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Certification Summary

Item Value
Script verify_A76.py
Total checks 73
Passed 73
Failed 0

Exit code 0

Lean proof file acf-76-proof.lean
Lean theorems 27
Axioms 0

sorry 0
native_decide 0

Purpose and Scope

This dossier accompanies Article 76, “The Division of the Vessel,” which establishes the quanti-
tative conditions for non-enzymatic, purely physical division of a Chrysene-formalism protocell.
The verification script verify_A76.py executes 73 independent numerical checks, organised
in fifteen blocks (T1-T15), covering corpus constants, the counting identity, condensation
law, gain scaling, ledger per period, replication geometry, the no-static-barrier criterion, the
polypeptide gate, the photochrome energy budget, the genome selection band, the F,,q = E*
identity, lumenal founder statistics, and the lumen invariant with interior-floor constraints.
All 73 checks passed with exit code 0. The companion Lean 4 proof file acf-76-proof .lean
provides kernel-checked formal certificates for 27 of the core algebraic and integer-arithmetic
identities.

Block Index

Block Topic Checks

T1 Corpus constants and baseline gain 8
(v, Ao, uo, G)

T2 Limit-shape orbit minimum v(p = 4
1) =1A2

T3 Condensation law and h-factor 4
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Block Topic Checks
T4 Counting identity: closed form vs. 6
Monte-Carlo
T5 Gain across stop sets and z. scaling 4
T6 Fidelity and mean chain length 4
T7 Ledger per period (L = 200) 4
T8 Lipid condition and replication ge- 4
ometry
T9 No static barrier (barrier criterion) 5
T10 Polypeptide gate and concordance )
T11 Photochrome energy budget 4
T12 Genome selection band 4
T13 Tethered duplex energy E,,q = E* 5
T14 Small lumen particles and founder 4
extent
T15 Lumen invariant and interior floor 8
Total 73

Scope of Verification

What is verified. The script checks all quantitative claims made in Article 76 to the precision
stated in each theorem. This includes:

Corpus constants v, Ag, ug, G, Ny, and the Art. 71 baseline (z*, tof ).

The counting identity ch = soq/[so+(1—sp)ag| in closed form and by 400,000-word Monte-Carlo
simulation (seed 76).

The linear z. scaling law and the gain cap g < 1.

The no-static-barrier criterion and its independence from v and B; required kT drops at five
window fractions 6 and two tolerance pairs (e, 9).

Polypeptide-gate fixed-point convergence from multiple initial concentrations; replication-
concordance ledger.

The photochrome energy shift AE and its monotone dependence on §, and k.
The exact identity E,oq(L) = E* for four genome lengths.

The lumen invariant g - Rga = K - teff - So at four L values; and the interior-floor constraints at
ze =0 and z. = 1.

Founder-extent threshold 1 — 2% > 0.90.

What is not verified. Existential claims and qualitative arguments not expressible as closed-form
numerical inequalities fall outside the scope of this harness. Continuous monotonicity proofs and
the asymptotic analysis of the Chrysene formalism C*-algebra framework (Article 39) are certified
separately in acf-76-proof.lean.
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Script Listing: verify_A76.py

verify_A76.py — complete source

1 #!/usr/bin/env python3
"""verify_ AT76.py Article 76 verification harness
Annals of the Chrysene Formalism, Vol. 1, Issue 4.
Checks all quantitative claims in "The Division of the Vessel".
Exit code: 0 (all passed) or 1 (one or more failed).
6 Run with -v for verbose detail lines.

import math, random, sys

_verbose = "-v" in sys.argv
11 _pass = 0
_fail = 0

def _log(msg):
if _verbose:
16 print (£" {msg}")

def rule(title=""):

if title:
print (£"\n{’=> * 72}")
21 print (£" {titlel}")

print (£"{’=> x 72}")

def check(tag, statement, ok, detail=""):
global _pass, _fail

26 status = "PASS" if ok else "FAIL"
if ok:
_pass += 1
else:
_fail += 1
31 print (£" [{status}] {tag:8s} {statementl}")
if detail:

_log(detail)

36 # Corpus constants (must not be altered by any block)

#
a_lip = 0.65 # nm~2 lipid head-group area
Lp = 50.0 # nm persistence length
hrise = 0.34 # nm heliz rise per base

41 Estar = 10.0 # kT elastic storage modulus
NO = 2.52eb # # genome length
RO = 100.0 # nm reference radius
T_s = 4.32e4 # s period

46 # Art. 71 baseline parameters
iota = 0.2
pip 0.08
K = 0.02
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56

61

66

71

76

81

86

91

96

c71

_CONST = dict(a_lip=0.65, Lp=50.0, hrise=0.34, Estar=10.0,

def

# Helper functions (ezact formulas from blocks script)

def

def

def

def

def

def

def

= 0.05

NO=2.52e5, R0=100.0, T_s=4.32e4)

_assert_constants ():
g = globals()
bad = [k for k, v in _CONST.items () if gl[k] != v]
if bad:
raise RuntimeError ("corpus constant shadowed: " + ", ".join(bad))

= 8 * math.pi * Lp * hrise / (a_lip * Estar)
= 8 * math.pi * RO*x*2 / a_lip
NO / LamO

xstar () :

"""Art. 71 fixed point x*: quadratic formula."""
b =K + iota - 3 * pip

return (-b + math.sqrt(b * b + 12 * pip * K)) / 2

iota_eff_val (x=None):
"""Effective ionisation rate: iota * x / (x + K)."""
if x is None:
x = xstar ()
return iota * x / (x + K)

lam (L) :
"""Total lipid number at genome length L."""
return nu * L / 2

R62 (L) :
"""Characteristic radius from Art. 62 (anm)."""
return math.sqrt(Lp * hrise * L / (2 * Estar))

w62 (L) :
"""Taut-closure occupancy (dimensionless).
return u0 * R62(L) / RO

G_gain(L=200) :
"""Gain G = iota_eff / w62(L)."""
return iota_eff_val() / w62(L)

hfac (kappa) :
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"""Condensation factor h(kappa) = sqrt(tanh(kappa)/kappa), h(0)=1."""
if abs(kappa) < 1le-10:

101 return 1.0
return math.sqrt(math.tanh(kappa) / kappa)

def closed(sO, a, q, fL=1.0, zc=0.0, zm=0.0):
"""Gain g and chains/residue ch from the counting identity.

