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Abstract

A vendor V of a jurisdiction-explicit-model (JEM) family may embed a statistical wa-
termark in generated text — a small, key-seeded bias in next-token sampling that leaves
a distributional fingerprint over a long enough passage, invisible to any character-level
(zero-width, homoglyph, normalization) scan. When V' discloses the scheme (its green-list
rule, bias strength, and context hash), a recipient reproduces the standard one-proportion
z-test and reads a p-value. When V discloses nothing — neither key nor parameters — the
keyed test is unavailable, and the honest question becomes: can an outsider detect the mark
at all, and with what guarantee? We give the mathematics. We model “identity” as a lattice
of projections 7y from bytes to meaning, in which a watermark is a perturbation that is the
identity at a coarse rung and not at a finer one; a character-level negative is therefore sound
only on the rung it scanned (a strippable rung) and does not transfer to the statistical rung.
We then give a keyless detector: a difference-in-differences (DiD) over a recipient’s own
dated corpus — the distributional shift of V’s output across the mark’s activation date t,,,
minus the same-window shift of a control vendor V' (a different JEM family) that did not
activate a mark — which cancels the confounds (model-version progress, topic drift) that a
bare before/after cannot. We prove the DiD estimand isolates the watermark term under
a parallel-trends assumption, that presence-counting on a strippable rung is unsound for
the statistical channel (so a null there is not evidence of absence), and that every detection
verdict is a dated likelihood relative to the detectors run (a knowledge-epoch), never an
unconditional boolean — the honest form of the conditional impossibility of strong watermark
removal. The same lattice makes two further facts precise. First, minting one distinct,
self-verifiable mark per person is essentially free: a human-scale population is ~ 233 against
a 228 key space, so identities can be self-minted with no central registry and negligible
collision. Second, marks mandated by different sovereigns coezist by occupying orthogonal
rungs, each independently verifiable; and where two mandates genuinely demand the same
rung with incompatible structure, the infeasibility is a provable conflict rather than a silent
overwrite. We then extend the detector across the whole mark space. A common-mode
mark that shifts every stream alike cancels in any relative statistic and is detectable only
against one’s own baseline py (a sovereignty principle); an exact characterisation pins down
which marks a difference-in-differences can and cannot catch; and both are special cases
of a single keyless family — the Scheffé—Yatracos minimum-distance estimator in L;, whose
currency A = TV (pmark, po) orders the whole space and whose vanishing is exactly the
keyless-undetectability of a distortion-free mark. Taking that baseline to be an individual’s
own writing distribution, estimated by L; density estimation from their pre-mark corpus,
turns detection into reclamation: after stripping the surface rungs, an author can paraphrase
a residual statistical mark below threshold while staying within a fidelity budget of their
own voice — a two-gauge check suited to an editing tool. We close with a conjecture: as
reclamation spreads, the population’s own distribution flows back into what vendors train on
— a grassroots feedback that erodes distortion-inducing marks and selects for distortion-free
ones. Detection, minting, and — for strippable rungs and within the reclamation budget —
removal thereby belong to everyone, not only to whoever holds the model. The construction
is metacircular: the recipient audits the provenance of the very substrate that produced the
audit.
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Introduction

An imposed statistical watermark can be applied to everyone’s text — including the assistive
editing (proofreading, translation, standard copyediting) that a regulation may deliberately
place on the human side — with no toggle, no API flag, no pricing tier that escapes it, and, at the
time of writing, no public detector [Sa26c]. The asymmetry this creates is the injustice: whoever
can locate and lift a mark will, while those who cannot are exactly the people an exemption was
written to protect. The mathematical answer is that the same distributional apparatus that lets
a vendor impose a mark lets any recipient detect the fact of marking, mint their own, and — for
the strippable rungs — remove it; and that minting one identity per person is essentially free.
This note formalizes that answer, vendor-generalised: the vendor is an abstract parameter V' of
a jurisdiction-explicit-model (JEM) family, and the mathematics belongs to everyone.

Character-level marks — zero-width joiners, variation selectors, homoglyph swaps, normalization
residues — are strippable in an afternoon by anyone who holds the tools, and invisible to
anyone who does not; a statistical mark is different in kind. It is baked into which of several
near-equivalent tokens the model samples, so it survives copy-paste and light editing, and it
cannot be seen by inspecting characters at all — only by measuring the distribution of a long
passage [KGW™123, DSG*24]. The public method for detecting it — select a pseudorandom
green subset of the vocabulary from the previous tokens under a secret key (a key — the secret
k-bit string, an element of {0,1}", that seeds which tokens count as “green,” hence fixes one
watermark’s signature; the same key both stamps text and verifies it), softly boost it at sampling,



then z-test the green-token fraction of a candidate text —is a keyed test: it needs the vendor’s
green-list rule to recompute the expected fraction [KGW™23]. A vendor that publishes its mark’s
existence but none of its mechanism therefore leaves every outside recipient without the keyed
detector, and with a live question this note answers as mathematics: what can be detected
keylessly, and what would such a detection actually mean.

We proceed as follows. First (§2) we fix identity as a lattice of projections and locate a watermark
as a rung between two adjacent quotients; this makes precise why a clean character-scan is sound
only about its own rung and says nothing about the statistical rung — the rung a robust vendor
mark would occupy. Second (§3) we count: minting one distinct, self-verifiable mark per person
is essentially free, and needs no central registry. Third (§4) we show that marks mandated
by different sovereigns coexist on one text by occupying orthogonal rungs, each independently
verifiable, with any genuine same-rung conflict surfacing as a provable infeasibility. Fourth (§5)
we give the keyless detector for the hardest case — an undisclosed statistical mark: not the
(unavailable) keyed z-test but a difference-in-differences on the recipient’s own dated corpus,
and we prove it isolates the watermark-induced distributional shift from the two confounds a
naive before/after conflates. Fifth (§12) we bound honesty: presence on a strippable rung is
unsound for the statistical channel, a null DiD is weak evidence of absence up to power, and
every verdict carries a knowledge-epoch — the dated set of detectors run — so “watermark-free”
is always a conditional, re-checkable claim, the constructive face of the conditional-impossibility
result on quality-preserving removal [ZEFT24]. Each self-contained proposition is accompanied
by a Lean~4 certificate (§14), in the manner of the OpenAl Ten advances formalizations [Ope26].
The elementary and algebraic cores are fully machine-checked; the L; minimum-distance rate is
a machine-checked reduction whose per-set concentration step is carried as an explicit hypothesis
(to be discharged by Mathlib’s Hoeffding bound); and the two open items—the reclamation-
feasibility condition Proposition 10.1(iv) and the full stochastic dynamics of the grassroots
conjecture—are flagged as such. Certifying even the elementary propositions pins the exact
constants they name against silent drift, and §14 states each certificate’s status and axiom
footprint explicitly. Where a result is classical we re-prove it ourselves and credit the original;
each proposition’s axiom footprint (§14) shows plainly which certificates are structural and
which are arithmetic constant-checks. Throughout, the vendor is an abstract parameter V of a
JEM family; the apparatus is the same jurisdiction-explicit object as the sovereignty-trilemma
report [Sa26b, Sa26a], here with the sampler as the parameter the enforcing State and the
licensor played before. A plain-language account is issue four of the newsletter, “A Watermark
for All” [Sa26c]. A gentle bit-stream-to-meaning on-ramp precedes the formal development (§1);
and §§ 6 to 11 extend the detector — to common-mode marks and the sovereignty of one’s own
baseline, an exact characterisation of what a difference-in-differences catches, the L1 minimum-
distance detector of which it and the pairwise-difference projection (PDP) are special cases, a
two-player overlay/suppression lattice, the human authorial signature and voice-reclamation it
enables, and a grassroots distributional-feedback conjecture.

