
The Life-Ratios of Quantum-Thermal Cosmic Habitability

1 - Introducing the Life-Ratios Hypothesis
Quantum mechanics is the bedrock of life. Every biochemical process, from the hydrogen bonds holding
DNA together to the proton tunneling in enzyme reactions, relies on quantum effects governed by Planck’s
constant ?. Without quantum mechanics, there would be no stable atoms, no chemical bonds, no molecular
recognition. Life is profoundly quantum: that is given.

However, let’s examine “How Quantum is Life?” from a different perspective. Yes, life uses quantum
mechanics (QM) in multiple forms and for countless purposes. But how deeply is life tied to our universe’s
specific quantum parameters actual values? Are we so lucky, that all fundamental physical constants are
just right for our life to exist?

This essay introduces the Life-Ratios Hypothesis (LRH), which proposes that life depends not on fixed
quantum values and components (e.g. ? and water), but on dimensionless ratios that couple quantum energy
scales to classical thermal energy. These life-ratios, the ratios of quantum bonding energies to thermal energy
(proportional to T), capture the balance between molecular stickiness and thermal motion. Using our Earth
bio-chemistry and T=300-310K (27-37C), we can calculate the actual ranges of the ratios values. Quantum
mechanics sets the energies, but life thrives where these ratios align, regardless of the absolute scales, which
could be vastly different for different solvents (not just for water).

Let’s discover our hypothesis by considering the following thought experiment. Turn the “quantum dial” ?
up and all energy bonds become weak; everything falls apart due to thermal chaos. Turn it down and the
energy bonds are too strong; everything “freezes”. But if you also nudge temperature in the right direction,
the balance can return. That’s the Life-Ratios idea in one sentence: keep the balance between molecular
energy levels and thermal motion, and life can still run.

The key insight: At fixed Earth classical environment parameters (temperature most crucially), changing
Planck’s constant is catastrophic in both directions. Too high ? means life is fried or boiled to death. Too
low ? means everything freezes rock solid. In both cases: life is not possible.

2 - Heavy Water: The Thought Experiment Made Real
The thought experiment of changing the Planck’s constant reveals the core principle of the life-ratios hypoth-
esis: life should only care about dimensionless ratios coupling quantum and classical physics, not absolute
quantum parameters. Remarkably, we can test this relatively easily.

Enter heavy water, D2O. When you replace hydrogen atoms with deuterium (creating D2O instead of
H2O), you’re not changing Planck’s constant, but you’re doing something equally dramatic to the quantum
mechanics of biological systems: you’re doubling the mass of the most abundant atom in life.

Why does mass matter so much? From the QM textbooks we know, heavier mass means less QM effects.
Essentially, heavier particles can be interpreted as smaller ?.

More precisely: Every chemical bond vibrates. Atoms aren’t static; they oscillate back and forth around
their equilibrium positions. The frequency of these vibrations depends on both the bond stiffness (a quantum
mechanical property) and the atomic masses. Heavier atoms vibrate more slowly, lighter atoms vibrate faster.
Crucially, even at absolute zero temperature (T=0K), these vibrations don’t stop. Quantum mechanics
forbids perfect stillness. Bonds always retain “zero-point energy,” the minimum vibration energy allowed by
quantum mechanics. This zero-point energy is proportional to the vibration frequency.

When you double atomic mass (H -> D), the vibration frequency drops by ?2 (about 0.71x). The zero-point
energy, proportional to frequency, also drops by ?2. Examine the follow values to see the actual impact: -
For a single O-H bond: Zero-point energy ? 5.5 kcal/mol - For an O-D bond: Zero-point energy ? 3.8
kcal/mol - Difference: About 1.7 kcal/mol per bond

This might sound small, but it’s not. A typical hydrogen bond (the glue holding DNA together, the force
organizing protein structures) is only about 3-5 kcal/mol total. Changing zero-point energy by 1.7 kcal/mol
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changes the fundamental quantum energy landscape by 30-50%.

And it doesn’t stop there. Proton tunneling (where hydrogen nuclei quantum-mechanically pass through
energy barriers) becomes much slower with heavier deuterium [Klinman2013]. Enzyme reactions that rely
on breaking or forming bonds to hydrogen experience “kinetic isotope effects” where reaction rates can drop
5-10 fold. Hydrogen bond strengths shift. Molecular geometries subtly change. [Giubertoni2023]

In every measurable way, switching from H2O to D2O creates a different quantum environment for
biochemistry. Not as extreme as halving Planck’s constant, but moving in the same direction. The quantum
energy scales have shifted.