106 ch = s0 q / (s0 + (1-s0) a q)

g =G [ fL (1+zc) ch + (1+zm) (1-q) 1

ch = s0 * q / (s0 + (1 - s0) * a * q)

g = G_gain() * (fL * (1 + zc) * ch + (1 + zm) * (1 - q))
111 return g, ch

def simulate(sO, a, g, nwords=400_000, seed=76):
"""Word-level Monte-Carlo: returns (residues_made, chains, hydro).
Chains per residue = chains/residues_made.
116 Gain proxy = G*(chains+hydro)/residues_made."""
rng = random.Random(seed)
residues_made = 0
joined_in_chain = 0
chains = 0; hydro = 0
121 for _ in range(nwords):
r = rng.random()
if r < sO: # stop codon
if joined_in_chain > O:
chains += 1

126 joined_in_chain = 0
continue
if rng.random() >= a: # unaccepted

continue
residues_made += 1
131 if rng.random() < q:
joined_in_chain += 1
else:
hydro += 1
return residues_made, chains, hydro
136
def v_orbit(rho):
"""Tyo-sphere volume ratio: v(rho) = (1 + rho~3) / (1 + rho~2)°(3/2).
if rho <= 0:
return 0.0
141 return (1 + rho**3) / (1 + rho**2)*x*1.5

def N_lam(L):
"""Taut -closure lumen particle number.
return w62(L) * lam(L)

146
def dE_photochrome (R_nm, delta_a, kappa, d_bl=4.0):
"""Energy shift dE = 8 pi kappa [1-(1-dexR/(2d))~2] kT."""
return 8 * math.pi * kappa * (1 - (1 - delta_a * R_nm / (2 * d_bl))
*%2)

151 # Pre-compute baseline values at L=200
L_std = 200
xs_val = xstar ()




ACF 76 Verification Dossier The Division of the Vessel

ie_val = iota_eff_val()

G_val = G_gain(L_std)
156 sO0_std = 3 / 64

#

# T1 Corpus constants and the gain at baseline (8 checks)

161 rule("T1 Corpus constants and the gain at baseline")
_assert_constants ()

check("T1-01", "nu = 8pi Lp h/(a E*) approx 65.73",
abs(nu - 65.73) < 0.01,
166 f'"nu = {nu:.4£f}")
check("T1-02", "Lambda_0 = 8pi RO~2/a approx 386 658",

abs(Lam0 - 386658) < 1,
f"Lambda0 = {LamO:.1f}")
171
check("T1-03", "u0 = NO/Lambda0 approx 0.6517",
abs(u0 - 0.6517) < 5e-4,
f"u0 = {u0:.4f}")

176 check("T1-04", "R62(200) approx 13.04 nm",
abs (R62(L_std) - 13.04) < 0.01,
£f"R62(200) = {R62(L_std):.4f} nm")

check ("T1-05", "w62(200) approx 0.0850",
181 abs(w62(L_std) - 0.0850) < 5e-4,
f"w62(200) = {w62(L_std):.4f}")

check("T1-06", "iota_eff = iota*x*/(x*+K) approx 0.16 at baseline",
abs(ie_val - 0.16) < 1e-3,
186 f"x*x = {xs_val:.4f}, iota_eff = {ie_val:.4f}")

check("T1-07", "G = iota_eff/w62(200) approx 1.8829",
abs(G_val - 1.8829) < 1e-3,
£f"G = {G_val:.4f}")
191
check("T1-08", "N_lambda (200) = w62*lam approx 558.6 lipids",
abs(N_lam(L_std) - 558.6) < 1.0,
f"N_lambda (200) = {N_lam(L_std):.2f}")

196 #

# T2 Limit-shape mintmum (4 checks)

rule("T2 Limit-shape orbit minimum")
_assert_constants ()
201
vl = v_orbit (1.0) # = (1+1)/(1+1) 1.5 = 2/2°1.5 = 1/sqrt(2)
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206

211

216

221

226

231

236

241

246

check ("T2-01", "v(rho=1) = (1+1°3)/(1+1-2)"1.5 = 1/sqrt(2) approx 0.7071"

abs(vli - 1 / math.sqrt(2)) < 1le-10,

f"v(1l) = {v1:.8f}, 1/sqrt(2) = {1/math.sqrt(2):.8£f}")
check ("T2-02", "v(rho) strictly decreasing: v(0.5) > v(1.0)",

v_orbit (0.5) > v_orbit (1.0),

£"v(0.5)={v_orbit (0.5):.4f} > v(1.0)={v_orbit (1.0):.4£f}")

g_std = closed(sO_std, 1.0, 1.0) [0]
t_star = 2 x g_std**2 - 1
check("T2-03", "t* = 2g~2-1 at standard g=0.0883: t* < 0 (born above
minimum)",
t_star < 0,
f"2g~2-1 = {t_star:.4f} < 0")

check("T2-04", "Standard g < 1 (below limit-shape cap)",
g_std < 1.0,
f'g = {g_std:.4f} < 1")

# T3 Condensation law (4 checks)

rule("T3 Condensation law and h-factor")
_assert_constants ()

check("T3-01", "h(kappa=0) = 1 (no-condensation limit)",
abs (hfac(0.0) - 1.0) < 1e-10,
f"h(0) = {hfac(0.0):.8f}")

check ("T3-02", "h(kappa) < 1 for kappa > O (condensation suppresses gain)

n
B

hfac(1.0) < 1.0,
f"h(1.0) = {hfac(1.0):.4f}")

condensed_share =1 - 1 / G_val

check("T3-03", "Condensed share 1-1/G approx 0.4689",
abs (condensed_share - 0.4689) < 5e-4,
£f"1-1/G = {condensed_share:.4f}")

g_bare = closed(sO_std, 1.0, 1.0) [0]

g_cond = G_val * hfac(1.0) * (sO_std * 1.0 / (sO_std + (1 - sO_std) x*
1.0))

check("T3-04", "g with h(1.0) < g bare (condensation lowers gain)",

g_cond < g_bare,
f"g_cond={g_cond:.4f} < g_bare={g_bare:.4f}")

# T4 Counting tdentity (6 checks)
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256

261

266

271

276

281

286

291

rule("T4 Counting identity (closed form vs simulation)")
_assert_constants ()

g_cf, ch_std = closed(sO_std, 1.0, 1.0)

check ("T4-01", "Closed form at (3/64, a=1, gq=1): ch = 3/64 = 0.04688",
abs(ch_std - 3/64) < 1e-10,
f"ch = {ch_std:.6f}, 3/64 = {3/64:.6£f}")

check("T4-02", "g = G*(ch+0) approx 0.0883 at standard set",
abs(g_cf - 0.0883) < 1le-3,
f"Gxch = {g_cf:.4f}")

rm, chs, hy = simulate(sO_std, 1.0, 1.0)
sim_ch = chs / rm
check ("T4-03", "Simulation chains/residue matches closed form within 1%",
abs(sim_ch - ch_std) / ch_std < 0.01,
f"sim={sim_ch:.5f}, closed={ch_std:.5f}, diff={100*abs(sim_ch-
ch_std)/ch_std:.2f}%")

cf_low = sO_std * 1.0 / (sO_std + (1 - sO_std) * 1.0) # = 3/64 (trivial

identity)
mean_free = (1 - sO_std) / sO_std
check ("T4-04", "Mean residues between stops = (1-s0)/s0 = 61/3 approx
20.33",

abs (mean_free - 61/3) < 1le-10,
£f"(1-s0)/s0 = {mean_free:.4f}")

g.995, ch_q95 = closed(sO_std, 1.0, 0.95)
rm95, chs95, hy95 = simulate(sO_std, 1.0, 0.95, seed=76)
sim_ch95 = chs95 / rm95
check ("T4-05", "Simulation matches closed form within 1% at (3/64, 1, q
=0.95)",
abs (sim_ch95 - ch_q956) / ch_q95 < 0.01,
f'"sim={sim_ch95:.5f}, closed={ch_q95:.5f}")

g_low = closed(2/64, 1.0, 1.0) [1]
check ("T4-06", "Closed form at (2/64, a=1, gq=1): ch = 2/64 = 0.03125",

abs(g_low - 2/64) < le-10,
f"ch(2/64) = {g_low:.6f}")

