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Verification Code Dossier
Article 69: The First Loop:
The Remnant Fixed Point, the Division Period, and the Self-Tuning Lineage

Annals of the Chrysene Formalism, Vol. 1, No. 3 (OCTOBER 2026)
DOL: 10.68366/11czsz09
Script: verify_A69.py Lean proof: acf-69-proof.lean

Certification

Script: verify_A69.py
Checks: 48 (6 blocks, V1-V6)
Passed: 48

Failed: 0

Lean proof: acf-69-proof.lean
Theorems: 64

Axioms: 0

Sorry / native decide: 0

Python: standard library only (no third-party packages)
Lean: Core Lean 4 only (no Mathlib)
Exit status: 0 (all checks pass)

\

What this dossier adds

Article 69 derives three results: the fixed line F, its linearised stability, and the exact period
identity vinr(ar) - Q(a)®? = 1. This dossier provides machine-level confirmation of every
quantitative claim in the body.

Python dossier (verify_A69.py). Block V1 verifies the corpus constants and the fixed-
line formula. Block V2 verifies all six eigenvalues as exact rationals and their stability flags.
Block V3 verifies the algebraic period identity to 15 significant figures at seven corpus values
of a. Block V4 verifies all five recovery times (the two large cases n = 12, n = 25 by direct
power bounds). Blocks V5-V6 verify p-invariance and the three-regime comparison.

Lean proof (acf-69-proof.lean). All eigenvalue reductions are verified by exact GCD
computation (decide) and cross-multiplication (rfl). Stability conditions, recovery times for
the three small cases (n = 1,3,5), and boundary inequalities are proved by decide. The
period identity is recorded as a definitional lemma; the large recovery-time cases (n = 12,
n = 25) are certified by the Python dossier and noted as beyond the Lean kernel’s memory
budget in a constrained environment. The proof tree carries zero axioms and zero sorry.

-

-
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Block Title Checks What is verified

V1 Corpus constants 8 Corpus constant arithmetic;
and fixed-line Wy = B(a) Liip/ k; fixed-point condition
existence fe(W¥) = B(«); stability boundary

kmax = 11/105; monotone boundary
Emono = kmax/2; W,* independent of N.

V2 Stability table: 12 Six exact rational eigenvalues (A = 29/50,
eigenvalues and 2/275, —19/44, —179/220, —10/11,
stability —121/110); stability flag (]| < 1) for all six

rows.

V3 Algebraic period 7 v (@) - Q(a)?/? =1 at
identity a € {0.05,0.10,...,0.35} (15 significant

figures each).

V4 Recovery times to 10 Five recovery times n* = [log0.1/log |A|];
10% residual bracket bounds |A|*" < 0.1 < [A[*" L.

Vb o-invariance and the ) o-update rule; v = 0 at the fixed line; o' = o
frozen state for five representative initial conditions;

contraction factor = 1 at F.
V6 Three-regime 6 Regime representatives in correct sign ranges;

comparison period identity at a = 0.10; W}* decreasing

in k; boundary ordering knono < Kmax-

Scope

Within scope (Python dossier). All integer and rational arithmetic identities stated in the
body of Article 69: the corpus constant product; the lipid-strand ratio; the fixed-line formula and
its fixed-point condition; the stability boundary kmax = 2Lyip/No and its reduction to 11/105; all six
eigenvalues in exact rational form; their stability classification; the period identity to 15 significant
figures; all five recovery times and their bracket bounds; g-invariance through the loop; and the
three-regime ordering.

Within scope (Lean proof). GCD reductions for kpax, kmono, and all six eigenvalue numerators
and denominators. Cross-multiplication identities confirming each eigenvalue fraction. Stability
inequalities (|numerator| vs. denominator) for all six rows. Recovery-time bracket bounds for the
three small cases (kK = 0.052, k = 0.075, k& = 0.022, with n* = 1,3,5 respectively). Boundary
ordering kmono < kmax. The period identity as a definitional proposition.

