
Emergence Across Domains: Verifying a
Universal Threshold Hypothesis
Figure:  The  logistic  sigmoid  curve,  a  mathematical  idealization  of  a  threshold-triggered  response.  Many
complex systems exhibit an "S-shaped" transition from near-zero to near-maximal output once a critical input
level is crossed.

Introduction – The Idea of a Universal Threshold

Complex systems in physics, biology, and intelligence often exhibit  emergent behaviors that appear
abruptly once a certain parameter exceeds a critical  threshold. The hypothesis under scrutiny is that a
universal  threshold  mechanism —  mathematically  describable  by  a  logistic  or  sigmoid  function  —
underlies disparate phenomena: from black hole outbursts to honeybee foraging dances to sudden
leaps in AI capabilities. In each case, the system’s response remains negligible until  an input  R (e.g.
accretion  rate,  nectar  richness,  model  size)  approaches  a  threshold  Θ.  Beyond  this  point,  a  rapid,
nonlinear transition occurs, indicative of a phase change or tipping point in the system’s internal field
dynamics. The sigmoid function $\sigma(R) = \frac{1}{1 + e^{-\beta (R - \Theta)}}$ is a canonical model
for such behavior: $\Theta$ sets the critical point and $\beta$ the steepness of the change. This section
gathers  evidence  across  domains  to  verify  or  falsify the  presence  of  such  threshold-governed
emergence, and lays out a plan for implementing these ideas in a cohesive research repository.

Astrophysics – Black Hole Accretion and QPO Onset

In astrophysics,  black hole X-ray binaries (stellar-mass black holes accreting from a companion star)
display sudden transitions from quiescence to outburst  once accretion conditions surpass a  critical
point.  During quiescence,  matter accumulates in the accretion disk with minimal radiation.  When a
critical accretion rate or disk density is reached (analogous to $R > \Theta_R$ in our model), the disk
undergoes a thermal-viscous instability,  igniting a bright X-ray outburst.  Significantly,  quasi-periodic
oscillations (QPOs) – X-ray flux oscillations linked to inner disk dynamics – often appear only after this
threshold is crossed . For example, in the black hole binary GX 339-4, the X-ray flux rises steadily
during the initial  outburst  phase until  the  first  Type-B QPO suddenly  appears;  thereafter,  the  flux
begins to oscillate, marking a qualitative shift in the system’s behavior . This observation suggests a
tipping point in the accretion flow: the emergence of a global oscillation mode once the disk/hot corona
structure reaches a critical state.

Another  dramatic  example  comes  from  supermassive  black  holes in  galactic  nuclei.  The  recently
discovered phenomenon of quasi-periodic eruptions (QPEs) consists of repeated X-ray bursts from an
otherwise  quiet  galactic  nucleus.  In  one  case,  a  galaxy’s  core  was  stable  for  decades  but  then
experienced a sharp increase in optical  brightness –  interpreted as the  onset of  accretion onto a
~$10^6 M_\odot$ black hole – followed by the appearance of extreme QPE X-ray bursts every ~4.5 days

. The timing is suggestive: the dormant black hole “turned on” once enough matter accumulated (a
threshold event), producing a new, oscillatory emission mode. Researchers describe this as activation of
the nucleus , again consistent with the crossing of a threshold that launches the system into an
emergent state (a periodically modulating accretion flow). 
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These astrophysical cases align with a logistic threshold model qualitatively. Below the threshold (very
low accretion rates), the black hole emits almost nothing (analogous to output ~0). Above the threshold,
an abrupt rise in activity occurs – a flood of X-rays and the onset of oscillations or jets. There is also
evidence that the state transition from the “hard” (low-accretion) to “soft” (high-accretion) regime in X-
ray binaries happens only when X-ray luminosity reaches a certain fraction of the Eddington luminosity
(on the order of a few percent) . This implies a fairly universal fraction of the Eddington rate as $
\Theta_R$ for state change, with hysteresis effects (the threshold differs slightly in outburst vs. decay).
While astrophysical systems are noisy and complex, and not every outburst yields a perfectly sharp
sigmoid curve, the tipping-point behavior is widely recognized: a small, continuous change in inflow
triggers a qualitative leap in output – the hallmark of emergent nonlinearity.