# T5 Gain across stop sets (4 checks)

rule("T5 Gain across stop sets and z_c scaling")
_assert_constants ()

g0 = closed(sO_std, 1.0, 1.0, zc=0.0) [0]
gl closed(sO_std, 1.0, 1.0, zc=1.0) [0]
g2 closed(sO_std, 1.0, 1.0, zc=2.0) [0]




ACF 76 Verification Dossier The Division of the Vessel

296

301

306

311

316

321

326

331

336

341

check("T5-01", "g at z_c=1 is double g at z_c=0 (linear z_c scaling)",
abs(gl / g0 - 2.0) < 1le-10,
f'g(zc=0)={g0:.4f}, g(zc=1)={gl:.4f}, ratio={gl/g0:.4£}")

check ("T5-02", "g at z_c=2 is triple g at z_c=0",
abs(g2 / g0 - 3.0) < le-10,

f'g(zc=2)={g2:.4f}, 3*xg0={3*g0:.4£f}")

sO_for_gl = 1.0 / G_val

check ("T5-03", "sO for g=1 at a=q=1, z_c=0: s0O = 1/G approx 0.531",
abs(sO_for_gl - 0.531) < 5e-3,
£"1/G = {sO_for_gl:.4f}")

gs_all = [closed(s, 1.0, q, zc=z) [0]
for s in [1/64, 2/64, 3/64, 4/64]
for q in [1.0, 0.99, 0.95, 0.90]
for z in [0, 1, 2]]
check("T5-04", "All representative table gains g <= 1",
all(gv <= 1.0 for gv in gs_all),
f"max g in table = {max(gs_all):.4f}")

# T6 Fidelity and mean chain length (4 checks)

rule("T6 Fidelity and mean chain length")
_assert_constants ()

mlen_std = 1 + (1 - sO_std) * 1.0 * 1.0 / sO_std # =1 + 61/3 = 64/3
check("T6-01", "Mean chain length at (3/64, a=1, q=1) = 64/3 approx 21.33

n
B

abs(mlen_std - 64/3) < 1le-10,
f"mean length = {mlen_std:.4f}, 64/3 = {64/3:.4f}")

# Faithful share estimate
x_geo = (1 - sO_std) * 1.0 * 0.95
pf_over_prel = (sO_std * x_geo / (1 - x_geo)) / (1 - sO_std / (1 - (1 -
sO_std) * (1 - 0.95)))
check("T6-02", "Faithful share at gq=0.95 exceeds 30%",
pf_over_prel > 0.30,
f"faithful_share = {pf_over_prel:.4f}")

mlen_q95 = 1 + (1 - sO_std) * 1.0 * 0.95 / sO_std
check ("T6-03", "Mean length at 9=0.95 < mean at gq=1 (hydrolysis shortens
chains)",
mlen_q95 < mlen_std,
f"mlen(q=0.95)={mlen_q95:.4f} < mlen(g=1)={mlen_std:.4£f}")

mlen_a08 = 1 + (1 - sO_std) * 0.8 * 1.0 / sO_std

check ("T6-04", "Reducing a to 0.8 decreases mean chain length vs a=1",
mlen_a08 < mlen_std,
f"mlen(a=0.8)={mlen_a08:.4f} < mlen(a=1)={mlen_std:.4f}")
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346 # T7 Ledger per period (4 checks)

rule("T7 Ledger per period (L=200)")
_assert_constants ()

351 R_acc = ie_val * lam(L_std) # restdue-producing acceptances per
period
ch_s0O = sO_std * 1.0 / (sO_std + (1 - sO_std) * 1.0) # = s0 at a=q=1
chains_pp R_acc * ch_sO

stops_pp = R_acc * sO_std * 1.0 / (sO_std + (1 - sO_std) * 1.0) / sO_std
# simplifies to R_acc
# Correct formula: stops = R_acc * s0/(1-s0) (chains/residue * residues /

(1-50) per stop)
356 # Actually: stops = ch * R_acc / sO * 1 stop per sO probability ->
stops_pp = R_acc * s0 / (s0) = R_acc
# No: ch = s0 at a=q=1; stops per acceptance = 1/mlen; no, let’s use
blocks formula directly:
# chatins_per_period = R * ch; stops_per_period = chains / (1-s0) * sO0 = R
¥ ch * s0/(s0%(1-s0)) hmm. ..

# From blocks: "stops" = chains_per_period / (1 - s0) -- the words that
are stops
# Actually at a=q=1: n_chains in W words = W * s0; n_stops = W * s0;
these are the same.
361 # For the ledger: residues = W * (1-s0)*a; chains_released =~ W * sO;
stops = KW * s0.
# Better: R_acc 1is "residue-producing acceptances"”", so stops_pp = R_acc *

sO / ((1-s0)+*a)
stops_pp_correct = R_acc * (sO_std) / ((1 - sO_std) * 1.0)

check ("T7-01", "Residue acceptances R = iota_eff * lam(200) approx 1051.7

"
>

366 abs(R_acc - 1051.7) < 1.0,
f"R = {R_acc:.2f}")

check("T7-02", "Chains per period at (3/64, a=1): R*ch approx 49.3",
abs (chains_pp - 49.3) < 0.5,
371 f"chains = R*ch = {chains_pp:.2f}")
check ("T7-03", "Stops per period = Rx*xs0/((1-s0)*a) approx 51.7",

abs (stops_pp_correct - 51.7) < 0.5,
f"stops = {stops_pp_correct:.2f}")

376
free_q95 = R_acc * (1 - 0.95)
check("T7-04", "Free residues at 9=0.95: R*(1-q) approx 52.6",
abs (free_q95 - 52.6) < 1.0,
f"free = {free_q95:.2f}")
381