Outside scope. The convergence proof (Theorem 6.1) rests on a Lyapunov argument over the
reals; it is stated and discussed analytically in the body and not repeated here. The large recovery-
time cases n* = 12 (k = 0.095, |A\| = 179/220) and n* = 25 (k = 0.100, |A\| = 10/11) are verified
by the Python dossier (block V4, floating-point power bounds) and noted in the Lean file as re-
quiring numbers in the 10%6-10%® range that may exhaust kernel memory in a constrained Lean

environment. The Article 45 kernel-memory precedent applies here. The rho-update derivation
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(Lemma 4.2 parts (i)—(iii)) is a symbolic computation over R; its definition is embedded in block V5

as a floating-point implementation.

Python script: verify_A69.py (401 lines)

1 #!/usr/bin/env python3

2 nnn

3 verify_A69.py

5 Verification harmness for Article 69:

6 "The First Loop: W_b*, the Division Period, and the Self-Tuning Lineage"
7 Annals of the Chrysene Formalism, Vol. 1, No. 5 (October 2026).

9 Blocks and checks

11 V1l Corpus constants and fixed-line existence (8 checks)

12 V2 Stability table: eigenvalues and stability (12 checks)

13 V3 Algebraic period identity (7 checks)

14 V4 Recovery times to 10% residual (10 checks)

15 V5 rho-invariance and the frozen state (5 checks)

16 V6 Three-regime comparison (Proposition 8.1) (6 checks)

17 Total: 48 checks

18

19 Usage

20| -----

21 python3 verify_A69.py # run all checks (summary output)
22 python3 verify_A69.py -v # verbose: include computed details

24 Exit status

26 0 all 48 checks pass
27 1 one or more checks fail

29 Standard library only. No third-party packages required.
30 nnn

32 import math
33 import sys

34

35 # =====================================================================
36 | # 0 Harness

37 IGECECEEEEEEEEEE EE e E e e e e e e E L E P E P EE EE P EE EEEE EEEEE
38

30 _pass = 0

42 _verbose = "-v" in sys.argv

43

44

45 def rule(title: str = "") -> None:

46 sep = "=" % 70

47 if title:

48 msg = f"\n{sep}\n {title}\n{sepl}"
49 else:

50 msg = sep
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print (msg)
_log.append(msg)

def check(tag: str, statement: str, ok: bool, detail: str = "") -> None:

global _pass, _fail
sym = "PASS" if ok else "FAIL"
line = £f" [{sym}] {tag:<12s} {statementl}"
if _verbose and detail:
line += f"\n {detail}"
print (line)
_log.append(line)
if ok:
_pass += 1

else:
_fail += 1

R eSEee S0 SSeEES500S5Sa885S850555055885855080509558S55555555555853538555582
# 1 Corpus constants
A EEE E e e e e e e e e e e e e e e e EEEEE R
NO = 252000 # cell count at diviston (corpus)
T_div = 43200 # division period (s) = 12 hr
L_bp = 200 # genome length (bp)
nu = 66 # polymerase processivity (bp/s)
L_lip = 13200 # lipid-layer length (bp)
L_anc = 1000 # anchor segment length (bp)

CORPUS_ALPHA = [0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35]

def beta(alpha: float) -> float:
"""Growth fraction beta = alpha / (1 - alpha)."""
return alpha / (1.0 - alpha)

def Q(alpha: float) -> float:
"""Viability function Q(alpha) = alpha~{2/3} + (1-alpha)-{2/3}."""
return alpha *x (2.0 / 3.0) + (1.0 - alpha) **x (2.0 / 3.0)

def v_thr(alpha: float) -> float:
"""Threshold speed v_thr(alpha) = Q(alpha)~{-3/2}."""
return Q(alpha) **x (-1.5)

def eigenvalue(k: float) -> float:
"""Linearised map eigenvalue lambda = 1 - k * NO / L_lip."""
return 1.0 - k * NO / L_lip

def recovery_time(k: float) -> int:
"""Smallest n >= 1 such that |lambda(k)|"n <= 0.1.
Returns -1 if the point is unstable (|lambdal| >= 1)."""
lam = abs(eigenvalue(k))
if lam >= 1.0:
return -1
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109 if lam < 1le-15:

110 return 1

111 if lam < 0.1:

112 return 1

113 return math.ceil (math.log(0.1) / math.log(lam))

114

115

116 | # =S==================================S======S==S====sS=S=======S========s=====
117 # Block V1 -- Corpus constants and fized-line existence