According to the proposed life-ratios hypothesis, this could be catastrophic at fixed tempera-
ture. If quantum bonding energies have changed by 30-50% but thermal energy stays the same, the crucial
life-ratios that govern biochemical function could fall outside their viable ranges. DNA base pairs might
bind too weakly or too strongly. Enzymes might be too slow or too fast. Proteins might misfold or unfold.

Yet here’s what actually happens: Some bacteria not only survive in nearly pure heavy water (>99%
D2O), they grow and reproduce [Kelpsas2019; Kushner1999; Yasuda2024].

This is remarkable. But it immediately raises the question: How do they survive? Are they still within the
crucial life-ratios value ranges (our hypothesis) via classical parameters (temperature, pressure) adjustment,
or is life simply more tolerant of quantum perturbations than we thought? Either way, the consequences are
far-reaching in their life-supporting cosmic parameters manifold.

While exploring our changing-? thought-experiment and replacing H2O with D2O, we noticed that the
actual energy levels change dramatically. But thermodynamic distributions are controlled by the differences
between the levels. Therefore, an actual required temperature correction is moderate (a few degrees of K or
C).

3 - The Missing Experiment: Testing the Life-Ratios Hypothesis in Heavy Water
If the life-ratios hypothesis is real, there’s a straightforward prediction: organisms growing in D2O should
have a different optimal temperature than organisms in H2O. Specifically, higher to counterbalance the
deeper quantum energy levels.

Yet remarkably, this has never been systematically tested.

Most D2O studies follow a simple protocol: take bacteria adapted to 37?C in normal water, transfer them
to heavy water at 37?C, and measure whether they survive. Many don’t, or grow poorly. The conclusion:
“Heavy water is toxic.”

But we never asked: What if we gave them a different temperature? The experiment we propose
has two tests, each probing a progressively stronger version of the life-ratios hypothesis.

However, before we proceed, we would like to reassure the readers: we are not just speculating “Let’s try D2O
and see what happens”. There are strong indications that increasing temperatures in the D2O experiments
will improve them significantly.

Why D2O experiments will most likely work: We already know life slows down in heavy water
[Opitz2019]. When E. coli grows in D2O, it remodels its proteome and keeps growing, only slower. That
tells us cells are capable of physiological adaptation in a heavy-water environment rather than facing a hard
stop. If biology is already searching for a new operating point at fixed temperature, giving it a better higher
temperature is a natural next step.

Temperature is the simplest, intuitive “speed knob.” Everyone gets the fridge analogy: cold slows life’s
chemistry; warmer speeds it back up. That basic chemical-kinetics intuition is decades/centuries old (higher
temperature generally accelerates reaction rates) so if D2O makes key steps run sluggishly, a modest upward
temperature shift is the cleanest, least invasive way to recover function. We don’t need the exact number in
advance; the test is whether the growth optimum moves upward as %D2O rises. And we know D2O really
does change solvent-biomolecule behavior, so there’s something real to compensate.
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Furthermore, some mammalian cells look “toxic” in D2O at standard conditions: that’s exactly why we scan
temperature (and, if needed, pressure) instead of holding them fixed. The point is to show that “toxicity”
at one temperature can become function at another [Yasuda2024].

Are we asking something extremely exotic to experiment with/on? No, labs routinely produce highly deuter-
ated proteins in E. coli, which is strong practical evidence that cellular machinery can assemble and function
with extensive deuterium when conditions are set appropriately [Li2022].

Test 1: D2O as Bath. The setup: - Start with E. coli growing in normal H2O at 37?C - Gradually
increase D2O concentration over 10-20 generations - At each D2O concentration, test growth rates at multiple
temperatures - Find the temperature that gives maximum growth rate at each D2O level

Note: Pressure is not varied in this test. While pressure could be important for other solvents, temperature
is the primary compensation parameter here.

The prediction: If the life-ratios hypothesis works, we should see optimal temperature shift upward. And,
in fact, we already know, it does [Opitz2019, Giubertoni2023]. T_optimal should increase from 37?C
to approximately 42-47?C as D2O goes from 0% to 99%.

