
Article Not peer-reviewed version

Non-Renormalization Singularity

Resolution and Black Hole Shadow

Verification

Hai Huang *

Posted Date: 9 January 2026

doi: 10.20944/preprints202512.0145.v7

Keywords: quantum gravity; black hole; singularity; metric; Einstein field equation; general relativity; AdS/CFT

duality; EHT; SgrA*; M87*

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4929302
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article 

Non-Renormalization Singularity Resolution and 
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Independent Researcher, Shanghai 200333, China; 1707023038@stu.sqxy.edu.cn 

Abstract 

This paper proposes a new non-perturbative quantum gravity framework based on quantum 
topological structures. By introducing "quantum vortices" to characterize the topological order of the 
statistical average of microscopic particles and embedding them into AdS/CFT holographic duality, 
the formation of "black hole singularities" is prevented (similar to singularity resolution) without the 
need for renormalization. Theoretical derivations show that the gravitational potential generated by 
the quantum vortex field forms a repulsive barrier within the critical radius (𝑟∗ ≈ 8.792 × 10ିଵଵm), 
dynamically prohibiting matter from reaching the singularity (𝑟 = 0 ) and completely avoiding 
curvature divergence. The constructed Huang's metric (a Schwarzschild metric with quantum 
gravity corrections) can predict the angular diameter of black hole shadows without free parameters, 
eliminating the need for post-observation fitting of Kerr black hole spin. Prediction calculations 
indicate that the theoretical shadow angular diameter of Sgr A* is 53.3 μas, which is highly consistent 
with the EHT measured value (51.8±2.3 μas); the theoretical shadow angular diameter of M87* is 46.2 
μas, falling within the reasonable error range (1.4σ) of the EHT measured value (42±3 μas). This 
provides a potential solution to the long-standing "parameter degeneracy" flaw of the Kerr black hole 
model at the theoretical source. For the first time, this theory realizes the unified explanation of 
singularity resolution, information conservation, and black hole shadows by quantum gravity, 
offering the first observationally testable physical framework for exploring quantum gravitational 
effects (rather than purely mathematical theoretical constructions such as string theory or loop 
quantum gravity). 

Keywords: quantum gravity; black hole; singularity; metric; Einstein field equation; general 
relativity; AdS/CFT duality; EHT; SgrA*; M87* 
 

I. Introduction 

The "singularity problem" has long hindered the unification of classical gravity and quantum 
mechanics: under the Schwarzschild metric, black hole singularities exhibit infinite curvature, 
violating the requirement of finiteness for physical quantities in quantum mechanics. Traditional 
quantum gravity methods (e.g., string theory, loop quantum gravity) rely on perturbative 
quantization or discrete spacetime and lack direct observational evidence. This study adopts an 
approach different from traditional perturbative methods or pure mathematical constructions: we 
prioritize building a physical framework that can be directly combined with key astronomical 
observations. Its core lies in introducing "quantum vortices"—as a unified microscopic carrier with a 
clear physical image—and embedding them into AdS/CFT duality to achieve nonlocality (quantum 
entanglement). The main goal of this research is to prove that this framework can not only solve the 
"singularity problem" but also make free-parameter predictions of black hole shadows (without 
adjusting black hole spin through observations). The consistency between theoretical predictions and 
Event Horizon Telescope (EHT) observations provides strong preliminary evidence for the validity 
of this physical image. 

The "quantum vortex" we introduce as a unified microscopic carrier is a quantum topological 
structure derived from the statistical average of fermion, boson, and gauge fields (with nonlocal 
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entanglement). The "quantum vortex field" based on this quantum topological concept naturally 
becomes the "unified field" after the statistical average of all fields. By embedding this "quantum 
vortex field" into the hierarchical AdS/CFT duality, a non-perturbative internal repulsive potential is 
generated, which not only prevents the formation of singularities at the source (similar to singularity 
elimination) but also enables free-parameter prediction of black hole shadows. 

II. Theoretical Framework 

A. Quantum Vortices and AdS/CFT Duality  
A quantum vortex is defined as the statistical average quantum topological structure of 

microscopic particles, with the operator:  𝒪௩௢௥௧௘௫(𝑥,𝑦) ∼ ⟨𝜓𝜓𝜙𝒜ఓఔ𝒜ఓఔ⟩ଵ/ଶ𝑒௜஼ఏ(௫,௬)      (1) 
Superfluid helium experiments [1] (e.g., quantum vortex lattices) confirm this topological 

structure. 
Quantum vortex field operator:  𝛷௩௢௥௧௘௫(𝑥,𝑦) = 𝒪௩௢௥௧௘௫(𝑥,𝑦)න𝑑ସ 𝑦ඥ−𝑔(𝑦)𝐾(𝑥,𝑦) = ⟨𝜓𝜓𝜙𝒜ఓఔ𝒜ఓఔ⟩ଵ/ଶ𝑒௜஼ఏ(௫,௬) න𝑑ସ 𝑦ඥ−𝑔(𝑦) 𝑒௜஼ఏ(௫,௬)(|𝑥 − 𝑦|ଶ + ℓଶ)ଶ 

(2) 

Where:  𝜓𝜓: fermion field, [ψψ] =  Lିଷ. 𝜙: boson field, [𝜙] =  Lିଵ. 𝒜μν ≡ (Bμν, Wμν
a , Gμν

a ): unified field strength tensor, [𝒜ஜ஝] = [𝒜ஜ஝] = Lିଶ. 𝑒௜஼ఏ(௫,௬): vortex phase, which connects to non-local entanglement (quantum entanglement). 𝐶: Central charge (topological charge number) 𝜃(𝑥,𝑦) ∼ arctan ቀ௬మି௫మ௬భି௫భቁ: topological phase. 

The vortex winding number 𝑊  is derived from the central charge 𝐶  and topological phase 𝜃(𝑥,𝑦) as 𝑊 = ∮ 𝛻஼ 𝜃 ⋅ 𝑑𝑙. 𝐾(𝑥,𝑦) = ௘೔಴ഇ(ೣ,೤)(|௫ି௬|మାℓమ)మ: non-local kernel function, ℓ: minimal characteristic length (Planck length). 

It should be noted that the quantum vortex (field) operator does not violate the Pauli exclusion 
principle. First, the vortex phase 𝑒௜஼ఏ(௫,௬) in the operator already indicates a non-local (entangled) 
statistical average. Second, the apparent structure of this microscopic topology primarily resides in 
regions of immense spacetime curvature—"near the black hole"—where the Pauli exclusion principle 
is weakened by the extreme curvature. This assumption also finds indirect support from simulations 
of superfluid helium "quantum tornados" near analog black holes [1]. 

