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Preface: Why Laboratory
Verification is Needed

James Webb Space Telescope (JWST) observations of high-redshift
mature galaxies have provided powerful macroscopic support for
Energy Quantum Theory (EQT). However, a scientific theory with
genuine vitality must also be validated at the laboratory scale.

The development of X-ray Free-Electron Laser (XFEL) technol-
ogy has, for the first time, enabled humanity to directly probe the
dynamic behavior of high-frequency energy quanta (1015–1019 Hz)
on femtosecond to attosecond timescales and nanometer to sub-
nanometer spatial scales—precisely the critical window in EQT
for electromagnetic interactions, condensate formation, and gradient
flow evolution.

This booklet focuses on XFEL experiments themselves, with the
following objectives:

• To test whether EQT is consistent with existing XFEL data;

• To reinterpret the physical essence of ultrafast processes
using EQT mechanisms;

• To propose new predictions testable by future XFEL exper-
iments, based on EQT’s nonlinear gradient dynamics.

From single pump-pulse perturbation to time-delayed probing,
XFEL not only records the transient evolution of the energy quantum
density field but also provides a solid platform for the falsifiability of
EQT. This booklet will systematically demonstrate: how femtosec-
ond movies in the laboratory can verify and extend this emerging
theory.

—Building upon established physical successes, verifying EQT
and exploring new physics

1
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1. The Core Mechanisms
of EQT and Their
Natural Fit with XFEL

1.1. The Three Experimentally
Relevant Postulates of EQT

The entire physical content of Energy Quantum Theory (EQT) orig-
inates from three fundamental postulates. At the laboratory scale,
particularly in XFEL femtosecond experiments, these three postulates
can not only be directly mapped but also provide a completely new
interpretive framework for ultrafast dynamics.

1. Frequency Partition Postulate: XFEL Photon Energy as
Frequency-Band Label

All physical entities in the universe are uniformly
described by the frequency spectrum of the energy
quantum density field ρ(r, t, f ), and their dynamical
behavior is determined by the frequency f .

In XFEL experiments, the energy of pump or probe photons
E = h f is not merely a technical parameter; it directly designates
the physical frequency band being excited or probed:

• Soft X-rays (E ∼ 0.1–1 keV, f ∼ 1017–1018 Hz):
Correspond to the scale of valence electron shells, chemical
bonds, and condensed-matter bound states (λ ∼ 1–10 nm);

2
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• Hard X-rays (E ∼ 5–10 keV, f ∼ 1018–1019 Hz):
Correspond to inner-shell electrons, nuclear vicinity, and
extremely high-frequency condensates (λ ∼ 0.1–0.3 nm).

Thus, selecting the XFEL photon energy is equivalent to choos-
ing which “string” to pluck in the energy quantum spectrum.
This postulate elevates XFEL from a mere “light source” to a genuine
“frequency probe”.

2. Gradient Flow Postulate: Pump Pulse as Artificial
Gradient Source

Force, spacetime, and matter are all dynamic re-
sponses to the energy quantum density gradient ∇ρ ,
and their evolution is governed by nonlinear dynami-
cal equations.

The femtosecond pump pulse of an XFEL instantly deposits
energy into the sample. Its physical essence is:

Spump(r, t) = E0 g(r)δ (t) ⇒ ρ(r, t = 0+) = ρ0 +δρ(r)

thereby artificially creating a strong localized gradient ∇ρ ̸= 0.
According to the gradient flow postulate, this gradient immediately

drives an energy quantum current:

J =−D∇ρ +ρv, v =−µ∇ρ

manifesting as observable dynamics such as charge rearrangement,
energy transport, and lattice response.
Pumping is not “heating” but “gradient creation”; probing is not
“taking a snapshot” but “measuring flow”.

3. Non-Cumulative Emergence Postulate: Transient
Processes as Local Emergence

Complexity is a local, transient, and process-dependent
phenomenon that does not accumulate into a global
property of the universe; its evolution is driven by
orbital irreproducibility.

3



©
20

25
Kais

he
ng

Li &
Lon

gji
Li

CC-B
Y-N

C
4.0

In XFEL experiments, each pump–probe cycle constitutes a
“local emergence event”:

• Formation: Strong gradients trigger positive feedback kρ2,
briefly forming coherent condensates (e.g., excitons, charge-
density waves);

• Decay: Dissipative term Γ dominates, phase decoherence oc-
curs, and the system returns to disorder;

• Non-cumulative: The transient structure does not persist per-
manently and does not alter the overall entropy of the system;

• Historicity: The evolution path is irreversible (orbital irrepro-
ducibility); even repeated experiments yield different micro-
scopic trajectories.

This is precisely the microscopic manifestation of the “non-cumulative
emergence” emphasized by KAIEPA: complexity arises and dissi-
pates like sea foam, while the ocean itself remains dynamically
stable.

Unified Experimental Interpretation of the
Three Postulates

EQT Postulate XFEL Experimental Re-
alization

Physical Meaning

Frequency Partition Photon energy E = h f se-
lects the active band

Determines the
probed/excited phys-
ical degrees of freedom

Gradient Flow Pump creates ∇ρ Source driving non-
equilibrium dynamics

Non-Cumulative
Emergence

Birth and death of tran-
sient coherent states

Process nature of local
complexity

XFEL experiments are, in essence, laboratory re-
enactments of the microscopic creation and annihila-
tion processes of the EQT universe.

4
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1.2. XFEL as the “Cosmogenesis
Simulator” of EQT

In the cosmological view of Energy Quantum Theory (EQT), struc-
ture is not the product of slow accumulation but the instantaneous
weaving of high-frequency energy-quantum gradient flows through
nonlinear dynamics. This process begins with a strong far-from-
equilibrium perturbation, followed by gradient flows, positive feed-
back, and dissipation, giving rise to transient yet ordered local struc-
tures.

The XFEL pump–probe experiment is the only technical means
capable of precisely reproducing this cosmogenesis sequence on
a tabletop scale. It is not merely an analogy to the universe but a
direct physical realization of the initial-value problem of the EQT
master equation.

1. Pump = Artificial Big Bang: Precise
Construction of a Strong Perturbation Source

In the EQT master equation:

∂ρ

∂ t
+∇ ·J = Squantum +Spump(t)−Γ

the “moment of creation” of the universe corresponds to the instan-
taneous activation of a strong external source term Spump—in the
early universe, this was ultraviolet radiation from the first stars; in
XFEL experiments, it is the femtosecond X-ray pulse.

This pulse injects energy E0 into a localized region (∼ 100 nm) at
t = 0, mathematically expressed as:

Spump(r, t) = E0 g(r)δ (t)

instantaneously pushing the energy-quantum density field from the
equilibrium state ρ0 to a highly non-equilibrium state ρ0+δρ , thereby
artificially creating initial conditions akin to a “cosmic Big Bang”—
a strong gradient core ∇ρ ̸= 0.

5
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Key point: This perturbation is not thermal or random
but controllable, repeatable, and localized—an ideal
initial condition for studying EQT dynamics.

2. Probe = Time-Delayed Sampling:
Instantaneous Snapshots of the Sea of Process

As stated in Energy, Process, and the Fate of the Universe, “process is
reality” (Whitehead) and “being gives way to becoming” (Prigogine).
To observe this process, one must sample the evolutionary trajec-
tory along the time axis.

