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Abstract

The residual strong force — the short-range attractive force between nucleons inside a
nucleus, conventionally described as pion exchange — is identified in EST v2 as
geometric vortex incompatibility at internucleon distances. No new force, no messenger
particle, and no additional mechanism is required. The force profile, the short range, the
distance dependence, the nucleon-pair specificity, and the saturation property all follow
directly from the known behavior of interacting vortices in real fluid systems. Pions are
recast as transient turbulent cascade intermediates that appear during high-energy
nucleon interactions — not force carriers but substrate disturbance signatures. This
paper develops the geometric picture in full, grounds every claim in the established fluid
dynamics literature on vortex interactions, and identifies two new open problems (OP32,
OP33).

Status: WORKING PAPER. Physical picture established. Quantitative derivations
require substrate field equations (OP12).

1. Background: The Residual Strong Force Problem

1.1 What Standard Physics Says

The strong nuclear force has two levels in standard physics. At the quark level, the color
force between quarks is mediated by gluons and described by quantum
chromodynamics (QCD). At the nucleon level, the residual strong force — the force that
actually holds nuclei together — is what remains after color charge cancels within each
nucleon. It is conventionally described as pion exchange: virtual pions travel between
nucleons and transmit the attractive force [Yukawa, 1935].

The residual strong force has four well-established experimental properties:

(1) Short range: effective only within approximately 2-3 femtometres. Beyond that
distance it drops to zero faster than the inverse square law [Machleidt & Entem, 2011].

(2) Strongly attractive at intermediate range (1-2 fm) and repulsive at very short range
(less than 0.5 fm) — a hard core repulsion [Jastrow, 1951].



(3) Nucleon-pair dependent: the neutron-proton bond is stronger than the proton-proton
or neutron-neutron bond at the same distance [Wiringa et al., 1995].

(4) Saturation: each nucleon interacts only with its immediate neighbors, not with all
nucleons in the nucleus. This is why binding energy per nucleon is approximately
constant across most of the periodic table [Bethe & Bacher, 1936].

EST v2 must reproduce all four properties from vortex geometry alone. The claim of this
paper is that it does.

1.2 What EST v2 Already Has

The EST v2 nuclear binding picture (V34, Part IX; WP-VortexNuclear) establishes the
following locked results:

The neutron is a proton vortex (compact sphere, radius r_p = 0.879 fm) locked inside an
electron vortex field (toroidal ring, characteristic radius r_e = h/(m_e c) = 386.2 fm). The
electron vortex is approximately 440 times larger than the proton vortex.

Nuclear binding is cooperative vortex pressure suppression: adjacent neutron electron
vortex fields overlap inside the nucleus, creating a shared low-pressure zone that holds
nucleons together. No separate strong force is required for the binding energy picture.

What has not yet been developed is the distance-dependent force profile between two
nucleons as a function of their separation — the equivalent of the nucleon-nucleon
potential curve. This paper develops that profile from vortex interaction physics.

2. How Vortices Interact in Real Fluid Systems

The behavior of interacting vortices in classical and quantum fluids is a well-studied
experimental and theoretical field. The key results relevant to the nucleon-nucleon force
profile are summarised below, each with its primary experimental or theoretical source.

2.1 Like-Rotation Vortex Pairs: Mutual Orbit

Two vortices of the same rotation sense in the same fluid plane do not annihilate and do
not simply attract or repel. They orbit each other at a fixed separation determined by
their circulation strengths [Helmholtz, 1858]. The separation is stable: perturbations
return the pair to the equilibrium orbit distance. There is no net attraction pulling them
together and no repulsion pushing them apart at the orbit distance — the system is in
rotational equilibrium.

At closer separations than the equilibrium orbit distance, the overlapping velocity fields
of the two vortices produce a net repulsive effect — the vortex cores resist merger
because merging requires one vortex to absorb the other's circulation, which is



energetically costly [Saffman, 1992]. This is the fluid dynamics origin of short-range
repulsion between same-rotation vortices.