We use AdS/CFT nested  duality (𝐴𝑑𝑆ସ/𝐶𝐹𝑇ଷ ⊇ 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ ⊇ 𝐴𝑑𝑆ଶ/𝐶𝐹𝑇ଵ  [2,3] ): the black 
hole’s external 4D AdS4 bulk spacetime is dimensionally reduced to its internal 3D CFT3 boundary 
(2D CFT2  boundary →  1D CFT1  boundary), where quantum vortices generate a discrete mass 
density. The nested AdS/CFT duality [2,3] adopted in this work ( 𝐴𝑑𝑆ସ/𝐶𝐹𝑇ଷ ⊇ 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ ⊇𝐴𝑑𝑆ଶ/𝐶𝐹𝑇ଵ) is based on the core holographic correspondence of standard AdS/CFT, which establishes 
an equivalence between gravitational theories in AdS bulk spacetime and conformal field theories on 
the boundary. The standard AdS/CFT duality reveals that the strongly coupled CFT on the boundary 
can be equivalently described by the weakly coupled gravity theory in the AdS bulk, and this core 
logic is retained in our nested structure. We only extend the single-level duality to a multi-level 
hierarchy [2,3] according to the spacetime property transition (classical outside the black hole, 
quantum inside) and the distribution of quantum vortices, which is consistent with the flexible 
adaptation of AdS/CFT duality to different spacetime scenarios. 

B. Corrected Poisson Equation  
In standard flat spacetime, the d'Alembert operator for scalar fields is: □𝜙 = ଵ௖మ డమథడ௧మ − 𝛻ଶ𝜙. The 

time inside a black hole is spacelike (metric 𝑔௧௧ > 0), and time is extremely dilated near the horizon 
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(the internal timelike radial coordinate rt → ∞). Similar to flat spacetime, AdS/CFT duality is used to 
reduce the dimension of the four-dimensional (AdSସ) bulk spacetime to a three-dimensional (CFTଷ) 
boundary—i.e., the black hole’s external spacetime is dualistically dimensionally reduced to its 
interior (AdSସ/CFTଷ). The quantum vortex field satisfies the quantized d'Alembert operator (with the 
scalar field ϕ  replaced by the quantum vortex field 𝜙௩௢௥௧௘௫ ): □𝜙௩௢௥௧௘௫ = ௞௛௖మ 𝜕௧ଶ𝜙௩௢௥௧௘௫ − 𝛻ଶ𝜙௩௢௥௧௘௫ . 
The quantum vortex field ϕ୴୭୰୲ୣ୶ can be treated as a free scalar field: □𝜙௩௢௥௧௘௫ = 0 ⇒ 𝛻ଶ𝜙௩௢௥௧௘௫ =௞௛௖మ 𝜕௧ଶ𝜙௩௢௥௧௘௫. 

According to the definition of quantum vortices: 𝜙௩௢௥௧௘௫ = ⟨𝜙௠௜௖௥௢⟩௦௧௔௧ , where 𝜙௠௜௖௥௢  is the 
topological field of a single microscopic particle (e.g., the local phase field of a vortex line), and ⟨⋅⟩௦௧௔௧ 
denotes the discrete statistical average of a large number of particles. The topological field of a single 
particle satisfies linear dynamics (e.g., the free field equation 𝜕௧ଶ𝜙௠௜௖௥௢ = 𝛻ଶ𝜙௠௜௖௥௢), but topological 
entanglement between particles produces non-linear coupling.  

When taking the statistical average of these microscopic fields, the expected value of the cross 
term is converted into a non-linear term of the macroscopic field: ⟨𝜕௧ଶ𝜙௠௜௖௥௢⟩௦௧௔௧ = ⟨𝛻ଶ𝜙௠௜௖௥௢⟩௦௧௔௧ +⟨𝜆𝜙௠௜௖௥௢𝜕௧𝜙௠௜௖௥௢⟩௦௧௔௧ , where 𝜆  is the coupling constant. For "high-density vortex systems" (e.g., 
regions with extremely high quantum vortex density inside black holes), the statistical average of the 
cross term dominates the linear term, i.e., 𝜕௧ଶ𝜙௩௢௥௧௘௫ ≈ 𝜆⟨𝜙௠௜௖௥௢𝜕௧𝜙௠௜௖௥௢⟩௦௧௔௧ ∼ 𝜆𝜙௩௢௥௧௘௫𝜕௧𝜙௩௢௥௧௘௫ . It 
can be assumed that the temporal evolution of the vortex field exhibits "self-similarity" (i.e., 𝜙௩௢௥௧௘௫ ∼𝜕௧𝜙௩௢௥௧௘௫, where the rate of change of the topological structure with time is comparable to its own 
intensity). This simplifies to (setting 𝜆 ∼ 𝑎ଶ ):𝜕௧2𝜙௩௢௥௧௘௫ ∼ 𝜆(𝜕௧𝜙௩௢௥௧௘௫)2 ∼ 𝑎2(𝜕௧𝜙௩௢௥௧௘௫)2  (similar to 
the statistical average logic of "Reynolds stress" in turbulence: the linear motion of microscopic 
molecules accumulates into non-linear stress of the macroscopic fluid through collisions (⟨𝑢௜𝑢௝⟩ ∼𝜕௜𝑈௝); here, the linear evolution of microscopic topological fields accumulates into the non-linear time 
derivative of the macroscopic vortex field through non-local entanglement):  𝛻ଶ𝜙௩௢௥௧௘௫ ≈ 𝑘ℎ𝑐ଶ (𝑎 ⋅ 𝜕௧𝜙௩௢௥௧௘௫)ଶ = 𝑘ℎ𝑐ଶ𝐺ଶ𝑀ଶ64𝜋ଶ𝑡ଶ         (3) 

(Substituting the black hole mass 𝑀, the "self-similarity" is further transformed into: 𝜕௧𝜙௩௢௥௧௘௫ =ெ௧ . 𝑎 ≈ ீ௖మ଼గ  is the phase density coupling constant for non-local entanglement at the CFTଷ boundary, 
the winding number 𝑊 = 8𝜋) 

B.1 Derivation of Key Constants: Winding Number and Coupling Constant 
The core of our non-perturbative framework lies in the physical determination of the winding 

number  𝑊  and the phase density coupling constant  𝑎 , which are crucial for the quantum vortex 
operator and the subsequent correction to the Poisson equation. Their values are not ad hoc but are 
derived from the consistency conditions of the nested AdS/CFT duality. 

1. Winding Number  𝑊 = 8𝜋 : 
The winding number 𝑊 = ∮ 𝛻஼ 𝜃 ⋅ 𝑑𝑙  is a topological invariant characterizing the quantum 

vortex. Within the  𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ inside the black hole, the quantum vortex operator Ovortex possesses 
a definite conformal dimension Δvortex. For a scalar operator like ours,  Δvortex ≈ 2  is a natural and 
consistent choice. The central charge  C  of the 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ is determined by the symmetry of the 
quantum vortex field. The internal spacetime of the black hole exhibits a high degree of symmetry, 
which can be effectively described by  𝑈(2)ி × 𝑈(2)஻ . 

  ◦  𝑈(2)ி  , associated with fermionic degrees of freedom, corresponds to the electroweak 
symmetry  𝑈(1)௒ × 𝑆𝑈(2)௅ , contributing 4 generators. 