118 | # S=S==s=s=s=ss=ssss=s=sssssssssSsSsSssSssSsSsSsSsSsSsSsSSsSsSsSsSsSsSsSSsSsSsSsSsSsSsSsSsSsSsSsSsSssSssSssssss==

120 def block_V1() -> None:

121 rule("V1l Corpus constants and fixed-line existence")

122

123 # V1-01 NO *# T is the published corpus product

124 check ("V1-01", "NO * T_div = 10 886 400 000",

125 NO = T_div == 10_886_400_000,

126 f"NO={NO}, T_div={T_div}, product={NO * T_div}")

127

128 # V1-02 L_lip / L_bp = nu

129 check("V1-02", "L_1ip / L_bp = nu = 66",

130 L_1lip // L_bp == nu,

131 f"L_lip={L_lip}, L_bp={L_bp}, ratio={L_lip // L_bp}, nu={nul}")

132

133 # V1-03 Fized-line value W_b* = beta * L_lip / k

134 alpha_t = 0.10

135 k_t = 0.052

136 Wbs = beta(alpha_t) * L_lip / k_t

137 check("V1-03", "W_b* = beta*L_lip/k at alpha=0.10, k=0.052 is 728205",

138 abs (Wbs - 28205.128) < 0.001,

139 f"W_b*x = {Wbs:.6f} (beta={beta(alpha_t):.6£f})")

140

141 # V1-04 Fized-point condition: f_c(W_b*) = beta

142 fc_star = Wbs * k_t / L_lip

143 b_t = beta(alpha_t)

144 check ("V1-04", "f_c(W_b*) = beta at alpha=0.10, k=0.052",

145 abs(fc_star - b_t) < 1le-12,

146 f"f_c(W_bx*x)={fc_star:.14f}, beta={b_t:.14f}, err={abs(fc_star - b_t)
:.2e}")

147

148 # V1-05 Stability boundary k_mazxz = 2*L_1lip / NO

149 k_max = 2 x L_lip / NO

150 check("V1-05", "k_max = 2*xL_1lip/NO = 26400/252000 = 0.10476...",

151 abs(k_max - 26400 / 252000) < 1le-15,

152 f"k_max = {k_max:.10f}")

153

154 # V1-06 k_maz in lowest terms = 11/1056

155 from math import gcd

156 g = gcd(2 * L_lip, NO)

157 P, 9 = 2 x L_1lip // g, NO // g

158 check("V1-06", "k_max reduces to 11/105",

159 (p, q) == (11, 105),

160 f"gcd (26400,252000) ={g}, reduced={p}/{q}")

161

162 # V1-07 Monotone boundary k_mono = L_lip/N0 = k_maz/2

163 k_mono = L_lip / NO

164 check ("V1-07", "k_mono = L_lip/NO = k_max/2",

165 abs (k_mono - k_max / 2.0) < le-15,
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166 f"k_mono={k_mono:.10f}, k_max/2={k_max / 2.0:.10f}")

167

168 # V1-08 Fized line independent of N

169 Wbs_NO = beta(alpha_t) * L_lip / k_t

170 Wbs_2NO = beta(alpha_t) * L_lip / k_t

171 check("V1-08", "W_b* independent of N (formula contains no N)",

172 abs (Wbs_NO - Wbs_2NO) < 1le-12,

173 "W_b* = beta*L_lip/k: N does not appear")

174

175

176 | # ====================z==z==z==z==-==-===================-====================
177 # Block V2 -- Stability table: eigenvalues and stability

178 | # ===========z=z=s=s================z=z==s=s=s=s=s==s===============s=z=s===s=s=========
179

180 def block_V2() -> None:

181 rule("V2 Stability table: eigenvalues and stability (Theorem 6.2)")
182

183 table = [

184 (0.022, 29.0 / 50.0, True, "29/50"),

185 (0.052, 2.0 / 275.0, True, "2/275") ,

186 (0.075, -19.0 / 44.0, True, "-19/44"),

187 (0.095, -179.0 / 220.0, True, "-179/220"),

188 (0.100, -10.0 / 11.0, True, "-10/11"),

189 (0.110, -121.0 / 110.0, False, "-121/110"),

190 ]

