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In this talk, we will begin with a general introduction on multi-mode cavity quantum electrodynamics (QED).
Following this, we will delve into three pioneering frontiers. First, we will explore the phenomenon of strong
photon-photon interactions and many-body localization in multi-mode circuit QED systems consisting of
a single superconducting qubit coupled to a transmission line resonator [1,2]. Next, we will examine the
emergence of unconventional phase transitions in high-impedance circuit QED systems [3]. Finally, we will
explore the emergence of direct and dual Shapiro steps using multi-mode circuit QED and their robustness,

crucial to close the quantum metrological triangle [4]. We will discuss general perspectives in this emerging
field.
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