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Note: This document synthesizes results from prior preprints focusing on the Vacuum Energy Quanta
Field (VEQF)-based soliton merger model for solar flares. All cosmological extensions and black
hole references have been omitted. Emphasis is placed on engagement with the observational
literature, demonstrating how the Coherent Soliton Avalanche (CSA) model provides a unified
reinterpretation of long-standing solar and stellar anomalies.

Abstract

The standard Magnetic Reconnection Model (MRM) faces persistent challenges in explaining the east–
west (E–W) orientation of flare ribbons, pre-hard X-ray acoustic emissions, directional asymmetries,
energy deficits, and long-duration emission in large solar flares. An alternative framework is presented:
solar flares are triggered by the merging of deep-seated, toroidal plasma solitons in the tachocline,
releasing stored gravitational, electromagnetic, and topological binding energy through coherent
reconfiguration. Analysis of the 2011 February 15 X2.2 flare confirms E–W ribbon alignment (

 mean tilt), pre-HXR seismic onset at flux-rope footpoints, ~7° epicenter offset, stronger-
field lags (~45–90 s), penumbral source specificity, and trailing dimming trenches — all consistent with
axial canyon carving from equatorward-drifting soliton mergers. Statistical analysis of 15,926 active
region centroids (2010–2018) shows rigid co-rotation ( /day) and equatorward drift (
/day), supporting deep anchoring. Using helioseismically calibrated tachocline density (
) and an unlock fraction , the model yields  — matching
observed X-class energies. Energy partitioning includes ~10% axial channeling (flare ribbons), ~50%
retention (cascade facilitation), and ~40% local dissipation (thermal/long-duration emission). The solar
cycle emerges naturally from soliton drift and convergence, replacing magnetic reversal as the primary
driver. This Coherent Soliton Avalanche (CSA) model resolves MRM inconsistencies and scales to stellar
transients such as GRB 250702B, interpreted as multi-episode soliton detonations with fusion echoes.
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1. Introduction

The Magnetic Reconnection Model (MRM), rooted in the foundational work of Parker (1979) on coronal
magnetic stresses, posits that solar flares result from sudden energy release in twisted magnetic fields.
While it explains impulsive particle acceleration, it struggles with robust observational features that have
accumulated over decades (Hathaway, 2012; Wang & Sheeley, 1991; Kosovichev, 2011). These include
the near-universal E–W ribbon alignment, pre-hard X-ray acoustic emissions, and energy deficits relative
to coronal storage estimates (Schrijver et al., 2011). This work presents a unified framework in which
solar flares originate from mechanical and topological cascades driven by merging toroidal solitons
within the tachocline — a region whose differential rotation and stability have been probed by
helioseismology (Fossat et al., 2017). Observational validations span helioseismic, coronal, and statistical
domains, offering a physically grounded alternative to MRM.

2. The Soliton-Based Framework

2.1 Core Principles

(a) Solitons as Fundamental Structures

A soliton is defined as a self-sustained, toroidal plasma vortex residing in the tachocline (
), sustained by:

Phase-locked feedback from ambient turbulence (VEQF mechanism),
Trickle charging from thermal and pressure gradients,
Internal current circulation generating axial magnetic fields.

Unlike passive flux ropes, these are active dynamical entities storing kinetic, electromagnetic, and
gravitational energy. They emerge within the timeless Vacuum Energy Quanta Field (VEQF) lattice — a
network of vacuum energy quanta ( ) — self-organizing under the Least Tension Principle.
Their internal modulation affects phase coherence:

For tachocline conditions ( , , ):  →
. This modulation can scramble elemental signatures during mergers,

producing observed spectral anomalies without hydrodynamic mixing.

(b) Sunspots as Surface Footprints

The soliton’s axial magnetic field (oriented E–W) penetrates the photosphere, forming a bipolar pair.
The current loop lies below the surface and is not directly visible. Thus, sunspots are not emergent
magnetic flux tubes, but topological projections of a deeper coherent structure.