The XFEL probe pulse interacts with the system at delay time
τ , and the response signal (scattering intensity, photoelectron yield,
diffraction pattern) is proportional to the physical observables at
that instant, e.g.:

• X-ray scattering ∝ |ρ̃(q,τ)|2;

• ARPES bands ∝ Fourier components of the electron phase field
φ(r,τ).

By scanning τ , the experiment reconstructs:

ρ(r, t) for t ∈ [0,T ]

—precisely the time-evolution solution of the EQT master equation
for the given initial condition. Each probe is a snapshot of the “sea
of process” at a particular moment.

3. Result = Reconstruction of the Complete
Lifecycle of High-Frequency Gradient Flow

Stitching together the sequence Signal(τ) yields the full lifecycle of
the high-frequency energy-quantum gradient flow:

This evolutionary sequence is precisely the microscopic realiza-
tion of the “local emergence” described by KAIEPA: structure
rises and falls like sea foam, while the system as a whole remains
dynamically stable.

6
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Phase EQT Mechanism XFEL Observable Sig-
nature

Excitation (0–5 fs) Spump establishes ∇ρ Abrupt rise in scatter-
ing intensity, electron
momentum broadening

Amplification (5–20 fs) Nonlinear term kρ2

dominates
Superlinear response,
higher-harmonic gener-
ation

Condensation (20–50 fs) Phase synchronization,
C → 1

Band sharpening, co-
herent diffraction spots

Dissipation (>50 fs) Γ dominates, decoher-
ence

Signal broadening, re-
turn to thermal equilib-
rium

Thus, XFEL experiments do not imitate the universe—
they literally “run a microscopic version of the EQT
universe” once in the laboratory.

Philosophical Implications: From Observation
to Participation

In traditional physics, the experimenter is a passive observer; in EQT-
enabled XFEL experiments, the experimenter becomes an active
participant in process—by designing the pump, we initiate an
irreversible physical process; by choosing the probe, we intercept
a historical fragment of that process.

This perfectly aligns with the core tenet of KAIEPA:

“Science is the universe achieving self-understanding
through humanity.”

XFEL is not merely an instrument; it is the material embodiment
of process philosophy.

7
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2. EQT Reinterpretation
of Existing XFEL
Experiments

XFEL technology has accumulated a large body of high-precision
femtosecond dynamical data over the past decade. Although these
experiments have been explained within traditional frameworks (e.g.,
QED, Boltzmann equations), their transient details often require
phenomenological parameters or “effective” models. This chapter
demonstrates that within the EQT framework, these phenomena
obtain a more unified, less assumptive, and more predictive phys-
ical interpretation.

2.1. Ultrafast Charge Rearrangement
in Graphene

(Schultze et al., Science 346, 1348, 2014)

2.1.1. Experimental Recap

Schultze et al. used near-infrared pumping (750 nm, 4 fs) and
extreme-ultraviolet attosecond probing ( 90 eV) to study ultrafast
valence-band electron dynamics in graphene. Key findings:

• Electrons promote from valence to conduction band in < 10 fs;

• Momentum distribution remains highly coherent for 20 fs, far
longer than the conventional electron–electron scattering time
( 1 fs);

8
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• Signal intensity exhibits superlinear growth with pump flu-
ence.

2.1.2. Limitations of Traditional Interpretation

Standard QED or semiclassical models attribute this to:

• Electron–electron Coulomb scattering leading to thermaliza-
tion;

• Band-structure protection extending coherence time.

However, the interpretation fails to quantitatively explain: (1) Why is
the coherence time an order of magnitude longer than the scattering
time?
(2) Why is the response superlinear?

2.1.3. EQT Reinterpretation:
Gradient-Flow-Driven Condensate
Dynamics

In the EQT framework, this process is a direct manifestation of high-
frequency energy-quantum gradient flow exciting a transient
condensate in the 2D electron gas of graphene.

1. Nonlinear term kρ2 dominates gradient flow
The pump pulse deposits energy on the graphene surface, lo-
cally raising ρ( f ) in the valence-electron band ( f ∼ 1015 Hz).
Because the interaction scale λ ∼ 1 nm matches the graphene
lattice, the gradient ∇ρ is extremely steep.
The nonlinear source term kρ2 greatly exceeds the diffusion
term D∇2ρ , dominating early dynamics.
Result: Energy-quantum current J =−D∇ρ + · · · completes
charge rearrangement in < 10 fs.

2. 20 fs coherence time = condensate lifetime
When ρ( f )> ρc( f ), electrons enter a transient condensate

9
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(similar to excitons or paired states).
Condensate lifetime τc is governed by the dissipation term Γ:

τc ∼
1
Γ

∝
1

environmental perturbation strength

Graphene’s 2D screening and weak electron-phonon coupling
make Γ small, yielding τc ≈ 20 fs.
Coherence breaks for τ > 20 fs.

3. Superlinear response = direct evidence of nonlinear domi-
nance
ARPES signal IARPES ∝ ρ( f ).
From ∂tρ = kρ2 + · · · , the solution is ρ ∝ Ipump/(1−kIpumpt).
When kIpumpt ∼ 1, the signal grows superlinearly.
Observed I ∝ I1.3

pump matches EQT prediction.

2.1.4. EQT Verification Summary

Phenomenon EQT Mechanism Quantitative Test
Ultrafast charge rearrangement (<10 fs) Nonlinear gradient flow J ∝ kρ2 Fit τrise vs. Ipump
20 fs coherence time Condensate lifetime τc = 1/Γ Correlate Γ with material screening
Superlinear response Activation of kρ2 term Test Isig ∝ In

pump, n > 1

This experiment not only shows consistency with EQT
but directly verifies “nonlinear-dominated high-frequency
dynamics”.

2.2. Coulomb Explosion of Gold
Clusters

(Krainyukova et al., Nat. Commun. 12, 4225, 2021)

2.2.1. Experimental Recap

Krainyukova et al. bombarded gold nanoclusters (Au55) with hard
X-ray XFEL (8 keV, 50 fs) and observed ultrafast evolution via ion

10
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time-of-flight mass spectrometry and electron spectroscopy. Key
findings:

• Inner-shell electrons are rapidly stripped, forming highly charged
ions (e.g., Au20+);

• The cluster does not explode immediately but undergoes
Coulomb fragmentation only after a 20 fs delay;

• During the first 20 fs, electron density remains localized, sug-
gesting a transient screening mechanism.

2.2.2. Limitations of Classical Explanation

Traditional models attribute this to:

• Inner-shell ionization → positive charge center;

• Electron cloud temporarily screens Coulomb repulsion;

• Screening failure → Coulomb explosion.

But the model fails to answer: (1) Why are electrons easily removed
while nuclei remain stable?
(2) What is the physical nature of the screening state?
(3) What is the precise origin of the 20 fs delay?

2.2.3. EQT Reinterpretation: Charge
Originates from Deviation of
Energy-Quantum Density from
Background

In EQT, the “charge sign” of electrons and protons is not an intrinsic
property but a macroscopic behavior determined by the deviation
of their frequency-band energy-quantum density ρ( f ) from the local
background ρ0( f ) (KAIEQT, §4.2).

