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Abstract 
This paper proposes a theoretical hypothesis that elementary particles pos-
sess an intrinsic internal wave identified as the Compton wave, which prop-
agates at the speed of light, distinct from the de Broglie matter wave associ-
ated with subluminal particle motion. Starting from the definition of the re-
duced Compton wavelength ( )mcλ =  , we rearrange the relation to obtain 

mc λ⋅ =  , which bears a formal resemblance to the Heisenberg uncertainty 
principle but describes an exact equality rather than a lower bound. We inter-
pret mc  as the intrinsic momentum of the particle, analogous to the intrinsic 
rest energy 2E mc= . This exact equality is postulated to represent a determi-
nacy principle governing the intrinsic wave nature of particles at light speed, 
in contrast to the uncertainty principle that characterizes subluminal particle 
motion and observer-dependent measurement effects. We further propose an 
experimental test analogous to Bell inequality tests, with the critical distinction 
that only wave properties of entangled particles are measured throughout the 
experiment, without interrogating particle-like attributes. The hypothesis pre-
dicts that wave characteristics will remain fully predictable with unit probabil-
ity, independent of intermediate transformations, in contrast to the probabil-
istic outcomes of particle-property measurements. 
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1. Introduction 

Wave-particle duality stands as a foundational principle of quantum mechanics, 
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formalized through two distinct wavelength scales: the de Broglie wavelength 

dB h pλ =  associated with the translational motion of massive particles, and the 
Compton wavelength ( )Com h mcλ =  as a fundamental length scale tied to par-
ticle rest mass [1]. The de Broglie relation underpins the wave behavior of mov-
ing particles and is directly linked to the Heisenberg uncertainty principle 

2x p∆ ∆ ≥  , which establishes an irreducible lower bound on the joint precision 
of position and momentum measurements. 

The Compton wavelength, by contrast, has historically been interpreted pri-
marily as a characteristic scale for quantum electrodynamic interactions such as 
Compton scattering and as a limit on position localization for massive particles. 
However, the reduced Compton wavelength Comλ  admits a deeper formal read-
ing: rearrangement yields the exact equality Commc λ⋅ =  , which structurally mir-
rors the uncertainty product but holds as an identity rather than an inequality. 

This work advances the hypothesis that this equality corresponds to a physical 
determinacy principle governing an intrinsic Compton wave that propagates at 
the speed of light within the particle. On this view, the uncertainty principle ap-
plies exclusively to the subluminal, particle-like aspect of quantum objects and to 
observer-mediated measurements, whereas the determinacy principle describes 
the light-speed, wave-like aspect as an observer-independent intrinsic property. 
We outline a Bell-type experimental protocol to test this proposition by measuring 
only wave observables of entangled systems, and we predict deterministic, unit-
probability outcomes for such measurements. 

2. Theoretical Formulation: Reduced Compton Wavelength 
and Intrinsic Momentum 

We begin with the standard definition of the reduced Compton wavelength of a 
particle of rest mass m : 

 
mc

λ =
 ,  (1) 

where ( )2h= π  is the reduced Planck constant and c  is the speed of light in 
vacuum. Multiplying both sides of Equation (1) by mc  yields: 

 mc λ⋅ =  .  (2) 

Equation (2) is mathematically trivial as an algebraic rearrangement, but we 
assign it nontrivial physical meaning. The quantity mc  is interpreted as the in-
trinsic momentum of the particle, in direct analogy to the intrinsic rest energy 

2E mc= . Just as rest energy is the energy content of a particle at rest, independent 
of its translational motion, intrinsic momentum mc  is the momentum associ-
ated with the particle’s internal light-speed wave dynamics, also independent of 
external translational velocity. 

The product of this intrinsic momentum and the reduced Compton wavelength 
equals   exactly. This stands in marked contrast to the Heisenberg position-mo-
mentum uncertainty relation: 
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x p∆ ∆ ≥
 ,  (3) 

which specifies a minimum uncertainty product for measured values of position 
and translational momentum. Equation (2), by contrast, is an exact equality relat-
ing two intrinsic, observer-independent properties of the particle. 

