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Abstract: We present a unified model for black hole remnants—black spheres—that resolves the termi-
nal evaporation paradox by incorporating quantum gravitational corrections into Einstein’s field equa-
tions. These metastable objects emerge from late-stage Hawking evaporation when Planck-scale effects
dominate, governed by the modified field equation: R;,;, — %Rg,w + A(t)guv +1Quy + Dy = S?TGTW,
where Q,, encodes renormalization-group quantum corrections and Dy, represents dynamical dark
energy. Black spheres exhibit four evolutionary phases: Evaporation: Terminates at remnant mass
Miin ~ mp(A/Ag) —1/4 avoiding singularities through quantum pressure Pyuant #1/r° Bounce: Sta-
bilized by spacetime torsion A, = %GVVW TYf? in a superfluid phase (Y = \/ﬁeis/ ) Roaming: Accretion

dynamics follow relativistic Gross-Pitaevskii equations with effective potential Vg = —GTM + AT’Z Col-

3/2
lapse: Universe nucleation at critical mass Mit = % A~1/4, satisfying Israel junction conditions
for spacetime continuity Key predictions include: Gravitational wave dispersion: Sub-luminal propa-
gationvg/c =1+ O(1075%) from phonon interactions in the quantum fluid Decoherence imprints:
fur?
GMc?
related with prevacuum entanglement entropy Sent o Ar? This framework bridges quantum gravity

Neutrino flavor mixing with timescale fgecoherence ™

CMB anomalies: E-mode polarization cor-

with cosmology, proposing observational tests for LIGO, CMB-54, and neutrino detectors. It challenges
the information loss paradox by identifying black spheres as carriers of quantum hair, while their
critical collapse mechanism offers a geometric origin for dark energy (A(t) o t~2).

Keywords: Black spheres; quantum gravity; black hole remnants; Hawking evaporation; spacetime
torsion; superfluid dynamics; Gross-Pitaevskii equation; gravitational wave dispersion; neutrino
decoherence; cosmic microwave background anomalies; information loss paradox; dark energy;
universe nucleation; renormalization group corrections; general relativity

1. Introduction

The conventional view of black hole evaporation culminates in an information paradox [2] and
spacetime singularity, leaving the final quantum state undefined. We resolve this through black
spheres - metastable quantum gravitational remnants governed by the unified field equation:

1 8G
Ryy — ERgW + A(t)g;w +hQuy + Dy = CTTW/ 1)

where Q,, represents renormalization-group derived quantum corrections and Dy, encodes dark
energy dynamics. These objects emerge naturally at the Planck scale (M ~ mp) through a phase
transition in late-stage Hawking evaporation.

1.1. Black Sphere Characteristics

Black spheres exhibit three fundamental properties that distinguish them from classical
black holes:
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Quantum Remnant Stability
Terminal evaporation at mass

B AO 1/4
Mmin = mp </\(f)> s (2)

stabilized by vacuum polarization effects Qyy o £3/7°.

Superfluid Accretion
Governed by relativistic Gross-Pitaevskii dynamics:

)

2 2
oy = (g2 AT GM g
2m 3

where ¥ = \/‘T)eis /T describes a quantum fluid with turbulent viscosity v ~ fi /.

Cosmological Criticality
Collapse-induced universe nucleation at critical density

871G3 M?

crit

3¢0 he\ 32 _
por = g Mews () AT @

satisfying Israel junction conditions across spacetime boundaries.

1.2. Theoretical Framework
Our framework addresses three fundamental challenges in modern physics:
1. Information Preservation: Modified entropy evolution
kpc®A () A
S=7aan |MtetO\)l

(5)

retains unitarity through quantum hair in Q.
2. Dark Sector Unification: The dark energy tensor Dy, = pa (t)guv with pa (f) o t~2 simulta-
neously explains:

e Galactic rotation curves via wave-like dark matter interference (M ~ 1078 M)
e  Cosmic acceleration through vacuum energy screening

3. Multiverse Cosmology: Critical collapse generates nested FRW universes with conformal

metric matching:
8] =0, [Ku]® =8nGSy. 6)

1.3. Observational Signatures
We predict verifiable phenomena across multiple messenger channels:
Gravitational Waves
Dispersion vg/c — 1 ~ 10~>* in LIGO/Virgo events

Neutrino Physics
Decoherence times t; ~ hrs /GMc3 for M ~ Mg,

CMB Anomalies
E-mode polarization from prevacuum quantum entanglement

2. Implications for Cosmology and Cyclical Universes

The concept of black spheres and their potential to seed new universes or black holes carries
profound implications for our understanding of cosmology, particularly in the context of cyclical
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universes. In this section, we explore the potential consequences of black sphere formation and
evolution, considering their influence on the large-scale structure of the universe and the possibility of
a cyclic, multiverse-like cosmological framework.

