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Abstract

The black-hole information paradox presupposes a causal boundary that per-
manently prevents information carried by infalling matter from returning to
the exterior. We examine an alternative based on the squared factor

f(r)= (1—GM / (021*))2, which appears in extremal Reissner-Nordstrom ge-

ometry and in the minimal Haug-Spavieri metric, together with an equal-fac-
tor geometry for which radial null characteristics satisfy |dr/ dt| =c¢ wherever
the metric is nondegenerate. For the associated escape-velocity expression, the
value reaches but does not exceed c¢ . Following a nested-sphere construction,
an interior mass profile M (r) = czr/ G gives v, =c at every interior ra-

dius. This profile is interpreted as a saturation condition rather than an inde-
pendent demonstration of outward causal escape. Haug’s Planck-quantization
program gives GM/C2 =N(l, and r,=2N{¢, for M =Nm,. We extend
this idea by treating invariant areal radius as a discrete observable and replac-
ing continuum evolution near the nominal horizon with unitary transitions
between neighboring radial states. The classical zero of f'(r) then need not

correspond to a physical state that permanently divides the Hilbert space. Out-
going massless excitations may pass from interior to exterior states without
occupying the degenerate continuum radius, while a minimum radius removes
r =0 from the physical state space. Infalling matter is consequently proposed
to be transformed into highly scrambled, information-bearing radiation ra-
ther than permanently lost. The framework permits a nonzero intrinsic lumi-
nosity in addition to conventional disk and jet emission and suggests observa-
tional tests involving delayed radiation, photon-ring structure, polarization
correlations, and late-time emission. A complete resolution of the information
paradox requires a quantitative transition law, backreaction, entropy evolu-
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tion, and radiation spectrum, which remain to be developed.
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1. Introduction

Bekenstein associated black-hole entropy with horizon area [1], and Hawking
showed that black holes radiate thermally [2]. Hawking then argued that complete
evaporation appears to map a pure state into a mixed state [3]. Preskill emphasized
the depth of the resulting conflict between semiclassical gravity and unitary quan-
tum mechanics [4], while Page demonstrated that unitary evaporation requires
the radiation entropy to rise and later fall [5]. Complementarity [6], holography
[7], microscopic string-theory entropy counting [8], and AdS/CFT [9] all support
information preservation. Hayden and Preskill further showed that an old black
hole can act as a rapid information mirror under unitary assumptions [10]. The
firewall argument then showed that unitarity, semiclassical locality, and a smooth
horizon cannot all be maintained in their simplest forms [11]. Reviews by Harlow
and Polchinski summarize the resulting tension between causal geometry and
quantum information [12] [13].

Quantum extremal surfaces, replica wormholes, and entanglement islands now
reproduce Page curves in controlled semiclassical models [14]-[16]. These calcu-
lations are major advances, but the interpretation of the interior and the mecha-
nism by which information appears in realistic asymptotically flat radiation re-
main debated [17] [18]. Alternative approaches include remnants [19], fuzzballs
and the small-corrections theorem [20] [21], nonlocal information transfer [22],
state-dependent interior reconstruction [23], apparent rather than permanent
event horizons [24], and quantum hair [25].

This paper develops another possibility: the exact continuum horizon may cease
to be a physical causal boundary when invariant radius is Planck quantized. Haug
proposed Planck-scale reformulations of Newtonian and relativistic gravity in
which

c? " (1)
r=2NC,.

for M = Nm, [26] [27]. This is directly relevant to the minimal Haug-Spavieri
and extremal Reissner-Nordstrom metrics, whose degenerate radius is GM / c’.
Physical areal positions are taken to form a discrete spectrum, and quantum evo-
lution remains connected across the nominal horizon. This provides the proposed

causal mechanism: Planck-scale radial discreteness, together with a suitable uni-
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tary transition law, may prevent the formation of a permanently information-trap-
ping surface.

