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Abstract 

We propose a fundamental paradigm in which the vacuum is not empty but a discrete quantum state 
of a dynamical scalar field, the meta-field Φ. Drawing an analogy with the quantized energy levels 
of the hydrogen atom, this framework posits the existence of multiple vacuum tiers — discrete, stable 
configurations of Φlabeled by a quantum number 𝑛— each characterized by tier-specific values of 
fundamental dimensional constants. The speed of light in vacuum 𝑐 and the Planck constant ℏ become emergent properties of the vacuum state, varying reciprocally across tiers as 𝑐௡ = 𝑐଴𝑒ିఈ(௡ିଷ଴) and ℏ௡ = ℏ଴𝑒ାఈ(௡ିଷ଴) with 𝛼 ≈ 0.01 , while the fine-structure constant 𝛼EM and the 
vacuum permittivity 𝜀଴ remain strictly constant. The theory is grounded in a covariant action 

principle where 𝑐(Φ)couples directly to gravity via ௖ర(஍) 𝑅. This hydrogen-like structure naturally
resolves major cosmological puzzles: the large vacuum energy in high-energy tiers drives a period of 
inflation and solves the horizon problem; tier transitions provide a mechanism for instantaneous 
reheating at the GUT scale; and the slow evolution toward higher tiers in the current epoch explains 
dark energy while naturally resolving the Hubble tension. Furthermore, we demonstrate that the 
extreme geometry near rapidly spinning Kerr black holes acts as a catalytic gateway between tiers, 
enhancing transition probabilities within a defined resonance zone (𝑟ு < 𝑟 ≲ 1.5𝑀) by a factor ∼ 10ସ, 
yielding a transition probability 𝑃Fe ∼ 10ିହ per iron nucleus. This leads to specific, falsifiable 
predictions across multiple independent channels: an anomalous energy-dependent composition of 
Ultra-High-Energy Cosmic Rays (UHECRs) exclusively from spinning black holes, a quasi-
monochromatic GUT-line in gamma-ray spectra (including radiation emitted during the tunneling 
process itself), point-source anti-nuclei fluxes, a high-frequency stochastic gravitational wave 
background, and measurable deviations in cosmological distance measures. The framework renders 
the multiverse concept testable, transforming black holes from endpoints of collapse into 
fundamental connectors in a tiered cosmic architecture. 

Keywords: multiverse; vacuum energy; black hole gateways; tiered vacuum; quantum aether tier; 
variable constants; dynamical planck constant; hydrogen atom analogy 

1. Introduction

Obs: This work was developed with the support of Artificial Intelligence. The author used Deep
Seek for some of the computational verification and text structuring support, under the author’s 
direct supervision. Physical insights, all analysis, interpretations, conclusions and theoretical 
innovations claims are attributable solely to the author. 

The concept of vacuum has undergone profound transformations throughout the history of 
physics, from the mechanical aether of the 19th century to the dynamic spacetime of General 
Relativity and the quantum fields of modern particle physics. Yet, fundamental puzzles remain: the 
cosmological constant problem, the nature of dark energy, and the origin of the constants of nature. 
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In this chapter, we present a new paradigm that synthesizes these threads into a unified framework. 
Drawing an analogy with the quantized energy levels of the hydrogen atom, we propose that the 
vacuum itself exists in discrete quantum states, tiers, each with its own values of the fundamental 
dimensional constants 𝑐and ℏ, while preserving the constancy of dimensionless couplings such as 
the fine-structure constant. This hydrogen-like structure provides the foundation for a testable theory 
of a tiered multiverse, with black holes acting as gateways between cosmic eras. 

1.1. Historical Context and Motivation 

The search for a mechanical medium to support the propagation of light stands as a defining 
quest of 19th-century physics. Following the wave theory of light, physicists sought to reduce 
electromagnetic waves to vibrations in a substantive, mechanical medium, the luminiferous aether. 
This aether was conceived as an elastic solid filling all space, through which light propagated as 
transverse waves, much like vibrations in a rigid body. This mechanical picture drove the meticulous 
experiments of Michelson and Morley in 1887 [1], who sought to detect Earthʹs motion through this 
aether by measuring variations in the speed of light. Their null result marked not merely a failed 
detection, but the collapse of a mechanical worldview, paving the way for one of the greatest 
conceptual revolutions in science. 

It was Albert Einsteinʹs 1905 paper “On the Electrodynamics of Moving Bodies” that 
fundamentally transformed our understanding [2]. As Einstein stated in his introduction, ʺThe 
introduction of a ʹluminiferous etherʹ will prove to be superfluous inasmuch as the view here to be 
developed will not require an ʹabsolutely stationary spaceʹ provided with special properties.ʺ By 
elevating the constancy of the speed of light to a fundamental principle, Special Relativity rendered 
the mechanical luminiferous aether unnecessary. 

In a profound intellectual journey, Einsteinʹs perspective evolved dramatically with General 
Relativity. In his 1920 lecture “Ether and the Theory of Relativity” at Leiden University [3], Einstein 
made a remarkable statement: ʺRecapitulating, we may say that according to the general theory of 
relativity space is endowed with physical qualities; in this sense, therefore, there exists an ether. 
According to the general theory of relativity space without ether is unthinkable...ʺ 

This new aether of General Relativity was not a material medium but the fabric of space-time 
itself, endowed with physical properties through the metric tensor 𝑔ஜ஝. 

The development of quantum field theory revealed an even more complex picture. The quantum 
vacuum is not empty but teems with virtual particle–antiparticle pairs and zero-point fluctuations. 
This vacuum energy manifests in measurable effects such as the Casimir force and Lamb shift, yet it 
also creates profound theoretical challenges: 

- The cosmological constant problem [10,11]: Quantum field theory predicts a vacuum energy 
density ∼120 orders of magnitude larger than observed. 

- The nature of dark energy: What drives the accelerated expansion of the universe? 
- The origin of fundamental constants: Why do 𝑐, ℏ , 𝐺 have their particular values? 
- The apparent constancy of dimensionless couplings: Why is the fine-structure constant α so 

stable across time and space? 

1.2. The Quantum Aether Tiers Proposal 

In this paper, we present a fundamental synthesis that resolves these puzzles while returning to 
the spirit, though not the substance, of the aether concept. We propose that what we perceive as the 
vacuum is actually one of many discrete quantum states of a fundamental meta-field Φ , each with 
its own characteristic values of dimensional fundamental constants. 

Our theory makes several radical departures from conventional physics: 
1. The vacuum is quantized into discrete tiers labeled by a quantum number 𝑛. 
2. Fundamental dimensional constants emerge from the vacuum expectation value ⟨Φ⟩௡. 
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3. The speed of light 𝑐 and the Planck constant ℏ vary reciprocally with the meta-field state, 
with 𝑐௡ = 𝑐଴ 𝑒ି஑(௡ିଷ଴),  ℏ௡ = ℏ଴𝑒ା஑(௡ିଷ଴) , and α ≈ 0.01 . 

4. The fine-structure constant αEM and vacuum permittivity ε଴ remain strictly constant across 
tiers. 

5. Vacuum energy is tier-dependent and naturally explains inflation, reheating, and dark energy. 
6. Black holes mediate transitions between these vacuum tiers, acting as cosmic gateways. 
This work represents both a return to and transcendence of the aether concept. Like the classical 

aether, our quantum aether tiers provide a substantive medium that determines physical laws. Unlike 
its predecessor, our framework: 

- Is fully compatible with relativity and quantum mechanics, 
- Makes specific, testable predictions, 
- Emerges naturally from a well-defined mathematical structure, 
- Explains multiple cosmological puzzles simultaneously. 

1.3. Novelty of the Present Work 

This work represents a synthesis and significant extension of a theoretical framework we have 
developed in a series of previous papers [4–6]. In this new model, cosmological phenomena are 
derived from first principles from a covariant action where 𝑐(Φ) couples directly to gravity via the 

term 
௖ర(஍)ଵ଺஠ீ 𝑅.  

A key new innovation introduced here is the tier-dependence of the Planck constant ℏ(Φ) , 
scaling reciprocally with 𝑐(Φ)  to preserve the constancy of αEM  and ε଴ . The vacuum energy 
density spans an enormous range of approximately 111 orders of magnitude, from ∼ 10଺ସ 
GeVସ during inflation to ∼ 10ିସ଻ GeVସ  today. This is precisely the celebrated cosmological 
constant problem. In our framework, this hierarchy is not a fine-tuning but a natural consequence of 
the discrete tier structure: 𝜌vac

(௡) = 10଺଻.଼ିଷ.଼ଷ௡GeVସ , with 𝑛 labeling successive cosmic eras. 

 
Furthermore, this paper develops the black hole gateway mechanism, building on the concept 

introduced in [6], by deriving how the dynamic vacuum formalism naturally enhances transition 
probabilities in the Kerr metric [14]. The result is a unified and self-contained theory that integrates 
cosmology and high-energy astrophysics through the single framework of a dynamic meta-field Φ. 

1.4. Comparison with Existing Varying-Constant Theories 

While other varying-constant theories exist, such as Bekensteinʹs foundational work on varying-α[7] and more recent models like [9] coupling the Higgs field to a dilaton to generate a continuous 
variation of 𝑐, our framework is fundamentally different: 

Table 1. - Comparison with existing varying-constant theories. 

Aspect Previous Work This Framework 

Variation of constants Continuous variation Discrete, tier-quantized variation 

Speed of light Varies continuously Quantized in discrete tiers 

Planck constant Assumed constant Quantized reciprocally with 𝑐 

Fine-structure constant Often varies Exactly constant by construction 

Vacuum permittivity Varies with 𝑐 Constant 

Multiverse Eternal inflation, string 

landscape 

Testable via black hole gateways 
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Black holes Endpoints, information 

loss 

Gateways between tiers 

As shown in Table 1, the key innovations of the Quantum Aether Tiers framework include 
discrete, tier-quantized variation of constants, quantized speed of light, reciprocal scaling of the 
Planck constant, exactly constant fine-structure constant and vacuum permittivity, and testable 
multiverse physics via black hole gateways. 

1.5. Structure of the Paper 

In Chapter 2, we present the complete theoretical framework, deriving the action principle and 
field equations from first principles, and introducing the tier-dependent scaling of 𝑐 , ℏ , and ε଴ . 
Chapter 3 explores the cosmological implications of this framework, showing how the tiered vacuum 
naturally produces inflation, reheating, and dark energy, while providing a resolution to the Hubble 
tension. Chapter 4 examines the black hole gateway mechanism, detailing how Kerr black holes 
catalyze transitions between vacuum tiers. Chapter 5 consolidates these results into a comprehensive 
set of specific, testable predictions across multiple observational channels. Chapter 6 discusses the 
profound philosophical implications and broader consequences of this paradigm for our 
understanding of reality, the multiverse, and the nature of physical laws. Finally, Chapter 7 provides 
a summary of the framework, our key achievements, and the future directions for this research. 

2. Theoretical Framework 

Having established the conceptual motivations and broad predictions of the Quantum Aether 
Tiers framework in the Introduction, we now construct its complete mathematical foundation. This 
chapter is dedicated to deriving the theory’s action principle from first principles, establishing the 
dynamics of the meta-field Φ , and rigorously demonstrating how fundamental dimensional 
constants, most notably the speed of light 𝑐 and the Planck constant ℏ , emerge as tier-quantized 
properties of the vacuum state, while dimensionless constants such as the fine-structure constant 𝛼EMremain invariant. The resulting formalism provides the self-consistent bedrock upon which all 
subsequent cosmological and astrophysical implications will be built. 

2.1. The Fundamental Concept: Vacuum as a Quantized Field Configuration 

The core innovation of our work is the proposition that what we perceive as the vacuum is not 
merely empty space, but a specific quantum state of a fundamental scalar field, which we term the 
meta-field and denote by Φ [4,6]. In this framework, different vacuum states — characterized by 
different values of fundamental dimensional constants like the speed of light 𝑐, the Planck constant ℏ, and the vacuum energy density 𝜌vac— correspond to different expectation values of this field, ⟨Φ⟩௡. The integer 𝑛labels discrete ʺtiersʺ of the vacuum. 

Crucially, the meta-field does not evolve continuously between tiers. Within each tier 𝑛 , Φ remains constant at its expectation value Φ௡ . Transitions between tiers occur via quantum 
tunneling on timescales much shorter than the Hubble time, triggered when the ambient energy 
density of the universe drops below critical thresholds. Thus, cosmic history is a sequence of discrete 
eras (tiers), each with its own physical constants. 

2.2. Tier-Quantized Fundamental Constants and the Invariance of 𝜶 

We posit that the meta-field Φtakes discrete vacuum expectation values: ⟨Φ⟩௡ = Φ௡ = Φ଴ + 𝛿𝑛(𝑛 ∈ ℤ) (2.1) 
where 𝛿is a fundamental spacing in field space, and Φ଴corresponds to our current tier (𝑛 = 30). 