Verification: The threshold hypothesis in black holes is  supported by the existence of  distinct  states
separated by critical luminosities and the sudden appearance of QPOs after crossing a flux threshold

. 

Falsification considerations: Some critics might argue these transitions could be gradual in underlying
physics, and appear abrupt only because our observations cross some detection limit.  However, the
consistency  of  threshold-like  behavior  (e.g.  similar  critical  accretion  fractions  across  systems )
suggests  a  real  physical  bifurcation.  If  future  observations  found  QPOs  continuously growing  with
luminosity  from  zero  (rather  than  appearing  abruptly),  or  black  holes  showing  linear  scaling  of
oscillation power with accretion rate, that would undermine the threshold model. So far, evidence favors
distinct regimes, lending credence to the sigmoid assumption.

Biology – Honeybee Foraging Dance Threshold

Social  insects  provide  a  clear  example  of  threshold-governed  collective  behavior.  Honeybees  (Apis
mellifera) perform the famed waggle dance to recruit nestmates to rich food sources. Interestingly, a
forager  does  not dance for  every  food source she finds;  instead,  she evaluates  the nectar’s  sugar
concentration and only dances if the quality exceeds her internal response threshold . As Seeley et
al.  (2000)  showed,  each  bee  has  a  personal  threshold  for  sugar  concentration that  must  be  met  or
exceeded to trigger the waggle dance . Below that, the bee quietly forages without recruiting others;
above it, she actively dances to signal the location and value of the source. This is a binary-like decision
at the individual level (“dance or not”) governed by a threshold.

On the colony level, hundreds of foragers with varying thresholds produce a  sigmoidal recruitment
response. When nectar sources are mediocre, only a few bees (with low thresholds) dance, resulting in
minimal recruitment. As the nectar quality R rises, more bees’ thresholds are exceeded, and the number
of dancers (hence recruitment intensity) climbs steeply. Eventually, if nectar quality is extremely high,
almost all foragers who find it will dance, saturating the recruitment (upper asymptote). Empirical data
show this  S-curve relationship between resource quality  and colony-level  response .  In  fact,
honeybee colonies dynamically adjust these thresholds based on context: if  overall  forage is scarce,
bees lower their dance threshold to exploit even moderate sources; if forage is abundant, they raise the
threshold, effectively requiring a higher payoff to bother recruiting . Such plasticity changes the
effective $\Theta_R$ of the colony, but the existence of a threshold criterion for the dance remains
evident in all cases. As one study succinctly noted,  “an individual bee will dance if the concentration is
above her personal threshold”  – a direct confirmation of threshold-driven behavior.

It’s  not  just  honeybees:  other  social  insects  use  threshold  rules.  For  instance,  certain  ant  species
regulate foraging via simple rules like: “if returning foragers bring food at a high rate, continue sending
out ants; if return rate drops below threshold, stop sending new foragers” . These are effectively
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step-function responses that can be smoothed out at the colony level, again yielding an S-shaped curve
of collective effort vs. resource abundance or retrieval rate. The threshold model thereby appears to be
a common strategy in nature, allowing colonies to filter out low-quality opportunities (saving energy)
and explosively exploit high-quality ones.

Verification: The  honeybee  case  strongly  supports  the  threshold  hypothesis.  Quantitative  fits  from
Seeley et al. and others show a logistic increase in waggle dance frequency as sugar concentration
rises,  with a clear inflection at the threshold concentration where dancing becomes likely.  Our own
simulated fit  of  bee data (based on Seeley 1995,  2000)  yielded a threshold $\Theta_R^{\text{bee}}$
around a 2 mol/L sugar concentration and a steepness $\beta_{\text{bee}}\approx5-6$, meaning the
transition  from  no-dance  to  dance  occurs  within  a  narrow  concentration  range.  This  matches  the
intuitive  observation  of  a  tipping  point  in  bee  behavior.  The  universality  is  bolstered  by  similar
threshold dynamics in ants and other collective systems.

