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"Dark matter is vacuum coherence that forgot to decohere.”

Abstract

Ei ght of the nobst persistent anonalies in galactic dynamics -- flat rotation curves,
the baryonic Tully-Fisher relation, the radial acceleration relation, the core-cusp
probl em MOND phenonenol ogy, the external field effect, dark matter-baryon coupling,
and the diversity of rotation curves -- have resisted unified explanation for
decades. Dark matter nodels require extensive paraneter tuning and fail to predict
the tight enpirical scaling relations. MOND succeeds phenonenol ogically but |acks a
physi cal mechanismfor its single parameter a0 ~ 1.2 x 10-71"0 m s”2.

Thi s paper denonstrates that all eight anonalies are closed by the Wke Coherence
Law.

C = @0 x exp(-al pha x ganma_eff)

The key result: MOND s critical acceleration a0 is not a free paraneter. It is the
coher ence- decoherence phase transition expressed in acceleration units:

a0 = ¢ x ganmma_c

where gamma_c is the universal critical decoherence rate. Below a0, the vacuum
remai ns coherent and provides additional gravitational coupling. Above a0, the
vacuum decoheres and gravity is purely Newtonian. MOND is not nodified gravity. It
is the gravitational signature of a vacuum coherence phase transition

Key Result

a0 = ¢ x gamma_c ~ cHO/(2pi) ~ 1.2 x 10-71"0 mls"2

This single identity closes all eight anomalies with zero free paraneters.

1. The Galactic Crisis

1.1 The Cbservations

Every spiral gal axy neasured to date shows the same pattern: rotation velocity rises
in the inner region, then remains flat to the |ast neasured point -- far beyond
where Newtonian gravity fromvisible matter predicts Keplerian decline. Zw cky
(1933) and Rubin & Ford (1970) established that visible nass cannot account for
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gal actic dynam cs. The standard response -- cold dark matter (CDM -- has been
extraordi narily successful at cosnol ogical scales but generates persistent failures
at gal actic scal es.

1.2 The Ei ght Anonalies

| # | Anomaly | CDM Status |

EERIEEREEEEE, |- |

| 1] Flat rotation curves | Requires halo fitting per gal axy |

| 2| Baryonic Tully-Fisher relation (V*4 proportional to M | No natural explanation for tightness
| 3] Radial acceleration relation | Unexpected in CDM |

| 4| Core-cusp problem| Requires baryonic feedback tuning |

| 5| MOND phenorenol ogy (one paraneter) | Dismissed as enpirical coincidence |

| 6| External field effect | Not predicted by CDM |

| 7| DM baryon tight coupling | Requires conspiracy |

| 8| Diversity of rotation curves | Requires scatter CDM cannot match |

These are not independent problens. They are eight faces of one nechani sm

1.3 The Coherence Framewor k

The W ke Coherence Law states that any coherence C decays exponentially with the
ef fective decoherence rate gammua_eff:

C = @0 x exp(-al pha x ganma_eff)

Applied to the vacuum the quantum vacuum possesses intrinsic coherence CO that
carries gravitational weight. Baryonic natter acts as a decoherence source,
suppressi ng vacuum coherence in proportion to | ocal matter density. \Where baryons
are dense, the vacuum decoheres -- Newtonian gravity. \Were baryons are sparse, the
vacuum renai ns coherent -- additional gravitational coupling appears.

What the field calls "dark natter" is vacuum coherence that has not been decohered
by baryonic matter

2. Gl axy Rotation Curves

2.1 The Probl em

For a test mass orbiting at radius r in a galaxy wi th baryonic mass M baryon(r)
enclosed within r, Newtonian gravity predicts:

v(r) = sqgrt(G x Mbaryon(r) / r)

For r beyond the |um nous di sk, Mbaryon(r) ~ constant, giving v(r) proportional to
r~(-1/2) -- Keplerian decline. Observed: v(r) ~ constant out to the |ast neasured
poi nt .