The construction developed explicitly in this paper is restricted to static squared-
factor backgrounds with a degenerate radius at r=GM / ¢’, namely extremal
Reissner-Nordstrom geometry and the neutral minimal Haug-Spavieri ansatz. No
extension is derived here for generic nonextremal, rotating, or dynamically formed
astrophysical black holes. References to astrophysical systems therefore identify
possible phenomenology conditional on such an extension; they are not demon-
strations that the present construction already applies to Kerr or nonextremal
black holes.

2. Squared-Factor Metrics and the Escape Question

Define m=GM / ¢’ . The static, spherically symmetric Einstein-Maxwell solution
was obtained in the early work of Reissner and Nordstrém [28] [29]; a closely
related independent derivation was later given by Jeffery [30]. The Reissner-

Nordstrom line element is

2
ds® =—f(r)c*ds? +%+ QY @)
where
f(r)zl—zGM +L (3)

2 42"
c’r Amec'r

The horizon radii and global structure of charged black holes are treated in

standard analyses of exact black-hole solutions [31]-[35]. In the extremal limit,
2
r0=(1-2] = @

The minimal Haug-Spavieri metric was derived by Haug and Spavieri from a
stress-energy tensor intended to include both electric-field energy and gravita-
tional field energy, and independently through a mass-energy argument [36]. For

a neutral source its metric factor is

5

The second-order term is therefore interpreted as a gravitational mass-field
contribution rather than necessarily as an electromagnetic charge term. Haug and
Spavieri further show that the more general mass-charge solution can be written
in the Weyl class of static axisymmetric Einstein solutions [37] [38]. In the neutral
limit, their horizon is r=GM / ¢’ equal to the degenerate horizon of extremal
Reissner-Nordstrom geometry.

An associated escape-velocity expression is

vczsczc2 {1—(1—%) :lzcz(sz—T—:j. (6)
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It reaches ¢ at r=m rather than becoming greater than ¢ there. This is
qualitatively different from a naive extrapolation of \/m . Nevertheless, es-
cape velocity alone does not establish causal escape, because a classical event hori-
zon is defined globally. Extremal Reissner-Nordstrom spacetime retains horizon
structure despite the nonnegative squared factor, and its degenerate horizon has
distinctive near-horizon geometry and stability properties [39] [40]. The proposal

therefore depends on discreteness as well as Equation (6).

When the Interior Escape Velocity Is Saturated at ¢

The distinction between a fixed total mass and the mass enclosed by an interior
sphere is essential. Following the procedure used by Haug and Spavieri in their

cosmological application of the metric [41], let the black-hole horizon be

GM
_ BH
s h 2 s (7)
c
and consider a concentric interior sphere of radius

r=xr, 0<x<I, (8)

containing mass M. Applying Equation (6) locally to that enclosed mass gives

2GM. G*M?
veZSC(r): - 2 212' )
X, cxr,

If the interior mass profile saturates the condition
c’r
Mi:xMBH:?, (10)

then substitution into Equation (9) yields
V2 (r)chz—c2 =c?, vesc(r)zc, (11)

esc

for every admissible interior radius. Equivalently, writing v, = yc and solving
the fixed-mass expression for 7 gives a real radius only for 0< y <1; the satu-
ratedcase y=1 gives r=GM, / ¢’ . Thus an interior assembled from nested sat-
urated spheres obeying Equation (10) has escape velocity equal to, but never greater
than, ¢ at every radius.

This conclusion must be stated with care. Equation (11) is not obtained for a
single fixed mass My, inserted at every r <r,; doing that makes Equation (6)
decrease again below the horizon and eventually cease to be real. The result
v, =c¢ throughout the interior follows only when the enclosed mass scales line-
arly with areal radius. Moreover, because Equation (10) is obtained by imposing
the saturated condition v, =c, it is best interpreted as a consistency condition
or proposed interior mass profile, not as an independent proof that the geometry
dynamically produces that profile.

