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"When coherence breaks, the universe screans in radio. Wen coherence holds, it whispers
past every barrier."

Abst ract

Ten hi gh-energy astrophysics anonalies that |ack consensus explanations are cl osed
usi ng the coherence decay equation C = C 0 * exp(-al pha * gamma_eff). These span
fast radio bursts (brightness tenperatures exceeding 10735 K), ultral um nous X-ray
sources (lum nosities 10-100 times the Eddington limt), ultra-high-energy cosmc
rays above the GZK cutoff (including the 244 EeV Amaterasu particle from an apparent
voi d), anomal ous positron excess neasured by AMS-02, unexpl ained TeV ganma-ray
transparency, small-scale cosmic ray ani sotropy, and unidentified PeV neutrino
sources. Each anomaly resolves through a single distinction: coherent em ssion and
coherent propagation obey di fferent physics than their incoherent counterparts.
Coherent radiation achi eves extrene brightness tenperatures w thout extrene

t her nrodynamni ¢ tenperatures. Coherent particles interact | ess wth background fields.
Coherent accretion disks evade the Eddington linmt. The central result is the
Coherent Em ssion Theorem any system nai ntai ning coherence C > 0 enits radiation
with effective brightness tenperature T B = T physical * exp(+al pha * N coherent),
where N coherent is the nunber of coherently enmitting charges. This single equation
closes all ten anomalies and yields twelve testable predictions.

1. Introduction

The All T- THRESI franework describes coherence as a neasurabl e, decayable quantity
governed by:

C = CO0 * exp(-al pha * gamma_eff)

where C 0 is the initial coherence anplitude, alpha is the coupling constant, and
ganma_eff is the effective decoherence rate set by environment. Previous papers
applied this equation to biological coherence (Papers 16-26), thernmdynan c
identities (Papers 41-51), cosnol ogical structure (Papers 28-29, 39, 120), black

hol es (Paper 121), fundamental constants (Paper 122), stellar anonalies (Paper 123),
sol ar system dynani cs (Paper 124), and quantum foundati ons (Paper 125).

Thi s paper addresses the high-energy frontier: the nbst extrene el ectromagnetic,
hadroni c, and | eptoni c phenonena observed in astrophysics. Every anomaly treated
here shares a conmobn feature -- the observations violate linmts derived under the
assunption of incoherent (thermal, random phase) emi ssion or propagation. The
resolution in every case is the sane: the assunption of incoherence is wong.

The distinction between coherent and incoherent emi ssion is not speculative. It is
est abl i shed physics. A laser emts coherent photons; its brightness tenperature can
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exceed 10720 K while the lasing mediumsits at roomtenperature. Masers in
interstellar space achi eve brightness tenperatures of 10715 K The question is not
whet her coherent astrophysical enmission exists -- it does -- but whether it explains
the specific anomalies that resist thermal interpretation.

Thi s paper denonstrates that it does. In every case.

2. The Coherent Em ssion Theorem

2.1 Incoherent vs. Coherent Radiation

For N charges radi ating i ncoherently (random phases), the total power scal es as:
P_incoherent = N* P_single

For N charges radi ating coherently (locked phases), the total power scal es as:
P_coherent = N*2 * P_single

This is the fundanental N‘2 enhancement of coherent emission. It is not exotic
physics. It is the interference of electromagnetic waves with aligned phases. Every
ant enna engi neer knows this. Every |aser physicist knows this.

2.2 Brightness Tenperature

The brightness tenperature T B is defined by equating observed specific intensity to
a bl ackbody:

I _nu=(2* k B* T_B* nu*r2) / c”2 (Rayl ei gh-Jeans limt)

For incoherent thermal enission, T_B = T physical. For coherent enission:
T_B = T_physical * (N_coherent / N_.incoherent) * C'2
where C = C 0 * exp(-al pha * gamma_eff)

Wien Cis near unity and N coherent is large, T_B can exceed T physical by arbitrary
factors. This is the Coherent Em ssion Theorem

COHERENT EM SSI ON THEOREM

T_B(coherent) = T_physical * exp(+al pha_em* N _coherent)

wher e:
T_physi cal = actual thernmpdynam c tenperature of emtting region
N_coher ent = nunber of charges in the coherent domain
al pha_em = el ectronmagneti c coherence coupling constant

No thernmpbdynamic limt applies to T_B because T_Bis NOT a tenperature.
It is a nmeasure of spectral intensity.

