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Abstract

The photoelectric effect is modeled as an electron-emission phenomenon driven by structured
angular-momentum transport in a quantized, polarized Aether. Electrons are the emitted
entities; “energy” is used only as a descriptive ledger quantity of the emitted electron state.
Illumination is treated as a condition of space filled with photon transfer fronts: outward-curled
(reciprocal-mass) angular-momentum propagation among Aether units. Propagation is fixed
by chronovibration, c = FqλC , and by Ledger One, Au curl = Fq

2 λC
2, which decomposes

electromagnetic transport into rotational (Aether-unit) and torsional (curl) geometries. The
emitting electron geometry is a tubular loxodrome in 5D; the observed 4D state is its holonomy
projection, a tubular cardioid with effective toroidal geometry. A photon inherits this holonomy-
projected geometry of the causal electron transition and therefore propagates as a thin expanding
cardioid band, not a moving pellet. Threshold behavior is intrinsic: a receiver couples only when
a geometry/holonomy resonance gate opens, producing prompt emission above threshold while
intensity controls the event rate. This framework yields a falsifiable prediction: single-emitter
or nano-scale photoelectric measurements should exhibit cardioid-like angular sensitivity maps
(masked in ensemble averages). We formalize a reciprocal-mass interpretation for canonical QMU
reduction: the sign of the me exponent encodes inward-curled (matter-state) versus outward-
curled (reciprocal, space/light-state) mass participation, enabling a unified ledger description of
electron–photon conversion.

Keywords: photoelectric effect; QMU; Aether units; Ledger One; reciprocal mass; holonomy;
loxodrome; cardioid photon; light intensity; torsion; resonance gate.

1 Scope and ontology (photoelectric focus)

The photoelectric effect concerns electron emission from matter under illumination [Klassen, 2009,
Jho et al., 2023]. In this ontology, electrons are emitted; light is the condition of space filled with
photons. A photon is not treated as a billiard-ball object that “carries kinetic energy.” Instead, it is
a propagating state of angular-momentum transfer through polarized Aether units. The velocity c
is set by Aether chronovibration via c = FqλC ; the optical frequency is set by the emission cadence
of electron orbital transitions in driven atoms, which is the basis of spectroscopy.

We do not assume the emitting atom is an isolated closed subsystem: emission presupposes a drive
channel (optical pumping, electrical supply, thermal activation, or other) [Thomson and Bourassa,
2024]. Accordingly, the central questions here are: (i) why a frequency threshold occurs, (ii) why
emission is prompt above threshold, and (iii) how intensity (lint = meλCFq

3) controls electron-count
rate without requiring a particulate-impact ontology.

2 Ledger anchors for propagation and torsion transport

2.1 Chronovibration propagation anchor

We use the QMU propagation anchor
c = FqλC . (1)



3 QMU UNITS USED EXPLICITLY IN THIS MECHANISM 2

2.2 Ledger One: Aether rotational self-identity

Ledger One is used in standardized QADI form:

Au curl = Fq
2 λC

2. (2)

Using (1), this is equivalently Au curl = c2. Ledger One is the core optic-mechanism statement used
here: transport is a coupled product of rotational (Aether unit) and torsional (curl) geometries.
For comparison with conventional mathematical analyses of photoemission (without adopting their
ontology), see Bach et al. [2001].

3 QMU units used explicitly in this mechanism

3.1 Torque/torsion scale

We use the QMU torque scale
torq := me λC , (3)

as the natural torsion/torque scale associated with electron/photon geometry within an Aether unit.

3.2 Intensity as Aether-unit activation: Au = lint · qcdd

In QMU, light intensity is
lint = me λC Fq

3, (4)

and “intensity” is treated operationally as the controllable driver of electron event rate at the
receiver.