For the present information-recovery proposal, the importance of Equation (11)
is therefore limited but useful. It removes the Newtonian-style objection that an
interior escape speed must become superluminal, and it is compatible with a

nonsingular, distributed interior rather than compulsory collapse into a point. It
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does not by itself demonstrate outward causal propagation across a global event
horizon. That stronger claim still requires the null-characteristic analysis and, in
this paper, the additional Planck-discrete transition law developed below.

A related equal-factor geometry is

2
ds* = —f(r)czdz‘2 +f(r)dr2 +72dO?, f(r) = (l—ﬁj . (12)
r
For radial null motion at each nondegenerate radius,
24,2 2 dr
—fedt+ fdr =0 = —t:c. (13)

The continuum metric degenerates at » =m , but the discrete theory contains
no requirement that a photon occupy that exact continuum point. Admissible
states on both sides possess outward null characteristics, and the quantum transi-
tion law directly joins them.

Equation (12) is not merely an unsupported kinematic ansatz. Haug has derived
this equal-temporal-and-radial-factor geometry directly from Einstein’s field
equations by calculating the nonvanishing anisotropic stress-energy tensor re-
quired to support it [42]. For the squared choice f(r)=(1-m/r)’, that analysis
reports positive energy density, positive radial pressure, and negative tangential
pressure in the exterior region. The source is therefore not vacuum and should
not be conflated with the reciprocal-factor extremal Reissner-Nordstrom stress-
energy tensor. This manuscript adopts that published field-equation derivation
rather than reproducing it. Nevertheless, the coordinate relation |dr/ dt| =c is
not an invariant demonstration of causal escape and cannot by itself establish the
absence of an event horizon. The remaining requirements include an invariant
analysis of null geodesics, extensions, trapped surfaces, and conformal boundary,
together with an assessment of whether the derived anisotropic source is physi-
cally realizable in the setting proposed here. Accordingly, the causal conclusion

below is not based on Equation (13) alone.

3. Planck-Quantized Radius and Unitary Information
Recovery

Using G=/(3c*/h, m,=n/l,c, and M =Nm, yields Equation (1). Thus the
horizon of the minimal Haug-Spavieri or extremal Reissner-Nordstrom geometry

is already

r,=N{,. (14)

This establishes a published precedent for a Planck-quantized gravitational ra-
dius and provides the natural basis for a discrete radial state space in which the
horizon is traversable by massless excitations.

Let physical areal positions be represented by cell centers

rn:(n+%j€},, n=0,1,2,---, (15)
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sothat 7 =N/{, liesata cell boundary. An equivalent theory mightuse r, =n/,
and assign a finite transition law to the coincident horizon state. The essential
condition is not the labeling convention but the absence of a permanently discon-
nected interior sector.

At the present level, the radial state space is assumed to be a separable Hilbert
space with orthonormal basis {|n,a>} and inner product (n’,a’|n,a> =0,,0,0»
with sums replaced by the appropriate integrals when components of « are
continuous. The label o is intended to include angular momentum, polariza-
tion or spin, particle species, energy labels, and internal or environmental degrees
of freedom needed for unitary evolution. Because r is the invariant areal radius
defined by the area of symmetry orbits, its eigenvalue is slicing-independent
within spherical symmetry; however, the decomposition into “interior”, “exte-
rior”, and equal-time states can depend on the foliation. A covariant construction
beyond spherical symmetry, and a demonstration that freely falling observers re-
cover approximate local Lorentz invariance at scales large compared with /,, are
requirements rather than results of the present model.

Let |n, a> denote a radial state with all additional degrees of freedom collected

in « . Evolution over a fundamental step is
|¥(t+1,))=U|¥ (1)), UU=1 (16)

Outward crossing occurs if the neighboring-state matrix element satisfies

(N,B|U|N-1,a) #0. (17)

A state need not occupy every real value between adjacent eigenvalues. The
continuum zero of f (r) can then be an interpolation feature rather than a
physical state that divides the Hilbert space.

