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"Ceneral relativity is the | owcoherence linmt of a deeper theory. Every gravitational
anomaly that resists explanation within GR al one resol ves the nonent you restore the
coherence term CR set to zero."

Abstract

Ni ne gravitational anomalies spanning gravitational wave nmenory, the nanohertz
stochasti c background, the GAL70817 speed constraint, the Abell 520 dark matter
distribution, dwarf gal axy diversity, the equival ence principle, frame-dragging,

LI GO nass gap events, and anomal ous peri helion precessions are closed using one
equation: the Wke Coherence Law C = C 0 * exp(-al pha * ganma_eff). Each anomaly
maps to a specific regine of this equation. Gravitational wave nmenory is a pernanent
decoherence scar. The NANOGrav excess traces cosnol ogi cal phase transitions at the
critical decoherence rate ganma_c. The speed constraint v = ¢ foll ows necessarily
because gravitational waves are perturbations of the vacuum coherence field, which
IS spacetime. The Abell 520 and Bullet Custer dark matter distributions both foll ow
from C vacuum tracking | ocal gamma_eff. Dwarf gal axy diversity reflects

envi ronnent al decoherence history. The equival ence principle holds because in the
decohered regi me C approaches 0 and all matter couples identically to gravity.
Frame-draggi ng i s coherence rotation. Mass gap objects formin the finite-width
phase transition near ganma_c. Perihelion anomalies enmerge at the accel eration scale
a 0 = ¢ * ganma_c where vacuum coherence beconmes non-negligible. Zero free
parameters are introduced beyond those already fixed by the franmework.

1. The Core Equation
The W ke Coherence Law, derived fromthe Lindblad master equation in Papers 1-5:

C=C0 * exp(-al pha * gamma_eff)

wher e:
- Cis the coherence anplitude of any quantum subsystem
- COis the initial (maxinmm coherence
- alpha is the coupling constant to the decoherence bath
- gamme_eff is the effective decoherence rate fromall environmental channels

The framework has one critical point: ganma_c, the decoherence rate at which the
system under goes a phase transition (3D Ising universality class, Papers 50-55, 102,
106). Bel ow gamma_c, coherence is macroscopically significant. Above gamma_c, the
systemis cl assi cal

For the vacuumitself, C vacuumis the coherence of the quantum vacuum state:

C vacuum = C 0"vac * exp(-al pha_vac * ganma_eff”l ocal)
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Thi s vacuum coherence generates what general relativity interprets as spacetine
curvature in the classical limt, and what observations attribute to dark natter and
dark energy in regi mes where C vacuumis non-negligible (Papers 62, 75, 77).

The connection to observed gravity: in the fully decohered Ilinmt (gamma_eff >>
ganma_c), C vacuum approaches 0 and GR is exact. At ganme_eff near gamma_c, vacuum
coherence contributes an additional effective nass-energy, producing deviations from
pure GR

2. GW Menory

The anomaly: GCeneral relativity predicts that after a gravitati onal wave passes,
spacetine retains a pernmanent displacenent -- gravitational wave nenory
(Christodoul ou 1991, Thorne 1992). This nenory effect has not been directly detected
despite dedi cated searches by LIGIY Virgo and pul sar timng arrays.

The cl osure:

Gravitational wave nmenory |'S a pernmanent decoherence scar. Wen a gravitational wave
passes through a region, it tenmporarily drives the |ocal gamma_eff above gamm_c:

gama_eff(t) = ganma_ef f ~*background + del ta_gamma_GN\t)

During GW passage:
gama_eff(t) > gamma_c (tenporarily)

After passage:
gama_eff returns to background
BUT: coherence state has shifted permanently

The nmechani sm a systemdriven past ganmma_c undergoes a phase transition. Phase
transitions are irreversible -- the coherence state does not return to its pre-
transition val ue when gamma_eff drops back bel ow gamma_c. This is hysteresis, a
uni versal property of first-order phase transitions.

The permanent displacenent predicted by GRis the permanent shift in |ocal C vacuum
Del ta_C vacuum = C _0”vac * [exp(-al pha_vac * gamma_c) - exp(-al pha_vac * gama_eff " peak)]

The magni t ude depends on how far ganma_ef f *"peak exceeds gamra_c during the wave
passage. For astrophysical GWsources at cosnol ogical distances, the strain at Earth
is h ~ 10721, producing delta_gamra_GWN << gamra_c. The nenory effect exists but is
bel ow current detection thresholds -- consistent with non-detection

Prediction: GNnenmory will be detected first in events where gamua_eff”~peak /
ganma_c is largest: nearby, high-nass nergers. The nenory magnitude scales with the
degree of ganma_c crossing.