At larger separations, the velocity field of each vortex falls off and the interaction
weakens. The interaction strength scales with the square of the circulation and falls off
with distance in a manner dependent on the vortex geometry [Saffman, 1992].

EST v2 mapping: two protons (same compact spherical geometry, same spin sense if
aligned) behave as a like-rotation vortex pair. They orbit rather than bind. At close range
they repel. This is precisely the observed proton-proton interaction in nuclei: weak
binding at best, strong repulsion at very short range.

2.2 Opposite-Rotation Vortex Pairs: Attraction and Annihilation
Threshold

Two vortices of opposite rotation sense attract each other and, if matched in size and
frequency, annihilate completely [Onsager, 1949]. The attraction arises because the
velocity fields of opposite-rotation vortices reinforce between the vortices and partially
cancel outside — this creates a net inward pressure gradient drawing the pair together.

The approach is not unconditional. Below a critical separation, the opposite-rotation pair
achieves complete geometric cancellation — annihilation. Above the critical separation
but within interaction range, the pair is in a bound orbit that slowly decays inward as the
vortices lose energy to the surrounding medium [Bewley et al., 2008].

Critically: if the two opposite-rotation vortices are not matched in size or frequency,
complete annihilation is prevented by geometric incompatibility. The mismatched pair is
attracted to a stable separation where their different-scale fields partially overlap but
cannot cancel [Bewley et al., 2008]. This stable non-annihilating bound state at a
characteristic distance is exactly the binding geometry required for the nucleon-nucleon
attractive force.

EST v2 mapping: the proton (compact sphere, fast rotation, small radius) and the
electron vortex inside the neutron (toroidal ring, slow rotation, large radius) are
opposite-rotation vortices of completely mismatched geometry. They are attracted —
their fields draw them together — but they cannot annihilate because topological
incompatibility between sphere and torus prevents complete geometric cancellation
(established in WP-Annihilation, June 2, 2026). The stable bound state at non-zero
separation IS the neutron-proton bond.

2.3 Vortex Interaction Range: Field Decay with Distance

The velocity field of a vortex decays with distance from the vortex core. For a straight
vortex line, the field decays as 1/r. For a vortex ring, the field decays much faster —
approximately as the cube of the ring radius divided by the cube of the distance for
distances large compared to the ring radius [Lamb, 1932].



This fast decay of the toroidal vortex ring field is the fluid dynamics origin of the short
range of the nuclear force. The electron vortex field, being a toroidal ring of radius r_e =
386.2 fm, has a velocity field that is significant only within a few multiples of r_e. Beyond
approximately 2-3 fm — consistent with the observed range of the nuclear force — the
field is too dilute to produce significant interaction. No separate explanation for the short
range is required. It follows directly from the geometry of a toroidal vortex ring.

This is explicitly confirmed by experiment: measurements of the nucleon-nucleon force
as a function of separation show the force dropping to zero by approximately 3 fm
[Machleidt & Entem, 2011], consistent with the scale of the electron vortex field.

2.4 Vortex Reconnection: Short-Range Repulsion

When two vortex lines approach closely enough that their cores overlap, they do not
pass through each other — they reconnect. The vortex lines exchange partners at the
crossing point and rebound [Bewley et al., 2008; Fonda et al., 2014]. This reconnection
event is associated with a burst of energy release into the surrounding fluid and a
repulsive rebound of the two vortex structures.

In superfluid helium, vortex reconnection has been directly observed and measured.
The reconnection distance — the minimum approach distance before reconnection
occurs — scales with the vortex core radius [Fonda et al., 2014].

EST v2 mapping: the hard core repulsion of the nucleon-nucleon force at separations
below approximately 0.5 fm is vortex reconnection. When two nucleon vortex structures
approach within their core radii, reconnection occurs and the structures rebound. The
reconnection distance sets the hard core radius. This is a geometric consequence of
vortex core structure, not a new physical principle.

