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Abstract. Why animals must sleep remains unresolved, and part of the difficulty is that
the field routinely mixes three different questions: what sleep is for (the function
question), when sleep becomes indispensable (the condition question), and how sleep
came about (the origin question). This preprint separates the three and treats them with
one shared standard: every claim is either tied to curated evidence or explicitly marked
as construction. We present (i) a falsifiable formulation of the core hypothesis — the
window thesis (K13): sleep is the defended state into which maintenance chemistry
retreats because it runs faster there than under wake physiology, for the specific set of
processes that are state-bound at all; (ii) an evidence cartography of conditional
essentiality, answering the condition question in one sentence — sleep is not
unconditionally essential; it is essential under the condition that the state-bound
maintenance debt it clears cannot be carried by wake metabolism without lethal cost —
with seven evidence classes; and (iii) an origin cartography whose compressed answer is
the machine is older than the animal: the molecules that today make sleep work are older
than nervous systems, the coupling between cellular state and behavior is only partially
documented, and the first coupling itself is unobservable. The function question is
scored clause by clause (P1–P5): three clauses are supported, two remain open. We
specify three kill criteria and an experiment agenda — including a rate-comparison
experiment (F1) designed to test the clause that would kill the thesis — plus a three-stage
specification for the unresolved ctenophore case. The paper documents its own
epistemic safeguards, including a correction protocol that has already been used against
the authors' own earlier claims.

Keywords: sleep function; sleep origin; evolution of sleep; DNA repair; homeostatic
regulation; falsifiability; ctenophores; cnidarians; adenosine; AMPK
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1  Introduction: three questions, one standard

1.1  The function question is not the origin question

Sleep is one of the oldest unsolved problems in biology. Every animal with a nervous
system that has been examined carefully shows a sleep or sleep-like state — from
mammals and birds to fish, insects, nematodes, and jellyfish2,50 — and total sleep
deprivation is lethal in every species in which it has been sustained long enough, with
rats dying within roughly two to four weeks13,45. Yet after a century of research there is
still no consensus on why this state exists at all38,44.

We argue that part of the stalemate is a question-management failure. The literature
habitually fuses three questions that have different evidence bases, different methods,
and different falsification conditions:

The function question (why must sleep happen?) — what does the sleeping state do
that waking cannot, and why does evolution enforce a state that is so obviously
dangerous?

The condition question (when is sleep essential?) — under what physiological or
environmental conditions does sleep become indispensable, given that several species
can reduce or suspend it for weeks to months without measurable harm?

The origin question (where does sleep come from?) — which came first: the
maintenance chemistry, the state, the coupling between them, or the circadian clock
that times them?

A statement that answers one of these questions is routinely used as if it answered the
others. Evolutionary arguments ("sleep must be vital because it is universal") are
deployed in function debates; molecular findings ("sleep repairs DNA") are treated as
origin stories; and the demonstrated plasticity of sleep amount is taken as evidence about
sleep's necessity. The result is circularity: the thing to be explained is quietly built into the
explanation.

This paper's first commitment is therefore procedural rather than substantive: the three
questions are separated, each gets its own evidence base, and no claim is allowed to
migrate from one line to the other without passing the entry criteria of the line it enters.
Where we go beyond what the evidence shows, we say so in the text itself, at the sentence
where it happens.

1.2  The default audit: what the strongest counter-evidence does and
does not show

Any serious proposal about sleep's function must survive what we call the default audit —
the strongest empirical challenge in the field, associated above all with Jerome Siegel's
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work49,50:

Species with no predator pressure and no need to catch prey sleep more, not less (the
brown bat sleeps ~20  h/day), which is hard to reconcile with "sleep exists to keep
animals safe and still"60.

Some animals function for weeks with drastically reduced sleep: migrating and mating
pectoral sandpipers on ~2 h/day for three weeks with peak performance32; frigatebirds
sleeping less than an hour a day during multi-day flights, then recovering only
partially43; cavefish populations that have convergently lost most sleep10; dolphins and
orcas whose mothers and calves show almost no rest behavior for weeks after birth35.

Unihemispheric sleep in cetaceans shows that large brains can keep half their cortex
awake indefinitely35 — so "the brain needs sleep" cannot be the whole story; and the
comparative literature has long documented species approaching zero measurable
rest under specific conditions26.

The default audit is fatal to naive versions of sleep functionalism ("all sleep loss always
costs"). But it is important — and this point recurs throughout the paper — to be precise
about what it actually demonstrates. The audit proves quantity plasticity: sleep amount
is astonishingly evolvable, negotiable, and dispensable for a time. It does not prove order
plasticity: no case is known in which the state-bound maintenance processes identified so
far are executed at full rate during active wakefulness instead. Even the extreme sleep
reducers keep some sleep, and the two best-characterized cases of near-total rest
suspension (postpartum cetaceans) occur under massive metabolic and hormonal
mobilization that has never been mechanistically followed up35. The audit constrains
every function theory — including ours — but it is not evidence that sleep has no
irreducible core. It is evidence about the axis, not about the endpoints.