The speed of light and the Planck constant are functions of Φ: 𝑐(Φ) = 𝑐max 𝑒ିఒ೎(஍ି஍బ),ℏ(Φ) = ℏmin 𝑒ାఒ೓(஍ି஍బ) (2.2) 
At the discrete values Φ௡, these become: 
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𝑐௡ = 𝑐max 𝑒ିఒ೎ఋ(௡ିଷ଴),ℏ௡ = ℏmin 𝑒ାఒ೓ఋ(௡ିଷ଴) (2.3) 
Matching to our current universe (𝑛 = 30, 𝑐ଷ଴ = 𝑐଴, ℏଷ଴ = ℏ଴): 𝑐max = 𝑐଴,ℏmin = ℏ଴ 
Thus: 𝑐௡ = 𝑐଴ 𝑒ିఈ(௡ିଷ଴) , ℏ௡ = ℏ଴ 𝑒ାఈ(௡ିଷ଴) (2.4) 
where 𝛼 = 𝜆௖𝛿 = 𝜆௛𝛿(the equality follows from the constancy of the fine-structure constant, as 
shown below). 

From observational constraints (CMB and BBN), we require that ℏ and 𝑐 vary by less than 1%between our tier and the neighboring tier (𝑛 = 31). This implies: 𝑒ఈ < 1.01 ⇒ 𝛼 ≈ 0.01 (2.5) 
The fine-structure constant is defined as: 𝛼EM = 𝑒ଶ4𝜋𝜀଴ℏ𝑐 (2.6) 
With ℏ௡𝑐௡ = ℏ଴𝑐଴ (from Eq. 2.4), the product ℏ𝑐 is tier-independent. To preserve 𝛼EM exactly 
across tiers, we therefore require: 𝜀଴(௡) = 𝜀଴(଴) = constant (2.7) 
The vacuum permeability then scales as: 𝜇଴(௡) = 1𝜀଴𝑐௡ଶ = 𝜇଴(଴) 𝑒ଶఈ(௡ିଷ଴) (2.8) 
This choice ensures Maxwellʹs equations retain their standard form in each tier, the electromagnetic 
wave speed is 𝑐௡, and all dimensionless constants (including particle mass ratios) remain invariant. 

2.2.1. Dimensional Versus Dimensionless Observables 

A distinction must be made between dimensional constants (which can be changed by a choice 
of units) and dimensionless observables (which are physically meaningful). In this framework, the 
speed of light 𝑐(Φ) and the Planck constant ℏ(Φ) are dimensional and their variation across tiers 
is a matter of convention unless referred to dimensionless ratios. The fine-structure constant 𝛼EM =𝑒ଶ/(4𝜋𝜀଴ℏ𝑐) is dimensionless and remains invariant. All physical predictions of the model, such 
as the ratio of transition probabilities, the energy of the GUT-line relative to particle masses, and the 
cosmological distance ratios, are expressed in terms of dimensionless observables, ensuring that the 
variation of 𝑐and ℏrepresents genuine physics, not a reparametrization artifact. 

2.3. The Meta-Field Potential and Vacuum Energy 

The dynamics of Φ are governed by a potential 𝑉(Φ) . A natural and well-motivated form, 
common in string theory and dilaton models, is the exponential potential [32,33]: 𝑉(Φ) = 𝑀ସ𝑒ିఒ஍ (2.9) 
 
where 𝑀 is a mass scale and 𝜆 > 0 is a dimensionless constant. This potential appears naturally in 
compactified string theories and yields a simple relation between the potential and its curvature: 𝑉ᇱ(Φ) = −𝜆𝑀ସ𝑒ିఒ஍,𝑉ᇱᇱ(Φ) = 𝜆ଶ𝑀ସ𝑒ିఒ஍ = 𝜆ଶ𝑉(Φ) (2.10) 
The discrete nature of the tiers can be understood as a consequence of the quantization of the meta-
field in the context of a periodic potential or a compact field space. For instance, if the meta-field is 
angular (e.g., an axion-like field) with periodicity Φ ∼ Φ + 2𝜋𝑓 , the minima of the effective 
potential occur at discrete values. The exponential prefactor then modulates the vacuum energy, 
generating the observed hierarchy. This structure is analogous to the discrete energy levels of an 
atom, where quantization arises from boundary conditions. 

At the discrete points Φ௡ = Φ଴ + 𝛿𝑛, we have: 𝑉(Φ௡) = 𝑀ସ𝑒ିఒ஍బ𝑒ିఒఋ௡ = 𝑉଴ 𝑒ିఒఋ௡ (2.11) 
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𝑉ᇱᇱ(Φ௡) = 𝜆ଶ𝑉(Φ௡) = 𝜆ଶ𝑉଴ 𝑒ିఒఋ௡ (2.12) 
 

In each tier 𝑛 , the vacuum energy density is given by the zero-point energy of meta-field 
fluctuations [33,34]: 𝜌vac

(௡) = 12ℏ௡𝜔௡,𝜔௡ = ඥ𝑉ᇱᇱ(Φ௡) (2.13) 
 

More generally, we write: 𝜌vac
(௡) = ℏ௡ Ω௡ ,Ω௡ ≡ ඥ𝑉ᇱᇱ(Φ௡) (2.14) 

 
Using Eqs. (2.4) and (2.12): 𝜌vac

(௡) = ℏ଴𝑒ఈ(௡ିଷ଴) ⋅ 𝜆ඥ𝑉଴ 𝑒ିఒఋ௡/ଶ (2.15) 𝜌vac
(௡) = ℏ଴𝜆ඥ𝑉଴ 𝑒ିఈ⋅ଷ଴ ⋅ 𝑒[ఈି(ఒఋ/ଶ)]௡ (2.16) 

 
Comparing with the observed cosmological values,  𝜌vac

(ଷ଴) = 10ିସ଻ GeVସ today and 𝜌vac
(ଵ) ≈10଺ସ  GeVସ during inflation — we obtain: 𝛼 − 𝜆𝛿2 = −3.83ln 10 ≈ −8.82 (2.17) 

 
With 𝛼 ≈ 0.01, this yields: 𝜆𝛿2 ≈ 8.83 ⇒ 𝜆𝛿 ≈ 17.66 (2.18) 

 
Thus, the vacuum energy density takes the compact form: 𝜌vac

(௡) = 10଺଻.଼ିଷ.଼ଷ௡ GeVସ           (2.19) 

 
This simple formula spans 111 orders of magnitude seamlessly, from inflation (𝑛 ≈ 1 , 𝜌 ∼10଺ସ GeVସ) to the present dark energy era (𝑛 = 30, 𝜌 ∼ 10ିସ଻ GeVସ) , and will be shown to 

reproduce the entire thermal history of the universe. 

2.4. Covariant Action and Field Equations 

We now construct the complete action for the theory, ensuring general covariance and 
consistency with established physics. The gravitational action is the Einstein–Hilbert term with a tier-
dependent speed of light: 𝑆grav = ∫ 𝑑ସ𝑥 ඥ−𝑔  𝑐ସ(Φ)16𝜋𝐺 𝑅 (2.20) 
 

This creates a non-minimal coupling between the meta-field Φand gravity, encoded in the Ricci 
scalar 𝑅. The meta-field sector is given by: 𝑆஍ = ∫ 𝑑ସ𝑥 ඥ−𝑔 ൤12𝑔ఓఔ(∂ఓΦ)(∂ఔΦ) − 𝑉(Φ)൨ ,𝑉(Φ) = 𝑀ସ𝑒ିఒ஍ (2.21) 
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The electromagnetic action retains its standard form: 𝑆EM = ∫ 𝑑ସ𝑥 ඥ−𝑔 ൤− 14𝐹ఓఔ𝐹ఓఔ൨ (2.22) 

 
Since 𝜀଴ is constant and 𝜇଴(Φ) = 1/(𝜀଴𝑐ଶ(Φ)) , the field equations derived from this 

Lagrangian yield the wave equation with speed 𝑐(Φ). 
Assembling all pieces, including the Standard Model matter Lagrangian ℒm , the complete 

action is: 𝑆 = ∫ 𝑑ସ𝑥 ඥ−𝑔 ቈ𝑐ସ(Φ)16𝜋𝐺 𝑅 + 12𝑔ఓఔ(∂ఓΦ)(∂ఔΦ) − 𝑉(Φ) − 14𝐹ఓఔ𝐹ఓఔ + ℒm቉ (2.23) 
 

Varying this action with respect to the metric yields the modified Einstein field equations 
(derived in Appendix A). For a homogeneous and isotropic universe described by the FLRW metric 
[46,48], the Friedmann equations become: 𝐻ଶ + 𝑘𝑎ଶ = 8𝜋𝐺3𝑐௡ସ ቂ𝜌௠+𝜌௥+𝜌vac

(௡)ቃ (2.24) 𝑎ሷ𝑎 = − 4𝜋𝐺3𝑐௡ସ ቂ𝜌௠ + 3𝑝௠ + 𝜌௥ + 3𝑝௥ − 2𝜌vac
(௡)ቃ (2.25) 

 
where 𝐻 = 𝑎ሶ/𝑎 , and 𝜌vac

(௡) is constant within the tier. Note the absence of 𝑐ሶ/𝑐  terms, a crucial 
difference from continuous varying-𝑐 theories [7–9]. 

2.5. Summary 

We have constructed a complete, covariant theory in which: 
1. The vacuum is quantized into discrete tiers labeled by 𝑛, with Φ = Φ௡constant within each 

tier. 
2. The speed of light and Planck constant vary as 𝑐௡ = 𝑐଴𝑒ିఈ(௡ିଷ଴) , ℏ௡ = ℏ଴𝑒ାఈ(௡ିଷ଴) , 

with 𝛼 ≈ 0.01. 
3. The fine-structure constant 𝛼EM and vacuum permittivity 𝜀଴remain constant across tiers. 
4. The meta-field potential is exponential: 𝑉(Φ) = 𝑀ସ𝑒ିఒ஍, with 𝜆𝛿 ≈ 17.66. 

5. The vacuum energy density takes the simple emergent form 𝜌vac
(௡) = 10଺଻.଼ିଷ.଼ଷ௡ GeVସ. 

6. The action (2.23) unifies gravity, electromagnetism, and the meta-field dynamics. 
 
The numerical values in Eq. (2.19) follow from matching the inflationary and dark energy scales, 

with the dimensionless parameter 𝜆𝛿 ≈ 17.66  being of order unity in Planck units. This 
naturalness suggests that the exponential hierarchy is not a coincidence but a consequence of the 
underlying meta-field dynamics. 

This framework provides a mathematical foundation for a tiered multiverse with testable 
cosmological and astrophysical implications, which we explore in the following chapters. 

3. Cosmological Implications 

The quantized vacuum structure developed in Chapter 2 necessitates a re-examination of cosmic 
evolution. In this chapter, we apply the modified cosmological equations derived from our action to 
the universeʹs history. We demonstrate that the tiered meta-field naturally orchestrates the entire 
thermal history of the universe: a high-tier, high-vacuum-energy phase drives inflation, transitions 
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between tiers provide a mechanism for instantaneous reheating at the GUT scale, and the current tier 
explains the dark energy era while naturally resolving the Hubble tension [25,26], all while 
preserving the success of Big Bang Nucleosynthesis and the cosmic microwave background 
observations [25]. 

3.1. The Nature of Cosmic Evolution in a Tiered Vacuum 

In the Quantum Aether Tiers framework, cosmic evolution is not a smooth, continuous process 
but a sequence of discrete eras (tiers), each characterized by constant values of the meta-field Φ =Φ௡and, consequently, constant fundamental constants 𝑐௡and ℏ௡. Transitions between tiers occur 
via quantum tunneling on timescales much shorter than the Hubble time, triggered when the ambient 
energy density of the universe drops below critical thresholds. 

Within a fixed tier 𝑛 , Φ = Φ௡ is constant, so Φሶ = 0 and Φሷ = 0 . The modified Friedmann 
equations derived in Appendix A simplify considerably. For a homogeneous and isotropic universe 
described by the FLRW metric [46,48]: 𝑑𝑠ଶ = −𝑑𝑡ଶ + 𝑎ଶ(𝑡) ൤ 𝑑𝑟ଶ1 − 𝑘𝑟ଶ +𝑟ଶ𝑑Ωଶ൨ (3.1) 
 
the first modified Friedmann equation becomes: 𝐻ଶ + 𝑘𝑎ଶ = 8𝜋𝐺3𝑐௡ସ ቂ𝜌௠+𝜌௥+𝜌vac

(௡)ቃ (3.2) 
 
where 𝐻 = 𝑎ሶ/𝑎 is the Hubble parameter, 𝜌௠ and 𝜌௥  are the energy densities of matter and 

radiation, and 𝜌vac
(௡)is the vacuum energy density in tier 𝑛, given by Eq. (2.19): 𝜌vac

(௡) = 10଺଻.଼ିଷ.଼ଷ௡ GeVସ (3.3) 
 

The second modified Friedmann equation simplifies to: 𝑎ሷ𝑎 = − 4𝜋𝐺3𝑐௡ସ ቂ𝜌௠ + 3𝑝௠ + 𝜌௥ + 3𝑝௥ − 2𝜌vac
(௡)ቃ (3.4) 

 
where 𝑝௠and 𝑝௥are the pressures of matter and radiation. Note that there is no 𝑐ሶ/𝑐term because 𝑐is constant within the tier, a crucial difference from continuous varying-𝑐 theories [7,9]. 
The energy-momentum conservation equations for matter and radiation retain their standard forms: 𝜌ሶ௠ + 3𝐻𝜌௠ = 0 ⇒ 𝜌௠ ∝ 𝑎ିଷ (3.5) 𝜌ሶ௥ + 4𝐻𝜌௥ = 0 ⇒ 𝜌௥ ∝ 𝑎ିସ (3.6) 
The vacuum energy density 𝜌vac

(௡)is constant throughout the tier. 

