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Abstract

We present a QMU-native derivation of a spherical luminous plasmoid [Stenhoff, 1999] (“ball
lightning”) as a stable Aether-mediated configuration governed by a universal invariant. The
core result is the factorization

ball = eemax
2 λC

2 Fq
3

= (eemax
2 λC) (mflx · curl · rson)

(1)

which relates the ball unit to flux (mflx), rotational stiffness (curl), and resonance (rson = Fq
2).

From this we obtain an experimental invariant

ball
mflx · curl · rson = eemax

2 λC , (2)

constant across gas species, pressure, and chamber geometry at the onset of a stable spherical
plasmoid. We construct a minimal Lagrangian in QMU, derive equilibrium and stability
conditions, and provide falsifiable laboratory procedures that measure mflx, infer curl, and control
frequency to characterize the plasmoid state. The paper concludes with a QMU thermoradiative
ledger for post-onset diagnostics using temp.

1 Foundations and Operationalization (QMU-first)

This section fixes terminology, physical meaning, and lab-measurable recipes so the framework is
falsifiable without leaving QMU [Rakov and Uman, 2003].

1.1 Base objects (meaning)

We use the QMU base set (me, λC , Fq, eemax
2) [Thomson and Bourassa, 2025a]: (i) me is the electron

mass; (ii) λC the Compton length; (iii) Fq the quantum frequency scale; (iv) eemax
2 the maximal

distributed electrostatic charge factor. In the distributed-charge geometry, a numerator eemax
2

signals a spherical electrostatic manifestation [Thomson and Bourassa, 2005]; attaching λC gives a
radius-like scale [Thomson and Bourassa, 2025b].

1.2 Key derived units (definitions)

curl = eemax
2

me λC
, mflx = me λC

2 Fq

eemax2 , ball = eemax
2 λC

2 Fq
3,

rson = Fq
2, ligt = phtn · freq, potn = mflx · freq, mflx = indc · freq (single mode).

(3)

see QMU Tables Thomson [2025]

1.3 Operational recipes (how to measure)

Flux (mflx). Instrument a loop and measure indc(freq) under a single-frequency drive; then
compute mflx = indc · freq.
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Rotational stiffness (curl). Use a rotating-field probe: drive a small test loop within a uniform
rotating magnetic field and record the phase-advance ∆ϕ versus drive amplitude. Define the
rotational susceptibility χrot ≡ ∂(∆ϕ)/∂(ligt) (both in QMU). Calibrate the absolute scale by
enforcing the photon–flux ledger Eq. (6) together with Hall-anchor stepping for mflx; the calibration
fixes curl.

Resonance (rson). For monochromatic experiments, rson = Fq
2; sweeping frequency explores

departures from single-mode behavior.

Ball invariant (target observable). At onset, compute ball∗ = (eemax
2 λC) mflx curl rson and

test clustering across gases, pressures, and geometries.

2 QMU Preliminaries

2.1 Base units and anchored relations

We adopt the QMU base objects (me, λC , Fq, eemax
2) and use only QMU definitions. The following

derived-unit identities are used throughout:

curl = eemax
2

meλC
, mflx = meλC

2Fq

eemax2 , rson = Fq
2, (4)

ball = eemax
2λC

2Fq
3, ligt = phtn · freq, potn = mflx · freq.

[Thomson and Bourassa, 2025b] When a single monochromatic drive is used, the flux–inductance
relation reduces to

mflx = indc · freq, (5)

and the photon–inductance–flux ledger is

ligt · indc = phtn · mflx . (6)

[Thomson and Bourassa, 2024]

Table 1: Maxwell–QMU projection (qualitative mapping for intuition; parity and closures preserved).
Maxwell operator form QMU mapping / observable

∇·E potn (potential-like throughput driver)
∇×E curl (rotational stiffness / phase wind)
∇·B = 0 mflx conservation (flux-ledger continuity)
∇×B rson (resonant response channel)
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2.2 Anchors for Fq and eemax
2

The quantum frequency scale and maximal distributed electrostatic charge factor are fixed by
QMU-native anchors:

Fq ≡ Fq λC

λC
, (7)

eemax
2 ≡ e2

8π α
. (8)

[Mohr et al., 2025] Here α is the dimensionless fine-structure constant. The symbol Fq λC denotes
the photon speed in QMU form via the propagation anchor Fq λC = Fq λC .

