
Quantum AetherDynamics Institute (QADI)

Magnetic-Basis Entanglement Chronoscopy in
the Aether Physics Model

David W. Thomson III
Quantum AetherDynamics Institute (QADI), Alma, Illinois, USA

ORCID: 0000-0002-5830-5427

Version 1.0 – February 11, 2026

This article is published by the Quantum AetherDynamics Institute (QADI).

It develops the Aether Physics Model (APM)

https://orcid.org/0000-0002-5830-5427


2 QMU PRIMITIVES AND LEDGER CLOSURES USED IN THIS PAPER 1

Abstract

Attosecond photoionization chronoscopy has been proposed as a direct probe of interelectronic
coherence and entanglement in helium by measuring channel-resolved emission time delays
[Jiang et al., 2024, Pazourek et al., 2015]. This paper develops an Aether Physics Model
(APM) quantification of that process using Quantum Measurement Units (QMU) in a magnetic-
charge basis. The central result is a ledger-first reduction of the observable group delay into a
dimensionless QMU delay-count, N(ε) ≡ τ Fq = 1

2π
dϕ
dε , where ε = E/EC and EC = meFq

2λC
2.

We then propose a minimal “Aether-attachment” ansatz in which the outgoing electron behaves
as a compact Compton-function excitation whose linkage to the residual ion is mediated by
the magnetic charge scale eemax

2 and the Aether unit Au through phtn = Aueemax
2 [Thomson,

2026c,b,a]. A geometric overlap argument fixes the coherence fraction χ to χ = ζα (with
ζ ∼ O(1)), yielding a falsifiable scaling law for the channel-contrast delay ∆N in terms of
the dimensionless ionic splitting δ = ∆E/EC and a relative slope parameter in δ(ε). For the
benchmark channel contrast |∆τ | ∼ 232 as reported in helium simulations [Jiang et al., 2024],
the implied delay-count is |∆N | ∼ 2.9 × 104, providing an immediate QMU normalization target
for simulation and experiment.

Keywords: QMU ledger; magnetic charge; entanglement unfolding; attosecond streaking; Wigner–
Smith delay; helium photoionization

1 Introduction

Attosecond pump–probe protocols (XUV pump with IR streaking or interferometric readout) encode
the phase evolution of a photoelectron wave packet into a measurable time delay [Krausz and Ivanov,
2009, Hentschel et al., 2001, Kienberger et al., 2004, Itatani et al., 2002, Dahlström et al., 2012,
Pazourek et al., 2015]. For a two-electron target such as helium, the delay becomes channel-dependent
because the outgoing electron remains dynamically correlated with the residual bound electron;
recent helium simulations emphasize that this channel contrast can be used as an attosecond probe
of interelectronic coherence and entanglement [Jiang et al., 2024]. In the APM, this correlation
is interpreted as a finite-time Aether linkage (“attachment”) whose chronoscopic signature is the
channel-contrast delay ∆τ , rather than an instantaneous abstraction.

This paper develops a minimal, testable APM scaffold: (i) reduce the chronoscopy observable to a
QMU dimensionless delay-count, (ii) formulate a magnetic-basis coupling consistent with Au, eemax

2,
and phtn, and (iii) derive a channel-contrast scaling law for the entanglement-unfolding delay.

2 QMU primitives and ledger closures used in this paper

2.1 Core primitives

We use QMU primitives (me, λC , Fq) and charge scales (eemax
2, e2), with Aether unit Au. The speed

of light is the canonical bridge
c = Fq λC . (1)

The Compton energy is
EC ≡ mec

2 = meFq
2λC

2. (2)
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For SI anchors (used only in the Appendix), we rely on CODATA recommended values [Tiesinga
et al., 2021].

2.2 Magnetic-basis photon and torsion closure

We adopt the magnetic-basis photon definition

phtn ≡ Au eemax
2, (3)

as the photon-action atom used for Ledger One transport, resonance gating, and holonomy-projected
photon geometry in the APM photoelectric framework [Thomson, 2026c,b]. We also use the
photon-transport geometry result that cardioid expansion preserves inverse-square transport while
respecting a fixed photon-action budget [Thomson, 2026a].

