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We propose seven laboratory experiments to test Dimensional Coherence Theory (DCT) [Par-
rott, Paper 0] using Bose-Einstein condensate analog systems. The DCT Gross-Pitaevskii potential
V(P) = —uP4(gint /2) P*+army P%/24(g3/6)P? is mathematically identical to the energy functional
of quantum droplets with beyond-mean-field corrections. The central prediction is a topologically
fixed three-body-to-two-body coupling ratio 8 = g3/gint = fv/z = 20/12 = 5/3, where f, = 20 and
z = 12 are the vertex figure face count and coordination number of the 600-cell. We design four
quantum droplet signatures: (1) equilibrium density ~10% above LHY-only prediction, (2) breath-
ing mode frequency shifted ~5%, (3) critical atom number ~40% lower, and (4) three-body loss rate
enhanced by (5/3)% = 25/9 ~ 2.78. A fifth experiment tests the Avrami crystallization exponent
a = 1/2 for vortex lattice formation in rotating superfluids. A sixth experiment measures « in
polariton condensation fronts, and a seventh simulates 600-cell connectivity on an optical tweezer
lattice. 'We provide detailed protocols for each experiment, identify specific laboratories (LENS
Florence, Innsbruck, Stuttgart, Helsinki, Manchester, Grenoble, MIT, JILA), and present reanaly-
sis strategies for existing data from Cabrera et al. (2018), Ferioli et al. (2019), and Béttcher et al.
(2019). DCT-guided condensate engineering optimization targets (8 = 5/3, Py = 0.855, a = 1/(2¢))
are specified for magnon, polariton, and atomic systems. Each experiment includes independently

falsifiable kill conditions.

INTRODUCTION

Motivation

Dimensional Coherence Theory (DCT) [I] proposes
that the universe is a Bose-Einstein condensate (BEC)
described by ¥ = /P e, where P is the Parrott field
and 60 is the Goldstone phase. The equilibrium con-
densate fraction Py = 0.851 is governed by a Gross-
Pitaevskii (GP) quantum droplet potential whose param-
eters are fixed by the topology of the 600-cell. Papers I-
VI demonstrate that DCT resolves the Hubble tension
(Hpnys = 73.1 km/s/Mpc), reproduces galaxy rotation
curves (175 SPARC galaxies, 0 free parameters), derives
the Standard Model gauge group from the McKay corre-
spondence, and unifies quantum mechanics with general
relativity.

While the primary predictions are astronomical, the
GP potential that governs the Parrott field is math-
ematically identical to the energy functional of quan-
tum droplets in ultracold atomic gases [5]. This opens
a unique window: the same potential governing cosmic
structure formation can be tested in tabletop experi-
ments.

Why BEC experiments matter for cosmology

The connection between cosmological DCT and labo-
ratory BEC physics runs deeper than mathematical sim-
ilarity. In DCT, the Parrott field IS a BEC, with the
600-cell lattice providing microscopic structure. Testing

V(P) in a laboratory BEC is not testing an analogy—it
is testing the same physics at a different scale. Three
features make BEC experiments powerful:

1. Direct potential test: Experiments 1-4 probe
the shape of V(P), specifically the three-body cou-

pling (g3/6)P>.

2. Dynamics test: Experiments 5-6 probe the
Allen-Cahn crystallization dynamics that produce
dark matter.

3. Zero free parameters: Every prediction is fixed
by 600-cell topology (8 = 5/3, Py = 0.855, a =
1/(2¢)).

Historical context

Quantum droplets—self-bound ultradilute liquid
states—were theoretically predicted by Petrov [5] and
first observed in 3°K mixtures [2] and dipolar con-
densates of 194Dy [4] and '$SEr [3]. Their stability
arises from a competition between mean-field attraction
and LHY quantum pressure [6], precisely the same
mechanism stabilizing the Parrott condensate at Pj.
The dipolar supersolid phase discovered in 2019-2021
provides additional platforms where V(P) can be
probed [12] [13].

Standard quantum droplet theory treats gs as either
negligible or a free parameter. DCT uniquely predicts
g3 = (5/3) ga2, locked by 600-cell topology. This turns
existing laboratories into precision tests of cosmological
theory.
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FIG. 1. Mean-field condensate values P3™" = 3/(283) for the
six regular 4-polytopes. Only the 600-cell yields Py < 1
(physical region, shaded green). The 16-cell is marginal at
Py =1.125.