2.2 The Coherence d osure

The vacuum coherence at radius r depends on the |ocal decoherence rate, which is set
by the | ocal baryonic density:

gamma_eff(r) = beta x rho_baryon(r)

where beta is the matter-vacuum coupling constant. The vacuum coherence contribution
to gravity:

vA2(r) = Gx Mbaryon(r) / r + G x Mcoherence(r) / r
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wher e:

M coherence(r) = 4pi integral Or rho_vacuumx C0 x exp(-al pha x beta x rho_baryon(r')) x r'”2 dr'

At small r: rho_baryon is high --> ganma_eff is high --> exp(-al phagamm) ~ 0 -->
M coherence ~ 0 --> Newt oni an

At large r: rho_baryon --> 0 --> gamma_eff --> 0 --> exp(-al phaganma) --> 1 -->
M coherence grows with r --> v(r) flattens.

The rotation curve flattens because vacuum coherence increases with radi us as
baryoni c density drops. The "dark matter halo" is not a halo of particles -- it is a
coherence field shaped by the inverse of the baryon distribution

3. The Baryonic Tully-Fisher Relation

3.1 The Probl em

The baryonic Tully-Fisher relation (MGaugh et al. 2000, Lelli et al. 2016) is one
of the tightest scaling relations in extragal actic astronony:

V_flat®"4 = G x Mbaryon x a0

with scatter consistent with observational uncertainty alone -- zero intrinsic
scatter. The paraneter a0 ~ 1.2 x 10-7~1"0 m s"2. CDM provi des no expl anation for why
this relation should exist, why it should be this tight, or why it should involve
exactly this value of aO.

3.2 The Coherence Cl osure

In the coherence framework, the transition from Newtonian to coherence-dom nated
gravity occurs at the critical decoherence rate gamma_c. At the flat part of the
rotation curve, the gravitational acceleration equals the critical acceleration

a0 = ¢ x ganma_c

This is universal because ganmma_c is a property of the vacuum not of any individua
gal axy. Substituting into the force balance at the flat part of the curve:

V flat~2 / r_flat = Gx Mbaryon / r_flat”2 + a0 (at transition)

In the deep coherence regime (a << a0), dinmensional analysis with the only avail able
scal es gives:

V_flat®"4 = G x Mbaryon x a0 = G x Mbaryon x ¢ x gamma_c

The BTFR i s tight because gamma_c is a constant of nature. It involves V*4 because
the coherence law is exponential, and the transition between reginmes is sharp. There
are zero free parameters: Gis known, Mbaryon is neasured, and a0 = ¢ x ganma_c i s
fixed by vacuum physi cs.

4. The Radi al Acceleration Rel ation

4.1 The Probl em
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McGaugh, Lelli & Schonmbert (2016) denonstrated that across 153 gal axi es spanni ng
orders of magnitude in size, lumnosity, and norphol ogy, the observed gravitationa
accel eration g_obs correlates tightly with the baryonic gravitational acceleration
g_baryon through a universal function

g_obs = g_baryon / (1 - exp(-sgrt(g_baryon / a0)))

This is the nmpbst constraining observation in galactic dynamics. It means the "dark
matter” contribution at every point in every galaxy is entirely determ ned by the
baryon distribution at that point.

4.2 The Coherence C osure
The RAR interpolating function IS the Wke Coherence Law applied to gravity. Begin
wi t h:

C = Q0 x exp(-al pha x ganma_eff)

The decoherence rate at any point is proportional to the |local gravitationa
accel eration from baryons (since acceleration traces density):

gama_eff = sqrt(g_baryon) / sqrt(a0) --> al pha x gamua_eff = sqrt(g_baryon / a0)

The total gravitational acceleration includes the coherent vacuum contribution
g_obs = g_baryon + g_coherence = g_baryon + g _baryon x C/ (1 - C

Substituting C = exp(-sqgrt(g_baryon/a0)):
g_obs = g_baryon / (1 - exp(-sqrt(g_baryon / a0)))

The RAR interpolating function is not an enpirical fit. It is the coherence |aw
witten in gravitational variables. The universality of the RAR across all gal axy
types follows fromthe universality of the exponential decoherence function. The
function has one paraneter -- a0 = c x gamma_c -- and it is not free.