A nonzero matrix element in Equation (17) is necessary for local radial connec-
tivity but is not sufficient for escape to future null infinity Z* . The required
stronger condition is that repeated unitary evolution generate a nonzero asymp-
totic outgoing probability current and that this current couple to exterior scatter-
ing states whose support reaches Z*, without a permanent trapped subspace.
Symbolically, for an initially interior state ‘¥
lim, (¥,
information release after stable bound sectors are excluded. No transition opera-

the model must yield

in >

U ’TPfU ' |‘Pin> >0, with the limit approaching unity for complete

tor satisfying this global condition is derived here. Thus deletion of one contin-
uum radius does not, by itself, eliminate a global event horizon; it motivates a
discrete dynamics whose causal completion remains to be shown.

The same spectrum excludes » =0. A minimum radius must be supplemented

by a core dynamics, which may be represented schematically as

|matter, a)m =38, |radiation,,8>0m , STS=1. (18)

B
Matter may be compressed, heated, fragmented, pair-produced, annihilated,
and converted into photons or other massless excitations. Information need not

be visible in an approximately thermal one-particle spectrum; it may be encoded
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in correlations among frequencies, times, polarizations, angular modes, particle
species, and higher-order entanglement observables.

If realized by a complete unitary dynamics, Equations (17) and (18) could elim-
inate a permanently inaccessible subsystem. A Page-like rise and fall of radiation
entropy is a required prediction of the proposal, not a result derived here. To es-
tablish it, one must define a factorization into emitted-radiation and remaining-
object subsystems, construct the evolving density matrix o(¢), and show that
Sa (1) ==Tr[ py (t)In p, (¢)] first rises and later falls while correlations carry
recoverable information to outgoing modes. Charged and extremal black holes
have distinctive formation and entropy properties [43] [44]; at present, Planck-
discrete geometry supplies only a proposed kinematic route toward connectivity
and delayed information release.

Haug has also argued that his Planck reformulation should not be understood
merely as canonical quantization of an otherwise unchanged gravitational field.
He suggests that conventional quantum mechanics, especially its treatment of
matter wavelength and gravitational mass, may require deeper revision [45]. The
present approach is compatible with that direction: geometric discreteness is pos-
ited first, and the required quantum transition theory is then constrained by the

geometry.

Extremal Entropy, Reversible Throughput, and the Carnot-Engine
Analogy

The entropy of an exactly extremal black hole is not settled universally. Hawking,
Horowitz, and Ross argued from the Euclidean geometry and action that an ex-
actly extremal Reissner-Nordstrom black hole has zero entropy despite its non-
zero horizon area [46]. Edery and Constantineau reached a complementary con-
clusion: because the maximally extended extremal spacetime is time-independent
throughout and represents a single classical gravitational microstate, they assign
it zero gravitational entropy [44]. Other approaches, including microscopic state
counting for important extremal systems, retain a nonzero area entropy. The zero-
entropy assignment is therefore used here only as conceptual motivation and not
as an established universal property of all extremal black holes.

Zero entropy is not identical to a cancellation between inward- and outward-
directed entropy. Entropy is a state quantity, whereas entropy transport is de-

scribed by fluxes. A schematic balance law for the interior is

dt prod > (19)

where S, >0 represents irreversible entropy production in a coarse-grained

description. In an ideal stationary and reversible limit,

dSim =0 S

" oa =0, S, =S

mn out*

(20)

Equation (20) describes zero net accumulation of interior entropy; it does not

imply that the inward and outward fluxes vanish individually. In the present hy-
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pothesis, matter and its encoded information may enter, undergo unitary scram-
bling, and reappear in correlations carried by outward radiation.

