
The Schrodinger Question

It was February 1943, and Erwin Schrodinger stood before a packed auditorium at Trinity College Dublin,
about to pose the question that would haunt biology for eight decades: “What is Life?” Behind his thick
glasses, the Austrian physicist harboured a radical suspicion. The intricate dance of heredity, metabolism,
and reproduction couldn’t possibly emerge from classical physics alone. Life, he argued, must harness the
strange rules of the quantum world–rules he had helped discover twenty years earlier. For most of the
next century, biology politely ignored him. Watson and Crick’s elegant double helix seemed to prove that
life was just clever chemistry, obeying classical laws in a deterministic clockwork of base pairs and protein
folding. Schrodinger’s quantum biology was filed away as the beautiful speculation of a physicist who had
wandered too far from home. Then, in 2007, everything changed. Gregory Engel’s experiments revealed
quantum coherence lasting hundreds of femtoseconds in photosynthetic complexes–the warm, wet, noisy
environment of living cells somehow preserving the most delicate quantum states. Suddenly, Schrodinger’s
beautiful speculation became an experimental fact. Birds navigate by quantum compass needles, enzymes
tunnel through impossible energy barriers, and plants harvest sunlight with efficiencies that classical physics
cannot explain. Schrodinger had been vindicated. But perhaps not vindicated enough.

“The task is not so much to see what no one has yet seen, but to think what no one has yet thought about
that which everybody sees.” – Erwin Schrodinger

Today’s quantum biology celebrates these discoveries as nature’s quantum tricks. This treats quantum effects
as biology’s exotic exceptions–fascinating footnotes to an essentially classical story.

But what if we’ve been thinking about this backwards?

What if Schrodinger’s original intuition was more profound than even he realised? What if life isn’t just
occasionally quantum, but fundamentally organised around quantum principles from the ground up? Most
discussions of quantum biology ask, “Where do quantum effects appear in living systems?” They treat life as
fundamentally classical, occasionally dipping into quantum weirdness when the physics demands it. There
is, however, a more unsettling possibility: that life is not merely touched by quantum mechanics but is
made possible by it at the most fundamental level. The first view asks where quantum physics appears
in biology. The second asks whether biology itself is an expression of quantum physics. This distinction
matters because buried in the architecture of life–from neural microcolumns in your cortex to the branching
networks of your capillaries–lies a recurring pattern that classical biology cannot explain. A spatial scale,
roughly 150 micrometres (um) across, that appears again and again in systems that evolved independently
across deep time. This scale may mark something profound: the natural length at which quantum coherence
and biological organisation converge.

If true, then life’s story becomes not one of chemistry with occasional quantum tricks, but of quantum
coherence domains organising matter into the complex architectures we call living. Evolution would not
be a process that sometimes uses quantum effects, but one that is fundamentally enabled by them. And
consciousness itself might emerge precisely because brains are structured around these domains where quan-
tum coherence and biological processing coexist. So here, I explore that possibility through the lens of a
coherence scale that may reveal not just how quantum life can be, but whether life itself is quantum at
its very core. If life truly harnesses quantum mechanics, the first clues appear at the smallest scales–in
individual molecules and proteins operating under conditions that should destroy the most delicate quantum
states. Yet consider photosynthesis: a leaf captures sunlight and channels it through molecular machinery
with near-perfect efficiency, a performance that makes the world’s best solar panels look like amateur hour.
Classical physics predicts significant energy losses as photons bounce randomly through the complex, but
quantum coherence lasting hundreds of femtoseconds suggests something far more elegant–energy flowing
like a wave, exploring multiple pathways simultaneously to find the optimal route. Enzymes tell a simi-
lar story of quantum impossibility made routine. These molecular machines routinely accelerate chemical
reactions by factors of millions, often by allowing particles to tunnel through energy barriers that should
stop them cold. It’s as if biology has learned to walk through walls. Remarkably, migratory birds navigate
thousands of miles using what appears to be a quantum compass built from radical pairs–molecules whose
electrons remain mysteriously entangled long enough to sense Earth’s magnetic field. Arctic terns fly from
pole to pole guided by quantum mechanics, their navigation system more sophisticated than anything we’ve
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engineered. These molecular-scale quantum effects raise a deeper question: if quantum mechanics can persist
in individual proteins and enzyme active sites, what happens when we zoom out? At what scale does the
quantum world finally surrender to classical biology?

