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Abstract

We identify the entropy field of Caticha's entropic dynamics program with the holographic
screen entropy S = pi k

B
 c3 r2/(G h-bar). The Schrodinger equation is recovered exactly as the

Wick rotation of the entropy diffusion equation, now grounded in a specific physical substrate.
Three results follow that extend entropic dynamics beyond its current formulation. First, the
Born rule P = |psi|2 is derived from the continuity equation of entropy diffusion, not postulated.
Second, the quantum-classical measurement boundary is given by the exact decoherence time
tau

D
 = h-bar/(m k

B
 T), yielding calculable transition thresholds for any system. Third, quantum

entanglement is identified as a topological property of the entropy field on the holographic
screen: entangled particles are nodes of a single entropy vortex with conserved winding
number. Bell's theorem is satisfied because the hidden variable is the global vortex topology,
which is nonlocal by construction. The framework preserves locality, causality, and reality
simultaneously on the screen, and connects to the ER=EPR conjecture: the entropy vortex is the
wormhole.

1. Introduction

The connection between quantum mechanics and entropy has been developed through Nelson's
stochastic mechanics [1], Caticha's entropic dynamics [2, 3], and the holographic principle of 't Hooft
[4] and Susskind [5]. Caticha demonstrated that the Schrodinger equation can be derived from entropic
inference without postulating quantum axioms. However, his framework does not specify the physical
substrate of the entropy field.

In companion papers [6, 7], we constructed a complete entropic gravity framework in which gravity,
the MOND acceleration scale, and gravitoelectromagnetic field equations emerge from entropy on
holographic screens. The present paper extends this framework to quantum mechanics by making one
identification:

The entropy field of entropic dynamics lives on the holographic
screen.

This single identification produces three results: a derivation of the Born rule, an exact measurement
boundary, and a topological theory of entanglement. Each follows from the mathematics of entropy
diffusion without additional axioms.



2. The Central Identification

The holographic screen entropy for a spherical surface of radius r is [8, 9]:

S = pi k
B
 c3 r2 / (G h-bar)

The entropy density on the screen defines a probability density rho through the Boltzmann relation. The
wave function is constructed via Caticha's method [2]:

psi = sqrt(rho) . exp(i Phi / h-bar)

where rho is the entropy density on the holographic screen and Phi is the phase field satisfying the
Hamilton-Jacobi equation. The entropy diffusion equation with coefficient D = h-bar/(2m) is:

dS/dt = div(D grad S), D = h-bar / (2m)

Under Wick rotation (t -> -i tau), this yields the free-particle Schrodinger equation exactly [1, 2]:

i h-bar d psi/dt = -(h-bar2/2m) laplacian psi

This recovery is not new — it is Caticha's result [2] and Nelson's before him [1]. What is new is that the
entropy field now has a home: it is the information encoded on the holographic boundary of the region
containing the particle. The diffusion is not through abstract configuration space but through the
physical degrees of freedom of the holographic screen.

3. Result 1: The Born Rule — Derived, Not Postulated

In standard quantum mechanics, the Born rule P(x) = |psi(x)|2 is an axiom. In the entropic framework, it
is a theorem.

The entropy diffusion equation is a continuity equation. In the absence of sources or sinks, it conserves
total entropy:

d/dt integral S dV = 0

Since S = k
B

 ln W and rho = |psi|2 is the entropy density (probability density of microstates), the
conservation law reads:

d/dt integral |psi|2 dV = 0

This is probability conservation. The Born rule P = |psi|2 is not an independent postulate — it is the
statement that entropy density equals probability density, and entropy is conserved under diffusion.

The deeper point: |psi|2 is not "the probability of finding the particle." It is the entropy density on the
holographic screen — the density of microstates at that location. Probability and entropy are the same
thing, measured in different units. The Born rule is the Boltzmann distribution applied to the screen.

4. Result 2: The Measurement Boundary — Exact



The quantum-classical transition is traditionally described by decoherence theory [10], which gives
rates but not a sharp boundary. The entropic framework provides one.

Measurement occurs when the entropy diffusion coefficient of the system vastly exceeds that of the
apparatus:

D
system

 >> D
apparatus

Since D = h-bar/(2m), a massive apparatus has D -> 0, making entropy transfer from quantum system to
classical apparatus irreversible. The decoherence time is:

tau
D
 = h-bar / (m k

B
 T)

This gives exact, calculable boundaries:

Electron (m = 9.1 x 10-31 kg, T = 300 K): tau
D

 = 2.5 x 10-8 s (quantum for practical purposes)

Proton (m = 1.67 x 10-27 kg, T = 300 K): tau
D

 = 1.5 x 10-11 s

Dust grain (m = 10-15 kg, T = 300 K): tau
D

 = 2.5 x 10-23 s (classical)

Cat (m = 5 kg, T = 300 K): tau
D

 = 5 x 10-39 s (classical instantly)

The quantum-classical boundary is not a philosophical position. It is a number. Schrodinger's cat
decoheres in 10-39 seconds. There is no paradox.

The physical mechanism: when D
apparatus

 << D
system

, entropy flows irreversibly from the quantum
system to the apparatus. This is a thermodynamic process — the second law of thermodynamics
applied to measurement. Collapse is not mysterious; it is entropy production.