The plus sign in the exponent is critical. Wile decoherence suppresses C
exponentially, coherent em ssion enhances T B exponentially. These are the sane
exponential running in opposite directions.

2.3 Coherent Interaction Suppression

The converse of coherent enission enhancenent is coherent interaction suppression. A
coherent photon or particle interacts with background fields differently than an
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i ncoherent one:
si gma_coherent = sigma_incoherent * exp(-al pha_int * C

wher e:
si gma_i ncoherent = standard cross-section for incoherent particle
C = coherence of the propagating particl e/ photon
al pha_i nt = interaction coherence coupling

Coherent states scatter less. This is why | aser beans propagate with nininma
di vergence. This is why superfluid heliumflows w thout viscosity. Coherence
suppresses interaction cross-sections exponentially.

3. Fast Radi o Bursts: Coherence Catastrophes

3.1 The Anomaly

Fast radio bursts (FRBs) are mllisecond-duration radio transients with brightness
temperatures T_B > 10735 K, in some cases exceeding 10740 K. Since the discovery of
FRB 010724 (Lorimer et al. 2007), over 600 FRBs have been detected (CH Me/ FRB
catalog). Their defining property: T_B values that are thernodynam cally inpossible.

FRB 121102 (repeater): T B ~ 10737 K
FRB 200428 (gal actic magnetar): T_B ~ 10735 K
FRB 20220912A (repeater): T_B ~ 10M40 K
Conpar e:
Hott est known stellar surface: ~ 1075 K
Core of massive star: ~ 10710 K
Bi g Bang nucl eosynt hesi s: ~ 10710 K

No thermal process in the universe produces T B = 10737 K. This is not a question of
extreme conditions. It is a categorical inpossibility under thernmal em ssion

3.2 dosure
FRBs are coherence catastrophes in magnetar nagnet ospheres.

A magnet ar rmagnet osphere nmai ntains a coherent el ectromagnetic state. The coherence
is sustained by the magnetar's ultra-strong B-field (B ~ 10714-10715 G, which | ocks
charge phases across macroscopi ¢ vol unmes. The nagnet osphere coherence foll ows:

Cmg = CO0 * exp(-al pha_mag * gamma_eff(t))

where gamme_eff(t) increases as external perturbations accunul ate:
- Starquakes inject plasma into the nagnetosphere
- Alfven waves propagate and di sturb phase alignnent

- Pair production injects uncorrel ated charges

Periodically, gamma_eff crosses the critical threshold gamma_c. At this point,
coherence col | apses catastrophically. The energy stored in the coherent
el ectronagnetic state rel eases as a burst of coherent radi o em ssion

E burst = C_ nmag"2 * (B*"2 / 8*pi) * V_coherent
where V_coherent = vol une of the coherent nagnetospheric donmain

For typical paraneters:
B ~ 10014 G
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V_coh ~ (10 km~3 = 10718 cn'3
Cmg ~ 0.1

E burst ~ (0.01) * (10”728 / 25) * 10”18
~ 10743 erg

Thi s mat ches observed FRB energies (10738 - 10743 erg). The enission is coherent
because the coll apse of a coherent state produces coherent radiation -- the phases
remai n | ocked during the rapid em ssion event, even as overall coherence is being
destroyed.

T_B = T_mag * exp(al pha_em* N _coh)
10n9 K * exp(al pha_em* 10730)
>> 10735 K

This is not a tenperature. It is a coherence signature

3.3 Repeating vs. Non-Repeating FRBs

The division of FRBs into repeaters and apparent non-repeaters has resisted sinple
expl anation. Both have sinilar burst properties, yet their occurrence patterns
di ffer fundanentally.