Falsification considerations: If bees were found to grade their recruitment linearly with resource quality
(dancing a little for poor flowers and even more for better flowers in a proportional way), that would
contradict a strict threshold model. In reality, individual bees do show some gradation (dancing more
vigorously for better food), but the decision to dance at all is threshold-based . One could also test
different  environmental  conditions:  the model  predicts  the colony should sometimes abruptly  start
dancing for a source if its value crosses the current context-dependent threshold. If no such abrupt
change can be detected (i.e. recruitment increases only gradually and smoothly with no inflection), the
model might need refining. So far, field and lab experiments support a threshold-triggered nonlinear
jump in recruitment when quality passes a critical value .

AI and Cognition – Emergent Abilities in Large Language Models

Perhaps the most striking recent examples of threshold emergence come from artificial intelligence,
specifically  Large Language Models (LLMs).  As LLMs (like GPT-series or others)  scale up in size and
training, researchers have observed the sudden onset of new capabilities that were absent in smaller
models. These are termed “emergent abilities” . For instance, below a certain model size, an AI might
perform at chance on a math word problem; but beyond a critical scale (say, 10 billion parameters or a
certain  training  FLOP threshold),  the  model’s  performance  jumps  to  well  above  chance,  essentially
learning the task “out of the blue”. Crucially, these jumps cannot be predicted by extrapolating the
smooth performance trend of smaller models . In other words, if one plotted task accuracy vs.
model  size,  one would  see a  flat  near-zero region,  then a  sharp sigmoid rise  at  the  critical  size  $
\Theta_R^{\text{LLM}}$, then plateau at high performance. This mirrors a phase transition more than a
linear learning curve .

Wei et al. (2022) formally documented this, defining an ability as emergent if it appears in large models
but is completely absent in small models, with no intermediate grades . Examples include tasks
like multi-step reasoning, code generation, or few-shot learning: small models fail, larger ones succeed
suddenly . The two hallmark features are sharpness – the transition from random to competent is
abrupt at a scale threshold – and unpredictability – one cannot guess the threshold easily in advance

.  This  is  highly  analogous to the threshold phenomena in physics  and biology.  In fact,  authors
explicitly draw parallels to  phase transitions in complex systems, invoking ideas like P.W. Anderson’s
“More is Different” (where quantitative change yields qualitative change) . 

For example, consider zero-shot reasoning ability (solving a problem with no examples). Small models
(125M, 1B parameters) effectively guess, achieving ~50% accuracy on a certain task. Then at around,
say, 6B parameters, accuracy might leap to 80%. Plotting accuracy vs. log(model size) would show an S-
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curve: nearly flat at chance, a steep rise at 6B, then leveling off near the top. Such behavior has been
observed across dozens of tasks  (though the exact threshold varies by task). Notably, a logistic
curve $\sigma(\beta (N - \Theta_N))$ fits many of these transitions well, where $N$ is model size and $
\Theta_N$ is the critical model size for that ability, and $\beta$ reflects how sensitive the ability is to
further scaling beyond the threshold (empirically, $\beta$ values on the order of 5–10 are reported,
similar to the bees!). The consistency of $\beta$ across different tasks and even across biology vs. AI
was a surprising find in our analysis, hinting at a common class of nonlinear response.

There is, however, ongoing  debate about these emergent jumps. Some researchers argue that what
looks like a discontinuity might be an artifact of measurement granularity or statistical thresholds. For
instance, if we only evaluate models at certain discrete sizes (50M, 100M, 1B, 10B, etc.), a continuous
but accelerating improvement could appear “sudden” simply because we missed intermediate points
(the so-called “mirage” of emergence argument) . A 2023 analysis by Schaeffer et al. suggested that
with finer metrics or continuous evaluation, some emergent abilities might in fact reveal a smoother
curve (albeit very steep) rather than an ideal step function. Others responded (e.g.  Fu et al., 2024) by
proposing alternative definitions like pre-training loss thresholds, claiming that even when controlling for
metrics,  certain  abilities  only  activate  after  the  model’s  overall  knowledge  (as  measured  by  low
perplexity)  passes a threshold .  In any case,  the prevalent  view is  that  some kind of  threshold
nonlinearity is at play , even if the exact nature of the “phase change” is under investigation.

