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Abstract. Two foundational unification hypotheses are subjected to analytical proof, stochastic differential
simulation, and empirical audit: (i) that the four fundamental interactions represent scale-dependent
condensate phases of a single generalized flux dynamics across levels of abstraction, and (ii) that quantum
uncertainty (%) arises from countless external micro-perturbations analogous to gravitational N-body
epicycles in celestial mechanics. Across six claims (C-12-C-17; [unreproduced gem-nexus / Carbon
claim]), exact mathematical boundaries separate viable physical mechanisms from refuted naive models.
First (C-12), generalized Gauss flux conservation A.g(r)|®'(7)|[P~! = Qenc unifies Yukawa/Bogoliubov
gap screening, 3D Coulomb/Newton inverse-square laws (v = —2), our galacticds = 1 (p = 3)
condensate (v = —1, exact midpoint logarithmic confinement), and 1D Cornell QCD vortex tubes
(yr = 0), while spin-1 charge neutrality versus spin-2 universal attraction requires the Bern—Carrasco—
Johansson double copy (Gravity = Gauge x Gauge) or bilinear condensate strain rather than vector
rescaling. Second (C-13), Electroweak, QCD, and cosmic de Sitter/MOND transitions obey a single
horizon-gap 1aw acit = ¢?/Lgap, with the 1.85 x 10*2 QCD-to-a( hierarchy generated by an O(1) Planck-
scale gauge-coupling ratio (aggD /a%“{?k = 3.32) via dimensional transmutation. Third (C-14-C-17),
while conservative time-symmetric Nelson (1966) diffusion derives the exact Schrodinger equation,
Cramér-Rao Heisenberg bound AzAp, > h/2, Dy = 2 fractal paths, and the Bohmian quantum potential
driving C-03/C-10—and condensate phase winding resolves Wallstrom’s (1994) objection—three exact
theorems rule out passive gravitational N-body tremors (> 4.56 x 107 x failure on 25 kDa interferometry),
irreversible Langevin kicks (6.26 x secular heating), and local 3D hidden baths (Bell-CHSH S = 2.42 > 2).

Wave-5 Epistemic Ledger (C-12—-C-17)

All Wave-5 computations and zero-float rational checks are reported in wave5_unified_forces_stochastic_qm.py
(raw file SHA-256: effc8ef2... on main), formal/verify_exact_rational_proofs.py (raw file
SHA-256: dOacfe8e... on main), and formal/Wave5StochasticForces.lean (Table 1). Statuses in

Table 1 follow CLAIMS.md; [unreproduced gem-nexus / Carbon claim].
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Table 1: Wave-5 claims extending Foundation-0/gravity, with statuses from CLAIMS.md. [unreproduced gem-
nexus / Carbon claim].

ID Claim / Physical Test Epistemic Tag Reported Invariant & Primary Grounding
C-12 Cross-scale flux-phase ladder & COMPUTED Force log-slopes vr € {—2,—1,0} place galactic
double copy (KNOWN-FRAMEWORK) / ds = 1 at exact midpoint between Newton/QED
CONJECTURE and QCD tubes; spin-2 requires BCJ double copy
Lean lemma: PROVEN [1, 2].
(ARITHMETIC-LEMMA)
C-13 Universal gap acceleration & RG ~ COMPUTED erit = €%/ Lgap spans EW (3.66x10%*), QCD (1.93 x
hierarchy (KNOWN-FRAMEWORK) / 10°?), and de Sitter (1.04 x 107*° m/s® ~ ao) via
CONJECTURE ayv ratio 3.32 [4, 5].
C-14 Equivalence-Principle mass- COMPUTED Passive WEP gravity tremors (D o m?) fail 25 kDa
scaling no-go (MASS-RATIO interferometry by 276750900000~ 4 557 x 107x;
ARITHMETIC) Calogero fails by 3.08 x 10" x [12, 11].
Lean lemma: PROVEN
(ARITHMETIC-LEMMA)
C-15 Time-symmetric Nelson SDE & COMPUTED Unbalanced kicks heat 6.26x by wt = 5; Nelson
vortex winding (KNOWN-FRAMEWORK) osmotic drift holds (z*) = 0.496 =~ 0.5, AzAp, =
h/2, Dy = 2; condensate ¥ resolves Wallstrom
[6, 101.
C-16 Bell-CHSH non-locality obstruc- KNOWN-LITERATURE- Local 3D baths satisfy S? < 4, ruled out by sin-
tion VALUE glet S\ = 8 and Hensen et al. (2015) (2%)* =
Lean lemma: PROVEN 45U > 4; requires nonlocal/ER=EPR connectivity
(ARITHMETIC-LEMMA) [13, 14].
C-17 Celestial epicycles vs. 1 Mpc virial ~ COMPUTED Batygin (2018) disk epicycles yield Aepi = 0.86 kpc

bound

(KNOWN-FRAMEWORK)

(~ &con), but outer quadrupole drops to 1.3 x

107° gy at 1 Mpc vs. 120x RAR boost [15, 5].

