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The physical properties of the layered iron superconductors are discussed 
starting from first principles calculations. The electronic structure is described 
as that of metallic Fe2+ square lattice sheets with substantial direct Fe-Fe 
hopping and interactions with the neighboring anionic pnictogens or chalcogens. 
The materials have a semi-metallic band structure, and in particular the Fermi 
surface consists of small cylindrical electron sections centered at the zone corner, 
and compensating hole sections at the zone boundary. The density of states at 
the Fermi energy is high placing the materials near itinerant magnetism in 
general, and furthermore the Fermi surface is well nested, leading to a 
tendency towards a spin density wave. Comparison of experimental and density 
functional results imply the presence of exceptionally strong spin fluctuations 
in these materials. We discuss pairing and superconductivity within this 
context.
 This work was supported by the Department of Energy, Division of 
Materials Sciences and Engineering. 
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The discovery of the new superconductor LaO1-xFxFeAs (Tc = 26 K) [1] is one of the 
strongest impact to the materials science community. So far, we have reported 
first-principles electronic-structure studies of a mother material LaFeAsO [2,3]. 

In the present study, by means of first-principles calculations with and without 
magnetic polarization, we have determined crystal structures of LaFeAsO under hydrostatic 
pressure and obtained electronic structures corresponding to them. Details of structural 
parameters and electronic density of states have been analyzed as a function of hydrostatic 
pressure. Effects of introduction of oxygen vacancies and substitution of Y for La have been 
also investigated.  
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Electron correlation effects in LaFeAsO are discussed based on first-principles 
calculations. Starting from the bandstructure obtained by density functional theory (DFT), 
we estimate the strength of the local interaction for the Fe 3d orbitals in the constrained 
random-phase-approximation (cRPA) combined with the maximally localized Wannier 
function [1,2]. For the “d model” where the model Hamiltonian is constructed from the 
manifold of the d states only, the value of Hubbard U is 2.2-3.4 eV depending on the orbital, 
with the largest (smallest) value for dxy (dx2-y2), and is 2.9 eV on average. The value is 
slightly smaller than that of bcc-Fe and significantly smaller than that of transition metal 
monoxides. The U parameter increases to 4.7 eV for the “dpp model” in which O 2p and As 
4p states are also included in the model.  

We also calculate the electron self-energy in the GW approximation. The shape of the 
GW bandstructure is similar to the DFT bandstructure, but the self-energy correction 
reduces the d bandwidth significantly by about 20 %. The real part of the self-energy 
monotonically decreases as a function of energy in [-5eV:5eV]. The renormalization factor 
(Z-factor) evaluated from the slope of the self-energy yields 0.5-0.7 and the value gets 
smaller near the Fermi level. More details will be given in the presentation. 
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Since the discovery of new high-Tc superconductivity in LaFeAsO1 xFx [1], a 
tremendous number of studies on the materials have been uploaded on arXiv cond-mat and 
published. Among them, one of the most important issues is to identify Cooper pair 
symmetry, because the symmetry is deeply related to the superconductivity mechanism and 
crucial in designing the future application. So far, the ±s-wave pairing symmetry has been 
theoretically proposed as one of the candidates of the pairing symmetry in Fe-pnictide 
superconductors [2]. The ±s-wave symmetry means that the symmetry of pair functions on 
each Fermi surface is s-wave and the relative phase between them is . In this paper, we 
firstly clarify that the ±s-wave symmetry explains the lack of the coherence peak and the 
low temperature power-law behavior in the nuclear magnetic relaxation rate with an 
assumed gap anisotropy [3]. This is consistent with the data of the temperature dependence 
of the penetration depth. Secondly, we show that the symmetry brings about a drastic and 
rich physics in the Josephson junction to the single-band superconductors [4]. The theory 
exhibits that the critical current, the Fraunhofer pattern, I-V characteristics etc. are 
drastically changed when the two s-wave gap amplitude is equal [4]. 
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In order to gain more insight into the origin of superconductivity in the 
infinite-layer Fe1+xSe system, we have developed processes to grow single 
crystals and epitaxial thin films. Single crystals of nominal composition Fe1.14Se
and Fe1.18SeMn0.1 have been grown from KCl solutions. Crystals measuring 2-3 mm 
across and 0.1-0.3 mm thick grow with hexagonal plate like habit. Powder x-ray 
diffraction (XRD) measurements show that the plate side of the crystal is along the
(101) face of the tetragonal -FeSe. The as grown crystals show a superconducting 
transition Tc at 8 K from both DC magnetization and resistive measurements. Specific 
heat measurements also confirm bulk superconductivity in these crystals. On the other 
hand -phase Fe1+x(Se1-yTey) thin films have been fabricated by pulsed laser 
deposition on MgO substrate. All Fe1+x(Se1-yTey) films have c-axis preferred 
orientation and smooth surface morphology. Based on the energy-dispersive 
X-ray (EDX) chemical analysis, the as grown films reveal Se-rich 
characteristic. The superconducting transition temperatures of films are 
suppressed, in comparison with the bulk samples, which can be attributed to 
Se-rich and the substrate effect.  More detailed studies with 3d transition 
metals doping on the crystals (TM0.1Fe0.9)1.18Se show that Mn-doping does not 
affect superconductivity, whereas Cu-doping completely suppresses 
superconductivity. Detailed x-ray structural studies support that the existence 
of a low temperature structural distortion in this class of material is essential 
for the occurrence of superconductivity. 
















