The unit Quantum Charge Distribution Dynamics (qcdd) is listed and used in QMU conversion
reference tables [Thomson, 2025d] as

qcdd = λC
2

eemax2 Fq
. (5)

We incorporate the activation identity

Au = lint · qcdd, (6)

so that substituting (4) and (5) yields the canonical form

Au = me λC
3 Fq

2

eemax2 . (7)

This states the operational meaning used here: Aether activation is “how hard the transfer state is
driven” (lint) times “how the charge distribution geometry responds in time” (qcdd).
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3.3 Receiver drive written in activation variables

Because Au = lint · qcdd, we can write

lint = Au

qcdd . (8)

Accordingly, when the resonance gate is open, the local electron event-rate density may be written
schematically as

Ṅe(r) ∝ G(ν∗, alignment) R
[

Au(r)
qcdd(r)

]
. (9)

Here R encodes surface-specific coupling, including polarization effects as cardioid-axis rotation
relative to receiver-seat geometry.

4 Reciprocal-mass interpretation (canonical QMU reduction)

4.1 Rule statement

Let any QMU quantity X be reduced to canonical monomial form in the QMU primitives, including
me:

X = me
α λC

β Fq
γ × (charge primitives) × (dimensionless factors). (10)

We interpret the exponent sign after canonical reduction:

• α > 0 represents inward-curled mass participation (matter-state contribution).
• α < 0 represents outward-curled reciprocal-mass participation (space/light-state contribution,

enabling propagation without stable aggregation).
• α = 0 is mass-neutral.

Thus “reciprocal mass” is not “absence of mass”; it is inverse-mass dimensionality in the ledger
sense [Thomson, 2025b].

4.2 Immediate example: curl carries reciprocal mass

Using the ledger definition

curl = eemax
2

me λC
, (11)

curl contains me
−1 and therefore carries reciprocal-mass participation: torsion transport is a

space/light-state channel in the sense of (10).

5 Aether-unit geometry: electron loxodrome, holonomy, and pho-
ton inheritance

The Aether unit provides the geometry for both the electron and photon by guiding mass-string
behavior within it. The electron is an Aether-unit configuration containing captured mass strings
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(dark-matter “mass strings”). Geometrically, the electron in 5D is a tubular loxodrome, denoted L.
A 5D → 4D holonomy map H yields the observed 4D appearance: a tubular cardioid with effective
toroidal geometry [Thomson, 2025a].

A photon is the outward-curled transfer state of the same underlying mass-string and torque content
under ledger closure. Thus a photon inherits the holonomy-projected geometry of the causal electron
transition: it propagates as a thin expanding cardioid band (ring-front) whose orientation is set
by local Aether polarization, curl, and emitter geometry, inheriting the causal transition’s torque
content (torq).

6 Cardioid steradian spreading and ensemble sphericity

6.1 Single-front steradian model

Because Aether units are polarized electrostatically and magnetically, and because curl biases
transport geometry, the primitive transfer front is not assumed spherical. We model the angular
distribution on the front by a normalized cardioid/Compton envelope C(θ) on steradians:

C(θ) ≥ 0,

∫
C(θ) dΩ = 1. (12)

A convenient canonical cardioid representative (used here only as a normalized example) is

C(θ) = 1 + ϵ cos θ

4π
, 0 ≤ ϵ ≤ 1, (13)

so that ϵ = 1 yields a maximal cardioid bias while preserving unit normalization.

6.2 Why experiments can look spherical

Photoelectric measurements are rarely single-atom. A macroscopic source comprises many emitters
whose cardioid axes may be randomly oriented; averaging (12) over random axes yields an effectively
spherical-looking distribution. This is an engineering parameter: alignment (crystals, polarization
control, surface texture) should sharpen anisotropic signatures.

6.3 Falsifiable nano/single-emitter prediction

If a receiver can be brought into a regime where (i) the emitting geometry is effectively single-axis
and (ii) the receiver surface has controlled holonomy alignment, then yield and threshold should
show a cardioid-like angular sensitivity map rather than spherical isotropy. Ensemble experiments
obscure this by axis randomization and spectral blending. This prediction aligns with experimental
trends toward micro-/nano-structured emitters and surface-specific photoresponse mapping [Kozai
and Vazquez, 2015, Mikhailov, 2021].