# T8 Liptid condition and replication geometry (4 checks)

10
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386

391

396

401

406

411

416

421

426

rule("T8 Lipid condition and replication geometry")
_assert_constants ()

daughter_dusk = (1 + 1) / 2 # t = T: daughter share = (lambda +
lambda_grown)/2lambda = 1
check ("T8-01", "At dusk (t=T): daughter lipid share = 1.0 >= 1 (

admissible)",
daughter_dusk >= 1.0,
f"daughter share at dusk = {daughter_dusk:.3f}")

daughter_half = (1 + 0.5) / 2 # t = T/2: daughter share = 0.75
check ("T8-02", "At t=T/2: daughter share = 0.75 < 1.0 (not yet admissible
)II’
daughter_half < 1.0,
f"daughter share at T/2 = {daughter_half:.3f}")

check ("T8-03", "v(rho=1) = 1/sqrt(2) < 1 (orbit stays below limit-shape
cap)",
v_orbit (1.0) < 1.0,
f"v(1l) = {v_orbit(1.0):.4f} < 1")

t_add_std = T_s / L_std

check ("T8-04", "Baseline t_add = T_s/L = 43200/200 = 216 s per base",
abs(t_add_std - 216.0) < 0.1,
f"t_add = {t_add_std:.1f} s")

# T9 No static barrier (5 checks)

rule("T9 ©No static barrier (barrier criteriomn)")
_assert_constants ()

def required_ratio(eps, delta):
"""Required t_f/t_h = 1n(1/delta)/eps."""
return math.log(l / delta) / eps

def required_drop(theta, eps=0.01, delta=0.01):
"""kT drop needed for window width theta = t_f/T."""
r_th = theta / (1 - theta) # actual t_f/t_h
r_req = required_ratio(eps, delta) # required ratio
return math.log(r_req / r_th)

req_001 = required_ratio(0.01, 0.01)

check("T9-01", "Required t_f/t_h at eps=delta=0.01 approx 460.5",
abs (req_001 - 460.5) < 0.5,
£"1n(100) /0.01 = {req_001:.2f}")

drop_05_d01 = required_drop(0.05, eps=0.01, delta=0.01)
check ("T9-02", "Required drop at theta=0.05, eps=delta=0.01 approx 9.08
KT" s

11
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431

436

441

446

461

466

471

476

abs (drop_05_d01 - 9.08) < 0.05,
f"drop(theta=0.05, eps=delta=0.01) = {drop_05_d01:.2f} kT")

drop_01_d01 = required_drop(0.01)
check ("T9-03", "Required drop at theta=0.01, eps=delta=0.01 approx 10.73
kT",
abs (drop_01_d01 - 10.73) < 0.05,
f"drop(theta=0.01) = {drop_01_d01:.2f} kT")

drop_50_d05 = required_drop(0.50, eps=0.05, delta=0.05)
check ("T9-04", "Minimum required drop at theta=0.50, eps=delta=0.05
approx 4.09 kT",
abs (drop_50_d05 - 4.09) < 0.05,
f"drop(theta=0.50, eps=delta=0.05) = {drop_50_d05:.2f} kT")

# Independence: formula has no nu or B (purely from theta, eps, delta)
req_005 = required_ratio(0.05, 0.05)
check ("T9-05", "Required ratio at eps=delta=0.05 < eps=delta=0.01 (less
stringent)",
req_005 < req_001,
f"ratio (0.05,0.05)={req_005:.2f} < ratio(0.01,0.01)={req_001:.2f}")

# T10 Polypeptide gate (5 checks)

rule("T10 Polypeptide gate and replication concordance")
_assert_constants ()

# (a) Per-lipid concentration is preserved: p = (p + C)/2 -> fized pt C
C_norm = 1.0 # normalised
def gate_iterate(pO, C=C_norm, n=8):
p = pO
for _ in range(mn):
p=(p+0C /2
return p

p_from_0 = gate_iterate(0.0)
p_from_3 = gate_iterate (3.0)
check("T10-01", "Per-1lipid extent from any start converges to C within 17
(8 iters)",
abs(p_from_0 - C_norm) / C_norm < 0.01 and abs(p_from_3 - C_norm) /
C_norm < 0.01,
f"from O: {p_from_0:.5f}; from 3: {p_from_3:.5f}; target C=1")

W_std = L_std // 3

n_stop_std = W_std * sO_std

check ("T10-02", "n_stop(L=200) = W*xsO = 66x(3/64) approx 3.09",
abs(n_stop_std - 3.09) < 0.05,
f"n_stop = {n_stop_std:.3f}")

t_rep_std = L_std * (T_s / L_std) # = T_s
check ("T10-03", "At baseline t_add=216 s, t_rep(L=200) = T_s = 43200 s",
abs(t_rep_std - T_s) < 0.1,

12
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481

486

491

496

501

506

516

521

t_add_60
L_max_60 = int(T_s / t_add_60)
check ("T10-04", "At t_add=60 s: L_max = T_s/t_add = 720",

L_min_pack = 169 # R_c = 12 nm: Art. 73 packing floor
band_ratio = L_max_60 / L_min_pack
check ("T10-05", "Genome band at t_add=60 s: L_max/L_min approx 4.26x",

rule("T11 Photochrome energy budget")

_assert_constants ()

dE_lo_k10 = dE_photochrome (13.82, 0.012, 10.0)
dE_lo_k20 = dE_photochrome (13.82, 0.012, 20.0)
dE_hi_k10 = dE_photochrome (13.82, 0.031, 10.0)

check("T11-01", "dE at (R=13.82, de=0.012, kappa=10) approx 10.3 kT",

check("T11-02", "dE monotone in delta_a: de=0.031 > de=0.012 at kappa=10"

drop_min = required_drop(0.50, eps=0.05, delta=0.05) #~ 4.09 kT (

check("T11-03", "dE at (de=0.012, kappa=10) > weakest required drop

drop_strict = required_drop(0.01) # ~ 10.73 kT (strictest)
check("T11-04", "kappa=20 raises dE above strictest drop (10.73 kT) at de

f"t_rep = {t_rep_std:.0f} s = T_s")

60.0

L_max_60 == 720,
f"L_max = {L_max_60}")

abs (band_ratio - 4.26) < 0.05,
f"band ratio = {L_max_60}/{L_min_pack} = {band_ratio:.2f}x")

Til Photochrome energy budget (4 checks)

abs(dE_lo_k10 - 10.3) < 0.5,
f"dE = {dE_lo_k10:.2f} kT")

3

dE_hi_k10 > dE_lo_k10,
f"dE(0.031)={dE_hi_k10:.2f} > dE(0.012)={dE_lo_k10:.2f}")

weakest)
approx 4.09 kT",

dE_lo_k10 > drop_min,
f"dE={dE_lo0_k10:.2f} > drop_min={drop_min:.2f} kT")

=0.012",
dE_lo_k20 > drop_strict,
f"dE (kappa=20)={dE_lo_k20:.2f} > drop_strict={drop_strict:.2f} kT")

T12 Genome selection band (4 checks)

13
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526

531

541

ot
o
=

ot
o
(s}

561

rule("T12 Genome selection band")
_assert_constants ()