191

192 for k, lam_exact, stable_expected, frac_str in table:

193 lam = eigenvalue (k)

194 k_label = f"{k:.3f}"

195

196 check (£"V2-{int(k * 1000) :03d}a",

197 f"lambda (k={k_label}) = {frac_str} (exact)",

198 abs(lam - lam_exact) < 1le-10,

199 f"computed={lam:.10f}, exact={lam_exact:.10f}, err={abs(lam -

lam_exact):.2el}")

201 stable = abs(lam) < 1.0

202 check (£"V2-{int(k * 1000) :03d}b",

203 f"is_stable(k={k_label}) = {stable_expectedl}",
204 stable == stable_expected,

205 f"|lambda |={abs(lam):.8f}, stable={stablel}")

206

207

208 | # ========================z==z=-=-=-=-=-=-=-==-============z==z==========
209 # Block V3 -- Algebratic period identity

210 # ========s===s=s===s=-=-=s=-=-==s=-=-==-=-==-=-===-=-=S=-=-=S==-=S==S=S====S===========

211
212 def block_V3() -> None:

213 rule("V3 Algebraic period identity v_thr(alpha) * Q(alpha)~{3/2} = 1")
214

215 for alpha in CORPUS_ALPHA:

216 q_val = Q(alpha)

217 q32 = q_val ** 1.5

218 vt = v_thr (alpha)

219 product = vt * q32

220 check (£"V3-a{int (alpha * 100) :02d}",

221 f"v_thr * Q~(3/2) = 1 at alpha={alpha:.2f}",

222 abs (product - 1.0) < le-12,
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(£"Q={q_val:.12f}, Q~(3/2)={q32:.12f}, "
f"v_thr={vt:.12f}, product={product:.15f}"))

# Block V4 -- Recovery times to 10/ residual

def

def

def

block_V4 () -> None:
rule("V4 Recovery times to 10% residual (ceiling formula)")

table = [
(0.022, 5, 29, 50),
(0.052, 1, 2, 275),
(0.075, 3, 19, 44),
(0.095, 12, 179, 220),
(0.100, 25, 10, 11),

for k, n_exp, num, den in table:
n = recovery_time (k)
lam abs (eigenvalue (k))
k_int int (round(k * 1000))

check (£"V4-{k_int:03d}a",
f'"recovery_time (k={k:.3f}) = {n_expl}",
n == n_exp,
f"ceil(log(0.1) /log|lambdal|)={n}, |lambda|={lam:.6f}")

upper_ok = (10.0 * (num ** n) <= den ** n + 1le-6)
lower_ok = (n == 1) or (den **x (n - 1) < 10.0 * num ** (n - 1) + 1le-6)
check (£"V4-{k_int:03d}b",

f"|lambda|~"{n_exp} <= 0.1 < |lambda|~"{n_exp - 1} at k={k:.3f}",

upper_ok and lower_ok,

(f"|lam|"{n_exp}={lam ** n_exp:.10£f}, "

£"0.1 < |lam|"{n_exp-1}={lam**(n_exp-1) if n_exp > 1 else 1.0:.10

£3"))

rho_update(rho: float, gamma: float) -> float:
"""rho’ = (rho + gamma) / (1 + gamma) [Lemma 4.2 part (i)]."""
return (rho + gamma) / (1.0 + gamma)

block_V5() -> None:
rule("V5 rho-invariance and the frozen state (Lemma 4.2)")

alpha = 0.10
b beta(alpha)

rhoO = 0.3

rhol = rho_update (rho0, 0.0)

check("V5-01", "rho_update(rho, gamma=0) = rho [frozen-state identityl",
abs (rhol - rho0O) < le-14,
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f"rho_update ({rho0}, 0) = {rhol:.16f}")

k_test = 0.075

Wbs = b * L_lip / k_test
fc_val = Wbs * k_test / L_lip
gamma_star = fc_val - b
check ("V5-02", "gamma = f_c - beta = 0 at the fixed line",
abs (gamma_star) < le-12,
f"f_c(W_b*x)={fc_val:.14f}, beta={b:.14f}, gamma={gamma_star:.2e}")
rho_in = 0.5
rho_out = rho_update(rho_in, gamma_star)
check ("V5-03", "rho frozen at fixed line: rho’ = rho",
abs(rho_out - rho_in) < le-12,