7 Electron–photon conversion with mass-string conservation
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7.1 Mass-string content changes state, not existence

Let ms denote the conserved mass-string content measure (ledger-defined). Electron and photon
are treated as two curl-state phases of the same conserved content: inward-curled (electron) versus
outward-curled (photon transfer front) [Thomson, 2025b]. Accordingly, emission is modeled as a
local conversion step:

(inward electron-seat state) −→ (outward photon transfer state) + (updated shell state), (14)

with the operational ledger marker that the canonical me exponent sign flips between inward and
outward participation under closure, preserving total ms.

7.2 Reciprocal matter as “light”

Outward-curled mass participation is still mass, but transformed: reciprocal mass. Space is not
empty; it is filled with photon transfer fronts (reciprocal matter) capable of being converted back into
inward-curled electron states at absorbers. Absorption converts reciprocal mass into inward-curled
mass participation, enabling electron creation/conduction and giving the operational appearance of
“potential energy” that becomes kinetic only upon conversion.

8 Photoelectric mechanism: valence-seat coupling by a resonance
gate

8.1 Valence seats and a geometric coupling operator

A receiver material presents empty valence positions (seats) that can accept angular-momentum
transfer from the surrounding Aether. We define a dimensionless seat-state val, with val = 1
denoting “filled to the release quantum.”

The incident drive at the receiver is represented by lint(r, t) and its geometry/holonomy alignment
by a receiver coupling operator R. Coupling is controlled by a resonance gate:

G(ν∗, alignment) ∈ {0, 1}. (15)

8.2 Threshold frequency as gate opening

Let ν∗ be the dimensionless optical frequency ratio (optical frequency in units of Fq). The threshold
is stated as a gate condition:

G(ν∗, alignment) =

0, ν∗ < ν∗
0(alignment),

1, ν∗ ≥ ν∗
0(alignment).

(16)

Here ν∗
0 is set by the receiver’s valence-seat geometry, holonomy alignment, and torsion/rotation

boundary conditions (surface micro-geometry and polarization). This reproduces the observed
fact-pattern: below threshold, increasing intensity does not produce emission (gate closed); above
threshold, emission occurs promptly (gate open).
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8.3 Polarization dependence as a geometric mechanism

Polarization is treated as a controlled rotation of the cardioid axis relative to receiver-seat geometry.
Therefore polarization modulates both yield (via R) and the effective threshold (via ν∗

0(alignment)),
providing a strictly geometric mechanism for polarization dependence rather than a purely abstract
probability rule. Polarization and incidence geometry are well-known control parameters in practical
photoemission setups; here they enter explicitly through ν∗

0(alignment) and R [Spagnolo et al.,
2019].

8.4 Prompt emission and event-rate scaling with intensity

When the gate is open, the event-rate density is written schematically as

Ṅe(r) ∝ G(ν∗, alignment) R
[
lint(r)

]
. (17)

No continuous “leakage” term is introduced: non-emission below threshold is interpreted as non-
coupling (gate closed), while prompt emission above threshold follows from immediate coupling once
the gate opens.

8.5 Operational extraction of the gate threshold ν∗
0

Operationally, ν∗
0 is obtained by scanning optical frequency ν (equivalently ν∗ = ν/Fq) at fixed

surface preparation and fixed geometry, and identifying the onset of nonzero Ṅe. Within this
framework, controlled polarization rotation and incidence-angle changes act as controlled changes
to the effective alignment, and therefore shift the observed ν∗

0 and yield through R and the gate
condition. Material and isotopic composition shift ν∗

0 through changes in valence-seat structure and
holonomy alignment, consistent with the spectroscopy invariance of f/Fq used in the mixed-frequency
section [Thomson, 2025c].

8.6 Descriptive electron “energy” without treating it as the transported entity

The emitted electron state may be described by an energy-like ledger quantity (e.g. enrg as a
descriptor), but this is not treated as the transported entity in the photon front. Transport in
space is torsion/rotation propagation constrained by Ledger One; the emitted entity is the electron
produced upon conversion at the receiver.