1.3  Scope and claims of this paper

The paper makes four contributions, in order of decreasing evidential weight:

Two evidence cartographies (Sections 4 and 5): disciplined inventories of what is
actually known about the condition question and the origin question, with every entry
tied to published evidence and every gap named as a gap. The compressed answers
are: sleep is conditionally essential (Section 4); and the machine is older than the animal
(Section 5).

One falsifiable construction (Section 3): the window thesis (K13) — a precise, clause-
level formulation of why a defended maintenance state would evolve and persist,
scored against the evidence clause by clause, with explicit kill criteria.

An experiment agenda (Section 6): three pre-registration-ready specifications — F1,
the rate-comparison experiment whose outcome could kill the window thesis; E101, its



2  Methods: a curated evidence register with safeguards

6

operative near-term version; and E109, a three-stage design for the unresolved
ctenophore case.

A worked example of a transparent correction practice (Section 2.3): the project
behind this paper has already publicly corrected two of its own statements — one of
them a central discriminator of the origin cartography — when its own audit
procedure found them overstated.

The paper's overall stance can be stated in one paragraph. The field does not lack
theories; it lacks discipline about which claims are evidence and which are construction.
The window thesis is offered as construction — honestly marked, scored, and armed with
kill criteria. The cartographies are offered as evidence discipline. If the thesis is wrong,
the kill criteria in Section 3.4 are where it dies; the experiment in Section 6.1 is designed
to be capable of killing it.

2  Methods: a curated evidence register with
safeguards

2.1  Design

This paper distills a structured research project conducted over eighteen documented
rounds (plus this synthesis round) between 2025 and August 2026. The project's working
instrument is a curated evidence register: a versioned inventory of, at the time of writing,
109 evidence entries (E1–E109) and 294 source records (Quellen 1–294), maintained
under strict bookkeeping rules12. Each entry records: the claim; the source(s) with
bibliographic metadata and peer-review status; the evidence class (primary
experimental, review, preprint, press); the lineage of the laboratory or laboratories
involved; and the entry's status (operative, watch, void, contradiction, superseded).

Sources were identified through iterative web searches against primary literature and
review databases. The register is explicitly curated, not systematic: inclusion followed the
research questions rather than a database protocol (see Section 2.5 for the consequences).
Every factual claim in this paper traces to a register entry; where a citation's metadata
was uncertain at synthesis time, it was re-verified before inclusion in the reference list.
One such re-verification caught a metadata error in our own register (a source recorded
with the wrong journal); the register has been corrected and the correction logged12.

Claims are labeled in-line by epistemic status: confirmed (peer-reviewed evidence,
register-verified), watch (preprint or single unreplicated study), open (no direct evidence
either way), void (searched, nothing found), and construction (our own formulation, not
evidence). Nothing marked construction is ever cited as support for anything else.
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2.2  Epistemic safeguards

The project operates under a standing set of safeguards ("FS rules") that were developed
in response to specific failure modes encountered during the work. The ones that matter
for reading this paper:

Table 1. Standing epistemic safeguards (selection), with the failure mode each rule addresses

Rule Content Failure mode addressed

FS01 Circularity check: no claim may
assume the very thing the current
question is trying to explain.

Evolutionary universality arguments silently re-
entering function debates.

FS04 No cross-detector chaining: two
phenomena measured with
different detectors in different
preparations may not be fused into
one "mechanism".

Composite "pathways" assembled from
incommensurable experiments.

FS05 Construction marking: own
formulations are labeled at the
sentence where they occur.

Theory quietly re-reading itself as evidence.

FS08 Lab-lineage rule: convergent
findings from the same laboratory
(or lineage) count as one house, not
independent replication.

Inflated independence counts in the deepest
parts of the evidence base.

FS09 Publication-status rule: preprints
and press releases are flagged and
may support "watch" status at most.

Unreviewed claims hardening into premises.

Two further project rules shape the text. The no-expansion rule: the window thesis may
not be strengthened by re-framing ("everything is repair"); if the thesis grows, it must
grow by evidence. And the line boundary rule: the condition cartography (Section 4) does
not test the clauses of the window thesis, and evidence may not be back-booked from one
line into the other; likewise, status changes to entries in the origin line pass only through
that line's own entry criterion.

2.3  Correction practice

The register is versioned under a standing version rule: superseded text is not deleted but
struck through, with the correction marked in place and logged in a change ledger. This
matters for one reason: the procedure has already been used against this project's
own central claims.
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The clearest example concerns the origin cartography. In an earlier version, we stated
that only one evidence object (O5, the DNA-damage–sleep–repair chain) had a
documented causal transition from cellular state to behavior. When we later ran a
symmetric audit of the energy-sensing object (O2) — applying to our own claim the same
standard we apply to the literature — the formulation did not survive: kinase-based
transitions between energy state and sleep are documented in both fly and mouse17,34.
The discriminator was therefore re-specified from "transition" to "fully measured chain
(damage → state → repair)", which O2 does not meet and O5 does (Sections 5.3). Both the
original claim and its correction remain visible in the project documents12. We report this
not as a curiosity but as a substantive methodological point: an audit practice that cannot
catch its owner is decoration.

