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FIG. S1. Comparison between experimental and simulated Fourier coefficients for all six regions. The amplitudes
of the Fourier coefficients of the experimental and simulated wavefunctions of all of the studied regions are shown in the left
and center columns, respectively. The beam amplitude differences are plotted in the right column. Each row corresponds to
one of the regions A1-A6. The residual difference amplitudes are all smaller than 0.02. The scale bar is 4 nm−1.
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FIG. S2. Comparison between the real parts of the experimental and simulated wavefunctions for all six
regions. The real parts of the experimental image wavefunctions (first column) for regions A1-A6 are shown alongside the
corresponding aberration-corrected object wavefunctions (second column). The simulated object wavefunctions are shown in
the third column, while the last column shows the differences between the experimental and simulated object wavefunctions.
Each row corresponds to results obtained for one of the regions A1-A6. The scale bar is 0.5 nm.
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FIG. S3. Comparison between the imaginary parts of the experimental and simulated wavefunctions for all
six regions. The imaginary parts of the experimental image wavefunctions (first column) for all regions A1-A6 are shown
alongside the corresponding aberration-corrected object wavefunctions (second column). The simulated object wavefunctions
are shown in the third column, while the last column shows the differences between the experimental and simulated object
wavefunctions. Each row corresponds to results obtained for one of the regions A1-A6. The scale bar is 0.5 nm.
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FIG. S4. Aberration function for different solutions of the minimization algorithm. The difference between the
aberration function χi and the aberration function χ0 is displayed for the strongest 31 Fourier coefficients of WSe2 [001].
For every coefficient, the difference is always a multiple of 2π, which explains why multiple solutions are found using the
minimization algorithm. The aberration coefficients of the four aberration functions χ0 to χ3 are listed in Table S2.

FIG. S5. Object wavefunctions for equally well fitting aberration sets. Real part (top row) and imaginary part
(bottom row) of the experimental wavefunction in region A1 after correcting with the phase plates of the four possible solutions
χ0 - χ3. The corresponding simulation is shown in the right column. The scale bar is 0.5 nm.
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FIG. S6. Variation of aberration coefficients over the field of view. The fitted values of 2-fold astigmatism (upper left)
and defocus (upper right) are plotted as a function of image position. The bottom row shows the 3-fold astigmatism (lower
left) and coma (lower right). Except for the defocus, all of the aberration coefficients follow a linear behavior, which results
primarily from the influence of a beam tilt introduced by the elliptical illumination used in off-axis electron holography. The
deviation of the defocus variation from a linear relationship can be attributed to bending of the WSe2 flake.

TABLE S1. List of experimental parameters. A comprehensive list of all of the parameters that were considered in
the modeling of high-resolution off-axis electron holograms in the present study. Values are noted if they are accessible
independently and constant. Parameters determined using the automated modeling procedure are highlighted and labeled as
fitted. The rightmost column denotes the part of the modeling procedure involving the parameter.

parameter symbol value process

accelerating voltage U 80 kV diffraction, imaging

atomic structure WSe2 (2H) (electrostatic potential) diffraction

sample orientation [hkl] [001] diffraction

sample thickness t 3.9 nm (5 layers) diffraction

isotropic atomic displacements B 0.003 nm2 diffraction

sample mistilt (tx, ty) fitted diffraction

relative absorption κ fitted diffraction

relative image shift A0 fitted imaging

defocus C1 fitted imaging

2-fold astigmatism A1 fitted imaging

coma B2 fitted imaging

3-fold astigmatism A2 fitted imaging

spherical aberration CS 16 µm imaging

spherical aberration (5th) C5 -6.5 mm imaging

focus spread (1/e half-width) ∆ 0.5 nm imaging

semi-convergence (1/e half-width) θ0 0.4 mrad imaging

image spread (σ1, σ2, α) fitted imaging

detector MTF MTF(g) (measured) imaging

hologram sampling rate s 4.02 pm/pixel imaging, reconstruction

hologram fringe spacing d 33 pm imaging, reconstruction

aperture radius gmax 40 mrad reconstruction
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TABLE S2. Possible solutions of best-fitting aberration coefficients for region A1. Except for the value of defocus
C1, aberrations are denoted by their modulus and the angle with respect to the horizontal axis of the selected region. The
quality of the fit is indicated by the root mean square difference (RMS). The aberration functions are visualized by phase plates
up to spatial frequencies of 10 nm−1.

solution RMS A1 (nm) C1 (nm) B2 (nm) A2 (nm) visualization

χ0 0.075 3.4/-131◦ -1.1 299.6/-110◦ 51.5/-26◦

χ1 0.075 3.4/-131◦ -1.1 74.7/-72◦ 198.3/-173◦

χ2 0.076 3.4/-132◦ -1.1 174.3/125◦ 53.9/-30◦

χ3 0.076 3.4/-131◦ -1.1 419.1/122◦ 293.5/-4◦

TABLE S3. Spatial variation of best-fitting aberration coefficients. Except for the value of defocus C1, aberrations
are denoted by their modulus and the angle with respect to the horizontal axis of the selected region. The quality of the fit is
indicated by the root mean square difference (RMS).

region RMS A1 (nm) C1 (nm) B2 (nm) A2 (nm)

A1 0.076 3.4/-131◦ -1.1 174.6/125◦ 53.6/-27◦

A2 0.077 3.2/-133◦ -1.3 169.8/129◦ 56.2/-27◦

A3 0.079 3.0/-131◦ -1.6 166.5/135◦ 66.7/-27◦

A4 0.080 2.6/-133◦ -1.7 161.9/139◦ 64.5/-21◦

A5 0.082 2.5/-133◦ -1.8 163.3/146◦ 78.3/-21◦

A6 0.090 1.9/-141◦ -1.7 168.4/148◦ 84.7/-26◦
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