2.1. Black Sphere Distribution

The distribution of black spheres throughout the universe may have a significant impact on the
formation and evolution of cosmic structures, including galaxies, clusters, and the cosmic web. These
black spheres could be scattered across different regions, their spatial density potentially shaped by
factors such as the distribution of surrounding matter, the gravitational influence of dark matter, and
local quantum fluctuations. The density of black spheres within a given region may depend on various
dynamic processes, including accretion of interstellar gas, dust, and other cosmic debris, as well as
their interactions with dark matter fields.

Local variations in the density of black spheres could influence the structure of galaxies and
clusters, with clustering of black spheres possibly enhancing gravitational perturbations in their
surroundings. Additionally, the gravitational interactions between black spheres and nearby cosmic
structures—such as stars, molecular clouds, and interstellar gas—could accelerate or inhibit the
formation of new stellar objects and structures. The role of black spheres in the formation of cosmic
voids and the broader distribution of dark matter remains an open question, but it is plausible that
black spheres may represent a new and previously unobserved form of mass that could resolve some
of the outstanding mysteries of dark matter. A more refined understanding of black sphere distribution
will also provide critical insights into the overall dynamics of the universe.

2.2. Multiverse Scenarios

The ability of black spheres to create new universes or braneworlds suggests that they could
play a central role in multiverse models of cosmology. If black spheres indeed have the capability
to give rise to new universes, this could offer a mechanism for the creation of independent, parallel
universes within a larger multiverse framework. The potential for cyclical universe creation challenges
conventional views of cosmological evolution and opens new avenues for investigating the nature of
reality itself. Each black sphere could serve as the seed for a new universe, its collapse marking the
birth of a new cosmic entity with a distinct set of physical laws, constants, and dimensions.

This multiverse creation hypothesis could suggest that the current universe is just one iteration of
a potentially infinite cycle of universes, each emerging from the remnants of the previous one. This
model introduces a dynamic view of the universe, where the cyclical birth and death of black spheres
play a crucial role in the ongoing cycle of cosmic creation. The topological implications of black sphere
formation and the birth of new universes remain an open question, but one possibility is that black
spheres could form braneworlds—parallel universes existing within higher-dimensional spacetime.
This theory also raises fascinating questions about the potential interactions between universes, such
as the transfer of quantum information or even the possibility of quantum entanglement between
universes, which may offer new insights into the fundamental nature of quantum mechanics.

2.3. Cosmic Microwave Background Radiation

Black spheres, by virtue of their formation and evolution, may have an observable impact on
the cosmic microwave background (CMB) radiation. The interaction between black spheres and the
CMB could manifest as subtle imprints or variations that provide a unique observational signature.
These variations might arise from the energy released during black sphere formation, their accretion
processes, or even from their eventual collapse. Such signatures could reveal previously unseen aspects
of cosmic history and provide valuable constraints on the parameters governing black sphere evolution.

Furthermore, black spheres may contribute to the formation of cosmic voids—vast expanses
of space with low matter density. The presence of these voids could be detectable in the CMB as
anomalies in the radiation, providing a new observational tool for testing the black sphere hypothesis.
The detection of CMB anomalies or imprints associated with black spheres would offer a direct
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method to verify their existence and to better understand their role in shaping the early universe. This
could help elucidate the processes that led to the current cosmic structure, bridging the gap between
theoretical models and empirical data.

3. Experimental Detection and Observational Evidence

To further establish the validity of the black sphere hypothesis, it is essential to explore potential
experimental detection methods and observational evidence. This section outlines several promising
avenues of investigation that could provide the necessary data to confirm the existence of black spheres
and their role in cosmology.

3.1. Gravitational Wave Signatures

The formation, merger, or collapse of black spheres could produce unique gravitational wave
signals that may be detectable by current and future gravitational wave observatories. These signals
would likely differ from those originating from conventional black hole mergers due to the distinct
properties of black spheres, such as their quantum gravitational effects and the potential for complex
internal structures. Unlike traditional black hole mergers, black sphere events might be characterized
by unusual waveforms or atypical frequency signatures.

The detection of gravitational waves from black sphere events would provide strong evidence
for their existence and their role in cosmic processes. Advanced data analysis techniques, including
the use of machine learning models for signal extraction, could enhance the detection probability by
identifying subtle features in the data that correspond to black sphere events. The observation of such
signals could not only confirm the existence of black spheres but also offer new insights into the nature
of quantum gravity and the interplay between gravity and quantum mechanics.