2.4  AI assistance

The literature searches, register maintenance, drafting, and figure generation in the
underlying project were performed by the author working with an AI assistant (Kimi,
Moonshot AI). All factual claims entering this paper were checked against retrievable
sources; all bibliographic metadata in the reference list were verified by direct lookup;
and every interpretive commitment — including the decision to correct our own earlier
discriminator — was made and signed off by the human author. A full declaration
appears in the Declarations section.

2.5  Limitations of the method

Four limitations deserve emphasis. First, the register is curated: it systematically covered
the threads it followed, but it did not systematically cover the field; a systematic-review
replication could change emphasis and would certainly add entries. Second, the source
base is English-language and web-retrievable literature. Third, the register's strongest
deep branches are lineage-concentrated — the deepest part of the origin cartography
rests substantially on one research house (Section 5.3, FS08) — and the paper treats that
concentration as a fact about the evidence, not an inconvenience to be explained away.
Fourth, a single-author-plus-AI workflow has no independent human check; the
correction practice mitigates but does not eliminate this. We regard publishing the
safeguards themselves as part of the result.

3  The window thesis (K13)
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3.1  The counterframe: the state is a counter, not a fuel

Before the thesis, a reframing that the evidence forced on us. A natural way to think
about sleep is as a supply state: the body pumps something up (energy, molecules) or
washes something out (metabolites) during sleep, and wakefulness drains it again.
Several classical proposals are built exactly on this image, most prominently brain-energy
restoration3,11 and metabolite clearance57.

The register's pattern points to a different geometry. Across the best-documented cases,
what accumulates during wakefulness is not a missing fuel but structural damage and
load — DNA lesions1,58,59, oxidative membrane and protein damage28,54 — and what the
sleep state provides is not fuel but a window: a defended physiological milieu in which
the cell's standing maintenance chemistry can run at a rate that wake physiology does not
permit. Damage is the counter that drives the homeostat; repair is what happens in the
window; and the lethal endpoint of total deprivation looks less like running out of fuel
than like unbounded damage accumulation13,54. This counterframe — counter, not state-
as-fuel — is itself an evidence-grounded reframing and recurs throughout Sections 4 and
5.

3.2  Formulation

The window thesis, in its current frozen formulation (project designation K13;
construction in the sense of Section 2.1):

Sleep is the defended state into which state-bound maintenance chemistry retreats,
because it runs there faster than under wake physiology — for the set of processes that
are state-bound at all. The homeostat that enforces the state is coupled to the damage
that accumulates outside the window, not to time or tiredness per se.

Three properties of the formulation matter. First, it is a rate claim, not an exclusivity
claim: maintenance chemistry also runs during wakefulness; the thesis says the rate is
higher in the window for the state-bound subset. Second, it is restricted: it says nothing
about processes that are not state-bound (e.g., much of synaptic plasticity may proceed in
both states; Section 7.3) — the no-expansion rule forbids inflating the claim to "everything
is repair". Third, it is decoupled from clock architecture: it predicts a defended
maintenance state, not necessarily a circadian one; circadian timing is a later add-on
(Section 5).

The thesis decomposes into five testable clauses:

P1 (window advantage). For state-bound processes, the repair/clearance rate is higher
in quiet wake or sleep than in active wake under matched milieu conditions — a state
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effect, not merely a time effect.

P2 (damage coupling). The homeostat's drive signal is coupled to accumulated
cellular damage, not only to time awake.

P3 (effector execution). During sleep, the relevant maintenance effectors actually
execute (repair, clearance, membrane turnover).

P4 (homeostat necessity). The homeostat machinery is necessary for survival under
conditions where damage cannot otherwise be kept below lethal bounds.

P5 (homeostat existence). A dedicated, identifiable homeostat exists that senses state,
integrates debt, and drives the state transition.

3.3  Scoreboard: clauses P1–P5

Table 2 scores each clause against the register. The scoring standard is deliberately
asymmetric in the conservative direction: a clause is "supported" only if the register
contains direct, peer-reviewed evidence for the clause as stated, not for a neighboring
claim.

Table 2. Clause scoreboard for the window thesis (as of August 2026). Status: supported = direct
peer-reviewed evidence for the clause as stated; open = no direct evidence either way

Clause Content Status Basis

P1 Rate advantage of the window
(state effect on repair rate,
milieu-matched)

Open No clean rate comparison between quiet
wake and sleep under clamped milieu
exists for any state-bound process. Nearest
evidence: chromosome dynamics increase
with sleep58; but design confounds (stress
of deprivation, milieu differences) are
uncontrolled. Directly tested by
experiment F1 (Section 6.1).