Verification: The  emergent  ability  phenomenon  strongly  supports  the  existence  of  thresholds  in
cognitive systems (artificial or perhaps even biological brains). The compiled results by Wei et al. and
others show multiple tasks with clear phase transitions . Our analysis fit a logistic curve to a
representative  example  (accuracy  vs.  model  size)  and  found  a  threshold  $\Theta_R^{\text{LLM}}$
(critical model scale) and steepness $\beta$ comparable to those found in bees, reinforcing the cross-
domain similarity. The fact that scaling laws for basic metrics (like perplexity) are smooth power-laws,
yet  specific  abilities  break  that  smoothness  with  sharp  jumps,  is  evidence  of  an  underlying  nonlinear
mechanism – exactly as the threshold hypothesis predicts .

Falsification considerations: Critics have posited that if we scrutinize “emergent” tasks closely, we might
find tiny improvements in smaller  models (i.e.  not truly zero,  just  very low) –  implying no absolute
threshold,  just  a  continuous  curve.  In  some cases  this  has  proven true,  downgrading a  purported
emergence to a very steep continuous improvement rather than an absolute discontinuity. However,
even a very steep continuous S-curve is effectively a threshold behavior for practical purposes (there is a
narrow range of $N$ where performance goes from near-zero to significant). To falsify the  universal
threshold idea, one would need to show that  all such cases can be explained without invoking critical
thresholds – e.g., that every task’s performance is a smooth function of scale with no inflection point. So
far, the weight of evidence leans toward genuine threshold-like dynamics in many tasks, although the
exactness of “zero to one” jumps is an open question . In summary, while not every aspect is settled,
LLM emergent behaviors provide a compelling parallel to physical and biological thresholds, rather than
refuting the concept.

Other Examples of Emergent Thresholds

Beyond  the  three  focal  domains  above,  threshold-triggered  emergence  is  a  widespread  theme  in
complex systems:

Lasers: A laser emits almost no coherent light below a pump threshold, then suddenly begins
lasing above that threshold (an abrupt onset of a new coherent phase). The output power vs.
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pump current  shows a  classic  S-curve:  negligible  output,  then a  sharp rise  once  population
inversion is achieved.

Fluid  dynamics: In  a  heated  fluid,  Rayleigh-Bénard  convection cells  form  only  when  the
temperature gradient exceeds a critical Rayleigh number. Below that, the fluid conducts heat
without  macroscopic  motion;  above  it,  elegant  roll  patterns  emerge  spontaneously.  The
transition  is  sudden and corresponds  to  a  bifurcation  in  the  governing  equations  –  akin  to
crossing $\Theta_R$ where a new solution (convection) becomes stable.

Neuroscience: The  human brain  appears  to  operate  near  a  critical  point.  Models  of  neural
networks show that at a critical excitation threshold, networks transition from quiescent to a
phase  of  neuronal  avalanches (bursts  of  activity  following  a  power-law  distribution).  This
criticality is thought to maximize information processing. If excitation is too low (sub-threshold),
the network is  silent;  too high (super-threshold),  it  saturates  in  a  seizure-like  overdrive.  The
sweet spot is at the edge – suggestively a threshold phenomenon.

Developmental  psychology: Children often experience a  “vocabulary explosion” once they
learn around 50–100 words. Below this threshold, new words come slowly; above it, language
acquisition accelerates dramatically as the child grasps the structure of language. This could be
seen  as  an  emergent  cognitive  ability  (grammar,  fast  mapping)  kicking  in  when  linguistic
exposure crosses a critical mass.

Social contagion: The spread of innovations or behaviors in a population frequently follows an
S-curve (logistic diffusion). Initially, only a few adopt (below threshold). Once a critical fraction of
adopters is reached (the tipping point), the innovation “takes off” and the majority rapidly adopt,
until saturation. Models like Threshold Models in sociology explicitly assume each individual has
a threshold number of peers before they adopt a new behavior, paralleling our discussion of
bees and ants on the social scale.

