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Abstract

Bohm’s program contains two experimentally anchored pillars that can be read ledger-first:
(i) interferometric phase sensitivity to magnetic flux (Aharonov–Bohm), and (ii) anomalous
cross-field plasma transport scaling (Bohm diffusion). This paper reformulates both in Quantum
Measurement Units (QMU) within the Aether Physics Model (APM), using only the ledger
primitives {me, λC , Fq, eemax

2} and derived units temp = λC
2Fq

2, enrg = mass temp, swep =
λC

2Fq, mfxd = meFq/chrg, mflx = meλC
2Fq/chrg, and cond = 1/mflx, with chrg ≡ eemax

2.
On the interferometry side we show that the flux–phase law admits the purely-QMU form

∆ϕ = 2π
Φ

mflx ,

so the natural flux quantum is mflx = angm/chrg with angm = meλC
2Fq. On the transport

side we show that Bohm diffusion closes as a fixed fraction of the quantum sweep,

DB = ΞB

16 swep, swep = λC
2Fq,

where ΞB is a dimensionless holonomy/closure coefficient that packages boundary physics (sheath
gates, turbulence, wall coupling).

We further isolate an electrostatic–magnetic channel factor in which the dimensionless constant
πα/2 emerges as (8πα)/16 when the Bohm closure is rewritten from magnetic charge chrg into
electrostatic charge e2. This supplies a direct experimental discriminator: which charge channel
yields the tighter invariance of ΞB across sheath/boundary settings. In particular, the appearance
of πα/2 is promoted from a rewriting identity to an experimentally decidable boundary-channel
signature through a two-observable gate (interferometric slope versus transport closure).

Keywords: QMU; APM; Bohm diffusion; interferometry; Aharonov–Bohm; plasma transport;
sheath; boundary gates; holonomy; fine structure

1 Motivation and Scope

Institutional attribution follows the QADI reference identity Thomson III [2025]. Bohm’s work
is often discussed ontologically, but two parts are directly experiment-facing and are therefore
appropriate targets for a QMU/APM closure:

1. Interferometric phase transport: phase shifts caused by enclosed magnetic flux, made
explicit in the Aharonov–Bohm effect Aharonov and Bohm [1959].

2. Plasma cross-field transport: the empirical “Bohm diffusion” scaling and its boundary-
conditioned departures Maggs et al. [2007].

The APM/QMU viewpoint is that transport is not merely a bulk constitutive law; it is a ledger
closure with a boundary gate. The aim here is to make that separation explicit by expressing (i)
phase transport and (ii) diffusion in terms of the same QMU primitives, and then isolating a single
dimensionless coefficient that captures sheath/boundary physics and charge-channel selection.

2 QMU Ledger Primitives and Working Unit Spine

We work QMU-native throughout (no ℏ and no SI constants), using the base quanta defined by the
QADI class and the published QMU tables Thomson [2025a,b].
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2.1 Thermodynamic spine used in this paper

We use:
mass = me, temp = λC

2Fq
2, enrg = mass · temp = me λC

2Fq
2. (1)

The corresponding quantum sweep is
swep = λC

2Fq. (2)

2.2 Field/flux spine and charge-channel bookkeeping

We take magnetic square-charge as the default charge primitive and denote it

chrg ≡ eemax
2 = e2

8πα
= angm cond. (3)

Here e2 is the electrostatic square-charge, α is the fine-structure constant defined by the QMU ratio

α = e2

8π chrg , e2 = 8πα chrg,
πα

2 = e2

16 chrg . (4)

The Aether conductance cond is defined by the angular-momentum-to-charge conversion (electron
case shown; the bookkeeping is species-general once angm is specified):

chrg = angm cond, cond = chrg
angm . (5)

Define the flux unit(s) as charge-channel inverses of conductance:

mflxchrg ≡ 1
cond = angm

chrg , mflxe2 ≡ angm
e2 . (6)

We also define the magnetic field-intensity unit (using chrg-bookkeeping):

mfxd = meFq

chrg . (7)

The flux units satisfy mflxe2/mflxchrg = chrg/e2 = 1/(8πα).

