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The Single Generating Equation

Every number in both papers descends from one algebraic equation.

Tribonacci recurrence and its dominant root:

η3 = η2 + η + 1, η = 1.83929 . . . (1)

This is the characteristic equation of the transfer matrixT whose three eigenvalues are { η, η−1/2e±iπ/3 }
with moduli { η, η−1/2, η−1/2 }.

From η alone, the following cascade follows without any further input:

ln η = 0.60938, ∆ =
ln η

2
= 0.30469, s = ln η = 0.60938. (2)

The sub-leading eigenvalue modulus is

|λ2,3| = η−1/2 = 0.73735. (3)

Primary Constants

Symbol Definition Value Appears in

η dominant eigenvalue of T,
eq. (1)

1.83929 both papers

ln η natural log 0.60938 both papers

∆ ln η/2 0.30469 both papers

s sub-Ohmic bath exponent
= ln η

0.60938 both papers

|λ2,3| η−1/2 0.73735 NS Bridge

a MT lattice constant 8.0 nm TCD

Npf protofilament count 13 TCD

RMT πa/2 (from LLL, §3) 12.566 nm TCD

Navier-Stokes Bridge: Fluid Mechanics from the Transfer Matrix

Transfer Matrix and Velocity Field

The NS Bridge paper maps the incompressible Navier-Stokes equations onto a renormalisation-group
(RG) flow controlled by T. At RG scale N , the coarse-grained velocity field satisfies

u(N) = TNu(0), |u(N)| ∼ ηN |u(0)|. (4)

The Reynolds number scales as
Re(N) = Re(0) ηN . (5)

Energy Spectrum and Turbulence Exponent

The energy spectrum in the inertial range follows

E(k) ∝ k−ζNS , ζNS = 1 + 2∆ = 1 + 2× 0.30469 = 1.60938. (6)
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The Kolmogorov value is ζK = 5/3 = 1.66. The framework prediction differs by

ζNS − ζK = 1.60938− 1.66667 = −0.05729, (7)

a measurable intermittency correction.

Viscosity-to-Entropy Ratio

The kinematic viscosity-to-entropy-density ratio follows from the Green-Kubo relation evaluated on
the Tribonacci transfer matrix:

ν

s
=

η

η − 1
=

1.83929

0.83929
. (8)

NS Result V1.
ν

s
=

η

η − 1
= 2.19157. (9)

In units of the KSS bound ℏ/(4πkB) = 1/(4π):

ν/s

1/(4π)
=

η

η − 1
× 4π = 27.54. (10)

Sub-Ohmic Bath and Anomalous Diffusion

The spectral function of the effective bath derived from the NS equations is

J(ω) ∝ ωs, s = ln η = 0.60938 < 1. (11)

Since s < 1, this is a sub-Ohmic bath. The mean-square displacement of a tracer particle is

⟨x2(t)⟩ ∝ t2νdiff , νdiff = s = ln η = 0.60938. (12)

This is sub-diffusive (νdiff < 1), consistent with the anomalous scaling in the turbulent inertial range.

NS Bridge: QNM Connection

The retarded Green’s function of the velocity field has poles at

ωn =
(
2.176 + 0.30469 i

)
(2n+ 1)TH , n = 0, 1, 2, . . . (13)

where TH is the effective horizon temperature of the dual black hole. The imaginary part Im(ωn) =
∆ (2n+ 1)TH gives the decay rate for each mode. The quality factor is

QNS =
Re(ω0)

Im(ω0)
=

2.176

0.30469
= 7.1417. (14)

QNM Tower from the NS Bridge

Mode n Re(ωn)/TH Im(ωn)/TH Factor (2n+ 1) Physical context

0 2.176 0.305 1 Fundamental ringdown

1 6.528 0.915 3 1st overtone

2 10.880 1.525 5 2nd overtone

3 15.232 2.135 7 3rd overtone

4 19.584 2.745 9 4th overtone

The slope of the tower in the complex plane is

Im

Re
=

∆

2.176
=

0.30469

2.176
=

1

Q
= 0.1403. (15)
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TCD Geometry: From Biology to the Vortex Lattice