2.3 Geometric interpretation of eemax
2 λC

As per the distributed-charge geometry, factors with eemax
2 in the numerator signal a spherical

electrostatic charge manifestation. The length λC acts as a radius-like measure. The composite
eemax

2λC thus serves as a canonical spherical-charge scale factor that appears in the ball invariant,
Eq. (2).

3 Minimal QMU Lagrangian for a Spherical Plasmoid

Construction principles

We impose: (i) isotropy (spherical confinement via fR); (ii) time-translation symmetry; (iii) a global
shift symmetry for the rotational phase θ : θ → θ + const; (iv) QMU dimensional closure; and
(v) linear photon–flux coupling consistent with the ledger Eq. (6). The most general quadratic
Lagrangian obeying these rules yields Eqs. (11) and (12). No term depends on the desired invariant;
the latter emerges from stationarity under the spherical constraint, leaving a dimensionless threshold
factor CBL to be measured. Matching CBL → 1 holds only for the canonical spherical solution
(symmetric fR); deviations map geometry and systematics.

We model the luminous ball as a quasi-spherical, single-mode configuration described by the
generalized coordinates

Q(t) ≡ {mflx(t), θ(t), R(t)}, (9)

where θ is an azimuthal phase of the Aether field and R is the effective spherical-charge radius.

3.1 Canonical scalings

We non-dimensionalize (mflx, θ, R) by fixed QMU scales:

ˆmflx ≡ mflx
mflx0

, θ̂ ≡ θ, R̂ ≡ R

λC
, (10)

with mflx0 ≡ meλC
2Fq

eemax2 the natural flux scale from Eq. (3). The drive frequency enters as ω̂ ≡ freq/Fq.
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3.2 Lagrangian and potentials

L = 1
2Amflx

˙̂mflx2 + 1
2Aθ

˙̂
θ2 + 1

2AR
˙̂

R2 −
[
Vrot( ˆmflx, R̂) + Vflux( ˆmflx) + Vdrive( ˆmflx, ω̂)

]
, (11)

with

Vrot = 1
2Kcurl curl ˆmflx2

fR(R̂), Vflux = 1
2Kmflx mflx ˆmflx2

, Vdrive = −Γ ligt ˆmflx ω̂. (12)

3.3 Euler–Lagrange equations and equilibrium

The ˆmflx equation of motion is

Amflx
¨̂mflx +

(
Kcurl curl fR(R̂) + Kmflx mflx

) ˆmflx = Γ ligt ω̂. (13)

A static luminous sphere corresponds to ¨̂mflx = 0 and ˙̂
R = ˙̂

θ = 0, with R̂ fixed at a minimum R̂∗.
The steady solution is

ˆmflx∗ = Γ ligt ω̂

Kcurl curl fR(R̂∗) + Kmflx mflx
. (14)

Recasting in dimensional QMU yields a threshold condition of the form

mflx · curl · rson ≳ CBL (eemax
2 λC), (15)

with CBL a dimensionless constant. Matching to Eq. (1) fixes CBL → 1 for the canonical solution,
yielding the invariant Eq. (2).

3.4 Small-oscillation stability

Linearizing about the steady state gives a harmonic equation with effective stiffness

κeff = Kcurl curl fR(R̂∗) + Kmflx mflx. (16)

Stability requires κeff > 0. Increasing curl reduces the flux needed for the same ball, implying a
trade-off curve along which the invariant Eq. (2) remains constant.

