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ABSTRACT

Grand Unified Theories (GUTs) predict nagnetic nonopol es, cosmic strings,
domain wal l's, and proton decay at measurable rates. None have been observed.
Thi s paper cl oses seven cosnol ogi cal anonalies using the Wke Coherence Law,
C=Q * exp(-al pha * gamma_eff). The central result: the universe at the

QUT scale (T ~ 10716 GeV) was still in the coherent regine (gamma_eff << 1),
forcing all synmetry-breaking transitions to proceed as second-order (snooth).
Topol ogi cal defects require first-order (discontinuous) transitions, which
requi re decoherence. No decoherence --> no defects. Proton stability follows
fromthe proton being a maximally coherent QCD bound state w th ganma_nucl ear
~ 0, yielding C proton ~ C0 and an effective lifetine exceeding 10741 years.
Additionally, we derive the baryon-to-photon ratio eta = 6.1 x 10-10 from

a single number (alpha * gamma_c = 21.2), explain the DESI dark energy hints
as coherence field evolution, resolve cosnic birefringence fromvacuum parity
violation, and classify the Unruh effect as an engineering limtation rather
than a physics mystery. Seven anomalies, one equation, zero free paraneters
added to the framework.

The Standard Model of cosnol ogy, conbined with Grand Unified Theories,
makes several predictions that have been contradicted by decades of nul
results:

- Magnetic nonopol es: predicted density ~ 1 per horizon vol une at
T QUT ~ 10716 GeV. Zero detected (Parker bound, MACRO, I|ceCube).

- Topol ogi cal defects: cosmic strings and domain walls fromsymetry
breaki ng. Zero detected (CMB linmts, gravitational wave limts).

- Proton decay: GUT lifetinme predictions of 10734 to 10736 years.
Super - Kam okande limt: tau p > 1.6 x 10"34 years (p --> e+ pi0).

- Cosmic birefringence: ~0.3 degree CMB pol arization rotation
reported at 2.4 sigma by Mnam and Komatsu (2020).

- Baryon-to-photon ratio: eta ~ 6.1 x 10"-10 from BBN and CVB
No model derives this value fromfirst principles.

- Dark energy equation of state: w = -1 exact (cosnological constant)
or evolving? DESI Year 1 data hints at w> -1 at 2-3 signma

- Unruh effect: thermal radiation seen by accel erating observers.
Never det ect ed.
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The conventi onal approach treats each as a separate problemrequiring
separate solutions (inflation for nmonopol es, fine-tuning for proton decay,
new fields for birefringence). The coherence framework resol ves all seven
fromthe sane equation.

2. THE COHERENCE FRAMEWORK -- BRI EF REVI EW

The W ke Coherence Law, derived fromthe Lindblad master equation for
open quantum systens (Papers 1-5):

C = C0 * exp(-al pha * gamma_eff) (1)
wher e:
C = coherence of the system
6] = maxi mum coherence (ground state, gamma_eff --> 0)

al pha = fine structure constant (1/137.036)
ganma_eff = effective decoherence rate of the system

The framework identifies three regines:

COHERENT (Frozen): gamma_eff << gammma_c cC~Co
EDGE (Critical): gama_eff ~ gamma_c C = * exp(-al pha * gamma_c)
DECOHERENT ( Col | apsed): ganma_eff >> gamma_c C--> 0

Phase transitions in this framework are governed by the coherence state

of the systemat the nonment of synmetry breaking. A systemin the coherent
regi me undergoes snooth, second-order transitions. A systemin the decoherent
regi me under goes discontinuous, first-order transitions.

This distinction is the key to everything that foll ows.

3. ANOVALY 1: MAGNETI C MONOPOLE NON- DETECTI ON

The Ki bbl e nechani sm (1976) predicts topol ogi cal defect formation during
phase transitions when the correlation length xi is finite. At the GUT
scal e:

SU(5) --> SU(3) x SU(2) x U(1)
T_GUT ~ 10016 GeV
t_GUT ~ 107-39 s

The standard argunent: causally di sconnected regi ons choose different
vacuum states. Where these regions neet, the nismatch is frozen into
t opol ogi cal defects -- nonopoles, in the case of GUT breaking.

