What If Dark Matter Is Actually Information?

The 90-Year Mystery

For nearly a century, astronomers have known something is wrong with our understanding of
gravity. Galaxies spin too fast—their outer stars should fly off into space, yet they don't. Galaxy
clusters contain far more gravitational pull than their visible matter can explain. The universe's
structure shouldn't exist based on the matter we can see.

The standard solution? Invisible "dark matter" particles making up 85% of the universe's mass.
Despite three decades of increasingly sensitive experiments costing billions of dollars, no one
has detected a single dark matter particle. The hypothetical particles have become increasingly
fine-tuned to evade every detector we build.

What if we've been looking for the wrong thing?
The Core Idea: Information Creates Gravity

A new theoretical framework proposes a radical alternative: the "missing mass" isn't matter at
all. It's the geometric structure of information itself.

Think of a hologram. It appears three-dimensional, but it's actually encoded in a two-dimensional
surface. The "depth" emerges from patterns in light. This paper proposes something similar for
the universe: the three-dimensional cosmic structure we observe emerges from patterns in an
"information field"—what physicists call entropy.

The key insight: Wherever information becomes concentrated or changes rapidly, space curves
and creates what we perceive as gravitational effects. No invisible particles needed—just the
geometry of information.

How It Works (Without the Math)

Imagine dropping food coloring into water. Initially there's a sharp boundary—you can clearly
distinguish colored from clear water (high information content). Over time it diffuses, and the
boundary blurs (information spreads). But the total pattern becomes more complex (higher
entropy).

The theory proposes the universe works similarly:

1. Information flows like heat: An "entropy field" spreads through space, following
equations similar to heat diffusion in metal

2. Steep gradients create gravity: Where this field changes most rapidly—where
information is concentrated—the geometry of spacetime curves

3. This mimics dark matter: The curvature from entropy gradients produces exactly the
gravitational effects we've attributed to invisible particles



Mathematically, this gives: p_entropy o« |VS|*

Translation: effective mass density is proportional to the square of how fast entropy changes
from place to place. Regions where information structure is steep create stronger gravity.

Seven Predictions to Test It

Unlike many speculative theories, this framework makes specific predictions testable within the
next decade:

1. Quasi-Periodic Ripples in Cosmic Structure (Test: 2027) The matter power spectrum—a
measure of how clumpy the universe is at different scales—should show subtle oscillations at
specific wavelengths around 100 megaparsecs. These would arise from the entropy field's natural
"resonance" scales.

DESI Year 5 data (2027) will measure this precisely enough to detect or rule out the 15%
amplitude predicted.

2. Filaments That Sharpen Over Time (Test: 2028-2030) In standard dark matter models, the
cosmic web's filaments fatten as the universe ages and smaller structures merge.

The entropy model predicts the opposite: filaments should slightly sharpen over time as entropy
gradients focus. Specifically, filament width W(z) « (1+2z)*(-0.10) versus ACDM's (1+z)"(-0.5).

Euclid telescope measurements at different cosmic epochs will distinguish these predictions at
>56 confidence.

3-7. Additional Tests

o Galaxy rotation curves explained with fewer parameters

e Cluster collision offsets that decay exponentially

e Void density profiles with smooth edges

o Environmental variations in cosmic expansion rate

e Measurable quantum decoherence scaling with information structure

Why Galaxies Spin Too Fast

For a rotating disk galaxy, the entropy profile naturally takes the form S(r) = So In(r/ro)—
logarithmic with radius, like sound intensity in decibels.

This produces effective mass M(r) « r (linear with radius), which gives circular velocity v =
constant—exactly the flat rotation curves observed. Standard visible matter alone gives M(r) «
1°, predicting v o 1/\r (declining with radius), which galaxies don't show.



Both dark matter halos (p « 1/r?) and entropy gradients (p_S « |[VS]> « 1/r?) reproduce
observations. But the entropy model does it with 1 parameter per galaxy versus 6 for dark matter
halos.

The Bullet Cluster Challenge

In 2006, two galaxy clusters collided. Hot gas slowed down due to collisions, but gravitational
lensing showed mass that passed straight through. This is considered the strongest evidence for
collision-less dark matter particles.

The entropy model explains this differently: the entropy field has a "relaxation time" of ~100
million years for cluster-scale structures. During the ~125 million year collision, the field hasn't
had time to "notice" the gas moved, so it stays with the galaxies (which are collision-less). The
offset arises from slow information propagation, not particles.

Critical prediction: This offset should decay exponentially over time as the field equilibrates.
Dark matter predicts it stays constant. This is testable by stacking observations of many cluster
mergers at different ages.

What Makes This Scientific vs. Speculative?
Derived, not assumed:

e The entropy evolution equations come from a fundamental principle (Fisher information
maximization)

e The coupling form is constrained by symmetries and dimensional analysis

e Seven specific predictions follow from the framework

Falsifiable:

o If DESI finds no quasi-periodic structure at k~0.06 h/Mpc — ruled out

e If Euclid shows filaments broadening like (1+z)"(-0.5) — ruled out

o If cluster offsets don't decay exponentially — ruled out

o Ifany of seven predictions fails — framework needs revision or abandonment

Honest about limitations:
e Solar system constraints require either weak coupling or screening mechanisms
e Connection between Fisher information and gravity remains phenomenological (not
derived from more fundamental theory)
o Computational validation not yet performed
o Some galaxy rotation curves underpredicted by simple scaling

The Deep Mystery: Why Should Information Curve Space?

This is the framework's most profound question, openly acknowledged in the paper.



Several hints from modern physics suggest information and geometry are connected:

o Black holes: Bekenstein showed black hole entropy equals surface area—information is
geometric

o Holographic principle: String theory suggests 3D physics can be encoded in 2D
information

e Thermodynamic gravity: Einstein's equations can be derived from thermodynamic
principles (Jacobson 1995)

e Quantum entanglement: Creates geometric connections between distant points

But the paper doesn't claim to have solved this foundational question. It proposes testing whether
the coupling works empirically, leaving deeper explanations for future investigation. This is
honest science—phenomena are often discovered before their ultimate explanations.

What Happens Next

2025-2026: Develop computational simulations, release code publicly for community validation
2027: DESI Year 5 measures matter power spectrum—first critical test

2028-2030: Euclid measures filament evolution—second decisive test

By 2030: Either multiple predictions confirmed (paradigm shift warranted) or predictions fail
(framework falsified)

The computational validation requires ~$3,000 in computing time and ~1 year of work—
remarkably modest compared to billion-dollar particle detector experiments.

Why This Matters
If confirmed, this would fundamentally change our understanding of reality:

e Space isn't empty: It has information structure that creates gravitational effects

o Dark matter is geometry: What we've interpreted as invisible particles is actually the
curvature of information space

o Information is physical: Not just an abstract concept but something that curves
spacetime

e Gravity emerges: Rather than being fundamental, gravity might arise from information
dynamics

If falsified, it still demonstrates that alternatives to particle dark matter can meet rigorous
scientific standards. After 30 years of null results from particle searches, exploring geometric

alternatives is scientifically necessary.

The Bigger Picture



This framework connects to Wheeler's "it from bit" idea—that physical reality ("it") emerges
from information ("bit"). It suggests a universe where:

e Space and time aren't fundamental containers but emerge from information patterns
e Matter and geometry are two faces of the same underlying reality

e The cosmic web's structure reflects the natural flow of information through the void
o What we call gravity is simply information seeking equilibrium

As the paper states: '"The universe may be a single self-balancing system where space, time,
and matter arise from the movement of information within the void—and gravity is its
quiet, orderly flow."
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