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"Not every anomaly needs new particles. Sone just need to remenber that the vacuum
decoheres.”

Abst ract

Ei ght observational puzzles in radio astronony, gamma-ray physics, and cosnol ogy are
exam ned through the lens of the Wke Coherence Law C = CO x exp(-al pha x
ganma_eff). The ARCADE 2 excess radi o background (5-6x brighter than known sources)
is identified as vacuum decoherence radiation -- photons enmtted as vacuum coherence
continuously decays at the | owest avail able energy scale. The galactic bulge 511 keV
em ssi on (~10743 positron anni hilations per second froman unknown source) is traced
to enhanced nucl ear decoherence at the galactic center, where ganmma_eff is maxi mal
The EDGES 21-cm absorption anonal y, anonal ous ganma-ray transparency, cosmc ray

ani sotropies, the drop in Lyman-al pha emitters at z > 7, and anonal ous quasar

proxi mty zones each receive closures fromthe coherence framework. One anomaly --
the Arp quasar-gal axy associations -- is closed by rejection: the data do not
support it. Not every puzzle is real. Honesty requires saying so.

1. The Central Equation
From t he Lindblad naster equation for open quantum systems (derived in Paper 1):

C(gamma_eff) = CO x exp(-al pha x gamm_eff)

wher e:
- CO =initial coherence anplitude
- al pha = coupling constant to the decohering environnent
- ganme_eff = effective decoherence rate (environment-dependent)

The key physical content: coherence decays exponentially with the decoherence rate.
Systenms with | ow gamma_eff retain coherence. Systems with high gamma_eff lose it.
The transition at gamma_c (the critical decoherence rate) separates the coherent
phase fromthe decohered phase, with 3D Ising universality at the critical point
(Papers 100-109).

Thi s paper applies the coherence | aw to astrophysi cal and cosnol ogi cal observations
where standard expl anations are nissing or inconplete.

2. ARCADE 2 Excess Radi o Background

2.1 The oservation
The ARCADE 2 bal | oon experinent (Fixsen et al. 2011) neasured the absol ute sky



PAPER 138: DECOHERENCE RADI ATI ON
Page 2

temperature at 3, 8, 10, 30, and 90 GHz. After subtracting the CMB and known radio
sources (gal axies, AG\, clusters), a residual remains:

T_excess(nu) = T_R x (nu / nu_0)"(-beta_R)
Measur ed:
TR=24.1+- 2.1 K at nu 0 = 310 Mz
beta_R = 2.60 +/- 0.04

Excess brightness: 5-6x above integrated source counts

No known popul ati on of radi o sources can produce this excess (Singal et al. 2010,
Seiffert et al. 2011). It is isotropic, featureless, and has persisted through
mul ti pl e anal yses.

2.2 Closure: Vacuum Decoherence Radi ati on

The vacuumis a quantum system |t has coherence. That coherence decoheres.

When vacuum coherence decays according to C = CO x exp(-al pha x gamma_eff), the | ost

coherence must go sonewhere. Energy conservation requires photon em ssion. The
decoherence rate of the vacuumis small (ganma_eff,vac << gamra_c for any nateria
system), so the enitted photons are | ow energy:

E photon ~ hbar x ganmma_eff, vac

For gamma_eff,vac ~ 1078 s/-1:
E~ 6.6 x 10"-26 J ~ 4 x 10"-7 eV
nu ~ 100 Mz (radi o band)

This radiation is:
- Isotropic: vacuum decoherence occurs everywhere, not at discrete sources

- Featureless: no spectral |ines, because the vacuum has no discrete transitions
- Persistent: decoherence is continuous, not episodic
- Radi o-frequency: because gamma_eff,vac is small, the photons are | ow energy

The spectral index follows fromthe decoherence spectrum The Lindbl ad equation
gi ves a decoherence power spectrum

P(nu) proportional to nu”(-beta)

where beta = 2 + d_spectral/2

For vacuum decoherence in 3+1 di nensions:
d_spectral = 1 (one effective spectral dinmension for vacuum fl uctuations)
beta = 2.5

Measured: beta_R = 2.60 +/- 0.04

Predicted: beta = 2.5

Di screpancy: 0.10 (2.5 sigma -- within systenmatic uncertainty of ARCADE 2)

The anmplitude TR = 24.1 K at 310 MHz sets the vacuum decoherence rate:

gama_eff,vac = (k_B x T_R) / (hbar x (nu/nu_0)”"beta_R)
~ 3 x 1078 s~-1

This is consistent with no known constrai nt on vacuum decoher ence r at es.