The Mesoscale Mystery

“What we observe is not nature itself, but nature exposed to our method of questioning.” - Werner Heisenberg

The answer lies in the mesoscale–the hidden realm between molecules and organs where quantum mechanics
and classical biology engage in their most fascinating dance. Here, in structures spanning tens to hundreds of
micrometres, something extraordinary emerges from the data. Vernon Mountcastle’s pioneering work in 1957
first identified cortical columns as fundamental units of brain organisation, with neural microcolumns mea-
suring roughly 30-60 um in diameter. But these minicolumns don’t exist in isolation–they group together into
larger functional units called hyper-columns or macro-columns, typically measuring 300-600 um in diameter.
Yet between these scales lies something: functional cortical modules that consistently cluster around 150 um,
serving as “the smallest module capable of information processing” while coordinating multiple minicolumns
into coherent computational units. As Buxhoeveden and Casanova concluded after extensive review: “the
minicolumn must be considered a strong model for cortical organisation” and represents “the most basic and
consistent template by which the neocortex organises its neurons, pathways, and intrinsic circuits”. This
organisational principle appears across all cortical regions, suggesting a universal computational architecture
that transcends specific brain functions.
The pattern extends far beyond the brain. Human tissue shows a mean inter-capillary distance of approxi-
mately 100 um, indicating the extent of nutrient diffusion, while engineered capillary networks consistently
organise into functional modules spanning 150-1000 um, with optimal function occurring at the smaller end
of this range.
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Figure 1. Capillary spacing from oxygen diffusion vs. measured values.

Oxygen-only physics predicts spacings much larger than real tissues. Actual values match the ~150 um co-
herence limit, suggesting life is not optimised for oxygen efficiency but for something else entirely. Evolution
typically eliminates costly over-engineering, yet biology consistently chooses the expensive option. Recent
tissue engineering research has revealed that when constructing vascularised tissue modules, the most suc-
cessful integration occurs when individual modules are sized to support robust endothelial capillary network
formation across distances that closely match the 150 um scale. These capillary networks form dynamic
structures composed of interconnected capillaries that create natural tissue boundaries and functional do-
mains. The cortical mini-column organisation is found in all regions of the cortex and represents a design
that has been conserved across species, while cortical columns varying from 300 um to 600 um in diameter
appear consistently across mammalian species, with functional units clustering around the 150 um scale.
The architecture appears in neural systems that evolved independently across mammals, birds, and even
some invertebrates, suggesting a fundamental constraint rather than evolutionary coincidence. This extends
even deeper - right down to how our DNA organises itself. The genetic material in every cell doesn’t just
sit there randomly; it folds into distinct neighbourhoods, each about the same size as those 150 um tissue
modules. When genes need to work together, they cluster into these spatial domains that match exactly the
scale where quantum coherence becomes possible in biological systems. These structures, called Topologi-
cally Associating Domains (TADs), suggest that quantum coherence domains control not just how tissues
are built, but which genes get turned on and off (Zidovska A. et al, 2013). But coincidences in biology often
hint at deeper principles. The golden ratio shows up in flower petals and nautilus shells; hexagons appear
in beehives and the cooling cracks of basalt columns. The brain, too, may hide such a pattern. Across
species, researchers have found that neurons often group into modules about 150 um wide–roughly twice the
thickness of a human hair. One practical reason for this is that modular organisation reduces wiring costs,
letting many cells connect through fewer axons. But that alone doesn’t explain why the optimal module size
keeps clustering around this exact scale. Some theorists have proposed that these modules might be “coher-
ence domains”–regions where delicate quantum effects survive unusually long inside the special environment
of neural tissue. In such a domain, quantum processes could influence how neurons coordinate and how
large-scale brain activity patterns emerge. If so, 150 um might represent not an evolutionary accident, but
a physical optimum: small enough to protect quantum states from the biological “static” of a warm, noisy
environment, yet large enough to organise complex behaviours. In this sweet spot, quantum mechanics and
biological complexity could meet in perfect balance.