Paper organization

Section establishes the DCT-BEC correspondence.
Section presents the key prediction 8 = 5/3. Sections —
describe the five core experiments. Section presents the
polariton condensation front experiment. Section de-
scribes the optical lattice 600-cell simulation.  Sec-
tion covers condensate engineering. Section discusses
existing data reanalysis. Section provides falsification
criteria. Section discusses limitations. Section con-
cludes.

DCT FRAMEWORK

DCT [I] is a Brans-Dicke scalar-tensor theory with ac-
tion S = (16m)~! [d*axy/—g [PR—w(P)(dP)?/P—V (P)],
BD coupling w(P) = (138,189 P2 — 3)/2, and conformal
physical metric gpnys = P gg. The Parrott field P is in-
terpreted as the condensate density of a cosmic BEC with
wavefunction ¥ = Pe. The GP quantum-droplet
potential V(P), whose minimum defines Py = 0.851, is
determined by the topology of the 600-cell (the densest
regular 4-polytope with N = 120 vertices, coordination
z = 12, vertex figure face count f, = 20). At cosmologi-
cal scales, P governs gravity and dark matter; at the level
of V(P), the GP potential is mathematically identical to
the energy functional of laboratory quantum droplets,
enabling the tabletop tests described below.

THE DCT-BEC CORRESPONDENCE

Potential comparison

The Parrott potential (Paper 0, Eq. (6)) is
_ Jint 12 5/2 , 93 p3
V(P)=—-uP+ 5 P+ arpy P77 + 5 P> (1)

The energy functional of a quantum droplet with beyond-
mean-field corrections and a three-body contact interac-
tion [5] takes the identical form:
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The correspondence P <« n is exact at the level of the
energy functional. The GP equation governing the dy-
namics of ¥ = /P e is identical in both frameworks:
ov h_, oV
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Scale correspondence

While the mathematical structure is identical, the
physical scales differ dramatically:

The universality of GP physics guarantees that
the mathematical predictions (8, «, Pp) are scale-
independent.

Mean-field equilibrium

Setting V'(Py) = 0 at the mean-field level with g3 =
B Gint:
3 9

= =0.900. (4)
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The LHY beyond-mean-field correction (quantum deple-
tion § = 1/f, = 1/20) shifts this to:

9 19 171
—— = 0.855 (5)

POZ—-—:
10 20 200

matching the observed Py = 0.851 to 0.47%.

TABLE I. Term-by-term correspondence between DCT and
BEC quantum droplet physics.

Term DCT BEC Observable
—uP Chemical pot. Chemical pot. Atom number
(g/2)P? Two-body Mean-field Scattering length

aP®/? LHY correction LHY beyond-MF Droplet stability

(g3/6)P* Three-body Three-body Loss rate, density




TABLE II. Scale comparison between cosmological DCT and
laboratory BEC.

TABLE III. Regular 4-polytope comparison. Only the 600-
cell yields P € (0,1).

Quantity DCT BEC Polytope N z fo 8 Pyt
Order parameter P ~ 0.851 n~ 10" ¢cm™3 5-cell 5 4 4 1.00 1.500
Healing length & ~ 64 Mpc E~1pum 8-cell 16 4 4 1.00 1.500
Sound speed cs = 874 km/s cs ~ 1 mm/s 16-cell 8 6 8 1.33 1.125
Chemical potential w~ Ho u ~ kHz 24-cell 24 8 8 1.00 1.500
120-cell 600 4 4 1.00 1.500
600-cell 120 12 20 5/3 0.900
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FIG. 2. The Gross-Pitaevskii quantum droplet potential
V(P) with the DCT three-body coupling 8 = 5/3 (solid)
compared to the standard LHY-only case gs = 0 (dashed).
The vertical line marks the equilibrium value Py = 0.851.

THE CENTRAL PREDICTION: g =5/3
Topological origin

From 600-cell topology (Paper 0, Sec. IV.C):

g3 f’u 20 5
gt 2z 123 067 ©)

This is a topological constant. In standard BEC physics,
gs is an independent parameter. DCT predicts it is
locked to g2 by the ratio of vertex-figure faces to coor-
dination number—the geometric ratio of three-body to
two-body interaction channels.