4 Chronovibrational and Multi-Mode Extensions

4.1 Explicit chronovibrational degree of freedom

Introduce a scalar chronovibration coordinate χ(t):

Lχ = 1
2Aχχ̇2 − 1

2Kχχ2, (17)

with couplings
Lcoup = Gχmflx χ ˆmflx + Gχθ χ

˙̂
θ. (18)

Chronovibration modifies Eq. (15) to

mflx · curl · rson ≳ (eemax
2 λC) C ′

BL, (19)

where C ′
BL encodes coupling strengths; the factorization persists.
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4.2 Multi-mode generalization

For M modes with state X = ( ˆmflx1, . . . , ˆmflxM )T,
Lmulti = 1

2 ẊTA Ẋ − 1
2 XTK(curl, R̂) X + JT(ligt, ω̂) X + Lχ + χ gTX. (20)

Defining a weighted effective flux mflxeff yields

ballmulti = (eemax
2 λC) · (mflxeff · curl · rson) . (21)

5 Operational Identities and Invariants

For a single-mode drive:
ball = (eemax

2 λC) · (mflx · curl · rson), (22)
ball

mflx · curl · rson = eemax
2 λC (invariant), (23)

potn = mflx · freq = indc · freq2, (24)
ligt · indc = phtn · mflx (ledger). (25)

6 Laboratory Protocols (QMU-only)

6.1 Stage A: Plasma onset (plsm–curl ledger)

1. Prepare a low-pressure gas cell with an RF or microwave drive; instrument a loop to measure
indc(freq).

2. Compute mflx = indc ·freq. Independently quantify an effective curl via a calibrated rotational-
response probe [Josephson, 1962].

3. Map plasma ignition across (mflx, curl, freq); plot contours of constant mflx · curl at fixed freq.

Prediction: ignition aligns along curves of nearly constant mflx · curl product, consistent with
Eq. (15).

Stage A quick-use template (dimensionless ledger)

Given measured (indc, freq), compute mflx = indc · freq.
With probe slope χrot = ∂(∆ϕ)/∂(ligt) and a calibration run enforcing ligt · indc = phtn ·mflx,
solve for curl.
Threshold check: verify mflx · curl · rson ≳ eemax

2 λC (with rson = Fq
2 for monochromatic

drive).

Rotating-field probe implementation (for curl). Place a small calibrated loop at the field
center; drive a uniform rotating field at freq and record the phase-advance ∆ϕ versus drive amplitude
(QMU ligt). Define χrot = ∂(∆ϕ)/∂(ligt). Calibrate by enforcing Eq. (6) during a single-mode step
(using mflx = indc · freq). This fixes curl up to the known geometric factor fR(R̂) extracted from
the observed radius [von Klitzing et al., 1980].
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6.2 Stage B: Ball formation (invariant test)

1. Increase drive power and focusing until a stable luminous sphere forms.
2. At onset, record (indc, freq) ⇒ mflx, and the concurrent curl.
3. Compute ball∗ = (eemax

2 λC) · (mflx · curl · rson).
4. Repeat for different gases, pressures, and chamber geometries.

Validation: ball∗ clusters around a single QMU value (within uncertainties) ⇒ ball acts as a state
descriptor.

Phasor cue at onset (qualitative). Let potn(τ) = potn0eiω̂τ and Φm(τ) = Φ0ei(ω̂τ+θ) with
ω̂ = freq/Fq. Near the threshold surface, a characteristic quadrature angle θ stabilizes; departures
map to fR and loss.

6.3 Stage C: Thermoradiative diagnostics (temp)

During the stable luminous phase, estimate temp from QMU black-body relations. Test whether ball
remains steady while radiance and temp co-evolve. A constant ball indicates a fixed spherical-charge
domain.

7 Data Products and Uncertainties

For each run, record
(indc, freq, mflx, curl, rson, ball∗).

Define diagnostics
I1 = ball∗

mflx curl rson , I2 = ligt indc − phtn mflx.

A plot of I1 versus run index should cluster at eemax
2 λC ; I2 ≈ 0 verifies Eq. (6).

Table 2: Representative uncertainty budget for key diagnostics (targets).
Source Affects Rel. Unc.