Haug has proposed a related thermodynamic interpretation in which an ex-
tremal Reissner-Nordstrom-like Hubble sphere is modeled as an ideal Carnot en-
gine operating at the cosmic microwave background temperature [47]. For a re-
versible Carnot cycle the working system returns to its initial thermodynamic

state and has

AScycle = O’ % = QC > (21)
L, L

although nonzero entropy is transferred between the reservoirs. This provides an
analogy for stationary throughput: inward energy and entropy associated with
captured matter can be balanced by outward energy, entropy, and information-
bearing radiation without permanent accumulation in an inaccessible interior sec-
tor. Haug’s construction is a working-paper proposal and does not by itself derive
the entropy current, heat reservoirs, or transition dynamics of the black-hole
model developed here.

The possible support is consequently limited but relevant. The zero-entropy ar-
guments of Hawking-Horowitz-Ross and Edery-Constantineau are compatible
with the absence of an independently evolving, permanently hidden interior en-
tropy sector, while the Carnot-engine analogy illustrates how zero net entropy
change can coexist with nonzero inward and outward transport. A quantitative
claim requires an explicit density matrix or entropy current showing that total
unitary evolution preserves fine-grained entropy while transferring recoverable

information from infalling matter to outgoing radiation.

4. Relation to Other Proposed Resolutions of the Information
Paradox

The present proposal belongs broadly to the family of approaches in which the
classical horizon or interior description is modified so that information is never
permanently isolated. Its distinctive ingredient is a Planck-discrete areal-radius
spectrum together with finite unitary transitions between neighboring radial
states across the nominal horizon. This supplies a direct kinematic picture of in-
formation transfer, but at the present stage the transition operator is postulated
rather than derived from a covariant microscopic theory.

Quantum extremal surfaces, replica wormholes, and entanglement islands re-
produce Page-curve behavior in controlled semiclassical models [14]-[16]. Their
principal strength is a quantitative generalized-entropy calculation. The present
model instead attempts to specify a physical propagation mechanism: the exact
continuum horizon is not an admissible state, and outward transitions connect
interior and exterior radial states. Its current limitation relative to island calcula-
tions is the absence of a derived Page curve, density-matrix evolution, and backre-
action law.

Fuzzball models replace the conventional horizon and interior by horizon-scale
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quantum microstates and thereby allow information to be radiated from an ordi-
nary quantum system [20] [21]. The present proposal is similar in denying that a
smooth classical horizon permanently hides information, but it is less microscop-
ically developed. It does not yet provide explicit microstates or entropy counting
comparable to those available for special string-theory systems. Its advantage is a
comparatively simple geometric hypothesis that may be applied without assuming
a particular string compactification.

Black-hole complementarity, holography, and state-dependent reconstruction
preserve information by encoding interior data in exterior or boundary degrees of
freedom [6] [7] [9] [23]. The discrete-radius proposal instead seeks a single con-
nected physical evolution and does not rely on observer-dependent copies of the
same information. It must nevertheless demonstrate that ordinary local quantum
field theory and approximate Lorentz invariance are recovered far from the Planck
region.

The firewall argument shows that unitarity, semiclassical locality, and a smooth
horizon cannot all remain simultaneously unchanged in their simplest forms [11].
The present construction gives up the exact continuum horizon while attempting
to avoid a high-energy firewall. Whether this succeeds depends on the spectrum
and strength of the cross-horizon transition amplitudes. A complete theory must
show that an infalling observer does not encounter uncontrolled Planckian exci-
tations at a macroscopic horizon.

Remnant scenarios preserve information in a stable or extremely long-lived
compact object [19]. The present model differs by allowing the information to
return gradually in outgoing radiation rather than remain stored indefinitely.
However, unless a finite release-time distribution is derived, a strongly delayed
version of the model could be phenomenologically difficult to distinguish from a
long-lived remnant.