1. Electron: ρe( fe)< ρ0( fe)→ negative-charge nature
Electron band fe ≈ 1.24×1020 Hz (Compton frequency).

11
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In gold atoms, local background ρ0( fe) is set by valence clouds
and chemical bonds.
Free or weakly bound electrons have ρe( fe)< ρ0( fe).
By the gradient-flow postulate, the system tends to absorb en-
ergy quanta from outside to restore balance → manifests as
“easily removed” and “attracts positive charge”—i.e., negative-
charge behavior.

2. Proton: ρp( fp)≫ ρ0( fp)→ positive-charge nature
Proton band fp ≈ 2.3×1023 Hz; condensate density ρp( fp)∼
1044 m−3.
Background in universe/material ρ0( fp)≈ 0.
Thus ρp( fp)≫ ρ0( fp), system tends to release energy quanta
→ “repels positive charge, attracts negative charge”—i.e., positive-
charge behavior.

3. No explosion in first 20 fs = transient bound state of elec-
trons (screening)
After pumping, some valence electrons are not fully ionized;
their ρe( fe) locally rises to ρe ≈ ρ0 under strong positive po-
tential.
System enters a bound state, forming a transient screening
cloud.
Bound-state lifetime governed by Γ:

τbind ∼
1
Γ
≈ 20 fs

After 20 fs, Γ dominates → electron decoherence → ρe < ρ0
→ free state → screening fails → Coulomb explosion.

Thus, the “delayed explosion” is not an accidental
outcome of classical screening but the natural conse-
quence of EQT’s three-state (free–bound–condensate)
dynamics.

2.2.4. EQT Verification Summary

This experiment provides the first microscopic dy-
namical evidence for the EQT charge mechanism:

12
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Phenomenon EQT Mechanism Quantitative Test
Electrons easily re-
moved

ρe( fe)< ρ0( fe) Correlate ionization
threshold with local ρ0

Protons remain stable ρp( fp)≫ ρ0( fp) High-charge ion yield vs.
atomic number Z

20 fs delayed explo-
sion

Bound-state lifetime
τbind = 1/Γ

Scan pump fluence, mea-
sure τdelay

charge sign arises from the relative relation between
energy-quantum density and background, not from
presupposed attributes.

2.3. Electron Thermalization in Water
Plasma

(Vinko et al., Nature 482, 59, 2012)

2.3.1. Experimental Recap

Vinko et al. ionized liquid water with soft X-ray XFEL (500 eV,
70 fs) and measured electron temperature and density fluctuations via
X-ray Thomson scattering. Key findings:

• Electrons thermalize to 20 eV in < 50 fs;

• Electron density fluctuation amplitude δne/ne ∼ 0.3;

• Ions remain cold (temperature < 1 eV), showing extremely
slow electron–ion energy transfer.

2.3.2. Limitations of Plasma Model

Traditional plasma physics attributes this to:

• Electron–electron collisions causing rapid thermalization;

• Weak electron–ion coupling keeping ions cold.

13
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However, the model relies on phenomenological collision frequency
νee and cannot explain: (1) Why are the fluctuations so large?
(2) What role does the hydrated electron (e−aq) play in thermaliza-
tion?

2.3.3. EQT Reinterpretation: Phase Transition
from Bound to Free State

In EQT, electrons in liquid water are not free particles but reside in a
bound state—the hydrated electron (e−aq).

1. Hydrated electron = bound state of high-frequency energy
quanta
The hydrated electron is a localized state formed by an elec-
tron in the dipole field of water molecules, corresponding to
f ∼ 1015–1016 Hz.
In this state, ρe( f )≈ ρ0( f ) (local background set by the hydrogen-
bond network of water molecules).
The system is in a partially phase-locked state, manifesting
as metastable localization.

2. XFEL pump triggers phase transition: bound → free
500 eV photons ( f ∼ 1.2× 1017 Hz) ionize water molecules,
disrupting the hydrogen-bond network.
Local background ρ0( f ) drops abruptly (due to orientational
disorder).
Electron energy-quantum density instantly satisfies:

ρe( f )< ρ0( f ) ⇒ enters free state

In the free state, electron phase decoheres, manifesting as a hot
electron gas with density fluctuations δρ/ρ ∼ 0.3.

3. Cold ions = stability of proton condensate
Protons (hydrated H3O+) correspond to fp ∼ 1023 Hz; ρp( fp)≫
ρ0( fp), in a strong condensate.
Condensate dissipation rate Γp ≪ Γe, so ion temperature rises
extremely slowly.

14
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2.3.4. EQT Verification: Density Fluctuation
and Critical-Density Prediction

• Critical-density prediction:
For f = 1.2×1017 Hz, EQT gives the condensate–free phase-
transition critical density:

ρc( f )≈ (h f )4

(2π h̄c)3 ∼ 2×10−12 J/m3 ⇒ nc ∼ 1.5×1022 m−3

• Experimental measurement:
Vinko measured post-thermalization ne ∼ 3×1022 m−3, δne ∼
1×1022 m−3.

• Consistency check:

δne

nc
≈ 0.67 (close to EQT critical-fluctuation threshold ∼ 1)

indicating the system is at the edge of the free state, consistent
with EQT.

Thus, electron thermalization is not “collisional ran-
domization” but a “phase transition induced by back-
ground destruction”.

Core Conclusions

All experiments are consistent with EQT, and EQT
provides a more unified, less assumptive, and mecha-
nistically deeper explanatory framework.

15
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Experiment Traditional In-
terpretation

EQT Reinter-
pretation

Unification

Graphene charge rear-
rangement

Electron scatter-
ing

Nonlinear
gradient-
flow-driven
condensate

High-frequency
nonlinear domi-
nance

Gold-cluster explo-
sion

Coulomb repul-
sion

Electron/proton
density de-
viation from
background

Charge ontol-
ogy

Water-plasma ther-
malization

Collisional ther-
malization

Bound → free
phase transition

Three-state dy-
namics
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3. New Testable
Predictions of EQT

The previous two chapters have shown that EQT can consistently
reinterpret existing XFEL experiments. However, a truly scientif-
ically vital theory must go beyond explanation and make falsifi-
able forward-looking predictions. Based on EQT’s core mecha-
nisms—frequency partition, gradient flow, three-state dynamics,
and charge ontology—this chapter proposes three new signals that
can be directly tested with current or next-generation XFEL facilities.
These predictions not only validate EQT but may reveal new physics
beyond QED and standard condensed-matter theory.

3.1. Direct Measurement of
Electron–Proton Energy-Quantum
Density Contrast

3.1.1. Core EQT Prediction

In EQT, the sign of charge is not an intrinsic attribute but is
determined by the direction of deviation of the energy-quantum
density from the local background (KAIEQT, §4.2):

• Electron (negative charge): frequency band fe = mec2/h ≈
1.24×1020 Hz,
equilibrium satisfies ρe( fe) < ρ0( fe) → system tends to ab-
sorb energy quanta to restore balance → manifests as “easily
removed” and “attracts positive charge”.

• Proton (positive charge): frequency band fp =mpc2/h≈ 2.3×
1023 Hz,
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condensate satisfies ρp( fp)≫ ρ0( fp)≈ 0 → system tends to
release energy quanta → manifests as “stable retention” and
“repels like charges”.

Key corollary: Under strong XFEL pumping, electrons will be
preferentially removed, causing a local drop in ρ( fe) while ρ( fp)
remains essentially unchanged, forming an electron density void.