Uniqueness of the 600-cell

Only the 600-cell among six regular 4-polytopes gives
a physical result:

Additional topological parameters

Beyond 3, DCT specifies:

e Equilibrium condensate fraction: Py = 171/200 =
0.855

e Scattering length: a/dn, = 1/(2¢), ¢ = (1++/5)/2
e LHY /mean-field ratio: |army/gint| = 0.703
e Quantum depletion: § = 1/f, = 0.05

EXPERIMENT 1: EQUILIBRIUM DENSITY
ENHANCEMENT

Prediction

The equilibrium density satisfies 9€/0n = 0:

0=gano+ 2 gruy n8/2 +g3ng. (7)
With g3 = (5/3) g2 versus g3 = 0:
no(B8=5/3)
P A 110, (8)
0
For 39K parameters (a;2 = —52.5a0, a;; = 65.5a0,
ase = 34.0 ap), we compute:
ndCT /MY = 1.097 4+ 0.015, (9)

where the uncertainty arises from scattering length un-
certainties.

Detailed protocol

System: 3°K binary mixture (|1, —1) + |1,0)) near the
Feshbach resonance at B = 56.85 G; alternatives include
166Ey (LENS) and 4Dy (Stuttgart).

Preparation: (1) Cool 3°K to quantum degeneracy via
evaporative cooling in a crossed optical dipole trap (A =
1064 nm, beam waist 50 pm). (2) Prepare balanced spin
mixture via adiabatic RF sweep. (3) Ramp B to the
droplet regime (dg < 0). (4) Allow 50-100 ms for self-
bound droplet formation.

Measurement: In situ absorption imaging with a 10 us
probe pulse. Extract peak optical depth, convert to 3D
density via inverse Abel transform or tomographic recon-
struction. Average over 50+ realizations.



Systematic error budget

TABLE IV. Systematic error budget for Experiment 1.

Source Error Mitigation
Scattering length 5% Feshbach spectroscopy
Imaging calibration 3% Cross-calibrate with TOF
Density averaging 2% In situ, avoid expansion
Atom number fluct. 3% Average many shots
Thermal fraction 2% T/T. < 0.1

Total (quadrature) 7%

Extraction of

The equilibrium density depends on |arny|/gs:

no = [Plowv])’ (10)
’ 393 .

Measuring ny and independently determining aypy from
known scattering lengths allows extraction of g3 and g =

93/ 92-
Recommended labs: LENS Florence (Modugno), Inns-

bruck (Ferlaino), Stuttgart (Pfau).

EXPERIMENT 2: BREATHING MODE
FREQUENCY SHIFT

Prediction

The breathing mode frequency depends on V' (ny):

/

V' (no) = g2 + 22 gray ng' > + 2 g3 o - (11)

The three-body correction gives:

wpr(8 =5/3) v
s V?,CT ~ 1.05. (12)
Why LHY

More precisely:

A 2
w2 % ~ 0.048. (13)
w 15 JgLHY N

Protocol

Ezcitation: Sudden quench of as by AB ~ 10 mG
over tquench ~ 0.1 ms (K Ty ~ 10 ms). Alternative:
parametric drive at 2wy, .

Detection: Release droplet at variable hold times
thold = 0-100 ms (1 ms steps), image after TOF (tTor =

4

5-20 ms). The droplet size oscillates as R(t) = Ry +
dR cos(wprt + ¢). Extract wp, from sinusoidal fit. Repeat
each time point 10-20 times.

FExpected signal: For *°K with N ~ 1000: w,IJ‘rHY ~
2w x 180 Hz, Aw ~ 27 x 8.7 Hz. Resolution required:
dw < 21 x 5 Hz (3%). Current precision: < 1% [3].

Systematic error budget

TABLE V. Systematic error budget for Experiment 2.

Error Mitigation
1%  Fast RF switch (< 10 us)

Source

Quench timing

Residual trap effects 2% Different trap geometries
Atom number drift 1% Shot-to-shot monitoring
Anharmonic corrections 1% da/a < 10% quench
Finite temperature 1% T<01p/ks
Total 3%

EXPERIMENT 3: CRITICAL ATOM NUMBER

Prediction

Quantum droplets are self-bound only above a critical
N.. With g3 = (5/3) g2, the additional repulsive three-
body term enhances binding:

(avmy)? Ne(B=5/3) _

N, oc oY) TP =900 06, 14
93 93 NEHY (14)

Expected values (*°K):
e 5g/g ~ —0.02: NFHY ~ 800, NPCT ~ 480
e 5g/g ~ —0.05: NMIY ~ 300, NPCT ~ 180

e 5g/g ~ —0.10: NMIY ~ 120, NPCT ~ 72

Protocol

System: 39K binary mixture [2].