This might not sound dramatic (just 5-10?C difference from the base 37?C), but it’s measurable and directly
tests whether organisms can find the new ratio-compatible regime when quantum properties shift. While
exact numbers would need to be confirmed by experiment and/or molecular simulations (MS), for a biological
system, even a 2-3C change could be lethal: consider healthy human with 36.6-37C and a very sick human
with 39-40C body temperature.

Continue the human analogy, if the correct optimal temperature of bacteria in D2O bath is 47C, and we
are operating at 37C, the bacteria dies (or slows down dramatically) from hypothermia and not from D2O
being toxic.

What does Test 1 verify? In this test, the biomolecules themselves (DNA, proteins, lipids) are still made
of hydrogen. Only the bath is deuterated. The quantum changes are in the solvent interactions: how water
solvates proteins, how it participates in hydrogen bonds, how protons move through it.

If organisms can adapt to Test 1 by adjusting temperature, it proves the principle: quantum changes in
the environment can be compensated by classical parameters (such as temperature) to preserve functional
life-ratios.

This test also prepares the stage for much wider implications of the life-ratios hypothesis, where we pro-
pose that other bath solvents are possible if the ratios can be found in the life-supporting ranges across
environmental temperature, pressure, and additives (minerals, salts, water activity).

Test 2: Deuterium in Biomolecules: Now comes the advanced test, assuming Test 1 succeeds. Keep
the culture growing in 99% D2O at the optimized temperature from Test 1 (say, 47?C). Continue for 50-100
more generations, which is already a standard procedure [Li2022].

What happens? Every time a cell divides, it builds new DNA from nucleotides synthesized in the D2O envi-
ronment. New proteins are made from amino acids with C-D bonds instead of C-H bonds. New membranes
incorporate deuterated lipids. Gradually, the hydrogen-based biomolecules are diluted out and replaced by
deuterium-based biomolecules. We can even track this using mass spectrometry [Jang2018].

The question: Are these organisms, whose DNA, proteins, and membranes are built from heavy atoms,
still functional?

This is a vastly larger quantum perturbation than Test 1. If the life-ratios hypothesis is truly
general, organisms should be able to adapt, but they may need an even larger temperature adjustment
(perhaps 45?C -> 50?C or higher) and/or pressure compensation (50-100 MPa to stabilize marginally-stable
D-proteins). Note that partially deuterated biomolecules may require different temperatures to support both
hydrogen and deuterium bonds simultaneously, which is logically impossible. This suggests organisms must
fully commit to one regime or the other.
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The prediction:, assuming H and D can co-exist in the bio-molecules. - Generations 10-80: Growth rate
could be maintained by increasing temperature, possibly 1-10?C higher than in Test 1 - Generations 80-100:
Stable “deuterium-based life” with >90% D in biomolecules, growing robustly at the fully compensated
conditions (higher T than in Test 1)

Let’s examine the possible outcomes.

Scenario A: Weak Quantum Flexibility - Test 1 works (higher temperature compensation succeeds) -
Test 2 fails (organisms cannot tolerate D in biomolecules, regardless of temperature/pressure adjustment)

Interpretation: Life can retune to a changed solvent (heavy water) but not to a changed molecular scaffold
(H -> D inside DNA/proteins). In other words, cells can “move the room temperature” but not “swap the
building materials.” Implication: Ratio-preservation works at the environment level; habitability expands
to water-like polar baths that are classically returnable, but Earth-style H-based biomolecules remain the
required chassis. This is consistent with observed proteome adaptation in D2O without demanding fully
deuterated macromolecules.

Scenario B: Strong Quantum Flexibility - Both Test 1 and Test 2 succeed - T_optimal shifts pro-
gressively upward as D replaces H at both levels - Organisms with >90% D-incorporation grow robustly at
compensated conditions

Interpretation: If both tests succeed, life re-stabilizes after a wholesale quantum “retuning” at both
levels: the solvent bath and the biomolecular scaffold. Temperature/pressure become ordinary, macroscopic
dials that restore the working balance between molecular stickiness (binding/structure) and thermal jostling
(motion/rates).