Imaging / radius extraction (fR) I1 via curl ±1.5%
Rotating-field probe calibration curl ±0.8%
indc and frequency readout mflx, I2 ±0.5%
Monochromaticity / mode purity rson ±0.2%
Combined (RSS) I1 ±1.8%

8 Related Work and Discriminators

Ball-lightning literature spans [Stenhoff, 1999]: (i) microwave-cavity/plasma-resonator concepts
[Rakov and Uman, 2003]; (ii) nanoparticle oxidation/combustion aggregates; (iii) magnetohydro-



9 DISCUSSION AND OUTLOOK 7

dynamic vortex structures; (iv) photonic or electromagnetic solitons; (v) surface-discharge or
leader-remnant models. QMU is distinguished by metrological closure and a unit-level invariant
predicting a single onset value after normalizing by (mflx, curl, rson).

Table 3: Comparator (qualitative) across models.
Model Notes

QMU (this work) Invariant ball/(mflxcurlrson) = eemax
2λC ; parity-sensitive

Microwave cavity plasma Frequency and geometry dependent; parity-even
Nanoparticle combustion Chemistry and oxidation dependent; no invariant
MHD vortex Flow-dependent stability; topology-driven
Soliton (EM/photonic) Dispersion-limited; envelope criteria

9 Discussion and Outlook

The appearance of eemax
2 in the numerator of ball and in the invariant emphasizes the role of a

spherical electrostatic manifestation of distributed charge. The length factor λC suggests a canonical
radius scale. Together, (eemax

2 λC) acts as the metrological seed that, when multiplied by the
dynamic factors (mflx · curl · rson), quantifies the formation of a stable, spherical luminous domain.
The extensions indicate that while phenomena like chronovibration and multi-mode coupling can
alter the onset threshold, they do not break the fundamental QMU factorization.

Appendix A: Dimensional Consistency and Compliance (QMU)

Compliance checklist.

• All units reduce to {me, λC , Fq, e2, eemax
2}.

• Invariant enforced: ball/(mflx · curl · rson) = eemax
2 · λC .

• Parity flags explicit; losses handled outside U (in audits).
• No SI base promotion in the main text; SI appears only as a reproducibility bridge.

Dimensional check. Using Eq. (4),

[curl] = [eemax
2]

[me][λC ] , [mflx] = [me][λC ]2[Fq]
[eemax2] , [rson] = [Fq]2,

[mflx · curl · rson] = [λC ][Fq]3, [eemax
2λC ] = [eemax

2][λC ], [ball] = [eemax
2][λC ]2[Fq]3.

Thus [ball] = [eemax
2λC ] [mflx · curl · rson] (matches Eq. (1)).

Appendix B: Alternative Couplings and Noether Cue

One may replace the linear drive Vdrive in Eq. (12) with a bilinear form −Γ̃ phtn mflx ω̂ to encode
Eq. (6) directly at the potential level. The qualitative threshold behavior and the invariant Eq. (2)
persist.
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Noether current (time translations, schematic). With U( ˆmflx, R̂) the potential energy and
τ the ledger time, a compact energy-current form is

Jτ = potn ·
(∂τ potn

Ce

)
+ mflx ·

(
curl ∂τ mflx

)
,

implying ∂τ U + ∇·Jτ = 0 under τ -translation symmetry (reversible flow). This ties the invariant’s
stationarity at onset to a conserved flow between the rotational and flux channels.

Appendix C: Instrument Bridge (SI ↔ QMU) for Reproducibility

Purpose: enable reproduction with SI-calibrated instruments while keeping the main text QMU-pure.
Define QMU scales (built only from me, λC , Fq, eemax

2):

Flux scale: mflx∗ = me λC
2 Fq

eemax2 , (26)

Inductance scale: indc∗ = mflx∗
Fq

, (27)

Potential scale: potn∗ = mflx∗ Fq. (28)

Given instrument readings (fSI, LSI), define

freq = fSI
Fq

, indc = LSI
indc∗

, mflx = indc · freq. (29)

Voltages and currents similarly map to potn and related QMU observables using the scales above.
Note: numerical evaluation requires inserting the (externally known) values of (me, λC , Fq, eemax

2)
in SI once; analysis proceeds in QMU thereafter [Mohr et al., 2025].
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