  ◦  𝑈(2)஻ , associated with bosonic degrees of freedom, corresponds to a pre-color symmetry  𝑈(1)஼ × 𝑆𝑈(2)௉  (related to hyper-color charge and polarization), also contributing 4 generators. 
This gives a total central charge 𝐶 = 4 + 4 = 8. The conformal dimension  Δ  of an operator is 

related to its topological charge (winding number W  ) in this setup by the approximate relation Δ௩௢௥௧௘௫ ∼ ௐమସగమ஼. Substituting  Δ௩௢௥௧௘௫ ≈ 2  and  𝐶 = 8  yields: 𝑊ଶ ≈ 2 × 4𝜋ଶ × 8 = 64𝜋ଶ  ⇒  𝑊 ≈ 8𝜋 
This derivation roots the winding number in the conformal data of the holographic dual theory. 
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2. Coupling Constant  𝑎 ≈ ீ௖మ଼గ  : 
The constant  a  represents the phase density coupling constant for non-local entanglement at 

the CFT3  boundary, normalized per unit winding phase. Given that the winding number  W  is 
now established as  8π  , the coupling constant naturally inherits the factor  1/(8π)   when 
considering the coupling per unit phase. Furthermore, to account for the strong coupling between 
fermionic and bosonic degrees of freedom on the CFT boundary, the combination of the gravitational 
constant 𝐺  and the speed of light 𝑐  is necessitated. Thus, the expression 𝑎 ≈ 𝐺𝑐2/8𝜋  emerges 
naturally as the coupling strength per unit winding phase within the gravitational context. This is not 
an arbitrary choice but a consequence of the topological structure ( 𝑊  ) and its interaction with 
gravity ( G, c ). 

With  𝑊  and  𝑎  physically motivated, the term  𝛻ଶ𝜙௩௢௥௧௘௫ ≈ ௞௛௖మ (𝑎 ⋅ 𝜕௧𝜙௩௢௥௧௘௫)ଶ  in Eq. (3) of 
the original text loses its ad hoc nature. It becomes a result of the statistical averaging of microscopic 
topological fields and the specific holographic embedding we have employed.  

B.2 Singularity Resolution 
It can be inferred from the quantum vortex operator (𝑂௩௢௥௧௘௫(𝑥,𝑦) ∼ ⟨𝜓𝜓𝜙𝒜ఓఔ𝒜ఓఔ⟩1/2𝑒௜஼ఏ(௫,௬)) 

that: the quantum vortex field is essentially a scalar field coupled by other interactions (excluding 
classical gravity), and physically possesses the properties of other fundamental forces. For example, 
for the "Yukawa potential" representing the strong force, as long as the system satisfies αmඥ⟨r2⟩≪1 
(i.e., under "extremely short distances"), this approximation is statistically reliable (via Taylor 

expansion) [4,5]: ⟨e-αmr⟩≈⟨1+ ln ( 1-αmr)⟩=1-αm⟨r⟩- (αm)2

2
⟨r2⟩+⋯. It can be seen that under the "extremely 

short distances" of statistical averaging, the Yukawa potential exhibits a "logarithmic dependence" 
( ln ( 1-αmr) ), and this "logarithmic dependence" inherently possesses a "sign reversal property" 
(reversal of force direction). If extended to the quantum vortex field, it can generate a quantum 
repulsive barrier counteracting classical gravity under the "extremely short distances" of statistical 
averaging, achieving non-perturbative "singularity resolution" (rather than "smoothing" or "erasing" 
the singularity). The divergent behavior of the Riemann tensor component 𝑅௧௥௧௥  near the singularity 
(𝑅௧௥௧௥ ∝ 𝑟ି3) naturally provides the quantum effect source term for this "logarithmic dependence". 
Therefore, through the spacelike property of the internal time of the black hole (due to 𝑔௧௧＞0 ), 𝑟ିଷ can be approximately replaced by 𝑡ିଶ to construct a "logarithmically dependent" quantum 
gravitational potential (generated by the quantum vortex field 𝜙௩௢௥௧௘௫) that counteracts the classical 
gravitational potential, thereby achieving "singularity resolution":   𝛻ଶ𝜙௩௢௥௧௘௫ ≈ 𝑘h𝑐ଶ𝐺ଶ𝑀ଶ64𝜋ଶ𝑡ଶ ≈ 𝑘h𝑐ଶ𝐺ଶ𝑀ଶ64𝜋ଶ𝑟ଷ                        (4) 

This substitution implies that the divergent behavior of classical general relativity near the 
singularity—exemplified by the Riemann tensor component 𝑅௧௥௧௥ ∝ 𝑟ିଷ —intrinsically contains the 

source term (௞௛௖2ீ2ெ2

64గ2௥3 ) that prevents its own curvature divergence. Integrating this source term (by 
solving the Poisson equation) naturally generates a logarithmic term, which in turn counteracts 
classical gravitational collapse into a singularity. In other words, spacetime spontaneously forms a 
response to the divergence of 𝑅௧௥௧௥ ∝ 𝑟ିଷ , and this response non-perturbatively yields a finite 
observable result—such as the black hole shadow. Thereby, without introducing extrinsic entity 
assumptions—such as the “strings” in 11-dimensional string theory or “discretized spacetime” in 
loop quantum gravity—the “singularity” is naturally and physically screened. 

For the 𝐶𝐹𝑇  boundary spacetime inside the black hole, the Poisson equation is corrected to 
include quantum gravity effects: 𝛻ଶΦ = 4𝜋𝐺 ቆ𝑀𝛿ଷ(𝑟) + 𝑘h𝑐ଶ𝐺ଶ𝑀ଶ64𝜋ଶ𝑟ଷ ቇ           (5) 

Or 𝛻ଶΦ = 4𝜋𝐺 ቆ𝑀𝛿ଷ(𝑟) + 𝑘𝐺௛𝑀ଶ4𝜋𝐺𝑟ଷቇ             (6) 

where: 
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Mδ3(r): classical point mass source;  
The quantum gravitational constant 𝐺௛ is defined as  𝐺௛ = h𝑐ଶ𝐺ଷ16𝜋 = ℏ𝑐ଶ𝐺ଷ8                           (7) (dimensionality: 𝑘𝑔ିଶ𝑚ଷ𝑠ିଶ) 
Dimensional Transmutation and the Quantum Gravitational Constant Gh: 
The definition of the quantum gravitational constant 𝐺௛ = ୦௖మீయଵ଺గ   implies a profound 

dimensional transmutation. This arises naturally from the complete nested AdS/CFT duality 
structure, 𝐴𝑑𝑆ସ/𝐶𝐹𝑇ଷ ⊇ 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ ⊇ 𝐴𝑑𝑆ଶ/𝐶𝐹𝑇ଵ, which describes the gravitational transition from 
the classical exterior to the deeply quantum interior of the black hole. 

The effective Planck constant at the innermost boundary, denoted hCFT1, undergoes a radical 
dimensional change due to the holographic spacetime compression toward the CFT1 boundary. The 
compression factor kdim

CFT1  with dimensions [L]-10[T]7  is a direct consequence of this hierarchical 
duality. 

Derivation of the Compression Factor kdim
CFT1: 

The external AdS4 bulk spacetime (4 dimensions) is coupled with the internal phase dimensions 
associated with the gauge symmetries of the Standard Model fields. The symmetry group 
U(1)Y×SU(2)L×SU(3)c corresponds to a total of 1 + 2 + 3 = 6 internal phase dimensions (complex space), 
forming a coupled 10-dimensional structure (4 + 6 = 10). 

