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Other supplementary materials for this manuscript include the following:  
 

Movies S1 to S8 
 
 
 

 

Fig. S1. Numerical simulation of 3D vortex velocities at a Re of 300 and two finite-size particles in 
microcavity II. (A) Different horizontal cross-sections (x-z planes) separated with a distance of 
0.25 Wc in the vortex flow field. (B) Vortex velocity contours in plane 1-4 illustrating the high-
speed jet flow. (C) Schematic illustration of two finite-size particles orbiting simultaneously in two 
parallel z-planes. 
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Movie S1 (separate file). Movie of a finite-size particle (d=30 µm) orbiting along a stable 
meniscus-shaped trajectory, which can be divided into three stages (i.e., accelerating, swerving, 
and following) in the vortex at a Re of 303 at 6000 fps. 

Movie S2 (separate file). Observations and local magnification of slip motion, in which a d=30 
µm particle catches up to three tracers out front (d=0.86 µm) in 4.5 ms during the swerving stage 
at 8000 fps.  

Movie S3 (separate file). Two paradoxical moving phenomena of finite-size particles and 
accompanying filaments (tails) at different Reynolds numbers. 

Movie S4 (separate file). Movie of two particle orbit simultaneously in two parallel z-planes in 
microcavity II at a Re of 98 at 6000 fps. The white particle is in the focus plane, whereas the gray 
particle is out of the focus plane. 

Movie S5 (separate file). Observation of a big oil bead (d=50 µm) with spots as marks, showing 
complex 3D rotation (ωo, ωz, and ωo-p). 

Movie S6 (separate file). Observation of the rotation of two-bound multi-particle during orbiting. 
The two-bound multi-particle rotates 270° around the no. 1 particle for one orbit and then 
switches no. 1 to no. 2 

Movie S7 (separate file). 3D dancing motions of trilobal multi-particles and three-linear-type 
multi-particles in a vortex. 

Movie S8 (separate file). Fascinating dancing motions of four-arrays-type multi-particles and 
four-linear-type multi-particles in a vortex. 


