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Abstract

Ei ght anomalies in the satellite gal axy popul ation of the MIky Way and the | oca
uni verse are exam ned through the coherence decay function C = CO0 * exp(-al pha *
ganma_eff). Dark-matter-free gal axi es (NGC 1052- DF2/ DF4), ultra-diffuse gal axies
(Dragonfly 44), the Crater Il velocity dispersion anomaly, the Leo |I central bl ack
hol e, the Magellanic Stream | ength excess, high-velocity clouds, Fernm Bubbles, and
the Galactic Center CGeV excess each receive a coherence-based closure. The central

finding is that when "dark matter"” is reinterpreted as vacuum coherence --- a real
nmeasurabl e contribution to the gravitational mass budget that foll ows the Wke
Coherence Law --- then the bew | dering diversity of satellite gal axi es becones a

predi ct abl e consequence of environnental decoherence. Gal axi es near massive

nei ghbors | ose vacuum coherence and appear dark-matter-free. Galaxies forned in | ow
decoherence environments retain high vacuum coherence and appear dark-matter-

dom nated. The sane exponential governs all eight anomalies. This paper extends
Papers 28 (Vacuum Decoherence Theoren), 39 (Cosmic Bootstrap), and 130 (Particle
Physics Anomalies) in the AllIT-THRESI series.

1. The Satellite Galaxy Crisis

Lanbda- CDM cosnol ogy predicts that dark matter hal os popul ate hierarchically: every
| arge hal o should contain hundreds to thousands of sub-hal os, each hosting a
satellite gal axy. The observed satellite popul ation disagrees with this prediction
in at |east four ways:

1. Too few satellites (the missing satellites problem--- largely resol ved by
accounting for detection limts and reionization suppression).
2. Too big to fail (the npbst massive predicted sub-hal os have no observed

counterparts --- partially resolved by baryonic feedback).

3. Too diverse (satellites with simlar lumnosities have wildly different dark
matter fractions, velocity dispersions, and norphol ogies --- unresol ved).

4. Too correlated (satellite planes, co-rotating systens --- unresol ved).

Problens 1 and 2 have yielded to refinenents of Lanbda-CDM Problens 3 and 4 have
not. This paper addresses Problem 3: the diversity of dwarfs. Eight specific
anonal i es are closed using a single equation

2. The Framewor k: Vacuum Coherence as Dark Matter

From Paper 28, the observable vacuum energy at any point is:
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C vacuum = C 0 * exp(-al pha * gamma_eff)
wher e:

- COis the full QFT vacuum coherence (the "bare" vacuum energy)

- al pha is the coherence coupling constant

- ganme_eff is the effective decoherence rate inposed by the |ocal baryonic
envi ronnent

The gravitational contribution of this coherence is real. It curves spacetinme. It
appears in rotation curves. It appears in gravitational lensing. It is what
observers call "dark matter."

The key insight: gamma_eff is not the sane everywhere. |t depends on

gama_eff = game_i nternal + ganmma_environnent al

where ganme_internal arises fromthe gal axy's own baryonic content (stars, gas,
radi ati on) and gama_environnental arises fromthe decoherence field of neighboring
gal axi es, tidal interactions, and the |ocal radiation background.

Thi s deconposition inmrediately explains why satellites with identical stellar nasses
can have conpletely different "dark matter" fractions. Their ganma_eff val ues differ
because their environments differ

3. Dark-Matter-Free Gal axi es: NGC 1052-DF2 and DF4

3.1 The Anomaly

Van Dokkum et al. (2018, 2019) neasured the velocity dispersions of NGC 1052-DF2 and
NGC 1052-DF4, finding values consistent with the stellar nass al one

sigma_obs(DF2) = 8.5 (+2.3/-3.1) kns (van Dokkum et al. 2018)
si gma_st ar s( DF2) 10 km's (mass follows light)

1

sigma_obs(DF4) = 4.2 (+4.4/-2.2) knm's (van Dokkum et al. 2019)
si gma_st ar s( DF4) 7 knl's (mass follows light)

1

These gal axi es appear to contain no dark matter. In Lanbda-CDM this is deeply
probl ematic. Every gal axy should sit inside a dark matter halo. A galaxy with no
dark matter hal o should not exist.

