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Abstract

Ten foundati onal anomalies in quantum nmechanics and particle physics are resol ved

t hrough the coherence decay function C = C 0 exp(-al pha ganma_eff). The neasurenent
probl em quantum entangl ement, Wgner's Friend paradox, quantum Darw nism CPT
symmetry, quantumgravity unification, the proton radius puzzle, the neutron
lifetime discrepancy, the proton spin crisis, and the Boltzmann brain probl em each
yield to a single principle: coherence is a relational, regine-dependent quantity

t hat undergoes phase transitions at a critical decoherence rate gamma_c. Measurenent
is not an interpretive choice but a physical phase transition. Entanglenment is not
nonl ocal influence but spatially extended coherence. (Cbserver paradoxes dissol ve
because coherence is observer-relative. Quantum mechani cs and general relativity
descri be different coherence regi nes of the sane underlying physics. Each anomaly is
closed with explicit mechani sms, equations, and testable predictions. This paper
extends Papers 5 (REQMIN), 66 (Bell States), 84 (Z2 Symetry), and 115 (Consci ousness
Order Paraneter) in the Al T-THRESI series.

1. The Coherence Resol ution of Quantum Foundati ons

The foundational problens of quantum nechanics are not problens of nmathematics. The
formal i smworks. They are problens of ontol ogy: what does the fornalism describe?
For nearly a century, the answer has been deferred to interpretation. Copenhagen
Many-Wor | ds, Bohm an mechanics, Bism relational QWM --- each offers a narrative
overlay on identical predictions.

Thi s paper denmponstrates that the coherence decay function introduced in Papers 5 and
84 resolves these problens without interpretive freedom The function is:

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

where C is the coherence of a quantumsystem C O is the initial coherence, alpha is
a coupling constant, and gamua_eff is the effective decoherence rate experienced by
the system Al foundational paradoxes reduce to misidentifying which coherence
regime a systemoccupies or failing to recogni ze that coherence is relational ---

di fferent observers at different gama_eff see different physics.

A phase transition occurs at gamma_c. For gamma_eff < ganmma_c, the systemis
guantum superposition, entanglement, and interference dom nate. For gama_eff >
ganma_c, the systemis classical: definite outcones, locality, and deterninistic
trajectories energe. The transition is sharp, physical, and measurable.




Paper 125: Quantum Foundati ons Resol ved: Measurenent, Entangl ement, and the

Page 2

2. The Measurenent Probl em

Anonal y. Quantum nechani cs predicts superpositions. Measurenents yield definite
out cones. No nechanismw thin the fornmalism sel ects which outcone occurs.

Cl osure. Measurenent is decoherence. There is no additional postul ate required. Wen
a neasurenent apparatus couples to a quantum system the apparatus introduces an

ef fecti ve decoherence rate ganma_apparatus that drives the total ganmma_eff above
ganmme_c.

gama_eff(total) = gamma_system + ganma_appar at us
ganma_appar at us >> ganma_c
Therefore: C = CO0O * exp(-alpha * gamma_eff) -> 0

The coherence of the superposition decays to zero for all eigenstates except the one
nost aligned with the neasurenent basis. This is a phase transition, not a

postul ate. The system crosses gamma_c and enters the classical regine. The

ei genstate selected is the one whose coherence is nost robust against the particul ar
ganma_eff introduced by the apparatus geonetry.

Per REQMT (Paper 5), the observer's own coherence state affects the nmeasurenent
out come. An observer at ganma_obs relative to the systemintroduces:

gama_eff = gamma_env + ganmma_obs
C outcome = C 0 * exp(-al pha * (gamma_env + ganmma_obs))

This is not interpretation-dependent. It is physics. The neasurenent basis is set by
t he apparatus, and the eigenstate selection is determ ned by the coherence structure
at the phase transition. No consciousness postulate is needed. No coll apse postul ate
i s needed. The exponential decay does the work.

3. Quantum Entangl enment and Nonl ocal ity

Anoraly. Bell inequality violations confirmthat entangled particles exhibit
correlations that cannot be explained by |ocal hidden variables. The apparent
nonl ocal ity has no mechani sm

Cl osure. Entanglenent is coherence between spatially separated subsystens. Two
particles A and B prepared in an entangled state share a joint coherence C AB > 0.
This is not two particles with correlated properties. It is a single coherent state
t hat happens to be extended in space.