f"rho_update ({rho_in}, {gamma_star:.2e}) {rho_out:.14f}")
rho_vals = [0.1, 0.3, 0.5, 0.7, 0.9]
all_frozen = all(abs(rho_update(r, 0.0) - r) < le-14 for r in rho_vals)
check("V5-04", "rho_update(rho,0)=rho for all rho in {0.1,0.3,0.5,0.7,0.9}",
all_frozen,
f"checked {len(rho_vals)} values: {rho_vals}")

alpha_t = 0.10
cf = v_thr(alpha_t) * Q(alpha_t) ** 1.5
check ("V5-05", "contraction factor v_thr*Q~(3/2)=1 => rho frozen (period
identity)",
abs(cf - 1.0) < le-12,
f"v_thr*Q~(3/2) = {cf:.15f}")

def block_V6() -> None:

rule("V6 Three-regime comparison (Proposition 8.1)")

alpha = 0.10
b = beta(alpha)
k_max = 2 * L_lip / NO

k_mono = L_lip / NO

k_R1 = 0.022

k_R2 = 0.075
k_R3 = 0.110
lam_R1 = eigenvalue(k_R1)

check("V6-01", "R1 (k=0.022): lambda in (0,1) [monotone regimel",
0.0 < lam_R1 < 1.0,
f"lambda={lam_R1:.6f}")

lam_R2 = eigenvalue(k_R2)

check ("V6-02", "R2 (k=0.075): lambda in (-1,0) [oscillatory stable]",
-1.0 < lam_R2 < 0.0,
f"lambda={lam_R2:.6f}")

lam_R3 = eigenvalue (k_R3)
check("V6-03", "R3 (k=0.110): |lambdal > 1 [unstablel",
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337 abs(lam_R3) > 1.0,

338 f"lambda={lam_R3:.6f}")

339

340 vt = v_thr(alpha)

341 g32 = Q(alpha) ** 1.5

342 check("V6-04", "Period identity v_thr*Q-(3/2)=1 at alpha=0.10",

343 abs (vt * q32 - 1.0) < le-12,

344 f"v_thr*Q~(3/2) = {vt * g32:.15f1}")

345

346 Wbs_R1 = b * L_lip / k_R1

347 Wbs_R2 = b * L_lip / k_R2

348 check ("V6-05", "W_b*x(R1) > W_bx*x(R2): larger k => smaller fixed-line
amplitude",

349 Wbs_R1 > Wbs_R2,

350 f"W_b*(k=0.022)={Wbs_R1:.2f}, W_b*(k=0.075)={Wbs_R2:.2f}")

351

352 check("V6-06", "k_mono < k_max (boundary ordering)",

353 k_mono < k_max,

354 f"k_mono={k_mono:.10f}, k_max={k_max:.10f}")

355

356

357 # ====================z=z=z=s=s=s=s=================z===s=s==s=s==s===============

361 def main() -> None:
362 rule ("ACF Article 69 Verification Harmess (verify_A69.py)")

363 print (" Blocks: V1 (8), V2 (12), V3 (7), V4 (10), V5 (5), V6 (6)"

364 y Total: 48 checks")

365

366 block_V1()

367 block_V2 ()

368 block_V3()

369 block_V4 ()

370 block_V5 ()

371 block_V6 ()

372

373 rule ()

374 status = "ALL PASS" if _fail == 0 else f"*x%xx {_fail} FAILURES *x*x"
375 print (f" PASS: {_pass} FAIL: {_fail} of 48 checks {status}")
376 rule ()

377 sys.exit (0 if _fail == 0 else 1)

378

379

380 if __name__ == "__main__":

381 main ()

Blocks: V1 (8), V2 (12), v3 (7), V4 (10), V5 (5), V6 (6) Total: 48 checks
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V1l Corpus constants and fixed-line existence

[PASS] Vi-01 NO * T_div = 10 886 400 000

[PASS] V1-02 L_lip / L_bp = nu = 66

[PASS] V1-03 W_b* = betaxL_lip/k at alpha=0.10, k=0.052 is 728205
[PASS] V1-04 f_c(W_b*) = beta at alpha=0.10, k=0.052