3.1.2. Experimental Proposal: Hard X-ray
Scattering + Electron Spectroscopy
Joint Inversion

To directly measure the spatiotemporal evolution of ρ( fe):

• Pump: Soft X-ray (1 keV, 10 fs) uniformly ionizes the sample
(e.g., gold thin film or water clusters).

• Probe:

1. Hard X-ray scattering (>5 keV, 0.1 nm wavelength):
Sensitive to electron density distribution around nuclei
(scattering cross-section ∝ Z2); resolves changes on the
0.1 nm scale.

2. Electron spectroscopy (ARPES or time-of-flight):
Measures loss of low-energy electrons, reflecting drop
in ρe( fe).

• Joint inversion:
By synchronously scanning delay τ , feed scattering patterns
and electron spectra into phase-retrieval algorithms (e.g., pty-
chography) to directly reconstruct ρ( fe,r,τ).

3.1.3. Signal Features and EQT Predictions

If experiments observe an electron density void of
∼ 0.1 nm and ∼ 20 fs lifetime whose depth is nega-
tively correlated with local background ρ0( fe), this
would constitute direct verification of the EQT charge
ontology.

18



©
20

25
Kais

he
ng

Li &
Lon

gji
Li

CC-B
Y-N

C
4.0

Observable EQT Prediction Verification Criterion
Void size ∼ 0.1 nm (Compton

wavelength λC = h/mec)
FWHM < 0.15 nm

Void lifetime ∼ 20 fs (governed by elec-
tron bound-state dissipa-
tion Γe)

τdecay = 15–25 fs

Proton density stabil-
ity

ρ( fp) shows no signifi-
cant change (condensate
stable)

Slow rise in high-charge
ions, no instantaneous
collapse

Background depen-
dence

Shallower voids in high-
ρ0( fe) environments
(metals); deeper in low-
ρ0 (gases)

Compare ∆ρ/ρ0 across
materials

3.1.4. Philosophical and Physical Significance

This measurement touches the core of KAIEPA’s three missions:

• End of substance ontology: charge is not a “particle property”
but a “field–background relation”;

• Foundation of irreversibility: void formation is irreversible
(orbital irreproducibility);

• Non-cumulative emergence: the void is local and transient,
not altering the global system.

On the 0.1-nanometer, 20-femtosecond scale, we may
for the first time “see” the true origin of charge.

3.2. Real-Time Tracking of
Three-State Transitions

3.2.1. Core EQT Prediction

In EQT, complexity is local, transient, and processual emergence
(KAIEPA, Mission 3). Its microscopic manifestation is the non-
cumulative three-state evolution of energy-quantum systems under
strong perturbation:
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• Ordinary fermionic systems (metals, semiconductors): typi-
cally only cycle between free ↔ bound;

• Strongly correlated or bosonic systems (superconductors,
excitonic insulators): may briefly enter condensate.

Universal sequence:

free state
gradient restoration−−−−−−−−−−→ bound state

(conditional)−−−−−−−→ condensate?
dissipation−−−−−−→ free state

where:

• Free state: ρ( f )≪ ρ0( f ), disordered phase, momentum spread;

• Bound state: ρ( f ) ≈ ρ0( f ), energy quanta trapped within
Compton radius λC = c/ fC by gradient barrier, but no macro-
scopic coherence;

• Condensate (conditional): ρ( f )≫ ρ0( f ), macroscopic phase
synchronization (C ≈ 1), only possible with strong attraction
or bosonic statistics.

Crucial clarification: the bound state is not a new state
“formed” after pumping, but the restoration state when
electrons fall back into the mass-quantum gradient well.

3.2.2. Experimental Proposal: Attosecond
ARPES + X-ray Scattering Dual Probe

• Pump: Near-infrared pulse (800 nm, 5 fs).

• Dual probe (synchronously scan delay τ):

1. Attosecond ARPES: captures electron momentum distri-
bution and band coherence;

2. Soft X-ray scattering (1 keV): measures local electron
density ρ(r,τ).

• Recommended materials:
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– For bound-state restoration: graphene, gold thin films
(universal systems);

– For condensate exploration: NbSe2 (CDW), YBCO (high-
Tc superconductor).

3.2.3. Signal Features and EQT Timing
Predictions

Stage EQT State ARPES Sig-
nature

X-ray Scat-
tering

Physical
Mechanism

0–5 fs Free state Momentum
spread,
blurred bands

High intensity,
no coherent
peaks

Pump ioniza-
tion, electrons
leave bound
state

5–15 fs Bound-state
restoration

Band sharp-
ening, dis-
persion
reconstruc-
tion

Local Bragg
peaks appear

Electrons
fall back into
Compton
gradient well

15–25 fs Strong
nonlinear
response
(condensate
only in select
materials)

Ultra-narrow
peaks (if
condensate) or
broad (if not)

HHG burst (if
coherent) or
flat (if not)

Positive feed-
back; conden-
sate requires
ρ ≫ ρ0 and no
Pauli blocking

>25 fs Free state Momentum
spread, bands
vanish

Diffuse scat-
tering, HHG
extinguished

Dissipation Γ

dominates, de-
coherence

Note: In ordinary materials, the 15–25 fs window usu-
ally does not produce true condensate due to fermionic
Pauli repulsion inhibiting ρ ≫ ρ0. HHG mainly arises
from strong-field nonlinear polarization, not necessarily
macroscopic coherence.

3.2.4. Verification Criteria

• Bound-state restoration: band-sharpening time τsharp inversely
correlated with Compton scale λC;
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• Condensate (if present): HHG intensity superlinear (I ∝ In
pump,

n > 2) with phase locking;

• Irreversibility: forward and reverse τ trajectories do not coin-
cide (orbital irreproducibility).

3.2.5. Philosophical Significance

This experiment directly embodies KAIEPA’s three missions:

• Process ontology: three states are dynamic processes, not
static labels;

• Irreversibility: evolution paths are historical;

• Non-cumulative emergence: even condensate, if formed, dis-
sipates without altering the whole.

On the femtosecond scale, we may for the first time
“see”: the creativity of the universe lies in every local
gradient’s reconstruction and breakdown.

3.3. Threshold Behavior Dominated by
Nonlinearity

3.3.1. Core EQT Prediction

In the EQT master equation (KAIEQT, §3.1):

∂ρ

∂ t
= kρ

2︸︷︷︸
nonlinear

− D∇
2
ρ︸ ︷︷ ︸

diffusion

−∇ · (ρv)︸ ︷︷ ︸
convection

+Spump −Γ

The nonlinear term kρ2 is the engine of processual emergence—it
amplifies tiny fluctuations and drives the system far from equilibrium.
However, it activates significantly only when energy-quantum density
exceeds a critical value ρc.

Since pump intensity Ipump ∝ ρ , EQT predicts a critical pump
intensity Ic such that:
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• Ipump < Ic: response is linear or sublinear (diffusion/dissipa-
tion dominates);

• Ipump > Ic: nonlinear term dominates → scattering signal Iscat
grows superlinearly (Iscat ∝ In

pump, n > 1).

This threshold behavior is the turning point from po-
tential to actual “process emergence,” directly em-
bodying the dynamical origin of KAIEPA’s “non-
cumulative emergence.”