Why chrg is the bulk-default and e2 is the boundary-default. In the APM/QMU ontology,
e2 is the Aether-fixed electrostatic dipole magnitude (shared across species), whereas the particle-
active charge is the magnetic square-charge chrg ≡ eemax

2 generated when a species mass string
occupies an Aether spin position, closing as chrg = angm cond. For magnetized bulk plasmas,
cross-field dynamics are organized by flux enclosure and gyromotion, so the natural transport
bookkeeping is the magnetic topology: Ωe = chrgB/me = β Fq and mflx = angm/chrg close directly.
By contrast, the sheath is defined by electrostatic potential structure (Debye screening and wall
bias), so boundary gating naturally selects an e2-bookkept normalization, producing the conversion
factor e2 = 8πα chrg and the associated πα/2 signature in the reduced Bohm closure.
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2.3 Dimensions table in QMU quanta

All dimensions are expressed as powers of me, λC , Fq, chrg:

Unit QMU dimensions
temp λC

2Fq
2

enrg me λC
2Fq

2

swep λC
2Fq

angm me λC
2Fq

mfxd me Fq chrg−1

mflx me λC
2Fq chrg−1

cond chrg me
−1λC

−2Fq
−1

3 Bohmian Phase Transport Without ℏ

Bohm’s 1952 formulation can be read as a decomposition of the wavefield into amplitude and
phase Bohm [1952b,a]. In QMU we normalize phase by the species angular momentum unit.

3.1 Phase normalization and velocity scale

Let the electron phase be ϕ(r, t), defined by

S(r, t) = angm ϕ(r, t), (8)

so that ϕ is dimensionless. Then the Bohmian velocity field scale closes as

v = 1
me

∇S = angm
me

∇ϕ = swep ∇ϕ, (9)

because angm/me = λC
2Fq = swep.

3.2 Quantum potential prefactor in QMU

In Bohm’s decomposition the quantum potential takes the form Q ∝ −(ℏ2/2m) ∇2R/R. With ℏ
not used in QMU, we rewrite the prefactor in terms of angm:

Q = −angm2

2me

∇2R

R
= −enrg λC

2

2

(
λC

2∇2R

R

)
, (10)

where we used angm2/me = me λC
4Fq

2 = enrg λC
2 and isolated a dimensionless Laplacian ∇̃2 =

λC
2∇2.

4 Interferometric Flux–Phase Law in QMU
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4.1 Flux quantum and phase winding

In the Aharonov–Bohm geometry, a phase difference is induced by enclosed flux even when local
fields vanish along the arms Aharonov and Bohm [1959]. In QMU we take flux to have unit mflx
and define the flux–phase law:

∆ϕ = 2π
Φ

mflx . (11)

This identifies mflx as the natural flux quantum: a change of flux by one mflx induces a 2π phase
winding. Using mflx = angm/chrg, one may equivalently write

∆ϕ = 2π cond Φ, (12)

since cond = 1/mflx.

4.2 Interferometric observable

For a two-path interferometer with relative phase ∆ϕ, the output intensity modulation is

I = I0 [1 + V cos(∆ϕ + ϕ0)] , (13)

with visibility V and static offset ϕ0.

In practice, sAB is extracted by fitting the phase inferred from the fringe shift in (13) as Φ is stepped,
giving the slope test proposed in Experiment E1.

5 Bohm Diffusion as a Fraction of the Quantum Sweep

5.1 A QMU closure for cross-field diffusion

We define a cross-field diffusion coefficient D with unit swep:

[D] = λC
2Fq = swep. (14)

A Bohm-type empirical closure is then

DB = ΞB
16 swep, (15)

where ΞB is a dimensionless coefficient capturing device-specific boundary physics (sheath gates,
turbulence, wall coupling, rotation).