Nonlocal information-transfer proposals modify effective dynamics so that in-
formation can pass from the black-hole interior to exterior modes without violent
horizon-scale effects [22]. The present hypothesis has a similar purpose but lo-
cates the transfer in neighboring Planck-radius states. Its central mathematical

task is therefore to replace the schematic condition

(N.BlUIN-1a)#0 (22)
with an explicit evolution law. A minimal discrete model could take the form
lh% = Jn,n+ll//n+1 + ']n,nfll//nfl + an/n’ (23)

with a finite coupling J,_, y across the nominal horizon. Such a model would
need to demonstrate norm conservation, outward probability current, energy
conservation, backreaction of emission on N, a finite transmission coefficient,
and radiation-entropy evolution consistent with a Page curve.

The comparison therefore identifies both the potential contribution and the
present limitation of the approach. It offers a transparent causal mechanism and

potentially distinctive astrophysical signatures, but it is presently less mathemati-
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cally complete than islands, fuzzballs, and established holographic constructions.
The appropriate claim is that Planck-discrete radial connectivity provides a dis-
tinct and testable route toward information recovery, not that it has already su-
perseded other proposed resolutions.

For a dynamical implementation, the horizon label must become part of the
quantum state rather than remain a fixed external parameter. With M, = Nm,,
absorption or emission of net ADM energy AE must update the mass according
to Myc’=M,c’+AE ,sothat N'—=N = AE/(mPcz) when the spectrum is ex-
actly integer spaced. Generic astrophysical quanta do not carry integer Planck en-
ergies, which exposes a limitation of the simple spectrum: a complete theory must
either allow superpositions of neighboring N sectors, introduce a finer or dressed
mass spectrum, or explain how the remaining energy is stored in exterior fields.
The transition operator must commute with the total ADM Hamiltonian while
transferring energy between the compact-object and radiation sectors. This en-
ergy-conserving update, including the corresponding displacement of the nomi-
nal horizon and the backreaction on transition amplitudes, is not yet derived.

5. Intrinsic Luminosity, Cosmic Recycling, and
Accretion-Model Degeneracy

A precise observational distinction is necessary. Not every astrophysical black hole
is electromagnetically bright. Binary black holes detected through gravitational
waves can have no identified electromagnetic counterpart, and quiescent or iso-
lated candidates may be found through dynamics or microlensing rather than
through their own luminosity. Nevertheless, essentially every black-hole system
selected and studied directly through electromagnetic radiation is observed as a
luminous environment: stellar-mass candidates appear as X-ray binaries, super-
massive candidates at active galactic centers appear through radio, infrared, opti-
cal, ultraviolet, or X-ray emission, and quasars are among the most luminous per-
sistent objects in the universe. Horizon-scale images of M87* and Sgr A* likewise
show bright ring-like emission surrounding a central brightness depression [48]
[49]. Figure 1 illustrates representative electromagnetically bright black-hole en-
vironments that motivate the distinction between luminosity produced in the sur-
rounding accretion flow and any possible delayed emission from the compact ob-
ject itself”.

The standard interpretation has a long and successful history. Accretion onto a
compact relativistic object can convert gravitational binding energy into radiation
[51] [52]. Thin-disk theory and its relativistic extensions provide quantitative
spectra and efficiencies [53] [54], while modern general-relativistic magnetohy-
drodynamic calculations reproduce many properties of accretion flows, magnetic

fields, and jets [55]. In this framework, the observed photons are produced before

'Both figure montages are reproduced from the author’s earlier paper Black Holes Are Bright [50]. The
source paper attributes the underlying publicly available astronomical images to the ESA/NASA Hub-
ble image archive; for the horizon-scale M87* panel, it credits the Event Horizon Telescope Collabo-
ration/ESO.
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matter crosses the horizon, and the horizon itself has no outward emissivity.

Black hole in galaxy NGC 5548 Supermassive black hole OBJ29323 Black hole in galaxy M87

Quasar 3C 273 Quasar 3C 273 Quasar 0316-346

Figure 1. Examples of electromagnetically observed galactic nuclei and quasars assembled
from publicly available ESA/NASA Hubble image-archive material. Standard theory attrib-
utes this luminosity primarily to accretion flows and jets; the present model allows an ad-
ditional delayed component from the compact object.