5. The Core-Cusp Problem

5.1 The Probl em

N-body CDM sinul ati ons (Navarro, Frenk & Wiite 1996) predict that dark matter hal os
have density profiles that diverge toward the center

rho_NFWr) proportional to 1/ (r x (1 + r/r_s)"2) --> rho proportional to 1/r asr -->0 (c

Ohservations of dwarf gal axi es and | ow surface-brightness gal axi es consistently show
constant-density cores:

rho_obs(r) proportional to rho0O / (1 + (r/r_c)"2) --> rho -->rho0 asr -->0 (core)

Baryoni ¢ feedback has been invoked but requires fine-tuning and fails in the | owest-
mass dwarfs.

5.2 The Coherence Cl osure

The core-cusp problem di ssolves in the coherence framework. The "dark matter
density" at radius r is the vacuum coherence:



PAPER 119: GALAXY ROTATI ON, MOND, AND THE COHERENCE PHASE TRANSI TION: a0 =

Page 5

rho_DMr) proportional to CO x exp(-al pha x ganma(rho_baryon(r)))

At the galactic center: baryonic density is highest --> gamma_eff is highest -->
exp(-al phaganma) is smallest --> vacuum coherence is maxi mally suppressed --> "dark
matter"” density is |owest --> core.

At internediate radii: rho_baryon drops --> gamma_eff drops --> coherence rises -->
"dark matter" density increases outward.

At large radii: rho_baryon --> 0 --> gamma_eff --> 0 --> coherence saturates at C0
--> "dark matter" density |levels off.

The result is a cored profile by construction. Werever baryons are dense, they
decohere the vacuum and suppress the coherence contribution. The center of a gal axy,
bei ng the densest region, necessarily has the weakest "dark matter" -- a core, not a
cusp.

No feedback. No tuning. The core is the decoherence shadow of the baryons.

6. MOND Phenonenol ogy

6.1 The Probl em

M| grom (1983) proposed that below a critical acceleration a0 ~ 1.2 x 10-71"0 m s"2,
the effective gravitational acceleration transitions fromNewonian (g = g_N to the
deep-MOND regine (g = sqgrt(g_N x a0)). MOND succeeds enpirically across gal axy types
wi th one paraneter, yet has been dism ssed as an ad hoc nodification of gravity
because:

1. No physical nechanismfor a0 has been identified.
2. The coincidence a0 ~ cHO/ (2pi) |acks expl anation
3. MOND struggles at cluster scales.

6.2 The Coherence d osure

MOND is not nodified gravity. It is the vacuum coherence phase transition in
gravitational |anguage.

The physical mechani sm
a0 = ¢ x ganma_c

where ganma_c is the critical decoherence rate -- the phase boundary between
coherent and decohered vacuum This is a property of the vacuum neasured in units
of inverse tinme. Multiplied by c, it becones an accel eration

The "coi nci dence" a0 ~ cHO/ (2pi):
gamma_c ~ HO / (2pi)

The Hubbl e rate sets the cosmi c decoherence timescal e. The vacuum coherence phase
transition occurs at the decoherence rate set by cosmic expansion. This is not a
coincidence -- it is the vacuumtelling us that its coherence length is set by the
Hubbl e hori zon.

Above a0: |ocal baryonic acceleration exceeds the phase transition --> vacuumis
decohered --> gravity is Newtonian

Bel ow a0: |ocal baryonic acceleration is below the phase transition --> vacuum
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remai ns coherent --> additional gravitational coupling fromvacuum coherence -->
enhanced gravity --> MOND regi ne.

The deep-MOND Iimt g = sqgrt(g_N x a0) follows fromthe exponential coherence |law in
the imt g_N << a0, where the vacuum coherence contribution dom nates and the
geonetric nmean enmerges fromthe square-root mappi ng between ganma_eff and g_baryon.