Related work, and what is new here. The primitives we build on are all prior art, and we
claim none of them. The green-list logit-bias sampler and its keyed one-proportion z-test are
Kirchenbauer et al. [KGW™23]; the distortion-free construction whose output is indistinguishable
from unwatermarked without the key is Christ, Gunn and Zamir [CGZ24] and, in a robust
variant, Kuditipudi et al. [KTHL24]; the tournament-sampling distributional mark deployed
at scale is SynthID-Text [DSG*24]. The (im)possibility of quality-preserving removal — our
honesty bound in §12 — is the theorem of Zhang et al. [ZEF*24], whose quality-oracle-plus-
perturbation-oracle attacker needs neither the key nor the scheme. Encoding a user id (or model
version, timestamp) into a multi-bit mark is the codable-watermarking programme of L.~Wang
et al. [WYC™24]; we take that capability as given and add only the counting observation that
self-minted, registry-free identities are collision-free at human scale (§3). That watermarked text



is radioactive — that training a later model on it leaves a detectable residual — is proved by Sander
et al. [SFDT24], and it is the empirical premise on which our grassroots conjecture (§11) rests.
Closest to our own subject is keyless, black-box third-party detection: TTP-Detect [WRC™26]
decouples detection from injection and reframes verification as relative hypothesis testing, using
a proxy model and feature-space measurements to decide whether a single query text aligns
with watermarked distributions. Our contribution is orthogonal in method and broader in
scope: rather than a learned classifier over a query text against reference distributions, we give
a causal identification — a difference-in-differences over the recipient’s own dated corpus against
a control vendor across the mark’s activation date (§5) — which needs no proxy model and no
library of watermarked exemplars, only a time series and a negative control; and we place that
detector inside a single L; /total-variation characterisation of the whole mark space (§8), add the
own-baseline sovereignty principle for common-mode marks (§6), the near-orthogonal multi-key
coexistence algebra (§4), the paraphrase-suppression frontier and voice-reclamation (§§ 9 to 10),
and a machine-checked certificate per self-contained result (§14). In short, the assembly, the
keyless causal framing, the sovereignty principle, and the certificates are ours; the sampler, the
impossibility, the codable payload, and the radioactivity are cited where due.

1 What a watermark is: from a bit-stream to meaning

This section is a reader’s on-ramp; the formal development begins in §2, of which this is the
plain-language shadow. A reader comfortable with the projection lattice may skip ahead.

Written text reaches us through a stack of representations, each built from the one below. At the
bottom is a bit-stream: a sequence of Os and 1s. Bits are grouped into bytes (eight bits); bytes
are decoded — under an encoding such as UTF-8 — into codepoints, the abstract characters
(“A”, “a”, a space, an emoji). Codepoints are put into a normalization form (so that visually
identical strings built differently compare equal), then rendered into the glyphs a human
actually sees, which a reader finally takes as meaning. Each step forgets some distinctions the
step below kept: many bit-streams render to the same glyphs, many glyph-strings carry the
same meaning.

A token is one unit of a language model’s fixed, finite vocabulary V — a whole common word or a
word-piece (e.g. big is one token; watermark is water+mark). Fix a reversible tokenizer, given
by two maps encode : text — V* and decode : V* — text with decode(encode(s)) = s, so any
text is re-expressed as a finite token sequence z; - - - x,, (z; € V) and back — a change of alphabet
that adds and loses nothing, exactly as UTF-8 re-encodes characters as bytes. A model reads
and writes text only as such token sequences.

A watermark is a hidden mark deliberately introduced at one of these layers. It is useful to see
the two ends of the stack, because they are entirely different problems:

o Surface / strippable marks live at or below the rendered-glyph layer: an invisible
zero-width character wedged between letters, a look-alike homoglyph (a Cyrillic letter
shaped identically to a Latin “a”), a reversible normalization trick, or a bit hidden in
metadata. Anyone who knows to look can see these by inspecting the characters, and
remove them by projecting the text down to its visible glyphs. They survive only against
a reader who does not look.

o Statistical / token-choice marks live higher up, in which of several near-equivalent
words the machine chose. A model that must pick among “big”, “large”, “sizeable” can
be secretly biased — under a hidden key — toward a pseudo-random “green” subset of the
vocabulary. No single character is wrong, so no character-level scan can see it; the mark
shows only as a faint skew in the distribution of word-choices across a long enough passage,

and it survives copy-paste and light editing. This is the hard case, and the one this note is



about [KGW 123, DSGT24].

The one-line moral, made precise in §2: a scan is only ever sound about the layer it
scanned. Finding no zero-width residue tells you the surface is clean; it tells you nothing about
a statistical mark sitting one layer up. Everything below — detecting the hard mark without the
key, minting your own, and the limits of removal — is what the rest of the paper makes exact.

Scope of this note (the standing assumption). Strippable marks are, by definition, removed
by a total idempotent projection to the visible glyph, so we dispose of them once and never
return: the pipeline begins by projecting every artifact to Trender, Stripping every strippable
rung (zero-width, variation-selector, homoglyph, reversible-normalization, metadata) before any
of our own writing or detection. After that projection the only rung that can still carry a
mark is the unstrippable statistical rung — the token-selection distribution, invisible to any
character scan and surviving copy-paste and light edits. Every substantive result below —
detection, coexistence, overlay/suppression, minting, reclamation — is a statement
about that one unstrippable rung. The strippable rungs appear only to be quotiented away
(Proposition 2.3 records why a clean scan of them transfers no information to the rung we keep).