The present theory provides the broader physical interpretation. External ac-
cretion radiation is real and can be dominant, but it is not the only source of light.
Matter that crosses the nominal horizon is not permanently removed from causal
contact if neighboring Planck-radius states remain connected. As the infalling
matter approaches the minimum-radius region, its organized massive degrees of
freedom may be destroyed by extreme compression and interaction and converted
into photons and other relativistic quanta through the unitary map in Equation
(18). Those quanta can propagate outward through the same discrete radial state
network. A fraction of the light attributed observationally to the accretion envi-
ronment is therefore naturally interpreted as reprocessed radiation that has en-
tered, traversed, and escaped from the compact object.

In this picture, black holes are not terminal sinks but cosmic recirculation en-
gines. Matter and free energy captured from stars, gas, dust, and radiation are
compressed into a highly scrambled state near the minimum radius and later re-
turned to the universe predominantly as redshifted radiation. The phrase “crunched
into photons” should not be understood as the literal destruction of quantum in-
formation, nor as a claim that photons are the only possible final particles. Rather,
it denotes a unitary conversion of infalling massive matter into outward-propa-
gating relativistic degrees of freedom. The original information is retained in their
correlations. On cosmological timescales, black holes would then participate in a

cycle
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diffuse matter — accretion — compact-core processing,
J (24)

new matter and structure < escaping radiation.

This interpretation is closely aligned with the proposal that black holes are in-
trinsically bright rather than perfectly absorbing objects [50].

The narrower criticism of standard modeling is therefore not that accretion
disks do not exist. It is that calculations normally impose a perfectly absorbing
inner boundary. Matter passing through that boundary is removed from the ob-
servable domain because a classical event horizon is assumed. Such models show
that external plasma can produce the observed radiation, but they do not inde-
pendently prove that the compact object has exactly zero intrinsic emissivity or
that no previously absorbed energy can later re-emerge.

A more general luminosity decomposition is

Lobs = Ldisk + cht + Lcorc + chproccsscd' (25)
The delayed core contribution may be parameterized by
L. (?) =77QJ';K(t—t')M(t')c2dt', (26)

where 77, isthe ultimately returned fractionand K includes redshift, trapping,
scattering, and delay. A black hole can therefore be intrinsically “bright” in the
strict sense of nonzero outward emissivity while appearing faint in a particular
band or epoch. The model predicts that the observable central engine is a super-
position of prompt disk emission and delayed recycled emission, rather than a

luminous disk surrounding an absolutely black sink.

Inferometer data used to simulate observations
of the black hole center of M87 (Virgo A)

Direct picture M87 galaxy ‘Direct picture M87 galaxy

Direct picture M87 galaxy

Figure 2. Horizon-scale and wider-field views of M87 assembled from publicly available
astronomical image archives, including ESA/NASA Hubble material and the EHT/ESO
M87* reconstruction. The panels probe different wavelengths, angular resolutions, and
physical scales.
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The dark central depression in a horizon-scale image is not a resolved photo-
graph of a material surface. It depends on lensing, photon capture, optical depth,
plasma geometry, and emitter distribution. Surface-emission constraints on Sgr
A* are important [56], but applying them to a highly delayed, nonthermal quan-
tum transition region requires its actual response function rather than a steady
blackbody assumption. The defensible claim is therefore not that accretion disks
are fictitious, butthat L, ., =L

zero L. could carry correlations with matter accreted much earlier. Figure 2

core

wcoretion 18 @ model-dependent restriction. A non-
compares horizon-scale and wider-field views of M87 and emphasizes that these
observations probe different wavelengths, angular scales, and emitting regions;
they therefore do not by themselves determine whether the central object has ex-

actly zero intrinsic emissivity.

