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Abstract

Recent developments within the Quarkbase Cosmology framework establish that
electromagnetic phenomena in graphene arise from longitudinal and transverse re-
organizations of a frictionless etheric plasma described by the scalar pressure field
Ψ(x, t). This reinterpretation of optical absorption, superconductivity, thermal hy-
perconductivity, strain-dependent absorbance, and electron–Ψ coupling suggests
that graphene can support entirely new classes of laser mechanisms that do not
require electronic bandgaps, population inversion, or conventional recombination
physics. Building upon experimental predictions and theoretical results presented
in Curvature Tunable Absorbance In Graphene A Quarkbase Cosmology Predic-

tion (Omeñaca Prado, 2025), Simultaneous Enhancement of Electrical and Ther-

mal Conductivity in Graphene through Excitation of the Etheric Longitudinal Mode

(Omeñaca Prado, 2025), The Quarkbase Cosmology Explanation of Superconductiv-

ity and Thermal Hyperconductivity in Graphene (Omeñaca Prado, 2025), Optical

Absorption, Quantum Hall Effect and Superconductivity in Graphene (Omeñaca
Prado, 2025), and The Next Electromagnetic Revolution: Maxwell’s Equations in

the Framework of Quarkbase Cosmology (Omeñaca Prado, 2025), this work iden-
tifies seven independent laser architectures enabled by the Ψ-field dynamics in
strained or curved graphene. Each concept exploits a distinct physical mechanism—
longitudinal pressure modes, curvature-tunable absorbance, coherent Ψ-phase dy-
namics, thermal-to-optical conversion through hyperconductivity, plasmo-Ψ hybrid
coupling, gap-free emission, and pressure-anisotropy gain—to define potential de-
vices that exceed the efficiency, durability, and spectral tunability of traditional
semiconductor lasers.
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1 Introduction

Conventional laser technologies rely on principles rooted in electronic band theory:
population inversion across a semiconductor bandgap, electron–hole recombination, or
nonlinear optical gain in complex multilayer structures. These mechanisms impose strict
material and operational constraints: narrow spectral windows, thermal fragility, de-
pendence on defect-free crystalline semiconductors, and efficiency limited by scattering,
phonon interactions, and intrinsic energy losses.

The Quarkbase Cosmology framework redefines this landscape. In this theoretical
model, electromagnetic fields are pressure gradients and vorticity patterns within a fric-
tionless etheric plasma. Graphene, due to its hexagonal lattice of compact quarkbases
and its ability to modulate the local density of Ψ-channels, becomes an ideal resonator
for both longitudinal and transverse pressure modes.

Several peer-reviewed theoretical works in this framework already demonstrate:

• strain-dependent optical absorbance and modification of the effective coupling α(ε)
(Omeñaca Prado, Absorbancia Sintonizable por Curvatura en el Grafeno, 2025),

• resonant enhancement of electrical and thermal conductivity through excitation
of the etheric longitudinal mode (Omeñaca Prado, Simultaneous Enhancement...,
2025),

• emergence of dissipationless currents from coherent Ψ-phase organization without
Cooper pairs (Omeñaca Prado, Superconductivity and Thermal Hyperconductivity
in Graphene, 2025),

• reinterpretation of E and B as Ψ-derived pressure and vorticity fields (Omeñaca
Prado, The Next Electromagnetic Revolution, 2025),

• and universal optical absorption rooted in pressure-channel resonance rather than
electronic transition probabilities (Omeñaca Prado, Optical Absorption, Quantum
Hall Effect and Superconductivity in Graphene, 2025).

These results reveal a new design space for laser devices: systems in which emission is
governed not by electronic transitions but by coherent oscillations, resonances, or phase
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dynamics of the Ψ-field itself. From this basis, we propose seven laser architectures—
independent, complementary, and experimentally distinguishable—which extend the tech-
nological potential of graphene far beyond the limits of conventional photonics.

Each of the seven sections that follow presents:

1. the physical mechanism,

2. the mathematical or experimental foundation within Quarkbase Cosmology,

3. the specific supporting references,

4. the proposed laser architecture, and

5. the predicted performance advantages.

2 The Ψ-Longitudinal Laser: Coherent Emission from
Etheric Pressure Waves

2.1 Physical Mechanism

Within the Quarkbase Cosmology framework, longitudinal modes of the etheric pres-
sure field Ψ(x, t) can propagate in graphene with minimal or negligible dissipation due to
the frictionless condition µ = 0 (Fourth Axiom). These modes are not electromagnetic
oscillations in the classical sense; instead, they are scalar pressure waves of the etheric
plasma that couple to electric and thermal transport in highly specific ways.

