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Abstract

The companion papers established that the fine-structure constant o admits an exact
representation as an impedance ratio (Paper I) and that its numerical value o' = 137 emerges
from discrete closure constraints and loop-channel counting (Paper II). Those results rested on
four structural assumptions (A1-A4) governing binary commitment probability, closure number,
loop degeneracy, and coarse-graining symmetry.

This paper completes the programme by demonstrating that assumptions A1-A4 are not free
inputs but arise as stable fixed points of admissible dynamics. Specifically:

e Al (P =) is the unique entropy-maximizing attractor of symmetric binary commitment
e A2 (K =7)is the minimal closure number permitting frustration-free isotropic loops



e A3 (N _loop = 2K) follows necessarily from reversibility and channel democracy
e A4 (formula structure) is the unique leading-order expression consistent with
independence and symmetry

We further show that residual corrections are bounded at O(1/N_loop?) = 0.5%, rendering the
framework explicitly falsifiable. The emergence of o = 1/137 is thereby promoted from
numerical coincidence to a consequence of universality.

Plain Language Summary

What problem does this paper solve?

The previous two papers in this series showed that the fine-structure constant—the mysterious
number approximately equal to 1/137 that controls how strongly light interacts with matter—can
be calculated from geometric properties of space. But those calculations relied on four starting
assumptions. A fair criticism was: "Aren't you just picking assumptions that give you the answer
you want?"

This paper answers that criticism.
What does this paper show?

We prove that all four assumptions aren't really assumptions at all—they're inevitable
consequences of basic physical principles:

1. The 50-50 rule (each constraint has equal probability of being satisfied or not): This isn't
arbitrary. It's the only possibility that maximizes disorder while respecting symmetry.
Any other probability would be unstable—the system would naturally evolve toward 50-
50, like how a fair coin is the "default" state when nothing is rigged.

2. The number 7 (how many conditions must be met for a stable pattern): This isn't picked
to make the math work. It's the minimum number of constraints that allows patterns to
close into loops without contradicting themselves. Fewer constraints leave gaps; more
constraints create conflicts.

3. The number 14 (how many pathways information can flow through): This follows
automatically from the number 7, because each constraint can be traversed in two
directions (forward and backward), and physics requires this symmetry.

4. The formula itself (how these numbers combine to give 137): The specific mathematical
formula isn't chosen—it's the only formula consistent with the constraints being
independent and all pathways being treated equally.

Why does this matter?

Before this paper: "We assume four things, and we get a = 1/137."



After this paper: "Basic principles of symmetry, stability, and consistency require these four
things, and therefore o = 1/137."

This transforms the result from "interesting numerology" to "candidate physical explanation."
The assumptions aren't inputs anymore—they're outputs of deeper reasoning.

What's the catch?

The entire argument assumes that space has a particular kind of hidden structure at very small
scales—a "pre-geometric substrate" with binary constraints. We've proven that if this structure
exists, then a =~ 1/137 follows necessarily. But we haven't proven that this structure actually
exists. That requires independent experimental tests, which we discuss elsewhere.

Think of it like a detective solving a mystery: "If the butler did it, then all the evidence fits

perfectly, and it couldn't have happened any other way." That's compelling—but you still need to
catch the butler.

1. Introduction: The Status of the Assumptions

Throughout this paper, "void" denotes a pre-geometric admissibility substrate characterized
solely by binary commitment, neutrality, reversibility, and closure; no additional ontological
claims are assumed.

Papers I and II derived the fine-structure constant from four assumptions:

Assumption Statement Role in Derivation

Al Each binary constraint satisfied with P =15 Yields bare factor 27%

A2 Minimal closure requires K = 7 constraints Sets exponent in 27X

A3 Loop channel count N _loop = 2K Determines correction denominator
A4 Correction factor (N _loop + 1)/N_loop Fixes formula structure

A legitimate concern is that these assumptions were chosen to reproduce a rather than derived
from deeper principles. This paper addresses that concern directly.

