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F: /& : 'Nonequilibrium Collective Dynamics in Driven Quantum Materials: From Superconducting Vortices

to Floquet Magnetism |

7B : External driving can generate collective dynamics and dynamical instabilities in quantum materials that
have no direct counterpart in equilibrium. The resulting behavior is determined not only by the applied
drive, but also by dissipation, interactions, and the spatial structure of the system. In this talk, I will discuss
these general principles through two examples of driven nonequilibrium phenomena: vortex dynamics in
superconducting devices and collective magnetic excitations in a Floquet-driven correlated system.

In the first part, I will present theoretical studies of current- and light-driven vortex dynamics based on
the time-dependent Ginzburg—Landau framework. Applied currents can produce several regimes of
collective vortex motion, including coherent lattice motion, channel flow with enhanced vortex velocities
near the sample edges, and stick—slip dynamics [1]. I will also show how device geometry can be used to
guide vortex nucleation and transport in superconducting Corbino networks [2]. Finally, I will discuss



TR 9 KW\ - A, BEMR

ongoing work motivated by near-field optical experiments, focusing on the interplay between local light-
induced suppression of superconductivity, vortex motion, and optical response.

In the second part, I will consider the antiferromagnetic phase of a dissipative two-dimensional Hubbard
model under periodic driving. Above a critical driving strength, the magnon damping changes sign at a
nonzero wave vector. Infinitesimal fluctuations then grow rather than decay, producing a dynamical
instability of the driven state [3]. This instability illustrates how Floquet driving and dissipation can
transform the decay of a collective excitation into gain. I will also briefly mention complementary work on
Floquet engineering of magnetic order and unconventional superconductivity in the square-lattice Hubbard
model [4]. Taken together, these examples demonstrate how external fields, dissipation, and spatial
structure can be employed to create, probe, and control nonequilibrium collective behavior in quantum
materials.

[1].T. Okugawa, A. Benyamini, A. J. Millis, and D. M. Kennes, Physical Review B 105, 224512 (2022).

[2] T. Okugawa, S. Park, P. Recher, and D. M. Kennes, Physical Review B 106, 024501 (2022).

[3] T. Okugawa, J. Paaske, M. Eckstein, M. A. Sentef, A. Rubio, and A. J. Millis, arXiv:2601.04451 (2026).
[4] J.-N. Herre, T. Okugawa, A. Fischer, C. Karrasch, and D. M. Kennes, Physical Review B 113, L121103
(2026).
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