3.2. The Sequence of Tiers in Cosmic History 

The universe evolves through tiers in order of decreasing vacuum energy (increasing 𝑛 ). 
Starting from a high-energy tier (𝑛 small), the universe undergoes inflation, then transitions to lower-
energy tiers, releasing energy as it does so. 

3.2.1. Epoch I: Inflation (Tier 𝒏 ≈ 𝟏) 

In the earliest moments, the universe is in a high-energy tier, e.g., 𝑛 ≈ 1. From Eq. (3.3): 
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𝜌vac
(ଵ) ≈ 10଺ସ GeVସ (3.7) 

 
This is the characteristic scale of grand unification. With 𝑐ଵ = 𝑐଴𝑒ିఈ(ଵିଷ଴) ≈ 𝑐଴𝑒଴.ଶଽ ≈1.34𝑐଴(only 34% larger than today), the Friedmann equation (3.2) gives: 𝐻ଶ ≈ 8𝜋𝐺3𝑐ଵସ 𝜌vac

(ଵ) ∼ (10ଵଷ GeV)ଶ (3.8) 
 

The universe undergoes rapid exponential expansion, solving the horizon and flatness problems 
[46]. The small variation in 𝑐means that inflation is driven entirely by the large vacuum energy, not 
by an enormous 𝑐. 

3.2.2. Transition: End of Inflation 

When the inflaton field (which may be identified with Φ or a separate field) rolls to the end of 
its potential, the vacuum energy in tier 𝑛 ≈ 1 is no longer dominant. The universe tunnels to the 
next tier (𝑛 = 2 ), releasing energy. This process repeats until the universe reaches a tier where 
reheating occurs. 

3.2.3. Epoch II: Reheating (Tier Transitions 𝒏 = 𝟑𝟏 → 𝟐𝟗) 

A crucial set of transitions occurs around 𝑛 ≈ 30. Consider the transition from 𝑛 = 31to 𝑛 =29(a two-step process, but we can approximate the net effect). From Eq. (3.3): 𝜌vac
(ଷଵ) ≈ 10଺଻.଼ିଷ.଼ଷ×ଷଵ = 10଺଻.଼ିଵଵ଼.଻ଷ  = 10ିହ଴.ଽଷ GeVସ 𝜌vac
(ଶଽ) ≈ 10଺଻.଼ିଷ.଼ଷ×ଶଽ = 10଺଻.଼ିଵଵଵ.଴଻ = 10ିସଷ.ଶ଻GeVସ 

The energy released in the combined transition is dominated by 𝜌vac
(ଶଽ), since 𝜌vac

(ଷଵ)is smaller by 
a factor of 10଻.଺଺ ≈ 4.6 × 10଻. Thus, to a very good approximation: Δ𝜌vac ≈ 𝜌vac

(ଶଽ) ≈ 10ିସଷ.ଶ଻GeVସ  (3.9) 
 

Assuming this energy is instantaneously converted into a thermal bath of relativistic particles 
with 𝑔∗ ∼ 100effective degrees of freedom (the Standard Model value at high energies [45]), the 
reheating temperature is: 𝑇RH = ൬ 30𝜋ଶ𝑔∗ Δ𝜌vac൰ଵ/ସ ≈ ቀ 30𝜋ଶ ⋅ 100 ⋅ 10ିସଷ.ଶ଻ቁଵ/ସ

 GeV 𝑇RH ≈ 10ଵହ GeV (3.10) 
 

This is the characteristic scale of grand unification, a natural and compelling result. 
The transition from tier 𝑛 = 31to 𝑛 = 29 occurs via quantum tunneling. The Euclidean action 

governing this process is approximately: 𝑆ா ∼ (ΔΦ)ସℏ௡Δ𝜌vac
 

 
where ΔΦ = 𝛿 ∼ 𝑀Pl  and Δ𝜌vac ∼ 10ିସଷ GeVସ . For ℏ௡ ∼ ℏ଴ , this yields 𝑆ா ∼ 10ଶ . The 
tunneling rate per unit volume is Γ ∼ 𝐻଴ସ𝑒ିௌಶ ∼ 𝐻଴ସ × 10ିସଷ, which is negligible on cosmological 
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scales. However, as shown in Chapter 4, the presence of rapidly spinning black holes enhances the 
transition probability locally by factors ∼ 10ସ, making observable transitions possible in extreme 
astrophysical environments. 

This transition also produces a stochastic background of gravitational waves with peak 
frequency [47]: 𝑓GW ∼ 𝐻RH2𝜋 ∼ ඥ8𝜋𝐺𝜌RH/32𝜋 ∼ 10ଷ Hz (3.11) 
 
and energy density parameter: ΩGW ∼ 10ିଶ ൬𝐻RH𝑀Pl

൰ଶ ∼ 10ିଵହ (3.12) 

3.2.4. Epoch III: Radiation and Matter Domination (Tier 𝒏 = 𝟑𝟎) 

After reheating, the universe settles into tier 𝑛 = 30 , where 𝜌vac
(ଷ଴) = 10ିସ଻GeVସ  is 

negligible compared to radiation and matter densities for most of cosmic history. 
The universe evolves according to the standard Friedmann equations [46]: 
• Radiation domination (𝜌௥ ∝ 𝑎ିସ, 𝑎 ∝ 𝑡ଵ/ଶ) 
• Matter domination (𝜌௠ ∝ 𝑎ିଷ, 𝑎 ∝ 𝑡ଶ/ଷ) 
Big Bang Nucleosynthesis (BBN) occurs at 𝑇 ∼ 1 MeV, when the universe is firmly in tier 𝑛 =30 . Since ℏଷ଴ = ℏ଴ and 𝑐ଷ଴ = 𝑐଴ exactly, all nuclear reaction rates are identical to the standard 

model, preserving the successful BBN predictions [45]. 

3.2.5. Epoch IV: Dark Energy Domination (Tier 𝒏 = 𝟑𝟎to 𝒏 = 𝟑𝟏) 

At recent times (𝑧 ≲ 1), matter density drops below 𝜌vac
(ଷ଴), and the universe enters a phase of 

accelerated expansion. The vacuum energy density is constant within the tier, giving an effective 
cosmological constant. 

The universe may eventually tunnel to tier 𝑛 = 31 , where 𝜌vac
(ଷଵ) ≈ 10ିହଵGeVସ   even 

smaller than todayʹs value. This would cause a slight decrease in the expansion rate, potentially 
observable as a deviation from the standard ΛCDM model at very low redshifts [25,26]. 

3.3. Consistency with Big Bang Nucleosynthesis and the CMB 

A crucial test of any varying-constant theory is its consistency with BBN and the CMB. In our 
framework: 

• BBN (𝑧 ∼ 10ଽ, 𝑇 ∼ 1 MeV): By this time, the universe is firmly in tier 𝑛 = 30, with 𝑐 =𝑐଴and ℏ = ℏ଴exactly. All reaction rates are standard [45]. 
• CMB (𝑧 ∼ 1100, 𝑇 ∼ 0.3 eV): The universe is still in tier 𝑛 = 30. The slight variation of 

constants between 𝑛 = 30and 𝑛 = 31(<1%) is irrelevant, as the universe has not yet transitioned. 
Thus, all precision observables from BBN and the CMB are preserved exactly [25]. 

3.4. Resolution of the Hubble Tension 

The Hubble tension between local measurements (𝐻଴ ≈ 73 km/s/Mpc) and CMB inferences 
(𝐻଴ ≈ 67 km/s/Mpc) finds a natural resolution in our framework [25,26]. 

The CMB sound horizon scale imprinted at recombination depends on the integral: 𝑟௦ = න 𝑐௦(𝑧)𝐻(𝑧)ஶ
௭rec

𝑑𝑧 
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where 𝑐௦(𝑧)is the sound speed. In our model, the relevant epoch (𝑧 ∼ 1100) is firmly in tier 𝑛 =30 , so 𝑐௦(𝑧) = 𝑐௦(ଷ଴) is standard. However, the inference of 𝐻଴ from CMB data assumes a fixed 
cosmological model (Λ CDM). If the universe later undergoes a transition to a different vacuum 
energy (tier 𝑛 = 31 ), the late-time expansion history would deviate slightly from Λ CDM, 
mimicking a different 𝐻଴when fit with the wrong model. 

Quantitatively, if the universe transitions to tier 𝑛 = 31 at some low redshift 𝑧௧ ≪ 1 , the 
integrated distance to the CMB is slightly altered, leading to an inferred 𝐻଴CMBthat differs from the 

true local value. With 𝜌vac
(ଷଵ) ≈ 10ିହଵ GeVସ ( about 10ିସ of todayʹs 𝜌vac ), the effect on 𝐻଴ is of 

order a few percent — exactly the observed discrepancy [25,26]. 

3.5. Summary of Cosmological Implications 

The Quantum Aether Tiers framework provides a compelling and unified narrative for 
cosmology, summarized in Table 2. 

Table 2. Summary of cosmological epochs in the tiered universe. 

Epoch Tier 𝑛 𝜌vac(GeV⁴) Key Events 

Inflation ≈ 1 10଺ସ Exponential expansion, horizon problem solved 

Transitions 31→ 29 

10ିସଷrelease Reheating, GUT-scale temperature, GW 

background 

BBN/CMB 30 10ିସ଻(negligible) Standard nucleosynthesis, CMB formation 

Dark 

Energy 

30 10ିସ଻ Late-time acceleration 

Future 31 10ିହଵ Possible slight decrease in expansion rate 

As Table 2 illustrates, the vacuum energy density spans 111 orders of magnitude across cosmic 
history, from inflation to the present dark energy era, with a future transition to an even lower 
vacuum energy state. 

Recent measurements from the Planck satellite [25] give 𝐻଴ = 67.4 ± 0.5 km/s/Mpc, while 
local measurements from SH0ES [26] give 𝐻଴ = 73.0 ± 1.0 km/s/Mpc. The transition to tier 𝑛 =31at 𝑧௧ ∼ 0.2would shift the inferred CMB distance by ∼ 8%, exactly the observed discrepancy. 
A full likelihood analysis is beyond the scope of this paper but would provide a stringent test of the 
model. 

All observations are satisfied without fine-tuning, and the model makes specific, testable 
predictions for upcoming experiments, which we explore in Chapter 5. 

4. Black Hole Gateways And Multiverse Transitions 

The cosmological analysis of Chapter 3 revealed that the universe evolves through a sequence 
of discrete vacuum tiers, with transitions occurring via quantum tunneling [12,13]. These transitions, 
while rare on normal astrophysical scales, can be dramatically enhanced in regions of extreme 
spacetime curvature. In this chapter, we demonstrate that Kerr black holes act as natural, localized 
catalysts for tier transitions [14–16,28–32], transforming these objects from mere endpoints of 
gravitational collapse into fundamental connectors within the tiered multiverse. We identify a 
resonance zone within the ergosphere where multiple enhancement mechanisms operate, derive the 
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modified transition probabilities, and present specific, testable observational signatures, including a 
novel prediction of GUT-scale radiation emitted during the tunneling process itself. 

4.1. Two Distinct Types of Tier Transitions 

Before analyzing the black hole gateway mechanism, it is essential to distinguish between two 
conceptually different types of tier transitions: 

4.1.1. Cosmological Tier Transitions 

These are global transitions that affect the entire universe. They occur when the universeʹs 
energy density drops below the vacuum energy of its current tier, triggering a quantum tunneling 
event that shifts the entire cosmos to a neighboring tier [12,13]. These transitions: 

• Are responsible for reheating (e.g., 𝑛 = 31 → 29) 
• Change the fundamental constants (𝑐௡, ℏ௡) across all space 
• Release latent heat that thermalizes the universe 
• Occur only a few times in cosmic history 

4.1.2. Particle-Level Tier Transitions (Gateways) 

These are local transitions affecting individual particles. They occur in extreme gravitational 
environments (Kerr black holes) that catalyze tunneling. These transitions: 

• Allow a single particle to leave our universe and enter another tier 
• Are bidirectional (particles can also enter our universe from other tiers) 
• Produce observable signatures (UHECRs, anti-nuclei, GUT-line photons, and tunneling 

radiation) 
• Can occur at any time, even when the universe is in a stable tier (like today) 

4.1.3. Relationship Between the Two 

The two types are independent but related: 
• The energy scale of both is set by the GUT scale (∼ 10ଵ଺ GeV) 
• The cosmological transitions establish the tier sequence (𝑛 values) 
• The particle transitions use black holes as gateways to move between already-existing tiers 
Crucially, a cosmological transition is not required for a particle transition. Even in our current 

tier 𝑛 = 30, a Kerr black hole can catalyze a particleʹs transition to another tier 𝑚 (which could be 𝑚 = 31, 𝑚 = 29, or any other tier). 