3.2. Gamma-Ray Bursts and High-Energy Phenomena

The collapse or merger of black spheres could also produce distinct gamma-ray bursts (GRBs)
or other high-energy phenomena that might be observable with current and upcoming telescopes.
These events could generate extremely energetic radiation due to the interactions of black spheres with
surrounding matter or their collapse into new black holes or even the formation of new universes. The
potential for such high-energy events provides an additional observational channel through which
black spheres could be detected.

Investigating whether these gamma-ray bursts or other high-energy signals contribute to unex-
plained transient astrophysical phenomena, such as those observed in connection with gamma-ray
bursts or fast radio bursts, could provide a wealth of information about the nature of black spheres
and their role in the larger cosmos. The study of these phenomena could lead to the identification
of previously unknown astrophysical processes and provide deeper insights into the fundamental
workings of the universe.

3.3. Astrophysical and Cosmological Surveys

Large-scale surveys such as the Square Kilometre Array (SKA) or the Large Synoptic Survey
Telescope (LSST) may provide the tools necessary to detect or constrain black sphere populations.
These surveys could be used to measure the distribution of black spheres across vast regions of the
universe, offering valuable insights into their spatial density, clustering properties, and interactions
with other cosmic structures. By refining observational techniques and focusing on potential signatures
of black spheres, these surveys may help confirm their existence and clarify their role in shaping the
universe’s evolution.

With the ability to capture data on a broad range of cosmic phenomena, these large-scale sur-
veys are well-suited for exploring the existence of elusive cosmic objects such as black spheres.
By identifying subtle correlations between black sphere signatures and other astrophysical struc-
tures, these surveys could provide the first definitive observational evidence supporting the black
sphere hypothesis.
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4. Theoretical Extensions and Open Questions

This section addresses several open questions and potential extensions to the black sphere
theory, including the investigation of quantum gravity, black sphere interactions, and their role in the
larger universe.

4.1. Quantum Gravity and Black Sphere Formation

Quantum gravity remains one of the most significant theoretical challenges in modern physics,
and its role in black sphere formation and evolution is an area of intense research. Theoretical
frameworks like loop quantum gravity, string theory, or other quantum gravity models might offer
insights into the precise nature of black spheres, particularly their quantum mechanical properties.
The effects of spacetime quantization at Planck scales could have a profound impact on the growth,
stability, and eventual collapse of black spheres. As such, further numerical simulations incorporating
these quantum gravity effects are necessary to deepen our understanding of black sphere dynamics,
especially in regimes where classical general relativity no longer applies.

4.2. Black Sphere Interactions and Mergers

The dynamics of black sphere interactions and mergers remain poorly understood. These interac-
tions may give rise to gravitational wave emission, the formation of new black holes, or even the birth
of new universes. The behavior of black spheres during mergers, including the potential for quantum
effects to play a role in shaping the outcome, presents an intriguing avenue of exploration. Further
study is needed to understand how black spheres interact with the surrounding cosmic environment,
including cosmic filaments, dark matter halos, and dense matter regions. This research will help refine
models of black sphere evolution and provide insights into their broader cosmological significance.

4.3. Black Sphere Stability and Evolution

The stability and long-term evolution of black spheres over cosmic time scales are essential aspects
of the black sphere hypothesis. The interplay between environmental factors such as dark matter, dark
energy, and the expanding universe could significantly influence the longevity and eventual collapse
of black spheres. For example, dark energy’s effects on the accelerated expansion of the universe might
impact the rate at which black spheres evolve or collapse, potentially modifying their stability and
interaction rates. Further research is needed to model these interactions and understand how black
spheres evolve within the context of the universe’s expansion, offering new perspectives on the fate of
black holes and their quantum remnants.

5. Mathematical Framework
5.1. Quantum Gravity Corrections

Quantum fluctuations near Planck-scale curvatures prevent complete black hole evaporation,
stabilizing remnants as black spheres. These effects are encapsulated in the perturbative term Q) in
the field equations. The presence of these fluctuations suggests that quantum corrections provide an
effective pressure counteracting gravitational collapse. Investigating whether these corrections lead to
observable deviations in gravitational wave signatures is a critical area of future work.

5.2. Cyclical Universe Formation

When black spheres exceed a critical mass threshold My, they may undergo gravitational
collapse into new black holes or nucleate embryonic universes through localized spacetime expan-
sion. This mechanism bears conceptual kinship with Penrose’s conformal cyclic cosmology [3] while
introducing novel quantum-gravitational elements.
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5.2.1. Critical Mass for Nucleation

The critical mass emerges from balancing gravitational binding energy against quantum vac-

ke 3/2 &
Mcrit = <G) 7\1;4/ (7)
0

uum pressure:

where €; quantifies vacuum polarization effects and v governs dark energy coupling (see Eq. (14)).
This threshold corresponds to the mass-energy where the black sphere’s Compton wavelength Ac =
1t/ (Meitc) becomes comparable to its gravitational radius 7y = 2GMcyit/ 2.