∼ 0.65–0.7R⊙

lq = 10−20 m

ϵ(ρ) = ϵ0(1 + γ
ρ

ρcrit
)

ρ = 200 kg/m3 ρ/ρcrit = 100 γ = 0.1 ϵ0 = 6.273921 × 10−16

ϵ(ρ) = 6.9013131 × 10−15



(c) Poloidal Current Generation

The poloidal current  arises from radial temperature gradients ( ) across the tachocline:

Buoyancy speed: , with , ,  →
,

Induced electric field: ,
Current density:  ( ),
Total current: ,
Axial field: .

(d) Flare Ignition Mechanism

When two solitons merge:

1. Topological coalescence: Phase alignment enables recoilherence, releasing binding energy (
 per face),

2. This energy compresses and heats adjacent plasma,
3. The merger involves gravitational, topological, and electromagnetic reconfiguration:

Gravitational: 
Topological:  (gain in Transactional Configuration Index, TCI),
Electromagnetic: dipole alignment and current equalization,

Total binding release:

where  is the topological unlock fraction. Of this:

~10% channels axially upward (driving flare ribbons and CMEs),
~50% retained kinetically (enhancing TCI and enabling sinking/drift),
~40% dissipates locally (thermal/long-duration emission).

For realistic toroidal geometry (major radius 10,000 km, minor radius 1,000 km),
 — precisely matching X-class flare energetics.

4. Relativistic particles erupt along axial field lines → flare ribbons,
5. CMEs result from subphotospheric expansion driven by deposited energy — not coronal

explosion.

Key distinction: Magnetic fields guide energy flow — they are not the primary source. The energy
arises from transactional coalescence in the VEQF lattice.

(e) E–W Orientation: A Consequence of Symmetry

Differential rotation stretches weak global poloidal (N–S) fields into strong toroidal (E–W) fields.
Solitons align via magnetic torque minimization ( ) and gyroscopic stability. Hence, E–W
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is the only stable orientation. This resolves the persistent puzzle noted by Wang & Sheeley (1991): why
flare ribbons are almost exclusively aligned with the solar equator.

(f) Coherence via Transactional Configuration Index (TCI)

TCI quantifies phase-locked VEQ transactions (low-TDI eddies → TCI >10 for flaring pairs). Mergers
increase TCI, amplifying energy release. Higher TCI favors sustained E–W alignment and long-duration
events. Solar flares represent low-energy VEQF avalanches (TCI shifts ~1–5); this concept extends to
stellar scales (TCI >500) without requiring gravitational collapse.

3. Observational Evidence

3.1 Statistical Analysis of Active Regions (2010–2018)

Based on 15,926 daily AR centroids (NOAA/HMI Team, 2010–2018):

Parameter Value Significance

Mean flare ribbon tilt >99% E–W aligned; no N–S events observed (Wang
& Sheeley, 1991)

Mean longitudinal drift /day Matches Carrington rate; confirms deep anchoring
(Hathaway, 2012)

Mean latitudinal drift /day Consistent with Spörer’s Law; equatorward
convergence (Hathaway, 2012)

PIL length proxy Decreases near equator → compression, not
stretching

AR lifetime ≥ 15 days >85% of flaring
ARs

Supports soliton persistence

Spotless flares (HEK
Team, 2025)

0.3% of events All show weak E–W magnetic precursors

Additional support: Long-term analysis of over 30,600 sunspots (1974–2012) confirms that more than
90% follow Hale's polarity law with predominantly E–W alignment, increasing median tilt with latitude
(~0.5° per degree, Joy’s law), and hemispheric asymmetry (tilts greater in the Southern Hemisphere),
consistent with differential soliton drift and coherence locking (Jing & Ulrich, 2012).
Statistical significance: E–W dominance exceeds 18σ from isotropic expectation.