Claim: Each assumption corresponds to a dynamically stable fixed point. Deviations from Al-
A4 are either unstable under admissible dynamics (A1), geometrically forbidden (A2),
symmetry-violating (A3), or inconsistent with independence (A4).

The fine-structure constant thus emerges not from postulation but from universality—the
tendency of broad classes of microscopic dynamics to flow toward the same macroscopic fixed
points.



Plain English: We're going to show that nature doesn't have a choice about these four things.
They're not parameters we're free to adjust—they're locked in by basic principles of physics. It's
like asking "why does a ball roll downhill?" The ball doesn't choose to roll downhill; gravity and
geometry make it inevitable. Similarly, oo = 1/137 isn't a choice—it's what you get when you
combine symmetry, stability, and consistency.

2. Entropic Derivation of Unbiased Binary Commitment
(Al)
2.1 Setup

Letb € {0, 1} be a binary admissibility variable indicating whether a local constraint is satisfied.
Define:

Pb=1)=Y%+¢
Pb=0)=%—¢

where € € [, 4] parameterizes deviation from unbiased commitment.
Goal: Show that € = 0 is the unique stable fixed point under admissible dynamics.
Plain English: Imagine a coin that might be biased. We write the probability of heads as "2 + &"
where € measures the bias. If € = 0, the coin is fair. If € = 0.1, heads comes up 60% of the time.
We're going to prove that nature's "coins" must be fair—any bias would be unstable and
disappear.
2.2 Entropy Maximization
The Shannon entropy of the binary channel is:
Se)=—(C2+e)In(’a+e)—(Ya—¢) In('2—¢)
Expanding about & = 0:
S(e) =1In 2 — 2% — (4&*)/3 + O(&°)
Key observations:
1. S(e) achieves its unique global maximum at € = 0

2. The maximum value is S(0) = In 2 (one bit of entropy)
3. The curvature at the maximum is S”(0) = —4 < 0 (strict concavity)



Plain English: Entropy measures disorder or uncertainty. A fair coin (¢ = 0) has maximum
uncertainty—you genuinely don't know what you'll get. A biased coin has less uncertainty
because you can make better predictions. The math shows that entropy is highest when € = 0, and
any deviation from fairness reduces entropy.

2.3 Dynamical Stability

Consider generic dissipative dynamics respecting the second law:

de/dt=—T x OF/0e

where F = —S is an effective free energy and I' > 0 is a kinetic coefficient. Substituting:
de/dt=-T x 0(—S)/0e =T x 0S/0¢

From the expansion of S(¢):

0S/0e = —4e + O(&?)

Therefore:

de/dt = —4T'e + O(&%)

This is a linearly stable fixed point at € = 0. Small perturbations decay exponentially with
timescale T = 1/(41).

Plain English: The second law of thermodynamics says entropy tends to increase. If the system
isn't at maximum entropy (¢ # 0), it will evolve toward maximum entropy (¢ — 0). The equation
de/dt = —4TI'¢ tells us that any bias decays exponentially. A coin that starts slightly biased will
become fair over time. The fair state isn't just a maximum—it's a stable maximum that the
system actively returns to if disturbed.

2.4 Universality
The result is independent of microscopic details. Any dynamics satisfying:
e Symmetry: No preferred direction (b =0 and b = 1 treated equivalently in the absence of
external bias)
o Ergodicity: All microstates accessible
e Entropy production: dS/dt>0
must flow toward € = 0 as a universal attractor.
Conclusion: Assumption Al is not a numerical choice but the unique entropy-maximizing

fixed point of admissible binary dynamics. Deviations require explicit symmetry breaking,
which is absent at the pre-geometric substrate level.



Plain English: It doesn't matter what's happening at the smallest scales—as long as there's no
built-in preference for 0 over 1, and the system obeys thermodynamics, it will end up at 50-50.
This is why A1 isn't really an assumption. It's what must happen. The only way to avoid it would
be to build in a bias by hand, which would require explanation.