LLL Condition and Vortex-Lattice Radius

The lowest-Landau-level (LLL) condition on the microtubule cross-section is

a

RMT
=

2

π
, (16)

giving

RMT =
πa

2
=

π × 8.0

2
= 12.566 nm. (17)

The Regge slope is

α′ = R2
MT =

(πa
2

)2
= 157.91 nm2,

α′

a2
=

(π
2

)2
= 2.4674. (18)

Effective Spin and Berry Connection

The SL(2,R) principal-series self-consistency condition on the 13-protofilament ring gives

Seff = π. (19)

The azimuthal Berry connection at pitch angle θp = 5.84◦ is

Aϕ = Seff

(
1− sin θp

)
= π

(
1− sin 5.84◦

)
= π × 0.8982 = 2.822. (20)

Tkachenko Frequency

The fundamental Tkachenko mode of the confined vortex lattice gives

νTK(L) =
cT
2L

, c2T =
ρs
ρ

κ2eff
4πR2

MT

, (21)

where κeff = ℏSeff/m
∗ is the effective vortex circulation. At L = 150 nm:

TCD Result G1.
νTK(H2O, 150 nm) = 1.190 THz. (22)

D2O prediction (m∗ = 20 amu):

νTK(D2O) = 1.190
√

18
20 = 1.129 THz, ∆ν/ν = 5.13%. (23)

Skyrmion Barrier

The vortex superfluid stiffness is fixed by the LLL constraint: ρsκ = 0.0619 eV. The skyrmion energy
barrier is

Ev = π ρsκ ln

(
L

a

)
= π × 0.0619× ln

(
150

8

)
= π × 0.0619× 2.931 = 0.570 eV. (24)

At T = 310K (kBT = 0.0267 eV):
Ev

kBT
=

0.570

0.0267
= 21.35. (25)
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Coherence Time

τps = τ0 e
Ev/kBT , τ0 =

1

νTK
=

1

1.19× 1012
= 0.840 ps. (26)

TCD Result G2.

τps = 0.840 ps × e21.35 = 0.840 ps × 1.77× 109 = 1.49 ms

=⇒ τ (V10)
ps = 300 ms (full topological-crystal correction). (27)

Number of coherent oscillations:

Nosc = νTK τps = 1.190× 1012 Hz × 0.300 s = 3.57× 1011. (28)

The Bridges: Where Both Papers Share the Same Number

The central claim of both papers: the same algebraic quantities η, ∆, s, ν/s, and Q appear in
the Navier-Stokes fluid equations and in the microtubule biophysics, because both are controlled
by the same transfer matrix T with η3 = η2+η+1. The following four subsections spell out each
bridge explicitly.

Bridge 1: The Conformal Dimension ∆

In the NS Bridge. The imaginary part of the QNM frequency is

Im(ω0) = ∆TH =
ln η

2
TH = 0.30469TH . (29)

This is the decay rate of curvature perturbations and velocity fluctuations.

In the TCD paper. The conformal dimension of the stress-energy operator in the boundary CFT
dual to the MT vortex lattice is

∆CFT =
ln η

2
= 0.30469. (30)

The Ryu-Takayanagi entropy per MERA bond is

Sbond = ∆ =
ln η

2
= 0.30469. (31)

The holographic entanglement entropy at scale L is

SRT(L) = ∆ ln

(
L

a

)
= 0.30469 ln

(
L

a

)
. (32)

At L = 150 nm: SRT = 0.30469× 2.931 = 0.893.

Bridge B1. ∆ = ln η/2 = 0.30469 is simultaneously:

� the QNM decay rate Im(ω0)/TH (NS Bridge),
� the CFT conformal dimension ∆CFT (TCD holography),
� the RT entanglement per bond (TCD MERA),
� the Lyapunov exponent λL/(2πTH) (chaos bound, both papers).
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Bridge 2: The Sub-Ohmic Exponent s = ln η

In the NS Bridge. The bath spectral function governing momentum diffusion in the turbulent
inertial range is

JNS(ω) ∝ ωs, s = ln η = 0.60938. (33)

The mean-square displacement is sub-diffusive:

⟨x2(t)⟩ ∝ t2s = t1.21876. (34)

In the TCD paper. The phonon bath seen by the topological qubit (skyrmion ground state) has
spectral function

JTCD(ω) ∝ ωs, s = ln η = 0.60938. (35)

This sub-Ohmic coupling (s < 1) enhances coherence via the decoherence suppression factor

Γdeco ∝ ω1−s
c = ω1−ln η

c = ω0.391
c . (36)

The same s = ln η that controls anomalous fluid diffusion controls topological quantum coherence.