The key result is that strained or patterned graphene can confine these longitudinal
modes into discrete resonant cavities whose natural frequency obeys:

ωΨ ≈
πcΨ

L
,

as derived in Simultaneous Enhancement of Electrical and Thermal Conductivity in Gra-
phene through Excitation of the Etheric Longitudinal Mode (Omeñaca Prado, 2025).

Here, cΨ is the propagation velocity of longitudinal disturbances of the etheric plasma,
and L is the cavity length set by real-space patterns in the graphene sheet (strain fields,
curvature, moiré patterns, or lithographically defined channels).

Because the etheric field experiences no friction (µ = 0), these modes can store and
amplify energy without the intrinsic losses that limit plasmonic or phononic devices.

2.2 Theoretical Foundations and References

Three results from previous works establish the theoretical basis for this laser concept:

1. Longitudinal Ψ-mode resonance — Graphene supports a confined etheric cav-
ity mode where the susceptibility χΨ(ω) displays a clear Lorentzian resonance.
(Omeñaca Prado 2025: ’Simultaneous Enhancement of Electrical and Thermal Con-
ductivity in Graphene Through Excitation of the Etheric Longitudinal Mode’).
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2. Correlation between σ and κ via Ψ-mode excitation — When the Ψ-mode
is excited, electrical and thermal conductivity rise simultaneously, proving that the
mode coherently modulates carrier flow. (Same reference as above).

3. Pressure-based reinterpretation of electromagnetism — The scalar field Ψ
contributes directly to E via E = −∇Ψ − ∂tA. Therefore, oscillations of Ψ neces-
sarily produce electromagnetic emission. (Omeñaca Prado 2025: ’The Next Elec-
tromagnetic Revolution: Maxwell’s Equations in the Framework of Quarkbase Cos-
mology’).

Together, these results show that a coherent longitudinal mode of Ψ is capable of stim-
ulated emission of electromagnetic radiation, even though the active mechanism is
not electronic recombination but pressure-wave amplification.

2.3 Device Architecture

A Ψ-Longitudinal Laser consists of:

• Graphene cavity defined by a length L or a strain-engineered waveguide.

• External THz or mid-IR pump matching ω ≈ ωΨ.

• Feedback mechanism via either geometric confinement or folded strain channels.

• Outcoupling aperture where the Ψ-driven electromagnetic oscillation escapes as
coherent light.

The pump does not excite electronic populations; it excites the Ψ-mode directly. When
the pumping frequency approaches ωΨ, the susceptibility χΨ diverges, enabling coherent
amplification.

2.4 Expected Performance Advantages

Because the laser relies on pressure-field dynamics rather than electron–hole recombi-
nation:

• No bandgap is needed → works in monolayer graphene.

• Minimal heat generation → energy stored in Ψ waves instead of carrier scatter-
ing.

• High efficiency → no losses due to friction in the ether (µ = 0).

• Potentially extremely high Q-factors due to absence of intrinsic damping.

• Spectral region: 10–60 THz (THz / mid-IR).

This makes the Ψ-Longitudinal Laser a candidate for room-temperature coherent THz
sources, ultra-stable metrology oscillators, and communication devices with bandwidths
far exceeding conventional photonics.
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2.5 Characteristics

The Ψ-Longitudinal Laser is the most direct and natural laser mechanism derived from
Quarkbase Cosmology. It leverages:

• resonant etheric pressure waves,

• strain-engineered graphene cavities,

• divergence of χΨ near ωΨ,

• and the direct mapping of Ψ oscillations into electromagnetic emission.

This represents a fundamentally new class of laser, unattainable in standard semicon-
ductor physics.

3 The Curvature-Tunable κ-Laser: Strain-Controlled
Optical Gain in Graphene

3.1 Physical Mechanism

Among all known materials, graphene is unique in that its optical absorbance is both:

1. almost perfectly universal (≈ 2.3%), and

2. predictably modifiable by strain or curvature.

This second property is not part of conventional physics. It arises exclusively from the
Quarkbase Cosmology interpretation of graphene as a hexagonal network of quarkbases
shaping local channels of etheric pressure.

In Absorbancia Sintonizable por Curvatura en el Grafeno (Omeñaca Prado, 2025), it
was shown that the effective coupling constant α(ε) becomes geometry-dependent:

α(ε) = α0(1 + κε),

where ε is the biaxial strain or curvature and κ ≈ 10−2–10−3 per % strain.
This means:

the optical absorbance — and therefore the optical gain — varies
linearly with curvature.

If absorbance increases with strain, emission (the reciprocal phenomenon) can be
amplified or suppressed by tuning the same geometric factor.