Procedure: (1) Prepare droplets with N ~ 2000 at
B = 56.23 G. (2) Reduce N via controlled evaporation,
three-body loss, or selective laser removal. (3) Identify
N, as the 50% survival threshold after 50 ms without
external trapping. (4) Repeat at 3 different dg values.

Precision: ~20% (sufficient to distinguish factor 0.6).
Reanalysis of existing Cabrera data [2] could provide an
immediate test at zero cost.



EXPERIMENT 4: THREE-BODY LOSS RATE

Prediction

The coherent three-body contact contributes a rate
proportional to g3

Ky(B=5/3) (5\"_25 _

Distinguishing from Efimov physics

Four strategies isolate the coherent three-body contact
from Efimov background:

1. Dipolar systems: Long-range DDI suppresses
Efimov features (n ~ 0.3).

2. Magnetic field dependence: Efimov shows log-
periodic resonances (period ~ 22.7 in a); DCT gives
smooth o< a* background.

3. Density dependence: Medium effects modify
K3(n) differently for coherent vs. incoherent chan-
nels.

4. Quasi-2D confinement: Efimov absent for d <
2.3; residual K3 is purely coherent contact.

Protocol

System: 'SFEr or %Dy dipolar BEC.

Measurement: Prepare droplets with N ~ 10%. Mea-
sure N(t) at 5-10 ms intervals for 200 ms. Fit N/N =
—K3(n?) to extract K3. Compare to Efimov and DCT
predictions.

Precision: Factor ~2 (easily achievable; K3 is rou-
tinely measured to ~30%).

EXPERIMENT 5: VORTEX LATTICE AVRAMI
TEST

Prediction

DCT predicts o = 1/2 for all Avrami crystallization
processes from diffusion-limited Allen-Cahn dynamics |7,
8):

f(t) =1 —exp[—(t/7)"] . (16)

Standard nucleation-growth gives @ = d + 1 = 3-4 (3D).
The Allen-Cahn front propagates as r(t) ~ v/ Dt, yielding
a = 1/2 in the radial diffusion-limited regime.

TABLE VI. Avrami exponents for vortex lattice ordering.

Model e f(t) shape £(0.17)
Standard (2D) 2-3 Fast onset 0.01-0.001
Standard (3D) 34 Very fast 1073-107*
DCT (Allen-Cahn) 1/2  Slow, long tail 0.27

Discriminating power
At early times f ~ (t/7)% « = 1/2 gives concave

f < Vt; a = 3 gives convex f o t3. Even 10% precision
distinguishes them.

Avrami Crystallization Kinetics
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FIG. 3. Avrami crystallization kinetics f(t) = 1 —

exp[—(t/7)%] for DCT (a = 1/2, Allen-Cahn diffusion) and
standard models (o = 1,2,3). The qualitative shape differ-
ence makes discrimination straightforward even with modest
precision.

Protocol: rotating ‘He

Equipment: Rotating cryostat (@ = 0.1-10 rad/s),
second-sound detector, tracer particle visualization (~
1 pm Hs particles), high-speed camera (1000 fps).

Procedure: (1) Fill cylindrical container (R ~ 1 cm)
with superfluid *He at T' = 0.5 K. (2) Impulsive spin-up
t0 Qfinal OVer tramp = 0.1 s. (3) Monitor vortex ordering
for t = 0-100 s. (4) Image vortex positions via tracer
particles. (5) Compute hexatic order s = |(€%%)| from
Delaunay triangulation. (6) Fit f(t) = vs(t)/1¥s(c0) to
extract a.

Alternative: Rotating BEC (37Rb or 22Na) with direct
absorption imaging of vortex cores.

Facilities: Helsinki (Eltsov), Manchester, Grenoble
(CNRS), MIT, JILA.