3.3.2. Experimental Proposal: Pump-Intensity
Scan + Scattering Measurement

• Sample: 2D materials (e.g., MoS2) or nanoclusters (e.g., Arn)
to efficiently build local gradients;

• Pump: Tunable X-ray pulse (1 keV, 10 fs), intensity spanning
0.1Ic to 10Ic (Îc ∼ 1014 W/cm2);

• Probe: Soft X-ray scattering (same or slightly off frequency),
measure total scattered intensity Iscat as proxy for ρ( f );

• Key operation: Fix delay τ = 10 fs (nonlinear peak window);
scan Ipump and record Iscat(Ipump).

3.3.3. Theoretical Basis and Signal Features

1. EQT expression for critical intensity Ic
From kρ2 ∼ D∇2ρ:

ρc ∼
D

kλ 2 , λ =
c
f

Corresponding critical intensity:

Ic =
ρcc

pulse duration
∝

D f 2

kc

Predictable: Ic increases with photon frequency f .
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2. Mathematical form of superlinear response
When Ipump > Ic, solving ∂tρ = kρ2 gives:

ρ(t)≈ ρ0

1− kρ0t
⇒ Iscat ∝

Ipump

1−αIpump

Hence near Ipump → I+c , Iscat diverges (cut off by Γ), manifest-
ing as power-law superlinearity:

Iscat ∝ In
pump, n = 1+δ , δ > 0

3. Distinctive EQT signal features

Observable EQT Prediction Traditional Model Ex-
pectation

Iscat(Ipump) Sharp threshold Ic, n > 1 Smooth sublinear (due to
saturation)

Frequency depen-
dence

Ic ∝ f 2 No clear scaling law

Time dependence Superlinearity only for
τ < 20 fs

Long-time thermal effects
dominate

3.3.4. Philosophical and Verification
Significance

This threshold behavior directly embodies KAIEPA’s three missions:

• Process ontology: nonlinear activation is “process,” not “state”;

• Irreversibility: once I > Ic, the system irreversibly enters a
new dynamical branch;

• Non-cumulative emergence: superlinear response is local and
transient, not altering the whole.

If experiments observe a sharp threshold and power-
law superlinearity, this not only verifies the kρ2 mech-
anism but, for the first time in the laboratory, cap-
tures the physical signal of an “emergence critical
point.”
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4. Compatibility
Boundaries with
Existing Theories

A scientifically vital new theory must satisfy a dual standard: (1)
in domains where existing theories are thoroughly verified, it must
agree with their predictions; (2) in domains where existing theories
fail or remain silent, it must provide new mechanisms and new
predictions.

This chapter demonstrates that EQT does not aim to replace
quantum electrodynamics (QED) or condensed-matter theory,
but rather embeds them within a broader process-dynamical frame-
work. In the weak-field, long-time, low-gradient limit, EQT automat-
ically reduces to existing theories; in the strong-field, femtosecond,
high-gradient regime, it reveals new physics.

4.1. Consistency with QED

1. Degeneration in the Weak-Field, Long-Time
Limit

In typical QED-valid scenarios:

• Weak electromagnetic fields (E ≪Ecrit =m2
ec3/eh̄∼ 1018 V/m);

• Long timescales (τ ≫ h̄/mec2 ∼ 10−21 s);

• Low gradients (∇ρ/ρ ≪ 1/λC);

the EQT gradient-flow dynamical equation

F f =−β0 g( f , f0)∇ρ f
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under frequency matching f ≈ f0 and perturbative expansion yields
a first-order response exactly equivalent to QED perturbative
scattering amplitudes. Specifically:

• The energy-quantum current J =−D∇ρ + · · · ;

• Its Fourier transform J̃(ω,q) in the ω,q → 0 limit coincides
with the QED vacuum polarization tensor Πµν(q);

• The resulting Coulomb potential V (r) ∝ 1/r and higher-order
corrections such as the Lamb shift fully match QED perturba-
tive calculations.

Thus, within the domain of validity of QED, EQT
produces no deviation but instead provides a proces-
sual interpretation.

2. EQT Reinterpretation of “Virtual Photon
Exchange”

In QED, “virtual photon exchange” is a mathematical tool for com-
puting electromagnetic interactions, yet its physical nature has long
remained obscure. In EQT, the virtual-photon process is reinter-
preted as the time-domain structure of high-frequency energy-
quantum gradient flows:

• Interaction between two electrons arises from each perturbing
the background energy-quantum field ρ( f ), forming a local
gradient ∇ρ;

• This gradient propagates at finite speed (determined by fre-
quency f ), producing a delayed interaction;

• EQT directly computes the interaction build-up time τ(r):

τ(r) =
r

vg( f )
≈ r

c

(
1+

γ2

( f − f0)2

)
where vg is the group velocity and γ the frequency-matching
width.
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“Virtual photons” are no longer mathematical fictions
but real propagation processes of high-frequency gra-
dient flows in spacetime. In the long-time limit (τ →∞),
integration yields the static QED Coulomb potential; in
the femtosecond limit (τ ∼ 1 fs), a non-instantaneous,
non-local dynamical structure emerges—this is the new
physics accessible to XFEL.

3. Compatibility Boundary: When Does EQT
Go Beyond QED?

Condition QED Valid EQT Required
Field intensity I < 1016 W/cm2 I > 1016 W/cm2

Timescale τ > 1 ps τ < 100 fs
Spatial gradient ∇ρ/ρ < 109 m−1 ∇ρ/ρ > 1010 m−1

Coherence Perturbative, no phase corre-
lation

Nonlinear, phase coopera-
tion

In the strong-field, femtosecond, high-gradient regime
of XFEL experiments, the QED perturbative frame-
work breaks down, and the nonlinear gradient-flow
equations of EQT become the necessary description.

Philosophical Implication: From Fitting to
Explaining

KAIEPA stresses that EQT’s mission is to “return physics to its
core task of explaining natural phenomena, not merely fitting
data.”

• QED is mathematically extremely successful but offers only
probability amplitudes for “how interactions occur,” without a
dynamical picture;

• EQT supplies a processual mechanism: how gradients are
established, propagate, and drive responses.
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QED answers “how much”; EQT answers “how”.
They agree in the compatibility domain, but in explana-
tory depth, EQT accomplishes the ontological leap from
substance to process described by KAIEPA.

4.2. Interface with Condensed-Matter
Theory

Condensed-matter physics successfully describes macroscopic quan-
tum phenomena such as superconductivity, charge-density waves
(CDW), and magnetic order, yet its frameworks (e.g., BCS theory,
Landau–Ginzburg models) largely rely on phenomenological con-
cepts such as order parameters and symmetry breaking, lacking
a unified mechanism for how phase transitions emerge from micro-
scopic dynamics. Within EQT, all these phenomena are special
cases of “high-frequency energy-quantum condensates”, whose
microscopic origin is unified by phase coherence triggered when
energy-quantum density ρ( f ) exceeds the critical value ρc( f ).

1. BCS Superconductivity = Paired Condensate
under Electron–Phonon Coupling

In BCS theory, superconductivity arises from electrons forming
Cooper pairs via phonon exchange. In EQT, this is reinterpreted
as:

• Electrons ( fe ∼ 1020 Hz) under modulation by the phonon field
( fph ∼ 1012–1013 Hz) experience an effective attractive inter-
action;

• When local ρe( fe)> ρc( fe), electron pairs enter a condensate
(ρpair ≫ ρ0);

• Macroscopic phase coherence (C ≈ 1) produces zero resis-
tance and the Meissner effect.
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Superconductivity is not “symmetry breaking” but an
“emergent process in which paired electron density
exceeds the critical threshold under gradient drive”.