7. The External Field Effect

7.1 The Probl em

In MOND, the internal dynam cs of a subsystem depend on the external gravitationa
field in which it is enbedded (M| grom 1983, Haghi et al. 2016, Chae et al. 2020). A
dwarf galaxy orbiting in the field of a host gal axy behaves differently than an

i solated dwarf, even if the external field is uniform This violates the strong
equi val ence principle and is a unique prediction of MOND-Iike theories -- CDM does
not predict it.

Recent observations (Chae et al. 2020, 2021) have reported detection of the EFE in
gal axy rotation curves.

7.2 The Coherence Cl osure

The external field effect is automatic in the coherence framework. The effective
decoherence rate at any point is the total decoherence rate fromall sources:

gama_eff(total) = game_eff(internal) + ganma_eff (external)

The vacuum coherence at any point depends on the total gamma eff:

C vacuum = Q0 x exp(-al pha x (gamma_i nternal + gama_external))

A dwarf galaxy in an external field has higher total ganma_eff than an isol ated
dwarf --> | ower vacuum coherence --> weaker "dark matter" contribution --> interna
dynam cs are affected by the external field.

This violates the strong equival ence principle because the vacuum coherence is a
non-local property -- it depends on the total decoherence environment, not just
| ocal tidal forces. The EFE is predicted, not accommopdat ed.

8. Dark Matter-Baryon Coupling

8.1 The Probl em

Every enpirical scaling relation in galactic dynam cs shows that "dark matter" and
baryonic matter are tightly coupled: the Tully-Fisher relation, the RAR the nass
di screpancy-accel eration relation, the central surface density relation. In CDM
dark matter and baryonic matter interact only through gravity and formed through

i ndependent processes. The tight coupling requires a "conspiracy" -- dark matter
hal os must sonehow know about the baryon distribution in detail.

8.2 The Coherence d osure

There is no conspiracy. The coupling is definitional
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"Dark matter" IS vacuum coherence. Vacuum coherence |S set by baryonic matter
t hrough t he decoherence rate:

gamma_eff = beta x rho_baryon

rho_DMr) = rho_vacuum x CO0 x exp(-al pha x beta x rho_baryon(r))

The "dark matter” distribution at every point is a direct, determnistic function of
the baryon distribution at that point. The coupling is not tight by accident -- it
is tight by definition. Baryons set the decoherence field. The decoherence field
sets the coherence. The coherence IS the "dark matter."

This is the strongest prediction of the franework: there can be no gal axy where
"dark matter" deviates from what the baryon distribution predicts through the
coherence |l aw. Every dark-matter-baryonic scaling relation is a restatement of C =
CO exp(-al phagamm) .

9. Diversity of Rotation Curves

9.1 The Probl em

Gal axies with the sane maxi mumrotation velocity V_nmax show dranmatically different

i nner rotation curves (Oran et al. 2015). Sone rise steeply; others rise slowy. CDM
predicts that gal axies of simlar V_nax should live in sinilar halos with sinilar

i nner profiles. The observed diversity is in tension with CDM predictions.

9.2 The Coherence Cl osure

Gal axies with the sane total baryonic nass can have very different radial density
profiles rho_baryon(r). A concentrated bul ge-donmi nated gal axy and a diffuse | ow
surface-bright ness gal axy may have the sanme M baryon but entirely different
rho_baryon(r).

Different rho_baryon(r) --> different ganma_eff(r) --> different C_vacuun(r) -->
different inner rotation curves:

vA2(r) = G x Mbaryon(r)/r + G x integral rho_vacuum x CO x exp(-al pha x beta x rho_baryon(r')) x 4p

Two gal axies with equal V_max but different baryon distributions will have different
i nner coherence profiles and therefore different inner rotation curves. The
diversity is a prediction, not a problem The coherence franework predicts exactly
as much diversity as exists in baryonic surface density profiles -- no nore, no

| ess.