G_200 G_gain (200)
G_720 = G_gain (720)
check ("T12-01", "G(200) > G(720): G decreases with L (w62 grows as L
~(1/2))",
G_200 > G_720,
£"G(200)={G_200:.4f} > G(720)={G_720:.4£f}")

check("T12-02", "L_max at t_add=60 s, delta=1 is 720 bases",
L_max_60 == 720,
f"T_s/t_add = {L_max_60}")

band_ratio_60 = L_max_60 / L_min_pack
check("T12-03", "Genome band 720/169 approx 4.26x",
abs(band_ratio_60 - 4.26) < 0.05,
f"band = {band_ratio_60:.2f}x")

g_at_Lmin = closed(sO_std, 1.0, 1.0) [0] # gains computed at L=200;
recompute at L bounds
# Need to use the actual L-dependent G for band endpoints
g_Lmin = (ie_val / w62(L_min_pack)) * (sO_std / (sO_std + (1-sO_std)
*1.0%1.0))
g_Lmax = (ie_val / w62(L_max_60)) * (sO_std / (sO_std + (1-sO_std)
*1.0%1.0))
check("T12-04", "g < 1 throughout the genome band (at standard stop set)"
g_Lmin < 1.0 and g_Lmax < 1.0,
f'g(L_min={L_min_pack})={g_Lmin:.4f}, g(L_max={L_max_602})={g_Lmax
:.4f}, both < 1")

# T13 Tethered duplez: E_rod = E+ (5 checks)

rule("T13 Tethered duplex energy E_rod = Ex*x")
_assert_constants ()

def E_rod(L):
"""Bending energy of anchored rod: E_rod = Lpx(L*hrise)/(2%R62°2) = E
* exactly."""
return Lp * (L * hrise) / (2 * R62(L)*%2)

for L_val, tag in [(200, "T13-01"), (500, "T13-02"), (735, "T13-03"),
(1000, "T13-04")1]:
check(tag, f"E_rod(L={L_val}) = E*x = {Estar:.1f} kT (exact identity)"
abs(E_rod(L_val) - Estar) < le-9,
f"E_rod({L_val}) = {E_rod(L_val):.8f} kT")

theta_cap = math.degrees(math.acos(l - 2 * 0.10))
check("T13-05", "Cap half-angle at surface fraction s=0.10 is approx
36.87 deg (<90)",

14
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566 abs (theta_cap - 36.87) < 0.05,
f"theta_cap = {theta_cap:.2f} deg")

# T14 Small lumen particles and founder extent (4 checks)

rule("T14 Small lumen particles and founder extent")
_assert_constants ()

NL_200 = N_lam(L_std)
576 check("T14-01", "N_lambda (200) = w62*1lam(200) approx 558.6 lipids",
abs (NL_200 - 558.6) < 1.0,
f"N_lambda (200) = {NL_200:.2£f}")

g_200 = closed(sO_std, 1.0, 1.0) [0]
581 gNL = g_200 * NL_200
check("T14-02", "g * N_lambda (200) approx 49.3 (expected lumenal chain
count)",
abs (gNL - 49.3) < 1.0,
f"g*N_lambda = {gNL:.2f}")

586 poisson_cv = 100 / math.sqrt (gNL)
check("T14-03", "Poisson coefficient of variation 100/sqrt(g*N_lam)
approx 14.2%",
abs (poisson_cv - 14.2) < 0.5,
f"CV = {poisson_cv:.2f}%")

501 n_founder = math.ceil(-math.log2(1 - 0.90))
check("T14-04", "Founder threshold m=0.90 reached at n=4 periods",
n_founder == 4,
f'"n = ceil(-10g2(1-0.90)) = {n_founder}")

596 #

**

Ti15 Lumen invariant (8 checks)

rule("T15 Lumen invariant and interior floor")
_assert_constants ()

601
K_inv = RO / u0 # nm (= RO LambdaO / NO)

check("T15-01", "K = RO/u0 approx 153.44 nm",
abs(K_inv - 153.44) < 0.05,
606 f"K = {K_inv:.4f} nm")

# Lumen <nvariant: g * R62(L) = K * dota_eff * P (at a=q=1, z_c=z_m=0, fL
=1)
P_val = ch_std # = s0 at (a=qg=1, z_c=0)
gR62_200 = g_200 * R62(L_std)
611 inv_200 K_inv * ie_val * P_val

]

15
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616

621

626

631

636

641

646

check ("T15-02", "g*R62(200) = Kxiota_eff*s0 (lumen invariant at z_c=0)",
abs (gR62_200 - inv_200) < 0.01,
f"g*R62={gR62_200:.4f}, Kxie*sO={inv_200:.4f}")

# Invartant across L wvalues

def inv_at (L):
G_L = ie_val / w62(L)
ch_L = sO_std / (sO_std + (1-sO_std)) # = s0 at a=q=1
return G_L * ch_L * R62(L)

inv_vals = [inv_at(L) for L in [200, 432, 720, 1440]]
spread = max(inv_vals) - min(inv_vals)
check ("T15-03", "Lumen invariant g+*R62 constant across L=200,432,720,1440

n
B

spread < le-6,
f"values={[f’{v:.5f}’ for v in inv_vals]}, spread={spread:.2el}")

chains_only_3VA = K_inv * ie_val * sO_std # nm, at z_c=0, a=q=1
check ("T15-04", "Chains-only 3V/A = Kxiota_eff*sO approx 1.15 nm < 2 nm (
deficit)",

abs (chains_only_3VA - 1.15) < 0.05 and chains_only_3VA < 2.0,
£"3V/A (chains) = {chains_only_3VA:.3f} nm")

zcl_3VA = K_inv * ie_val * (1 + 1) * sO_std # z_c=1 doubles P
check ("T15-05", "At z_c=1: 3V/A approx 2.30 nm >= 2.0 nm (passes w=2
floor)",
abs(zc1_3VA - 2.30) < 0.05 and zcl1_3VA >= 2.0,
f"3V/A (z_c=1) = {zc1_3VA:.3f} nm")

check ("T15-06", "At z_c=1: 3V/A < 3 nm (below w=3 nm upper floor)",
zcl_3VA < 3.0,
£"3V/A (z_c=1) = {zc1_3VA:.3f} nm < 3.0 nm")

w_floor = 2.0 # nm
zc_min = w_floor / (K_inv * ie_val * sO_std) - 1
check ("T15-07", "Composition requirement: z_c >= w/(Kxiota_eff*s0)-1
approx 0.74",
abs(zc_min - 0.74) < 0.02,
f"z_c_min = {zc_min:.3f}")

g_floor = w_floor / R62(L_std)
check ("T15-08", "Gain window: g_min(L=200, w=2) approx 0.153 < g_max=1",

abs(g_floor - 0.153) < 0.005 and g_floor < 1.0,
f"g min = {g_floor:.4f}")

# Summary

#

total = _pass + _fail
print ()

print ("=" * 72)

print (f" RESULT {_pass}/{totall} passed, {_fail} failed")

16
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661 print ("=" * 72)
sys.exit (0 if _fail == 0 else 1)

17
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Console Transcript: Default Run