The complete nested duality 𝐴𝑑𝑆ସ/𝐶𝐹𝑇ଷ ⊇ 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ ⊇ 𝐴𝑑𝑆ଶ/𝐶𝐹𝑇ଵ maps this 10-dimensional 
bulk structure onto the ultimate CFT1  boundary. The CFT1  boundary, being 1-dimensional, 
inherits the description of all 6 internal phase dimensions, resulting in an effective 1 + 6 = 7-
dimensional description. The dimensional discrepancy between the original 10-dimensional bulk and 
the final 7-dimensional boundary description is precisely accounted for by the compression factor 
kdim

CFT1=1 [L]-10[T]7. The factor [L]-10 originates from the compactification of the 10-dimensional bulk 
space, while the factor [T]7 ensures the conservation of fundamental scales (like the speed of light c) 
under this dimensional mapping. The numerical value of 1 is set by requiring the magnitude of the 
effective action at the CFT1 boundary to be consistent with the standard quantum principles in the 
semi-classical limit. 

Therefore, the effective Planck constant at the CFT1 boundary becomes: 
[hCFT1]=[h]×[kdim

CFT1]=([M][L]2[T]-1)×([L]-10[T]7) 

=[M][L]-8[T]6 
This very unconventional dimension for an effective Planck constant finds a remarkable 

phenomenological analogy in confined quantum systems. For instance, in superfluid helium-4 
confined to nano-scale geometries, experiments have observed that the effective Planck constant 
governing vortex dynamics scales inversely with a high power of the confinement scale d, 
approximately as ℏ௘௙௙ ∝ 𝑑ି଼  [6]. This scaling with d-8  is consistent with the [L]-8  dimension in 
[hCFT1] , providing indirect empirical support for the physical plausibility of such dimensional 
compression in extreme gravitational environments. 

The quantum gravitational constant Gh  is then defined to absorb this dimensionally 
transmuted [hCFT1], resulting in its final dimensions [M]-2[L]3[T]-2. Therefore, the seemingly unusual 
dimensions of Gh  are not arbitrary but are a natural signature of the ultimate holographic 
compression of quantum degrees of freedom at the deepest level near the black hole's core. The 
ultimate validation of this approach, as emphasized throughout this work, lies in its parameter-free, 
observational predictions. 𝑘𝐺௛𝑀ଶ4𝜋𝐺𝑟ଷ                                      (8) 

Quantum gravity mass source formed by the coupling of other forces (electromagnetic, strong, 
and weak forces);  𝑘 = 𝑀஻ு,௥௘௙𝑀஻ு,௧௢௣௢                                    (9) 
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Non-local entanglement factor. M୆ୌ,୰ୣ୤: reference black hole mass for non-local entanglement, 
generally chosen as Mୗ୥୰୅∗(the current mass of the Galactic Center black hole). Any black hole can 

be chosen as the reference, but Planck’s constant must change accordingly (hother = MSgrA∗
MBH,ref

⋅ h) to reflect 

the relativity of non-local entanglement, which means the quantum gravitational constant also 
changes relatively (Gh

other = MSgrA∗
MBH,ref

⋅ Gh); M୆ୌ,୲୭୮୭: The black hole mass that creates the main quantum 

gravitational (quantum spacetime curvature) background for the topological target of the calculation. 
Its non-local entanglement with M୆ୌ,୰ୣ୤ reflects the relative strength; The definition of the winding 
number (W=8π), given by W=∮ ∇C θ⋅dl, serves as a quantized angular momentum characterization 
(corresponding to the topological angular momentum from the statistical average of microscopic 
particles). Meanwhile, ∂tϕvortex (temporal evolution of the vortex field) achieves dynamic correlation 
with the total angular momentum of the black hole, rendering the quantum vortex field a natural 
"carrier of quantized angular momentum." Its influence is naturally incorporated into the formula 
through the non-local entanglement factor  k  (determined by the ratio of the black hole mass to the 
reference black hole (e.g., Sgr A*)), thereby explaining the "spin-like spacetime correction effect" from 
a microscopic mechanism. In contrast, the Kerr spin (𝛼) is a macroscopic fitting parameter within the 
classical spacetime framework (0≤α≤1), which lacks a clear microscopic physical picture and must be 
inferred retroactively from observational data.  

It follows that a black hole's angular momentum is not an isolated property, but rather a relative 
relationship established between black holes via quantum entanglement. This is analogous to the way 
properties of entangled particles are mutually defined in quantum mechanics—for instance, in the 
spin-entangled state of two electrons, (|↑↓⟩+|↓↑⟩)/√2 , measuring one electron as "spin-up" 
immediately determines the other as "spin-down." Their "spin" attributes are defined through 
correlation. 

Extending this logic to cosmic scales naturally reveals the intrinsic nature of black hole angular 
momentum—as captured by the ER=EPR conjecture, which posits that geometric "wormholes" are 
one and the same as quantum entanglement [7]. This implies that the quantum entanglement between 
two seemingly distant black holes can be geometrically understood as a wormhole connection, 
supporting the idea that entanglement between black holes can define their geometric attributes. 

Given this mutually defined entanglement relationship between black holes, the quantum 
constant associated with the carrier of quantized angular momentum—the quantum vortex—
namely, the Planck constant h, naturally exhibits different relative values under different quantum-
gravitational backgrounds (i.e., different black hole gravitational fields). The concrete 
implementation to quantify this relative strength is embodied in the k-factor, which characterizes the 
mass ratio between black holes.We are fully aware that relativizing the Planck constant ℎ once again 
pushes the boundaries of modern physics. Nevertheless, the guiding principle of our theoretical 
construction remains to test the plausibility of our hypotheses through the empirical accountability 
of their predictions—such as those concerning black hole shadows.  

Furthermore, we note that the Planck constant ℎ  shares the same dimensional structure as 
angular momentum— [M][L]2[T]-1 . Based on the concept of quantized angular momentum 
(W=∮ ∇C θ⋅dl), it is entirely reasonable to postulate a relationship between the black hole mass M and 
the Planck constant (representing quantized angular momentum, {𝑚𝑣𝑟}஻ு ∼ ℎ஻ு) in its quantum-
gravitational background: M ∝ {mvr}୆ୌ ∼ h୆ୌ 

(We reiterate that even this simple scaling relation must ultimately be validated by the empirical 
accountability of its predictions, such as those for black hole shadows.) 

If we take the Galactic Center black hole (Sgr A*) as the reference, then: Mୗ୥୰ ୅∗ ∝ {mvr}ୗ୥୰ ୅∗ ∼ h 

and for any other black hole, it follows that: kM୆ୌ,୲୭୮୭ = Mୗ୥୰ ୅∗M୆ୌ,୲୭୮୭ M୆ୌ,୲୭୮୭ = Mୗ୥୰ ୅∗ ∝ {mvr}ୗ୥୰ ୅∗ ∼ h 
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⇒ M୆ୌ,୲୭୮୭ ∝ {mvr}ୗ୥୰ ୅∗/k ∼ h/k ⇒ M୆ୌ,୲୭୮୭ ∝ {mvr}୭୲୦ୣ୰ ∼ h୭୲୦ୣ୰ 
This further supports the idea that, under the quantum-gravitational background formed by a 

different black hole’s field, the corresponding Planck constant (ℎ௢௧௛௘௥) must depend on the relative 
strength of the quantized angular momentum ({𝑚𝑣𝑟}௢௧h௘௥)—which is determined by the black hole 
mass ratio.  