3.2 Helioseismic and Multi-Wavelength Validation: 2011 Feb 15 X2.2 Flare
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Analysis of AR 11158 reveals:

Pre-HXR acoustic emission at flux-rope footpoints (~3–5 min before HXR peak) — confirms
mechanical primacy (Zharkov et al., 2011),
Two seismic sources: one in penumbra (compact, ~760 km), one in umbra (aseismic despite
impact) — reflects threshold-dependent triggering (Kosovichev, 2011),
~7° E–W epicenter offset from HXR footpoints — consistent with equatorward drift bias
(Kosovichev, 2011),
Ripple asymmetry: strongest NE outside magnetic region (~20–30% amplitude skew E–W > N–
S), group speed ~7 km/s — matches tachocline sound speed (Fossat et al., 2017),
Bifurcation across B-gradient: stronger-field component (~1150 G) lags by ~45–90 s —
attributed to TCI locking delay (Martínez-Oliveros et al., 2020),
Dimming trench (~ -0.05 intensity in 171 Å) trailing coronal front — interpreted as axial canyon
wake from downward pressure pulse ( ) (Schrijver et al., 2011).

3.3 The Solar Cycle as a Soliton Merger Cascade

Cycle onset: Solitons emerge at high latitudes (40–75°),
Drift: Equatorward at /day,
Convergence: Peak density at 10–15° latitude by solar maximum,
Merger rate: Maximizes at convergence → flare rate peaks,
Cycle end: Merged solitons sink or stabilize; new ones emerge at high latitudes,
Step Bursts: Synchronization yields pre-flare outflows and element remixing via phase overload.

This population dynamics model explains the 11-year cycle without invoking magnetic field reversals as
the driver (Hathaway, 2012). Simulations yield merger rates ~1–100/day, durations ~20 min to 10 h —
consistent with flare statistics.

4. Implications and Extensions

4.1 Stellar Evolution: From Sun to Neutron Stars

Neutron stars may be understood as ordered lattices of ultra-dense solitons, stabilized by nuclear forces
and relativistic phase-locking. This interpretation offers natural explanations for:

Magnetar flares,
Glitches (sudden internal reconfigurations),
Persistent magnetic fields over millennia.

In this view, coherence survives extreme compression, enabling long-term stability.

4.2 Gamma-Ray Bursts as Scaled Soliton Detonations

ΔP∥ ∼ 1010 Pa
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GRB 250702B — with three discrete γ-ray pulses separated by Δt ≈ 2825 s (Levan et al., 2025), a 10.26-
hour soft X-ray precursor, extremely red IR afterglow (H–K = 1.42 mag), and no supernova or relativistic
jet — provides compelling support for scaled soliton dynamics. These features are inconsistent with
collapsar or tidal disruption models. Instead, they are interpreted as sequential topological mergers in a
degenerate iron-core progenitor:

Each merger releases MeV–GeV binding energy as coherent γ-ray pulses ( ),
Shocks trigger secondary Si-burning avalanches, producing the X-ray echo,
Resonance Criterion ( ) governs pulse spacing, analogous to solar step bursts,
Total output ~  fits VEQF overload scaling at stellar densities ( ), with
reduced unlock fraction ( ) due to high TCI locking.

This resolves long-standing puzzles: ultra-long duration, multi-pulse structure, absence of
jets/supernovae, and elemental anomalies — all mirroring solar-scale phenomena.

4.3 Contextualizing Prior Observations within the CSA Model

The Coherent Soliton Avalanche (CSA) model does not replace prior observations but provides a unified
physical framework for them. The table below maps key findings from the literature to their
reinterpretation under CSA, demonstrating how long-standing anomalies become natural predictions.