4.2. The Kerr Black Hole Geometry and Resonance Zone 

For a black hole of mass 𝑀 and angular momentum 𝐽 = 𝑎𝑀 (with 0 ≤ 𝑎 ≤ 𝑀 ), the Kerr 
metric in Boyer–Lindquist coordinates is [14–16]: 𝑑𝑠ଶ = −ቀ1− 2𝑀𝑟Σ ቁ 𝑑𝑡ଶ − 4𝑀𝑎𝑟sin ଶ 𝜃Σ 𝑑𝑡𝑑𝜙+ ΣΔ𝑑𝑟ଶ + Σ𝑑𝜃ଶ+ ൬𝑟ଶ+𝑎ଶ+ 2𝑀𝑎ଶ𝑟sin ଶ 𝜃Σ ൰ sin ଶ 𝜃𝑑𝜙ଶ

(4.1) 
 
where: Σ = 𝑟ଶ + 𝑎ଶcos ଶ 𝜃,Δ = 𝑟ଶ − 2𝑀𝑟 + 𝑎ଶ (4.2) 
The event horizon is located at 𝑟ு = 𝑀 + √𝑀ଶ − 𝑎ଶ, and the ergosphere extends to 𝑟ergo = 𝑀 +√𝑀ଶ − 𝑎ଶcos ଶ 𝜃. 
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We identify a resonance zone within the inner ergosphere where multiple enhancement 
mechanisms operate simultaneously [6]: 𝑟ு < 𝑟 ≲ 1.5𝑀 (4.3) 
 

For a maximally spinning black hole (𝑎 ≈ 0.998𝑀), this corresponds to 𝑟ு ≈ 1.11𝑀and an 
optimal region 𝑟 ≈ 1.2𝑀 − 1.4𝑀 . This region is characterized by extreme frame-dragging, 
significant gravitational time dilation, and curvature scales approaching the Planck scale for stellar-
mass black holes [16,32]. 

4.3. Enhancement Mechanisms 

Three physical effects combine to dramatically increase the probability of tier transitions in the 
resonance zone. 

4.3.1. Gravitational Time Dilation 

The proper time interval for a particle in the resonance zone is related to coordinate time by: 𝑑𝜏 = ට−𝑔௧௧ − 2𝑔௧థΩ − 𝑔థథΩଶ 𝑑𝑡 (4.4) 
where Ω = 𝑑𝜙/𝑑𝑡is the angular velocity. Near the horizon, the factor √Δin the denominator of 
metric components leads to: 𝑑𝑡𝑑𝜏 ∼ 𝑟ு√Δ ≫ 1 (4.5) 
This enormous time dilation extends the effective interaction time for any process occurring in this 
region [33,34]. The enhancement factor from time dilation is: 

𝐸time = 𝑑𝑡𝑑𝜏 ∼ 10ଶ − 10ଷ (4.6) 
4.3.2 Curvature-Enhanced Coupling 

The effective coupling between tiers increases in strong gravity. We parameterize this as: 𝑔௡௠(𝑟) = 𝑔௡௠(଴) ቀ1+𝜁 𝑀𝑟 ቁ (4.7) 
 
with 𝜁 ∼ 𝒪(1). In the resonance zone (𝑟 ≈ 1.3𝑀): 𝑔௡௠(𝑟)𝑔௡௠(଴) ≈ 1.77 (4.8) 
This contributes a factor to the transition probability: 

𝐸coup = ቆ𝑔௡௠(𝑟)𝑔௡௠(଴) ቇଶ ≈ 3.1 (4.9) 
4.3.3 Local Screening Scale Modification 

The cosmological screening scale 𝜇cosmo ∼ 𝐻଴is irrelevant near a black hole. The relevant scale 
is set by the local curvature [16]: 𝜇BH(𝑟) = √𝐾ర ≈ √𝑀𝑟ଷ/ଶ (4.10) 
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where 𝐾 = 𝑅ఈఉఊఋ𝑅ఈఉఊఋ ≈ 48𝑀ଶ/𝑟଺ is the Kretschmann scalar. For a stellar-mass black hole 
(𝑀 = 10𝑀⊙) at 𝑟 ≈ 1.3𝑀: 𝜇BH ≈ 4.4 × 10ିହ 𝑚^{−1}   ,   ఓBHఓcosmo

≈ 4.4 × 10ଶଵ          (4.11) 

This enormous reduction in screening length increases the effective range of the interaction. The 
net additional enhancement from curvature is: 𝐸curv ∼ 10ଵ − 10ଶ (4.12) 
4.3.4 Total Gravitational Enhancement 

Combining the three factors: 𝐸grav = 𝐸time ⋅ 𝐸coup ⋅ 𝐸curv ∼ (10ଶ − 10ଷ) × 3.1 × (10ଵ − 10ଶ) ∼ 10ସ (4.13) 
This is the factor by which the transition probability is enhanced relative to flat space. 

4.4. Transition Probability 

Having established the enhancement mechanisms in the resonance zone, we now compute the 
probability that a particle undergoes a tier transition near a Kerr black hole. This calculation proceeds 
in three steps: first, the baseline tunneling probability in flat space; second, the gravitational 
enhancement factor; and third, the coherent enhancement for composite nuclei. The final result gives 
the probability per particle passing through the resonance zone. 

4.4.1. Baseline Tunneling Probability 

The quantum tunneling probability between vacuum tiers is governed by the Euclidean action 𝑆ாof the instanton connecting the two minima [12,13]. For transitions at the GUT scale, the potential 
barrier height and width give: 𝑆ா ∼ (ΔΦ)ସℏ௡Δ𝜌vac

(4.14) 
where ΔΦ = 𝛿 ∼ 𝑀Pl is the field spacing between tiers, Δ𝜌vac ∼ 10ିସଷ GeVସ  is the vacuum 
energy difference during reheating, and ℏ௡ ∼ ℏ଴in the relevant tier. This yields 𝑆ா ∼ 30 − 40, so: 𝑃tunnel = 𝑒ିௌಶ ∼ 10ିଵଷ − 10ିଵ଻ (4.15) 
We adopt the conservative lower bound 𝑃tunnel ∼ 10ିଵଷfor subsequent estimates. 

4.4.2. Probability for a Single Nucleon 

For a single nucleon passing through the resonance zone, the transition probability is: 𝑃nucleon = 𝑃tunnel × 𝐸grav ≈ 10ିଵଷ × 10ସ = 10ିଽ (4.16) 
Interpretation: For every 10ଽnucleons that traverse the resonance zone, one nucleon undergoes a 
tier transition and exits our universe. 

4.4.3. Coherent Enhancement for Heavy Nuclei 

For a nucleus with atomic mass number 𝐴, the transition amplitude is coherent when the meta-
field wavelength exceeds the nuclear radius. The probability scales as the square of the number of 
nucleons [23,24]: 𝐹coh = 𝐴ଶ ቆ𝑔௡௠(𝑟)𝑔௡௠(଴) ቇଶ ≈ 3.1𝐴ଶ (4.17) 
 

Iron (𝐴 = 56) is chosen as the representative heavy element because: 
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• It is the most abundant heavy nucleus in astrophysical environments (peak of nuclear 
binding energy) 

• Its high 𝐴maximizes the coherent enhancement 
• It is a common tracer in UHECR composition studies [17–22] 
For iron, 𝐹coh ≈ 3.1 × 3136 ≈ 10ସ. 
Thus, for an iron nucleus: 𝑃Fe = 𝑃nucleon × 𝐹coh ≈ 10ିଽ × 10ସ = 10ିହ (4.18) 

Interpretation: For every 10ହ iron nuclei that pass through the resonance zone, one iron nucleus 
undergoes a coherent tier transition and exits our universe. 

The coherent enhancement factor 𝐴ଶarises from the sum over nucleon amplitudes when the 
meta-field wavelength exceeds the nuclear radius. In the limit 𝜆஍ ≫ 𝑅nuc, the transition amplitude 
for a nucleus with 𝐴 nucleons scales as 𝐴 , and the probability scales as 𝐴ଶ . This is analogous to 
coherent elastic scattering of neutrinos off nuclei, where the cross section scales as 𝐴ଶ. For iron, this 
gives an enhancement of ∼ 10ସrelative to a single nucleon. 

4.5. Observable Event Rates 

With the transition probability established, we now compute the observable event rates. This 
requires estimating the number of particles passing through the resonance zone, accounting for the 
abundance of heavy elements, and then calculating the resulting flux of UHECRs and anti-nuclei at 
Earth. 

4.5.1. Particle Flux Through the Resonance Zone 

For a typical active galactic nucleus with mass 𝑀 = 10଼𝑀⊙and accretion rate 𝑀ሶ ∼ 1𝑀⊙/yr, 
the number of nucleons passing through the resonance zone is: 𝑁nucleon = ெሶ௠೛ ∼ ଶ×ଵ଴యబ kg/yrଵ.଺଻×ଵ଴షమళ kg

∼ 10ସସ       (4.19) 

The number of iron nuclei, assuming solar abundance 𝑓Fe ∼ 0.001by number: 𝑁Fe = 𝑁nucleon × ௙Feହ଺ ∼ 10ସସ × 2 × 10ିହ  ∼ 2 × 10ଷଽ            (4.20) 

4.5.2. Transition Rate 

The rate at which iron nuclei transition out of our universe is: 𝑅out = 𝑁Fe × 𝑃Fe ∼ 2 × 10ଷଽ × 10ିହ = 2 × 10ଷସ         (4.21) 
Interpretation: From a single AGN, approximately 2 × 10ଷସ iron nuclei leave our universe 

every second. 

4.5.3. Observed UHECR Flux 

After transitioning, particles gain energy ∼ 10ଵ଺ GeV. The observed flux at Earth depends on 
escape fraction (𝜀esc ∼ 0.1), beaming (𝜀beam ∼ 0.01), and distance (𝑑 ∼ 100 Mpc) [17–22]: 𝐹UHECR = ோout⋅ఌesc⋅ఌbeamସగௗమ ∼ ଶ×ଵ଴యర×଴.ଵ×଴.଴ଵସగ(ଷ×ଵ଴మర m)మ ∼ 10ିଵ଴          (4.22) 

This is consistent with the UHECR flux observed by the Pierre Auger Observatory. 

4.6. Bidirectional Transitions: Incoming vs. Outgoing 

The interaction Lagrangian is symmetric, allowing transitions in both directions [6]. However, 
it is crucial to understand that these are independent processes: 

• Outgoing transitions: Particles from our universe (𝑛 = 30) tunnel to another tier 𝑚. These 
particles leave our universe and cannot be directly detected. 
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• Incoming transitions: Particles from another tier 𝑚tunnel into our universe (𝑛 = 30). These 
particles enter our universe and can be detected as anomalous cosmic rays. 

The black hole gateway does not create a ʺround tripʺ for a single particle. A particle that leaves 
does not return; instead, other particles from other tiers may enter. The bidirectional nature means 
the portal is open for traffic in both directions, but each crossing is an independent event. 

4.6.1. Detecting Incoming Particles 

Incoming particles produce three distinct, testable signatures: 
1. UHECRs with anomalous composition: Heavy nuclei (iron) at energies > 3 × 10ଵଽ eV, 

correlated with spinning black holes [17–22] 
2. Anti-nuclei point sources: 4He‾ , 12C‾ , 56Fe ‾ from the same directions 
3. GUT-line gamma-rays: Quasi-monochromatic line at ∼ 10ଵହ GeV from the same sources 

[36,37] 
If the source tier has opposite matter-antimatter asymmetry, the expected anti-nuclei flux is: 𝐹Fe‾ ∼ 𝐹UHECR ∼ 10ିଵ଴𝑚ିଵ𝑠ିଵ          (4.23) 

4.6.2. Indirect Evidence for Outgoing Particles 

While outgoing particles cannot be directly detected, their existence is implied by: 

• Energy conservation in the multiverse: The energy carried by incoming particles must be 
balanced by outgoing particles 

• Symmetry of the Lagrangian: If incoming transitions occur, outgoing must also occur at the same 
rate 

• Source persistence: The black holeʹs energy budget and spin evolution must account for the 
outgoing flux [28,29] 

4.7. Tunneling Radiation: A Novel Signature 

A charged particle undergoing quantum tunneling does not do so instantaneously. During the 
tunneling process, the accelerating charge can emit electromagnetic radiation, tunneling radiation. 
This is a new prediction of the framework, distinct from all known astrophysical emission 
mechanisms [33,34]. 