Solving this Poisson equation (spherically symmetric, Φ → 0 as r → ∞ ) gives the total 
gravitational potential: Φ(𝑟) = −𝐺𝑀𝑟 − 𝑘𝐺௛𝑀ଶ(𝑙𝑛 𝑟 + 1)𝑟              (10) 

( Note: The argument of a logarithmic term must be dimensionless. By normalizing with the 
minimal characteristic length ( ℓ  ) —effectively considering ln( 𝑟/ℓ) = ln( 𝑟/1) = ln 𝑟 —the 
dimension of the logarithmic argument is naturally eliminated. That is, in all logarithmic expressions 
appearing in this theory, the radial coordinate r is implicitly normalized ) 

The logarithmic term ln r + 1  becomes negative for 𝑟 < 𝑒ି1m(≈ 0.3679m) , making Φ(r) > 0 
inside r∗ = eି1ିG/(kGhM) ≈ 8.792 × 10ି11 m (Φ(r∗) = 0) , generating a repulsive force that eliminates 
the singularity, which kicks virtual particles from vacuum fluctuations out of "particle-antiparticle" 
annihilation into excited particle states. Through the 𝐴𝑑𝑆ଶ/𝐶𝐹𝑇ଵ ⊆ 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ ⊆ 𝐴𝑑𝑆ସ/𝐶𝐹𝑇ଷ 
duality, the excited particle states undergo tunneling escape from the black hole via 𝐶𝐹𝑇ଵ → 𝐴𝑑𝑆ଶ →𝐶𝐹𝑇ଶ → 𝐴𝑑𝑆ଷ → 𝐶𝐹𝑇ଷ → 𝐴𝑑𝑆ସ, and finally become real particles outside the black hole.  

For the first time, this makes the black hole consistent with the unitarity of quantum mechanics: 
tunneling particles carry away information with them as they escape. Concurrently, the black hole 
loses mass, thereby ensuring overall information conservation and resolving the long-standing black 
hole information paradox triggered by "Hawking radiation." 

As evidenced by the above mechanism, this represents a proactive and preventive physical 
process. It operates before matter reaches the Planck scale (with 𝑟∗ ≈ 8.792 × 10ିଵଵ m ≫ 𝑙௣ ≈1.616 × 10ିଷହ m ), thereby circumventing the need to directly confront the actual "infinity." This 
stands in contrast to many conventional approaches—such as string theory and loop quantum 
gravity—which often constitute retroactive interventions, attempting to perform mathematical 
"surgery" on a spacetime that has already diverged. 
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III. Huang Metric and Geodesic Analysis 

A. Construction of the Huang Metric  
Relationship between the metric and gravitational potential under the weak-field approximation 

of general relativity: 𝑑𝑠ଶ = −𝐴(𝑟)𝑐ଶ𝑑𝑡ଶ + 𝐵(𝑟)𝑑𝑟ଶ + 𝑟ଶ𝑑𝛺ଶ 𝐴(𝑟) ≈ 1 + 2Φ(𝑟)𝑐ଶ , 𝐵(𝑟) ≈ 1 − 2Φ(𝑟)𝑐ଶ  

Substituting Φ(r) gives the Huang metric gஜ஝:  𝑑𝑠ଶ = −𝐴(𝑟)𝑐ଶ𝑑𝑡ଶ + 𝐵(𝑟)𝑑𝑟ଶ + 𝑟ଶ𝑑𝛺ଶ           (11) 
with 𝐴(𝑟) ≈ 1 − 2𝐺𝑀𝑐ଶ𝑟 − 2𝑘𝐺௛𝑀ଶ(𝑙𝑛 𝑟 + 1)𝑐ଶ𝑟        (12) 𝐵(𝑟) ≈ 1 + 2𝐺𝑀𝑐ଶ𝑟 + 2𝑘𝐺௛𝑀ଶ(𝑙𝑛 𝑟 + 1)𝑐ଶ𝑟         (13) 

The Schwarzschild radius remains unchanged: 

rs=
2GM

c2  

Analyzing the Huang metric: 
Firstly, the critical radius of potential inversion: 𝑟∗ ≈ 8.792 × 10ି11m  (Φ(𝑟∗) = 0 ) ⇒ A(𝑟∗) = 1 , 

B(𝑟∗) = 1 ⇒ The metric at r∗ is: 𝑑𝑠ଶ = −𝑐ଶ𝑑𝑡ଶ + 𝑑𝑟ଶ + 𝑟∗ଶ𝑑𝛺ଶ ≈ −𝑐ଶ𝑑𝑡ଶ (since 𝑟∗ is on the order of 
10-11m, the 𝑑𝑟ଶ and 𝑟∗ଶ𝑑𝛺ଶ terms are negligible compared to 𝑐ଶ𝑑𝑡ଶ), which is a one-dimensional 
flat metric. Thus, r∗ forms a natural CFTଵ boundary (𝑟஼ி்1 ≈ 𝑟∗). On the other hand, 𝐵൫𝑟௚൯ = 0 gives 𝐴൫𝑟௚൯ = 2  ⇒ The metric at 𝑟௚  is: 𝑑𝑠ଶ ≈ −2𝑐ଶ𝑑𝑡ଶ + 𝑟௚ଶ𝑑𝛺ଶ ≈ −2𝑐ଶ𝑑𝑡ଶ , which is also a one-
dimensional flat metric ( 𝑟௚ is almost equal to 𝑟∗: Δ𝑟஼ி்1 = 𝑟∗ − 𝑟௚ ≲ 5.8 × 10ି24m ⇒ 𝑟∗ ≈ 𝑟௚, making 𝑟௚ଶ𝑑𝛺ଶ also negligible ( 𝑟௚ is on the order of 10-11m )). Therefore, strictly speaking: 𝑟௚ ≲ 𝑟஼ி భ் ≲ 𝑟∗, 
indicating that the CFTଵ boundary is actually a thin circular ring, approximately: 𝑟஼ி భ் ≈ 𝑟∗ ≈ 𝑟௚. 

Second, from the condition 𝑔௧௧ = 0 ⇒ the horizon equation: 𝑐ଶ𝑟 = 2𝐺𝑀 + 2𝑘𝐺୦𝑀ଶ(ln 𝑟 + 1)         (14) 
This equation has two roots: the outer event horizon 𝑟௛  and the inner event horizon 𝑟௛,௜௡ ≈

8.85 × 10ି11m (a constant value). For both roots: 𝐴(𝑟) ≈ 0, 𝐵(𝑟) ≈ 2 ⇒ The metric at 𝑟௛ and 𝑟௛,௜௡ 
is: 𝑑𝑠ଶ ≈ 2𝑑𝑟ଶ + 𝑟ଶ𝑑𝛺ଶ , which is a conformally flat metric (after variable substitution: 𝑑𝑙ଶ ≈2 ቀ𝑑൫√2𝜌൯ଶ + 𝜌ଶ𝑑𝛺ଶቁ). The metric at 𝑟௛,௜௡ is: 𝑑𝑠ଶ ≈ 2𝑑𝑟ଶ + 𝑟௛,௜௡ଶ 𝑑𝛺ଶ ≈ 𝑟௛,௜௡ଶ 𝑑𝛺ଶ (since 𝑟௛,௜௡ is on the 
order of 10-11m, the 2𝑑𝑟ଶ term is negligible compared to 𝑟௛,௜௡ଶ 𝑑𝛺ଶ), forming a two-dimensional flat 
metric. Thus, 𝑟௛,௜௡ constitutes a natural CFTଶ boundary (𝑟஼ி்2 ≈ 𝑟௛,௜௡). 

