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Abstract

We construct a symbolic and computational analogy between the Birch and Swinnerton-Dyer (BSD) conjecture from
number theory and cerebrospinal fluid (CSF) dynamics observed in neuroanatomy. Using synthetic flow data and
spectral analysis on a discretized CSF model, we define a CSF L-function LCSF(s)=XAk —s, inspired by the Hasse—Weil
L-function of elliptic curves. The function’s local minima along the critical line Re(s)=0.5 mimic the statistical behavior
of Riemann zeta zeroes, aligning with the Hilbert—Pdlya conjecture. Numerical simulations incorporating aqueductal
stenosis demonstrate a reduction in these minima, paralleling a decrease in elliptic curve rank under constraints.
This framework bridges arithmetic geometry and neurofluidic topology, providing novel perspectives in mathematical
neuroscience.
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Introduction

The BSD conjecture links the rank of an elliptic curve E/Q to the order of vanishing of its L-function L(E,s) at s=1.
Drawing from this structure, we simulate CSF dynamics in a 3D ventricular model, mapping spectral features of flow to
arithmetic geometry. In particular, we analogize flow stagnation and vortical structures to the vanishing behavior and
rational point multiplicities on elliptic curves.

Methods

Simulation Grid: A 64x64x64 voxel model of ventricular flow was used.

Eigenvalue Extraction: FFT-based eigenvalues (Ak ) were generated with logarithmic decay and 10% Gaussian
noise.

L-Function Construction: LCSF(s)=>k=11000Ak—-s, evaluated on s=0+its, with o€[0.1,1.0],te[-50,50].

Stenosis Modeling: Amplification of middle-spectrum eigenvalues simulated aqueductal obstruction.

Zero-like Minima Detection: Local minima of [LCSF(0.5+it)| identified and compared to Riemann zeta zeroes.

Results

Minima Distribution: 16—24 minima detected along Re(s)=0.5, with spacing (mean = 2.6, std = 1.1) statistically
similar to non-trivial Riemann zeroes.

Kolmogorov—-Smirnov Test: p = 0.20 (no significant difference between CSF and Riemann spacing distributions).
Topology—Rank Correlation: 18 vortical structures identified via vorticity analysis (Vxv”), interpreted as topological
analogs of elliptic curve rank.

Effect of Stenosis: Simulated obstruction led to a reduction in minima, mirroring a drop in arithmetic rank under
constraints.

Discussion
The analogy aligns

Elliptic Curves < Ellipsoidal ventricular geometry
L-function zeroes <« CSF stagnation points
Elliptic rank < Number of topological flow modes (vortices)
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This supports a Hilbert—Pdlya-type interpretation, where eigenvalues of a Hermitian Laplacian on CSF flow yield zeta-like
behavior. Obstruction scenarios (e.g., hydrocephalus) reduce topological complexity and L-function minima, consistent
with elliptic degeneration.

Conclusion

The proposed framework establishes a symbolic correspondence between neurofluidic topology and arithmetic geometry.
It not only supports spectral conjectures like Hilbert—Pdlya but also suggests physiological realizations of deep number-
theoretic phenomena. Further validation with empirical CSF data (e.g., from OpenNeuro) may open new frontiers in
mathematical neuroscience.
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