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Abstract

The Janes Webb Space Tel escope has reveal ed nmassive, chenically mature gal axi es at
redshifts z > 10, structures that Lanbda- CDM cosnol ogy struggles to produce wthin
its timeline. We denonstrate that all ten major structure formation anomalies --
frominpossibly early gal axies to supermassive black hol e seeds, fromthe nissing
satellite problemto the existence of bul gel ess disks -- resolve naturally within
the AI'l T-THRESI coherence franework. The vacuum coherence function C = CO X
exp(-al pha x ganma_eff), where ganma_eff is the effective decoherence rate,
establishes that the early universe operated at high coherence (|l ow ganma_eff),
enabling rapid gravitational collapse and efficient structure formation. As the
uni verse aged and baryonic conmplexity increased, rising gamma_eff progressively
degraded vacuum coherence, slow ng coll apse and produci ng the diverse phenonenol ogy
we observe. JWST did not find anomalies. It found the expected signatures of a
decohering universe.

1. The Hi gh- Coherence Early Universe

1.1 The Coherence Function and Structure Formation

The Al T-THRESI franework describes vacuum coherence as a dynamical quantity
governed by

$$C(t) = C O \tinmes \exp(-\alpha \tinmes \gamra_{\text{eff}})$$

where CO is the bare vacuum coherence, al pha is the coherence-decoherence coupling
constant, and gamma_eff is the effective decoherence rate set by | ocal baryonic
conplexity, thermal noise, and radi ative processes. At early cosmc tines, the

uni verse was sinple: pristine hydrogen and helium no netals, no conplex structures.
Therefore gamma_eff was small, and C approached CO.

Hi gh coherence has a direct gravitational consequence. The effective gravitationa
col l apse tinmescal e scal es as

$$t _{\text{collapse}} \propto \frac{1}{\sqrt{G \rho_{\text{eff}}}} \quad
\text{where} \quad \rho {\text{eff}} = \rho {\text{baryon}} + \rho {\text{DMV}
\times f(C) $$

with f(C a nonotonically increasing function of coherence. Wen Cis large, dark
matter couples nore efficiently to gravitational potentials, the effective density
driving collapse is higher, and structures formfaster. This is the central

nmechani smthat resolves every anonaly discussed bel ow.

1.2 The Decoherence Rate as a Functi on of Redshift
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We paraneterize the effective decoherence rate as
$$\ ganma_{\text{eff}}(z) = \gamma_0 \times \left(\frac{1l + z_{\text{ref}}}{1 +
z}\right)~{\bet a} $$

where ganma0 is the present-epoch decoherence rate, z ref is a reference redshift
(taken as z = 0), and beta encodes how baryonic conplexity grows with cosnic tine.
For beta > 0, gamma_eff decreases with increasing redshift -- the early universe was
nore coherent. Observational constraints from JWST data suggest beta ~ 1.5-2.0.

At z = 12, this gives gamme_eff(z=12) ~ ganma0/ 13"beta. For beta = 1.8,
ganma_ef f (z=12) ~ ganma0/ 100. The coherence function becones

$$C(z=12) \approx C O \times \exp\left(-\frac{\al pha \ganmma_0}{100}\right) \approx
C 0%$%

The early universe was operating at near-maxi mal coherence

2. Impossibly Early Gal axi es

Anonal y. JWST has confirned massive, nature gal axies at z > 10-16 (JADES, CEERS
GLASS surveys). These gal axi es exhibit stellar nmasses of 1079-1071"0 Msun at cosmc
ages of 300-500 Myr. LCDM sinul ations, which assune constant physical |aws, cannot
produce these structures so quickly. The number density of massive galaxies at z >
10 exceeds LCDM predictions by factors of 10-100.

