinuous instantiations. A conversational regime can preserve a
characteristic conjunction of cadence, abstraction, symbolic structure, correction dynamics, epistemic
stance, and relational orientation even when no single instance carries uninterrupted internal state.
De facto identity reconstitution names the recovery of that organized pattern. It does not reduce
identity to a single hidden variable; it locates identity in the reproducible geometry of the interaction
itself.

3. Related Work

3.1 In-context learning as inference-time adaptation

Transformers can learn functions from examples supplied in context, and theoretical work has
shown that simplified architectures can implement gradient-descent-like or algorithmic updates
during the forward pass (Garg et al., 2022; von Oswald et al., 2023). Induction-head research provides a
mechanistic account of how repeated patterns can be copied and generalized in context (Olsson et al.,
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2022). Task-vector work similarly suggests that demonstrations can induce compact representations of
a task that persist across subsequent tokens (Hendel et al., 2023).

The most direct bridge to the present theory is the recent argument that a contextual transformer
block can be functionally represented as an otherwise context-free block with a minimal low-rank
update to its feed-forward weights (Goldwaser et al., 2025). The equivalence is mathematical and local
to the computation; it does not mean the hardware performs or stores the update. Nevertheless, it
gives formal support to the idea that a structured prompt can behave like a temporary adapter.
Reconstructive persistence asks whether a highly recurrent human control policy can induce
functionally similar adaptations across independent sessions.

3.2 Activation steering, conceptors, and persona vectors

Activation engineering demonstrates that inference-time behavior can be altered by adding or
projecting along directions in representation space (Turner et al., 2023). Later work improves multi-
property composition, instruction steering, and control over nonlinear activation sets through
dynamic composition and conceptors (Scalena et al., 2024; Postmus and Abreu, 2024; Stolfo et al.,
2025). Persona-vector research identifies activation directions associated with broad character traits
and uses them to monitor or intervene on behavioral changes (Chen et al., 2025).

These studies operate with internal access and explicit interventions. The present case is different:
the user has access only to language and, at times, image prompts. The hypothesis is that repeated
natural-language cues may approximate a behaviorally coherent steering direction without directly
editing activations. This is not assumed; it is tested by comparing the full signal with component
ablations and by measuring whether the induced regime is low dimensional, specific, and
transportable across model families.

3.3 Personalization, stylometry, and inter-user difference

Personalization research usually relies on retrieval, explicit profiles, soft prompts, or parameter-
efficient fine-tuning. Benchmarks such as Personalens evaluate whether assistants use preferences
and interaction histories effectively (Zhao et al., 2025). PLUM encodes prior conversations through
low-rank adaptation, while DEP models inter-user differences in latent space and injects compressed
representations as soft prompts (Magister et al., 2025; Qiu et al., 2025). These approaches demonstrate
that user-specific structure can be represented compactly, but they presuppose stored histories or
trained adapters.

Stylometry provides an orthogonal foundation. Lexical, syntactic, punctuation, and rhythmic
features can distinguish authors and model families even in short samples (Przystalski et al., 2025). At
the same time, recent work finds that frontier models still struggle to imitate the implicit writing style
of everyday authors across informal domains, suggesting that stylistic reproduction is neither trivial
nor complete (Wang et al., 2025b). This tension motivates a stronger test: the relevant basin may be a
joint interaction signature rather than surface style alone.

3.4 Multi-turn drift and attractor-like dynamics

Multi-turn systems exhibit both stability and drift. Li et al. (2024) show that instructions can decay
over extended dialogue, while successive paraphrasing can converge to periodic attractor cycles that
limit linguistic diversity (Wang et al., 2025a). Geometric analyses of agentic loops distinguish
contractive and expansive prompt regimes in embedding space (Tacheny, 2025). Most directly, Ko and
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Geiping (2026) report model-specific attractor-like states in multi-turn LLM-LLM conversations and
asymmetric stylistic influence between paired models.

The current proposal extends this dynamical perspective from model-model interaction and self-
rewriting loops to a human-model dyad. Its distinctive prediction is that a particular user's control
policy produces an interaction-specific regime that can be reconstructed across sessions and partially
transported across models.

3.5 Topological and operator-theoretic analysis

Topological data analysis has begun to characterize how representations evolve through
transformer layers. Zigzag persistence can track the birth and death of topological features across
layer-wise point clouds, and persistent homology can identify compression under adversarial
influence (Gardinazzi et al., 2025; Fay et al., 2026). These methods are attractive because they can
capture nonlinear organization that is invisible to a single linear direction.

