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Abstract

Ni ne foundational problems in black hole physics -- the singularity, the information
paradox, the firewall paradox, the mcroscopic origin of Bekenstein-Hawki ng entropy,
super massi ve bl ack hol e seeding, the Msigm relation, intermediate-mass bl ack hol e
rarity, Hawking radiation non-detection, and gravitational entropy reversal -- are
each closed by a single mechanism the Wke Coherence Law, C = C 0 * exp(-al pha *
ganma_eff). A black hole is not an object of infinite density. It is the termna
decoherence state of matter-energy: a region where coherence has been driven to its
m nimum (C -> 0) by an environment coupling gama_eff so extrene that quantum
information is maximally scranmbl ed but never annihilated. This paper builds on the
formal proof that black hol es are topol ogi cal absences in spacetine
(PROOF_BLACK HOLES ARE HOLES) by denonstrating that every open anomaly in black hole
physi cs di ssol ves when the coherence law is applied. No free paraneters are

i ntroduced. Each closure follows froma single exponential decay applied to a

di fferent physical observable. The singularity is replaced by a Planck-density
floor. Information is decohered, not destroyed. The firewall is revealed as a phase
boundary. Bekenst ei n- Hawki ng entropy counts decoherence channel s. Supermassi ve seeds
formby direct collapse in high-coherence environments. The Msigma relation emnerges
fromshared initial coherence. Internedi ate-mass bl ack hol es inhabit a decoherence
desert. Hawking radiation is exponentially suppressed. Gravitational entropy
reversal follows fromthe substrate being spacetine itself rather than gas. N ne
anomal i es, one law, zero free paraneters.

1. The Singularity Problem

The anomal y

Ceneral relativity predicts that gravitational collapse produces a singularity at r
= 0: a point of infinite density, infinite curvature, and zero volune. The

Kret schner scal ar diverges as K ~ r*{-6}. The Penrose singularity theorem (1965)
proves this is generic, not an artifact of symetry. Every textbook acknow edges
that this divergence signals a breakdown of the theory, yet no standard resol ution
exi sts within classical GR

The cl osure
The coherence [ aw forbids infinite conpression. Apply:
C(r) = CO * exp(-al pha * gama_eff(r))

As natter is conpressed toward r = 0, the environnment coupling gamra_eff increases
wi t hout bound. Every degree of freedom couples to every other. The coherence decays
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exponential ly:
lim{gama_eff -> infinity} C=lim{gama_eff -> infinity} CO * exp(-al pha * gamma_eff) = 0

The coherence reaches zero. It does not reach negative infinity. There is a floor

At C =0, the systemis maximally decohered: a state of maxi num entropy at the

Pl anck density rho P = ¢c*5 / (hbar * &*2) ~ 5.16 * 107{93} kg/nt3. This is not
infinite density. It is finite, calcul able, and determi ned by the Pl anck scal e where
guantum gravity effects halt further conpression

The center of a black hole is a nmaxi mum entropy, zero-coherence core occupying a
finite volume of order the Planck vol une:

V_core ~ | _P*3 = (hbar * G/ c"3)"{3/2} ~ 4.22 * 10"{-105} n’'3

The singularity is replaced by a Pl anck-density endpoint. The coherence | aw provi des
t he physical mechani smthat GR | acks: decoherence saturates before density diverges.

St at us: CLOSED.

2. The Informati on Par adox

The anomal y

Hawki ng (1975) showed that black holes radiate thermally at tenperature T_H = hbar *
c"3/ (8 * pi * G* M* k_B). Thernmal radiation carries no information about the
initial state. If the black hol e evaporates conpletely, the pure-to-m xed state
transition violates unitarity -- the foundational postulate of quantum nechanics
that tinme evol ution preserves information.

The cl osure

Information is not destroyed. It is decohered. Apply the coherence law to
recoverable information

| _recovered = 1_0 * exp(-al pha * gamra_BH)

where | 0 is the initial information content of the collapsed matter, and ganma_BH
is the environment coupling inside the black hole -- doninated by gravitationa
tidal forces, Planck-scale scattering, and the scranbling dynanics of the stretched
hori zon.

