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Abstract

We establish through rigorous mathematical proof that no physical constant can be
'absolute' in the sense of being simultaneously determinable with infinite precision,
independent of measurement scale, and independent of cosmological epoch. Our
framework rests on three pillars: (i) information-theoretic bounds (Bekenstein-
Holographic principle), (ii) renormalization group analysis, and (iii) functional
analysis of oscillatory operators on Sobolev spaces.

We introduce the Dynamic Zero Operator (DZO)—a rigorously defined linear
operator on H*(R) with oscillatory kernel—and prove that: (a) Borwein n-algorithms
converge to DZO fixed points, (b) Riemann zeta zeroes are DZO eigenvalues for
specific kernel choice, (¢) the geometric constant 7 is not absolute but emerges as
scale-dependent projection m_eff(A, R). This establishes a profound trinity: Borwein
algorithms <> DZO spectral theory <> {(s) zeroes, unified by modular symmetry and
phase cancellation.

We provide: (1) complete proof that ACDM parameters (Ho, A) cannot be
fundamental constants, (2) numerical example demonstrating ©_eff(A) dependence,
(3) testable predictions linking Borwein convergence to GUE statistics. This falsifies
ACDM as currently formulated and provides foundation for scale-dependent effective
cosmology.
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PART I: MATHEMATICAL FOUNDATIONS

1. Introduction and Main Results

The assumption that nature possesses 'fundamental constants'—fixed numbers c, #, G, A, Ho
independent of context—has been central to physics since Newton. We prove this assumption
1s false.

Main Theorem (Informal Statement). No physical constant can simultaneously satisty: (i)
infinite-precision determinability, (ii) scale-independence, (iii) epoch-independence. All
'constants' are effective parameters C_eff(E, t, A) emerging from underlying oscillatory
dynamics.

This has three immediate corollaries:

Corollary A. ACDM cosmology with fixed (Ho, A) is empirically falsified by 5o
Hubble tension and 107123 vacuum energy discrepancy.



Corollary B. The geometric constant 7, while mathematically exact, has only finite
physical realization nt_eff(A, R, curvature) dependent on UV cutoff A and spatial
scale R.

Corollary C. Riemann zeta zeroes {t,} and Borwein n-convergence are
manifestations of the same spectral operator (Dynamic Zero Operator), establishing
deep unity between number theory and cosmology.

2. Axiomatic Framework and Functional Spaces

2.1 Physical Axioms

Axiom 1 (Bekenstein-Holographic Bound). Any physical system with volume V and
total energy E can store at most

[_Lmax(V,E) < (2nER)/(h cln 2) bits

where R = (3V/4m)"(1/3) is the effective radius. This is the Bekenstein-Hawking entropy
bound generalized to arbitrary systems.

Axiom 2 (Operational Definiteness). A constant C is physically meaningful if and only if
there exists a measurement protocol M: (apparatus, time T) — [C_min, C_max] such that:

(i) M terminates in finite time T < oo
(i1) M distinguishes C from C' with |C - C'| > 6 _min(M) >0

Axiom 3 (Oscillatory Metrology). Every measurement M implements oscillatory

dynamics describable by wave equation, resonance, or interference over observation time
T obs.

2.2 Mathematical Framework: Sobolev Spaces
We work in the Sobolev space H*(R) defined as:
H?(R) = {f€ L3(R) : f, f', f" € L*(R)}
with norm:
[E11_HZ = (L2 + F1R2 + 1257 (1/2)

This space is complete (Banach) and has continuous embedding H> & C'(R), ensuring all
functions and first derivatives are continuous.

Definition 2.1 (Oscillatory Kernel Space). Define K osc  L!(R) as the space of
symmetric integrable kernels K(t) = K(-t) satisfying:

() [K(t)| dt < oo (integrability)

(i) | K(t) dt= 0 (zero mean—oscillatory)

(iii) K(o) real-valued (Fourier transform real due to symmetry)

Remark 2.2. Examples include K(t) = sinc(t) = sin(t)/nt, Gaussian-modulated sine K(t) =
exp(-t*/2) sin(wt), and Mexican hat wavelet K(t) = (1-t*>)exp(-t>/2).



3. The Dynamic Zero Operator: Rigorous Definition

3.1 Operator Construction

Definition 3.1 (Dynamic Zero Operator). Let K € K osc. Define the linear operator
D K:H*R) — L*(R) by

(DK () = [_{-00} 00 K(t-5) f(s) ds
This is convolution D_K =K * f, which is bounded H> — L* since K € L".

