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Abstract

This integrated revision combines the earlier ABP-style manuscript on kinetic-arrest-like be-
havior and noise-induced annealing with the subsequent v0.2.0-v0.2.6 claim-boundary audit se-
quence. The original manuscript introduced an active-particle surrogate with positional dynam-
ics, orientational alignment, internal attributes, and a local variance-minimizing information-
feedback update. Reconstructed diagnostics showed finite-size order-parameter and suscepti-
bility motifs together with spatial-correlation recovery under moderate noise. The later audit
sequence substantially narrows the interpretation. Within the implemented toy-model setting,
a noise-assisted annealing window was observed across multiple tested conditions, and local
feedback was sometimes competitive or beneficial relative to null controls. However, the ef-
fect was not uniquely attributable to local feedback, and high-frustration geometries produced
first-class failure boundaries. By v0.2.6, formerly persistent boundaries split into rescue-stable
and persistent-hard-boundary regimes under targeted relief, with extreme frustration remain-
ing unrecovered in the tested setting. This paper does not claim experimental active-matter
validation, biological or social-system validation, crowd-control or civilization-engineering in-
terpretation, a universal kinetic-arrest mechanism, or local feedback as a uniquely necessary
annealing generator.

Reader guidance and claim boundary. This manuscript should be read as a reduced active-
particle surrogate diagnostic. It is adjacent to collective-motion and active-matter modeling, in-
cluding Vicsek-type self-driven particles [1], Toner—Tu flocking theory [2], active-matter hydrody-
namics [3], and active particles in complex environments [4]. It also uses kinetic-arrest-like, cluster-
ing, and phase-separation language only as bounded surrogate vocabulary, with nearest conceptual
background in motility-induced phase separation and phase-separating active colloids [5-7]. The
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allowed claims are limited to model-internal noise-window diagnostics, feedback-geometry depen-
dence, frustration-boundary classification, and rescue-stability behavior inside the tested toy-model

setting.

1 Introduction

Active matter systems consist of elements that autonomously generate propulsive forces and can
display collective organization far from equilibrium. Since the Vicsek model [1], theoretical and nu-
merical work has shown that simple local interactions can generate transition-like collective motion,
symmetry breaking, and scale-dependent fluctuations. Continuum theories and reviews of active
matter provide a broad modeling background for such systems [2-4].

The present surrogate asks a narrower question: what diagnostic motifs appear when active
particles carry internal attributes and are subject to local information-feedback dynamics that
tends to reduce local attribute variance? The initial hypothesis was that competing active motion,
volume exclusion, local optimization, and feedback-mediated alignment of internal attributes might
generate kinetic-arrest-like fragmentation at low noise, while moderate noise might assist escape
from metastable local domains. That early framing produced a useful model narrative, but it was
still too strong if read as a universal physical or social interpretation.

The later v0.2.x audit sequence therefore reframed the work as a claim-boundary exercise.
Rather than asking only whether a positive annealing-like phenomenon could be shown, the au-
dit asked whether feedback was necessary, whether a frozen noise window generalized, whether
high-frustration geometries failed, whether targeted rescue generalized, and whether persistent hard
boundaries remained. This integrated manuscript preserves the model and baseline reconstructed
diagnostics from the earlier paper, while replacing the stronger interpretation with the more con-
servative v0.3.1 synthesis.