The torsional (curl) measure is

curl ≡ eemax
2

me λC
. (4)

Ledger One closure reads
Au curl = Fq

2λC
2 = c2. (5)

Thus (3)–(5) imply the derived identity

phtn = Aueemax
2 = (me Fq

2λC
3) = (EC λC). (6)

This closure motivates the magnetic basis for compact-photon attachment: the photon action
scale closes directly on (me, λC , Fq) with the magnetic charge serving as the Aether factorization
[Thomson, 2026c].

2.3 Electrostatic–magnetic bridge and geometric small parameter

We use the APM bridge between electrostatic and magnetic charge,

e2 = 8πα eemax
2, (7)

and the geometric identity

α2 = re

α0
, a0 = λC

2πα
, re = α2a0 = αλC

2π
. (8)

Here α enters primarily as a scale-separation ratio between Compton geometry (λC) and atomic
organization (a0), not as a fundamental Aether coupling atom; the SI-defined constants α, a0, re are
standardly related as in (8) [Tiesinga et al., 2021]. In this draft, α0 is the Bohr organization radius
used in the APM toroidal-electron interpretation, and may be identified with a0 where SI anchoring
is invoked.

3 Chronoscopy observable in QMU form
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3.1 Group delay as a phase-slope

Channel-conditioned chronoscopy extracts a group delay

τn(E) = ℏ
dϕn(E)

dE
, (9)

where ϕn(E) is the phase of the complex transition amplitude for a post-selected ionic channel n.
Equation (9) is the Wigner–Smith (Eisenbud–Wigner–Smith) time-delay construction in scatter-
ing/ionization chronoscopy [Wigner, 1955, Smith, 1960, Pazourek et al., 2015, Dahlström et al.,
2012].

In experimental extractions, the measured phase generally contains both an “atomic” contribution
and continuum–continuum (CC) contributions introduced by the probe-field mapping. In this draft
the primary observable is the channel contrast ∆N , for which any CC contribution that is common
(or nearly common) to the compared channels cancels to leading order [Dahlström et al., 2012, 2013,
Pazourek et al., 2015]. This motivates ∆N and the collapse test in Eq. (28) as robust diagnostics.

The experimentally discussed quantity is typically a channel contrast

∆τ(E) ≡ τ2(E) − τ1(E), (10)

whose sign depends on channel indexing; in many situations the more highly excited residual-ion
channel corresponds to an earlier emission time [Jiang et al., 2024].

3.2 Ledger-first reduction to a dimensionless delay-count

Using EC = meFq
2λC

2 and ℏ = meFqλC
2/(2π) = EC/(2πFq), define

ε ≡ E

EC
. (11)

Then (9) reduces to
τn(E) = 1

2πFq

dϕn

dε
. (12)

Define the dimensionless delay-count

Nn(ε) ≡ τnFq = 1
2π

dϕn

dε
, ∆N(ε) ≡ N2 − N1. (13)

All subsequent modeling targets ϕn(ε) (or directly Nn).

4 Magnetic-basis entanglement unfolding ansatz

4.1 Two-channel ionic subspace and finite-time linkage

We model the residual ion by two dominant channels {|1⟩, |2⟩} (e.g. He+(1s) and a representative
n = 2 manifold). Post-ionization linkage is represented by a transient coupling

Hion =
(

E1 0
0 E2

)
, Hlink(t) =

(
0 g(t)

g(t) 0

)
, (14)
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with
g(t) = g0 e−t/τent (t ≥ 0). (15)

Here τent is the entanglement-unfolding (attachment) lifetime.

4.2 Magnetic-basis coupling scale and geometric coherence suppression

Because the Aether unit is intrinsically magnetic-basis via phtn = Aueemax
2, we take the minimal

coupling scale to be a photon-action per atomic length:

g0 ≡ χ
phtn
α0

= χ
Aueemax

2

α0
. (16)

This is the same ledger structure used in the APM photoelectric mechanism where photon-action
transport couples to matter through resonance gating and coherence-window thresholds [Thomson,
2026c,b].

