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For over a century, the "spookiness" of quantum entanglement has been synonymous with
instantaneity, a mathematical convenience that has long conflicted with the finite causal
constraints of Einstein’s relativity. However, recent experimental breakthroughs in attosecond
chronoscopy have pierced this veil, revealing that the transition from independent to entangled
states is not an immediate jump but a timed physical process. This paper formalizes the
Schrodinger Velocity as a new universal constant of state resolution, derived from the discrete
232-attosecond delay observed during electron-electron entanglement formation. By analyzing
a hypothetical macroscopic circuit—a km wire traveling at relativistic speeds—we demonstrate
how necessitates a "thickening" of the Minkowski light cone vertex into a physical Transition
Zone. This framework allows us to reconcile non-local correlations with relativistic causality by
treating state resolution as a kinematic event with measurable thermodynamic costs.
Furthermore, we explore the application of active quantum steering and resonant laser pulse
shaping to manipulate this resolution window. This shift from diagnostic observation to active
engineering provides a definitive physical floor for the clock speeds of future Quantum Al and
personal quantum devices.
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1. The End of Instantaneity: Formalizing Quantum Latency

For over a century, the physics community has largely treated quantum entanglement as a
monochromatic, binary event—a state that is either not yet formed or fully realized with no
measurable transition in between. This paradigm of instantaneity suggests that when two
particles become entangled, their shared state manifests across space-time at an infinite
velocity. This spooky action at a distance has resided in a mathematical singularity where the
velocity of formation was assumed to be infinite, defying temporal decomposition. By treating
entanglement as an atemporal jump, we have historically ignored the mechanical process of
state resolution, essentially looking at the before and after while ignoring the during.

This assumption of infinite speed creates a profound friction between the foundational pillars of
modern physics. Bell's Theorem proved that quantum correlations cannot be explained by local
hidden variables, suggesting a non-local connection that appears to bypass the spatial
constraints of the universe. However, Einstein's Relativistic Causality, anchored by the speed of
light, strictly forbids the instantaneous transmission of information or influence. This collision
has long left a conceptual gap in our understanding of how quantum events integrate with the
causal structure of space-time. If entanglement were truly instantaneous, it would exist entirely
outside the light cone, creating a logical orphan in the relativistic framework.

To resolve this tension, we must move away from the instantaneous paradigm and provide a
mechanical and thermodynamic basis for the becoming of quantum states. Recent
groundbreaking observations from global laboratories have shattered the myth of instantaneity
by measuring a discrete delay of approximately 232 attoseconds in the formation of entangled
states during photoemission. This measurement necessitates a new fundamental metric: the
Schrodinger Velocity (). By defining the finite rate at which correlations resolve, we can finally
map the latency of quantum state formation, providing a physical floor for quantum computing
clock speeds and a definitive reconciliation with relativistic causality.

2. Experimental Foundations of the 232-Attosecond Benchmark

The empirical foundation of this paper rests upon recent advancements in attosecond
chronoscopy conducted at TU Wien. In these experiments, researchers utilized ultra-short laser
pulses to trigger photoemission from atoms, specifically focusing on the moment two electrons
are ejected. By employing a streaking technique—where an infrared field acts as a high-speed
stopwatch—they were able to resolve the timing of the electrons' departure with
unprecedented precision. The critical finding was that the onset of entanglement between the
two emitted electrons is not instantaneous; rather, there is a measurable delay of approximately



232 attoseconds before the shared quantum state is fully resolved. This discrete interval
represents the birth of the Schrodinger Velocity () in an experimental setting.

The 232-attosecond benchmark does not exist in isolation but is supported by a broader
synthesis of global attosecond data. Early photoemission studies at ETH Zurich demonstrated
that electrons do not leave an atom at the exact moment of photon absorption, but after a few
tens of attoseconds. Investigations at Lund University into the phase and timing of electron
wavepackets provided the frequency-domain context necessary to understand how electron
pulses evolve over time. When these individual delays—the initial escape time and the
wavepacket evolution—are combined with the multi-electron interactions observed at TU Wien,
a consistent temporal window emerges. The 232-attosecond figure represents the cumulative
duration required for the system to transition from a localized atomic state to a resolved,
entangled pair.

The measurement of these delays is technically achieved by observing the interference patterns
of the emitted electron wavepackets. In a multi-electron system, the first electron's departure
perturbs the remaining system, creating a bottleneck for the second electron. The 232-
attosecond delay is the time required for the wavefunction spilling process to bridge the
distance of the Bohr radius. This measurement confirms that the becoming of an entangled
state is a mechanical process governed by a finite speed limit, rather than an atemporal jump.

