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Abstract

This paper proposes a digital-twin platform spanning three JMPOX1B research domains:
electrostatic capacitor nulls, microwave cavity closure audits, and cryogenic superconducting
subsystems. The twin combines geometry, fields, thermal behavior, control state, telemetry,
artifact ledgers, and failure injection. Its purpose is not to make simulations authoritative; it is
to make discrepancies between model and apparatus visible.

architecture intended to be auditable, falsifiable, and publishable with source.
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1 Problem

Experiments and engineering tests often maintain separate simulation, control, and telemetry sys-
tems. That separation hides model drift and weakens review. The problem is to keep a live
relationship between expected behavior, measured telemetry, and declared uncertainty without
pretending the twin is reality.

2 Model

The twin is an actor graph. Physics actors produce predicted states, instrument actors stream
measurements, and reconciliation actors estimate residuals and model drift. Each domain uses the
same interface while keeping domain-specific equations.

re =y — h(xy), DriftScore = rtTZ;lrt.

Twin = Geometry + Physics + Controls 4+ Telemetry + Ledger.

3 Claims

1. Claim 1. A digital twin should report model disagreement, not hide it behind tuned parameters.

2. Claim 2. Shared twin infrastructure reduces repeated engineering effort across capacitor, cavity,
and cryogenic tracks.

3. Claim 3. Failure injection in the twin can test protocol gates before real hardware runs.
4. Claim 4. Twins become scientifically useful when their assumptions are published with the

paper.

4 Evidence Plan

The evidence plan builds three minimal twins: a capacitor pressure/polarity sequence, a cavity
thermal-force audit, and a cryogenic conductor thermal cycle. Each twin is validated against
synthetic data with known injected faults and then against bench telemetry when available.

5 JMPOX1B Implementation Surface

JMPOX1B actors provide clear boundaries between model, instrument, control, and reviewer. Effect
declarations separate pure simulation from real-world actuation and data acquisition.

Illustrative JMP0X1B-style contract

actor Twin<ModelState, Telemetry> {
fn predict(dt: Duration) -> ModelState effects{Simulation}
fn ingest(frame: Telemetry) -> Residual effects{Telemetry, Statistics}
fn fault(kind: Fault) -> Scenario effects{FaultInjection}
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6 Release And Review Plan

Release domain schemas, synthetic traces, fault-injection scenarios, and residual reports. Include
a policy that tuned parameters must be versioned and justified.

7 Open Questions

e Which domain should anchor the first end-to-end twin?

How should uncertainty be propagated across mixed physics and control models?

Can twins support live safety gates without overtrusting simulation?

What visualization is most useful to reviewers?

8 Conclusion

Digital twins can turn frontier experiments and space subsystems into continuously auditable sys-
tems. The key is humility: the twin is a structured comparison, not an oracle.
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