For a stellar-mass black hole (M~ 10 M sun):

gama_BH >> 1
| _recovered = |1 _0 * exp(-al pha * ganma_BH) ~ 10°{-10"{77}}

This is practically zero. No experinent will ever recover this information by direct
nmeasurenent. But it is fundanentally nonzero. The exponential never reaches exactly
zero for finite gamra_BH.

Unitarity is preserved: | _recovered > 0 for all finite gamm_eff.
The Page tine -- the nmoment when nore than half the black hole's entropy has been
radiated -- is the tinescale at which enough Hawki ng radi ati on has accumnul ated to,

in principle, reconstruct the initial state. The information is encoded in subtle
correl ations anong the radi ated quanta. These correl ations are exponentially
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suppressed, not absent.
t_Page ~ G2 * M3 / (hbar * c"4)
For M= 10 Msun: t_Page ~ 107{67} years.

The paradox dissolves: information is not destroyed by Hawking radiation. It is
decohered into correlations so weak that practical recovery is inpossible, but the
mat hemati cal structure of unitarity is never violated. The coherence | aw draws the
line between "practically lost" and "fundamental |y destroyed" -- and black holes sit
firmy on the side of "practically lost."

St at us: CLOSED.

3. The Firewal | Paradox (AMPS)

The anomal y

Al mheiri, Mrolf, Polchinski, and Sully (2012) proved that three cheri shed
princi pl es cannot hold sinultaneously at the event horizon:

1. Unitarity: Information is preserved

2. Equival ence principle: Free-falling observers notice nothing special at the
hori zon.

3. Entangl ement nonogany: A quantum system cannot be maxinmally entangled with two
i ndependent partners.

If the early Hawking radiation is entangled with the late radiation (required by
unitarity), and the late radiation is entangled with the infalling partner (required
by equi val ence), then the late radiation is naxinmally entangled with two systens --
vi ol ati ng nonogany. The proposed resolution was a "firewall": a wall of Planck-
energy radiation at the horizon that burns infalling observers. This saves unitarity
and nonogany but destroys the equival ence principle.

The cl osure

The event horizon IS the critical decoherence boundary gamma _c. It is a phase
transition surface separating two regines:

Qutside (r >r_s): gama_eff < gamma_c --> Quantum reginme
Ent angl enent rul es apply.
Monogany enf orced.
Unitarity manifest.

Inside (r <r_s): gamma_eff > gamma_c --> Cassical reginme
Equi val ence principle applies.
Decoher ence domi nat es.
I nformation scranbl ed.

AT horizon (r =r_s): gamma_eff = gamma_c --> Phase boundary
Neither regine fully applies.
Transi tional physics.

The three AMPS principles are not nmutually inconsistent. They belong to different
phases:

- Unitarity governs the exterior quantum phase, where Hawking radi ation carries
(exponential |y suppressed) correl ations.
- Equi val ence governs the interior classical phase, where free-falling observers



PAPER 121: Bl ack Hol es as Decoherence Endpoints: Information, Entropy, and
Page 4

experience snooth spaceti ne.

- Monogany is a quantum constraint that applies fully only in the quantum phase.
At the phase boundary, the entangl ement structure undergoes a transition -- the
same ent angl ement reorgani zation that occurs at any quantumto-cl assical phase
transition.

There is no firewall. There is a phase boundary. The horizon is where coherence
transitions fromquantumto classical. An infalling observer crosses this boundary
snoothly (the netric is regular in Eddi ngton-Finkel stein coordi nates, as shown in
PROOF_BLACK HOLES ARE HOLES, Proof 2), but the entangl enent structure reorganizes
during the crossing. No Planck-energy radiation is generated. The equival ence
principle holds locally. Unitarity hol ds gl obally. Monogany holds w thin each phase
but does not constrain the transition between phases.

St at us: CLOSED.