1 Fundamental Interactions as Cross-Scale Condensate Flux Phases (C-12-
C-13)

Can the strong, electroweak, electromagnetic, and gravitational interactions be understood as scale-
dependent regimes of a unified condensate/flux framework? Consider a conserved static flux through
effective cross-sectional area A.g(r) oc r%re governed by generalized p-Laplacian constitutive energy
& x |VoPr:

darea
€3]

= F(r) oc |®'(r)| oc 777, s
p_

Aeff(r) |q>/(r)|p_1 = Qenc Y= —
Proposition 1 (Arithmetic Progression of Fundamental Force Regimes — C-12). Across three-dimensional
space, Eq. (1) organizes all observed long- and intermediate-range force laws into an exact rational progression

of radial log-slopes v € {—2,—1,0} (Figure 1a):

1. Unconfined Isotropic Phase (d.;e. = 2,p = 2 = ~vp = —2): Perturbative UV QCD (r < 0.1 fm), QED
Coulomb electrostatics, and Newtonian gravity (r < rys) obey F o< r=2 (V o —1/r, unbound above
escape speed).

2. Critical ds = 1 Galactic Condensate (daren = 2,p = 3 = vp = —1): Our C-02 galactic superfluid
fixed point (ry; < r <1 Mpc, SPARC / KiDS-1000 [5]) yields F o« r—! (V o Inr, flat orbital speed
vﬁat = G Myay), sitting at the exact arithmetic midpoint vp = %(—2 + 0) = —1 between escape and
linear string confinement.

3. 1D Confined Vortex-Tube Phase (d,e. = 0 or p — oo = ~vp = 0): In dual-superconductor IR
QCD (r 2 0.5 fm, Bali 2001 [1]), color-magnetic Meissner currents squeeze chromoelectric flux into a

constant-area Abrikosov-Nielsen—Olesen tube, producing the Cornell potential V (r) = —%O‘STBC + oqcpT
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with constant force cqop = 0.18 GeV?2/(hc) = 1.461 x 105 N (y£(0.05 fm) = —1.913 — vp(2.0 fm) =
—0.047).

4. Gapped / Dispersive Screened Phases: Both the Electroweak Higgs condensate (Lyw = h/(Mwyc) =
2.455 x 10~'® m) and sub-healing-length Bogoliubov gravity (r < &con = 0.20 kpc, C-10) suppress flux
via condensate mass/dispersion gaps.

(a) Cross-Scale Flux-Phase Transitions (Claim C-12) (b) 42-Decade Gap Hierarchy Without Fine-Tuning (C-13)
= Non-Abelian Spin-1 QCD (r/Locp: —2 - 0 flux tube) 10% T ELIECt_r;vZZan 1};!llag ,sn) = Universal horizon/gap law acri = ¢?/Lgap
0.0 | === Gravity + ds = 1 Condensate (r/ry: =2 = — 1 RAR) ===+ =+ == —- :
R P 3D Unconfined QED / Newton (p =2, y¢ = —2) 10% 4 Confined QCD Tupe
< ——. Critical ds = 1 Midpoint (p =3, ys = —1) % (Loco =4.65 X107 m)
e P 1D Confined Vortex Tube (p - ®, yr = 0) £ 1023 4
c —-0.54 -
s ;
Il < 17 |
S s 10
: E 1011 4
2 2
= e 3 Cosmic de Sitter / RAR
4 xact rational midpoint: o s a4s = 1.04 x 10710, a9 = 1.20 x 10-10
2 Ve=—1(VxInr) E 10° (aas 0 )
— between escape (—2) 8
§ and linear string (0) .,’E‘ 10-1 4
uo_, O Planck RG Transmutation (C-13):
L 10-7 ] |8 =0.0200 vs. ag* = 0.0060
—2.0 1 BB s cecosabesntochobaboobidoonsastonadontodedshiddonnsandaradoadosadetsdsned UV ratio =3.32 = 1.85 x 10*2 gap ratio!
T T T T 10713 T T T T T T T
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Dimensionless Scale Ratio r/Lcit (Locp = 0.47 fm vs. ry = vV GMp/ag ) Condensate Gap / Horizon Scale Lgap = NC/Agap [m]

