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Description

Motivation: Cryo-electron tomography (cryo-ET) is an imaging technique that visualizes biolog-
ical molecules and intracellular structures in their original 3D environment at nanometer resolution.
Unlike other methods for determining protein structure, which require molecules to be isolated or
crystallized, cryo-ET captures the entire intracellular context that is crucial for understanding bi-
ological function. It bridges the gap between molecular imaging and whole-cell analysis, offering a
view into cellular organization and dynamics [1].

Reconstruction problem: In practice, biological samples are vitrified (rapidly frozen) and
exposed to an electron beam to obtain measurements at a given sequence of tilt angles, see Figure
1. The acquisition model is relatively well understood from a mathematical point of view, and can
be modeled by observing Nθ ∈ [40, 60] images v of size n× n:

v = P(A(u)) (1)

where A is the tomography operator describing the microscope, u ∈ Rn×n×n is the volume density
to be reconstructed and P is a perturbation term (e.g. additive Gaussian noise, Poisson noise,
deformation operator). Recovering the volume u from observations described by the equation (1)
faces a number of problems:

1. Noise: the sample deteriorates with each exposure, limiting the electron dose and resulting
in a very poor signal-to-noise ratio, see Figure 2a.

2. The missing angles: the sample can only be rotated between -60° and +60° in the best of
cases. The A acquisition operator then has a kernel that is precisely characterized in the
Fourier domain by a wedge of unobserved frequencies of the three-dimensional volume.
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