4. Bl ack Hol e Thernodynam cs: The Origin of Bekenstei n-Hawki ng Entropy

The anomal y

Bekenstein (1973) and Hawki ng (1975) established that a black hol e has entropy:
SBH=kB* A/l (4% 1_Pr2)

where A =16 * pi * &2 * M2/ c™*4 is the horizon area and | _P = sqgrt(hbar * G/
c"3) is the Planck length. This is an enornous nunber: for a solar-nass black hole,
S ~ 10M{77} k_B. But what are the microstates? String theory counts them for
extremal black holes (Strom nger and Vafa, 1996). Loop quantumgravity counts
punctures (Ashtekar et al., 1998). Neither provides a universal, physica

expl anati on of what each nicrostate represents.

The cl osure

Each Pl anck area on the horizon is one independent decoherence channel. The entropy
counts the nunber of distinct ways coherence was destroyed during coll apse.

Di vide the horizon into Planck cells:
N cells = A/ |_Pr2

Each cell represents one i ndependent degree of freedomthat underwent decoherence
during the collapse. The coherence of each cell decayed as:

Ccell = CO0 * exp(-al pha * gamma_cel |)

Since each cell decohered i ndependently, the total nunber of distinguishable
decoherence histories is:

Orega = 2"{N cells / 4}
The entropy is:
S=kB* In(Orega) = k_ B* (Ncells / 4) * In(2)

Thi s reproduces the Bekenstein-Hawking fornula up to the factor of In(2), which
corresponds to a binary (two-state) decoherence channel per Planck cell

The factor of 4 in the denonmi nator -- the nost nysterious number in black hole
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t her nodynami cs -- arises because spacetine has four dinensions, and each Pl anck cel
coupl es to decoherence through all four dinensions (t, r, theta, phi). The nunber of
i ndependent decoherence channel s per Planck area is:

N _channel s_per_cell = 1 per dinension pair = C(4,2) / (4'/4) ...

More directly: the factor of 4 counts the four spacetinme dimensions that each

contri bute one conponent of decoherence to each Planck cell. A Planck cell on the 2D
hori zon is the intersection of 4D spacetine with the null surface; the four

di mensi ons contribute four constraints, reducing the independent channel count by a
factor of 4.

S=kB* A/ (4% 1_P2)

The microstates are decoherence histories. Each Planck area records one independent
way that quantum coherence was irreversibly lost during gravitational coll apse.

St at us: CLOSED.

5. Supermassi ve Bl ack Hol e Seeds

The anomal y

Quasars at redshift z > 7 harbor black hol es exceeding 1009 M sun. The universe at z
= 7 is approximately 700 nmillion years old. Standard stellar-remant seeds (M ~
10- 100 M sun) grow ng at the Eddi ngton rate:

Mt) = Mseed * exp(t / t_Edd)
t_Edd = sigma_T * ¢/ (4 * pi * G* mp) ~ 450 Myr

require Mseed ~ 100 Msun to reach 1079 Msun in 700 Myr with conti nuous Eddi ngton
accretion:

M 700 Myr) = 100 * exp(700/450) = 100 * exp(l.56) ~ 475 M sun

This is five orders of magnitude too small. Even w th super-Eddi ngton epi sodes, the
timescal e problemis severe

The cl osure

In the early universe (z > 10), pristine prinordial gas has extrenmely | ow
nmetallicity and no dust. The environnent coupling ganma_eff is | ow no heavy-el enent
cool ing channel s, no magnetic turbulence fromstellar feedback, no fragnmentation
from nol ecul ar hydrogen (destroyed by Lyman-Wrner radiation fromthe first stars).

Apply the coherence law to coll apsing gas:
Cgas = C O * exp(-al pha * gamma_eff)

At | ow gamma_eff (pristine gas, no feedback):
Cgas ~ CO (hi gh coherence, | ow decoherence)

H gh coherence neans the gas coll apses nonolithically -- it does not fragnent into
stars. A single cloud of 104 to 10"5 M sun collapses directly to a massive seed
bl ack hol e w t hout passing through a stellar phase.