3. Minimal Closure and the Necessity of K =7 (A2)

3.1 The Closure Problem
Consider an admissibility graph G = (V, E) where:

e Vertices V represent local commitment sites
o [Edges E represent constraint relations between sites

Definition (Closure): A configuration is closed if admissible paths form finite loops without:

o Leakage: Open paths extending to infinity
e Frustration: Inconsistent constraint assignments

Question: What is the minimum number K of independent constraints permitting closed,
isotropic, frustration-free loops?

Plain English: Imagine building a fence that must form a complete enclosure (no gaps) where
all the fence posts are consistent with each other (no contradictions). How many fence posts do
you need at minimum? Too few, and you can't close the loop. Too many, and the posts start
contradicting each other. We're looking for the sweet spot.

3.2 Underdetermined Regime (K < 7)

For K constraints, the incidence matrix M has dimensions determined by the graph structure.
Closure requires that the constraint equations Mx = 0 admit nontrivial solutions corresponding to
closed loops.

Claim: For K < 6, the constraint system is rank-deficient in a way that permits only:

e Open paths (rank too low to enforce closure), or
e Degenerate loops lacking isotropy (closure in some directions but not others)

Geometric intuition: In 2D, a hexagonal cell has 6 boundary vertices. Six constraints can
enforce pairwise consistency around the boundary, but the constraint matrix has rank 5 (the six
edge equations sum to zero around the cycle). This leaves one unconstrained degree of
freedom—a global gauge mode—preventing true closure.



Plain English: With only 6 constraints around a hexagon, you can make neighboring edges
consistent, but there's a loophole: you could rotate everything by the same amount and still
satisfy all the local rules. It's like a combination lock where turning all the dials together doesn't
count as a real change. You need a 7th constraint—an anchor in the middle—to eliminate this
loophole.

3.3 The Critical Case (K =7)

Adding a seventh constraint—geometrically, an interior vertex connected to all boundary
vertices—eliminates the residual gauge freedom.

Rank analysis: The 7x7 constraint matrix achieves full rank, providing exactly the number of
independent equations needed for:

e Closure (no leakage)
e Isotropy (closure in all directions)
e Minimal rigidity (no redundancy)

This is the minimal rigid configuration in the graph-theoretic sense: removing any edge would
introduce underdetermination, while adding any edge would introduce overdetermination.

Plain English: Seven is the Goldilocks number. Six constraints leave wiggle room (the pattern
can drift). Eight or more constraints over-specify the problem (contradictions become
inevitable). Seven is just right: enough to lock everything in place, but not so many that the rules
fight each other.

3.4 Overdetermined Regime (K> 7)

For K > 8 constraints, the system becomes overdetermined. Generic constraint assignments lead
to:

o Frustration: No consistent assignment satisfies all constraints
o Symmetry breaking: Resolution requires preferential treatment of some constraints

o Instability: Small perturbations can flip the system between frustrated configurations

Example: Octagonal tilings require square fillers, breaking the uniformity that permits isotropic
loop propagation.

Plain English: Try to tile your bathroom floor with regular octagons. You can't—you need
squares to fill the gaps. That breaks the uniformity. Similarly, trying to impose 8+ constraints on
our structure forces compromises that destroy the symmetry we need.

3.5 Conclusion

K =7 is necessary and sufficient for minimal, isotropic, frustration-free closure



Assumption A2 is thereby promoted from a fitted parameter to a minimality result. The number
7 is not chosen to match o but emerges from the geometric requirements of stable loop
formation.

4. Loop Channel Counting from Reversibility (A3)

4.1 Oriented Realizations

Each of the K independent constraints can be realized in one of two orientations, corresponding
to:

o Forward propagation of admissibility
o Backward propagation (time-reversal)

These orientations are distinct but equivalent—they represent different directed paths through
the same constraint.

Plain English: Think of a one-way street that becomes two-way. Each constraint is like a road
segment that can be traveled in either direction. Forward and backward are different journeys,
but they use the same road.

4.2 Reversibility Requirement

Principle: The substrate dynamics must be microscopically reversible. Every admissible forward
path must have a corresponding reverse path.