3. Galactic Bulge 511 keV Emni ssion
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3.1 The Qbservation

SPI /I NTEGRAL has neasured a persistent 511 keV gamma-ray line fromthe gal actic
bul ge since 2003 (Jean et al. 2003, Siegert et al. 2016):

Fl ux: ~107-3 photons/cm2/s

Lum nosity: ~10743 positron annihilations per second

Mor phol ogy: concentrated in bulge, bulge-to-disk ratio ~ 1-3
Sour ce: UNKNOWN

No known astrophysical source popul ati on can produce enough positrons. Dark matter
anni hil ation nodel s require contrived cross sections. Radioactive decay (Al -26,

Ti -44) accounts for at nost ~30% of the di sk conmponent and cannot explain the bul ge
concentration.

3.2 Cosure: Nucl ear Decoherence at Hi gh gamma_eff

The gal actic center has the highest ganma_eff in the Gal axy:

gamma_eff(r) increases toward gal actic center due to:
- Higher radiation density (W, X-ray, gamma-ray)
- Stronger magnetic fields (~1 nG vs ~3 muG in disk)
- Higher particle density
- Turbulent energy injection from Sgr A*

gamma_ef f (GC) >> gamma_eff (di sk) >> gamm_eff (hal o)
At hi gh gamma_eff, nucl ear coherence decays faster. This enhances:

1. Beta-plus decay rates: Nuclei in high-gamua_eff environments have enhanced decay
rates for positron-emtting i sotopes. The coherence of the nuclear wavefunction is
di srupted, increasing the overlap integral for weak decay:

| anbda(beta+) = lanbda_0 x [1 + delta_C(ganma_eff)]
where delta_C(gamma_eff) =1 - CJC0 = 1 - exp(-al pha x gamma_eff)

At gamme_eff >> 1/al pha:
delta_C --> 1 (nmaxi mum enhancenent, factor ~2)

At gamme_eff << 1/al pha:
delta_C --> 0 (standard decay rate)

2. Pair production near threshol d: Coherent photon fields produce pairs |ess
efficiently than incoherent ones (destructive interference suppresses pair
creation). Wien the photon field decoheres at high gama_eff, pair production
proceeds at the full incoherent rate.

The norphol ogy follows directly:

Posi tron production rate:
R e+(r) proportional to n_nucleus(r) x [1 - exp(-al pha x gamma_eff(r))]

Since both n_nucl eus and gamme_eff peak at the gal actic center:
R e+(r) --> maxi numat GC
R e+(r) --> mnimumin halo

This produces a bul ge-concentrated 511 keV nor phol ogy
wi t hout requiring a new source popul ation.

The total rate ~107"43 s™-1 requires that a fraction ~10"-6 of galactic center nuclei
experi ence enhanced positron-emtting decay at any tine -- a nodest requirenent
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given the extreme environment within the central ~100 pc.

4. The EDGES 21-cm Anonal y

4.1 The Cbservation

The EDGES experinment (Bowran et al. 2018) reported a 21-cm absorption trough at z ~
17 (78 MHz) with anplitude:
T_21 = -500 (+200, -500) nK

St andar d nmaxi num (adi abatic cooling only):
T 21, max = -209 nK

observed/ predi cted ratio: 2-3x deeper than all owed

4.2 Status: Contested

SARAS3 (Singh et al. 2022) found no confirnmation of the EDGES signal with an
i ndependent instrunent. The EDGES result may be a systematic artifact (foreground
nodel i ng, ground plane effects).

4.3 Conditional C osure: Coherence-Enhanced Absorption
| F the EDGES signal is real

At z ~ 17, the universe has | ow gamma_eff:

Low radi ati on background (pre-reionization)

- Low density (expandi ng universe)

Low turbul ence (quiescent intergalactic nmedium

gamma_ef f (z=17) << gamma_eff (z=0)

Ther ef ore:
C(z=17) = CO x exp(-al pha x gamma_eff(z=17)) >> C(z=0)

Gas at z ~ 17 is MORE COHERENT than gas today.
Coherent gas absorbs 21-cmradiation nore efficiently:
sigma_21(coherent) = sigma_21,0 x [1 + N.coh x f(CQ)]
wher e:
N_coh = nunber of coherently coupl ed atons

f(CO = coherence enhancenent factor ~ C/ CO

For N_coh ~ 10-100 (coherent domamins in cold neutral hydrogen):
sigma_21(coherent) / sigma_21(incoherent) ~ 2-3

Thi s produces the observed excess absorption depth.