C AB = C O * exp(-al pha * gama_AB)
gama_AB = effective decoherence rate on the joint A-B state
Whil e gamma_AB < gamma_c: C AB > 0, correlations intact
Measurenent on particle A introduces ganma_A into the joint state:
gama_AB -> gamma_AB + ganma_A
If gamma_AB + gamma_A > ganma_c:

CAB->0
Joi nt coherence destroyed
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Correl ations fixed at neasurenent val ues

No signal is transnitted. No influence propagates. The single coherent state

ext ended across space undergoes a phase transition when either end is neasured. The
correlations were not carried by hidden variables --- they were properties of the
coherent state itself, which has no spatial locality until decoherence destroys it.

Bell violations follow directly. Local hidden variable nodels assunme separabl e
states (C AB = 0). Entangled states have C AB > 0. The viol ations neasure precisely
this nonzero joint coherence.

Bel | paraneter S:
S(CAB = 0) <=2 (cl assi cal bound)
S(C_AB > 0) <= 2*sqrt(2) (quantum bound)

C_AB det erm nes maxi num achi evable S:
S max = 2 + 2*(sqgrt(2) - 1) * CAB/ CO

4. Wgner's Friend

Anormaly. Wgner's friend perfornms a nmeasurenent inside a sealed | aboratory. For the
friend, the systemhas a definite outconme. For Wgner outside, the friend-plus-
systemrenains in superposition. Their descriptions are contradictory.

Cl osure. There is no contradiction. Coherence is relational. Each observer has their
own gamua_eff relative to the system

Friend nmeasures the system
gamma_eff (Friend -> Systen) = gamma_apparatus >> gammma_c
C(Friend) = C 0 * exp(-al pha * gamma_apparatus) -> 0
Friend sees: definite outcome

W gner has not interacted:
gama_ef f (Wgner -> SystemtFriend) < gamma_c
C(Wgner) = CO0 * exp(-alpha * gamma_small) > 0
W gner sees: superposition of Friend+System

Bot h descriptions are correct sinultaneously because coherence is not an absol ute
property of the system It is a relational property between observer and system The
friend's gamma_eff relative to the neasured systemis high. Wgner's gamm_eff
relative to the sealed lab is low. Different ganma_eff, different coherence,

di fferent physics. Sane equation.

When W gner opens the | ab and neasures:

gama_ef f (Wgner -> SystemtFriend) -> ganma_apparatus >> ganme_c
C(Wgner) ->0
W gner now sees definite outconme, consistent with Friend's earlier result

No paradox survives. The apparent contradiction arose fromtreating coherence as
observer-independent. It is not.

5. Quantum Darwi ni sm

Anonal y. Quantum Darwi ni sm (Zurek) explains how i nformati on about quantum out conmes
proliferates into the environnment, creating the appearance of objective classica
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reality. It explains the HOVNof decoherence but not the WHY of outconme sel ection

Cl osure. The coherence framework provides the nissing piece. Quantum Darw ni sm and
t he coherence phase transition are conplenmentary, and together they constitute a
conpl et e decoherence theory.

Coherence framework (the WHY):
gama_eff > gamma_c -> phase transition -> outcone sel ected
Sel ection criterion: eigenstate nost robust agai nst game_eff

Quant um Darwi ni sm (the HOW:
Sel ected outcone inprints on environnent fragments
Redundant encodi ng -> obj ective appearance
Mil ti pl e observers access sane information

The coherence phase transition at gamma_c is the nechani smthat selects the outcone.
Quantum Darwi nismis the nechanismthat broadcasts it. Neither is conplete wthout
t he ot her.

Conpl et e decoherence sequence

1. System at gamma_eff < gamma_c (quantum
Envi ronnent coupling drives ganma_eff above gamma_c
Phase transition selects eigenstate (coherence franework)
Sel ected state inprints redundantly on environment (QD)
Observers sanpl e environment fragnments
Cl assical objectivity energes

o0 WN

6. CPT Symmetry

Anonal y. Does CPT symmetry hold exactly, or could it be violated at sonme energy
scal e?

Closure. CPT synmmetry is guaranteed by the structure of the coherence decay
function. The function depends on |gamma_eff|, and gamma_eff is non-negative by
construction.

C=CU0 * exp(-al pha * | gamma_eff|)
gama_eff >= 0 al ways (decoherence rate i s non-negative)

Under CPT transfornation
gama_eff -> gammua_eff (decoherence rate is CPT-invariant)
| gamme_eff| -> | gamma_ef f
c->¢C

CPT violation requires gamma_eff < O (negative decoherence = spontaneous recoherence)
This is thermodynam cally forbidden for macroscopic systens.