We now set the coherence efficiency χ by QMU geometry rather than leaving it purely phenomeno-
logical. The atomic channels are organized on scale a0, while the compact attachment core is limited
by the classical radius re. A minimal overlap-amplitude scaling is therefore

χ ≡ ζ

√
re

α0
= ζ α, (17)

where ζ ∼ O(1) absorbs channel overlap, selection rules, and dressing details.

APM geometric interpretation. In the APM, the electron is a toroidal magnetic-charge structure
with minor radius re and major radius α0 (Bohr organization radius). The coherence fraction χ
in Eq. (17) is interpreted as the minimal overlap amplitude set by the torus scale separation,
χ = ζ

√
re/α0. Using α2 = re/α0 then gives χ = ζα.

Using (6), (8), and (17),
g0
EC

= χ
λC

α0
= (ζα) (2πα) = ζ (2π) α2. (18)

4.3 Attachment lifetime from atomic reconfiguration

The natural atomic timescale is the Bohr (orbital) period,

TB ∼ α0
αc

= λC

α2c
= 1

α2Fq
, (19)

using the standard relations among a0, α, c [Tiesinga et al., 2021]. We therefore parameterize

τent ≡ κ
1

α2Fq
, (20)

with κ a dimensionless helium correlation/dressing factor. Values κ ≲ 1 represent correlation-driven
coherence lifetimes shorter than a full orbital period.
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5 Phase imprint and delay contrast

5.1 Second-order linkage phase difference

Let ∆E ≡ E2 − E1, and define the dimensionless splitting

δ(ε) ≡ ∆E

EC
. (21)

To leading order, the transient coupling produces an effective differential phase shift scaling as an
integrated second-order energy correction,

∆ϕ(ε) ≡ ϕ2 − ϕ1 ∼ 1
ℏ

∫ ∞

0

2g(t)2

∆E
dt = g2

0
ℏ∆E

τent. (22)

This structure is formally analogous to an accumulated level-repulsion (AC-Stark-like) phase in
an effective two-level system, while in standard attosecond chronoscopy the same mathematical
structure appears as a correlation-induced contribution to the channel phase [Dahlström et al., 2012,
Pazourek et al., 2015].

Rewrite in QMU form using ℏ = EC/(2πFq):

∆ϕ(ε) ∼
(

g0
EC

)2
(τentFq) 2π

δ(ε) . (23)

5.2 Reparameterized energy-sharing model for δ(ε)

To encode energy partition and dressing in a numerically stable way (avoiding extremely large raw
slopes when ε ≪ 1), we reparameterize δ(ε) about a reference ε0 inside the data window:

δ(ε) = δ0
[
1 + β (ε − ε0)

]
, (24)

where δ0 ≡ δ(ε0) and β is a dimensionless relative-slope parameter. Operationally, δ0 and β are
extractable by fitting δ(ε) from channel-resolved spectra (or from TDSE outputs) in the chosen
ε-window.

5.3 Delay contrast and scaling law

The delay contrast is
∆N(ε) = 1

2π

d

dε
∆ϕ(ε). (25)

Combining (23) and (24) yields

∆N(ε) ∼ −
(

g0
EC

)2
(τentFq) β

δ0

1[
1 + β(ε − ε0)

]2 . (26)

Substituting (18) and (20) gives the APM/QMU scaling form

∆N(ε) ∼ −(2π)2 κ ζ2α2 β

δ0

1[
1 + β(ε − ε0)

]2 . (27)
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5.4 Falsifiable collapse form

Using (24), (26) implies

∆N(ε) δ(ε)2 ≈ −
(

g0
EC

)2
(τentFq) β δ0 = −(2π)2 κ ζ2α2 β δ0, (28)

which is independent of ε for fixed dressing conditions and fixed choice of reference point ε0. Thus,
plotting ∆N δ2 against ε should yield a near-flat curve; changing XUV/IR parameters should rescale
the constant primarily through κζ2βδ0.

6 Numerical benchmark and constraint algebra for a 232 as channel-
contrast

This section anchors the QMU delay-count and provides an explicit algebraic constraint on the
dimensionless prefactors.

Let the benchmark channel-contrast be |∆τ | ∼ 232 as as reported for helium channel contrasts
[Jiang et al., 2024]. Then the dimensionless delay-count is

|∆N | = |∆τ | Fq ≈ 232 × 10−18 × Fq ∼ 2.9 × 104, (29)

using Fq = c/λC as the QMU frequency primitive.