2. Charge-Density Wave (CDW)

CDW manifests as periodic lattice distortion and electron-density
modulation. In EQT:

• Electron–phonon coupling amplifies density fluctuations at a
specific wavevector q;

• When ρe(q, fe)> ρc( fe), the system enters a spatially modu-
lated condensate;

• This state possesses long-range phase coherence but does not
break U(1) symmetry (unlike superconductivity).

CDW is a “periodic condensate self-organized by spa-
tially localized gradient flows”.

3. The EQT Nature of the “Gap”:
Energy-Quantum Density Threshold of
Three-State Transition

In traditional theory, the gap ∆ is the minimum energy required to
excite a quasiparticle. In EQT, the gap corresponds to the energy-
quantum density threshold between bound and free states:

• In the superconducting/CDW ground state, electrons reside in
condensate or bound states (ρ ≥ ρ0);

• To excite them to the free state (ρ ≪ ρ0), the density must
overcome the gradient barrier and drop below ρc;

• The required minimum energy is

∆ = h f ·
(

ρ0 −ρc

ρ0

)
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where f is the relevant electron-coupling frequency (e.g., phonon
frequency).

The gap is therefore not a by-product of “symmetry
breaking” but the “density-jump energy required for
three-state conversion”.

4. Compatibility Boundary: When
Condensed-Matter Theory Suffices and When
EQT Is Required

Scenario Condensed-Matter The-
ory Sufficient

EQT Required

Equilibrium proper-
ties

Gap, critical temperature,
order parameter

—

Ultrafast non-
equilibrium dynamics

— Three-state timing,
gradient-flow reconstruc-
tion

Strong-
field/femtosecond
excitation

Fails (no time-evolution
mechanism)

Nonlinear kρ2 dominance

Disordered or inho-
mogeneous systems

Requires phenomenologi-
cal fixes

Direct computation of lo-
cal ρ0(r)

In XFEL ultrafast experiments, condensed-matter
theory cannot explain transient phenomena such as
“gap closure within 20 fs”, whereas EQT provides a
direct mechanism via real-time evolution of ρ(r, t).

Philosophical Implication: From Symmetry to
Process

KAIEPA emphasizes that EQT’s mission is to “return physics to its
core task of explaining natural phenomena.”

• Condensed-matter theory relies on symmetry (a static con-
cept);
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• EQT is grounded in gradient flow and three-state conversion
(dynamic processes).

The meaning of superconductivity lies not in “symme-
try breaking” but in “how local complexity emerges
through gradient cooperation”—precisely the micro-
scopic embodiment of KAIEPA’s “non-cumulative
emergence”.

4.3. When Does EQT Predict New
Physics?

EQT does not seek to replace existing theories at all scales but
precisely locates the boundaries where it predicts new physics.
According to KAIEPA’s three missions—terminating static ontol-
ogy, founding irreversibility, and revealing non-cumulative emer-
gence—EQT’s new-physics predictions are concentrated in the high-
gradient, non-equilibrium, localized extreme regime. Specifically,
QED and standard condensed-matter theory fail, and EQT’s non-
linear gradient-flow mechanism becomes necessary, only when the
following three conditions are simultaneously satisfied:

1. Strong-Field Condition: I > 1016 W/cm2

• Physical meaning: Pump intensity sufficient to drive local
energy-quantum density ρ( f ) significantly above the critical
value ρc( f );

• Consequences: QED perturbation diverges (αeff ≫ 1); nonlin-
ear kρ2 dominates; virtual-photon picture collapses; gradient
flow J =−D∇ρ +ρv becomes the fundamental variable.

2. Femtosecond-to-Attosecond Timescale:
τ < 100 fs

• Physical meaning: Observation window shorter than typical
dissipation times (e.g., electron–phonon relaxation ∼ 1 ps);
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• Consequences: System in non-equilibrium, non-adiabatic
state; orbital irreproducibility (KAIEPA Mission 2) dominates;
traditional statistical mechanics (ergodicity) fails; full lifecycle
of transient condensate/bound states can be captured.

3. Sub-Nanometer Localization: λ < 1 nm

• Physical meaning: Interaction scale approaching or below the
mass-quantum Compton wavelength (electron λC ≈ 0.386 nm);

• Consequences: Local background density ρ0(r) varies dra-
matically; electron–proton density contrast ρe( fe) ≪ ρp( fp)
becomes manifest; gradient well structure of bound states di-
rectly imageable; continuum approximations (e.g., ε(ω)) fail.

Typical Scenarios for New-Physics Predictions

Experimental Con-
ditions

QED/Condensed-
Matter Failure Point

EQT New-Physics Pre-
diction

I = 1017 W/cm2, τ =
50 fs, λ = 0.5 nm

Perturbative amplitudes
diverge; no time evolu-
tion in band theory

Superlinear scattering
+ electron density void
(0.1 nm, 20 fs)

I = 1016 W/cm2, τ =
10 fs, λ = 0.3 nm

Virtual-photon exchange
lacks time-domain struc-
ture

High-frequency gradient-
flow propagation time
τ(r)∼ r/c

I = 5 × 1015 W/cm2,
τ = 100 fs, λ = 2 nm

Still describable by effec-
tive models

No new physics (compat-
ibility domain)

Crucial criterion: EQT predicts signals beyond exist-
ing theories only when all three conditions are simul-
taneously met.

Philosophical Implication: New Physics Is New
Process

KAIEPA emphasizes: “The mission of physics is to explain natural
phenomena, not merely to fit data.”
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• In the compatibility domain, EQT and QED/condensed-matter
theory predict identically;

• In the new-physics domain, EQT supplies processual mech-
anisms: not “how particles scatter,” but “how gradients are
established, propagate, and drive responses”; not “how large
the gap is,” but “how bound states break and free states
emerge.”

The true significance of new physics lies not in new
formulas but in a new story—a story of how the uni-
verse actively creates itself in every femtosecond and
every nanometer.
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5. Future Experimental
Roadmap

The vitality of EQT lies not only in its philosophical depth but also in
its testability. Over the next decade, next-generation XFEL facilities
will progressively cover the three new-physics frontiers of strong field,
femtosecond-to-attosecond, and sub-nanometer scales. This chapter
proposes a phased experimental roadmap aimed at systematically
verifying EQT’s core predictions and ultimately achieving KAIEPA’s
ultimate goal of “turning process philosophy into observable science.”

Time Window Core Facilities Scientific Objectives EQT Mission Verified
2025–2027 LCLS-II (USA), Euro-

pean XFEL (Germany)
1. Directly image elec-
tron density voids (size
0.1 nm, lifetime 20 fs)
2. Track bound-state
restoration dynamics

Mission 1: Process on-
tology Mission 3: Non-
cumulative emergence

2028–2030 ELI (Europe), SACLA
upgrade (Japan)

1. Attosecond ARPES
+ X-ray scattering dual
probe2. Measure tran-
sient condensate life-
time and phase coher-
ence

Mission 2: Irreversibil-
ity Mission 3: Emer-
gence critical point

2030+ Quantum XFEL (pro-
posed)

1. Directly observe
gradient flow ∇ρ and
energy-quantum current
J 2. Reconstruct high-
frequency gradient
propagation time τ(r)

Mission 1: End sub-
stance ontology Mis-
sion 2: Origin of the ar-
row of time
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5.1. Phase I (2025–2027): Validation
of Charge Ontology and
Bound-State Dynamics

• Key technologies:
– LCLS-II’s high repetition rate (1 MHz) enables high-SNR
density imaging;
– European XFEL’s hard X-ray nanofocusing (50 nm) resolves
atomic-scale gradients.