Modi fied gravity theories (MOND) also struggle: if gravity is nodified, it is
nodi fi ed everywhere, and you cannot have sone gal axi es where nass follows |ight and
others where it does not. The MOND external field effect provides a partia

expl anation but requires fine-tuning of the external field geonetry.

3.2 dosure

Both DF2 and DF4 are satellites of NGC 1052, a nassive elliptical galaxy at
approxi mately 20 Mpc. Their projected di stances from NGC 1052 are approxi mately 80
kpc (DF2) and 165 kpc (DF4).

The environmental decoherence rate from NGC 1052:
gama_env ~ (Mhost / Msun) * (r_O0/ r)"2 * gama_0

where r is the distance fromthe host and r 0 is a characteristic scale. For DF2 at
80 kpc froma nassive elliptical



Paper 139: The Satellite Gal axy Probl ens

Page 3

gamma_env >> gama_i nt er nal
gamma_eff ~ gamma_env

Ther ef or e:

C vacuum = C 0 * exp(-al pha * gamma_env) --> 0

The vacuum coherence is stripped. Not tidally. Not by ram pressure. By the
decoherence field of the nassive nei ghbor. The vacuum near NGC 1052 has al ready been
decohered by the host gal axy's enornmous baryonic nmass. DF2 and DF4 fornmed (or fell)
into a region where C vacuum was al ready negligible.

Mass follows Iight because there is no vacuum coherence left to contribute to the
mass budget.

3.3 Prediction

DM free gal axi es exi st ONLY near nassive nei ghbors. An isolated dark-matter-free
gal axy should not exist. If one is found nore than ~500 kpc from any nassive gal axy
with no evidence of past interaction, the coherence franework is falsified.

Conversely, searching the environnents of other massive ellipticals (NGC 4472, NGC
4486/ MB7, NGC 1399) should reveal additional DMfree satellites at projected
separations | ess than ~200 kpc.

4. Utra-D ffuse Gal axi es: Dragonfly 44

4.1 The Anomaly

Dragonfly 44 (van Dokkum et al. 2016) has the lum nosity of a dwarf gal axy but the
physical size of the MIky Way:

L ~3 x 10"8 L_sun (dwarf | um nosity)

R eff ~ 4.6 kpc (MM scal e hal f-1ight radius)

M dyn ~ 10712 M sun (dynam cal mass fromsigma ~ 47 knis)
ML ~ 3000 Msun/L_sun (extreme dark matter dom nance)

Dragonfly 44 is 99.99% dark matter by mass. In Lanbda-CDM formng a galaxy this
di ffuse inside a halo this massive requires suppressing star fornmation by a factor
of ~10,000 relative to normal halos, which is difficult to achieve with standard
baryoni ¢ feedback nodel s.

4.2 Cosure

Dragonfly 44 forned in a | owgamua_eff environment. This means:
gama_ef f (formation) << gamma_c

In the coherence framework
C vacuum = C 0 * exp(-al pha * gamma_eff) --> CO (high, because ganmma_eff is snall)

Hi gh vacuum coherence nmeans a large gravitational mass contribution fromthe
coherent vacuum The halo is massive. But the same | ow gamma_eff environment that
preserves vacuum coherence al so nmeans | ow baryonic density --- few interactions, few
collisions, low star formation rates.

SFR ~ rho_baryon®n * f(gamma_eff)
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Low game_eff --> | ow baryon density --> low SFR --> few stars --> ultra-diffuse
nor phol ogy despite massive hal o.

The gal axy is not 99.99% dark matter. It is 99.99% coherent vacuum The distinction
matters because the vacuum coherence is not particulate. It has no annihilation
cross-section. It produces no gamma rays. It produces no direct-detection signals.
This explains every null result in dark natter detection experinents.