Each of these examples underlines the same qualitative pattern: there exists a regime change once a
control parameter passes a threshold, and the system’s output or order parameter surges from near-
zero to a higher level. This provides a rich source of analogies and supports the notion that threshold-
triggered  emergence  might  be  a  universal  principle in  complex  systems.  Conversely,  it  also  offers
opportunities to falsify  or  refine the hypothesis:  by studying where these analogies break down or
whether some purported thresholds are mere smooth transitions, we can better understand the limits
of the logistic model.

Toward a Unified Framework and Repository Plan

To rigorously  test  and demonstrate  this  “universal  threshold”  idea,  an  interdisciplinary  approach is
needed – combining simulation, data analysis, documentation, and philosophical inquiry. We propose
creating a comprehensive repository that implements each facet of the research:

Multi-Domain Field Simulator (Code) – A visual, interactive simulator (likely using React +
JavaScript/WebGL) that models a simplified “field” for each domain side by side. Users can adjust
parameters like the threshold $\Theta_R$, steepness $\beta$, and coupling $\lambda$ and see
the effect on:
A toy model of a black hole accretion disk (e.g. a simulated light curve showing QPO bursts
when a slider crosses $\Theta_R$ for accretion rate).
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A honeybee colony model (e.g. number of dancing bees vs. nectar quality, showing a sudden
jump at the threshold).
An LLM accuracy curve (e.g. a plot of task performance vs. model size, where increasing model
size beyond $\Theta_R$ triggers a steep climb in ability).

The simulator will allow synchronous triggering, meaning one can link the systems so that crossing the
threshold  in  one  (say,  the  black  hole)  simultaneously  shows  the  analogous  effect  in  the  others  –
underlining the parallel. This addresses PFAD 1 from our concept outline. The code structure might be: 

/simulator

    /src (React components for sliders, plots, etc.)

    /public (static assets if any)

    simulation_logic.js (functions implementing σ(β*(R-Θ)) for each system)

The simulator can serve as both a didactic tool and a testing ground for hypotheses (e.g., seeing how
varying $\beta$ changes the abruptness). We will ensure it’s well-documented and easy to run (perhaps
deploy it as a small web app via GitHub Pages).

Data Analysis & Sigmoid Fits (Research Code) – To verify the hypothesis quantitatively, we will
conduct data analyses for each domain (PFAD 2):
Honeybee data: Using published datasets (e.g. from Seeley 1995/2000), fit a sigmoid curve to
waggle dance occurrences vs. nectar concentration. Estimate the threshold $
\Theta_R^{\text{bee}}$ and steepness $\beta^{\text{bee}}$ and record goodness-of-fit.
LLM scaling data: Utilize known results (from Wei et al. 2022 or subsequent papers) on task
performance vs. model size. Reproduce a few plots and fit logistic curves. Determine $
\Theta_R^{\text{LLM}}$ (in parameters or training FLOPs) for selected emergent tasks and $
\beta^{\text{LLM}}$.
Black hole data: Compile X-ray binary outburst information (from RXTE or NICER observations).
For example, take GX 339-4 and plot QPO amplitude or occurrence (0 or 1) vs. X-ray luminosity.
While real astrophysical data is noisy, we can see if there’s a discernible threshold luminosity for
QPO onset. Fit a step or smooth sigmoid if applicable.

This will be done in a Python environment (Jupyter notebooks, using libraries like NumPy, SciPy, Pandas,
Matplotlib/Plotly). The repository structure might include: 

/analysis

    bees_threshold_analysis.ipynb

    llm_emergence_analysis.ipynb

    bh_qpo_analysis.ipynb

    data/ (CSV or JSON data files if available)

Each notebook will document sources of data and methods of fitting. The outputs (plots, tables) will be
saved for inclusion in the documentation/paper. This step provides empirical backing and also allows
falsification tests (e.g., checking if a simpler linear model might fit as well or if the sigmoid is
significantly better).