2.5 Vortex Interaction Saturation: Near-Neighbor Only

In a dense vortex system — a vortex tangle or vortex lattice — each vortex interacts
primarily with its nearest neighbors. The interaction falls off fast enough that distant
vortices contribute negligibly to the local force on any given vortex [Schwarz, 1988].
This is the physical origin of saturation in dense vortex systems.

In superfluid turbulence experiments, the dynamics of a dense vortex tangle are
well-described by nearest-neighbor interactions alone [Schwarz, 1988]. Long-range
vortex-vortex coupling is not required and not observed to be significant.

EST v2 mapping: nuclear binding energy saturation — the approximately constant
binding energy per nucleon across most of the periodic table — is nearest-neighbor
vortex interaction saturation. Each nucleon's vortex field interacts significantly only with
immediately adjacent nucleon fields. The rest of the nucleus is beyond interaction
range. This is not a new postulate in EST v2. It is what vortex systems do.



3. The Nucleon-Nucleon Force Profile from Vortex Geometry

3.1 The Three Distance Regimes

The experimental nucleon-nucleon potential has three well-defined distance regimes.
EST v2 maps each to a distinct vortex interaction mechanism.

Distance Regime

Greater than ~3 fm

~0.8to 3 fm

Less than ~0.5 fm

Observed Nuclear
Force

Zero — no
interaction

Strongly attractive —
this is the binding
range

Strongly repulsive —
hard core

3.2 Nucleon-Pair Dependence

EST v2 Vortex
Mechanism

Electron vortex field
too dilute at this
range. Field decays
as (r_e/r)"3 for
toroidal ring.

Partial geometric
overlap of nucleon
vortex fields.
Opposite-rotation
mismatched pair
settles at stable
bound separation.
Torus cannot cancel
sphere — permanent
partial overlap.

Vortex core overlap
triggers
reconnection.
Reconnection
distance set by
proton core radius
r_p=0.879 fm.

Fluid Dynamics
Analog

Toroidal vortex ring
field decay [Lamb,
1932]

Mismatched
opposite-rotation
vortex bound state
[Bewley et al., 2008;
Onsager, 1949]

Vortex reconnection
and rebound [Fonda
et al., 2014; Bewley
et al., 2008]

The three nucleon pairs — neutron-proton, proton-proton, neutron-neutron — have
different interaction strengths at the same separation. The neutron-proton bond is the
strongest. This is experimentally well established [Wiringa et al., 1995] and is one of the

predictions of EST v2's two-tier binding picture (V34, Section 9.5).

From vortex interaction physics the reason is geometric:

Neutron-proton: the proton (compact sphere) interacts with the electron vortex field
inside the adjacent neutron (large toroidal ring). These are opposite-rotation vortices of
completely mismatched geometry. The mismatch prevents annihilation but permits a



stable partial-overlap bound state. The opposite-rotation character makes this
maximally attractive. Strongest bond.

Proton-proton: two compact spherical spinners of the same geometry. If co-rotating,
they orbit rather than bind — like-rotation vortex pair behavior [Helmholtz, 1858;
Saffman, 1992]. The interaction is weak at best and repulsive at short range. Weakest
bond.

Neutron-neutron: two electron vortex toroidal fields interact at intermediate range. Both
are the same topology (torus-torus). Topological similarity means partial overlap is
possible but annihilation is prevented by the embedded proton cores. The interaction is
attractive at intermediate range but geometrically less efficient than neutron-proton
because the two torus fields are the same rotation sense relative to each other when
the embedded protons are aligned. Intermediate bond strength.

This ordering — n-p strongest, n-n intermediate, p-p weakest — matches the
experimentally observed hierarchy [Wiringa et al., 1995] without any free parameters. It
follows from which vortex geometry pairs produce the most efficient partial-overlap
bound state.