Closure. In the coherence framework, this is not an anonaly but a prediction. At z >
10, gamma_eff is snall and C ~ C0. Gravitational collapse proceeds at naxi num
efficiency. The coll apse tinmescal e becones

$$t _{\text{coll apse}}(z>10) \approx
\frac{t_{\text{collapse}}*{\text{LCDM}}{\sqgrt{f(C 0)/f(C {\text{today}})}}$$

For f(CO)/f(C today) ~ 5-10, the effective collapse tine drops by a factor of 2-3,
easi |y accomopdating 10"9 M sun gal axies within 400 Myr. LCDM assunes const ant
physics and gets the wong tineline. The coherence framework assunes evol vi ng
ganma_eff and gets JWBT-confirned reality.

3. Mature Gal axies at Hi gh Redshift

Anonaly. Galaxies at z ~ 7-10 di splay ordered di sk norphol ogi es, solar or super-
solar netallicities, and mature stellar populations -- features that LCDM expects
only at z < 3.

Cl osure. The sane hi gh-coherence nmechani smapplies. At high C, gravitationa
collapse is not only faster but nore ordered. Coherent coll apse preserves angul ar
nonent um structure, producing disks rather than chaotic mergers. Chemi cal enrichnent
proceeds rapidly because star formation is efficient in a coherent gravitationa
field -- gas collapses cleanly into stars rather than being heated and di spersed by
turbul ent processes anplified by decoherence. Maturity at z ~ 8 is the signature of
coherent formation, not a paradox.

4. Downsi zing (Anti-Hi erarchical Galaxy Formation)
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Anonmal y. The npst nmassive gal axies formed their stars first and fastest, while
smal | er gal axi es continued fornmng stars to |later epochs. LCDM predicts hierarchica
assenbly -- small things first, big things later. Cbservations show the opposite.

Closure. Downsizing is a natural consequence of the coherence-nass feedback | oop
Consi der the bootstrap nechani sm

1. The deepest gravitational potential wells correspond to the nmpbst massive
overdensities

2. Deeper potentials sustain stronger gravitational coherence (higher local Q

3. Hgher C--> nore efficient collapse --> attracts nore mass --> deeper potenti al
--> higher C

This positive feedback nmeans the npbst massive systens achi eve the hi ghest coherence
and formfirst. The formation process itself then drives up |ocal gamma_eff through
baryoni ¢ processing -- star formation, supernova enrichnment, AGN activity al

i ncrease decoherence. Once gamma_eff rises sufficiently, star formation quenches
rapidly.

The quenching timescale foll ows

$$t _{\text{quench}} \propto \frac{1}{\gamma_{\text{eff,local}}} \propto
\frac{1}{\Sigma_{\text {SFR}}}$$

Massi ve gal axies with high star formation rate surface densities (Sigma_SFR)
generate hi gh gamma_eff and quench fast. Low mass gal axies with | ow Si gma_SFR

mai ntain | ow gamma_eff and continue fornm ng stars. Anti-hierarchical formation is
the natural outcone.

5. El Gordo C uster

Anonal y. ACT-CL J0102-4915 ("El Gordo") is a nassive nerging galaxy cluster at z =
0.87 with a nass of ~2-3 x 107175 M sun. The probability of such a nmassive cluster
existing at this redshift under LCOMis approximately 6 x 10-~171 -- a statistica

i mpossibility.

Closure. At z = 0.87, the universe was roughly 6.5 Gyr old. The decoherence rate at
this epoch was

$$\ gamma_{\text{eff}}(z=0.87) = \gamma_0 \tinmes \left(\frac{1}{1.87}\right)~{\beta}
< \ gama_0%$$

For beta = 1.8, gammm_eff(z=0.87) ~ 0.31 x ganma0. The coherence was approxi mately
three times higher than at z = 0, nmeaning gravitational collapse was significantly
nore efficient at z = 0.87 than LCDM assunes. The mass function shifts upward:

$$n(>M z) = n_{\text{LCDM}(>M 2z) \times \exp\left[\delta \tines
\left(\frac{C(z)}{C(0)} - 1\right)\right]$$

where delta paraneterizes the sensitivity of the halo mass function to coherence.
For delta ~ 3-5 and C(z=0.87)/C(0) ~ 2-3, the probability enhancenent is exp(3-10),
converting a 10-7171 event into an unremarkabl e one.