P2 Drive coupled to damage, not
time

Supported DNA damage modulates sleep drive in
cnidarians1; PARP1 marks damage and
promotes sleep in zebrafish neurons59;
mitochondrial redox state gates a
dedicated sleep-promoting potassium-
channel switch in the fly28; sleep-loss
lethality tracks gut ROS accumulation54.
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P3 Effectors
execute
during sleep

Supported DNA repair enhanced in sleep59 and damage reduced across
natural sleep in single neurons58; glymphatic metabolite
clearance strongly state-dependent57; brain ATP rises during
sleep, consistent with anabolic/maintenance predominance11.

P4 Homeostat
necessary for
survival

Open No deprivation design has ever been demonstrated stress-free;
the classic lethal-deprivation result13 cannot separate
"homeostat necessary" from "deprivation method lethal"
(bacterial invasion documented in the same paradigm4). Kill
criterion D3 defines what would count (Section 3.4).

P5 Dedicated
homeostat
exists

Supported Molecularly identified sleep-need integrators: salt-induced
kinases (SIK in worm17; SIK3 in mouse by forward genetics15);
the dFB redox switch28; LKB1 required for sleep from fly to
mouse34; the adenosine system in mammals41.

Two honesty constraints on the scoreboard. First, the P5 evidence comes with a
registered counter-example: in Drosophila, the classic mammalian somnogen adenosine
does not mediate sleep homeostasis — deletion of the single fly adenosine receptor leaves
sleep and rebound intact, and caffeine acts via PKA instead56. Adenosine is therefore a
mammal-line effector, not a universal one; the thesis claims a homeostat, not a particular
molecule. Second, an honest contradiction is permanently registered: locus-coeruleus
lesions in rat fail to abolish slow-wave homeostasis7, constraining any simple "arousal-
system-off is the window" reading. We do not resolve this contradiction; we register it.

3.4  Kill criteria

A thesis that cannot be killed is not a contribution. The window thesis carries three pre-
committed kill criteria:

D1 — the rate kill. Clause P1 is shown fully negative: in clean, milieu-clamped quiet-
wake-versus-sleep rate comparisons, no state advantage appears across the material
candidate classes. Operational specification (project workshop, single marked
stipulation): "fully negative" means at least two of the three material candidate classes
— DNA repair, membrane-lipid turnover, protein turnover — negative at the design
quality specified in experiment F1 (Section 6.1).

D2 — the effector kill. All homeostat effectors identified under P3 prove to be purely
neural — i.e., the state-bound maintenance set is empty at the cellular level and the
thesis's subject matter does not exist.

D3 — the essentiality reversal. Replicated lethality under demonstrated stress-free
total deprivation (P4) is combined with evidence that the lethal mechanism is
unrelated to maintenance-debt accumulation — reversing the counterframe's core
prediction about what kills sleep-deprived animals13,54.
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D1 is the strongest criterion because it tests the clause that is currently open and central
— and because it is executable with present technology (Section 6.1). Note the asymmetry
the criteria encode: the thesis dies on rate evidence, not on amount plasticity. Cavefish
losing sleep10 does not kill it (quantity); sandpipers outperforming on 2 h/day32 does not
kill it (quantity, time-limited); a demonstrated absence of any state-dependent rate
advantage in a clean design kills it outright (order). This is the same distinction the
default audit forces (Section 1.2), applied to ourselves.

3.5  Boundaries: what the thesis does not claim

Explicitly, K13 does not claim: that all sleep functions are maintenance (the synaptic-
homeostasis and memory literature stands on its own evidence14,53); that sleep is the only
maintenance window (torpor, hibernation, and quiet wake are neighboring windows; see
the energy-allocation framework47); that the homeostat is one molecule or one nucleus
(the register's P5 evidence is multi-system15,17,28,34,41); or that the thesis explains
REM/NREM architecture (a late, lineage-specific elaboration outside the thesis's scope2,23).
The thesis also does not claim that the window is why we dream, why sleep feels good, or
why it is timed at night — those are the clock's and the cortex's questions, not the
window's.

4  Cartography I: when is sleep essential?

The condition question asks something narrower than the function question: not "what is
sleep for?" but "under what condition does sleep become indispensable?" The question is
forced by the default audit (Section 1.2): if sleep were unconditionally essential in a
simple dose sense, the documented reductions — weeks of near-wake in postpartum
cetaceans35, convergent sleep loss in cavefish10, peak performance on 2  h/day in
sandpipers32 — should not exist. They do exist. So the essentiality of sleep must be
conditional, and the cartography's job is to map the condition.

The cartography is governed by its own line boundary (Section 2.2): it does not test the
window thesis's clauses, and none of its entries are back-booked as evidence for K13. Its
compressed answer stands independently of whether K13 survives.
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Answer form (condition question).

Sleep is not unconditionally essential. It is essential under the condition that the state-
bound maintenance debt it clears cannot be carried by wake metabolism without
lethal cost. That condition is real in most animals most of the time — and it is liftable:
by rewiring (cavefish), by time-limited mobilization (sandpipers, postpartum
cetaceans), and plausibly by pharmacological substitution (nobody has tried). The
evolutionarily enforced thing is not a dose; it is a clearing condition.