This is the foundation for the curvature-tunable κ-Laser.
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3.2 Theoretical Foundations and References

The κ-laser relies on three established results:

1. Curvature-dependent absorbance
Absorbance is not constant as traditionally assumed. Instead, strain changes the
density of etheric pressure channels guiding electromagnetic propagation. (Omeñaca
Prado, Curvature Tunable Absorbance in Graphene: A Quarkbase Cosmology Pre-
diction, 2025).

2. Cavity modulation through curvature
Curvature modifies local α(ε), altering resonance conditions and the balance be-
tween absorption and stimulated emission.

3. Phase-coherent response of Ψ in hexagonal cavities
Graphene supports long-range coherent modes of the Ψ-field (demonstrated in the
superconductivity and longitudinal-mode papers). (Omeñaca Prado, The Quark-
base Cosmology Explanation of Superconductivity and Thermal Hyperconductivity
in Graphene, 2025).

Together, these results imply that curvature is a tunable control parameter for
optical gain, something that does not exist in conventional semiconductor lasers.

3.3 Device Architecture

The κ-Laser can be implemented using:

• Graphene dome, nanobubble, or suspended membrane,

• Curvature-engineered waveguide, or

• Strain-controlled flexible substrate.

A dynamically adjustable region of curvature (e.g., piezo-controlled, thermally in-
duced, or mechanically actuated) modulates α(ε), modifying:

• the gain coefficient,

• the threshold condition,

• and the output frequency if coupled to a resonant cavity.

Operational principle:

1. Pump energy enters the graphene layer (optical, electrical, or THz).

2. The strained region modifies effective gain via α(ε).

3. When curvature reaches the critical regime, stimulated emission dominates.

4. Laser output is extracted at the boundary or through an aperture.

7



3.4 Expected Performance Advantages

The κ-Laser introduces properties absent from any classical laser architecture:

• Continuous geometric tuning of wavelength, gain, threshold, and Q-factor.

• No electronic bandgap required — the mechanism is purely geometric and
Ψ-mediated.

• High mechanical resilience, because graphene does not degrade under repeated
bending.

• Compact, ultra-thin form factor (< 1 nm active layer thickness).

• Potentially room-temperature operation, due to negligible role of carrier re-
combination.

A curvature-modulated laser could act as:

• a tunable coherent emitter,

• an optical modulator,

• a reconfigurable communication source,

• or a dynamically adjustable THz/IR laser.

3.5 Characteristics

The curvature-tunable κ-Laser is the first laser architecture in which curvature
directly controls optical gain. This mechanism is a direct prediction of Quarkbase
Cosmology and relies entirely on experimentally accessible strain engineering in graphene.

It represents a step toward mechanically programmable photonics, where geom-
etry replaces doping, band engineering, or quantum-well structures.

4 The Ψ-Phase Laser: Coherent Emission from Etheric
Phase Dynamics

4.1 Physical Mechanism

In conventional superconductors, Josephson oscillations arise from the difference be-
tween the macroscopic quantum phases of two superconducting regions. In Quarkbase
Cosmology, however, the phase θ of the etheric pressure field Ψ(x, t) is itself a dynamical
variable capable of long-range coherence in graphene—even without Cooper pairs.

This fundamental result is established in:
Omeñaca Prado (2025), “The Quarkbase Cosmology Explanation of Superconductivity

and Thermal Hyperconductivity in Graphene” and its extended English counterpart.
There, the nondissipative current associated with the coherent Ψ-field is:

jQ = κ ♣Ψ♣2 (∇θ − Aeff) .
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This expression is mathematically analogous to the Josephson supercurrent, except
that:

• the coherence resides in Ψ-phase, not in electron pairs,

• no superconducting gap is required,

• the etheric medium is frictionless (Fourth Axiom),

• and graphene acts as a 2D cavity that stabilizes the phase state.

This implies that if a phase gradient ∇θ is induced across a junction or interface,
the Ψ-field will automatically generate a coherent oscillation—producing electromagnetic
emission through

E = −∇Ψ − ∂tA

(Omeñaca Prado, “The Next Electromagnetic Revolution”, 2025).
This emission is the basis of the Ψ-Phase Laser.

4.2 Theoretical Foundations and References

The Ψ-Phase Laser relies on four pillars:

1. Existence of long-range coherent Ψ-phase in graphene
Derived via a Ginzburg–Landau–like reduction of the Ψ-field Hamiltonian. (The
Quarkbase Cosmology Explanation of Superconductivity and Thermal Hyperconduc-
tivity in Graphene, 2025)

2. Phase stiffness K and dissipationless flow
K arises from the conservation of etheric pressure volume and the intrinsic nonlin-
earity of Ψ. (same reference)

3. Phase-dependent current analogous to Josephson effect
jQ ∝ ♣Ψ♣2(∇θ − Aeff). (same reference)

4. Emission of EM radiation by Ψ-phase oscillation
Because EM fields are pressure/vorticity gradients, any oscillation in θ produces EM
emission through ∂tΨ. (The Next Electromagnetic Revolution: Maxwell’s Equations
in the Framework of Quarkbase Cosmology, 2025)

These results collectively demonstrate that Josephson-like electromagnetic oscil-
lations can exist even in the absence of superconducting pairing, driven purely
by the coherent phase of the etheric plasma.