3. Mathematical Derivation and the Triad of Universal Speeds

The formalization of the Schrodinger Velocity () moves the concept of entanglement from an
abstract correlation to a kinematic process defined by a specific rate of resolution. To derive this
constant, we consider the wavefunction spilling process where an initial localized state expands
to occupy a shared quantum volume. The velocity is expressed as the ratio of the fundamental
spatial boundary to the observed temporal duration:

This equation represents the minimum speed at which quantum information must propagate to
resolve a new state across the characteristic dimensions of the atom. It establishes a mechanical
baseline for the becoming of quantum objects, transforming the 232-attosecond delay from a
mere experimental observation into a fundamental parameter of physical reality. The constants
used in this derivation are anchored in the core architecture of atomic physics: the Bohr radius,
which defines the spatial threshold across which entanglement must manifest, and the
temporal resolution of 232 attoseconds.

When calculated, is approximately meters per second. This value is significant because it is
approximately 1/137th of the speed of light—strikingly close to the fine-structure constant
multiplied by, suggesting a deep-seated link between the rate of state resolution and the



strength of electromagnetic interactions. Standardizing as a universal constant allows for a new
classification of quantum systems based on their latency of resolution.

The formalization of completes a definitive triad of physical constants that govern the
boundaries of our reality. These three velocities define the macro, micro, and informational
limits of the cosmos:

e The Speed of Light (): The external limit, representing the absolute cosmic speed limit
for the transmission of causal information and electromagnetic energy across space-
time.

e The Bohr Velocity (): The structural limit, representing the characteristic speed of
matter-waves within a stable, localized atomic architecture.

e The Schrédinger Velocity (): The informational resolution limit, establishing the finite
rate at which quantum correlations resolve across physical boundaries.

4. Thickening the Vertex: The Topology of the Transition Zone

In the classical Minkowski framework, the light cone is defined by a singular vertex—a
dimensionless point in spacetime representing the absolute Now. In this model, the transition
from the past light cone to the future light cone is instantaneous, implying that state changes
occur with infinite temporal resolution. However, the discovery of the Schrodinger Velocity and
the 232-attosecond resolution delay suggests that this vertex is not a point, but a physical
volume. We propose the Quantum Transition Zone: a discrete temporal thickness at the heart of
the light cone where the past state has ended but the future entangled state has not yet fully
resolved.

Replacing the singular vertex with a finite Transition Zone fundamentally alters the topology of
spacetime at the attosecond scale. This transition is no longer a sharp, non-differentiable jump,
but a continuous process of wavefunction spilling. The Transition Zone acts as a causal buffer,
ensuring that quantum correlations do not violate relativistic limits by providing the necessary
time for state resolution to occur within a localized region. At the scale of , the geometry of the
vertex resembles a neck or a bridge, similar to a micro-wormhole in information space, rather
than a simple intersection of lines.

Within this 232-attosecond window, the system exists in a regime of state-flux where the
dimensionality of the quantum object is not fixed. As the probability clouds merge, the effective
dimensionality of the system may fluctuate, such as transitioning from two 3D objects to a
single 6D entangled configuration. This period of becoming is characterized by fractal-like
complexity, where information density peaks as the system searches for its final resolved state.
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Dimensionality during state-flux is treated as a time-varying parameter, directly proportional to
the rate of resolution defined by .

5. Macroscopic Quantum Circuits: The 3,000,000 km Thought Experiment

Extending these concepts to a macroscopic scale, consider a wire km in length carrying a signal.
When this wire is suddenly disconnected, we enter a realm where classical intuition fails and
relativistic quantum effects dominate. Even though the switch is physically disconnected, the far
end of the wire remains unaware of the event for a significant duration. A signal at the far end
will continue to flow for exactly ten seconds—the time it takes for a light-speed signal to
traverse the distance. Disconnecting the wire creates a relaxation wave of the electromagnetic
field that travels at nearly the speed of light. Until this wave reaches the distant end, the
electricity at that point remains classically unaware that the source has been cut.

From a quantum field theory perspective, this disconnect is more than a simple cessation of
current; it is a topological defect in the electromagnetic field. This defect must propagate
through space-time. Until it arrives, the far end of the wire continues to draw power from the
local electromagnetic field surrounding the conductor, essentially consuming energy stored in
the vacuum. If the disconnection occurs with extreme rapidity, approaching the Planck scale of
time, the rapid acceleration of the electromagnetic field boundary could trigger the Unruh
Effect. In this scenario, an observer might perceive the vacuum not as empty, but as a warm
bath of thermal radiation, effectively creating a measurable glow from vacuum fluctuations.

