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Abstract

This paper introduces the Z-Loop Laws, a minimal conceptual framework for analyzing
causality in complex systems over extended temporal horizons. Rather than proposing a new
physical theory, Z-Loop reframes causality as a delayed, self-referential structure observable
when feedback effects re-enter system dynamics after non-trivial latency.

The framework formalizes three laws governing loop formation, saturation-driven collapse,
and latent (non-observable) causal influence. Z-Loop is domain-agnostic and intended as an
analytical lens for systems where linear cause-effect reasoning fails under long-horizon
observation.

Scope is explicitly limited to human-scale systems and historical timeframes. No claims are
made regarding cosmology or fundamental physics.
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1 Introduction

Causality is commonly modeled as a linear relation between cause and effect within short
observational windows. Such models are effective for localized, time-constrained systems, but
often fail to account for behaviors emerging over extended temporal scales.

In complex systems—social, biological, economic, or artificial—effects frequently re-enter the
system as future inputs after non-trivial delays. While existing frameworks address feedback
and recursion, they often lack a minimal criterion for determining when causality is no longer
appropriately treated as linear.

Z-Loop Laws introduce a restrained reframing: causality is treated as a delayed recurrence
condition. This framework does not require periodicity, oscillation, equilibrium, or reverse-time
causation. It is intentionally domain-agnostic and limited in scope.

Accordingly, Z-Loop Laws restrict themselves to horizons where causal responsibility and
verification remain meaningfully attainable.
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2 Definitions and Notation

System State (St): The internal configuration of a system at time t.
Input Signal (It): Any external or internal signal influencing the system at time t.
Latency (k): A finite, positive temporal delay between cause and influence.

Loop Condition: A Z-Loop is said to exist if and only if there exists a finite latency k > 0 such
that:

0S,,, /01 #0

This definition does not imply oscillation, periodicity, or time reversal. It only asserts delayed
causal re-entry.
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3 The Z-Loop Laws

Law | — Loop Formation

A Z-Loop forms when system output at time t exerts a non-zero influence on system input at
time t + k, where k > 0.

This condition does not require oscillatory behavior, equilibrium dynamics, or reversibility. The
existence of delayed influence alone is sufficient.

Law Il — Saturation and Collapse

Systems may collapse not due to resource exhaustion or external pressure, but due to
internal loop saturation. When feedback re-entry exceeds the system's capacity to
meaningfully modulate state transitions, causal influence degrades toward zero, resulting in
functional breakdown.

Law Il — Latency and Dark Loops

If causal latency exceeds the observational window, Z-Loops may exist in a latent or dark
state, remaining operational without detectable output until the delay resolves or the system
collapses.

The absence of observable output does not imply the absence of causal influence.
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4 Examples

4.1 Historical Example — Roman Imperial Collapse

The Roman Republic and later Empire exhibited delayed causal recurrence through
institutional reforms, expansion policies, and power consolidation. Decisions made in early
republican governance influenced imperial instability centuries later.

While no single action deterministically caused collapse, the delayed recurrence of structural
decisions aligns with Law I's criterion of non-zero influence across extended temporal gaps.

4.2 Experimental Example — Universe 25

While highly controversial and not directly generalizable to human societies, Universe 25
provides a bounded illustration of saturation-induced collapse.

The experiment demonstrated population collapse in an environment without resource
scarcity. Behavioral dysfunction emerged despite abundant food and space, aligning with Law
Il as an illustration of internal loop saturation leading to functional breakdown absent external
deprivation.

This example is used solely to illustrate structural saturation dynamics and does not imply
direct sociological equivalence.

4.3 Environmental Example — Ozone Depletion and Recovery

Anthropogenic emissions caused ozone depletion with effects observable only after significant
latency. Initial absence of visible impact delayed recognition of causal influence.

Subsequent policy intervention demonstrated that dark causal loops may later surface as
observable effects once latency thresholds are crossed. This example supports Law Ill and
illustrates that latent loops can be addressed once identified.
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5 Scope and Limitations

Z-Loop Laws are intentionally scoped to systems observable within approximately 10° years.
While the framework may conceptually extend beyond this range, the authors explicitly refrain
from claims that cannot be reasonably verified within human or historical timescales.

This limitation is methodological rather than theoretical, reflecting constraints of verification
rather than conceptual scope.

The framework is falsified for a class of systems if prolonged observation demonstrates no
delayed influence between outputs and future inputs within the defined horizon.

6 Conclusion

Z-Loop Laws do not replace existing theories of causality. Instead, they provide a minimal
reframing for systems where delayed feedback dominates system evolution.

The framework is intended to reduce false certainty in long-horizon reasoning rather than to
assert comprehensive explanation.
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A Falsifiability Statement

A.1 Falsifiability Condition

Z-Loop Laws are falsifiable. If a persistent system is observed beyond its claimed Z-Latency
and no delayed causal influence is detected:

Ok<sT__,0S _, /0 =0
max t+k t
then Z-Loop Laws are falsified for that system class.
A.2 Non-Tautological Structure

Z-Loop asserts a conditional: if a system is persistent and its environment retains historical
constraints, then delayed causal closure may occur. Systems that fully erase historical
constraints are excluded.

A.3 Scope Limitation
All claims are restricted to:

T <1000 years

No claims are made regarding cosmological evolution, metaphysical systems, or trans-human
entities.

A.4 Responsibility Clause

The author disclaims responsibility for extrapolations beyond the defined temporal and
observational bounds.
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B Mathematical Formalization

B.1 System Model

Let a system be defined by:

* State space: St Om

* Input signal: It Om

* Transition function: St+l = F(St, It)

No assumptions on linearity, stationarity, Markov property, or reversibility.

B.2 Z-Loop Definition
A Z-Loop exists if:
Ot, k > 0 such that asHk / 6It z0

B.3 Latency Operator

L() =min{k|oS /0l #0}
B.4 Saturation
Feedback efficacy:

Et, k) =10S,, /dl ]|

Saturation occurs when:

Iimkﬁkc E(t, k) - O for finite kc
B.5 Collapse
Collapse condition:

Ok>0, ast+k / alt = 0 while external inputs remain unchanged
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License

This work is licensed under the Creative Commons Attribution 4.0 International License (CC
BY 4.0).

You are free to:
» Share — copy and redistribute the material in any medium or format

» Adapt — remix, transform, and build upon the material for any purpose, even commercially

Under the following terms:

* Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made.

Full license text available at:

https://creativecommons.org/licenses/by/4.0/legalcode

Copyright 2026 Nguyen, Z-Lab. Some rights reserved.
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