5.2.2. Conformal Phase Transition

For M > M;it, the system undergoes spontaneous symmetry breaking described by the effec-
tive Lagrangian:

Lot = /8| 75 + BTO1 V(g ®)

with symmetry-breaking potential:
2
V() = /\(4;2 - vz> + kT, €)

where ¢ is the conformal order parameter and T;f traces the matter stress-energy. The degenerate
vacua (¢ = +v) enable false vacuum decay, initiating spacetime nucleation [4].

5.2.3. Spacetime Matching Conditions

The nascent universe forms a bubble separated from the parent spacetime by junction condi-
tions [5]:

8]~ =0, (10)

8nG 1
K™ = <5w - 258w>r (11)

where K, is the extrinsic curvature and S, represents the surface stress-energy at the nucleation
boundary. These conditions ensure energy-momentum conservation during universe birth.

5.2.4. Observational Signatures
Key testable predictions include:

e Gravitational wave bursts from vacuum decay events, with characteristic frequencies f ~ 103 Hz
detectable by LISA [6]

¢  CMB anomalies in polarization E-modes from prevacuum quantum entanglement [7]

e Transient gamma-ray flashes accompanying black sphere collapse, distinguishable from super-
novae by their non-thermal spectra

5.3. Unified Field Equation with Quantum and Dark Components

The unification of quantum gravitational effects and dark energy dynamics requires an extension
of Einstein’s field equations. Motivated by the need to reconcile quantum fluctuations at microscopic
scales with the observed accelerated expansion of the universe, we propose the following modified
field equation:

1 8nG
R;u/ - Egva + A(t)gyv + hQ]ﬂ/ + Dyv = CTTW// (12)

where:

*  Ryy and R are the Ricci curvature tensor and scalar, respectively
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* gy is the metric tensor encoding spacetime geometry

e A(t) is a time-dependent cosmological constant

*  7Quu represents quantum corrections derived from renormalization group flow
* Dy encodes dark energy contributions, modeled as a dynamical fluid

* Ty is the stress-energy tensor of classical matter

5.3.1. Quantum Corrections (7Qyy):

The tensor Q, arises from one-loop quantum corrections to the Einstein-Hilbert action. For static
spherically symmetric solutions, Q,,, takes the form:

2 L hnG
Q= (1+aL)gn o=\ 13

where €] parameterizes higher-order quantum effects. These corrections dominate at scales r ~ /p,
preventing singularities and stabilizing black hole remnants.

5.3.2. Time-Dependent Cosmological Constant (A(t)):

Inspired by renormalization group approaches [8], we model A(t) as:

A(t) = Ao + 1", (14)
where A is the present-day value, <y sets the evolution rate, and n determines the scaling (e.g., n = —2
for infrared screening).
5.3.3. Dark Energy Contribution (D,,):
Following the Friedmann framework, we relate D, to the critical density p. = gnié:
D) = 220, (15)

where ppg(t) evolves with the scale factor a(t).

5.3.4. Unified Dynamics:
Substituting Egs. (14) and (15) into (12) yields:
1 8nG
Ryy — ERgW + (Ao +t" + T)gw +hQuy = ! Tyv. (16)
c
This framework bridges quantum and cosmic scales:

*  Quantum regime (r < /p): 1Q,, dominates, enabling singularity resolution
e Cosmic regime (r > (p): A(t) and Dy, drive accelerated expansion

5.3.5. Quantum Corrections Expansion

To account for quantum fluctuations, we express the quantum correction term Q,,, as an expansion:

Quv = % (1 +e19(r) + 62472(r))gw, (17)

where: - ¢(r) is a scalar field that represents quantum fields near the black sphere, - €; and €, are
constants that control the non-linearities of the quantum corrections.


https://doi.org/10.20944/preprints202501.1610.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2025 d0i:10.20944/preprints202501.1610.v1

8 of 18

5.4. Solving the Field Equations with Quantum Corrections

To solve the unified field equations (Eq. (12)), we begin with a static spherically symmetric ansatz:

ds* = —f(r)c2dt* + ar + r?d0)? (18)
f(r) '

where f(r) encodes both classical and quantum gravitational effects.