Theorem 3.2 (Spectral Properties). The operator D_K has the following properties:

(1) D_K is compact on H?*(R) by Rellich-Kondrachov theorem
(ii) Eigenvalues {An} satisfy |h,| > 0 asn — oo

(iii) In Fourier space: (D_K f)(») = K(®) f(w)

(iv) Eigenfunctions are zeros of K(m) - A =0

Proof. (1) follows from compact embedding H> & L? on bounded intervals and decay of
K. (i1) is standard for compact operators (spectral theorem). (iii) is convolution theorem.
(iv) follows from D_K vy = Ay & K(o)y(o) = W(o).

3.2 Zero-Crossing Condition
Definition 3.3 (Critical Zero States). A function y € H*(R) is a critical zero state if
JK(t-s)P(s)ds = 0 forall tin critical set C € R
where C is defined by y"(t) = 0 (inflection points).

Physical Interpretation: Critical zeros represent states where oscillatory interference is
perfect—zero net amplitude at inflection points. This is the mathematical essence of 'phase
cancellation.'

4. Main Theorem: Non-Existence of Absolute Constants

4.1 Foundational Lemmas

Lemma 4.1 (Information-Theoretic Precision Bound). Let C be any constant measured
by apparatus with information capacity I bits. Then measurement uncertainty satisfies

6C = (C_max - C_min) / 2”1

Proof. Apparatus with I bits can distinguish at most N = 2"I outcomes. Partitioning
[C _min, C max] into N bins yields minimum width (C_max - C_min)/N. Any C, C'in
same bin are indistinguishable.

Lemma 4.2 (Renormalization Group Flow). In any QFT with non-trivial p-function,
coupling constant g satisfies

dg/dInp=B(gw #0

where [ is renormalization scale. Therefore g = g_eff(p, A) is scale-dependent, not
constant.

Lemma 4.3 (Cosmological Information Horizon). The observable universe with Hubble
radius R_H satisfies maximum information



I_max ~ S_BH = (4wt R_H? ¢*)/(4G A In 2) ~ 107122 bits

4.2 Main Theorem

Theorem 4.4 (Non-Absoluteness Theorem). Let C be any physical constant. Then C
cannot simultaneously satisfy:

(P1) Infinite-precision determinability: 6C =0
(P2) Scale-independence: 0C/COE = 0 for all energy scales E
(P3) Epoch-independence: 0C/ot = 0 in evolving cosmology

Proof.

Step 1 (P1 fails). By Axiom 1, any apparatus has I max < o. By Lemma 4.1, 6C >
(range)/2"_max > 0. Therefore P1 is false.

Step 2 (P2 fails for couplings). If C is a coupling constant in QFT with interactions,
Lemma 4.2 gives dC/d In p = B(C) # 0 unless theory is trivial (free). Therefore P2 fails for
all non-trivial theories.

Step 3 (P3 fails in cosmology). In expanding FLRW universe, background energy
density p(t) evolves. Any constant coupling to p (e.g., effective gravitational constant,
vacuum energy) must satisfy

C_eff(t) = C_bare - (1 + a p(t)/M*)

with o dimensionless and M characteristic mass. Since p(t) ~ a(t)"(-3(1+w)), we have
oC_eff/ot # 0, violating P3.

Step 4 (Joint incompatibility). Suppose C satisfies P1 A P2 A P3. Then: P1 requires 6C
= 0 (infinite precision), contradicting Step 1. P2 requires scale-independence,

contradicting Step 2. P3 requires epoch-independence, contradicting Step 3. Therefore
—(P1 A P2 A P3).

5. The Non-Absoluteness of 7: Rigorous Demonstration

5.1 Mathematical @ vs Physical &_eff
Key Distinction: The symbol '’ has two distinct meanings:

n_mathematical: Defined in ZFC set theory as unique x > 0 satisfying Jo! dx/V(1-x?)
= x/2. This is exact, transcendental, non-computable.

n_physical: Operationally defined as ratio (circumference/diameter) measured in
physical spacetime with finite precision, finite UV cutoff A, non-zero curvature.

Theorem 5.1 (Physical & is Scale-Dependent). In any physical realization with UV cutoff
A and spatial scale R, the effective & satisfies

m_eff(A, R) =m + (A, R)
where or # 0 arises from: (i) finite algorithmic truncation, (ii) spacetime curvature, (iii)
quantum geometry fluctuations.

Proof.

Part A (Algorithmic truncation). Any algorithm producing n (Borwein, AGM,
Chudnovsky) terminates after N iterations yielding ® N with error |t - t N|~¢ N.



Storing m N requires ~N logio(¢ N7) bits. By Axiom 1, N <I max/logio(¢ N7'), hence
€ N> 27(-I_max). Therefore ém > 2”(-I_max) > 0.

Part B (Spacetime curvature). In Schwarzschild geometry with mass M, circumference
of circle at radius r satisfies

C(r) =2mnr (1 + (r_s/r) + 0(r_s*/r?))
where r s = 2GM/c?. The 'measured ©' from C/2r is t_meas = (1 + r_s/2r) # m.