Consequence: Orphaned or one-sided realizations are forbidden. The loop count must be even.
Plain English: The fundamental laws of physics work the same forwards and backwards in time
(at the microscopic level). This means you can't have a one-way street at the deepest level of
reality. Every path must have a return path.

4.3 Channel Democracy

Principle: In the absence of external bias, all loop channels must be treated equivalently. No
channel carries preferential weight.

Consequence: Asymmetric channel counts are forbidden. Each constraint contributes exactly 2
channels.

Plain English: If there's no reason for nature to prefer one path over another, it won't. All 14
channels (7 constraints x 2 directions) must be treated equally. This is the same logic that gave
us P =% for A1, applied now to pathways.



4.4 Derivation

Combining the above:

N loop =2K
ForK=7:
N_loop =14

Cross-check via 4-simplex combinatorics: A 4-simplex has 10 triangular hinges and 5
tetrahedra contributing 4 independent closure modes. Total: 10 +4 = 14.

Plain English: We get 14 from two completely different calculations: (1) 7 constraints x 2
directions = 14, and (2) counting the geometric features of a 4-dimensional simplex = 14. When

two independent methods give the same answer, that's a strong sign we're on the right track.

Conclusion: Assumption A3 follows directly from reversibility and channel democracy. It is not
an independent input but a necessary consequence of the symmetry principles.

S. Inevitability of the Formula Structure (A4)

5.1 The Inverse Coupling as Admissible Realization Count

Interpret o' as the effective number of admissible realizations per closed loop, normalized
appropriately. We derive its form from first principles.

Plain English: We're going to show that the formula o = 128 x (15/14) isn't something we
made up—it's the only formula that respects the rules we've established.

5.2 Step 1: Independent Binary Suppression

Each of the K constraints must be satisfied for closure. Under A1, each has probability /2. For
independent constraints:

P(all K satisfied) = (2)k =27K
The inverse probability—the "rarity" of closure—is:
g072 = 2K

For K=7:go?=128.



Plain English: If you flip 7 fair coins, the probability of getting all heads is (’2)” = 1/128. Only 1
in 128 random configurations satisfies all constraints. This "rarity factor" of 128 is the
foundation of why a is small.

5.3 Step 2: Loop Channel Normalization

The bare rarity must be normalized by the number of channels through which closure can
propagate. At leading order:

o'~ (2K /N loop) x N loop = 2K
The factors cancel because each channel contributes independently to the effective coupling.
5.4 Step 3: Finite-Size Correction

For finite N_loop, closure itself "consumes" one admissible state (the constraint that the loop
actually closes rather than remaining open). This produces a correction:

o' =2Kx(1+ci/N_loop + O(1/N_loop?))

Plain English: When you have a finite number of channels (14, not infinity), there's a small
correction. It's like how a small room echoes differently than an infinite hall. The correction is
proportional to 1/14 = 7%.

5.5 Step 4: Fixing ¢: =1 by Symmetry

Claim: The coefficient ¢ is uniquely determined by channel democracy.

Proof: Model the effective inverse coupling as an additive sum over channel contributions:

g eff2=3%; w; +w_global

where:

o Each local channel contributes w; = go>/N_loop (democratic equal share)
o The global closure mode contributes w_global = go2/N_loop (couples to all channels)

Summing:
g eff2=N _loop x (go?/N_loop) + (go>/N_loop) = go > x (1 + 1/N_loop)
Thus ¢1 = 1 uniquely, enforced by:

e Additivity of channel contributions

o Equal weighting (democracy)
o Extensivity (total scales with go?)

10



Any ci1 # 1 would require either asymmetric weights or non-additive combination, violating
channel democracy.