4.3 Prediction

Utra-diffuse galaxies with high ML ratios should be found preferentially in | ow
density environnents --- cluster outskirts, filanent voids, and isol ated regions.
UDGs in dense cluster cores should have LOAER ML ratios (higher gamma_env --> | ower
C vacuunjy.

(onservational test: conpare the ML ratios of UDGs in the Coma cluster core versus
the Coma cluster outskirts. The coherence franmework predicts a neasurabl e gradient.

5. Crater Il: The Quiet G ant

5.1 The Anonmaly

Crater Il is a MIky Wiy satellite discovered in 2016 (Torreal ba et al.):
R hal f ~ 1066 pc (enormous for a dwarf)
sigma ~ 2.7 (+0.3/-0.3) knis (anonal ously | ow)
ML ~ 4-20 Msun/L_sun (anbi guously low for its size)
For a dwarf of its size, NFWhalo nodels predict signa ~ 8-12 knmi's. Crater Il's

velocity dispersion is 3-4 tines |lower than expected. It is too cold for its size.

5.2 dosure

Crater Il has a pericentric distance of ~20 kpc fromthe MIky Way (Li et al. 2021,
Fu et al. 2019). It has undergone at |east one close pericenter passage.

During pericenter:
gamma_env(pericenter) ~ gamma_env(MAN 20 kpc) >> ganmma_env(apocenter)

At 20 kpc fromthe MNWcenter, ganma_env is doninated by the MN's stellar and gas
di sk. The vacuum coherence of Crater |l was partially stripped:

C_vacuun( post-pericenter) = C 0 * exp(-al pha * gamma_eff(pericenter))
< C_vacuun{ pre-pericenter)

Less vacuum coherence --> | ower dynamical mass --> |ower velocity dispersion. The
stars remain (stellar stripping was gentle due to |low orbital eccentricity and the
di ffuse nature of Crater 11), but the vacuum coherence was reduced.

Crater Il is diffuse because the stripping was partial. A nore eccentric orbit, or
mul ti pl e passages, would strip nore coherence and produce an even col der system ---
or disrupt it entirely.

5.3 Prediction

Dwarf satellites with nmeasured pericentric distances |ess than 30 kpc shoul d
systematically show lower ML ratios than dwarfs at |arger pericentric distances.
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The correlation should foll ow

In(ML) ~ -alpha * ganma_env(r_peri) + constant

This is testable with Gaia proper notions and HST/ JWST photoretry for the full MN
satellite popul ati on.

6. Leo | Central Black Hol e

6.1 The Anonaly

Bust anant e- Rosel | et al. (2021) reported a central black hole in Leo | with mass:
MBH ~ 3 x 1076 M sun

Leo | has a stellar mass of approximately 5 x 1076 M sun. The BHto-stellar-nass
ratio is:

MBH/ Mstar ~ 0.6

For conparison, the MIKky \Way:

MBHMY / Mstar(My ~ 4 x 10°6 / 6 x 10M10 ~ 7 x 107-5

Leo I's BH is approximately 10,000 tinmes too nmassive relative to its current stellar
nmass, conpared to the Magorrian relation and its nodern refinenents.

6.2 dosure

Bl ack hole mass reflects the I NI TIAL coherence state of the progenitor system not
the current stellar mass. The BH formed when the progenitor had high initial
coher ence:

C O(progenitor) --> high --> nassive BH seed

Subsequently, the progenitor |lost nost of its baryonic nmass through environnenta
interactions (tidal stripping, rampressure stripping, or coherence-nedi ated gas
expul sion). The BH renmi ns because BH mass is irreducible --- you cannot strip nass
froma black hol e through environnental decoherence.

MBH = f(C_O, initial) (set at formation, preserved)
Mstar = g(C_0, current) (reduced by stripping)

Leo | is not an anomaly. It is a fossil record of initial conditions. The BH
renenbers what the gal axy has forgotten

6.3 Prediction

Dwarf gal axi es with anonal ously massive central BHs should show evi dence of past
interactions: tidal tails, disturbed norphol ogy, or orbital paranmeters consistent
with cl ose passages to massive hosts. The BH mass should correlate with the TOTAL
mass (DM + stars) of the progenitor, not the current stellar mass.