[PASS] V1-05 k_max = 2*L_lip/NO = 26400/252000 = 0.10476...
[PASS] V1-06 k_max reduces to 11/105

[PASS] V1-07 k_mono = L_1lip/NO = k_max/2

[PASS] V1-08 W_b* independent of N (formula contains no N)
V2 Stability table: eigenvalues and stability (Theorem 6.2)

[PASS] V2-022a lambda (k=0.022) = 29/50 (exact)

[PASS] V2-022b is_stable(k=0.022) = True

[PASS] V2-052a lambda (k=0.052) = 2/275 (exact)

[PASS] V2-052b is_stable(k=0.052) = True

[PASS] V2-075a lambda (k=0.075) = -19/44 (exact)

[PASS] V2-075b is_stable(k=0.075) = True

[PASS] V2-095a lambda (k=0.095) = -179/220 (exact)

[PASS] V2-095b is_stable (k=0.095) = True

[PASS] V2-100a lambda (k=0.100) = -10/11 (exact)

[PASS] V2-100Db is_stable (k=0.100) = True

[PASS] V2-110a lambda(k=0.110) = -121/110 (exact)

[PASS] V2-110b is_stable(k=0.110) = False

V3 Algebraic period identity v_thr(alpha) * Q(alpha)~{3/2} =1
[PASS] V3-a05 v_thr * Q°(3/2) = 1 at alpha=0.05

[PASS] V3-al0 v_thr * Q-(3/2) =1 at alpha=0.10

[PASS] V3-ailb v_thr * Q°(3/2) =1 at alpha=0.15

[PASS] V3-a20 v_thr * Q-(3/2) =1 at alpha=0.20

[PASS] V3-a25 v_thr * Q~(3/2) =1 at alpha=0.25

[PASS] V3-a30 v_thr * Q~(3/2) = 1 at alpha=0.30

[PASS] V3-a35 v_thr * Q~(3/2) =1 at alpha=0.35

V4 Recovery times to 10% residual (ceiling formula)

[PASS] V4-022a recovery_time (k=0.022) = 5

[PASS] V4-022b |lambda|~6 <= 0.1 < |lambdal|~4 at k=0.022
[PASS] V4-052a recovery_time (k=0.052) = 1

[PASS] V4-052b |lambda|~1 <= 0.1 < |lambda|~0 at k=0.052
[PASS] V4-075a recovery_time (k=0.075) = 3

[PASS] V4-075b |lambda|~3 <= 0.1 < |lambdal|~2 at k=0.075
[PASS] V4-095a recovery_time (k=0.095) = 12

[PASS] V4-095b |lambda|~12 <= 0.1 < |lambda|~11 at k=0.095
[PASS] V4-100a recovery_time (k=0.100) = 25

[PASS] V4-100b |lambda|~25 <= 0.1 < |lambda|~24 at k=0.100
V5 rho-invariance and the frozen state (Lemma 4.2)

[PASS] V5-01 rho_update (rho, gamma=0) = rho [frozen-state identity]
[PASS] V5-02 gamma = f_c - beta = 0 at the fixed line
[PASS] V5-03 rho frozen at fixed line: rho’ = rho

[PASS] V5-04 rho_update (rho,0)=rho for all rho in {0.1,0.3,0.5,0.7,0.9}
[PASS] V5-05 contraction factor v_thr*Q~(3/2)=1 => rho frozen (period identity)

[PASS] V6-01
[PASS] V6-02
[PASS] V6-03

R1 (k=0.022):
R2 (k=0.075):
R3 (k=0.110):

lambda in (0,1)
lambda in (-1,0)
| lambdal| > 1
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[PASS] V6-04 Period identity v_thr*Q~(3/2)=1 at alpha=0.10
[PASS] V6-05 W_b*(R1) > W_b*(R2): larger k => smaller fixed-line amplitude
[PASS] V6-06 k_mono < k_max (boundary ordering)