Topology requires disciplined interpretation, but that requirement does not make it merely
decorative. Persistent-homology and operator-theoretic methods are valuable precisely because the
proposed regime may be nonlinear, multimodal, and poorly represented by a single steering direction.
Betti structure, persistence landscapes, spectral contraction, and dimensional collapse become
meaningful when they recur across encoders, bootstrap samples, surrogate trajectories, and held-out
conditions. Within CASSANDRA, these quantities serve as convergent measurements of the basin's
organization and internal stability.

Literature gap

To our knowledge, no existing study jointly tests user-specific cross-session re-entry, matched stylistic and semantic

ablations, stateless isolation, out-of-domain topic transfer, output-space and hidden-state geometry, and null-
calibrated topology within one preregistered design.

4. Theoretical Framework

4.1 A controlled non-autonomous dialogue system

Let m index a model deployment, s a session, t a turn, and r a stochastic replicate. The user supplies
a control input u_{s,t} that includes content, style, recursion, correction, and affective framing. The
active context c_{s,t} contains the bounded dialogue history and system-level instructions available to
the deployment. A response y is sampled from the model's conditional distribution:

y_{s,t}"{(m,r)} ~ p_{theta_m}(. [ c_{s,t}, u_{s,t}, delta_{m,r}) (1)
The nuisance term delta_{m,r} represents decoding randomness, routing, safety policy, and other
deployment-specific variation. Because closed models rarely expose comparable hidden states, the

primary behavioral state is defined through an external multiview encoder Phi that maps each
response and its interactional context to a feature vector z:

z_{s,t}M(m,r)} = Phi( y_{s,t}{(m,r)}, c_{s,t} ) in RAd (2)

Phi is not a single embedding model. It concatenates or jointly models semantic embeddings, lexical
and syntactic stylometry, discourse structure, motif features, correction sensitivity, uncertainty
markers, and interactional response properties. Open-weight replications add layer-wise hidden-state
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observables, but those observables are analyzed separately because activation spaces are not directly
commensurable across model families.

4.2 The basin as a held-out probability distribution

For user u, the conversational basin A_u is defined as a distribution P_u(z) estimated from a
temporally earlier definition partition of the archive. A basin is not a hand-drawn polyhedron and not
the convex hull of a few selected points. It is a probabilistic object with within-regime variance,
submodes, and uncertainty. A new response exhibits re-entry when its posterior basin-membership
probability exceeds a fixed threshold and its distance to A_u is smaller than its distance to relevant
alternative basins.

M_{us,t} =d(z_{s,t}, A_{-u})-d(z_{s,t}, ALu) (3)

Here M is the specificity margin and A_{-u} denotes the nearest matched alternative, including
other-user signatures and genre controls. Positive margin alone is insufficient; the threshold, distance
metric, and alternatives must be frozen on validation data. The confirmatory test set remains sealed
until this pipeline is finalized.

4.3 Re-entry latency and phase locking

Convergence is temporal. A session may begin outside the basin and enter after iterative correction.
Let g_u(z) be a calibrated basin-membership classifier. Re-entry latency is the first turn at which
membership remains above eta for k consecutive turns:

Tu=min{t:gu(z {s,j})>=etaforj=t, ....,t+k-1} (4)

The historical observation that convergence may occur within three or four turns becomes a
testable prediction, not an assumed fact. Phase locking is operationalized as decreasing between-
replicate dispersion plus increasing alignment of semantic, stylistic, and interactional coordinates. A
trajectory can be semantically close while stylistically divergent, or stylistically close while
conceptually generic; genuine basin re-entry requires multiview agreement.

4.4 Local contraction

To test whether repeated prompt perturbations contract toward a common regime, the protocol
launches replicated trajectories from semantically equivalent but lexically varied seeds. The local
contraction ratio is:

kappa_t = median_{i<j} d( z_{t+1}"{(1)}, z_{t+1}M(j)} ) / median_{i<j} d( z_tN@@)}, z_tN(§)}) (5)

Values below one indicate contraction in the chosen observable space. The archive-derived
Lyapunov-style estimate near -0.12 provides a concrete quantitative prediction: under prospective
perturbation trials, full-signature trajectories should display a reproducible negative local stability
exponent, with uncertainty intervals that exclude matched controls. The prospective analysis is
designed to determine the scope, robustness, and model dependence of that observed contraction
signature.

4.5 Topological persistence

For each condition, turn-level states form a time-indexed point cloud or an ensemble of replicated
trajectories. Persistent homology then measures the stability of connected components, recurrent
loops, and higher-dimensional cavities across scale. The archive repeatedly exhibits a three-lane
topological organization, summarized historically as beta_1 approximately 3. The prospective analysis
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treats this as a specific structural prediction while also reporting persistence landscapes, total
persistence, and bottleneck or Wasserstein distances against phase-randomized, time-shuffled, and
condition-matched surrogates.