4.3 Device Architecture

The Ψ-Phase Laser consists of:

• Two graphene regions separated by a nanoscale weak link (physical or strain-
induced),
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• Different Ψ-phase values θ1 and θ2 engineered by external biasing, curvature
gradients, or patterned pumping,

• A cavity or waveguide surrounding the junction to capture the emitted radiation.

Operational regime:

1. A controlled phase difference ∆θ = θ1 − θ2 is established.

2. The system responds with a phase-slippage dynamics: θ̇ = constant.

3. This leads to a periodic oscillation of Ψ, analogous to AC Josephson oscillations.

4. Electromagnetic radiation is emitted at frequency

f =
1

2π
θ̇,

where θ̇ depends on the externally applied energy or strain gradient.

5. The cavity extracts this coherent radiation as the laser output.

4.4 Expected Performance Advantages

The Ψ-Phase Laser would possess characteristics unmatched by any known Josephson
device:

• No need for superconducting materials — works in pristine graphene.

• No Cooper pairs — coherence arises from the Ψ-field.

• Operates at room temperature — coherence of Ψ is geometric, not thermal.

• High frequency range — potentially from GHz up to THz depending on θ̇.

• Extremely low noise — due to µ = 0 eliminating intrinsic friction.

• Sub-nanometer active region — due to the atomically thin graphene junction.

Because emission is driven by phase dynamics rather than population inversion or plas-
monic gain, this laser architecture may become the most compact coherent emitter
ever proposed.

4.5 Characteristics

The Ψ-Phase Laser uses phase coherence of the etheric pressure field to generate
electromagnetic radiation without superconductivity, without bandgaps, and without any
of the scattering mechanisms that limit electronic or photonic devices.

It represents:

• a new laser class based on phase dynamics of a frictionless medium,

• a Josephson-like oscillator without superconductivity,

• and a gateway to ultrafast, ultra-miniaturized coherent sources.
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5 The Hyperconductive Thermal Ψ-Laser: Coherent
Emission from Longitudinal Heat-Pressure Cou-
pling

5.1 Physical Mechanism

In classical physics, heat transport is diffusive, incoherent, and fundamentally unsuit-
able for lasing. But in Quarkbase Cosmology, heat flow in graphene can become coherent
when the etheric longitudinal mode Ψ is resonantly excited.

This phenomenon is established in:
Omeñaca Prado (2025), “Simultaneous Enhancement of Electrical and Thermal Con-

ductivity in Graphene through Excitation of the Etheric Longitudinal Mode”.
Key results:

1. The Ψ-mode couples simultaneously to electric and heat flux densities through

Lint = −ge Ψ ∇·Je − gq Ψ ∇·q.

2. Near resonance (ω ≈ ωΨ), scattering rates decrease for both charge and heat carriers:

γe(ω) = γe0 − g2

e ℑ[χΨ(ω)], γq(ω) = γq0 − g2

q ℑ[χΨ(ω)].

3. Electrical conductivity σ and thermal conductivity κ rise together with the same
Lorentzian amplitude distribution:

∆σ

σ
∝

∆κ

κ
∝

Γ2

Ψ

(ω − ωΨ)2 + Γ2
Ψ

.

This correlation means that thermal transport becomes phase-coherent, behav-
ing like a driven longitudinal oscillation of the pressure field.

And because electromagnetic radiation emerges from ∂tΨ (from “The Next Electro-
magnetic Revolution”, Omeñaca Prado, 2025), any sustained oscillation of the excited
Ψ-mode will naturally radiate.

Thus, a new mechanism becomes available:

convert coherent thermal hyperconductivity into coherent electro-
magnetic emission.

This is the world’s first “thermal laser” that is not based on black-body emission,
nonlinear crystals, or phonon pumping—but on coherent etheric dynamics.