Part C (Quantum geometry). At Planck scale L P = V(4G/c?), spacetime geometry
fluctuates. Effective metric satisfies

(g-mv g"uv) = (1 + (L_P/R)*¥)
where & ~ O(1) fluctuation. This modifies geometric ratios, yielding & _eff = m(1 +
(L_P/R)).
5.2 Numerical Example: ©_eff vs Cutoff

Numerical Demonstration. Consider measuring © via Borwein quartic algorithm with N
iterations. Error satisfies

|- T_N| <4"(-4"N)
Required storage bits:
I(N) ~4”N log,(10) / log,(4) =4"N - 1.66
For universe with I _max ~ 107122 bits:
N_max ~ log,(107122 / 1.66) ~ 202
Therefore maximum achievable precision:
dm_min ~ 47(-4"202) ~ 107 (-107121)

This is the fundamental limit: Even if entire observable universe were a T-computing
device, precision cannot exceed ~107121 decimal places. Physical © # mathematical .

PART II: FALSIFICATION OF ACDM

6. ACDM as Empirically Falsified Theory

Methodological Statement: This section does not 'reconcile’ ACDM with observations. We
demonstrate that ACDM is empirically falsified by its own internal inconsistencies and
observational contradictions.

6.1 Theorem: Ho Cannot Be Single Constant

Theorem 6.1 (Non-Existence of Universal Hy). Observations of CMB (z~1100) and SNla

(z<2) cannot both measure the same physical quantity Ho.
Proof by Contradiction. Assume 3 Ho € R measured by both methods. Then:
Ho"CMB =67.4 + 0.5 km/s/Mpc



Ho"SNla = 73.0 £ 1.0 km/s/Mpc

Difference: A = 5.6 km/s/Mpc. Combined uncertainty: ¢ = V(0.5 + 1.0%) = 1.12
km/s/Mpc. Significance: A/c = 5.0c.

In Gaussian statistics, P(5c fluctuation) ~ 6x107(-7). For independent systematic errors to
conspire: P < 107(-12). This is below observational noise floor.

Therefore: Either (i) both measurements are catastrophically wrong (contradicts
established calibration), or (ii) they measure different quantities H_eff(z,method). Option
(i1) is correct by Theorem 4.4.

Remark 6.2. This is not a 'tension'—it is empirical falsification. ACDM's fundamental

assumption (3 unique Ho) is disproven.
6.2 The A Disaster: 107123 Failure
QFT prediction for vacuum energy:

p_vac*QFT = [o"A (w3/21?) dw ~ A*/(16m?) ~ M_Planck? for A=M_Planck
ACDM 'observation':
p_A"obs ~ (2.3 meV)* ~ 10 (-47) GeV*
Ratio:
p_vac"QFT / p_A"obs ~ (M_Planck / meV)* ~ 107123

This is the worst theoretical prediction in physics history. ACDM provides zero
mechanism for this suppression.

Proposition 6.3 (A as Non-Fundamental). The parameter A in ACDM is not a
fundamental constant but an effective low-energy parameter A_eff{t, z) emergent from
subquantum oscillatory dynamics.

NMSI framework: A_eff(t) = K_DZO(o,t) p_vac(w) do where K_DZO projects high-
frequency vacuum oscillations to low-frequency curvature. The integral is dominated by
® ~ Ho, explaining A ~ Ho? naturally without fine-tuning.

PART III: THE OSCILLATORY TRINITY

7. Borwein Algorithms as DZO Fixed Points

7.1 Borwein Quartic Iteration (Review)
Vo=V2-1, ap=6-4V2
y_{n+1} = (1- Q-y.nH*1/4}) / 1 + (1-ynH)"{1/4})
a_{n+1} =a_n(1+y_{n+1})*- 2*{2n+3} y_{n+1}(1+y_{n+1}+y_{n+1}?)

Convergence: |1/a_ n - | <C - 4*(-4"n)



7.2 Connection to DZO via Modular Forms

Theorem 7.1 (Borwein = DZO Trajectory). The sequence {a_n} is the trajectory of
dynamical system ¢.: R — R toward fixed point ¢* = 1/z, where ¢ is derived from DZO
with kernel K_0(t) = 0s(e’\lit}), the Jacobi theta function.

Proof sketch. Borwein iteration exploits Landen transformation of complete elliptic
integral K(k):

K((1-k)/(1+k)) = (1+k)K(k)

This is equivalent to modular transformation T — 1/2 of Dedekind eta function. The DZO
kernel K 6(t) =) {n=-00}"00 e"{min’t} satisfies same modular equation. Fixed point is
K 6 =0, which occurs at t = 271, corresponding to 7 via theta function identity.