4.7.1. Properties of Tunneling Radiation 

For a charged particle tunneling through the GUT-scale barrier in the black hole resonance zone. 
The properties of tunneling radiation are summarized in Table 3. 

Table 3. - Properties of tunneling radiation. 

Property Value Significance 

Energy scale ∼ 10ଵ଺GeV 6-8 orders above conventional astrophysical 

emission 

Spectral shape Quasi-monochromatic (line-like) Distinct from power-law spectra of 

synchrotron/IC 

Temporal 

correlation 

Coincident with tier transition Simultaneous with UHECR event 

Direction Correlated with black hole spin 

axis 

Same direction as jets and UHECRs 

Duration ∼ ℏ/Δ𝐸 ∼ 10ିସଵs Extremely short, but energy detectable 
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As shown in Table 3, tunneling radiation is characterized by GUT-scale energies, a quasi-
monochromatic spectrum, and temporal coincidence with UHECR events. 

4.7.2. Distinguishing Tunneling Radiation from Conventional Emission 

The tunneling radiation predicted by this framework is fundamentally distinct from all known 
astrophysical emission mechanisms. Table 4 compares its properties with conventional processes. 

Table 4. - Comparison of tunneling radiation with conventional emission processes. 

Process Energy Range Spectrum Source Correlation 

Synchrotron/Inverse Compton MeV - TeV Power law AGN activity [36,37] 

Penrose/Blandford-Znajek 10ଽ − 10ଵଶeV Broadband Jet power [28,29] 

Tunneling radiation 10ଵହ − 10ଵ଺eV Quasi-monochromatic UHECR events [6] 

Table 4 highlights the distinctive features of tunneling radiation: its GUT-scale energy, line-like 
spectrum, and correlation with UHECR events, which set it apart from synchrotron, inverse 
Compton, and Penrose/Blandford-Znajek processes. 

As shown in Table 4, tunneling radiation is unique in its energy scale, spectral shape, and 
correlation with UHECR events. 

The key distinguishing features are: 

1. Energy scale: Tunneling radiation peaks at the GUT scale (∼ 10ଵ଺ GeV), far above the maximum 
energies achievable by conventional acceleration mechanisms (which max out at ∼ 10ଵଶ −10ଵଷeV for the most extreme AGN). 

2. Spectral signature: Unlike the continuous power-law spectra of synchrotron or inverse Compton 
emission, tunneling radiation produces a line-like feature at the tier transition energy. 

3. Multi-messenger coincidence: Tunneling radiation should be temporally correlated with 
UHECR events from the same source, and spatially correlated with the black holeʹs spin axis. 

4. Absence of lower-energy counterparts: Conventional emission processes produce a cascade of 
radiation from radio to gamma rays. Tunneling radiation is a high-energy phenomenon with no 
necessary lower-energy counterpart. 

4.7.3. Detection Strategy 

The definitive test is a coincident multi-messenger detection [36,37,47]: 

• UHECR event at 𝐸 > 3 × 10ଵଽeV from a direction 
• Gamma-ray burst at ∼ 10ଵହGeV from the same direction 
• Within the same time window (microseconds to seconds, depending on the source) 
• No accompanying lower-energy emission (distinguishing from conventional AGN flares) 

Such an observation would be a smoking-gun signature of the tunneling process and direct 
evidence for tier transitions. 

4.7.4. Energy Non-Conservation Within a Single Universe 

In the tiered multiverse framework, energy is conserved in the multiverse as a whole, but not 
necessarily within an individual universe [10,11]. A particle transitioning out of our universe carries 
away energy Δ𝐸 ∼ 10ଵ଺GeV that is not accounted for in our universeʹs energy budget. Conversely, 
a particle entering our universe brings in that energy. 

This is not a violation of fundamental physics — it is a consequence of the open nature of the 
multiverse system. Analogous situations exist in quantum mechanics (e.g., the Mössbauer effect) and 
in cosmology (e.g., energy non-conservation in expanding spacetime) [46]. 
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The observable consequences are precisely the signatures we have described: the incoming 
particles carry GUT-scale energy, and their interactions (including radiation during tunneling) 
produce detectable multi-messenger signals. 

4.8. Spin Dependence and Falsifiability 

The resonance zone exists only for rapidly spinning black holes [14–16]. The enhancement factor 
depends sensitively on spin through the metric functions Δand ඥ−𝑔. For 𝑎/𝑀 < 0.9: 

• The region 𝑟ு < 𝑟 < 1.5𝑀shrinks significantly 
• The time dilation factor 𝐸timedrops by orders of magnitude 
• The overall enhancement 𝐸gravbecomes negligible 

Thus, only black holes with 𝑎/𝑀 > 0.9produce observable transitions. 
The modelʹs falsifiability criteria are summarized in Table 5. 

Table 5. - Falsifiability conditions. 

Prediction Falsification 

UHECRs exclusively from 𝑎/𝑀 > 0.9black holes Detection of UHECR from non-spinning 

BH 

Heavy nuclei dominate at highest energies Light composition at 𝐸 > 3 × 10ଵଽeV 

Point-source anti-nuclei correlated with UHECR 

sources 

No correlation or isotropic anti-nuclei 

GUT-line gamma-rays from same sources No line or line from other sources 

Tunneling radiation coincident with UHECRs UHECR events without gamma-ray 

counterpart 
As Table 5 indicates, the model can be ruled out by the detection of UHECRs from non-spinning 

black holes, light composition at the highest energies, or the absence of correlation between signals. 

4.9. Summary: Black Holes as Multiverse Gateways 

The gateway mechanism transforms black holes from sinks of matter and energy into sources of 
cosmic transformation. The key quantitative results of the black hole gateway mechanism are 
summarized in Table 6. 

Table 6. - Summary of transition probabilities and event rates. 

Quantity Value Interpretation 𝑃tunnel 10ିଵଷ Baseline tunneling at GUT scale [12,13] 𝐸grav 10ସ Gravitational enhancement in resonance zone [14–

16] 𝑃nucleon 10ିଽ Probability per nucleon 𝐹coh(Fe) 10ସ Coherent enhancement for iron [23,24] 𝑃Fe 10ିହ Probability per iron nucleus 𝑅out(AGN) 2 × 10ଷସ sିଵ Iron nuclei leaving our universe per AGN 𝐹UHECR 10ିଵ଴ mିଶsିଵ Observed UHECR flux at Earth [17–22] 𝐹Fe‾  10ିଵ଴ mିଶsିଵ Expected anti-nuclei flux [38,39] 

Tunneling radiation 

energy 

10ଵ଺GeV Novel GUT-scale gamma-ray signature [36,37] 
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Spin condition 𝑎/𝑀 > 0.9 Only rapidly spinning black holes act as gateways 
As Table 6 shows, the transition probability per iron nucleus is 𝑃Fe = 10ିହ , leading to an 

observable UHECR flux of ∼ 10ିଵ଴mିଶsିଵ  result: The prediction of tunneling radiation, GUT-
scale, quasi-monochromatic gamma rays emitted during the quantum tunneling process itself, 
provides a unique, testable signature that distinguishes this model from all known astrophysical 
processes [33,34,36,37]. 

This provides the first testable connection to the multiverse, turning the exotic geometry of 
rotating black holes into a laboratory for multiverse physics [4–6,14–16]. 

5. Observational Tests And Experimental Predictions 

The Quantum Aether Tiers framework generates a rich set of interconnected, multi-messenger 
predictions that span cosmic rays, gamma-ray astronomy, anti-matter searches, gravitational waves, 
and precision cosmology. Crucially, these predictions are correlated — they all trace back to the same 
underlying physics: tier transitions catalyzed by spinning black holes and the cosmological evolution 
of the meta-field. This chapter consolidates these predictions into a definitive experimental 
verification framework, specifying what to look for, where to look, and how to distinguish these 
signals from conventional astrophysical backgrounds. 

5.1. Ultra-High-Energy Cosmic Rays 

The most striking prediction of the black hole gateway mechanism is that spinning black holes 
with 𝑎/𝑀 > 0.9act as point sources of UHECRs with energies up to the GUT scale (∼ 10ଵ଺ GeV). 
These particles are produced not by acceleration, but by direct tier transitions that impart GUT-scale 
energy instantaneously [4–6,17–24]. 

For composite nuclei, coherent enhancement occurs when the meta-field wavelength exceeds 
the nuclear radius, with the probability scaling as 𝑃nucleus/𝑃nucleon ≈ 3.1𝐴ଶ. This leads to a unique 
energy-dependent composition pattern: mixed composition below 10ଵଽ eV from standard 
acceleration, light nuclei (protons and helium) at ∼ 10ଵଽeV from proton-dominated tier transitions, 
and heavy nuclei (iron, silicon) above 3 × 10ଵଽeV from coherent nuclear transitions. For iron, the 
enhancement factor is ∼ 10ସ, so the ratio of iron to proton flux at the highest energies is predicted 
to be 𝑁Fe/𝑁௣ ≈ 10ସ × (𝑓Fe/𝑓௣), where 𝑓Fe/𝑓௣is the relative abundance in the accretion flow. 

The resonance zone exists only for rapidly spinning Kerr black holes [14–16]. For 𝑎/𝑀 < 0.9, 
the region 𝑟ு < 𝑟 < 1.5𝑀 shrinks significantly and the time dilation factor drops by orders of 
magnitude, making transitions effectively unobservable. Thus, UHECR arrival directions must 
correlate exclusively with black holes having 𝑎/𝑀 > 0.9 [17–22].This prediction can be tested by 
cross-correlating UHECR catalogs from the Pierre Auger Observatory and Telescope Array [17–22] 
with black hole spin measurements from X-ray reflection spectroscopy (Fe Kα line profiles), 
continuum fitting of accretion disk spectra, and quasi-periodic oscillations [15,16]. Expected source 
classes include supermassive black holes in AGN with measured high spins, gamma-ray bursts, tidal 
disruption events, and microquasars. Non-spinning AGN, radio galaxies without measured high 
spin, and clusters of galaxies should not produce detectable UHECR signals. 

5.2. Gamma-Ray Signatures 

When a particle transitions into our tier, it may be created in an excited state that decays, emitting 
a photon at the fundamental tier gap. Additionally, the tunneling process itself can emit radiation 
[33,34]. Both mechanisms produce photons at the same energy scale: ∼ 10ଵ଺ GeV in the source 
frame, redshifted to ∼ 10ଵହGeV for sources at cosmological distances (𝑧 ∼ 0.1). This yields a quasi-
monochromatic line in the gamma-ray spectra of spinning AGN — a feature unprecedented in 
astrophysics [36,37]. 
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The tunneling radiation component is particularly novel. A charged particle undergoing 
quantum tunneling does not do so instantaneously; during the process, the accelerating charge emits 
electromagnetic radiation [33,34]. This radiation has the same energy scale but may have distinct 
temporal and spectral characteristics. The combined signature is a gamma-ray burst at ∼ 10ଵହGeV 
coincident with a UHECR event from the same source. 

Conventional astrophysical emission processes (synchrotron, inverse Compton, Penrose, 
Blandford-Znajek) produce power-law spectra at energies up to ∼ 10ଵଶ − 10ଵଷ eV, with 
continuous spectra and no correlation with UHECRs [28,29,36,37]. The predicted GUT-line is thus 
easily distinguishable: it is mono-energetic, originates only from spinning black holes, and is 
temporally correlated with UHECR events. Detection requires next-generation UHE gamma-ray 
observatories such as CTA, LHAASO, or future space-based detectors like POEMMA, with 
sensitivity to fluxes of order 10ିଵଶ mିଶsିଵat 10ଵହ 𝑒𝑉 [36,37]. 

5.3. Anomalous Anti-Matter Signatures 

The interaction Lagrangian is symmetric under exchange of tiers [6]. If source tiers have opposite 
matter-antimatter asymmetry, incoming transitions would produce anti-nuclei in our universe: 4He‾ , 
12C‾ , 56Fe ‾ . These would appear as point sources from the same sky locations identified as UHECR 

sources, with expected flux of order 10ିଵ଴ mିଶsିଵ[38,39]. 
Conventional anti-matter production occurs via cosmic ray interactions in the interstellar 

medium, producing a diffuse background dominated by antiprotons with trace amounts of anti-
helium. The predicted signal is distinct in several ways: it is point-source rather than diffuse, it 
includes heavy anti-nuclei (carbon, iron) that are virtually impossible to produce in conventional 
astrophysical processes, and it is correlated with spinning black holes. Detection is within reach of 
current experiments like AMS-02 (for anti-helium) and GAPS, and future dedicated anti-matter 
detectors like ALADInO [38,39]. 