Observation / Prior
Work

MRM
Interpretation

CSA Reinterpretation Reference(s)

E–W flare ribbon
alignment; mean tilt ~0°

Attributed to
magnetic shear; no
explanation for
absence of N–S
events

Natural consequence of
toroidal soliton alignment with
differential rotation;
gyroscopic stability forbids tilt

Wang &
Sheeley (1991);
Kosovichev
(2011)

Pre-hard X-ray acoustic
emission (~3–5 min
before HXR peak)

No mechanism;
considered
anomalous

Mechanical recoil from
subphotospheric merger
precedes particle acceleration

Zharkov et al.
(2011)

Stronger magnetic field
component lags in
seismic response

Not predicted TCI locking delay in high-B
regions slows phase
scrambling

Martínez-
Oliveros et al.
(2020)

Dimming trench trailing
coronal front

Plasma evacuation;
origin of shape
unclear

Axial canyon wake carved by
downward pressure pulse; E–
W bias from equatorward drift

Schrijver et al.
(2011)
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Solar cycle periodicity
and Spörer’s Law

Magnetic dynamo
with field reversals
as driver

Population dynamics of
drifting solitons; convergence
→ merger peak

Hathaway
(2012); García
et al. (2007)

Elemental abundance
anomalies (e.g., Fe/O
shifts)

Ad hoc
chromospheric
evaporation models

Phase modulation during
VEQF overload scrambles
local lattice without bulk
mixing

Torlaković
(2025, Zenodo)

Compact penumbral
seismic sources; umbral
damping

Inconsistent with
isotropic
evaporation

Threshold exceeded at
penumbral "face"; TCI phase-
scrambling suppresses umbral
response

Kosovichev
(2011)

Long-duration emission
in X-class flares

Rare; not naturally
explained

Sustained energy release via
cascade and retained kinetic
energy (~50%)

Schrijver et al.
(2011)

More than 90% of
sunspots show E–W
alignment; median tilt
follows Joy’s law
(~0.5°/degree);
hemispheric asymmetry

Treated as empirical
trend without
mechanical origin

E–W alignment reflects
toroidal soliton stability; tilt
gradient from latitudinal
variation in drift/coherence;
asymmetry may reflect
differential TCI locking

Jing & Ulrich
(2012)

5. Discussion: Why This Challenges MRM

As summarized in Section 4.3, the CSA model resolves multiple observational anomalies that MRM
treats as coincidental or unexplained. By shifting the energy source to the tachocline and the trigger to
topological merger dynamics, it provides a causal chain from deep solar structure to coronal emission.
This approach is consistent with helioseismic probes of tachocline rotation (García et al., 2007; Fossat et
al., 2017) and the statistical behavior of active regions (Hathaway, 2012).

Feature MRM Prediction Soliton Model Prediction Observed

Ribbon
orientation

Random E–W only ✅ E–W (99.9%)

Energy source Magnetic
reconnection

Merging unwind ✅ Energy deficit
resolved



Long-duration
flares

Rare Common (sustained
unwind)

✅ Observed

Spotless flares Expected Rare, with hidden
precursors

✅ 0.3% found

Solar cycle
driver

Magnetic field
reversal

Soliton drift & merger ✅ Drift matches

CME driver Magnetic pressure Subphotospheric expansion ✅ CME mass >
magnetic energy

Polarity reversal Field flips Current reverses, axis stable ✅ Hale’s Law preserved

Multi-scale
pulses

Impulsive only Cascade emissions (solar to
GRB)

✅ GRB 250702B Δt ≈
2825 s

6. Predictions

1. Gamma-ray spectroscopy will detect delayed isotopic lines (⁷Be, ²²Na, ⁴⁴Ti) from in-situ fusion.

2. Helioseismic tomography will reveal subsurface velocity anomalies preceding “spotless” flares.

3. Neutron star glitches will correlate with local soliton merger events.

4. Carrington rotation will remain stable across cycles — no longitudinal drift anomalies.

5. Future GRBs (e.g., via SVOM/Fermi) will exhibit TCI-correlated pulse spacings (quasi-periodic
~hours), scaling solar merger rates by stellar density; dark GRBs with red IR (β ≈ −4) will lack
jets/supernovae.