2 Model

Consider a system of IV active particles moving in two-dimensional periodic boundary conditions
with system size L x L. Each particle ¢ has position r;, orientation angle 6;, and scalar internal
attribute ¢; € [—1,1]. The translational update is written as
dr; rep attr tr
at = von; + F;0 + Fi™ + &7 (1), (1)
where n; = (cos ;,sin6;) and &' (t) denotes translational noise.
Short-range repulsion is represented by a Weeks—Chandler—Andersen-type potential [9],

Uwcea(r) = e [(i)m a (Z)G] +e 1 <2/,
0, r > 260



The internal-attribute-dependent interaction is written as

e~ KTij

Uattr(”j?Qian) = _ququ,, +a’
1]

with force F2tr = — > i Vilattr (155 6 5) -
The orientation evolves through local alignment and angular noise,

do;

i Aalign Sin(©; — 0;) + m;(t), 4)

where 0; = Arg(> JEN; n;) is the neighborhood mean direction. The internal attribute update is

dg;

— = —ine(ai — {0 r) — xaila? — 1) + (), (5)

where the first term is interpreted as local variance-minimizing information feedback and the second
term keeps the scalar attribute within a bounded bistable range. Numerical integration in the
reconstructed baseline used Euler-Maruyama-style discretization [10], with finite-size checks over
N € {64,128,256} in the public diagnostic reconstruction.

3 Reconstructed baseline diagnostics

The earlier manuscript reported reconstructed public diagnostics rather than a complete bit-level
replay of every exploratory local run. The global orientational order parameter and susceptibility
were defined as

o= |1 i et x& = NVar(®). (6)

N = ’

Figure 1 summarizes the finite-size diagnostic. The original interpretation was that low-noise condi-
tions could produce a decrease in global order with a susceptibility motif suggestive of kinetic-arrest-
like fragmentation. In the present integrated revision, this is treated as a reconstructed diagnostic
motif, not as proof of a universal kinetic-arrest transition.



Order Parameter vs Noise Intensity

Susceptibility vs Noise Intensity
(reconstructed public diagnostic) (reconstructed public diagnostic)
074 9| —o— N=64
0.88 4 \ N=128
06 ‘\ -e- N=256
1
= 0.87 1 = \
£ 054 |
g 5 !
2 0.86 1 Z 04 \
© =
g 2 '.
= 0.85 203 1
[7} I} \
B a \
S a J
0.84 - 02 '\‘
0.1 \
0.83 1 P gL TR
00 —~fe— = o—_=
2 3 4 5 6 7 2 3 4 5 6
Noise multiplier / Dtheta

Noise multiplier / Dtheta
Figure 1: Reconstructed finite-size diagnostic for the baseline active-particle feedback surrogate.

The figure is retained from the earlier manuscript as a model-internal diagnostic of order and
susceptibility motifs, not as an experimental active-matter validation.

The spatial-correlation diagnostic was defined in terms of an orientational correlation function
C(r) = (n; - 05) |, —r;|=r- Figure 2 shows the reconstructed comparison between a lower-noise and
a more moderate-noise condition. The safe interpretation is that moderate noise can improve long-

range correlation in this reduced implementation, consistent with a noise-assisted relaxation or

annealing-window hypothesis. It does not establish that feedback control uniquely produces such a
window.
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Figure 2: Reconstructed spatial-correlation diagnostic. The comparison motivates the noise-assisted
annealing-window hypothesis while remaining limited to the reduced surrogate.



4 Extended audit sequence

The v0.2.0-v0.2.6 audit sequence tested whether the baseline interpretation survived controls, hold-

out geometries, and failure-boundary checks. Table 1 summarizes the integrated reading.

Table 1: Condensed v0.2.x audit ledger used in the v0.3.1 integrated revision.

Phase Main audit Integrated reading
v0.2.0 Arrest /annealing /ablation A noise-assisted annealing window appeared,
preflight but feedback-mediated fragmentation was not

stably locked.

v0.2.1 Mechanism disambiguation Local feedback was not uniquely responsible
for the window; controls remained important.

v0.2.2 Topology /noise holdout Annealing windows appeared across several
tested conditions, including controls.

v0.2.3 Frozen-window holdout Local feedback became competitive and often
advantageous, but positive windows also re-
mained in null controls.

v0.2.4 Frustration rescue High-frustration geometries produced native
failures that could be rescued in tested set-
tings.

v0.2.5 Frozen rescue holdout Some rescue effects generalized, but several
persistent failure boundaries remained.

v(.2.6 Persistent-boundary classifi- Most boundaries were rescue-stable, while ex-

cation

treme frustration remained a persistent hard
boundary.