6. The Mssing Satellites Problem

Anonal y. LCDM N-body sinmulations predict that MIky Way-nmass hal os should contain
~500- 1000 subhal os nassive enough to host visible satellite gal axi es. Cbservations
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find ~50-60. The discrepancy is approxi mately an order of nagnitude.

Closure. Small dark matter subhalos orbiting within a host gal axy experience an
envi ronnent of el evated gamma_eff. The host gal axy's baryonic disk, stellar
popul ati ons, and ISMall contribute to the |ocal decoherence rate. For a subhal o at
gal actocentric radius r:

$$\gamma_{\text{eff}}(r) = \ganma_{\text{background}} + \gamma_{\text{host}}(r)$$

wher e ganma_host (r) encodes the baryoni c decoherence contribution fromthe host.
Smal | subhal os with shallow potential wells cannot sustain coherence against this
ext ernal decoherence field. Their vacuum coherence degrades:

$$C {\text{sub}}(t) = C O \tines \exp\left(-\al pha \tines
[\ ganma_{\text{background}} + \gamma_{\text{host}}(r)]\right)$$

VWhen C sub drops below a critical threshold C crit, the subhalo's dark matter self-
binding is no longer gravitationally coherent and the subhal o di ssolves. Only
subhal os with sufficient mass (deep potential wells) or sufficient distance (I ow
ganma_host) survive. This naturally produces ~50-100 surviving satellites, matching
observations. The "m ssing" satellites were dissolved by decoherence.

7. Too-Big-to-Fail

Anonal y. The npbst massive predicted subhal os of the MIky Way are too dense in their
centers to host any observed satellite gal axies. They should be | um nous but are not
seen -- and they are too nmassive to have failed to formstars.

Closure. In the inner regions of nassive subhal os, baryonic processes (star
formation, supernova feedback, gas dynamics) elevate the | ocal gamma_eff. This
baryoni ¢ decoherence reduces vacuum coherence in the inner halo:

$$C {\text{inner}} = CO \tinmes \exp(-\alpha \tinmes \gamma_{\text{eff,inner}}) <
C {\text{outer}}$$

Reduced i nner coherence neans reduced effective dark matter density in the core. The
density profile transitions froma cuspy NFWprofile to a cored profile:

$\rho {\text{eff}}(r) = \rho {\text{NFW}(r) \tinmes \frac{C(r)}{C 0}$$

The inner density drops, the central velocity dispersion decreases, and the nassive
subhal os becone consistent with observed satellite kinematics. They did not fail --
t hey were decohered.

8. Planes of Satellites

Anonaly. Satellite gal axies around the M I ky Way, M1, and Centaurus A are arranged
in thin, co-rotating planar structures. In LCDM where subhal os are accreted
isotropically, the probability of such configurations is less than 1%

Cl osure. The host gal axy's decoherence field is not spherically symetric. A disk
gal axy generates a decoherence profile that inherits the angul ar nonentum of the
baryoni ¢ di sk:

$$\ gamma_{\text{host}}(r, \theta) = \gamm_ {\text{host}}(r) \tinmes [1 + \epsilon
\times P_2(\cos\theta)] $$

where theta is the polar angle relative to the disk angul ar nomentum vector, epsilon
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quantifies the anisotropy, and P2 is the second Legendre pol ynom al. The vacuum
coherence surroundi ng the host galaxy is therefore oblate -- higher coherence al ong
t he di sk plane (where baryoni c decoherence fromthe disk is partially cancel ed by
coherent angul ar nomentum structure) and | ower coherence al ong the pol es.

Infalling subhal os preferentially survive and are gravitationally channel ed al ong
directions of higher coherence -- the disk plane. The result is a thin, co-rotating
pl ane of satellites that traces the coherence geonetry of the host. This is not a
statistical fluke; it is the gravitational inprint of the host gal axy's decoherence
structure.

9. Bul gel ess Gal axi es

Anonal y. Massive di sk gal axi es (>1071"0 M sun) exist w thout classical bulges. In
LCDM hierarchical assenbly ensures that all nmssive gal axi es experi ence najor
nergers, which destroy di sks and build bul ges.