Plain English: The coefficient in front of the 1/14 correction must be exactly 1. Any other
number would mean some channels count more than others, which violates our democracy
principle. This isn't a choice—it's forced by the requirement that all pathways are equal.
5.6 The Unique Formula
Combining all steps:
o1 =2Kx (N_loop + 1)/N_loop =27 x (15/14) =128 x 1.0714... = 137.143
Conclusion: The formula structure is not assumed but enforced by independence (2¥),
normalization (N_loop), and symmetry (c: = 1). Alternative forms would violate one of these
principles.
Plain English: Every piece of this formula is locked in:

e The 128 comes from 7 independent coin flips

e The 15/14 comes from 14 equal channels plus 1 global correction

e The result, 137.14, is within 0.08% of the measured value

We didn't tune anything. The numbers fell out of the logic.

6. Controlled Expansion and Falsifiability

6.1 The Asymptotic Series

The full expansion reads:

o' =28x(1+ 1/N_loop + c2/N_loop? + cs/N_loop® + --+)

6.2 Bounding the Higher Coefficients

Claim: Admissibility and channel democracy bound |c,| < O(1) for all n.

Argument: Coefficients c, arise from n-th order correlations between loop channels. Channel
democracy forbids preferential weighting, constraining correlations to be O(1) rather than
O(N_loop).

6.3 Quantitative Bounds

11



For K=7, N loop = 14:

Order Scaling Numerical Bound
Ist I/N _loop 7.1%

2nd  1/N loop? 0.51%

3rd  1/N_loop? 0.036%

The second-order bound of ~0.5% is the critical falsifiability threshold.
6.4 Comparison with Observation

Quantity Value
Predicted o' (leading order)  137.143
Measured o' (CODATA 2018) 137.036
Discrepancy 0.107 (0.078%)
Second-order bound ~0.5%

The observed discrepancy (0.08%) lies comfortably within the second-order bound (0.5%).

Plain English: Our prediction misses by 0.08%. Is that a problem? No—we expect small
corrections from higher-order effects, and those corrections should be around 0.5% or less. The
actual error (0.08%) is well within this expected range. If the error were 2% or 5%, then we'd
have a problem.

6.5 Falsifiability
The framework makes a sharp prediction: fractional residual corrections must satisfy
|Aa”!|/ o' < O(1/N_loop?) = 0.5%

If precision measurements or theoretical refinements revealed fractional discrepancies exceeding
this bound, the closure-based mechanism would be falsified.

Conversely, the observed fractional residual (0.078%) is well within the bound (0.5%),
constituting a nontrivial consistency check—the near-miss is not arbitrary tolerance but a
controlled prediction.

Plain English: This is how you know we're not cheating. We've declared in advance that the
error must be less than ~0.5%. If someone measured o more precisely and found we were off by
1%, our theory would be dead. That's what makes this science, not numerology—it can be
proven wrong.

12



7. Summary: From Assumptions to Derived Results

Assumption Status After This Paper Justification
Al:P=% Derived attractor Entropy maximization + stability analysis
A2: K=7 Minimality result Closure without frustration
A3: N loop =2K Symmetry consequence Reversibility + channel democracy
A4: Formula structure Uniqueness result Independence + normalization + additivity

The fine-structure constant emerges as:

o1=137.143 = 0(0.5%)

from zero adjustable parameters, with the residual bounded, not fitted.

Plain English: We started with four "assumptions" and ended with four derived results—each

one forced by deeper principles. That's the point of this paper. The number 137 isn't put in by
hand—it comes out of requirements that couldn't have been otherwise.

8. What Remains

8.1 What This Paper Establishes
e Al-A4 are stable attractors, not arbitrary inputs
e The formula structure is unique given the symmetry principles
e The residual is controlled and the framework is falsifiable
e a~=1/137 emerges from universality, not numerology

8.2 What This Paper Does Not Establish

o That the universe actually has a pre-geometric binary-admissibility substrate
e That the Void framework is the correct ultraviolet completion
e That no alternative mechanism could produce the same result

The status is: conditional derivation.

Ifthe universe has discrete closure structure with binary admissibility, then o~ 1/137 follows
necessarily.

Validation of the antecedent requires independent tests—particularly the predicted correlations
between a and A, and the experimental signatures discussed in the companion papers.

Plain English: We've proven: "If X is true, then o = 1/137 must follow."
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We have not proven: "X is true."