Where turbulence lives in this formulation. In conventional discussions, the empirical char-
acter of Bohm transport is often attributed to turbulent eddies and fluctuation-driven decorrelation
rather than collisions. In the present ledger-first closure, those mechanisms are not discarded; they
are absorbed into the dimensionless boundary gate coefficient ΞB. Specifically, turbulence alters
the effective correlation length and phase-gradient statistics that enter the sheath gate, thereby
renormalizing ΞB while leaving the universal scale swep = λC

2Fq intact. The distinction emphasized
here is therefore: ledger universality (the sweep sets the only transport dimension) versus boundary
specificity (all device-, turbulence-, and wall-dependent effects appear only through ΞB).
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5.2 Turbulence as flux-eddy variance in QMU

In the APM/QMU reading, the natural “eddy” primitive is not a geometric cartoon but a flux-
statistics object. We therefore define the eddy unit as

eddy ≡ mflx2. (16)

Let δΦ(t) denote the fluctuating part of the enclosed flux about its mean, and define an eddy
strength by the variance

EΦ ≡
〈
(δΦ)2

〉
, [EΦ] = mflx2 = eddy. (17)

This produces a dimensionless eddy intensity

ϵeddy ≡ EΦ

mflx2 =
〈(

δΦ
mflx

)2〉
. (18)

The connection to interferometry is immediate: from the flux–phase law (11), δϕ = 2π δΦ/mflx, so

ϵeddy = ⟨(δϕ)2⟩
(2π)2 . (19)

Thus the same dimensionless quantity that measures fringe phase jitter also measures flux-eddy
strength.

At the transport level, this motivates a transparent parameterization of the boundary-conditioned
closure coefficient:

ΞB = ΞB
(
ϵeddy, sheath state, β, . . .

)
, (20)

i.e. turbulence enters the Bohm closure only through dimensionless eddy statistics (flux variance in
units of mflx2) and boundary gate variables. A simplest “toy” proportionality consistent with (15)
is

ΞB ∝ ϵeddy, (21)

which can be falsified directly by comparing ϵeddy from phase/flux diagnostics against ΞB inferred
from D/swep.

5.3 Equivalently: energy–field closure (same dimensions)

Using enrg = meλC
2Fq

2 and mfxd = meFq/chrg, we have the identity

enrg
chrg mfxd = meλC

2Fq
2

chrg(meFq/chrg) = λC
2Fq = swep. (22)

Thus Eq. (15) is equivalently
DB = ΞB

16
enrg

chrg mfxd . (23)
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5.4 Electrostatic–magnetic channel conversion and the πα/2 holonomy factor

In QMU the default charge primitive in this paper is the magnetic square-charge chrg ≡ eemax
2.

The electrostatic square-charge is e2. The electrostatic-to-magnetic conversion is encoded by the
dimensionless fine-structure constant α via

e2 = 8πα chrg, α = e2

8π chrg . (24)

A constant highlighted by Bohm-type transport fits is πα/2. In QMU charge language it is exactly
the ratio

πα

2 = 8πα

16 = e2

16 chrg . (25)

In historically “Bohm-like” regimes, one expects ΞB = O(1), with the textbook 1/16 scaling
corresponding to the nominal benchmark ΞB ≈ 1 under the present normalization.

Using Eq. (24), the Bohm closure Eq. (23) may be rewritten in an explicitly electrostatic denominator:

DB = ΞB
16

enrg
chrg mfxd = ΞB

16 (8πα) enrg
e2 mfxd

=
(

ΞB
πα

2

) enrg
e2 mfxd . (26)

This isolates a physically testable statement:

Charge-channel gate: if a boundary regime (sheath-dominated, wall-coupled, or potential-
dominated) selects an electrostatic closure, then the transport prefactor naturally carries
πα/2 when rewritten in magnetic-charge units.

To make that gate explicit we define an electrostatic-channel closure coefficient Ξ(e)
B by

ΞB ≡ 8πα Ξ(e)
B , (27)

so that

DB = Ξ(e)
B

16
enrg

e2 mfxd =
(

Ξ(e)
B

πα

2

) enrg
e2 mfxd (same identity; different bookkeeping). (28)

Physically, this suggests that the bulk plasma is a magnetic-charge regime (chrg-dominated trans-
port), while the sheath boundary—governed by Debye screening and wall potentials—acts as an
electrostatic regime (e2-dominated). The emergence of πα/2 is the holonomic price of transitioning
between these two charge topologies.