For the reader who wants the mathematics from the start: the stack is a finite chain of projections
(surjections that forget detail), ordered so that a lower one distinguishes at least as much as a
higher one. A watermark is a map on strings that is invisible at a coarse projection yet present at
the next finer one — it “lives in the rung between them.” That is Definition 2.1 and Definition 2.2,
to which we now turn.

2 The identity-projection lattice and the watermark rung

Definition 2.1 (Identity-projection lattice). Let ¥* be the byte strings. An identity lattice is a
finite chain of surjective projections

Tbyte > Tep = Tnf > Trender = Tsems

from bytes to codepoints to a normalization form to rendered glyphs to semantic meaning, ordered
by refinement (m > 7' iff © distinguishes at least as much: w(x) = nw(y) = «'(z) = 7'(y)). Each
g induces an equivalence ‘v =q y iff mg(x) = mg(y)”: two strings are the same at rung Q.
The equivalence class of x under =g — the preimage Wél(ﬂ'Q(ﬂf)) of everything that looks identical
to x at rung Q — is the fibre of x over rung Q; a rung-Q observation cannot distinguish two
strings in the same fibre.

Definition 2.2 (Mark and rung). A watermark is a map w : ¥* — X* that is the identity at
some coarse rung and not at the next finer one: there is an adjacent pair Q coarse > Q fine with
TQeoarse (W(T)) = TQuouree (T) (inisible to a consumer who coarsens to Q course) while gy, (w(x)) #
TQpne (T) (present at Qfine). The mark lives in the rung (Qfine, Qcoarse]- A strippable rung is one
at or below Trrender Where removal is a total, idempotent projection to the visible glyph (zero-width
/ variation-selector / homoglyph classes); a statistical rung sits between mep and Tgem and is
carried by the token-selection distribution — the probability p(- | ¢) the model assigns to each
possible next token given the context ¢ (the text so far), from which the next token is sampled —
not by any single character.

Proposition 2.3 (Rung-scoping: a clean scan does not transfer). Let scang report “no residue
at rung Q7 Then scang(x) = clean entails the absence of a mark living in a rung < Q (coarser
than or equal to Q in the refinement order), and entails NOTHING about a mark living in a rung
strictly finer-carried than @ (a rung > Q). In particular a clean character-level (strippable-rung)
scan is silent about a statistical-rung mark.



Proof. Immediate from refinement: scang observes only the fibre Fél(ﬂ'Q(.T)) of Definition 2.1;
a statistical-rung mark perturbs the token distribution while leaving m¢ fixed for the scanned
at or below render, so it is by construction inside that fibre and unobserved. |

Relation to prior work. This is an instance of the classical factorization theorem (the
Doob-Dynkin lemma; Billingsley, Probability and Measure): since scang is measurable with
respect to the o-algebra o(mg) generated by mq, it is a function of 7y and hence constant
on the fibres TI'él(ﬂ'Q (x)) [Bil95]. Our contribution is not this measure-theoretic fact but the
identity-projection lattice in which it is read and the resulting security corollary—that a clean
character-level (strippable-rung) scan does not transfer to the statistical rung; we nonetheless
give a self-contained machine-checked certificate (above), by design—exhaustive and self-owned.

Formal certificate. Machine-checked in Lean 4 (namespace IasCert.Watermark)
as rungscope_sound_below (a clean @-scan refutes any mark at a rung < @) and
rungscope_no_transfer_finer (a clean coarse scan is consistent with a mark at a
strictly finer rung); both sorry-free and depending on no azioms. See provedog/ (bash
provedog/build-in-docker.sh).

This is why an empirical character-level negative — e.g. a scan finding no zero-width residue on
a vendor’s output — is real but scoped: it refutes a strippable mark, not the statistical one a
robust vendor would use.

3 Minting one mark per person: distinctness is essentially free

The lattice also answers a prior question — not “is a mark present?” but “can everyone have
one?” That a mark can carry an identity — a user id, model version, or timestamp — as a
multi-bit codable payload is established by L.~Wang et al. [WYC™'24]; we take the payload
capability as given and ask only the orthogonal counting question of whether such identities
can be self-minted without a registry. Fix a target population N and a key space {0, 1}"; each
person self-mints a key — draws its own random k-bit string, no authority issuing it — and marks
with it, with no central registry (no authority allocating or recording keys). Two facts make
personal, permissionless watermark identity feasible.

Proposition 3.1 (Distinctness is free). For a human-scale population N =~ 8 x 10° and a
Kk = 128-bit key space, naming every person is a 33-bit affair, leaving a ~ 2°° headroom in the
128-bit key space: N < 233 < 2128 Distinctness costs essentially nothing.

Proof. 8 x 10 < 233 = 8589934592 < 2!28; the surplus factor is 2128 /233 = 29, [ |

Formal certificate. Machine-checked in Lean 4 (namespace IasCert.Watermark) as
naming_fits_33_bits, keyspace_dominates, and keyspace_spare; sorry-free (axiom foot-
prints in §14).

Proposition 3.2 (No registry needed). If each person picks a key uniformly at random, any
collision — two people drawing the same key — is governed by the birthday numerator N2, which
is itself far below the key space: N? < 2128 Self-minting is safe without a central authority.

Proof. N? = (8 x 10%)?2 = 6.4 x 10* < 256 « 2128 50 the birthday collision probability is
< N2 /2128 2762, |

Formal certificate. Machine-checked in Lean 4 as collision_below_keyspace; sorry-free.

The residual cost is not naming but reliable reading. To identify which of N marks is present
with error < e, a channel-coding bound needs L - r 2 logy N + logy(1/¢) reliable bits (a short



paragraph), where r is the per-symbol capacity of the chosen rung. But to verify one known mark
— “is this mine?” — the cost is L - D = log(1/e), independent of N, with D the KL divergence of
the keyed detector against baseline. What each person actually needs is O(1) in the population
and needs no registry. The scarce resource was never the humans (33 bits) but the reliable
capacity of the text, which the lattice lets us measure and allocate.

4 Co-existence: many mandates, one text

Under the standing assumption (§1) the strippable rungs are already gone, so co-existence is a
question about the unstrippable rung alone: can several statistical marks ride one text at once?
They can, because a statistical rung is not a single scalar but a family of near-orthogonal
sub-channels indexed by independent keys — each key k selects its own pseudorandom green-
set G, and distinct keys give approrimately disjoint green-excess coordinates, with a small
quantified cross-talk we bound below. A personal mark and any number of legally-mandated
ones therefore occupy near-separate coordinates of the same statistical rung. Multiplicity, not
purity, is the achievable goal. Legally this is not optional — distinct sovereigns define distinct
compliance-identities, and where one mandates a mark before another, both must be carried.