I f SARAS3 non-confirmation holds, this section is noot. The franmework accomodat es
ei t her outcone: the coherence enhancenent is real physics regardl ess of whether
EDGES detected it at z ~ 17.

5. Anonal ous Gamma- Ray Transparency
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5.1 The Qbservation

TeV ganma-rays fromblazars at z > 0.1 should be absorbed by pair production on the
extragal acti c background |ight (EBL):

gamua(TeV) + gammu(EBL) --> e+ + e-

Mul tiple groups (MMAC, HE S S, VERI TAS) have found that the universe is MORE
TRANSPARENT to TeV gamas than EBL nopdels predict (Horns & Meyer 2012, MAG C
Col I abor ati on 2008):

tau_observed < tau_predicted( EBL)
Equi val ently: mean free path(observed) > nean free path(predicted)

The standard expl anation i nvokes axion-like particles (ALPs) that oscillate with
photons in nmagnetic fields, evadi ng absorption

5.2 O osure: Coherent Photon Cross Section Suppression

Bl azar jets are coherent photon sources. The jet enission nmechani sm (synchrotron
i nverse Conpton) produces partially coherent radiation -- the photons share phase
rel ati onships inherited fromthe coherent electron population in the jet.

Pair production cross section depends on photon coherence:
sigma_pair(coherent) < sigma_pair(incoherent)

Physi cal reason: coherent photon states have reduced
number - f  uct uati on vari ance.

For a coherent state |al pha>:
<(Delta n)"2> = <n> ( Poi sson)

The pair production rate scales w th photon-photon
correlation function:
R pair proportional to g*(2)(0) x signa_0

For coherent light: g”*(2)(0)
For thermal I|ight: g™ (2) (0)

=1
=2
Theref ore:

sigma_pair(coherent) / sigma_pair(thermal) = 1/2

This factor-of-2 reduction in effective cross section produces a factor-of-2
i ncrease in nean free path:

| ambda_nf p(coherent) = lanbda_nfp(thermal) x [g"(2)(0)]~(-1) = 2 x | anmbda_nf p(thermal)

The uni verse appears nore transparent because the PHOTONS are nore coherent than
assuned. No axion-like particles are needed.

6. Cosnic Ray Anisotropy at TeV Energies

6.1 The Cbservation

| ceCube, M Ilagro, HAWC, and Ti bet AS-gamma have detected small-scale (~10-30 degree)
ani sotropies in TeV cosmc ray arrival directions at the 10"-4 to 107-3 | evel
(Abeysekara et al. 2019). The origin of these small-scale features is debated.
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6.2 C osure: Coherent Magnetic Field Domains

The local interstellar magnetic field has coherent donains -- regions where the
field mai ntai ns phase coherence over a characteristic scale L_coh:

L_coh ~ 1-10 pc (local |SM coherence | ength)

Wthin a coherent donmin:
B-field has well-defined direction and magnitude
CR deflection is systematic, not random

Bet ween donmi ns:
B-field direction changes
CR defl ection becones diffusive

TeV cosmic rays with gyroradius r_g ~ L_coh interact coherently wi th individua
donai ns:

rg=E/ (Zxex B ~0.01pcx (E/ 1TeV) x (3 muG/ B)

]

For E 10- 100 TeV:
r.g~0.1-1 pc ~ L_coh

This is the coherent deflection regine:
CRs "see" individual field domains
Defl ection preserves domain structure
Arrival direction anisotropy maps coherent B-field topol ogy

The angul ar scal e of observed anisotropy (~10-30 degrees) nmaps to the angul ar size
of local magnetic coherence domains at distances of 10-100 pc -- consistent with
known | ocal |SM structure (Local Bubble wall, nearby nol ecul ar clouds).

7. Mssing Lyman-al pha Emtters at z > 7

7.1 The Qbservation

The nunber density of Lynman-al pha enitting gal axies drops sharply at z > 7 (Qa et
al. 2010, Pentericci et al. 2011, Schenker et al. 2012):

Lya lum nosity function:
phi (z=5.7) ~ phi(z=6.5) >> phi(z=7) >> phi(z=8)

The decline is faster than UV lumi nosity function decline,
i ndi cating | GM absorption, not fewer gal axies.

Standard interpretation: the neutral 1GMat z > 7 (pre-reionization) absorbs Lya
photons. But the patchiness and rapidity of the decline carry information about the
rei oni zati on process.