For the residual He+ ion, the hydrogenic scaling implies that the 1s → n = 2 excitation energy
equals 3

4 of the ionization energy. Using the NIST helium ionization energy for He+, Eion(He+) ≈
54.417760 eV [NIST Physical Measurement Laboratory, 2024], we obtain a representative splitting

∆E ≈ 3
4Eion(He+) ≈ 40.8 eV, (30)

and with EC = mec
2 ≈ 511 keV [Tiesinga et al., 2021],

δ0 ≡ ∆E

EC
∼ 8.0 × 10−5. (31)

At the reference point ε = ε0, the magnitude of (27) is approximately

|∆N(ε0)| ∼ (2π)2 κ ζ2α2 |β|
δ0

. (32)

Solving (32) for the combined dimensionless prefactor yields the benchmark constraint algebra

κ ζ2 |β| ∼ |∆N(ε0)| δ0
(2π)2 α2 . (33)

Using (2π)2 ≈ 39.5 and α2 ≈ 5.3 × 10−5 [Tiesinga et al., 2021], the denominator is

(2π)2α2 ≈ 2.1 × 10−3. (34)

Combining (29), (31), and (34) gives

κ ζ2 |β| ∼ (2.9 × 104) (8.0 × 10−5)
2.1 × 10−3 ∼ 1.1 × 103. (35)
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Under the reparameterization (24), a value |β| ∼ 103 is compatible with order-unity fractional
changes of δ(ε) across a narrow ε-window when ε ≪ 1. Consequently, κζ2 can remain order-subunity
while |β| supplies the necessary relative slope in δ(ε).

An equivalent constraint may be read directly from the collapse constant in (28):∣∣∣∆N(ε) δ(ε)2
∣∣∣ ≈ (2π)2 κ ζ2α2 |β| δ0, (36)

which offers a direct fitting route using TDSE outputs of δ(ε) and ∆N(ε).

7 Discussion

7.1 Magnetic-Basis Linkage vs. Electrostatic Correlation

In standard Schrödinger-based quantum mechanics, the channel-dependent delay is usually attributed
to interelectronic correlation, computed by solving the correlated many-body time-dependent
Schrödinger equation and extracting phase slopes [Dahlström et al., 2012, Pazourek et al., 2015,
Jiang et al., 2024]. The APM provides a physical mechanism stated in magnetic-basis ledger atoms.
By formulating the coupling in the magnetic-charge basis (eemax

2), the delay is interpreted as the
persistence of the Aether linkage. While the electrostatic charge (e2) governs long-range asymptotic
behavior, the magnetic charge—linked directly to the Aether unit Au and the photon action
scale—governs the attachment phase. This matches the Ledger One transport and resonance-gated
exchange mechanism developed for photoelectric emission in the APM [Thomson, 2026c,b].

7.2 Geometric resolution of the coherence fraction

Mainstream models typically incorporate channel-dependent suppression/enhancement through
detailed dressing, correlation, and matrix-element structure [Pazourek et al., 2015]. The APM
resolution, specifically χ = ζα in Eq. (17), is geometric: coherence is limited by scale separation
between the toroidal minor radius re and the Bohr organization (toroidal major) radius α0. This
identifies α as a geometric overlap ratio rather than an ad hoc coupling knob.

7.3 Falsifiability and the collapse test

The principal falsifier is the predicted ∆N · δ2 collapse in Eq. (28). Standard chronoscopy analysis
must track both the intrinsic (atomic) phase and probe-induced CC phases [Dahlström et al., 2013,
Pazourek et al., 2015]. A stable collapse of ∆Nδ2 versus ε across an energy window—especially
under dressing changes—would isolate whether the Aether-attachment ansatz is capturing the
dominant scaling structure of the channel contrast.