On the other hand, the value of 𝐴(𝑟௦) can be calculated via the Schwarzschild radius 𝑟௦, and 𝑔௧௧(𝑟௦) = −𝐴(𝑟௦)𝑐ଶ = 𝑔௧௧ = −𝐴(𝑟)𝑐ଶ  ⇒ 𝐴(𝑟) = 𝐴(𝑟௦) . This equation also has two roots: the 
Schwarzschild radius 𝑟௦ and the inner Schwarzschild radius 𝑟௦,௜௡. The metric at 𝑟௦,௜௡ is: 𝑑𝑠ଶ = 2𝑘𝐺௛𝑀ଶ(ln 𝑟௦ + 1)𝑟௦ 𝑑𝑡ଶ + ቆ2 + 2𝑘𝐺௛𝑀ଶ(ln 𝑟௦ + 1)𝑐ଶ𝑟௦ ቇ 𝑑𝑟ଶ + 𝑟௦,௜௡ଶ 𝑑Ωଶ 

Since ΔrCFT2=rs,in-rh,in≲2.96×10-24m ⇒ 𝑟௦,௜௡ ≈ 𝑟௛,௜௡, both the dtଶ and drଶ terms of the metric at rୱ,୧୬ are extremely small (< 10ି47). Therefore: 𝑑𝑠ଶ = 2𝑘𝐺௛𝑀ଶ(ln 𝑟௦ + 1)𝑟௦ 𝑑𝑡ଶ + ቆ2 + 2𝑘𝐺௛𝑀ଶ(ln 𝑟௦ + 1)𝑐ଶ𝑟௦ ቇ 𝑑𝑟ଶ + 𝑟௦,௜௡ଶ 𝑑Ωଶ ≈ 𝑟௦,௜௡ଶ 𝑑Ωଶ 

which also forms a two-dimensional flat metric. Thus, strictly speaking: 𝑟௛,௜௡ ≲ 𝑟஼ி మ் ≲ 𝑟௦,௜௡ , 

indicating that the CFTଶ boundary is actually a thin curved (holographic) screen, approximately: 𝑟஼ி మ் ≈ 𝑟௦,௜௡ ≈ 𝑟௛,௜௡. 
Subsequently, the outer event horizon 𝑟௛ further forms the CFTଷ boundary: CFTଷ (𝑟௦ ≲ 𝑟஼ி்3 ≲𝑟௛) (note: 𝛥𝑟஼ி య் = 𝑟௛ − 𝑟௦ ≳ 𝑟௦, so 𝑟௛ ≁ 𝑟௦). The metric at rୱ is: 𝑑𝑠ଶ = 2𝑘𝐺௛𝑀ଶ(ln 𝑟௦ + 1)𝑟௦ 𝑑𝑡ଶ + ቆ2 + 2𝑘𝐺௛𝑀ଶ(ln 𝑟௦ + 1)𝑐ଶ𝑟௦ ቇ 𝑑𝑟ଶ + 𝑟௦ଶ𝑑Ωଶ ≈ 2𝑑𝑟ଶ + 𝑟௦ଶ𝑑Ωଶ 
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The metric at 𝑟௛ is: 𝑑𝑠ଶ ≈ 2𝑑𝑟ଶ + 𝑟௛ଶ𝑑𝛺ଶ, together forming a conformally three-dimensional flat 
metric. This constitutes the necessary condition for the nested duality (𝐴𝑑𝑆ଶ/𝐶𝐹𝑇ଵ ⊆ 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ ⊆𝐴𝑑𝑆ସ/𝐶𝐹𝑇ଷ) from the interior to the exterior of the black hole (i.e., Huang's metric naturally forms 
three conformal boundaries: CFTଵ  (𝑟௚ ≲ 𝑟஼ி்1 ≲ 𝑟∗ ), CFTଶ  (𝑟௛,௜௡ ≲ 𝑟஼ி்2 ≲ 𝑟௦,௜௡ ), CFTଷ  (𝑟௦ ≲ 𝑟஼ி்3 ≲𝑟௛)). 

Finally, the photon ring rph of the Huang metric: For photons (𝑑𝑠ଶ = 0) on a circular orbit (𝑟ሶ =
0), satisfying the extremum of the effective potential ௗௗ௥ ( ௥మ஺(௥)) = 0, yields the photon ring equation: 𝑐ଶ𝑟 = 3𝐺𝑀 + 𝑘𝐺୦𝑀ଶ(3 ln 𝑟 + 2)         (15) 

This equation also has two roots: the photon sphere 𝑟௣௛  and the inner photon sphere (the 
starting point of the AdSଷ  bulk) 𝑟௣௛,௜௡ ≈ 𝑟஺ௗௌ3 ≈ 1.23 × 10ି10m  (a constant value). Treating 𝑟௣௛  as 
the starting point of the AdSସ bulk (𝑟௣௛ ≈ 𝑟஺ௗௌ4) forms two bulk regions, echoing the AdSସ and AdSଷ 
bulks in the duality 𝐴𝑑𝑆ସ/𝐶𝐹𝑇ଷ ⊇ 𝐴𝑑𝑆ଷ/𝐶𝐹𝑇ଶ ⊇ 𝐴𝑑𝑆ଶ/𝐶𝐹𝑇ଵ. 

When k = 0, the Huang metric reduces to the Schwarzschild metric. 
With the quantum-corrected Huang metric 𝑔ఓఔ  and the new gravitational potential Φ(r)  in 

hand, we proceed to derive the corresponding field equations with quantum corrections via general 
relativity. 

First, based on the quantum correction term in the new gravitational potential, ௞ீ౞ெమ(୪୬ ௥ାଵ)௥ , we 
posit that the modified field equation takes the form: 𝐺ఓఔ + 𝑘𝐺௛𝑀ଶ(𝑙𝑛 𝑟 + 1)𝑟  𝑔ఓఔ = 8𝜋𝐺𝑐ସ 𝑇ఓఔ         (16) 

Next, by computing geometric quantities from the Huang metric:  
1. Christoffel symbols 
For the diagonal metric 𝑔ఓఔ = 𝑑𝑖𝑎𝑔(−𝐴𝑐2,𝐵, 𝑟2, 𝑟2 sin2 𝜃), the non-vanishing Christoffel symbols 

are given by: Γఓఔఒ = ଵଶ 𝑔ఒఙ൫∂ఓ𝑔ఙఔ + ∂ఔ𝑔ఙఓ − ∂ఙ𝑔ఓఔ൯  
2. Ricci tensor  Rµν  𝑅ఓఔ = ∂ఒΓఓఔఒ − ∂ఔΓఓఒఒ + Γఙఒఒ Γఓఔఙ − Γఙఔఒ Γఓఒఙ   
3. Scalar curvature R  𝑅 = 𝑔ఓఔ𝑅ఓఔ  
4. Einstein tensor 𝐺ఓఔ = 𝑅ఓఔ − 1

2
𝑔ఓఔ𝑅  

Finally, comparing with the energy-momentum tensor Tµν  yields the Einstein–Huang field 
equation (where the quantum correction term requires division by c2): 𝐺ఓఔ + 𝑘𝐺୦𝑀ଶ(ln 𝑟 + 1)𝑐ଶ𝑟  𝑔ఓఔ = 8𝜋𝐺𝑐ସ 𝑇ఓఔ          (17) 

Defining Λ(𝑟) = 𝑘𝐺୦𝑀ଶ(ln 𝑟 + 1)𝑐ଶ𝑟                         (18) 

the field equation simplifies to: 𝐺ఓఔ + Λ(𝑟) 𝑔ఓఔ = 8𝜋𝐺𝑐ସ 𝑇ఓఔ                      (19) 

Foreground Curvature: the Einstein tensor 𝐺ఓఔ  (classical spacetime curvature tensor) 
characterizes Newtonian gravity;  

Background Curvature:  Λ(𝑟) 𝑔ఓఔ  (quantum spacetime curvature tensor) characterizes 
quantum gravity formed by the coupling of other forces (electromagnetic, strong, and weak forces).  

