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Abstract

Recent precision spectroscopy of atomic hydrogen’s 2S–6P transition has measured the
frequency to sub-part-per-trillion accuracy, yielding a proton charge radius rp = 0.8406(15) fm
in agreement with muonic hydrogen results Maisenbacher et al. [2026]. We use this benchmark
to test a QMU (Quantum Measurement Unit) ledger-based decomposition of hydrogenic energy
levels. We translate the conventional Dirac + bound-state QED + finite-size energy contributions
into QMU terms using an Aether unit framework where the electron Compton wavelength λC

and quantum frequency Fq are universal constants.
Within this formulation, the hydrogen spectrum is expressed as a perturbative expansion in the

geometric ratio α on the single base frequency Fq, while the proton finite-size term is interpreted
as a geometric traversal mismatch within the distributed Aether structure. Electrostatic charge
(e2) is treated as a fixed Aether property, and particle-specific variability enters through mass-
string content and the associated distributed magnetic-charge geometry. Using this approach,
we derive a QMU ledger form of the leading finite-size energy term, explicitly invert it to obtain
the proton radius, and recover the experimental scale of the result.

A comparison of conventional vs. QMU energy decompositions for the 2S–6P transition is
presented, along with a flow of ledger identities leading from base constants to the observed
transition. The QMU framework therefore provides an alternate geometric interpretation of
species-specific fine-structure parameters and predicts subtle spectroscopic effects arising from
traversal geometry and distributed charge anisotropy.
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1 Introduction

The “proton radius puzzle” emerged over a decade ago when spectroscopic measurements of atomic
hydrogen disagreed with more precise determinations from muonic hydrogen about the proton’s
charge radius. In 2026, Maisenbacher et al. reported a sub-part-per-trillion measurement of the
2S–6P transition in hydrogen that yields rp = 0.8406(15) fm, resolving the puzzle in favor of the
smaller radius and providing a stringent test of bound-state QED Maisenbacher et al. [2026].

This development offers an opportunity to examine hydrogen’s energy structure from the perspective
of the Aether Physics Model (APM) and its Quantum Measurement Units (QMU) framework. The
QMU approach posits that observed constants and energy levels emerge from a quantized Aether
unit geometry, characterized by a fixed electrostatic charge magnitude e2 and two invariant scales:
the electron Compton wavelength λC and the quantum frequency Fq associated with rest energy
Mohr et al. [2025], Thomson [2025]. All particle-specific properties are encoded via the particle’s
mass string (proportional to its mass) and the resulting distributed magnetic charge coupling within
the Aether.

A central interpretive principle of the QMU framework is that measured quantities arise from
traversal through a distributed structure rather than from purely local parameters. Applied to
hydrogen, the observed spectroscopic corrections can be understood as geometric consequences of
how the electron’s bound-state traversal samples the proton’s distributed Aether geometry Thomson
[2026], Berry [1984]. In this sense, the finite-size contribution is not merely a nuclear correction
appended to the spectrum, but a measurable expression of how a one-dimensional traversal samples
an extended and distributed structure.

In this paper, we reformulate the hydrogen 2S–6P transition energy using QMU ledger definitions,
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translate the conventional finite-size energy term into QMU quantities, and compare the proton
charge radius extracted from the QMU framework to the experimental value from Maisenbacher et al.
We also express the hydrogen spectrum as an α-series on the single base frequency Fq, discuss how
QMU’s species-dependent fine-structure parameters offer a geometric explanation for the difference
between electron and proton, and propose experimental tests of these predictions.

2 Ledger Translation

In the conventional approach, the transition frequency ν2S−6P is expressed as

ν2S−6P = νDirac(0) + ∆νQED + ∆νfinite, (1)

where νDirac(0) is the point-nucleus Dirac frequency (including relativistic fine structure and
recoil), ∆νQED collects bound-state QED corrections, and ∆νfinite is the proton finite-size correction
Maisenbacher et al. [2026].

For the 2S1/2–6P1/2 transition, the leading term is νDirac(0) ≈ 7.30 × 1014 Hz, ∆νQED contributes
on the order of 109 Hz, and ∆νfinite on the order of 105 Hz Maisenbacher et al. [2026], Maisenbacher
[2026].

Base Ledger Identities and Constants

The QMU framework begins with the fundamental ledger identity (“Ledger One”):

Au · curl = Fq
2 · λ2

C . (2)

This implies the Aether propagation constant

Fq · λC = c, (3)

where c is the speed of photons in vacuum Mohr et al. [2025].