7.2 Cosure: Reionization as Cosnic Decoherence

Rei oni zation is a decoherence phase transition

Neutral hydrogen (H): relatively coherent
- Bound el ectron nmai ntains quantum coher ence
- ganmma_eff(H') = small (few perturbations)
- C(H') = @ x exp(-al pha x gamma_eff(H)) ~ C0

loni zed hydrogen (H1): decohered
- Free electron, free proton
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- ganmma_ef f(HI 1) >> gama_eff (H)
- C(Hl) = C0 x exp(-al pha x gamma_eff(H 1)) << CO

The reionization front is a decoherence front: the boundary where gamua_eff crosses
ganma_c. On one side, coherent neutral gas. On the other, decohered plasnma

Pat chy reioni zati on = patchy decoherence:

Regi ons near WV sources: gamma_eff > gamma_c --> ionized (decohered)
Regions far from UV sources: gamma_eff < gamma_c --> neutral (coherent)

The Lya transm ssion depends on | ocal coherence state:
T_Lya(coherent IGW) ~ 0 (coherent neutral gas absorbs efficiently)
T _Lya(decohered 1GW) ~ 1 (ionized plasma transparent to Lya)

The sharp drop in Lya emtters at z > 7 naps the progress of cosm c decoherence: the
fraction of sightlines passing through coherent (neutral) IGVMincreases rapidly with
redshift in the reionization epoch. The patchiness of reionization IS the patchiness
of decoherence.

8. Anomal ous Quasar Proximty Zones

8.1 The Qbservation

H gh-redshift quasars (z > 6) are surrounded by proxinmty zones -- regions where the
quasar's UV radiation ionizes the local |GM Sone quasars have proximty zones nuch
smal l er than predicted fromtheir lunmnosity (Eilers et al. 2017):

Expected: R_p proportional to (L_UV)"(1/3) x t_Q'(1/3)
Some quasars: R _p(observed) << R p(predicted fromL_W)

Interpretation: these quasars are YOUNG (t_Q << 1076 yr)

8.2 Cosure: AGN Activation as Phase Transition

The activation of a quasar is a phase transition in the coherence franework. The
accretion disk transitions froma quiescent state to an active state when gamma_eff
Crosses ganme_c:

Pre-activation:
gama_ef f (accretion flow) < ganma_c
Low | um nosity, coherent accretion
No ionizing radiation

Post - activation (ganma_eff crosses ganma_c):
gama_ef f (accretion flow) > gamma_c
H gh lum nosity, turbulent (decohered) accretion
Copi ous W/ X-ray em ssion

Ti me since activation:
t_ Q~Rpr"3/ (LW x ...)

The small proximty zone directly measures the time since gama_c crossing. These
are not anomal ous quasars -- they are recently activated quasars. The proxinity zone
is a clock for the decoherence transition

This is identical to the standard "young quasar" interpretation but provides the
physi cal mechani sm AGN activation | S a decoherence phase transition, and the
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proximty zone measures when it happened.

9. Arp Quasar-Gal axy Associ ations

9.1 The daim

Hal ton Arp (1966-2005) clained that high-redshift quasars are physically associ ated
with | owredshift galaxies, inplying that quasar redshifts are partly non-
cosnol ogi cal ("intrinsic redshift"). He identified chains and alignnents of quasars
around gal axi es that he argued were too inprobable to be chance.

9.2 Cosure: Chance Projections. Arp Was Wong.

The statistical analyses that followed Arp's clains have been definitive:

Evi dence AGAI NST Arp associ ations:

1. Gavitational |ensing confirns quasar distances (cosnological redshifts)
Baryon acoustic oscillations in quasar clustering natch cosnol ogi cal redshift
Tinme dilation of quasar variability scales as (1+z) -- cosnol ogi cal
Quasar absorption systens show intervening structure at internediate z
Proper statistical treatnent (accounting for |ook-el sewhere effect,
sel ection bias, and gal axy-quasar surface density) elimnates
significance of clainmed associations (Tang & Zhang 2005, Gaztanaga 2003)

arwn

Not every anomaly is real. Not every pattern in the sky is physics. The coherence
framewor k does not require, predict, or accommpdate non-cosnol ogi cal redshifts. Arp
was a careful observer who drew incorrect conclusions frominconplete statistics.

Honesty denmands this: a framework that clainms to cl ose anomalies nust also identify
whi ch anomalies are not anomalies at all. Arp associations are chance projections.
Movi ng on.

10. Predictions
Each cl osure generates testable predictions:

P1 (ARCADE 2): Vacuum decoherence radi ation shoul d have
ZERO pol ari zation (isotropic source). Current upper limts
are ~1% A confirnmed detection of polarization at >0.1%
woul d falsify this closure.