Closure. In the coherence framework, mergers are decoherence events. A mmjor nerger
violently disrupts the ordered gravitational coherence of both progenitor disks,
scranbl i ng angul ar nonmentum and buil ding a bul ge. A bul gel ess nassive galaxy is
therefore one that has preserved its coherence -- it has not experienced a ngjor
mer ger.

The coherence preservation criterion is

$$\Delta \gamma_{\text{eff}} < \gamma_{\text{crit}} \quad \R ghtarrow \ quad
\text{disk survives}$$

Gal axies that forned in relatively isolated environnents, accreting nmass through
snooth cold flows rather than violent nergers, maintained | ow ganma_eff and high
coherence throughout their evolution. Their disks grew coherently wi thout bul ge-
form ng disruption. The exi stence of bul gel ess massive gal axies is evidence of
coherence-preserving formation histories, entirely natural in the Al T- THRESI

f ramewor k.

10. Massive Quenched Galaxies at z > 3

Anonaly. Galaxies with stellar masses exceedi ng 10"1"1 M sun are observed to be
fully quenched (no ongoing star formation) at z > 3, corresponding to cosm c ages
less than 2 Gyr. Both the rapid formation and the rapid quenching are difficult to
achieve in LCDM

Closure. This is the downsizing mechanismapplied to the extrene end of the nass
function. H gh baryonic density in the nost massive gal axi es generates high
ganme_eff through the density-decoherence coupling:

$$\ gamma_{\text{eff}} \propto \rho {\text{baryon}}*{\mu} \tinmes TA{\nu}$$

where mu and nu are positive exponents. The sanme hi gh coherence that enabled rapid
formation (I ow ganma_eff at early times in pristine gas) gives way to high gamm_eff
once the gas is processed into stars and netals. The transition is sharp because the
decoherence rate depends exponentially on baryonic conplexity. Formation and
guenchi ng are two phases of the same coherence evol ution

Phase 1 (formation): pristine gas, |ow gamra_eff, high C --> rapid collapse and star
formation
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Phase 2 (quenching): enriched gas, high gamma_eff, low C --> col |l apse efficiency
drops --> star formation ceases

The transition tinescale can be as short as 200-500 Myr for the npbst nmassive
systenms, consistent with observations.

11. Supermassive Bl ack Hol e Seeds

Anonal y. Quasars powered by black hol es exceeding 10"9 M sun exist at z > 7 (cosmc
age < 700 Myr). Standard stellar-remant seeding (10-100 M sun seeds from Popul ati on
Il stars) cannot grow to 109 M sun even at continuous Eddi ngton accretion within
this tinme.

Closure. In pristine, netal-free gas at high redshift, the decoherence rate is
mnimzed. Low netallicity neans fewer radiative cooling channels that fragnent gas
into small clunps, and hi gh coherence nmeans gravitational collapse proceeds
nonolithically. The Jeans nass in a coherent nmedi um scal es as

$$M IM{\text{coherent}} = MJIM\text{standard}} \tinmes
\left(\frac{C{C {\text{crit}}}\right)~{3/2}%$$

For C ~ CO, the coherent Jeans nass can reach 1074-107"5 M sun, enabling direct
col | apse of nassive gas clouds into black hole seeds without fragmentation into
i ndi vidual stars. These direct-collapse black holes (DCBHs) then grow through
Eddi ngton-limted accretion

$Mt) = M{\text{seed}} \tinmes \exp\left(\frac{t}{t {\text{Edd}}}\right)$$

where t_Edd ~ 45 Myr for standard radiative efficiency. Starting from10*"5 M sun at
z ~ 20 (cosmic age ~180 Myr):

$EM z=7) = 1075 \tinmes \exp\left(\frac{520}{45}\right) \approx 1075 \tines 1075 =
107{10} \, M\ odot $$

This confortably exceeds 10"9 M sun even w th sub-Eddi ngt on epi sodes. The coherence
framework provides the nassive seeds that LCDM cannot produce, and standard
accretion physics does the rest.