Implication: Habitability stops being a narrow “Earth-like” target and becomes a manifold of solvent-
temperature-pressure combinations that keep those balances in range. This directly widens the search space
for life and softens fine-tuning arguments: different quantum settings can still support biology if the ratios
are kept right. Plausibility is supported by: D2O measurably alters protein stability/kinetics; E. coli already
adapts its proteome in D2O; labs routinely make highly deuterated proteins that fold and function.

What success (Tests 1 and 2 passed) would mean: Life is deeply quantum yet widely portable, not
tied to one set of constants, but to a relationship between quantum forces and thermal conditions that we can
deliberately re-create or life drifts into. The D2O program turns that idea from metaphor into measurement.

The payoff: A direct experimental test of whether life’s quantum requirements are parameter-specific or
ratio-based. If it works, it would be among the most profound experiments in biology, demonstrating that
life built from doubled-mass atoms is possible, fundamentally challenging anthropic fine-tuning arguments,
and opening the door to alternative biochemistries.

Even if this LRH does not hold 100% true, imagine the science fiction impact! In the style of the three Body
Problem Trilogy by Liu Cixin, a new garnish: a civilization routinely swapping water-like-polar solvents to
speed up or slow down subjective life-speed… see the next section!

4 - Life is as Quantum as the Ratios Allow
Success of Tests 1 (with or without successful Test 2) would confirm the core thesis: life operates via
quantum-thermal ratios, not fixed parameters. This reframes habitability entirely.

An Expanded Definition of Habitability: If life relies on ratios, not constants, then habitability is no
longer confined to Earth-like conditions. It becomes a contour in parameter space where temperature,
pressure, solvent properties, and quantum mechanical energy scales conspire to preserve those ratios. This
makes habitability a broader, calculable, property of the cosmos.

For example: - Ammonia-water mixtures could support life at -40?C if reaction barriers and thermal
energies align. - Formamide or ethylene glycol may support life at higher temperatures. - High-pressure
subsurface oceans on Europa or Enceladus could sustain ratio-compatible biochemistry far from stellar
warmth.
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With sufficient quantum-chemical modeling, we could identify entire new domains of biochemically plausible
worlds – a quantum-derived habitability manifold, not just a narrow “Goldilocks” zone.

Beyond Earth, Beyond Water: By anchoring life in ratios rather than elements, we open the possibility
for biochemistry beyond hydrogen bonding. The D2O experiments would be a gateway to more radical tests:
can non-polar solvents (e.g. methane on Titan) support analogues of life where different molecular scaffolds
(e.g. polyacetylene chains, nitrogen heterocycles) play the roles of proteins and nucleic acids? If quantum-
thermal ratios in these environments permit catalysis, recognition, and replication, life could plausibly
emerge or get comet-seeded.

Slow Life and Time as a Tuning Parameter (Science fiction territory): One profound implication:
since reaction rates depend exponentially on thermal energy, then organisms in colder ratio-preserved envi-
ronments would simply run slower. A bacterium that doubles every 20 minutes at 37?C might take months
near 0?C, and yet remain metabolically active, able to evolve, sense, and respond.

This suggests the possibility of “slow life”: functional biochemistry operating at drastically reduced clock
speeds. The opposite is the Blade Runner’s “fast-but-short-life”. Unlike cryogenic suspension, slow life
remains alive (breathing and drinking a low-temperature water-like vapors/solvent). Metabolism slows
by orders of magnitude, but information processing and repair still proceed. This has implications for: -
Astrobiology: life may exist in apparent geological stasis, visible only via long-term patterns or subtle
spectral shifts. - Space exploration: engineered slow-life organisms/humans could endure interstellar
journeys without suspended animation.

These ideas emerge naturally from the life-ratios hypothesis and the proposed test of replacing H2O with
D2O. If life operates when ratios are in range, and clock speed is set by temperature, then time becomes a
tunable parameter rather than a barrier.

A Quantum Framework for Life: Our proposal reframes the central question: not “What specific
quantum effects does life use?” but “What ranges of quantum-classical ratios support the emergence
and persistence of life?” This shifts the search for life from empirical analogies (“look for Earth-like
planets”) to a predictive, quantitative framework grounded in quantum mechanics.

The D2O experiments will test whether this framework holds, and if so, transform our search for life across
the cosmos.
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