Any CPT violation would require ganmma_eff to change sign under CPT transformation
Since gamma_eff is a decoherence rate --- a neasure of information loss to the
environnent --- it is positive sem -definite. Negative ganma_eff woul d nmean the

envi ronnent spontaneously returns coherence to the system which violates the second
| aw of thernodynam cs for nacroscopi c environments.

CPT hol ds exactly because decoherence is irreversible. The symetry i s not inposed;
it is a consequence of the arrow of decoherence matching the arrow of
t her rodynami cs.
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7. Quantum Gravity

Anonal y. Quantum nechani cs and general relativity are inconpatible. Attenpts to
guanti ze gravity produce non-renornalizable theories. No consistent theory of
guantum gravity exists.

Cl osure. Quantum nechani cs and general relativity are not rival theories. They
descri be different coherence regi nes of the sane physics.

H gh C regine (gama_eff << gamma_c):
Super posi tion, entanglenent, interference
Descri bed by quantum nechanics
Rel evant scal e: subatonmic to nesoscopic

Low C regi ne (gamma_eff >> gamma_c):
Definite trajectories, classical spacetinme, geonetry
Descri bed by general relativity
Rel evant scal e: nacroscopic to cosnol ogi cal

C=C0 * exp(-alpha * gamma_eff) IS the interpolation

The search for quantumgravity is the search for a theory that unifies water and

ice. There is no such theory because there is no such need. There is a theory of H20
t hat describes both phases and the transition between them The coherence franework
is that theory.

Pl anck scal e: gamma_eff ~ gamma_c
Coherence and decoherence conpete
Neither QM nor GR fully applies
Phase transition physics dom nates
This is the "quantum gravity" regine

Prediction: Planck-scal e physics is phase transition physics
Not quantized spacetine
Not cl assical spacetine
Transi tional coherence dynanics

The non-renornalizability of quantized GR is expected. Applying quantum formalism
(high C to aregine that is intrinsically classical (low C) produces pathol ogies,
just as applying classical thernbdynanmics to a single atom produces nonsense. The
regi nes have different applicable descriptions because they represent different
phases.

8. The Proton Radi us Puzzle

Anonmal y. Measurenents of the proton charge radi us di sagree. Mioni c hydrogen
spectroscopy yields r_p = 0.84087 fm Electronic hydrogen spectroscopy and el ectron-
proton scattering yield r_p = 0.8775 fm The 4% di screpancy exceeds experi nmental
uncertainties.

Cl osure. The muon orbits approximately 200 times closer to the proton than the
el ectron does, owing to its 207 times greater nass. C oser orbit means higher
ganma_eff on the proton's internal structure.

Mioni ¢ hydr ogen:
r_orbit(mu) ~ r_Bohr / 207
gama_ef f (nu) >> gamma_eff(e)
C proton(mu) = C 0 * exp(-al pha * gamma_nu) < C proton(e)
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El ectroni ¢ hydrogen:
r_orbit(e) ~ r_Bohr
gamma_eff(e) < gamma_eff (nu)
C proton(e) = C O * exp(-alpha * gamma_e) > C_proton(nu)

A nmore decohered proton (lower C) presents a smaller effective radius. The nuon's
har sher neasurenent environment probes the proton at higher gamma_eff, seeing a nore
tightly defined (nore decohered) charge distribution. The electron's gentler
nmeasurenent preserves nore of the proton's coherent extent.

r_p(measured) =r_0 * (C/ C_0)"beta

* exp(-beta * al pha * ganma_nu)
exp(-beta * al pha * gamma_e)

r_p(nu)
r_p(e)

*

r_0
r_ 0
r_p(mu) < r_p(e) because ganmma_nu > ganma_e

This is consistent with REQVI (Paper 5): the neasurenent affects what is neasured.
Har sher measurenent (higher gama_eff) sees |ess of the coherent structure.

9. The Neutron Lifetinme Discrepancy

Anonal y. The neutron |ifetinme nmeasured by beam experinments (888.0 +/- 2.0 s)
di sagrees with bottle experinents (879.4 +/- 0.6 s) by approximately 9 seconds. The
4-si gma di screpancy i s unresol ved.