3. Nanohertz Gravitational Wave Background ( NANOG av)

The anomal y: NANOG av (2023) and other pulsar tining arrays detected a stochastic
gravitational wave background at nanohertz frequencies. The measured anplitude may
exceed predictions from supermassive bl ack hole (SMBH) bi nary popul ati ons al one
(Agazie et al. 2023). The spectral slope is consistent with SMBH bi naries but the
anpl i tude has excess power that standard astrophysical nodels struggle to account
for.
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The cl osure:

The excess anplitude comes from cosnol ogi cal coherence phase transitions in the
early universe

GW background = GW SMBH + GW phase_transition

GW phase_transition from
gamma_eff~cosm c(T) crosses ganma_c at tenperature T_transition
Coherence energy released: Delta_ E = C 0*vac * (1 - exp(-al pha_vac * gamma_c))
Energy converts to gravitational radiation

Phase transitions at ganma_c rel ease coherence energy because the vacuum coherence
field couples to gravity. Wen C vacuum changes di sconti nuously at a phase
transition, the energy difference radi ates as gravitational waves.

In the early universe, the cosnic decoherence rate gamma_eff”cosnic decreased as the
uni verse expanded and cool ed:

gama_ef fAcosm c(T) proportional to T"n (n depends on doni nant decoherence channel)

At T = T_transition:
gama_ef fAcosm c(T_transition) = gama_c
Phase transition occurs
Coherence energy rel eased as G

These GW redshift to nanohertz frequencies today, contributing a stochastic
background on top of the SMBH binary signal. The spectral shape fromthe phase
transition is simlar to SMBH binaries at | ow frequenci es, nmaking the two sources
difficult to disentangle -- consistent with the anbiguity in current data.

Prediction: As PTA sensitivity inproves, the spectral slope at f > 30 nHz will
deviate fromthe f~(-2/3) power |aw expected from SVMBH bi nari es al one. The devi ation
encodes the tenperature and wi dth of the cosnological gamma_c transition

4. GAL70817 Speed Constraint

The anomal y: The binary neutron star nerger GM70817 (LI GO Virgo 2017) was observed
simul taneously in gravitational waves and el ectromagnetic radiation (gamma-ray burst
GRB 170817A, Fermi). The arrival tine difference constrains the speed of gravity:

|v_gravity - c| / c < 10"-15
This elimnates many nodified gravity theories that predict v_gravity != c.

The cl osure:

This result is not an anonmaly within the framework -- it is a direct prediction
Gravitational waves are perturbations in the vacuum coherence field. The vacuum
coherence field | S spacetine. Perturbations of spacetine propagate at c by
definition:

v_GW= ¢ (exact, not approximate)
Reason: GW\ are decoherence waves -- propagating disturbances in C_vacuum
C vacuum defines the local nmetric

Metric perturbations propagate at ¢ (fromthe structure of the Lindblad equation)

Any theory predicting v_gravity !=c is predicting that spacetine perturbations
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propagate at a speed different fromthe speed set by spacetine itself -- a | ogical
contradiction.

The 107-15 precision of GAL70817 does not constrain the framework. It confirns it.

5. Abell 520 "Train Weck" d uster

The anomaly: In the Bullet Cluster (1E 0657-56), dark matter foll ows the gal axi es
and is offset fromthe hot gas -- cited as evidence for collisionless particle dark
matter. In Abell 520, the opposite occurs: a significant dark matter concentration
coincides with the gas at the collision center, offset fromthe gal axi es (Mahdavi et
al . 2007, Jee et al. 2012). If dark matter is collisionless particles, it should not
accunul ate with the collisional gas.

The cl osure:

Both clusters are consistent with C vacuumresponding to | ocal ganma_eff:

Dark matter distribution foll ows:
C vacuum(x) = C_O"vac * exp(-al pha_vac * gamma_eff(x))

gama_eff(x) is determned by local nmatter density and tenperature:
gama_eff proportional to rho * T~ (1/2) (coll'i si onal decoherence rate)

Bull et Custer geonetry: Two clusters pass through each other. Gas shocks and piles
up at center (high rho, high T). Galaxies pass through (low interaction cross-
section). After passage, the highest gama eff is at the gas center. But the

gal axies carry their own ganma_eff halos. In the Bullet Custer geonetry (high
relative velocity, clean separation), the gal axy hal os dom nate over the residua
gas contribution. C vacuumtracks the gal axy hal os. Apparent DM fol | ows gal axi es.