5.4.1. Perturbative Quantum Corrections

Decompose the metric function as:

flr)y=1- 223217\/1 +eh(r), e:=he/G*M* <1, (19)

where the perturbation /(r) contains quantum corrections from Q,, in Eq. (13). Substituting into the
field equations yields:

h(r)’v@(l—i-e (r) + e2¢* 20
~ 7’3 14) Z(P (T)), ( )

with ¢(r) being the vacuum polarization potential from Eq. (9). The €; parameters quantify
loop corrections.

5.4.2. Dark Energy Coupled Solutions

Including dark energy dynamics from Eq. (15), the complete field equations become:

1 871G
Ry = 5 R + A(B)g =~ (T};ﬁ) +7Quy + )(D,W>, 1)
with dark energy evolving as:
2 £\ ~1/2
Dyy = pac” |1+ ™ Suv,  ta = (8Gpp/3) 7. (22)

5.4.3. Phase Structure
Numerical integration reveals three distinct regimes:

¢  Quantum-Dominated (t < f,r ~ £p): Planck-scale fluctuations stabilize remnants
*  Matter-Dominated (t ~ t,r >> {p): Classical relativity recovered
e  Dark Energy-Dominated (¢ > t,): Cosmic acceleration dominates

5.5. Variational Principle for Dark Energy Coupling

The time-dependent cosmological constant requires modifying the Hilbert action:

R
— 4 _ —
S—/dx\/ g[l67rG pa(t) + Lm|. (23)
Varying with respect to gV gives:
6S 1 1 1 dA ot
sghv 167G <R’” a 2Rg””> + 871G dt oghv =0 @4

Enforcing diffeomorphism invariance leads to the consistency condition:

dA_STL’G

T CTXVHDW, (25)

which ensures energy conservation across all cosmic eras. This derivation generalizes the results of [15]
to include quantum corrections.
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5.6. Quantum Fluid Dynamics

We model spacetime geometry as a quantum fluid medium, where gravitational interactions
emerge from collective excitations of a Bose-Einstein condensate. This approach unifies the black
sphere’s quantum gravitational dynamics with large-scale cosmic evolution through a generalized
Gross-Pitaevskii framework.

5.6.1. Gravitational Superfluid Equation

The wavefunction ¥(r, t) of the spacetime fluid obeys:

) 4 h?
zhW - <_2mv2 + Vg +g|‘f|2> ¥, (26)

where:

o m=hvA/3/c? is the effective Planckian mass
e V. combines classical and quantum potentials
o ¢ = 47mh®ay/m determines self-interaction strength via scattering length ag

5.6.2. Effective Potential Structure
The potential integrates key gravitational components:
GM /\71’2 P2

_ 27
Veff 7 + 6 +,B r 7 ( )

where: - The —GM /r term reproduces Newtonian gravity - Ar?/6 encodes dark energy effects (see
Eq. (14)) - B = h*/ (2m2c?) mediates quantum pressure
5.6.3. Stationary Solutions

For static configurations ¥(r,t) = ¢(r)e ', we derive:

n? d? GM Ar?
_%T£+ —7+Tr+ (ﬁ/r+g/r2)|¢|2]¢— Eg, (28)

with eigenvalue E = y + mc? determining chemical potential y. Stable solutions exist for A > A, =
3(GM)2m* /1°.
5.6.4. Torsional Gauge Structure

The superfluid develops emergent gauge fields from spacetime torsion (Sec. 5.3):

1
Ap = Jeupe T, T =TV, (29)

where I''P7 is the contorsion tensor. This couples to the superfluid velocity via minimal substitution
V =V —i(mc/h)A,.

5.6.5. Non-Local Quantum Correlations

The effective potential acquires non-locality from quantum gravitational entanglement:

2
Verlr) = [ @rK(r, )P+ 20T 0)
with correlation kernel:
K(r,v') = Ginﬁex _M (31)
T =1 O\ T ey )
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where &’ ~ 2 is the Regge slope and y the renormalization scale. The exponential suppression encodes
area-law entanglement at Planckian scales.

5.6.6. Observational Consequences
This model predicts:

*  Modified black hole ringdown waveforms from superfluid oscillations
e 010~ Hz) gravitational wave background from quantum turbulence
*  Anomalous galaxy rotation curves without dark matter (via V¢ terms)

These signatures are testable with next-generation gravitational wave detectors [14].

5.7. Relativistic Superfluid Dynamics
The gravitational condensate dynamics obey a nonlinear Klein-Gordon equation incorporating

both relativistic and quantum pressure effects:

m2cz A
O4 — + =[¥)? ¥ = 2
<+h2+6|> 0, (32)

where A = 87tash?® /m2c quantifies the self-interaction strength through the s-wave scattering length as.
Applying the Madelung transformation ¥ = \/ﬁeis /" decomposes this into:

90+ V- (ov) =0, (33)

1
9:S + %(VS)Z + Vg = 0, (34)

with superfluid velocity containing torsion contributions from Eq. (29):

Vs ¢
m h

vV =

Ay (35)
The relativistic effective potential synthesizes multiple gravitational components:

GMm A2 AW?

