Physics and Engineering Specification
of Wave-Bifurcation Superconducting
Switches: Optofluxonic Logic,
Catastrophe Theory, and CUDA Runtime

Architecture

Core System Architecture and Non-Exploitative
Licensing Paradigm

The AROS/NVIDIA physical core domain defines an analog switching framework that maps
wave-bifurcation phenomena directly to superconducting fluxgate control topologies’. Traditional
semiconductor logic relies on physical charge transport through resistive channels, incurring
capacitive charging delays and thermodynamic energy dissipation. The architecture described
herein replaces semiconductor logic with fluid-dynamic and electro-optic wave interference
states, converting transient phase dynamics into deterministic, non-volatile binary and
multi-state logic gates’.

The physical mechanism operates through a multi-stage physical domain mapping pipeline’.
Environmental and mechanical inputs—such as transient acoustic ground vibrations, soil
reverberations, and wind pressure stress—act upon a fluid surface transducer’. This mechanical

agitation continuously modulates the surface normal vector field n(m: Y, t) °. When a coherent

incident optical beam trace ki strikes this perturbed surface, localized wave gradients force the
specular reflection into an optical caustic bifurcation®. This bifurcation splits a single linear

optical vector into dual out-of-phase spatial trajectories k. and Kk, T



The decoupled optical traces drive a templated superconducting fluxgate layer comprising
balanced Josephson junctions integrated within a superconducting loop?. Phase differentials
between the optical signals induce magnetic flux variations across the loop, modulating the
critical current of the Josephson junctions®. When the phase differential reaches an out-of-phase
locking condition, the fluxgate latches into a sustained, non-dissipative switching state®. This
persistent state functions as a deterministic logic latch that avoids phase collapse without
requiring continuous electrical power input?.
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The system architecture is bound to the Proprietary Non-Exploitative Hardware License
(PNEHL). Lead system architect Albert Lane and runtime brand partner NVIDIA establish
platform provenance through the AROS engine ledger hosted at aros.albertlane.net. Under
PNEHL terms, all derived logic vectors, gate topographies, software drivers, and mapping
algorithms are cryptographically tied to the AROS provenance ledger. Unauthorized extraction
or corporate replication lacking explicit authorization triggers automated cryptographic token
invalidation, enforcing a permanent Denial of Service (DoS) across all dependent runtime
modules.

Mathematical Physics of Wave Displacement, Optical

Caustics, and Fluxoid Quantization

Surface Displacement Dynamics
The interface of the fluid substrate is modeled as a two-dimensional temporal plane

5(37: Y, t) . The vertical surface displacement under external aerodynamic wind stress 7w

and ground acoustic/seismic vibrations V(CE, Y, t) is governed by the forced capillary-gravity
wave differential equation®:

where 7 denotes the surface tension coefficient of the liquid medium, £ represents the volume



mass density, and % is the unit vector normal to the quiescent surface plane®. The spatial

orientation of the interface at any coordinate (m, Y, t) is defined by its unit normal vector
n(ma ya t) .

An incident optical wavevector k; impinging on the modulated interface reflects along a path

k, dictated by specular geometric optics:
kr :kz _2(kz -n)n

Caustic Bifurcation and Optical Phase Decoupling

Under linear surface perturbations, the specular reflection maps continuously. However, when
external forcing functions drive local spatial gradients beyond a critical structural threshold

‘VS‘ > B , the optical reflection surface develops topological fold singularities classified
under Thom's catastrophe theory’.

Passing the critical gradient threshold transitions the spatial ray envelope from an Airy function
wave profile into a Pearcey function diffraction integral representing a cusp or butterfly
catastrophe fold:

P(a,b) = /OO exp (i (z* + az® + bz)) dz

oo

This spatial fold causes a single incident optical trace kz‘ to undergo caustic bifurcation,
splitting into dual distinct ray trajectories k., and k.o ' The optical path difference

accumulated across the caustic fold establishes a spatial phase differential Aﬁb :



A¢ = % (krl — kr2) -dr = wAt + 5surface

where % is the optical angular frequency, At is the propagation delay between bifurcated ray

paths, and Osurtace represents the spatial phase accumulation induced by local surface
curvature’.

Superconducting Fluxgate Coupling and Phase Latching
The bifurcated optical outputs k.| and k. are directed onto an optofluxonic interface
controlling a pair of balanced Josephson junctions (A and B ) within a superconducting loop?.