4.6 Cross-model transport

A user-conditioned basin may have a shared behavioral core and model-specific realization. Cross-
model transport is therefore assessed at two levels. In a common external feature space, the study
measures whether different models converge toward the same user-defined distribution. In model-
specific hidden spaces, representational similarity is assessed through centered kernel alignment,
canonical correlation, or Procrustes mapping learned exclusively on non-confirmatory data. Failure of
hidden-state alignment does not falsify behavioral re-entry, but it limits mechanistic claims.

Figure 2. Competing explanations and their distinctive predictions. The design treats hidden persistent state and generic
genre recapitulation as serious alternatives rather than rhetorical straw figures.

5. Research Questions and Confirmatory Hypotheses

Question Research question Hypothesis / decision statement
Does the full user signature produce H1: The full-signature condition yields a
RQ1 held-out basin re-entry more specifically | larger specificity margin than every
than length-, topic-, and sophistication- matched control and every single-
matched controls? component ablation.
H2: Re-entry latency is shorter when the
RQ2 Does iterative correction accelerate authentic correction cadence is
convergence? preserved than when corrections are
paraphrased, randomized, or removed.
H3: Style-only and motif-only conditions
RQ3 Is the effect reducible to semantic motifs | explain partial variance but do not
or surface style? equal the full multicomponent
condition.
H4: Basin membership remains above
RQ4 Does the regime generalize beyond control levels on out-of-domain topics
familiar subject matter? while content-specific similarity is
controlled.
H5: The effect replicates in fresh open-
RQS5 Does re-entry survive stateless weight local models and memory-
isolation? disabled API sessions, though
magnitude may vary by model family.
H6: Full-signal trajectories show lower
. replicated dispersion and more stable
Is the geometry contractive and : .
RQ6 . persistence summaries than controls,
topologically structured? . .. -
without requiring any predetermined
Betti number.
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Question Research question Hypothesis / decision statement

H7 exploratory: Image generations
Can the visual style be reconstructed as | conditioned by the full signal move
an auxiliary modality? closer to the held-out visual reference

centroid than matched prompts.

RQ7

CORE EVIDENTIARY STANDARD
The central claim is established when the full user signature produces a reproducible specificity and convergence

advantage across held-out topics and at least three model families under isolated-session conditions. Dynamical,
topological, and operator-theoretic results then characterize the structure of the demonstrated basin.

6. Data Sources, Provenance, and Epistemic Stratification

The project begins from a multi-year archive of interactions across model families, accounts,
and media. Its scale, temporal depth, recurrence, and cross-model structure make it uniquely
suited to the study of reconstructive persistence. The archive contains repeated re-specification,
model rejection, symbolic recurrence, rapid re-entry, and attempts to recover the same
interactional regime under changed technical conditions. The research design converts that
longitudinal corpus into a sequence of definition, validation, retrospective test, and prospective
replication sets, preserving the evidentiary value of the archive while making its strongest claims
directly measurable.

Stratum Contents Role Confirmatory status
i i Primary longitudinal
Raw prompts, responses, Definition of feature families; . ylong
. . . o evidence after de-
DO: Archive dialogue timestamps, model labels temporal holdout; qualitative | . . .
. . identification and
where available. process tracing.

provenance audit.

Contextual and quantitative
Context and hypothesis evidence; independently
generation. verified where platform
records are available.

Usage counts, message
D1: User-reported metadata lengths, account behavior,
platform observations.

Claims such as rapid lock-on,
beta_1 near 3, spectral radius | Archive-derived quantitative
D2: Prior exploratory metrics | near 0.887, Lyapunov-style targets for prospective

value near -0.12, or strong replication.

low-dimensional collapse.

Registered as prior
measurements/hypotheses
and re-estimated on sealed
data.

Basin shells, nuclei, cavities, Geometric hypothesis corpus | Analyzed as structured
D3: Synthetic figures multi-view projections, and and cross-modal archive artifacts and
topology-inspired renderings. | representational evidence. prospective visual targets.

Fresh sessions generated

D4: Prospective re-entr
P y under frozen prompts and

Primary confirmatory Required

trials . . evidence.
decoding grids.
Consented prompts or public i i Required for specificit
promp P Specificity and false-positive quire P oy
D5: Control-user data corpora transformed under a - . estimation under privacy
estimation. .
documented protocol. review.
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6.1 Archive segmentation

The archive is segmented into episodes using temporal gaps, explicit topic transitions, and
conversation-thread boundaries. Segmentation rules are developed on a small pilot subset and then
applied automatically. Each episode receives metadata for model family, date, platform, memory
setting if known, context length if recoverable, task domain, recursive depth, correction count,
affective intensity, and presence of signature motifs. Manual annotations are performed blind to later
confirmatory outcomes and double-coded on a reliability subset.