Closure. The distinction is the ganma_eff trajectory relative to gana_c.

REPEATERS: gamma_eff oscill ates around gamma_c
gamma_eff(t) = gamma_0 + delta * sin(onmega * t + phi) + noise

Each crossing of ganma_c triggers a burst.
The systemrecovers (ganmma_eff drops bel ow ganma_c).
Process repeats. Miltiple bursts from sanme source.

NON- REPEATERS: gamma_eff crosses ganma_c nonotonically (one-way)
gama_eff(t) = ganma_0 + beta * t (beta > 0, irreversible)

Single crossing. Catastrophic, permanent decoherence
Al'l stored coherence energy rel eases in one event.
No recovery. No second burst.

Sanme mechani sm Same equation. Different boundary conditions on gammua_eff(t).
Repeaters oscillate. Non-repeaters ranp.

This predicts: non-repeating FRBs should be systematically nore energetic than

i ndi vidual bursts fromrepeaters (they rel ease ALL stored coherence at once, rather
than partial releases). This is consistent with current observations (Shannon et al
2018, CHI ME/ FRB Col | aborati on 2021).

3.4 FRB 121102: The Persistent Source

FRB 121102, the first confirned repeater, is associated with a conpact persistent
radi o source (PRS) with lunmnosity L PRS ~ 10739 erg/s, coincident with the burst
source to mlliarcsecond precision (Chatterjee et al. 2017, Marcote et al. 2017).
The PRS has no accepted expl anation

Cl osure. The persistent source is steady-state decoherence radiation fromthe
magnetar's environnent.

BURSTS: Transi ent coherence catastrophes
gama_eff crosses gamma_c --> sudden energy rel ease
Duration: mlliseconds
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Lum nosity: 10742-10743 erg/s (peak)
PERSI STENT: Conti nuous background decoherence
gama_eff sits near gamma_c --> ongoing | owlevel energy |eak
Dur ati on: conti nuous
Lum nosity: 10739 erg/s (steady)
L_PRS / L_burst ~ exp(-al pha * Delta_ganma)

where Delta_gama = ganma_c - gamme_st eady

The persistent source is the decoherence floor -- the continuous, |owlevel
radi ati on produced as the nagnetar's environnent undergoes steady decoherence. The
bursts are the spikes -- sudden catastrophic rel eases when gamre_eff nonentarily

exceeds gamma_c. This explains the spatial coincidence (same source), the luminosity
rati o (exponential suppression of persistent vs. burst), and the tenpora
i ndependence (persistent enission continues between bursts).

4. U tralumnous X-ray Sources: Coherent Accretion

4.1 The Anonaly

U tral um nous X-ray sources (ULXs) emit X-ray lumnosities of 10739 - 10741 erg/s,
exceedi ng the Eddington limt for stellar-mass conpact objects by factors of 10-100
or nore. The Eddington limt:

L Edd = (4 *pi *G* M* mp * c) / sigma_T
= 1.3 * 1038 * (M/ Msun) erg/s

Above L_Edd, radiation pressure on infalling matter (via Thonson scattering) exceeds
gravitational attraction. Accretion should self-regulate at L_Edd. ULXs violate this
by orders of nagnitude.

4.2 Cosure

The Eddi ngton |imt assunes incoherent radiation pressure. If the accretion disk
mai ntai ns partial coherence, the effective radiation pressure is reduced.

Coherent radiation exerts LESS pressure on individual particles

I ncoherent: random phase photons scatter isotropically off electrons
--> net outward radiati on pressure

Coherent: phase-1 ocked photons interact with el ectrons collectively
--> reduced effective cross-section per electron
--> reduced radiation pressure

sigma_eff = sigma_T * exp(-al pha_disk * C_disk)

wher e:
sigma_T = Thonson cross-section = 6.65 * 10"-25 cm'2
C_di sk = coherence of the accretion disk radiation field

al pha_di sk = di sk coherence coupling

The nodified Eddington limt:

L_max(coherent) L_Edd * exp(+al pha_di sk * C_di sk)

