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When solids become excited by intense femtosecond laser pulses, the electrons acquire for a short transient time a temperature comparable to or even higher than the temperature of the surface of the sun (104 degrees Kelvin). This highly excited electronic state modifies the potential surface on which ions move and drives nonthermal structural changes. As the electron-phonon coupling becomes effective, incoherent lattice heating starts and thermal like phenomena occur. So far, no unified theory was able to describe both effects from first principles. 
In laser excited solids, the produced hot electrons are usually described in the canonical ensemble in terms of the Helmholtz free energy, which in turns determines the potential energy surface (PES) for the ions U(Te) = Ee  - Te Se, where Te, Ee and Se are the electronic temperature, total energy and entropy after laser excitation and thermalization, respectively.  On the other hand, the motion of the ions on the laser excited PES fulfills energy conservation as long as  Te  does not change and can be treated in the microcanonical ensemble. Now, when the electron-phonon coupling is active and there is energy exchange in both directions, the mixed canonical-microcanonical usually leads to inconsistencies and wrong results. So far, different approximate approaches have been used to overcome this problem, but a microscopic theory is still lacking. 
In this talk, we present a theory for the coupled description of the laser induced ultrafast dynamics of the electronic temperature and the ions from first principles. The theory yields and generalizes the equations of the two-temperature-model-molecular-dynamics (TTM-MD) method in a natural way and can be used either in ab-initio simulations or in large-scale MD simulations based on electronic-temperature dependent force fields. We apply this theory to study the ultrafast lattice dynamics in graphene, amorphous carbon and graphite performing ab-initio simulations and the dynamics of Sb, Si and Carbon using large-scale MD simulations based on force fields derived using our recently proposed self-learning algorithm[1]. Remarkably good agreement with experiments is obtained. The importance of using Te-dependent force fields in MD simulations is discussed. 
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