5.2 Theoretical Foundations and References

The Hyperconductive Thermal Ψ-Laser is supported by three pillars:

1. Resonant excitation of the longitudinal Ψ-mode — proven analytically in the
conductivity enhancement paper. (Omeñaca Prado, 2025, Simultaneous Enhance-
ment of Electrical and Thermal Conductivity in Graphene Through Excitation of
the Etheric Longitudinal Mode)
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2. Coherence between electrical and thermal transport — unique to the pressure-
field interpretation of graphene. (same reference)

3. Electromagnetic emission from Ψ oscillations — since E = −∇Ψ − ∂tA, any
strong oscillation in Ψ produces EM waves. (Omeñaca Prado, The Next Electromag-
netic Revolution: Maxwell’s Equations in the Framework of Quarkbase Cosmology,
2025)

This set of results makes coherent thermal emission not only possible but technically
predictable.

5.3 Device Architecture

A Hyperconductive Thermal Ψ-Laser consists of:

1. A graphene membrane or ribbon engineered to support a longitudinal cavity
mode with resonant frequency ωΨ.

2. A pump source — optical, THz, electrical, or mechanical — tuned near ωΨ to
maximize ℑ[χΨ].

3. A confinement geometry — either a folded graphene waveguide, a nanobubble,
a toroidal strain cavity, or a lithographic resonator.

4. A thermal coupling region — where heat flux density ∇· q modulates Ψ.

5. An output EM aperture, where the modulated Ψ-oscillation radiates as coherent
photons.

Important difference with normal lasers:

• There is no population inversion.

• There is no electronic bandgap.

All coherence stems from the driven longitudinal mode of Ψ, which organizes thermal
flux into a phase-locked oscillation.

5.4 Expected Performance Advantages

The Hyperconductive Thermal Ψ-Laser achieves performance regimes beyond reach of
any classical thermal device:

• Coherent heat-to-light conversion (physically unprecedented).

• Operating frequencies in the THz–mid-IR regime.

• No need for cryogenics — coherence arises from Ψ, not electronic states.

• Near-zero intrinsic loss due to µ = 0 (Fourth Axiom).
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• Extreme robustness — graphene tolerates high temperatures and large thermal
gradients.

• Potential efficiency far above Wien/Planck limits, because emission is not
statistical but coherent.

This device alone represents an entirely new branch of photonics: coherent thermal
photonics driven by etheric pressure waves.

5.5 Characteristics

The Hyperconductive Thermal Ψ-Laser exploits the deep connection between:

• coherent thermal transport,

• resonant enhancement of Ψ susceptibility,

• and EM emission from pressure-field oscillations.

It is a coherent thermal emitter, something previously considered impossible.
This device expands the Quarkbase framework into the territory of controlled ther-

mal coherence, with applications in sensing, thermal communication, photonic cooling,
and high-efficiency coherent emission.

6 The Plasmo-Ψ Hybrid Laser: Coherent Emission
from Plasmon–Pressure Coupled Modes

6.1 Physical Mechanism

In graphene, electronic plasmons are strongly confined electromagnetic oscillations
driven by collective charge density motion. In Quarkbase Cosmology, however, charge
motion is inseparable from reorganizations of the etheric pressure field Ψ(x, t). This means
that plasmons are not just charge oscillations — they are coupled pressure–vorticity
excitations.

Two key results from your work establish the foundation for this hybrid mechanism:

1. Optical absorption in graphene arises from Ψ-channel resonance, not elec-
tronic band transitions (Omeñaca Prado, “Optical Absorption, Quantum Hall Ef-
fect and Superconductivity in Graphene”, 2025 ). This already links plasmons to
Ψ-guided energy flow.

2. The scalar field Ψ contributes directly to E and couples to currents, as
shown in “The Next Electromagnetic Revolution: Maxwell’s Equations in the Frame-
work of Quarkbase Cosmology” (Omeñaca Prado, 2025). Thus any plasmon neces-
sarily contains a Ψ-component.
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When a plasmonic oscillation couples coherently with a longitudinal Ψ-mode, a hybrid
excitation emerges:

Plasmo-Ψ Mode = plasmonic (electron + vorticity)+longitudinal Ψ (pressure) coherence.

Because both subcomponents can store and transport energy with extremely low loss
(the plasmon via 2D electronic confinement, the Ψ-mode via µ = 0 frictionless plasma),
the hybrid mode achieves:

• higher Q-factor,

• lower dissipation,

• stronger confinement,

• efficient conversion to electromagnetic radiation.

This hybrid oscillation becomes a natural candidate for a laser mechanism, with
the Ψ-field providing the gain channel and the plasmon offering confinement and field
enhancement.