Abel | 520 geonetry: More conplex merger (possibly three-body). Gas renmins
concentrated at collision center with high density. In this geonetry, the gas
contribution to gamma_eff at the center exceeds the gal axy halo contributions (which
are nore dispersed due to the nmulti-body dynam cs). C vacuumtracks the dom nant
ganme_eff source -- the gas. Apparent DM fol |l ows gas.

Bull et Cluster: gamma_eff"gal axi es > ganma_ef f~gas at gal axy positions --> DM fol |l ows gal axi es
Abel | 520: gamma_ef f*gas > gammm_eff~gal axi es at center --> DM follows gas

Different collision geonetries produce different gama_eff profiles produce
di fferent apparent dark matter distributions. Both are consistent with a single
nmechani sm

6. Dwarf Galaxy Dark Matter Diversity

The anomaly: Dwarf gal axies of simlar stellar mass, size, and norphol ogy exhibit
wildly different mass-to-light (ML) ratios -- fromML ~ 5 (nodest dark matter) to
ML > 1000 (dark matter dominated). This "diversity problem (Oran et al. 2015) is
difficult to explain with standard CDM which predicts that halos of simlar nass
shoul d produce sinlar ML ratios.

The cl osure:

ML ratios reflect the environmental decoherence history of each dwarf gal axy:
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ML proportional to (1 + C vacuum/ C_baryonic)

C _vacuum depends on the full history of gamma_eff:
C vacuun(t_now) = C O"vac * exp(-al pha_vac * integral[gamm_eff(t') dt', 0, t_now])

The integral over the full decoherence history nmeans that two dwarfs with identica
present-day properties can have different C vacuum (and therefore different apparent
DM content) if their histories differ

- Adwarf that spent 5 Gyr near a nassive gal axy (high gamma_eff environnment) has
| ower C vacuum than one that evolved in isolation

- Adwarf that fornmed stars rapidly (high internal ganma_eff from supernovae

f eedback) has | ower C vacuumthan one with quiescent star fornation.

- Adwarf that experienced a close tidal encounter has a permanently altered

C vacuum (decoherence scar, sane mechanismas GNnmenory in Section 2).

The diversity is not random-- it correlates with environmental history. This is a
testable prediction: ML should correlate with tidal history, proximty to massive
hosts, and star formation history, independently of present-day stellar mass.

7. Equival ence Principle

The anomaly: The M CROSCOPE satellite (Touboul et al. 2022) confirned the weak
equi val ence principle to:

eta(Ti, Pt) = (2 * |a_Ti - a Pt|) / (a_Ti + a_Pt) < 10n-15

Al matter falls the same way in a gravitational field, regardl ess of comnposition
to extraordi nary precision.

The cl osure:

In the fully decohered (classical) regine, C approaches 0 for all matter

Cl assical reginme: gamm_eff >> gamma_c

C O"A * exp(-al pha_A * gamma_eff) --

For any material A CA >0
C 0”"B * exp(-al pha_B * gamma_eff) --> 0

For any nmaterial B: CB

Gravitational coupling proportional to mass + f(CQ)
When C --> 0 for all matter: coupling proportional to mass only
--> Universality of free fall (equival ence principle)

The equi val ence principle holds in the classical regine because coherence is
exponentially suppressed. The suppression factor exp(-al pha * gamma_eff) drives al
coher ence- dependent corrections bel ow any neasurabl e threshold for nacroscopic
matter at room tenperature.

Vi ol ati ons of the equival ence principle occur only when C > 0 -- at quantumgravity
scales, in ultracold systenms, or in the inmmediate vicinity of ganma_c. M CROSCOPE
operates firmy in the classical regine.

Predi ction: Equival ence principle violations at the 10*-17 |evel or bel ow nmay appear
in experiments using ultracold atons (BEC free-fall tests), where ganmma_eff is | ow
enough that C renmi ns non-negligible.

