Spatially selective manipulation of cells with single-beam

acoustical tweezers: Supplementary note
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I. POSSIBILITY AND LIMITS OF VORTEX-BASED TWEEZERS
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FIG. 1. Lateral force F, exerted on a cell, as a function of the cell position z for different cell
radii a for the acoustical beam represented on Fig. 2.A, an acoustic maximal normal displacement
(magnitude) of 1 nm and cells density and compressibility of 1100 kg m™3 and 4 x 10710 Pa~!

respectively

In this section, we study numerically how the lateral trapping force evolves as a function
of the size of the trapped cell (see Fig 1). The incident signal here is the one of tweezers
2 producing the field represented on Fig. 2 at an actuation frequency of 43.5 MHz. This
figures shows that all cells of radius a < 45 pm are attracted toward the center of the vortex
(the force is negative), while larger particle are expelled. The maximum trapping force is
obtained for cells of radius @ =35 nm. These two distances are comparable with the radius
of the first ring (distance to the maximum amplitude of vibration), which according to
Fig. 2, is ~ 40 pm. Hence the maximum trapping force is obtained when the radius of the
particle matches with the lateral extension of the first ring. This also corresponds to the

optimal selectivity, since in this case the spatial selectivity would match the radius of the



trapped object. Since the radial variation of the wavefield can be described with a spherical
Bessel function ji(kr) [1], this optimal force and selectivity criterion can be summarised as
d/\ ~ 0.7. with d the cell diameter and A the field wavelength. Hence for 2D trapping,
the trapping force and selectivity could be further increased by designing higher frequency
tweezers. Indeed, based on considerations on the attenuation length in water, one can
envision to manipulate cells in a channel with a height corresponding to a few diameter of
the trapped object up to frequencies of several hundred MHz, with the sound absorption in
water limited to less than 10% of the incident wave. Nevertheless, other source of dissipation
(Joule heating in the electrodes, glue, ...) should be also carefully managed. In addition,
for 3D trapping, an axial trap is obtained only if the radius of the particle is significantly
smaller than the radius of the first ring (typically d/A\ ~ 0.3 [2]). Otherwise the particle is
expelled axially from the vortex center. The present tweezers were built with this constraint

in mind.
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