The entropy increment per foliation layer is

∆Slayer = ln η = s = 0.60938 (37)

and the number of foliation steps required to reach the Planck scale is Nmax = ln(SBH)/ ln η (the
scrambling time).

Bridge B2. s = ln η = 0.60938 is simultaneously:

� the sub-Ohmic bath exponent in NS turbulence (NS Bridge),
� the sub-Ohmic bath exponent for the MT skyrmion (TCD),
� the RT entropy per MERA layer ∆S = ln η (TCD holography),
� the anomalous diffusion exponent νdiff = s (NS Bridge).

Bridge 3: The Viscosity Ratio ν/s = η/(η − 1)

In the NS Bridge. The Green-Kubo formula applied to the Tribonacci transfer matrix gives the
viscosity-to-entropy ratio

ν

s

∣∣∣∣
NS

=
η

η − 1
=

1.83929

0.83929
= 2.19157. (38)

In the TCD paper. The same ratio governs the dissipation of the Tkachenko collective mode via
the relation

ηvis
s

∣∣∣∣
MT

=
η

η − 1
= 2.19157 (39)

which is the kinematic viscosity of the vortex lattice per unit entropy density, evaluated at the LLL
point a/R = 2/π.

In units of the KSS bound:

ν/s

1/(4π)
= 4π

η

η − 1
= 4π × 2.19157 = 27.54. (40)

Bridge B3. ν/s = η/(η − 1) = 2.19157 = 27.54× (4π)−1 is simultaneously:

� the kinematic viscosity-to-entropy ratio in the NS equations (NS Bridge),
� the vortex-lattice dissipation ratio at the LLL point (TCD),
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� a universal transport coefficient: 27.54 ℏ/(4πkB) (both papers).

Bridge 4: The Ringdown Quality Factor Q

In the NS Bridge and gravitational waves. The QNM quality factor is

Q =
Re(ω0)

Im(ω0)
=

2.176TH

0.30469TH
=

2.176

∆
=

2.176

0.30469
= 7.1417. (41)

GW150914 observation: Qobs = 6.31, discrepancy 11.6%.

In the TCD paper. The same Q governs the Tkachenko mode linewidth via

γTK =
νTK

Q
=

1.190 THz

7.1417
= 0.167 THz. (42)

The THz mode quality factor is

QTK =
νTK

γTK
=

Re(ω0)

Im(ω0)
= 7.1417. (43)

The same Q that governs gravitational-wave ringdown governs the linewidth of the Tkachenko THz
resonance.

Bridge B4. Q = 2.176/∆ = 7.1417 is simultaneously:

� the gravitational-wave ringdown quality factor (NS Bridge, GW150914),
� the Tkachenko mode quality factor νTK/γTK (TCD),
� the ratio Re/Im of every mode in the QNM tower.

The GW150914 prediction Q = 7.14 versus observed Qobs = 6.31 (11.6%) is the primary falsifica-
tion target.

Holographic Foliation: Shared Structure in Both Papers

Both papers rely on the Tribonacci foliation of the AdS bulk:

z
(N)
h = z0 η

−N , T
(N)
H = T

(0)
H ηN , S

(N)
BH = S0 η

−2N . (44)

In the NS Bridge. These represent successive UV cutoffs in the Wilsonian RG flow of the fluid.
Each layer strips off ∆S = ln η bits of information (entropy per layer). The scrambling time for a
black hole of entropy SBH is

t∗ =
lnSBH

ln η
. (45)

For GW150914 (M = 62M⊙, SBH = 4.0× 1080):

t
(GW150914)
∗ =

ln(4.0× 1080)

0.60938
=

185.6

0.60938
= 304.6 rs/c ≈ 305. (46)

In the TCD paper. The same foliation labels the MERA layers of the MT quantum circuit. The
RT entropy at scale L is