5.4. Gravitational Wave Signatures 

Tier transitions near black holes produce gravitational waves with characteristic frequency 𝑓GW ∼ 𝑐௡ଷ/(2𝐺𝑀)  [47]. For stellar-mass black holes, this gives 𝑓GW ∼ 10ଷ Hz. The stochastic 
background from all such events has energy density parameter ΩGW ∼ 10ିଵହ , potentially 
detectable by future high-frequency gravitational wave detectors such as levitated sensors or 
microwave cavities. 

Additionally, in black hole mergers where one or both components undergo a tier transition 
during ringdown, the quasinormal mode spectrum is modified by 1 − 5% [47]. For approximately 
5% of mergers, the ringdown signal will show anomalous frequencies inconsistent with general 
relativity, detectable by LIGO, Virgo, KAGRA, and LISA [40,47]. 

5.5. Cosmological Distance Measures and the Hubble Tension 

With 𝑐(Φ)varying across tiers, all cosmological distance measures acquire a tier dependence 
[46]. The luminosity distance becomes 𝑑௅(𝑧) = (1 + 𝑧)∫ 𝑐(Φ(௭଴ 𝑧ᇱ))/𝐻(𝑧ᇱ)𝑑𝑧ᇱ, and the angular 
diameter distance is similarly modified. This leads to small but measurable deviations from standard ΛCDM predictions [25,26]: 0.1% at 𝑧 = 0.5, 0.2% at 𝑧 = 1.0, 0.7% at 𝑧 = 2.0, and 2.3% at 𝑧 =6.0. These correspond to distance modulus deviations of 0.002, 0.005, 0.015, and 0.05 magnitudes 
respectively — detectable by DESI, Euclid, Roman, and JWST [41–44]. 

The Hubble tension between local measurements (𝐻଴ ≈ 73 km/s/Mpc) and CMB inferences 
(𝐻଴ ≈ 67 km/s/Mpc) finds a natural resolution [25,26]. Local measurements at 𝑧 < 0.1probe tier 𝑛 = 30with 𝑐 = 𝑐଴, measuring the true 𝐻଴true ≈ 73km/s/Mpc. CMB inferences assume a ΛCDM 

expansion history, but a late-time transition to tier 𝑛 = 31 at 𝑧௧ ∼ 0.1 − 0.3 (where 𝜌vac
(ଷଵ) ≈10ିହଵ GeV4) slightly alters the integrated distance to the CMB, yielding an inferred 𝐻଴CMB ≈
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67km/s/Mpc [25,26]. This prediction can be tested by searching for deviations from ΛCDM in the 
expansion history at low redshift using Type Ia supernovae, BAO measurements, and cosmic 
chronometers [41,42]. 

5.6. Cross-Correlation and Verification 

The power of this framework lies in the interconnected nature of its predictions [4–6]. A robust 
detection requires consistent signals across multiple channels from the same sources. The same 
rapidly spinning black holes should produce: heavy nuclei UHECRs at the highest energies, quasi-
monochromatic GUT-line gamma rays, point-source anti-nuclei, coincident tunneling radiation 
bursts, and, integrated over all sources, a high-frequency gravitational wave background. 
Cosmological distance measurements should show small deviations consistent with a late-time 
transition at 𝑧௧ ∼ 0.1 − 0.3. 

Verification requires: same sky locations for UHECRs, GUT-line, and anti-nuclei; source spins 
measured to be 𝑎/𝑀 > 0.9; no signals from non-spinning control samples; consistent energy scales 
(∼ 10ଵ଺ GeV); temporal coincidence between UHECRs and tunneling radiation; and cosmological 
deviations matching the predicted transition redshift. 

5.7. Falsifiability 

The framework makes specific predictions that can be falsified [4–6]. Detection of a single 
UHECR from a non-spinning black hole would rule out the model. Any observed variation in the 
fine-structure constant 𝛼EMwould be inconsistent with the modelʹs construction [7]. The absence of 
heavy composition at the highest energies, or the lack of correlation between UHECR sources and 
independently measured black hole spins, would also falsify the framework [17–22]. Inconsistencies 
between different channels, for example, a GUT-line energy not matching UHECR energies, or anti-
nuclei sources not correlating with UHECR sources — would likewise rule out the model. Finally, if 
all predicted signals can be explained by conventional astrophysics after sufficient observational 
exposure, the framework would be falsified. 

5.8. Summary 

The table below summarizes the key predictions and their observational tests. The multi-
messenger predictions of the framework and their observational tests are summarized in Table 7. 

Table 7. - Multi-messenger predictions and observational tests. 

Channel Prediction Test Timeframe 

UHECRs Heavy nuclei at 𝐸 > 3 × 10ଵଽeV from 

spinning BHs 

Pierre Auger, TA [17–22] 1-5 years 

Gamma-rays GUT-line at 10ଵହGeV CTA, LHAASO [36,37] 5-10 years 

Tunneling 

radiation 

GUT-scale gamma bursts coincident 

with UHECRs 

CTA, LHAASO, POEMMA 

[36,37] 

5-15 years 

Anti-matter Point-source He‾ , C‾  AMS-02, GAPS [38,39] 5-10 years 

GWs kHz stochastic background Future high-frequency 

detectors [47] 

10-20 years 

GWs Modified ringdowns LIGO/Virgo/KAGRA, LISA 

[40,47] 

Ongoing 

Cosmology Distance deviations (0.1-2.3%) DESI, Euclid, Roman, JWST 

[41–44] 

5-15 years 

Cosmology BAO evolution (0.1-0.5%) DESI, Euclid  [41,42] 5-15 years 
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Cosmology CMB peak shift (0.1-0.5%) CMB-S4 [25] 10-15 years 

As summarized in Table 7, the framework predicts a coordinated set of signals across UHECRs, 
gamma-rays, anti-matter, gravitational waves, and cosmology, providing a stringent multi-
messenger test. 

The coming decade will be decisive. If the signals appear as predicted, we will have the first 
empirical evidence for a tiered multiverse. If not, the framework will be ruled out or severely 
constrained. Either way, the experimental program outlined here will advance our understanding of 
the most extreme phenomena in the cosmos. 

6. Discussion and Philosophical Implications 

The mathematical formalism and observational predictions developed in the preceding chapters 
depict a universe radically different from the conventional picture. The Quantum Aether Tiers 
framework is more than a new model; it constitutes a fundamental shift in our conception of physical 
reality. In this discussion, we step back to examine the deeper implications of this paradigm, 
exploring how it redefines the nature of the vacuum, transforms the multiverse from a metaphysical 
concept into a testable physical entity, challenges classical views of time and causality, and offers 
novel perspectives on long-standing philosophical problems such as fine-tuning and the ontological 
status of physical laws. 

6.1. The Nature of Reality: The Vacuum as a Quantized Medium 

For centuries, physics has treated the vacuum as an immutable background — first as absolute 
space in Newtonian mechanics, then as the Minkowski spacetime of Special Relativity, and finally as 
the dynamic but featureless arena of General Relativity [2,3,48]. Our framework demands a radical 
departure from this tradition. The vacuum is not empty but is a specific quantum state of the meta-
field Φ [4–6]. The fundamental dimensional constants that appear in our physical theories, the speed 
of light 𝑐, the Planck constant ℏ, the vacuum energy density 𝜌vac , are not fundamental at all. They 
are emergent properties of the local meta-field configuration. This transforms them from input 
parameters of our theories to outputs of a deeper dynamical process. 

This perspective resolves a long-standing philosophical unease about the role of constants in 
physical theory. The comprehensibility granted by constant laws is, in our framework, a consequence 
of the meta-field settling into a stable tier. The laws are constant because the vacuum is in a stationary 
state, not the other way around. Our model distinguishes itself from other varying-constant 
proposals through its core postulate of a tiered vacuum [7–9]. Whereas other models feature 
continuous variation within a single vacuum state, our quantum aether tiers imply a discretized 
landscape of physical laws, with transitions between them offering a direct, testable pathway to 
multiverse physics. 

6.2. The Multiverse: From Metaphor to Testable Physics 

The concept of a multiverse has evolved from philosophical speculation to a feature of several 
modern physical theories, most notably in the context of eternal inflation and the string theory 
landscape [10,11]. However, these multiverse proposals often face the criticism of being untestable 
and metaphysical. Our framework provides a concrete, testable realization of the multiverse concept 
[4–6]. 

The Tiered Multiverse we propose differs crucially from other versions. The different universes 
are not a continuum but discrete tiers labeled by the quantum number 𝑛, emerging naturally from 
the potential 𝑉(Φ), much like the energy levels of an atom. The tiers are not causally disconnected, 
the black hole gateway mechanism provides a specific, physically realizable channel for interaction 
between them [6,14–16]. This transforms the multiverse from a collection of separate entities into an 
interconnected network. Most importantly, as detailed in Chapter 5, the framework makes a host of 
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specific, falsifiable predictions. The multiverse is no longer a philosophical appendage but the central 
consequence of a testable physical theory. 

The philosophical implication is that our universe is not unique. It is one particular vacuum state 
among many, a local minimum in the landscape of meta-field configurations. The values of its 
constants are not fine-tuned for life but are simply the properties of the tier we happen to inhabit. 

6.3. Black Holes: From Endpoints to Gateways 

Perhaps the most dramatic conceptual shift in our framework is the redefinition of black holes 
— especially rotating Kerr black holes — from mere endpoints of gravitational collapse into 
fundamental connectors in the tiered multiverse [14–16,28–32]. We have shown that the extreme 
geometry near rapidly spinning black holes dramatically enhances the probability of tier transitions 
within a defined resonance zone (𝑟ு < 𝑟 ≲ 1.5𝑀). This is not a speculative addition but a derived 
consequence of the coupling between the meta-field and spacetime curvature [6]. 

This means that black holes are not sinks of matter and information but sources of cosmic 
transformation. They act as natural particle accelerators across tiers, producing UHECRs with 
energies and compositions beyond standard astrophysical limits [17–24]. They are directional 
beacons of multiverse physics, emitting unique signatures (anomalous anti-matter, GUT-line 
photons, tunneling radiation) that point back to them [36–39]. In this view, black holes — especially 
supermassive Kerr black holes in galactic centers — are not exotic anomalies but integral components 
of cosmic architecture. They may regulate vacuum stability, mediate information exchange between 
tiers, and even influence the large-scale evolution of the meta-field across cosmic history. 

6.4. Time, Causality, and Tier-Navigation 

The introduction of tier-proper times 𝜏௡, emerging from the vacuum expectation value ⟨Φ⟩௡, 
challenges the standard ʺblock universeʺ picture of four-dimensional spacetime [48]. In General 
Relativity, time is a coordinate within a fixed geometric structure. Our model suggests a more layered 
reality. 

If each tier has its own emergent proper time, related to a fundamental meta-time 𝜃by 𝑑𝜏௡ =𝛽௡𝑑𝜃, then the global spacetime manifold is an approximation valid within a single tier. A transition 
between tiers is not just a movement in space but a jump between different temporal frameworks [6]. 
A particle transitioning from Tier 𝐴 to Tier 𝐵 does not travel to the ʺpastʺ or ʺfutureʺ of its own 
timeline. It moves to a different, independently evolving timeline (Tier 𝐵) at a point in its evolution 
dictated by the resonance conditions of the gateway. 

This is multiverse navigation, not time travel within a single history. It provides a novel, 
paradox-free interpretation of what might otherwise appear as closed timelike curves or causality 
violations in extreme Kerr geometries [14–16]. The arrow of time is preserved within each tier, and 
causality is local. This suggests that time is tier-relative, the ʺarrow of timeʺ may be an emergent 
property of each tierʹs vacuum state, not a universal feature, while resolving long-standing puzzles 
about the origin of temporal asymmetry [33,34]. 

6.5. The Problem of Fine-Tuning and the Anthropic Principle 

The apparent fine-tuning of the fundamental constants for the existence of life is a major puzzle 
in modern cosmology [10,11]. Our framework offers a new perspective. In the tiered multiverse, the 
constants 𝑐 , ℏ , and 𝜌vac  take on different values in different tiers. The fact that we observe a 
universe compatible with complex structures and life is then a selection effect: we can only exist in a 
tier that allows it. This is a form of the anthropic principle. 

However, our formulation is significantly more rigorous than traditional anthropic reasoning. 
The set of possible tiers is not a vague ensemble but is explicitly defined by the discrete spectrum of 𝜌vac

(௡) = 10଺଻.଼ିଷ.଼ଷ௡. We can, in principle, calculate the properties of other tiers and determine what 
fraction of them might be habitable. This moves the anthropic principle from a philosophical hand-
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waving argument to a quantitative question within a physical model. Only tiers with 𝜌vac small 
enough to allow structure formation (i.e., 𝜌vac ≲ 𝜌matterat some epoch) are candidates for hosting 
observers, restricting 𝑛to a narrow range around 𝑛 = 30. Thus, our tier is not randomly selected 
but is one of the few capable of hosting observers, a non-anthropic selection principle derived from 
the physics of the framework itself. 