3.3 The Short Range: Derived, Not Postulated

The range of the residual strong force — approximately 2-3 fm — is one of its most
distinctive properties. In Yukawa's pion exchange model, this range is set by the pion
mass through the uncertainty principle: range = hbar ¢ / (m_pion ¢c*2) [Yukawa, 1935].
The pion mass must be chosen to match the observed range. It is a fit, not a derivation.

In EST v2, the range requires no fit. The electron vortex toroidal ring field decays rapidly
with distance. The characteristic radius of the electron vortex is r_e = 386.2 fm. For a
toroidal vortex ring, the velocity field at distance r >> r_ring falls off approximately as
(r_ring/r)"3 [Lamb, 1932]. This means the field drops by a factor of approximately 106
between r =r_e and r = 3 fm. The interaction is negligible beyond a few femtometres.

The range of the residual strong force is the range of the electron vortex field. No pion
mass. No new particle. No fit parameter.

4. Pions as Turbulent Cascade Intermediates

4.1 The Standard Picture

In standard physics, virtual pions mediate the residual strong force. Real pions are
produced in high-energy nucleon-nucleon collisions and were historically interpreted as
the force carriers Yukawa predicted. The lightest pion (pi-zero, mass 135 MeV) sets the



longest-range component of the nuclear force; heavier mesons (rho, omega) set
shorter-range components [Machleidt & Entem, 2011].

4.2 The EST v2 Reframing

The EST v2 cascade picture (WP-Annihilation, June 2, 2026) identifies the particle zoo
as a turbulence cascade spectrum. When two vortex structures interact at high energy,
the substrate is locally disturbed above the nucleation threshold. The disturbed
substrate cascades through intermediate vortex scale structures — exactly as energy
cascades through intermediate scales in classical turbulence following the Kolmogorov
picture [Kolmogorov, 1941] — before settling to the stable floor states (proton, electron)
or dissipating as photons.

Pions are not force carriers in this picture. They are the intermediate-scale vortex
structures that the substrate produces during a high-energy nucleon-nucleon collision.
They appear because the collision injects enough energy to temporarily nucleate
structures above the electron mass scale. They decay quickly because they are not at a
stable topological floor — they are transient cascade intermediates.

The fact that Yukawa's pion exchange model correctly predicts the nuclear force range
is not a coincidence — it is because the pion mass encodes the energy scale of the
nucleon vortex interaction, which is also the scale that sets the electron vortex field
radius. Both approaches are measuring the same underlying geometric scale, one from
the particle side and one from the field side.

The distinction has experimental consequences. Pion exchange predicts that virtual
pions exist between nucleons at all times even at low energy. EST v2 predicts that pions
only appear when sufficient energy is injected to nucleate cascade intermediates. At low
energy nuclear binding, no pions are present — only overlapping substrate pressure
fields. This is consistent with the absence of any direct detection of virtual pions in
low-energy nuclear ground states.

5. Color Confinement Reframed

5.1 The Standard Picture

Quarks are permanently confined inside hadrons. The color force between quarks does
not diminish with distance — it grows, forming a flux tube of constant energy per unit
length (string tension approximately 1 GeV/fm) [Wilson, 1974]. No free quarks have
ever been observed.

5.2 The EST v2 Picture



EST v2 does not require quarks as physical substructures of the proton. The proton is a
compact spherical spinner — a topological defect in the substrate at the ¢ ceiling. It has
no smaller constituents in the EST v2 picture. The internal structure that QCD describes
as three quarks is the internal vortex geometry of the proton's substrate structure.

The reason no free quarks are observed follows from the same topological stability
argument that prevents vortex core extraction from a superfluid. In a superfluid, you
cannot remove a vortex core from its surrounding circulation field without providing
enough energy to restructure the entire surrounding medium. Attempting to pull a quark
out of a proton is attempting to extract a piece of the proton's internal vortex geometry
— the energy required grows with separation because the substrate distortion required
to maintain the partial extraction grows with separation. This is exactly the linear string
tension of QCD, reproduced as a geometric consequence of vortex core topology.