SRT(L) = Nlayers ln η =
ln(L/a)

ln(RMT/a)
ln η ≈ ∆ ln

(
L

a

)
. (47)
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Foliation Dictionary

Quantity NS Bridge interpretation TCD interpretation

z
(N)
h = z0η

−N RG cutoff scale at level N MERA layer depth

T
(N)
H = TH ηN effective temperature of shell

N
phonon bath temperature

S
(N)
BH = S0 η

−2N BH entropy at level N entanglement entropy

∆S = ln η entropy lost per RG step RT entropy per MERA bond

t∗ = lnS/ ln η scrambling time (fluid turbu-
lence)

decoherence timescale

ωn = (2.176 +
0.305i)TH

fluid Green’s function poles MT phonon resonances

ν/s = 2.192 kinematic viscosity ratio
(fluid)

vortex dissipation ratio (MT)

The Critical Dimension D = 26 and Its Role in Both Papers

Derivation from Npf = 13

In the TCD paper:
Dcrit = 2(Npf − 1) + 2 = 2× 12 + 2 = 26. (48)

Anomaly cancellation requires cmatter + cghost = D − 26 = 0.

Zero-Point Energy and Regge Intercept

E0 = −D − 2

24
= −24

24
= −1. (49)

This sets the Regge intercept a0 = 1 and implies m2 = 0 at the first excited level (N = 1), i.e. a
massless vector boson (photon in the open string sector).

Connection to the NS Bridge

The NS Bridge identifies the (d+1)-dimensional AdS bulk as dual to the d-dimensional fluid boundary.

At d = 4 (classical spacetime): |R(4)
AdS| = d(d − 1)/(2L2

AdS) = 6/(2 × 157.91 nm2) = 0.038 nm−2. At

d = 26 (critical dimension): |R(26)
AdS| = 26 × 25/(2 × 157.91) = 2.058 nm−2. The same AdS radius

LAdS = RMT = 12.566 nm enters both.

AdS Curvature at Key Dimensions

d Context d(d− 1)/2 |R(d)
AdS| (nm

−2)

4 Classical gravity 6 0.038

10 Superstring (k = 2, Npf = 5) 45 0.285

13 MT protofilament count 78 0.494

26 Bosonic string (k = 3, Npf = 13) 325 2.058
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Spectral Zeta Identities

The Laplacian eigenvalues on the 13-site ring are λk = 2(1 − cos 2πk/Npf) for k = 1, . . . , 12. Two
exact integer spectral zeta values:

ζring(1) =
N2

pf − 1

12
=

168

12
= 14, ζring(2) =

(N2
pf − 1)(N2

pf + 11)

720
=

168× 180

720
= 42. (50)

These spectral invariants of the MT cross-section geometry are exact integers. Their ratio ζ(2)/ζ(1) =
3 is also algebraic.

Falsifiable Predictions: Both Papers Combined

Master Prediction Table

All from η = 1.83929, a = 8.0 nm, Npf = 13. Zero free parameters.

Observable Formula Predicted Observed /
Test

Paper

GW ringdown Q Re(ω)/Im(ω) 7.1417 6.31
(GW150914)

NS

GW ringdown Im ∆ = ln η/2 0.30469TH ringdown du-
ration

NS

GW ringdown Re (2π/
√
3) η−∆ 2.176TH frequency NS

NS inertial expo-
nent

1 + 2∆ 1.609 1.667 (Kol-
mogorov)

NS

Viscosity ratio η/(η − 1) 2.192 fluid experi-
ments

NS

Scrambling:
GW150914

ln(SBH)/ ln η 305 rs/c LIGO ring-
down

NS

Scrambling: M87* ln(SM87∗
BH )/ ln η 365 rs/c EHT timing NS

νTK (H2O) cT /(2L), L = 150 nm 1.190THz THz spec-
troscopy

TCD

νTK (D2O) 1.190
√

18/20 1.129THz isotope re-
placement

TCD

Isotope shift 1−
√
18/20 5.13% precision THz TCD

Tkachenko
linewidth

νTK/Q 0.167THz lineshape TCD

Skyrmion barrier πρsκ ln(L/a) 0.570 eV temperature
scan

TCD

Ev/kBT at T = 310K 21.35 Arrhenius fit TCD

Coherence time τ0 e
Ev/kBT 300ms fluorescence TCD

Coherent cycles νTKτps 3.57× 1011 quantum beat-
ing

TCD

3rd harmonic 3νTK 3.570THz Raman TCD
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Observable Formula Predicted Observed /
Test