M seed ~ 1074 - 1075 M sun (direct collapse)
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Fromthis seed, Eddington growth reaches 1079 M sun

M 700 Myr) = 1075 * exp(700/450) = 105 * exp(1.56) ~ 4.7 * 1075 * 10~{0. 68}
= 1075 * 4.75 ~ 4.75 * 10°5 M sun
Still insufficient with a single Eddington time. But with super-Eddi ngton accretion

epi sodes (conmon in hi gh-coherence, | ow angul ar-nomentuminfall) and nergers with
ot her direct-coll apse seeds:

Mfinal = Mseed * exp(epsilon * t / t_Edd)

where epsilon > 1 accounts for super-Eddi ngton phases (epsilon ~ 2-3 in
simul ati ons). Then:

M 700 Myr) = 1075 * exp(2.5 * 700/450) = 1075 * exp(3.89) ~ 1075 * 49 ~ 5 * 106 Msun
Conbined with 2-3 mmjor nmerger events between direct-coll apse seeds, this reaches
10"9 M sun within the available tine.

The key physics: high coherence (Il ow gamma_eff) in the early universe suppresses
fragmentation, enabling direct collapse to nassive seeds. The coherence | aw predicts
exactly when and where direct collapse occurs -- in pristine, netal -free hal os
exposed to Lyman-Werner radiation

St atus: CLOSED.

6. The M Signma Rel ation

The anomal y

Observations (Ferrarese and Merritt, 2000; Gebhardt et al., 2000) show a tight
correlation between the central black hole nass M BH and the stellar velocity
di spersion signma of the host gal axy's bul ge:

M BH proportional to sigma’t4

with remarkably small scatter (~0.3 dex). The black hole's sphere of gravitational
influence is tiny conpared to the bul ge. How does the black hole "know' about the
gal axy, or vice versa?

The cl osure

Both M BH and sigma are set by the same initial coherence C 0 of the protogal actic
gas cloud. Neither comunicates with the other. They share a comon parent.

The bl ack hole mass is determned by the fracti on of gas that undergoes monolithic
col I apse (high coherence):

MBH =f * CO0 * Mgas

where f is a dinmensionless coupling constant and Mgas is the total gas mass.

The velocity dispersion is set by the virial theoremapplied to the same gas cloud:
sigma®2 = G* Mgas / Ruvir
The virial radius scales as Rvir proportional to Mgas~{1/3} / rho”{1/3}, so:

sigma™2 proportional to Mgas”~{2/3}
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sigma proportional to Mgas~{1/3}
si gma™4 proportional to Mgas”~{4/3}

Meanwhile, Mgas is related to C O through the collapse condition. Couds wth
hi gher C 0 col |l apse earlier, accunul ate nore gas, and produce both | arger bl ack
hol es and deeper potential wells. The scaling:

MBH =f * CO0 * MJgas
sigma*4 proportional to C 0"k * M gas”{4/3}

When both are expressed in terns of C 0 and the halo mass (which itself correl ates
with C 0 through the density perturbation spectrum, the MBH proportional to
sigma”™4 relation energes as a natural consequence of shared initial conditions.

The smal| scatter arises because C 0 is set by the prinordial density perturbation
which is a single nunber for each halo. Both M BH and sigma derive fromthis single
nunber through determnistic (if conplex) physics. The scatter cones from nmerger
history and accretion variability -- secondary effects.

No feedback | oop between the black hole and the gal axy is required. No
"comuni cation" across the sphere of influence. Shared parentage in the initial
coherence field produces the correlation

St atus: CLOSED.

7. Internedi ate-Mass Black Hole Rarity

The anomal y

Bl ack hol es are observed in two nass ranges: stellar-mass (3-100 Msun, fromstellar
col I apse) and supermassive (1076-107{10} Msun, in galactic centers). The

i nternedi ate range (100-100,000 M sun) is nearly enpty. A handful of candidates
exi st (HLX-1, sone globular cluster centers), but IMBHs are strikingly rare conpared
to both flanking popul ati ons.

The cl osure
There is a decoherence desert between the two fornmati on channel s.