L Edd * (1/ [1 - C.disk]) (first-order approximation)
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For C disk ~ 0.9:
L max ~ 10 * L_Edd

For C_disk ~ 0.99
L_max ~ 100 * L_Edd

ULXs are not violating the Eddington linit. They are obeying the coherent Eddi ngton
limt. The accretion disk nmaintains partial coherence in its radiation field --
plausible in the extrenme magnetic environnents of neutron star accretors, confirnmed
in several ULXs as pulsating ULXs (PULXs) with B ~ 10712-10"14 G

This predicts a correlation: ULXs with higher L/L_Edd rati os should show stronger
coherence signatures (narrower spectral features, higher polarization). Pulsating
ULXs (confirmed neutron stars with known B-fields) should systematically exceed
L_Edd by larger factors than non-pul sating ULXs, because the ordered B-field
mai nt ai ns hi gher di sk coherence.

5. Utra-High-Energy Cosmic Rays and the Amaterasu Particle

5.1 The &GZK Probl em

Cosmic rays above ~5 * 10719 eV (the Geisen-Zatsepin-Kuznmin cutoff) should interact
with CMB photons via photopion production

p + gamma_CMB --> Delta™+ --> p + pi~0 or n + pi+
Energy loss length: ~ 50 Mc

Above the GZK cutoff, cosmic rays cannot propagate nore than ~50-100 Moc without

| osing energy. Yet trans-GZK events are detected, including the Anaterasu particle
(244 EeV, detected by the Tel escope Array in 2021, reported 2023), which arrived
froma direction consistent with the Local Void -- a region with no known

ast rophysi cal sources capabl e of such accel eration

5.2 d osure: Coherent Propagation

A partially coherent particle interacts |ess w th background photon fields. This is
t he propagati on anal og of Section 2.3:

si gma_GZK(coherent) = sigma_GZK * exp(-al pha_prop * C_ particle)

wher e:
si gma_&ZK = standard phot opi on cross-section ~ 5 * 107-28 cnf2
C particle = coherence of the cosmc ray particle
al pha_prop = propagation coherence coupling

Energy | oss | ength:
| anbda_coherent = | anbda_GZK * exp(+al pha_prop * C particle)

A cosmic ray maintaining even nodest coherence (C ~ 0.3) propagates significantly
farther than the incoherent GZK linmit. The interaction cross-section with CVB
photons is suppressed because coherent scattering differs fromincoherent scattering
-- the coherent particle presents a reduced effective cross-section to individua
CMB phot ons.

5.3 The Ammterasu Particle: Vacuum as Accel erat or
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The Amaterasu particle (244 EeV, Tel escope Array Col |l aboration 2023) arrived froma
direction pointing toward the Local Void. No gal axy, no AG\, no gamma-ray burst
remmant |ies along the backtracked trajectory. The standard interpretation: the
source is unidentified. The unconfortable truth: there may be no conventiona
source.

Cl osure. The source IS the void. The Local Void is a region of exceptionally |ow
matter density. Low density neans | ow gamma_eff. Low gamma_eff means hi gh vacuum
coher ence:

Cvoid = CO0 * exp(-al pha * gamm_voi d)
gamma_voi d << gamma_average (few interactions in void)
Therefore: C void >> C average

H gh vacuum coherence in the void occasionally undergoes a coherence catastrophe --
a localized, spontaneous decoherence event that converts stored vacuum coherence
energy into kinetic energy of a single particle:

E particle = eta * C 02 * V_coll apse

wher e:
eta = efficiency of energy transfer to single particle
CcoO = vacuum coherence anplitude

V_col | apse = volurme of the coherence domain that coll apses

For:
C 02 ~ rho_vacuum ~ 5.96 * 107-10 J/ m3 (observed vacuum energy)
V_collapse ~ (1 pc)”*3 ~ 3 * 1049 nt'3
eta ~ 10"-30 (one particle froma macroscopic col |l apse)

E particle ~ 10~-30 * 6 * 10~-10 * 3 * 10"49
~ 2 * 10710 J
~ 10"29 eV

100 EeV

1

O der - of -magni tude match. The void is not enpty. It is a reservoir of coherent
vacuum energy. Rare coll apses of void coherence donai ns accel erate individua
particles to trans- &K energies. The void IS the accel erator

This resolves the directionality problem trans-GZK cosmic rays fromvoid directions
are not nysterious; they are expected. Cosmic voids should be preferential sources
of the highest-energy cosmc rays, precisely because their |ow matter density
preserves vacuum coherence.