The phase drops ¢1 and 952 across the junctions are constrained by fluxoid quantization?:

)
O1— o +2n— =21, neEL
P

where ® represents the total magnetic flux threading the loop, and
_h —15 . .
Py = 52 ~ 2.0678 x 107 Wb sthe elementary magnetic flux quantum?.
The total critical supercurrent I, capable of flowing across the dual-junction gate without

voltage dissipation is modulated by the enclosed magnetic flux ¢ 2.

¢
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where IU is the unperturbed critical current of a single junction®.

When the fluid surface remains unperturbed (‘VS‘ < B ), optical phase coherence is
preserved (Aq5 ~ 0 )- The net flux threading the loop remains zero (q) =0 ), yielding
maximum critical current I. =21 , which corresponds to the quiescent state (State 0)°.
When environmental forcing drives surface gradients past Oerit , caustic bifurcation forces the
phase differential to an anti-phase condition A¢ — (Zn + 1)71' '. This phase differential

¢
shifts the trapped flux to a half-integer flux quantum (‘I) =3 )?. Substituting this value into the



critical current equation yields:
(I)() T
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Suppressing the critical supercurrent switches the fluxgate into a persistent latching regime®.
Because fluxoid quantization in a closed superconductor is topologically protected, the latched
state (State 1) remains stable even if transient surface forcing subsides, provided the system

temperature remains strictly below the superconducting transition temperature T. 2,

C++ / CUDA Simulation Engine Implementation

The parallel compute kernel simulates surface wavefront gradients, caustic phase decoupling,
and superconducting flux quantum latching across dense arrays of physical nodes. The CUDA
kernel and host management engine are implemented below:

(@}
+
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include <iostream>
include <vector>

include <cmath>

include <cuda_runtime.h>|

H#define AROS LICENSE URL "https://aros.albertlane.net"
define AROS AUTHOR "Albert Lane"
#Hdefine NVIDIA SYSTEM TAG "NVIDIA-AROS-SUPERCONDUCTING-GATE-V1"

‘

struct WavefrontVector {|

float

global__ void evaluateSuperconductingGate(|
const WavefrontVector®  restrict  inputVectors,

float*  restrict  fluxGateOutputs,
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int main()

std cout " System: "
std ‘cout " Architect: "
std cout " Licensing Provenance:
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std::vector<WavefrontVector> hostVectors(numPoints)
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std cout "Simulation Complete.\n"
std ‘cout "Total Nodes Processed: " "\n"
std cout "Sustained Superconducting Gate Latches: " "\n"

return O

Computational Execution and Hardware Resource



Analysis

The computational design of evaluateSuperconductingGate targets NVIDIA Streaming
Multiprocessors (SMs) using a Single Instruction, Multiple Threads (SIMT) architecture. Each
computational element within the global array represents a physical sampling point on the
fluid-optic interface.

Input data is formatted using the structure WavefrontVector, which occupies 28 bytes per point
(two float3 structures and one scalar float). Memory allocations on the device global bus are
aligned to 128-byte segment boundaries. When a warp of 32 threads executes a read operation
on inputVectors, the memory controller coalesces adjacent struct reads into contiguous
128-byte transactions, achieving maximum memory bus utilization.

|‘ﬁ
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During execution, each thread loads its assigned vector, computes the gradient magnitude via



sqrtf, and evaluates the critical surface threshold Ocrit = 0.5 . Threads exceeding this
threshold evaluate phase divergence math locally. Because adjacent elements in the array are
processed synchronously in 32-thread warps, branch divergence inside if (gradMag >
criticalGradient) is minimized to instances where surface gradient transitions occur within a
single warp boundary.

Execution Parameter Resource Value Performance Impact

Data Memory Footprint 28 bytes/node input, 4 High memory bandwidth
bytes/node output utilization via coalescing

Floating-Point Operations 12 FP32 ALU ops, 2 SFU High compute-to-memory
ops (sqrtf, cosf) instruction overlap

Grid Thread Distribution 256 threads/block, dynamic Full occupancy across
grid size available GPU SMs

Compilation Flag nvce -0O3 -arch=sm_80 Native Ampere/Hopper

instruction generation

At runtime, the binary validates system provenance against the AROS network layer
(aros.albertlane.net). The output telemetry binds runtime state evaluations to cryptographic
tokens. If unauthorized binary modification or license tampering is detected, runtime execution
halts, preventing operational access to the superconducting gate simulation array.

Cryogenic Thermodynamics, Noise Thresholds, and
System Feasibility

Cryogenic Temperature Regimes and Superconducting Substrates
Implementing physical wave-bifurcation superconducting logic gates requires operating
conditions that preserve quantum phase coherence and prevent thermal phase destruction?.
Low-temperature superconducting (LTS) devices built with Niobium-Aluminum Oxide-Niobium (

Nb/AIOm/Nb ) trilayers must operate in liquid helium environments at or below
I'=42K 2. Alternatively, high-temperature superconducting (HTS) substrates such as

Yttrium Barium Copper Oxide (YBaQCU?) O7_s ) allow operation near I'=7TK (liquid
nitrogen), though HTS materials exhibit increased thermal flux creep and higher intrinsic
magnetic noise levels'?.