Operationally, ΞB (magnetic bookkeeping) and Ξ(e)
B (electrostatic bookkeeping) are not new physics;

they are two normalizations of the same closure. The experiment decides which normalization yields
the tighter invariance across sheath/boundary settings.
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5.5 Dimensionless field strength and transport regimes

Let the physical field magnitude be written as a dimensionless multiple of the unit mfxd:

B = β mfxd, (29)

so β is dimensionless. Then the electron gyrofrequency closes as

Ωe = chrgB

me
= chrg(βmfxd)

me
= β Fq, (30)

using chrg mfxd/me = Fq.

6 Sheath/Boundary Physics as the Gate on ΞB

Bohm transport is historically “anomalous” because it is sensitive to boundaries: edge rotation, wall
coupling, and sheath structure change the effective cross-field flux. In this paper we package that
sensitivity in ΞB, with an explicit charge-channel factorization in Eq. (27).

6.1 Boundary gate statement

We propose the following operational separation:

Ledger universality: swep = λC
2Fq sets the transport scale.

Boundary specificity: sheath/wall physics sets ΞB (and may select a charge-channel
normalization).

A minimal sheath gate may be expressed as a constraint on the phase-gradient normal to the
boundary:

|∂nϕ| ≥ Ξsh
√

β, (31)

where ∂n ≡ n̂ · ∇̃ is the dimensionless normal derivative (scaled by λC relative to the physical
gradient).

6.2 Edge-rotation linkage

Edge rotation modifies cross-field flux by shifting the effective normal phase gradient and decorrelation
length. As an experimentally validated example of boundary-controlled transition, see the Bohm-to-
classical transition under edge rotation Maggs et al. [2007].

7 Experiments: Interferometry ↔ Edge Transport Closure

This section proposes experiments designed to extract ΞB (and its charge-channel factorization)
using QMU-native observables: mflx-calibrated phase shifts and swep-scaled diffusion.
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BULK PLASMA
Ledger: swep = λC

2Fq

Charge: chrg (Magnetic)

SHEATH GATE
Gate: ΞB

Charge: e2

(Electrostatic)
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Figure 1: The QMU Transport Closure. The bulk transport scale is set by the universal
quantum sweep swep and magnetic charge chrg. The sheath acts as a boundary gate ΞB, forcing
a transition to electrostatic dominance e2. The factor πα/2 arises from the topological mismatch
between the bulk magnetic ledger and the boundary electrostatic ledger.

7.1 E1: Flux–phase slope test across a sheath boundary

Concept: place an electron interferometer such that one arm skims a controlled plasma edge/sheath
region while both arms enclose a known flux Φ.

Primary observable (operational): step the enclosed flux Φ and record the fringe shift in (13)
to infer ∆ϕ (e.g. from the shift of maxima/minima or a phase fit). Fit ∆ϕ(Φ) to (11) to obtain the
slope sAB ≡ (1/2π) ∂∆ϕ/∂Φ = 1/mflx.

Charge-channel discriminator: because mflx = angm/chrg and e2 = 8πα chrg, any boundary
regime that effectively selects the electrostatic bookkeeping will appear as a systematic renormal-
ization of the measured flux–phase slope when the data are reduced in mflx units. This is the
interferometric analogue of the πα/2 factor in Eq. (26).

7.2 E2: Cross-field diffusion measurement with QMU normalization

Concept: measure an effective cross-field diffusion coefficient D in a magnetized plasma column
under controlled boundary conditions (biased wall, segmented electrodes, controlled edge rotation).

QMU normalization: report the dimensionless ratio

D ≡ D

swep . (32)

Bohm-like transport corresponds to D = ΞB/16.

Gate test: vary sheath conditions and test whether the inferred ΞB collapses more tightly under
magnetic bookkeeping (ΞB) or under electrostatic bookkeeping (Ξ(e)

B with Eq. (27)). A systematic
appearance of πα/2 in the reduced coefficient indicates charge-channel selection at the boundary.
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7.3 E3: Sheath gate extraction via phase-gradient diagnostics

Concept: use phase-sensitive diagnostics (wave injection and phase tracking, or interferometric
probes) to estimate the normal phase-gradient in a boundary layer.

Gate fit: fit Ξsh in Eq. (31) and test whether the resulting boundary gate predicts the extracted
ΞB and/or Ξ(e)

B .

