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Electronic correlation has profound impacts on many properties of correlated materials, such as electron-phonon 

coupling, magnetism and superconductivity. However, strongly correlated materials have long resisted first-

principles modeling due to their complexity arising from non-perturbative strength of the interaction. The 

Dynamical Mean Field Theory in combination with the Density Functional Theory has recently changed this 

position, and enabled detailed modeling of the electronic structure of complex heavy fermions, transition metal 

oxides, chalchogenides and arsenides. The recently discovered iron-based superconductors are a new class of 

strongly correlated materials, coined Hund's metals. In the paramagnetic state, the Hund's rule coupling J leads to a 

large fluctuating local moment on the iron atom, substantially enhanced mass of the low-energy quasiparticles, and a 

low coherent temperature. The quasiparticles at intermediate temperature and intermediate energy scale show strong 

deviations from the Fermi liquid theory with a significant transfer of spectral weight from low to high energies. The 

first-principles simulations with the Dynamical Mean Field Theory combined with Density Functional Theory not 

only uncover the origin of these anomalous properties, but also successfully explains the key properties of these 

material: such as the mass renormalizations and anisotropy of quasiparticles, the crossover into an incoherent regime 

above a low temperature scale, and the magnetic excitations in energy and momentum space. The first-principles 

simulations of the two particle vertex function allows us to study the spin dynamics and superconducting pairing 

symmetry in a large number of iron-based superconductors where a novel orbital-antiphase S+- pairing symmetry 

was uncovered recently which may be realized in LiFeAs, optimal doped (Ba,K)Fe_2As_2 and other iron 

superconductors. 
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