Lemma 4.1 (Independent-key near-orthogonality). Let each key k seed a pseudorandom green-set
G CV of fraction g = |Gg|/|V|, and model distinct keys as selecting independent random
g-subsets (the PRNG assumption). Write the k-detector’s reading as the green-fraction excess ey,
over baseline. Then a mark placed under key k' raises the k-channel only through the overlap
G N Gy, whose expected mass share is g; hence Eley | k'-mark of excess b] = gb for k # k.
Consequently K independent marks on one text leave each channel with residual cross-talk O(Kg),
negligible whenever Kg < 1. This regime requires sparse® green-lists: at a typical g € [0.25,0.5]
even K = 4 mandates give Kg 2 1, so many-mandate stacking needs a small per-mark g, which
trades off against per-mark power.*

Proof. By independence E[|Gx N Gr/|] = g |G|, so a fraction g of the k’-boost lands in Gy;
summing K such independent contributions gives cross-talk O(Kg). |

Relation to prior work. The green-set construction is [KGW™23]; the pseudorandom-independence
of distinct keys is the [CGZ24]-style assumption. The channels are thus orthogonal only in
expectation, up to factor g; “orthogonal” below is shorthand for this near-orthogonality.

The abstract statement that follows treats the idealized case of exactly independent coordinates;
independent keys realize those coordinates only up to the O(g) cross-talk of Lemma 4.1. We keep
the abstract rung-indexed statement because it is exactly the algebra of independent coordinates;
here each “rung” r € R is read as one independent-key sub-channel of the unstrippable rung,
never a strippable glyph channel.

Definition 4.2 (Identity tuple). Each governing regime J fizes its own identity projection: an
artifact counts as compliant for J iff its rung Ry exhibits mark; under J’s published detector. The
artifact’s legal identity is the tuple ID(x) = (Trender(), mark;(x), ..., markg(x)); two artifacts
are the same iff they agree on every governing projection.

Proposition 4.3 (Orthogonal co-existence). Model an artifact as an assignment z : R — V of
a mark-value to each rung; a mark at rung r' is the update x[r':=v] and a detector at rung r
reads coordinate r. Then for r # r' we have z[r':=v](r) = z(r) (a mark is invisible off its rung),
a rung’s detector recovers exactly the mark written there, and after writing marks on distinct
rungs r4 # rp each detector still reads its own. Several mandated marks therefore coezist, each
independently verifiable.



Proof. An update acts coordinatewise: it changes only its own rung, so every other rung’s
reading is unchanged, and writes on distinct rungs leave each other’s readings intact. |

Scope. The model has one mark-value per coordinate and writing is its only operation; it
therefore says nothing about an adversary removing an already-present mark. That is deliberate:
co-existence is the claim that independent (distinct-key) statistical sub-channels do not interfere,
not a robustness claim. Same-coordinate contention is Proposition 4.4; adversarial remowval
of a present statistical mark — exact excision (keyless-impossible) versus partial paraphrase-
degradation — is treated quantitatively in §9 (Proposition 9.1).

Formal certificate. Machine-checked in Lean 4 as detect_orthogonal, detect_own, and
coexist_two; sorry-free (axiom footprints in §14). The certificates prove the idealized model
of exactly independent coordinates; independent keys realize those coordinates only up to the
O(g) cross-talk of Lemma 4.1, so the machine-checked result is not to be read as claiming
exact key-orthogonality. Lemma 4.1 itself is machine-checked in Lean 4 as expected_overlap,
crosstalk_linear, and crosstalk_K_bound (the E[|Gy N Gy/|] = g|Gi/| overlap identity and
the O(Kg) residual bound); sorry-free.

Proposition 4.4 (Infeasibility is a provable conflict). If two mandates demand that the same
rung r carry incompatible values va # v, no artifact satisfies both: a single reading of r cannot
equal both va and vg. The infeasibility is a decidable contradiction — resolved by a per-region
variant, a wire boundary, or a documented non-compliance — never a silent overwrite of one
mandate by another.

Proof. 1f y(r) = v4 and y(r) = vp then vy = vp; contrapositively v4 # vp forbids both. |
Formal certificate. Machine-checked in Lean 4 as same_rung_conflict; sorry-free.

Allocating rungs to mandated schemes is thus a constraint-satisfaction problem whose unsatisfi-
ability is precisely a provable multi-jurisdictional conflict — surfaced at the bit level, with an
auditable resolution, rather than hidden as a corrupted mark.

5 The keyless difference-in-differences detector

Keyless third-party detection of an undisclosed mark has one close published precedent, TTP-
Detect [WRCT26], which decouples detection from injection and asks, of a single query text,
whether it aligns more closely with watermarked than with ordinary distributions — answered by
a proxy model and a suite of complementary relative measurements. Our detector is different
in kind and in what it requires: it is a causal identification, not a learned alignment, and its
evidence is a recipient’s own dated corpus over time rather than a proxy model and a library
of watermarked exemplars. It thereby needs no access to any watermarked reference set and
makes its one identifying assumption — parallel trends — explicit and falsifiable, checkable by a
pre-period placebo contrast (the same DiD across a date before t,,, where it should read zero).

Fix a vendor V that activates a statistical mark at date t,, but discloses no key, and a control
vendor V' of a different JEM family with no activation in the window. Let a recipient hold its
own dated corpus of each vendor’s outputs, split at ¢,, into PRE and POST. For a distributional
feature ¢ (a token/n-gram frequency divergence, a conditional-entropy or type-token statistic, a
low-rank-use / Zipf-slope skew), write ¢y prE etc. for its corpus mean.

Definition 5.1 (Watermark DiD estimand). The difference-in-differences for feature ¢ is

&;ﬁ = (¢v,post — dvprRE) — (Pv/,POST — PV PRE)-



Proposition 5.2 (DiD isolates the watermark term). Model each corpus mean additively,
¢_5U,t =p+ay+7n+yW[U =V, t=POST| + cys, where ay is a vendor effect, 7w a common
time effect (model-version progress, content/topic drift shared across vendors), vy the watermark-
induced shift on V’s POST, and € mean-zero noise. Under PARALLEL TRENDS - the
non-watermark time effect TposT — TPRE 95 common to V and V' — we have ]E[ﬁqg] =. A bare
before/after QEVJJOST — ¢v.prE = Y + (TposT — TrrE) does not: it conflates the mark with the
common trend.