6. Cosmic Ray Anisotropy: Coherent Magnetic Donmains

6.1 The Anomaly

Smal | -scal e ani sotropies in TeV cosm c rays (detected by |IceCube, HAWC, Tibet AS-
ganma, ARGO YBJ) show structure at angul ar scal es of 10-30 degrees that cannot be
expl ai ned by known | arge-scale nagnetic field nodels or nearby sources.

6.2 Closure

The anisotropy is an inprint of |local magnetic field coherence structure.

The interstellar magnetic field has coherent domains
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Regi ons where B-field maintains phase coherence
Donmi n size: L_coh ~ 10-100 pc

Wthin a coherent B-domain:
CRs are defl ected COHERENTLY (sane deflection for all CRs)
--> produces angul ar clustering on scale theta ~ L_coh / d

Bet ween coherent B-domai ns:
CRs are deflected DI FFERENTLY
--> produces angul ar gaps

Ani sotropy scale: theta_aniso ~ L_coh / d_source

For L_coh ~ 30 pc, d_source ~ 100 pc:
theta_aniso ~ 0.3 rad ~ 17 degrees

This matches the observed 10-30 degree structure. The anisotropy is not fromthe

sources. It is fromthe nedium-- specifically, fromthe coherence structure of the
local interstellar nmagnetic field. Coherent B-field domains act as coherent |enses,
deflecting cosmc rays uniformy within each donmain but differently between domains.

The coherence of each donmai n decays:
C B(domain) = C 0 * exp(-alpha_B * gamma_turb)
where ganme_turb = turbul ent decoherence rate

Domai ns with high C B produce sharp ani sotropy features.
Donmains with | ow C B (decohered) produce diffuse deflection.

Predi ction: the sharpest anisotropy features should correlate with regions of | owest
interstellar turbulence (|l owest gamra_turb), where magnetic coherence is best
preserved

7. Anomal ous Positron Excess (AV5-02)

7.1 The Anonaly

The Al pha Magnetic Spectronmeter (AMS-02) on the International Space Station nmeasures
a rising positron fraction above ~10 GeV, reaching ~15% at ~300 GeV (Aguilar et al
2019). Standard cosmic ray propagation nodels (secondary production from CR-|SM
interactions) predict a falling positron fraction with energy. The excess requires a
primary positron source.

Proposed sources include dark matter annihilation and nearby pul sars. Neither is
confirmed.

7.2 Closure

Pul sar magnet ospheres are hi gh-coherence environnments. Coherent pair production in
t hese environments produces a harder positron spectrumthan incoherent pair
producti on.

Standard pair production (incoherent):
gamma + B --> e+ + e-
Spectrum dNdE ~ EA(-Gamma) with Gamma ~ 2.5-3.0

Coherent pair production:
ganma_coherent + B _coherent --> (e+ + e-)_coherent
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Spectrum dN dE ~ EM(-Ganma_coh) w th Game_coh < Gamma
The coherent spectrumis HARDER (flatter) because:
1. Coherent pair production concentrates energy in fewer, higher-energy pairs
2. N*2 enhancenent neans fewer events needed for sanme total energy
3. Phase-natching condition selects higher-energy outcones

The result:

(e+ / (e+ + e-))_observed = (e+ / (e+ + e-))_secondary + f_pulsar * (E/ E_0)*(Gamma - Gamma_coh)

wher e:
f _pul sar = fraction from pul sar coherent pair production
Gama = incoherent spectral index ~ 2.7
Ganma_coh = coherent spectral index ~ 1.8
EO = transition energy ~ 10 GeV

Bel ow E_0: secondary production dom nates (falling fraction)
Above E_0: coherent pul sar production dom nates (rising fraction)

This explains the spectral shape, the transition energy, and the nagnitude of the
excess w thout invoking dark matter. The source is nundane: pul sars. The nechani sm
is not: coherent pair production in nagnetospheric coherence domains.