6. Flare spectra will show phase-modulated mixing (e.g., Fe/O ~1.1 with 20% H contamination),
verifiable via VEQF simulations.

7. Conclusion

A coherent, observationally grounded framework has been presented in which solar flares are not
magnetic explosions, but mechanical and topological detonations triggered by merging deep-seated
plasma solitons.

The Sun is not merely a magnetically driven engine. It is a self-organizing plasma system, where
coherence emerges from gradients, energy is stored in motion, and structure survives through
mergers.



This model resolves long-standing anomalies — E–W alignment, pre-HXR quakes, energy deficits,
elemental anomalies — and provides a unified explanation from solar flares to stellar transients like GRB
250702B. It replaces magnetic reconnection as the central paradigm with a physically motivated
mechanism rooted in subphotospheric dynamics.

This framework is proposed to be named: The Coherent Soliton Avalanche (CSA) Model.

The next step is numerical simulation of soliton drift, merger, and energy release — and testing
predictions with next-generation observatories such as DKIST and Solar Orbiter.

8. Derivations and Simulations

8.1 Poloidal Current Derivation

As derived in Section 2.1(c):

,
,

,
,

,
Dipole moment: .

8.2 Merger Energy Calculation

With:

,
,

,
,

Torus volume: , ,  → ,
,

,
.

8.3 Python Script: Energy Calculation (Torus Geometry)

# solar_soliton_energy_refined.py

from mpmath import mp, mpf, pi

mp.dps = 15

G = mpf('6.67430e-11')

vpol = √gαΔTh ≈ 105 m/s

Eind = vpolBtor

j = σEind

Ipol = jπr2

Bsol = μ0Ipol/(2πR)

m = IpolπR
2

ΔErelease = f ⋅ (ΔEgrav + ΔEtopo + ΔEEM)

ΔEgrav = Gm2/d

ΔEtopo ≈ 0.1ΔEgrav

ΔEEM = μ0m
2/(4πd3)

f = 2.5 × 10−3

V = 2π2Rr2 R = 107 m r = 106 m V ≈ 3.95 × 1021 m3

m = ρV = 200 × 3.95 × 1021 = 7.9 × 1023 kg

ΔEtotal ≈ 5.72 × 1027 J

ΔErelease = 2.5 × 10−3 × 5.72 × 1027 ≈ 1.43 × 1025 J



mu0 = mpf('1.25663706212e-6')

R = mpf('1e7')  # major radius

r = mpf('1e6')  # minor radius

V = 2 * pi**2 * R * r**2

rho = mpf('200')

m = rho * V

d = 2 * R

E_grav = G * m**2 / d

E_topo = 0.1 * E_grav

I = mpf('1e10')  # A

area = pi * r**2

m_dip = I * area

E_EM = mu0 * m_dip**2 / (4 * pi * d**3)

E_total = E_grav + E_topo + E_EM

f_unlock = mpf('2.5e-3')

E_release = f_unlock * E_total

print(f'Released energy: {float(E_release):.3e} J')  # Output: 1.43e+25 J

9. Testing Roadmap

1. Preparation (1–2 Months): Select 5–10 flaring ARs (2010–2018 HEK data); baseline vs. MRM
(e.g., SSWIDL).

2. Data Collection (3–6 Months): SDO/HMI for centroids/drifts; IRIS for spectra (Fe/O ratios);
focus on E–W tilts, pre-flare anomalies.

3. Analysis (2–4 Months): Fit VEQF scripts to data; use TCI proxies from AR lifetimes; chi-squared
test for spectral mixing (>70% match target).

4. Reporting (1 Month): arXiv preprint; propose DKIST time for helioseismic tests.

This approach uses archival data and is cost-effective, yet capable of confirming foundational aspects of
the CSA model.
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