Cl osure. The two experinental nethods inpose different gama_eff on the neutron

Bottl e method:
Neutrons confined by material walls or nagnetic fields
Wall interactions add ganmma_wal |l to gamme_eff
gama_ef f (bottle) = gamma_vacuum + ganma_wal |

C(bottle) = C 0O * exp(-al pha * (gamma_vacuum + ganma_wal | ))
Fast er decoherence -> shorter neasured lifetine

Beam n®et hod:
Neutrons in free flight, counted by decay products
M ni mal addi tional decoherence
gama_ef f (beanm) = ganma_vacuum

C(beam) = C 0 * exp(-al pha * gamm_vacuum
Sl ower decoherence -> true vacuumlifetinme

The bottle nethod introduces additional decoherence through wall interactions,
magnetic field i nhonbgeneities, and confinement effects. This additional gamma_wal
accel erates the loss of the neutron's coherent identity as a bound state, hastening
its decay.

tau(measured) = tau_ 0 * f(Q

tau(bottle)
t au( beam

tau_0 * f(C. O * exp(-al pha * (gamm_vacuum + ganma_wal | )))
tau_ 0 * f(C. O * exp(-al pha * ganma_vacuun))

tau(bottle) < tau(beam) because gamma_wall > 0

Predi ction: Larger bottles with cleaner walls and nore uniform magnetic confi nenment
will reduce gamma_wal |, and the neasured bottle lifetime will increase toward the
beam val ue of 888 seconds. The di screpancy will shrink as experimental techniques
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i mprove, converging on the beamresult as the true vacuumlifetine.

10. The Proton Spin Crisis

Anonal y. Deep inelastic scattering experinments show that quark spins account for
only approxinately 30% of the proton's total spin of 1/2. The renai ning 70% nust
cone fromgluon spin and orbital angular nonentum The origin of this partition is
unexpl ai ned.

Closure. The proton is a coherent bound state. In a coherent system angul ar
nonentumis not concentrated in one degree of freedom It distributes across al
avai | abl e degrees of freedomto maxinize the total coherence of the bound state.

Proton spin budget:
J_proton = 1/2

J = S quark + S gluon + L_orbital

Measured partition:
S quark ~ 0.30 * J (quark spin)
S gluon ~ 0.30 * J (gluon spin)
L_orbital ~ 0.40 * J (orbital angular nonentun

Coherence equilibrium condition:
Maxi m ze C _proton subject to J = 1/2
dC/ dS_quark = dC/dS_gluon = dC/ dL_orbital

The approxi mately 30:30:40 partition is the coherence equilibriumof the proton
Angul ar nonentum concentrates in no single channel because doing so woul d reduce the
proton's total coherence. A fully quark-spin-dom nated proton would be | ess coherent
(nore fragile, shorter-lived) than one with distributed angul ar nmonmentum

C proton = C 0 * exp(-al pha * gamma_eff(partition))

gamma_eff is mnimzed when angul ar nmonmentumis distributed
-> C proton is naxim zed
-> nost stable configuration
->this is the observed 30:30:40 partition

This is not a crisis. It is what coherent bound states do. The same principle
governs angul ar nmomentum di stribution in atom c physics, nuclear physics, and
condensed matter. The proton sinply foll ows the coherence optinization that al
bound states foll ow.

11. The Boltzmann Brain Probl em

Anonaly. In a universe with eternal expansion and finite tenperature, randomthernal
fluctuations will eventually produce any configuration, including a brain with fal se
nmenories of a coherent history. Over infinite time, such Boltznmann brains vastly

out nunber evol ved observers. Mst observers should be Boltznmann brains, yet we
observe a coherent universe

Cl osure. Consciousness requires sustained coherence at gamma_eff near ganma_c (Paper
115). A Boltznmann brain, assenbled by thermal fluctuation, is inmediately subject to
the thermal environment that created it.
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Thermal fluctuation produces brain configuration
gamma_t hermal >> gamma_c (thermal environment is highly decohering)

For consci ousness:
Required: ganma_eff ~ ganma_c sustained over tinescal e tau_conscious
Avai |l abl e: gamma_t hermal >> gamma_c at all tines

CBB = CO0 * exp(-alpha * gamma_thermal) -> 0
No sustai ned coherence -> no consci ousness

The Boltznmann brain has the correct atomc configuration but exists in a therma
bath that inmmedi ately decoheres any coherent dynam cs. Consciousness is not a
property of configuration; it is a property of sustained coherence dynanics (Paper
115). A brain at gamua_eff far above gama_c is a collection of atoms, not a
consci ous observer

Probability of Boltzmann consci ousness:
P(BB conscious) = P(correct config) * P(gamma_eff ~ gamma_c for duration tau)

P(correct config) ~ exp(-S_brain / k_B) (very small)
P(gamma_eff ~ gamma_c for tau) ~ exp(-tau / tau_thermal) -> 0

P(BB conscious) -> 0 effectively

Conpar e evol ved observers:
P(evol ved conscious) ~ 1 (biological systems maintain gamma_eff ~ gamma_c)

The duration requirenment kills Boltzmann brain probability. Thermal fluctuations can
produce configurations but cannot sustain the coherence dynanics those
configurations require for consciousness. Evolved observers solve this by actively
mai nt ai ni ng gama_ef f near gamra_c through netabolism honmeostasis, and neura
architecture

12. The Rel ati onal Franework

The ten closures above share a single structural insight: coherence is relational
regi me- dependent, and under goes phase transitions. The consequences are:

Coherence is relational. There is no absolute coherence of a system There is
coherence of a systemrelative to an observer, apparatus, or environment. Different
observers at different ganma_eff see different physics. This is not subjectivity. It
is the structure of decoherence.