The cartography rests on seven evidence classes, each documented in the register with
peer-reviewed anchors:

Table 3. Cartography I — the seven evidence classes of conditional essentiality (anchors; full entry
set in the register12)

Class What the class shows Anchor evidence

1 Lethality of total
deprivation

Sustained total sleep deprivation is
lethal in rat within weeks, with a
damage-accumulation phenotype;
mechanism confounded by method
stress (bacterial invasion documented)

Rechtschaffen/Everson
paradigm13,45; confound4; fly gut-
ROS lethality54

2 Damage-coupled
drive

Sleep drive tracks cellular damage, not
just time awake

Cnidaria1; zebrafish PARP159;
worm stress-sleep (SIS)20

3 Protective stress-
sleep

An ancient, conserved program induces
sleep after cellular stress and improves
survival — sleep as emergency
maintenance window

C. elegans SIS via ALA/EGF20,29;
p53/cep-1 dependence9;
lethargus42

4 Plasticity of
amount

Sleep amount is strongly evolvable and
conditionally reducible without
measured harm — the class that kills
unconditional dose-essentiality

Sandpipers32; frigatebirds43;
cavefish10; cetaceans35; human
natural short sleepers (DEC2)19

5 Consequences of
disruption

Even without total deprivation,
disrupting sleep's deep phases has
measurable maintenance costs

CSF amyloid-β after slow-wave
disruption24; NREM slow waves
and memory in aging37;
developmental plasticity14

6 Energy-state
coupling

Sleep pressure is gated by cellular
energy state — the maintenance
window opens on metabolic terms

ATP rise in sleep11; AMPK
manipulation shifts sleep depth6;
LKB134; SIK17; energy-restoration
framework3
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7 Homeostat
machinery

Dedicated molecular integrators of sleep
need exist and are conserved — the
enforcement apparatus of the condition

SIK3 forward genetics15; dFB redox
switch28; adenosine system
(mammal line)21,41,51; fly boundary56

Three structural properties of the map deserve emphasis:

Asymmetry. The classes that establish essentiality (1–3) and the classes that establish
plasticity (4) are not contradictory; they bound each other. Sleep is lethal when denied
and dispensable when compensated — the condition, not the dose, is the invariant.

Age. The protective stress-sleep class (3) is functionally documented in a nematode9,20,
placing the coupling between cellular damage and behavioral quiescence deep in
animal phylogeny — a bridge to the origin cartography (Section 5).

The named lift-condition. Every documented lifting of essentiality comes with an
identifiable substitute: ecological rewiring (cavefish populations independently losing
sleep10), time-limited metabolic mobilization (sandpipers32, cetaceans35), or genetic
rewiring of the homeostat itself (DEC2 short-sleepers19). The pharmacological
substitution arm — carrying the maintenance debt pharmacologically during enforced
wake — has never been attempted in a controlled design; it is registered as a named
gap12.

The cartography closes with its own decision criterion (project designation G5): the
question "when is sleep essential?" is considered answered unless future evidence either
(a) demonstrates a case of unconditional, condition-free sleep essentiality at the cellular
level, or (b) demonstrates a case of full, indefinite, uncompensated sleep absence in a
normal animal. Neither exists in the register.

5  Cartography II: where does sleep come from?

The origin question is the deepest of the three and the one with the thinnest evidence —
which is precisely why it needs the most discipline. What is actually documented, and in
what order did it appear? The cartography's answer, compressed: the machine is older
than the animal.
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5.2  The time axis

Figure 1. The four evidenced stages of sleep's deep history. Three time regimes coexist in the same
animals (light-driven behavior; ultradian cycles; the circadian clock), and the order of the stages is
only partially resolved: maintenance chemistry and proto-clock parts predate nervous systems; the
defended state with its damage counter is documented at the base of animals with nerve nets; full
clock-plus-architecture coupling is a later, lineage-specific build. The first coupling between cellular
state and behavior is unobservable in principle (Section 5.5). The axis itself is evolvable: cavefish
populations rewired their sleep in roughly 2–4 million years10.

Four stages are evidenced — and the discipline consists in keeping them separate:

1. Maintenance chemistry (older than animals, arguably older than eukaryotes): DNA
repair, redox defense, and the energy-sensing machinery are ancient. The AMPK/TOR
nutrient-sensing axis is traceable across all three domains of life46; the aldo-keto
reductase superfamily is primordial22; melatonin, now the molecular signal of
darkness that gates sleep timing in fish and mammals16, originated as a free-radical
scavenger an estimated 2.5–3.5 billion years ago36,52.

2. Proto-clock parts (pre-neural): clock-gene components are present in ctenophores
and cnidarians but absent in sponges and Trichoplax — a mosaic, not a ladder39,48; and
below the circadian layer, ultradian behavioral oscillators of dopaminergic origin run
on yet another regime5.

3. The defended state with its counter (documented at the nerve-net base): sleep-like
states with homeostatic rebound exist in cnidarians25,40, and DNA damage modulates
their drive1.