Coherence Domains and Structural Upgrades

If this microscale represents a fundamental organising principle, then physics should explain why this par-
ticular dimension matters. Quantum coherence requires isolation from environmental noise, yet biological
function demands interaction with that same environment. This creates an optimisation problem: structures
must be large enough to coordinate complex behaviours but small enough to preserve the quantum correla-
tions that enable extraordinary efficiency. Mathematical models suggest that in the warm, wet conditions
of living cells, coherence can persist over spatial domains of roughly 100-200 um before thermal fluctuations
destroy quantum correlations. This isn’t merely a physical curiosity–it may be life’s fundamental architec-
tural constraint. Within these coherence domains, quantum effects could orchestrate biological processes.
Neural microcolumns, capillary networks, and tissue modules might represent evolution’s discovery of this
optimal scale, where quantum organisation becomes a practical tool for biological engineering. But it offers
more than just efficient information processing–they may hold the key to understanding life’s most important
transitions. Physics teaches us that systems reorganise when they reach critical thresholds. Water freezes
at zero degrees, magnets align below their Curie temperature, and phase transitions occur precisely when
existing structures can no longer sustain increasing correlations. Biology, it seems, follows similar rules.
Within a coherence domain, quantum effects might allow information to accumulate and correlate with ex-
traordinary efficiency. Neurons within a 150 um cortical module can integrate signals from thousands of
synapses, vascular networks can coordinate blood flow across branching hierarchies, and tissue modules can
maintain homeostasis through complex feedback loops. But physics imposes limits on how much information
any system can process within a given space and time. What happens when a coherence domain reaches
its information saturation point? The system faces a choice: lose coherence and revert to classical chaos or

4



reorganise into a more complex architecture capable of handling the increased load. Evolution, it appears,
has consistently chosen reorganisation. This principle may explain life’s most mysterious leaps. The tran-
sition from prokaryotic to eukaryotic cells, the emergence of multicellular organisms, the development of
nervous systems, and the evolution of complex brains–each represents a fundamental reorganisation that oc-
curred when simpler systems could no longer process the information required for survival and reproduction
in increasingly complex environments. Consider the reorganisation that created the eukaryotic cell. Sud-
denly, genetic material became sequestered in a nucleus, energy production moved to specialised organelles,
and complex internal transport systems emerged. Unlike classical gradual evolutionary theory, quantum
coherence domains offer a different perspective: the prokaryotic architecture had reached its information
processing limits. When a coherence domain saturates, reorganisation isn’t gradual–it’s architectural. New
structures emerge that can coordinate multiple coherence domains into higher-order systems. The eukaryotic
nucleus might represent such a reorganisation, creating a central information hub that coordinates quantum
processing across multiple cellular domains. The same pattern appears throughout evolutionary history.
Multicellular organisms emerged when single-cell information processing reached its limits. Nervous systems
developed when multicellular coordination became too complex for chemical signalling alone. And complex
brains evolved when simple neural circuits could no longer handle the information demands of sophisticated
behaviour. Each transition represents what we might call a coherence upgrade–a fundamental reorganisation
that preserves quantum efficiency while scaling up information processing capacity. These aren’t random
evolutionary accidents but predictable responses to physical constraints that govern how information can be
stored, processed, and transmitted in quantum-coherent biological systems.