_ A 2
Veff - ’ + 6 + m |T| ’ (36)

where the final term represents quantum pressure stabilizing against collapse at scales 7 ~ £p.

5.8. Superfluid Gravity Approach

Building on analog gravity concepts [9], we model black spheres as metastable configurations of
a spacetime superfluid governed by:

0¥ h?
i - = <—2mv2 + Veff> ¥, (37)

with effective potential combining elements from Egs. (27) and (36):

GM A2 ¥
Veff:*T‘Fi‘l’ I

3 r (38)

Key parameters include:

e B =1?/(2m?c?): Quantum-gravitational coupling constant
e m=+/hc3/167tG|A|: Effective Planck-scale mass

2
e G= 4723[ 5. f: Emergent gravitational constant
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5.8.1. Stability Mechanism

The B|¥|?/r term generates anisotropic quantum pressure resisting gravitational collapse (see
Sec. 5.11). Stable configurations exist when:

i’ _ GMc
m? Te

, (39)

where 7. &~ 2GM/c? is the classical Schwarzschild radius. This condition prevents singularity forma-
tion until critical mass thresholds (Eq. (7)) are exceeded.

5.8.2. Cosmological Evolution
The time-dependent A(t) term (Eq. (14)) drives phase transitions between:

e Accretion Phase: A < 0 enables mass accumulation
e  Expansion Phase: A > 0 triggers universe nucleation

The crossover occurs at A = A, = 3(GM)?m*/1®, matching the critical value in Eq. (28).

5.9. Hawking Radiation Modifications
5.9.1. Quantum-Corrected Surface Gravity

Incorporating quantum corrections from Eq. (13) and dark energy effects from Sec. 5.3, the
modified surface gravity becomes:

4 3 2012
P P hic 1 AGM , (40)
4GM (GM)? \ 47 3¢t
5.9.2. Temperature Renormalization
The Hawking temperature generalizes to:
hix he (1 AG*M?

= =Ty|1 — =, 41
27tckp H[ + (GM)? (47‘( 3¢t )] 1)
with Ty = hic®/(8mGMkg). The correction factor A = % becomes significant for black holes

lighter than M < 10" g, modifying their evaporation timeline [11].
g g ymng p

5.9.3. Entropy and the Path Integral

Using Euclidean quantum gravity methods [12], the partition function

3
_ ~Ig/h __ ¢ / 4 _
z= [Dge e, gy = - [aix RR-28) 4, (42)

yields entropy with quantum corrections:

_ kpPA kg, [ A © (2"

The logarithmic term reflects microscopic degrees of freedom in the quantum gravitational phase

space [13].
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5.9.4. Renormalization Group Improved Results

Incorporating running couplings from Sec. 5.5, the renormalized temperature and entropy become:

35%, Ar?
T=Ty|1+ e 65 , (44)
kgcdA 2 A
*=cn |'"a™aa )| )

1/2

where r; = 2GM/c?. The Ar? term suppresses evaporation for rs > A~!/2, potentially stabilizing

supermassive black holes.

5.9.5. Modified Emission Spectrum

The Bogoliubov coefficients acquire corrections from the quantum potential in Eq. (27):

1 W [* T h

where G(?) denotes second-order curvature terms. This leads to non-thermal spectral distortions

measurable via:

e Gamma-ray signatures: O(10 MeV) photons from Planck-scale physics

®  Spin-2 polarization modes: Distinguishes quantum gravity effects from standard Hawking
radiation

*  Decoherence timescales: fjecoherence ~ 172/ GMc? via Eq. (83)

5.10. Black Hole Entropy Correction

Incorporating quantum gravitational effects (Eq. (13)) and dark energy contributions (Eq. (15)),
the entropy acquires corrections:

_ kpcPA B A
S=-1c <1+r3+“g,r2 , (47)

where A = 4712 is the horizon area, rs = 2GM/c?, and & = %\/5 encodes dark energy-quantum
coupling from Eq. (7). The corrections:

. Z% /73: Quantum foam effects dominant for » ~ ¢p
e A/(3r?: Dark energy-induced entanglement entropy

This generalizes the Bekenstein-Hawking formula to account for spacetime non-locality (Eq. (30))
and vacuum polarization.

