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In this talk, I will present a brief summary of the nonequilibrium many-body formalism for
time-resolved (pump/probe) photoemission spectroscopy [1,2]. This formalism uses a strai-
ghtforward evolution of the system along the Kadanoff-Baym-Keldysh contour with
contour-ordered Green’s functions which can be calculated exactly using dynamical mean-
field theory. The photoemission spectra results from a two-time Fourier transform of the lesser
Green’s function, appropriately weighted by the probe pulse profile. I will next give examples
of how one can use this technique to either see the evolution of the density of states from
equilibrium to nonequilibrium (when driven by a constant pump) [3] or to see how the sys-
tem evolves when driven by a pump and allowed to relax via many-body interactions (but
no reservoir) [4]. In this latter case, one can see how the hot electron model is a good, but
not perfect approximation. If time allows, I will also present results for what happens in a
driven charge-density-wave phase at zero temperature (which has no relaxation processes),
where the response after the pump cannot be easily described by a simple hot electron model.
This latter effect arises from the fact that the order parameter can oscillate in time, yielding
an oscillatory current in the “steady state”. For photoemission, we see a decoupling of the
phenomena of gap closure versus vanishing of the order parameter, hence the “melting” of a
charge-density-wave insulator is more complicated in nonequilibrium situations than it is in
equilibrium.
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