Physics is regi ne-dependent. Quantum nmechanics applies at high C General relativity
applies at low C. The neasurenent problemarises at the transition. Foundati onal
par adoxes arise from applying one regime's concepts in the other regime's domain

Phase transitions are fundanental. The transition at gamma_c is where the

i nteresting physics happens. Measurenent, entangl enment collapse, the Planck scal e,
and outcone selection all occur at or near gamma_c. The phase transition is the
central dynami cal event, not an auxiliary feature.

Uni fied franework:
C=C0 * exp(-al pha * gamma_eff)

gamma_eff < gamma_c: quantumreginme (QM applies)
gama_eff ~ gamma_c: transition regine (measurenent, Planck scal e)
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gama_eff > gamma_c: classical regine (GR thernodynam cs apply)

gamma_eff is relational: depends on observer-system coupling
Phase transition at gamma_c: selects outcones, fixes correlations

This is not an interpretation of quantum nechanics. It is a framework in which the
interpretive questions do not arise. There is no nmeasurenent probl em because
neasurenent is a phase transition. There is no nonlocality puzzl e because

entangl ement is extended coherence. There is no observer paradox because coherence
is relational

13. Predictions

The followi ng testable predictions distinguish this framework from standard quant um
nmechani cs plus ad hoc resol utions:

1. Proton radius convergence. As nuoni c hydrogen experimnments reduce systematic
uncertainties, the discrepancy with el ectronic hydrogen will persist because it is
physical, not systematic. The ratio r_p(e)/r_p(mu) is a measure of the coherence-
dependent charge distribution

2. Neutron lifetine convergence. Larger, cleaner bottle experinents will yield

| onger lifetinmes, converging toward the beam val ue of 888 seconds. The current
9-second gap will narrow as ganma_wall is reduced.

3. Wgner's Friend experinents. Extended Wgner's Friend experiments will confirm
that the friend's and Wgner's descriptions are sinmultaneously valid until Wgner
nmeasures. The transition will be sharp, corresponding to a phase transition at
gamme_c.

4. Entangl enent decay scaling. The decay of entangl ement under environnental
decoherence will follow the exponential form C AB = C 0 exp(-al pha ganma_eff) with
t he sane al pha that governs single-particle decoherence. This universality is a
strong prediction.

5. Pl anck-scal e phenonmenol ogy. |If quantumgravity signatures are detected (e.g., in
ganma-ray burst dispersion or gravitational wave ringdown), they will exhibit phase
transition characteristics --- critical scaling, universality classes --- not

perturbative quantum corrections to classical gravity.

6. Boltzmann brain falsification. Any proposed mechani smfor Boltzmann brain
consci ousness nust denonstrate sustained gamma_eff near gama_c, not nerely correct
atom c configuration. Configuration alone is insufficient.

7. Spin partition universality. O her baryons and mesons w || exhibit angul ar
nmonent um partitions that maxim ze coherence of their bound states, follow ng the
same optimization principle as the proton's 30:30:40 partition

14. Concl usi on

Ten foundational anomalies in quantum nmechanics and particle physics have been
closed using a single function: C = C 0 exp(-al pha gamma_eff). The neasurenent
problemis a phase transition. Entanglenent is spatially extended coherence.
observer paradoxes dissol ve because coherence is relational. Quantum nechanics and
general relativity describe different coherence reginmes. Particle physics puzzles
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--- the proton radius, neutron lifetime, and proton spin --- follow from
nmeasur enent - dependent decoherence. The Boltzmann brain problemis killed by the
duration requirenent for conscious coherence

No new particles are postulated. No extra di nensions are invoked. No interpretive
framework is required. The coherence decay function, introduced in Paper 5 and
formalized across Papers 66, 84, and 115, provides the ontol ogi cal groundi ng that
guant um mechani cs has | acked since 1927. The question is not which interpretation is
correct. The question is what coherence reginme the system occupies relative to the
observer, and the answer is given by gamm_eff.
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