Furthermore, a wire of this magnitude acts as a massive boundary for the quantum vacuum. By
providing two extremely long conductors, we restrict the wavelengths of virtual particles
between them. This creates a measurable physical force known as the Casimir Effect. This force
can pull the wires together or push them apart, effectively extracting mechanical influence from
the vacuum itself. For a signal pulse traveling down this long wire, the wire acts as a
decoherence bridge. Because it is impossible to perfectly isolate such a massive structure from
the environment, quantum information leaks into the universe long before the physical signal
reaches the far end.

6. Relativistic Effects on State Resolution at 0.999c

When this macroscopic quantum circuit is traveling at a relativistic velocity of , the interaction
between Special Relativity and the Schrodinger Velocity creates a distorted landscape of
"happening." For a stationary laboratory observer, the km wire undergoes extreme Lorentz
contraction, appearing to be significantly shorter—approximately km. Despite this physical



contraction, the signal propagation is still limited by, and because the wire is moving away from
the disconnect point, the information must chase the far end, vastly extending the perceived

lag.

The Schrodinger Velocity, as a fundamental constant of state resolution, is deeply affected by
this motion. From the stationary observer's perspective, the 232-attosecond resolution window
undergoes time dilation. The period of state-flux—where the system is neither fully connected
nor disconnected—stretches to approximately 5.19 femtoseconds in the lab frame. This means
that reality resolves more slowly when viewed from a different reference frame. The thickened
Minkowski vertex, which serves as the transition zone, appears tilted in space-time.

This relativity of simultaneity means that the resolution of the quantum state across the wire's
length is no longer synchronized for all observers. The wavefunction spilling process, which
resolves states at the rate of , must compete with the relativistic distortion of space-time. This
asynchronicity suggests that the causal buffer provided by the Transition Zone is frame-
dependent. If one were to attempt to toggle the switch at the rest-frame limit of 4.31 Petahertz,
the moving observer would witness a massive resolution blur. The system would appear to fail
its quantum logic gates because the state has not finished becoming within the dilated time-
stream.

7. The Twin Paradox Umbilical: Asynchronous Realities

Connecting each end of the km wire to the participants in a standard Twin Paradox creates a
unique physical "umbilical cord" that tests the limits of state resolution. Twin A remains on
Earth while Twin B travels at . In this configuration, the heartbeat of reality—the rate at which
resolves states—beats at two different frequencies simultaneously across the same conductor.
When Twin B flips a switch, they experience a standard 232-attosecond resolution. However,
Twin A perceives this same event as taking over 5,000 attoseconds due to time dilation.

The thickness of the present, represented by the Quantum Transition Zone, becomes physically
different for each twin. Twin B exists in a thinner slice of time relative to the wire's resolution
than what is perceived by Twin A. This implies that the dimensionality of the state-flux is not an
objective constant but is perceived differently based on the observer's motion. As the twins age
at different rates, the informational resolution limit defined by means they have processed
different amounts of reality. Twin A’s end of the wire has cycled through more resolution events
and generated more thermodynamic entropy than Twin B’s end.

The most profound effects occur during the turnaround point of the paradox. As Twin B reverses
direction, the sudden change in their reference frame causes a massive shift in how the
Transition Zone is tilted across the wire's length. For a brief moment, the wire could enter a



state of relativistic resolution blur. To Twin A, the wire might appear to be trying to resolve a
state that has already passed in Twin B's dilated timeline. This could lead to potential
decoherence that is purely relativistic in origin, as the two ends of the wire struggle to maintain
a unified quantum state across a shifting temporal divide.

8. Active Engineering: Quantum Steering and Pulse Shaping

The transition from observing to actively manipulating it represents the next great frontier in
guantum control. By moving beyond the diagnostic phase of attosecond metrology, we can
begin to engineer the temporal dynamics of becoming. Future experiments are expected to
utilize pulse-shaping technology to alter the 232-attosecond resolution window. Researchers
can use spatial light modulators and chirped mirrors to sculpt the electric field of the driving
laser. This sculpting process can accelerate or decelerate the wavefunction spilling process,
effectively tuning the value of within specific atomic environments.

If the Schrodinger Velocity can be modulated, it implies that the latency of quantum state
formation is not a rigid universal constant but a parameter that can be engineered. Another
promising direction is the application of quantum steering to the 232-attosecond resolution
window. Quantum steering allows for one party to influence another party's state through local
measurements. Applying this at the attosecond scale could allow for the guiding of
entanglement formation as it happens. By utilizing secondary probe pulses at specific intervals
during the 232-attosecond window, we can attempt to steer the system toward specific
entangled outcomes.