$ python3 verify A76.py

T1 Corpus constants and the gain at baseline
3 B s RS
[PASS] T1-01 nu = 8pi Lp h/(a E*) approx 65.73
[PASS] T1-02 Lambda_0 = 8pi RO~2/a approx 386 658
[PASS] T1-03 u0 = NO/Lambda0 approx 0.6517
[PASS] T1-04 R62(200) approx 13.04 nm
¢ [PASS] T1-05 w62 (200) approx 0.0850
[PASS] T1-06 iota_eff = iota*x*/(x*+K) approx 0.16 at baseline
[PASS] T1-07 G = iota_eff/w62(200) approx 1.8829
[PASS] T1-08 N_lambda (200) = w62*lam approx 558.6 lipids
1§ CoCoCooOoCoo oo oo O oo oo oo oo O o e O Do O O e DO D E e e aas
T2 Limit-shape orbit minimum
[PASS] T2-01 v(rho=1) = (1+1°3)/(1+1°2)~1.5 = 1/sqrt(2) approx 0.7071
[PASS] T2-02 v(rho) strictly decreasing: v(0.5) > v(1.0)
18 [PASS] T2-03 t* = 2g~2-1 at standard g=0.0883: t*x < 0 (born above
minimum)
[PASS] T2-04 Standard g < 1 (below limit-shape cap)
T3 Condensation law and h-factor
[PASS] T3-01 h(kappa=0) = 1 (no-condensation limit)
[PASS] T3-02 h(kappa) < 1 for kappa > O (condensation suppresses gain
)
[PASS] T3-03 Condensed share 1-1/G approx 0.4689
[PASS] T3-04 g with h(1.0) < g bare (condensation lowers gain)
28
T4 Counting identity (closed form vs simulation)
[PASS] T4-01 Closed form at (3/64, a=1, g=1): ch = 3/64 = 0.04688
33 [PASS] T4-02 g = G*(ch+0) approx 0.0883 at standard set
[PASS] T4-03 Simulation chains/residue matches closed form within 1Y%
[PASS] T4-04 Mean residues between stops = (1-s0)/s0 = 61/3 approx
20.33
[PASS] T4-05 Simulation matches closed form within 1% at (3/64, 1, q
=0.95)
[PASS] T4-06 Closed form at (2/64, a=1, gq=1): ch = 2/64 = 0.03125
38
T5 Gain across stop sets and z_c scaling
[PASS] T5-01 g at z_c=1 is double g at z_c=0 (linear z_c scaling)
43 [PASS] T5-02 g at z_c=2 is triple g at z_c=0
[PASS] T5-03 sO for g=1 at a=q=1, z_c=0: sO = 1/G approx 0.531
[PASS] T5-04 A1l representative table gains g <= 1
48 T6 Fidelity and mean chain length

18
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[PASS] T6-01 Mean chain length at (3/64, a=1, gq=1) = 64/3 approx
21.33
[PASS] T6-02 Faithful share at q=0.95 exceeds 30%
[PASS] T6-03 Mean length at 9=0.95 < mean at gq=1 (hydrolysis shortens
chains)
53 [PASS] T6-04 Reducing a to 0.8 decreases mean chain length vs a=1

58 [PASS] T7-01 Residue acceptances R = iota_eff * 1lam(200) approx
1061.7
[PASS] T7-02 Chains per period at (3/64, a=1): R*ch approx 49.3
[PASS] T7-03 Stops per period = R*s0/((1-s0)*a) approx 51.7
[PASS] T7-04 Free residues at 9=0.95: Rx*x(1-q) approx 52.6
63 ========================================================================

[PASS] T8-01 At dusk (t=T): daughter lipid share = 1.0 >= 1 (
admissible)
[PASS] T8-02 At t=T/2: daughter share = 0.75 < 1.0 (not yet
admissible)
6z [PASS] T8-03 v(rho=1) = 1/sqrt(2) < 1 (orbit stays below limit-shape
cap)
[PASS] T8-04 Baseline t_add = T_s/L = 43200/200 = 216 s per base

[PASS] T9-01 Required t_f/t_h at eps=delta=0.01 approx 460.5

[PASS] T9-02 Required drop at theta=0.05, eps=delta=0.01 approx 9.08
kT

[PASS] T9-03 Required drop at theta=0.01, eps=delta=0.01 approx 10.73
kT

[PASS] T9-04 Minimum required drop at theta=0.50, eps=delta=0.05
approx 4.09 kT

7¢  [PASS] T9-05 Required ratio at eps=delta=0.05 < eps=delta=0.01 (less

stringent)

g3 [PASS] T10-01 Per-1lipid extent from any start converges to C within 1%
(8 iters)
[PASS] T10-02 n_stop(L=200) = WxsO = 66*(3/64) approx 3.09
[PASS] T10-03 At baseline t_add=216 s, t_rep(L=200) = T_s = 43200 s
[PASS] T10-04 At t_add=60 s: L_max = T_s/t_add = 720
[PASS] T10-05 Genome band at t_add=60 s: L_max/L_min approx 4.26x
88

[PASS] T11-01 dE at (R=13.82, de=0.012, kappa=10) approx 10.3 kT
93 [PASS] T11-02 dE monotone in delta_a: de=0.031 > de=0.012 at kappa=10
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98

103

108

113

118

128

133

[PASS] T11-03 dE at (de=0.012, kappa=10) > weakest required drop
approx 4.09 kT

[PASS] T11-04 kappa=20 raises dE above strictest drop (10.73 kT) at de
=0.012

[PASS] T12-01 G(200) > G(720): G decreases with L (w62 grows as L
~(1/2))

[PASS] T12-02 L_max at t_add=60 s, delta=1 is 720 bases

[PASS] T12-03 Genome band 720/169 approx 4.26x

[PASS] T12-04 g < 1 throughout the genome band (at standard stop set)

[PASS] T13-01 E_rod(L=200) = Ex = 10.0 kT (exact identity)
[PASS] T13-02 E_rod(L=500) = E* = 10.0 kT (exact identity)
[PASS] T13-03 E_rod(L=735) = Ex = 10.0 kT (exact identity)
[PASS] T13-04 E_rod(L=1000) = Ex = 10.0 kT (exact identity)
[PASS] T13-05 Cap half-angle at surface fraction s=0.10 is approx

36.87 deg (<90)

[PASS] T14-01 N_lambda (200) = w62%1am(200) approx 558.6 lipids

[PASS] T14-02 g * N_lambda (200) approx 49.3 (expected lumenal chain
count)

[PASS] T14-03 Poisson coefficient of variation 100/sqrt(g*N_lam)
approx 14.2Y%

[PASS] T14-04 Founder threshold m=0.90 reached at n=4 periods

[PASS] T15-01 K = RO/u0 approx 153.44 nm

[PASS] T15-02 g*R62(200) = K*iota_eff*s0 (lumen invariant at z_c=0)

[PASS] T15-03 Lumen invariant g*R62 constant across L=200,432,720,1440

[PASS] T15-04 Chains-only 3V/A = K*xiota_eff*sO approx 1.15 nm < 2 nm (
deficit)