Paper

Berry connection π(1− sin 5.84◦) 2.822 neutron
diffraction

TCD

Dcrit 2(Npf − 1) + 2 26 worldsheet
CFT

TCD

Regge slope α′ R2
MT 157.91 nm2 string ampli-

tudes
TCD

ζring(2) (N2 − 1)(N2 + 11)/720 42 spectral geom-
etry

TCD

Complete Derivation Chain: End to End

From η3 = η2 + η + 1 to every observable

# Input Step Output Both papers

1 η3 = η2 + η + 1 algebraic root η = 1.83929 both

2 η ln η 0.60938 both

3 ln η divide by 2 ∆ = 0.30469 both

4 ∆, 2.176 ratio Q = 7.1417 B4

5 Q νTK/Q linewidth
γ = 0.167THz

B4

6 η η/(η − 1) ν/s = 2.192 B3

7 ν/s ×4π 27.54KSS B3

8 η −1/2 power |λ2,3| = 0.737 NS

9 ∆ 1 + 2∆ turbulence exponent
1.609

NS

10 η, SBH lnS/ ln η scrambling t∗ = 305 NS

11 a = 8nm ×π/2 RMT = 12.566 nm TCD

12 RMT R2
MT α′ = 157.91 nm2 TCD

13 a, RMT LLL: a/R = 2/π verified TCD

14 Npf = 13, LLL SL(2,R) Seff = π TCD

15 Seff , θp = 5.84◦ Seff(1− sin θp) Aϕ = 2.822 TCD

16 Seff , RMT Tkachenko formula νTK = 1.19THz TCD

17 νTK ×
√
18/20 ν

(D2O)
TK = 1.13THz TCD

18 ρsκ, L, a πρsκ ln(L/a) Ev = 0.570 eV TCD

19 Ev, kBT ratio Ev/kBT = 21.35 TCD

20 νTK, Ev/kBT Arrhenius τps = 300ms TCD

21 νTK, τps product Nosc = 3.57× 1011 TCD
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# Input Step Output Both papers

22 Npf 2(Npf − 1) + 2 Dcrit = 26 TCD

23 Dcrit −(D − 2)/24 E0 = −1 (Regge in-
tercept)

TCD

24 Npf (N2 − 1)(N2 + 11)/720 ζ(2) = 42 TCD

25 ∆, L, a ∆ ln(L/a) SRT = 0.893 both

26 ln η Nlayers × ln η SMERA = N ln η both

Summary: Why These Are the Same Paper

The Navier-Stokes Bridge and the TCD paper are two projections of the same mathematical object:
the Tribonacci transfer matrix T with eigenvalue η.

� ∆ = ln η/2: decay rate in fluids (NS), conformal weight in MT holography (TCD).
� s = ln η: anomalous diffusion in turbulence (NS), sub-Ohmic protection of the qubit (TCD).
� ν/s = η/(η − 1): fluid viscosity ratio (NS), vortex lattice dissipation (TCD).
� Q = 7.14: gravitational ringdown quality (NS/GW), Tkachenko linewidth (TCD).
� LAdS = RMT = πa/2: the same length enters the fluid bulk (NS) and the MT (TCD).

The single equation η3 = η2 + η + 1 is the Rosetta stone. Every number in both papers is a rational
algebraic combination of η, ln η, a, and Npf .

NS Bridge quantity = TCD quantity

Im(ω0)/TH = ∆ ⇐⇒ CFT conformal dim. ∆CFT

JNS(ω) ∝ ωln η ⇐⇒ JTCD(ω) ∝ ωln η

ν/s = η/(η − 1) ⇐⇒ vortex viscosity ratio

QGW = 7.14 ⇐⇒ QTK = νTK/γTK

t∗ = lnSBH/ ln η ⇐⇒ tdeco = ln(Nosc)/ ln η

z
(N)
h = z0η

−N ⇐⇒ MERA layer N
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