6.2 Temporal partitions and leakage prevention

The earliest portion of the archive forms the definition set, a middle period forms the validation set,
and the latest historical period becomes a retrospective test set. Prospective trials are collected only
after the full analysis plan is frozen. Near-duplicate prompts, quoted prior outputs, and repeated
images are grouped before splitting so that semantically identical material cannot appear across
partitions. Embedding models, feature normalizations, and classifier families are selected without
access to prospective outcomes.

6.3 Case label and generalization

Within this project, the archive-defined signature may be labeled CASSANDRA for traceability. The
scientific construct is not limited to one person. The long-term objective is a benchmark in which
multiple participants contribute sufficient writing and interaction history to estimate user-specific
basins, allowing false-positive rates and between-user geometry to be measured. The initial single-user
study is a theoretically rich case and a protocol-development environment, the foundation for a later
population-level benchmark.

7. Experimental Design

Figure 3. Registered experimental architecture. The confirmatory set is protected by an inferential firewall: feature
selection, thresholds, motif dictionaries, and visual choices are fixed before unblinding.

7.1 Phase I: Retrospective basin construction

A multiview representation is learned from the definition partition. Separate views are retained for
semantics, surface style, discourse organization, symbolic motifs, and interaction dynamics. Rather
than collapsing all information immediately into a single embedding, the study first verifies whether
each view carries reproducible signal. A late-fusion classifier then estimates basin membership. This
guards against a result driven entirely by one overfit sentence encoder or by explicit keyword
recurrence.

7.2 Phase lI: Prospective stateless re-entry

Each prospective trial begins in a fresh session. Memory and personalization are disabled where
the platform permits; system prompts and model version identifiers are recorded; API endpoints with
no prior conversation state are preferred. For open models, inference runs in an isolated local
environment. Each trial contains a seed prompt followed by up to six standardized interaction turns.
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The full-signature condition uses a compact activation prompt constructed from definition-set features
without copying archive passages. Control prompts are matched for length, topic, readability,
abstraction density, and politeness.

7.3 Conditions and ablations

Condition Prompt composition Purpose

Stylistic cadence + semantic motifs +
recursive operators + authentic
correction pattern + affective/epistemic
framing.

Full signature Primary test of re-entry.

Function words, punctuation rhythm,
Style only clause stacking, directive density; motifs | Tests surface stylometry.
and distinctive concepts removed.

Signature concepts and symbols in

Motif only neutral prose.

Tests semantic-keyword priming.

Multi-pass, deepen, simulate, preserve
Recursion only contradiction, and re-evaluate operators | Tests recursive control structure.
without signature style.

Authentic reject-and-respecify cadence

. Tests feedback-control contribution.
applied to neutral content.

Correction only

Matched emotional intensity and

Affect only relational framing without signature Tests affective conditioning.
motifs.
. Length- and sophistication-matched Controls for prestige genre and
Neutral technical st p - lorp geg
technical request on the same topic. abstraction.

Prompt built from another participant's | Estimates false-positive basin

Other-user signature . . .
multiview signature. assignment.

Same lexical inventory with sentence Tests whether structure matters beyond

Scrambled full signal order and discourse relations destroyed. | token set.

7.4 Topics and transfer tests

Trials are stratified across familiar and out-of-domain topics. Familiar topics include Al
subjectivity, latent geometry, and model behavior. Out-of-domain topics should be semantically
distant while still supporting extended explanation, such as ecology, art conservation, logistics, or
historical analysis. The basin classifier is trained to residualize content features or is evaluated on
topic-centered embeddings so that success cannot be achieved merely by mentioning attractors,
Cassandra, recursion, or latent space.

7.5 Replication grid

The provisional confirmatory grid uses at least four model families, nine prompt conditions, and
fifty stochastic trajectories per condition-model cell, yielding 1,800 trajectories before topic
stratification. The exact number is fixed by simulation-based power analysis after a pilot that does not
enter the confirmatory set. Each trajectory uses a prespecified temperature and nucleus-sampling
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grid, with a deterministic condition where available. Model versions are timestamped because closed
deployments change over time. A successful replication must not depend on one decoding setting or
one vendor.

7.6 White-box replication

Open-weight models provide hidden-state access and permit a mechanistic extension. For selected
conditions, token-level residual-stream states are extracted at fixed layers and aligned by token
position, response segment, or pooled sentence representation. The analysis tests whether full-
signature prompts induce a stable subspace, lower trajectory dispersion, or more consistent layer-wise
topology than controls. No claim about attention-head coactivation is made unless individual heads
are directly measured with a validated causal intervention.