6.2 Theoretical Foundations and References

The following results directly support the existence of plasmo-Ψ hybrid modes:

1. Coupling of Ψ-field to electric current density
The interaction term

Lint = −g2 (∇Ψ) · j

shows that charge flow directly excites Ψ. (Omeñaca Prado, Simultaneous Enhance-
ment of Electrical and Thermal Conductivity in Graphene Through Excitation of the
Etheric Longitudinal Mode, 2025 )

2. Plasmonic modes depend on local pressure-channel geometry
Demonstrated in the curvature-dependent absorbance article. (Curvature Tunable
Absorbance in Graphene: A Quarkbase Cosmology Prediction, 2025 )

3. Graphene supports long-range Ψ coherence
This provides the phase-stiffness component of the hybrid mode. (The Quarkbase
Cosmology Explanation of Superconductivity and Thermal Hyperconductivity in Gra-
phene, 2025 )

4. Electromagnetic fields emerge from Ψ reorganizations
Meaning plasmonic EM oscillations inherently contain Ψ dynamics. (The Next Elec-
tromagnetic Revolution: Maxwell’s Equations in the Framework of Quarkbase Cos-
mology, 2025 )

Thus, the plasmo-Ψ hybrid mode is not speculative; it is a direct implication of the
Quarkbase reinterpretation of E and B.
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6.3 Device Architecture

A Plasmo-Ψ Hybrid Laser can be implemented via:

1. Nanostructured graphene resonators
Ribbons, disks, gratings, or moiré patterns tuned to support plasmonic modes.

2. Strain-engineered or curvature-engineered regions
Where the longitudinal Ψ-mode is confined.

3. A coupling region
Where plasmonic charge oscillations and Ψ-pressure oscillations overlap strongly.

4. A feedback cavity
Formed either by geometric patterning or folded graphene waveguides.

5. Pump source
Optical, electrical, or THz pumping into the plasmon resonance.

The plasmon acts as the “starter” that drives Ψ excitations through the coupling term,
while Ψ coherence stabilizes and amplifies the oscillation.

The emission is extracted through plasmon–photon coupling at the resonator edges.

6.4 Expected Performance Advantages

The Plasmo-Ψ Hybrid Laser combines the best of both worlds:

Advantages from plasmonics:

• Extreme electromagnetic confinement (λeff ≪ λfree)

• Sub-wavelength cavity dimensions

• High field enhancement factors

Advantages from Ψ-dynamics:

• Ultra-low damping (µ = 0)

• High coherence length

• Pressure-driven amplification instead of electronic inversion

• Room-temperature operation

Joint advantages (unique):

• Potentially gigantic Q-factors due to mixing of low-loss Ψ-modes

• Broadband frequency tunability by strain, doping, and curvature

• Nanoscale footprint down to tens of nanometers

• Coherent mid-IR and THz emission with ultra-high brightness

This hybrid laser represents a category of its own — one that overcomes the intrinsic
losses of classical graphene plasmonics by offloading coherence into the frictionless Ψ-field.
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6.5 Characteristics

The Plasmo-Ψ Hybrid Laser exploits the natural mixing between:

• graphene plasmons, and

• etheric longitudinal pressure modes,

to generate a highly coherent, low-loss, deeply sub-wavelength source of electromag-
netic radiation. This is the first laser architecture unifying classical plasmon physics with
the pressure-dynamics of Quarkbase Cosmology.

It stands as one of the strongest candidates for nanoscale coherent light sources
with performance unattainable by purely electronic or purely photonic systems.

7 The Gap-Free Graphene Ψ-Laser: Coherent Emis-
sion Without Electronic Bandgaps

7.1 Physical Mechanism

Traditional lasers require a bandgap. Without one, population inversion and stim-
ulated emission cannot occur because electrons and holes are not separated in energy.
Graphene, being gapless, is therefore dismissed in classical photonics as a laser medium—
unless artificially patterned or doped.

But Quarkbase Cosmology overturns this assumption.
Your work shows that electromagnetic interactions in graphene do not originate from

band transitions. Instead, they arise from pressure-field resonance in the etheric
plasma around each quarkbase:

• universal absorbance A = πα emerges from Ψ-channel geometry,

not from electron–photon transition probabilities.
This is established in:
Omeñaca Prado (2025), “Optical Absorption, Quantum Hall Effect and Superconduc-

tivity in Graphene”.
Furthermore:

• coherence of Ψ-fields in hexagonal cavities is independent of the electronic band
structure (Superconductivity & Hyperconductivity, 2025),

• curvature modifies α(ε), proving absorbance/emission coupling is geometric (Ab-
sorbancia Sintonizable por Curvatura, 2025),

• and EM waves are Ψ-vorticity reorganizations (The Next Electromagnetic Revolu-
tion, 2025).

Therefore:

Stimulated emission can occur without electronic transitions if the
active medium is the Ψ-field.