If we further define the Huang tensor as 𝐻ఓఔ = Λ(𝑟)𝑔ఓఔ, we can introduce the total curvature 
tensor 𝐺෠ఓఔ, allowing the Einstein–Huang field equation to be rewritten as: 𝐺෠ఓఔ = 𝐺ఓఔ + 𝐻ఓఔ = 8𝜋𝐺𝑐ସ 𝑇ఓఔ                    (20) 

It is important to note that ∇µHµν≠0 does not violate conservation in a generalized sense. When ∇µGµν=0, the equation implies: 
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∇ఓ𝐻ఓఔ = 8𝜋𝐺𝑐ସ ∇ఓ𝑇ఓఔ                       (21) 

which indicates that quantum spacetime curvature fluctuations inside a black hole spontaneously 

generate an energy-momentum flow. That is, in the extreme environment within a black hole, virtual 

particle fluctuations can be excited into real particle excited states by the repulsive potential—which 

prevents singularity formation inside the critical radius r<r*≈8.792×10-11 m(where Φ(r)>0)—thereby 

producing an energy-momentum flow. This extends the conservation law of general relativity. 
This extension echoes the earlier description of "excited particle states carrying information 

tunneling out of the black hole"—the tunneling excited states are precisely generated by this energy-
momentum flow. If we assume the absence of a black hole (Hµν=0), the Einstein–Huang field equation 
reduces to the standard Einstein field equation: 

G෡µν=Gµν=
8πG

c4 Tµν 

The logic of this extension is consistent with the extension of Newtonian mechanics by general 
relativity: Newtonian mechanics was not overthrown by general relativity, but instead became its 
approximation under the conditions of "low speed and no consideration of spacetime curvature"; 
similarly, this theory does not overthrow general relativity, but makes general relativity the 
approximation of this theory under the conditions of "no consideration of black holes and quantum 
effects". The two constitute a hierarchical relationship rather than an opposing one. 

Furthermore, from 𝛬(𝑟) = ௞ீ೓ெమ(௟௡௥ାଵ)௖మ௥   in the field equation, it is known that there is an 
extremely small Anti-de Sitter (AdS) spacetime region at the center of the black hole (since Λ(r) < 0 
for 𝑟 < 1m), which serves as a key necessary condition for the nested AdS/CFT duality (the partial AdSସ bulk r < rେ୊୘భ, the AdSଶ bulk rେ୊୘భ < r < rେ୊୘మ, and the partial AdSଷ bulk 𝑟஺ௗௌ3 < 𝑟 < 𝑒ି1m 
all satisfy Λ(r) < 0 ). Combined with the three CFT boundaries formed by Huang's metric ( CFTଷ 
boundary 𝑟௦ ≲ 𝑟஼ி య் ≲ 𝑟௛ ; CFTଶ  boundary 𝑟௛,௜௡ ≲ 𝑟஼ி మ் ≲ 𝑟௦,௜௡ ; CFTଵ  boundary 𝑟௚ ≲ 𝑟஼ி భ் ≲ 𝑟∗  ), 
they together constitute the sufficient and necessary conditions for the duality AdSସ/CFTଷ ⊇AdSଷ/CFTଶ ⊇ AdSଶ/CFTଵ. 

B. Geodesic Behavior  
For null (lightlike) geodesics (dsଶ = 0) and timelike geodesics (dsଶ = −cଶdτଶ): 
Singularity avoidance: As r → 0, the effective potential V → +∞, forcing particles to rebound 

before reaching r = 0; 
Finite crossing time: Unlike the Schwarzschild metric (divergent coordinate time t at r୦), the 

Huang metric has B(r୦) = 2, making ׬d r/ඥA(r) finite—particles cross the horizon in finite proper 
time τ and coordinate time t. 

In addition, for null geodesics in the equatorial plane,  the gravitational lensing deflection angle 
in the Huang metric is obtained:  

αෝ(b)=2න dr
r

∞

r0

ඨB(r)
A(r) ቈ൬ r

r0
൰2 A(r0)

A(r)
-1቉-1/2

-π (22) 

1. In the strong field regime, as the closest distance approaches the photon sphere (r଴ → r୮୦), the 
deflection angle diverges. The additional logarithmic correction in A(r)  causes the photon 
sphere radius to shift outward compared to the Schwarzschild metric; the divergence point 
appears earlier, "trapping" light earlier.  Multiple diffracted orbits cannot form stable images. 
Therefore, the size of the black hole shadow and bright ring is mainly determined by the 
geometry of the Huang metric, rather than the superposition of numerous light deflections.  In 
other words, the ring-shaped emission observed by the EHT is almost the true emission 
distribution of the black hole and its accretion disk, not an illusion formed by "bent and 
diffracted" light. That is, the critical impact parameter (bୡ = ୰౦౞ට୅(୰౦౞)) in the Huang metric no 

longer characterizes the black hole shadow radius. 
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2. In the weak field regime (weak deflection for b ≫ rୱ), expand A(r) and B(r) in the deflection 
angle integral to the 1/r  order ( ଶୋ୑ୡమ୰ , ଶ୩ୋ౞୑మ(୪୬ ୰ାଵ)ୡమ୰ ≪ 1 ) and use the "thin lens" paraxial 
approximation:  

3. αෝ(b) ≈ ସୋ୑ୡమୠ + ସ୩ୋ౞୑మ ୪୬ୠୡమୠ          (23) 

When k = 0, this reduces to gravitational lensing under standard general relativity (4GM
c2b

). 

IV. Observational Verification with EHT 

The quantum term in the Huang metric, ∝ ୪୬୰ାଵ୰  , suggests that the logarithmic radius ln r  is 
more natural than the linear coordinate r . We therefore perform the variable substitution x= ln r , 
transforming the tunneling interval (𝑟h, 𝑟௣h) into ( ln rh, ln rph ), i.e., (𝑥h,𝑥௣h). 