8 Discussion: Bohm-Unique Content as a Ledger/Boundary Pro-
gram

The Bohm-unique content targeted here is not ontology; it is the phase-first view of transport and
the experimentally grounded sensitivity of transport to potentials and boundaries:

• Phase transport closes to a fixed QMU velocity scale swep via Eq. (9).
• Flux–phase coupling closes to the QMU flux quantum mflx via Eq. (11).
• Cross-field diffusion closes to a fraction of swep via Eq. (15), isolating the boundary-conditioned

coefficient ΞB.
• The constant πα/2 emerges as a pure charge-channel holonomy factor via Eqs. (24)–(25) and

is therefore a natural “signature” of boundary-conditioned electrostatic bookkeeping inside a
magnetic-charge transport ledger.

Relation to gyro-Bohm modeling and fusion codes (context only). Plasma transport
modeling in fusion contexts often distinguishes “Bohm-like” and “gyro-Bohm-like” scalings by
identifying the governing length and time scales in the presence of strong magnetization. The
present QMU/APM framing recasts that question as a ledger choice: the only admissible diffusion
dimension is swep = λC

2Fq, while all departures between regimes (including turbulence, rotation,
geometry, and sheath effects) enter through boundary-conditioned dimensionless gates such as
ΞB and Ξsh. Operationally, this suggests a practical program for tokamak modelers: treat ΞB
as the calibrated, configuration-dependent closure field, and test whether edge/sheath conditions
prefer the magnetic bookkeeping (ΞB) or the electrostatic bookkeeping (Ξ(e)

B ) via the interferometric
discriminator (E1) alongside transport normalization (E2).

A A Compact “Transport Ledger Table” (QMU)

Quantity QMU form Notes
Flux–phase law ∆ϕ = 2π Φ/mflx mflx = angm/chrg
Velocity scale v = swep ∇ϕ swep = λC

2Fq

Quantum potential Q = −(enrgλC
2/2) (λC

2∇2R/R) No ℏ
Bohm diffusion DB = (ΞB/16) swep boundary gate in ΞB
Charge conversion e2 = 8πα chrg πα/2 = e2/(16chrg)
Electrostatic form DB = (ΞB πα/2) enrg/(e2mfxd) channel factor
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B Toy Illustration: Two-Observable Gate and Failure Modes (No
Numerics)

This appendix provides a minimal “toy” closure test designed to convince the experimental reader
that the πα/2 factor is not rhetorical but is tied to a falsifiable two-observable gate. The point is to
separate (i) a boundary gate that modifies transport while leaving the flux–phase law unchanged from
(ii) a true charge-channel swap that must renormalize the flux quantum inferred from interferometry.

B.1 Setup

Consider a single laboratory platform with two controlled boundary states:

1. State A (reference boundary): bulk plasma present (or absent) but with a boundary
configuration engineered to minimize sheath coupling to the diagnostics (e.g. wall bias and
edge rotation tuned to reduce boundary fluctuations).

2. State B (sheath-coupled boundary): a deliberately sheath-dominated boundary (biased
wall, enhanced edge gradients, or increased wall coupling) while keeping the same applied
magnetic flux geometry for the interferometer.

In each state, measure two quantities:

1. Interferometric slope: the flux–phase slope inferred from (11),

sAB ≡ 1
2π

∂(∆ϕ)
∂Φ = 1

mflx .

Operationally, sAB is obtained from a linear fit of ∆ϕ versus Φ, with the slope reported in the
unit 1/mflx.

2. Transport ratio: the dimensionless diffusion ratio

D ≡ D

swep , swep = λC
2Fq,

with D extracted from cross-field transport data and reported in units of swep.

B.2 What the APM/QMU closure predicts

The paper’s ledger claims imply three relations:

1. Flux–phase closure: in any state,

∆ϕ = 2π
Φ

mflx , ⇒ sAB = 1
mflx . (33)

2. Bohm transport closure: in any state,

D = D

swep = ΞB
16 . (34)
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3. Charge-channel holonomy statement: if the sheath boundary selects an electrostatic-
channel bookkeeping, then the transport prefactor rewritten in the electrostatic channel carries
the factor πα/2 as in (25):

D = ΞB
16 =

(
πα

2

)
Ξ(e)

B , ΞB = 8πα Ξ(e)
B . (35)

The key is that ΞB is permitted to vary with boundary conditions, whereas mflx is not permitted to
drift unless the effective charge channel in the flux law changes.