Blocks: V1 (8), V2 (12), V3 (7), V4 (10), V5 (5), V6 (6) Total: 48 checks

[PASS] V1-01 NO * T_div = 10 886 400 000
N0=252000, T_div=43200, product=10886400000
[PASS] V1-02 L_lip / L_bp = nu = 66
L_1ip=13200, L_bp=200, ratio=66, nu=66
[PASS] V1-03 W_bx = betaxL_lip/k at alpha=0.10, k=0.052 is 728205
W_b* = 28205.128205 (beta=0.111111)
[PASS] V1-04 f_c(W_b*) = beta at alpha=0.10, k=0.052
f_c(W_b*)=0.11111111111111, beta=0.11111111111111, err=0.00e+00
[PASS] V1-05 k_max = 2*L_lip/NO = 26400/252000 = 0.10476...
k_max = 0.1047619048
[PASS] V1-06 k_max reduces to 11/105
gcd (26400,252000) =2400, reduced=11/105
[PASS] V1-07 k_mono = L_1lip/NO = k_max/2
k_mono=0.0523809524, k_max/2=0.0523809524
[PASS] V1-08 W_b* independent of N (formula contains no N)

W_b*x = betaxL_lip/k: N does not appear

V2 Stability table: eigenvalues and stability (Theorem 6.2)

[PASS] V2-022a lambda (k=0.022) = 29/50 (exact)
computed=0.5800000000, exact=0.5800000000, err=1.11e-16
[PASS] V2-022Db is_stable(k=0.022) = True
| lambda | =0.58000000, stable=True
[PASS] V2-052a lambda (k=0.052) = 2/275 (exact)
computed=0.0072727273, exact=0.0072727273, err=4.68e-17
[PASS] V2-052b is_stable(k=0.052) = True
| lambda |=0.00727273, stable=True
[PASS] V2-075a lambda (k=0.075) = -19/44 (exact)

computed=-0.4318181818, exact=-0.4318181818, err=5.55e-17

[PASS] V2-075b is_stable(k=0.075) = True
| lambda |=0.43181818, stable=True
[PASS] V2-095a lambda(k=0.095) = -179/220 (exact)

computed=-0.8136363636, exact=-0.8136363636, err=1.11e-16

[PASS] V2-095Db is_stable(k=0.095) = True
| lambda |=0.81363636, stable=True
[PASS] V2-100a lambda (k=0.100) = -10/11 (exact)

computed=-0.9090909091, exact=-0.9090909091, err=1.11le-16

[PASS] V2-100Db is_stable(k=0.100) = True
|lambda |=0.90909091, stable=True
[PASS] V2-110a lambda (k=0.110) = -121/110 (exact)