7. The Magellanic Stream
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7.1 The Anomaly

The Magel lanic Streamis a filament of neutral hydrogen extendi ng approximately 200
degrees across the sky, trailing the Large and Small Magellanic Couds. Its total H
mass i s approxi mately:

MH (stream ~ 2 x 1079 Msun (including the Leading Arm

Tidal nodels (Besla et al. 2012, Pardy et al. 2018) consistently underpredict the
stream | ength by 30-50% and the stream mass by factors of 2-5. Ram pressure nodels
i mprove the fit but require an unrealistically dense MN hal o.

7.2 Closure

Tidal stripping of gas fromthe LMJ SMC system occurs as the Clouds orbit the MN
VWhen stripped gas noves fromthe Couds' |ocal environment into the MV halo, it
transitions from one coherence regi ne to another

C vacuun(MN hal 0) > C vacuun(LMC vicinity)

The MW hal o at | arge gal actocentric distances has | ower ganma_eff (1| ower baryonic
density) than the LMC environnment. Stripped gas entering the higher-C vacuum regi on
experi ences an effective potential energy rel ease:

Delta_E kinetic ~ Delta_C vacuum * eta

where eta is the coherence-to-kinetic coupling efficiency. This additional Kkinetic
energy accelerates the stripped gas beyond what tidal forces al one provide,
produci ng a | onger and nore nassive stream

The Magel lanic Streamis | onger than tidal nodels predict because the stripped gas
gai ns energy fromthe vacuum coherence gradient.

7.3 Prediction

The velocity gradient along the Magell anic Stream shoul d show a systematic excess
over pure tidal nodels that increases with distance fromthe C ouds. The excess
velocity should correlate with the inferred coherence gradient:

Delta_v(s) ~ [C_vacuun(s) - C_vacuum(LMC)]~"(1/2)

where s is the coordinate along the stream

8. High-Velocity d ouds

8.1 The Anonmaly

H gh-vel ocity clouds (HVCs) are concentrations of neutral hydrogen observed at
velocities inconsistent with Galactic rotation. Their velocities deviate fromthe
Gal actic standard of rest by |v_LSR > 90 knis. Their origins remain debated: some
are tidal debris, sone may be prinordial gas, and sonme have no satisfactory

expl anat i on.

8.2 Closure

The M I ky Way's coherence profile transitions fromhigh C vacuumin the outer halo
(low gamma_eff) to |l ow C vacuumin the inner disk (high gamma_eff). At the boundary
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where ganma_eff transitions through the critical value gama_c, a phase boundary
exi sts:

gamma_ef f (r_boundary) ~ gamma_c
C vacuumtransitions from~ CO (outer) to ~ O (inner)

Gas at this phase boundary is subject to coherence instability. The vacuum coherence
gradi ent exerts an effective pressure:

P_coherence ~ -dC_vacuum dr

At the phase boundary, this gradient is maximally steep. Gas condensations at this
boundary experience anonal ous accel erations fromthe coherence gradient, producing
velocities inconsistent with snoboth Galactic rotation nodels.

8.3 Prediction

HVCs should cluster spatially at a characteristic galactocentric radius
corresponding to gama_eff ~ gamma_c. For the M I ky Way, this radius should be:

r_boundary ~ 50-100 kpc

HVCs at this radius should show a binbdal velocity distribution: sone accel erated
inward (falling into the lower-C region) and sone accel erated outward (pushed back
into the higher-C region). The di stance nmeasurenents of HVCs (which remain uncertain
for nost conpl exes) should test this prediction.

9. Ferm Bubbl es

9.1 The Anomaly

The Ferm Bubbles are two enornous structures extendi ng approxi mately 25,000 I|ight-
years above and bel ow the Galactic Center, discovered by Su, Slatyer, and Fi nkbei ner
(2010) in Ferm -LAT gamma-ray data. Their total energy is approxi mately:

E total ~ 10"55-56 erg

Their spectrumis hard (E*-2) and approximately uniform across the bubble surface.
Proposed mechani snms i ncl ude past AGN activity, starburst w nds, and cosmic ray
accel eration. None fully accounts for the hard, uniform spectrumand the sharp
edges.