Proof. Substitute the model into 3(75; 1 and ay cancel across the inner differences, the 7 terms
cancel across the outer difference by parallel trends, leaving v plus mean-zero noise. ]

Formal certificate. The algebraic core of this proposition — that under the additive
model with parallel trends the difference-in-differences cancels the baseline, the vendor ef-
fect, and the common time effect, leaving exactly v — is machine-checked in Lean 4 (math-
lib, namespace IasCert.Watermark) as did_isolates_gamma, with the null (y = 0 =
3(75 =0) as did_null_of_no_watermark; both are sorry-free with axiom footprint {propext,
Classical.choice, Quot.sound}. Certificate + reproducible build in provedog/ (bash
provedog/build-in-docker.sh). The E[-] statement adds only that the mean-zero ey, vanish
in expectation.

The estimand is a distributional-shift signal, not a green-token count: it needs no key. Its
significance is read by a permutation test over the corpus split, and it is reported as a likelihood
ratio, never a boolean.

Definition 5.3 (Detection likelihood + knowledge-epoch). A knowledge-epoch n = (D,t)
is the set of detectors D run and the date t. A detection verdict is the log-likelihood ratio
LLR;, = log % under n, tagged with n; it is o dated, defeasible assertion, monotone
only within a fixed 7.

6 Common-mode marks and the sovereignty of your own baseline

The difference-in-differences of §5 isolates a mark that is differential — present on V’s POST
and absent from the control. A vendor can instead impose a common-mode mark: the same
distributional push applied to every stream, so that it cancels in any relative statistic. Model the
green-count intensities of two named streams as A1, Ao built from base rates ni,ng, and read the
mark on the ratio scale # = A1/(A1 + A2). A green-list logit bias adds a constant § to the green
logits, which after the softmax multiplies the green probabilities by e’ before renormalisation —
so a common-mode push acts proportionally on the green-count intensities; that multiplicative
action is the model we adopt (the purely additive case is treated in the scope note below).

Proposition 6.1 (Common-mode §-invariance). A common-mode mark that scales both inten-
oy e . . nip _

sities by the same mass p # 0 leaves the ratio at its null, mpjrmp = anQ, so a rate/B-scale

detector (the projection of DiD/PDP to the ratio) cannot see it. The un-normalised difference

does move, n1p — nap = (N1 — n2)p, but it rides on the baseline imbalance and isolating the mark

from it requires the reference rate pg itself; the leak is unexploitable without an absolute reference.

Hence a proportional® common-mode mark is detectable only against one’s own baseline pg.*

Proof sketch. Factor nip+nap = (n1 +ne2)p and cancel p # 0; the raw companion is distributivity.
The unexploitability is that (n; — na)p confounds the mark with imbalancexbase-rate. Full
walkthrough in Appendix A (W3). |

Formal certificate. Machine-checked in Lean 4 (namespace IasCert.Watermark) as
common_mode_theta_invariant and common_mode_raw_leak; sorry-free (axiom footprints in



§14). The identities are one-line field computations, and certify the field identity only, not
the general detectability conclusion. Scope. The f-invariance is exact for the proportional
(multiplicative) common-mode above — the deployed logit-bias mechanism. A purely additive
common-mode (n; — n; + d) does move the ratio, migi? 1 7 nitm,» and is catchable on the
f-scale; the sovereignty conclusion is thus a statement about the proportional class.

This is the sovereignty principle in the title’s “for all”: the detector of last resort is not a shared
public baseline — which a common-mode mark shifts along with everything else — but your own
dated record. Keep your own baseline and you stay able to see; discard it and a uniform mark is
invisible.

7 What difference-in-differences can and cannot catch

Sovereignty raises the dual question: exactly which marks does the DiD contrast catch? Rather
than assume sufficiency, we characterise the detectable class by construction — for each property
DiD needs, an explicit model in which a mark is present yet the contrast reports nothing.

Proposition 7.1 (Exact evasion characterisation). With the additive cell-model of Proposi-
tion 5.2, the DiD contrast detects a mark if and only if the mark is (i) onset (absent in PRE),
(ii) treatment-specific (absent in the control), (iii) mean-shifting, and (iv) under parallel trends.
FEach conjunct is necessary, witnessed by an exact identity: a mark already present in PRE
gives contrast 0; a control that shares the mark gives 0; a treated-specific trend dT gives v + 0T
(confounded); and because the contrast is a functional of the four cell means alone, any mark
carried purely in a higher moment — with no mean shift — is invisible. On the detected side the
contrast is monotone in the mark’s mean-shift (v1 < o gives contrast y1 < 2), so the detectable
region is ordered by mark size.

Proof sketch. Substitute each evasion model into the contrast and simplify; the first three are
subst; ring identities, the fourth is that equal cell-means force equal contrasts. Appendix A
(W5-W6). |

Formal certificate. Machine-checked in Lean 4 as evade_constant_mark,
evade_shared_control, evade_group_trend, did_is_mean_functional, and
detection_frontier_monotone; sorry-free (axiom footprints in §14). The fourth iden-
tity — DiD is blind past the first moment — is precisely what forces the density-level detector of

§8.

8 The L; view: one detector family, of which DiD and PDP are
special cases

Every statistical mark is a perturbation of an output density py — pmark, and its L;/total-
variation size A = TV (pmark, P0) = %Hpmark — pol|1 is the single currency of detectability.
The Scheffé set A* = {x : p(x) > q(x)} realises it, and the minimum-distance estimator
over a Yatracos class of candidate Scheffé sets (Devroye and Lugosi’s Li-consistent density
estimation [DL01]) is the general keyless detector.

Proposition 8.1 (Scheffé—Yatracos is the parent detector). (i) (Scheffé identity) TV (p,q) =
p(A*) — q(A*) = supy(p(A) — q(A)) for A* = {p > q}. (ii) The keyed green-list test is the
empirical Scheffé statistic on the single known set A* = G — a one-sample green-fraction test,
distinct from the temporal cross-vendor DiD estimand of Definition 5.1 (which shares the Scheffé-
set structure but contrasts across time and vendors); the pairwise-difference projection (PDP)
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is the ratio/mean-coordinate statistic of §6; and the general keyless detector is the minimum-
distance scan over the Yatracos class, with L1 error < 3ming||pg —pl|l1 +O(\/da/n) (d4 = log|A|
the log-cardinality of a finite Yatracos class A, or its covering-number/VC complezity in the
infinite case). (iii) Resolving a mark of size A costs neg = ¢/A2, neg = ning/(n1 + na).
(iv) A distortion-free scheme, engineered so TV = 0 on every key-free observable, is Li-null
keyless — hence invisible to any keyless statistical test over the admissible observable family.
(Cryptographically distortion-free constructions [CGZ24] achieve the stronger computational*

indistinguishability at finite n; the L, statement here is its observable-relative shadow.)*