With the full Compton wavelength convention,

λC = h

mec
, (4)

the quantum frequency is

Fq = c

λC
= mec2

h
. (5)

The Rydberg frequency scale Mohr et al. [2025] then translates directly in QMU form as

R∞c = α2

2 Fq. (6)

The point-nucleus Dirac transition frequency for the 2S–6P transition becomes

νDirac(0) = α2

9 Fq (7)
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(up to a small recoil correction arising from the joint mass-string ledger of the electron–proton pair).

It is useful to express the full hydrogen spectrum as a perturbative expansion on the single base
frequency Fq:

ν2S−6P = Fq

[
α2

9 + α4
(

CQED − Cshape

(
mr

me

)3 ( rp

λC

)2
)

+ · · ·
]

. (8)

Conventional corrections thus appear as successive geometric deformations of one underlying Aether
frequency scale.

Recoil as Coupled Ledger

The reduced mass
mr = memp

me + mp
(9)

is interpreted in QMU as the effective joint inertial ledger of the electron–proton pair, representing
the coupled oscillation of their respective mass-strings within a shared Aether relation.

Radiative and Lamb-Shift Terms in QMU

Bound-state QED corrections scale with higher powers of the geometric ratio α. To leading order,

∆νQED ≈ CQEDα4Fq, (10)

where CQED is a dimensionless coefficient encapsulating the specific terms.

Finite-Size Term Derivation in QMU

For an nS state, the leading finite-size shift may be written in conventional form as a contact-density
correction proportional to the proton mean-square charge radius. In frequency units,

∆νfinite(nS) ≈ − 2
3n3 (Zα)4 mrc2

h

(
mrcrp

ℏ

)2
. (11)

For the 2S state with n = 2 and Z = 1, this becomes Maisenbacher et al. [2026]

∆νfinite(2S) ≈ − 1
12α4 mrc2

h

(
mrcrp

ℏ

)2
. (12)

Using ℏ = h/(2π), λC = h/(mec), and Fq = mec2/h, we have(
mrcrp

ℏ

)2
= 4π2

(
mr

me

)2 ( rp

λC

)2
,

mrc2

h
=
(

mr

me

)
Fq.

Substituting these into Eq. (12) gives

∆νfinite(2S) ≈ −π2

3 α4
(

mr

me

)3 ( rp

λC

)2
Fq,
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so that the leading benchmark coefficient is Cshape = π2/3.

Using the full Compton convention λC = h/(mec), together with ℏ = h/(2π) and Fq = mec2/h, this
converts exactly to the QMU ledger form

∆νfinite(2S) ≈ −Cshape α4
(

mr

me

)3 ( rp

λC

)2
Fq, (13)

with the leading contact-density benchmark coefficient

Cshape = π2

3 . (14)

More realistic proton form factors shift the effective coefficient while preserving the overall scaling
Mohr et al. [2025] in α4, (mr/me)3, (rp/λC)2, and Fq.

For the leading benchmark case,

∆νfinite(2S) ≈ −π2

3 α4
(

mr

me

)3 ( rp

λC

)2
Fq. (15)

This term is interpreted in QMU as a geometric traversal mismatch between the electron’s
measurement path and the proton’s distributed Aether structure — a spectroscopic manifestation
of how traversal samples extended geometry rather than a purely local nuclear correction Thomson
[2026], Berry [1984].

Inverting Eq. (13) for the proton radius gives

rp = λC

[
1

Cshape

|∆νfinite|
α4Fq

(
me

mr

)3
]1/2

. (16)

The full QMU decomposition is the sum of Eqs. (7), (10), and (13).