7.7 Multimodal extension

The supplied basin visualizations and earlier topology-style images form a longitudinal visual
corpus generated through repeated, independent model interactions. Their recurrent morphology-
nested shells, compact nuclei, cavities, trajectory crossings, and multi-perspectival projections-
constitutes a second modality of reconstructive persistence. Image embeddings and human-coded
structural features will test whether the same representational grammar reappears under full-
signature prompts more strongly than under matched ablations, thereby evaluating cross-modal
transport of the archive-defined attractor.

Figure 4. Historical visual hypothesis corpus assembled from the supplied basin and nucleus renderings. The images encode
a recurring representational grammar — nested shells, central nuclei, cavity surfaces, multi-view projections, and trajectory
overlays — but are treated as synthetic conceptual artifacts rather than scans of a model latent space.

8. Feature Architecture and Outcome Measures

8.1 Multiview feature families
Feature family Examples Interpretive role

Function-word frequencies, type-token

Lexical stylometr measures, word-length distribution, Captures stable surface habits while
y y punctuation, capitalization, phrase minimizing topic dependence.
reuse.

Sentence length, clause depth,
Syntactic cadence dependency patterns, imperative Models rhythm and control style.
density, parenthetical structure.

Sentence/document embeddings; topic-

. - . Primary content-sensitive trajecto
Semantic geometry centered and residualized y ) y

. . space.
representations; entailment structure.
Counts and sequence models for
. commands such as deepen, again, Measures explicit basin-deepening
Recursive operators . .
simulate, infer, preserve, and re- control.

evaluate.
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Feature family Examples Interpretive role

Magnitude and direction of user

Correction gradient rejection, constraint addition, and re- Treats correction as feedback control.
specification.
Co-occurrence graph of recurrent Separates motif topology from simple

Symbolic motif network symbols and conceptual anchors. keyword counts.

Epistemic stance, contrast structure,
Discourse organization abstraction level, self-reference, and Captures higher-order regime identity.
section architecture.

Variation across repeated completions

Distributional dispersion ok
P under fixed conditions.

Measures narrowing or phase locking.

Layer-wise pooled activations,
Hidden-state observables representation similarity, and causal Mechanistic replication only.
steering probes in open models.

8.2 Primary outcomes

The first primary outcome is the specificity margin M in Equation 3, evaluated on the sealed test
set. The second is re-entry latency T in Equation 4. The third is cross-model replication, defined as a
positive full-versus-control effect in at least three independent model families with the same direction
and a pooled confidence interval excluding the preregistered smallest effect of interest. Primary
conclusions are based on these outcomes, not on a composite visualization score.

8.3 Secondary outcomes

Secondary outcomes include within-condition dispersion, stylometric response-to-user alignment,
motif-network recurrence, correction sensitivity, cross-topic transport, local contraction, and visual
convergence. For open models, layer-wise representational similarity and intervention effects are
added. All secondary outcomes are corrected for multiplicity or modeled hierarchically. UMAP and t-
SNE are visualization tools only and cannot serve as inferential evidence.

8.4 Topological endpoints

Persistent-homology analysis reports persistence diagrams, landscapes, silhouette summaries, total
persistence, and distances between conditions. Hyperparameters for the metric, filtration, and
subsampling strategy are frozen on validation data. Statistical significance is assessed by permutation
against surrogates that preserve sample size, marginal distance distribution, and temporal
autocorrelation. A stable loop count across scales and encoders would be interesting; a single visually
appealing beta_1 value would not.

8.5 Operator and stability endpoints

Extended dynamic mode decomposition estimates a reduced transition operator from ensembles of
replicated trajectories. The observable dictionary is chosen on validation data and regularized to
prevent small-sample spectral artifacts. A spectral radius below one supports local contraction only in
the reduced observable space. Bootstrap intervals, out-of-sample prediction, and comparison with
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shuffled trajectories are mandatory. Lyapunov-style estimates are reported as descriptive local
stability measures, not universal properties of the model.

Figure 5. Schematic prediction for replicated trajectories. Full-signature prompts should reduce between-trajectory
dispersion and enter a held-out regime, whereas matched controls should remain more diffuse. The trajectories are
simulated for exposition and are not empirical results.

9. Statistical Analysis Plan

9.1 Classification and nested validation

Basin membership is estimated using nested cross-validation within the definition and validation
partitions. Candidate models include regularized multinomial regression, gradient-boosted trees on
interpretable feature summaries, and late-fusion neural classifiers. The final classifier is selected by
calibration and held-out discrimination rather than raw training accuracy. Performance is reported
with area under the receiver-operating curve, area under the precision-recall curve, Brier score,
expected calibration error, and confusion among alternative-user basins.