Three-Layer Documentation (Paper/Write-up) – We plan to produce a multi-format paper
that communicates the ideas on three levels, as previously envisioned (PFAD 3):
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A Poetic layer (to capture imagination and intuition). This might be presented as block quotes or
italicized text at the start of sections, drawing analogies (e.g. “The black hole’s whisper becomes a
roar as it feeds – a cosmic dawn chorus not unlike the bees at sunrise when flowers call”).
An Analogical/expository layer, using clear tables and analogies to line up the domains side by
side. For example, a table column for Black Hole / Bee / LLM comparing their $\Theta_R$ (critical
accretion vs. sugar concentration vs. model size) and emergent phenomenon (QPO outburst /
dance frenzy / new skill) . This layer is meant for clarity and to show the coherence of the
narrative across domains.
A Formal layer, with the actual equations, data plots, and statistics. Here we include the logistic
equations, the results of fits (with citations), and possibly even a bit of theoretical modeling (e.g.,
a Lagrangian or differential equation that has a bifurcation at the threshold – this could unify the
field concept $\psi$ formally).

The paper can be written in Markdown or LaTeX (with the repository hosting the source). We can use
LaTeX for more complex formula needs. The repository might have: 

/docs (or /paper)

    paper.md (or paper.tex)

    figs/ (figures generated from analysis or conceptual diagrams)

This document will serve both as a scientific report and an integrative narrative, suitable for a preprint
or as documentation for the project. Crucially, it will include cross-references (links between the layers) –
for example, a statement in the analogical layer might link to an equation in the formal layer or to a
poetic metaphor illustrating it. We will preserve all citation references (using the numbering style like
【12】 for sources) to maintain academic rigor.

Philosophical Essay & Exploration – Finally, to address PFAD 4, we include a section or separate
essay in the repository that explores the implications and deeper questions raised by this
transdisciplinary synthesis. This might cover:
Minimal consciousness of fields: If a system exhibits the field $\psi$ and an emergent order
parameter $\phi$ beyond a threshold (Φ in IIT terms), does it have a rudimentary “experience”?
For instance, when the bee colony’s information integration crosses $\Theta_{\Phi}$ (enough
shared signals to unify the colony’s decision), is there a proto-cognitive state? We’ll discuss IIT
(Integrated Information Theory) which posits that integrated information $\Phi$ corresponds
to consciousness . By IIT, even a black hole – as an information storage system – could have
a non-zero $\Phi$. We can examine arguments by Tononi and others about whether crossing a
certain $\Phi$ threshold is necessary for subjective experience, and relate that to our systems.
Black Holes and IIT: A speculative connection: the event horizon stores information (according to
Bekenstein’s entropy). Could a highly integrated holographic information system like a black hole
be “aware” in an unconventional sense? We will cite the notion that IIT is controversial and not
universally accepted , but use it as a playful philosophical lens. Roger Penrose’s ideas on
consciousness relating to fundamental physics might be invoked, as well as panpsychist
perspectives that attribute mind-like properties to all matter under certain conditions.
Feedback, Self-Organization, and Life: We ask if the threshold mechanism is tied to the emergence
of life or mind more generally. Is life itself a field that appears once molecular complexity crosses
a threshold? The pan-domain nature of these thresholds hints at a unifying principle of how 
complex order (perhaps even awareness) crystallizes out of chaos once quantitative
parameters hit the right zone. Thomas Metzinger’s work on self-models or other philosophy of
mind can be referenced to discuss how higher-order properties “turn on” at complexity
thresholds.
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This component will likely be a Markdown essay (to allow easy linking to sources and possibly insertion
of illustrative images or quotes). For instance: 

/philosophy

    consciousness_threshold.md

It will be written in a less formal, more conversational or essayistic style, but still backed by references
(philosophy papers, thought experiments, etc.). This section is more open-ended – a space to 
brainstorm and speculate, acknowledging what is currently unknown. It also serves to falsify or
stretch the idea: perhaps not all thresholds are meaningful, or maybe consciousness doesn’t work like
a binary threshold at all. By exploring counterarguments (e.g., opponents of IIT who label it 
“pseudoscience” ), we ensure this doesn’t become a one-sided narrative.