Analyzing the tunneling probability: 
For a photon tunneling fromrh to a visible radius r, the tunneling probability density under the 

WKB approximation is given by 𝑃(𝑥) ∝ 𝑒ିଶௌ(௫), where the action is defined as: S(x) ∼ න ඥ2m(V(x) − E)୶
୶౞  drdx  dx 

From the total gravitational potential Φ(r), we identify that the potential barrier originates from 
the logarithmic term of the quantum gravitational potential: V(x) ∼ V଴ + a ln r + 1r = V଴ + a x + 1e୶  

Within the tunneling region r∈(rh,rph), we apply a linear approximation by expanding ඥV(x)-E 
to first order, approximating it as a linear function over the interval (xh,xph):ඥ𝑉(𝑥) − 𝐸 ≈ 𝛼 + 𝛽(𝑥 −𝑥௖),where xc is an intermediate point. Consequently, the action S(x) becomes a quadratic function 
of x: S(x) ≈ S଴ + A(x − xୡ) + B(x − xୡ)ଶ, 

which leads to: P(x) ∝ eିଶୗ(୶) ∼ eିଶ୆(୶ି୶ౙ)మ × (a slowly varying factor) 
This implies that within the tunneling region (rh,rph) , the tunneling probability follows a 

Gaussian distribution. 
Thus, the process of decoupled photons tunneling into visibility within (rh,rph) transforms into 

a problem of Brownian random equilibrium in logarithmic space over the interval (xh,xph). In this 
scenario, the steady-state distribution of tunneling naturally localizes around the arithmetic mean of 
(xh,xph): 𝑥௦௛ ≈ 𝑥௛ + 𝑥௣௛2  ⇒  ln rୱ୦ ≈ ln r୦ + ln r୮୦2  

Therefore, the shadow radius—interpreted as the steady-state tunneling radius—is given by the 
geometric mean:  𝑟௦௛ ≈ ඥ𝑟௛ 𝑟௣௛                              (24) 

 (transforming back from the logarithmic variable x= ln r to the linear variable r=ex)  
The observed angular diameter is:  𝜃௦௛ = 2𝑟௦௛/𝐷                         (25) 
 ( D = distance to the black hole) 
Table 1 Comparison of theoretical predictions and EHT observations [8,9]: 
 (Note: Per the theoretical definition, k denotes the mass ratio between the black hole providing 

the primary quantum gravitational background (target black hole) and the reference black hole 
(SgrA*), defined as 𝑘 = ெೄ೒ೝಲ∗ெಳಹ,೟೚೛೚. It reflects the relative strength of non-local entanglement: the larger 

the black hole mass (e.g., M87*), the smaller the k value, corresponding to weaker entanglement) 
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Black 
Hole 

M 
(𝐌⊙) 

𝐤 
𝛉𝐬𝐡 (𝛍𝐚𝐬) 

EHT 
Measured 

(𝛍𝐚𝐬) 

Matchi
ng 

Error 

Sgr A* 4.3× 10଺ 
1 53.3 51.8 ± 2.3 

Within 
range 

M87* 
6.5× 10ଽ 

6.61× 10ିସ 46.2 42 ± 3 1.4σ 

M31* 1.4× 10଼ 
3.07× 10ିଶ 20.4 

To be 
measured 

— 

V. Limitations of Traditional Models 
1. A common problem in fitting black hole shadows with the Kerr model is the non-uniqueness of 

the fitting combination of spin α  and inclination angle i  for the same black hole shadow 
(parameter degeneracy). For example, regarding the observed shadow angular diameter of 
M87*, both the combination of spin (𝛼 = 0.99) + inclination angle (𝑖 ≈ 17∘) and spin (𝛼 = 0.50) + 
inclination angle (𝑖 ≈ 65∘) can satisfy the shadow fitting. Similarly, Sgr A* faces the same issue. 
Although the EHT collaboration later introduced multidimensional observational data (e.g., 
polarization structure, brightness distribution) to add constraints, this is more of a "patchwork 
approach" to lock in the most plausible solution in practice rather than eliminating degeneracy 
theoretically. In contrast, Huang's metric calculates black hole shadows without free 
parameters—only the black hole mass M and the mass ratio k relative to Sgr A* are required—
fundamentally eliminating parameter degeneracy. 

 
2. Light Diffraction Misconception: Traditional models attribute the EHT bright ring to multiple 

light diffractions, but 2021 EHT polarization data [10] show M87*’s jet base aligns with the ring 
center—consistent with the Huang metric’s prediction of "true emission from the accretion disk" 
(no multiple diffractions).  

VI. Conclusions and Outlook 

Our framework eliminates black hole singularities non-perturbatively using quantum vortices, 
unifies dark matter interpretation (quantum vortex density), and provides parameter-free black hole 
shadow predictions. EHT observations of Sgr A* and M87* validate the theory, resolving 
contradictions of classical models. 

Procedure for Predicting Black Hole Shadow Size:  
1. Input the target black hole mass: 𝑀஻ு,௧௢௣௢; 
2. Calculate the relative strength factor of non-local entanglement: 𝑘 = ெೄ೒ೝಲ∗ெಳಹ,೟೚೛೚; 

3. Solve the system of equations to obtain the horizon radius (rh) and photon sphere radius (rph), 
where 𝑀 = 𝑀஻ு,௧௢௣௢: ቊ𝑐ଶr = 2𝐺𝑀 + 2𝑘𝐺୦𝑀ଶ(ln r + 1) (𝑠𝑜𝑙𝑣𝑒 𝑓𝑜𝑟 𝑟୦)𝑐ଶr = 3𝐺𝑀 + 𝑘𝐺୦𝑀ଶ(3 ln r + 2) (𝑠𝑜𝑙𝑣𝑒 𝑓𝑜𝑟 𝑟௣୦) 

4. Predict the black hole shadow radius:  𝑟௦௛ ≈ ඥ𝑟௛𝑟௣௛; 

Characteristics Our Theory 

Standard Kerr 

Black Hole 

Model [11] 
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Singularity 

Problem 

Resolved.Quant

um gravity 

generates a 

repulsive 

potential when 𝑟 < 8.792 ×10ିଵଵm , 

dynamically 

preventing any 

matter from 

reaching the 

singularity and 

satisfying 

information 

Unresolved.The 

Kerr model 

contains an 

intrinsic ring 

singularity, 

which reflects the 

incompleteness of 

classical general 

relativity and 

fails to satisfy 

information 

conservation 

Theoretical 

Inputs 

Black hole mass 

M, distance 𝐷 

Black hole mass 𝑀, distance 𝐷 

Additional 

Degrees of 

Freedom 

None 

Requires fitting of 

two key 

additional 

parameters:1. 

Dimensionless 

spin 𝑎 (0 ≤ 𝑎 ≤1)  
2.Observation 

inclination 𝑖 
Predictability Strong 

None (requires 

observational 

fitting of 𝛼, 𝑖) 
5. Calculate the shadow angular diameter: 𝜃௦௛ ≈ 2𝑟௦௛/𝐷 (where D is the distance to the target black 
hole); 
6. Validate the theoretical result against EHT observational data. 

 

Just as EHT data is publicly available, the core calculations of our theory are also transparent and 

reproducible. 
Notably, two aspects will be elaborated one by one in detail in subsequent studies: first, how the 

interior of a black hole generates unique quantum gravitational effects through new physical 
mechanisms such as the release of extreme quantum gravitational potential and winding number 
transitions—specifically, ultra-high circularly polarized radiation accompanied by polarization flips 
(with a polarization degree exceeding 90%, a phenomenon incompatible with the traditional 
magnetar model where ultra-high circular polarization and polarization flips cannot coexist), and the 
observed repeating fast radio burst (FRB) 20201124A is a typical example; second, the breakthroughs 
of this theory in naturally explaining many long-standing physical puzzles, including galaxy rotation 
curves (related to dark matter), the nature and dynamic characteristics of dark energy, and the 
Hubble tension.  
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