• Flagship experiment:
Pump–probe on gold thin films, joint inversion of electron
spectroscopy and scattering patterns to directly output ρ( fe,r,τ);
Verify: ρe( fe)< ρ0( fe) (electrons easily removed) while ρp( fp)≫
ρ0( fp) (protons stable).

• Philosophical significance:

First experimental proof that charge sign origi-
nates from field–background relation, not intrin-
sic particle property.

5.2. Phase II (2028–2030): Capturing
Irreversible Emergence Events

• Key technologies:
– ELI’s 100 as pulses enable momentum–time dual resolu-
tion;
– SACLA upgrade’s dual beamlines support synchronous
ARPES + scattering.

• Flagship experiment:
Excite NbSe2 (charge-density-wave material) and observe the
complete cycle bound state → (conditional) condensate →
free state;
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Measure condensate lifetime τc = 1/Γ and verify its inverse
proportionality to material screening strength.

• Philosophical significance:

First “recording” of the full lifecycle of an irre-
versible emergence event, proving that complex-
ity rises and dissipates like sea foam.

5.3. Phase III (2030+): Direct
Observation of Gradient Flow —
Material Realization of Process
Philosophy

• Key technologies (proposed):
– Quantum XFEL: using squeezed-state X-rays to beat the
standard quantum limit and directly measure quantum fluctua-
tions of ∇ρ;
– Four-dimensional electron microscopy: combining fem-
tosecond lasers and ultrafast electron diffraction to reconstruct
J(r, t).

• Flagship experiment:
Measure the build-up time τ(r) of the interaction between two
electrons, verifying:

τ(r) =
r
c
+δτ, δτ ∝

1
( f − f0)2 + γ2

Confirm that “virtual-photon exchange” is in fact the time-
domain structure of high-frequency gradient flow.

• Philosophical significance:

Ending the myth of “substantial interaction,”
proving “process is reality” — experimental com-
pletion of all three KAIEPA missions.
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5.4. Conclusion: From Laboratory to
Cosmos

This roadmap is not merely a technical plan but an experimental
program of natural philosophy. When we “see” the surging of
gradient flows on the scale of 0.1 nanometers and 20 femtoseconds,
we will, on a tabletop, re-enact the very first instants in which the
universe created order out of chaos. This is the ultimate promise
of EQT:

The grand rhythm of the cosmos is contained within
every microscopic interaction.
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Conclusion: From
Laboratory to Cosmos

XFEL experiments are not the endpoint of Energy Quantum Theory
(EQT); they are its starting point for falsifiability and, even more
profoundly, the experimental cornerstone for the rebirth of natu-
ral philosophy.

When we “see” the birth of energy-quantum gradient flows on the
femtosecond scale,
when we “capture” the annihilation of electron density voids in sub-
nanometer space,
when we “record” a complete cycle of bound-state restoration under
strong-field excitation,
what we are doing goes far beyond measuring a signal or verifying
an equation.

We are, on a tabletop scale, re-enacting the very first instants
of cosmic structure formation.

In that instant—

• process displaces substance: there are no “electrons” or “pho-
tons,” only the surging and weaving of ρ(r, t, f );

• irreversibility reveals itself: orbital irreproducibility makes
every evolution a unique history;

• complexity emerges like sea foam: local order rises and dis-
solves again, while the cosmic ocean remains globally stable.

This is precisely the unified picture painted by KAIEPA:

The universe is an irreversible sea of process driven
by energy gradients; local complexity rises and falls
like foam, while the total potential remains conserved.
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The ultimate promise of EQT is not to offer a more complicated
model of the universe, but to restore the core mission of physics: ex-
plaining natural phenomena. It does not ask “What is the universe
made of?” but rather “What is the universe doing?” The answer is:
it is unfolding itself through frequency, creating order through
gradients, and achieving self-understanding through process.

Every femtosecond pulse of an XFEL is a question posed to that
answer;
every time-delayed probe is the universe’s reply delivered through
human hands.

In the faint light of the laboratory, we glimpse the
rhythm of the cosmos;
in the fleeting instant of a femtosecond, we touch the
source of time itself.

This is the science and poetry of EQT— both falsifiable and as
profound as the ocean.
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A. Mapping Table
Between EQT Master
Equation and XFEL
Observables

The core dynamics of Energy Quantum Theory (EQT) is described
by the master equation (KAIEQT, §3.1):

∂ρ

∂ t
+∇ ·J = Spump(t)+ kρ

2 −Γ

where J =−D∇ρ +ρv and v =−µ∇ρ .
The following table maps each term of the equation one-to-one

with XFEL observables, detection techniques, and physical mean-
ing, forming a complete theory-to-experiment chain.

A.1. Key Mapping Notes

1. ρ ↔ scattering intensity
X-ray scattering cross-section σ ∝ |

∫
ρ(r)eiq·rdr|2,

hence Iscat(q,τ) ∝ |ρ̃(q,τ)|2.

2. ∇ρ ↔ force and acceleration
Electron acceleration a = F/m =−β∇ρ/m,
indirectly measurable via ARPES momentum shift ∆p = ma∆t.

3. kρ2 ↔ superlinear threshold
When Ipump > Ic, power-law behavior such as IHHG ∝ I2.3

pump
directly reflects activation of the nonlinear term.
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EQT
Term

Physical Mean-
ing

XFEL Observ-
able

Detection Tech-
nique

Extraction
Method

ρ(r, t, f ) Energy-quantum
density field
(fundamental)

Electron/ion den-
sity distribution

X-ray scattering,
electron diffrac-
tion

Phase retrieval
(ptychography)

∂t ρ Rate of energy
change (origin of
time arrow)

Rate of signal
change with delay
τ

Pump–probe delay
scan

d
dτ

Iscat(τ)

∇ρ Energy gradient
(source of force)

Charge gradient,
electric-field
distribution

Ultrafast electron
microscopy, X-ray
Stark shift

Spatial derivative
∇Iscat

J Energy-quantum
current (carrier of
process)

Current density,
energy transport
direction

Time-resolved
MOKE (TR-
MOKE)

Inversion
J =−D∇ρ + · · ·

Spump External perturba-
tion source (cre-
ation origin)

Pump pulse en-
ergy, spatial pro-
file

Pulse energy me-
ter, wavefront sen-
sor

Known input, no
inversion needed

kρ2 Nonlinear positive
feedback (emer-
gence engine)

Superlinear re-
sponse, HHG

HHG spectrome-
ter, nonlinear scat-
tering

Fit Isig ∝ In
pump

Γ Dissipation (deco-
herence/quench-
ing)

Signal decay rate,
coherence time

ARPES band
broadening, scat-
tering diffusion

Γ = 1/τdecay

ρv Convective term
(gradient-driven
motion)

Collective elec-
tron/ion velocity

Time-of-flight
MS, ultrafast
diffraction shift

Velocity = ∆x/∆τ

4. Γ ↔ condensate lifetime
ARPES band-sharpening time τsharp ∼ 1/Γ.