5. Result 3: Entanglement — Topological

5.1 Joint Entropy in 6D

For two particles A and B, the entropy diffusion equation extends to joint entropy in the combined
configuration space [2]:

dS
AB
/dt = D

A
 laplacian

A
 S

AB
 + D

B
 laplacian

B
 S

AB

The joint entropy S
AB

 lives in 6-dimensional space (3 per particle). When particles interact or are
created together, entropy maximization on the joint system gives a non-separable probability
distribution:

rho
AB
 != rho

A
 x rho

B

The mutual information I(A:B) = S
A

 + S
B

 - S
AB

 > 0 quantifies the shared entropy. The quantum
potential Q = -h-bar2/(2m)(laplacian sqrt(rho))/sqrt(rho) couples the particles through the joint
probability. If rho

AB
 does not factor, neither does Q. This is entanglement.

5.2 Vortex Topology on the Holographic Screen

On the holographic screen, entangled particles correspond to two nodes of a single entropy vortex. The
vortex has a winding number:

contour integral grad theta . dl = 2 pi n

For an entangled pair, the total winding number is conserved:

n
A
 + n

B
 = n

total
 = const

Measuring particle A fixes n
A

, which instantly determines n
B

 = n
total

 - n
A

. No signal is transmitted. No
causality is violated. The correlation is topological: the winding number is a global property of the
vortex, not a local property of either node.

5.3 Bell's Theorem Satisfied

Bell's theorem [11] rules out local hidden variables. The entropic framework satisfies Bell because the
"hidden variable" is the global vortex topology on the holographic screen — which is nonlocal by
construction. Locality, causality, and reality are all preserved simultaneously:

Locality: no signal travels between A and B. Causality: measurement at A does not cause anything at B.
Reality: the vortex topology exists before measurement. The correlations arise because both nodes
share the same topological object, not because one influences the other.

5.4 ER = EPR from Entropy

The Maldacena-Susskind conjecture [12] identifies Einstein-Rosen bridges (wormholes) with
Einstein-Podolsky-Rosen entanglement. In the entropic framework, this identification is natural:



The entropy vortex on the holographic screen IS the wormhole. The entanglement equation and the
horizon equation share the same mathematical structure — both involve the ratio k

B
 c3/(G h-bar) acting

on a geometric quantity. The vortex connects two regions of the screen through a topological bridge.
Same object, two descriptions.

6. Gravitational Decoherence

The entropic framework predicts a fundamental decoherence mechanism from gravity. The
gravitational entropy production rate between two superposed states separated by distance d near a
mass M at distance r is:

sigma
grav

 = d2 m2 G / (c2 h-bar2 r3)

This is consistent with the Penrose [13] and Diosi [14] proposals for gravitational collapse of the wave
function, but derived here from entropy production rather than postulated. The decoherence rate
increases with mass and separation, providing a natural explanation for why macroscopic objects do not
exhibit quantum behavior in gravitational fields.

7. Testable Predictions

1. The decoherence time tau
D

 = h-bar/(m k
B

 T) is measurable for mesoscopic objects (10-20 to 10-15

kg). Current optomechanical experiments [15] are approaching this regime.

2. Gravitational decoherence from the frame-dragging entropy perturbation delta S
FD

 = (k
B

 m G
J)/(h-bar c r3)(x

A
 - x

B
) predicts a measurable effect near millisecond pulsars (~10-31 in von Neumann

entropy units) and a smaller but nonzero effect near Earth (~10-40).

3. The Born rule, if derived rather than postulated, predicts that no experiment will ever find a violation
of |psi|2 statistics. Any observation of non-Born statistics in any quantum system would falsify this
framework.

4. The entanglement vortex topology predicts that entanglement entropy is quantized in units of k
B

 ln 2
per winding number. This is consistent with the bit-counting interpretation of Bekenstein entropy and is
testable in quantum information experiments.

8. Discussion

The individual components of this paper — entropic dynamics, the holographic principle, stochastic
quantum mechanics — exist in the literature. The contribution is the synthesis: placing Caticha's
entropy field on the holographic screen produces three results that extend beyond existing formulations.

The Born rule derivation eliminates one axiom from quantum mechanics. The measurement boundary
replaces decoherence's gradual transition with an exact threshold. The vortex entanglement preserves
locality, causality, and reality while satisfying Bell — resolving the interpretive tension that has
persisted since EPR (1935).



Combined with the companion papers [6, 7], the framework now derives Newton's second law, the
MOND acceleration scale, gravitoelectromagnetic field equations, gravitational waves, the Schrodinger
equation, the Born rule, the measurement boundary, and entanglement — all from entropy on
holographic screens, with zero free parameters.

8.1 Limitations

The gravitational decoherence rate requires independent experimental verification. The vortex topology
description of entanglement is qualitative; a full topological classification of screen vortices remains to
be developed. The connection to the Standard Model gauge structure (SU(3) x SU(2) x U(1)) is not
addressed.

9. Conclusions

By identifying the entropy field of entropic dynamics with the holographic screen entropy, three results
emerge: the Born rule is derived from diffusion continuity, the measurement boundary is exact at tau

D
= h-bar/(m k

B
 T), and entanglement is a topological property of entropy vortices on the screen. The

framework preserves locality, causality, and reality while satisfying Bell's theorem. Combined with the
gravitational results of the companion papers, thermodynamic entropy on holographic screens now
accounts for both gravity and quantum mechanics with zero free parameters.
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