B.3 Two decisive cases

Case 1: Boundary gate only (no charge-channel swap). In this case the sheath changes
transport but does not change the flux–phase law’s effective flux quantum. The prediction is:

s
(A)
AB ≈ s

(B)
AB (same inferred mflx), (36)

while
D(A) ̸= D(B) (different ΞB due to boundary gate). (37)

Interpretation: the boundary gate is real (ΞB changes), but the charge-channel of the AB phase
transport remains the same. In this regime, πα/2 may appear as a bookkeeping identity (via (35))
without implying that interferometry must renormalize its slope.

Case 2: Charge-channel swap at the boundary. In this case the sheath forces an electrostatic-
channel closure not only for transport but also for the effective flux–phase coupling. The prediction
is a renormalized inferred flux quantum and therefore a shifted slope. Using e2 = 8πα chrg from (4),
the slope ratio is constrained:

s
(B)
AB

s
(A)
AB

= (1/mflxe2)
(1/mflxchrg) = e2/angm

chrg/angm = e2

chrg = 8πα. (38)

Interpretation: if the boundary truly enforces an electrostatic-channel transport law, then the same
channel selection should show up as an interferometric signature, with the ratio of AB slopes locked
to the pure dimensionless constant 8πα. In that event, the emergence of πα/2 in transport is no
longer merely a rewriting; it is part of a coherent two-observable boundary-channel program.

B.4 A one-line illustrative example (dimensionless only)

To make the gate decisiveness concrete without importing any dataset, consider the following purely
dimensionless illustration. Suppose in State A one finds

s
(A)
AB = 1

mflxchrg
, D(A) = D(A)

swep = 1
16 ⇒ Ξ(A)

B = 1.

Now move to the sheath-coupled State B.
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• Pure gate (Case 1): if s
(B)
AB ≈ s

(A)
AB but D(B) changes (e.g. D(B) = Ξ(B)

B /16 with Ξ(B)
B ̸= 1),

then the boundary modifies transport through ΞB while the flux quantum remains mflxchrg.
• Channel swap (Case 2): if the AB slope shifts so that

s
(B)
AB

s
(A)
AB

= 8πα,

then the same transport written in electrostatic bookkeeping must exhibit the holonomy factor
πα/2 via D = (πα/2)Ξ(e)

B (equivalently, ΞB = 8πα Ξ(e)
B ).

This example contains no device numerics; it only shows how the two-observable logic becomes
decisive once a boundary manipulation is performed.

B.5 Failure criteria (what falsifies the claim)

The closure program fails in any of the following logically inconsistent outcomes:

1. Claimed channel swap without slope shift: one asserts an electrostatic-channel swap as
a physical mechanism, but the data show s

(A)
AB ≈ s

(B)
AB while simultaneously insisting on the

Case 2 interpretation. This forces a contradiction between the claimed charge-channel change
and the experimentally inferred flux quantum.

2. Slope shift without the locked ratio: the AB slope changes between states, but the
ratio s

(B)
AB /s

(A)
AB fails to follow (38). Then the shift cannot be consistently attributed to the

electrostatic–magnetic conversion e2 = 8πα chrg, and the interpretation of the change as a
QMU channel swap is rejected.

3. Transport not closing to swep: the measured diffusion ratio D fails to remain O(1) under
reasonable boundary variations, or does not scale as a fraction of swep across regimes. Then
the ledger-level reduction D ∼ swep is not supported and Bohm-like closure in this form is
rejected.

B.6 What constitutes success

Success is not defined by reproducing a particular number, but by satisfying a consistent logic:

• D = D/swep collapses to a boundary-controlled coefficient ΞB/16 across states (transport
closes to the sweep).

• If a channel swap is claimed, the AB slope ratio locks to 8πα as in (38).
• If the AB slope does not change, then the transport changes are interpreted strictly as a

boundary gate on ΞB, not as a charge-channel swap.

This toy illustration is the minimal empirical gate for the present paper: it forces the πα/2 appearance
to be tied either to a purely bookkeeping identity (Case 1) or to a concrete interferometric signature
(Case 2). Either way, the interpretation becomes experimentally decidable.
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