Figure 1: Cross-scale condensate force unification (wave5_forces_stochastic_certificates.json). (a) Parallel
transition of radial force log-slope v (r) in Cornell QCD (—2 — 0) and galactic dy = 1 gravity (-2 — —1). (b)
Universal gap-acceleration law ac,j, = c? /Lgap spanning 44 decades from Electroweak and QCD condensates to
cosmic de Sitter / RAR ay, generated exponentially by an O(1) UV coupling ratio.

Why Naive Spin-1 Rescaling Fails and How the Double Copy Resolves It (C-12): Despite sharing Eq. (1),
gravity cannot be a literal rescaled spin-1 vector gauge field. Spin-1 currents couple to signed charges
(3", ¢i = 0), neutralizing macroscopic bodies despite agn/agray(mp) = 1.236 % 1036, whereas spin-2 fields
couple universally to positive energy 7}, across all N, = 1.189 x 10°7 solar baryons (Fierz-Pauli / Weinberg
self-coupling [3]). Modern amplitude theory supplies the exact algebraic bridge across abstraction levels:
under Bern—Carrasco-Johansson (BCJ) color-kinematics duality [2], spin-2 graviton amplitudes and Kerr—
Schild fields are the kinematic double copy (Mgray ~ >, ni72;/D;) of spin-1 Yang-Mills gauge amplitudes
(¢; — n;), squaring signed color couplings into universally attractive spin-2 exchange.

Universal Gap-Acceleration Law Without Fine-Tuning (C-13): Every condensate phase transition
occurs at critical acceleration a'*) = ¢2 /Lg;)p = Ag;%)c/ h (Figure 1b): apw = 3.661 x 103* m/s? (My, =

crit
80.38 GeV), aqcp = 1.932 x 1032 m/s? (,/oqcp = 424.3 MeV), and at the de Sitter cosmic horizon Lgs =
2mc/Hy = 8.624 x 1025 m, aqs = cHy/(27) = 1.042 x 1071Y m/s? = 0.869 ag (Verlinde 2017 [4]). Under

1-loop dimensional transmutation A = Mpj exp[—27/(Boaruv)], reproducing ,/aqcp (SU(3)e, Bo = 7)
needs a%SD = 0.02003, while generating Aqs = 2.30 x 1073 eV in an SU(2) dark condensate (8y = 22/3)
needs a{&k = 0.00603: an O(1) UV ratio of 3.323 generates the 1.854 x 10*2 acceleration hierarchy with

zero fine-tuning.

2 Stochastic Many-Body Micro-Fluctuations and Quantum Uncertainty
(C-14-C-17)

To evaluate whether quantum uncertainty arises from countless external micro-influences—analogous to
celestial epicycles induced by neighbouring bodies (Calogero 1997/2004 [11])—we separate the exact
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mathematical triumph of Nelson’s (1966) stochastic mechanics [6] from three quantitative no-go theorems
against naive classical/gravitational perturbation baths (Figure 2).

What Succeeds Mathematically (C-15): In Nelson (1966) [6] and entropic phase-space dynamics (Caticha
2019 [7]), a particle executing time-reversal-symmetric Wiener motion dx = b.idt + v2D dW . with
diffusivity D = h/(2m) acquires osmotic velocity u = DV In p. First, by the Cauchy-Schwarz / Cramér—Rao
inequality on Fisher information Ir = [(9,1np)?pdx,

h2

(A2)*(Ap,)* = m*D*Var(a) Ir(p) = m*D* = —,

(2)
deriving Heisenberg’s minimum uncertainty directly from diffusive micro-motion. Second, sample paths
obey |Ax| ~ v/2DAt, generating the exact fractal path dimension Dy = 2 (Abbott & Wise 1981 [8])
used in C-02. Third, time-symmetric stochastic acceleration 3(DyD_ + D_D,)x = —VV/m produces

the exact Bohmian quantum potential Q[p] = —%% that supports both C-03 gravitational-atom
soliton cores (Hui et al. 2017 [9]) and our C-10 fourth-order UV Bogoliubov dispersion! Moreover, while
Wallstrom (1994) [10] proved that classical fluids lack quantized circulation f mv -dl = 2rhk (k € Z),
treating particles as phase defects/excitations of a single-valued vacuum condensate Wy,. = ,/pe’’ enforces

Onsager-Feynman integer winding ¢ V6 - dl = 2rk topologically.