8 Interpretation in the compact-photon attachment picture

In the magnetic basis, the photon scale phtn = Aueemax
2 is the natural ledger atom for an outgoing

compact Compton-function excitation. The ansatz (16) states that ionic channel coupling is set by
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photon-action per atomic length, encoding the “still attached to the source” regime. The unfolding
time τent in (20) expresses how long the Aether linkage persists before the channels decouple into
separable asymptotic products. The observable time delay is therefore interpreted as a chronoscopic
imprint of finite-time attachment and phase exchange. In the companion photoelectric program, this
same photon-action atom underlies (i) resonance gating in photoemission and (ii) coherence-window
thresholds that quantify when phase-preserving exchange can occur [Thomson, 2026c,b]. The
cardioid transport result further constrains how a compact excitation can expand while maintaining
inverse-square transport with a fixed action budget [Thomson, 2026a].

9 Proposed experimental and simulation tests

9.1 Channel-resolved delay extraction

From numerical TDSE propagation [Jiang et al., 2024, Pazourek et al., 2015] or future streak-
ing/RABBIT experiments [Hentschel et al., 2001, Kienberger et al., 2004, Itatani et al., 2002, Paul
et al., 2001, Dahlström et al., 2012], extract:

1. Channel-resolved phases ϕ1(E), ϕ2(E), or directly delays τ1(E), τ2(E).
2. Compute Nn(ε) = τnFq and ∆N(ε).
3. Estimate δ(ε) = ∆E/EC from ionic energies and dressing shifts, then fit δ0, β, and ε0 in (24).

9.2 Scaling checks

Three falsification routes:

1. Collapse check: test (28) for a flat ∆N δ2 curve.
2. Dressing rescaling: vary IR dressing strength; fit the rescaling of the collapse constant to

κζ2βδ0.
3. Cross-target scaling: repeat for helium-like systems (vary Z) and test whether (27) remains

stable when energies are normalized by EC .

10 Ledger closure check

We explicitly include the standardized QADI Ledger One identity used throughout:

Au curl = Fq
2 λC

2 (37)

This paper maintains all intermediate steps in QMU primitives and magnetic-basis factors, with SI
translation confined to the Appendix.

A SI bridge notes (non-normative)

This appendix is provided only to connect QMU-normalized quantities to conventional attosecond
literature.
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A.1 Delay conversion

Given ∆N(ε), the time-delay contrast is

∆τ(ε) = ∆N(ε)
Fq

. (38)

A.2 Action quantum bridge

The QMU action quantum used in (12) is

ℏ = meFqλC
2

2π
= EC

2πFq
. (39)

A.3 Fine-structure geometry

For reference, α2 = re/a0 and a0 = λC/(2πα) were used to connect the Compton scale to atomic
length organization [Tiesinga et al., 2021].

B QMU Ledger Closure Definitions

To ensure the mathematical integrity of the Aether Physics Model (APM) analysis, we provide the
following explicit ledger closures used in this paper. These identities define the relationship between
the quantum primitives and the derived charge scales.

B.1 Primary Frequency and Length Closures

The speed of light c is not a measured constant but a closure between the Aether frequency primitive
Fq and the Compton length λC :

c ≡ FqλC (40)

The Compton energy EC used for all energy normalization (ε = E/EC) is defined as:

EC ≡ meFq
2λC

2 (41)

B.2 The Charge-Basis Ledger

The APM identifies two distinct charge scales—the electrostatic (e2) and the magnetic (eemax
2).

They are linked by the geometric bridge:

e2 = 8πα eemax
2 (42)

Where α is the fine-structure constant.
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B.3 The Aether Unit and Photon Action

The Aether unit Au acts as the bridge between magnetic charge and the action of a photon. The
photon action (phtn) is defined by the closure:

phtn ≡ Aueemax
2 = meFq

2λC
3 (43)

This closure is also the transport/action atom used to quantify resonance gating, coherence windows,
and photoelectric thresholds in the APM photoelectric mechanism [Thomson, 2026c,b,a]. This
closure ensures that the “action quantum” ℏ used in Section 3 relates to the primitive Aether
geometry as:

ℏ = phtn
2πλC

= meFqλC
2

2π
(44)

B.4 Summary of Ledger One

For a calculation to be considered “ledger-complete” within the Quantum AetherDynamics Institute
(QADI) standards, it must satisfy the Ledger One identity:

Au curl = Fq
2 λC

2 (45)

This identity was maintained throughout the derivation of the chronoscopy delay-count N(ε).
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