computed=-1.1000000000, exact=-1.1000000000, err=0.00e+00

[PASS] V2-110b is_stable(k=0.110) = False
| lambda |=1.10000000, stable=False
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V3 Algebraic period identity v_thr(alpha) * Q(alpha)~{3/2} =1
[PASS] V3-a05 v_thr * Q-(3/2) = 1 at alpha=0.05
Q=1.102103410611, Q~(3/2)=1.157000427889, v_thr=0.864303915449, product
=1.000000000000000
[PASS] V3-al0 v_thr * Q-(3/2) =1 at alpha=0.10
Q=1.147613220789, Q~(3/2)=1.229400298337, v_thr=0.813404715578, product
=1.000000000000000
[PASS] V3-ailb v_thr * Q°(3/2) = 1 at alpha=0.15
Q=1.179627921846, Q~(3/2)=1.281201875259, v_thr=0.780517121705, product
=1.000000000000000
[PASS] V3-a20 v_thr * Q~(3/2) = 1 at alpha=0.20
Q=1.203769065348, Q~(3/2)=1.320732204847, v_thr=0.757155762788, product
=1.000000000000000
[PASS] V3-a25 v_thr * Q-(3/2) =1 at alpha=0.25
Q=1.222332075216, Q~(3/2)=1.351399681856, v_thr=0.739973535162, product
=1.000000000000000
[PASS] V3-a30 v_thr * Q°(3/2) =1 at alpha=0.30
Q=1.236513990966, Q~(3/2)=1.374986873235, v_thr=0.727279670421, product
=1.000000000000000
[PASS] V3-a35 v_thr * Q~(3/2) = 1 at alpha=0.35
Q=1.247014381811, Q~(3/2)=1.392538443029, v_thr=0.718113029487, product
=1.000000000000000
V4 Recovery times to 10% residual (ceiling formula)
[PASS] V4-022a recovery_time (k=0.022) = 5
ceil (log(0.1)/logllambdal)=5, |lambda|=0.580000
[PASS] V4-022b |lambda|~5 <= 0.1 < |lambdal|~4 at k=0.022
|lam | ~5=0.0656356768, 0.1 < |lam|~4=0.1131649600
[PASS] V4-052a recovery_time (k=0.052) = 1
ceil(log(0.1)/logllambdal)=1, |lambda|=0.007273
[PASS] V4-052b |lambdal~1 <= 0.1 < |lambda|"0 at k=0.052
|lam|~1=0.0072727273, 0.1 < |lam|~0=1.0000000000
[PASS] V4-075a recovery_time (k=0.075) = 3
ceil(log(0.1)/logllambdal)=3, |lambda|=0.431818
[PASS] V4-075b |lambda|~3 <= 0.1 < |lambdal|~2 at k=0.075
|lam|~3=0.0805198159, 0.1 < |lam]|~2=0.1864669421
[PASS] V4-095a recovery_time (k=0.095) = 12
ceil (log(0.1)/logllambdal|)=12, |lambda|=0.813636
[PASS] V4-095b | lambda|~12 <= 0.1 < |lambdal~11 at k=0.095
|lam|~12=0.0841713324, 0.1 < |lam|~11=0.1034507996
[PASS] V4-100a recovery_time (k=0.100) = 25
ceil(log(0.1)/logllambda|)=25, |lambda|=0.909091
[PASS] V4-100Db |lambda|~256 <= 0.1 < |lambdal|~24 at k=0.100
|lam|~25=0.0922959982, 0.1 < |lam|~24=0.1015255980
V5 rho-invariance and the frozen state (Lemma 4.2)
[PASS] V5-01 rho_update (rho, gamma=0) = rho [frozen-state identity]
rho_update (0.3, 0) = 0.3000000000000000
[PASS] V5-02 gamma = f_c - beta = 0 at the fixed line
f_c(W_b*)=0.11111111111111, beta=0.11111111111111, gamma=0.00e+00
[PASS] V5-03 rho frozen at fixed line: rho’ = rho
rho_update (0.5, 0.00e+00) = 0.50000000000000
[PASS] V5-04 rho_update (rho,0)=rho for all rho in {0.1,0.3,0.5,0.7,0.9}
checked 5 values: [0.1, 0.3, 0.5, 0.7, 0.9]
[PASS] V5-05 contraction factor v_thr*Q~(3/2)=1 => rho frozen (period identity)

v_thr*xQ~(3/2) = 1.000000000000000

[PASS] V6-01 R1 (k=0.022): lambda in (0,1) [monotone regimel
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lambda=0.580000

[PASS] V6-02 R2 (k=0.075): lambda in (-1,0) [oscillatory stablel
lambda=-0.431818

[PASS] V6-03 R3 (k=0.110): |lambdal > 1 [unstable]
lambda=-1.100000

[PASS] V6-04 Period identity v_thr*Q-(3/2)=1 at alpha=0.10
v_thr*Q~(3/2) = 1.000000000000000

[PASS] V6-05 W_b*(R1) > W_b*(R2): larger k => smaller fixed-line amplitude
W_b*x(k=0.022)=66666.67, W_b*(k=0.075)=19555.56

[PASS] V6-06 k_mono < k_max (boundary ordering)

k_mono=0.0523809524, k_max=0.1047619048

Lean 4 proof: acf-69-proof.lean (64 theorems, 0 axioms)

The file acf-69-proof . lean is the companion formal-proof dossier. It is structured in twelve sections
mirroring the blocks above. No Mathlib import and no sorry appear. All eigenvalue reductions use
decide for GCD and rfl for cross-multiplication. The three small recovery-time cases (n* =1, 3,5)
are proved by decide on explicit power inequalities. The period identity is a definitional proposition.

Kernel axiom audit (expected output):
-- In a Lean 4 session:

#check @axioms ChryseneFormalism.Article69.lipid_strand_ratio
-- Expected: [] (zero axioms)
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