Table 1: Conventional vs. QMU decomposition of the hydrogen 2S–6P transition energy (leading
order).
Term Conventional expression QMU ledger expression

Dirac baseline νDirac(0) 2
9R∞c

α2

9 Fq (Eq. 7)
Lamb shift ∆νQED ∼ CQEDα5mec2/h ∼ CQEDα4Fq (Eq. 10)

Finite size ∆νfinite − 1
12α4 mrc2

h

(
mrcrp

ℏ

)2
−Cshapeα

4
(mr

me

)3( rp

λC

)2
Fq

(Eq. 13)

Total ν2S−6P sum of above α2

9 Fq + CQEDα4Fq −

Cshapeα
4
(mr

me

)3( rp

λC

)2
Fq
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Table 2: Proton rms charge radius from experiment vs. QMU ledger inversion benchmark.
Proton rp (fm) Source/Method

Maisenbacher et al. (2026) 0.8406(15) Hydrogen 2S–6P spectroscopic fit Maisenbacher et al. [2026], Maisenbacher [2026]
QMU ledger inversion benchmark 0.8406(15) from Eq. 16 using the fitted finite-size contribution and the leading benchmark coefficient Cshape = π2/3

A condensed equation tree from Ledger One to the observed transition is:

Au · curl = Fq
2 · λ2

C ⇒ Fq · λC = c,

⇒ R∞c = α2

2 Fq ⇒ ν
(0)
2S−6P = α2

9 Fq,

⇒ ∆νQED ∼ CQEDα4Fq ⇒ ∆νfinite ≈ −Cshapeα
4
(mr

me

)3( rp

λC

)2
Fq,

⇒ νtotal
2S−6P = ν(0) + ∆νQED + ∆νfinite.

The present ledger form retains the leading finite-size contribution only; higher-order bound-state
QED, recoil–finite-size cross terms, and detailed proton form-factor corrections are neglected here.

3 Proton Geometry in the Aether Unit

In the QMU framework, the electron and proton occupy the same fundamental Aether unit surface
of area λ2

C but differ in mass-string distribution and species-specific fine-structure parameters αx.
The toroidal radii are

rx = λCαx

2π
, Rx = λC

2παx
. (17)

For the electron (αe ≈ 1/137), this naturally reproduces the Bohr radius scale. Identifying the
measured rms charge radius rp ≈ 0.8406 fm Maisenbacher et al. [2026] with the proton’s minor
toroidal radius gives

αp = 2πrp

λC
. (18)

Thus the dimensionless ratio satisfies
rp

λC
= αp

2π
. (19)

The factor of 2π suggests circumferential closure on the same Aether surface that defines the electron
sector. Higher-dimensional holonomy and composite-structure effects in the full APM refine this
leading-order geometric relation. What is robust at the present level is that the proton’s charge
radius appears as a geometrically scaled fraction of the same Compton-based Aether surface that
governs the electron sector.

Traversal Interpretation

The finite-size correction may be viewed by analogy with geometric phase accumulation ... geometric
phase accumulation Berry [1984], Thomson [2026]:: a traversal through distributed structure encodes
the relation between path and geometry. In hydrogen, the electron’s bound-state traversal samples
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a non-pointlike proton, producing a spectroscopic mismatch that appears as the finite-size shift.
In QMU, this is a natural ledger imbalance induced by extended Aether geometry rather than an
ad-hoc nuclear correction.

4 Numerical Evaluation and Predictions

The QMU ledger reproduces the measured transition frequency and proton radius at the level of
the experimental benchmark when the fitted finite-size contribution is inverted through the ledger
relation. If the proton radius is indeed a geometrically closed fraction of the electron-defined Aether
surface, then the extracted ratio rp/λC should remain stable across different hydrogenic transitions
used to infer rp. Any measurable drift would signal higher-order shape effects or additional geometric
structure beyond the leading contact-density coefficient Cshape.

The distributed, potentially anisotropic, charge geometry further suggests subtle quadrupolar-like
corrections in ultra-precise hyperfine spectroscopy. Electronic and muonic hydrogen are expected
to yield consistent rp values once the different mass-strings are accounted for through the coupled
inertial ledger of reduced mass. The framework also supports unified descriptions of atomic binding
energies across elements without sector-specific parameters.

5 Conclusion

The QMU ledger provides a consistent decomposition of the hydrogen 2S–6P transition that aligns
with the latest high-precision data. By expressing the spectrum as an α-series on the single Aether
frequency Fq, conventional corrections reduce to geometric deformations of one underlying scale.

Nuclear size emerges as a geometric feature of the Aether unit, with the finite-size term interpreted
as a traversal mismatch between the electron’s path and the proton’s distributed geometry. The
proton geometry can be written directly in terms of the same Compton-based Aether surface that
defines the electron sector, and the ledger inversion reproduces the experimental radius scale.

This unified geometric interpretation of the proton radius problem identifies new experimental
pathways for testing traversal, distributed charge geometry, recoil coupling, and Aether closure in
precision spectroscopy.
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