Proof sketch. (i) The gap p(A) —q(A) =" 4,(p — ¢) is maximised on A*; since > (p —¢) = 0 the
positive part equals $|[p — ¢||1. (ii)-(iii) are the minimum-distance and empirical-Scheffé theory;
(iv) is the definition of distortion-freeness read in L;. Appendix A (W9-W10). [ |

Formal certificate (machine-checked; one instantiation flagged). Over a finite ob-
servable space the Scheffé identity (i) and the distortion-free = L;-null equivalence (iv) are
machine-checked in Lean 4 as IasCert.CMDE.scheffe_argmax, scheffe_eq_half L1, and
tv_eq_zero_iff_eq (the finite Scheffé identity, CMDE Thm 5.1). The minimum-distance
oracle inequality — the deterministic factor-of-three core of (ii), ||¢ — f||1 < 3ming||f; — flj1 +4A —
is TasCert.CMDE.min_distance_oracle (CMDE Thm 6.3); it encapsulates CMDE'’s four proof-
steps (min-distance selection, the Scheffé—pair identity, the sup < %H||1 step, and the triangle
inequality) as explicit hypotheses, with the load-bearing Scheffé step itself grounded concretely via
yatracos_pair_dist. The union-bound structure of the rate is machine-checked as 11mde_rate:
a finite union bound over the Yatracos class (max_dev_union_tail, max_dev_card_bound, via
measure_biUnion_finset_le) composed with the oracle gives Pr[||¢) — f||1 > 3ming||f; — f]l1 +
4t] < | A| B, where the per-set tail B is carried as a hypothesis to be discharged by Mathlib’s
sub-Gaussian/Hoeffding bound measure_sum_ge_le_of_iIndepFun; with B = e~27 this is the
O(y/log | A|/n) rate of (ii)+(iii). What is not yet machine-checked is the concrete instantiation of
that per-set tail — wiring the empirical-measure deviation p,(A) — u(A) into Mathlib’s i.i.d. sub-
Gaussian API (hasSubgaussianMGF_of_mem_Icc_of_integral_eq_zero + ilIndepFun); this
needs no new mathematics but is real Lean plumbing, staged as future work. All checked
theorems are sorry-free.

This is the honest form of the folklore dichotomy [KGW*23]: distortion-inducing marks
have TV > 0 keyless and are detectable at cost ~ 1/TV?; distortion-free marks have TV = 0
keyless and are key-only — the impossibility is here proven in Li, not assumed.

Choice of observable, and a sieve of projections. The detector is defined relative to a
chosen observable: a family of finite distributional projections 7y, ..., 7, of the token stream —
the unigram marginal, the bigram and higher m-gram marginals [Sha48], and other standard
corpus statistics. Each m; sends the stream to a finite feature space &; with its own empirical
distribution and its own sample-size floor for reliable estimation (finer projection, larger |X;|,
more corpus needed). Because total variation is non-increasing under any measurable coarsening
— the data-processing inequality [DLO1, Thm 5.2] — a mark hidden in a finer projection is
invisible in a coarser one, TV(7jPmark, TjPo) < TV (Pmark,Po), with equality approached only
as m; refines toward the full joint. Detection is therefore intrinsically observable-relative and
one-sided: a null on 7; means “no mark visible at resolution j, at this sample size,”’ never
absence (Proposition 2.3 again). The one choice-independent statement is the distortion-free
boundary of Proposition 8.1(iv): a mark with TV = 0 on every key-free observable is invisible
under any projection.

This makes it natural to detect over a sieve of projections rather than one. Given a corpus
of size n, admit exactly the projections whose feature space is reliably estimable at n — a
sample-size-derived family 7,, that grows with n (the method of sieves [Gre81, GH82]) — and take
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the detector to be the maximum over them, A, := max;cz, TV (7;q, m;jpo). This is exactly the
minimum-distance / Scheffé—Yatracos detector of Proposition 8.1 run over the union Yatracos
class A(n) = ez, Aj» with A; the Scheffé sets on Xj: the maximum over projections is the
supremum over that union, so the oracle inequality (min_distance_oracle) holds verbatim with
A = A(n), and the rate (1imde_rate) pays the union complexity log |A(n)| = 3_,c 7 log|A;].
The sample-size-bounded sieve therefore self-balances resolution against n: the O(y/log|A(n)|/n)
rate admits a finer projection only when n can afford its complexity — the skeleton / covering-
number tradeoff [DLO1, Ch. 7]. Every result above — the oracle and the rate — and the reclamation
and feedback dynamics downstream (§§ 9 to 11) carries through with A(n) in place of A (paying
the stated union complexity); the only new ingredient is the selection rule 7,,. Refining the
sieve can only raise A,, (monotonicity), so more resolution never hurts detection — it only costs
samples. The finite-observable analysis above is the case k = 1; the sieve rests on two elementary
facts about projections — that total variation is non-increasing under coarsening (so refining
an observable can only raise A,), and that a mark invisible on the full joint stays invisible
under every projection — both machine-checked in Lean~4 (IasCert.CMDE.tv_pushforward_le,
tv_zero_pushforward_zero; the finite case of CMDE Thm-~5.2).

9 Overlay and suppression: a two-player mark lattice

Detection has a constructive dual: can a recipient overlay their own statistical mark, and can
they suppress a vendor’s? Everything here is on the kept (statistical) rung, after mpqer has
already removed the strippable ones (§1): the (1 — p) paraphrase-degradation below is meaningful
only for a statistical mark, since strippable rungs are trivially and totally removed by that initial
projection, not by paraphrase. Model the detectable state by the two detectors’ green-excesses
(v, Ty) over baseline; a vendor mark adds b, to x, only (independent keys), yours adds b, to x,
only, and a keyless paraphrase of fraction p scales both by (1 — p) (a re-drawn token carries no
excess).

Proposition 9.1 (Coexistence and bounded suppression). (i) Vendor-then-yours on an unmarked
baseline gives excess (by,by): both provenances survive (coezistence). (ii) An independent overlay
leaves the vendor’s excess exactly by,: adding your own mark is not suppression. (iii) After
paraphrase p the vendor’s excess is (1 — p)b,, which drops below a detection threshold c, iff
(1 = p)by < ¢y, i.e. p>1—cy/by for b, > 0. (iv) Paraphrasing to suppress the vendor and
re-marking leaves your excess at b, while the vendor’s is below c,.

