
Quantum Simulation of Transient Scattering: From Dielectrics to Plasmas

E. Koukoutsis1, G. Vahala2, M. Soe3, C. Tsironis1, A. K. Ram4, K. Hizanidis1 and L. Vahala5

1 School of Electrical and Computer Engineering, National Technical University of Athens, Zographou 15780,

Greece
2 Department of Physics, William & Mary, Williamsburg, VA 23187, USA

3 Department of Mathematics and Physical Sciences, Rogers State University, Claremore, OK 74017, USA
4 Plasma Science and Fusion Center, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

5 Department of Electrical and Computer Engineering, Old Dominion University, Norfolk, VA 23529, USA

The prospect that quantum computers can achieve exponential speedups over classical archi-

tectures, exploiting superposition, entanglement, and quantum parallelism, has initiated inves-

tigation into the application of quantum information science to plasma physics [1].

Figure 1: Time-domain QLA simulation

for the 3D scattering of a Gaussian wave-

packet from a dielectric sphere embedded

in vacuum.

The aim of this talk is to leverage this quantum

prospect by presenting theoretical and computational

results on electromagnetic scattering from inhomo-

geneous dielectrics and plasmas. The presentation is

structured around three main axes: (i) Demonstrat-

ing how Maxwell equations can be reformulated in

the time-domain to resemble the quantum Schrödinger

equation, thereby making them suitable for quantum

computation. An attractive feature of this time-domain

formulation is that it enables a more insightful and

physically relevant study of scattering phenomena, in contrast to conventional static, frequency-

domain boundary value approaches. (ii) Presenting the quantum algorithmic framework of the

Qubit Lattice Algorithm (QLA) [2] along with its essential components for implementation on

quantum hardware. (iii) Showing three-dimensional simulation results of transient scattering

from localized inhomogeneities. We also provide the circuit-level implementation of the algo-

rithm, analyze its computational complexity, and theoretically compare its performance against

the Finite-Difference Time-Domain (FDTD) method for both dissipative and conservative cold

magnetized plasmas.
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