9 Mixed-frequency illumination and isotope selectivity (polychro-
matic driving)

Photoelectric experiments often involve mixed-frequency illumination or multiple sources [Jho et al.,
2023]. In this ontology, mixed-frequency behavior is not forced into a single rule because the receiver
coupling is geometric and resonance-conditioned.
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Let the incident intensity be spectrally distributed as lint(ν; r) (still a QMU intensity per area-time,
resolved by frequency channel). Define the gated effective drive as

linteff(r) =
∫

G(ν∗, alignment) R
[
lint(ν; r)

]
dν. (18)

Then the electron event-rate density takes the same separation form,

Ṅe(r) ∝ linteff(r), (19)

with additive, subtractive, standing-wave, and dark-spot behaviors entering through (i) the field
superposition in lint(ν; r) and (ii) the geometry-resonant gating in G and R. Isotope dependence
is carried by the receiver’s discrete valence-seat structure and holonomy alignment, so particular
materials can be efficient receivers at specific frequency sets while still admitting weak “stray”
coupling from blended angular-momentum backgrounds.

Because spectroscopy is fundamentally a statement about fixed atomic cadence, the natural receiver
key in QMU is not an energy packet but the dimensionless frequency ratio ν∗ := ν/Fq. In the
holonomy formulation, the observed spectral ordering is preserved when frequencies are expressed
as f/Fq: this ratio is invariant under a change of mass base and therefore isolates the geometry
(holonomy) rather than the bookkeeping of a chosen unit system [Thomson, 2025c]. In this
photoelectric mechanism, that same invariance is exactly what the resonance gate G(ν∗, alignment)
tests: the gate threshold ν∗

0 is a receiver-specific holonomy/geometry condition, so isotope- or
material-selective photoemission is naturally described as selection on ν∗ (and its allowed bands),
while intensity lint controls only the event-rate scale once coupling is permitted.

10 Boundary operators (kept secondary; ties to slit/aperture ge-
ometry)

Surfaces, apertures, and gratings act as transfer operators on propagating torsion/rotation content:

lintout = T lintin. (20)

Because the single-front distribution is cardioid on steradians and polarization-biased, T depends
on geometry and alignment and can alter photoelectric yield at fixed ν∗ by modifying the local
coupled intensity and the effective alignment entering (16). For example, grazing incidence alters
the effective alignment and therefore can shift yield and apparent threshold in controlled setups.
Related geometry-dependent photoelectric artefacts and boundary-coupling effects are documented
in applied contexts [Kozai and Vazquez, 2015]. A full torsion-optics boundary theory is deferred to
companion papers.

11 Comparison to the E = hf photon model (what differs and why
it matters)

This section records a key point of contact between two theories while stating the mechanism-level
differences that motivate the present work.
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11.1 Acknowledging the conventional E = hf variability

In the conventional photon model, photon “energy” is proportional to frequency by a universal
constant (Planck’s constant): E = hf [Einstein, 1905, Planck, 1901]. Because h is constant while
f varies, the conventional photon energy is intrinsically variable across frequencies. This is a
mathematically successful description of observed threshold trends [Klassen, 2009, Jho et al., 2023],
but it does not specify a geometric mechanism for how an emitted particle carries an inherent
frequency as part of its ontology.

11.2 APM/QMU photon as a fixed quantum: phtn = h c

In the APM/QMU ontology used here, the photon is a torsion/rotation transfer front whose
propagation speed is fixed by chronovibration, c = FqλC , and whose transport is constrained by
Ledger One, Aucurl = c2. The photon quantum is treated as a true fixed quantum,

phtn := h c, (21)

while the optical frequency is identified with the emission cadence of electron orbital transitions in
driven atoms (the spectroscopy variable). Thus frequency is not an intrinsic “particle tag” carried
by a moving pellet; it is a property of the source cadence and the receiver’s resonance condition.

11.3 Valence-seat filling and the “extra energy” question

In the conventional narrative, a photon of energy E = hf interacts with a receiver that has a
characteristic binding/work function. Since hf varies continuously with f , the incident photon
energy is generally unequal to any single fixed receiver “valence energy” scale; the conventional
account therefore partitions the photon energy into “threshold” plus “excess”. The question then
arises: if the receiver seat requires a fixed fill-to-release condition, what physical mechanism assigns
which portion of hf fills that condition and what portion is routed elsewhere?