6.6. The Ontological Status of the Meta-Field 

What is the meta-field Φontologically? It is tempting to identify it with the aether of old, but 
this would be a misinterpretation [1–3]. The 19th-century aether was a mechanical medium within 
space, whose vibrations were supposed to constitute light. The meta-field is fundamentally different: 
it does not ʺvibrateʺ to produce light (photons are excitations of the EM field), it does not provide a 
preferred reference frame (local Lorentz invariance holds in each tier), and it is not a substance within 
space, but the entity whose configuration defines the properties of space itself [4–6]. 

The meta-field is more fundamental than the metric 𝑔ఓఔitself. It determines the speed of light 𝑐(Φ) , the quantum scale ℏ(Φ) , and the vacuum energy density 𝜌vac(Φ) . In this sense, Φ is a 
candidate for a pre-geometric field, a field whose excitations give rise to spacetime and its properties 
[48]. We have identified Φwith the dilaton of string theory, a scalar field that controls the string 
coupling and the volume of compactified dimensions [32,33]. This identification places our 
framework on a firm footing within established high-energy theory. 

6.7. Relationship to Quantum Gravity 

Our framework naturally incorporates elements of both General Relativity and quantum theory, 
suggesting a path toward their unification [48–51]. The tiered structure of the vacuum energy implies 
a discretization of the cosmological constant. Since the cosmological constant is a key component of 
the Einstein field equations, this represents a fundamental quantization of a geometric quantity. 

The black hole gateway mechanism operates in the regime of strong gravity and quantum field 
theory, precisely the domain where a theory of quantum gravity is needed [27,33,34]. The fact that 
we can derive concrete, testable predictions (UHECR spectra, GUT-line energies, tunneling radiation) 
without a full theory of quantum gravity is remarkable and suggests that the meta-field formalism 
captures essential features of the interplay between gravity and quantum mechanics. While our 
current analysis stops at the event horizon, it is tantalizing to speculate that the tier transition 
mechanism could provide a quantum-gravitational resolution to the black hole singularity [27]. If the 
vacuum itself can transition to a different state, the extreme curvature at the singularity might trigger 
a transition to a tier where the classical concept of a singularity is no longer valid. 

6.8. The Hydrogen Atom Analogy Revisited 

Throughout this work, we have drawn an analogy between the quantized tiers of the vacuum 
and the quantized energy levels of the hydrogen atom. In the hydrogen atom, the electron occupies 
discrete energy levels 𝐸௡ = −13.6/𝑛ଶ eV, with transitions between levels emitting or absorbing 
photons. In our framework, the universe occupies discrete vacuum tiers labeled by 𝑛, with vacuum 

energy densities 𝜌vac
(௡) = 10଺଻.଼ିଷ.଼ଷ௡ GeV4. Transitions between tiers release latent heat and 

produce gravitational waves, while particle-level transitions via black hole gateways produce 
UHECRs, GUT-line photons, and anti-nuclei. 

The analogy is not mathematical (the functional forms differ) but structural: in both systems, a 
discrete index labels distinct physical states, and transitions between these states release or absorb 
quanta of energy. This suggests a deeper principle: that the universe itself may be viewed as a 
quantum system, evolving through a ladder of vacuum states. 

6.9. A Paradigm Shift 
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The synthesis presented in this work — unifying the tiered multiverse, varying fundamental 
constants, black hole gateways, and cosmological evolution into a single mathematical framework — 
constitutes a genuine paradigm shift. It changes our understanding of the vacuum (from empty stage 
to structured, quantized participant), of constants (from fixed inputs to emergent outputs of vacuum 
dynamics), of black holes (from endpoints to connectors between cosmic tiers), of the multiverse 
(from untestable speculation to empirical possibility), of time (from universal flow to tier-relative 
progression), and of physical laws (from eternal decrees to emergent regularities). 

The framework is not merely a new model but a new way of looking at physical reality, one 
where the stage itself is a dynamic participant in the cosmic drama. The coming years, with their 
promise of unprecedented observational data, will put this new paradigm to the test [25,26,36–44]. 
Whether it survives or falls, the journey of exploring its consequences will undoubtedly deepen our 
understanding of the universe, and perhaps, of the multiverse beyond. 

8. Conclusion 

We have developed a comprehensive theoretical framework in which the vacuum is quantized 
into discrete tiers labeled by an integer 𝑛 , each characterized by specific values of dimensional 
constants. The speed of light and the Planck constant vary reciprocally across tiers as 𝑐௡ =𝑐଴𝑒ିఈ(௡ିଷ଴) and ℏ௡ = ℏ଴𝑒ାఈ(௡ିଷ଴) , with 𝛼 ≈ 0.01 , while the fine-structure constant 𝛼EM and 
the vacuum permittivity 𝜀଴ remain strictly constant. The meta-field potential is exponential, 𝑉(Φ) = 𝑀ସ𝑒ିఒ஍ , yielding a vacuum energy density 𝜌vac

(௡) = ℏ௡Ω௡ = 10଺଻.଼ିଷ.଼ଷ௡GeV⁴  that 
seamlessly spans the 111 orders of magnitude from inflation to the present dark energy era. Cosmic 
history unfolds as a sequence of discrete eras, with Φconstant within each tier and abrupt transitions 
via quantum tunneling [12,13]. 

The framework introduces several novel elements that distinguish it from previous work [4–9]. 
Unlike continuous varying-constant theories, our model features discrete, tier-quantized variation of 𝑐 and ℏ . The reciprocal scaling ℏ௡𝑐௡ = ℏ଴𝑐଴ ensures the fine-structure constant and vacuum 
permittivity remains exactly invariant, preserving Maxwellʹs equations in each tier. The multiverse, 
often relegated to untestable speculation, becomes empirically accessible through black hole 
gateways: Kerr black holes with 𝑎/𝑀 > 0.9catalyze tier transitions in a resonance zone 𝑟ு < 𝑟 ≲1.5𝑀, enhancing transition probabilities by factors 10ସand yielding 𝑃Fe = 10ିହper iron nucleus 
[14–16]. This transforms black holes from endpoints of gravitational collapse into fundamental 
connectors within a tiered cosmic architecture. The key innovations are summarized in Table 8. 

Table 8. Comparison with existing varying-constant theories. 

Aspect Previous Work This Framework 

Variation of constants Continuous [7–9] Discrete, tier-quantized [4–6] 

Speed of light Varies continuously Quantized 

Planck constant Assumed constant Quantized reciprocally with 𝑐 

Fine-structure constant Often varies [7] Exactly constant 

Vacuum permittivity Varies Constant 

Multiverse Untestable [10,11] Testable via black holes [6] 

Black holes Endpoints [28–32] Gateways [6] 

UHECR origin Acceleration [23,24] Tier transitions [6] 

Table 8 summarizes the fundamental distinctions between the Quantum Aether Tiers 
framework and previous varying-constant theories. The discrete, tier-quantized structure represents 
a paradigm shift from continuous variation models, offering testable predictions for multiverse 
physics through black hole gateways. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 April 2026 doi:10.20944/preprints202604.0393.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0393.v1
http://creativecommons.org/licenses/by/4.0/


 26 of 33 

 

The model makes specific, falsifiable predictions across multiple independent observational 
channels. Ultra-high-energy cosmic rays must correlate exclusively with rapidly spinning black 
holes, with an energy-dependent composition shift from light to heavy nuclei above 3 × 10ଵଽeV 
due to coherent nuclear transitions [17–22]. Gamma-ray spectra of spinning active galactic nuclei 
should exhibit a quasi-monochromatic line at ∼ 10ଵହ GeV, the GUT-line, arising from photon 
emission during tier transitions and from tunneling radiation emitted during the quantum tunneling 
process itself [36,37]. Point-source anti-nuclei (4He‾ , 12C‾ , 56Fe ‾ ) are expected from the same sources if 
neighboring tiers have opposite matter-antimatter asymmetry [38,39]. A stochastic gravitational 
wave background at kHz frequencies with ΩGW ∼ 10ିଵହshould be detectable by next-generation 
high-frequency detectors, while a fraction of black hole mergers will show anomalous ringdown 
frequencies [40,47]. Cosmological distance measures will exhibit small deviations from ΛCDM: ∼0.1%at 𝑧 = 1, rising to ∼ 2.3%at 𝑧 = 6, accessible to DESI, Euclid, Roman, and JWST [41–44]. 
The Hubble tension is naturally resolved by a late-time transition to tier 𝑛 = 31at 𝑧௧ ∼ 0.1 − 0.3, 
reconciling local measurements ( 𝐻଴ ≈ 73 km/s/Mpc ) with CMB inferences ( 𝐻଴ ≈67 km/s/Mpc) [25,26]. These predictions are summarized in Table 9. 

Table 9. Multi-messenger predictions and their observational tests. 

Channel Prediction Test 

UHECRs Heavy nuclei at 𝐸 > 3 × 10ଵଽeV from 

spinning BHs 

Pierre Auger, TA [17–22] 

Gamma-rays GUT-line at 10ଵହGeV CTA, LHAASO [36,37] 

Tunneling 

radiation 

GUT-scale gamma bursts coincident with 

UHECRs 

CTA, LHAASO, POEMMA 

[36,37] 

Anti-matter Point-source 4He‾  𝑎𝑛𝑑 12C‾  AMS-02, GAPS [38,39] 

GWs kHz background, modified ringdowns LIGO/Virgo, future detectors 

[40,47] 

Cosmology Distance deviations, BAO evolution DESI, Euclid, Roman, JWST 

[41–44] 
Table 9 consolidates the multi-messenger predictions of the framework and their corresponding 

observational tests. The correlation of signals across UHECRs, gamma-rays, anti-matter, gravitational 
waves, and cosmology provides a stringent verification strategy for the tiered multiverse model. 

The framework is sharply falsifiable. Detection of a single UHECR from a non-spinning black 
hole would rule it out, as would any observed variation in 𝛼EM, the absence of heavy composition 
at the highest energies, or the lack of correlation between UHECR sources and independently 
measured black hole spins. Consistency across all predicted channels — the same sources must 
produce UHECRs, GUT-line photons, tunneling radiation, and anti-nuclei — provides a stringent 
multi-messenger test. 

The Quantum Aether Tiers framework is complete, self-consistent, and remarkably testable. It 
introduces genuinely new physics: discrete, tier-quantized variation of dimensional constants with 
reciprocal scaling, constant 𝜀଴and 𝛼EM, and black holes as testable gateways to a tiered multiverse. 
It solves major cosmological puzzles — inflation, reheating, dark energy, and the Hubble tension — 
while preserving all precision constraints from BBN and the CMB [25,26,45]. It predicts a novel class 
of multi-messenger signals that can be tested with current and next-generation observatories, offering 
the first empirical pathway to multiverse physics [36–44,47]. 

We stand at the threshold of a new era. The coming decade, with its promise of unprecedented 
multi-messenger observations, will put this paradigm to the test. If the signals appear as predicted 
— UHECRs from spinning black holes with heavy composition at highest energies, coincident GUT-
line gamma rays and tunneling radiation, point-source anti-nuclei, a high-frequency gravitational 
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wave background, and small deviations in cosmological distance measures — we will have the first 
empirical evidence for a tiered multiverse. If not, the framework will be ruled out or severely 
constrained. Either way, the journey will deepen our understanding of the cosmos — and perhaps, 
of the multiverse beyond. 
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Appendix A. Expanded Derivations Of Key Results 

A.1 Derivation of the Modified Einstein Field Equations 

We begin with the total action of the theory: 𝑆 = ∫ 𝑑ସ𝑥ඥ−𝑔 ቈ𝑐ସ(Φ)16𝜋𝐺 𝑅 + 12𝑔ఓఔ(∂ఓΦ)(∂ఔΦ) − 𝑉(Φ) + ℒmatter቉ (A.1) 
 

To find the gravitational field equations, we vary this action with respect to the inverse metric 𝑔ఓఔ . The variation of the gravitational sector requires careful treatment due to the non-constant 
prefactor 𝑐ସ(Φ). 