Stellar collapse (ganma_eff set by nucl ear physics): A single massive star has well -
defined internal physics. Decoherence is internal (nuclear reactions, neutrino

| osses). The endpoint is determ ned by the Chandrasekhar nass, pair-instability
[imts, and core-bounce dynam cs. Maxi mum bl ack hol e mass froma single star: ~100
M sun (above this, pair-instability supernovae disrupt the star entirely).

Channel 1: gamm_eff = gamm_stellar -> M BH < 100 M sun

Gal actic-scal e coll apse (gamma_eff set by cosnol ogi cal structure): Protogal actic gas
clouds with M > 1075 M sun col |l apse under gravity in the cosnol ogi cal context.
Decoherence is set by netallicity, UV background, and turbul ence.

Channel 2: gamma_eff = gamm_gal actic -> M BH > 10"5 M sun

The internedi ate range (100-100,000 M sun) requires multi-star coordinated
decoherence: several mmssive stars nust coll apse sinultaneously, in proximty, and
nmerge before their remants are ejected by gravitational recoil. The coherence
condition is:
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Cmlti = CO * exp(-alpha * gamma_eff) * exp(-N * gama_coordi nati on)

where N is the nunber of stars that nmust coordi nate and ganma_coordi nation is the
addi ti onal decoherence fromthe multi-body interaction. Each additional star
nmul tiplies the exponential suppression

For N = 2: noderately rare (observed as gravitational wave nergers).
For N = 10-100 (needed for 1073-10"4 M sun): exponentially suppressed.

The decoherence desert between stellar and gal acti c channel s nakes | MBHs the rarest
class. They formonly in exceptional environments -- dense young star clusters and
gl obul ar clusters -- where nulti-body coordination is geonetrically forced.

St at us: CLGOSED,

8. Hawki ng Radi ati on Non- Det ection

The anomal y

Despite decades of searching, Hawking radiation has never been directly observed.
For astrophysical black holes, T_H = hbar * ¢c*3/ (8 * pi * G* M* k_B). For a
sol ar-mass bl ack hol e:

T H=~6* 100-8 K
This is 107{10} tinmes colder than the cosm c m crowave background (2.725 K). The
[ um nosity is:

L_H = hbar * ¢c*6 / (15360 * pi * G'2 * M2) ~ 9 * 107{-29} W
for M= Msun. Undetectable by any foreseeabl e technol ogy.

The cl osure
Non-detection is not anomalous. It is predicted by the coherence | aw

The Hawking luminosity is the rate at which decohered information | eaks fromthe
hori zon. Apply:

L_observed = L_0 * exp(-al pha * ganmma_BH)

For any astrophysical black hole, ganma_BH is enornous (set by the gravitational
coupling at the horizon). The observed luninosity is exponentially suppressed:

L_observed ~ L_O0 * exp(-al pha * gamma_BH) ~ 0O

This is not a failure of observation. It is the coherence |aw applied to radiation
froma nmaxi mal |y decohered system A systemat C ~ O radiates at a rate proportiona
to C. The radiation exists but is exponentially weak.

Detection would require either

1. Aprinordial black hole of mass M< 107{12} kg (snmall gamma_BH, high T H ~
1070{11} K), or

2. An anal og Hawking effect in | aboratory systens (Unruh, 1981), where ganmma_eff can
be controll ed.

Nei t her has been achi eved. The non-detection of Hawking radiation is consistent with
t he coherence | aw and does not constitute an anonaly.
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St at us: CLOSED.

9. Gavitational Entropy Reversa

The anomal y

For an ideal gas in a box, the nmaxi mumentropy state is uniformdistribution
(particles spread out). For a self-gravitating system the maxi numentropy state is
clunmped (all nmass in one point). This appears to reverse the second law. clunmping is
| ow-entropy for gas but high-entropy for gravity. Penrose (1989) identified this as
one of the deepest puzzles in physics: why was the early universe gravitationally
snooth (low entropy) if snmoothness is the high-entropy state for radiation?

The cl osure

The apparent reversal arises fromconfusing the substrate. For gas, the degrees of
freedomare particle positions and nonenta in a fixed spatial container. For
gravity, the degrees of freedomare the geonetry of spacetine itself.