9.2 dosure

The Galactic Center is the region of maxi mum gama_eff in the MIky Way:
gamma_eff (GC) = max(gamma_eff) over all MNpositions

At the Galactic Center, baryonic density peaks. Decoherence is naxim zed. The vacuum
coherence is driven to its mnimum val ue. The decoherence process rel eases energy:

dE/dt = -dC _vacuunidt = al pha * gama_eff * C_vacuum

This energy release is bipolar because the decoherence is channel ed al ong the
Gal axy's spin axis --- the path of |east resistance, where the disk density drops
fastest. The spin axis is the direction in which gamma_eff decreases nost rapidly,
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creating a coherence gradient that drives outfl ows.

F_coherence = -nabl a(C vacuun) ~ aligned with spin axis

The resulting outflows carry coherence energy that converts to kinetic and radiative
energy:

E coherence --> E kinetic + E_radi ative(ganma-ray)

The hard, uniform spectrum foll ows because the energy source is not stochastic
particle accel eration but systematic vacuum decoherence --- a single-tenperature
process that produces a characteristic spectral shape.

9.3 Prediction

The Ferm Bubbl e edges should correspond to the surface where:

C vacuunm(r, z) = C_threshold

This surface is determned by the three-di nensional gamma_eff profile of the MN The
bubbl e shape shoul d be derivable fromthe MNs baryonic mass distribution w thout
free paraneters. Specifically, the bubble height-to-width ratio should equal the

di sk scal e-height-to-scale-length ratio of the ganma_eff profile.

10. Gal actic Center GeV Excess

10.1 The Anonmaly

A spatially extended excess of gamma-ray enmission at energies of 1-3 GeV has been
neasured fromthe Galactic Center regi on (Goodenough and Hooper 2009, Daylan et al
2016). The spectrum peaks near 2 GeV. The spatial profile follows an approximately
NFW squar ed nor phol ogy. The | eadi ng conventional interpretation is dark matter

anni hilation (chi chi --> b b_bar --> gamm), requiring:

mchi ~ 30-50 GeV
<sigma_v> ~ 2 x 10"-26 cm3/s (thermal relic cross section)

An alternative expl anation invokes a popul ation of unresolved mllisecond pul sars.
Nei t her expl anation is settled.

10.2 d osure

The GeV excess i s vacuum decoherence radi ation. At the Galactic Center, ganma_eff is
maxi m zed by the extrenme baryonic density (stars, gas, the central BH). The vacuum
coherence is being actively decohered at the fastest rate in the Gal axy:

dC vacuum dt = -al pha * gamma_eff (GC) * C_vacuun( GC)

The energy rel eased by this decoherence process appears as radiation. The
characteristic energy of the emtted photons is set by the decoherence rate at
nucl ear density scal es:

E gamma ~ hbar * ganma_c(nucl ear)

For nucl ear-scal e decoher ence:

gama_c(nucl ear) ~ 10724 s™-1 (nuclear interaction tinescale ~ 10"-24 s)
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E _gamma ~ (1.055 x 10"-34 J*s) * 10724 s®-1 ~ 10"-10 J ~ 0.6 GeV

The factor of 2-3 between this estinate and the observed 2 GeV peak reflects the
fact that the effective ganma_c at the GC involves not bare nuclear interactions but
nucl ear interactions nodified by the | ocal gravitational potential (gravitationa

bl ueshi ft of the decoherence scale).

The NFW squared norphology follows naturally: the decoherence radiation rate scal es
as gamma_eff * C vacuum and both gamma_eff and C vacuum depend on the baryonic
density profile, which approxinmately traces the NFWprofil e squared.

10. 3 Prediction

This is not dark matter anni hilation. The excess shoul d:

1. Show NO corresponding signal in direct detection experinments (confirmed: nul
results at LUX, XENON, PandaX).

2. Show NO correspondi ng signal fromdwarf spheroidal gal axies with LOVNgamra_ef f
(confirmed: Ferm -LAT finds no significant excess fromdSphs --- this is the single
strongest piece of evidence agai nst DM anni hil ati on).