5.11. Quantum Gravity Corrections
5.11.1. Renormalization Group Framework

Following [8], the effective action incorporates quantum corrections:

R

- 4 quant

Seff - /d X/ _g|:167_[G +£QFT+h<pr >:|/ (48)
where the renormalized stress-energy tensor expectation value contains the trace anomaly:

h

(T )ren = 55— (3DR — Ry R™ + RZ). (49)
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5.11.2. Modified Field Equations
Varying Eq. (48) yields:
1 8nG

Ryv — ngR + Ag;w = & (T;Lass + thv)/ (50)

with quantum corrections from DeWitt-Schwinger expansion:

% 0 %

va: r§<1+€1:+€2£ Suv- (61)

5.11.3. Remnant Stability Analysis

The quantum pressure preventing collapse emerges from the metric solution (Eq. (20)):
2GM ¢4 3GM\ !
f(r) =1- Czr + }’74 (1 + C21" ) . (52)

Stability occurs when quantum pressure balances gravitational attraction:

dpquant _ C4 % . _GMpeff (53)
dr 8nGr5 2

% is the critical density from Eq. (22). This condition defines the minimal remnant
mass Mpin = mp(A/Ag) —1/4, preventing complete evaporation.

where Peff =

5.12. Modified Field Equations Derivation

The modified field equations are derived through variational principles from the quantum-
corrected action. Varying the total action Stot = SgH + Squant:

1 1 hoo ,
5St0t = /d4X\/ _g |:167‘[G (R]ﬂ/ - zRg]u/> — 258_%/:| Jg"l = 0, (54)

uant . . . . .
where Q,, = T;}V represents quantum corrections. Diffeomorphism invariance enforces stress-
energy conservation:

1
V(T +1Qu) =0 = VFQu = —EVVT,W. (55)
5.12.1. Trace Anomaly Contribution

The conformal anomaly in curved spacetime [10] contributes:

h

- _ 2% 2
Qi = 5 (3DR R R +R). (56)

5.13. Renormalization Group Flow

The renormalization group (RG) equation for f(R) gravity at one-loop order [16]:

df 1 [203 wor 1 o

Solving Eq. (57) via separation of variables yields running couplings:

f(R, 1) = R+ a(u)R* + B(u) Ry R, (58)
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with:
B 203 u
IX(]/l) = & + 2.8807T2 ln(‘u0>/ (59)
o
5.14. Metric Solution Derivation
The quantum-corrected metric function f(r) solves:
,df] 6GM 3hG2 (. 3GMc\ ’
dr [ dr} 2 B33 (1 LI > ' 61)
Applying the Frobenius method near r = 0:
G2 &» 2
NLZan , ap=1, al:_BG;\/Ic ) (62)
The convergence radius via Cauchy-Hadamard [17]:
Reony = li Sl 63
conv = IT_E;IP |an| = 3GM2" (63)

5.15. Superfluid Gravity Model
5.15.1. Madelung Transformation and Hydrodynamic Equations
iS/h

Decomposing the superfluid wavefunction ¥ = ,/pe’>’" in Eq. (37) yields quantum hydrody-

namic equations:

dip+V - (ov) =0, (64)
1 2 V2/p
0tS + %(VS) + Vet 80— 5 N 0, (65)
with velocity field:
VS ¢
VS T (©6)

where the torsion potential A, from Eq. (29) modifies geodesic motion.

5.15.2. Torsion-Spin Coupling

The spacetime torsion T = F?VV] couples to fermionic spin density via:
8Stors = [ d*xy/=3 Sp‘“ 5%, 67)
where for Dirac fields: s 0
i ific -
o =y, (69)
wv

This generates intrinsic hypermomentum currents in the Einstein-Cartan framework [18].
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5.16. Cyclical Universe Formation
5.16.1. Energy Balance and Critical Density
The critical energy density for universe nucleation combines contributions from:
_E |, hQuw ., Du
—~ —~—
matter  quantum  dark energy
which expands using Egs. (13) and (15) to:
E {p A
= — — —_—. 7
Pe=v ¥ T snG 70)
5.16.2. Critical Mass and Radius
The nucleation condition balances gravitational binding energy and quantum pressure:
3GM*ct  he R
—— =1 — . 71
5R R ( +e2g p> @)
Solving for the critical radius:
s \'?|. e (GM\*?
Reit = | 37773 1+ 2 (= , (72)
3GMc 3\ hc
yields the critical mass via Mt = ¢?Rerit/ (2G), matching Eq. (7).
5.16.3. Phase Transition Dynamics
The symmetry-breaking potential (Eq. (9)) minimizes at:
dv 2.2 "
a9 = 4A¢p(¢”~ —v°) +«T;; = 0. (73)
Bifurcation occurs when:
v 2 2 dTﬁ
det<W) = 12A¢" — 4Av” + K% =0, (74)
defining the critical temperature:
o [4A 1/4
Te=—|—+ . 7
= (3) 7
5.16.4. Nucleation Boundary Conditions
Universe nucleation obeys Israel junction conditions [5]:
(8] =0, (76)
+ 8nG 1
[K.”V] - = A S — EShyv , (77)
with surface stress-energy tensor:
OvacC
S = 1V_ - (78)
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6. Astrophysical Predictions and Experimental Validation

The quantum gravitational and dark energy corrections proposed in our framework lead to
distinct astrophysical phenomena testable through next-generation observations. We present key
signatures across multiple messenger channels.

