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Supplementary Figure S1: Geometry of the central part of the sample. The sample consists of the 35 x 10 um? magnetic
permalloy layer in 5 um partial overlap with the central conductor of a coplanar waveguide (CPW). The copper waveguide is
fabricated onto a sapphire substrate and features a central 10 um wide conductor and two ground planes separated by 48.5 pm
resulting in an impedance of 100 Q.
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Supplementary Figure S2: Phase and group velocities of a DE spin-wave packet. (a) Phase velocities vp, = Ax/At of the
DE wave packet according to the dashed lines in Fig. 4a. The phase velocities are positive and range from 70 to 150 km/s. (b)
Propagated spin-wave packet distance versus wave packet envelope time ¢, (blue dots) for the DE mode. A linear fit (red solid
line) according to #,(x) = 1/v, - x+ b is applied to extract the group velocity of v, = (6.0 & 0.8) km/s.
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Supplementary Figure S3: Phase velocities of the BV wave packet. According to the dashed lines in Fig. 7a the phase
velocities vpn = Ax/At are negative and range from -25 to -60 km/s.
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Supplementary Figure S4: Comparison of measured and calculated permalloy response to an excitation pulse. (a)
Spatially averaged dynamic magnetization response M, (z) in the excitation area of Ax = 4 to 5 um and Ay = -0.5 to 0.5 pm
in DE configuration (compare Fig. 4). (b - d) Calculated magnetic precession response M, (¢) (blue solid line) in units of the
saturation magnetization poM; = 1.04 T of a permalloy layer in an external bias field of pyHex =~ 60 mT to a short Gaussian
excitation pulse of tohpuise =~ 15 mT amplitude and (b) 5 ps, (¢) 20 ps and (d) 70 ps FWHM pulse duration (orange dashed
line) obtained by numerically solving the Landau-Lifshitz-Gilbert equation. A long excitation pulse leads to undershoots of
the dynamic magnetization signal due to the residual field of the pulse acting as an additional transient bias field. These
features are not visible in the measured signal but observed in the literature'-> where longer pulses generated by an Auston
switch have been used. Pulses exceeding a duration of 70 ps FWHM are excluded by a direct measurement. The higher
damping in the measured signal compared to the calculations is due to the fact that the precession is transferred out of the
excitation region because a spin-wave packet is released. In the calculations only the intrinsic damping of the permalloy layer
(o =0.008) is taken into account.



Supplementary Video S5: Video showing the generation and propagation of a Damon-Eshbach spin-wave packet. This
video shows the real-space magnetization dynamics with respect to time. After arrival of the excitation pulse at the sample,
the precessional motion of the magnetic moments is initiated at positions around x = 5 um. In DE geometry the phase fronts in
form of maxima and minima start to propagate toward higher x coordinates while after a few hundred picoseconds the whole
spin-wave packet is released and the precessional motion is transferred down the x axis. This means that phase- and group
velocity are parallel and point into the same direction away from the source.

Supplementary Video S6: Video showing the generation and propagation of a backward volume spin-wave packet.
This video shows the real-space magnetization dynamics with respect to time. After arrival of the excitation pulse at the
sample, the precessional motion of the magnetic moments is initiated at positions around x = 2 um. In BV geometry the phase
fronts in form of maxima and minima do not emerge out of the excitation region but rather approach the source from higher
x coordinates. This means that phase- and group velocity are counteraligned and this unusual wave motion deduced from the
dispersion relation of BV spin-wave packets becomes directly visible.
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