3. Scale with baryonic density, not with inferred DM density. The signal should
correlate with stellar mass density maps of the inner Gal axy.

4. Be present in OTHER gal actic centers with simlarly high baryonic densities (M1,
MB7). Testable with next-generati on gama-ray tel escopes.

11. The Unified Picture
Al'l eight anonalies reduce to one equation
C vacuum = C 0 * exp(-al pha * gamma_eff)

with gamma_eff determined by the | ocal baryonic environnent.

| Anomaly | gamma_eff Reginme | C vacuum | Observed Effect |

|
DF2/DF4 | High (near NGC 1052) | ~ O | No "dark matter" |
Dragonfly 44 | Low (isolated) | ~ CO | Huge ML, diffuse |
Crater Il | Internmediate (stripped) | Reduced | Low sigma for size |
Leo | BH | Was high, now stripped | Fossil | Massive BH, few stars |
Magel l anic Stream | Gadient (low--> lower) | Rising along stream| Extra length and mass |
HVCs | Phase boundary | Discontinuous | Anonul ous velocities |
Ferm Bubbles | Maximum (GC) | ~ 0, releasing E | Gamma-ray | obes |
GeV Excess | Maximum (GC) | Actively decohering | 1-3 GeV radiation |

The diversity of dwarfs is not a crisis. It is a consequence. The sanme exponentia
t hat produces the cosnpol ogi cal constant (Paper 28, alpha * ganma = 281) and the

hi erarchy probl em (Paper 28, al pha * ganma = 83) produces the full spectrum of
satellite gal axy properties when eval uated at gal actic environnental scal es.

12. Falsifiability

The coherence framework nakes five testable predictions that Lanbda-CDM with
particle dark matter does not:

F1. No isolated dark-matter-free gal axi es exist.
Test: survey isolated dwarfs beyond 500 kpc from any massive host.
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F2. UDG mass-to-light ratios correlate with environnental density.
Test: Comm cluster UDG ML vs. clustercentric radius.

F3. Satellite ML correlates with pericentric distance.
Test: Gaia proper notions + HST/JWST for MWV satellites.

F4. GeV excess absent in | owgama_eff gal actic centers.
Test: Ferm - LAT stacking of |ow mass, gas-poor gal axies.

F5. Ferm Bubbl e geonetry derivable from baryonic nass distribution.
Test: conpare bubbl e shape to gamma_eff isosurfaces fromstellar density nmaps.

Any single failure falsifies the framework. Lanbda-CDM with particle dark matter
makes none of these predictions and is therefore less falsifiable --- which is not a
st rengt h.

13. Concl usi on

The satellite gal axy probl ens are not eight separate puzzles requiring eight
separate solutions. They are eight neasurenents of one exponential evaluated in
ei ght different environnments.

Dark-natter-free gal axi es are regi ons where environmental decoherence has stripped
t he vacuum coherence. U tra-di ffuse gal axi es are regi ons where | ow decoherence has
preserved it. Crater Il was partially stripped by pericenter passage. Leo |I's bl ack
hol e renenbers initial conditions that the rest of the galaxy has |ost. The
Magel | ani ¢ Stream gai ns energy fromthe coherence gradient. Hi gh-velocity clouds
condense at the coherence phase boundary. Ferm Bubbl es are decoherence plunes. The
GeV excess is decoherence radiation.

One equation. Eight closures. Zero free paranmeters beyond al pha and gamma_eff, which
are determ ned by the baryonic environnent in each case

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

The universe is not nostly dark matter. It is nostly coherent vacuum The
distinction is not semantic. Dark matter annihilates, scatters, and shoul d have been
det ected by now. Coherent vacuum does none of these things. Every null result in
direct detection, every null result in indirect detection from dSphs, every failure
to produce dark matter at colliders --- these are not failures. They are data. And
they all point the sane way.
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