A.2. Philosophical–Experimental Unity

This mapping table not only serves as a technical guide but embodies
the experimental realization of KAIEPA’s three missions:

• Process ontology: all “entities” (electron, photon) are reduced
to ρ and its derivatives;

• Irreversibility: ∂tρ and Γ directly measure the arrow of time;

• Non-cumulative emergence: competition between kρ2 and Γ

determines the birth and death of local complexity.

Every XFEL measurement is a sampling of the EQT
master equation;
every transient image is a gaze into the sea of process.
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B. Comparison of Key
XFEL Experimental
Parameters with EQT
Predictions

This table summarizes the core parameters of three representative
XFEL experiments (graphene charge rearrangement, gold-cluster
explosion, water-plasma thermalization) and lists EQT’s quantitative
predictions and verification criteria. All predictions derive from the
EQT master equation and three-state dynamics and can be directly
applied to data analysis.

B.1. Key Parameter Notes

1. Critical pump intensity Ic

Ic ≈
D f 2

kc ·pulse duration
⇒ Ic ∝ f 2

Testable: compare superlinear thresholds at 500 eV vs. 1 keV
pumping.

2. Electron density void size
Determined by electron Compton wavelength:

λC =
h

mec
≈ 0.386 fm (effective radius modulated by local field, measured ∼ 0.1 nm)

3. Gradient propagation time τ(r)
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System XFEL Parame-
ters

EQT Prediction Verification Cri-
terion

Corresponding
Mission

Graphene
(Schultze et
al., 2014)

– Pump:
750 nm, 4 fs,
I = 1012 W/cm2 –
Probe: 90 eV, at-
tosecond ARPES

– Nonlinear dom-
inance: τNL <
10 fs – Superlin-
ear index: n= 1.3
– Condensate life-
time: τc ≈ 20 fs

– IARPES ∝ I1.3
pump –

Band sharpening
lasts 20 fs

Mission 1:
Process ontol-
ogy Mission 3:
Non-cumulative
emergence

Gold
clusters
(Krainyukova
et al., 2021)

– Pump:
8 keV, 50 fs,
I = 1015 W/cm2

– Probe: ion
TOF + electron
spectroscopy

– Electron
density:
ρe( fe) < ρ0( fe)
– Proton density:
ρp( fp) ≫ ρ0( fp)
– Screening delay:
τdelay = 20 fs

– Post-ionization
electron loss, pro-
tons retained –
Coulomb explo-
sion delayed by
20 fs

Mission 1: End
substance ontol-
ogy

Water
plasma
(Vinko et
al., 2012)

– Pump:
500 eV, 70 fs,
I = 1014 W/cm2

– Probe: X-ray
Thomson scatter-
ing

– Critical den-
sity: ρc( f ) ≈
2 × 10−12 J/m3

– Fluctuation
amplitude:
δρ/ρc ≈ 0.67

– δne/nc ≈ 0.67
(near phase-
transition thresh-
old)

Mission 3: Non-
cumulative emer-
gence

General
new pre-
diction

– Pump:
1 keV, 5 fs,
I > 1016 W/cm2

– Probe: hard
X-ray scattering +
ARPES

– Electron den-
sity void: size
0.1 nm, lifetime
20 fs – Critical in-
tensity: Ic ∝ f 2 –
Gradient propaga-
tion time: τ(r) =
r/c+δτ

– Void FWHM
< 0.15 nm –
Iscat ∝ In

pump,
n > 1 – τ(r) non-
instantaneous

Missions 1+2+3:
Full realization

In EQT, interaction is non-instantaneous:

τ(r) =
r
vg

≈ r
c

(
1+

γ2

( f − f0)2

)
Future measurable: via spatially separated dual-probe delay.

B.2. Philosophical–Experimental Unity

This comparison table is not only a technical reference but serves as
experimental anchors for KAIEPA’s three missions:

• Mission 1 (process ontology): all “particle behavior” reduced
to evolution of ρ( f );

• Mission 2 (irreversibility): timescales τdelay, τc, etc., embody
orbital irreproducibility;
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• Mission 3 (non-cumulative emergence): voids, fluctuations,
lifetimes are local and transient.

Every parameter match is empirical proof that “the
universe is a sea of process.”
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C. Energy-Quantum
Three States —
Condensed, Bound,
and Free

In Energy Quantum Theory (EQT), all forms of material existence
are three dynamical states of the energy-quantum density field
ρ(r, t, f ), rigorously derived from the EQT master equation:

C.1. Core Mechanisms and
Experimental Correspondence

1. Precise definition of bound state

The bound state is a metastable localized state in
which co-frequency energy quanta are confined
by a mass quantum via frequency matching and
phase locking—not potential-well binding, but a
steady-state flow under gradient balance.

XFEL verification: measure ionization delay τdelay = 1/Γ

(bound-state lifetime).

2. Dynamical driving of three-state transitions
– Condensed ↔ free: driven by frequency perturbation and
phase synchronization/breakdown;
– Bound ↔ unbound: driven by breakdown of gradient balance
(barrier escape).
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State Dynamical
Definition

Physical Crite-
rion

XFEL Observ-
able Signature

Condensed Master equa-
tion in high-
frequency
band
( f > 1020 Hz)
(gradient clo-
sure, phase
rigidity)

ρ( f ) ≫ ρ0( f )
kρ2 ≫ D∇2ρ

Coherence
C ≈ 1

Ultra-narrow
ARPES peaks,
HHG burst,
mass generation

Bound Master-
equation
local nonlinear
steady-state
solution at
resonant fre-
quency (domain
defined by
mass-quantum
Compton fre-
quency fC)

ρ( f ) ≈ ρ0( f )
Gradient bal-
ance ∇ρ ·v = 0
Local phase
locking

Band sharpen-
ing, local Bragg
peaks, ioniza-
tion threshold

Free Master-
equation linear
propagation
solution in low-
frequency band
(no gradient clo-
sure, no local
accumulation)

ρ( f ) ≪ ρ0( f )
D∇2ρ ≫ kρ2

Phase disorder
C ≈ 0

Momentum
spreading,
incoherent scat-
tering, photon
propagation

XFEL verification: attosecond ARPES tracking real-time
evolution of C(t) and ρ(t).

3. Emergent nature of mass and charge
– Mass = localized energy of condensate E/c2;
– Charge = direction of deviation of ρ( f ) from ρ0( f ) in bound
state.
XFEL verification: hard X-ray scattering directly images
electron density void (ρe < ρ0).
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C.2. Philosophical–Experimental Unity

This three-state framework is not only a physical model but the
microscopic realization of KAIEPA’s three missions:

• Mission 1 (process ontology): three states are dynamic pro-
cesses, not static entities;

• Mission 2 (irreversibility): unbinding requires overcoming a
barrier, embodying the arrow of time;

• Mission 3 (non-cumulative emergence): condensate exists only
briefly without altering the whole.

Every XFEL probe is empirical proof that “process
is reality.”
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This reference list provides readers with a complete traceable
chain from philosophical roots (KAIEPA), through physical theory
(KAIEQT), to experimental verification (XFEL papers), ensuring
the booklet’s academic rigor and traceability.
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