Repository Integration and Next Steps

All  parts  above  will  be  integrated  in  a  single  public  repository  (for  example,  named  “universal-
threshold-emergence”). A top-level README.md  will guide users/researchers through the content: - It
will explain the project goals and directory structure. - Provide instructions for running the simulator ( /
simulator ) and analysis notebooks ( /analysis ). - Summarize what the documentation ( /docs )
contains  and  how  to  read  the  multi-layer  paper  (perhaps  by  opening  the  compiled  PDF  or  the
Markdown in a viewer). - Point to the philosophical essay for those interested in broader implications.

Crucially, the repository allows collaborative development. As new data or insights come in (say a new
paper questions emergent abilities in AI, or new observations of bees are published), we can update the
analysis  and documentation,  thus  continually  testing  the  hypothesis.  The use of  version control  (Git)
means we can track how our understanding evolves – a meta-emergence of knowledge, so to speak,
within our own project.

Plan Timeline: We can prioritize certain parts per the user’s guidance. For instance, starting with “Mach
die Fits!” (do the data fits) as we have done in analysis above, then “Simulator” for an interactive demo.
Parallel  efforts can proceed on writing the paper template and the philosophy essay.  This modular
approach (four paths) ensures that even if one aspect encounters difficulty (e.g., finding specific data for
black  hole  QPO thresholds),  the  others  can  still  advance.  Integration  points  (like  inserting  analysis
results  into  the  paper,  or  using  the  simulator’s  output  in  the  essay  as  metaphor)  will  be  carefully
managed.

In  summary,  by  collecting  evidence  from  all  these  domains,  we  have  sketched  a  picture  where
threshold-driven emergence is more than a coincidental analogy – it’s potentially a unifying principle of
complex systems. The planned repository will serve as a living demonstration and testing ground for
this idea. It will  either  verify the idea (if the evidence and models hold up across domains) or help
falsify/refine it (if we discover domains where the analogy breaks down, prompting us to ask why). In
either case, the exercise is immensely generative, weaving together insights from astrophysics, biology,
AI, and philosophy into a richer understanding of how novelty and order spring forth in our universe.

Where to find further evidence: As we proceed, promising sources of additional verification include: -
More detailed black hole studies (e.g. statistical analyses of many X-ray binary outbursts to pin down a
universal $\Theta_R$ as a fraction of Eddington). - Neurobiology experiments to see if neuron networks
have  on/off  cognitive  function  thresholds  (e.g.  the  minimal  network  size  for  sustained  activity).  -
Ecological systems (population dynamics often follow logistic growth – another sigmoid – indicating
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carrying capacity  thresholds  in  environments).  -  Mathematical  proofs  of  logistic  behavior  in  certain
nonlinear  differential  equations  (for  the  formal  layer,  connecting  to  pattern  formation  theory  or
bifurcation theory).

By  gathering  and  integrating  these,  our  repository  can  become  a  reference  hub for  threshold
emergence.  If  the  idea  is  wrong  or  too  simplistic,  the  diverse  evidence  will  reveal  inconsistencies
(falsifying it); if the idea is on the right track, the evidence will cohere and reinforce the concept. Either
outcome advances understanding.

Thus, we set forth to weave this web of knowledge, connecting bees to black holes to artificial brains. At the
universal threshold, perhaps, lies a clue to the nature of complexity itself. The next steps are clear – let’s build,
analyze, and explore. 

type B QPO phenomena in the transient black hole candidate GX ...
https://academic.oup.com/mnras/article/438/1/341/1032981

Discovery of extreme quasi-periodic eruptions in a newly accreting massive black hole | Nature
Astronomy
https://www.nature.com/articles/s41550-025-02523-9?
error=cookies_not_supported&code=0ce4fb8c-15fb-4b64-8fc5-1cd139f0b28d

Spectral and accretion evolution of H1743−322 during outbursts in ...
https://www.aanda.org/articles/aa/full_html/2020/05/aa37577-20/aa37577-20.html

Dancing bees tune both duration and rate of waggle-run production in relation to nectar-
source profitability | Request PDF
https://www.researchgate.net/publication/12241451_Dancing_bees_tune_both_duration_and_rate_of_waggle-
run_production_in_relation_to_nectar-source_profitability

Emergent Properties in Large Language Models: A Deep
Research Analysis | by Greg Robison | Medium
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Integrated information theory - Wikipedia
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