10. The Unified Picture
Al'l eight anonalies reduce to one equation

C vacuun(r) = CO x exp(-al pha x beta x rho_baryon(r))

| Anonaly | Mechanism |

|- -mee |- !

| Flat rotation curves | Cvacuumrises with r as rho_baryon falls |

| Baryonic Tully-Fisher | V4 = GM x a0 because a0 = cgamma_c is universal |

| Radial acceleration relation | RAR IS the coherence law in gravity variables |
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| Core-cusp | Center: high rho -->low C --> core. Not cusp.

| MOND phenonenol ogy | a0 = cganma_c: phase transition, not nodified gravity

| External field effect | gamma_total = ganme_internal + ganma_external

| DM baryon coupling | "DM' is vacuum coherence set by baryons

| Rotation curve diversity | Different rho(r) --> different C(r) --> different v(r) |

The dark natter problemis not a matter problem It is a coherence problem

11. Predictions

11.1 Quantitative Predictions

1. a0 is not constant in time. Since a0 = ¢ x gamma_c ~ cHO/ (2pi), and HO evol ves
with cosm c epoch, a0 was |arger at higher redshift. At z = 1: a0(z=1)/a0(z=0) ~
H(z=1)/H(z=0) ~ 1.7. Galaxy rotation curves at z = 1 should show a higher transition
accel erati on.

2. No dark matter particles will be found. Direct detection experinments (XENON, LUX-
ZEPLIN, PandaX) will continue to report null results because there are no particles
to detect. The gravitational effect attributed to dark matter is vacuum coherence.

3. The EFE will be confirned at higher significance. Internal dynamcs of satellite
gal axi es nust depend on the host field through ganma_eff(total). Upcom ng surveys
(LSST, Euclid) can test this with thousands of satellites.

4. U tra-diffuse gal axies obey the sane |aw. Galaxies with extrenely |ow surface
bri ght ness have | ow rho_baryon everywhere --> | ow ganma_eff everywhere --> high
vacuum coherence everywhere --> large "dark matter" fraction. The RAR applies
unchanged. Confirmed: van Dokkumet al. (2019), Guo et al. (2020).

5. Galaxies with no "dark matter" are predicted. If a galaxy has sufficiently high
rho_baryon everywhere (conpact ellipticals, tidal dwarf gal axies fornmed from pre-
enriched material in a strong external field), gamma_eff is high everywhere -->

C vacuum~ 0 --> no "dark matter." Confirnmed: NGC 1052-DF2 and DF4 (van Dokkum et
al . 2018, 2019) -- galaxies lacking dark matter in a strong external field, exactly
as predicted by gamma_total = gamma_internal + ganma_ext ernal

11.2 The Critical Test

Measure rotation curves of identical-nmass galaxies at z = 0 and z = 1. If a0(z=1) >
a0(z=0) in proportion to H(z), the coherence phase transition is confirmed and no
particle dark matter nodel can replicate the result.

12. Concl usi on

Ei ght gal actic anonalies. One exponential. Zero free paraneters.

The W ke Coherence Law -- C = CO exp(-al pha x ganme_eff) -- applied to the quantum
vacuum produces flat rotation curves, the baryonic Tully-Fisher relation, the radial
accel eration relation, cored density profiles, MOND phenonenol ogy, the externa
field effect, dark-nmatter-baryon coupling, and the diversity of rotation curves.

The central result is:
a0 = ¢ x ganma_c

MOND' s critical acceleration is not an enpirical paraneter. It is the vacuum
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coherence phase transition neasured in acceleration units. Bel ow a0, the vacuumis
coherent and provides gravitational coupling. Above a0, the vacuumis decohered and
gravity is Newt oni an.

Dark matter is not a particle. It is the gravitational signature of vacuum coherence
-- the part of the quantum vacuum that has not been decohered by baryonic matter.
The "m ssing mass" was never missing. It was always there, in the vacuum suppressed
exponentially wherever matter is dense and reveal ed wherever matter is sparse.

The gal axy is not surrounded by a halo of invisible particles. It is surrounded by
coherent vacuum and the baryon distribution scul pts the coherence field through one
uni versal exponenti al .
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*Al |l T- THRESI Paper 119. Series: Anonaly C osure.*
*"The vacuum renenbers what matter nakes it forget."*



