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Fig. S1 Schematic diagram illustrating the decomposition of particle displacements into parallel and perpendicular components.
We consider a pair of particles in the xy plane, labeled n and m, respectively. The relative position vector, connecting the center
of particle n to the center of particle m, is denoted r(nm). The direction of r(nm) defines the orientation of the parallel axis ∥,
while the orthogonal direction corresponds to the perpendicular axis ⊥. If θ (nm) indicates the angle between r(nm) and the x-
axis, the parallel (perpendicular) components of the displacement ∆x(n) = (∆x(n)1 ,∆x(n)2 ) reads ∆x(n)∥ = ∆x(n)1 cosθ (nm)+∆x(n)2 sinθ (nm)

(∆x(n)⊥ =−∆x(n)1 sinθ (nm)+∆x(n)2 cosθ (nm)).
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Fig. S2 Experimental results for a Newtonian Fluid (glycerol-water mixture) in the presence of a mechanical perturbation inducing
a shift along the long axis of the capillary (y axis). (a) Intensity-based image center-of-mass displacement along the x direction (red
line) and the y direction (blue line), estimated using the Fiji StackReg plugin. (b) OFM results for one-particle MSD (black triangles)
and two-particle MSD computed from D∥ as estimated from the D11 component (red circles) and D22 component (blue squares).
The two-particle MSD obtained from D22 is clearly overestimated due to the global shift in the image. Large symbols correspond to
lag-times whose D∥ obtained from D11 and D22 are shown in panels (c) and (d), with the same colors. The dashed line corresponds
to 2D0∆t, where D0 = (1.20±0.15) ·10−3 µm2/s is the diffusion coefficient determined by differential dynamic microscopy. (c,d) D∥
for different time delays ∆t in the range [0.05, 10] s as a function of the distance r evaluated from the D11 and D22 component,
respectively. The curves obtained from D22 display significant deviations from the expected ∼ 1/r scaling for large time delays ∆t.
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Fig. S3 Same as in Figure S1, upon a 90° rotation of the capillary. (a) Intensity-based image center-of-mass displacement along the
x direction (red line) and the y direction (blue line), estimated using the Fiji StackReg plugin. (b) OFM results for one-particle MSD
(black triangles) and two-particle MSD computed from D∥ as estimated from the D11 component (red circles) and D22 component
(blue squares). The two-particle MSD obtained from D11 is clearly overestimated due to the global shift in the image. Large symbols
correspond to lag-times whose D∥ obtained from D11 and D22 are shown in panels (c) and (d), with the same colors. The dashed line
corresponds to 2D0∆t, where D0 = (1.20±0.15) ·10−3 µm2/s is the diffusion coefficient determined by differential dynamic microscopy.
(c,d) D∥ for different time delays ∆t in the range [0.05, 10] s as a function of the distance r evaluated from the D11 and D22 component,
respectively. The curves obtained from D11 display significant deviations from the expected ∼ 1/r scaling for large time delays ∆t.
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Fig. S4 Comparison between the elastic modulus G′(ω) (closed symbols) and loss modulus G′′(ω) for the entangled network of
F-actin filaments. The results are obtained using the one-particle MSD for tracking (black squares) and OFM (yellow triangles) and
the two-particle MSD for tracking (blue squares) and OFM (red circles). The evaluation of the moduli from the MSDs has been
performed following the methodology presented in Ref.1.
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Fig. S5 Representative displacement cross-correlation tensors at different delay times ∆t evaluated along the parallel (a) and
orthogonal (b) direction for the Quasi-2D colloidal suspension. Colors varying from dark to bright indicate increasing delay times
within the interval [0.002− 0.11]s. Insets: same data of the main panels normalized by the one-particle MSD ⟨∆r2⟩ obtained from
OFM (colored symbols) as a function of r/w, where w is the cell thickness. Dashed lines correspond to the large-r asymptotic behavior
±λ (w/r)2, where λ = 0.31 is the value reported in Ref.2 for the same quantities. The white area in each panel denotes the interval
r > 3w, where D∥,⊥ exhibit ±1/r2 scaling.
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Fig. S6 Effect of the sampling density on the OFM results for the quasi-2D colloidal suspension. a) one-particle MSD ⟨∆r2⟩
obtained from OFM (triangles) and particle tracking (small circles). The OFM analysis is performed on both the original images
(darker symbols) and undersampled copies obtained by binning (2x2 and 4x4, as indicated in the legend) the original images (lighter
symbols). Only for the original images the effective pixel size is below the value ≃ 0.26 µm for Nyquist sampling. Larger pixel sizes
lead to a systematic overestimate of the one-particle MSD. (b) D∥ (circles) and D⊥ (squares) at time ∆t = 0.002 s normalized by
the one-particle MSD ⟨∆r2⟩ obtained from OFM (colored symbols) and particle tracking (black and white symbols) as a function of
r/w, where w is the cell thickness. As in panel (a), results obtained for different effective pixel sizes are represented by symbols with
different shades of color, as indicated in the legend. Notably, in the large separation regime r/w ≫ 1, the normalized cross-correlation
tensor provided by OFM analysis is almost insensitive to the effective pixel size.
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