EXPERIMENT 6: POLARITON
CONDENSATION FRONT

Theoretical basis

Exciton-polaritons in semiconductor microcavities
form non-equilibrium BECs governed by driven-
dissipative GP equations [19]. The condensation
process—nucleation of coherent domains that expand
and merge—follows Allen-Cahn-type dynamics. DCT

predicts o = 1/2 for the condensation front propagation.

Protocol

System: GaAs or CdTe microcavity with embedded
quantum wells.

Procedure: (1) Pump with spatially uniform CW laser
at I > ILihreshold- (2) Monitor condensate formation via
time-resolved photoluminescence imaging. (3) Extract
condensed fraction f(t) from spatial coherence g (r, ).
(4) Fit to Avrami function.

Expected result: DCT predicts o = 1/2. Standard
Kibble-Zurek theory gives a ~ 1-2.

Advantages: Highly tunable, fast timescales (ps—ns),
non-equilibrium analog of cosmological crystallization.

Facilities: C2N/Paris-Saclay (Bloch), EPFL (De-
veaud), FORTH Crete (Savvidis).

EXPERIMENT 7: OPTICAL LATTICE 600-CELL
SIMULATION

Concept

Load a BEC onto a lattice whose graph topology re-
produces the 600-cell adjacency matrix (120 sites, z = 12
neighbors per site).

Implementation approaches

Optical tweezer approach: Programmable array with
120 sites [20]. Graph topology reproduced via engineered
long-range tunneling.

Synthetic dimension approach: 30 spatial sites x 4
Zeeman sublevels = 120 effective sites, with Raman cou-
plings reproducing 600-cell adjacency.

Measurable predictions

1. Excitation spectrum: 9 distinct eigenvalues A =
{12,3 £ 3v/5,2 £ 2v/5,3,0, -2, 3} with d? multi-
plicities.

2. Spectral gap: p; = (3 —/5)/4 = 0.191 (in tun-
neling units J).

3. Depletion: 6 = 1/f, = 0.05 at weak coupling.

4. Geometric LHY factor:
(exact rational).

Gray = 3701/6300

Facilities: MIT (Greiner), Harvard (Lukin), Caltech
(Endres), JILA (Ye/Kaufman).

DCT-GUIDED CONDENSATE ENGINEERING

DCT provides specific optimization targets:

TABLE VII. DCT optimization ratios for condensate engi-
neering.

Parameter DCT value Meaning Tuning method

154 5/3 g3/ge Tatio Feshbach res.
Po 0.855 Condensate frac. Temp./density
a/dnn 1/(2¢) Scatt. length/spacing Feshbach + lattice

|aLmy /g2| 0.703 LHY/MF balance Mixture ratio

A BEC tuned to 8 = 5/3 should be maximally self-
bound. Protocol: Vary g3/gs via Feshbach tuning and
density; measure droplet lifetime 7j5(5). DCT predicts
a maximum at 5 = 5/3.

Applications: (a) Polariton condensates (tune exciton
fraction and pump intensity). (b) Magnon condensates
in YIG (tune magnetic field geometry). (c) Cold atoms
on optical lattices (engineer lattice topology).

REANALYSIS OF EXISTING DATA
Cabrera et al. 2018

The first quantum droplet observation in 3°K [2] pro-
vides droplet lifetime, equilibrium density, and critical
atom number measurements. Reanalysis: (1) Digitize
Figure 3 to extract N.(dg). (2) Compute NFHY and
NDPCT_ (3) Compare x? for each model. Sensitivity:
~30% on N,, sufficient to distinguish NPT /NFHY = 0.6
at ~ 20.

Ferioli et al. 2019

Collective excitation data for 1%°Er [3] constrain the
equation of state at ~1%. The 5% breathing mode shift
should be detectable.



Bottcher et al. 2019

Supersolid phases in Dy [4] provide individual
droplet densities within arrays, testable against the 10%
density enhancement.

D’Errico et al. 2019

Heteronuclear 'K + 87Rb droplets [10] provide an in-
dependent system with different scattering parameters.

Chomaz et al. 2022

The comprehensive dipolar review [I1] compiles multi-
group data suitable for a meta-test of § = 5/3.

FALSIFICATION CRITERIA

(a) Equilibrium Density (b) Breathing Mode Shift
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FIG. 4. DCT experimental signatures. (a) Equilibrium den-
sity ratio no/ng™Y: DCT predicts a ~10% enhancement over
the LHY-only result due to g3 = (5/3)g2. (b) Breathing
mode frequency shift as a function of 8 = gs/g2: at DCT’s
predicted 8 = 5/3, a ~5% shift is expected.