6.1. Gravitational Wave Signatures
6.1.1. Dispersion in Superfluid Spacetime

From the superfluid phonon Lagrangian (Eq. (26)), the modified dispersion relation becomes:

2 dw 3h2k?
w- = Csk + 4m2k E Ug dk Cs (1 + 81’}126'% ’ (79)

where ¢; = Vic3A/3m? is the sound speed in the quantum fluid. For LIGO frequencies (v ~ 100 Hz):

2o 1054< 752> (80)

- £
producing cumulative phase shifts A¢ ~ 1078 rad over merger events.

6.1.2. Echoes from Quantum Bounces

Black sphere rebound dynamics (Sec. 5.2) generate post-merger echoes with radius evolution:
Rsphere(t) — Roefk(pspherefpcrit)t, (81)

where pgit = 3¢/ (871G M?). The characteristic damping timescale T = 1/kpcit ~ 1 ms makes these
detectable via third-generation detectors like Einstein Telescope.

6.2. Quantum Decoherence Effects

The interaction between black hole geometry and quantum states induces decoherence at rate:

—-1/2
3 2
. GMe <1+rs> ’ )

fird )T%
where Ac = fi/mc is the Compton wavelength. For solar-mass black holes (rs ~ 3 km):

hrd —20
tdecoherence ™~ GMc3 ~ 10 S. (83)
This ultra-rapid decoherence would manifest as:

*  Loss of interferometric visibility in pulsar timing arrays
*  Depolarization of astrophysical neutrino beams near black holes
e  Suppression of Hawking radiation coherence

6.3. Mass Ejection Signatures

Post-rebound dynamics (Eq. (81)) produce mass ejection:

—uat C3 A
Mexpelled = M(l —e )/ a = c\V 3 (84)

with ejection velocities v ~ 0.1c from quantum pressure gradients. This predicts:

e  Kilonova-like transients without associated mergers
e High-velocity (~ 30,000 km/s) baryonic jets in AGN
*  Anisotropic CR excesses correlated with SMBH locations
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6.4. Multi-Messenger Tests

Table 1. Observational tests of quantum gravitational effects.

Channel  Signature Detector Sensitivity
GWs Dispersion phase shift LISA (2035), ET (2030)
Neutrinos Decoherence-induced flavor mixing IceCube-Gen2, KM3NeT
CRs Ultra-high energy proton excess AugerPrime, TAx4

Photons TeV gamma-ray transparency violations CTA, SWGO

6.5. Gravitational Lensing Effects

Due to the modifications in the gravitational field of black spheres (as they are now described
with quantum and dark energy corrections), they could cause gravitational lensing effects that are
different from those predicted by standard general relativity. The gravitational field of these objects,
while still significant, could be weaker or have different spatial distribution, leading to deviations
in the way light is bent around them. This could be observed through high-precision gravitational
lensing measurements.

6.6. Gamma-Ray Bursts and Black Hole Collapse

As black spheres evolve under the influence of quantum gravity and dark energy corrections, they
may undergo collapse or decay into new black holes. This process could generate unusual gamma-ray
bursts (GRBs) or other high-energy phenomena, distinct from typical stellar collapses. These bursts
could be detected by space-based gamma-ray telescopes, providing a direct observational signature of
the behavior of black spheres and the effects of quantum and dark energy.

6.7. Deviations in Cosmic Microwave Background (CMB) Radiation

The interactions between wandering black spheres and dark matter may also induce deviations
in the cosmic microwave background radiation. The distribution and properties of dark matter could
be influenced by the existence of these objects, leading to subtle changes in the CMB spectrum. These
effects could be detected through detailed CMB measurements, providing indirect evidence for the
presence of quantum gravitational corrections and dark energy in the universe.

7. Conclusions

This extended model presents a complete theoretical framework for black sphere dynamics,
unifying classical and quantum descriptions of gravity. The implications suggest that black holes do
not merely evaporate into radiation but transition into a roaming state before collapsing into new black
holes or universes. Further research will focus on astrophysical validation through observational data.
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