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How photons change the properties of matter 
 

In this talk I will present a brief overview of how the standard description of quantum chemistry 

and material sciences have to be adapted when photons become important in correlated light-

matter problems [1,2], and possible ways to tackle such situations with ab-initio methods [3-6]. I 

will highlight that quantum-electrodynamical density-functional theory [3,5], an exact quantum-

fluid reformulation of quantum electrodynamics, is a natural framework to determine equilibrium 

as well as non-equilibrium properties of coupled matter-photon systems, such as new composite 

(fermionic/bosonic) quasi-particles [1,2], changes in the Born-Oppenheimer surfaces and in 

chemical reactions [1,2], the emergence of collective effects or changes in the intrinsic lifetimes 

[7], from first principles. 
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