That's the remaining gap. The argument is airtight given the premise. The premise itself needs
independent verification. That's what future experiments are for.

9. Conclusion

We have completed the structural account of the fine-structure constant by replacing assumptions
with dynamical derivations:

Unbiased commitment emerges from entropy maximization
Seven-fold closure emerges from minimal rigidity

Channel doubling emerges from reversibility

The formula emerges from independence and symmetry
The residual is bounded, not fitted

MRS

The fine-structure constant thus appears not as an arbitrary parameter but as a leading-order
consequence of discrete closure, binary admissibility, and symmetry.

Whether this mechanism reflects the true ultraviolet structure of physical law remains an open
question—but the route by which a could arise from first principles is now sharply defined,
tightly constrained, and explicitly falsifiable.

Plain English: For almost 100 years, physicists have wondered why a = 1/137. This paper,
together with its companions, offers the most complete answer yet proposed:

e o measures an impedance mismatch (Paper I)
e The mismatch equals ~1/137 because of discrete geometry (Paper II)
o The geometry is required by entropy, closure, reversibility, and symmetry (Paper III)

We can't yet prove this is the right answer. But we can prove that if this is the right answer, it
couldn't have been any other way. That's as close to "deriving" a fundamental constant as anyone
has come.
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Appendix A: Explicit Stability Calculation for Al
Starting from:

Se)=—(CL+e)In(a+e)—(Y2—¢)In(2a—¢)

First derivative:

dS/de = —In(*2 + &) + In(*2 — &) = In[(*2 — €)/(Y2 + €)]

Ate=0:dS/de =1In(1) = 0 v (critical point)

Second derivative:

d*S/de?2=—1/(2+¢e) — 1/(a—e)=—1/(" — €)

Ate=0:d>S/de? = —4 <0 v (maximum)

Dynamics under de/dt =I'(dS/de):

de/dt =T xIn[(’2 — e)/(2 + &)] = —4'e + O(¢?)

Linearized decay rate: A =4I > 0 v (stable)

Plain English: This appendix shows the math behind Section 2. The entropy formula has exactly

one peak, located at € = 0 (fair coin). The dynamics push the system toward that peak. Small
deviations decay exponentially. The fair state is stable.

Appendix B: Constraint Matrix Rank Analysis for A2

Consider K constraint equations on N admissibility variables. The incidence matrix M has:
o Rows: constraints
e Columns: variables
o Entries: Mjj= 1 if constraint i involves variable j

For K = 6 (hexagonal boundary only):

The six edge constraints {61 — 0; = @i} satisfy:

% (91+1 - Gi) =0
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This linear dependence reduces rank(M) to 5, leaving dim(ker M) = 1.
For K =7 (with interior hub):

Adding the constraint 8o = 0 (interior reference) eliminates the kernel:
rank(M) = 7, dim(ker M) =0

The system is now minimally determined: exactly enough constraints for closure, with no
redundancy.

Plain English: With 6 constraints, there's one "free direction" in the solution space—a global
rotation that satisfies all constraints but doesn't represent true closure. The 7th constraint (the
center anchor) kills that free direction. Now the only solutions are genuine closed loops.

Appendix C: Why ¢: =1 Cannot Be Otherwise

Suppose c¢i # 1. Then either:

1. ¢1>1: Some channels contribute more than their democratic share. This requires
preferential weighting, violating channel democracy.

2. c¢1<1: Some channels contribute less than their democratic share. This requires
suppression of certain channels, violating isotropy.

3. cairrational: The correction cannot be expressed as a ratio of integers derived from the
discrete structure. This would require continuous fine-tuning, reintroducing the
arbitrariness we sought to eliminate.

Only c1 =1 is consistent with discrete structure, channel democracy, and isotropy
simultaneously.

Plain English: If the coefficient were anything other than 1, it would mean the universe is

playing favorites among the 14 channels. But we've established that all channels must be treated
equally (channel democracy). So the coefficient must be 1. There's no wiggle room.
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