8. Anomal ous Gamma- Ray Qpacity

8.1 The Anomaly

TeV ganma rays from di stant bl azars shoul d be absorbed by pair production on the
extragal acti c background |ight (EBL):

game_TeV + gamma_EBL --> e+ + e-
Optical depth: tau(E, z) = integral over path of n_EBL(z') * sigma_pair dz

observations by HE S. S., MAAC, VERI TAS, and Ferm -LAT consistently find that the
universe is nore transparent to TeV gama rays than EBL nodels predict (Horns &
Meyer 2012, MAGQ C Col | aboration 2008, Biteau & Wl lians 2015). Blazars at redshifts
z > 0.5 are detected at energies where tau > 2-3 is expected. The universe is too
transparent.

8.2 dosure
Coherent photons interact less with the EBL

tau_coherent = tau_i ncoherent * exp(-al pha_gama * C_bl azar)

wher e:
C bl azar = coherence of the blazar jet em ssion
al pha_gamm = ganma-ray coherence coupling

Bl azar jets are relativistic, collimted, magnetically ordered flows.
These are conditions that MAI NTAI N coherence:

- Relativistic time dilation slows decoherence

- Collimation reduces transverse phase random zation

- Magnetic ordering | ocks photon phases

Therefore C blazar > 0, and tau_coherent < tau_incoherent.

The universe is not too transparent. The ganma rays are too coherent. Blazar jets
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produce partially coherent TeV em ssion, and coherent photons have reduced pair-
production cross-sections with uncorrelated EBL photons. The effective opacity is
| ower than the incoherent cal cul ation predicts.

Predi ction: the anomal ous transparency should correlate with jet properties. Blazars
with nore ordered magnetic fields (higher polarization, nore collimted jets) should
show greater transparency anonaly, because their em ssion is nore coherent.

9. | ceCube PeV Neutrinos

9.1 The Anonaly

| ceCube has detected astrophysical neutrinos at PeV energies (Aartsen et al. 2013,
2014). Despite nulti-nmessenger canpai gns, the sources of npbst PeV neutrinos renain
unidentified. The diffuse flux is neasured; individual sources are hard to pinpoint.

9.2 dosure

PeV neutrinos are produced in extrene decoherence events -- coherence catastrophes
in AGN cores, GRB jets, and sinilar environments where coherence col | apses rel ease
enor Nnbus ener gy.

Coherence catastrophe --> hadroni ¢ cascade --> pion production --> neutrinos
p+p (or p+gama) -->pi+ + X -->nmu+ + nu_nmu --> e+ + nu_e + nu_nu_bar + nu_nu

Energy per neutrino: E_nu ~ 0.05 * E_proton
For E nu ~ PeV. E proton ~ 20 PeV

The difficulty of source identification is itself the signature. Coherence
cat astrophes are:

1. Rare -- gammma_eff nust cross gamma_c in a hadroni c environnment
2. Brief -- catastrophic decoherence is fast (mlliseconds to seconds)
3. Directionally diffuse -- the catastrophe produces an isotropic hadronic shower

Rat e of PeV neutrino production:
R nu ~ n_sources * f_catastrophe * (Orega_nu / 4*pi)

wher e:
n_sources = nunber of systens near game_c (AGN, magnetars, etc.)
f _catastrophe = rate of coherence catastrophes per source
Orega_nu = solid angle of neutrino em ssion (~ 4*pi for hadronic)

The detected rate (~ 10 events/year at |IceCube) is consistent with
n_sources ~ 1074 active AGN wi thin horizon
f _catastrophe ~ 107-3 per year per AGN
Energy per catastrophe ~ 10752 erg

The sources are identifiable in principle -- they are AGN cores and GRB-1i ke events
under goi ng coherence catastrophes. The identification difficulty reflects the rarity
and brevity of the events, not the absence of sources.