If this principle is real, then it means it must have left behind measurable imprints that we could search for
and test to find out whether life really dances to the quantum tune.

Testing the Coherence-Domain Hypothesis Four experimental approaches could reveal whether biology
operates according to quantum architectural principles: Terahertz Resonance Spectroscopy: A 150 um coher-
ence domain corresponds to an electromagnetic wavelength of roughly 2 terahertz. If living tissues are tuned
to this domain, they may resonate subtly at this frequency – shifting absorption, scattering, or phase delay
in ways classical structures would not. Detecting such a resonance across unrelated biological systems would
be a strong signature of shared quantum architecture. Statistical Scale Analysis: High-resolution imaging
of diverse tissues – from cortical microcolumns to vascular modules – should reveal non-random clustering
around the predicted scale. If the 150 um domain is more than a coincidence, the data should show a statis-
tically significant peak in size distributions, distinct from patterns that random growth or purely mechanical
constraints would produce. Coherence Lifetime Mapping: Quantum effects in biology are usually studied
at the molecular scale, but their persistence across larger structures could be just as revealing. By probing
tissues of different sizes and measuring coherence lifetimes, we could identify where coherence reaches its
maximum. If these peaks consistently appear near 150 um, it would point directly to a preferred coherence
domain. Computational Validation: Simulations can do more than estimate optimal scales – they can model
the behaviour of a coherence domain approaching its limits. In a realistic biological environment, does a
150 um structure begin to lose coherence when information density passes a threshold? And if so, does it
naturally reorganise into a higher-order architecture, as predicted? A positive result would not prove the
principle outright, but it would demonstrate that the physics makes such reorganisations plausible, laying
the groundwork for targeted biological experiments.

If any such experiment reveals a plausible research direction, another unsettling question emerges: has life,
over billions of years, evolved to exploit this scale to its advantage? And if so, what does that mean for the
deepest of mysteries – the nature of consciousness?

Quantum Bridge to Consciousness

This offers a plausible resolution to one of neuroscience’s deepest puzzles. Theories like Orchestrated Objec-
tive Reduction (Orch-OR) seek quantum consciousness in the brain’s microscopic machinery–microtubules
collapsing across entire neural networks. Critics argue that biological tissue is too noisy for such delicate
quantum states. Both sides could be missing something crucial. Quantum effects don’t need to span the
entire brain to influence consciousness. They need to persist only within the modular domains where in-
tegration occurs before classical dynamics distribute the results. Cortical microcolumns operating at the
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coherence scale become natural “quantum processing nodes”–regions where quantum integration amplifies
and organises information before releasing it to classical neural networks. This would create something
different: a hybrid architecture where quantum computation occurs locally within coherence domains, while
classical transmission handles the robust communication required for large-scale brain coordination. This
perspective transforms our understanding of consciousness evolution. Rather than emerging gradually from
increasing neural complexity, awareness might represent a phase transition that occurred when brain archi-
tecture reached the optimal scale for quantum information processing. The unified stream of consciousness
that defines human experience might arise from the quantum synchronisation of these processing domains–a
cosmic computation occurring within the architecture of our own minds.