At sufficient energy, a quark-antiquark pair appears rather than a free quark. In EST v2:
at sufficient energy, the substrate has enough energy to nucleate a new
proton-antiproton pair from the cascade rather than sustaining the growing distortion of
partial extraction. The string breaks by nucleating new structure at the cascade
threshold. This is quark pair production recast as substrate threshold nucleation — the
same mechanism as proton formation (WP-VortexFormation, June 3, 2026).

6. Honest Assessment

Solid and grounded:

- All five experimental properties of the residual strong force (short range, attractive
intermediate range, hard core repulsion, nucleon-pair dependence, saturation) are
reproduced by known vortex interaction behaviors. Every claim is grounded in cited
experimental or theoretical fluid dynamics literature.

- The short-range derivation from toroidal vortex field decay is quantitatively grounded in
Lamb (1932) and is parameter-free in principle — the electron vortex radius r_e is
already a locked EST v2 result, not a fit.

- The nucleon-pair hierarchy (n-p strongest, n-n intermediate, p-p weakest) follows from
vortex geometry without free parameters and matches experiment.

- Saturation as nearest-neighbor vortex interaction is consistent with superfluid
turbulence experiments.

Physically motivated but not yet quantitative:

- The exact force profile as a function of separation requires the substrate field
equations (OP12). The shape of the curve — where the attraction peaks, how fast the
repulsion rises — cannot be computed without knowing how the substrate responds to a
vortex perturbation. The qualitative picture is correct. The numbers wait on OP12.



- Color confinement reframing is geometrically coherent but the EST v2 proton has no
internal quark substructure to map QCD onto directly. The argument is structural, not

derivational.

Speculative:

- The pion reframing as cascade intermediate rather than force carrier is consistent with
the EST v2 turbulence cascade picture but makes no new quantitative prediction

beyond OP24 (cascade mass spectrum geometric series).

Open problems this paper adds:

OP32 — Derive the nucleon-nucleon force profile quantitatively from substrate field
equations. Show the three regimes (zero beyond ~3 fm, attractive 0.8-3 fm, repulsive
below 0.5 fm) from vortex interaction geometry. Compare to the Argonne v18
nucleon-nucleon potential data [Wiringa et al., 1995]. Requires OP12.

OP33 — Derive the hard core repulsion radius (~0.5 fm) from the proton vortex core
radius r_p = 0.879 fm and the reconnection distance scaling. Show that the
reconnection distance for two proton-scale vortex cores matches the observed hard

core radius. Requires OP12.

7. Summary

The residual strong force requires no new physics in EST v2. It is geometric vortex
incompatibility at internucleon distances. The five experimental properties that define
the residual strong force map onto five established vortex interaction behaviors:

Experimental Property

Short range (~2-3 fm)

Attractive at intermediate
range

Hard core repulsion below
~0.5 fm

Nucleon-pair dependence
(n-p > n-n > p-p)

EST v2 Mechanism

Toroidal electron vortex field
decays as (r_e/r)"3 —
negligible beyond a few fm

Mismatched
opposite-rotation vortex
partial overlap — torus
cannot cancel sphere

Vortex core reconnection and
rebound at core-radius
approach distance

Geometric compatibility
hierarchy: opposite
mismatched > same
mismatched > same
geometry

Fluid Dynamics Source

Lamb (1932) — toroidal
vortex ring field decay

Bewley et al. (2008);
Onsager (1949)

Fonda et al. (2014); Bewley
et al. (2008)

Helmholtz (1858); Saffman
(1992); Onsager (1949)



Saturation — nearest Vortex field falls off fast Schwarz (1988) — superfluid
neighbor only enough that only nearest vortex tangle dynamics
neighbors interact
significantly

Pions are turbulent cascade intermediates — the substrate's response to high-energy
nucleon interactions — not force carriers. The pion mass encodes the same geometric
energy scale that sets the electron vortex field radius. Yukawa's range formula and EST
v2 are measuring the same underlying geometry from different directions.
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