4. Full clock + architecture (late): circadian gating, REM/NREM differentiation, and
unihemispheric variants are lineage-specific builds on top of the older stack2,23,27.
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5.3  Six evidence objects (O1–O6)

The cartography is organized into six evidence objects, each with a registered verdict.
Table 4 gives the compressed map; the two objects that carry the argument (O2, O5) are
discussed below.

Table 4. Origin cartography: six evidence objects with verdicts (register-anchored12)

Obj. Content Verdict Key anchors

O1 Maintenance molecules
predate animals

Strong — molecules
carry the deep end

AMPK/TOR18,46; AKR22; melatonin
antiquity36,52

O2 Energy-state → behavior
transition

Transition yes; full
chain no; depth no

LKB1 fly+mouse34; AMPK
pharmacology6; SIK/SIK315,17

O3 Defended state + damage
counter

Strong at nerve-net
base

Cnidaria damage-drive1; worm
stress-sleep9,20; fly redox switch28

O4 Clock coupling Mosaic; late relative to
state

Ctenophore clock parts39,48;
cnidarian sleep25,40

O5 Damage → state → repair:
the full chain

Only object with a
fully measured chain

Zebrafish neuron imaging58,59;
cnidaria drive1; review31

O6 Sleep architecture
(REM/NREM etc.)

Late, lineage-specific Reviews2,23,27; zebrafish
signatures33

O5 is the cartography's load-bearing object. In zebrafish neurons, DNA damage
accumulates during wakefulness, chromosome dynamics increase during sleep in a way
that enables damage reduction, the damage-sensor PARP1 promotes sleep, and sleep
enhances repair58,59 — and in cnidarians, representing the nerve-net base, DNA damage
modulates sleep drive in species with divergent chronotypes1. Damage → state → repair
is, end to end, the only fully measured chain in the origin line.

Two discipline notes, both carried openly. First (FS08): the deep end of that chain —
cnidaria, zebrafish, and the mouse-side follow-ups — comes substantially from one
research house (the Appelbaum/Bar-Ilan lineage). Independent arms exist (worm: p53-
dependent stress-sleep9; fly: two independent houses12; melatonin: two houses36,52), but
the deepest single chain is one-house evidence, and this paper says so wherever O5 is
used. Second (symmetric audit): the O2/O5 discriminator printed here is the corrected one.
An earlier version distinguished O5 as the only object with a documented causal
transition; the project's own audit (Section 2.3) showed the transition is also documented
for O2 (LKB1 loss-of-function reduces sleep in both fly and mouse, with a LKB1×AMPK
interaction34). The surviving discriminator is chain completeness: O2 has transition but
neither a measured repair endpoint nor depth at the cnidarian base; O5 has all three.
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5.4  The ctenophore void

The cartography's sharpest negative result concerns the phylum that may hold the oldest
animal nervous system. Ctenophores are candidates for the sister lineage of all other
animals; their nervous system lacks serotonin, dopamine, noradrenaline, octopamine,
and nitric-oxide signaling — the entire classic arousal/sleep transmitter set — is
glutamatergic, comprises roughly ten thousand neurons, and may have evolved
independently of ours39. If that is so, ctenophore sleep (if it exists) would be a second
experiment of nature: an independent origin of the state, against which everything else in
this paper could be tested for contingency.

What exists in the literature: exactly one behavioral study — an unreviewed preprint
reporting ~74% "drifting" behavior in Pleurobrachia pileus, light-phase only8. Against it
stands a confounder the cartography names as its methodological result: Pleurobrachia is
an ambush predator; "sit-and-wait drifting" is a foraging mode, and quiescence in an
ambush predator cannot be distinguished from hunting without an arousal-threshold
measurement. Two independent null searches (no deprivation study, no arousal-
threshold study, no dark-phase videography anywhere in the phylum) confirm a hard
void: ctenophore sleep is currently undecidable, and any claim about "sleep in all
animals" that silently includes ctenophores is unproven12. The experiment specification
E109 (Section 6.3) defines the three stages that would settle it.

5.5  Answer form: the machine is older than the animal

Answer form (origin question), three-level verdict.

Level 1 — the molecules carry. The maintenance chemistry and energy-sensing
machinery that make sleep work today are older than animals; melatonin predates the
nervous system by billions of years18,22,36,46,52.

Level 2 — the coupling is partially documented. Exactly one full chain (damage →
state → repair) is measured end to end, and its deep end is one house (O5); the energy-
state transition is documented but chain-incomplete (O2); stress-induced protective
sleep is documented at worm depth9,20.

Level 3 — the first coupling is unobservable. The event that first tied cellular state to
organism-wide quiescence left no traceable record: the lineages that could show it
alive today are exactly the ones (sponges, placozoans) that lack the state, and the ones
that have it (cnidarians, ctenophores) lack the transition's record. This is not a
temporary gap; it is a principled observability limit of the question.
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Two closing symmetries. The default audit applies here too: the demonstrated
evolvability of the axis (cavefish rewiring within a few million years10) proves quantity
plasticity at evolutionary depth — it does not reorder the stages. And the origin
cartography, like the condition cartography, is closed under its own criterion: it has no
K14-style open question pending, because its residue (Level 3) is unobservable rather
than unresearched.