P2 (511 keV): The 511 keV emi ssion norphol ogy should correl ate
with X-ray lumnosity maps of the galactic center (tracing
gama_eff). | NTEGRAL/ SPI spatial resolution limts this test,
but COSI (launch 2027) will have ~3x better angul ar resol ution.

P3 (EDGES): If a confirmed 21-cmsignal at z ~ 17 is eventually
detected by HERA or SKA-Low, its spatial variation should
correlate with large-scale structure (coherence domains),
not with exotic dark matter cooling nodels.

P4 (Gamma-ray transparency): The anonal ous transparency shoul d
be STRONGER for blazars with nore coherent jet emission.
BL Lac objects (nore coherent) should show nore excess
transparency than FSRQs (less coherent). This is testable
with current Ferm -LAT + | ACTs.

P5 (Cosm ¢ ray anisotropy): The angul ar power spectrum of
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TeV CR ani sotropy should match the power spectrum of
| ocal magnetic field coherence structure. |BEX ribbon
direction should correlate with a feature in CR anisotropy.

P6 (Lya enmitters): The Lya fraction as a function of redshift
shoul d follow a percol ation curve (decoherence is percolative),
not a smooth exponential. JWST neasurenents at z = 7-9
can test this.

P7 (Proximty zones): Quasars with small proximty zones shoul d
show spectral signatures of recent activation (e.g., weak
broad em ssion lines frominconpletely formed broad |ine
region). JWST Nl RSpec can test this.

11. Sunmary Tabl e

Fommn- e T LT T +
| # | Puzzle | Coherence C osure | Status |
Homm o - o mm e e e e e e e e aaaa s o mm e e e e e e e e aaa e oo - +
| 1 | ARCADE 2 excess radio | Vacuum decoher ence | O osed |
| | | radiation | |
Homm o - o mm e e e e e e e e aaaa s o mm e e e e e e e e aaa e oo - +
| 2 | 511 keV gal actic bul ge | Nucl ear decoherence at | O osed |
| | | high gamma_eff | |
Homm o - o mm e e e e e e e e aaaa s o mm e e e e e e e e aaa e oo - +
| 3 | EDGES 21-cm anonaly | Coher ence- enhanced | Cond. |
| | | absorption (if real) | |
Homm o - o mm e e e e e e e e aaaa s o mm e e e e e e e e aaa e oo - +
| 4 | Ganma-ray transparency | Coherent photon cross | O osed |
| | | section suppression | |
Homm o - o mm e e e e e e e e aaaa s o mm e e e e e e e e aaa e oo - +
| 5 | CR ani sotropy (TeV) | Coherent B-field donains | O osed |
Fomm oo o m e e e e e e e e eaaaaa- o mm e e e e e e e eaaaaa- oo - +
| 6 | Mssing Lya at z > 7 | Reionization = cosmc | Closed |
| | | decoherence transition | |
Fomm oo o m e e e e e e e e eaaaaa- o mm e e e e e e e eaaaaa- oo - +
| 7 | Quasar proximty zones | AGN activation = phase | Closed |
| | | transition timng | |
Fomm oo o m e e e e e e e e eaaaaa- o mm e e e e e e e eaaaaa- oo - +
| 8 | Arp associations | Chance projections. | Closed |
| | | Arp was wrong. | (null) |
Fomm oo o m e e e e e e e e eaaaaa- o mm e e e e e e e eaaaaa- oo - +

12. Concl usi on

Seven observational puzzles receive closures fromC = C0 x exp(-al pha x gamua_eff).
One receives a null closure. No new particles, no new fields, no new forces are
i ntroduced. The coherence franmework provi des nmechani sns for

- Excess isotropic radiation (vacuum decoherence phot ons)

- Unexpl ai ned positron sources (nucl ear decoherence enhancenent)

- Anonml ous absorption depths (coherence-enhanced cross sections)

- Anonml ous transparency (coherent-state cross section suppression)
- Smal | -scal e ani sotropi es (coherent nmagnetic donai ns)

- Reioni zati on physics (decoherence phase transition)

- AGN activation timng (gamma_c crossing)

The eighth puzzle -- Arp associations -- is closed by honesty. A framework that
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cannot say "that anomaly is not real” is not a framework. It is a fitting nachine

The vacuum decoheres. It radiates when it does. The gal actic center decoheres
nuclei. Stars turn on when accretion crosses ganma_c. The early universe was nore
coherent than today. These are not eight separate clains. They are one claim-- C =
CO x exp(-al pha x ganma_eff) -- applied to ei ght places where the universe shows its
coherence structure.
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