3. The Determinacy Principle for Light-Speed Intrinsic 
Waves 

We formalize the central postulate as follows. 
Determinacy Principle: For the intrinsic Compton wave of an elementary par-

ticle, which propagates at the speed of light c , the product of the intrinsic mo-
mentum mc  and the characteristic wavelength λ  is exactly equal to  . This re-
lation holds deterministically and independently of any measurement interaction. 

Physically, we interpret the principle as a demarcation between two regimes of 
quantum behavior. 

1) Subluminal regime ( v c< ): When a particle is described in terms of its trans-
lational motion through space, it exhibits particle-like properties governed by the 
de Broglie relation and the Heisenberg uncertainty principle. Measurement back-
action and wavefunction collapse introduce fundamental indeterminacy, reflected 
in the inequality form of Equation (3). 

2) Luminal regime ( v c= ): The internal wave structure of the particle propa-
gates at the speed of light and obeys the exact equality of Equation (2). This wave 
aspect is not subject to observer-induced uncertainty because it represents an in-
trinsic, dynamically stable configuration rather than a measurable translational 
degree of freedom. 

This interpretation is consistent with the observation that the Compton wave-
length is velocity-independent and depends only on rest mass, whereas the de 
Broglie wavelength scales inversely with particle momentum. The de Broglie wave 
can thus be understood as a Doppler-shifted manifestation of the underlying in-
trinsic Compton wave when the particle is in motion relative to an observer. 

4. Proposed Experimental Test: Bell-Type Protocol for 
Wave-Only Observables 

To empirically distinguish the determinacy principle from standard quantum me-
chanical predictions, we propose an experimental scheme modeled on Bell ine-
quality tests [2]-[4], with a crucial modification: at no stage are particle-like prop-
erties (such as discrete detection events, position, or spin projection as a particle 
observable) registered. Instead, only wave-like properties, like interference pat-
terns, phase coherence, and wavefront correlations, are measured throughout the 
apparatus. 

4.1. Experimental Design 

Consider a source producing pairs of entangled photons or massive particles in a 
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state where wave properties (e.g., orbital angular momentum modes or spatial 
wavefunction phases) are correlated. The protocol proceeds as follows. 

1) Entangled particle pairs are emitted and directed to two spatially separated 
measurement stations. 

2) Each station is configured to perform only wave-interference measurements, 
such as Mach-Zehnder interferometry or double-slit diffraction, without which-
path detectors that would reveal particle-like trajectories. 

3) Measurement bases (interferometer path-length settings) are randomly and 
independently adjusted at each station, as in standard Bell tests. 

4) Correlations between the interference patterns observed at the two stations 
are recorded. 

4.2. Theoretical Prediction 

Standard quantum mechanics predicts that wave interference visibility and entan-
glement correlations follow probabilistic distributions that violate Bell inequalities 
when appropriate observables are chosen. Under the present hypothesis, however, 
if the measurement apparatus strictly probes only the wave nature of the system, 
never collapsing the wavefunction via particle-detection events, the correlations 
will exhibit deterministic behavior: 
• The wave phase and amplitude relations between entangled pairs will be per-

fectly predictable given the initial state and the measurement settings. 
• The observed correlation function will correspond to unit probability for the 

expected wave pattern, with no stochastic collapse event introducing probabil-
istic outcomes. 

In other words, where standard Bell tests reveal probabilistic violation of local 
realism through particle-detection statistics, a wave-only Bell-type test is pre-
dicted to reveal deterministic wave correlations consistent with the determinacy 
principle. 

5. Discussion 

The proposed framework recasts wave-particle duality not as a single entity ex-
hibiting mutually exclusive behaviors depending on measurement context, but as 
two ontologically distinct aspects: an internal light-speed Compton wave obeying 
exact determinacy, and a subluminal particle-like manifestation obeying quantum 
uncertainty. The measurement problem, on this view, arises from the interaction 
between the observer’s apparatus (which operates in the subluminal particle re-
gime) and the intrinsic luminal wave structure. 