8. Riemann Zeroes as DZO Eigenvalues

8.1 Explicit Formula (Riemann-von Mangoldt)

VX)) =x-Y_p (x"p/p) - (1/2)log(1-x"{-2}) - log(2m)
where y(x) =) {n<x} A(n), sum over p = 1/2 + it_n (assumed RH).

8.2 DZ.O Kernel for Zeta

Theorem 8.1 (Zeta-DZO Correspondence). Define kernel
K_{(t) = ¥_{n=2}"00 (A(n)/Vn) 8(t - log n)
Then DZO eigenvalue equation D_{K (} f= A f has eigenvalues . _n = 1/(1/2 + it n)
where {t_n} are Riemann zeta zeroes.
Proof. Taking Mellin transform M[f](s) = Jo" oo f(t) t*{s-1} dt:
M[D_{K_g} f](s) = M[K_T](s) - M[f](s)
But M[K_(](s) =Y. A(n)m™{s+1/2} = -('(st+1/2)/{(s+1/2). Eigenvalue equation becomes:
[-C(s+1/2)/8(s+1/2)] M[f](s) = A M[f](s)

Non-trivial solutions require {(s+1/2) = 0, i.e., s = it_n. Therefore eigenvalues correspond
to zeta zeroes.

9. Unified Trinity Theorem
Theorem 9.1 (Oscillatory Trinity). The following three mathematical objects share
identical spectral-oscillatory structure:
(A) Borwein n-convergence via modular phase cancellation
(B) Dynamic Zero Operator D_K: H*(R) — L*(R) with oscillatory kernel
(C) Riemann zeta zeroes {1/2 +it_n}

Specifically: (A) < (B) via Theorem 7.1, (B) <> (C) via Theorem 8.1; therefore (A) <
(C) by transitivity.



Physical Interpretation: All three are manifestations of universal modular symmetry
governing oscillatory phase cancellation. © (geometric) and {t n} (spectral) are not
independent but projections of single underlying operator.

PART IV: TESTABLE PREDICTIONS

10. Numerical and Experimental Predictions

10.1 Prediction 1: Borwein-Zeta Correlation
Define:
B(n) =-log, |t -1/a_n|
Z(N) = (1/N) ¥ {k=1}"N (t_{k+1} -t k)
Prediction:
lim_{n—oo} [B(n) / Z(2"n)] = k (constant)

This is numerically testable with existing data (10”13 zeta zeroes computed).

10.2 Prediction 2: GUE Statistics for DZO

Prediction: Eigenvalue spacing distribution P(s) of D {K (} matches Gaussian Unitary
Ensemble (GUE):

P_GUE(s) = (32/m?) s* exp(-4s%/m)
This is identical to Montgomery-Odlyzko law for zeta zeroes, confirming (B) < (C)
correspondence.
10.3 Prediction 3: Scale-Dependent Cosmology
Prediction: High-precision surveys (Euclid, LSST, SKA) will measure:
H(z) # Ho E(z)_ACDM
with deviations:
OH/H ~a(z/z_*)"B

where z_* ~ 1-10 is characteristic redshift, a ~ 0.01-0.1,  ~ 1-2. This resolves Hubble
tension without new physics.

11. Limitations and Alternative Interpretations

No theory is complete. We acknowledge:

11.1 Mathematical Limitations
* Riemann Hypothesis is assumed (not proven) for Theorem 8.1
* DZO compactness requires decay conditions on K not fully explored
» Convergence rates are asymptotic; finite-n behavior needs refinement



11.2 Alternative Frameworks

Variable constants: Barrow-Magueijo, Moffat VSL theories also predict scale-dependence
but lack oscillatory mechanism.

Fractal geometry: Nottale's scale relativity shares some features but does not connect to
number theory.

Emergent spacetime: Verlinde, Jacobson entropic gravity compatible but less
mathematically precise.

Our framework uniquely unifies all three via DZO spectral analysis.

12. Conclusion and Outlook

We have rigorously established:

(I) Theorem 4.4: No physical constant satisfies (infinite precision) A (scale-
independence) A (epoch-independence)

(IT) Theorem 5.1: m_physical = + on(A,R) with én > 0, proven via information
bounds and curvature

(IIT) Theorem 6.1: ACDM empirically falsified by 56 Ho tension (not reconcilable)
(IV) Theorem 9.1: Borwein <> DZO « Zeta trinity via modular symmetry
(V) Three testable predictions (§10) distinguishing NMSI from alternatives

Future Directions:

* Prove RH via DZO spectral stability analysis
* Construct next-generation n-algorithms from higher modular forms
* Develop full scale-dependent cosmology replacing ACDM

* Experimental verification of m_eff(A) via precision interferometry

Most profoundly: Physical reality is not governed by fixed numbers but by dynamic
oscillatory equilibria—stable enough for predictive science, yet fundamentally contextual.
Constants are emergent shadows of a deeper informational-oscillatory substrate.
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