[PASS] T15-05 At z_c=1: 3V/A approx 2.30 nm >= 2.0 nm (passes w=2
floor)

[PASS] T15-06 At z_c=1: 3V/A < 3 nm (below w=3 nm upper floor)

[PASS] T15-07 Composition requirement: z_c >= w/(K*iota_eff#*s0)-1
approx 0.74

[PASS] T15-08 Gain window: g_min(L=200, w=2) approx 0.153 < g_max=1
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Console Transcript: Verbose Run (-v)

$ python3 verify A76.py -v

4 [PASS] T1-01 nu = 8pi Lp h/(a E*) approx 65.73
nu = 65.7318
[PASS] T1-02 Lambda_0 = 8pi RO"2/a approx 386 658
Lambda0 = 386657.6
[PASS] T1-03 u0 = NO/LambdaO approx 0.6517
9 u0 = 0.6517
[PASS] T1-04 R62(200) approx 13.04 nm
R62(200) = 13.0384 nm
[PASS] T1-05 w62 (200) approx 0.0850
w62 (200) = 0.0850
14 [PASS] T1-06 iota_eff = iotaxx*/(x*+K) approx 0.16 at baseline
x* = 0.0800, iota_eff = 0.1600
[PASS] T1-07 G = iota_eff/w62(200) approx 1.8829
G = 1.8829
[PASS] T1-08 N_lambda (200) = w62*lam approx 558.6 lipids
19 N_lambda (200) = 558.57

24 [PASS] T2-01 v(rho=1) = (1+1°3)/(1+1-2)~1.5 = 1/sqrt(2) approx 0.7071
v(1) = 0.70710678, 1/sqrt(2) = 0.70710678
[PASS] T2-02 v(rho) strictly decreasing: v(0.5) > v(1.0)
v(0.5)=0.8050 > v(1.0)=0.7071
[PASS] T2-03 t*x = 2g~2-1 at standard g=0.0883: t* < 0 (born above
minimum)
29 2g~2-1 = -0.9844 < 0
[PASS] T2-04 Standard g < 1 (below limit-shape cap)

g = 0.0883 < 1

34 T3 Condensation law and h-factor
[PASS] T3-01 h(kappa=0) = 1 (no-condensation limit)
h(0) = 1.00000000
[PASS] T3-02 h(kappa) < 1 for kappa > O (condensation suppresses gain
)
39 h(1.0) = 0.8727
[PASS] T3-03 Condensed share 1-1/G approx 0.4689
1-1/G = 0.4689
[PASS] T3-04 g with h(1.0) < g bare (condensation lowers gain)

g_cond=0.0770 < g_bare=0.0883

[PASS] T4-01 Closed form at (3/64, a=1, gq=1): ch = 3/64 = 0.04688
49 ch = 0.046875, 3/64 = 0.046875
[PASS] T4-02 g = G*(ch+0) approx 0.0883 at standard set
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Gxch = 0.0883

[PASS] T4-03 Simulation chains/residue matches closed form within 1%
sim=0.04688, closed=0.04688, diff=0.01%
54 [PASS] T4-04 Mean residues between stops = (1-s0)/sO = 61/3 approx
20.33
(1-s0)/s0 = 20.3333
[PASS] T4-05 Simulation matches closed form within 1% at (3/64, 1, q
=0.95)
sim=0.04677, closed=0.04676
[PASS] T4-06 Closed form at (2/64, a=1, q=1): ch = 2/64 = 0.03125
59 ch(2/64) = 0.031250

64 [PASS] T5-01 g at z_c=1 is double g at z_c=0 (linear z_c scaling)
g(zc=0)=0.0883, g(zc=1)=0.1765, ratio=2.0000
[PASS] T5-02 g at z_c=2 is triple g at z_c=0
g(zc=2)=0.2648, 3xg0=0.2648
[PASS] T5-03 s0 for g=1 at a=q=1, z_c=0: sO = 1/G approx 0.531
69 1/G = 0.5311
[PASS] T5-04 A1l representative table gains g <= 1

max g in table = 0.5389

[PASS] T6-01 Mean chain length at (3/64, a=1, gq=1) = 64/3 approx
21.33
mean length = 21.3333, 64/3 = 21.3333
[PASS] T6-02 Faithful share at g9=0.95 exceeds 30%
79 faithful_share = 0.4722
[PASS] T6-03 Mean length at 9=0.95 < mean at gq=1 (hydrolysis shortens
chains)
mlen(q=0.95)=20.3167 < mlen(q=1)=21.3333
[PASS] T6-04 Reducing a to 0.8 decreases mean chain length vs a=1
mlen(a=0.8)=17.2667 < mlen(a=1)=21.3333
84
T7 Ledger per period (L=200)
[PASS] T7-01 Residue acceptances R = iota_eff * lam(200) approx
1061.7
89 R = 1051.71
[PASS] T7-02 Chains per period at (3/64, a=1): R*ch approx 49.3
chains = R*ch = 49.30
[PASS] T7-03 Stops per period = R*s0/((1-s0)*a) approx 51.7
stops = 51.72
94 [PASS] T7-04 Free residues at q=0.95: R*(1-q) approx 52.6

free = 52.59

[PASS] T8-01 At dusk (t=T): daughter lipid share = 1.0 >= 1 (
admissible)
daughter share at dusk = 1.000
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[PASS] T8-02 At t=T/2: daughter share = 0.75 < 1.0 (not yet
admissible)
daughter share at T/2

0.750

104 [PASS] T8-03 v(rho=1) = 1/sqrt(2) < 1 (orbit stays below limit-shape
cap)
v(l) = 0.7071 < 1
[PASS] T8-04 Baseline t_add = T_s/L = 43200/200 = 216 s per base

t_add = 216.0 s

O e e e e = e e e e e e e e e e e e = e e e e e e e e e e e e e e = e e e e e e = e =

[PASS] T9-01 Required t_f/t_h at eps=delta=0.01 approx 460.5
1n(100)/0.01 = 460.52
114 [PASS] T9-02 Required drop at theta=0.05, eps=delta=0.01 approx 9.08
kT
drop (theta=0.05, eps=delta=0.01) = 9.08 kT
[PASS] T9-03 Required drop at theta=0.01, eps=delta=0.01 approx 10.73
kT
drop(theta=0.01) = 10.73 kT
[PASS] T9-04 Minimum required drop at theta=0.50, eps=delta=0.05
approx 4.09 kT
119 drop (theta=0.50, eps=delta=0.05) = 4.09 kT
[PASS] T9-05 Required ratio at eps=delta=0.05 < eps=delta=0.01 (less

stringent)
ratio (0.05,0.05)=59.91 < ratio(0.01,0.01)=460.52

124 T10 Polypeptide gate and replication concordance
[PASS] T10-01 Per-1lipid extent from any start converges to C within 17
(8 iters)
from O0: 0.99609; from 3: 1.00781; target C=1
[PASS] T10-02 n_stop(L=200) = WxsO = 66*x(3/64) approx 3.09
129 n_stop = 3.094
[PASS] T10-03 At baseline t_add=216 s, t_rep(L=200) = T_s = 43200 s
t_rep = 43200 s = T_s
[PASS] T10-04 At t_add=60 s: L_max = T_s/t_add = 720
L_max = 720
134 [PASS] T10-05 Genome band at t_add=60 s: L_max/L_min approx 4.26x