This gives rise to a revolutionary device:

the Gap-Free Graphene Ψ-Laser — a coherent emitter that works in
perfectly gapless monolayer graphene.
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7.2 Theoretical Foundations and References

This laser concept draws simultaneously from multiple previously established results:

1. Absorbance comes from Ψ-resonance, not electronic bands
Universal πα is geometric and pressure-mediated. (Optical Absorption, Quantum
Hall Effect and Superconductivity in Graphene: An Interpretation from Quarkbase
Cosmology, Omeñaca Prado 2025)

2. Curvature and strain tune α(ε)
Directly modifying gain potential without any reference to bandgaps. (Curvature
Tunable Absorbance in Graphene: A Quarkbase Cosmology Prediction, 2025)

3. Coherent Ψ-phase modes exist without Cooper pairs
Making stimulated phase-driven emission possible. (The Quarkbase Cosmology Ex-
planation of Superconductivity and Thermal Hyperconductivity in Graphene, 2025)

4. Electromagnetic waves are pressure oscillations
So coherent Ψ-modulations naturally radiate. (The Next Electromagnetic Revolu-
tion: Maxwell’s Equations in the Framework of Quarkbase Cosmology, 2025)

Together, these results show that bandgaps are not required for laser action in Quarkbase-
based photonics.

7.3 Device Architecture

A Gap-Free Graphene Ψ-Laser consists of:

1. A monolayer graphene membrane — perfectly flat or strain-patterned.

2. A resonator geometry — optical cavity, plasmonic bow-tie, phonon-like waveg-
uide, or Ψ-cavity.

3. A Ψ-field pumping mechanism — optical (visible/IR), electrical (DC or AC),
or mechanical (strain wave).

4. A feedback loop — formed by nano-patterned edges or distributed curvature.

5. Outcoupling structures — gaps, slits, gratings, or surface plasmon ports.

Operational mechanism:

1. The pump modifies Ψ locally by energy input.

2. The Ψ-field responds with coherent oscillations at its cavity frequency.

3. These oscillations produce EM emission because

E = −∇Ψ − ∂tA.

4. Feedback amplifies the oscillation.

5. Emission escapes through the optical port.

Nowhere in the process is a bandgap involved. All coherence arises from the Ψ-field.
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7.4 Expected Performance Advantages

The Gap-Free Graphene Ψ-Laser offers technological capabilities that are fundamen-
tally impossible in conventional semiconductor physics:

1. Works in monolayer graphene No gap, no doping, no superlattice needed.

2. Immune to temperature effects Because the coherent state resides in the fric-
tionless Ψ-field, not in electron populations.

3. Highly robust and flexible Graphene withstands extreme strain, heat, and radi-
ation.

4. Broad spectral tunability Frequency determined by cavity size and Ψ-mode dy-
namics, not electronic states.

5. Ultra-thin active region Just 0.34 nm thick — the thinnest possible laser medium.

6. Potential near-zero threshold Since µ = 0 eliminates dissipative loss.
This is the first physically consistent laser design in history that requires no

bandgap whatsoever.

7.5 Characteristics

The Gap-Free Graphene Ψ-Laser achieves coherent emission via:

• Ψ-field resonance,

• geometric modulation of absorbance,

• coherent etheric phase dynamics,

• and EM emergence from pressure oscillations.

It is the purest expression of Quarkbase Cosmology applied to photonics: a laser
medium whose operation is entirely independent of electronic band structure.

This concept alone justifies an entirely new research program:

gap-free coherent photonic systems based on the etheric pressure field.

8 The Anisotropic Pressure-Driven Ψ-Laser: Directed
Gain from Etheric Pressure Redistribution

8.1 Physical Mechanism

In The Next Electromagnetic Revolution: Maxwell’s Equations in the Framework of
Quarkbase Cosmology (Omeñaca Prado, 2025), you established that:
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• the electric field E corresponds to spatial gradients of the etheric pressure field,

• the magnetic field B corresponds to vorticity patterns in that same medium,

• and electromagnetic waves are oscillations in coupled pressure–vorticity states.

Crucially, the article also shows that controlled redistribution of pressure in
the etheric medium can generate directional forces and field anisotropies —
a phenomenon impossible in empty-space Maxwell electromagnetism but natural in the
Quarkbase framework.

This insight produces a new category of laser gain mechanism:

Directional or anisotropic gain arising from controlled variations of
the etheric pressure field within strained or curved graphene.

Unlike previous laser types (gap-free, plasmo-Ψ, thermal, or phase-driven), this one
does not rely on cavity resonance alone. Instead, it uses spatial asymmetries in Ψ-
pressure distribution to bias the amplification direction.

This is analogous not to a classical laser, but to a photonic engine — a laser whose
gain medium inherently favors a specific propagation direction because the etheric medium
itself is asymmetrically compressed.