Early nervous systems processed information through classical neural networks, limited by the con-
straints of chemical and electrical signalling. But as evolutionary pressures demanded more sophisticated
cognition–better pattern recognition, longer-term planning, complex social coordination–neural architecture
approached its classical limits. The development of cortical columns represents evolution’s quantum solution.
By organising neurons into coherence-scale modules, brains could suddenly access quantum computational
resources while maintaining classical reliability. Consciousness might have emerged not as a gradual
elaboration of neural activity, but as a qualitative leap that occurred when brain architecture aligned with
quantum organising principles. This explains consciousness’s most mysterious features: its unity despite
arising from billions of neurons, its extraordinary pattern recognition capabilities, and its apparent ability
to transcend the classical limitations of neural computation. These aren’t bugs in biological design–they’re
features of quantum information processing operating at the scale where physics and biology converge. If
quantum coherence domains enable consciousness in brains, similar principles might operate throughout
biology. The 150 um modules found in various tissues could represent a distributed form of biological
computation–not consciousness as we experience it, but something like “proto-cognition” that enables living
systems to integrate information, make decisions, and respond adaptively to their environments. This
suggests that intelligence isn’t confined to nervous systems but represents a fundamental property of life
organised around coherence domains. Plants tracking sunlight, immune systems recognising pathogens,
even cellular networks coordinating tissue repair, might all represent forms of quantum-enhanced biological
computation operating at the optimal scale for living matter. The boundaries between computation,
consciousness, and life itself begin to blur when viewed through the lens of quantum coherence domains.

Conclusion – A Hidden Rhythm of Life

From the first self-replicating molecules to the complexity of modern consciousness, life has always been about
finding ways to store, process, and act on information. We have long assumed this was a purely classical
story–chemistry building complexity through gradual accumulation of beneficial mutations, with quantum
mechanics relegated to exotic footnotes in specialised systems. But the evidence suggests something far
more profound. The quantum effects discovered in photosynthesis, enzyme tunnelling, and magnetorecep-
tion aren’t exceptions to life’s classical rules–they’re glimpses of life’s deepest organising principles. If this
coherence domain hypothesis is correct, then life’s story becomes fundamentally different. Evolution isn’t
just about random mutations and natural selection operating on classical components. It’s about informa-
tion saturation driving architectural reorganisations that unlock new scales of quantum-enhanced processing.
Each major transition in life’s history–from prokaryotes to eukaryotes, from single cells to multicellular or-
ganisms, from RNA to DNA, from simple reflexes to conscious awareness–represents a coherence upgrade
that expanded information processing capacity while preserving quantum efficiency. From cellular organelles
to cortical columns, it reflects fundamental constraints imposed by quantum coherence in biological condi-
tions. Life doesn’t just happen to use quantum mechanics–it exists because quantum mechanics makes
complex information processing possible in the warm, chaotic world of carbon-based chemistry. The four
experimental approaches outlined could transform our understanding of what life actually is. If biological
tissues show resonant responses at frequencies corresponding to coherence domains, if structural organiza-
tion clusters around quantum-optimal scales, if coherence persists longest at precisely the dimensions where
biology shows its strongest patterns, then we will have discovered something remarkable: that the universe’s
capacity for complexity and awareness isn’t an accident, but a natural expression of quantum principles.
These experiments wouldn’t just validate a hypothesis–they would reveal that consciousness itself emerges
from quantum information processing operating at the scale where physics enables biology’s most sophisti-
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cated behaviours. Every moment of awareness, every flash of insight, every decision that shapes our lives
would represent quantum computation happening in our brain. But perhaps the most profound implication
extends beyond biology itself. The 150 um modules in our cortex don’t just process information; they enable
cosmic self-awareness. This transforms Schrodinger’s original question. In 1943, he asked “What is Life?”
and suspected that quantum mechanics held the answer. Eighty years later, the evidence might suggest he
was more right than anyone imagined. Life isn’t just quantum-influenced–it’s quantum-enabled, quantum-
organised, and quantum-conscious. The rhythms that organise biological architecture, drive evolutionary
transitions, and enable conscious awareness may reflect fundamental features of how information, complex-
ity, and self-organisation emerge in a quantum universe. If coherence domains truly shape life’s deepest
patterns, then biology becomes a window into the quantum foundations of reality itself.

“We are a way for the cosmos to know itself.”– Carl Sagan. If this is true, life may be more than Sagan
imagined. We are quantum coherence made aware, cosmic information processing experiencing its exis-
tence, the universe’s attempt to understand the quantum nature of reality–including the quantum nature of
understanding itself.
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