band ratio = 720/169 = 4.26x

13 S============-==S=SS=S=S=S=SSSSSSSS =SS S =S =SS =SS SSSSSSS==========S============

[PASS] T11-01 dE at (R=13.82, de=0.012, kappa=10) approx 10.3 kT
dE = 10.31 kT
[PASS] T11-02 dE monotone in delta_a: de=0.031 > de=0.012 at kappa=10
dE (0.031)=26.20 > dE(0.012)=10.31
144 [PASS] T11-03 dE at (de=0.012, kappa=10) > weakest required drop

approx 4.09 kT
dE=10.31 > drop_min=4.09 kT
[PASS] T11-04 kappa=20 raises dE above strictest drop (10.73 kT) at de
=0.012
dE (kappa=20)=20.62 > drop_strict=10.73 kT
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159

164

169

184

189

194

199

T12 Genome selection band

[PASS] T12-01 G(200) > G(720): G decreases with L (w62 grows as L
~(1/2))
G(200)=1.8829 > G(720)=0.9924
[PASS] T12-02 L_max at t_add=60 s, delta=1 is 720 bases
T_s/t_add = 720
[PASS] T12-03 Genome band 720/169 approx 4.26x
band = 4.26x
[PASS] T12-04 g < 1 throughout the genome band (at standard stop set)

g(L_min=169)=0.0960, g(L_max=720)=0.0465, both < 1

[PASS] T13-01 E_rod(L=200) = Ex = 10.0 kT (exact identity)
E_rod (200) = 10.00000000 kT
[PASS] T13-02 E_rod(L=500) = Ex = 10.0 kT (exact identity)
E_rod (500) = 10.00000000 kT
[PASS] T13-03 E_rod(L=735) = Ex = 10.0 kT (exact identity)
E_rod(735) = 10.00000000 kT
[PASS] T13-04 E_rod(L=1000) = Ex = 10.0 kT (exact identity)
E_rod (1000) = 10.00000000 kT
[PASS] T13-05 Cap half-angle at surface fraction s=0.10 is approx

36.87 deg (<90)
theta_cap = 36.87 deg

[PASS] T14-01 N_lambda (200) = w62%1am(200) approx 558.6 lipids
N_lambda (200) = 558.57

[PASS] T14-02 g * N_lambda (200) approx 49.3 (expected lumenal chain
count)
g*N_lambda = 49.30

[PASS] T14-03 Poisson coefficient of variation 100/sqrt(gxN_lam)

approx 14.2Y%
CV = 14.247

[PASS] T14-04 Founder threshold m=0.90 reached at n=4 periods
n = ceil(-1log2(1-0.90)) = 4

[PASS] T15-01 K = RO/u0 approx 153.44 nm
K = 153.4355 nm

[PASS] T15-02 g*R62(200) = K*iota_effxsO (lumen invariant at z_c=0)
g*R62=1.1508, K*ie*xs0=1.1508

[PASS] T15-03 Lumen invariant g*R62 constant across L=200,432,720,1440
values=[’1.15077°, ’1.15077°, ’1.15077°, ’1.15077°], spread=2.22e-16

[PASS] T15-04 Chains -only 3V/A = K*iota_eff*s0 approx 1.15 nm < 2 nm (
deficit)
3V/A (chains) = 1.151 nm

[PASS] T15-05 At z_c=1: 3V/A approx 2.30 nm >= 2.0 nm (passes w=2
floor)
3V/A (z_c=1) = 2.302 nm

[PASS] T15-06 At z_c=1: 3V/A < 3 nm (below w=3 nm upper floor)
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3V/A (z_c=1) = 2.302 nm < 3.0 nm
[PASS] T15-07 Composition requirement: z_c >= w/(Kxiota_eff*s0)-1
approx 0.74
z_c_min = 0.738
204 [PASS] T15-08 Gain window: g_min(L=200, w=2) approx 0.153 < g_max=1
g_min = 0.1534
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Lean 4 Proof Summary: acf-76-proof.lean

Lean Kernel Certification

The

file
ChryseneFormalism.Article76, verified by the Lean 4 kernel.

acf-76-proof.lean  contains

27  theorems in

the  namespace
Proof methods: rfl

(definitional equality) and decide (kernel-evaluated decidable propositions over Nat). No
Mathlib, no sorry, no native_decide.

Section Theorem Claim

S2 (definitions) Scaled integer corpus constants

S3 counting_identity_baseline so+ (1 —s9) =1 (ch = s at a=q=1)
mean_free_run (Sden—Snum) * 3 = 61Snum
mean_chain_length Mean length = Sgen/Snum
standard_gain_below_one 883 - 64 < 1000 - 64
nu_num_gcd ged(8Lyh, E*a) = 10

S4 R62_sq_200_val LyhL/(2E*) = 17000 at L = 200
e_rod_eq_e_star_200 E.0q(200) = E* =10
e_rod_eq_e_star_500 E,0q(500) = E* =10
e_rod_eq_e_star_1000 E,04(1000) = E* = 10

S5 lipid_admissibility_dusk Daughter share at t =T: 1 +1=2
lipid_not_admissible_midperiod Att=T/2:3<4
lipid_share_dusk_admissible 2 > 2 (admissibility check)

S6 required_ratio_001_lower |1001n 100 | > 460
required_ratio_005_lower |20In20] > 59
strict_tolerance_harder 59 < 460 (strict dominates weak)

S7 interior_deficit_at_zcO Kuisp < 2nm (scaled)

S8 interior_clears_at_zcl 2K1sg > 2nm (scaled)

S9 zc_min_positive Zemin > 0 (1151 < 2000)
zc_min_below_one Zemin < 1 (2000 < 2302)

S10 gain_vessel_above_floor Gvessel > Goor (153 < 177)
gain_vessel_below_cap Gyessel < 1 (177 < 1000)
gain_standard_below_one gstd < 1 (883 < 1000)

S11 founder_threshold_n4 9-16 < 15-10 (n = 4 suffices)
founder_threshold_n3_insufficient 7-10< 9-8 (n = 3 falls short)

S12 orbit_min_lower 2-707? < 10° (v(1) > 707/1000)

orbit_min_upper
orbit_min_below_one

10% < 2- 7082 (v(1) < 708,/1000)
7072 < 7082 (v(1) < 1)
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Kernel Axiom Audit

The proof relies solely on Lean 4’s built-in axioms: propext, Quot.sound, and funext. No
additional axioms, no sorry, and no native_decide are introduced. The decide tactic
reduces every goal to a kernel-level Boolean computation that the type-checker evaluates
without invoking an external oracle.
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