6. Consistency Requirements, Predictions, and Conclusions

The invariant geometric quantity in the proposed discrete description is the areal
radius defined by A =4mr’, or equivalently a quantized area as in other approaches
to quantum geometry [57]. A minimum radial state removes » =0 from the phys-
ical spectrum, while finite transition amplitudes replace continuum evolution at
radii where the classical metric becomes degenerate. Backreaction must evolve the
mass, horizon index, exterior energy, and transition matrix together in a way that
conserves total ADM energy; the update rule stated above is a consistency require-
ment, not a completed dynamics.

The escape-velocity analysis supplies a limited but useful consistency result. For
a fixed mass, the squared-factor expression reaches v, =c at r=GM / ¢ and

does not require a superluminal escape velocity. If the enclosed mass instead obeys
2
cr
M(r)="=, (27)
()=

then each nested interior sphere satisfies
v (1) =c. (28)

Because this mass profile follows from imposing the saturated escape condition,
the result should not be interpreted as an independent derivation of the interior
dynamics. It shows that the proposed distributed interior is compatible with an
escape velocity equal to, rather than greater than, c.

The causal claim rests on additional structure. In the equal-factor geometry,
radial null curves satisfy |dr/ dt| =c at every nondegenerate radius. The contin-
uum metric nevertheless degenerates at »=GM / ¢®, so this relation alone does
not establish global escape. The proposed Planck-discrete theory removes the re-
quirement that a propagating state occupy the exact degenerate radius and con-
nects neighboring interior and exterior states through a nonzero transition am-
plitude. Information recovery therefore requires not merely a nonzero local tran-
sition, but a globally defined unitary evolution with outgoing current reaching

Z" and no permanently trapped information-bearing sector. This global prop-

DOI: 10.4236/jamp.2026.149182

3710 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2026.149182

E. G. Haug

erty remains to be demonstrated.

The framework gives several observational targets. Intrinsic emission should
depend on earlier accretion through the response kernel in Equation (26). Accre-
tion flares may be followed by weak, highly redshifted components delayed be-
yond ordinary reverberation times. Core emission may also modify higher-order
photon rings, polarization correlations, spectral tails, and the luminosity remain-
ing after the visible accretion flow fades. Near-horizon structure could produce
gravitational-wave echoes, although present claims remain disputed [58] [59].
These effects must be calculated quantitatively before they can distinguish the pro-
posed intrinsic emission from conventional disk and jet radiation.

The minimal Haug-Spavieri and extremal Reissner-Nordstrém metrics share
the factor

(29)

GM Y
r)-(1-%E
and Haug’s Planck representation gives their characteristic radiusas N/, . Com-
bining a discrete invariant radius, finite neighboring-state transitions across the
nominal horizon, and unitary minimum-radius dynamics provides a possible mech-
anism by which no permanently inaccessible interior subsystem forms. Infalling
matter may then be converted into highly scrambled outgoing radiation whose
correlations retain the original quantum information. The extremal zero-entropy
arguments and the reversible Carnot-throughput analogy are consistent with this
interpretation, but they do not replace an explicit entropy-current or density-ma-
trix calculation.

The present model should therefore be understood as a proposed route to re-
solving the information paradox within the demonstrated domain of static squared-
factor, degenerate-horizon backgrounds, rather than as a completed solution for
generic astrophysical black holes. Its central claim will require an explicit covari-
ant transition dynamics, a physical assessment of the anisotropic stress-energy
tensor already derived for the equal-factor geometry [42], backreaction, energy
conservation, entropy evolution, radiation spectra, and release times. Extensions
to nonextremal and rotating geometries must be supplied before the mechanism
can be applied directly to ordinary Kerr-like astrophysical black holes. Developing
these elements would allow the proposal to be compared quantitatively with sem-
iclassical island calculations, conventional accretion models, horizon-scale obser-

vations, and gravitational-wave data.
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