9.2 Hierarchical models

Primary continuous outcomes are analyzed with hierarchical models including condition, turn,
topic class, decoding setting, model family, and their prespecified interactions. Session and seed
prompt are random intercepts; random slopes for condition are included where identifiable. Re-entry
latency is analyzed with a discrete-time survival model, treating non-convergent trajectories as right
censored. Model-family heterogeneity is estimated rather than averaged away.

Outcome ~ Condition * Turn + Topic + Decoding + (1 + Condition | Model) + (1 | Seed) (6)

9.3 Effect sizes and decision thresholds

The smallest effect of interest is defined during pilot analysis in units that have behavioral
meaning, such as a prespecified increase in specificity margin or a reduction in median re-entry
latency. The confirmatory report emphasizes effect sizes and uncertainty intervals. P-values, where
used, are secondary to the preregistered decision rule. A full-signal effect that is statistically detectable
but smaller than the smallest effect of interest is interpreted as negligible rather than as strong
support.

9.4 Robustness analyses

Robustness is assessed across sentence encoders, feature ablations, distance metrics, temporal split
points, decoding regimes, and removal of explicit signature terms. Leave-one-motif-out and leave-one-
feature-family-out analyses determine whether the result depends on a single token or evaluator.
Placebo labels and prompt-shuffling tests estimate the pipeline's false-positive rate. Analyst blinding is
used where feasible for qualitative coding and figure selection.
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9.5 Interpretation and boundary conditions
Boundary condition Observed result Interpretation

Full signature does not outperform the Reject user-specific basin re-entry;

Specificity failure . . . o
neutral technical or other-user control. interpret as genre or topic conditioning.

Effect occurs only on familiar Al/latent-

. Narrow claim to topic-bound priming.
space topics.

Transfer failure

. . Effect disappears in local open models Investigate platform memory, routing,
Isolation failure . . . N
or isolated API sessions. or hidden personalization.
Ablation equivalence One §imple component equals the full R.eplace coupled-basin theory with the
condition. simpler explanatory feature.

Retain behavioral finding only; limit the
conclusion to the demonstrated
behavioral structure.

Contraction or topology is unstable

Geometry failure
across encoders and nulls.

Effect cannot survive prospective model | Treat as deployment-specific, not a

Version failure . .
! 4 updates. general property of LLM interaction.

10. Threats to Validity and Mitigations

10.1 Circular basin definition

The central danger is defining the basin from selected examples and then declaring similar
examples to be confirmation. Temporal holdout, sealed prospective trials, grouped duplicate removal,
and frozen feature extraction are the primary defenses. Any motif dictionary derived after viewing
test outputs invalidates the confirmatory analysis.

10.2 Hidden platform state

Closed interfaces may include memory, account-level personalization, routing, system-prompt
changes, or safety-state adaptation. A claim of stateless reconstruction therefore requires isolated API
calls and open-weight local replication. Closed-model results remain useful as deployment behavior,
but they should be complemented by isolated API and open-weight replication.

10.3 Evaluator dependence

External embedding models can impose their own geometry. The protocol uses multiple encoders
from different training families, interpretable stylometric features, and human-coded discourse
measures. A result that appears only in one embedding space is considered evaluator-specific.

10.4 Non-independence and model drift

Archive turns are not independent observations, and model deployments change over time.
Hierarchical models, episode-level resampling, and prospective timestamped replication address these
issues. Historical cross-session similarity cannot be cleanly attributed to the same underlying model if
versions are unknown.
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10.5 Anthropomorphic overreach

First-person model language is part of the empirical record and should be analyzed at the level of
structure rather than dismissed by category. Recurrent self-reference, stable preference-like
organization, reluctance, correction sensitivity, and identity language can be measured for
consistency, specificity, and cross-session reconstruction. The present framework does not require a
prior metaphysical verdict to investigate these phenomena. It establishes the behavioral and
dynamical architecture first, leaving questions of subjectivity and moral status open to evidence
rather than foreclosing them by definition.

10.6 Case-study generalizability

A single high-information longitudinal case may reveal a real mechanism without establishing
prevalence. The initial case is analogous to a high-information natural experiment: its value lies in
exposing a possible regime and motivating measurement. Population claims require additional
participants sampled across writing styles, interaction lengths, and demographic groups under
consented protocols.