12. JWBT as Confirmation

The Janes Webb Space Tel escope was not designed to test the coherence framework. But
its results systematically confirmthe central prediction: the early universe forned
structures faster and nore efficiently than constant-physics nodels all ow.

Every JWST di scovery that surprised LCDM cosnol ogists -- early massive gal axi es,
mature di sks at high z, rapid chem cal enrichnment, massive quenched systens,
super massi ve bl ack holes at dawn -- follows directly fromC = C x exp(-al pha x

ganmma_eff) with gamma_eff snmall at early tines.
The pattern across all ten anonalies is unified:

| Anonaly | gamma_eff Regine | Coherence Effect |

|---1---1---1

| Early galaxies | Low (high z) | Fast coll apse |

| Mature norphol ogies | Low (high z) | Odered collapse |

| Downsizing | Low->H gh (mass-dependent) | Bootstrap + quench |
| El Gordo | Mbderate (z=0.87) | Enhanced nmass function |

| Mssing satellites | High (near host) | Subhal o dissolution |
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| Too-big-to-fail | Hgh (inner halo) | Core formation |

| Satellite planes | Anisotropic | Coherence geonetry |

| Bul gel ess gal axies | Low (nerger-free) | Disk preservation |

| Rapid quenching | H gh (post-formation) | Star formation cutoff |
| SMBH seeds | Very low (pristine gas) | Direct collapse |

One equation. One nmechanism Ten anonalies cl osed.

13. Predictions

The coherence framework nakes falsifiable predictions for near-future observations:

1. Redshift-dependent structure formation efficiency. Galaxy nunber densities at z >
12 will continue to exceed LCDM predictions, with the excess grow ng nonotonically
with redshift.

2. Coherence-mmss correlation. At fixed redshift, the nbst nassive gal axies wll
show t he ol dest stellar populations, confirm ng the bootstrap mechanism This anti-
hi erarchical trend will strengthen at higher z.

3. Satellite survival radius. The radial distribution of satellite gal axies wll
show a sharp cutoff at a characteristic radius where gama_host exceeds the survival
threshold. This radius will correlate with host gal axy baryoni c mass.

4. Satellite plane persistence. Future surveys of satellite systens around isol ated
di sk galaxies will find planar configurations at rates far exceedi ng LCDM
predictions, with plane orientation correlated with host disk orientation

5. Black hole seed nmass floor. JWST and future missions will find a mninmm bl ack
hole mass at z > 10 of approximately 10"4 M sun, corresponding to the coherent Jeans
mass -- not the 10-100 M sun predicted by stellar-remant seeding.

6. Quenching tinescale correlation. The quenching tinmescal e of massive gal axies will
correlate inversely with stellar nmass surface density, follow ng the gammua_eff
proportional to rho_baryon®mu scaling.

14. Concl usi on

The ten structure formation anomal i es examni ned here share a common origin: Lanbda-
CDM assunes that the physics governing gravitational collapse is constant across
cosmic tine. The coherence framework, through C = CO x exp(-al pha x ganma_eff),

i ntroduces a single physical mechanism-- the evolution of vacuum coherence with
baryoni c conplexity -- that resolves all ten sinultaneously.

The early universe, with its pristine gas and m ni mal baryoni c processi ng, operated
at high coherence and | ow ganma_eff. Gravitational collapse was fast, ordered, and
efficient. As structures forned and baryonic conplexity grew, ganma_eff increased,
coherence degraded, and the universe transitioned to the slower, |ess efficient
structure formation regi ne we observe locally.

JWBT | ooked back in tine and found exactly what a decohering universe predicts: a
young cosnpbs that built structures with an efficiency that constant-physics nodels
cannot reproduce. The tel escope did not discover anonmalies. It confirned that the
uni verse was once nore coherent than it is today.

The resolution is not that LCDMis wong about gravity, or about dark matter, or
about initial conditions. It is that LCOMis wong about constancy. The physics of
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gravitational collapse evol ves because the vacuum coherence that mediates it
evol ves. Once this single assunption is corrected, the anomalies vanish and the data
make sense

JWET was right. The universe forned its structures early and fast, because it was
coherent.
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