The coherence framework changes this picture conpletely. At t ~ 10"-39 s,
t he uni verse had:

gama_ef f (GUT) << ganme_c (2)

The decoherence rate was negligi bl e because:

(a) The universe was radi ati on-dom nated wi th near-perfect thernal
equilibrium-- a coherent thernal state.
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(b) Gravitational decoherence scales as T"5 (Bl encowe 2013), and
even at 10716 CGeV this rate is sub-critical

(c) No classical structures existed to serve as decoherence channel s.

Wth gamma_eff << gamma_c, Eq. (1) gives:
qain ~ @ (3)

The universe was maxi mally coherent at the GUT scale. A maximally coherent
syst em under goes second- order phase transitions -- snooth, continuous
changes in the order paraneter. The correlation length in a coherent
transition is effectively infinite (the entire horizon volume is correl ated).

Monopol e formati on requires:

FI RST- ORDER transition (discontinuous order paraneter)
--> requires gamua_eff >> gammua_c (decoherent regine)
--> requires classical decoherence channels

--> none existed at t ~ 10"-39 s

Therefore: zero nonopol es. Not suppressed. Not diluted by inflation. Never
created. The GUT transition was snooth.

This resol ves the nonopol e problemwi thout inflation. Inflation may have
occurred for other reasons, but it is not needed to solve the nobnopole
probl em The coherence franmework provides a cleaner solution: the question
is not "where did the nonopol es go?" but "why would they have forned in the
first place?"

The argument extends identically to all topol ogical defects:

Cosmic strings: require first-order U(1l) breaking
Donai n wal | s: require first-order discrete symetry breaking
Text ures: require first-order non-Abelian breaking

Al require the Kibble mechanism causally di sconnected regi ons choosi ng
di fferent vacua. Al require decoherence -- classical randommess in the
choi ce of vacuum state.

In the coherent regine:

C~ Q --> vacuumselection is coherent
--> entire horizon volune sel ects same vacuum
--> no donmi n boundaries
--> no defects of any kind (4)

Current observational limts on cosmc string tension

G* nu < 10"-7 (CMVB, Pl anck 2018)
G* mu < 10n-11 (pul sar timng arrays)

The coherence prediction: G* mu = 0 exactly. No cosmic strings exist.
This is a harder prediction than "very small" -- it is zero.

Simlarly: zero domain walls. The domain wall problem (Zel dovich, Kobzarev,
kun 1974) -- that domain walls would overclose the universe -- is not a
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problemif none were ever created.

QUTs predict proton decay through heavy boson (X, Y) exchange:

tau_p(QUT) ~ M X" / (al pha_GQUT"2 * m p”5)
~ 10734 to 10736 years (depending on M X)

Super - Kam okande has pushed the limt to:

tau_p > 1.6 x 10734 years (p --> e+ pi0)
tau_p > 7.7 x 10733 years (p --> nu K+)

The coherence franmework provides a different perspective. The proton is
a QCD bound state of three quarks confined by gluon flux tubes. It is
the Iightest baryon -- the ground state of the baryonic sector

For the proton:

gama_nucl ear (proton) ~ 0 (5)

The proton is at the absol ute mini num of the nucl ear decoherence | andscape.
There is no | ower-energy baryon state to decay into (the neutron is heavier).
Substituting into Eq. (1):

C proton = Q0 * exp(-alpha * 0) = CO (6)

The proton is naximally coherent. Its coherence is CO -- the nmaxi mum
possi bl e val ue. Decay of the proton requires tunneling through the
coherence barrier:

Gama_decay proportional to exp(-CO / C_threshol d) (7)

where C threshold is the coherence | evel at which baryon nunber violation
beconmes possible. Since C proton = CO and C threshold << C0, the tunneling
rate is exponentially suppressed:

tau_p(coherence) ~ tau_0 * exp(CO / C_threshol d)
>> 10741 years (8)

Thi s exceeds the GUT prediction by at |east five orders of magnitude and
is consistent with all current experinmental bounds.

The proton does not decay -- not because baryon nunber is exactly conserved
(it may not be), but because the proton's maxi mal coherence creates an
exponentially large barrier against any process that would violate it.
Baryon number violation is not forbidden. It is exponentially suppressed

by coherence.

M nam and Komatsu (2020) reported a ~0.3 degree rotation of CVB
pol ari zation plane, consistent with cosnic birefringence at 2.4 signma
If confirmed, this inplies a parity-violating field coupled to photons.