Proof sketch. Coordinatewise algebra on (zy,x,); the threshold is a linear rearrangement.
Appendix A (W2b). [ |

Formal certificate. Machine-checked in Lean 4 as overlay_coexist, overlay_no_suppress,
paraphrase_scales, paraphrase_suppress_iff, and suppress_keeps_mine; sorry-free (ax-
iom footprints in §14). Honest limit: exact cost-free cancellation would need the vendor’s
secret set G; keyless one recovers only the scalar shift b, so keyless suppression is necessarily
untargeted — it is paraphrase, at a bounded semantic cost. This is an arms-race frontier, not a
silver bullet.

10 The human authorial signature, and reclaiming your voice

The “own baseline pp” that Proposition 6.1 makes decisive is not abstract: it is each individual’s
own writing distribution, estimable by L1 minimum-distance density estimation from that person’s
own non-machine-authored corpus. This turns the sovereignty principle into a tool.
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Proposition 10.1 (Signature, hygiene, and reclamation-feasibility). (i) (Signature) The
minimum-distance estimate py from an author’s clean corpus converges in Ly to the author’s
signature py with sample size (the L1-MDE guarantee). (ii) (Hygiene) If the corpus is contami-
nated by vendor-marked text, the mark enters py and cancels in TV(q, po), under-detecting; the
reference must therefore be estimated from a genuine pre-mark epoch of the author’s writing.
(#it) (Identifiability) a nonzero TV(q,po) may be a vendor mark, natural authorial drift, or
estimation error; separating mark from drift needs the mark’s structure or the temporal onset —
the personal analogue of parallel trends. (iv) (Reclamation-feasibility) after stripping surface
marks, a paraphrase driving the vendor excess below ¢, while keeping the authorial fidelity
TV (d,po) < B within a voice-budget [ exists iff the suppression threshold p* of Proposition 9.1
1s compatible with (.

Proof sketch. (i) is the Devroye-Lugosi minimum-distance guarantee applied to one author. (ii)
is Proposition 6.1 read on a contaminated reference. (iii) restates the parallel-trends condition
per-author. (iv) composes the paraphrase-suppression threshold of Proposition 9.1 with the
fidelity budget. |

Formal certificate (status: statement-only / to author). (i) leans on the cited L;-MDE
guarantee. The reclamation-feasibility condition (iv) is a candidate certificate extending the
two-player lattice of §9; not yet authored. Marked honestly as statement-with-strategy.

Operationally this is a two-gauge editor check: strip the strippable marks, estimate the author’s
clean py from a pre-mark corpus, then edit until the vendor excess is suppressed and the text
remains within the author’s own voice-budget. Detection, minting, and — within the bounded
reclamation frontier — the restoration of one’s own voice thereby belong to the author, not the
model.

Remark (Multi-author provenance: scope). The overlay result (Proposition 9.1, and C3 of §4)
treats each author’s mark as an independent, near-orthogonal channel — the clean case where
contributions are separable. Genuine multi-author authorship raises complications we name but
do not formalise here: (i) contributions are unequal and interleaved — one author may write most
of a manuscript while another only reads and lightly edits — so a faithful model needs per-author
contribution fractions as priors; (ii) each author’s baseline pf) must be grounded in that author’s
own corpus, which is itself typically a body of co-authored work, so the “individual voice’’ is
already a multi-author mizture — a recursive signature-estimation problem; (iii) a co-author
set may warrant its own joint signature, distinct from the marginal authors’; (iv) sequential
collaborative editing composes paraphrase/overlay operators in an order-dependent way, which
the single-round overlay model does not capture. We restrict the formal claims to the overlay
case as a demonstration of extendability — independent, near-orthogonal marks on separable
contributions, e.g. distinct messages in a thread, or posts and comments on a blog or social feed,
where each contribution is a well-delimited unit with its own author and the marks superpose
(C3). The general weighted, recursive, order-dependent collaborative-manuscript case is left as
future work.

11 A grassroots distributional feedback

Finally, a population-scale consequence, stated as a conjecture with an explicit model rather
than a theorem. Its empirical premise is not ours but a proven result: Sander et al. [SFDT24]
show watermarked text is radioactive — a model trained on it inherits a detectable residual of the
mark — so the training corpus is a genuine channel through which today’s marked (or reclaimed)
output shapes tomorrow’s model. Granting that channel: if reclaimed text — vendor marks
suppressed, voice restored — re-enters the corpus a vendor trains on, the vendor’s own input
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distribution drifts toward the population of human signatures.

Claim 1 (Grassroots feedback (conjectural)). Let a population of authors have signatures {ph},
a vendor have marked output q,, and let a fraction oy of published text be reclaimed, so the
corpus is Cy = cpmix{p}} + (1 — ar)qus and the vendor retrains Cy — qyi11. Then, for the
idealised operator that replaces the vendor component by the exact human-signature mizture
each round, reclamation is a TV-contraction toward that mixture (the convergence sub-claim,
machine-checked below). At the deterministic scalar-dynamics level there is moreover an exact™
adoption threshold a* above which the population-level distortion decays below any target
(proven below); we conjecture the same threshold governs the full stochastic mean-field dynamics,
in which the vendor loses the shared baseline and is forced to self-reference — the same sovereign
regime it imposed on individuals. The feedback neutralises only the distortion-inducing class;
distortion-free key-only marks are TV = O-invisible to the reclaimer and are therefore selected
for.*

This is deliberately a conjecture at the stochastic/population level: the full mean-field / replicator
analysis is open (its deterministic scalar core — convergence, the exact a*, and distortion-free
selection — is proven below). It is stated because the qualitative content — a population
maintaining its distributional self against a homogenising mark, and the arms-race pressure
toward distortion-free schemes — is the honest macroscopic shadow of the microscopic results
above, and belongs in the record.

Certificate (deterministic cores machine-checked; full stochastic dynamics open).
All three parts of the conjecture have machine-checked deterministic cores in Lean 4 (dis-
crete setting), all sorry-free. (C1, convergence) for the idealised replace-by-mixture operator,
reclamation is an exact T'V-contraction, tv(mixamu, m) = (1 — ) tv(u, m), so the model con-
verges geometrically to the commons (tv_mix_anchor, tv_iterate, grassroots_converges,
affine_recursion_bound). (C2, threshold + selection) at the deterministic scalar level the
population distortion d; decays geometrically to an explicit floor (1 —a)Ajnj/(ap), that floor is at
most a target 7 iff adoption reaches the ezact threshold a* = Ajn;/(Ainj + p7), and a distortion-
free mark (Ainj = 0) has no floor and decays to 0 — the selection boundary (grassroots_decay,
grassroots_floor_below_threshold, distortion_free_decays_to_zero). (C3, attribution)
each author’s self-minted mark survives population-scale aggregation up to the O(Kg) cross-talk
of Lemma 4.1 (attribution_recovers_own, attribution_detectable). What remains open
is the full stochastic mean-field / replicator dynamics behind C2 — the deterministic decay above
is its mean-level skeleton.