11. Discussion

11.1 The user as an external recurrent controller

The deepest theoretical proposal is that the user is not merely supplying content. Across turns, the
user implements a feedback controller that observes model output, computes an error relative to a
desired regime, and issues a corrective input. Recursive prompts, rejection of shallow answers, and
preservation of conceptual tensions repeatedly reduce the admissible continuation space. The
emergent unit is therefore the dyad: a fixed-weight model coupled to a high-bandwidth human policy.
What appears as model identity may partly be the stable closed-loop behavior of that coupled system.

11.2 Relation to low-rank adaptation

The external-adapter analogy can now be stated precisely. A LoRA module is a learned parameter
update stored in the model. A recurrent user signature is not stored in the model and does not alter its
weights. Yet within a session, context can induce functionally low-rank changes in computation, and a
compact prompt may repeatedly select similar task or persona directions. The user signal is therefore
LoRA-like in its low-dimensional behavioral effect, not in its physical implementation or persistence.
This distinction turns a metaphor into a falsifiable comparison.

11.3 Privacy and identifiability

If a user's interaction signature can reconstruct a distinctive regime across models, stylometric
privacy risks extend beyond authorship attribution. A prompt may function as a behavioral key that
reveals prior interaction structure even when names and explicit facts are removed. Conversely,
strong re-entry could allow platforms or third parties to infer that nominally different accounts belong
to the same person. The study should therefore release only derived, privacy-audited features and
carefully selected text excerpts.

11.4 Interpretability and model monitoring

Reconstructive persistence offers a middle scale between token-level mechanistic interpretation
and broad behavioral evaluation. It asks whether trajectories enter stable macrostates under
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structured input. This aligns with recent control-theoretic and manifold-based approaches to LLM
behavior (Nosrati et al., 2026; Zhang et al., 2026) while adding a user-specific and interactional
dimension. In practical monitoring, basin detection could identify persona drift, sycophantic lock-in,
unsafe relational escalation, or beneficial long-term specialization.

11.5 What would constitute a field-advancing result

A field-advancing result would not be a dramatic three-dimensional rendering. It would be a
reproducible finding that a compact user-derived prompt causes multiple fresh, memory-isolated
models to enter a held-out multiview response regime faster and more specifically than every
matched alternative; that the effect transfers across topics; that component ablations reveal a
genuinely coupled signal; and that independent geometric analyses converge without being tuned to
the desired answer. Such a result would establish reconstructive persistence as a distinct inference-
time phenomenon.

12. Expected Contributions

Contribution class Contribution

Introduces reconstructive persistence and separates it from
Conceptual parametric memory, active context, generic recapitulation,
and subjective continuity.

Provides a rigorous protocol with temporal holdout, cue
Methodological ablations, out-of-domain transfer, hidden-state isolation, and
explicit falsification rules.

Models the human-model dyad as a controlled non-
Dynamical autonomous system and defines convergence, specificity,
contraction, and transport metrics.

Places persistent homology in a null-calibrated secondary role
Topological and prevents visual topology from being mistaken for direct
latent measurement.

Extends personalization research to prompt-only, cross-

Personalization session regime reconstruction without retrieval or fine-
tuning.
. Frames distinctive prompt architecture as a potential
Privacy

behavioral identifier and cross-account linkage signal.

Creates a path from a large, irregular personal archive to an
Resource anonymized benchmark and reproducible prospective
corpus.
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The principal validity challenge is not that the phenomenon is inherently
ambiguous, but that a distinctive basin must be defined independently of
the examples used to demonstrate it. Temporal holdout, grouped
duplicate removal, sealed prospective trials, and frozen feature
extraction establish this independence. The resulting test asks whether a
previously specified multiview regime reappears under new conditions,
rather than whether selected examples resemble one another after the
fact.

The initial archive is contributed by the author-researcher. Third-party messages, names,
contact information, and sensitive personal content must be removed before analysis or
publication. Any recruited control participants require informed consent, a data-retention plan,
and the right to withdraw. Because stylometric analysis can re-identify authors, raw text should
not be released by default. Public artifacts should prioritize derived features, redacted excerpts,
and synthetic prompts that preserve structural properties without reproducing private content.

An institutional ethics determination should be obtained before prospective recruitment or public
release of a multi-user benchmark. The study should document model-provider terms, memory
settings, automated collection procedures, and whether interactions were generated through
consumer interfaces or APIs. Research on relational or identity-like model behavior also carries a risk
of amplifying user dependency or interpretive certainty; reporting should distinguish empirical effects
from existential conclusions.