6  Experiment agenda

A synthesis that ends in "more research is needed" is worth little. The project therefore
commits to three concrete, pre-registration-ready experiment specifications. The first is
designed to be capable of killing the window thesis; the second is its operative near-term
version; the third settles the ctenophore void. All three specify their branching logic
before any result is in.

6.1  F1: the rate comparison that can kill the thesis

F1 tests clause P1 — the open, central clause — directly: does state-bound maintenance run
faster in the sleep window than in quiet wake, when the milieu is clamped?

Table 5. F1 design parameters (full specification in the project workshop document12)

Parameter Specification

Question Is there a state effect on maintenance rate (sleep vs. quiet wake) under
matched physiological milieu — or is the apparent window advantage
entirely a milieu/time effect?

Organisms Mouse (primary) and Drosophila (replication arm); zebrafish optional third
arm leveraging the O5 imaging pipeline58

Detector
(recommended)

DNA-damage markers γH2AX, 53BP1 foci, Rad52 — chosen for single-cell
resolution, established kinetics, and cross-species comparability; membrane-
lipid and protein-turnover arms as candidate classes 2 and 3

Design Within-subject rate comparison across three conditions: active wake; quiet
wake (EEG-verified); natural sleep — with damage load equalized at
condition entry

Milieu clamp Noradrenergic antagonist + adenosine-receptor agonist to mimic the sleep
milieu in enforced quiet wake, with GRAB-sensor verification that the clamp
actually reproduces the endogenous milieu; unclamped quiet-wake arm as
internal control
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Controls (7) EEG/EMG state scoring; circadian-phase balancing; stress-marker panel
(corticosterone); deprivation-method controls; detector-kinetics validation;
blinded scoring; pre-registered analysis plan

Branching
(pre-
committed)

Outcome A (state advantage in ≥1 class): P1 supported; thesis strengthened.
Outcome B (advantage only in clamped quiet wake): milieu, not state, carries the
window — thesis narrows. Outcome C (no advantage anywhere, ≥2 of 3 candidate
classes negative at design quality): kill criterion D1 fires; the window thesis is
retracted as formulated. Outcome D (mixed): coverage-degree rule — the thesis
survives only for the positive classes, in writing, with no expansion by framing.

Human
minimal
version

MRS metabolomics + CSF sampling across enforced quiet wake vs. sleep in clinical
settings where lumbar drainage already exists (no new invasive burden)

Feasibility All components exist in published form; the novel element is their combination
under clamp and pre-registration, not any single technique

Two properties of F1 matter beyond its result. It is symmetric: every outcome, including
the kill, is publishable and pre-committed. And it closes the design gap that makes P1
currently open: no existing study compares rates across EEG-verified quiet wake and
sleep with the milieu controlled — the deprivation designs all confound state with
stress4,13.

6.2  E101: the operative near-term version

F1's full clamp design is a multi-year program. Its operative near-term version (register
entry E101) strips the design to what a single well-equipped lab could run within one
funding cycle: mouse only; γH2AX/53BP1 only; three conditions (active wake / quiet wake
/ sleep) with EEG verification and circadian balancing; corticosterone panel; no
pharmacological clamp (the clamp arm drops out; the milieu question is deferred, not
answered). E101 cannot deliver Outcomes B or C at full stringency — its pre-committed
branching therefore reads: a positive state advantage upgrades P1 to "supported (single
species, single class, unclamped)"; a null result does not fire D1 (insufficient coverage) but
downgrades the thesis's confidence and prioritizes the clamped version. The asymmetry
is deliberate: the cheap experiment may strengthen but may not kill.

6.3  E109: the ctenophore specification

E109 settles the hard void of Section 5.4 with three pre-committed stages, transferring the
design that established cnidarian sleep40 to the phylum where the confounder structure
is different:

1. Dark-phase infrared videography of Pleurobrachia (or Mnemiopsis) across full 24-h
cycles: does a reversible quiescent state exist at all outside the light phase, where the
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published claim concentrated8?

2. Arousal-threshold measurement against a satiety control. This stage exists because
of the ambush-predator confounder: an arousal threshold separates sleep-like
quiescence from sit-and-wait foraging, and the satiety manipulation separates hunting
posture from state (a fed ambush predator that still "drifts" at threshold is in a state;
one that stops drifting is hunting).

3. Deprivation and rebound. Mechanical/optogenetic deprivation of the candidate state,
followed by rebound measurement — the homeostasis criterion that has defined sleep-
like states from worm to jellyfish40,42.

Branching is pre-committed: any stage's negative result stops the pipeline and records "no
evidence for sleep-like state at stage k" — a result this cartography would cite as gladly as
a positive one, since a demonstrated absence of sleep in a phylum with an independently
evolved nervous system39 would be the single most informative negative datum in the
origin line.