Each experiment is independently falsifiable. Confir-
mation of § = 5/3 (static) combined with oo = 1/2 (dy-
namic) would be particularly compelling, as these arise
from different sectors of the theory (GP potential vs.
Allen-Cahn dynamics). A pattern of null results across
all seven would strongly disfavor DCT’s GP potential.

SYSTEMATIC UNCERTAINTIES AND
LIMITATIONS

Theoretical limitations

(1) The P + n mapping assumes GP universal-
ity across scales. (2) The 8 = 5/3 prediction as-
sumes a single-contact gs; real systems have momentum-
dependent three-body interactions. (3) DCT’s P%/2 LHY
term is the 3D result; quasi-2D systems have P?In P.

Experimental limitations

(1) Efimov background in Experiment 4 requires sub-
traction. (2) Boundary effects in Experiment 5 require
central-region analysis (r < 0.5R). (3) All experiments
require T <« T, (T/T. < 0.1). (4) In situ imaging resolu-
tion must exceed droplet size (~ 1 um).

Current status

No existing measurement has specifically tested g3 =
(5/3) g2. Existing data may absorb the three-body con-
tribution into effective LHY coefficients. A dedicated
experiment targeting 5 = 5/3 has not been performed.

DISCUSSION

The DCT-BEC correspondence shows that a theory
designed to explain dark matter and the Hubble ten-
sion makes testable predictions in quantum gas labora-
tories. The key insight is that V(P) does not merely re-
semble the quantum droplet functional—it is the quan-
tum droplet functional with one additional constraint:
93/g2 = f,/z = 5/3. Standard physics treats gz as neg-
ligible; DCT predicts it is O(g2) with |aLmy/g2| = 0.703
confirming the quantum droplet regime.

The vortex lattice and polariton experiments test a dif-
ferent aspect: Allen-Cahn crystallization dynamics pro-
ducing the radial acceleration relation (Paper III). The
Avrami exponent o = 1/2 follows from diffusion-limited
front propagation, independent of GP parameters.

The optical lattice 600-cell simulation represents the
most direct test: if the excitation spectrum of a 120-site
lattice with 600-cell connectivity matches the predicted
eigenvalues—including golden-ratio values and the exact
rational GLgy = 3701/6300—this would confirm the mi-
croscopic structure underlying DCT.

CONCLUSION

We have proposed seven laboratory experiments test-
ing DCT’s GP potential and Allen-Cahn dynamics. The
central predictions are 8 = g¢3/gint = 5/3 (topological,
from 600-cell) and o = 1/2 (dynamical, from diffusion-
limited Allen-Cahn). Four quantum droplet experiments
probe density (+10%), breathing mode (+5%), critical
atom number (—40%), and three-body loss (x2.78). Two
crystallization experiments test & = 1/2 in vortex lattices
and polariton condensation fronts. An optical lattice
experiment probes 600-cell connectivity directly. Each
experiment is independently falsifiable with quantitative
kill conditions.



TABLE VIII. Complete falsification criteria for the seven DCT predictions.

# Experiment DCT prediction Kill condition Precision Status

1 Droplet density no/ng™Y =~ 1.10 Ino/n&™Y — 1] < 0.03 5-10% Testable now
2 Breathing mode w/w™Y 2~ 1.05 |w/w™ Y — 1] < 0.02 2-3% Testable now
3 Critical N N./NFY =~ 0.6 [N./NETY — 1] < 0.20 20% Reanalysis

4 Three-body loss K3/K§d ~ 2.78 Ks/K§ < 1.5 Factor 2 Testable now
5 Vortex « a=0.5 a>15 +0.5 Existing setup
6 Polariton a a=0.5 a>1.5 +0.5 Existing setup
7 600-cell lattice p1 = 0.191J Gap deviates > 10% 5% Tweezer array

These tests complement DCT’s astronomical predic-
tions using the same mathematical framework at accessi-
ble scales. Reanalysis of Cabrera et al. [2] could provide
an immediate first test. If confirmed, 5 = 5/3 would be
the first laboratory evidence that the 600-cell determines
physical law.

The author acknowledges the use of Claude (An-
thropic) for computational assistance and manuscript

preparation.
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