This interpretation aligns with earlier work noting that the Dirac equation im-
plicitly contains Compton-frequency oscillation (zitterbewegung) as an internal 
dynamical feature, and with proposals that the Compton wavelength represents a 
more fundamental matter wavelength than the de Broglie wavelength [5]. It also 
resonates with models that describe fermions as localized light-speed circulatory 
motions characterized by the reduced Compton radius [6]. 
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Several open questions remain. First, the precise ontological status of the in-
trinsic Compton wave, whether it is a physical wave in spacetime or a formal con-
struct, requires further elaboration. Second, the mechanism by which subluminal 
particle behavior emerges from luminal internal dynamics must be specified in 
greater detail, ideally through a dynamical model connecting internal wave circu-
lation to external translational motion. Third, the experimental proposal must be 
refined to specify precisely which observables count as “wave-only” and to quan-
tify the predicted deviation from standard quantum predictions. 

6. Conclusion 

We have advanced the hypothesis that elementary particles possess an intrinsic 
Compton wave propagating at the speed of light, governed by an exact determi-
nacy relation mc λ⋅ =  . This relation is interpreted as a determinacy principle 
complementary to the Heisenberg uncertainty principle: the latter describes inde-
terminacy in subluminal particle motion and measurement, while the former de-
scribes exactness in the intrinsic luminal wave nature of the particle. A Bell-type 
experimental test using exclusively wave-property measurements has been pro-
posed, with the prediction that wave correlations will be fully deterministic rather 
than probabilistic. If confirmed experimentally, this framework would extend our 
understanding of wave-particle duality and suggest that quantum indeterminacy 
is a feature of the particle-aspect and measurement interaction, not a fundamental 
property of the underlying wave reality. 

Funding 

This work was supported by the Department of Science and Technology of Zhejiang 
Province, China (Grant number [2026C25020]). 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this paper. 

References 
[1] Compton, A.H. (1923) A Quantum Theory of the Scattering of X-Rays by Light Ele-

ments. Physical Review, 21, 483-502. https://doi.org/10.1103/physrev.21.483 

[2] Bell, J.S. (1964) On the Einstein Podolsky Rosen Paradox. Physics Physique Fizika, 1, 
195-200. https://doi.org/10.1103/physicsphysiquefizika.1.195 

[3] Aspect, A., Dalibard, J. and Roger, G. (1982) Experimental Test of Bell’s Inequalities 
Using Time-Varying Analyzers. Physical Review Letters, 49, 1804-1807.  
https://doi.org/10.1103/physrevlett.49.1804 

[4] Clauser, J.F., Horne, M.A., Shimony, A. and Holt, R.A. (1969) Proposed Experiment 
to Test Local Hidden-Variable Theories. Physical Review Letters, 23, 880-884.  
https://doi.org/10.1103/physrevlett.23.880 

[5] Haug, E.G. (2024) The Compton Wavelength Is the True Matter Wavelength, Linked 
to the Photon Wavelength, While the De Broglie Wavelength Is Simply a Mathemat-
ical Derivative, Understanding This Leads to Unification of Gravity and New Quan-

https://doi.org/10.4236/jhepgc.2026.124115
https://doi.org/10.1103/physrev.21.483
https://doi.org/10.1103/physicsphysiquefizika.1.195
https://doi.org/10.1103/physrevlett.49.1804
https://doi.org/10.1103/physrevlett.23.880


J. B. Xing 
 

 

DOI: 10.4236/jhepgc.2026.124115 2303 Journal of High Energy Physics, Gravitation and Cosmology 
 

tum Mechanics. Qeios. https://www.qeios.com/read/OZ0IRU.5 

[6] Vaguine, V. (2023) The Inner Structure of the Intrinsic Electron and the Origin of Self-
Mass. Journal of High Energy Physics, Gravitation and Cosmology, 9, 174-189.  
https://doi.org/10.4236/jhepgc.2023.91016 

https://doi.org/10.4236/jhepgc.2026.124115
https://www.qeios.com/read/OZ0IRU.5
https://doi.org/10.4236/jhepgc.2023.91016

	Intrinsic Compton Waves and a Determinacy Principle for Light-Speed Wave Properties of Elementary Particles
	Abstract
	Keywords
	1. Introduction
	2. Theoretical Formulation: Reduced Compton Wavelength and Intrinsic Momentum
	3. The Determinacy Principle for Light-Speed Intrinsic Waves
	4. Proposed Experimental Test: Bell-Type Protocol for Wave-Only Observables
	4.1. Experimental Design
	4.2. Theoretical Prediction

	5. Discussion
	6. Conclusion
	Funding
	Conflicts of Interest
	References