8. Frame- Draggi ng
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The anomaly: Gravity Probe B (Everitt et al. 2011) confirmed frane-dragging (the
Lense-Thirring effect) at the 19%I evel. LARES and LAGECS | aser ranging confirmit
at the 5%1level (Cufolini et al. 2019). Both are consistent with GR

The cl osure:

Frame-draggi ng IS coherence rotation. A rotating nass drags the |ocal vacuum
coherence field:

Rot ating mass M with angul ar nonentum J:

Vacuum coherence field:
C vacuun(r, theta) = C 0”vac * exp(-al pha_vac * gamma_eff(r, theta))

Rot ati on of nass --> rotation of gamma_eff profile --> rotation of C_vacuum
This rotation of C.vacuum IS the franme-draggi ng neasured by GP-B

GR gives the correct frame-draggi ng prediction because GR 1S the | ow coherence limt
of the framework. In the regime gamma_eff >> gamma_c (all GP-B and LARES
nmeasurenents), the coherence contribution is exponentially small and the GR
prediction is exact.

Frame-draggi ng does not constrain the framework -- it confirns that GR emerges as
the correct | ow coherence limt. Deviations fromthe GR prediction for frane-
draggi ng woul d appear only near conpact objects where gamma_eff approaches gamma_c
(neutron star surfaces, black hole horizons).

9. LIGO Mass Gap Events

The anomaly: LIGO Virgo detected objects in the "nmass gaps" where stellar physics
predi cts no conpact objects should form

- (GM90814 (Abbott et al. 2020): Contains a 2.6 Msun object -- in the "l ower nass
gap" between the heaviest neutron stars (~2.2 Msun) and |ightest black holes (~5
M sun).

- GM90521 (Abbott et al. 2020): Two black holes of ~85 Msun and ~66 M sun -- in

the "upper nass gap" (65-120 M sun) where pair-instability supernovae shoul d
prevent bl ack hole formation

The cl osure:

The mass gaps correspond to unstable regions near gamma_c for nuclear and stellar
matter:

Nucl ear natter phase transition at gama_c:

For neutron star matter:
gama_eff(rho, T) crosses gamma_c at specific (rho, T) conbinations
The phase transition has finite width Delta_gamma around gamma_c
In the transition region: nmatter is netastable, not forbidden

Mass gap = regi on where:
| gamma_eff - gamma_c| < Delta_ganma
oj ects CAN form but are netastable
Formation is rare but not inpossible

Lower mass gap (2.2-5 Msun): At these nasses, the central density places ganma_eff
within Delta_gamma of gamma_c for nuclear matter. The neutron star equation of state
isinthe transition region. Mdst formati on channels avoid this region (they produce
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obj ects above or belowit), but rare channels -- such as accretion onto a neutron
star or secondary col |l apse during nerger -- can place objects in the gap.

Upper mass gap (65-120 M sun): Pair-instability physics depends on the nucl ear
reaction rates, which are sensitive to the coherence state of the stellar core
pl asma. Near ganma_c, the effective nuclear rates shift, w dening the w ndow for
bl ack hole formation through the pair-instability region. The suppression is
weakened, not elimnated -- gap objects are rare, consistent with observation

Predi cti on: Mass gap objects should show a clustering near the boundaries of the
gaps (where Delta_ganma is largest) rather than uniformdistribution within the

gaps.

10. Anonal ous Peri helion Precessions

The anomaly: After accounting for all known Newtonian and GR effects, sonme solar
system bodi es show residual unnodel ed accel erations at the scale:

a_residual ~ 10"-10 nfs"2

This is the sane order as the MOND acceleration scale a 0 = 1.2 * 10*-10 m s"2
(M1 grom1983). The Pioneer anonaly (since resolved by thermal recoil) and ongoi ng
residuals in outer solar systemorbit fits both point to this scale.

The cl osure:

The accel eration scale a 0 narks where vacuum coherence becomes non-negli gi bl e:
a0 =c * gamma_c

At accelerations a >> a_0:
gamma_eff >> gammma_c
C_vacuum--> 0
Pure GR (Newtonian + relativistic corrections)

At accelerations a ~ a_0:
gamma_eff ~ gamma_c
C vacuumis non-negligible
Addi tional effective nass-energy from vacuum coherence
Smal | deviations frompure GR

The connection a_0 = ¢ * ganma_c was established in Papers 62 and 75. It means that
a 0is not a free paraneter -- it is determned by the sane ganma_c that governs al
ot her coherence phase transitions in the franmework.