8.2 Theoretical Foundations and References

This mechanism is supported by three central results:

1. EM fields arise from pressure gradients
E = −∇Ψ−∂tA shows that anisotropic Ψ-fields directly bias EM wave propagation.
(The Next Electromagnetic Revolution: Maxwell’s Equations in the Framework of
Quarkbase Cosmology, 2025)

2. Strain and curvature modify local pressure-channel density
Proven in the curvature-dependent absorbance paper. (Curvature Tunable Ab-
sorbance in Graphene: A Quarkbase Cosmology Prediction, 2025) This makes direction-
dependent gain possible.

3. Coherent Ψ excitations exist even under non-uniform strain
Pressure coherence does not require uniformity; it only requires etheric connectivity.
(The Quarkbase Cosmology Explanation of Superconductivity and Thermal Hyper-
conductivity in Graphene, 2025)

These results show that directional gain mechanisms can be engineered by geometric
asymmetry, without using traditional optical pumping asymmetries.

In other words:

anisotropic pressure patterns create anisotropic laser gain.
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8.3 Device Architecture

The Anisotropic Pressure-Driven Ψ-Laser consists of:

1. A graphene sheet with a built-in pressure anisotropy, created through:

• asymmetric curvature (e.g., one-sided dome),

• strain gradients,

• wedge-like bending patterns,

• nanoripple arrays aligned in one direction.

2. A pumping mechanism (optical, electrical, thermal, or mechanical) that excites
the Ψ-mode in the anisotropic region.

3. A guiding wavefront created by the anisotropic pressure distribution, causing the
Ψ oscillation to amplify preferentially in one direction.

4. An outcoupling port aligned with the direction of maximal pressure-channel den-
sity.

Operational principle:

1. Pump energy builds up in Ψ.

2. The anisotropic pressure distribution biases the oscillation’s propagation direction.

3. Gain becomes directionally selective.

4. Coherent EM emission forms a unidirectional laser beam.

This is not a classical cavity-based directionality; it is pressure-induced preferen-
tial amplification, a new mechanism in photonics.

8.4 Expected Performance Advantages

The anisotropic Ψ-driven mechanism yields properties impossible in traditional lasers:

1. Intrinsically directional gain No need for asymmetric mirrors, gratings, or waveg-
uides.

2. Mechanical tunability Directionality changes with mechanical deformation of the
graphene.

3. Broadband spectral capability Frequency determined by Ψ-mode dynamics, not
electronic transitions.

4. Ultra-thin, flexible laser medium Only strain-engineered graphene required.

5. High efficiency Because directional gain exploits the natural reorganization of the
etheric plasma, which occurs without dissipative loss (µ = 0).
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6. Potential for beam steering without electronics Curvature determines beam
direction. This is mechanically programmable photonics.

8.5 Characteristics

The Anisotropic Pressure-Driven Ψ-Laser represents the seventh and final laser
architecture enabled by Quarkbase Cosmology. It uses:

• asymmetric etheric pressure distributions,

• strain-structured graphene,

• and the pressure-origin reinterpretation of E and B,

to create a directionally biased coherent emitter.
It does not rely on bandgaps, inversion, superconductivity, plasmons, or thermal

pumping alone. Instead, it leverages the geometry of pressure channels in a fric-
tionless etheric medium.

This device suggests a new domain of research:

directional photonics driven not by refractive index but by etheric pressure
geometry.

9 Conclusion

The seven laser architectures presented in this work demonstrate that graphene, when
interpreted through the framework of Quarkbase Cosmology, supports coherent electro-
magnetic emission mechanisms far beyond the limits of semiconductor physics. By treat-
ing light as a manifestation of pressure–vorticity dynamics in a frictionless etheric plasma,
these devices operate without bandgaps, without population inversion, without Cooper
pairs, and without the dissipation that constrains classical photonics.

Each mechanism—longitudinal Ψ-mode resonance, curvature-tunable gain, coherent
Ψ-phase dynamics, thermal hyperconductive oscillation, plasmo-Ψ hybridization, gap-
free stimulated emission, and anisotropic pressure-driven amplification—arises naturally
from the geometric and dynamical properties of the Ψ-field in graphene. Collectively,
they define a new domain of photonic engineering in which pressure geometry, strain,
curvature, and Ψ-coherence become the fundamental design parameters.

These results open a technological landscape where lasers can be thinner, more ef-
ficient, more tunable, more robust, and more compact than any devices permitted by
traditional band-based photonics. The framework presented here suggests that coherent
light generation is not an exclusive property of electronic transitions but a universal con-
sequence of structured pressure dynamics in the etheric medium. This shift establishes
graphene as the first material capable of supporting a complete taxonomy of Ψ-driven co-
herent emitters, laying the foundation for a future generation of photonic systems rooted
in Quarkbase Cosmology.
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