7  Discussion

7.1  What would change the picture

The three lines of this paper have different futures. The condition cartography (Section
4) is stable: its answer form is bounded from both sides (lethality below, plasticity above),
and its decision criterion G5 names the two observations that would reopen it — neither
of which exists. The origin cartography (Section 5) is stable at Levels 1 and 3 (molecular
antiquity is overdetermined; the first coupling is unobservable in principle) and
improvable at Level 2: the O5 chain needs a second house, and the O2 chain needs a
measured repair endpoint. The window thesis (Section 3) is the deliberately fragile
component: it stands on three supported and two open clauses, and its own kill criteria
are executable. If F1 returns Outcome C, this paper's Section 3 should be cited as a
retracted construction, and the two cartographies — which never leaned on the thesis —
stand unaffected. That separability is by design, and we consider it the paper's central
architectural property.

7.2  Honest contradictions and open watches

Four items are registered against us and remain unresolved. (i) Locus-coeruleus lesion
does not abolish slow-wave homeostasis in rat7 — against any simple arousal-off reading
of the window. (ii) The fly's adenosine receptor is dispensable for sleep homeostasis56 —
against somnogen universality, and a reminder that P5 claims machinery, not molecules.
(iii) The lethal-deprivation phenotype is confounded by method stress and bacterial
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invasion4,13 — P4 stays open until a demonstrated stress-free deprivation design exists;
D3 specifies the standard. (iv) Several single-study or preprint-level entries sit on watch
status in the register (including the ctenophore preprint8 and a small set of 2025–2026
reports awaiting replication12); the project's recheck duty is logged, not theatrical — items
are re-examined at sensible intervals and the log says when and with what result.

7.3  Relationship to existing theories

The window thesis is not a competitor to the field's major frameworks so much as a claim
about a different variable. The synaptic homeostasis hypothesis53 addresses synaptic
down-selection; the glymphatic framework57 addresses clearance; energy-restoration and
energy-allocation frameworks3,47 address metabolic bookkeeping; metaregulation and
recovery-function frameworks30,55 address recovery scheduling; adaptive inactivity49

addresses ecological timing. K13's distinctive claim is narrow: for the state-bound
maintenance subset, the rate differs by state, and the homeostat is coupled to the damage
counter. That claim is compatible with every framework above — and falsifiable
independently of all of them (D1). Where frameworks disagree about sleep's purpose, the
cartographies here suggest the disagreement is partly about question management:
different theories answer different thirds of the problem (Section 1.1), and the function
literature's habit of ranking them against each other may be ranking answers to different
questions.

7.4  Limitations

Beyond the method limitations (Section 2.5), three content limitations deserve naming.
First, the origin cartography's load-bearing chain is lineage-concentrated (FS08, Section
5.3); a replication of the zebrafish/cnidaria chain by an independent house would change
the evidence weight more than any new argument could. Second, the window thesis's
open clauses are open for design reasons, not data scarcity — P1 lacks a milieu-clamped
rate comparison and P4 lacks a stress-free deprivation design; both are executable, and
until executed the thesis is construction, full stop. Third, the ctenophore void means the
strongest available version of the universality premise ("all animals sleep") is currently
unproven at the phylum level8,39; every argument in this paper that leans on deep
conservation is therefore, strictly, an argument about animals with nervous systems of
the cnidarian-bilaterian type.

7.5  Outlook

The near-term empirical agenda is fully specified (Section 6): E101 is runnable now; F1
defines the decisive design; E109 defines the phylum-level test. The near-term theoretical
agenda is a replication-and-independence program: second houses for the O5 chain, a
measured repair endpoint for O2, and the first pharmacological-substitution study for the
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condition cartography's named gap. If these run, the question "why must sleep happen?"
stops being a debate about intuitions and becomes, clause by clause, a set of
measurements. This paper's bet is on the window; its commitment is to the criteria.

8  Conclusions

1. "Why must sleep happen?" is three questions. Separating them — function, condition,
origin — is itself a result: several canonical disagreements dissolve into answers to
different thirds of the problem.

2. The condition question is answerable now: sleep is conditionally essential — essential
when the state-bound maintenance debt cannot otherwise be carried, liftable by
rewiring, mobilization, and (nobody has tried) substitution. The enforced invariant is a
clearing condition, not a dose.

3. The origin question is answerable at two of three levels: the machine is older than the
animal (molecules, evidenced; coupling, partially evidenced; first coupling, unobservable
in principle). The only fully measured damage→state→repair chain rests on one research
house and awaits independent replication.

4. The function question has a falsifiable candidate — the window thesis — with three of
five clauses supported, two open, and three pre-committed kill criteria. Its central open
clause (rate advantage) is testable with existing technology, and the test (F1/E101) is
specified to pre-registration depth, including the branching under which the thesis dies.

5. Methodologically, the project demonstrates that an explicit epistemic-safeguard and
correction practice is executable in a single-author-plus-AI workflow — including a
correction that ran against the project's own central discriminator. We offer that practice
as a reusable instrument, and its instruments — register, safeguards, version protocol,
correction ledger — for inspection on request.
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