In the present APM/QMU mechanism, the receiver does not “partially fill” under arbitrary incident
quanta. Instead, coupling is controlled by the resonance gate G(ν∗, alignment). In this mechanism
the seat-release quantum is fixed (receiver enrg-scale under ledger closure), so no continuously
variable per-photon “payload” is required or admitted at the receiver: frequency opens the gate,
and intensity sets only the event-rate once coupling is permitted. Below threshold, the gate is closed
and the receiver seat does not couple to the incident torsion/rotation front; there is no requirement
to account for partial filling under off-resonant drive. Above threshold, the gate is open and the
receiver executes a discrete conversion event whose seat-release condition is fixed in ledger units
(the receiver’s release quantum is a fixed enrg-scale condition for that seat under closure). Intensity
then controls only the rate of such events, not the per-event fill magnitude. Within this framework,
the conventional “excess energy” bookkeeping is reinterpreted as a state descriptor of the emitted
electron and any secondary channels that accompany emission, while the seat-release quantum itself
remains fixed by receiver geometry and holonomy.
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11.4 Emission mechanism: cadence and holonomy vs intrinsic particle frequency

The APM/QMU picture supplies a physical mechanism for emission: electron transitions (loxodrome
states mapped by holonomy) generate outward-curled torsion/rotation fronts whose geometry is
inherited by the emitted photon front. The observed frequency dependence is then naturally a
combination of (i) source cadence and (ii) receiver gate resonance on ν∗ = ν/Fq, with polarization
and boundary geometry entering explicitly through alignment in R and ν∗

0 . In contrast, the
conventional photon-pellet picture assigns frequency via E = hf without specifying how a localized
particle carries “frequency” as an intrinsic physical attribute in emission.

This comparison is included to clarify that the present paper does not deny the empirical usefulness
of E = hf as a mapping; it replaces the ontology with a ledger-closed geometric mechanism suitable
for extension into torsion optics and Aether-unit engineering.

12 Conclusion (photoelectric emphasis)

The photoelectric effect is modeled as electron emission driven by structured angular-momentum
transport in a quantized, polarized Aether. Electrons are emitted; photons are outward-curled
transfer fronts (reciprocal mass participation) propagating via Ledger One with c = FqλC and
Aucurl = Fq

2λC
2. The electron geometry is a 5D tubular loxodrome whose 4D appearance is

determined by holonomy; a photon inherits this holonomy-projected geometry as a thin expanding
cardioid band. Threshold behavior is obtained without introducing unobserved leakage: emission is
controlled by a resonance gate that opens only above a geometry/holonomy threshold frequency,
while intensity in QMU (lint = meλCFq

3) controls the electron event rate when the gate is open.
The reciprocal-mass interpretation of canonical QMU reduction provides a consistent ledger language
for the electron–photon conversion cycle, reframing “energy” as a descriptor of electron state rather
than a transported entity. This foundation supports subsequent papers on torsion-optics, boundary-
operator engineering, and isotope-selective coupling under polychromatic illumination. Alternative
classical-mechanism discussions of photoemission exist; the present work’s distinguishing feature is
the explicit ledger/geometry mechanism via Au curl = Fq

2 λC
2 and resonance gating [Zeng, 2021].

A Intensity identities and an E = hf side note (deferred)

This paper is ledger-first in QMU and does not require E = hf as a primitive ontology statement.
However, for cross-reading, it is useful to record intensity identities that appear in the QMU unit
table [Thomson, 2025d]:

lint = me λC Fq
3 and also lint = mfxd·acch = powr

leng = phtn · freq
area = ligt

area = enrg · freq
leng = forc·freq.

In the activation identity used in the main text,

Au = lint · qcdd, qcdd = λC
2

eemax2 Fq
,

so Aether activation can be read as “intensity drive” times “charge-distribution dynamics.”
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A dedicated mapping between E = hf and the APM/QMU fixed-quantum phtn = h c (and how
each is used operationally without conflating ontology) is best handled in a companion note so that
the present paper remains mechanism-focused.
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