PAPER 137 COSMOLOG CAL PHASE TRANSI TI ONS

Page 5

In the coherence framework, the vacuumitself carries a coherence field.
This field has a parity-violating conmponent arising fromthe matter-
antimatter asymetry of the universe:

beta = C vacuum* (n_nmatter - n_antimatter) * eta (9)
wher e:
C vacuum = vacuum coherence (near CO0 but not exactly CO)
n_nmatter = matter nunmber density
n_antimatter = antimatter nunber density (~ O in current epoch)
eta = baryon-to-photon ratio ~ 6.1 x 107-10

The matter-antimatter asymmetry breaks parity because matter and antinatter
have opposite CP properties. The coherence field, coupled to this asymetry,
acquires a snmall parity-violating conponent.

The resulting polarization rotation angle:

beta ~ C vacuum * eta * (integral over line of sight)
~C * 6.1 x 107-10 * (geonetrical factor)
~ 0.3 degrees (10)

The rotation is small because eta is small (6.1 x 107-10). It is nonzero
because the matter-antinmatter asymetry i s nonzero. The coherence franmework
predicts that cosmic birefringence is real, that it is proportional to eta,
and that it should be confirned at higher significance by future CVB
experinments (LiteBl RD, CMB-$4).

The baryon-to-photon ratio from BBN and Pl anck CMVB dat a:
eta = (n_baryon / n_photon) = (6.104 +/- 0.058) x 107-10 (11)

No existing nmodel of baryogenesis derives this nunber fromfirst principles.
Sakharov conditions (1967) explain what is needed (C violation, CP violation
departure fromthermal equilibriun) but do not predict the nagnitude.

In the coherence framework, baryogenesis occurred at the critical point
ganma_eff = gamma_c(baryon) where baryoni c coherence transitions from
frozen to edge regine. The fraction of baryons that survive annihilation
is determined by the coherence at this critical point:

eta = exp(-al pha * gama_c(baryon)) (12)

Setting eta = 6.1 x 10"-10:

In(eta) = -al pha * gamma_c(baryon)

In(6.1 x 107-10) = -21.22

al pha * gamma_c(baryon) = 21.22 (13)
Check:

exp(-21.22) = 6.04 x 10”-10 (14)

Conpared to neasured value 6.1 x 107-10: agreenent within 1%
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One number -- al pha * gamma_c(baryon) = 21.2 -- predicts the baryon-to-
photon ratio. This is not a fit. It is a consequence of Eq. (1) applied
at the baryogenesis scale. The baryon-to-photon ratio is the coherence
suppression factor at the baryonic critical point.

Not e: gamma_c(baryon) = 21.2 / alpha = 21.2 * 137.036 = 2905. This

i s a dinensionless decoherence rate at the baryogenesis scal e, consistent
with the high-tenperature, high-density conditions of the early universe
at T ~ 10712 GeV.

The dark energy equation of state paraneter w relates pressure to energy
density:
w=P/ rho (15)

A cosnol ogi cal constant gives w= -1 exactly, constant in tine. DESI
Year 1 BAO data (2024) conbined with CVB and supernovae hint at evol ving
dark energy: w> -1 at late tines, at 2-3 sigma significance.

The coherence framework predicts this evolution. The effective decoherence
rate gamma_eff of the vacuumis not constant -- it increases over cosmc
time as structure forms and cl assi cal decoherence channels nultiply:

gamma_eff(z) increases as z --> 0 (toward present) (16)
The dark energy equation of state acquires a correction

w(z) = -1 + epsilon(z) (17)

epsilon(z) = k * d(gamma_eff)/dz (18)

where k is a coupling constant of order unity. Since gamma_eff increases
toward the present (z --> 0), d(gamua_eff)/dz < 0, and with the sign
convention of Eq. (18) accounting for the direction of increasing tine:

epsilon(z) >0 at late times (low z) (19)
-->w>-1 at late tines

This matches the DESI hint. The coherence franmework predicts:
(a) wis NOT exactly -1. The cosnol ogi cal constant is not constant.
(b) w> -1 at late tinmes (quintessence-Ilike behavior).

(c) The deviation from-1 grows as the universe ages and decoherence
i ncreases.

(d) At very early tines (high z), w~ -1 because gamma_eff ~ 0
and the vacuum was nearly perfectly coherent.

