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I. OVERVIEW 

While the remarkable physical properties of correlated and complex electronic materials hold 

great promise for technological applications, one of the key values of the research in this field is 

its profound impact on fundamental physics. The transition metal oxides, pnictides, and 

chalcogenides play a key role and occupy an especially important place in this field. The basic 

reason is that the outer shell of transition metals contains the atomic d-orbitals that have small 

spatial extent, but not too small to behave as localized orbtials. These d-electrons therefore have 

a small wave function overlap in a solid, e.g. in an octahedral environment, and form energy 

bands that are relatively narrow and on the scale of the short-range intra-atomic Coulomb 

repulsion (Hubbard U). In this intermediate correlation regime lies the challenge of the many-

body physics responsible for new and unconventional physical properties.  

 

The study of correlated electron and complex materials represents both the challenge and the 

vitality of condensed matter and materials physics and often demands close collaborations 

among theoretical and experimental groups with complementary techniques. Our team has a 

track record and a long-term research goal of studying the unusual complexities and emergent 

behaviors in the charge, spin, and orbital sectors of the transition metal compounds in order to 



gain basic knowledge of the quantum electronic states of matter. During the funding period of 

this grant, the team continued their close collaborations between theory, angle-resolved 

photoemission spectroscopy, and scanning tunneling microscopy and made significant progress 

and contributions to the field of iron-based superconductors, copper-oxide high-temperature 

superconductors, triangular lattice transition metal oxide cobaltates, strontium ruthenates, spin 

orbital coupled iridates, as well as topological insulators and other topological quantum states of 

matter. These results include both new discoveries and the resolution to outstanding and 

unresolved issues. It should be emphasized that the DOE funding provided the crucial support 

for the close and meaningful collaborations of the focused research group that go far beyond 

simply putting the research papers from each group together. Indeed, the majority of the 

publications involved multiple PIs and collaborations between theory and experiments. 

 

II. SUMMARY OF RESULTS  
 

During the grant period, the research activities have led to 40 publications, including 3 in Nature 

Physics, 9 in Physical Review Letters, 1 in Physical Review X, 3 in Nature Communications, and 

2 in Nature Materials. Most of the 40 publications are coauthored with multiple PIs from the 

focused research group and involved close collaborations between theory and experiments. 

These are testimonials to the success of our collaborative efforts supported by this DOE grant 

that have led to important contributions to the proposed fields that are otherwise difficult if not 

impossible to achieve. 

 

Development of human resources 

 

The funding has helped providing partial support for 7 graduate students; all of them completed 

their Ph.D. degrees and received postdoc and research associates offers at other institutions. 

 

Dr. Francis Niestemski (postdoc at Stanford) 

Dr. Yuan-ming Lu (now Assistant Professor at Ohio State University) 

Dr. Madhab Neupane (now Assistant Professor at University of Central Florida) 

Dr. Yiming Xu (now Associate Editor at Physics Review X) 

Dr. Liang Niestemski (now Assistant Professor at Western New England University) 

Dr. Meng Gao (Research scientist at University of Singapore) 

Dr. Jihua Ma (Research scientist at Solectria Renewables) 

 

The funding has provided postdoctoral support. 

 

Dr. Sen Zhou (Associate Professor at Institute for Theoretical Physics, Chinese Academy of 

Sciences, Beijing, China). 

Dr. Kaiyu Yang (Senior Researcher at Brion Technologies) 

Dr. Yoshinori Okada (Assistant Professor at Tohoku University in Japan) 

 

 

Estimate of unexpended funds 

 

There are no unexpended funds left. 



 

 

Highlights of results: 
 

A. Fe-PNICTIDE SUPERCONDUCTORS 

 

 Electronic structure and pairing symmetry in iron-based superconductors. 

Europhysics Letters 83, 47001 (2008) 

 

The discoveries have been featured in EuroPhysics News of the European Physical Society, 

Physics Trends of the American Physical Society, and the Science News of Japan.  The paper 

has received over 600 citations thus far, and has been selected as a “Fast Breaking Paper” by 

ScienceWatch. 

 

 Zero-energy Majorana-like bound state in iron-based superconductor Fe(Te,Se) 

Nature Physics, 11, 543 (2015). 

 

 Electronic nematicity and the band degeneracy splitting in FeSe 

Physical Review B 91, 214503 (2015). 

 

 Three-dimensional superconducting gap function in optimally-doped iron-pnictides 

Nature Physics 7, 198 (2011).                           

      

 Theory of electron correlation and magnetic order in iron-pnictides                 

Physical Review Letters 105, 096401 (2010). 

 

 Superconductivity mediated by charge fluctuations in Fe-pnictides 
Phys. Rev. B 84, 140505(R) (2011). 

 

 Effect of uniaxial strain on the structural and magnetic phase transitions 
Physical Review Letters, 108, 087001, (2012). 

 

 Fermi surface dichotomy of superconducting gap and pseudogap in underdoped 

pnictides   

Nature Communications 2, 392 (2011). 

 

 

 

 

 



B. High-Tc cuprate superconductors and physics of Mott inslators 

 

 Doublon-holon binding, Mott transition, and fractionalized antiferromagnets 

Physical Review B 89, 195119 (2014). 

 

 Valence Bond Glass (VBG) as a unified theory of electronic disorder and the pseudogap 

phenomena in high temperature superconductors  

Physical Review Letters 102, 107001 (2009) 

 

 Evolution of Fermi surface and normal-state gap in chemically substituted cuprates 

Physical Review B 79, 092507 (2009). 

 

 Electron-Spin Excitation Coupling in an Electron Doped Copper Oxide 

Superconductor, Nature physics 7, 719 (2011). 

 

 Coexistence of competing orders in the high temperature superconductors with two 

energy gaps in real and momentum space,   

Physical Review Letters 101, 207002 (2008) 

 

 

C. Ruthenates, cobaltates, iridates, and other transition metal oxides 

 

 Carrier localization and electronic phase separation in bilayer iridates, 
Nature Communications 5, 3377 (2014). 

 

 The evolution of metallic states in a spin-orbit interaction driven correlated iridates 
Nature Materials, 12 (2013). 

 

 Spin ordering and electronic texture in the bilayer iridates Sr3Ir2O7 
Physical Review B 86, 100401(R) (2012). 

 

 Observation of a novel orbital selective Mott transition in Ca1.8Sr0.2RuO4,  

Physical Review Letters 103, 097001 (2009). 

 

 Pssible interaction-driven topological phases in (111) bilayers of LaNiO3 

Physical Review B 84, 201104 (2011). 

 

 Nodal d+id Pairing and Topological Phases on the Triangular Lattice of NaxCoO2.yH2O: 

Evidence for an Unconventional Superconducting State 
Physical Review Letters 101, 217002 (2008). 

 

 Possible interaction-driven topological phases in (111) bilayers of LaNiO3 

Phys. Rev. B 84, 201104(R) (2011). 

 



 

D. Fractional Quantum Hall Effect, Topological Insulators and other topological states of matter 

 

 Correlation-hole induced paired quantum Hall states in lowest Landau level 

Physical Review Letters 105, 115124 (2010) 

 

 Quasiparticle interference in magnetically doped topological insulator Bi2Te3  
Physical Review Letters 106, 206805 (2011) 

 

 Visualizing Landau Levels of Dirac electrons in a one-dimensional potential 

Physical Review Letters, 109, 166407 (2012). 
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