(a) Equivalence-Principle Mass-Scaling Test (Claim C-14) (b) External Kicks vs. Time-Symmetric Osmotic QM (C-15)

=== Unbalanced external random kicks ((E) = Eq +%a§t)
4 == Analytic Markovian heating slope
== Time-symmetric Nelson + Condensate (Eo = 3Aw, AxAp, =1)
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Figure 2: Quantitative tests of stochastic quantum emergence (wave5_forces_stochastic_certificates.json).
(a) Passive Equivalence-Principle gravitational tremors (D « m°) and Calogero cosmic tremors (D o mt1/2)
fail 25 kDa macromolecule interferometry (Fein et al. 2019 [12]) by > 4.56 x 107 x (C-14). (b) Monte Carlo SDE
evolution (IV = 1,500-4,000): unbalanced external kicks cause 6.26 x secular orbital heating, whereas time-symmetric
Nelson osmotic drift preserves Ey = %hw exactly (C-15).

Theorem 2 (Three Obstructions Against Naive Classical / Gravitational N-Body Baths — C-14, C-15,
C-16). Any model attributing h to passive classical perturbations from external bodies faces three obstructions
([unreproduced gem-nexus / Carbon claim]; statuses in Table 1):

1. Equivalence-Principle Mass-Scaling Failure (C-14): Because passive gravitational fields accelerate
all masses identically (X = gext(t)), they induce mass-independent diffusivity Dgyay mO (heg =
2mDgray x m1). Between electrons and 25,000 Da oligoporphyrin matter-wave interferometry (Fein et
al. 2019 [12]), exact rational interval arithmetic reports ([unreproduced gem-nexus / Carbon claim])
Reft (MoskDa) /Reft () > 210733000000 > 4 557 x 107 (and 3.077 x 10'! under Calogero’s hca o< m3/2
[11]). Universal D(m) = h/(2m) requires coupling to inertial Compton phase rather than passive
Newtonian gravity.
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2. Irreversible Markovian Heating (C-15): Without balanced time-symmetric osmotic reaction u =
DV In p, external white-noise kicks heat bound states linearly ((E(t)) = Eo + 302t rising 6.263x by
wt =5 in wave5_unified_forces_stochastic_gm.py), ionizing atoms rather than stabilizing ground
states.

3. Bell-CHSH Non-Locality (C-16): Every local 3D N-body perturbation bath obeys Sayqy < 4, strictly
violated by singlet quantum mechanics ( SéM = 8) and 1.3-km loophole-free electron-spin tests (S =
2.424+0.20 = S? = % = 5.8564 > 4, Hensen et al. 2015 [13]). A viable sub-quantum bath must
be non-local in 3D space—operating via configuration-space condensate phase coherence or Planckian
entanglement bridges (ER = EPR, Maldacena & Susskind 2013 [14]).

Macro-Quantum Celestial Disks vs. the 1 Mpc Halo (C-17)

Remarkably, the celestial N-body analogy holds literally as an emergent effective equation inside astrophys-
ical disks: Batygin (2018) [15] proved that secular gravitational torques among countless orbiting rings
reduce directly to the time-dependent Schrodinger equation! Evaluating the Solar-neighborhood stellar
epicyclic dispersion scale yields Aepi = or/k = 0.860 kpc (specific macro-action o gAepi = 30.1 kpckm/s),
matching the sub-kiloparsec order of our C-10 Bogoliubov healing length .., = 0.20 kpc. However, by
Newton’s third law (3, .; F;; = 0), internal disk N-body perturbations cannot generate a net monopole
halo force: their non-spherical quadrupole contribution decays as %(Rb /r)2gn (1), giving 1.32 x 1073 gy
at 100 kpc and 1.32 x 1075 g,y at 1 Mpc, where KiDS weak lensing [5] measures 11.98 gy and 119.79 g .
Thus, celestial N-body epicycles naturally produce kpc-scale dispersive wave cores, while outer 1 Mpc
rotational flatness uniquely requires the space-filling d;, = 1 vacuum condensate.
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