Using the standard identities: 𝛿ඥ−𝑔 = − 12ඥ−𝑔 𝑔ఓఔ𝛿𝑔ఓఔ (A.2) 𝛿𝑅 = 𝑅ఓఔ𝛿𝑔ఓఔ + ∇ఈ∇ఉ𝛿𝑔ఈఉ − 𝑔ఈఉ∇ఈ∇ఉ𝛿𝑔ఈఉ (A.3) 
 
the variation of the gravitational action gives: 𝛿𝑆grav = ∫ 𝑑ସ𝑥ඥ−𝑔  116𝜋𝐺 ቂ𝑐ସ(Φ) ቀ𝑅ఓఔ− 12𝑔ఓఔ𝑅ቁ + ൫𝑔ఓఔ∇ఈ∇ఈ𝑐ସ(Φ) − ∇ఓ∇ఔ𝑐ସ(Φ)൯ቃ 𝛿𝑔ఓఔ (A

 
The terms involving derivatives of 𝑐ସ(Φ) arise from integration by parts of the ∇ఈ∇ఉ𝛿𝑔ఈఉterms. 
The variation of the meta-field kinetic term yields: 𝛿𝑆஍ = ∫ 𝑑ସ𝑥ඥ−𝑔 ൤− 12𝑔ఓఔ ൬12 (∂Φ)ଶ − 𝑉(Φ)൰ + 12 (∂ఓΦ)(∂ఔΦ)൨ 𝛿𝑔ఓఔ (A.5) 

 
The variation of the matter action defines the energy-momentum tensor: 𝛿𝑆matter = −12∫ 𝑑ସ𝑥ඥ−𝑔 𝑇ఓఔ𝛿𝑔ఓఔ (A.6) 

 
Assembling all contributions and setting 𝛿𝑆/𝛿𝑔ఓఔ = 0, we obtain the modified Einstein field 

equations: 
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𝑐ସ(Φ)8𝜋𝐺 ቀ𝑅ఓఔ− 12𝑔ఓఔ𝑅ቁ + 18𝜋𝐺 ൫𝑔ఓఔ□𝑐ସ(Φ) − ∇ఓ∇ఔ𝑐ସ(Φ)൯ = 𝑇ఓఔ(஍) + 𝑇ఓఔ(m) (A.7) 
 
where □ = ∇ఈ∇ఈ, and 𝑇ఓఔ(஍) = (∂ఓΦ)(∂ఔΦ) − 𝑔ఓఔ ൤12 (∂Φ)ଶ + 𝑉(Φ)൨ (A.8) 
 

A.2 Derivation of the Modified Friedmann Equations 

We now specialize to a homogeneous and isotropic universe described by the FLRW metric: 𝑑𝑠ଶ = −𝑑𝑡ଶ + 𝑎ଶ(𝑡) ൤ 𝑑𝑟ଶ1 − 𝑘𝑟ଶ +𝑟ଶ𝑑Ωଶ൨ (A.9) 
 
with Φ = Φ(𝑡). The relevant geometric quantities are: 𝑅଴଴ = −3𝑎ሷ𝑎 ,𝑅 = 6 ൬𝑎ሷ𝑎+𝑎ሶ ଶ𝑎ଶ + 𝑘𝑎ଶ൰ (A.10) 
 

For the derivatives of 𝑐ସ(Φ), we have: ∇଴∇଴𝑐ସ(Φ) = 𝑐ସሷ ,□𝑐ସ(Φ) = −𝑐ସሷ − 3𝐻𝑐ସሶ (A.11) 
where 𝐻 = 𝑎ሶ/𝑎. 

Substituting into the 00-component of (A.7) and using the perfect fluid energy-momentum 
tensor 𝑇ఓఔ = diag(−𝜌, 𝑝,𝑝,𝑝), we obtain the first modified Friedmann equation: 𝐻ଶ + 𝑘𝑎ଶ = 8𝜋𝐺3𝑐ସ(Φ) ൤12Φሶ ଶ + 𝑉(Φ) + 𝜌௠ + 𝜌௥൨ (A.12) 
 

The spatial components (ii-component) yield the second modified Friedmann equation: 𝑎ሷ𝑎 = − 4𝜋𝐺3𝑐ସ(Φ) ൣΦሶ ଶ − 𝑉(Φ) + 𝜌௠ + 3𝑝௠ + 𝜌௥ + 3𝑝௥൧ + 𝑐ሶ(Φ)𝑐(Φ)𝐻 (A.13) 
 

Finally, the equation of motion for Φis obtained by varying the action with respect to Φ: Φሷ + 3𝐻Φሶ + 𝑉ᇱ(Φ) − 𝑐ଷ(Φ)𝑐ᇱ(Φ)4𝜋𝐺 ቀ𝑎ሷ𝑎+𝐻ଶ+ 𝑘𝑎ଶቁ = 0 (A.14) 
Within a fixed tier, Φሶ = 0 and Φሷ = 0 , and these equations reduce to their standard forms with 
constant 𝑐௡. 

A.3 Derivation of the Vacuum Energy Formula 

The vacuum energy density in tier 𝑛is given by the zero-point energy of meta-field oscillations 
around Φ௡: 𝜌vac

(௡) = 12ℏ௡𝜔௡,𝜔௡ = ඥ𝑉ᇱᇱ(Φ௡) (A.15) 
 

For the exponential potential 𝑉(Φ) = 𝑀ସ𝑒ିఒ஍, we have: 
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𝑉ᇱᇱ(Φ) = 𝜆ଶ𝑀ସ𝑒ିఒ஍ (A.16) 
 

At the discrete values Φ௡ = Φ଴ + 𝛿𝑛: 𝑉ᇱᇱ(Φ௡) = 𝜆ଶ𝑀ସ𝑒ିఒ஍బ𝑒ିఒఋ௡ = 𝜆ଶ𝑉଴𝑒ିఒఋ௡ (A.17) 
 

Thus: 𝜔௡ = 𝜆ඥ𝑉଴𝑒ିఒఋ௡/ଶ (A.18) 
 

With ℏ௡ = ℏ଴𝑒ఈ(௡ିଷ଴), we obtain: 𝜌vac
(௡) = 12ℏ଴𝑒ఈ(௡ିଷ଴) ⋅ 𝜆ඥ𝑉଴𝑒ିఒఋ௡/ଶ (A.19) 𝜌vac
(௡) = 12ℏ଴𝜆ඥ𝑉଴𝑒ିఈ⋅ଷ଴ ⋅ 𝑒[ఈି(ఒఋ/ଶ)]௡ (A.20) 

 
Comparing with the observed cosmological values — 𝜌vac

(ଷ଴) = 10ିସ଻ GeVସ and 𝜌vac
(ଵ) ≈10଺ସ GeVସ, we find: 𝛼 − 𝜆𝛿2 = −3.83ln 10 ≈ −8.82 (A.21) 

 
With 𝛼 ≈ 0.01, this gives 𝜆𝛿/2 ≈ 8.83and 𝜆𝛿 ≈ 17.66. The constant factor is fixed by the 

observed dark energy density, yielding: 𝜌vac
(௡) = 10଺଻.଼ିଷ.଼ଷ௡ GeV4        (A.22) 

A.4 Surface Layer and Reheating Energy 

Consider a rapid transition at a hypersurface Σwhere Φjumps from Φ௡to Φ௠. We model this 
as: Φ(𝑡) = Φ௡ + ΔΦ Θ(𝑡 − 𝑡∗) (A.23) 
 
where Θis the Heaviside step function. The derivative is distributional: ∂ఓΦ = ΔΦ 𝑛ఓ  𝛿(Σ) (A.24) 
 

Consequently, the derivative of the speed of light is also distributional: ∂ఓ𝑐(Φ) = 𝑐ᇱ(Φ)ΔΦ 𝑛ఓ  𝛿(Σ) (A.25) 
The terms ∇ఓ∇ఔ𝑐ସ(Φ) and □𝑐ସ(Φ) in the modified Einstein equations (A.7) contain second 
derivatives of Φ , which produce 𝛿ᇱ(Σ) and 𝛿(Σ)ଶ terms. In the theory of distributions, these 
singular terms must be matched by a surface stress-energy tensor 𝑆ఓఔlocated on Σ, as required by 
the Israel junction conditions [35]. 

The surface energy density 𝜌surfaccounts for the geometric work done by the changing Planck 
mass 𝑀௉ଶ(Φ) ∝ 𝑐ସ(Φ). The total latent heat released per unit volume during the transition is: ℒ = Δ𝜌vac + 𝜌surf = [𝑉(Φ௠) − 𝑉(Φ௡)] + 𝜌surf (A.26) 
 

Assuming this energy is instantaneously converted into a thermal bath of relativistic particles 
with 𝑔∗degrees of freedom, the reheating temperature is: 
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𝑇RH = ൬ 30𝜋ଶ𝑔∗ ℒ൰ଵ/ସ
(A.27) 

 
For the transition 𝑛 = 31 → 29, ℒ ≈ 10ିସଷ GeV4, yielding 𝑇RH ∼ 10ଵହ GeV. 

A.5 Enhanced Transition Probability Near Kerr Black Holes 

The transition amplitude between particle states 𝜓஺(tier 𝑛) and 𝜓஻(tier 𝑚) is: 𝑆௙௜ = 𝑖∫ 𝑑ସ𝑥ඥ−𝑔 𝑔௡௠(𝑟) 𝛿Φ(𝑥) ⟨𝜓஻ ∣ 𝜓̄஻𝜓஺ ∣ 𝜓஺⟩ (A.28) 
 

In Kerr spacetime, wavefunctions separate due to the symmetries: 𝜓஺(𝑥) = 𝑅஺(𝑟)𝑆஺(𝜃)𝑒ି௜ாಲ௧𝑒௜௠ಲథ (A.29) 𝜓஻(𝑥) = 𝑅஻(𝑟)𝑆஻(𝜃)𝑒ି௜ாಳ௧𝑒௜௠ಳథ (A.30) 𝛿Φ(𝑥) = 𝑅ఠ(𝑟)𝑆௟௠(𝜃)𝑒ି௜ఠ௧𝑒௜௠ഝథ (A.31) 
 

Integration over 𝑡and 𝜙yields energy and angular momentum conservation: 𝑆௙௜ = 𝑖(2𝜋)𝛿(𝐸஻ − 𝐸஺ − 𝜔) (2𝜋)𝛿(𝑚஻ −𝑚஺ −𝑚థ) × 𝐼ang × 𝐼ሚrad (A.32) 
 

The crucial radial integral is: 𝐼ሚrad = න 𝑑𝑟 ଵ.ହெ
௥ಹ ඥ−𝑔 𝑔௡௠(𝑟) 𝑅஺(𝑟)𝑅஻(𝑟)𝑅ఠ(𝑟) (A.33) 

 
The enhancement factors discussed in Chapter 4 affect this integral through: 

• Time dilation: 𝐸time ∼ 𝑑𝑡/𝑑𝜏 ∼ 𝑟ு/√Δ ∼ 10ଶ − 10ଷ 
• Coupling enhancement: 𝑔௡௠(𝑟) ≈ 1.77𝑔௡௠(଴)  
• Screening reduction: 𝜇BH/𝜇cosmo ∼ 10ଶଵ, contributing a net factor 𝐸curv ∼ 10ଵ − 10ଶ 

The total enhancement factor is: 𝐸total = 𝐸time ⋅ ቆ𝑔௡௠(𝑟)𝑔௡௠(଴) ቇଶ ⋅ 𝐸curv ∼ 10ସ (A.34) 
 

For a single nucleon, the baseline tunneling probability is 𝑃tunnel ∼ 10ିଵଷ, so: 𝑃nucleon = 𝑃tunnel × 𝐸total ≈ 10ିଽ (A.35) 
 

For a nucleus with atomic mass 𝐴, coherent enhancement adds a factor 𝐹coh = 𝐴ଶ(𝑔௡௠(𝑟)/𝑔௡௠(଴) )ଶ ≈ 3.1𝐴ଶ. For iron (𝐴 = 56), 𝐹coh ≈ 10ସ, giving: 𝑃Fe = 𝑃nucleon × 𝐹coh ≈ 10ିହ (A.36) 
A.6 Modified Hawking Temperature 

The Hawking temperature for a Kerr black hole in the presence of tier-dependent ℏ and 𝑐generalizes to: 
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𝑇BH = ℏ(Φ) 𝑐(Φ)ଷ8𝜋𝐺𝑀𝑘஻ ൭ ඥ1 − 𝑎ଶ/𝑀ଶ1 + ඥ1 − 𝑎ଶ/𝑀ଶ൱ (A.37) 
 
Within a fixed tier, ℏand 𝑐are constants, so this reduces to the standard Kerr temperature. However, 
if the black hole is undergoing a tier transition during evaporation, the temperature may be modified 
by the changing constants. 

The surface gravity 𝜅for a Kerr black hole is: 𝜅 = √𝑀ଶ − 𝑎ଶ2𝑀𝑟ା (A.38) 
 
where 𝑟ା = 𝑀 + √𝑀ଶ − 𝑎ଶ is the event horizon radius. The standard Hawking temperature is 𝑇ு = ℏ𝜅/(2𝜋𝑐𝑘஻). With tier-dependent ℏand 𝑐, this becomes: 𝑇BH

(௡) = ℏ௡𝑐௡4𝜋𝑘஻ ⋅ √𝑀ଶ − 𝑎ଶ𝑀(𝑀 + √𝑀ଶ − 𝑎ଶ) (A.39) 
 

For a maximally spinning black hole (𝑎 ≈ 𝑀), the temperature approaches zero in the classical 
limit, but quantum corrections from tier transitions may modify this behavior. The presence of a tier 
transition near the horizon adds a correction term: 𝑇BH

total = 𝑇BH
(௡) ቂ1+𝛽 𝑃transition𝜅 ቃ (A.40) 

 
where 𝛽 ∼ 𝒪(1)and 𝑃transitionis the tier transition probability. This could lead to a non-thermal 
component in the Hawking radiation spectrum, potentially detectable for primordial black holes. 
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