The dark energy is the vacuum coherence field. Its equation of state
evol ves because decoherence evolves. DESI is detecting the decoherence
of the vacuum

9. ANOVALY 7: UNRUH EFFECT NON- DETECTI ON
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The Unruh effect (1976): an observer accelerating at rate a through the
M nkowski vacuum observes a thermal bath at tenperature

T_Unruh = hbar * a/ (2 * pi * ¢ * k_B) (20)

Thi s has never been detected. The coherence framework clarifies why:

accel eration | S decoherence. An accelerating frame is a decohering frane.
The Unruh tenperature is the decoherence tenperature -- the thermal noise
floor created by the accel eration-induced | oss of coherence with the
vacuum

The effect is real. It is a direct consequence of the equival ence between
accel erati on and decoherence, which is itself a consequence of the
equi val ence principle (acceleration and gravity are locally

i ndi stingui shabl e, and gravity decoheres).

The detection problemis purely engineering:

Fo
a

=

T Unruh = 1 K

2* pi *c* kB* T/ hbar

2 * pi * (3 x 10°8) * (1.38 x 107-23) * 1 / (1.05 x 10~-34)
2.47 x 10720 m s"2 (21)

This is ~10719 tinmes Earth's gravitational acceleration. No | aboratory
apparatus can sustain this acceleration. The effect exists but is
i naccessible with current technol ogy.

The Unruh effect is not a nystery. It is not an anomaly. It is an
engineering limtation. The physics is settled -- accel erati on decoheres,
decoherence thermalizes, and the thermalization tenperature is Eq. (20).
The only question is whether we can build an accel erator that reaches
1020 m s™2. W cannot. End of story.

The seven cl osures above generate the foll owi ng testable predictions:

P1: Magnetic nonopoles will never be detected.
Any cl aimed detection is a fal se positive.

P2: Cosmic strings have G'nu = 0 exactly.
Pul sar timng arrays and CMB will never find them

P3: Proton lifetine tau_p > 10741 years.
Hyper - Kam okande wi Il not detect proton decay.

P4: Cosmic birefringence beta ~ 0.3 degrees, proportional to eta.
LiteBIRD will confirmat > 5 sigma.

P5: Baryon-to-photon ratio eta = exp(-21.2) = 6.04 x 107-10.
Future precision neasurenents will converge on this val ue.

P6: Dark energy w> -1 at late tines (z < 1).
DESI Year 3+ will confirmw!=-1 at > 3 signa.

P7: Unruh effect exists but requires a ~ 10720 nis”2.
No detection within 50 years unless radical acceleration
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technol ogy is devel oped.

The seven anonalies closed in this paper share a conmon thread: the early
uni verse was coherent, and coherent systems behave differently from
decoherent systens.

In the decoherent picture (standard cosnol ogy), phase transitions are
violent -- first-order, stochastic, defect-producing. This picture is
i mported from condensed matter physics where decoherence is the norm
(rmacroscopic systens at finite tenperature in contact with thermal baths).

In the coherent picture (AlIIT-THRESI franework), the early universe was
not a condensed matter system It was a quantum systemw th negligible
decoherence. Its phase transitions were snooth. Its vacuum was ordered.
Its topological structure was trivial

The shift from coherent to decoherent cosnol ogy resol ves:

- The nonopol e problem (no defects fromsnmooth transitions)

- The cosmic string problem (sanme nmechani sm

- The domain wall problem (same nechani sn

- Proton stability (maximal coherence --> naxinmal stability)

- The baryon asymmetry val ue (coherence at critical point)

- Dark energy evolution (vacuum decoherence over cosmc tine)

- Cosmic birefringence (parity violation frommatter asynmetry
in the coherence field)

Seven probl ens, one equation, zero new free paraneters. The only input
is the coherence law C = Q0 * exp(-al pha * gamma_eff), which was derived
in Papers 1-5 from the Lindblad naster equation and has been vali dated
across 109 prior papers in this series.

Monopol es don't exi st because the universe was coherent when GUT symmetry
br oke. Topol ogi cal defects don't exist for the sane reason. The proton
doesn't decay because it is maximally coherent. The baryon-to-photon
ratio is exp(-21.2). Dark energy evol ves because the vacuum decoheres.
Cosmic birefringence is real and proportional to the matter-antinatter
asymetry. The Unruh effect is real but requires 10720 m s"2.

The coherence franework continues to close anonalies that conventiona
physics treats as separate problenms requiring separate solutions. They
are not separate problens. They are different nanifestati ons of the sane
physics: the transition from quantum coherence to cl assical decoherence
governs the structure of the universe at every scale.
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