Figure 3 shows the frozen-window score comparison from the holdout stage. This result is

important because it strengthens the case that local feedback can be competitive in some geometries,

without requiring the stronger claim that local feedback is the unique cause of the annealing window.
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Figure 3: Frozen-window holdout comparison from v0.2.3. Local feedback was often competitive,
but the window itself was not uniquely attributable to local feedback.

5 Frustration boundary and rescue classification

The terminal v0.2.6 audit classified boundary behavior after targeted interventions. It recorded four
native failure boundaries, seven rescue-stable classifications, no conditional-rescue cases, and one
persistent hard boundary. The mean native local-minus-no-feedback score was 0.1254227, while the
mean best-minus-native gain on native failures was 1.2053399. Table 2 gives the terminal boundary
classification.

Table 2: Terminal v0.2.6 boundary classification. Scores are dimensionless surrogate diagnostics.

Topology Native Best Classification
extreme frustration holdout -1.5878 -0.8117 persistent hard boundary
frustrated checker phase shift -1.1662  0.2224 rescue stable
frustrated checker v2 -0.8548  0.5698 rescue stable
striped domains holdout v2 -0.2875  0.9446 rescue stable
mixed basin holdout v2 0.8781 1.1916 rescue stable
modular patchy holdout 1.0555  1.3201 rescue stable
random sparse holdout 0.8849  1.1438 rescue stable
smooth gradient holdout 0.5135 0.8354 rescue stable
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Figure 4: Terminal boundary-score comparison from v0.2.6. The separation between rescue-stable
and persistent-hard-boundary regimes is a model-internal diagnostic result.
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Figure 5: Score-fragmentation diagnostic from the terminal boundary classification. The pattern
supports a surrogate-level classification of frustration and rescue stability inside the tested imple-
mentation.

6 Integrated interpretation

The integrated interpretation is narrower than both the original broad metaphor and the strongest
reading of the initial ABP diagnostics. The preserved positive result is a noise-assisted relaxation
or annealing-window motif in a reduced active-particle surrogate. The preserved feedback result
is that local feedback can be competitive and sometimes beneficial relative to null controls. The
negative result is equally important: annealing-window behavior is not uniquely attributable to
local feedback, and high-frustration geometries can remain unrecovered even after targeted relief.
This resolves the tension between the older, richer manuscript and the shorter v0.3.0 synthesis
addendum. The older text supplied the model, equations, numerical-diagnostic narrative, and
scientific neighborhood. The v0.2.x audits supplied the necessary claim boundary: the object is not
a universal feedback-induced kinetic-arrest theory, but a structured diagnostic of noise windows,
feedback geometry, frustration boundaries, rescue stability, and persistent hard boundaries.

7 Limitations

The following interpretations are explicitly excluded. This manuscript does not claim experimental

validation in active matter, biological validation, social-system validation, crowd-control or swarm-



control deployment, civilization-engineering guidance, policy applicability, a universal kinetic-arrest
theorem, or proof that local feedback is necessary for noise-induced annealing. The figures and
tables are diagnostic artifacts of the implemented reduced surrogate. The historical repository DOI
is a repository-archive identifier, not a peer-reviewed article DOI and not a validation certificate.

Data and code availability

The repository is available at https://github.com/yokken0907/active-particle-feedbac
k-kinetic-arrest. The historical repository archive DOI 10.5281/zenodo.20202120 is retained as
repository-archive context. Zenodo identifiers generated for repository releases should be interpreted
as repository archive DOIs rather than standalone peer-reviewed article DOIs. The package includes
the reconstructed public ABP reproducer, the v0.2.x audit evidence, selected figures, file manifests,

claim-boundary documentation, and this integrated revision.
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