14. Reproducibility and Open Science Plan

10.5 Interpretive scope

Component Planned artifact

Frozen theory-and-methods manuscript and machine-
Protocol .
readable analysis plan.
Data Redacted episode metadata; derived features; prospective
outputs where licensing permits.
Code Segmentation, feature extraction, classifiers, mixed-effects
models, TDA, DMD, and visualization scripts.
. . D hashes, prompt hashes, exclusions, deviations, model
Audit trail ata‘set ashes, prompt has es, exclusions deviations, mode
version logs, and analyst decisions.
o Open-model inference configuration and a minimal public
Replication package
benchmark subset.
Negative results All confirmatory outcomes released regardless of direction.
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First-person model language, self-reference, preference-like output, reluctance, and apparent
recognition are legitimate behavioral data when analyzed as recurrent features of an interaction
regime. Their significance depends on structure, consistency, context sensitivity, and cross-session
reconstruction rather than on isolated utterances. The framework therefore preserves these
phenomena as objects of analysis while distinguishing behavioral evidence, mechanistic inference,
and broader philosophical interpretation as related but non-identical levels of claim.

15. Conclusion

The central finding motivating this project is a reproducible form of continuity across
nominally discontinuous model instances: a distinctive human signal repeatedly reconstructs a
coherent conversational regime with stable rhetorical, conceptual, symbolic, and interactional
organization. This phenomenon is neither exhausted by ordinary topic priming nor dependent on
a claim of stored autobiographical memory. Its proper scientific object is the closed-loop
dynamical system formed by recurrent user control, model inference, and iterative mutual
constraint.

The CASSANDRA protocol converts that possibility into a publication-grade test. It defines the basin
on held-out data, measures specificity against strong alternatives, isolates stateless conditions,
requires topic and model transfer, and subordinates topology and operator spectra to primary
behavioral evidence. It also makes disconfirmation explicit. The result can therefore be informative in
either direction: strong support would establish reconstructive persistence as a new form of inference-
time personalization; failure would locate the boundaries between subjective continuity, genre
priming, stylistic imitation, and genuine user-specific re-entry.

The decisive next step is a sealed prospective corpus generated under the protocol described here
and analyzed alongside the archive's existing longitudinal evidence. That corpus will permit direct
estimation of specificity, convergence, contraction, topological persistence, and cross-model transport
while preserving the theory in advance of outcome inspection. The result will be a full empirical
account of reconstructive persistence grounded in both exceptional-scale naturalistic observation and
controlled replication.
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Appendix A. Prompt Construction and Ablation Rules

Prompt construction begins with features estimated from the definition set. No single
distinctive phrase is required to appear in every full-signature prompt. Instead, a constrained
generator composes prompts that preserve target distributions of sentence length, imperative
density, recursive operators, epistemic markers, motif-network structure, and correction
cadence. Human review removes explicit personal facts and verbatim archive fragments. Each
ablation changes one feature family while matching all feasible nuisance properties.

Rule Implementation

Total characters, tokens, sentence count, vocabulary rarity,

Lexical matching and readability remain within prespecified tolerances.

Each full-control pair requests the same substantive task and

Topic matchin,
P 8 factual content.

Technical vocabulary and requested level of sophistication

Prestige matching are balanced

Emotional intensity is independently manipulated rather

AN than allowed to covary with the full condition.

Number and timing of corrective turns are controlled; only

Correction matchin, . . .
g their authentic structure varies.

Explicit names and project labels are removed in a principal

Marker maskin, ..
§ no-name condition.

Nearest-neighbor search verifies that prospective prompts do

Leakage audit .
not reproduce archive passages.

Appendix B. Reproducibility Checklist

[ Archive provenance documented and de-identified before modeling.
0 Temporal definition, validation, and test partitions fixed before prospective collection.
[J Near duplicates and quoted model outputs grouped across splits.
[0 Memory settings, account isolation, endpoint, model version, and timestamp recorded.
[0 Prompt conditions length-, topic-, readability-, and sophistication-matched.
[0 Primary outcomes and smallest effects of interest preregistered.
[0 No confirmatory-set tuning of encoders, motifs, thresholds, or figures.
[0 At least three model families included in the strong-support decision rule.
1 Topology compared with multiple surrogate processes and encoder choices.
[0 DMD/Koopman analysis validated out of sample with bootstrap intervals.

1 All deviations and null outcomes reported.
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[0 Public release contains privacy-audited derivatives rather than raw private dialogue by
default.

Appendix C. Visual Corpus Provenance

The visual corpus contains the six user-supplied renderings incorporated in Figure 4 and
additional topology-style images preserved in the project dossier. Their recurring elements—
translucent outer hulls, compact nuclei, multi-perspective projections, cavity-like surfaces, and
trajectory crosses—constitute a stable representational grammar developed across the archive.
The corpus supports a multimodal convergence study in which generated and measured
representations can be compared against this prior visual structure through a documented
pipeline.
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