12 Honesty bounds

Proposition 12.1 (Presence-counting is unsound for the channel). Counting residues at a
scanned rung estimates the mark’s presence on THAT rung only; for the statistical channel
a raw count is confounded by (i) self-authored occurrences (the recipient’s own text quoting
mark-like content), (ii) inbound-pasted occurrences (marks entering via third-party text, not
vendor-generated), and (iii) vendor-output occurrences. Only a provenance decomposition
p = psef 4 pinbound | yvendor i 4 negative control identifies the vendor-channel term; a bare
presence count over-counts and is unsound as a vendor-watermark claim.

Formal certificate. Machine-checked in Lean 4 (namespace IasCert.Watermark) as
presence_count_underdetermines_vendor (two provenance splits with the same total count
but different vendor terms) and any_vendor_value_consistent (a fixed total is consistent
with every vendor value in its range); sorry-free. See provedog/ (bash provedog/build-in-
docker.sh).
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Proposition 12.2 (Conditional, not absolute). A null ﬁqs =~ 0 is evidence of absence only up to
the test’s power at the corpus size, and any positive detection is defeasible: a quality-preserving
paraphrase attacker with a sufficient language model can drive v — 0 on the observable features
(the conditional-removal result [ZEF"24]). Hence “watermark-free at n” is a conditional claim,
re-checkable as D grows, never unconditional.

13 Verdict

When a vendor discloses its scheme, detection is the keyed z-test with an interpretable p-
value. When it discloses nothing, an outsider is not helpless but is bounded: (i) character-level
cleanliness is sound only on its rung (Proposition 2.3); (ii) the statistical rung is reachable
keylessly by a difference-in-differences against a control vendor over the mark’s activation date,
which — and only which — isolates the watermark term from model-progress and content drift
(Proposition 5.2); (iii) every such verdict is a dated likelihood under a knowledge-epoch, and is
defeasible under quality-preserving paraphrase (Proposition 12.2). The democratic content of
“a watermark for all” is exactly this: the same distributional mathematics that lets a vendor
mark text lets any recipient, holding only its own dated corpus and one control, detect the fact
of marking without the vendor’s key — putting detection, not just marking, in everyone’s hands.
As with the trilemma, the result is metacircular: the recipient audits the provenance of the
substrate that produced the audit [Sa26a].

14 Formal certificates

Following the practice of the OpenAl Ten advances formalizations [Ope26] — one machine-
checked Lean certificate per result — every proposition above is either machine-checked in Lean
4 (mathlib) or is an explicitly cited external result. The certificates live in the IAS ProveDog
project (provedog/, Apache-2.0). Building the aggregate IasCert target is the verification: it
succeeds only if every theorem is sorry-free, and each module prints its axiom footprint (#print
axioms). The reader reproduces the check with either

# in any Lean 4.32.0 + mathlib + lake environment:
lake exe cache get
lake build IasCert

# or fully docker-only (no host toolchain):
bash provedog/build-in-docker.sh

o Proposition 2.3: rungscope_sound_below, rungscope_no_transfer_finer — no axioms.

e Proposition 3.1: naming_ fits_33_bits, keyspace_dominates, keyspace_spare — axioms
propext, Classical.choice, Quot.sound.

e Proposition 3.2: collision_below_keyspace — axioms propext, Classical.choice,
Quot.sound.

e Proposition 4.3: detect_orthogonal, detect_own, coexist_two — axiom propext.

o Proposition 4.4: same_rung_conflict — no axioms.

e Proposition 5.2: did_isolates_gamma, did_null_of_no_watermark — axioms propext,
Classical.choice, Quot.sound (mathlib reals).

e Proposition 12.1: presence_count_underdetermines_vendor (no axioms),
any_vendor_value_consistent (propext, Quot.sound).

o Proposition 12.2: a cited external result [ZEF*24] (conditional removal under a quality-
preserving paraphrase attacker); stated with its assumption, not re-proved here.

The extension results of §§ 6 to 11 are machine-checked in Lean 4 and entered in
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provedog/formalization.yaml, except where an explicit rate or dynamics is marked open:

e Proposition 6.1: common_mode_theta_invariant, common_mode_raw_leak — machine-
checked.

e Proposition 7.1: evade_constant_mark, evade_shared_control, evade_group_trend,
did_is_mean_functional, detection_frontier_monotone — machine-checked.

o Proposition 8.1: the Scheffé identity (i) and distortion-free = Li-null (iv) machine-
checked (IasCert.CMDE.scheffe_argmax, scheffe_eq_half_L1, tv_eq_zero_iff_eq;
CMDE Thm 5.1); the minimum-distance oracle inequality, the deterministic core
of (ii), machine-checked (IasCert.CMDE.min_distance_oracle, its four CMDE
proof-steps as hypotheses, Scheffé step grounded by yatracos_pair_dist; CMDE
Thm 6.3); the rate’s union-bound structure machine-checked as limde_rate
(max_dev_union_tail/max_dev_card_bound composed with the oracle; per-set
tail B carried as a hypothesis, to be discharged by Mathlib’s Hoeffding
measure_sum_ge_le_of_iIndepFun), the concrete per-set-tail instantiation not
yet machine-checked (real Lean plumbing, no new mathematics).

o Observable sieve (§8): the two structural facts are machine-checked as
IasCert.CMDE.tv_pushforward_le (total variation non-increasing under a projec-
tion, the finite case of CMDE Thm 5.2) and tv_zero_pushforward_zero (distortion-free
is projection-invariant); axioms propext, Classical.choice, Quot.sound, sorry-free.

e Proposition 9.1: overlay_coexist, overlay_no_suppress, paraphrase_scales,
paraphrase_suppress_iff, suppress_keeps_mine — machine-checked.

e Proposition 10.1: signature limit leans on the cited L;-MDE guarantee; reclamation-
feasibility (iv) to author. Statement-only.

e Claim 1: all three parts have machine-checked deterministic cores -
convergence-to-commons C1 (tv_mix_anchor, tv_iterate, grassroots_converges,
affine_recursion_bound), the adoption-threshold + distortion-free-selection C2 at the
deterministic scalar level (grassroots_decay, grassroots_floor_below_threshold,
distortion_free_decays_to_zero; exact o = Aj,j/(Ainj + p7)), and attribution-
preservation C3 (attribution_recovers_own, attribution_detectable); the full
stochastic mean-field dynamics of C2 remains open.

All machine-checked theorems are in namespaces IasCert.Watermark and IasCert.CMDE; the
ledger of axioms, provenance, and status is provedog/formalization.yaml.
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