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Matching for Low-Count PET Reconstruction

1. Background: PET imaging

7. Experiments & Wash-Out Analysis
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6. Methodology: Leapfrog Inference

Separable H enables explicit time-staggered updates. Unlike RK4, Leapfrog 

preserves symplectic structure exactly — no numerical dissipation.

SOTA on all three datasets. On In-House 1% count: 36.35 dB PSNR, 0.9811 SSIM (+0.58 dB over DREAM). 

Wash-out analysis confirms sustained lesion recovery vs. premature saturation in dissipative solvers.
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Dissipative solvers (∇·v < 0) contract phase-space volume indiscriminately, washing out 

weak lesion signals alongside noise. FlowPET enforces symplectic transport (∇·v ≡ 0), 

preserving signal mass by construction.

5. Methodology: Symplectic Flow Matching

FlowPET formulates reconstruction as volume-preserving transport in symplectic phase space Z = X ×P, driven 

by a Separable Hamiltonian System (U_ψ, K_ϕ). The trajectory bridges the full-count reference (t = 0) and the 

measurement-informed prior (t = 1), with physics-informed momentum initialization decoupling data consistency 

from stochastic exploration.

Training: Phase-space flow 

matching with range/null-space 

momentum decomposition.

Kinetic and potential target 

flows are independently 

constructed and matched via 

decoupled losses

Inference: 

Leapfrog integrator maintains 

det(J) ≡ 1 at every step, ensuring 

exact volume preservation in 

discrete domain.

2. Motivation: Signal Wash-Out in Dissipative Flow

Reducing tracer dose lowers radiation but degrades SNR due to Poisson statistics, 

making reconstruction severely ill-posed: y ~ Poisson(Ax).

3. Hamiltonian Posterior Transport

Separability ensures the Jacobian 

diagonal blocks vanish identically —

divergence-free transport is guaranteed 

by architecture, not regularization.

p₀ embeds data fidelity as a restoring 

force (range space);

p₁ injects stochastic diversity only 

where physics is blind (null space).

4. Conjugate Phase-Space Boundaries
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