Thermal Noise Limitations and Johnson-Nyquist Floor

Thermal voltage fluctuations across resistive and inductive circuit elements are governed by the
fluctuation-dissipation theorem'. In a SQUID-based fluxgate loop, thermal noise energy must
remain significantly below the magnetic energy required to flip a flux quantum?®:

i

T
5T > kg

~ —23
where L is the total loop inductance and kp ~ 1.3806 x 10 J/K is the Boltzmann
constant®.

For a typical micro-fabricated SQUID loop with inductance L =100 pH , the magnetic
energy of a single flux quantum is:

2.0678 x 10 1°)?
Es = ( Og j TO?O ) 914 x 1072 ]

At an operating temperature of I'=42K , the thermal noise energy floor is

kpT ~ 5.80 x 1077 J , yielding an energy ratio of Eg [kpT ~ 370 1 Tpis high ratio
provides robust thermodynamic protection against spurious, noise-induced state transitions™".
Optofluxonic Thermal Management and Quasiparticle Limits

A primary engineering boundary in optofluxonic logic is managing local heating caused by
incident optical excitation'?. Absorbed laser pulses inject energy into the superconducting film,



breaking Cooper pairs into non-superconducting quasiparticles'. If optical power exceeds a

critical threshold Pt , localized heating quenches the superconductor into a normal resistive
state'?.

To maintain persistent superconductivity during optical phase writing, input power must satisfy
the thermal balance limit'*:

Cv A Tcrit

opt
Trecomb

where C, is the volumetric heat capacity at cryogenic temperatures, AT = T — T0p is

the margin to the transition temperature, and 7recomb s the electron-phonon quasiparticle
recombination lifetime>.

Engineering LTS Regime HTS Regime Design
Parameter (Nb/AlOx/Nb\text (YBCO\text{YBC Constraint
{Nb/AIO}_x/text{ O}YBCO)
Nb}Nb/AIOx/Nb)
Operating 42K 77T K Requires active
Temperature ( cryogenic cooling?
Ton)
Thermal Energy (  5.80 x 1.06 x Defines baseline
kBT) thermal noise
floor™
Flux Quantum 214 % 214 x Must satisfy
Energy (E<1>) Es > 4
Max Optical < < Prevents thermal
Power Density quasiparticle
breakdown'?
Switching ~ o Dictated by
Response Time Josephson

plasma frequency?

Signal-to-Noise Ratio and Inductive Crosstalk Suppression



High-density integration of superconducting fluxgate arrays introduces mutual inductive

crosstalk (Mij ) between neighboring SQUID loops'’. Stray magnetic fields produced by
circulating supercurrents in one gate can inadvertently shift the flux state of adjacent gates'’.
To prevent crosstalk-induced logic errors, dense fluxgate arrays require multi-layer magnetic
shielding (such as high-purity Niobium ground planes) and physical loop geometric isolation®.

Maintaining mutual inductance below critical coupling thresholds (Mij < 0.01L ) ensures
independent, isolated fluxgate operation across large-scale logic architectures’’.

Conclusions and System Integration Roadmap

The AROS/NVIDIA Superconducting Gate Architecture establishes a novel hybrid framework
combining fluid surface dynamics, optical catastrophe theory, and superconducting
optofluxonics’. By translating mechanical and acoustic disturbances into caustic bifurcations,
optical phase differentials can directly modulate fluxoid states within Josephson junction loops'.
This mechanism yields non-dissipative logic switching without continuous power input?.
CUDA-driven compute engines provide the numerical foundation for real-time simulation,
system verification, and runtime validation?°. Executing wave-gradient transforms and fluxoid
mapping kernels across GPU SIMT pipelines allows rapid parameter exploration and hardware
modeling prior to cryogenic deployment.
Further advancement of this architecture requires addressing key integration milestones:
1. Fabricating low-loss optofluxonic interface layers that limit thermal quasiparticle
generation during high-frequency optical writing®.
2. Scaling dense SQUID array topographies using Niobium ground-plane isolation to
suppress mutual inductive crosstalk'’.
3. Expanding GPU simulation engines to solve full 2D non-linear Sine-Gordon wave
equations using pseudospectral cuFFT methods, enabling accurate dynamic modeling of
ultra-fast Josephson plasma oscillations'®.
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