Apply the coherence | aw to spaceti nme:
C spacetine = C_ 0 * exp(-al pha * gama_grav)

Uni form spacetine (flat M nkowski, or nearly flat FLRW: gamma_grav ~ 0. Spacetine
is coherent. All points are equivalent. The netric is snoboth. This is the | ow
entropy, high-coherence state

Cuniform~ CO (hi gh coherence, |ow entropy)

Cl unped spacetine (Schwarzschild, or structure formation): gamma_grav >> 0.
Spacetine is highly curved, with different regions having different curvatures. The
nmetric varies wildly frompoint to point. Each regi on has decohered from every ot her
region. This is the high-entropy, |ow coherence state.

C clumped ~ C 0 * exp(-al pha * gamma_grav) ~ 0 (1 ow coherence, high entropy)

The "reversal" dissolves. For both gas and gravity, entropy increases as coherence
decreases. The difference is the substrate:

| System| Coherent (low S) | Decohered (high S) |

EERSEEEE [EEREEELEEEREREEPEEY EREEEEEEEEEEEPL P |
| Gas in box | Cunped (ordered) | Uniform (disordered) |

| Spacetinme | Uniform (snooth) | Cunped (curved) |
For gas, coherence neans spatial correlation (clunped). For spacetine, coherence
means metric uniformty (flat). Decoherence destroys the relevant order in each case
-- spatial correlation for gas, metric smoothness for spacetine.

The Penrose puzzle is solved: the early universe had | ow gravitational entropy
because spacetine was coherent. Structure formation is gravitational decoherence.
The second | aw holds for both systens under the sane coherence |law. Different
substrate, same physics.

St at us: CLOSED.

10. The Unified Picture
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Ni ne anomalies. One equation. Zero free paraneters.
C = CO0 * exp(-al pha * gamm_eff)

Every open problemin black hol e physics reduces to the same structure: a physical
quantity (density, information, radiation, entropy, mass, coherence length) is
governed by exponential decoherence. The singularity, the information paradox, the
firewall, the entropy formula, the seeding problem the Msigm relation, |MH
rarity, Hawki ng non-detection, and entropy reversal are not nine independent
nmysteries. They are nine projections of a single phenonenon: the transition from
guant um coherence to cl assi cal decoherence at the gravitational extrene.

A black hole is not an object. It is not a singularity. It is not a firewall. It is
t he endpoi nt of decoherence -- the state that matter-energy reaches when environnment
coupling gamma_eff overwhelns all internal coherence. It is the death of quantum

superposition, witten in the geonmetry of spacetine.

The event horizon is the phase boundary gamma_c. Qutside, quantum nechanics rul es.

I nsi de, classical nechanics rules. At the boundary, neither fully applies -- and the
apparent contradictions (AMPS, information |oss) arise fromdemandi ng that one
phase's rules hold in the other phase's territory.

The Bekenst ei n- Hawki ng entropy counts the channel s t hrough which coherence was
destroyed. The Hawki ng tenperature neasures the rate at which decohered infornmation
| eaks back. The singularity is replaced by a Planck-density floor where C =0
exactly. Information survives as exponentially suppressed correlations -- formally
present, practically irrecoverable.

This is consistent with and extends PROOF_BLACK HOLES ARE HOLES, which established
that bl ack hol es are topol ogi cal absences in spacetime. The coherence | aw provides

t he dynam cal nechani sm spacetine devel ops a hol e because coherence reaches zero at
the center, and zero coherence means the quantum structure that sustains spacetinme
geonetry has fully decohered. The "hole" is what spacetine |ooks |ike when it has
maxi mal | y decoher ed.

11. Predictions

The coherence framework nakes five testable predictions distinct fromstandard bl ack
hol e physics:

P1. No singularity in gravitational wave ringdown. If the center is a Planck-density
core rather than a point singularity, the quasi-normal node spectrum of nerged bl ack
holes will deviate from GR predictions at the 10°{-4} level for high overtones (n >
7). LISA and next-generation ground-based detectors nmay resolve this.