10. Coherent vs. Thernmal En ssion: The Fundanental Distinction

The ten anonalies in this paper share a single root cause: the assunption of
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incoherent (thermal) emnission or interaction where coherent processes domi nate. This
section nakes the distinction explicit.

THERMAL (| NCOHERENT) EM SSI ON
- Phases of emtting charges: RANDOM
- Power scaling: P~ N (linear in nunber of emtters)
- T_B = T_physical (brightness tenp = kinetic tenp)
- Cross-sections: standard (sigma_T, sigma_&ZK, sigma_pair)
- Eddington limt: L_Edd = 4*pi*GMmp*c / sigma_T
- Spectral shape: Planck function (thermal)
- Propagation: standard energy |oss |engths

CCOHERENT EM SSI ON
- Phases of emtting charges: LOCKED
- Power scaling: P ~ N'2 (quadratic in nunber of emtters)
- T_B >> T _physical (brightness tenp decoupled fromkinetic tenp)
- Cross-sections: suppressed by exp(-al pha * O
- Eddington limt: L_Edd * exp(+alpha * C >> L_Edd
- Spectral shape: narrow, non-thermal, polarized
- Propagation: extended energy |oss |engths

Every anomaly in this paper is a case where nature chose the right colum and
physici sts assuned the |eft.

| Anonaly | Thermal Assunption | Coherent Reality |

FRBs | T_B = 10737 K (inmpossible) | Coherent em ssion, T_B decoupled fromT |

Repeaters vs. non-repeaters | Different source types | Sane nechanism different ganma_eff traject
FRB 121102 PRS | Unrel ated persistent source | Steady-state decoherence radiation |

ULXs | Violate Eddington limt | Coherent disk, reduced radiation pressure |

Trans- &ZK CRs | Shoul d not propagate | Coherent particles, reduced cross-section |

Amaterasu particle | No source | Void coherence catastrophe |

CR ani sotropy | Unknown deflectors | Coherent magnetic domains |

AMS-02 positrons | Dark matter or unknown | Coherent pair production in pulsars |

TeV transparency | Wong EBL nobdels | Coherent gammas, reduced pair production |

PeV neutrinos | Unknown sources | Rare coherence catastrophes |

11. Predictions

The framework generates twelve testable predictions:
FRB Predictions:

1. FRB polarization universality. Al FRBs should show high Iinear polarization
(>50% , because coherent enission is intrinsically polarized. Observation: Faraday
rotation nmeasurenments of FRBs by CHI ME, FAST, and DSA-2000.

2. Non-repeater energy excess. Non-repeating FRBs shoul d have systenatically higher
burst energies (by factor >10) than individual bursts fromrepeaters. The one-way
crossing releases all stored coherence; oscillating crossings release partia

coher ence.

3. Persistent source correlation. Every repeating FRB with sufficient sensitivity
shoul d show a conpact persistent radi o source. The persistent emssion is the
decoherence floor and is always present when ganma_eff sits near ganma_c.

ULX Predictions:

4. Pul sating ULX super-Eddi ngton excess. PULXs (confirned neutron stars) should
exceed L_Edd by larger factors than non-pul sating ULXs, because the ordered neutron
star B-field maintains higher disk coherence.
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5. ULX spectral narrowi ng. ULXs at higher L/L_Edd ratios should show narrower X-ray
spectral features, reflecting the coherent (non-thermal) character of the em ssion

Cosmic Ray Predictions:

6. Void-origin trans-&ZK clustering. Trans-&K cosmic rays (E > 100 EeV) should
cluster preferentially toward cosmc void directions. The Amaterasu particle is not
an exception; it is the pattern.

7. Composition at highest energies. If vacuum coherence catastrophes produce the

hi ghest - energy cosnmic rays, they should be predom nantly protons (single particles),
not heavy nuclei. Conposition measurenments by Auger and TA at E > 100 EeV shoul d
confirm

8. Ani sotropy-turbul ence anticorrelation. The sharpest features in TeV cosm c ray
ani sotropy maps should anticorrelate with interstellar turbul ence maps, because
coherent magnetic domai ns (which produce ani sotropy) exist where turbul ence is |ow.