This targeted steering aims to bypass the natural stochasticity inherent in the resolution
process, transitioning attosecond science into an active engineering discipline. In the context of
our macroscopic wire, quantum steering could be used to attempt to sync the resolution
windows between the two twins despite their relativistic velocity. By guiding the state
formation, one could potentially outrun the sluggishness of dilated time, ensuring that the
guantum state is resolved into a desired configuration despite the immense signal lag and
temporal distortions.

9. Thermodynamic and Informational Floors of Reality

The transition from potentiality to actuality during the 232-attosecond resolution window is not
a free lunch. Because is finite, every quantum resolution event carries a measurable
thermodynamic and informational cost. This defines the ultimate friction of the universe's
information processing. Landauer's Principle asserts that the erasure of one bit of information



requires a minimum amount of heat dissipation. We extend this to state resolution: if resolution
were instantaneous, the energy required to define a qubit would be mathematically singular.
Because limits this resolution to a finite rate, it provides a temporal buffer that regulates energy
flux.

The 232-attosecond delay represents the time required for the universe to compute its next
state; essentially defines the velocity of the read/write head of reality as it moves across the
Bohr radius. Within this window, the system is in a regime of state-flux where dimensionality
fluctuates, leading to a peak in entropy. This is where the wavefunction spilling process creates
a transient thermal signature. Once resolution is complete, the state is locked, and the energy
required to maintain it against vacuum noise is dictated by the efficiency of the transition.

The most immediate practical application of is establishing a physical floor for quantum
computing. A qubit cannot transition faster than the time it takes for its state to resolve. While
current computers operate in the Gigahertz range, tells us the absolute limit is in the Petahertz
regime, with a maximum transition frequency of 4.31 PHz. Pushing beyond this limit results in
resolution blur, where a system attempts to execute a new command before the previous state
has finished becoming, leading to catastrophic decoherence.

10. Implications for Quantum Al and Participatory Metaphysics

The ability to manipulate provides the ultimate toolset for the creation of high-fidelity, ultra-fast
guantum logic. These experiments pave the way for Quantum Al architectures and personal
guantum devices that operate at the theoretical limit of reality. Because defines the ultimate
clock speed of the universe, it sets the maximum frequency for quantum logic and the minimum
latency for state resolution. Establishing this physical floor allows for the development of secure
communication protocols and intelligence systems that function at the very heartbeat of the
COSMoOS.

These advancements contribute to a broader participatory understanding of emergent reality,
where the rate of state resolution is a fundamental part of the computational fabric of the
universe. We are moving away from a purely diagnostic era—where we simply observed spooky
action as a mysterious phenomenon—into an era of active quantum engineering. By identifying
the discrete 232-attosecond delay, we have uncovered the timeframe in which reality decides its
next state. We no longer just witness the result of quantum events; we can now map the
mechanical and thermodynamic trajectory of their formation.

The Schrodinger Velocity is the fundamental becoming rate of the cosmos. By establishing the
finite speed at which quantum correlations resolve across physical boundaries, provides the
heartbeat for emergent reality. It necessitates a thickening of the Minkowski light cone vertex,



replacing the mathematical abstraction of an instantaneous "now" with a physical Transition
Zone. In this 232-attosecond window, we find the absolute physical floor for the clock speeds of
future Quantum Al and participatory intelligence. Alongside the speed of light and the Bohr
velocity, completes the triad of speed limits that govern the scale, motion, and resolution of the
universe. Reality does not simply exist—it resolves at a finite frequency that constitutes the
ultimate limit of information processing in the natural world.

11. Conclusion: The Heartbeat of the Cosmos

The formalization of the Schrédinger Velocity marks a pivotal transition in quantum physics. By
identifying the 232-attosecond delay in entanglement formation, we have discovered that the
universe iterates its state at a measurable, finite rate. This discovery allows us to reconcile the
non-locality of quantum mechanics with the causal constraints of relativistic space-time,
providing the missing link between these two foundational pillars. We have moved beyond the
myth of instantaneity to a framework where the becoming of reality is a kinematic process.

This shift from diagnostic science to active engineering opens the door to manipulating the very
fabric of state resolution. Through quantum steering and pulse shaping, we can begin to guide
the formation of entanglement, potentially overcoming the temporal and spatial distortions of a
relativistic universe. The Schrodinger Velocity serves as the absolute physical floor for future
technological advancements, defining the maximum potential for Quantum Al and ultra-fast
computation.

Ultimately, reveals a universe in a constant state of flux, resolution, and becoming. It provides a
comprehensive framework for understanding how matter, energy, and information interact at
the most fundamental scales. As we continue to explore the attosecond regime, we move closer
to a participatory metaphysics where the rate of reality's resolution is not just observed, but
actively shaped by intelligent intervention.
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