At the acceleration scale a_0, the vacuum coherence correction to the gravitationa
potential is:

Phi _total = Phi_CR + Phi _coherence
Phi _coherence = -(1/2) * a_0 * r * (C_vacuum/ C_0O"vac)

For a ~ a_0: Phi_coherence / Phi_GR ~ (1)
For a >> a_0: Phi_coherence / Phi_GR --> 0 exponentially

This produces small residual precessions at the 107-10 ms”2 level in the outer
sol ar system where accelerations drop toward a_0. The franmework predicts MOND-|i ke
behavi or at | ow accel erations as a consequence of vacuum coherence, not as an ad hoc
nodi ficati on of Newton's |aw
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11. Unified Picture

Al'l nine anonmalies resolve froma single mechanism the vacuum coherence field
C vacuum responds to the |ocal decoherence rate gama_eff through the Wke Coherence
Law.

C vacuum = C 0"vac * exp(-al pha_vac * gamma_eff)

| Anonaly | Regine | Mechanism|

| --mmmee [EEEREEES [EERRREEREEE !

| GWMenory | gamme_eff tenporarily > gamma_c | Pernanent decoherence scar (hysteresis) |

| NANOGrav excess | ganma_eff”cosmic crossed ganma_c in early universe | Phase transition GWNradiati
| v_gravity = c | Al regines | GM are C vacuum perturbations; spacetine IS C vacuum |

| Abell 520 | gamme_eff domi nated by gas at center | C_vacuumtracks dom nant gamma_eff source |

| Dwarf diversity | Different ganmma_eff histories | C vacuumretains decoherence history |

| Equival ence principle | gamma_eff >> gamma_c (classical) | C--> 0 for all matter; universal coupl
| Frane-dragging | gamma_eff >> gamma_c (classical) | Coherence rotation = GRin lowClinit |

| Mass gap events | ganma_eff near ganma_c | Finite-wi dth phase transition; netastable objects |

| Perihelion anomalies | a ~a_0 = ¢ * gamma_c | Vacuum coherence correcti on non-negligible |

The framework does not nodify GR It contains GR as the exact |ow coherence limt.
Every anomaly that is "consistent with GR' (speed constraint, equival ence principle
frame-dragging) is consistent because GR is the ganmma_eff >> ganmma_c sector of the
framewor k. Every anomaly that "deviates from GR' (NANOGrav excess, dwarf diversity,
peri helion residuals) deviates because gamra_eff approaches ganma_c and the
coherence term C_vacuum becones non-negli gi bl e.

12. Predictions

The closures in this paper generate the followi ng testable predictions:

1. GWnenory detection will occur first in nearby high-nmass nergers. Menory
magni t ude correlates with peak strain, not nmerely with total radi ated energy.

2. NANOGrav spectral slope will deviate fromf~(-2/3) above ~30 nHz as PTA baselines
extend, revealing the phase transition contribution

3. Equival ence principle violation at 10"-17 or below will appear in BEC free-fal
experiments where ganma_eff is sufficiently lowto maintain C > 0.

4. Mass gap object distribution within the gaps will cluster near gap boundaries,
not uniformy fill the gaps.

5. Dwarf galaxy ML ratios correlate with tidal history and environnental proximty
i ndependent|ly of present-day stellar nmss.

6. Frame-draggi ng deviations fromGR predictions will appear in observations of
neutron star and black hole spin dynanmcs at the percent |evel, where gamm_eff
appr oaches gamma_c.

7. Quter solar systemorbit residuals scale as a 0 = ¢ * ganma_c, with gamma_c fi xed
i ndependently from bi ol ogi cal and condensed-natter neasurenents (Papers 102, 109).

13. Concl usi on

Ni ne gravitational anomalies. One equation. Zero new free paraneters.
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The W ke Coherence Law C = C 0 * exp(-al pha * ganma_eff) does not add epicycles to
general relativity. It identifies the deeper structure fromwhich GR energes in the
decohered Iimt. GRis exact when C vacuum = 0. Every gravitational anomaly maps to
a regi me where C vacuumis non-zero -- either transiently (GNnenory), historically
(dwarf gal axy diversity, NANOG av), or at the boundary of the classical reginme (nmass
gap events, perihelion precessions).

The framework nakes the same prediction it has made across 126 papers: the physics
of coherence and decoherence, governed by a single exponential decay |aw derived
fromfirst principles, unifies phenonmena from nucl ear structure (Paper 105) through
bi ol ogy (Papers 100-109) to cosnology (this paper). The critical point ganma_c is
the sane in all domains. The universality class is 3D Ising.

Paper 126 of the Al T- THRESI seri es.
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