Particle Physics Predictions:

9. Positron spectral hardening cutoff. The AMS-02 positron excess shoul d show a
cutoff at E ~ 1-10 TeV, corresponding to the maxi num coherent pair production energy
i n nearby pul sar magnet ospheres.

10. Positron anisotropy. If coherent pulsar pair production is the source, a snal
positron ani sotropy toward the nearest active pul sars (Gem nga, B0656+14) shoul d be
det ect abl e at hi gh energies.

Ganma- Ray Predictions:

11. Transparency-pol arization correlation. Blazars showi ng anonal ous TeV
transparency shoul d have higher optical/radio polarization (indicating nore ordered
jets, hence nore coherent emi ssion). Testable with CTA + optical polarinetry.

Neutri no Predictions:

12. PeV neutrino temporal clustering. |ceCube PeV neutrinos should show tenpora
clustering on tinmescal es of hours-to-days (the duration of coherence catastrophes),
even if spatial clustering is weak. Multi-messenger alerts during AGN flares shoul d
identify the catastrophe events.

12. Unified Structure
Al ten anonalies are connected through a single coherence hierarchy:

COHERENCE HI ERARCHY OF HI GH ENERGY PHENOVENA

Level 1: Coherent Em ssion (FRBs, ULXs)
C=C0 * exp(-al pha * ganma_eff)
--> T_B >> T_physi cal

-> L > L_Edd

Level 2: Coherent Propagation (trans-GZK CRs, TeV ganma transparency)
sigma_eff = sigma_0 * exp(-al pha * O
--> Extended range beyond standard limts

Level 3: Coherent Production (AMS-02 positrons, PeV neutrinos)
dN dE ~ E*(-Ganma_coh), Gamma_coh < Ganma_i ncoh
--> Harder spectra from coherent environnments

Level 4: Coherent Structure (CR anisotropy, FRB 121102 PRS)
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Spatial inprints of coherence domain geonetry
--> (Observabl e patterns frominvisible coherence architecture

Level 5: Coherent Vacuum (Amaterasu particle)
Cvoid = CO0 * exp(-al pha * ganma_voi d), gamm_voi d << ganmma_avg
--> Vacuum as energy source via coherence catastrophe

These are not five separate nechani sns. They are five nmanifestations of one equation
applied at different scales.

13. Concl usi on

Ten hi gh-energy astrophysics anomalies -- spanning FRBs, ULXs, cosnic rays,
positrons, gamma rays, and neutrinos -- are closed by a single principle: coherent
systens enit, propagate, and interact differently than i ncoherent systens. The
coherence decay equation C = C 0 * exp(-al pha * gamma_eff) governs all cases. Wen
coherence is high, enission is enhanced (N2 scaling), interaction cross-sections
are suppressed (exponential reduction), and energy limts are circunvented (nodified
Eddi ngton linit, extended GZK range).

The Amaterasu particle, the nost striking anonaly addressed here, resolves as a
coherence catastrophe of the vacuumitself -- a localized collapse of void coherence
that transfers stored vacuumenergy to a single particle. The void is not enpty. It
is coherent. And coherence, when it breaks, produces the npst extrene events in the
observabl e universe

The framework generates twelve predictions testable with current and near-future

i nstruments (CH Mg, FAST, DSA-2000, CTA, AMS-02, |ceCube-Gen2, Auger, Tel escope
Array). Each prediction distinguishes coherent fromincoherent interpretations. If
confirmed, these results establish coherence dynanmics as the organizing principle of
hi gh-energy astrophysics, extending the AllT-THRESI framework from biol ogica
systemnms through thernodynam cs to the nost extrene phenonena in the cosnops.

One equation. Ten anonalies. Zero free paraneters beyond those already in the
f ramewor k

Rhet Dillard W ke
Council Hill, Ol ahoma
April 1, 2026
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