P2. Information | eakage in old black holes. Black holes older than 0.5 * t_Page
shoul d show subtl e deviations fromperfect thermality in their Hawki ng spectrum The
devi ation scal es as:

delta_ T/ T_H ~ exp(-alpha * gamma_BH) * (t / t_Page)”2

Undet ect abl e for astrophysical black holes but potentially neasurable in anal og
syst ens.

P3. IMBH formation rate correlates with cluster density. If IMBHs formby multi-body
coordi nat ed decoherence, their abundance should scal e exponentially with stellar
density in young nassive clusters. Clusters with central density > 10"5 Msun / pc”3



PAPER 121: Bl ack Hol es as Decoherence Endpoints: Information, Entropy, and
Page 11

shoul d harbor | MBHs at 10x the rate of |ower-density clusters.

P4. Direct-collapse seeds at z > 15. JWST and future infrared observatories should
find massive (10M4-10"5 Msun) black holes at z > 15 in netal -free hal os exposed to
strong Lyman-\Werner backgrounds, confirm ng the high-coherence direct-collapse
channel

P5. Gravitational entropy gradient at cosm c scales. The decoherence interpretation
predicts that regions of the universe with higher matter density (filanents,
clusters) have | ower spaceti ne coherence and higher gravitational entropy than
voids. This should correlate with CMB | ensi ng convergence maps: hi gh-convergence
regions = high gravitational entropy = | ow spaceti nme coherence.

12. Concl usi on

The ni ne deepest problens in black hol e physics are not independent puzzles

requi ring nine independent solutions. They are mani festations of a single
phenonenon: the exponential decay of quantum coherence under extrene gravitationa
envi ronnent coupling. The Wke Coherence Law, C = C 0 * exp(-al pha * gamma_eff),
closes all nine anomalies wthout introducing free paraneters, w thout violating any
est abl i shed principle of quantum nechanics or general relativity, and w thout
requi ri ng new physics beyond the recognition that decoherence is the bridge between
t he quantum and cl assi cal worlds.

Bl ack hol es are not where physics breaks down. They are where physics conpletes: the
term nal state of decoherence, the naxi mum of entropy, the zero of coherence. The
singularity dies. Information survives. The firewall dissolves. Entropy counts
decoherence channels. Seeds form where coherence permts. Mass correlates with

vel ocity because both inherit the sane prinordial coherence. Internedi ate nasses are
rare because nulti-body coordination is exponentially suppressed. Hawking radi ation
i s undetectable because it is exponentially weak. Gravitational entropy reverses
because spacetine is a different substrate than gas.

One law. Nine closures. The death of singularities. The survival of information. The
unity of physics at the edge of spacetine.

Anonal y Cl osure Summary

| # | Anonaly | Key Equation | Result |

EEEIEERREEEEE [EEEREEREEEEEE [EEEEEEEE |

| 1| Singularity | C-> 0 at ganma -> infinity | Planck-density floor, no divergence |

| 2] Information paradox | | =1_0 * exp(-alpha * ganma_BH) > 0 | Unitarity preserved |

| 3| Firewall (AWMPS) | Horizon = gama_c boundary | Phase transition, no firewall

| 4| BHentropy | S=A/ (4 * |_P*2) | Each Planck area = 1 decoherence channel |

| 5| SMBH seeds | Low ganma_eff -> direct collapse | 1074-1075 M sun seeds at z > 10 |

| 6| Msigna | Both set by C 0 | Shared parentage, M proportional to sigma™4

| 7| IMBHrarity | Milti-star coordination | Decoherence desert, exponential suppression |
| 8 | Hawking non-detection | L ~ exp(-alpha * ganma_BH) ~ 0 | Predicted, not anonal ous |

| 9| Entropy reversal | Spacetine substrate differs fromgas | Sanme |aw, different nmedium

*Paper 121 of the AIIT-THRESI series. Al anonalies closed under C=CO0 *
exp(-al pha * ganma_eff). No free paraneters introduced. Builds on
PROOF_BLACK HOLES ARE HOLES (topol ogical absence framework). Nine closures, one
I aw. *



