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I. SUPPLEMENTARY MOVIES

1. S1 - The attraction between the co-rotating rings leading to the formation of dimer at ϕ = 0.775 with r0 = 3.00
mm.

2. S2 - The attraction between the counter-rotating rings leading to the formation of dimer at ϕ = 0.775 with
r0 = 4.00 mm.

3. S3 - The repulsion between the co-rotating rings at ϕ = 0.70 with r0 = 3.00 mm.

4. S4 - The repulsion between the counter-rotating rings at ϕ = 0.70 with r0 = 3.00 mm.

5. S5 - The behavior of co-rotating rings at Γ = 3, ϕ = 0.775, and initial separation r0 = 3.00mm.

6. S6 - The behavior of counter-rotating rings at Γ = 3, ϕ = 0.775, and initial separation r0 = 3.00mm.

7- S7 - The replusion between the co-rotating rings at Γ = 9, ϕ = 0.775, and initial separation r0 = 3.00mm.

8- S8 - The replusion between the counter-rotating rings at Γ = 9, ϕ = 0.775, and initial separation r0 = 3.00mm.
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